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Acommon technique for imple-
menting PWM involves comparing
a triangular waveform of fixed am-

plitude and frequency with a variable dc
voltage level. Although this approach re-
sults in a PWM signal of precise fre-
quency and with duty cycle variable from
0 to 100%, the need for a reference tri-
angle waveform and a suitable fast com-
parator can be prohibitively expensive in
low-cost applications. Furthermore, if an
application requires a high-frequency
PWM signal, the power consumption
may be unacceptable in power-sensitive
applications, such as high-efficiency, low-
power switch-mode regulators.

The circuit in Figure 1 is a relatively
simple alternative to the triangle/com-
parator approach. Although the frequen-
cy of the output waveform is not stable
and varies with input voltage, the circuit
is inexpensive, requires only a handful of
readily available parts, and exhibits a lin-
ear relationship between input
voltage and output duty cycle.
The circuit lends itself to applications
that enclose a simple PWM section with-
in a feedback loop. Also, the excellent dy-
namics—the duty cycle responds to an
input step change within one cycle of the
output waveform—make the circuit ide-

ally suited to switch-mode-regulator ap-
plications.

In the circuit, the dc input voltage, V
I
,

varies the duty cycle of the rectangular
signal at the output of Schmitt inverter,
IC

1A
. Q

1
and Q

2
function as switched-cur-

rent sources. These sources charge and
discharge timing capacitor C

1
at a rate

that their base voltages and, hence, the
voltage at the junction of R

2
and R

3
de-

termine. When the output of IC
1A

is high,
C

1
charges through R

6
and Q

1
(Q

2
is cut

off) with a charge current set by R
6

and
the emitter voltage of Q

1
. Similarly, when

the output of IC
1A

is low, C
1

discharges
via Q

2
and R

6
(Q

1
is cut off) with a dis-

charge current set by R
6

and the emitter
potential of Q

2
. Adjusting the input volt-

age changes the emitter potentials and
thus varies the charge and discharge cur-
rents so that the duty cycle of the output

waveform varies in direct linear propor-
tion to V

I
.

Figure 2 shows the relationship be-
tween V

C
, which is the voltage on C

1
, and

the output waveform.V
TU

and V
TL

are the
upper and lower thresholds of the
Schmitt inverter, V

H
is the Schmitt trig-

ger’s hysteresis, and V
OH

and V
OL

are the
high and low output levels, respectively,
of the inverter.

If you assume that V
OH

5V
CC

and
V

OL
50V and taking the base-emitter

voltages of Q
1

and Q
2

to be roughly equal
and denoted by V

BE
, you can derive the

following first-order expressions for T
1

and T
2
, where K

1
5R

2
/(R

2
1R

3
), and

K
2
5R

4
/(R

3
1R

4
):

and

+

2
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Low-power PWM circuit is simple, inexpensive
Anthony Smith, Scitech, Biddenham, England

In this PWM circuit, adjusting the input voltage, VI, changes the emitter potentials of Q1 and Q2 and
thus varies the charge and discharge currents of C1 so that the duty cycle of the output varies in
direct linear proportion to VI. 
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Defining the output duty cycle as equal
to 100%2T

1
(T

1
+T

2
), you can combine

the expression for T
1

and T
2

to yield

If the R
1
-to-R

4
divider network is sym-

metrical, or R
1
5R

4
and R

2
5R

3
, this ex-

pression simplifies to

Taking the values for R
1
to R

4
in Figure

1, the equation reduces to

This expression shows that the duty
cycle is directly proportional to the input
voltage and that V

I
must be greater than

V
BE

/0.4 for the circuit to work. If
V

BE
50.6V, this equation suggests that V

I

must be at least 1.5V, although, in bread-
board tests, the circuit produced low duty
cycles with V

I
as low as 1V.

You select C
1

and R
6

according to the
required operating-frequency range. Fig-
ure 3 illustrates the results of breadboard
tests with R

6
55.6 kV and C

1
5100 pF.

The circuit exhibits linear performance

with V
I
at approximately 1.2 to 3.6V with

a corresponding duty-cycle range of ap-
proximately 2 to 95%. This figure also
shows that the output frequency varies by
as much as 15 to 1 over this range; the
output frequency peaks when V

I
is ap-

proximately equal to V
CC

/2.
You need to observe a few caveats when

selecting R
1
to R

4
and IC

1A
. To ensure that

the duty cycle is variable from near zero
to near 100%, the charge and discharge
currents through Q

1
and Q

2
must be able

to approach zero. You can meet this re-
quirement simply by ensuring that V

E1
, or

Q
1
’s emitter potential, can approach V

CC

and that V
E2

, or Q
2
’s emitter potential, can

approach ground.
You can make V

E1
approach V

CC
when

V
I
is a maximum by the suitable selection

of R
1
and R

2
, provided that you choose R

3

and R
4

so that V
E2

can go
a few hundred millivolts
below the minimum low-
er threshold voltage, V

TL

(minimum), of IC
1A

when V
I

is a maximum.
This feature is
necessary to en-

sure that Q
2

does not sat-
urate when V

C
approach-

es V
TL

(minimum) as C
1

discharges.
Similarly, by suitably

selecting R
3

and R
4
, you

can make V
E2

approach
zero when V

I
is a mini-

mum, provided that you choose R
1

and
R

2
so that V

E1
can go a few hundred mil-

livolts above the maximum upper thresh-
old voltage, V

TU
(maximum), of IC

1A

when V
I

is a minimum. This feature is
necessary to ensure that Q

1
does not sat-

urate when V
C

approaches V
TU

(maxi-
mum) as C

1
charges.

The values R
1
5R

4
522 kV and R

2
5

R
3
533kV meet these requirements and

provide an optimum range for V
I
. These

values should provide reliable operation
for V

CC
55V65% and IC

1A
and IC

1A
5

74HC14, but you may need to recalculate
the values if you use a different supply
voltage or a different inverter.

Two possible devices to use for IC
1A

are
the 74HC14 and the 4093. The 74HC14
is preferable because the minimum to
maximum variation in its hysteresis volt-
age is only about 3.3 to 1, whereas the
variation in V

H
for the 4093 is approxi-

mately 6.7 to 1. However, the 4093 allows
operation at supply voltages greater than
5V, but take care to avoid base-emitter
breakdown of Q

1
and Q

2
at higher supply

voltages.
Power consumption is low. For exam-

ple, with C
1
5100 pF, the maximum cur-

rent draw is 570 mA at the point of max-
imum frequency, which is approximately
200 kHz. The maximum practical oper-
ating frequency is limited to around 500
kHz (C

1
510 pF, R

6
55.6kV), where the

relationship between V
I
and the duty cy-

cle starts to become noticeably nonlinear.
(DI #2461)
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The changing voltage, VC, across C1 and the hysteresis, VH, of IC1A

determine the duty cycle, T1/(T11T2), of the output waveform. VTU

and VTL are IC1A’s upper and lower thresholds, respectively.

Although the frequency of the output waveform varies with the input voltage, the PWM circuit
exhibits a linear relationship between input voltage and output duty cycle.
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Manchester encoding is com-
mon, and this scheme erases
the dc-spectrum component

present in an NRZ signal in baseband
transmissions. An important application
is in Ethernet-interface adapters, in
which several kinds of media-attachment
units interface with OSI layers. Many
commercial transceivers work on all
physical layers of the IEEE 802.3 stan-
dard. Figure 1 and the corresponding
source code realize a customized version
of the 10BaseT standard in which the
physical layer is a coupled stripline in a
backplane. Figure 1 shows the simple
schematic of the LAN controller.

With an 80-MHz external clock, the
32-macrocell PLD implements a com-
plete Manchester co-decoder at a 10-
MHz bit-speed rate. You can download
the VHDL source code from EDN’s Web
site, www.ednmag.com. Click on “Search
Databases” and then enter the Software
Center to download the file for Design
Idea #2462.

The Manchester coder comprises an
XOR gate between the transmitted data
from the mC data_in) and the internal
10-MHz clock. Both the data_in and cod-
ed output lan_out signals are synchro-

nous with the 10- and 80-MHz clocks, re-
spectively. Asserting a high at the “10” in-
put enables the coder.

The decoder’s operation is more com-
plicated than that of the encoder. A be-
havioral simulation (Figure 2) shows the
internal signals that are involved in the
decoding process. Note that the spike on
the “cd” signal is not a true spike; it ap-
pears only in the behavioral simulation
and disappears in postlayout simulation.
The signal “in_trans” is a short trigger
pulse that occurs at every positive and
negative “lan_in”transaction. These puls-

es trigger a filter maker that gen-
erates an impulse signal called fil-
ter, and each pulse of this filter
signal lasts 75% of the bit inter-
val. The end of each filter pulse
marks the start of a pulse of a 10-
MHz recovered clock. The design
generates decoded data by sam-
pling the data stream with the ris-
ing edge of the recovered clock.
After a bit violation, or when
“data_in” remains a one or a zero
for more than 100 nsec, the sys-
tem deasserts the carrier-detect
signal,“cd.”Many mC families re-
quire that five or six recovered

clock pulses are present after the system
deasserts the carrier-detect signal. To
conserve space in the PLD, this design
roughly multiplexes the recovered clock
and the 10-MHz system clock. (The
68360 mP tolerates one pulse with no as-
pect of duty cycle.) The carrier-detect sig-
nal is the multiplexer controller. The 80-
MHz clock has no stability requirements,
and the system tolerates jitter on 10-MHz
Manchester-coded signals. (DI #2462)
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DECODER
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Manchester co-decoder fits into 32-macrocell PLD
Antonio Di Rocco, Siemens ICN Spa, L’Aquila, Italy

A 32-macrocell PLD implements a complete Manchester
co-decoder at a 10-MHz bit-speed rate.

F igure  2

A behavioral simulation of the decoder’s operation shows the internal signals involved in decoding.
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You typically accomplish over-
voltage or surge protection at circuit
inputs by connecting diodes to the

supply rails, connecting zener diodes to
ground, or connecting transzorbs to
ground. Unfortunately, for high-energy
surges at the inputs, connecting diodes to
the supply rails results in surges in sup-
ply lines and affects other components
because of the inductance of supply rails,
regulator shutdown, and so on. Zener
diodes have limited surge capability, and
transzorbs have large capacitance and are
therefore suited only for low-bandwidth
applications.

The circuit in Figure 1 has many ad-
vantages over these approaches: wide
bandwidth and low capacitance; high
surge-energy handling because the di-
odes can carry 50A peak; 1A continuous
current; and fast response. Also, the cir-
cuit doesn’t affect the supply rails and is
suitable for protecting multiple I/O lines
because the lines can share the bias volt-
age. You can further improve the re-
sponse time by using faster diodes; a
ground plane; low-inductance, short
connections; and close, high-frequency
decoupling.

The circuit reverse-biases D
1

and D
4

to
bias voltages of 61.2V, respectively. R

1

and R
2

bias two pairs of diodes, D
2
/D

3

and D
5
/D

6
, respectively, to generate the

61.2V. R
1

and R
2

prevent input surges
from reaching the supply rails. The surge

shunt path consists of D
1
, D

2
, and D

3
to

ground or D
4
, D

5
, and D

6
to ground, de-

pending on the surge’s polarity. Because
of the 612V bias-voltage settings, the cir-
cuit works with maximum input signals
of 61V. Above this
level, D

1
and

D
4
start to leak

and distort the signal.
The circuit was tested
using a 100-mF/50V
test capacitor charged
to 30V and then dis-
charged to the input.A
DSO captured the re-
sults (Figure 2). In
Figure 2a, with R

S
5

100V, the peak is ap-
proximately 3.5V, and
settling to around 2V
occurs within 15 nsec.
Figure 2b shows the
same response as Fig-
ure 2a but with a hor-
izontal scale of 1
msec/div. Figure 2c is
also the response un-
der the same condi-
tions but shows the
long-term response
and the coupling-ca-
pacitor recovery. If
you let R

S
50, the peak

rises to 10V and settles
within 500 nsec. Thus,

some small resistance, such as 100V, is
necessary for R

S
. (DI #2463)

NOTES: ALL DIODES=1N4935 FAST-RECOVERY TYPE.
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15V

470

470

F igure  1

Input-protection scheme tops other approaches
Kannan Natarajan, Mediatronix Private Limited, Kerala, India

Two surge shunt paths, consisting of D1, D2, and D3 to ground or D4, D5, and
D6 to ground, provide overvoltage protection.

Tests with a 30V charged capacitor at the input show the circuit’s
response with a horizontal scale of 25 nsec/div (a) and 1 msec/div
(b). The long-term response shows the recovery of the coupling
capacitor (c).

To Vote For This Design,
Circle No. 460

F igure  2

(a)

(b)

(c)
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The AD736 true-rms-to-dc convert-
er is useful for many applications that
require precise calculation of the rms

value of a waveform. This converter can
determine the true rms value, the average
rectified value, or the absolute value of a
myriad input waveforms. Basically, all ap-
plications require both a positive and a
negative power supply. According to the
data sheet, you can use the device with a
single supply by ac-coupling the input
signal and biasing the common pin above
ground. However, the ability to process
only ac signals is a major performance
limitation. You can lift this limitation by
using a level-shifting approach (Figure
1). This approach requires more circuit-
ry, but it removes the ac-only input-
waveform restriction.

The circuit consists of three sections.
The first is a differential amplifier that
adds the level-shifting offset, V

REF
, to the

input waveform. This amplifier’s primary
function is to level-shift the waveform,
but it can also provide gain and filtering
if necessary. The output of the op amp
needs to swing to the value of V

REF
mi-

nus the peak negative swing of the input
waveform times the gain of the op amp
(V

REF
2(A•V

IN
)) and to the value of V

REF

plus the peak positive swing of the input

voltage times the gain of the op amp
(V

REF
1(A•V

IN
)). By adjusting the value of

V
REF

and the gain of the op amp, you can
eliminate the need for an expensive rail-
to-rail op amp and can then use any sin-
gle-supply op amp. All three sections use
the same level-shifting offset, V

REF
.

The second section is the rms-to-dc-
converter stage. The output of this stage
is the dc (rms) value of the input wave-
form plus the offset value (V

REF
). The in-

put voltage divider reduces the amplitude
of the input waveform. For successful
rms-to-dc conversion, the circuit must
keep the voltage going into the AD736
within the specified range, which is 1V
rms for a V

CC
of 65 to 616V. If amplitude

reduction is unnecessary, you can elimi-
nate these resistors and simply ground
Pin 1 of the AD736. The offset voltage
needs to connect to the AD736 (Figure
1). This connection provides a reference
for the circuit that is above ground. The
AD736 cannot provide accurate calcula-
tions for inputs that go below or even
equal the converter’s negative rail, 2V

S
.

V
REF

should be greater than the peak neg-
ative swing of the input waveform. V

CC

should be greater than V
REF

plus the peak
positive swing of the input voltage.

The third section of the circuit is a lev-

el-shifting circuit, which subtracts V
REF

from the output of the AD736. The last-
stage differential amplifier can provide
any necessary gain, and you can use this
gain to eliminate the need for a rail-to-
rail op amp.

The application of the circuit in Figure
1 is to measure the current draw of a
power supply and detect overcurrent
conditions. For this application, only a
positive power supply was available. The
input op amp raises the amplitude of the
input signal and filters out any noise
greater than 5 kHz. The power-supply in-
put is a three-phase 60-Hz signal, so the
ripple frequency is 360 Hz. By providing
gain in this first stage and a 5V level shift,
any single-supply op amp is suitable.
Also, a rail-to-rail op amp is unnecessary.
The circuit divides down the output of
the first stage to be sure not to exceed the
input voltage range of the AD736. The
output amplifier provides gain to the dc
signal and level-shifts the signal back to
a ground-referenced signal. Again, the
gain of this op amp produces a signal
with an amplitude suitable for use with
any single-supply op amp. (DI #2466)
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Level-shifting nixes need for dual power supply
Ron Olmstead, Westcor, Sunnyvale, CA

Level-shifting the input to an rms-to-dc converter allows you to use the converter with only positive supply voltages.

To Vote For This Design,
Circle No. 461
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Synchronous reset and asynchro-
nous reset are both common reset
mechanisms for state machines, and

the reset circuit in Figure 1 combines the
advantages of each. Synchronous reset
has the advantage of synchroniza-
tion between clock and reset sig-
nals, which prevents race conditions from
occurring between the clock and the re-
set signal. However, synchronous reset
does not allow a state machine to operate
down to a dc clock because reset does not
occur until a clock event occurs. In the
meantime, uninitialized I/O ports can ex-
perience severe signal contention.

Asynchronous reset has the advantage
of allowing state machines to operate
down to dc clock. This operation is pos-
sible because asynchronous reset imme-
diately initializes the state machine when
a reset signal occurs independently of the
clock. Unfortunately, asynchronous reset
may cause a race condition between the
reset signal and the clock. Race condi-
tions can cause problems, including
metastability or wrong-state initializa-
tion.

The reset circuit in Figure 1 asserts the
reset signal immediately after detecting
the asynchronous reset signal. However,
the circuit also synchronizes the reset re-
lease with the clock. The circuit uses this
synchronized asynchronous-reset signal
to drive a state machine that uses flip-

flops and the asynchro-
nous-reset input.

The reset circuit consists
of two back-to-back D flip-
flops that synchronize the
asynchronous reset signal.
In addition, the asynchro-
nous reset causes the D
flip-flop outputs to imme-
diately go low. Figure 1
also shows the correspon-
ding signal names for the
Verilog description of the
circuit (Listing 1), which
you can immediately in-
corporate into a design or
simulation. Figure 2 shows
the simulation waveform
from the Verilog code in
Listing 1 using Altera

Max1PlusII. Observe that the circuit im-
mediately asserts the output-reset signal
(orst_n) when the system asserts the in-
put reset signal, irst_n. Also notice that
the reset release is synchronous with the
clock within two cycles. (DI #2465)

Synchronize asynchronous reset
Willy Tjanaka, Philips Semiconductors, Sunnyvale, CA

A simple circuit combines the advantages of asynchronous and synchronous resets.

To Vote For This Design,
Circle No. 462
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The simulation waveform shows that the circuit asserts the output reset signal, orst_n, immediately
after the system asserts the asynchronous input signal, irst_n, and shows that the reset release is
synchronous with the clock signal within two cycles.

LISTING 1—VERILOG DESCRIPTION OF THE SYN-
CHRONIZED ASYNCHRONOUS-RESET CIRCUIT

11



130 edn | January 6, 2000 www.ednmag.com

ideasdesign

The circuit in Figure 1 can resolve
0.1-fF changes in a 100-pF bridge el-
ement and can accommodate large-

scale changes in the bridge without ad-
justment. You can use changes in ca-
pacitance to measure applied pressure,
rotation, torque, liquid level, the water
content of toast, and a host of other
things. Many variants of the circuit are
possible.

IC
1
, an analog switch, provides both

bridge excitation and synchronous rec-
tification. A chopper-stabilized amplifi-

er, IC
2
, which the circuit configures for a

gain of 2, buffers and amplifies the out-
put of the synchronous rectifier, IC

1B
. No

amplification occurs before the rectifica-
tion stage. IC

1
’s internal oscillator and an

external capacitor determine the fre-
quency of the square-wave excitation sig-
nal—in this case, 20 kHz—that the cir-
cuit delivers to the bridge via IC

1A
.

If, as in this case, the excitation wave-
form is essentially a square wave, the sys-
tem is not oversensitive to oscillator fre-
quency and thus not oversensitive to the

supply voltage. This circuit reduces the
slew rates of the excitation to reduce EMI
and to prevent transient load changes
from disturbing the reference and buffer,
IC

3
and IC

4
, respectively. Further signifi-

cant reductions in the slew rate cause the
frequency of commutation in IC

1 
to af-

fect the output. A delta-sigma ADC, IC
5
,

resolves the output of amplifier IC
2
to ap-

proximately 1 ppm.
You can use a capacitance change of

this magnitude to measure subtle
changes in dielectric constant, such as

100 mF
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LT1460-5

+
10 mF

+
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+
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+
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Circuit resolves 0.1-fF change from 100 pF
Derek Redmayne, Linear Technology Corp, Milpitas, CA

Using an analog switch, IC1; a chopper-stabilized amplifier, IC2; a reference, IC3; a buffer, IC4; and a delta-sigma ADC, IC5, this circuit can resolve 0.1-fF
changes in a 100-pF bridge element.
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those that may occur in oil due to con-
tamination. For example, if you create a
capacitor using 535-in. plates that are 1/4

in. apart, the dielectric constant, K, of the
media between the plates could be re-
solvable over the range of 1 to 4.5 (22.48
to 101.2 pF). A change in K of as little as
0.000004 would be measurable. The
rigidity and separation between these
plates would have to be constant and sta-
ble because movement of as little as 0.3
mm would produce the same 0.1-fF
change. The use of low-thermal-coeffi-
cient materials would be necessary to
maintain this separation, but this meas-
urement is practical with good mechan-
ical design.

Other capacitor geometries are possi-
ble, of course. For example, the plates of
the capacitor could be coplanar inter-
leaved fingers etched onto an insulator,
and the unknown dielectric could either
touch the surface or be distanced with an
insulator. Also, many configurations of
bridges are possible. For example, you
could devise bridges to compare two sub-

stances. You could also construct bridges
to deflect the field toward the plates of
one capacitor or another, depending on
the K of some substance running
through channels—for example, to com-
pare the dielectric constant of two liq-
uids. Assuming good sensor design, E-
field (ac) measurements can be
comparatively free of the effects, includ-
ing drift, hysteresis, creep, nonlinearities,
thermocouple effects, self-heating, leak-
age, and electromigration that compro-
mise dc measurements.

The circuit in Figure 1 is usable, but
you can improve the circuit’s long-term
drift and temperature stability by deriv-
ing a timing signal from a quartz oscilla-
tor. Note that resolving small capacitance
changes requires diligent attention to
parasitics. If a single variable capacitor, as
in this example, sits remotely from the
other bridge elements, it is recommend-
ed that you use shielded cable with the
shield driven from either the other bridge
arm or even a third arm (see the dashed
line in Figure 1). If this situation occurs,

you should route the lower end of the
bridge separately to the external capaci-
tor. If you plan to bundle these cables,
you should use the upper arm of the ex-
citation to shield the excitation to the
lower end of the unknown capacitor.
This cable capacitance loads and hence
attenuates the bridge drive, and you
should perhaps use a separate synchro-
nized analog switch to sense these loads
to provide a reference signal for ratio-
metric operation.

Alternatively, you can ground the
shield if the bridge is symmetrical about
the midpoint. If the bridge is asymmet-
rical, the inputs to IC

1
see a substantial ac

component. You can potentially drive an
asymmetrical bridge with a transformer
and ground the midpoint of the third
arm to reduce the common mode seen in
the taps. (DI #2464)

To Vote For This Design,
Circle No. 463

13



Global-system-for-mobile-com-
munication phones have a
subscriber-identification

module (SIM) that allows local wireless
providers to recognize the user and his or
her billing information. Although most
SIMs are changing  to 3V operation, they
also accommodate 5V as well during the
transition. IC

1
in Figure 1 combines a

step-up dc/dc converter with a linear reg-
ulator, allowing it to regulate up or down
for a range of input voltages. It offers
hardware-selectable fixed outputs of 3.3
and 5V; however, 3.3V is out of spec for
a 3V SIM card. With properly chosen
R

1
/R

2
/R

3
values, you can switch the reg-

ulated output between 3 and 5V (or any
other two outputs within the allowed
range) by applying digital control to the
power-good input (PGI). The power-
good output (PGO), the output of an in-
ternal comparator, then changes the IC’s
feedback by grounding the node between
R

2
and R

3
. If the power-good com-

parator is in use, you can imple-
ment the digital control using the 3/5 in-
put and an external MOSFET (Figure 2).
(DI #2468)
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Dual-voltage supply powers SIM card
Larry Suppan, Maxim Integrated Products, Sunnyvale, CA
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You can obtain a regulated 3 or 5V output, according to digital control applied to the power-good
input (PGI).

This circuit provides the same outputs as the circuit in Figure 1 without tying up the internal
power-good comparator.
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Figure 1 shows a classic voltage-to-
current(V/I) converter. You can se-
lect the resistor values such that the

output current in the load, R
L
, varies only

with the input voltage, V
IN

, and is inde-
pendent of R

L
. The circuit is widely used

in industrial instruments for supplying
a 4- to 20-mA signal. The circuit has its
limitations, however, because the resistor
values must be quite accurate to obtain a
true current source. The literature de-
scribing the circuit provides design meth-
ods that are for special cases or are for ap-
proximate designs. This Design Idea gives
two simple design formulas you can use
to determine the component values that
produce a true current source. It also pro-
vides a general formula for the output
current, I

L
, for any selection of resistor

values, not just the constant-current se-
lection.

For a true current output, I
L
, as a func-

tion of the input voltage, V
IN

, you must
satisfy the following two equations:

In Equation 1, you can arbitrarily se-
lect any four of the terms and then de-
termine the fifth term by solving the re-
sulting equation. In Equation 2, you can
arbitrarily select either R

3
or R

4
and then

determine the unselected resistor after
substituting the applicable terms
from Equation 1. For example,
you can solve Equation 1 for R

2
when

I
L
520 mA, R

1
5100 kV, R

X
50.1 kV, and

V
IN

54V yields R
2
549.9 kV. Now, let

R
4
5100 kV and, with Equation 2, solve

for R
3

as follows: R
3
5(49.9 kV10.1

kV)550 kV. This example configures a
design for the popular current source of
4 to 20 mA. In a second example, if R

X

changes from 100 to 400V, the feedback
changes fourfold, and you would expect
that the output current would change
fourfold, to 1 to 5 mA. You can check the
result by substituting in the general for-
mula for the output current:

When the complete coefficient (the
terms inside the square brackets) of R

L

equals zero, a true current source results,
and equations 1 and 2 are valid. Note
that substituting the values from the first
example above forces the coefficient to
zero. Substituting the values from the

second example above results in the fol-
lowing expression:

With R
L
50.2 kV and V

IN
54V, IL5

5.019 mA. Then, with V
IN

50.8V, I
L
5

1.003 mA. Thus, after changing the feed-
back resistor by 4-to-1, you still have cur-
rents close to the 1- to 5-mA standard.
Note also that I

L
55.02 mA when R

L
50V;

thus, the circuit is still almost a perfect
current source. This result is unique, as
you can convert from 4 to 20 ma to 1 to
5 mA by changing only one resistor. You
can configure the less used standard of 10
to 50 mA by making R

X
5100/2.5540V.

(DI #2471)

Design formulas simplify classic V/I converter
Dudley Nye, Nye Engineering Co, Fort Lauderdale, FL

.1
R

R

R

V
I

X

2

1

IN
L 








+







=

.
R

R
)RR(R

1

4
X23 








+=

_

+
R1

R2

RX

IL
RL

R3

F igure  1

Design formulas make this classic V/I converter
easy to use.
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It is often useful to monitor the dc
level of an RF signal. However, most
RF systems use capacitive coupling;

thus, the dc information is lost. The cir-
cuit in Figure 1 is an RF amplifier com-
prising two monolithic microwave inte-
grated circuits (MMICs), IC

1
and IC

2
,

and a quad rail-to-rail op amp (IC
3
, an

LT1633). IC
3A

restores the dc level at the

output. Inductors at both the input and
the output of the op amp isolate the am-
plifier from the RF signal. The isolation
is good practice, because frequencies
higher than the bandwidth of the op amp
can undergo rectification in the amplifi-
er’s input stages, thereby introducing off-
set. MMICs IC

1
and IC

2 
are Hewlett-

Packard HP MSA-0785 devices, which

have an inverting gain of 13 dB; the result
is a total gain of approximately 26 dB and
a noninverted signal. IC

1
and IC

2
have a

3-dB bandwidth of approximately 2
GHz. The 1.5-nF blocking capacitors set
the low-frequency cutoff at 2 MHz.

IC
1

and IC
2

have a 1-dB compression
point of 4 dBm, or 1V p-p, into 50V, al-
lowing for an input level as high as 18 mV

Rail-to-rail op amp provides biasing in RF amp
Frank Cox, Linear Technology Corp, Milpitas, CA

(1)

(2)

(3)

(4)
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rms. The maximum output current of
IC

3A
, typically 40 mA with a sin-

gle 5V supply, limits the dc level
on the output to 2V into 50V. The out-
put saturation (low) voltage of the
LT1633, typically 40 mV, sets the mini-
mum pedestal voltage. IC

1
and IC

2
use

constant-current bias sources to stabilize
their gain with respect to temperature.
Two other sections of the quad op amp,
IC

3B
and IC

3C
, form active 22-mA current

sources. You can make the voltage di-
viders on the noninverting inputs of IC

3B

and IC
3C

adjustable to trim the gain of
the RF amplifier. The rail-to-rail inputs
of IC

3
allow the circuit to operate to with-

in 110 mV of the positive rail. (DI #2467)
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A simple op-amp-follower circuit with the aid of inductive blocking restores the dc level of an RF
signal.
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Often, a mC limits the number of in-
put-capture lines to accommodate
the various types of automotive

sensors with pulsed outputs, such as ve-

hicle- and engine-speed sensors. The cir-
cuit in Figure 1 uses discrete components
to multiplex two sensors with open-col-
lector outputs into a single output, there-

by sharing one input-capture line of the
mC. The mC selects the sensor whose out-
put you will measure. You can apply this
approach to sensors whose outputs are

Circuit multiplexes automotive sensors
Adil Ansari, Delphi-Delco Electronics, Kokomo, IN
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You can multiplex the output signals from two sensors into one input-capture line in a mC.

16



118 edn | January 20, 2000 www.ednmag.com

ideasdesign

amenable to time-sharing and do not re-
quire continuous monitoring, such as
position sensors. In Figure 1, Sensor 1
and Sensor 2 are outputs from two sen-
sors using npn transistors with open-col-
lector outputs. To enable Sensor 1 or Sen-
sor 2, Q

1A 
or Q

1B 
, respectively, must turn

on.A logic-low signal from the mC on the
Select input turns off Q

2
and Q

1C
. When

Sensor 1 input goes low, D
1

forward-bi-
ases, and Q

1A
turns on, providing a high

signal on MUXED_OUT. When Sensor 1
input turns off (high-impedance state),
Q

1A
turns off, providing a low signal on

MUXED_OUT. Therefore, when the Se-
lect input is low, MUXED_OUT pro-
duces pulses that are inverted but syn-
chronized with the Sensor 1 pulses.At the
same time, Q

3
and Q

1D
are on, turning off

Q
1B

and disabling the Sensor 2 input.
Similarly, when Select goes high, Q

2

and Q
1C

turn on, turning off Q
1A

and dis-
abling the Sensor 1 input. At the same
time, Q

3
and Q

1D
turn off, allowing the

Sensor 2 signal to turn Q
1B

on and off
when Sensor 2 switches on (low) and off
(high-impedance state), respectively.
Therefore, MUXED_OUT produce puls-

es synchronized with the Sensor 2 input.
You can change the values of R

1
, R

4
, R

5
,

and R
6
to meet the sensors’ requirements.

D
3

clamps MUXED_OUT to CMOS/
TTL levels. The use of the MPQ3906,
containing four pnp transistors in one
package, minimizes the number of com-
ponents. Similarly, you can obtain arrays
of 1-kV resistors in a single package. (DI
#2469)
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Many low-current devices that
require 65V supplies can operate
reliably in a single 5V power-sup-

ply environment if you use an appropri-
ate localized dc/dc converter to generate
the 25V bias. Often, the capabilities and
advantages of these 5V ICs far outweigh
the minor inconvenience and added costs

of an additional 25V-converter function.
Many companies manufacture dc/dc-
converter ICs and modules in a variety of
power ratings and footprints. However,
these typical dc/dc converters can be
overkill for simple, single-chip applica-
tions that require only a negative bias
voltage with low operating currents. For

these applications, typical negative- volt-
age requirements range from 24 to 26V
with a supply current of 1 mA, and re-
quirements for the 25V supply are gen-
erally noncritical.

A lower cost alternative to conven-
tional dc/dc converter modules for gen-
erating negative dc voltages from a posi-

Analog switch acts as dc/dc converter
John P Skurla, Advanced Linear Devices Inc, Sunnyvale, CA
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Using an analog switch with two external capacitors and an external clock is a viable way to produce 25V from a 5V input for low-power, 225V needs.
One approach uses only one phase of the clock (a); a second approach requires both phases (b).
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tive supply uses a low-cost quad- semi-
conductor analog switch and an onboard
system clock (Figure 1a). This type of
voltage converter generates a low-pow-
er, negative bias voltage from a 5V input.
This circuit emulates charge-pump dc/dc
converters, which are suitable for gener-
ating an output voltage whose polarity is
opposite that of the input voltage. Two
charge-storage capacitors are also neces-
sary, as with conventional converters.
Unlike the conventional self-contained
dc/dc converter approach, this circuit re-
quires a single external clock input to se-
quence the switches on and off and ap-
proximately the same amount of pc-
board space. You can tap this clock from
any 5V logic-gate output with  continu-
ous, regular periods of 5- to 500-kHz sig-
nals.

Charge-pump converters operate by
first charging up one capacitor and al-
ternately transferring that charge to an-
other capacitor using a switching circuit.
The switching circuit in Figure 1a alter-
nately charges and discharges C

1
and C

2

to generate a 25V output from a 5V in-
put. Integrated level translators and log-

ic gates inside the ALD4213 analog
switch provide the logic translation to
convert a single 5V input to a 65V logic
swing.

The circuit closes two switches, S
1

and
S

4
, under clock control. During the first

half of a clock cycle, C
1

charges up to a
voltage equal to the input voltage, V+.
The next half-cycle of the clock control
opens S

1
and S

4
and closes S

2
and S

3
. C

1

now connects across C
2

through S
2

and
S

3
, and the charge on C

1
subsequently

transfers to C
2

until the voltage across
both C

1
and C

2
is equal. Notice the “in-

verted” polarity across C
2
, which forces

the output voltage on C
2
to be V2, or the

opposite of V1.
Each subsequent clock cycle, which

again begins with the closing of S
1
and S

4
,

causes C
1

to charge up from the previous
voltage to V1. After many repeated clock
cycles, the voltage on C

2
remains charged

to a value equal to the negative of V1, or
close to it; it performs the function of a
voltage inverter, which is more com-
monly called a converter.

An alternative analog-switch-based
converter uses the industry-standard

74HC4316 quad analog switch with lev-
el translator (Figure 1b). The circuit is
similar to the circuit in Figure 1a but has
different pin connections. This circuit
also requires both phases of the clock.
You can use an additional inverting log-
ic gate to generate both clock phases if
necessary. The recommended input is a
logic clock that has a useful frequency
range of 5 to 500 kHz.

Figure 1a’s single-phase design costs
less than $1 in large quantities. The cost
of the circuit in Figure 1b can be less than
half the cost of the circuit in Figure 1a
provided that both clock phases exist and
that you don’t have to add an external
logic-gate inverter.You can also integrate
analog-switching inverters with other
analog functions in a custom ASIC; the
ALD4213 and ALD500A are compatible
with the company’s library of standard
cells. (DI #2476)

To Vote For This Design,
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Phone companies often disconnect
a misbehaving phone line
from a complainant’s resi-

dence for troubleshooting purposes.
With the problem between the residence
and the central office, the residence is left
with a dead phone line and no visible re-
pairman while the line is under repair.
The circuit in Figure 1 adapts a small key-
chain voice recorder to the Tip and Ring
lines of a phone line that has been dis-
connected from the central office. The
purpose is to play a prerecorded message
into any phone on the line when its re-
ceiver goes off-hook. A Radio Shack key-
chain voice-memo recorder (part num-
ber 63-945) or a similar device provides
solid-state voice-message storage and
playback in a small package and also

powers the phone line with its internal
6V batteries. You open and modify the
recorder to bring four signals out to the
external circuit: Battery (1), Battery

(2), Speaker (1 or 2), and the Play but-
ton contact. You can disconnect the in-
ternal speaker to save power.

With all phones on-hook, phone-line

Circuit provides message on disabled phone line
Kevin Kelley, BAE Systems, Greenlawn, NY

0.47 mF

200k

1N914

TOSHIBA
TLP332

1

2

5

4
C2

47 mF

C1
0.47 mF

1k

200k

2N2222A

PLAY

BATT2

BATT+

SPKR+

KEY-CHAIN
VOICE RECORDER

(6V)

(0V)

TIP

RING

+
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Dead phone line? You can send a prerecorded message to any phone on the defunct line.
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Conventional shift registers,
such as the 74HC595, require data-,
clock-, and strobe-logic signals. The

circuit in Figure 1 needs only two logic
signals to isolate and control shift-regis-
ter devices. For each transmitted bit and
one of the two optocouplers receives a
short drive pulse: one optocoupler for a
high transmitted bit and the other for a
low bit and After pulsing all the bits, the
circuit a final concurrent 1 and 0 pulse
strobes the data into the output registers.
Two logic-gate packages on the isolated
side of the circuit decode the two nega-
tive pulse signals back into data, clock,

and strobe. Two NAND gates form an RS
latch that captures the data state for the
serial input (SERIN). Two more NAND
gates form an AND to combine the two
pulse sources into the SRCK shift clock.
Finally, a NOR gate (or four more NAND
gates) produces the RCK strobe. You can
cascade the shift-register devices as nec-
essary.

You have no timing constraints on the
signals other than observing the maxi-
mum data rate of the optocouplers and
ensuring an off period between pulses.
The final latch pulse also generates an ex-
tra rising SRCK edge that you can use to

load the first bit of the next sequence. In
this case, the optocoupler that turns off
last determines the RS latch state for the
first bit. You can also ignore the extra
clock; it has no effect on the output. Low
power consumption is possible by keep-
ing the pulses as short as possible by lim-
iting the LED current and the updating
rate. For example, with 40-msec pulses
and 1-msec period, the average drive cur-
rent is 80 mA. (DI #2470)

Optocoupler isolates shift registers
Jim Hartmann, Silent Knight LLC, Maple Grove, MN
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Optocouplers allow you to isolate and control shift registers with only two logic signals.

current is near zero, keeping the opto-
coupler off and its transistor open with
the voltage at Pin 5 at the battery voltage.
The Tip and Ring lines are at 6 and 0V,
respectively, to power the phones on the
line (Most phones operate on as little as
3V.) Battery drain in this condition is
minimal. When a receiver goes off-hook,
the line impedance drops, and several
milliamps flow through the saturated

transistor. The transistor provides a high
ac impedance between C

1
and the bat-

tery, allowing audio-signal transfer to the
line, and provides a low dc resistance to
maximize the low battery voltage to the
phones. The transistor current turns the
optocoupler on, and the voltage on Pin
5 drops to near 0V. This negative edge
generates a low pulse into the Play con-
tact, as if you had pressed the Play but-

ton. The message plays once in its en-
tirety every time a receiver goes off-hook.
C

2
prevents any clicks at the end of the

message from restarting the sequence if
the receiver goes on-hook before the
message ends. (DI #2472)

To Vote For This Design,
Circle No. 321

To Vote For This Design,
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It’s sometimes convenient to have
digital control of the volume level in
an audio system. The use of

multiplying DACs (MDACs) is
problematic because of the switching
noise of the ladder network. This noise
comes from the bit switches injecting
charge into the signal when they turn on
and off. Audio engineers have dubbed
this noise “zipper noise” from the sound
that results from dynamically adjusting
the volume (gain riding). An alternative
to an MDAC in this application is a dig-
ital potentiometer, such as the Analog
Devices AD52XX, AD84XX, or AD7376.
You can think of the digital potentiome-
ter as a tapped resistor string. It generates
less noise because fewer switches change
state. In addition, you can connect the
three terminals of the potentiometer any-
where within the common-mode range
of the circuit (the supply-voltage range),
unlike an MDAC, which generally uses
ground as reference.

The primary drawback with using the
digital potentiometer for volume control
is that it currently comes with only a lin-
ear taper. With a linear taper, if the
“wiper” is at the midpoint, the signal is
only 6 dB less than the maximum. Thus,
most of the adjustment range occurs

within a small percentage of the range of
the potentiometer. This constraint lim-
its the adjustability of the volume setting.
The ear responds logarithmically; the
volume control should respond similar-
ly. The primary reason for having only a
linear taper is the manufacturing prob-
lems that the large range of resistance val-
ues for a log taper cause. By adding a pad
resistor from the wiper of the poten-
tiometer to one end (Figure 1a), you can
to simulate a log taper. If you split the po-
tentiometer  into two resistors, R

1
and R

2
,

you can redraw the circuit as in Figure
1b. The output voltage then depends on

the parallel combination of R
2

and R
PAD

.
You define a ratio, r, which is R

POT
/R

PAD

(R
POT

5R
1
1R

2
). By adjusting the value of

R
PAD

, you can modify r, which adjusts the
taper, or the attenuation-versus-digital-
input code to suit the application. The
following expression gives the transfer
function of the potentiometer:

Figure 2 shows the attenuation curves
for three values of a pad resistor. As you
can see, this trick doesn’t give a taper that
is so many decibels per step, but it does
allow for better low-level settability. You
must address a couple of issues. The first
is that the end-to-end resistance of the
potentiometer changes with the digital
code. It varies from the potentiometer  re-
sistance at one end  (with the wiper at the
lower end) to the value of the pad resist-
ance in parallel with the potentiometer
resistance at the other end. If you config-
ure the circuit as a typical attenuator and
drive it from a low-impedance source, the
low pad resistance should not present a
major problem. If, however, you are try-
ing to obtain a set resistance value to de-
termine a time constant (or any other ap-
plication in which the resistor value is
critical), this approach may not work
well. The second issue involves overvolt-
age. The three terminals of the poten-
tiometer can be anywhere within the
supply range of the IC, which is 5V for
the AD52XX and 615V for the AD72XX
family. If you apply overvoltage to one of
the pins, even in a transient condition,
the IC could latch up because of a para-
sitic substrate SCR. (DI #2473)

Tack a log taper onto a digital potentiometer
Hank Zumbahlen, Analog Devices, Campbell, CA
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R=0.25
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Adding a pad resistor to a digital potentiometer
imparts a logarithmic-like taper to the device.

It’s not log, but it’s close. These curves approximate what you can obtain from an audio-taper
potentiometer.
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The circuit in Figure 1a is a low-cost
isolation amplifier for instrumenta-
tion applications that provides as

much as 500V of galvanic isolation be-
tween input and output. The amplifier

uses only one small, low-cost transformer
and with little modification lends itself to
cost-effective multichannel applications.
Input-to-output linearity is around
0.05% for a 2V input signal. The LM385

(National Semiconductor) low-power
programmable reference diode, which
operates in the shunt mode, and the dual
planar BAV99 (Philips Semiconductors)
diode are the major circuit components.

+

10-kHz SQUARE
WAVE

10k

10k

BAV99 DUAL DIODE

BAV99 DUAL DIODE
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*10k
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TRANSFOMER
SECONDARY
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Lost-cost isolation amplifier suits 
industrial applications
Andrew Russell, Philips Semiconductors, Hazel Grove, England

An isolation amplifier for instrumentation applications provides as much as 500V of galvanic isola-
tion and uses only one low-cost transformer (a). The clamp circuit includes dc blocking, which VD2

provides (b).

Low-cost isolation amplifier suits
industrial applications ................................141

Unused mC ADC pins find 
second life  ..................................................144

Keyboard data-acquisition system is 
cheap and simple ........................................144

AC-couple analog signals without 
a dc bias source ..........................................146

Simple active-matrix-LCD bias supply 
operates from battery input ......................150

mC generates a frequency burst..............152
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To understand the circuit’s operation,
you have to first look at the clamp
circuit (Figure 1b). The LM385 is
a shunt regulator that consists of a con-
trol amplifier, a current-shunt transistor,
and an internal precision 1.25V refer-
ence. Two external feedback resistors, R

1

and R
2
, set the output voltage. In con-

ventional LM385 applications, the col-
lector of Q is the clamp, or current shunt
point. However, in this design, the clamp
has to include dc blocking, which V

D2

provides because the circuit feeds V
D2

with an ac signal from the transformer
secondary. V

D1
, which is inside the LM-

385 feedback loop, compensates for V
D2

.
Because V

D1
and V

D2
are thermally cou-

pled inside a single package, changes in
the forward voltage drop across V

D2
due

to temperature are mirrored across V
D1

.
The transfer function of the clamp circuit
is V

CL
52V

REF
1V

IN
.

In the overall circuit, a symmetrical,
10-kHz square wave drives a low-cost
BC237 npn transistor, which in turn
drives the primary of T

1
. In the forward

mode, no secondary current flows due to
the dc blocking action of V

D2
. During this

phase, primary magnetizing current,
which the circuit converts to magnetic
field energy, ramps from 0 to 2650 mA.
When the BC237 turns off due to the
drive voltage on its base switching low,
the inductive energy in the core dumps
into the secondary, causing V

D2
to be for-

ward-biased and current to flow through
the LM385 and back to the other side of
the secondary winding. The anode volt-
age of the LM385 clamps at precisely V

IN
1

2V
REF

2V
D1

. However, the addition of V
D2

into the clamp voltage at the anode of V
D2

compensates for V
D1

, resulting in a clamp
voltage of 2V

REF
1V

IN
. Note that the volt-

age drop across the diodes during clamp-
ing is different due to the large discrep-
ancy in current between the two diodes;
V

D2
carries the peak clamp current, and

V
D1

conducts only the feedback current.
However, the circuit largely compensates
for the temperature-induced changes in
forward voltage drop, which can be a ma-
jor source of error. Although some mis-
match in the thermal tracking of the
diodes does occur due to the different
forward currents in the diodes, this mis-
match is small enough given the accura-

cies of the circuit that you can consider
it a second-order effect.

The response time of the circuit at
Point A is less than 3 msec for 10 to 90%
and 90 to 10% input-signal steps. Note
that the input signal must be capable of
sinking the feedback current, I

F
, which

for the values in the circuit is approxi-
mately 65 mA. With 100-kV feedback re-
sistors, the feedback current drops to ap-
proximately 8 mA. Drift is largely a
function of feedback-resistor stability,
LM385 temperature stability, and the
thermal tracking of the diodes within the
dual-diode package.Average current con-
sumption of the circuit, excluding the
peak-detector op amp, is approximately
150 mA. The noise and stability of the -
2.5V supply that drives the transformer
are not critical, and a simple zener regu-
lator suffices. Figure 2 depicts the linear-
ity performance as both a percentage of
reading and as a percentage of full scale.

In multichannel-isolation applications,
you can delete the peak detector stage and
feed Point A, or the primary winding, di-
rectly into a high-speed, multichannel
ADC. For a 10-kHz drive frequency, the
clamped waveform tops are typically ap-
proximately 20 to 40 msec long. Sampling
should take place at some fixed time af-
ter the rising edge, such as 25 to 30 msec,
because the amount of current that
shunts through the LM385 decreases
during the clamping period as the mag-
netic energy in the core decays. The
LM385 and the associated rectifier diode,
V

D2
, have a dynamic resistance that de-

pends on the current that each device is

conducting. The secondary winding re-
sistance times the clamp current also
gives rise to a further error term. These
two errors combine and are reflected as
a slope on the clamped waveform tops
appearing on the primary winding when
you view the signal at Point A with a
scope. For this reason, you need to sam-
ple this waveform at some fixed point af-
ter the rising edge of the clamped portion
of the waveform. Otherwise, errors can
result in the readings taken from one
sampling event to the next.

In this design, slight overshoot on the
rising edge is too fast to cause any prob-
lems on the peak detector, but this over-
shoot would cause a problem at the input
to a high-speed ADC. Again, sampling at
some fixed period after the rising edge
will obviate any problems.

Note that the output clamp voltage
measured at Point A varies from 2.5 to
4.5V because of the initial 2.5V offset that
stems from the 2V

REF
term in the trans-

fer equation.You have to remove this off-
set through a subsequent offset removal
circuit or by simply subtracting the off-
set value from the reading in software
when using a high-speed ADC. The use
of software calibration techniques makes
this a viable option in a production en-
vironment. (DI #2474)

ERROR AS A
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Linearity performance of the circuit is measurable in terms of percentage of reading and as a per-
centage of full scale.

To Vote For This Design,
Circle No. 301
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Some PIC mCs, such as the 12C67X
and 16C7X, have more than
one analog input channel. If

you don’t need all the available channels,
you can use the unused channels as gen-
eral-purpose I/O. For example, you can
use unused ADC pins for power-on sta-
tus reading and as an output in normal
operation.

In Figure 1, the jumper selects a
mode—the battery charge voltage, for
example—by PIC software at power-on.
At power-on, software configures the
RAX line as an analog input and reads
the voltage—for example, 1V at Digit 0
and 2V at Digit 1. The same RAX line
also drives the base of a transistor
through a 3V zener diode. At power-on,
the voltage at the RAX input is insuffi-
cient to turn on the transistor. However,
after using power-on-initialization soft-
ware, you configure RAX as a digital out-
put. Now, the low-impedance high/low
voltage at RAX can override the bias volt-

age at the jumper to turn the transistor
on and off.

You can easily extend this method to
multiple jumpers and BCD switches. The
only condition is that the voltage that the

jumpers determine should be less than
3V and that impedance should be high.
(DI #2475)

OUTPUT

5V

3V

2V

1V

5V

30k

10k

10k

RAX
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Unused mmC ADC pins find second life
Kannan Natarajan, Mediatronix Private Limited, Kerala, India

An unused PIC mmC input acts as an input for power-on status reading and as an output to drive an
external transistor on and off.
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The most important criteria of a
data-acquisition system for college
science laboratories are simplicity

and price rather than precision or speed.
The data-acquisition system in Figure 1
offers adequate precision of less than
0.5% and speed of 1 Hz to replace the
outdated laboratory chart recorder in
student laboratories. You can install the
system in 5 sec, operate it with a single
toggle switch, and construct it for ap-
proximately $40. The only additional
equipment necessary is a computer run-
ning Excel and an ATbus (not Universal
serial bus), keyboard.

The system is simple to operate. After

you install it between the keyboard and
the PC, the keyboard functions normal-
ly until you close the toggle switch, which
puts the circuit into “acquire” mode. The
system then bypasses the keyboard and
“types” data into an Excel spreadsheet
column at the rate of 1 point/sec. When
you switch off the system, the circuit fin-
ishes sending the current data before re-
turning control to the keyboard. The slow
sampling rate gives Excel time to replot
an entire column of data and thus appear
to be charting in real time.

The central IC in the circuit is the
PIC12C671-04 mC, IC

2
, which has an on-

board 8-bit ADC. The circuit configures

this mC to receive an analog voltage
through the A/D pin. Because laborato-
ry instruments output 1V full scale and
the ADC’s internal reference is set for 5V
full scale, a rail-to-rail single-supply op
amp, IC

1
, provides a gain of 5. The op

amp’s feedback circuit also acts as a low-
pass filter. The system has acceptable off-
set of 21.2 bits and displays excellent lin-
earity; the coefficient of determination,
R2, equals 0.99998.

Because no pins are available for ex-
ternal clocking, the circuit allows the PIC
mC to run at approximately 4 MHz us-
ing its internal RC oscillator. However,
this oscillator is not a sufficiently accu-

Keyboard data-acquisition system 
is cheap and simple
Tom Lyons Fisher, Juniata College, Huntingdon, PA
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rate timebase for even 8-bit precision, so
an external 16.384-MHz oscilla-
tor-divider, IC

4
, produces a 64-

kHz waveform that feeds into the Tmr0
pin of the PIC. The combination of a di-
vide-by-256 prescaler and the appropri-
ate period loaded into Timer 0 provide
an accurate 1-sec interrupt.

The PIC mC “types” to the computer
by outputting signals that emulate the
keyboard via the Clk and Dat lines of IC

2
.

These pins duplicate the wired-OR elec-
trical characteristics of the keyboard in-
terface. When the data-acquisition sys-
tem is active, the keyboard must not
connect to the computer. The circuit ful-
fills this requirement using analog
switches inside IC

3
in the keyboard clock

and data lines. The mC controls these
switches using the Sw signal.

The keyboard line powers the entire
circuit, and the circuit shields the han-
dle of the spst switch as a protection from
static electricity. You can download the
source program for the PIC from EDN’s
Web site, www.ednmag.com. Click on
“Search Databases” and then enter the
Software Center to download the file for
Design Idea #2478.You can then compile
under MPLAB 4.12 or use the .hex file.
(DI #2478)
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When the switch is in the acquire position, this data-acquisition-system circuit bypasses the key-
board and puts data into an Excel spreadsheet column at the rate of 1 point/sec.
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Aconventional ac-coupling cir-
cuit in a single-supply system com-
prises a series capacitor and a shunt

resistor to ground. Unfortunately, the
negative peaks of the input signal can ex-
ceed the 10.3V input operating-range
limits of an ADC, such as the LTC1402 se-
rial 12-bit sampling ADC. To avoid going

below ground, the circuit must return the
shunt input resistor to a midsupply volt-
age source. This problem is classic with
all single-supply ADCs. You can use ful-
ly differential analog inputs, such as those
of the LTC1402 2.2M-sample/sec, 12-bit,
serial ADC, to ac-couple an analog signal
without this midsupply bias voltage.

The ADC inputs derive the common-
mode dc operating voltage directly from
the input signal. The circuit has two re-
quirements: The analog input signal
must remain between 0V and the 5V sup-
ply voltage, and the ac transients must re-
main below the 62V bipolar input range
of the ADC. In Figure 1a, R

1
and the

AC-couple analog signals without a dc bias source
Joseph Luis Sousa, Linear Technology Corp, North Chelmsford, MA
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You can use fully differential analog inputs, such as those of the LTC1402 ADC, to ac-couple an analog signal without this midsupply bias voltage (a).
The circuit’s frequency response includes a low-cutoff pole at 1 kHz and low-frequency rejection of 260 dB (b).

grounded C
1

at the A
IN2 

input of the
ADC cancel the low-frequency signals
and provide the basic ac-coupling func-
tion. R

2
and its shunt capacitor, C

2
, at the

ADC’s A
IN1

input cancel the sampling
current bias offset. The optional C

3
-R

3

46-MHz lowpass network isolates the
ADC input from sampling-glitch-sensi-
tive circuitry.

The frequency response for the values
in the circuit has a low-cutoff pole at 1
kHz and low-frequency stopband rejec-
tion in excess of 260 dB, as set by the
common-mode-rejection specification
of the ADC, independent of RC-compo-
nent-match accuracy (Figure 1b). The
LTC1402 accepts wide bandwidth, full-
scale, 4V p-p signals as great as 80 MHz.

This ac-coupling circuit adds no distor-
tion to the input signal. You can couple
a 1.1-MHz Nyquist frequency sine wave
into the ADC while keeping the THD be-
low 282 dB.(DI #2479)

To Vote For This Design,
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Many active-matrix-LCD applica-
tions need multiple voltages for
thin film-transistor (TFT) bias.

Typically, three voltages are necessary: 5V
for the column driver; a positive voltage,
such as 10V; and a negative voltage, such
15V, for the TFT gate drive, or row driv-
er. For handheld electronic devices, a bat-
tery must produce these voltages. The
most popular batteries in these devices
are two-cell NiCd alkaline or one-cell
lithium-ion batteries.

Figure 1 shows a simple, cost-effective
way of providing these bias voltages. A

step-up regulator, IC
1
, forms the heart of

the circuit. This regulator switches at a
constant frequency of 1 MHz and a fixed
duty cycle of 70%. IC

1
steps up the input

voltage to 5V by storing the energy in the
inductor when the internal MOSFET, M

1
,

is on and transferring this energy to C
1

when M
1

is off. IC
1
’s hysteretic gated-os-

cillator control scheme achieves the reg-
ulation.

C
2
, C

3
, D

2
, and D

3
form a charge-pump

inverter to provide an output of approx-
imately 25V.When M

1
is off, C

2
connects

in parallel with C
1

through D
1

and D
2
.

Thus, C
2
charges to V

COL
, or 5V. When M

1

turns on, C
2

connects in parallel with C
3

through M
1

and D
3
. Because of the po-

larity of this connection, C
3

charges to
approximately 2V

COL
, or 25V.

C
4
, C

5
, D

4
, and D

5
form a charge-pump

doubler that provides an output of 10V.
When M

1
is on, C

4
connects in parallel

with C
1

through D
4

and M
1
. Thus, C

4

charges to V
COL

(5V). When M
1

turns off,
C

1
and C

4
connect in series through D

1

and D
5
, and this series pair connects in

parallel with C
5
. Thus, C

5
charges to ap-

proximately two times V
COL

, or 10V.

Simple active-matrix-LCD bias supply 
operates from battery input
Michael Shrivathson, National Semiconductor Corp, Santa Clara, CA
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F igure  1

A step-up regulator, IC1; a charge-pump inverter comprising C2, C3, D2, and D3; and a charge-pump doubler comprising C4, C5, D4, and D5 produce the
three voltages necessary for active-matrix-LCD applications.
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This circuit provides 250 mA at the 5V
output, V

COL
, with 3% accuracy. The ac

ripple is less than 100 mV. The circuit
regulates the 10V output, V

GATE(+)
, with

5% accuracy, and this output can provide
10 mA. The ac ripple at the 10V output
is approximately 30 mV. The circuit reg-

ulates the 25V output,V
GATE(1)

, with 6%
accuracy and provides as much as 10 mA
of output current. The ac ripple voltage
at this output is 40 mV. A minimum load
of 25 mA at the V

COL
output ensures suf-

ficient charge-pump action and thus
maintains V

GATE(+) 
and V

GATE(1)
at their

nominal values. The efficiency of this cir-
cuit varies from 75 to 82% when operat-
ing from a one-cell lithium-ion battery.
(DI #2477)

Pulse-sonar applications require
generating bursts of a given
frequency, duration, and rep-

etition rate. Traditionally, the burst gen-
erator comprises a crystal oscillator with
pulse modulation. But the easiest and
cheapest way to generate the bursts is by
using an inexpensive 8-bit mC, such as
the 68HC705KJ1 and 68HC705J1A (Mo-
torola) and do the whole job using soft-
ware. You can get additional benefits by
outputting two signals in opposite phase
to feed the ultrasonic transducer direct-
ly or via a push-pull buffer (Figure 1).
Note that only two mC pins are necessary
for burst generation. You can use the rest
of the pins for different purposes.

The highest frequency that the mC can
generate depends on the value of the
highest oscillator frequency, f

OSC
, that the

manufacturer specifies and the structure
of the instruction set, namely the quan-
tity of machine cycles the mC takes to ex-
ecute an instruction. With f

OSC
54.00

MHz, the mentioned mCs can generate a
maximum frequency of 58.8 kHz. This
value is a good match for sonar projects
because most of the ultrasonic transduc-
ers, working in an air medium, have a
standard resonant frequency of 40 kHz.
To lower the frequency from 58.8 to 40.0
kHz requires a simple delay of 4 msec us-
ing nop and brn instructions.

The constant value in the counter
“Number” determines the burst dura-
tion. With one 8-bit counter, the burst
duration can range from 0.1 to 3.2 msec.
If a longer burst  is necessary, you can add

one or two more counters. If you choose
a duration of 1 msec, as in this case, the
value to put into the counter is 

How you program the burst, repetition
rate depends on the timer structure of the
mC. For mCs with 16-bit programmable
timers, the best way is to use either timer-
overflow or output-compare functions.
For mCs with multifunction timers, only
the first eight timer stages are usable.
Thus, timer overflow occurs every 0.51

msec, which is too short for a repetition
period. So, you can use either real-time
interrupt or, as in this case, organize a
pacemaker based on the timer-overflow-
interrupt. This design generates a burst
every time the counter T rolls over from
$FF to $00 with a repetition period of 131
msec. You can download the accompa-
nying programs from EDN’s Web site,
www.ednmag.com. Click on “Search
Databases” and then enter the Software
Center to download the files for Design
Idea #2480. (DI #2480)
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OSC2 VSS

TR1

TR2

MC68HC705KJ1

100k

6

1

2

3

9

8

A6

A7
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1.5 mF

5V

7
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mmC generates a frequency burst
Abel Raynus, Armatron International Inc, Melrose, MA

The easiest way to generate bursts for pulse sonar applications is to use a single mmC and do the
whole job in software.
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Occasionally, you have access to a
transformer for powering a
dc circuit, but its output volt-

age is much higher than that required for
the dc voltage. The full-wave-rectified
and filtered output of an ac input voltage
V

X
, is V

DC
41.414V

X
22V

F
, where V

F
is

the forward drop in the rectifier (ap-
proximately 0.7V). For example, if you
require 12V dc to power a small cooling
fan drawing 100 mA and the ac voltage is
18V, a full-wave rectifier and filter results
in a 24V-dc output. Although you can
regulate the voltage down to 12V dc by
using a simple three-terminal regulator
(such a mA7812), the result is wasted
power of approximately 1.3W. This waste
means that you must provide for heat re-
moval, somewhat defeating the purpose
of including the cooling fan. If you use a
typical 1002100-mm, 12V-dc fan rated
at 0.45A, the typical heat loss is approxi-
mately 2.5W, increasing to 5W at full
load. In many applications, this level of
loss is unacceptable, so you’d have to use
an extra transformer secondary, a dc/dc
converter, or a switching regulator. The
circuit in Figure 1 uses a MOSFET switch

and diode to effectively draw current
from the transformer when the voltage
is close to the desired level of 12V dc.

The full-wave bridge, D
2
, rectifies the

18V-ac signal. The diode, D
1
, and C

1
pro-

vide a gate bias voltage of approximately
24V dc. This voltage drives the gate of Q

1

through R
1
, shunted by D

4
, which main-

tains the gate voltage at a maximum of
12V relative to the source, even during
transient conditions. As the bridge-recti-
fier output increases from 0V to the peak
of approximately 24V each half-cycle, the
bias voltage holds the MOSFET on until
the input voltage reaches the breakdown
voltage of D

3
(12V) plus the V

BE(ON)
of Q

2
,

or approximately 12.7V. At that point, Q
2

turns on, turning Q
1

off. The output fil-
ter capacitor, C

2
, charges through D

5
. As

the rectifier output voltage decreases

from 24 to 0V, Q
2

again turns off at ap-
proximately 12.7V, allowing Q

1
to turn

on and provide another pulse of current
to charge C

2
. C

2
provides power for the

load between the pulses, which occur at
240 Hz with a 60-Hz input. Thus, power
drain from the transformer occurs in
short pulses, much in the manner of a
typical bridge-rectifier/output-filter ar-
rangement but at double the frequency.
If you want to turn the fan off with a log-
ic signal, you can add R

4
and D

6
. When

you apply a logic-high signal to the input,
Q

2
conducts, turning the MOSFET off.

(DI #2484)

MOSFET switch provides efficient ac/dc conversion
Spehro Pephany, Trexon Inc, Toronto, ON, Canada

C1
22 mF/35V
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+
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Using a MOSFET circuit, you can efficiently convert the too-high voltage of a leftover transformer to
a lower dc level.
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The circuit in Figure 1 efficiently
monitors common digital-
audio signals. One format for

such signals is the Audio Engineering So-
ciety (AES) 44.1- or 48-kHz standard.
Typically, the data consists of a serial data
stream with a data rate of approximate-
ly 1 Mbps. A lower frequency pulse in-
terspersed in the data stream synchro-
nizes data frames every 16 to 20 data bits.
The amplitude of the data and sync puls-
es is 3 to 12V p-p, with one cycle of an
ac wave representing each bit. The signals
are on a two-wire cable that you can iso-
late from ground by using signal trans-
formers or capacitors. Several other data-
transmission standards use a similar data
format. An oscilloscope does not reliably
trigger on such a waveform; thus, trou-
bleshooting and signal tracing such sys-
tems is difficult. The circuit in Figure 1
is passive and small and uses no power
supplies. You can keep it in a toolbox,
ready for instant use.

The two diodes and associated capac-
itors form a voltage doubler to provide a
bias voltage of approximately 22 to
210V. The 2-mA LED connects between
one of the signal lines and this bias volt-
age. Whenever the signal-line voltage ex-
ceeds approximately 1.5V, the LED turns
on. At a data rate of nearly 1 MHz, the
LED appears to continuously glow when
good data is present. The LED’s intensi-
ty is proportional to the peak-to-peak

voltage level, so you can easily observe
low or high voltage levels. Intermittent
levels, crosstalk, or interference on the
signal causes the LED to flicker. The LED
circuit is differential and measures the
voltage levels between the two signal
lines. Common-mode ground noise or
hum do not affect the LED’s display. The
voltage doubler is an efficient way to in-
crease the sensitivity of the LED without
an additional power supply.

The two coupling capacitors sample
the high-frequency data waveform but
reject any low-frequency common-mode
noise or hum. You can display the data
waveform on an oscilloscope to more

closely inspect the wave shape. The 15-
kV resistor and 100-pF capacitor form a
simple but effective filter to detect the
sync bit in the data stream. You feed this
sync bit to the external sync input of the
oscilloscope, resulting in a stable display
of the data frame. The coupling capaci-
tors avoid creating a ground loop be-
tween the signal lines and the grounded,
shielded input of the oscilloscope. You
can readily monitor data amplitude,
waveshape, and activity of individual bits
with the oscilloscope. (DI #2482)

Passive circuit monitors AES data
Wayne Sward, Bountiful, UT
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A passive circuit gives a good indication of data activity on digital-audio lines.

At times, a mC must read a large
number of DIP switches, such as for
system identification, bus-address

setup, manual configuration, or other
purposes. However, the available number
of I/O lines is sometimes not enough to

assign a switch to each one. You can use
multiplexer ICs to share one I/O port
with multiple switches, but they compli-
cate the circuit, dissipate additional pow-
er, and consume precious board real es-
tate. Figure 1 shows a method of multi-

plexing 32 DIP switches using only 12 I/O
pins and eight pullup resistors. Four 8-bit
DIP switches connect in parallel to a sin-
gle 8-bit I/O port. A pullup resistor on
each port pin defaults the input to a high
state; a switch closure pulls the input to

mmC multiplexes DIP switches to I/O port
Gregory Willson, ACS Defense Inc, Warrenton, VA
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a low state. The key to multiplexing the
DIP switches is to ground each set of
eight switches in turn using output pins
from a second I/O port.

To deselect a set of switches, the con-
trolling-port pin acts as an input, ren-
dering it a high-impedance port. In this
way, 12 I/O pins can read 32 switches,
and 16 I/O pins can read 64 switches. Se-
lect the values of the pullup resistors to
limit the total current into the control-
ling-port pin to less than the maximum
sink current. Some mCs, such as the Mi-
crochip PIC16C6x family, provide the
ability to enable weak internal pullups
on I/O port pins. By using this feature,
you can eliminate the eight external pull-
up resistors. The code fragment in List-
ing 1 illustrates reading the four 8-bit
DIP switches and storing the results, us-
ing a Microchip PIC16C63 mC. You can
download Listing 1 from EDN’s Web
site, www.ednmag.com. Click on “Search
Databases” and then enter the Software
Design Center to download the file for
Design Idea #2483. (DI #2483)
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Using only 12 I/O pins, a mmC can read 32 DIP
switches. LISTING 1—MULTIPLEXING DIP SWITCHES TO SINGLE I/O PORT
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You can implement a simple control
loop with a constant setpoint over a
wide range of control by using a

switched-capacitor filter. The circuit con-
trols motor speed over 1 to 200 Hz or 60
to 12,000 rpm. In Figure 1, a National
LMF40CIWM four-pole lowpass filter is
the heart of the design. This filter has a
cutoff frequency defined by the clock di-
vided by 50. Consider this filter as a dif-
ference amplifier that compares the dif-
ference between two frequencies. The
relationship between the clock divided by
50 and the 500-count encoder divided by
2 is such that when the clock rate is 1000
times the revolutions per second of the
motor, the signal frequency from the en-
coder is at approximately the midpoint of
the filter response. This midpoint is the

point of zero error and is approximately
2V p-p. The rectified output serves as the
dc setpoint voltage for the control loop.
If the motor speed increases, the voltage
decreases, and if the motor slows down,
the voltage increases. As simple as the
method is, it can drive a motor-control
chip and provide good speed regulation.

You can use the method to control oth-
er servo loops that provide a feedback fre-
quency within the range of the filter. The
big advantage of this scheme is that the
setpoint remains constant with a range of
speed settings. Another advantage is that
the clock provides direct speed calibra-
tion thanks to the 1000-to-1 relationship
between the clock and the rotational
speed of the motor. Figure 2 shows some
circuit details for enhanced operation. To

cover the higher speed range, you need an
additional divide by 10 to stay within the
frequency range of the filter. An example
is given for 6- and 60-Hz rotational
speeds. Conventional op-amp circuits
buffer and rectify the output of the filter.
The application uses one of many full-
wave op-amp-rectifier circuits that follow
a buffer with a gain of 2. After rectifica-
tion, the 75-kV resistors and 0.1-mF ca-
pacitor provide some filtering and time-
constant conditioning.You set the gain of
op amp 1 so its output dc voltage is 2.5V
at the operating point. Op amp 2 offsets
this voltage and moves the operating
point to 0V when no speed error is pres-
ent. The offset-adjust trimmer allows for
minor variations and calibrates the actu-
al rotational speed to the clock signal. Op

Switched-capacitor IC controls feedback loop
Dave Sargent, IBM Research, San Jose, CA
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A lowpass filter is the heart of a wide-range control loop.
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A wide-range control circuit uses two ranges for maximum resolution.

amp 3 provides gain for the proportion-
al signal.

You can use a fixed resistor in place of
the 200-kV trimmer. Op amp 4 is an in-
tegrator circuit that provides the classical
integral control for the loop. The inte-
grator makes up for errors in the follow-
ing control circuits and motor charac-
teristics throughout the control range.
The integrator control-point output
voltage therefore changes at different

speed settings. Buffer op amp 5 sums the
proportional and integral signals at its
input. A clamp diode limits the positive
drive voltage and prevents any negative
excursions from driving the loop to a
latch-up condition. In an application, the
clamping limits the output to 4.3A, be-
cause the motor-control circuit has a
drive characteristic of 1A per volt. When
the motor stops, the FET stop switch
clamps the control signal to zero. Addi-

tional circuits control acceleration rate,
braking rate, and direction. The speed ac-
curacy for the system is a nominal
0.002% throughout the range. The speed
clock comes from a DDS chip, and all the
above functions are under control of a
PC or front-panel switch settings. (DI
#2486)
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Placing a load-disconnect circuit
on the output of a boot-
strapped step-up regulator al-

lows the regulator to start with load cur-
rents much higher than would otherwise
be possible (Figure 1). During shut-
down, the disconnect completely isolates
the battery from the load. The circuit
boosts a single NiMH-cell output to 3.3V
and delivers output currents to 600 mA.
Step-up regulators are excellent for
portable applications because they ex-
hibit high efficiency, low supply current
(120 mA operating, 20 mA in shutdown),
and ample current once started. Many,
however, cannot start with maximum
load from low supply voltages, such as
those from single-cell batteries. This
problem arises because most low-voltage
CMOS boost regulators derive power
from their own outputs, which equal V

IN

minus a diode drop at start-up. Low val-
ues of input voltage don’t allow the
switching transistor to become fully en-
hanced at start-up, so the transistor pres-
ents a high impedance that limits the
peak inductor current.As a result, the cir-
cuit cannot produce enough current to
simultaneously supply the load and
charge the output capacitor.

To get around this problem and ensure
reliable start-ups, most regulator ICs in-

corporate an undervoltage lockout
(UVLO). IC

1
, for example, is a synchro-

Simple circuit disconnects load
Larry Suppan, Maxim Integrated Products, Sunnyvale, CA
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The addition of a couple of transistors enables a switching regulator to start with full load and low
input voltages.
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The load-disconnect switch in Figure 1 allows the regulator to start up with heavy loads and low input voltages (a). A slight modification of the circuit
in Figure 1 provides 5V-output operation (b).

2

1.8

1.6

1.4

1.2

1

0.8

0.6
0.01 0.1 1 10 100 1000

LOAD CURRENT (mA)

ST
AR

T-
U

P 
VO

LT
AG

E 
(V

)

WITHOUT LOAD SWITCH

WITH LOAD SWITCH

(b)

33



160 edn | February 17, 2000 www.ednmag.com

ideasdesign

nous boost converter whose boot-
strapped operation cannot start until its
output voltage exceeds the internal
UVLO threshold of 2.3V. You can over-
come this start-up limitation with an ex-
ternal power MOSFET, Q

1
, operating as

a load-disconnect switch, and by using
the power-OK (POK) comparator built
into many low-voltage switching regula-
tors. R

3
and R

4
set the POK threshold at

2.5V, allowing V
IN

to rise above the UVLO
threshold. Q

2 
inverts the POK output be-

fore driving Q
1
. Q

1
disconnects the load,

allowing V
OUT

to rise to a level (above
UVLO) that ensures full enhancement of
Q

1
when it turns on. As a result, the cir-

cuit can start under full load with input
voltages as low as 0.8V (Figure 2a). Be-
cause the circuit takes the regulator feed-
back before this switch, the MOSFET you
choose for a given application depends
on the load current and minimum ac-
ceptable level of load regulation. The
MOSFET shown is a low-threshold de-

vice. Connecting the FB terminal (Pin 2)
to ground and removing R

1
and R

2
pro-

duces a 5V regulated output, whose per-
formance is similar to that of the 3.3V
version (Figure 2b). (DI #2487)
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During a recent development ef-
fort, we could not find literature de-
tailing how to debounce an spst mo-

mentary switch using only logic (no
capacitors, Schmitt triggers, or other
components). Our application placed the
spst switches several feet from the logic
board, and both noisy switches and line
transients caused false triggers. Many
methods simulate a debounce by check-
ing the state of the switch on clock edges
and summing the checks over time, but
our application required no transitions
during the qualification time before ac-
knowledgment of a key
press. Thus, the switches
can work effective-
ly in noisy environ-
ments over reasonably
long distances. Figure 1 il-
lustrates a means of de-
bouncing a momentary
switch for both the make
and the break operations.
Designers often use pro-
grammable logic to de-
bounce momentary switch-
es used in keypads, in key-
boards, or as configuration
inputs. Flip-flops are usu-
ally precious commodities
in programmable logic,
whereas logic gates are
available in greater abun-

dance. The design in Figure 1 minimizes
the use of flip-flops.

The circuitry monitors the state of the
Switch input. Once the circuit detects a
transition, a “qualifying” time of two De-
bounce_Clock periods begins. If at any
time during the qualifying time the
Switch input returns to its original state,
indicating switch bounce or an electrical
transient, the circuitry returns to its start-
ing state and begins looking for another
transition. The Switch input must be
completely stable for two positive tran-
sitions of the Debounce_Clock input be-

fore the Switch_Debounced output will
change. A frequency of approximately 15
Hz (or a period of 66 msec) for the De-
bounce_Clock input works well, even for
low-cost,“noisy”switches.You can delete
the reset logic if you are unconcerned
with the power-on state of the
Switch_Debounced output. Following
power-on, the output will be correct af-
ter two clock periods. (DI #2481)
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Follow the debouncing flip-flops
Ray Scott and John Stanley, Airport Systems International, Overland Park, KS

A debouncing circuit using programmable logic makes frugal use of flip-flops.
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Two common methods exist for gen-
erating a regulated dc output voltage
that is lower than the input voltage.

The first approach is to use a low-
dropout (LDO) regulator. LDO regula-
tors are small, easy to use, and in-
expensive, but all the output
current must also flow through the input;
hence, they exhibit low efficiency. The
second approach is to use an inductor-
based switching regulator. Inductor-
based switchers can be efficient,
but they tend to be more complex,
costly, and area-consuming than their
LDO-regulator counterparts. A third op-
tion retains the simplicity and  size of an
LDO regulator but enjoys the high effi-
ciency usually reserved for inductor-
based circuits. The circuit in Figure 1 uses
switched-capacitor techniques to achieve
high-efficiency step-down conversion
without an inductor.

The circuit produces a regulated 2V
output with as much as 100 mA of load-
current capability. IC

1
, an LTC1503-2, has

an input range of 2.4 to 6V,
allowing the IC to take pow-
er from either a single Li-
ion cell or a three-cell
NiMH battery. IC

1
uses

fractional-conversion tech-
niques to achieve efficien-
cies typically more than
25% higher than that of an
LDO regulator (Figure 2).

Internal control circuitry ensures
that the device operates with the
optimal step-down ratio as the
input voltage and load conditions
vary.You need only four small ce-
ramic capacitors to make a com-
plete step-down supply. Quies-
cent current of 25 mA typical and
the small MSOP-8 package make
the circuit ideal for handheld de-
vices. (DI #2485)

Inductorless converter provides high efficiency
Sam Nork, Linear Technology Corp, Milpitas, CA
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Eschew bulky inductors, using switched-capacitor step-down
conversion.

Switched-capacitor conversion yields higher efficiency
than LDO regulators.
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Abit-error-rate (BER) tester is a ba-
sic tool for digital-communications
measurements. Although many

commercial BER testers are available, you
can easily design and build an inexpen-
sive version. The scheme in Figure 1 has
performance similar to that of a
commercial tester but requires you
to perform a manual calculation based
on displayed data. The tester displays re-
ceived bits and received erroneous bits,
and you must calculate the BER data us-
ing a handheld calculator, for example.

You can build the tester in Figure 1
from a piece of programmable logic, such
as an FPGA or a CPLD, and two counter
modules. You can buy the counter mod-
ules in kit form or in built form from nu-
merous suppliers. The counters are avail-
able in LCD or LED-display formats with
four or more digits. The counter modules
must have overflow indicators, and they
must allow pulse widths that are as nar-
row as half the data-clock period.

Figure 2 shows the core of the error de-
tector. This detector uses the same
pseudorandom-bit-sequence (PRBS)

generator as the transmitter does but
adds a trick. When the demodulator un-
der test is not in lock, the shift register
loads the receive data, and no error count
takes place. In every demodulator, except
for special burst-mode units, the BER de-

creases to some nominal rate before you
declare the system “locked.” Thus, the
shift register is self-synchronized to the
incoming sequence with great probabil-
ity. When the demodulator is in lock, the
Lock signal switches the multiplexer out-
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Simple BER meter is easy to build
Luis Miguel Brugarolas, Sire Sistemas y Redes Telmáticas, Tres Cantos, Madrid, Spain

With some programmable logic and two counter modules, you can design and build a simple bit-
error-rate tester.

Simple BER meter is easy to build ..........115

Software avoids interrupt overhead........116

Delay line eases Spice dead-time 
generation......................................................118

Comparison macro for PIC
processors......................................................122

Bridging enhances filter close-in
selectivity........................................................122

Notch filter is insensitive 
to component tolerances ..........................126

Edited by Bill Travis and Anne Watson Swager
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In the error-detector core, the Lock signal controls whether the shift register loads with received
data or the locally generated pseudorandom bit sequence (PRBS).
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put so that locally generated data, which
should be the same data as the transmit-
ted data, shifts into the register while the
measurement is running. Any divergence
between the received data and the local-
ly generated data constitutes a bit error.
As long as the counter counts pulses, the
error signal must combine with the clock
in an RZ format so that the tester does
not count two consecutive errors as only
one.

An error that occurs just before the de-
modulator is in lock causes incorrect ini-
tialization of the shift register, and the lo-
cal and received sequences is highly
uncorrelated. Thus, the BER in this case
is close to 0.5. You can easily detect this
erroneous condition and restart the
measurement.

The architecture in Figure 1 allows you
to divide the number of errors and bits in
the error-divider and bit-divider blocks.
You can divide errors by 1, 10, 100 and
1000 and divide bits by 104, 105, 106, and
107. This division feature allows the tester
to measure of a range of BERs from poor
ones for which the tester must divide the
error count to a low value to situations
that require bit division or that entail
long measurement periods. Two switch-
es for each block can control the division
rate in a simple way. To avoid mistakes,
division control should also control a
decimal point in the display, and an in-
dication label under the displays should
show the multiplication factor for the ac-
tual configuration.

Another feature is related to the over-

flow.When either counter unit overflows,
the scheme in Figure 1 immediately stops
the error count using the BIT_OFL and
ERR_OFL flags so that the tester does not
display erroneous data when taking un-
attended measurements or when taking
measurements for long periods. When
active, the BIT_OFL and ERR_OFL flags
turn off the COUNT_ENABLE signal.

The Start, Stop, and Reset keys control
the unit. They drive a finite state ma-
chine, which produces the variables
C_ENABLE and C_RESET. The first vari-
able controls the bit and error count, and
the second controls the counter reset. (DI
#2488)

You can service peripheral ICs con-
nected to a mC by polling or via in-
terrupts. The polling method can be

time-consuming, so interrupt handling is
often preferable because the mC has to
take care of the peripheral only on re-
quest. However, each separate interrupt

causes the mC to stop normal program
execution, save its current state on the
system stack, and vector to the interrupt’s
processing function. The first instruc-
tions in the interrupt function normally
push some or all registers used onto the
stack.

Peripherals, such as the 16550 UART,
that have more than one interrupt
source, may require that the mC process
more than one request at a time. Fortu-
nately, you can write software that allows
the mC to process more than one request
in one interrupt cycle. Thus, the interrupt

Software avoids interrupt overhead
Hans-Herbert Kirste, WAGO Kontakttechnik GmbH, Minden, Germany

LISTING 1—STANDARD INTERRUPT-HANDLING SOFTWARE LISTING 2—MORE EFFICIENT INTERRUPT-HANDLING SOFTWARE
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Generating complementary clock
signals in a Spice simulation is an
easy task. However, this task gets

much harder if you need to introduce
some dead time into the signals. This dif-
ficulty is especially true when you’re deal-
ing with a variable-pulse-width-modu-
lated switching cycle. In fact, you need to

insert a dead-time interval between the
switching of any two power devices in se-
ries, such as bridge or half-bridge designs
that use MOSFETs and switch-mode
power supplies and that implement syn-
chronous rectification. The dead time
prevents any cross-conduction, or shoot-
through, between both switches and

helps to reduce the
associated losses.

The circuit in
Figure 1a over-
comes this typical

Spice problem. The input clock drives
two delay lines that feature the same spec-
ifications. When the clock goes high, one
input to X2’s AND gate is also high. How-
ever, because of the delay line, the other
input stays low for the given dead time.
When both inputs are high, the output is
a logic one (Figure 1b).

When you generate models in a pro-
prietary syntax, the translation process to
another platform is usually painful. How-
ever, thanks to common Spice3 primi-
tives, such as the delay line, T, the trans-
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Delay line eases Spice dead-time generation
Christophe Basso, On Semiconductor, Toulouse, Cedex, France

Two AND gates and two delay lines generate a dead-time element in
Spice (a). When both inputs are high, the output is a logic one (b).

LISTING 1—HALF-BRIDGE DRIVER IN ISSPICE4

overhead occurs only once. The result is
improved system performance.

Listing 1 is an example of standard in-
terrupt-handling software. Standard
practice involves vectoring, pushing, and
popping registers for each interrupt re-
quest. A more sophisticated function in

Listing 2 tries to handle as many inter-
rupt requests as the peripheral requires.
This function processes multiple reads to
the identification register, and the
process repeats until the mC has serviced
all sources. You can download both list-
ings from EDN’s Web site, www.

ednmag.com. Click on “Search Databas-
es”and then enter the Software Center to
download the file for Design Idea #2489.
(DI #2489)

To Vote For This Design,
Circle No. 407

(a)

(b)
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lation of this generator is easy to imple-
ment. The netlists in listings 1 and 2 im-
plement a half-bridge driver with a float-
ing upper output in IsSpice4 (Intusoft)
and Pspice (OrCAD), respectively. The
BL (Listing 1) and EBL (Listing 2) inline
equations implement the AND gates of
Figure 1a, which saves you from using a
subcircuit arrangement. Typical applica-
tions include half-bridge drivers and syn-
chronous rectifiers. You can easily tailor
any output polarity by reversing the cor-
responding Spice element. For instance,
if you want to reverse the upper genera-
tor, BU1, in Listing 1, simply replace the
line V5(V(CLK).800M) &
(V(TD1).800M) ? {VHIGH} : {VLOW}
with V5(V(CLK).800M) & (V(TD1)
.800M) ? {VLOW} : {VHIGH}.

Figure 2a portrays a typical applica-
tion of the dead-time generator in a sim-
plified half-bridge driver, and Figure 2b
shows the corresponding IsSpice4 wave-
forms. You can download both listings
from EDN’s Web site, www.ednmag.com.
Click on “Search Databases”and then en-
ter the Software Center to download the
file for Design Idea #2490. (DI #2490)
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A typical application for the Spice dead-time generator is for simulating the operation of a half-
bridge driver (a). IsSpice4 waveforms show a dead time of 350 nsec (b).
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LISTING 2—HALF-BRIDGE DRIVER IN PSPICE
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If you ever get tired of
trying to remember the
subtleties of the “carry”

status bit every time you
want to use the subtract in-
struction to perform a com-
parison, the macro in List-
ing 1 can help. (You can
download a copy of the list-
ing from EDN’s Web site,
www.ednmag.com. Click on
“Search Databases” and
then enter the Software
Center to download the file
for Design Idea #2493.) The
macro contains all of the
nuances, once and forever.
The macro reads like a sen-
tence: branch to target if
ram-register is [comparison
condition] a literal value.
The comparison conditions
available are “equal-to,”
“not-equal-to,”“below,”and
“above-or-equal.” The
words “below,”“above,” and
others adhere to the Intel/Microsoft as-
sembly-language convention of referring
to “unsigned”comparisons for which the
byte value can range only from 0x00
(decimal zero) to 0xFF (decimal 255).

Although you can use this macro for
“equal”and “not-equal”comparisons, its
real power comes in examining a value in

a range or in a window of values. As an
example of the macro’s use, suppose you
want to execute some code, but only if
some ram-register is 0x6C or more but
not greater than 0x93 (0x94 to 0xFF).You
would use:
b2 continue_label1, ram-register, b1,

0x6C

b2 continue_label1, ram-
register, ae, 0x94

.
source code here to execute

only if ram-register 5 0x6c
to 0x94 inclusive.

.
continue_label1:
A variation of usage is

available if you want to per-
form a comparison between a
ram-register and the “W”reg-
ister instead of a literal value.
An example of this usage is:

b2 continue_label2, ram-reg-
ister, b2, WREG

.
source code here to execute 

only if ram-register is be-
low (less than and not 
equal to) the current value
in the W register.

.
continue_label2:

Note that these examples destroy the
value in the “W” register. (DI #2493)

Comparison macro for PIC processors
Dennis M Nagel, Dennis M Nagel Inc, Delray Beach, FL

To Vote For This Design,
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LISTING 1—COMPARISON MACRO

General filters are bandpass filters
that usually employ bridging cou-
plings between nonadjacent inter-

stage couplings (Reference 1). This class

of filters also includes bridging coupling
across the filter input and output ports.
The implementation of input-to-output
bridging already exists for a one-pole fil-

ter (Reference 2). For a two-pole filter, di-
electric resonators help achieve input-to-
output bridging coupling (Reference 3).

You can also implement a two-pole

Bridging enhances filter close-in selectivity
Richard M Kurzrok, RMK Consultants, Queens Village, NY
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LC-bandpass filter using input-to-output
bridging (Figure 1). This general filter
provides enhanced close-in selectivity by
adding a single bridging inductor across
the input and output of a conventional
bandpass filter. This relatively obscure
passive filter may be useful in some ap-
plications, and you can probably realize
similar filter performance using an active
circuit.

You can compare the performance of
this general filter to the performance of a
conventional two-pole bandpass filter
that has a convenient center frequency of
20 MHz. The design parameters are for
a lossless 0.01-dB Chebyshev response
with a 3-dB bandwidth of 2 MHz and in-
put and output impedances of 50V.
Table 1 shows the relative measured am-
plitude response data. Center-frequency
insertion loss was 0.8 dB, corresponding
to inductor unloaded Q’s of about 150.
The measured relative 3-dB bandwidth
was 2.1 MHz. The filter response is asym-
metrical due to the frequency sensitivity
of the capacitive input, output, and in-
terstage couplings.

The general filter adds a bridging in-
ductor from the input to the output of
the conventional bandpass filter (Figure
1). The measured center-frequency in-
sertion loss was 0.7 dB, and Table 2 shows
the relative amplitude-response data. The

general two-pole filter provides nearby
rejection peaks with degraded far-out se-
lectivity. The filter exhibits this type of
behavior for upper and lower stopbands.
You adjust the variable capacitors with
the enclosure cover removed. As filter
bandwidth becomes smaller, alignment-
tool access holes in the cover become
necessary. (DI #2491)

References
1. Kurzrok, RM, “General three-res-

onator filters,” EDN, May 1966, pg 92.
2. Kurzrok, RM, “Single component

changes bandpass into general filter,”
Electronics, April 18, 1966 pg 95.

3. Cohn, SB, “Microwave filters con-
taining high-dielectric resonators,” pre-
sented at Clearwater, FL, May 5 to 7,
1965, and printed in G-MTT Digest, pg
49.
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A bridging inductor across the input and output of a conventional two-pole bandpass filter creates
a general filter that provides nearby rejection peaks with degraded far-out selectivity.

TABLE 1—RESPONSE OF A TWO-POLE 
CONVENTIONAL BANDPASS FILTER

Frequency Insertion loss
(MHz) (dB)

15 40.3
18 17.8
19 6.2

19.2 4.0
19.4 2.0
19.6 0.8
19.8 0.2
20 0

20.2 0
20.4 0
20.6 0.2
20.8 0.7
21 1.7

21.2 3.0
21.4 4.4
22 8.6
23 14.2
24 17.8
30 26.2

TABLE 2—RESPONSE OF A 
TWO-POLE GENERAL FILTER

Frequency Insertion loss
(MHz) (dB)

13 9.8
15 11.2
17 14
18 22

18.2 29.2
18.3 >34 (peak)
18.4 28.6
18.6 18.2
18.8 12.6
19 7.3

19.2 4.0
19.4 1.6
19.6 0.5
19.8 0.2
20 0

20.2 0
20.4 0.2
20.6 0.8
20.8 1.8
21 3.6

21.2 6.6
21.4 8.0
21.6 10.4
21.8 13.1
22 16.2

22.5 24.6
23 >39 (peak)

23.5 29.8
24 25.2
25 22
30 20.4

To Vote For This Design,
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Many approaches for creating
notch filters, which reject a
narrow band of frequencies

and pass all others, are unsatisfactory be-
cause they allow the component toler-
ances to interact. The circuit in Figure 1a
overcomes this limitation and enables
easy calculation of the component values
for a desired notch frequency.

Two allpass filter stages, IC
1A

and IC
1B

,
create a dc-accurate, 1808 phase shift at
the cutoff frequency. Each op amp in IC

1

includes gain resistors that match to
within 0.1%. This tight tolerance elimi-
nates the need for trimming in most ap-
plications. Summing this phase-shifted
signal with the input produces a cancel-
lation that produces the notch.

At low frequencies for which the im-
pedance of C

2
is negligible, the circuit

forms a voltage follower and produces no
phase inversion. For high frequencies,
however, this capacitor acts as a short cir-
cuit that causes the amplifier to act as a
unity-gain inverter with the associated
1808 phase shift. Phase behavior for the
resulting allpass filter is identical to that
of a single RC pole and produces 908 of
phase shift at the resonant frequency,
which is equal to 1/2pR

1
C

1
and

1/2pR
2
C

2
.

R
1
, R

2
, C

1
, and C

2
affect only the notch

frequency and not its depth. Conversely,
the integrated resistors in IC

1
affect only

the depth of the notch and not its fre-
quency. If you require a highly accurate
notch frequency, specify R

1
, R

2
, C

1
, and C

2

accordingly or simply trim one of the two
resistors. IC

2
is a precision differential

amplifier that the circuit uses as a
matched summing amplifier. Note that
the inverting input is left unconnected.

Figure 1b shows the circuit’s perform-
ance with 5% resistors and 20% capaci-
tors, all unmatched. To produce a deep-
er notch, you can trim the circuit by
adding a 100V resistor in series with Pin
3 of IC

2
. You can also add a 200V poten-

tiometer in series with Pin 1 of IC
2

and
adjust this potentiometer for maximum
rejection at the desired frequency. (DI
#2492)

Notch filter is insensitive to component tolerances
John Guy, Maxim Integrated Products, Sunnyvale, CA

Summing VIN with the output of IC1’s phase-shifting allpass filter results in a notch response (a).
Operating the circuit with 5% values for R1 and R2 and 10% values for C1 and C2 produces a notch
frequency of approximately 99 Hz (b).
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Many single-supply applications
need precision amplifiers
that can operate from 5V

or lower. Although many precision, sin-
gle-supply op amps are currently avail-
able for configuring as 2- and 3-amplifi-
er instrumentation amplifiers (IAs), these
designs require great attention to detail
to achieve accuracy and precision. Fur-
thermore, although single-supply IA ICs
are available, these products trade off dc
and ac performance for low-supply-volt-
age and -current operation. Dual-supply
IAs still offer the best performance.

Achieving high-precision performance
in a single-supply application is practical,
because the majority of sensor applica-
tions provide an output signal centered
about the midpoint of a circuit’s supply
or reference voltage. Examples include
strain gauges, load cells, and pressure
transducers. In these applications, the
signal-conditioning circuitry is not re-
quired to operate near the sensor’s or cir-
cuit’s positive supply voltage or ground.
Even though the signal-conditioning cir-
cuitry need not operate at the extremes
of the input-voltage range, the output-
voltage swing of the circuitry should be

as large as possible to achieve maximum
dynamic range. The circuit in Figure 1
achieves high-precision performance
while operating from a 5V supply.

The trick here is to reference the dual-
supply IA’s inputs to a stable supply mid-
point, then follow the IA with a single-
supply precision op amp with a
rail-to-rail output swing. This “compos-
ite” IA uses IC

1
, an LT1167 high-per-

formance IA, for the input stage, and IC
2
,

an LT1498 high-speed, rail-to-rail in-
put/output dual op amp for the output
stage. IC

3
, an LT1634 micropower 2.5V

precision shunt reference, provides a sta-
ble 5V-supply midpoint. The output of
IC

3
connects to the input of IC

2A
, config-

ured as a voltage follower. The output of
IC

2A
provides a low-impedance source for

IC
1
’s reference pin 5, which exhibits 20-

kV input resistance and input current to
50 mA maximum. A low-impedance
source is necessary to maintain IC

1
’s high

common-mode rejection. In addition,
IC

2A
’s output stage can provide load cur-

rents to 20 mA for additional external cir-
cuitry without affecting IC

3
’s accuracy.

IC
2B

is a gain-of-3 inverter whose out-

Instrumentation amp works from one supply
Adolpho Garcia, Linear Technology Corp, Milpitas, CA
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A 2.5V reference IC provides a stable supply midpoint to configure a single-supply instrumentation
amplifier.

TABLE 1—SUMMARY OF STATIC AND DYNAMIC CHARACTERISTICS
Circuit RG V*OS Bandwidth 0.1- to 10-Hz noise*
gain (VV) (mmV) (kHz) (mmV p-p)
10 20.5k 1300 900 2
30 5.36k 450 850 0.7
100 1.5k 160 500 0.4
300 487 100 160 0.3
1000 147 90 40 0.3

* Referred to input
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put can swing 62.5V (rail-to-rail) with
only 60.82V drive from IC

1
. The primary

reason for choosing an inverting-ampli-
fier configuration for the output stage is
to make system dc-offset adjustments
available.You can connect trim networks
to the inverting terminal of IC

2B
without

affecting the static or dynamic behavior
of the circuit. However, you should de-
sign the trim range so as to not adverse-
ly affect the output dynamic range of the
circuit.

IC
1

maintains its high-linearity per-
formance with a 5V supply because its
front end is configured to operate from
dual supplies, and the circuit in Figure 1
relaxes its output drive level. Because IC

3

level-shifts the entire circuit above
ground, you measure the circuit’s final
output voltage with respect to 2.5V, not
0V. An expression for the gain of this
composite IA combines the gain equa-
tions of IC

1
and the gain-of-3 inverter:

As shown in Figure 1, choosing R
G
5

1.5 kV yields a gain-of-100 composite
configuration. You can obtain other gain
values with different values of R

G
, as

shown in Table 1. Even though it’s not
necessary that the inputs to the circuit
operate at the positive rail or ground,
wide input common-mode operation is
always beneficial.

In this configuration, IC
1
’s input stage

can accept signals as high as 3.7V (com-
mon mode plus differential mode) with
no loss of precision. In fact, at low circuit
gains, the circuit’s common-mode input-
voltage range spans 2.25 to 3.45V. This
wide common-mode range allows room
for the full-scale differential input volt-
age to drive the output 62.5V about the
reference point (V

REF
). Another applica-

tion hint regarding this circuit: Though
IC

1
’s input bias currents are lower than 1

nA, the circuit’s differential-input termi-
nals must have a dc return path to the
power supply.

Table 1 summarizes the static and dy-
namic performance of the composite IA.
Nonlinearity for all gain values is lower

than 0.006%. The transient response of
the circuit as a function of gain and load
is well-behaved and is attributable to IC

2
’s

wideband rail-to-rail output stage. Note
that measurements of small/large-signal
transient response and circuit bandwidth
reflect the absence of C

1
. The circuit’s 10-

MHz gain-bandwidth product and
6V/msec slew rate ensure that the small-
signal performance is primarily a func-
tion of IC

1
’s characteristics. Capacitor C

1

is beneficial in low-frequency applica-
tions (signal bandwidth lower than 20
Hz), to eliminate or significantly reduce
noise pickup. Noise can also sneak into
the circuit via the input terminals of IC

1
,

especially if the sensor is located some
distance from the signal-conditioning
circuitry. This type of noise can cause a
shift in the input offset voltage of IC

1
,

thereby producing errors. This effect is
commonly termed RF rectification. You
can easily add a differential filter to IC

1
’s

input terminals to reduce this effect. (DI
#2498).

To Vote For This Design,
Circle No. 301

Intrinsically capacitive
transducers and oth-
er high-impedance

signal sources usually require
ac coupling and a buffer am-
plifier to condition the signal
for further processing. Buffers
take many forms, but most of
them compromise signal qual-
ity through the use of external
resistors that provide a dc path
for the input bias current. Re-
cent improvements in op-amp
technology allow ac-coupled
inputs without the need for
bias resistors. The new op
amps have inputs that operate within the
supply-voltage span. Some are CMOS,
but many use complementary bipolar
transistors. For the latter, each input con-
nects to both a npn-difference pair and a
pnp-difference pair. Combining these
parallel input stages ensures that the sec-

ond stage has a wide input common-
mode range. Thus, some op amps exhib-
it an input-voltage level for which bias
current to the npn pair exactly equals that
from the opposite-polarity pnp pair,
causing the input bias current to go to
zero (Figure 1).

For the amplifier shown,
this bias-canceling effect
self-biases the inputs at a
level consistently close to
2V

CC
/3. To avoid the distor-

tion effects that increase
with signal deviations from
2V

CC
/3, you should limit the

input signal swings to 500
mV p-p. If necessary, down-
stream circuitry can remove
the dc offset while provid-
ing gain and filtering. Even
with small, low-cost cou-
pling capacitors, this cir-
cuit’s ultrahigh input im-

pedance and absence of bias resistors
allow operation at frequencies well below
1 Hz. (DI #2496).

GROUND-REFERENCED,
HIGH-IMPEDANCE

TRANSDUCER

VOUT

2V DC 1 500 mV P-P

3V

3

2 8

4

C1

10 nF

VIN

500 mV P-P

 MAX4242½

IC1

2

1
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Amplifier requires no dc bias
John Guy, Maxim Integrated Products, Sunnyvale, CA

A self-biasing amplifier buffers a high-impedance signal without the need
for bias resistors.

To Vote For This Design,
Circle No. 302
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Modern lighting systems use
halogen lamps, most of which run
on 12V ac from a transformer. The

dimmer circuit in Figure 1 can change
the intensity of the light from zero to
maximum. The dimmer operates at ap-
proximately 12V, unlike the usual ones
that function by adjusting the firing an-
gle of the 110 or 220V mains supply.

The dimmer works to inject a constant
current into the halogen lamp and to reg-
ulate that current using pulse-width
modulation (PWM) according to a po-
tentiometer-controlled input, or a 0 to 5V
signal, or even an analog output from a
mC. 12V ac from the transformer, con-
verted to 16.8V dc, powers the SG3524
PWM circuit (IC

1
). An RC circuit sets the

approximately 10-kHz operating fre-

quency. The output of the PWM IC
drives the power transistor (Q

1
), a pnp

Darlington. The collector of Q
1

connects
to a 10-turn ferrite-core inductor; a 1000-
mF capacitor affords filtering to provide
the bulb with dc current. Op-amp IC

2

amplifies the drop across the shunt resis-
tor and feeds the amplified signal back to
IC

1
. IC

1
compares the feedback signal

with the desired input level from the po-
tentiometer, 0 to 5V, then controls and
regulates the current in the bulb.

Current regulation is important, not
only because it makes dimming possible,
but also because it protects the bulb at
start-up (when the bulb is cold). The
constant current gives the filament longer
life and makes the bulb immune to line-
voltage disturbances. Some designs use

“electronic transformers,” which are ba-
sically switching power supplies that drop
the mains voltage from 110/220V ac to
12V dc that’s pulsed at high frequency.
These systems generate higher RFI than
the design in Figure 1. In this design, be-
cause the controlled variable is current,
not voltage, you could use supplies high-
er than 12V ac to compensate for the
drop in the connecting wires in case you
wish to place the halogen bulb and dim-
mer at some distance from the trans-
former. (DI #2497).

Halogen light dimmer provides infinite control
Suded Emmanuel, Emmanuel’s Controls, Auckland, New Zealand
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Current, not voltage, controls halogen-lamp dimming in this simple scheme.
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Although the cascode voltage-ref-
erence configuration in Fig-
ure 1 may seem obvious, the

choice of R
1

and the bypass capacitors is
critical. At first glance, stacking up refer-
ences of the same voltage to produce a
collection of voltages seems straightfor-
ward. However, nothing comes without
precautions and an understanding of
limitations.

As a case in point, the CMOS refer-
ences used in this circuit have a 5.5V sup-
ply-voltage limitation. The circuit oper-
ates at 12V, which exceeds the limitation;
thus each of the individual references
must proportionally scale down the 12V
input. IC

2
’s 5V output powers IC

1
, IC

3
’s

7.5V output powers IC
2
, and IC

4
’s 10V

output powers IC
3
. Similarly, the refer-

ences take their ground potentials from
references beneath them in the cascode,
to keep the total supply span for each IC
below 5.5V.

The line-regulation errors of IC
1
, IC

2
,

and IC
3
are near perfect, because their in-

dividual V
IN

potentials come from a sol-
id voltage source. The input source of
12V has a range of 10.2 to 14V, but if it
dropped below 10.2V, each output volt-
age would be accurate until the input
source dropped to within 200 mV above
each stack voltage. For example, if the in-
put source were at 5.2V, the 2.5 and 5V
outputs would be within specification
and the 7.5 and 10V outputs would be
close to 5.2V. In this way, as a 12V bat-
tery collapses, external circuitry depend-
ent on the lower voltages would still be
functional.

Let’s examine R
1

and its limits. The
LM4130 sources current very well (to 20
mA), but it sinks only 10 mA. Thus, R

1
is

a resistive pull-down for IC
2
’s quiescent

current (50 mA). R
1

must be a maximum
of 25 kV to keep IC

2
biased for worst-case

specs over temperature. This 100-mA bias
current also keeps IC

3
and IC

4
biased. The

ICs of the stack roughly share a single
quiescent current, as opposed to a paral-
lel configuration that would draw four
times the quiescent current. It is also true
that each output source current has a rip-
ple effect from previous ICs in the stack.

Thus, cumulatively, the voltage outputs
(2.5, 5, 7.5, and 10V) can source as much
as 20 mA (5 mA from each output). Load
currents of the lower references have ef-
fects on the voltages of the ICs stacked
above. If the output impedance (0.075V)
of the LM4130 were not very small, then
its effect would create a large crosstalk er-
ror, with one output causing another to
vary. For example, with the 2.5V output
loaded with 20 mA and accounting for
the Z

OUT
effects of both IC

2
and IC

3
, the

worst-case change in the 10V output is 3
mV, or 0.03%.

The bypass capacitors C
1

through C
4

have a secondary function, other than in-
put bypassing, that overcomes another
limitation of the cascode configuration.
They compensate the internal LM4130
output. This output stage is a common-
source PMOS FET with local feedback

that reduces the output impedance be-
yond 100 kHz. Ceramic, tantalum, or alu-
minum-electrolytic capacitors work to
keep the stack of voltage references from
start-up instabilities and oscillations. An-
other limitation of the cascode arises if
the lower voltages (2.5, 5, and 7.5V) be-
come grounded. Any continuous short
circuit would produce excessive power
dissipation in the LM4130. The optional
47V series resistance in the 12V line pro-
tects the ICs under worst-case condi-
tions. Note that despite the limitations,
the accuracy of the stack voltages tracks
the LM4130’s accuracy. And, as with ac-
curacy, the temperature-coefficient er-
rors do not degrade up the stack. (DI
#2501).
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Cascoded stack yields multiple voltages
Clayton Grantham, National Semiconductor, Tucson, AZ

If you understand its limitations, this circuit provides an easy way to obtain accurate multiple voltages.

To Vote For This Design,
Circle No. 304   
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Most A/D-conversion techniques
use dedicated hardware,
usually a single-chip IC.

The flexible conversion technique allows
you to use successive-approximation,
ramp-type, or other converters by writ-
ing the appropriate control software. The
design in Figure 1 uses a PC’s parallel
port for interface to a DAC and a special
BIOS interrupt (INT 1CH) for the con-
version process. The INT CH hardware
interrupt is available in all PCs. It auto-
matically occurs 18.2 times per second;
the BIOS-timer interrupt invokes the in-
terrupt after the interrupt updates the
time-of-day count. The INT 1CH han-
dler routine activates the hardware in
Figure 1. The analog input V

IN
connects

to the inverting input of the LF356 op
amp; the noninverting input connects to
the output of the AD574 8-bit DAC. The
output current of the DAC follows the
digital pattern from the PC’s port (you
can use the LPT port for 8-bit applica-
tions).

The interrupt-handler routine (List-
ing 1) for INT 1CH sets the required 8-
bit digital image for the DAC’s input and
monitors the Status bit from the op amp’s
output.You can write the software for any

conversion technique. Here, the INT
1CH handler routine, written in Turbo C,
implements a counter-ramp conversion
technique. The routine in Listing 1 uses
INT 1CH and the LPT2 port. The vari-

PARALLEL PORT

BUFFER

BUFFER

8-BIT DATA 8-BIT DAC
AD574

ENABLE

LEAST
SIGNIFICANT
BIT

SINGLE STATUS BIT

VIN

R1

VCC

VREF

LF356
`

1
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BIOS interrupt performs A/D conversion
J Jayapandian, IGCAR, Tamil Nadu, India

You can use a PC’s special BIOS interrupt to implement an A/D converter.

LISTING 1—HANDLER ROUTINE FOR A/D CONVERSION
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able Ticker recognizes the occurrence of
INT 1CH. For every Ticker, the handler
routine writes the incremental data from
0 to 255 to the LPT2 port, and thus to the
8-bit DAC. The handler checks for the
zero-status bit by reading the LPT2 port.
If it reads a high-to-low transition in the
Status bit, the handler writes the final bit
pattern (a value between 0 and 255) to
the DAC. The op amp compares the val-
ue of V

IN
with the DAC’s output. When

the output reaches V
IN

, the op amp’s out-
put (status) becomes 0V, and the handler
stops incrementing the bit pattern pre-
sented to the DAC.

This final digital value corresponds to
the analog input V

IN
. For each occurrence

of INT 1CH (Ticker), the design com-
pletes a conversion cycle. Make sure that
the handler routine does not exceed the
time of occurrence of the interrupt. You
can implement a successive-approxima-

tion converter in the same way with this
design by writing an appropriate handler
routine. You can download Listing 1
from EDN’s Web site, www.ednmag.com.
Click on “Search Databases”and then en-
ter the Software Center to download the
file for Design Idea #2495. (DI #2495).

To Vote For This Design,
Circle No. 305

The circuit in Figure 1 and the pro-
gram in Listing 1 use an Atmel
89C2051 mC to generate a variety of

frequencies that have no specific rela-
tionship to each other. The example giv-
en here generates the following eight fre-
quencies: 500, 700, 1000, 1050, 1100,
1500, 1700, and 2000 Hz. The program
delivers these frequencies on eight I/O
pins (P17 to P10, respectively) of the mC.
The program associates each of these I/O
pins with an internal-RAM address (f1
through f8).

The interrupt routine in Listing 1 takes
492 oscillator periods to complete. At 24

MHz, this interval corresponds to 20.5
msec. The internal timer T0 of the mC
generates an interrupt every 25 msec.
During each interrupt cycle, each of the

counts (f1 through f8) decrements by
one. Whichever count decreases to zero,
the corresponding output pin toggles and
that count value reinitializes. Average ac-

Generate frequencies with arbitrary relationships
Sanjay Gupta, NIIT Ltd, New Delhi, India

TABLE 1—PERIOD AND COUNT DATA FOR REPRESENTATIVE FREQUENCIES
Closest half-cycle

time period obtainable
Period of half- with 25-mmsec Error

Frequency cycle (mmsec) interrupt interval (%) Count
500 Hz 1000 100 0 1000/25=40
700 Hz 714 700 1.96 700/25=28
1000 Hz 500 500 0 500/25=20
1050 Hz 476 475 0.21 475/25=19

RST
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P31/TXD
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GND
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VCC
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You can generate arbitrary, unrelated frequencies using an 89C2051 mmC.
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curacy improves as the magnitude of the
required output frequency decreases
(Table 1). You can also obtain more ac-
curacy by using the following techniques:

● Increase the processor-clock fre-
quency, thereby reducing the time it takes
to execute the interrupt routine.

●  Reduce the number of clock cycles
in the interrupt routine.

If you need to generate fewer frequen-
cies, for example, the last six from the
preceding list, then the time taken to
complete the interrupt cycle reduces to
372 cycles (15.5 msec). So you can pro-
gram timer T0 to generate an interrupt
every 18 msec instead of 25 msec. Table 2

shows the new accuracy figures with few-
er frequencies.You can download Listing
1 from EDN’s Web site, www.ednmag.
com. Click on “Search Databases” and
then enter the Software Center to down-

load the file for Design Idea #2500. (DI
#2500).
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LISTING 1—ROUTINE FOR GENERATING ARBITRARY FREQUENCIES

TABLE 2—ACCURACY FIGURES FOR SIX FREQUENCIES
Closest half-cycle

Frequency Period of half-cycle period obtainable with Error
(Hz) (mmsec) 18-mmsec interrupt interval (%) Count

1000 500 504 0.8 504/18=28
1050 476 468 1.68 468/18=26
1100 455 450 1.11 450/18=25
1500 333 324 2.7 324/18=18
1700 294 288 2.04 288/18=16
2000 250 252 0.8 252/18=14

To Vote For This Design,
Circle No. 306
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The circuit in Figure 1 converts a
regulated 5V input to an
isolated 5V output with 1A

current-output capability. IC
1
, a push-

pull transformer driver, powers a pair of
cross-coupled power MOSFETs in a flip-
flop-like configuration. In turn, the
MOSFETs toggle the primary winding of
a forward transformer. The transformer’s
secondary output, after rectification and
filtering, provides the isolated 5V supply.
Because the output voltage is unregulat-
ed, its voltage tolerance depends on the
input-voltage range and the range of load
current. With Schottky rectifiers, such as
the MBRS130 for D

1
and D

2
, the circuit

delivers 5V610% at 700 to 1000 mA
from a 5V65% input with 80% efficien-
cy (Figure 2). Using ultrafast-recovery
silicon rectifiers, such as the MURS120,
the circuit delivers 5V610% at 200 to 500
mA from a 5V65% input, with 77% ef-
ficiency. (DI #2502)
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Push-pull driver provides isolated 5V at 1A
Ron Young, Maxim Integrated Products, Sunnyvale, CA

A simple circuit produces a 5V, 1A isolated output from a 5V regulated input.

Push-pull driver provides 
isolated 5V at 1A ..........................................101

Circuit programs Atmel AVR mCs ............102

Circuit adds latch-off current 
limit to regulator ..........................................104

Dual power supply delivers 
8A with no heat sinks..................................106

Power switch provides soft start ..............108

Circuit eliminates PC echoes ....................110

Clamping circuit dissipates 
minimal power..............................................112

Piezo crystal monitors liquid level............112

Switch intelligently controls current ........114

Edited by Bill Travis and Anne Watson Swager

The efficiency of the circuit in Figure 1 depends directly on the forward drops of the output
rectifiers.

To Vote For This Design,
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Atmel AVR mCs feature an enhanced
RISC architecture that purportedly
offer the highest MIPS-per-milliwatt

capability in the 8-bit mC market. Figure
1 shows an easy-to-build AVR mC-pro-
gramming circuit that can program the
40-pin AT90S4414/8515, the 20-pin AT
90S1200/2313, and the eight-pin AT
90S2323/2343. The programmer uses
only three chips. It connects to the host
PC’s serial port via a MAX232 RS-232
transceiver, IC

1
. Power comes from a 9V

wall cube and the 78L05 linear regulator,
VR

1
. The AT89C4051 mC (IC

2
) works

with the 11.0592-MHz oscillator, and
controls all programming tasks. LED

1
in-

dicates the programmer’s status. The cir-
cuit exploits the fact that all AVR mCs

have a built-in SPI (serial-peripheral-in-
terface) port that you can use to effect se-
rial programming. The SPI port uses only
the system-clock (SCK), master-output/
slave-input (MOSI), and master-input/
slave-output (MISO) pins. The AVR data
book requires that, to place a mC in seri-
al-programming mode, you must first
pull the Reset and SCK pins low (Refer-
ence 1). Then, the mC must execute a
programming-enable instruction before
it can execute any program of erase in-
structions.

Hence, you need four pins to control
the programming of a mC. For instance,
the control signals from the AT89C4051
port pins P1.4 to P1.7 are for 40-pin mCs,
the signals from P1.0 to P1.3 are for 20-

pin mCs, and the signals from P3.2 to
P3.5 are for eight-pin mCs. Note that you
need pullup resistors for the AT89C4051
port pins P1.0 and P1.1, because these
pins normally serve as analog-signal-in-
put lines. Jumper JP

1
controls the 5V

power supply for 20- and eight-pin mCs.
You should remove the jumper when
programming 40-pin mCs, which use a
hard-wired connection to the 5V power.
The circuit uses two 4-MHz ceramic res-
onators: CR

2
for 20-pin mCs, and CR/CR

3

for 40- or eight-pin mCs. Because the
wires for the resonators should be as
short as possible, the circuit uses no
switching or jumping mechanisms. In-
stead, it uses one more resonator, CR

2

that’s hard-wired to pins 4 and 5 of the

Circuit programs Atmel AVR mmCs
Guo-Yin Xu, XuMicro, Houston, TX
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Exploit the power of Atmel’s AVR mmCs, using this easy-to-build programmer.
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In many applications, forcing a high-
current power supply to latch off if a
sustained fault condition exists can

minimize the likelihood of damage to the
pc-board traces and the power devices in
the supply. Pulse-width-modulation
(PWM)-control circuits provide no
latch-off feature, but the circuit in Figure
1 does. The circuit is based on IC

1
, an

LTC1430 PWM controller. The current-
limiting feature of the IC operates by
sensing the voltage across the high-side
MOSFET and compares it with a thresh-
old voltage developed across R

3
. If an

overcurrent condition exists, an internal
current source starts to discharge the

soft-start capacitor, C
9
. At this point, the

latch-off circuit begins to take over.When
the voltage across C

9
decreases to a cou-

ple of volts below V
CC

, Q
2

turns on and
begins to source current, charging C

12
.

After a time interval depending on the
values of R

5
and C

12
, Q

5
turns off and

pulls the shutdown pin low, thereby turn-
ing off the controller. Because this action
internally grounds the soft-start pin (to
allow a normal soft-start cycle at turn-
on), the circuit remains latched in the off
state. You can initiate a reset by applying
a fast logic high to the reset line. C

6
and

C
7

provide a differential pulse to the base
of Q

4
, which discharges C

12
, allowing the

regulator to restart. If you don’t need the
reset function, you can eliminate C

6
, R

7
,

R
10

, and Q
4
.You can then initiate a restart

by recycling the 5V input power. The only
timing requirement is that the latch-off
delay be greater than the soft-start rise
time at turn-on. Otherwise, the regulator
can never start. You can modify the cir-
cuit to work with any other controller,
such as the LTC1553, having the soft-start
function. (DI #2503)

Circuit adds latch-off current limit to regulator
Craig Varga, Linear Technology Corp, Milpitas, CA
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20-pin mC pins 14 and 15 of the ZIF
socket. This connection does not disturb
the programming of 40-pin mCs.

In addition to the hardware in Figure
1, the programmer also needs associated
software.A binary file,AVRP1.BIN, holds
the finished AVR-programmer software,
burned into the AT89C4051 mC by using
an 8X51 EPROM/flash mC programmer
(Reference 2). A DOS file, AVRP1.EXE,

contains the host-PC communication
program. You can download these rou-
tines from EDN’s Web site, www.edn-
mag.com. Click on “Search Databases”
and then enter the Software Center to
download the file for Design Idea #2504.
(DI #2504)

References
1. “8-bit RISC Microcontrollers Data

Book,” Atmel Corp, August 1999.
2. Xu, Guo-Yin, “8X51 EPROM/flash

microcontroller programmer,” Circuit
Cellar Magazine , April 1998.
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You can add a latch-off current-limiting feature to a simple pulse-width-modulation controller by adding a few external components.

To Vote For This Design,
Circle No. 368
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The circuit in Figure 1 is a high-cur-
rent dual supply that provides 5 and
3.3V at currents as high as 8A. The

circuit uses a fixed-frequency, two-out-
put, current-mode synchronous-buck-
controller, IC

1
, to regulate both 5 and

3.3V outputs. The circuit uses separate
regulator circuits for each output voltage.
However, both circuits are identical ex-
cept for the lower feedback resistors, R

4

and R
7
, which determine the 5 and 3.3V

output voltages, respectively.
IC

1
regulates the 5V output, V

OUT1
, by

controlling the duty cycle of the top
MOSFET for V

OUT1
, Q

1
, so that average

input voltage to the buck inductor, L
1
, is

equal to the output voltage. The buck in-
ductor and output capacitors C

3
to C

5
—

three 330-mF capacitors in parallel—in-
tegrate and filter the energy pulses from
Q

1
to generate the dc output. After Q

1

turns off, the bottom MOSFET for V
OUT1

,
Q

2
, turns on to conduct inductor current

to the load. To avoid shoot-through cur-
rent, a short dead time occurs before each
MOSFET turns on. During this dead

time, inductor current flows through the
commutating diode, D

1
, to the load.

Feedback resistors R
3

and R
4

connect
IC

1
’s internal error amplifier to the out-

put. Loop-compensation components
R

1
, C

1
, and C

2
control the frequency re-

sponse of the error amplifier. The inter-
nal current comparator senses inductor
current by the voltage developed across
the current-sense resistor, R

2
.

The 3.3 regulator, which produces
V

OUT2
, functions exactly like the 5V reg-

ulator. Q
3

and Q
4

are the top and bottom
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Dual power supply delivers 8A with no heat sinks
John Seago, Linear Technology Corp, Milpitas, CA

A single IC regulates both 5 and 3.3V outputs; each output delivers 8A.
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In the circuit in Figure 1, series-con-
nected MOSFETs turn on the line
voltage near the zero-crossing point

and off when the 555-timer delay lapses.
That delay ranges from 1 to 7 msec. The
MOSFETs’ body diodes and the 1N4005
diodes form a full-wave bridge rectifier
that provides a floating 12V-dc level via
the 10-kV, 3W resistor. The bridge si-
multaneously delivers the crossing signal

to 2N2906 common-base comparator.
When the emitter current approaches
zero, the collector voltage falls to 4V and
triggers the delay timer, initiating gate
drive to the switches. Positive-going pin
3 of the 555 also removes the trigger
threshold by coupling to the diode OR
gate. Because the circuit generates the
12V operating voltage only during off-
time, the limit for maximum delay is ap-

proximately 7 msec.You trim the delay by
selecting a resistance value from Pin 5 to
raise (pins 5 to 8) or lower (pins 5 to 1)
the upper comparator threshold at Pin 6.
Thus, load power is from 0 to 90% of
maximum (600W). You must use a heat
sink for the power MOSFETs. (DI #2506).

RLOAD LN
1N4005 1N4005

50k

6.8k

47 mF
25V 1N5242B

10k
3W 47k

TLC555CP

0.1 mF

CW

5

6
7

1

8 4

3

2

10 10

2N3906

470k100k

IRFP264IRFP264

NOTE: VL,N=115V AC AT 60 Hz.

+
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Power switch provides soft start
John Haase, Colorado State University, Fort Collins, CO

This smart switch provides a small initial current for loads with a normally high inrush current.

To Vote For This Design,
Circle No. 370

MOSFETs, respectively, and L
2
is the buck

inductor. D
2

is the commutating diode.
Feedback resistors R

7
and R

8
connect the

error amplifier to the output. R
5
, C

6
, and

C
7

are the loop-compensation compo-
nents, and R

6 
is the sense resistor. C

8
, C

9
,

and C
10

make up the output capacitor.
The circuit in Figure 1 has some fea-

tures that add versatility. The low-battery
comparator in IC

1
flags a low-input-volt-

age condition. Normally, the LBO pin is

high but goes low when the input voltage
is low. IC

1
includes a complete power-on-

reset circuit. At startup, the POR2 pin is
low. This pin goes high 65,536 oscillator
cycles after Channel 2’s output voltage
reaches 95% of its programmed value.
The POR2 pin goes low if the output
voltage falls 7.5% from nominal. Each
output has a RUN/SS pin that provides
output-voltage delay, output-current
soft-start, and on/off control. The value

of the capacitor connected to the
RUN/SS pin determines the output volt-
age delay and the inductor-current ramp
time, both at a rate of 0.5 sec/mF. Pulling
a RUN/SS pin low turns off that output
voltage. Pulling both RUN/SS pins low
shuts down IC

1
, turns off all internal cir-

cuitry, and limits the input current to 16
mA. (DI #2494)

To Vote For This Design,
Circle No. 369
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Long-distance-telephone services
available via the Internet often re-
quire the PC user to wear head-

phones of a headset to prevent echo
caused by the microphone’s picking up
the loudspeaker outputs. The circuit in
Figure 1 eliminates the echo while using
the existing PC microphone and speak-
ers for a comfortable conversation. The
interface is between a standard electret
condenser microphone and the micro-
phone input of the PC. The loudspeaker
output of the PC serves to mute the mi-
crophone input. R

1
and R

2
provide bias-

ing for both the electret microphone and
the Q

1
emitter follower. Q

2
, a p-channel

FET, acts as a switch that opens with the
application of a gate voltage greater than

6V and closes with a gate voltage of 0V.
Q

3
compensates for the switching-circuit

losses and buffers the output. R
9

and R
10

provide an appropriate input impedance
to Q

3
and limit the output to 5V p-p, thus

preventing any possible damage to the
PC’s microphone input.

IC
1
, which acts as low-level retrigger-

able monostable multivibrator, controls
the Q

2 
FET switch. Loudspeaker voltage

levels as low as 15 mV from the PC cause
comparator IC

1A
’s open-collector output

to discharge C
6

via R
18

. The falling volt-
age of C

6
, passing the threshold of com-

parator IC
1B

, produces a high output that
turns off Q

2
. Any input from the PC’s

loudspeaker output discharges C
6
. The

absence of an input allows C
6

to charge

within approximately 40 msec to the IC
1B

threshold, producing a low-level output
and turning on Q

2
. LED D

2
lights when-

ever no loudspeaker output is present,
and the microphone input to the PC be-
comes enabled. D

1
reduces the Q

2 
gate

voltage to 0V when the IC
1B

output satu-
rates. You should set R

1
such that ap-

proximately a 100-mV p-p microphone
input just triggers IC

1
, as indicated by the

LED’s extinguishing. This level prevents
any noise from the PC’s loudspeaker out-
put from falsely triggering the mono-
stable multivibrator. (DI #2508).
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Circuit eliminates PC echoes
Hans Krobath, EEC, Nesconset, NY

Eliminate annoying echoes from loudspeaker-microphone feedback by using this simple circuit.

To Vote For This Design,
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The circuit in Figure 1
is a quasi-linear regula-
tor. It functions as a

source follower for input
voltages greater than a preset
level, determined by VR

3
.

For input voltages lower
than the preset level, the pass
element, Q

2
, operates as a

saturated switch. The circuit
comprises an oscillator, a
charge pump, and a linear
regulator. The linear
regulator, consisting
of Q

1
, R

1
, VR

1
, and R

2
, drives

a charge pump comprising
C

2
, D

2
, D

3
, and C

3
. The

charge pump generates a voltage equal to
the output of the linear regulator for in-
put voltages greater than the breakdown

voltage of VR
1
. For input voltages lower

than VR
1
’s breakdown voltage, the out-

put voltage is V
OUT

5 V
IN

2 I
OUT

3(R
ON

of

Q
2
). For input voltages

that exceed VR
3
’s break-

down voltage by approxi-
mately 3V, R

6
and VR

3
dis-

sipate the energy the
charge pump supplies. In
this mode, the circuit
functions as a source fol-
lower, and the output
voltage is approximately
3V lower than VR

3
’s

breakdown voltage. The
circuit dissipates minimal
power. During transients,
the load current deter-
mines the dissipation in
Q

2
. (DI #2499)

Clamping circuit dissipates minimal power
Carlisle Dolland, Allied Signal Aerospace, Torrance, CA
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This circuit clamps transient voltages and dissipates minimal power.

To Vote For This Design,
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The simple and inexpensive circuit
in Figure 1 monitors the liq-
uid level in a container. The

piezo crystal, carefully mounted at the
bottom surface of the container, receives
it activation from the 74HCT14 hex
Schmitt trigger. The crystal generates sta-
ble clock pulses according to its specifi-
cation (for example, 6.14 MHz) when it
is in free air. The crystal-based clock
drives the 0th counter in an 8254 pro-
grammable-counter/timer chip, pro-
grammed in Mode 0 as an event count-
er. The first counter of the 8254,
programmed in Mode 1 as a retriggerable
one-shot whose time period is 1 sec, con-
trols the gate of the 0th counter. The first
counter allows the 0th counter to count
for a period of 1 sec. The counts in the air
medium serve as a reference. Depending
on the height of the liquid level, the pres-
sure acting on the surface of the crystal
increases, thereby reducing reference-
crystal clock frequency. The variation in
clock frequency with respect to the air-

medium reference gives you the height of
the liquid level. (DI # 2507)

0TH COUNTER

FIRST COUNTER

SECOND COUNTER

A1A0CS RDWR

VCC

DATA BUS

OUT 1

GATE 0

LIQUID

CONTAINER

1k 1k

74HCT14

56 pF

6.14 MHz CRYSTAL

8254

CLOCK 0

CLOCK 1
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Piezo crystal monitors liquid level
J Jayapandian, IGCAR, Tamil Nadu, India

By measuring frequency shifts, this circuit provides a measure of liquid level.

To Vote For This Design,
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The circuit in Figure 1 can intelli-
gently control ac or dc current
when connected in series with

a load. The circuit “steals” its power by
turning off the load at a low duty cycle.
The switch uses the MOSFETs’ parasitic
body diode to its advantage. While the
MOSFETs are off, the body diodes, along
with D

1
and D

2
, serve as two legs of a

diode bridge. Current flows through the
load and the bridge, charging C

1
to the

peak ac or dc voltage. The relatively small
control-block supply current continues
to flow through the load when the load
is turned off. The circuit has low inser-
tion loss because of the MOSFET’s bidi-
rectional nature. The control block con-
nects power to the load by turning
MOSFETs Q

1
and Q

2
on. On alternating

cycles, either Q
1

or Q
2

becomes reverse-
biased, but current does not flow through
the body diode because the MOSFET can
conduct in either direction. The insertion
loss is equivalent to the loss in two times

the MOSFET’s on-resistance.
While the load is turned on, the con-

trol block draws current from C
1
. The cir-

cuit must periodically recharge C
1

by
briefly turning off the load . You can al-
low the duty cycle to go as high as 99.99%
with a high-current load and a micro-
power control circuit. The maximum
duty cycle is approximately I

LOAD
/(I

CON-

TROL
1I

LOAD
). For example, with a 1A load

and a control-circuit current of 1 mA, the

maximum duty cycle is 99.9%. By choos-
ing MOSFETs and diodes with higher
current ratings, you can adapt the circuit
to control high-power loads. Many ap-
plications are possible—lamp dimmers
and thermostats, for example. The con-
troller can optionally synchronize to the
ac zero-crossing point as shown. (DI #
2505)
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RLOAD

D2

D1

D1N4002
D1N4002 OPTIONAL ZERO-

CROSSING INPUT

V DC

VZC

2

+
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Q1
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Switch intelligently controls current
Jim Hartmann, Silent Knight LLC, Maple Grove, MN

With a control circuit of your choice, you can obtain intelligent control of ac or dc current.
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The scheme in Figure 1a uses five de-
lay cells and an XOR gate to config-
ure the data stream for the X.50 Di-

vision 3 recommendation of ITU-T. The
X.50 recommendation defines the fun-
damental parameters of a multiplexing
scheme for interworking data networks
using different envelope structures. Divi-
sion 3 applies to the interworking be-
tween two networks, both of which use
the 8-bit envelope structure. X.50 rec-

ommends a pattern of 1911 bits, which
the following primitive polynomial gen-
erates: 11x21x5. With this polynomial
and the initial conditions, Table 1 gener-
ates the pattern 01110. The polynomial
does not directly generate the first value,
A, in the table because this value depends
on the rest of the system. The scheme in
Figure 1a is typical of a scramble, and is
one part of a transmitter/receiver system
for data communications. You can im-
plement Figure 1a in a 30,000-gate
FPGA.

It is important to set the delay cells to
the correct initial value. For this design
to achieve the correct data stream, the
initial data should be 0010110. The use
of a 7-bit word for the initial data enables
you to change the design to X.50 Divi-

sion 2 by changing only the initial word
and the position of the XOR gate. The
process for achieving the polynomial is
as follows:

gen_scr:process(clk, count,scr, aux, ini)
begin

if (ini or aux)= ‘1’ then
scr_new <= “0010110”;

elsif clk’event and clk = ‘0’ then
for i in 1 to 6 loop

scr_new(i-1) <= scr(i);
end loop;

scr_new(4) <= scr(0) xor scr(3);
end if;

end process;

The clk signal is not exactly a true clock
signal. This design uses a 244-nsec-wide

FPGA implements X.50 Division 3 recommendation
Andres Martinez, Alcatel, Ramirez de Prado, Spain

FPGA implements X.50 
Division 3 recommendation......................199
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BIT F1111111111

+

Five delay cells and an XOR gate (a) configure the data stream (b).

F igure  1

TABLE 1—GENERATING THE 0110 PATTERN
Position 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20
Value A 1 1 0 1 0 0 1 0 0 0 0 1 0 1 0 1 1 1 0

(a)

(b)
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Priority-encoding cir-
cuits are common
in high-speed digi-

tal applications, such as inter-
rupt controllers and task sched-
ulers, for selecting the highest
priority set bit of all set bits in a
given binary vector. Typically,
the bit index corresponds to its
priority level. A project required
that several logic-function
blocks, as opposed to one, would
be enabled concurrently at any
given time. Accordingly, the design goal
was to identify the M highest pri-
ority admissible logic blocks. A
conventional 1-bit priority selector re-
ceives as its input an arbitrary binary vec-
tor and outputs a vector of the same size,
where the location of the set bit corre-
sponds to the position of the highest pri-
ority set bit in the input vector. Such a se-
lector may be described by the following
Boolean expressions:

Figure 1 depicts a straightforward re-
alization of an N-bit priority selector by
means of cascading 1-bit priority selec-
tors. Despite its simplicity, the design in-
troduces extensive delay, which grows lin-
early with M.

An alternative implementation (Fig-
ure 2) is based on processing elements of
the input vector concurrently as opposed
to sequentially. The architecture com-

prises a bit-count function, which counts
the number of set bits in its input vector,
and a comparator. Parallel bit counts are
deployed to concurrently determine the
number of set bits in subsets of the in-
put vector. A logical 1 at the comparator’s
output indicates that the bit count is
smaller than or equal to M. The result is
a binary mark signifying the range of bits
in the input vector, which contains the M
highest priority set bits. Note that, if N is
the input vector length, then only N-M

paths are necessary because the first M
bits of the input vector contain by defi-
nition at most M set bits. You obtain the
final output as a product of the input bits
and the corresponding mask bits. The
complexity of the bit-count function is
O(logN); hence, the proposed scheme of-
fers a high-speed invariant to M. (DI
#2515)
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Concurrent processing 
produces fast priority selector
Itamar Elhanany, Ben-Gurion University, Beer-Sheva, Israel

A straightforward realization of an N-bit priority selector involves cascading a series of 1-bit priority 
selectors.

An alternative priority selector processes elements of the input vector concurrently.

clock pulse and a 125-msec period. Ris-
ing edges generate the interval number,
and falling edges generate the data out.
Because 244 nsec is much less than 125
msec, data out is present in all intervals.

You can download the source file from
EDN’s Web site, www.ednmag.
com. Click on “Search Databases” and
then enter the Software Center to down-
load the file for Design Idea #2509. The

timing diagram in Figure 1b shows the
resultant data. (DI #2509)
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The circuit in Figure 1 is a propor-
tional thermoregulator in which the
switching of the triac occurs when

the mains voltage crosses the zero level.
As a result, the circuit generates no RFI.
The circuit can easily achieve linear reg-
ulation and perfect isolation between the
control and power sections.

Whenever the mains voltage crosses
zero, a 1-msec positive pulse appears at
the collector of Q

1
. From the resultant se-

ries of pulses, dual binary counter IC
1
,

DAC IC
2
, and R

4
generate a sawtooth

voltage with a 150-mV amplitude and a
2.56-sec period. Through R

4
, the circuit

subtracts this voltage from the constant
setpoint voltage, V

S
, that R

1
, R

2
, R

3
, and

follower IC
3A

create. Simultaneously,
sensing transistor Q

2
cooperates with

IC
3C

and associated resistors to create a

voltage proportional to the object’s cur-
rent temperature with a sensitivity of 25
mV/8C.

If the difference between the desired
and the real temperature of the object ex-
ceeds 68C when the regulator is turned on
for the first time, the output of the com-
parator IC

3D
is continuously positive. The

4011 gate, IC
4A

, passes all the triggering
pulses from Q

1
through the TIL112 op-

tocoupler to the triac’s control electrode,
and the heater delivers it full power.
When the difference in temperatures be-
comes less than 68C, the circuit starts
working proportionally. In this condi-
tion, IC

4A
passes only part of the trigger-

ing pulses generated within one period of
the sawtooth voltage to the triac. The
higher the object’s temperature, the less
time that the gate and the lower the av-

erage power delivered by the heater.
When the real temperature reaches the
setpoint temperature, the circuit always
keeps the gate closed, and the heater is
constantly off.

Thus, during the final stage of regula-
tion, the temperature rises smoothly to-
ward the desired value and is free from
the overshoots and oscillations around
the setpoint that on/off regulators exhib-
it. The resolution in the region of pro-
portional regulation is as low as 0.4% of
the nominal heater power. If necessary,
you can change the width of this zone by
simply changing R

4
. (DI #2510)

Q4

IC1 IC2

Q3

Q2

Q1

Q4

C

R

C
R

W
Q3

Q2

Q1

I7
I6
I5
I4

I3 Io
I2
I1
I0

14
13
12
11

10
11
12

6 9
5

4
3

5
6

7
8

W
10

16

8

9
15

2

1
7

13

+
1

LC

Io
C

3

16

10 nF
_

+
IC3B

_

+
IC3A

VS

_

+
IC3D

IC4A

_

+
IC3C

2

14

51k

R1
5.1k

R2
4.7k

R3
510

R4
1.5k

15

AC/DC
CONVERTER

5V

15V

15V

MAINS
220V
50 Hz

NOTES:
IC1=4520.
IC2=MDAC08 (TESLA).
IC3=TL084.
IC4A=4011.

231N4154

3k

3k

Q1
BC167

Q2
BC167

10k

5V

12.1k 42.2k

220

1.65k

10

9

8

8.56k

10k

10k

10k

1.5k

5.6k

920

1k
15V

13

12

7

6

5

4

1

2

3
1

5V

4

11

14

5V

BC259 BC259

+
100 mF

16V

470 nF
400V

1M

1N4002

1N4002

750

300 300

HEATER

1 5

2

OPTO-
COUPLER

TIL112

4

TRIAC
BTA08/400

BZY10C12

F igure  1

Proportional thermoregulator synchronizes to line
Jordan D Dimitrov, N Poushkarov Institute of Soil Science and Agroecology, Sofia, Bulgaria 

Depending on the object’s temperature, which Q2 senses, IC4A passes all, part, or none of the triggering pulses to the triac that controls the heater.
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An unusual method of audio spread
spectrum can identify the audio
path that’s currently in use through

a consumer-electronic device. The design
in Figure 1a uses an injected audio
spread-spectrum tag signal because a lis-
tener does not notice the low-level noise
in the audio bandpass, whereas the lis-
tener would hear a steady-tone tag signal.
The design injects the tag into the vari-

ous inputs of the possible paths and de-
tects the tag at the output, or speaker.

A direct-sequence noise generator
running at 6 kHz furnishes the local os-
cillator, and a 9-kHz square-wave, low-
pass filter that is filtered for its funda-
mental furnishes the sine-wave carrier.
The circuit derives both of these signals
from an 18-kHz clock. A PIC12C508A,
running at 4 MHz, generates the local os-

cillator and the carrier.You can download
the firmware from EDN’s Web site,
www.ednmag.com. Click on “Search
Databases” and then enter the Software
Center to download the file for Design
Idea #2513.

The local oscillator appears as sinx/x
noise in the frequency domain, which the
circuit then mixes with a clean, 9-kHz au-
dio sine wave in a double-balanced mix-
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Spread-spectrum method identifies audio path
Bob Dougherty, Nielsen Media Research

An audio-path identifier (a) injects an audio spread-spectrum tag signal (b).

(a) (b)

61



206 edn | April 13, 2000 www.ednmag.com

ideasdesign

er (DBM). Transformer and diode DBMs
are unsuitable for the audio range. This
circuit’s DBM is simply an analog con-
ditional complementor, and the local os-
cillator flips the output. The output of
the DBM is a suppressed-carrier, double-
sideband amplitude-modulated audio
signal. The circuit bandpass-filters this
output to 3 to 15 kHz to bandlimit the
audio spread-spectrum signal (Figure
1b). Most of the audio “talk power” is
lower than 3 kHz. The circuit then sets
the level and buffers the output, which is
the inject-tag signal. Note that, if the lo-
cal-oscillator input to the DBMs is held
either high or low, the DBMs become

simple amplifiers and the tag signal is
simply a 9-kHz tone.

Detection of a direct-sequence spread
spectrum requires knowing that the sig-
nal, which sounds like noise, is present
and that a synchronized-sequence local
oscillator that’s identical to the modula-
tor side is present and requires a syn-
chronized-sequence local oscillator that’s
identical to the modulator to demodulate
the signal. In this case, the modulator and
demodulator are in the same box, so the
circuit knows when the signal is being
generated, and it uses the same direct-se-
quence noise generator for both the in-
jector and the detector. Thus, you elimi-

nate the two biggest problems with
spread spectrum.

The detector uses the same type of lo-
cal oscillator and DBM, an analog con-
ditional complementor, as does the in-
jector. The detector then narrowly
bandpass-filters the demodulated signal
at the frequency of the modulated tag sig-
nal, or 9 kHz. This scheme separates the
tag signal from the much louder audio.
The audio has sporadic components in
this narrow bandpass, so averaging is
necessary to verify that the tag signal is
present. (DI #2513)
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To derive 1.8V from 5V, you might
think of using a switch-mode regu-
lator. Switchers are highly efficient

but also complicated and expensive. Lin-
ear regulators, too, are out of the question
unless your design can tolerate 40% effi-
ciencies. The circuit in Figure 1, on the
other hand, is more than 70% efficient
(Figure 2a), sources as much as 100 mA,
costs less than a switch-mode regulator,
and requires less space.

IC
1

is a CMOS charge-pump voltage
converter that the circuit configures as a
voltage inverter. With its output ground-
ed and 5V at its V1 pin, IC

1
generates

V1/2, or approxi-
mately 2.5V at Pin 3.
This nominal 2.5V
output, which sags
as the device sources
current, drives lin-
ear-regulator
IC

2
, which

regulates the 2.5V
input to 1.8V. IC

2
is

can source 100 mA
before its sagging input voltage falls be-
low the dropout level (Figure 2b). Using
larger values for C

1
and C

2
enables IC

1
to

maintain its output voltage with heavier

load currents. (DI #2511)
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5-to-1.8V converter works without magnetics
Dan Christman, Maxim Integrated Products, Sunnyvale, CA

A 5-to-1.8V converter uses a charge-pump IC to lower the input voltage
and then uses a linear regulator to achieve the desired output level.

The circuit provides maximum efficiency for load currents of 10 to 100 mA (a) and maintains its output level for load currents as high as 100 mA (b).
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Some band-reject LC filters employ
a reactance to decouple individual
resonators. One such filter uses rel-

atively small shunt inductors to decouple
series resonators, known as a top-L cou-
pling. This type of coupling readily
achieves narrow filter bandwidths while
degrading amplitude response symmetry
about the frequency of peak rejection.

Filter peak rejection occurs at a trans-
mission pole that the shunt resonance of
the coupling inductor and the ef-
fective capacitance (below reso-
nance) of the series resonator create. A
transmission zero occurs on the filter’s
high-frequency skirt due to series reso-
nance. Table 1 shows the amplitude re-
sponse data of an uncompensated single-
resonator band-reject filter with a center,
or peak-rejection, frequency, of 14 MHz,
a nominal 3-dB bandwidth of 1 MHz,
and a 50V source/load impedance. The
data in the table reveals appreciable
asymmetry.

You can add compensation to the
band-reject filter by connecting a
grounded shunt capacitor to the mid-
point of the coupling inductance, which
this circuit realizes using two toroidal in-
ductors in series (Figure 1). The meas-
ured 3-dB bandwidth of 0.9 MHz
demonstrates good symmetry about the
14-MHz center frequency. Peak rejection
of 21.4 dB corresponds to effective res-
onator unloaded Q of approximately 180.
Table 2 shows the measured amplitude
response for the compensated one-pole
band-reject filter.

The compensating capacitor and the
bisected coupling inductor form a tee
section. This section is a three-pole low-
pass filter with 0.01-dB of passband rip-
ple and a 3-dB cutoff frequency of 47
MHz, which provides supplementary
lowpass selectivity superimposed upon
the basic band-reject behavior. For mul-
tisection band-reject filters using artifi-
cial quarter-wave connecting lines, addi-
tional lowpass selectivity is available
(Reference 1). Also note that the com-
pensated top-L coupled band-reject filter
is the LC counterpart of microwave

band-reject filters. (Reference 2).
You can avoid the need for compensa-

tion by tapping down on shunt resonators
connected in series. This technique is use-
ful for band-reject filters that use low-fre-
quency pot-core inductors with many
turns. The technique is unattractive for
band-reject filters at higher frequencies

using toroidal inductors with few turns.
The compensated LC band-reject filter
(Figure 1) is practical and provides sub-
stantial partial correction of filter-re-
sponse-shape symmetry and can provide
additional lowpass filtering. (DI #2514)

References
1. Kurzrok, R, M, “Band reject filter

provides supplementary low pass filter-
ing”, RF Design, October 1999, pg 54, plus
errata, November 1999 , pg 16.

2. Kurzrok, R, M “Trimming improves
response of waveguide band-reject filter”,
Electronic Design, Nov 8, 1967, pg 116.
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Band-reject filter includes compensation
Richard M Kurzrok, RMK Consultants, Queens Village, NY

A compensated one-pole band-reject filter con-
nects a grounded shunt capacitor to the mid-
point of the coupling inductance.
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TABLE 1—UNCOMPENSATED
AMPLITUDE RESPONSE

Frequency (MHz) Insertion loss (dB)
11 0.6

11.5 0.7
12 0.9

12.5 1.2
12.8 1.6
13.1 2.2
13.4 4.0
13.7 6.3
14 21.8 (peak)

14.3 4.4
14.6 1.2
14.9 0.4
15.2 0.2
15.5 0.1
15.8 0.1
16.5 0.2
17 0.2

17.5 0.3
18 0.4
19 0.5
20 0.6
25 1.0

TABLE 2—COMPENSATED
AMPLITUDE RESPONSE

Frequency (MHz) Insertion loss (dB)
11 0.15

11.5 0.2
12 0.2

12.5 0.4
12.8 0.6
13.1 0.9
13.4 1.9
13.56 3.0
13.7 3.9
14 21.4 (peak)

14.3 5.6
14.46 3.0
14.6 2.1
14.9 1.1
15.2 0.75
15.5 0.5
15.8 0.3
16.5 0.2
17 0.2
18 0.15
19 0.15
20 0.1
25 0.25
30 0.55
35 1.3
40 3.1
45 5
50 7.2
60 14.2
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Unlike nickel-metal-hydride and
lithium-ion rechargeable batteries,
the discharge voltage of alkaline

batteries is not constant and tends to vary
from 1.5 to 0.8V per cell. Alkaline-battery
manufacturers specify the discharge life
of their batteries under constant power
loads. Because of the varying discharge
voltage, you can’t simply connect a load
resistor to the cells to verify or measure
power profiles without incurring a lot of
error in your measurements. The circuit
in Figure 1 draws a constant power from
the battery pack. Thus, as the battery
voltage decreases, the load current in-
creases. A single potentiometer allows a
user to set the desired wattage draw. The

circuit is simple and inexpensive to build.
The heart of the load is an analog mul-

tiplier/divider circuit based on a cheap
transistor array, IC

1
. The five transistors

have closely matching V
BE

s, which is cru-
cial to the accuracy of the circuit. The cir-
cuit does not use the one transistor, Q

1E
,

whose emitter ties to the chip’s substrate.
The circuit applies the battery voltage

between V
1

and circuit ground. Op amp
IC

2A
forces current I

1
to flow through R

1
;

thus, I
1
5V

BATTERY
/R

1
. Likewise, current I

2

flows through R
2

and is equal to V
2
/R

2
.

The setting of potentiometer R
SET

deter-
mines I

2
. Q

1A
and Q

1B
, which the circuit

wires as diodes, are within the feedback
paths of the op amps, so their currents

equal I
1

and I
2
, respectively. Because of

the logarithmic nature of V
BE

s, the volt-
age difference between the two diodes is
as follows:

The circuit applies this voltage differ-
ential to the bases of Q

1C
and Q

1D
. Be-

cause all four transistors closely match
one another, the ratio of currents I

3
/I

4

equal the ratio I
2
/I

1
, or
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Low-cost active load draws constant battery power
Doug Farrar, Los Altos, CA

This active-load draws constant power; load current is inversely proportional to the applied voltage.
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I
3
, like I

1
and I

2
, is set by an op-amp

feedback network: I
3
5V

5
/R

3
. Because I

3

must flow through Q
1D

, IC
2C

will supply
enough current to the differential pair
Q

1C
/Q

1D
to force I

4
5V

6
/R

5
. IC

2D
will then

force its output voltage, which drives cur-
rent sink Q

2
, such that V

6
equals I

4
3R

4.

All you need to do now if finish the math:

or

Note that the circuit forces V
6

across
the current-setting resistor, R

6
, so that the

current forced through transistor Q
2

is
I

LOAD
5V

6
/R

6
. Thus,

The load current is inversely propor-
tional to the applied battery voltage,
which is precisely what you want. V

2
and

V
5

are scaling voltages, allowing you to
trim the current source value. In this
case, the reference diode, D

1
, sets V

5
at

1.225V, and a potentiometer sets V
2
. The

resistor ratios in Figure 1 allow DMM
measurements of V

2
to correspond to a

power-dissipation level of 1V 51W from
a four-cell battery pack.You should try to
keep I

1
through I

4
at 10 to 500 mA for best

linearity. Using an op amp with a lower
input offset voltage also helps improve
accuracy.

R
1

draws a small amount of power
from the battery as well, adding to the
preceding equation. However, this error
term is small, and you can ignore it. The
current-source bias voltage, namely the
load current times the sum of R

6
and 

Q
2
’s on-resistance, or R

FET
, limits the 

minimum battery voltage. Doing the
math, you’ll find that V

IN(MIN)
5

=V
2
3(R

6
1R

FET
), where V

2
is the desired

power draw.

A small power supply that outputs ap-
proximately 6.3V ac powers the circuit.
Two 1N4001 diodes half-wave-rectify the
positive and negative voltages, and two
100-mF capacitors provide filtering. The
extremely light load of the circuit means
that postfilter regulation is unnecessary.
If portability is necessary, you could pow-
er the circuit from a pair of series-wired
9V batteries. You can also use asymmet-
rical power supplies, but you need a pos-
itive voltage of around 8V to allow Q

2
to

turn fully on. If you substitute a differ-
ent op amp, make sure that it can with-
stand the power-supply voltages. Q

2
dis-

sipates most of the power, so it needs an
attached heat sink. (DI #2512)

To Vote For This Design,
Circle No. 319

Circle 11 or visit www.ednmag.com/infoaccess.asp
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In mC systems, information ex-
changes usually use the hexa-
decimal 1-2-4-8 format; out-

put data also appear in this format.
Reading the hex code is not a problem;
several LEDs connected to the output
lines can display the answer. The prob-
lem arises when you wish to observe the
output data. Many engineers are unfa-
miliar with hex code and prefer to ob-
serve data in the common decimal for-
mat. If the value of the output data is less
than 10, you can use an ordinary BCD-
to-seven-segment decoder to visualize
the hex code on an LCD or an LED dis-
play. But what do you do if the value of
the output data is greater than 10? Un-
fortunately, no decoders can transform
hex code into two seven-segment codes.
Of course, you could configure such a de-
coder using a number of logic gates, but
another simple and inexpensive option is
available. The key to this option is using
a low-end mC to transform the hex code
into two BCD codes. In Figure 1, the data
displayed ranges from 0 to 15. Thus, you
need only 4-bit hex code, using four in-
put and eight output mC lines.

Figure 1 uses the approximately $1
Motorola MC68HC705J1A, with 14 I/O
pins. The input lines Pin B0 to Pin B3 re-
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mC visualizes hex code
Abel Raynus, Armatron International, Melrose, MA

You can visualize hex code in BCD format by using this simple circuit.

LISTING 1—HEX-TO-BCD CONVERSION
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ceive the 4-bit hex code to be displayed.
The mC-assembly program in Listing 1,
converts the hex code into two BCD
codes, which appear on lines Pin A0 to
Pin A3 (units) and Pin A4 to Pin A7
(tens). These outputs drive the two stan-
dard BCD-to-seven-segment decoders,
which, in turn, drive the common-cath-
ode LED displays. You can use the same

method for an expanded data range, but
you need more I/O lines, decoders, and
displays. For example, the 8-bit hex code
covers the data range 0 to 255, but it
needs eight input lines, 12 output lines,
and three decoders and displays.You can
download Listing 1 and the “include” file
in line 3 from EDN’s Web site, www.ed-
nmag.com. Click on “Search Databases”

and then enter the Software Center to
download the file for Design Idea #2518.
(DI #2518)

To Vote For This Design,
Circle No. 301

Forget to turn off the ceiling fan in
your bathroom? Install the simple
timer in Figure 1. It’s located out-of-

sight in the fan unit, and you turn it on
via the wall switch. The circuit costs vir-
tually nothing, using “junk” parts. When
ac power appears, a simple rectifier de-
velops approximately 7V across filter ca-
pacitor C. This voltage powers the
LM2905 analog timer and simultaneous-
ly triggers it via trigger-input Pin 1; out-
put Pin 7 then goes low, turning on the
solid-state relay and fan. Low-leakage ca-
pacitor C

T
and resistor R

T
set the time de-

lay; for the values shown, the delay is 1000

sec, or approximately 17 minutes. At
time-out, Pin 7 goes high, turning off the
relay. For most fans, this relay can be a
small, pc-mountable unit rated at as lit-
tle as 0.5A ac load current. These relays
typically turn on reliably at 3V. You can
use resistor R to drop excess voltage,
thereby reducing loading on the power
supply.

The p-channel JFET turns on when the
power switches off, rapidly discharging
C

T
to allow immediate recycling. The 10-

kV series resistor makes the circuit in-
herently safe; in a worst-case failure, line
voltage appears across this resistor and

develops a harmless 1.4W. You can easily
adapt this circuit to other applications.
You can change the timing or make it lin-
early adjustable, and you can program
the solid-state relay to turn on instead of
off at time-out, by connecting Pin 8 of
the timer to Pin 4 instead of Pin 2. You
can also reverse the action of the solid-
state relay by reversing the control inputs.
(DI #2520)

4

3

2

8
200M

R
1.5k (TYPICAL)

7 1 5 6

LINE
+

1 LOAD

LM2905

5 mF
POLYCARBONATE

RT

CT

120V AC 
FROM

FAN WALL
SWITCH

FAN

+

10k
2W

100 mF
10V

1N755
(7.5V)'7V DC

2N5021
(P-CHANNEL)

1N3612

SSR

C
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Simple circuit times bathroom fan
Maxwell Strange, Goddard Space Flight Center, Fulton, MD

Gain control of your bathroom fan by using this simple time-out circuit.

To Vote For This Design,
Circle No. 302
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Modern mPs typically require
core voltages of 2 to 3V. They also
require “termination” voltages

that, for best performance, should equal
half the core voltage. The problem is, core
voltages vary among CPUs, and some
systems even incorporate variable-core-
voltage supplies that allow systems to ad-
just the voltage on the fly, thereby in-
creasing or reducing CPU operating
speed to optimize power consumption. A
termination-voltage power supply that
maintains an output of one-half V

CORE

over a range of core voltages is highly de-

sirable, as the core voltage can vary with-
out upsetting the termination-voltage set
point. The circuit in Figure 1 is a 6A pow-
er-supply design that generates a termi-
nation voltage regulated to 1/2 V

CORE.
The

circuit targets applications in which the
core voltage is approximately 1.8 to 3.6V.

An LM2636 synchronous-rectifier con-
troller switching at 300 kHz provides an
efficient power converter that operates
from a 5V input. Because the LM2636 is
designed to operate at a fixed output volt-
age (as determined by control bits 14
through 18), the circuit in Figure 1 uses

a different control scheme to force the
regulated output to track at one-half
V

CORE
. Resistors R

1
and R

2
halve the core

voltage, and this voltage serves as the ref-
erence in error amplifier IC

1A
. The am-

plifier compares the one-half V
CORE

ref-
erence with the termination output
voltage obtained through R

3
and adjusts

its output to lock the termination voltage
at one-half V

CORE
. In this way, the core-

voltage signal sets the termination volt-
age. IC

1B
is a unity-gain inverter that cor-

rects the phase of the feedback signal that
goes to the input of the LM2636’s inter-

PWR
GD

FREQ
ADJ

OUT
EN

VCC

VREF

BOOTV

I MAX

HS GATE

IFB

LS GATE

P GND

S GND

VID 0 VID 1 VID 2 VID 3 VID 4 SENSE
E/A
OUTFB

LM2636

IC1B

+

+ + +

+

+

IC1C

+

IC1A
+

2

2

IC1D

+

2

2

2.2 mF
MLCC

1 mF
MLCC

0.1 mF
MLCC

0.1 mF
MLCC

CR1
MBR0530T3

CR2
MBRD320

R4
10k

R5
2k

R3
56k

R6
430

R2
0.5%
4.99k

R1
4.99k
0.5%

1k

(32)
1500 mF

6.3V
(SEE

NOTES)

(22)
1000 mF

10V
(SEE 

NOTES)

10

1913 5 2

IRF7807

IRF7807

7

20

8

1

3

4

2.2k

220

N/C

12 18 17 16 15 14 6 9 11 10

82k
10k

4.7 mH

0.01 mF
MLCC

0.1 mF
MLCC 2.2 mF

MLCC

220 pF
MLCC

2200 pF
MLCC

L1
3.9

1
2 7

4 6

5
113

10k

51

(¼)LM324A

(¼)LM324A
(¼)LM324A

(¼)LM324A
10

9
8

14
12

13

10k
1%

10k
1%

5V

TERMINATION
VOLTAGE

(ONE-HALF
CORE VOLTAGE)

GND

FROM
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VOLTAGE

NOTES:
USE LOW-ESR ALUMINUM ELECTROLYTIC CAPACITOR SUITABLE FOR 300-kHz SWITCHING APPLICATIONS.
UNLESS OTHERWISE SHOWN, RESISTOR TOLERANCES ARE 5%.
MLCC DESIGNATES A CERAMIC CAPACITOR WITH AN X7R OR X5R TEMPERATURE RANGE.

N/C N/C N/C

C1

C2
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Termination supply tracks one-half core voltage
Chester Simpson, National Semiconductor, Santa Clara, CA

Optimize your CPU’s performance by feeding it a termination voltage that’s exactly half the core voltage.
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nal error amplifier. R
4

sets the gain of the
internal amplifier to unity. R

5
forces a soft

start on turn-on and also eliminates
overshoot. IC

1C
amplifies the 1.23V in-

ternal reference to approximately 2.5V,
which sets the operating point for the er-
ror amplifier, IC

1A
.

The 2.5V also connects to the sense in-

put of the LM2636, which would nor-
mally sense the regulated output voltage.
Because the termination output voltage
must be variable (to track the core volt-
age), a fixed 2.5V goes to the sense pin,
and the control pins 16 and 18 are
grounded. These connections program
the internal DAC for a 2.5V output. This

scheme prevents the LM2636’s internal
error-detection circuitry from shutting
down the part in response to an under-
voltage or overvoltage condition. R

3
, R

6
,

C
1
, and C

2
provide loop compensation.

(DI #2517)
To Vote For This Design,

Circle No. 303

Modern programmable-logic con-
trollers (PLCs) for automated
process-control systems have ei-

ther 16 or 32 inputs and accept ac volt-
ages of 24 to 120V. A single circuit (a re-
lay for isolation and an RC network with
a Schmitt trigger to debounce signals to
the processor) can debounce all the PLC
signals in sequence. However, this ap-
proach slows real-time data processing.
Such debounce circuits also produce de-
lay times that change with relay wear and
capacitor aging. In the PLC program, you
can use a debounce timer for each input,

but this technique increases the pro-
gram-scan time and ties up valuable
timers. The solid-state, electrically isolat-
ed circuit in Figure 1 debounces single
inputs without slowing the PLC module.
Optoisolators IC

1
and IC

2
provide elec-

trical isolation for the ac sources at the in-
put and output. IC

3
is a CMOS switch de-

bouncer whose output (a 4V logic high)
appears following a fixed 40-msec delay.
A 63-kV pullup resistor, connected in-
ternally between IN and V

CC
, forms a

voltage divider with R
1
. R

1
’s value ensures

a logic low of less than 0.8V at IN when

IC
1
’s optotransistor (an emitter follower)

is off.
The two LEDs in IC

1
, which illuminate

the phototransistor on alternate half cy-
cles of the ac-input current, rectify this
current. Most optoisolator applications
set the current-transfer ratio (CTR)  to
more than 10 to ensure an accurate re-
production of the input signal. The cir-
cuit in Figure 1, however, sets the CTR
to less than 1, which ensures that the
emitter follower does not turn off as the
ac current goes to zero twice in each cy-
cle. R

2
biases the emitter follower such

HOT

R2
1.5k

24V AC

NEUTRAL

1

2

IC1
TLP626

R1
10k

IC3
MAX681

4

3

1
GND VCC

2 IN

5V 5V

OUT

4

3

NEUTRAL

HOT

24V AC

RLOADZC3

6

5

4

R4
33

IC2
TPL3043R3

820

2N6073B

5V

2

1

2N7000

NOTES: FOR 120V AC INPUT OR OUTPUT,
R2=7.5k, 2W;
R4=160;
ALL RESISTORS ARE ¼W.
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Switch debouncer isolates input and output
Phill Leyva, Maxim Integrated Products, Sunnyvale, CA

This debouncer circuit allows an isolated ac voltage to control a separately isolated ac source.
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that IC
3
’s IN signal remains greater than

the high level, 2.4V, during these
zero crossings. This action elimi-
nates the capacitor normally found in de-
bouncing circuits. IC

3
’s OUT pin drives

the n-channel MOSFET, and R
3
’s value is

such that the resulting current flow (in
the MOSFET and LED) is approximate-
ly 5 mA. When the MOSFET turns on,
the LED activates IC

2
’s zero-crossing tri-

ac driver. Thus, when the power triac
turns on, an ac source connected to the
output drives R

LOAD
with as much as 4A

(Figure 2). Turning on the triac at zero
crossings eliminates EMI and reduces the
turn-on stress in the triac. R

4
limits cur-

rent into the triac driver (IC
2
) to 1A. Each

source can be either 24V ac (as shown)
or 120V ac. (DI #2521)

140 edn | April 27, 2000 www.ednmag.com

ideasdesign

Embedded single-board computers
do not rely only on power-on resets;
they often use multiple sources to re-

set CPUs to prevent CPUs from being
locked into endless loops. However, in

most cases, CPUs start from the starting
points of memories to fetch their first
code, because they have no way of know-
ing what generated the reset. The circuit
in Figure 1 allows a CPU to know the

source of a reset. It stores in an 8-bit latch
reset-control input data that the CPU can
read. If an input frequently resets the
CPU, the CPU can then report the error
source to the user, using LEDs or other
indicators. In the circuit of Figure 1, an
experiment combined eight independent
reset-signal sources into a wired-OR sin-
gle output. The 74HCT574 stores the 8-
bit reset data at the rising edge of the sig-
nal. The latch records no other signal if
the signal appears after the rising edge of
the first signal. If the CPU finds data that
resembles a reset signal in the latch that
the signal does not reset, then the reset
pulse is too narrow to effect a reset. The
CPU recognizes this signal after reading
the information from the latch. The out-
put of the latch is a tristate structure; the
CPU reads the output using active chip-
enable and read-input signals. (DI #2516)CHIP ENABLE

READ

74HCT32
IC2

74HCT574
IC1

RESET

OC

D0

D1

D2

D3

D4

D5

D6

D7

Q0

Q1

Q2

Q3

Q4

Q5

Q6

Q7

1

19

18

17

16

15

14

13

TO CPU
DATA
BUS

2

3

4

5

6

7

8

9
11

RESET 0

RESET 1

RESET 2

RESET 3

RESET 4

RESET 5

RESET 6

RESET 7

EXTERNAL
RESET INPUTS

ALL DIODES
ARE 1N914B

12
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Circuit detects reset source
Shyam Tiwari, Sensors Technology Pvt Ltd, Gwalior, India

This circuit detects the source of a CPU-reset signal.

F igure  2

An ac switch (top trace) turns on and then briefly bounces off; the output of the associated
debouncer circuit turns on cleanly (bottom trace).

To Vote For This Design,
Circle No. 305

To Vote For This Design,
Circle No. 304
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Alphanumeric LCDs find use in
various embedded systems. In these
systems, mCs often lack I/O re-

sources, so you must make optimum use
of the available resources. LCDs have a

bus-oriented interfacing structure, which
consumes 11 I/O lines (eight data lines
and three control lines). You cannot al-
ways afford to spare this many I/O lines.
Most applications need to write the data

to the LCD and then read from it. In these
situations, you can omit one control pin
(of three) for reading data and save one
additional I/O-port pin. The circuit in
Figure 1 saves I/O pins. It uses an 8051

IC18051
CONTROLLER 74HCT4094

LCD
MODULE

8 RS
E

P1.0 DATA

P1.1 CLK

P1.2 RS

P1.3 E

20

40

VCC

VCC

VCC

1 1516

2

5

1

4  Q0

5  Q1

6  Q2

7  Q3

14  Q4

13  Q5

12  Q6

11  Q7

D0  7

D0  8

D0  9

D0  10

D0  11

D0  12

D0  13

D0  14
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Interface LCD with ease
Bharat Mehta, Space Applications Center, Ahmedabad, India

Save mmC I/O pins by effecting a serial-to-parallel conversion with a shift register.
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Extend Figure 1’s scheme to long distances by using line-driver and -receiver ICs.
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mC, and only four I/O pins (P1.0 to P1.3)
drive the LCD, instead of the 11 pins oth-
er displays require. Data transfers in a se-
rial mode through the P1.0 port of the
mC. The mC interfaces to Pin 2 of IC

1
, a

74HCT4094 8-bit shift register. Serial
data advances on every clock pulse and
transfers to the shift register. The regis-
ter converts the serial data to parallel
data, available on the output pins Q0 to
Q7. The P1.1 port of the mC provides the
clock.

The data bus, D0 to D7, of the LCD
module connects to the shift register’s
outputs. Software carries out the data

transformation and displays the result on
the LCD (Listing 1). The same design can
drive various types of alphanumeric
LCDs—for example, single-line-to-mul-
tiline types, with different character
lengths on each line. You can configure
the circuit to send data over a long dis-
tance for remote LCD readouts (Figure
2). You can transmit serial data through
a differential line-driver IC such as the
26LS31 (IC

1
). You can feed the output of

IC
1

to either twisted-pair wires or a par-
allel pair of wires for transmission to a re-
mote location. At the other end of the re-
mote location, you can retrieve the data

through a differential line receiver such
as the 26LS32 (IC

2
). The output of IC

2

drives IC
3
, which drives the LCD as in

Figure 1.
Listing 1, written in 8051 assembly

code, provides the sample text “Hello,
EDN Reader” on a single-line, 16-char-
acter LCD. You can download Listing 1
from EDN’s Web site, www.ednmag.com.
Click on “Search Databases”and then en-
ter the Software Center to download the
file for Design Idea #2519. (DI #2519)

To Vote For This Design,
Circle No. 306

LISTING 1—SAMPLE DATA DISPLAY
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The circuit in Figure 1a includes a
potentiometer in series with
the inverting input of a cur-

rent-feedback op amp. With a voltage-
feedback op amp, a potentiometer in se-
ries with the inverting input would serve
no useful function. However, with a cur-
rent-feedback amplifier, the potentiome-
ter controls the bandwidth without
changing the gain. The function of this
potentiometer is similar to a capacitor,
C

1
, in parallel with the feedback resistor

of a voltage-feedback op amp (Figure
1b).

In Figure 1a, feedback resistor R
1

strongly governs the bandwidth and
pulse-response characteristics of the cur-
rent-feedback amplifier. However, chang-
ing R

1
also changes the gain. Thus, you

have to change both R
1

and R
2

to adjust
the pulse response while keeping the gain
constant, which makes the design con-
siderably difficult to adjust. The inclusion
of the potentiometer allows you to adjust
the pulse response independently of the

gain, which makes the potentiometer a
useful control.

Current-feedback amplifiers are avail-
able with closed-loop bandwidths much
greater than 500 MHz, and they oscillate
or give poor pulse responses if you wire
them with 2-in. leads on all components
and fail to use proper decoupling. You
need skill to properly lay out these de-
vices. However, using normal UHF cir-
cuit skills and the trick in Figure 1a, you
can easily control these devices.

A typical value for the feedback resis-
tor when using a current-feedback am-
plifier is approximately 150 to 900V. The
nominal value of the potentiometer, R

3
,

is  50 to 500V.
If you look at the manufacturers’ spec-

ified time-domain, or pulse, response of
current-feedback amplifiers, you may feel
that the response is not flat enough for
your application. Some data sheets show
poor figures for overshoot and ringing.
However, using Figure 1a’s circuit, you

can tune the response of the amplifier
within a system to give acceptable per-
formance. You can also put a capacitor
across R

3
to modify the response of the

amplifier. These modifications are some-
times necessary to get the best response
from an amplifier or a system. It is also
not unusual to have to correct for an er-
ror that occurs in another stage.

The main signal path of an oscillo-
scope is a demanding application for an
op amp due to the requirement for high
bandwidth and excellent pulse response.
However, the scheme in Figure 1a was
useful in the design of the main ADC
buffer amplifier of the 150-MHz Gould
DataSYS 840 DSO. The design uses an
HFA1130 current-feedback op amp and
an R

3
value of 100V to adjust the overall

bandwidth of the oscilloscope. (DI
#2524)
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Potentiometer tames current-feedback op amp
Leslie Green, Gould-Nicolet Technologies, Ilford, Essex, UK

A potentiometer, R3, allows you to adjust the bandwidth of a current-feedback op amp without
changing the gain (a). R3 performs the same bandwidth-control function as C1 does for a voltage-
feedback op amp (b).
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When you debug home electrical
wiring, a tool that determines the
location of cable conduits comes

in handy, especially when problems arise.
Some tools, such as nylon or glass fiber
guides, contain small magnets and com-
passes that act as sensor elements. These
short-range systems are useful for brick
walls, but not for other wall-mounting
systems that include iron elements. Some
electronic aid would be helpful.

The circuit in Figure 1 uses an anten-
na in the wall conduit and a receiver to
locate a cable conduit. The combination
can accurately locate the antenna place-
ment. The simplest and cheapest ap-
proach is to use a portable AM radio,
which includes a ferrite antenna with ex-
cellent directivity and sufficient range of
a few centimeters for good resolution.

The circuit uses a relaxation oscillator
with an adjustable frequency to apply
current pulses to a twisted-pair cable.
This oscillator has the AM-broadcast
range of 530 to 1600 kHz. A lower fre-
quency oscillator switches these pulses on
and off. The envelope detectors of AM ra-
dios can easily detect the pulses. Howev-

er, the circuit requires an additional re-
finement because pure tones are un-
pleasant. Thus, some modulation is nec-
essary. This circuit allows for dual tones,
such as a police siren, or sweeping tones,
such as an ambulance siren, using a
switch. The circuit provides dual-tone
operation using a bipolar transistor that
shorts a capacitor on and off in the ca-
pacitive section of the oscillator path. The
sweeping tone is a mixed AM/FM format
that the circuit produces by biasing the
relaxation oscillator with a triangular sig-
nal from a lower frequency oscillator.
This bias changes the threshold level of
the modulating tone, which produces
modulation of the fundamental frequen-
cy and the aspect ratio of the output.

A regulated power source biases the os-
cillator section to minimize the high-fre-
quency oscillator’s voltage sensitivity. A
current source, which is insensitive to
supply voltage, controls the final stage.
This control, instead of a direct connec-
tion to the supply voltage, provides some
protection in the event of a short circuit
and provides similar output independ-
ently of the antenna resistance. The LED,

which the circuit uses as a voltage refer-
ence, also indicates circuit activity. The
supply voltage can vary from 7 to 12V or
higher if you take care of the BD140 tran-
sistor’s dissipation requirements.

To use the circuit, switch on an AM re-
ceiver and find a position without broad-
cast stations. Place the receiver close to
the generator, switch on the circuit, and
adjust the variable resistor until the tone
is audible. Move the receiver to find the
direction of better sensitivity. Then, use
the radio receiver to find where the twist-
ed-pair cable goes.

Beware that this circuit produces EMI
not only in the AM-broadcast range, but
also over a wide frequency range due to
the high harmonic content of the gener-
ated signals. The use of twisted-pair ca-
ble reduces the amount of interference in
the far-field region. Therefore, use the
circuit cautiously, and disconnect the cir-
cuit as soon as you locate the cable. (DI
#2523)
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Cable finder seeks out wall conduits
Luis Miguel Brugarolas and Manuel Ramón,
Sire Sistemas y Redes Telemáticas, Tres Cantos, Madrid, Spain

To discover the location of cable conduits, a relaxation oscillator applies current pulses to a twisted-pair cable, and an AM radio functions as a receiver.
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Atypical, switched-mode power
supply for a halogen lamp, com-
monly known as an electronic trans-

former, is a clever and simple device.
However, it has some limitations, such as
its inability to dim the lamp. Figure 1
shows a simplified schematic of a typical
low-voltage halogen-lamp transformer
without the protection circuits
and EMI filter. Q

1
and Q

2
with C

2

and C
3

comprise a classic, half-bridge
topology that works in self-oscillating
mode. The circuit provides positive feed-
back by placing the primary windings of
transformer T

1
in series with the bridge

output. To achieve a high power-factor
value, a rectified but unfiltered mains
voltage supplies power to the cir-
cuit. The working frequency is ap-
proximately 30 to 40 kHz.

This simple circuit does not allow for
correctly and conveniently dimming the
lamp because any attempts to manipulate
the time constant of the R

1
/C

1
start-up

circuit worsen the power factor. A possi-
ble solution that involves making taps in
the primary winding of transformer T

2
is

neither elegant nor convenient.
The circuit in Figure 2 provides a way

to dim the lamp. In this circuit, a popu-
lar PWM IC controls a modified buck
regulator. One modification is a change
in the position of Q

1
,which lets you con-

trol the regulator without using a pulse
transformer, for example.A second mod-
ification significantly reduces the capac-
ity of C

1
because the circuit should act

similarly to an autotransformer to keep a
high power factor. Therefore, the rectified
mains voltage powers the regula-
tor, which sits behind the bridge
rectifier. The regulator produces the same
output-voltage shape but of lower and
regulated amplitude. C

1
has a low value,

so, in conjunction with L
1
, C

1
removes

any switching products from the output
voltage without filtering out 100-Hz rip-
ples of the mains voltage.

Thus, the circuit is halfway between a
buck regulator and a current source feed-
ing an H-bridge converter. Using a clas-
sic current source to feed the bridge con-

verter would be inconvenient be-
cause of the lamp power supply’s
self-oscillating mode and variable
switching frequency.

Changing the duty cycle of Q
1
’s

pulses accomplishes the lamp
dimming. You can use any one of
many integrated PWM con-
trollers to control the switching
of Q

1
. The only important point

is that the PWM IC needs to work
with the maximum pulse duty
cycle, which is important if you
want to keep the brightness of the

AC 220V R1

C1

Q1

Q2

T1C

T2

C3

C2

T1B

T1A LAMP

DIAC

F igure  1

Electronic transformer dims halogen lamp
Robert Magdziak, Warsaw, Poland

A typical low-voltage halogen-lamp transformer provides no lamp-dimming capability.
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A simple PWM IC controls the duty cycle of Q1, which dims or brightens the lamp.

T2

LAMP

(+)

(1)

TO C2

F igure  3

To keep the UC3842 IC running requires extra power to
C2, which secondary windings on T2 and a bridge rectifier
can provide.
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All wireless communication sys-
tems need a local oscillator. Figure
1 shows a low-cost PLL circuit for

the 2-GHz band for such applications as
industrial, scientific, and medical (ISM)
and satellite personal-communication
systems (S-PCS). The central IC in the
circuit is the LMX2325 (National Semi-
conductor, www.national.com) frequen-
cy synthesizer, which features RF opera-
tion to 2.5 GHz. This IC incorporates an
N-programmable divider and a phase
comparator. The JTOS-3000P (Mini-Cir-
cuits) VCO constrains the oscillation fre-
quency to 2.3 to 2.5 GHz. The VCO’s tun-
ing-voltage range of 0 to 5V is compatible
with the internal charge-pump D0 out-
put of the LMX2325. The COP8SAA7 mC

programs the synthesizer’s internal regis-
ters. You can calculate the register values
using the program LMX2325.EXE (Na-
tional Semiconductor). The values de-
pend on the desired oscillation frequen-
cy, the external crystal, and the
reference-frequency values. R

1
, C

1
, and C

2

implement a second-order loop filter, and
you can determine the component values
using the LOOPFILT.EXE (National
Semiconductor) program. The values de-
pend mainly on the oscillation frequen-
cy and the VCO tuning sensitivity.

R
2
, R

3
, R

4
, and L

1
form a T-network.

The design in Figure 1 assumes that a
50V load connects to ac-coupling capac-
itor C

3
. The T-section matches the syn-

thesizer F
IN

pin’s input reactive imped-
ance of 40-jv to the 50V output imped-
ance of the VCO’s RF OUT pin and out-
put load. If f is the oscillation frequency
in hertz, X is approximately equal to
(23631029)f1162. Therefore, the fol-
lowing inductor value for L

1
cancels the

reactance:

You must place the matching network
components close to each other on the pc
board. A power supply with good regu-
lation characteristics is necessary, and,
therefore, you should use a 7805 IC on
the pc board.

A prototype of Figure 1’s circuit oper-
ating at f52.45 GHz has an output pow-
er of 7 dBm and a phase noise of 275
dBc/Hz at a 10-kHz offset. You can
download the source program for the mC
from EDN’s Web site, www.ednmag.com.
Click on “Search Databases”and then en-
ter the Software Center to download the
file for Design Idea #2526. You can then
use the previously mentioned support
software (www.national.com/cop8/) or
use the .hex file. (DI #2526)
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Low-cost, programmable oscillator 
operates at 2 GHz 
A Navarro, M Rostami and J N Matos, Instituto de Telecomunicações,
Aveiro University, Portugal 

An LMX2325 frequency-synthesizer IC, a JTOS-3000P VCO, and a COP8SAA7 mmC create a low-cost,
programmable oscillator for 2-GHz wireless applications.
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halogen lamp close to maximal. The pro-
totype uses a cheap controller, the
UC3842, which operates in voltage mode
because of the presence of the R

3
/R

4

divider.
To operate the circuit, you need to sup-

ply the controller. On power-up, C
2

charges through R
1

and R
2
, which starts

the switching. To keep the controller
running requires extra power to C

2
. The

additional, secondary windings on T
2

and the bridge rectifier support this func-
tion (Figure 3). Unfortunately, the core
choke, L

1
, can have no secondary wind-

ings because those windings can’t sup-
ply enough power to the controller un-
der maximum-duty-cycle conditions.

After adding an EMI filter and bridge
rectifier to the regulator input, the circuit
can work in stand-alone mode. With the

circuit in this mode, you can connect to
the output more than a few parallel
ready-made electronic transformers
without making any changes. In such a
case, you need to recalculate the values
and types of power components accord-
ing to the power load. (DI #2525)
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Modern telephone applications
need to generate a high-voltage
sine wave to use as a ring-tone sig-

nal. Several familiar design alternatives
generally involve either an IC-controlled
flyback-type scheme or a ringer-module-
“brick”approach. Unfortunately, module
approaches are expensive, and flyback
circuits are generally complicated and
have inherent harmonic-suppression is-
sues. The design parameters of both these
approaches are generally fixed and offer
little flexibility for users.

A simple yet effective method for pro-
ducing a high-quality sine wave is to place
a high-Q bandpass filter in a positive-
feedback loop with a hard-limited gain
element. This scheme produces a sine
wave at the bandpass frequency,v

O
, at the

filter output. This signal drives the input
of the hard-limiter, which produces a
square wave at the same frequency. Lim-
iting voltage levels control the amplitude
of this square wave. The limiter’s output
feeds back to the input of the bandpass
filter, which completes the loop. The
overall circuit produces a sine wave of fre-

quency v
O

with an amplitude that cor-
responds to the filter gain, |H

O
|, times the

amplitude of the fundamental compo-
nent of the square wave. This type of cir-
cuit is easy to produce using a couple of
inexpensive ICs. The trick, however, is
translating the IC-generated sine wave
into a high-voltage signal suitable for
ringing telephones.

The ring-tone generator in Figure 1
configures an active-filter IC, the LT1684,
as a high-gain, high-Q bandpass filter in
a positive-feedback loop with a con-
trolled-output comparator. This config-
uration produces a high-voltage, high-
quality sine wave at the filter output. You
can  adjust amplitude and frequency
characteristics by simply changing a few
resistor values. The output of the LT1684
is internally current-limited to a mini-
mum of 6100 mA, so load capacity is
variable based on programmed peak-
output amplitude. The LT1684 employs
an active-tracking supply technique that
provides a versatile and simple approach
to the ring-tone problem. This technique
comprises two high-voltage MOSFET

source-followers that provide power for
the IC. The MOSFETs function as pow-
er-supply level-shifters, bootstrapping
the supply pins of the IC about the out-
put of the active filter element. This
scheme effectively suspends the IC be-
tween the MOSFETs, allowing the IC to
output a voltage far exceeding its own
supplies. The voltages across the MOS-
FETs themselves are the only limit to the
IC’s output-voltage capability. This sup-
ply-bootstrapping technique enables lin-
ear generation of a high-voltage output
signal and takes advantage of the intrin-
sic supply-noise immunity of a linear
amplifier, reducing the need for large
high-voltage filtering elements.

The ring-tone generator’s hard-limit-
ed gain element uses the LT1684’s con-
trolled-output receiver/ buffer to limit
the output of a comparator. The circuit
bootstraps an LT1017 dual-comparator
IC along with the LT1684 to provide volt-
age gain and to provide the differential
control signals that the LT1684 receiver/
buffer needs.

The active-bandpass-filter circuit uses
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Ring-tone generator uses high-Q filter
Jonathan Celani, Linear Technology Corp, Milpitas, CA

An active-filter IC, the LT1684, and a pair of MOSFETs produce a high-voltage, high-quality sine wave at the output.
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a basic single-amplifier, multiple-feed-
back configuration using R

1
, R

2
,

R
3
, C

1
, and C

2
. However, the ac-

tive-tracking supply technique of the
LT1684 requires some modifications to
the standard topology (Figure 2a). The
modifications include swapping the am-
plifier’s signal polarity, referencing all sig-
nals to the output, and referencing all
feedback elements to ground. Figure 2b
shows the modified multiple-feedback
bandpass filter. The transformed multi-
ple-feedback bandpass-filter design
equations are the same as those of a stan-
dard topology. If both capacitors are the
same value (C

1
5C

2
), the design equa-

tions that define the filter resistor values
are as follows:

As a design example, consider that you
want to construct a ringer circuit that
yields a sine wave with a peak amplitude
of 95V (7-REN load capability), a ring
frequency of 20 Hz, and a bandpass Q of
9.4. A square wave with peak amplitude
A has a fundamental component with an

amplitude of 4A/p. This value corre-
sponds to an LT1684 buffer/receiver out-
put, which has a limit of 61.25V. Thus,
A51.25V. Now, the desired filter’s band-
pass gain is

Given capacitor values of 0.22 mF,
Q59.4, |H

O
|560, and v

O
52p(20 Hz),
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The active-tracking multiple-feedback bandpass filter in Figure 1 (b) involves some modifications to
the standard version (a).

A dc-to-ring-tone converter combines the circuit from Figure 1 with a high-voltage power supply.
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In many testing situations, a circuit
that can produce a short pulse is use-
ful. You can use a short pulse to test

trigger or interrupt-pulse-width require-
ments and to mimic glitches or noise on
inputs, for example. In some cases, short
pulses with long delays between them are
desirable. For these cases, a function gen-

erator is inadequate because you can 
reduce the duty cycle low enough to 
produce low-nanosecond pulse widths
only at relatively high frequencies. Al-
though purely analog circuits can gener-
ate short pulses, input and output load-
ing and buffering propagation delays
create problems with interfacing them 

to TTL-compatible circuitry.
The circuit in Figure 1 uses two one-

shot timers and a D flip-flop to create a
short, TTL-compatible positive pulse
when triggered with a TTL-compatible
positive edge. Because the circuit is pos-
itive-edge-triggered, the only require-
ment for the duty cycle of the triggering
device is that it meets the minimum in-
put pulse width for the one-shot timers,
which is 40 nsec for the 74LS123, IC

1
.

IC
1B

provides a fixed pulse width of ap-
proximately 150 nsec. Via R

1
, IC

1A
pro-

vides a variable pulse width of 150 to
1000 nsec. A positive pulse at Input A
triggers each timer. This trigger inacti-
vates IC

2A
’s CLR input and makes its CK

signal low. When IC
1B

times out, its pos-
itive-going edge clocks the logic 1 on the
D input of IC

2A
to Output B. When IC

1A

times out, it’s output clears the Q output
of IC

2A
, taking Output B low. Thus, you

can express the pulse width at Output B
as follows: Pulse width of IC

2A
5pulse

width of IC
1A

2pulse width of IC
1B

.
The output pulse width for this circuit

is variable from approximately 5 to 850
nsec. You can produce a shorter pulse
width by using faster logic. The circuit
also allows for easy modification should
negative trigger inputs, output pulses, or
both be necessary. (DI #2528)
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Simple circuit produces a less-than-25-nsec pulse
Andy Brandenberger, National Instruments, Austin, TX

Two one-shots and a D flip-flop comprise a pulse generator that can produce pulses of 5 to 850
nsec with a low repetition rate.
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you can calculate R
1
55.6 kV, R

2
52.7

kV, and R
3
5680 kV.

You can describe many telephone-
ringer modules as dc-to-ring-tone con-
verters.A dc power supply provides pow-
er, and the output is a high-voltage sine
wave. Most of these modules also offer
ground-path isolation between the sup-
ply input and the ring-tone output. You
can construct a circuit that mimics these
attributes by coupling an isolated, high-
voltage, dual-output power supply with

the LT1684/LT1017 resonant ringer cir-
cuit of Figure 1.

Due to the ripple rejection inherent in
an op amp, the power supply requires lit-
tle output filtering. Thus, you can use a
relatively simple supply. The ringer cir-
cuit generates a supply load that is un-
balanced, however, because the circuit
imposes the low-frequency ring signal
across the system load. Thus, the supply
must have well-controlled cross-regula-
tion to prevent excessive output-voltage

variations during normal operation. The
dc-to-ring-tone-converter circuit in Fig-
ure 3 uses a high-voltage power supply
built around IC

1
. This supply uses a dual-

feedback scheme that regulates on the
loaded output and uses capacitor-cou-
pled secondary windings to limit the
voltage excursions at the supply outputs.
(DI #2527)
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In Figure 1’s circuit, a mC
lets you adjust as many as six
digital potentiometers. Like

mechanical potentiometers, dig-
ital potentiometers can adjust
regulator outputs or speaker vol-
umes and act as rheostats. Avail-
able in resistances of 50, 100, and
200 kV, they let you throw away
your mechanical potentiometers
and the little flat-headed screw-
drivers that go with them.

A DIP switch, two pushbutton
switches, and IC

6
’s mC control

the six digital potentiometers,
IC

0
through IC

5
in the circuit. All

of the potentiometers have a
nominal end-to-end tempera-
ture coefficient of resistance of
50 ppm/8C. At power-up, each
potentiometer assumes its midrange val-
ue of resistance. Each wiper connects to

one of 32 equally spaced taps along the
linear-taper resistance between the H and

L terminals for that potentiometer.
Of the 13 I/O ports on IC

6
, Port

A (A
4

through A
0
), comprises the

inputs. Port B (B
7
through B

0
) com-

prises the outputs. To operate this
manually controlled digital system,
you select the desired potentiome-
ter by setting a code via the DIP
switches (Table 1) and then incre-
ment or decrement the poten-
tiometer via pushbutton switches
that connect to A

1
and A

0
(Table 2).

You can obtain the mC’s assembly-
language program from EDN’s Web
site, www.ednmag.com. Click on
“Search Databases” and then enter
the Software Center to download
the file for Design Idea #2529. (DI
#2529)
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mmC multiplexes six digital potentiometers
Ted Salazar, Maxim Integrated Products, Sunnyvale, CA

A single mmC controls six digital potentiometers.

To Vote For This Design,
Circle No. 349

TABLE 1—DIGITAL-POTENTIOMETER SELECTION
A4 A3 A2 Digital potentiometer
0 0 0 IC0

0 0 1 IC1

0 1 0 IC2

0 1 1 IC3

1 0 0 IC4

1 0 1 IC5

1 1 0 IC5 (default)
1 1 1 IC5 (default)

TABLE 2—INCREMENT/DECREMENT CONTROL
A1 A0 Operation
0 0 No change
0 1 Decrement selected potentiometer
1 0 Increment selected potentiometer
1 1 No change
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Reference 1 gives low-cost image-
parameter design techniques for LC
lowpass filters. Filter design using a

low number of circuit elements
results in reduced costs for both
parts procurement and manufacturing.
The technique applies to highpass filters.
You derive a composite highpass filter by
using m-derived terminating half-sec-
tions with one or more constant-k inte-
rior full sections. Classic image-parame-
ter design used m-derived half-sections
with m50.6 for best passband imped-
ance matching (in other words, high in-
put and output return losses). The design
uses a value of m50.5 for the terminat-
ing half-sections. This value provides
sharper close-in selectivity while main-
taining passband return losses that are
satisfactory for most applications. Figure
1 shows the normalized schemat-
ic for the composite highpass fil-
ter. It uses midseries, m-derived, termi-
nating half-sections with m50.5, plus
two interior constant-k full sections. The
3-dB cutoff frequency, f

0
, is 31.2 MHz,

and source and load impedances, Z
0
, are

50V. Reference levels of filter inductance
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Filter design uses image parameters
Richard Kurzrok, RMK Consultants, Queens Village, NY

Using image parameters results in a low number of circuit elements in a filter.

TABLE 1—FILTER PARTS LIST
Function Value Type Quantity
L1, L4 0.51 mmH Micro-Metals T 25-10 14T- #26 Two
L2, L3 0.13 mmH Micro-Metals T 25-10 14T- #26 Two
C1, C2, C4, C5 68 pF CD-15 Series dipped mica Four
C3 50 pF DC-15 Series dipped mica One
Connectors BNC female Pomona 2447 panel receptacle Two
Enclosure Aluminum box Hammond 1590A/Bud CU-123 One
Board Cut by hand Vector board 169P44C1 One
Standoffs Male/female Amatom 9794-SS-0440 Four

Note: all fixed capacitors have 6615% tolerance.

Multiplying the normalized filter in Figure 1 by the reference inductance and capacitance values
yields this 31.2-MHz, 50V filter.

Filter design uses image parameters ......111

Circuit efficiently drives 
inductive loads..............................................112

Use a PC to record four-channel 
waveforms ....................................................114

Pulse generator has low top-side 
aberrations ....................................................118

Circuit provides ADSL frequency 
reference ........................................................120

ActiveX control brings bit 
manipulation to Windows ........................122

Circuit breaker handles 
voltages to 32V ............................................124
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and capacitance are as follows:

You obtain the actual inductance and
capacitance values for the highpass filter
by denormalization; in other words, by
multiplying the normalized inductances
and capacitances in Figure 1 by L

0
and

C
0
, respectively. Figure 2 shows the ac-

tual component values for a dissipation-
less highpass filter. Table 1 gives the parts
list for the filter. Table 2 gives the meas-
ured amplitude response for the com-
posite highpass filter. The results indicate

inductor unloaded Qs of approximately
100. As the passband frequency ap-
proaches 100 MHz, some modest shape
degradation occurs. You can reduce the
degradation by using microstrip con-
struction with surface-mount compo-
nents. You can trim the filter’s cutoff fre-
quency by spreading or squeezing the
turns of the toroidal inductors. (DI
#2533)

Reference
1. “Low Cost Lowpass Filter Design

Using Image Parameters,” Applied Mi-
crowave & Wireless, February 1999, pg 72,
plus correction May 1999, pg 12.

TABLE 2—MEASURED AMPLITUDE
RESPONSE

Frequency (MHz) Insertion loss (dB)
29 23.7
30 12.8
31 3.7

31.5 1.8
32 1
33 0.6
35 0.5
40 0.5
45 0.4
50 0.2
55 0.2
60 0.2
70 0.4
100 0.5
130 0.6

To Vote For This Design,
Enter No. 362 at

www.ednmag.com/infoaccess.asp

In the driver circuit in Figure 1,
the system controller provides the
V

COMMAND
signal. V

COMMAND
equals the

desired load current multiplied by
R

8
. When the controller applies

this voltage to R
1
, the output of IC

1
goes

high, applying voltage to the gates of Q
1

and Q
2
. These transistors turn on, allow-

ing load current to flow to ground
through Q

1
and R

8
. The current in the

load ramps up, and a voltage propor-
tional to the load current, sensed by R

8
,

feeds back to the inverting input of the
comparator IC

1
. When this voltage ex-

ceeds the voltage at the noninverting in-
put, the output of IC

1
goes to ground. Q

1

and Q
2

then switch off. The load current
now circulates around the loop com-
prising D

1
and L

1
. During this time, the

slope of the load current becomes nega-
tive because of the dissipation in D

1
and

the load resistance. The duration of this
phase of the circuit’s operation is a func-
tion of the hysteresis (set by R

1
, R

2
, and

R
4
) and the decay of the voltage across C

2

(essentially a function of R
9
). C

2
and R

9

determine the ripple current in the load.
The circuit cannot use a power MOSFET
for Q

2
, because of the intrinsic drain-to-

source diode. You must use a device
without the intrinsic diode, such as a

3N71. (DI #2535)
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Circuit efficiently drives inductive loads
Carlisle Dolland, Honeywell Engines and Systems, Torrance, CA

Inductive loads are tricky to drive. This circuit provides efficient drive to relays and solenoids.

To Vote For This Design,
Enter No. 363 at

www.ednmag.com/infoaccess.asp

H  255.0
f2

Z
L

0

0
0 µ=

π
=

pF  102
Zf2

10
C

00

6

0 =
π

=

;

.

82



This design idea is a sequel to a pre-
vious one, “Use a printer port to
record digital waveforms,”

EDN, June 18, 1998, pg 136. Both
ideas are similar: Use the PC’s printer
port to sample waveforms, and use the
PC’s memory to store data. The tech-
nique presented here expands the capa-
bility to four channels. The advantage is
that you can see the relationships of the
waveforms in the four channels. Figure 1
depicts the sampling circuit. It uses print-
er-port pins ACK, BUSY, PE, and SLCT
to record signals. The 74LS04 is a buffer
between the sampled signals and the
printer port. Listing 1 is the sampling
program, written in assembly language.
Because there are four channels, every
sample needs 4 bits (one nibble) to
record. One byte can store two samples:
odd and even samples. To accurately
record signals, the sampling program
needs exclusive access to the CPU.

Execution of the program must take
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Use a PC to record four-channel waveforms
Dean Chen, Dycam Inc, Chatsworth, CA

Use your PC’s printer port to record four-channel waveforms.

LISTING 1—FOUR-CHANNEL PC-PORT WAVEFORM-SAMPLING ROUTINE
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place in pure MS-DOS mode,
and not in a Windows multitask-
ing environment. Second, it does not al-
low interrupts to occur during sampling.
You must thus mask interrupts during
the sampling procedure. Moreover, you
need to equalize the odd and even sam-
pling periods. Because the even sampling
period is shorter then the odd one, the
routine adds three nonoperation (NOP)
instructions in the even sampling period.
When the sampled data attains approxi-
mately 60 kbytes, the program restores
the interrupt-mask register and gener-
ates a file named samsig.dat. Listing 2 is
a QBasic program for displaying the
recorded waveforms. The program reads
and then displays the samsig.dat file. Fig-
ure 2 provides an example, a recording of
the command and data signals from an
Analog Devices AD7896 A/D converter.
You can increase the sampling period by

inserting some NOP instructions in the
sampling routine.You can download list-
ings 1 and 2 from EDN’s Web site,
www.ednmag.com. Click on “Search
Databases” and then enter the Software

Center to download the file for Design
Idea #2536. (DI #2536)
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LISTING 2—DISPLAY PROGRAM FOR SAMPLED WAVEFORMS

Four channels of data from an AD7896 and the timing relationships thereof are visible. 

F igure  2
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Impulse-response and rise-time test-
ing often require a fast-rise-time
source with a high degree of pulse pu-

rity. These parameters are difficult to
achieve simultaneously, particularly at
subnanosecond speeds. The circuit in
Figure 1, derived from oscilloscope cali-
brators (Reference 1), meets the speed
and purity criteria. It delivers an 850-psec

output with less than 1% pulse-top aber-
rations. Comparator IC

1
delivers a 1-

MHz square wave to current-mode
switch Q

2
-Q

3
. Note that IC

1
obtains pow-

er between ground and 25V to meet the
transistors’ biasing requirements. Q

1
pro-

vides drive to Q
2

and Q
3
. When IC

1
bias-

es Q
2
, Q

3
turns off. Q

3
’s collector rises

rapidly to a potential determined by Q
1
’s

collector current, D
1
, and the output re-

sistors combined with the 50V termina-
tion resistor. When IC

1
goes low, Q

2
turns

off, Q
3

turns on, and the output settles to
0V. D

2
prevents Q

3
from saturating.

The circuit’s output transition is ex-
tremely fast and singularly clean. Figure
2, viewed on a 1-GHz real-time-band-
width oscilloscope, shows 850-psec rise

LT1394

2

+680 pF
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+
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PNP=2N5771.
NPN=2N6304.

                        =HP5082-2810.
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Pulse generator has low top-side aberrations
Jim Williams, Linear Technology Corp, Milpitas, CA

Need a fast, clean pulse? This simple circuit provides 500-mV, 850-nsec pulses with a high degree of purity.

Pulse tops exhibit less than 64 mV, or less than 661%, aberrations.

5 mV/DIV

500 pSEC/DIV

Viewed with 1-GHz bandwidth, pulses are free of discontinuities and
anomalies.

0.1V/DIV

500 pSEC/DIV

F igure  3F igure  2

85



time with exceptionally pure pretransi-
tion and post-transition characteristics.
Figure 3 details the pulse-top settling.
The photo shows the pulse-top region
immediately following the positive 500-
mV transition. Settling occurs within 400
psec of the edge’s completion with all ac-
tivity within 64 mV. The 1-mV, 1-GHz
ringing undoubtedly stems from bread-
board-construction limitations; you can

probably eliminate it by using stripline-
layout techniques. The level of perform-
ance of this circuit requires some trim-
ming. The oscilloscope you use should
have at least 1-GHz bandwidth. You ad-
just trimmers TR

2
and TR

3
for the best

pulse presentation. TR
1

sets the output
amplitude at 500 mV across the 50V ter-
mination. The trims are somewhat in-
teractive, although not unduly so, and

converge quickly to give the results de-
scribed. (DI #2530)

Reference
1. 485 Oscilloscope Service and In-

struction Manual, “Calibrator,” pg 3 to
15, Tektronix Inc, 1973.
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The discrete-multitone (DMT)
frequencies that asymmetrical-digi-
tal-subscriber lines (ADSL) use are

integral multiples of a common frequen-
cy, and the symbol period is the inverse
of this frequency. Integration over the
symbol period allows the sine and cosine
orthogonal waveform products to vanish
for all multiples of the common fre-
quency except for those having the same
frequency. As the ADSL standards
(TI.413) specify, the 256 channels are
separated by 69/16 kHz. You can gener-
ate the midchannel frequencies
with a PLL, but the refer-
ence frequency differs from
that of crystals for computers and
clocks. However, by using the cir-
cuit in Figure 1, you can generate
the frequency by using a 3.58-MHz
crystal to control the horizontal
scanning rate in television sets. A
typical 3.58-MHz crystal has a tol-
erance of 650 ppm and a load ca-
pacitance of 18 pF. This tolerance
provides a frequency of 3.579366
to 3.579724 MHz. If you multiply
this common DMT frequency by
830, the result is 830369/16 kHz,
or 3.579375 MHz, which is 9 Hz
above the crystal’s lower tolerance
limit. Assuming that you can select
the C

S
and C

T
capacitors at either

side of the crystal to tune the fre-
quency near the lower tolerance
limit, you can also select them for
the desired frequency.

In other words, reduce the oscil-

lator frequency with bistable flip-flops
and combine the outputs in a NAND gate
to divide by 830. For the 3.58-MHz crys-
tal, design values for C

S
and C

T
were 23.6

and 75.7 pF, respectively. We chose 22 pF
for C

S
and 68 pF for C

T
. A trimmer ca-

pacitor in parallel with C
T

reduces the fre-
quency. When C

T
increased from 22 to 90

pF, the frequency decreased by 448 Hz
and handily bridged the 3.579545- and
3.579375-MHz frequencies. Tests showed
that the lower frequency was more than
100 Hz below 3.579357 MHz, but the ex-

act number depends on the calibration of
the counter. Because 830 is a 10-bit bina-
ry number, the circuit divides by 415 first
to permit combining with an eight-input
NAND gate. A strobe applied to a flip-
flop then creates a square wave for the ref-
erence-frequency output. (DI #2531)
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Circuit provides ADSL frequency reference
Bert Erickson, Fayetteville, NY

Using a common TV crystal, you can generate the reference frequency for ADSL systems.
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Nothing compares with the C lan-
guage for working with bits. C pro-
vides a rich set of signed and un-

signed number formats, along with many
intrinsic bit-manipulation operators.
However, most of the popular rapid-ap-
plication-development Windows lan-
guages lack C’s ability to easily work with
bits. Visual Basic is such a language. Al-
though it’s hard to find a faster language
to develop a small to midsized application
in Windows, Visual Basic starts to show
its weakness when it comes time to talk to
hardware. Hardware programming is
usually bit-oriented. That is, it’s necessary
to turn bits on and off or shift out serial
streams to get the hardware to operate
correctly. The ActiveX control serves just
these types of bit-manipulation needs
(Figure 1). The control includes func-
tions for changing binary strings to num-
bers, a hex-output function, the ability to

set and clear bits in a word, and the ever-
needed shift-left and -right functions. As
an example, many of the three-wire seri-
al devices need to have a setup word shift-
ed to them. Suppose you need to shift the
setup word 0111 1101 first to an A/D con-
verter to initiate a conversion on some
channel. You can use the functions in the
ActiveX control to easily effect the shift
operation, as follows:

Setup_word = Bits (“01111101”)
`Returns 125

For i = 0 to 7
Val = ShiftRight_8(setup_word,0)
`write val to the A/D here

next i

In the above example, val has the
values 1, 0, 1, 1, 1, 1, 1, 0 during each it-
eration of the loop. The routine can then
clock these bits to the A/D converter as

required by the hardware. If the opera-
tion requires MSB first, you can use the
ShiftLeft function. The SetBit and Clear-
Bit functions are useful when using a port
as clock and data lines, because you can
set individual bits as needed instead of
doing entire port writes. Any modern
programming language that can use Ac-
tiveX controls, such as Agilent VEE, Vi-
sual Basic, Delphi, and others, can use the
functions given here. You can download
the ActiveX control from EDN’s Web site,
www.ednmag.com. Click on “Search
Databases” and then enter the Software
Center to download the file for Design
Idea #2534. The routine includes all the
functions listed in Figure 1, plus a few
more, with application examples. (DI
#2534)

ActiveX control brings bit manipulation to Windows
Steve Hageman, Agilent Technologies, Santa Rosa, Ca

An ActiveX control offers many handy functions for bit manipulation.

To Vote For This Design,
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The simplicity of low-side current
monitoring can mask the advantages
of a high-side approach. You can

monitor load currents in a power supply,
a motor driver, or another power circuit
on either the high or the low side
(ground). However, don’t let the ease of
low-side monitoring cause you to over-
look its dangers or the advantages of a
high-side approach. Various fault condi-
tions can bypass the low-side monitor,
thereby subjecting the load to dangerous
and undetected stresses. On the other
hand, a high-side monitor connected di-
rectly to the power source can detect any
downstream failure and trigger the ap-
propriate corrective action. Traditional-
ly, such monitors required a precision op
amp, a boost power supply to accommo-
date the op amp’s limited common-mode
range, and a handful of precision resis-
tors. Now, the MAX4172 IC can sense
high-side currents in the presence of
common-mode voltages as high as 32V
(Figure 1). IC

1
provides a ground-refer-

enced current-source output propor-
tional to the high-side current of interest.
This output current, equal to the voltage

across an external sense resistor divided
by 100, produces a voltage output across
a load resistor.

IC
1

and a few external parts form a
low-cost circuit breaker. R

SENSE
senses

load currents, and Q
1

controls the cur-
rents. The design accepts inputs of 10 to
32V; you can easily modify it to operate
from voltages as low as 6.5V. The initial
application of V

IN
and V

CC
places the

breaker in its trip state. Pressing S
1

resets
the breaker and connects power to the
load, thereby activating Q

1
, Q

3
, and Q

4B
.

Q
3

powers IC
1
, and Q

4B
establishes the

overcurrent threshold, V
THRESH

5V
CC

2
V

BE(4B)
. Because V

CC
(2.7 to 5.5V typical)

equals 5V and the base-emitter voltage of
Q

4B
is approximately 0.7V, V

THRESH
is typ-

ically 4.4V. The circuit trips at a nominal
load current of 1A. The values for R

SENSE
,

R
THRESH

, and R
OUT

are functions of the
system’s accuracy and power-dissipation
requirements. First, select R

SENSE
550 mV

and R
THRESH

510 kV. Then, calculate
R

OUT
5V

CC
/I

LOAD
R

SENSE
G

m
, where I

LOAD
is

the trip point (1A) and G
m

(IC
1
’s typical

transconductance) equals 0.01A/v. Thus,
R

OUT
510 kV.

Applying power to Q
3

and Q
4B

causes
Q

4B
to conduct, which establishes V

THRESH

and activates Q
3

to power IC
1
. A fraction

of the load current through R
SENSE

mir-
rors to the IC

1 
output and appears as a

voltage, V
OUT

, across R
OUT

. Q
4B

turns off
when V

OUT
increases above

(V
THRESH

1V
BE(4BA)

), turning off Q
3

and
causing a drop in V1 (IC

1
, pin 8). When

V1 reaches 2.67V (typical), PG goes high,
thereby tripping the breaker by turning
off Q

1
. Q

2
adds feedback to ensure a clean

turn-off at the trip level. Current draw in
the tripped state is minuscule and equals
the V

CC
load current, 0.5 mA typical.

Press S
1

to reset the breaker. The design
is intended for low-cost applications in
which the absolute accuracy of the trip
current is not critical. The accuracy,
which depends on variations in V

CC
and

the base-emitter voltages of Q
4A

and Q
4B

and on the error current through R
4
, is

approximately 615% at a trip current of
1A. (DI #2532)
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Circuit breaker handles voltages to 32V
Greg Sutterlin and Craig Gestler, Maxim Integrated Products, Sunnyvale, CA

A current-sense amplifier and a few transistors form a low-cost circuit breaker.
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Designers often use transformers
as voltage, current, and impedance
adapters. Transformers usually

comprise two inductively coupled coils,
wound around a ferrite core. The cou-
pling between the windings is never per-
fect. Spice provides a model (Figure 1a)
of the coupled inductors using the k pa-
rameter, which is the coefficient of cou-
pling between the windings. The
model takes into account self and mu-
tual inductances. With nonideal trans-
formers, the problem is to determine k.
Figure 1b shows a proposed equivalent
circuit of a nonideal transformer, in
which the conduction losses in the wind-
ings and the core losses are assumed to be
negligible. L

S
is the equivalent leakage in-

ductance of the transformer, L
P

is its
magnetization inductance, and T is an
ideal transformer (k51) with transfor-
mation ratio equal to n. To obtain equiv-
alence between the two circuits in Figure
1, we consider the equations describing
these circuits. For the circuit in Figure 1a,
the expressions are

For the circuit in Figure 1b, the equa-
tions are

Comparing the two systems and con-
sidering M5k(L

1
L

2
)1/2, we obtain

(a)

(b)

2 2

+ +
k

I1 I2
In1 Out1

In2 Out2

V1

V1

V2L1 L2

LS

+ + ++
In1 Out1

In2 Out2
2 2 2 2

LP V2VX VX/n

T

n:1

I2/n I2I1

F igure  1

Model a nonideal transformer in Spice
Vittorio Ricchiuti, Siemens ICN, L’Aquila, Italy

Spice models simulate an ideal transformer (a) and a nonideal one (b).

F igure  2

A Spice simulation yields the transfer function of the nonideal transformer described in the text.
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Then, if you know the L
P

and
L

S
values, you also know the

coupling factor, k. L
1

is the
inductance measured at the
operating frequency between
terminals In

1
and In

2
with no

load connected between
Out

1
and Out

2
. Similarly, L

2

is the inductance measured
at the operating frequency
between terminals Out

1
and

Out
2

with no load connect-
ed between In

1
and In

2
. L

S
is

the inductance measured at
the operating frequency be-
tween terminals In

1
and In

2

with Out
1

and Out
2

short-circuited.
From these values, using the previous
equations, we obtain the parameters of
the equivalent circuit in Figure 1b. List-
ing 1 shows the PSpice subcircuit that
represents the behavioral model of a
nonideal transformer. You can use the
subcircuit for both transient and ac
analysis.

The input parameters of the subcircuit

are the measured values of inductances
L

1
, L

2
, and L

S
. You obtain the ideal trans-

former, T, by means of the voltage-con-
trolled voltage source, E

1
, and the volt-

age-controlled current source, G
1
,

connected back to back (Reference 1).
The current source, G

1
, senses the cur-

rent, I(V
sense

), and provides the current
I(V

sense
)/n. The transformation ratio n is

a function of inductances L
1
, L

2
, and L

S
.

As an example, consider a
transformer that provides
an impedance transforma-
tion of 46 to 75V at 72 kHz.
It uses an RM8 ferrite core
with inductance factor
A

L
51600 nH. The meas-

ured inductances are L
1
54.2

mH, L
2
52.6 mH, and

L
S
520 mH. Figure 2 shows

the simulated transfer func-
tion of the transformer. You
can download Listing 1
from EDN’s Web site,
www.ednmag.com. Click on
“Search Databases” and
then enter the Software
Center to download the file
for Design Idea #2539. (DI
#2539).

Reference
1. Coelho, J,“A Spice model for the ide-

al transformer,” Electronic Design, June
28, 1999.
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LISTING 1—SPICE SIMULATION 
OF NONIDEAL TRANSFORMER

Aclock-recovery architecture
can operate with NRZ digital
signals, even at low SNRs. A

clock-recovery subsystem is based on a
PLL comprising a phase comparator, a
loop filter, and a voltage-controlled os-
cillator (VCO). If you place the phase
comparator after the demodulator block,
a typical criterion for comparison is the
zero crossings of the received signal (the
edges of a TTL-compatible signal). The
phase comparator must provide a voltage
proportional to the phase difference be-
tween the incoming signal and the local-

RxC

RxD

D
Q

D
Q

D
Q

RD

RD
CKR_ERRB

CKR_ERRA

F igure  1

Clock-recovery scheme suits low-SNR systems
Luis Miguel Brugarolas, SIRE, Madrid, Spain

A programmable-logic IC forms the phase comparator for the clock-recovery system.
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ly generated clock (the VCO output).
But, in comparison with a syn-
thesizer-based phase comparator,
the comparison must take place only
when information exists; that is, at data-
level transitions. The recovery system
should disable the phase comparator in
the absence of data-level transitions to
minimize comparator noise. Figure 1
shows a phase comparator you can im-
plement in a CPLD or an FPGA. Tests
show that the comparator works suc-
cessfully in a 2-Mbps V

SAT
demodulator

with SNR of 6 dB and lower. The com-
parator can easily acquire and track the
signal.

The phase compara-
tor uses three D-
type flip-flops
with asynchronous re-
set inputs. The com-
parator has two inputs:
RxD and RxC, and two
outputs: CKR_ERRA
and CKR_ERRB.
These inputs and out-
puts form a three-level
output, both high for
increasing frequency,
both low for decreasing
frequency, and both at
different levels for no
change in frequency.
They form a state ma-
chine:

1. Data rising edge
triggers CKR_
ERRA.

2. Once triggered, next RxC ris-
ing edge triggers CKR_ERRB and
resets CKR_ERRA.

3. Next RxC falling edge (thus, a half-
clock period later) resets CKR_
ERRB.

Figure 2 shows the operation of the
phase comparator. The transfer function
is not linear (Figure 3). It corresponds to
the expression V

OUT
5 t/(11T/2), where

t is the time from RxD’s rising edge to
RxC’s rising edge, and T is the period of
RxC. The nonlinear transfer function is
not a limitation, because the system op-
erates around the point at which t5T/2.
Moreover, the presence of noise effec-

tively reduces the comparator’s
gain and smoothes its operation.
Thus, the PLL’s design must ac-
commodate variations in the
comparator’s transfer function.
Figure 4 shows a simplified final
PLL implementation. The pro-
grammable-logic device uses
buffering to attenuate the digital
switching noise of the device.
The op amp’s noninverting ref-
erence input comes from the fil-
tered symmetrical clock signal;
thus, the reference level is exact-
ly centered between the low and
high logic-level voltages. The sys-
tem is thus voltage-independent.
(DI #2540)
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The last waveform represents the absolute value of the difference between CKR_ERRA and
CKR_ERRB.

The phase comparator’s output is nonlinear; however, the nonlinearity is
inconsequential to the clock-recovery function.
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The complete clock-recovery circuit uses a small handful of components.
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Akey parameter of digitally con-
trolled potentiometers
(DCPs) is the number of taps

(n) programmable positions of the wiper.
This parameter establishes the resolution
in programmable-voltage and -current
applications. A number of circuit tech-
niques exist for improving the resolution
using one or more DCPs with a given
number of taps. The circuit in Figure 1
has no theoretical limit on increasing the
resolution in programmable-voltage ap-
plications. The IC

3 
amplifier circuit is an

inverting summer with weighted input-
resistor values. The input voltages to the
summer are the programmable output
voltages of the DCPs. To reduce the ef-
fects of loading, IC

1
and IC

2
buffer the

signals from the potentiometer wipers.
For an n-tap potentiometer, the input re-
sistors of the summing amplifier are R
and nR, providing a programmable out-
put voltage of 0V.V

OUT
.2V

REF
(111/n),

with a resolution of V
OUT

(small-
est)52V

REF
/ [n(n21)].

For the dual 64-tap Xicor X9418 DCP
and the circuit values shown, the output
voltage, V

OUT
, has n2, or 4096, program-

mable values. The full-scale value is
2.5391V, and the smallest programmed

voltage is 0.62 mV. You can program the
coarse DCP

1
from 0 to 2.5V with a reso-

lution of 39 mV, and you can program
the fine DCP

2
from 0 to 39 mV with a

resolution of 0.62 mV. This circuit pro-
vides the same resolution as a 12-bit D/A
converter. Measured data fell within 2
LSBs of calculated values. Adding more
potentiometers, buffers, and input resis-
tors provides theoretically unlimited res-
olution. If you add a third section, the

resolution increases to one part in
262,144 (18 bits). You can implement a
similar scheme using a noninverting
summer circuit.You can use the circuit as
a substitute for expensive D/A converters
in any application that requires a precise,
high-resolution programmable voltage.
(DI #2537).
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Op amp increases potentiometer’s resolution
Chuck Wojslaw, Xicor Inc, Milpitas, CA, and P Gareth Lloyd, Elab Ltd, Stoke-on-Trent, UK

The sky’s the limit on resolution in this programmable-voltage circuit.

Many applications require
a multiple-signal
exchange among

cards through a backplane. Sever-
al solutions are available to serial-
ize/deserialize data—from the
classic UART to newer low-volt-
age differential-signaling compo-
nents. It is sometimes important
to have hardware flexibility in

VHDL customizes serializer/deserializer
Antonio Di Rocco, Siemens ICN, L’Aquila, Italy
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Using VHDL, you can customize a PLD
to perform serialization and deserial-
ization.

To Vote For This Design,
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transferring signals; for example, you can
use a PLD to implement a UART-like
function to perform a parallel-serial-par-
allel conversion (Figure 1). Figure 2
shows the frame structure. The idle “1”
bits exactly fill the time between the start
and stop bits. Assuming f

BIT
51/T

BIT
as

the speed of the serial link, the sampling
frequency, f

SH
, for each parallel-in-

put channel is f
SH

5f
BIT

[(N13)/2].
With an internal state machine working
with a system clock (clk), each eight-
clock period corre-
sponds to one bit
period, T

BIT
. The

relationship between
sampling frequency f

SH

and the PLD clock is
f

SH
5[f

CLK
(N13)]/4.

The deserializer does
not perform a clock-re-
covery function but
works with the nominal
clock frequency of the
transmitter side. Jitter
tolerance on the serial
line is related to the
number of parallel-in-
put channels. During
the time between the
start bit and the stop bit,
the system tolerates a de-
lay time of 3/8T

BIT
. Often,

system features are relat-
ed to the maximum
speed the serial link al-
lows. To improve the
quality of transmission,
you can insert a more
complex CRC function.
The timing simulation
shows a serialization of
N532 signals using a
sampling frequency
f

SH
517.8 kHz, which corresponds to a

PLD clock f
CLK

510 MHz with a speed of
1.25 Mbps on the serial link (Figure 3).
Note that the serializer’s start bit occurs
just as the master reset (mr_rx) is de-
asserted. On the receiver side, the dese-
rializer has its master reset (mr_rx) de-
asserted while it receives a frame; thus, it
starts to sample a wrong frame. Between
the two first start_frame_rx pulses, no

valid_data pulse exists. The frame-ac-
ceptance pulse appears at the end of the
second received frame. You can easily
customize the VHDL code. It uses the
ser2par.vhd and par2ser.vhd component
source files. Another VHDL listing has
the package source file, in which the con-
stant N designates the number of paral-
lel channels. Finally, a “bench” routine,
bench.vhd, runs simulations. You can

download the VHDL listings from EDN’s
Web site, www.ednmag.com. Click on
“Search Databases” and then enter the
Software Center to download the file for
Design Idea #2542. (DI #2542).
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The system in Figure 1 produces this frame structure.

Simulation yields this serialization pattern for 32 parallel-input channels.

F igure  3
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Many A/D converters use an in-
ternal resistor ladder as a two-
point differential voltage reference

in the conversion. This method demands
that these two nodes remain steady. The
higher the resolution, the stronger the de-
mand for quiet voltages. Figure 1 depicts
a simplified schematic of the LM985XX
reference ladder. Figure 1a shows the tra-
ditional decoupling scheme; Figure 1b
shows a proposed scheme. Typically, de-
signers use two capacitors to decouple
each reference node—one low-value ca-
pacitor and one of higher value because
the effective series inductance (ESL) of
the smaller capacitor is much lower than
that of the larger one. Contrary to tradi-
tion, you can eliminate these larger ca-
pacitors and replace them with one dif-
ferential capacitor if you choose the
values wisely. Because the difference in
the reference voltages, DV

REF
, is impor-

tant in conversion, this is the delta that
is of interest.

Figure 1b shows two common-mode
decoupling capacitors, C

1
and C

2
, and the

differential capacitor, C
3
. The current

sources, I
1

and I
2,

represent the average
currents pushing or pulling on the lad-

der. These currents are generally propor-
tional to the input voltage, V

IN
, and the

sampling frequency, f. If the input volt-
age is periodic or at least quasiperiodic,
then you can choose the decoupling ca-
pacitors on the basis of the maximum
ripple voltage allowed to appear differ-
entially on the nodes. This ripple speci-
fication is based on the permissible out-
put error. The poles and zero of the
transfer function are, respectively,

where k, n, and m are cyclic permutations
of 1, 2, and 3. You can easily see that the

pole in the first equation is the dominant
pole. As long as the zero is sufficiently far
from pole

1
, then this pole (hence, C

3
) de-

termines the roll-off. If C
1

and C
2

are
small enough, the zero finds itself well
away from pole

1
. Using the values in Fig-

ure 1b, the poles and zero become-
pole

1
5228.50 Hz; pole

2
5 23.9483104

Hz; and zero52.483105 Hz.
Typically, the current sources have a

fundamental frequency equal to the fre-
quency of the analog clamp. The most
pessimistic assumption is that the input
signal contains all white pixels. This sce-
nario causes the maximum swing in the
current sources and the smallest duty cy-
cle. Using this assumption and a current
amplitude of 0.6 mA, the capacitor val-
ues shown in Figure 1b would produce
DV

REF
51.989 mV. Instead, if you used a

pair of 12-mF decoupling capacitors, as
in Figure 1a, the circuit would produce
DV

REF
53.975 mV. (DI #2543)
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Sometimes, one capacitor is better than two
Robert LeBoeuf, National Semiconductor, Salem, NH

More is not always better; the circuit in b provides better decoupling than the one in a.
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You may occasionally need a sub-
stitute for a commercial dc/ac in-
verter. A typical application is in an

uninterruptible power supply (UPS). The
circuit in Figure 1 is a flexible, low-com-
ponent-count inverter with closed-loop
voltage regulation. The advantages of the
circuit are that it works from a 12V car
battery (or from higher battery voltages
with minor modifications), it offers
closed-loop voltage regulation, and phase
locking with a commercial power supply
is possible.

The circuit is designed around a MOS-

gate driver family, such as International
Rectifier’s (www.irf.com) IR215X family
(IC

5
). This IC drives the gates of power

MOSFETs Q
3

and Q
4

through NAND
gates (IC

6
). A 555-timer-based 100-Hz

oscillator (IC
2
) feeds the MOS-gate 

driver’s frequency-generation block
through a divide-by-two circuit (IC

4
).

The MOS-gate drivers’ low and high out-
puts drive the power MOSFETs’ gates
through IC

6
. The combination of the

MOS-gate driver and the IC
6

NAND
gates maintains the necessary deadband
to prevent simultaneous conduction of

the power-MOSFET pair. A voltage-feed-
back sample, compared with the 1.2V ref-
erence source in a MAX951, IC

7
, provides

a closed-loop feedback to vary the value
of the constant-current source compris-
ing Q

7
and the optoisolator, IC

8
. This

variable constant-current source varies
the monostable output of IC

3
, which

feeds the IC
6

NAND gates. The feedback
system thus maintains the proper pulse
width in the gate drivers.

You can easily modify the (square-
wave) circuit for a sinusoidal output by
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Inverter offers design flexibility
Nihal Kukaratna, Arthur C Clarke Institute, Katubedda Moratuwa, Sri Lanka

Roll your own dc/ac inverter, using a MOS-gate driver IC.

(text continued on pg 174)
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The circuit in Figure 1 maintains reasonably tight regulation for a wide range of loads.
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adding a few components be-
tween IC

3
and

IC
6

(Reference
1). For higher
outputs, you need change
only the battery voltage and
the power MOSFETs. The
circuit in Figure 1 is a 200-VA
unit. Figure 2 shows the out-
put-regulation curve for dif-
ferent battery-voltage inputs.
Figure 3 shows the efficiency-
versus-load curve. The in-
verter circuit has 81 to 93%
efficiency for loads of 15 to
180W. Using a tape-wound,
powdered-iron-core trans-
former as T

1
, you can package

the unit in a 100-in.3 volume
for a 230V, 50-Hz emergency
power source. (DI #2538).
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Efficiency peaks at nearly 93% for moderate loads.
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Figure 1 is the block diagram of an
easily programmed, single-button
combination lock. You operate the

lock by using a series of short and long
pulses from a momentary switch that
masquerades as a doorbell button. The
circuit uses inexpensive CMOS logic. The
retriggerable timer, T2, locks out entries
made after the T1 code-entry window,
thereby greatly enhancing security. The
circuit in Figure 2 operates as follows:
The Schmitt-trigger quad NAND gate,
IC1, debounces the code-entry switch
and, with the aid of simple analog cir-
cuitry, produces separate outputs for ac-
tivation times of less than and more than

0.3 sec. These outputs connect to the se-
lect gate, IC5. The initial entry also sets
timer T1 to enable the decoded decade
counter, IC3. Each entry clocks IC3.

As IC
3
steps through its counts, certain

of its output positions represent “short”
and connect to IC

4
’s inputs; unconnect-

ed lines represent “long” positions. This
coding arrangement sets the combina-
tion. Short pulse positions change the
address of IC

5
to select the short input

pulse; otherwise, IC
5

selects the long
pulse input. The short and long inputs,
if present in the programmed sequence,
produce an output from IC

5
. IC

6
counts

the outputs and produces an unlock

command only if it counts all pulses. The
power-on-reset circuit ensures that no
compromise of security arises under any
conditions after a power outage. The
timers are crucial to the high security of
the system.You must enter the code with-
in the 8-sec T

1
window. If you make a

mistake, you must wait at least 10 sec for
T

2
to time out before you make another

attempt. If entries occur continuously
and less than 10 sec apart, as an intruder
might try, T

2
continuously inhibits

counter IC
6
.

The lock proves to be reliable over sev-
eral years of use. The circuit in Figure 2
uses an eight-character combination,

Single-button lock provides high security
Maxwell Strange, Fulton, MD

A handful of timers and counters configures a highly secure, single-button combination lock.

DEBOUNCE
PULSE-
WIDTH

SEPARATOR

CODE
ENTER

LONG/
SHORT
SELECT

DECODED
COUNTER

CLOCK

LONG

SHORT

UNLOCK
COMMAND
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SEC

ENTRY
WINDOW, T1

(8 SEC) 

R-1

R-2

FIRST
TRIGGER

DECODER
COUNTER

1
2
3
4

5
6
7
8

OR
GATE

CODE-
ENTRY

WINDOW
TIMER

(T1)

RETRIGGER-
LOCKOUT

TIMER
(T2)

CLOCK

TRIGGER
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TRIGGER
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RESET
R-1 COMBINATION

SET
(SEE TEXT)

LONG/SHORT
ADDRESS RESET
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which you can quickly enter. A short
pulse is a quick jab to the button;
a long pulse is only slightly longer.
A shorter sequence would also be secure;
you can implement a shorter code by
simply taking the unlock pulse from a
lower count on IC

6
. IC

6
’s output returns

low after 10 sec when T
2
resets. If desired,

you can generate a lock command, which
need not be secure, by adding the simple
circuit in Figure 3. (DI #2327).

"SHORT" PULSES
FROM IC1, PIN 10

~7 mSEC

1

2

14

++

1 mF
7

1M

LOCK
COMMAND

R2
24k

1/4 CD4093

~600 mSEC

3

You can generate a lock command with this additional circuit by rapidly entering four or more
short pulses.

F igure  3

You program your combination by hard-wiring the IC3-IC4 output-to-input connections, LLSSLSSL, where L and S are long and short inputs, respective-
ly, in this example.
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22k43Ok
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D
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+
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+
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Areference current source needs
high accuracy, low tempera-
ture drift, and high output

impedance. Available IC current sources
come with some of these features. How-
ever, at current levels greater than 1 mA,
their output impedance decreases to less
than 10 MV. Figure 1 shows a compos-
ite 10-mA current-source configuration
that has a compliance voltage of 5 to 42V,
a set-current error of less than 1%, a tem-
perature drift of less than 45 ppm/8C, and
an output impedance of greater than 100
MV. One application of this accurate 10-
mA current source with high impedance
is as a 4- to 20-mA current-loop calibra-
tion reference that has a maximum loop
voltage of 40V and that operates over the
240 to `858C industrial-temperature
range.

IC
1
’s V

REF
output and R

1
set I

OUT
. I

OUT

equals V
REF

/R
1 

plus IC
1
’s bias current,

which is typically 50 mA. This bias cur-
rent is a small error of less than 0.05% at
I

OUT
510 mA and changes by only 10 mA

over 240 to ̀ 858C. Changes in V
REF

and

R
1

over temperature more directly con-
tribute to I

OUT
’s accuracy and tempera-

ture coefficient. Inexpensive resistors
with 0.1% tolerances and 25 ppm/8C
drift over temperature are common. The
LM4130 has a V

REF
grade of 0.05% and 20

ppm/8C over 240 to `858C. Thus, the
worst-case current-setpoint error is with-
in 0.15% and 45 ppm/8C, which results
in an upper limit on the current error
over temperature of 0.45%, or 45 mA.

The circuit’s high performance would
degrade if its output impedance were not
very high. The circuit’s output imped-
ance is an undesirable parasitic in paral-
lel with I

OUT
. The product of IC

1
’s line

regulation times IC
2
’s line regulation de-

termines the current source’s output im-
pedance. IC

2
’s 1.2V output sets IC

1
’s in-

put-minus-output to a near constant.
IC

1
’s V

REF
over R

1
sets I

OUT
, which is twice

removed from V
IN

. V
REF

of IC
1

has an
overtemperature line regulation of 500
ppm/V, and IC

2
’s output has an overtem-

perature line regulation of 350 ppm/V.
Output impedance is greater than 300
MV, which is good, if you calculate it us-
ing only the line-regulation effects. Al-
though line regulation is the dominant
source of output impedance, other ther-
mal errors beyond line regulation de-
grade the potential of keeping very high
output impedance over temperature.
Bench measurements made on the com-
posite showed output impedance greater
than 300 MV at 258C and 100 MV over
240 to `858C. (DI #2544)

VIN VOUT
IC2

VIN 
5 TO 42V LM117

ADJ

VIN

C1
0.1 mF R1

205.8

VREF
IC1

LM4130-
2.048V

GND

IOUT 10 mA

50 mA

+

Current source has high output impedance
Clayton B Grantham, National Semiconductor, Tucson, AZ

This composite configuration of a voltage reference and a voltage regulator has high output 
impedance.

Current source has high
output impedance ......................................165

Novel method detects lock 
in Costas loops ............................................166

Coax connectors make low-cost 
test pieces ......................................................168

Transistor junction monitors 
remote temperature ....................................172

Multiple remote points control 
on/off switch..................................................174
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telecomm supplies ......................................176
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In the well-established
lock-detection scheme
for conventional PLLs,

the VCO or VCXO local oscilla-
tor splits the output into 0 and
908 signals (Figure 1). The in-
coming IF signal mixes with the
0 and 908 signals to perform
phase locking and lock detection,
respectively. This method gives
unambiguous results even under
noisy conditions.

For Costas-loop systems for
binary-phase-shift-keying de-
modulation, the demodulation
process uses both the 0 and the
908 signals. Thus, these signals
are unusable for lock detection.
Instead, simple Costas-loop systems gen-
erally use level detection as the lock-de-
tection method (Figure 2a). This
straightforward method involves detect-

ing and comparing the demodulated I
and Q signal levels. In the locked condi-
tion, the I-data level is more than the Q-
data level. In this condition, the Q-data

level equals 0. In the
unlocked condition, the
two data levels are
equal. The scheme de-
tects this difference to
indicate lock. Unfortu-
nately, this method can
give ambiguous results
under noisy conditions.

You can adopt a sim-
ilar method in modi-
fied Costas loops for
QPSK (quadrature-
phase-shift-keying) de-
modulation (Figure
2b). In the unlocked
condition, a beat-fre-
quency component is

present along with the data. In the lock
condition, this beat-frequency compo-
nent disappears. Hence, the detected I
and Q data levels are higher in the un-

LOOP
FILTER

VCXO

07

907

LOCK-
DETECTOR
OUTPUT

IF
INPUT

LOWPASS
FILTER

Novel method detects lock in Costas loops
MR Raghavendra, ISRO Satellite Centre, Bangalore, India

Various lock-detection schemes for Costas-loop systems suffer from problems. Level-detection (a) and a similar method (b) can give ambiguous results
under noisy conditions. A coherent method (c) gives unambiguous results but is complex.

A conventional PLL uses 0 and 908 signals for phase locking and lock detec-
tion.
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locked condition than in the locked con-
dition. By detecting this differ-
ence in levels, you can determine
the locked condition. This method is not
free of ambiguities under noisy condi-
tions because the detected levels change
with levels of noise. Thus, reference-volt-
age settings for level comparison are crit-
ical. At some levels of noise, level com-
parison becomes almost impossible;
under such conditions, this method of
lock detection fails.

The coherent method illustrated in
Figure 2c gives ambiguity-free lock de-
tection for modified Costas-loop sys-
tems. Unfortunately, this method is com-
plex, and the hardware realization is as
complex as the demodulation process it-
self.

Figure 3 presents a new method of
lock detection with much less hardware
complexity. You can adopt this level of
detection for any PLL system. The un-
derlying principle of this method is that
when the PLL is in lock, it tracks and neu-
tralizes all of the low-frequency modu-
lations within the loop. Therefore, if the
system introduces a low-frequency, low-
level modulation, such as at the loop-fil-
ter input, into the loop, then when the
loop is locked, the low-frequency signal
at the output of loop filter disappears.
The presence or absence of the signal at
the output of the filter provides unam-
biguous lock detection.

The circuit in Figure 3 implements
this method in a 375-MHz QPSK de-
modulator with a loop bandwidth of 10
kHz. This method involves injecting a
low-level, 50-Hz sine wave at the input of

the loop filter, which is an active filter,
and injecting a sweep signal of 2 Hz,
which speeds lock acquisition. If you use
a passive filter in place of the active fil-
ter, you can apply the signal at the input
of VCXO after the loop filter, that is at the
input of the amplifier after the passive
loop filter.

The scheme taps the output of the loop
filter and filters out the sweep signal. The
scheme then amplifies the 50-Hz signal
to compensate for attenuation in the
loop filter and rectifies the signal to give
a dc voltage to indicate its presence.
When the loop is in lock, the 50-Hz sig-
nal disappears, and the rectifier output is
zero. The lock-indication output also
cuts off the sweep. The 50-Hz signal re-

mains connected to the loop filter even
during lock. The presence of this signal
at the input of the loop filter does not de-
grade the demodulator performance be-
cause the level is low. You choose 50 Hz
as the injected signal frequency because
50 Hz is considerably higher than the
sweep-signal frequency and considerably
lower than the loop bandwidth.

The performance of this method is ef-
fective even under very noisy conditions,
such as when the input’s Eb/No (energy-
per-bit-to-noise) figure is 3 dB. Previous
methods give ambiguity-free results only
at Eb/No levels of 7 or 8 dB. (DI #2545)
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An improved lock-detection scheme introduces a low-frequency, low-level modulation into the
loop. When the loop is in lock, this low-frequency signal at the output of the loop filter disappears.
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50-Hz SINE-WAVE
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TO VCXO
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FILTER
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VREF

TO LOCK
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You can readily construct low-cost
test pieces using coaxial panel jacks
without pc boards or enclosures

(Figure 1). Some engineers and techni-
cians occasionally use this construction
technique, but the versatility of the tech-
nique is not well-known. You can design

and construct these low-cost test pieces
for a variety of passive circuits using tee,
pi, el, or bridged-tee networks. Other
simple circuits are also amenable to this
type of construction. These circuits in-
clude highpass filters, minimum-loss
pads, transformers, amplitude equalizers,

and feedthrough terminations. The tech-
nique applies to all commercial, indus-
trial, and educational breadboard units
that require a quick-and-dirty imple-
mentation. The test pieces are useful for
low-cost laboratory experiments on pas-
sive circuits at reasonably high frequen-

Coax connectors make low-cost test pieces
Richard M Kurzrok, RMK Consultants, Queens Village, NY
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cies. The quasi-open “enclosure” for the
test pieces provides good visibil-
ity of components and solder
joints.

The 50V BNC is a popular coaxial
panel connector, and significant cost
differences exist between military
and commercial versions. Some pan-
el jacks come with number 3-48
tapped holes. You can drill these
holes out for number 4-40 clearance.
This application accommodates mi-
nor differences in panel-jack hole
spacing.

Using a single panel jack with a solder
lug, you can construct a one-port circuit,
such as a termination or standard mis-
match. You can fabricate a two-port cir-
cuit using two panel jacks mechanically
secured to each other with four 4-40
stainless-steel machine screws and ancil-
lary hardware, such as hex nuts, lock
washers, and solder lugs. The four screws
provide electrical-ground continuity be-
tween the two panel jacks. You create
simple passive circuits by soldering com-
ponents, such as resistors, inductors, and
capacitors, to the panel jacks’ center
conductors and the ground lugs. You as-
semble three screws to the panel jacks be-
fore soldering and add the fourth screw
after soldering.

The test piece in Figure 1 is a pi-sec-
tion fixed attenuator. This 6-dB, 50V at-
tenuator uses 1/4W composition and car-
bon-film resistors with 5% tolerances.
The nominal value of series resistor R

2
is

36V, and the shunt resistors, R
1

and R
3
,

are nominally 150V. From 2 to 150 MHz,
the measured attenuation is 660.2 dB.At
50 MHz, the measured attenuation is 6.4
dB.

You can also create a dc block using
this construction technique by placing a
series capacitor between the panel-jack
center conductors. The 0.1-mF CK05 ca-
pacitor has a tolerance of 10%. From 300
kHz to 30 MHz at a 50V impedance, the
measured insertion loss is less than or
equal to 0.1 dB.At 50 MHz, the measured
insertion loss is 0.2 dB.

You can also achieve a pi-section low-
pass filter with a 9.6-MHz cutoff fre-
quency at a 50V impedance level using a

series inductor and two shunt capacitors.
You can characterize the filter as a single
constant-K section using image param-
eters or as a three-pole Butterworth unit
using modern network theory. Shunt in-
put and output capacitors are 330-pF
polypropylene units with 5% tolerances.
A 1.66-mH series inductor comprises 18

turns of number 26 magnet wire wound
on a Micro Metals T37-2 toroid. The es-
timate of the inductor’s unloaded Q ex-
ceeds 100. Table 1 shows the measured
test data.

When the frequency exceeds 50 MHz,
alternative design techniques are more
appropriate (Reference 1). Similar de-
signs are achievable using other panel
jacks, such as threaded-N-connector and
N types. The use of nut plates can extend
the technique to three- and four-port cir-
cuits. When radiation is a problem,
wrapping copper-foil adhesive tape
around the four machine screws provides
partial shielding. (DI #2548)

Reference
1. Kurzrok, RM, “Low-cost prototyp-

ing for VHF Circuits,” Electronic Design,
Oct 18, 1999, pg 91.
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R1
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R2
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316/

21/

21/
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You can easily construct a pi-circuit fixed attenuator using two BNC panel jacks, series resistor R2,
and shunt resistors R1 and R3.
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TABLE 1—MEASURED TEST
DATA

Frequency (MHz) Insertion loss (dB)
2.5 Less than 0.1
4 0.1
5 0.2
6 0.35
7 0.65
8 1.25
9 2.2

9.6 3.0
10.5 4.2
12 6.7
15 11.8
20 19.5
25 25.5
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Using a regular, general-purposes transistor and a thermal-diode-sensor IC, you can monitor remote temperature and display it on your PC.

The circuit in Figure 1 uses a regu-
lar, general-purpose transistor as the
sensing element and a thermal-diode

monitor IC to measure temperature. The
ADM1021 usually connects to an on-
chip thermal diode on a CPU die itself,
but in this application the sensor con-
nects to a regulator low-cost discrete npn
transistor, the 2N3904. The circuit ties
the transistor base and collector togeth-
er to form a two-wire sensor.

A technique known as DV
BE

sensing
forces two currents through the base-
emitter junction. By measuring the dif-
ferential voltage across the junction, you
can accurately determine the junction
temperature. This technique avoids the
problems associated with thermal meas-
urement using thermistors or thermo-
couples. The output from the DV

BE 
sen-

sor is approximately 2.2 mV/8C. The
ADM1021 amplifies this signal and con-
verts it to digital format.

The circuit features a simple two-wire
SMBus or I2C interface, which enables
simple communication with a mC or mP.
This case achieves communication using
three wires on a standard PC Centronics

printer port, which makes for a simple
and convenient, PC-based temperature-
measuring system.A further advantage of
the circuit is its inherent power dissipa-
tion of 500 mA. This low level enables the
circuit to obtain all its power directly
from the Centronics port. A graphical-
user-interface software application reads
the data over the Centronics port and dis-
plays the temperature in a strip-chart for-
mat or logs readings to an Excel spread-
sheet. This application is useful for
environmental temperature recording.

Four unused lines on the parallel port
power the circuit. Diodes provide isola-
tion to prevent bus contention if any of
the lines inadvertently drive low. A
74HC05 buffers the data and clock lines.
The clock line is unidirectional, and the
data line is bidirectional.

The thermal-diode monitor contains
all the necessary circuitry to force differ-
ential currents through the sensing tran-
sistor. It also contains the amplifiers, scal-
ing circuitry, and a precision ADC to
convert the small differential voltages
into temperature data. The remote-sens-
ing transistor connects via a shielded

twisted pair. The shielded twisted pair is
necessary only in electrically noisy envi-
ronments. The circuit can accommodate
temperatures of 2128 to 11288C, but in
practice the usable range is more limited.
The ADM1021 also contains both high-
and low-limit registers and has an alert,
or alarm, output. If the circuit senses a
temperature that exceeds a programmed
temperature limit, the IC activates the
alarm output, which can drive a buzzer
or warning beacon via a buffer.

Analog Devices (www.analog.com)
manufactures the ADM1021 and pro-
vides PC software for Win95 or Win98
that you can use to monitor and graphi-
cally plot the recorded temperature in
real time in a moving-strip-chart format.
The ADM1021 also monitors its own lo-
cal temperature as well as the remote-
transistor temperature. You can also
record temperatures and store them in an
Excel format for later analysis. The
recording frequency is programmable
from a maximum rate of eight recordings
per second. (DI #2547)

Transistor junction monitors remote temperature 
Matt Smith, Analog Devices, Limerick, Ireland
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Sometimes, you need to remotely
turn on or off a two-state sys-
tem, such as a light, from

multiple points. You could connect sim-
ple pushbutton switches in parallel to a
single-line bus. However, if the bus sim-
ply controls a toggle flip-flop, the system
must know its current state to positively
ensure the new, desired state. For exam-
ple, if you want to make sure the light is
on, you must have visual or electrical
feedback via a second line before decid-
ing whether to toggle the flip-flop. Also,
bounce-free pushbutton switches are
necessary.

The circuit in Figure 1 achieves posi-
tive state control according to the length
of time you activate any pushbutton
switch from S

1
to S

N
. An activation of a

few milliseconds, for example, guarantees
that the system is set to one state. An ac-
tivation of 1 sec, for example, guarantees
that the system is set to the other state. No
visual or electronic feedback is
necessary.

The circuit is a NAND R/S latch com-
prising two simple CMOS Schmitt trig-
ger NAND gates. You can use half of a
CD4093 or a 74HC132. Figure 2 depicts
the signal on the circuit’s individual
nodes. The red lines correspond to a
pushbutton’s “short” activation; the blue
lines correspond to a “long” activation.

In Figure 2, in time section A, all push-
button switches are off, both V

1
and V

2

are high, and the Q
1

and Q
2

outputs are
holding the last entered state. The figure
shows this arbitrarily as Q

1
low and Q

2

high, but the reverse state could also be
true. When one of the switches closes
(section B), V

1
goes low, but the delaying

action of R
2

and C
2

keeps V
2

high. This
action turns Q

1
high and Q

2
low, regard-

less of the previous state in section A.
If you push the button for a short time

(red line in section C),V
1
returns high be-

fore V
2

can approach gate IC
1B

’s high-to-
low hysteresis threshold, V

HL
. The circuit

remains locked with Q
1

high and Q
2

low
(red lines in sections C to E). If you push
the button for a long time, V

1
stays low

keeping Q
1

high (blue lines in sections C

and D). C
2

gradually discharges through
R

2
(section C) until V

2
crosses IC

1B
’s low-

hysteresis threshold, V
HL

, at the end of
section C. As a result, Q

2
goes high. While

the push button is still depressed (section
D), C

2
discharges even more, keeping Q

2

high. When you release the pushbutton
(section E), V

1
returns high. Now, be-

cause Q
2

is also high, Q
1

goes low. C
2

charges up again via R
2
, preparing the cir-

cuit for the next activation.
Thus, a short pushbutton activation

locks Q
1
high and locks Q

2
low.A long ac-

tivation locks Q
1
low and Q

2
high but only

after you release the pushbutton. It is im-
portant that contact bounce or reflections

from the nonterminated bus line do not
influence Q

1
and Q

2
’s final state.

Because the flip-flop’s loop delay is
negligible, the time required to com-
pletely discharge C

1
and the bus line’s

stray capacitance via the bus line’s series
resistance determine the minimum push-
button-activation time. This time never
exceeds 1 msec. The maximum short-ac-
tivation time is the time over which C

2

discharges to 90% of V
DD

, which still
keeps V

2
safely above V

HL
. For the values

of R
2

and C
2

in Figure 1, this time is 110
msec. The minimum long-activation
time is the time necessary to discharge C

2

below VHL. For a worst case of

Q1

V1
R1

S1SN

½ OF CD4093
OR 74HC132

VDD

V2

IC1A

VSS

C1 C2
10 mF

R2
100k

IC1B

Q2

SINGLE-LINE BUS

NOTE: THE VALUES OF R1 AND C1 DEPEND ON THE BUS CHARACTERISTICS.

V1

VHLV2

Q1

Q2

A B C D E

Multiple remote points control on/off switch
Tom Hornak, Portola Valley, CA

A short activation of any one of the pushbutton switches, S1 to SN, locks the output state to Q1 high
and Q2 low. A long activation sets the circuit to the opposite state: Q1 low and Q2 high.

The red line corresponds to a short-activation time in section B; the blue line corresponds to a long
activation time.
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You often need to know when a
telecomm power supply’s
output drops below its nom-

inal value. The dropout generally indi-
cates a failure and may dictate replace-
ment of the supply or some other form
of system maintenance. The circuit in
Figure 1 uses an isolated comparator to
monitor two 48V telecomm supplies (of
either polarity). The comparison occurs
on the 48V side of the isolation barrier.
The data travels across the barrier inside
the package to the output of the com-
parator, where a mP or another system
monitor can check it. IC

1
, an LTC1531

self-powered, isolated comparator, per-
forms the isolated-comparator function.
The IC has an internal capacitive barrier
that provides 3000V rms of isolation be-
tween the comparator’s inputs and out-
puts. The part provides UL-rated com-
parisons without an isolated supply or
cumbersome optoisolators. The com-
parator’s power and output data traverse
the capacitive barrier.

The two power supplies to be moni-
tored connect to the 248 A and 248 B
points; the 48V returns connect to the
“Common” input (not to isolated
ground). Resistor dividers attenuate the
248V inputs; the attenuated voltages
connect to the dual comparator at V

1
and

V
2
. The V

REG
pin of IC

1 
provides a 2.5V

regulated output, and the voltage divider
consisting of the 11.2- and 8.8-kV resis-
tors provides approximately 1.1V to the
Common point for the 48V supplies.
Connecting V

3
and V

4
to isolated ground

makes the trip point a negative voltage set
by the voltage divider at approximately
21.1V. The series-connected 1N4148
diodes act as crude clamps on inputs V

1

and V
2
. Clamping the inputs is necessary

because the comparator function is
V

1
1V

2
.V

3
1V

4
. If the inputs were not

clamped, a high voltage on one input
would allow a low voltage on the other
input to go undetected. The 866- and 22-
kV resistors provide a small amount of
hysteresis to stabilize the output for slow-
moving inputs.

When the inequality V
1
1V

2
,V

3
1V

4
is

false (that is, the sum of the power-sup-
ply voltages when attenuated is greater
than the sum of the reference voltages),
the comparator sends a signal across the
isolation barrier such that the Data out-

put goes low and the LED turns on. (Note
that the sense of the inequality is re-
versed, because you are sensing negative
voltages.) The voltages in the circuit are
such that when the sum of the two volt-
ages at 248 A and 248 B are approxi-
mately 272V, the inequality is false, and
the “Supplies OK” LED turns on. Thus,
if one supply is “good” at 248V, the oth-
er supply is considered “bad” if it falls be-
low approximately 224V. (DI #2541)

Comparator detects failed telecomm supplies
Richard Markell, Linear Technology Corp, Milpitas, CA
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A comparator with an isolation barrier forms the heart of a telecomm power-supply monitoring
system.
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V
HL

5V
DD

/2 and for the given values of R
2

and C
2
, this minimum time is 690 msec.

There is no maximum activation time.
Thus, a wide tolerance exists for both the
short and the long activation times, and
a large margin exists between the two.

C
1
bypasses any noise that the bus may

pick up from its environment. You
choose the value of R

1
to keep the bus line

high in spite of leakage. R
1

also needs to
recharge C

1
and the bus-line capacitance

to V
DD

within a few milliseconds after you

release the pushbutton. Thus, the values
of R

1
and C

1
depend on the particulars of

the bus. (DI #2549)
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The circuit in Figure 1 provides a
safety interlock that checks the actu-
ation of two pushbuttons before en-

abling a relay. When you push both but-
tons, the circuit actuates the relay. At that
point, you can release one of the
switches without the relay’s
switching off. The circuit was intended to
lock out the engine of an underwater
propulsion unit. When handling such
units on the surface, a person might ac-
cidentally press the actuator switch,
which is mounted inside the handles of
the propulsion unit.ANDing two switch-
es makes the unit safer but requires two
hands, a situation that is sometimes un-
suitable. Using the circuit in Figure 1,
you need two hands to start the engine;
once the engine is running, one hand is
sufficient to keep it running. When you
press no switch, the engine shuts off. The
circuit uses a simple 555 timer, IC

1
in a

unique way. In this circuit, the 555 serves
as a window comparator, followed by a
memory element.

Actuating one pushbutton puts the in-
put voltage between the two levels of the
comparator and thus has no effect on the
state of the 555’s internal flip-flop. Only
when you press two buttons does the
voltage go above the high trigger level and

set the flip-flop in the 555. Releasing one
button brings the voltage back to a level
inside the window and has no effect on
the state of the flip-flop. Releasing both
buttons brings the input level to ground,
thus below the low trigger level, and re-
sets the output. Because the 555 derives
its internal levels from a resistive divider,
the supply voltage has no influence on the
behavior of the circuit. The reset input
of the 555 connects to an RC circuit, so
the IC resets the output upon power-on.
By playing with the resistor values, you
can obtain many operating conditions.
The high output drive of the 555 can ac-
tuate almost any type of relay. The diode
at the output protects the 555 from the
back-EMF of the relay coil when the re-
lay shuts off.

The detection levels of the 555 are one-
third and two-thirds of the supply volt-
age. R

1
and R

2
are of equal value. When

you push no button, the input connects
to ground via R

3
. When you push one

button, the input voltage rises to
V

CC
R

3
/(R

1
1R

3
). When you push both

buttons, the input voltage rises to
V

CC
R

3
/(0.5R

1
1R

3
). If R

3
51.5 kV, and

R
1
5R

2
51 kV, you have the following

conditions:
● No buttons: V

IN
50V; thus, the out-

put is off.
● One button: V

IN
50.6V

CC
—below

the 0.66V
CC

high level; thus, no
change is in state.

● Two buttons: V
IN

50.75V
CC

—above
the 0.66V

CC
high level; the relay

switches on.
The circuit lends itself to modifica-

tions. You could add an emergency cut-
off by connecting a switch across C

1
, pro-

viding a permanent reset of the output.
Or, for delayed action, you could connect
capacitors across R

1
and R

2
. You can also

manipulate the detection levels by con-
necting a resistor between Pin 5 and V

CC

or ground. (DI #2555)

+

+

R

TRIG

CVOLT

Q

DIS

THRGND

VCC

R3
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8
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Two buttons provide safe start
Vincent Himpe, Alcatel Microelectronics, Desselgem, Belgium

Two buttons turn on the relay; one buttons keeps it going.
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Aprevious design idea is reminis-
cent of a similar but somewhat sim-
pler circuit (see “Low-power PWM

circuit is simple, inexpensive,” EDN, Jan
6, 2000, pg 119). This circuit delivers a
rectangular signal with duty cycle vary-
ing between 0 and 100% in response to
an input signal varying from 0 to 5V dc
(Figure 1). As with the above-mentioned
circuit, the frequency is not constant
(Figure 2), but the circuit is so simple
that it can be useful in certain applica-
tions. In response to the hysteresis R

2

provides and the time constant R
3
C

1
, the

comparator delivers the rectangular wave
(Figure 3). The voltage V2 at the invert-
ing input swings between the two thresh-
old levels,V

TH
and V

TL
. If you assume that

R
2
..R

1
, then V1 is always very close to

V
IN

. R
3
C

1
averages the signal at V

OUT
, and

the dc voltage at V2 is proportional to
the duty cycle of V

OUT
. The closed feed-

back loop tries to make V2 equal to V1;
therefore, the duty cycle at V

OUT
is pro-

portional to V
IN

.
The voltage at V

OH
determines both the

output signal’s high level and the full-
scale range of V

IN
. It can have any value,

insofar as it does not surpass the com-
mon-mode input range of the compara-
tor. The mathematical analysis of the cir-
cuit is easy if we assume that, because
V

TH
2V

TL
is small, we can approximate

the exponential charge and discharge of

C
1

to assume the characteristic
stemming from a constant-current
source/sink. During the charging
phase, the current is approximately
(V

OH
2V

IN
)/R

3
, so:

Similarly, during the discharge phase,
we can assume the current is V

IN
/3, and

Matching the two equations yields

and the duty cycle is

You can see that the duty cycle is di-
rectly proportional to V

IN
: 0% for

V
IN

50V and 100% for V
IN

5V
OH

. More-
over, the duty cycle is essentially inde-
pendent of the component values, with
the constraint that R

2
..R

1
to keep hys-

teresis small. An inverse relationship be-

tween duty cycle and V
OH

can be useful in
some applications, so consider V

OH
as an

additional input. The output frequency
follows the relationship

reaching its maximum at V
IN

5V
OH

/2.
Tests with a TLC393 CMOS compara-

tor and a bipolar LM393 reveal that the
TLC393 performs better at low values of
V

IN
, because of its lower V

OL
. Avoid load-

ing the comparator’s output; buffer it if
necessary, because the loading can de-
grade the switching levels. (DI #2552)

PWM circuit uses one op amp
Ferran Bayes, Electronica Digital, Barcelona, Spain
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This voltage-controlled PWM circuit is simplicity personified.
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Output frequency is a nonlinear function of the input voltage.
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The voltage at the inverting input follows a lin-
ear ramp.
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In applications in which you need re-
mote measurement of temperature
with a three-wire RTD (resistance-

temperature detector), it is important to
eliminate the ohmic errors caused by the

excitation current flowing through the
wiring resistance.You can locate the RTD
more than 1000 ft from the ADC with
wiring resistance in the tens of ohms.
Normally, you would remove the ohmic

errors by using two identical current
sources that convert the wiring drops to
a common-mode signal that the differ-
ential input of the ADC rejects. This tech-
nique is based on the not-unreasonable

Current source allows measuring three-wire RTD
John Wynne, Analog Devices, Limerick, Ireland

The 8051 series mCs offer idle and
power-down modes, both of which
you invoke by setting appropriate

control bits from the code. For instance,
a 5V, 12-MHz Atmel AT89C2051 con-
sumes approximately 9 mA in active
mode, 1.8 mA in idle mode, and only 12
mA in power-down mode. Although
power-down savings outperform those of
the idle mode by two orders of magni-
tude, the only way to restore the
AT89C2051’s operation from a power-
down state is to reset, which constitutes
a serious drawback for system designers.
This disadvantage holds true for most
8051-compatible processors; only high-
end models wake from power-down state
by interrupt. However, a simple method
exists for using an ordinary 8051 in pow-
er-down mode with interrupt recovery.
You can easily adapt the proposed solu-

tion for various requirements; the only
assumption is that an external device,
such as a keyboard or sensor, asserts an
interrupt request, which is negated when
the processor takes a specific action, such
as reading the status register. When the
mC has nothing to do, the program
switches the external pin on the mC low,
and the mC enters power-down mode.

The incoming interrupt request pass-
es through the NOR gate (Figure 1a),
causing a processor reset (Figure 1b).
When the port pin is automatically high,
the gate closes, negating the reset signal.
Such a scenario requires an initialization
program to distinguish between cold
restart (power-up) and warm restart
(wake-up).You can easily accomplish this
function by checking whether locations
in data memory match a predefined pat-
tern (signature), which is set just before

entering power-down mode. For details
on the warm-restart concept, refer to ap-
plication note AN424,“8051 family warm
boot determinations” from Philips. An-
other problem is restoring special-func-
tion registers’ contents—unlike internal
data RAM, which remains unchanged,
Special-function registers are automati-
cally initialized upon reset. Depending on
the application, some registers may al-
ways be set to predefined values, and
some must be stored in data memory be-
fore entering power-down mode and re-
loaded during warm restart. You can
download the necessary software listings
from EDN’s Web site, www.ednmag.com.
Click on “Search Databases”and then en-
ter the Software Center to download the
file for Design Idea #2557. (DI #2557)

+
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PIN

VCC

RST
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4001
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Use 8051’s power-down mode to the fullest
Jerzy Chrzaszcz, Warsaw University of Technology, Poland

A simple NOR gate (a) allows interrupt-driven wake-up from power-down mode (b).
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assumption that the wiring resistances of
the three-wire RTD are equal.
Figure 1 shows a typical circuit
based on this assumption. The two cur-
rent sources are assumed to be identical
and to track each other closely over tem-
perature and supply-voltage changes.
However, a finite level of mismatch ex-
ists. In applications in which accuracy is
paramount, it may be wise to use only
one excitation-current source for the
RTD and thus avoid any potential mis-
match between two sources. However,
the single-current-source approach for
exciting a three-wire RTD complicates
the effort to reject the ohmic drops, be-
cause you can no longer eliminate the
wiring drops as a common-mode signal.

Nevertheless, you can still eliminate
the wiring drops by using a two-channel
ADC and a little extra software compu-
tation. You take two conversions, and
software subtracts the error term stem-
ming from the wiring resistance. In Fig-
ure 2 the wiring resistances are repre-
sented by lumped elements R

L1
, R

L2
, and

R
L3

. Assume that the wiring resistance of
all three leads is equal (R

L1
5

R
L2

5R
L3

5R
L
). In fact, it is neces-

sary only that R
L2

and R
L3

be equal, be-
cause R

L1
appears in both equations. The

circuit uses the RTD in an “upside-down”
fashion. Two FET switches, SW

A
and SW

B
,

direct the excitation current through the
appropriate legs of the RTD. To avoid in-
terruptions in the current flow, make-be-
fore-break switching is advisable. Start-
ing with both switches closed, SW

A
opens,

and the AD7711A takes a measurement.
The measured voltage is 2I

1
R

L
, which

represents the out-and-back wiring drop.
Next, SW

A
closes, and SW

B
opens. The

ADC takes a measurement on Channel 2.
The measured voltage is 2I

1
R

L
1V

RTD
. This

signal represents the out-and-back
wiring drop plus the desired signal. The
V

RTD
term is the first result subtracted

from the second. The onboard, 400-mA
current source of the AD7711A serves as
the excitation current in Figure 2. (DI
#2556)
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Two current sources turn wiring drops into a common-mode signal.
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One current source and a software subtraction eliminate wiring-drop errors.
To Vote For This Design,
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Simple second-order filters meet
many filtering requirements. A low-
order lowpass filter, for example, is

often adequate for antialiasing in ADC
applications or for eliminating high-fre-
quency noise in audio applications. Sim-
ilarly, a low-order highpass filter can eas-
ily remove power-supply noise. When
you design such filters with built-in gain,
fixed-gain op amps can save space, cost,
and time. Figure 1 illustrates the use of
fixed-gain op amps in building second-
order lowpass and highpass Sallen-Key
filters. Filter “cookbooks”are useful in de-
signing these filters, but the cookbook
procedures usually break down for a giv-
en response, such as Butterworth, if the
gain set by R

F
and R

G
is greater than uni-

ty. What’s more, the cookbook compo-
nent-value formulas can yield unrealistic
values for the capacitors and resistors.

Butterworth filters, for example, offer
the flattest passband. They also provide
a fast initial falloff and reasonable over-
shoot. You can easily design such filters
using Table 1 with the following equa-
tions: R

2
51/(2pf

C
C=X and R

1
5XR

2
.

For a gained filter response, the use of a
fixed-gain op amp reduces cost and com-
ponent count. It also reduces sensitivity,
because the internal, factory-trimmed,
precision gain-setting resistors provide
0.1% gain accuracy. To design a second-
order Butterworth lowpass or highpass
filter using a fixed-gain op amp, follow
these steps:

1. Determine the corner frequency f
C
.

2. Select a value for C.
3. For the desired gain value, locate X

under the proper column heading in
Table 1.

4. Calculate R
1

and R
2

using the equa-
tions.

Choosing C and then solving for R
1

and R
2

lets you optimize the filter re-
sponse by selecting component values as
close to the calculated values as possible.
C can be lower than 1000 pF for most
corner frequencies and gains. Fixed-gain
op amps come optimally compensated
for each gain version and provide excep-

Fixed-gain op amps simplify filter design
Dan Christman, Maxim Integrated Products, Sunnyvale, CA

TABLE 1—BUTTERWORTH-
FILTER-DESIGN CRITERIA

Lowpass Highpass
Gain X X
1.25 * 1.372
1.5 2 1.072
2 0.5 0.764
2.25 0.404 0.672
2.5 0.343 0.602
3 0.268 0.5
3.5 0.222 0.429
4 0.191 0.377
5 0.15 0.305
6 0.125 0.257
7 0.107 0.222
9 0.084 0.176
10 0.076 0.159
11 0.07 0.146
13.5 0.057 0.121
16 0.049 0.103
21 0.038 0.08
25 0.032 0.068
26 0.031 0.066
31 0.026 0.056
41 0.02 0.043
50 0.017 0.035
51 0.017 0.035
61 0.014 0.029
81 0.011 0.022
100 0.009 0.018
101 0.009 0.018

* A gain of 1.25 is impossible to obtain with
matched capacitors for the lowpass case.
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Sallen-Key filters use fixed-gain op amps to realize a second-order Butterworth response.
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tional gain-bandwidth products for sys-
tems operating at high frequen-
cies and high gain. Suppose, for
example, you must design a lowpass fil-
ter with a 24-kHz corner frequency and
a gain of 10. Step 1 is complete (f

C
524

kHz). Next, complete Step 2 by selecting
a value for C, say 470 pF. In Table 1, note
that X50.076 for a lowpass filter with a
gain of 10. Substitute these values in the
equations:

R
2
51 / ( 2 p f

C
C =X 51 / ( 2 p32 4

kHz3470 pF3=0.076551 kV, and
R

1
5XR

2
50.076351 kV53.9 kV. With

these component values, the circuit in
Figure 1 yields the second-order Butter-
worth lowpass response in Figure 2. (DI
#2551)
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Using the circuit values in the text, the circuit in Figure 1a produces this Butterworth response.
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With a few inexpensive compo-
nents and INT1Ch, you can turn
the printer port of your PC into a

high-current ammeter. This design’s goal
is to make remote high-current meas-
urements, but you can use this technique
to remotely measure any other similar
analog electrical quantity, such as voltage
and charge, at moderate speeds without
going for expensive, PC-based general-
purpose or tailor-made data-logging
add-on cards.

In Figure 1a, a low temperature-coef-
ficient manganin element senses the high
current of the remote module. The man-
ganin element gives an output of 0 to 500
mV, which is V

IN
to the circuit, for an out-

put-current range of 0 to 100A. Instru-
mentation amplifier IC

1
amplifies this

output voltage by 2. Voltage-to-frequen-
cy converter IC

2
digitizes this amplified

voltage to a resolution of 13 bits. The val-

ues of R
1
, R

2
, and C

1
give a serial output-

pulse train at a rate of 10 kHz/V accord-
ing to F

OUT
5V

IN
/10(R

1
1R

2
)C.

The converter’s output linearity of less
than 0.01% ensures a linear conversion of
the sensed voltage/current to frequency
throughout the current range.

Figure 1b shows the other part of the
circuit that attaches to the PC’s LPT
printer port. This circuit couples the con-
verter’s output pulses through an opto-
coupler. It also conditions and counts the
pulses using a 16-bit counter, IC

4
and IC

5
,

whose output bits IC
7
and IC

8
buffer. The

circuit hooks the buffer outputs to the in-
put port, STATUS port at 0x379h, of the
printer adapter. The circuit inhibits or al-
lows the pulses to the counter by con-
trolling the output bit D

2
(DATA port at

0x378h) of the printer port to enable or
disable AND gate IC

4
. The PC reads the

counter output a nibble at a time by con-

trolling the address inputs of a two-to-
four decoder (IC

9
) using D

0
and D

1
bits

of the DATA port. The decoder outputs
in turn control the buffer outputs.

A simple Turbo C program controls
the remote current measurement. (You
can download the program from EDN’s
Web site, www.ednmag.com. Click on
“Search Databases” and then enter the
Software Center to download the file for
Design Idea #2550). The timer-tick in-
terrupt, 0x1Ch, which occurs 18.2 times/
sec and whose only task is to keep track
of the time of day, generates the timebase.
The timer-tick interrupt executes the
TIMEBASE() routine to update the
TIMER variable. To make a measure-
ment, the printer port first disables the
pulses to the counter by setting D

2
of the

data port to logic 0 and clearing the
counter contents by setting D

3
to logic 1

and resetting it to logic 0. To enable the

Use your printer port as a high-current ammeter
K Suresh, Indira Gandhi Centre for Atomic Research, Kalpakkam, India
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F igure  1

A low-temperature-coefficient manganin element senses the high current of the remote module, and IC2’s voltage-to-frequency converter digitizes the
resulting amplified voltage (a). This result, in turn, attaches to the PC’s LPT printer port through an optocoupler, counters, and buffers (b).

pulses to the counter, D
2

bit of data port
is a logic 1. For each 0x1C interrupt, the
TIMER increments. When the TIMER
reaches 18 (in approximately 0.989 sec),
disabling the D2 bit to logic 0 inhibits the
pulses.Also at this time, the program cor-
rects the timebase to 1 sec by applying
correction factor CF518.2/18. The

ISENSE() routine sequentially reads the
counter-output nibbles starting from
LSNIBBLE through the status port by ap-
plying addresses 0x00 to 0x03 to the de-
coder. The program applies the correc-
tion factor to the values and displays the
value of the sensed current CURRENT.
The program sets the TIMER variable to

zero and clears the counters. The unit is
now ready for another measurement cy-
cle. (DI #2550)
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The popularity and easy
access of RS-232 ports lend
them to many com-

munication projects. You
can use a port “as is” or as a tiny
parallel port when the exchange
uses only control lines. Before
the asynchronous serial-data
transfer between two devices can
take place, you must ensure that
both devices are configured to
the same data format and trans-
mission rate. Usually, the OS
utility or application program
on the host computer performs
this task, which the OS or a com-
bination of switches selects in
the peripheral.

The design in Figure 1 and the
accompanying software realize
the requirement of automatical-
ly equalizing the speed of the
parties by adapting the bit rate of
a mC’s serial port to that of a
host computer. The host sends a known
ASCII code to a mC that estimates the bit
rate of the transmission. The mC samples
the receiving end of a transmission line.
As soon as the line goes low, indicating a
start bit, the mC clears the timer. After the

line again goes high, the mC reads the
timer’s value and uses this value to cal-
culate the bit rate of a transmission. The
mC uses the calculated bit rate in a tim-
ing-delay loop for clocking out the data
from the mC to the host computer dur-
ing transmission and for sampling the in-
coming data during receiving mode. The
time between those falling and rising
edges on a transmission line depends, of
course, on the transmitted ASCII symbol.
Its good practice to use a symbol with
2k21 zeros on the low side. Then, when
you include the start bit, there are 2k trail-
ing zeroes. One timing unit is easier to
derive by substituting a division with k
right shifts.

The application in Figure 1 uses an 8-
bit RISC mP and an ASCII code of 8 (38
hex) to establish a serial communication.
Any symbol that ends with 8H also

works. The timer increments its value
every 4P/F

OSC
seconds, where P is a

prescaler factor and F
OSC

is the mP’s clock
frequency. Thus, the timer’s value after 4
bits have transmitted during the time be-
tween the falling and rising edge, is
T54/BR, is N5F

OSC
/(BR3P), where BR

is the bit rate.
Now you can derive the 1-bit trans-

mission time, which is a reciprocal of a
transmission speed, as (N/4)(4P)/F

OSC
5

N3P/F
OSC

.
Because the mP’s timer is only 8 bits

long, it is important to pick up the right
prescaler factor. N must not exceed the
timer’s capacity of 255 but should be
large enough to cover a certain range with
good resolution. For the worst case,
which is when the bit rate is at its mini-
mum, P should be P.F

OSC
/(N

MAX
3

BR
MIN

).
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Scheme autodetects baud rate
Alexander Eisen, State University of New York, Buffalo, New York

Using its internal timer, a mmP calculates the bit rate of transmission from a host computer and adapts its serial
port’s bit rate to match.
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After you determine all of these timing
relationships, you need to design a soft-
ware loop for a 1-bit delay. One machine
cycle for the mP in Figure 1 is 4/F

OSC
, so

the total cycle count for the execution
time of a loop should be NP/4. The loop

for a bit_clk is 4(k12) cycles long (List-
ing 1). Therefore, k5(NP/16)22. If you
choose P516, k then conveniently be-
comes N22. At F

OSC
58 MHz, these pa-

rameters reliably cover speeds of 2400 to
38,400 bps, or baud rate, which in the

case of the serial port is the same thing.
(DI #2546)

The circuit in Figure 1 computes the
derivative of an input signal
as the integral of the input

signal minus the signal itself. The re-
sponse of the circuit is

where R
EQ

is the parallel equivalent re-
sistance of R

1
and R

2
plus the resistance

of R
3
, or

This response is identical to that of the
classic inverting differentiator, in which
the response is V

OUT
Q2R

EQ
C

1
sV

IN
for in-

put frequencies lower than 1/2pR
EQ

C
1
. If

R
3 
is much greater than the parallel com-

bination of R
1

and R
2
, then R

EQ 
QR

3
. On

the other hand, if R
3

is set at 0V, the bias
currents of the op amp balance to mini-
mize voltage offsets, and 

A major problem with the clas-
sic inverting differentiator is high
noise. By its nature, a differentia-
tor must exhibit increasing gain
with frequency, and this increas-
ing gain amplifies the inherent
amplifier noise. An equivalent in-
put-noise voltage, V

N
in the clas-

sic inverting differentiator, pro-
duces output noise of magnitude
RCsV

N
. In the case of the differ-

entiator in Figure 1, the equiva-
lent input noise produces an out-
put magnitude of only (11
R

2
/R

1
)V

N
. (DI #2522)

_

+

IC1 OUTPUT

R2

R2

R3

R1

R1

C1

INPUT

F igure  1

Circuitcomputesfirstderivative
Richard Panosh, Vista, Bolingbrook, IL

This circuit produces less noise than the classic 
inverting differentiator.
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Short-circuit protection is an
obvious requirement for a
power supply, especially

when its load connects to a cable that’s
subject to damage. Many modern power-
converter ICs include some means of
protection, such as thermal shutdown,
against the overload condition, but, in
some cases, the built-in protection may
be inadequate. Figure 1 shows a step-
down dc/dc converter for two videocam-
eras installed on a remotely controlled ve-
hicle. Because the vehicle operates in
rather harsh environments, the cables can
frequently short-circuit during the sys-
tem’s installation and normal operation.
The cameras require 12V and consume
approximately 250 mA each. The con-
verter is based on National Semiconduc-
tor’s LM2675 chip, which by itself in-
cludes good protection against overloads.
However, in the case of a shorted output,
the catch diode, D

1
, must withstand the

maximum current from the IC. This cur-
rent, according to the data sheet, can be
as high as 2.2A, calling for an oversized
diode. Also, waiting for the thermal pro-
tection to kick in assumes that you are
willing to allow the device’s temperature
to rise significantly, heating adjacent
components. This situation is undesir-
able, given the long periods of non-
supervised operation, during which
someone should notice the problem. Ide-
ally, someone should immediately report
the faults to an operator.

The system in Figure 1 uses a Mi-
crochip Technology PIC16F84 mC, which
receives its power from a separate dc
source. As usual, the I/O pins in the mC
are at a premium, because of the multi-
tude of other tasks the controller per-
forms. However, you can obtain reliable
short-circuit protection and on/off con-
trol of the power supply using just one
I/O pin. When you first apply power, the
mC starts up. In this condition, all of its
I/O lines are high-impedance inputs, so
the LM2675 cannot start; resistor R

1
ties

its On/Off pin low.After the initialization
routine, when it is time to turn on the

camera, the mC makes its pin PB0 pin (or
any pin that has a totem-pole driver) an
output and sends a high level to that out-
put. The dc/dc converter starts up. After
a short delay, the mC again makes its PB0
pin an input, but the power supply keeps
itself on because its output voltage con-
nects to control input via R

2
and D

2
. This

condition prevails while the load is nor-
mal. When the output short-circuits, the
bias voltage disappears, and the chip
shuts itself down. The level at PB0 goes
low, notifying the mC of this condition.
(PB0 is especially useful in this situation,
because it can generate an interrupt re-
quest.) The mC can then alert the user of
the failure, try to restart the converter af-
ter a delay in a “hiccup” mode, or both.

The duration of the worst-case short-
circuit condition with this scheme is a
function of the length of the start-up
pulse from the mC. This pulse should be
long enough—usually, approximately 10
msec—to allow the normal load (with its
own input capacitors and power con-
verters) to start. The LM2675 with a catch
diode in Figure 1 withstands short cir-
cuits for several seconds without over-
heating or any other problem, so the
short-circuit mode is perfectly safe. An

added benefit is that the mC can at any
time shut down the dc/dc converter,
making it possible to save battery power
and reduce heat dissipation. For shut-
down, the mC again makes PB0 an out-
put but sends a zero to the I/O pin. The
powerful driver in the PIC16F84 easily
overcomes the bias from R

2
, D

2
, and R

1

and shuts down the LM2675. The divider
R

2
, D

2
, R

1
provides a voltage—5V in this

case—close to the mC’s V
DD

when the
output voltage is normal. Slight voltage
variations cause no harm to the mC,
thanks to the controller’s input-diode
protection and the fact that R

2 
limits the

current to the PB0 pin to a safe level.
However, you should keep the values in
the divider low enough to not create a sig-
nificant voltage drop in R

1
by the bias

current from the LM2675’s On/Off pin
(37 mA maximum). With the values
shown, the largest bias current creates a
drop that does not exceed 20% of the
lowest possible threshold (0.8V) for the
On/Off pin. (DI #2562)
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Practice safe dc/dc converter
Eugene Kaplounovski, Nautilus International, Vancouver, Canada

This dc/dc converter provides flexible overload protection and diagnostics.
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The circuit in Figure 1 complements
a previous Design Idea (Reference
1). The modulator used a phasing

network to split a low-frequency (audio)
signal into in-phase and quadrature (or-
thogonal) components. The phasing net-
work has an advantage over other phas-
ing circuits in that it delivers a phase error
of only 0.158 and has low sensitivity to
component tolerances (Reference 2). By
reversing the direction of the network—
in other words, feeding the output with
two orthogonal signals and tapping the
input—the network functions as a de-
tector. Feeding the two signals one way
may produce a signal at the input, but if
you interchange the two signals, no sig-
nal goes through. Because the network in

the modulator circuit has two floating
differential inputs, for the demodulator
you must feed them from two floating
sources.

The simplest way to obtain the feed
signals is to use transformers. T

1
and T

2

are 600V, 1-to-1 telephone-coupling
transformers with center-tapped bifilar
primary winding. It is important to min-
imize the capacitance between the pri-
mary and secondary. Q

1
through Q

4
and

Q
5
through Q

8
function as balanced mix-

ers. They provide a wide dynamic range
to the circuit. The circuit forms part of a
direct-conversion receiver. IC

1
provides

two quadrature local-oscillator signals.
IC

1
requires a drive signal with four times

the carrier frequency. IC
2
allows upper or

lower sideband selection. Measurements
on the prototype circuit show 37 dB of
unwanted-sideband rejection for a 1-kHz
modulated carrier and 32 dB of rejection
for a 3-kHz modulating signal. You must
use a sharp-roll-off, 3-kHz lowpass filter
with the circuit. (DI #2563)

References
1. Schleicher, Israel, “SSB modulator

covers the HF band,”EDN , Sept 30, 1999,
pg 122

2. Zavrell, Robert Jr, “New low-power
single-sideband circuits,” Philips Semi-
conductor, Application Note AN1981.
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Single-sideband demodulator covers the HF band
Israel Schleicher, Bakersfield, CA

This single-sideband demodulator provides sharp rejection of the unwanted sideband.
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The prescaler in Figure 1 inexpen-
sively extends the range of a fre-
quency counter by dividing the input

signal’s frequency by a factor of 1000. The
guaranteed input-frequency range of the
input prescaler, IC

1
, is 250 MHz to 2.8

GHz, although typical values are 100
MHz to 3.5 GHz. The prototype operates
at frequencies well below 100 MHz, but
its fastest generator goes only to 1.7 GHz,
so you cannot confirm the upper range.
The input-voltage range is 400 to 1000
mV p-p from 250 to 500 MHz and 100
to 1000 mV p-p for higher than 500
MHz. IC

1
serves as a divide-by-128

prescaler, whose output is a 1.6V p-p
square wave. The RC network level-shifts
the output of IC

1
to ensure that the top of

the square wave is above the 2V input
threshold of IC

5A
. The output of IC

5A
is a

5V, CMOS-compatible square wave with
a frequency of 1/128 of the input frequen-
cy. Most frequency counters can handle

these frequencies, but the submultiple is
inconvenient for an operator. A further
division by a factor of 7.8125 (1000/128)
produces a scaling factor of 1000.

Fortunately, the frequency counter av-
erages its input over many cycles, so the
output of the prescaler need not be ex-
actly 1/1000 of the input frequency for every
input pulse. The 0.8125 figure is 13 di-
vided by 16. The average frequency ratio
is therefore 7.8125 if you divide 13 out-
put pulses of 16 by eight and the re-
maining three by seven. For best results,
the divide-by-seven pulses should be as
evenly spaced as possible. The result is a
repeating sequence 16 output pulses long
with the following pattern:

IC
2

divides the prescaler’s output by
seven or eight, depending on the state of

the B input. IC
3

and IC
5

both connect to
the output of IC

2
, so they count output

pulses, not prescaler pulses. IC
5

divides
the output by five to generate the divide-
by-seven periods. IC

4
divides the output

by 16 to reset the cycle upon completion.
Without IC

4
, the cycle would continue to

divide by seven at every fifth output pulse
for a ratio of 7.8. The construction of the
circuitry inside the dashed lines in Figure
1 is critical. The MC12079 is available
only as a surface-mount device. In the de-
sign, it and its associated passive compo-
nents is mounted on a Surfboard (Capi-
tal Advanced Technologies Model 9081,
available from Digikey). It is then fas-
tened, component side up, to a bare cop-

per-clad board to create a ground plane.
All connections to ground from the high-
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2.8-GHz prescaler keeps cost down
Neil Eaton, Emsys Engineering, Peterborough, ON, Canada

Extend your frequency-measurement capability with this inexpensive divide-by-1000 prescaler.

Pulse number 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16
Divide by 8 8 8 8 7 8 8 8 8 7 8 8 8 8 7 8
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speed circuitry go directly to the ground
plane using short lengths of copper braid.
(Desoldering wick is ideal.) The input
uses a BNC chassis-mount connector
with its shell soldered directly to the

ground plane, and the center pin con-
nected to the Surfboard with the shortest
possible wire. The rest of the circuit is
noncritical. To avoid clutter, Figure 1
shows no bypass capacitors, but you

should place them near every IC. (DI
#2564)
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Have you ever wished you could
distinguish one device’s operating
state from another’s by the sounds

they make or that error states would
sound harsh while normal operations
would sound harmonious? By combin-
ing the NCO technique from a previous
Design Idea (Reference 1) with digital
mixing, you can obtain musical chords or
intervals with a minimal amount of hard-
ware and software. Any mC system
can thus produce a variety of
sounds. In Figure 1, a piezo-
electric speaker, Radio Shack Mod-
el 273-091, and two 270V resistors
transduce a pulse stream from a mC.
Differential drive to this transducer
increases the volume by doubling
the effective voltage. The capaci-
tance of the piezoelectric speaker re-
acts with the 270V resistors to inte-
grate and smooth the pulse stream.
The software (Listing 1), a tight
loop, comprises a square-wave gen-
erator and an NCO’s (numer-
ically controlled oscil-
lator’s) summing part.
After it sets up some registers,
the sound-generating loop es-
tablishes an output level for
each of two or more square
waves.

The pseudocode example in
Listing 1 demonstrates a two-
note generator in which the
output levels of two square
waves are established in regis-
ters r_vol1 and r_vol2. The
frequency of each square wave
is a function of the values set
for variables first_note and
second_note and by the cycle
rate of the loop. Note that a
half-cycle of a square wave

concludes when the corresponding
counter register (r_cnt1 or r_cnt2) reach-
es zero. The summing part of the loop
uses the NCO technique to generate an
output level for the digital mixture of the
square waves generated in the first part of
the loop. The mixing of two square waves
with frequencies of 880 Hz, the C above
middle C, and 988 Hz, the second D
above middle C, in the equal-tempered

scale produces the oscilloscope waveform
in Figure 2. An AVR AT90S Series mC
runs through the sound-generating loop
in 18 clock cycles. Thus, to produce an
880-Hz square wave with this type of mC
running at 8 MHz, the first_note or sec-
ond_note value is set at 253, which is
equal to 8 MHz/18/880/2.

A note of caution is in order in calcu-
lating this value in an assembly program:

Be careful of truncation issues; the
musical intervals sound wrong if
the frequencies are off. Also, when
you use another type of mC, you
must adjust the loop software to
compensate for differences be-
tween the mC’s instruction timing
and the assumed instruction tim-
ing of the pseudocode. All instruc-
tions should complete in one clock
cycle except for jump or branch ex-
ecutions, which take two clock cy-
cles. You can create chords by ex-
panding the software loop to

include a third square-
wave generator and modi-
fying the mixer to add in
the third note. A by-prod-
uct of this sound-genera-
tion scheme is that it lets
you control volume by
changing the volume vari-
able in Listing 1. The loud-
est possible volume occurs
when the volume variable
equals 80hex for a two-
note generator. Setting the
volume variable lower than
80hex reduces the voltage
output from each square
wave. With this scheme,
you can produce 10 dis-
tinct volume levels, using
hex values 80, 6A, 60, 58,

MICROCONTROLLER

PORTX0

PORTX1

SPEAKER

270

270

F igure  1

Add harmony to your system
Eugene O’Bryan, Food and Drug Administration, Rockville, MD

Produce harmonious sounds in your system, using this sim-
ple scheme.

F igure  2

Mixing square waves of 880 and 988 Hz produces this waveform.
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50, 48, 40, 38, 30, and 28. You can down-
load Listing 1 from EDN’s Web site,
www.ednmag.com. Click on “Search
Databases” and then enter the Software
Center to download the file for Design

Idea #2561. (DI #2561)

Reference
1. Ploss, Steve, “NCO technique helps

mC produce clean analog signals,” EDN,

April 15, 1999, pg 129.
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LISTING 1—ASSEMBLY CODE FOR SOUND GENERATION

Intelligent sensors and signal con-
ditioners for plant-automation sys-
tems must produce outputs compati-

ble with standard data-acquisition
systems, such as PCs, programma-
ble logic controllers, and remote termi-
nals for supervisory and control systems.
Standard analog inputs are 0 to 1V, w10V,
0 to 1 mA, and 4 to 20 mA. The circuit in
Figure 1 makes all these signals available,
using only three packages in addition to
the DAC. The voltage-output section re-
quires a thin-film resistor package, Beck-
man Series 668/698, which tracks with
temperature, and two FET-input op
amps. The current-output section re-
quires the addition of a four-resistor
package, Beckman Series 664/694, and
two more op amps. A reference voltage of
S1.000V yields voltage outputs of 0 to
1V and w1V and either 0 to 1 mA with
R

X
=1 kV and JP

2
and JP

4
connected or 4

to 20 mA with R
X
=83.33V and JP

1
and

JP
3

connected. A reference of S10.00V
and appropriate values of R

X
yield corre-

sponding voltage and current outputs.All
R

1
and R

2
values in Figure 1 are 100

kVw0.1%.You should select Q
1
, and pos-

sibly use a heat sink, taking into consid-
eration the supply voltage and output-
current range. (DI #2560)

Instrumentation amp provides 
unipolar and bipolar outputs
David Rathgeber, Alles Corp, Toronto, ON, Canada
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+
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This circuit simultaneously provides unipolar and bipolar voltage outputs and two output-current
ranges.

To Vote For This Design,
Enter No. 334

To Vote For This Design,
Enter No. 333
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Most logic devices have a 5V sup-
ply rail. However, you often need
to know the upper and lower

switching thresholds for a device operat-
ing at supply levels other than 5V. In
some cases, it is also important to know
the variation of these thresholds with
supply voltage. A simple test circuit al-
lows you to make these measurements
(Figure 1). The basic idea is to create an
oscillator by feeding an output signal
back to the control input and then mon-
itor the control input with an oscillo-
scope. Then, you can easily monitor the
upper and lower transition points on the
scope. To slow the frequency of oscilla-
tion and reduce the effects of propagation
delay, it’s sometimes desirable to add an
RC network.

The circuit examines the threshold
voltages at the control input of an ana-
log switch, but the scheme applies to any
simple logic device. Switching thresholds
for the IC depend on the logic-supply
voltage you apply to V

L
. (The analog-

switch channel COM-NO handles volt-
ages of 615V.) The data sheet
specifies IN thresholds for the
most common usage (V

L
55V), but the

chip accommodates V
L

from 4.5V to the positive
rail (15V in this case). The cir-
cuit characterizes threshold
voltages over the full operating
range of V

L
(Figure 2). At pow-

er-up, the switch is open. V1
charges C

1
through R

1
and R

2

until IN reaches its upper
threshold, closing the switch. C

1

then discharges to ground
(through R

2
and the switch) un-

til IN reaches its lower thresh-
old, thereby opening the switch
and repeating the cycle.

Is this the best Design Idea
in this issue? Vote at www.edn
mag.com/ednmag/infoaccess.
asp, enter No. 321 in the “Cir-
cle Number” field, and hit the
Search bar. Put a tick in the “Se-
lect” box and hit “Submit.”

TO
SCOPE

115V

1 COM

VL
MAX4622

4.5 TO 15V 15V

1112

NO

IN

V+

V1 GND

16

15

100 pF
C1

R1
100k

R2
100k

14 13
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Ride the logic thresholds
Roger Griswold, Maxim Integrated Products, Sunnyvale, CA

You can use an oscilloscope to measure switching thresh-
olds of any simple logic device as a function of supply 
voltage.

For the circuit in Figure 1, the thresholds vary with supply voltage as shown.

F igure  2
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CRC (cyclic-redundancy check-
ing) allows you to verify the
integrity of transmitted

data frames. It finds use in many trans-
mission protocols, both bit-oriented
(High Level Data Link Control, Ad-
vanced Data Communications Control
Procedure, CRC-CCITT, for example)
and frame-oriented (asynchronous
transfer mode, Ethernet, Fiber Distrib-
uted Data Interface, for example). CRC
protection constitutes adding redundan-
cy bits (n2k bits) to a frame (k bits) of
data to transmit a coded frame of n bits.
Express the data as a polynomial data
frame of k bits:

X
k
={x

k11
, x

k12
,…, x

0
},

which is written as:

X
k
(D)=x

k11
Dk11+x

k12
Dk12+

…+x
1
D+x

0
,

where D is the variable and bits x
i 
(1,0)

are the coefficients of the polynomial.
Starting from X

k
(D) to generate a code

word of n bits (n.k), you use a so-called
generator polynomial:

G
n1k

(D)=g
n1k11

Dn1k11+g
n1k12

Dn1k12+…+g
1
D+g

0
,

Multiplying x
k
(D) by Dn2k, you obtain a

polynomial of grade n. This operation
shifts the data X

k
(D) to the left by n2k

bits, attaching n2k zeros to the least
significant bits. Now, consider:

Dn1k11X
k
(D)=Q

k
(D)•

G
n1k

(D)+R
n1k11

(D),

where the original data multiplied by
Dn2k is divided by the generator poly-
nomial, yielding the quotient Q

k
(D)

and the remainder R
n2k21n

(D), which
always has the grade n2k21 (n2k
bits). The transmitted frame consists
of the original data followed by n2k
bits of remainder. The polynomial
arithmetic, in this case, is cast in a bi-
nary algebraic field. Addition and
subtraction are identical and equiva-
lent to an XOR operation without the
need of a carry. Thus, it is possible to
rewrite Equation 4 as follows:

Dn1kX
k
(D)+R

n1k11
(D)=

Q
k
(D)•G

n1k
(D).

Equation 5 shows that the trans-
mitted frame is divisible by the gen-
erator polynomial. At the receiving
side it is divided by the same genera-
tor polynomial, and the quotient,

Z21 Z21 Z21 Z21

g0 g1 g2 Gn1k11

DATA_IN

F igure  1

VHDL produces CRC checker
Antonio Di Rocco, Siemens ICN, L’Aqila, Italy

The linear-feedback shift registers implement the division of Gn11k(D).

This simulation has a data-frame size of 20 bits.F igure  2

(1)

(2)

(3)

(4)

(5)
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Q
k
(D) is discarded. If no errors exist in

the transmitted data, the remainder
should always be zero. Both the trans-
mitter and the receiver side must perform
the same division by G

n2k
(D). The linear-

feedback shift registers in Figure 1 im-
plement the division. When the kth bit
loads in, the shift-register value is the re-
mainder. For more information about
how the CRC scheme works, see Refer-
ence 1. An AND function performs mul-
tiplication by one or zero, and an XOR
function performs the sum (subtraction)
operation. Listing 1 shows simple syn-
thesizable VHDL code that generates the
divider schematic.

The code includes constants that allow
division by the generator polynomial.
Note that Listing 1 includes common
polynomials from Listing 2, used as ex-
amples (see commented Constants) and
also includes the relative initial value of
the CRC shift register. Some standards
dictate reversing the incoming bit stream
(LSB first), the calculated CRC, or both.
The signal load_frame, active high, de-
fines the dimension of the serially loaded
data frame. For example, the simulation
in Figure 2 has a data-frame size of 20
bits. At the 20th bit, load_frame goes low,
reloading the initial value for the CRC
shift registers in readiness for the next
frame. The calculated CRC value is
CC16. You can download listings 1
and 2 from EDN’s Web site, www.
ednmag.com. Click on “Search Databas-
es” and then enter the Software Center to
download the file for Design Idea #2553.

Is this the best Design Idea in this is-
sue? Vote at www.ednmag.com/ednmag/
infoaccess. asp, enter No. 322 in the “Cir-
cle Number” field, and hit the Search bar.
Put a tick in the “Select”box and hit “Sub-
mit.”

Reference
1. Ross, N, “A painless guide to CRC 

error detection algorithms,” ftp://ftp.
rocksoft.com/papers/crc_v3.txt.
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LISTING 1—SERIAL CRC CHECKER/GENERATOR

LISTING 2—POLYNOMIALS AND RELATIVE INITIAL VALUE 
OF CRC SHIFT REGISTER

123



124 edn | August 3, 2000 www.ednmag.com

ideasdesign

Using a product originally devel-
oped for PC-motherboard environ-
mental monitoring, you can config-

ure a low-cost, general-purpose DAS
(data-acquisition system). The DAS in
Figure 1 can directly monitor multiple
voltage channels, as well as temperature
and frequency. It can also monitor digi-
tal sensors. Using only a few additional
components, the system can accommo-
date other sensor and transducer ele-
ments. Figure 1 shows one possible con-
figuration.You can expand the scheme to
cover additional input channels if neces-
sary. For voltage sensing, the ADM9240
contains a multichannel ADC that can
directly monitor as many as six input
channels. The original intent of the IC
was to monitor power supplies on PC
motherboards, but it is flexible enough
for general-purpose use. The maximum
input-voltage ranges on the channels are
3.3, 3.6, 4.4, 6.64, and 16V. Figure 1 shows
the DAS monitoring two power supplies:
PS1 and PS2. You can measure voltages

greater than the channel range by using
a simple voltage divider, as illustrated
with PS3.

You can use the onboard DAC in the
DAS, originally intended as a fan-speed
controller, as a programmable, precision
voltage reference. This configuration, for
example, would facilitate measuring re-
sistance-type sensors with the voltage-
sensing channels. You could also use it as
a bridge-excitation voltage source for ac-
curate bridge-sensing applications. You
can determine an unknown resistance
value by setting the DAC’s output voltage
to a known level and using a known fixed
resistance (Figure 1).You can implement
current sensing by placing an accurate se-
ries resistor, R

SENSE
, in the ground line and

then monitoring the voltage drop across
the resistor. An on-chip bandgap silicon
sensor in the DAS provides temperature
monitoring over the IC’s 240 to 1858C
operating range. You can use two fre-
quency-monitoring channels in the DAS
to monitor the pulsed digital output from

a tachometer. The channels can also serve
as general-purpose frequency counters.

The original intent of the five digital-
input lines in the DAS was to monitor
digital voltage-identification lines. You
can use these lines as general-purpose in-
put lines. They can sense high- or low-
level status signals from digital sensors or
from alarm channels. Figure 1 shows a
thermostatic sensor.You control and read
the DAS using a simple two-wire SMBus
or I2C interface to a mC or mP. If a dedi-
cated I2C controller is unavailable, you
can use a port “bit-banging” technique.
Easy expansion is also possible by select-
ing a different device address. Using a dif-
ferent device-address bus needs no addi-
tional communication lines, because
multiple devices may reside on the same
bus.

Is this the best Design Idea in this is-
sue? Vote at www.ednmag.com/ednmag/
infoaccess.asp, enter No. 323 in the “Cir-
cle Number” field, and hit the Search bar.
Put a tick in the “Select”box and “Submit.”
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Data-acquisition setup measures everything
Matt Smith, Analog Devices, Limerick, Ireland

You can configure a DAS to simultaneously measure multichannel voltages, temperature, resistance, current, and frequency.
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If P is outside triangle ABC, the three new tri-
angles will extend beyond ABC’s borders.

If P is within triangle ABC, the three new trian-
gles will be within ABC, too.
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Arecent software proj-
ect approximated the
phase-space trajectory

(also known as a strange at-
tractor) of a certain dynam-
ic system by using several
nonoverlapping triangles. It
became necessary to deter-
mine whether particular op-
erating points were on or off
that attractor. Determining
whether a circle or a rectan-
gle contains a point is trivial.
A circle centered at point C
and having a radius R con-
tains a point P(x,y) only if
||CP||,R. A rectangle ABCD
with opposite vertices
B(x

1
,y

1
) and D(x

2
,y

2
) con-

tains a point P(x,y) only if
x

1
,x,x

2
and y

1
,y,y

2
.

However, it is not such a triv-
ial task to determine whether
triangle ABC, which has ver-
tices A(x

1
,y

1
), B(x

2
,y

2
), and

C(x
3
,y

3
), contains point

P(x,y) (Figure 1). You can
simplify the task by calculat-
ing the triangle’s area using
the formula:

where P
1
, P

2
, and P

3
are the vertices. If you

use the absolute value of the determinant,
you need not be concerned whether
P

1
P

2
P

3
are labeled in a counterclockwise

fashion. To determine whether ABC con-
tains P, calculate the area of ABC using
Equation 1 and then define three new tri-
angles, each having as its vertices point P
and two vertices of ABC.

This operation results in three unique

triangles: ABP, BCP, and
CAP.You can then calculate
the areas of triangles ABP,
BCP, and CAP. If ABC con-
tains P (Figure 2), then Area
(ABP)1Area (BCP) 1Area
(CAP)5Area (ABC). If
ABC does not contain P
(Figure 3), then Area
(ABP)1Area (BCP)1Area
(CAP).Area (ABC).

The beauty of the algo-
rithm in Listing 1 is that
you need no squares, square
roots, or trigonometric
functions. You can extend
the methodology to trian-
gles in 3-D space. You can
also adapt it for finding the
area of irregular-shaped
polygons. The C11 pro-
gram in Listing 1 is for a
TTriangle class having a
Contains(...) function sim-
ilar to that of the Windows
TRect class. TFPoint is the
floating-point equivalent of
the integer TPoint class.You
can download Listing 1
from EDN’s Web site, www.
ednmag.com. Click on
“Search Databases” and en-
ter the Software Center to

download the file for Design Idea #2566.
Is this the best Idea in this issue? Vote at
www.ednmag.com/ednmag/infoaccess.
asp, enter No. 324 in the “Circle Number”
field, and hit the Search bar. Put a tick in
the “Select” box and hit “Submit.”
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P

A

B
C

P
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A

B
C
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Algorithm tests for point location
Lawrence Arendt, Manitoba HVDC Research Centre, Winnipeg, Canada

It is not a trivial task to determine whether a
point P is within a triangle ABC.

F igure  1

LISTING 1—HIT TEST FOR TRIANGULAR REGIONS
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AGC (automatic-gain-control)
circuits are useful in applications
ranging from automation to digital

communications. Figure 1 shows
a typical AGC implementation
with a feedback structure. The purpose of
the circuit is to maintain a constant en-
ergy level at the output y(t). The output
signal feeds a full-wave rectifier and then
a filter to produce an estimate, E(t), of the
signal energy.A subtracter weighs this en-
ergy signal against a preselected reference
value. The difference signal causes the
control circuit to vary the amplifier gain,
to keep E(t) as close as possible to E

REF
.

Figure 2 shows an AGC implementation,
which uses a first-order lowpass filter
with cutoff frequency f

C
. The PGA (pro-

grammable-gain amplifier) uses a Xicor
X9C103 digital potentiometer, a 100-tap,
10-kV device. Digital transitions on con-
trol-signal pin INC control the poten-
tiometer’s resistance, provided that CS is
low. Transitions in control signal INC

produce increments/decrements in the
resistance value between pins RL and
RW, depending on the value of the con-
trol signal U/D.

The control block in Figure 1 works as
follows: The potentiometers P

1
and P

2 
es-

tablish two energy levels, E
MAX

and E
MIN

,
which are slightly greater and lower, re-
spectively, than the desired level E

REF
. If

the energy of y(t) is greater than E
MAX

, the
control circuit starts to reduce the resist-
ance of the X9C103, causing the gain of
the PGA to decrease. The inverse occurs

when the energy of y(t) is low-
er than E

MIN
. If the output sig-

nal’s energy is between E
MAX

and E
MIN

, the control circuit
ceases to alter the gain of the
PGA, and the circuit operates
in open-loop fashion. For the
programming pulses (INC),
use a fixed-frequency square-
wave signal, which defines the
adaptation rate of the PGA.

Figure 3 shows the experimental results.
The input signal (Figure 3a) is a sinusoid
with a frequency of 3840 Hz, amplitude-
modulated by a 50-Hz square-wave sig-
nal. The maximum and minimum levels
of the input signal are 1V and 200 mV, re-
spectively. The cutoff frequency of the fil-
ter is 589 Hz. The programming pulses
consist of a 7.68-kHz square-wave signal
(readily available in the application at
hand).

To keep the output signal’s amplitude
in the interval 0.9 to 1V, adjust the E

MAX

CONTROL

x(t)

+

EREF

E(t)

y(t)

f
1
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Digital potentiometer controls AGC circuit
Miguel Tavares, Goncalo Tavares, and Moises Piedade, INESC/IST, Lisbon, Portugal

A classic AGC circuit keeps the output-energy level constant.
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A digital potentiometer adjusts a PGA’s gain to provide an AGC function.
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and E
MIN

levels to 0.64 and 0.57V, re-
spectively. In a full-wave rectifier,
with a sinusoidal input signal, the
energy relates to the amplitude by
E52A/p. Figure 3b, the output of the
AGC circuit, shows that the circuit be-
haves as expected. Note that the settling
time of the gain changes depends not
only on the frequency of the adaptation
signal (INC) but also on the energy lev-
el of the input signal. The circuit ob-
tained good performance for an input-
signal amplitude in the interval 0.05 to
2.2V. This interval represents approxi-
mately 33 dB of dynamic range. The cir-
cuit is well-suited for implementation in
systems using a DSP. You insert an ADC
after the PGA, and the DSP performs all
computations on the right side of the
dotted line in Figure 2—full-wave recti-
fier, lowpass filter, and control. The DSP
provides the digital control signals (INC
and U/D) to the PGA. Is this the best De-
sign Idea in this issue? Vote at www.edn
mag.com/ednmag/infoaccess.asp, enter
No. 325 in the “Circle Number”field, and
hit the Search bar. Put a tick in the “Se-
lect” box and hit “Submit.”

F igure  3

The input signal (a) to Figure 2’s circuit is a 3840-Hz sine wave modulated by a 50-Hz square wave.
You can see the settling characteristics in (b).

The Infineon C16x Se-
ries of mCs use an in-
ternal 16-bit-register

architecture. The architec-
ture can also process byte-
wide functions. The mC
uses byte moves to imple-
ment library functions
such as memset() or mem-
copy(). This process makes
the library code independ-
ent of count values and ad-
dress values; both may be
odd or even. The disadvan-
tage is the loss of speed be-
cause of the need to process
loop counters for every
byte. Memory access also
cuts the speed, because two
cycles are necessary to
write a word in 2 bytes. The
code in Listing 1 imple-
ments a fast_memset()

function that takes care of the
byte count as well as the start
access. Both may be odd or
even. The function uses as
many word moves as possible
to preset the memory area.
You can easily change the
routine to process the copy
function, memcopy(), with
the same advantages. You can
download Listing 1 from
EDN’s Web site, www.edn-
mag.com. Click on “Search
Databases”and then enter the
Software Center to download
the file for Design Idea #2569.
Is this the best Idea in this is-
sue? Vote at www.ednmag.
com/ednmag/infoaccess.asp,
enter No. 326 in the “Circle
Number” field, and hit the
Search bar. Put a tick in the
“Select”box and hit “Submit.”

Speed C functions for C16x mmCs
Hans-Herbert Kirste, WAGO, Minden, Germany

LISTING 1—FUNCTION-ACCELERATION CODE 
FOR C16X mmCS

(a)

(b)

t (2 mSEC/DIV)

t (2 mSEC/DIV)
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Intelligent sensors and signal con-
ditioners for plant-automation sys-
tems must produce outputs compat-

ible with standard data-acquisition
systems, such as PCs, programmable
logic controllers, and remote terminals
for supervisory and control systems.
Standard analog inputs are 0 to 1V,

610V, 0 to 1 mA, and 4 to 20 mA. The
circuit in Figure 1 makes all these sig-
nals available, using only three packages
in addition to the DAC. The voltage-
output section requires a thin-film re-
sistor package, Beckman Series 668/698
(which tracks with temperature), and
two FET-input op amps. The current-
output section requires the addition of
a four-resistor package, Beckman Series
664/694, and two more op amps. A ref-
erence voltage of 21.000V yields volt-
age outputs of 0 to 1V and 61V and ei-
ther 0 to 1 mA with R

X
51 kV and JP

2

and JP
4

connected or 4 to 20 mA with
R

X
583.33V and JP

1
and JP

3
connected.

A reference of 210.00V and appropri-
ate values of R

X
yield corresponding

voltage and current outputs. All R
1

and
R

2
values in Figure 1 are 100 kV60.1%.

You should select Q
1

and possibly use a
heat sink, taking into consideration the
supply voltage and output-current
range.

Is this the best Design Idea in this is-
sue? Vote at www.ednmag.com/ednmag/
infoaccess. asp, enter No. 327 in the “Cir-
cle Number” field, and hit the Search bar.
Put a tick in the “Select”box and hit “Sub-
mit.”
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Instrumentation amp provides 
unipolar and bipolar outputs
David Rathgeber, Alles Corp, Toronto, ON, Canada

This circuit simultaneously provides unipolar and bipolar voltage out-
puts and two output-current ranges.

Due to a translation error, many sub-
scripts and mathematical symbols were
typeset incorrectly in this Design Idea,
which was published in the last issue 
(July 20, pg 150). We apologize to Mr
Rathgeber and present the corrected 
version here.
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Bridge transducers are notori-
ously temperature-sensitive. When
the temperature changes, almost

everything else varies with some param-
eters increasing and some decreasing.
The TCS (temperature coefficient of
span) is generally negative for piezoelec-
tric pressure sensors, and the TCR (tem-
perature coefficient of resistance) is pos-
itive. In other words, as the temperature
rises, the sensitivity decreases, and the re-
sistance of the bridge increases. In gen-
eral, the TCS and TCR are close to each
other. This fact has in the past motivated
designers to add both active and passive
external components to achieve some
measure of temperature compensation.
However, the calibration of such systems
can be tedious; the resulting perform-
ance, problematic. Piezoelectric-bridge
manufacturers have tried to ease
the problem by equalizing the co-

efficients in their manufacturing process-
es. Another approach is to simply meas-
ure the temperature of the bridge and
then use a mC to compensate in software,
given certain basic properties, such as the
bridge resistance at 258C and the TCR.
This approach is effective, but concerns
that the temperature you measure may
not be the real temperature of the bridge
hamper it. For instance, placing the tem-
perature sensor relative to mechanical at-
tachment of the strain gauge has a crucial
bearing on the accuracy of the reading.
It’s not unusual to see errors of 18C or
more in such situations. The idea pre-
sented here (Figure 1), suggested in Ref-
erence 1, is to determine the temperature
of the bridge by measuring the voltage

across the bridge as a result of a known
excitation current flowing through it.

R
REF

, reference voltage V
REF

, and op
amp IC

1
determine the excitation cur-

rent, which equals V
REF

/R
REF

. The differ-
ential bridge output, seen between ter-
minals OUT(+) and OUT(2), feeds
directly into channel AIN1 of the
AD7706 ADC. This signal is a pseudo-
differential input with respect to the
ADC’s Common input and can accept
full-scale signals as low as 20 mV while
providing full 16-bit performance. The
AD7706 has three pseudodifferential in-
puts, all having the Common input as ref-
erence. The Common input connects to
the midpoint of the bridge and serves a
reference point from which to make all

Bridge-temperature measurement 
allows software compensation
John Wynne, Analog Devices Inc, Limerick, Ireland
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You can provide software compensation for bridge-temperature coefficients through accurate tem-
perature measurements.
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the necessary measurements. Computing
the voltage across the bridge entails two
additional measurements. Input channel
AIN2 measures the voltage from the top
of the bridge to its midpoint (Common
terminal), and input channel AIN3 meas-
ures the voltage from the midpoint to the
bottom of the bridge. You can then com-
pute the voltage across the bridge. As-
sume that the resistance of the bridge is
independent of the pressure under meas-
urement at least to the extent that the er-
ror is small compared with the measured
results.

The AD7706 is a complete, 16-bit
(with 14-bit maximum integral nonlin-
earity) delta-sigma ADC intended for dc
and low-frequency ac measurements. Be-
cause its power consumption is 1 mW
maximum at 3V, you can use the device
in loop-powered, battery-powered, and
local applications. The on-chip pro-
grammable-gain amplifier has gain set-
tings of 1 to 128 to accommodate both
low- and high-level analog inputs with-
out the need for external signal-condi-
tioning hardware.You can find addition-
al information about the IC at http://

products.analog.com/products/info.asp?
product=AD7706. (DI #2576)

Reference
1. Paillard, Bruno,“Temperature com-

pensating an integrated pressure sensor,”
Sensors, January 1998, pg 36.

The circuit in Figure 1 is a pro-
grammable power switch that
offers on-state periods of 5 sec

to three hours. It consumes zero power in
the off state and has zero voltage drop in
the on state. S

1
is a power-on switch.

When you press S
1
, the battery powers an

eight-pin PIC12C508 mC. Because the
value of C

1
is fairly large, it powers the mC

long enough for the processor to send out
a pulse through GP5 and GP4 to turn on
a latching relay. Once the relay is on, the

mC derives power through D
1
. C

1
dis-

charges through D
2

when you release the
button. After turning on the relay, the mC
reads the four inputs GP0 through GP3
to determine the delay time (Table 1).
Once the time is over, an inverted pulse
appears on GP5 and GP4 and turns off
the latching relay. Once the relay turns
off, the circuit consumes no power. You
can download the PIC12C508 assembly
program for the timer from EDN’s Web
site, www.ednmag.com. Click on “Search

Databases” and then enter the Software
Center to download the file for Design
Idea #2571. (DI #2571)

VDD

GP5

GP4

GP3

VSS
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GP2

8

7

6

5
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2
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4
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+

5V

1
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S1

AGN2104N

+
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Timer automatically shuts off 
Yongping Xia, Teldata Inc, Los Angeles, CA

This timer consumes no power in the off state and has zero voltage drop in the on state.

TABLE 1-DELAY TIMES
DCBA Time
0000 10 sec
0001 15 sec
0010 20 sec
0011 30 sec
0100 45 sec
0101 One minute
0110 Two minutes
0111 Three minutes
1000 Five minutes
1001 10 minutes
1010 15 minutes
1011 30 minutes
1100 45 minutes
1101 One hour
1110 Two hours
1111 Three hours

Is this the best Design Idea in this issue?
Vote at www.ednmag.com/ednmag/
infoaccess.asp, enter No. 440 in the 
“Circle Number”field, and hit the Search
bar. Put a tick in the “Select” box and hit
“Submit.”

Is this the best Design Idea in this issue?
Vote at www.ednmag.com/ednmag/
infoaccess.asp, enter No. 441 in the 
“Circle Number”field, and hit the Search
bar. Put a tick in the “Select” box and hit
“Submit.”
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Programmable-gain amplifiers,
many of them monolithic, are con-
tinuously improving, with lower

noise and higher gain-bandwidth prod-
ucts. But for high-end applications, mul-
tichip circuits are still necessary. For ex-
ample, the amplifier in Figure 1 ori-
ginally served as the photomultiplier pre-
amplifier in a Doppler system intended
for eventual operation in the Martian at-
mosphere. The design is based on a

switchable array of six Maxim MAX4258
dual-channel video multiplexer-ampli-
fiers, IC

1
through IC

6
. Under control of

a 4-bit input word, you can set the num-
ber of stages in the gain cascade to three,
four, five, or six. Because each multiplex-
er-amp has a fixed gain of four, each unit
change in the stage count changes the
overall gain by 12 dB. In addition, you
can interpose a 6-dB attenuator between
the last and the next-to-last gain stages.

The attenuator adds a factor-of-two res-
olution to the programmed gain and
eight distinct gain settings (Table 1).

Gain-change settling time is lower
than 30 nsec. The greater-than-100-MHz
bandwidth of each stage results in an
overall passband for all gain settings of
greater than 60 MHz. The five lowpass-
bandpass capacitors, C

1
through C

5
, de-

termine the lower end of the passband.
In the original application, the frequen-

+
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Video amplifier provides digital gain control
Stephen Woodward, University of North Carolina, Chapel Hill, NC

You can obtain eight distinct gain settings with this low-noise, high-bandwidth video amplifier.
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cies of interest don’t extend much be-
low 100 kHz. So, using 0.1-mF capac-
itors results in a roll-off of approxi-
mately 50 kHz. Larger values for these
capacitors would reduce this figure.
Omitting the capacitors for a dc re-
sponse is not recommended, howev-
er, because the resulting amplification
of IC

1
’s input offset would produce an

output offset in the order of volts at
high gain settings. You can generate

the gain-programming
word using any TTL-
compatible, 8-bit paral-
lel-I/O port, such as a
PC’s parallel printer
port or an EIA-1284-
compatible port. The
HCT04 CMOS inverter
chip in the gain-control
pathway blocks any pos-
sible noise entry in the
gain-control lines.

The overall input-referred volt-
age noise is approximately 2 nV
per the square root of hertz, equiv-
alent to the Johnson noise of a
250V resistor. Maximum output
level is 15 dBm (3.6V p-p) into
50V and twice that into high-im-
pedance loads. The combination
of extreme gain and high-fre-
quency response (gain-bandwidth
products approaching 200 GHz)
of this circuit mandates careful at-
tention to issues of ground-plane
and power-supply-bypass integri-
ty. In addition, you must make
every effort to minimize stray ca-
pacitance around the feedback-pin
(Pin 5) components of all gain
stages. (DI #2559)

TABLE 1—DIGITAL GAIN SETTINGS
Code D C B A Gain (into 50VV,

in decibels)
1 0 0 0 0 3316=24.1
2 0 0 0 1 3332=30.1 
3 0 0 1 0 3364=36.1
4 0 0 1 1 33128=42.1
5 0 1 1 0 33256=48.2
6 0 1 1 1 33512=54.2
7 1 1 1 0 331024=60.2
8 1 1 1 1 332048=66.2
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Is this the best Design Idea in this
issue? Vote at www.ednmag.com/
ednmag/infoaccess.asp, enter No.
442 in the “Circle Number” field,
and hit the Search bar. Put a tick in
the “Select” box and hit “Submit.”
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The circuit in Figure 1 produces
clock pulses with variable
duty cycle from a gated clock.

The output of the circuit, pulse, is always
1808 out of phase with the clock input.
When the delay-logic elements, IC

5
and

IC
7
, have the same propagation delays,

the duty cycle of the circuit’s output is
50%. The circuit produces gated clock
pulses when the gate input, gate, is high
and the active-low reset, reset_n, is high.
Increasing the propagation delays of the
increase-duty-cycle delay-logic element,
IC

5
, causes an increase in the duty cycle

of the gated-clock output, pulse. The de-

Gated clock has duty-cycle control
Paul Kemp, University of Colorado, Colorado Springs, CO

You can control the duty cycle of pulses from a gated clock.

Ring detection is a common task in
telephony-related digital design.
The goal is to sense an ac ringing

voltage applied to the telephone line by
a central office or PBX (private branch
exchange) and then pass an appropriate
signal to the mC or mP. Figure 1a shows
a typical ac-coupled ring-detection cir-
cuit. The serially connected capacitor
closes the ac path and the optoisolator
provides galvanic isolation between the
line and the logic. The output capacitor

integrates the pulse train to form a ring
envelope signal. More sophisticated de-
signs may use the unfiltered output for
ring-frequency discrimination. Unfortu-
nately, some PBX systems signal ringing
to extension phones by raising the dc line
voltage. A traditional ac-coupled detec-
tor is thus useless. The circuit in Figure
1b consists of a full-wave rectifier, a cur-
rent-limiting resistor, a zener diode, and
a high-gain optoisolator with output
pullup. By changing component values,

you can easily meet circuit requirements
for circuit isolation, input-voltage range,
threshold voltage, and line load. (DI
#2567)
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Simple circuit detects dc ringing
Jerzy Chrzaszcz, Warsaw Institute of Technology, Poland

The ac-coupled circuit in (a) is useless in some PBX systems; the configuration in (b) takes over for PBX-generated dc ringing signals.
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Is this the best Design Idea in this issue?
Vote at www.ednmag.com/ednmag/
infoaccess.asp, enter No. 443 in the 
“Circle Number”field, and hit the Search
bar. Put a tick in the “Select” box and hit
“Submit.”
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crease-duty-cycle delay-logic element,
IC

7
, reduces the duty cycle of the gated-

clock output. Listing 1 is a Verilog mod-

el of the circuit; a Verilog testbench ver-
ifies the circuit’s function. A pair of de-
lay-logic elements is modeled with 20 de-

lay lines of 1 nsec each. The testbench in-
stantiated this operation. A simulation
(Figure 2) used Cadence Verilog-XL. A

20-MHz clock serves as the in-
put clock. The select signals in
Figure 2 for the increase-duty-
cycle delay-logic element, IC

5
,

and the decrease-duty-cycle de-
lay-logic element, IC

7
, corre-

spond to the number of 1-nsec
delay elements inserted into the
delay paths. Thus, a select val-
ue of 12 corresponds to a 12-
nsec delay. You can download
Listing 1 and the Verilog test-
bench from EDN’s Web site,
www.ednmag.com. Click on
“Search Databases” and then
enter the Software Center to
download the file for Design
Idea #2554. (DI #2554)

Verilog simulates the function of the circuit in Figure 1.

F igure  2

LISTING 1—GATED-CLOCK DUTY-CYCLE CONTROLLER

Is this the best Design Idea in
this issue? Vote at www.edn
mag.com/ednmag/infoaccess.
asp, enter No. 444 in the “Circle
Number” field, and hit the
Search bar. Put a tick in the “Se-
lect” box and hit “Submit.”
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By configuring a charge-pump
voltage doubler as a tripler,
you can readily derive 15V

from 5V (Figure 1). A 15V rail is useful
for powering op amps, LCD-bias circuits
and other low-current applications. The
connections shown configure the IC

1

voltage doubler as a tripler. The no-load
output voltage of the circuit is approxi-
mately 3V

IN
22V

D
, where V

D 
is the volt-

age drop across one diode. Use Schottky
diodes as shown to minimize V

D
and its

effect on output voltage. Because the cir-
cuit’s finite output impedance causes the
output voltage to drop with load current
(Figure 2), a practical limit for
load current is approximately 30
mA. (DI #2570)
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Tripler converts 5 to 15V
Ken Yang, Maxim Integrated Products, Sunnyvale, CA

This circuit (almost) triples the input voltage for low-current applications.
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Finite output impedance causes a decline in voltage with increasing load current.

Is this the best Design Idea in this issue?
Vote at www.ednmag.com/ednmag/
infoaccess.asp, enter No. 445 in the 
“Circle Number”field, and hit the Search
bar. Put a tick in the “Select” box and hit
“Submit.”

Astandard technique for generat-
ing analog voltages using mCs
is to use a PWM output and

filter the signal with a simple RC filter
(Figure 1). The voltage of the PWM sig-
nal is directly proportional to the mC’s
supply voltage, so it is not necessarily
clean or stable. To overcome this prob-
lem, you can use the circuit in Figure 2.
Here, a 74HC14 Schmitt-trigger array
serves as an output stage for three PWM
signals from an SX18 mC. (The idea ap-

plies to other mCs, too.) The 74HC14 de-
rives its supply voltage, V

CCA
, from the

stabilization circuit comprising the inex-
pensive shunt regulator, SR

1
. You can ad-

just V
CCA

by trimming R
1
. The test circuit

used V
CCA

54.096V. The PWM signals
now have a stable amplitude that varies
less than 0.1% when the mC’s supply
varies from 4.5 to 5.5V. Resistors R

3
to R

5

limit the current flowing from the mC
through the 74HC14’s input-protection
diodes when V

CCA
is too low. The values

Generate stabilized PWM signals
Martin Ossmann, FH, Aachen, Germany

GND

PWM1

VCC

VCC

SCENIX SX18
mC

4.5 TO 5.5V

V1

F igure  1

This classic PWM circuit suffers from supply-
voltage sensitivity.

135



138 edn | August 17, 2000 www.ednmag.com

ideasdesign

of R and C depend on the application.
The test circuit uses 10 kV and 4.7
mF. If you feed multiple analog (or
PWM) signals through a single IC, you
usually encounter crosstalk. To charac-
terize the circuit in Figure 1 for internal
crosstalk and unmatched delays, conduct
the following tests.

Generated three PWM signals with
different frequencies and 1-to-1 duty cy-
cles. With a 0-dB reference-level square-
wave signal at test point TP

1
, crosstalk to

test points TP
2

and TP
3

measures 270
dB. The first harmonic of the PWM sig-
nal (theoretically zero for a 1-to-1 duty
cycle) is down 65 dB at test point TP

1
. At

test point TP
0
, spurs are down 75 dB. So,

the circuit in Figure 1 has very good
crosstalk characteristics. Also, if the duty
cycle of one PWM channel changes, the
influence on the voltage that other chan-
nels generates is less than 0.1%.You must
take care to ensure that the switching de-
lays of the 74HC14 do not change with
varying V

CC
applied to the mC. If the

switching delays change with V
CC

because
of the changing levels of the driving sig-
nals,V

CC
influences the generated output

voltage, even if V
CCA

is constant. You can
use the circuit for precise generation of

voltages, thanks to the temperature sta-
bility of the TL431.You can also use it for
inexpensive implementations of sigma-
delta converters, or to generate voltage-
stabilized rectangular waveforms. (DI
#2573)
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Schmitt triggers with a stabilized supply make the PWM signals insensitive to supply voltage.

Is this the best Design Idea in this issue?
Vote at www.ednmag.com/ednmag/
infoaccess.asp, enter No. 446 in the 
“Circle Number” field and hit the Search
bar. Put a tick in the “Select” box and hit
“Submit.”

Basic switched converters gen-
erally provide one simple voltage
conversion. The most common ap-

plication for these circuits are to double,
invert, and sometimes halve the input
voltage. Because they are unregulated and
have no stability problems, you can con-
figure them to perform multiple conver-
sions as well. However, because they have
no inherent regulation, it is a good idea
to use a regulated voltage as the input
source. Multiple converters exhibit some
voltage change at the output as a function
of loading (because of the output resist-
ance), but this drop is often acceptable.
The circuit in Figure 1 is a triple-output

switched-capacitor circuit. You can con-
figure the circuit using any switched-ca-
pacitor IC that’s capable of inversion.
This example uses the LM2664, but you
can use larger ICs, such as the LM2661 or
LM2663, to obtain higher current. The
circuit in Figure 1 can simultaneously in-
vert, double, and halve the input voltage
over an input range of 1.8 to 5.5V. The
combined current capability of the three
outputs equals the maximum load cur-
rent of the IC in either of the standard
topologies: inverting or doubling (40 mA
for the LM2664 and 200 mA for the
LM2663).

The output resistance for any output is

equal to or less than the typical output re-
sistance of the basic doubler or inverter.
This last statement holds true only if you
realize that the doubling output is actu-
ally 2V

IN
22V

FD
, where V

FD
is the forward

drop of the diodes used. The doubling
output simply uses two diodes to make a
discrete charge pump in conjunction
with the switch that connects CAP1 to
V

IN
during one cycle and to ground dur-

ing the next cycle. The extra diode drops
may be a problem in some applications,
but they would be insignificant if you
connected a linear, low-dropout regula-
tor to the doubled output. The halving
output uses the concept of an unregulat-

Switched-capacitor converter suits 
portable applications
Clinton Jensen, National Semiconductor, Santa Clara, CA
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Current-limit switches are virtu-
ally ubiquitous in system
controls. They provide a safe

means for regulating the current deliv-
ered to a load circuit. The switches allow
the load current to increase to a pro-
grammed limit but no higher. Typically,
the current limit is a function of the volt-
age across an external resistor, produced
by the current from a fixed source inter-
nal to the switch IC. This voltage serves
as the reference for an internal current-
limiting amplifier. By replacing the resis-
tor with a digital potentiometer, you can
easily program the current limit (Figure
1). IC

1
is a current-limit switch with a

maximum programmable limit of 1A.
The limit equals 1380/R

SET
, where R

SET
is

the resistance between pins 5 and 6 of IC
2
.

IC
2

is a 50-kV digital potentiometer
whose resistance is programmable in 32
equal increments. With CS held low,
high-to-low transitions at INC (Pin 1) in-
crements IC

2
’s internal counter.

These transitions increase the resist-
ance between W and L when U/D is low
and reduce it when U/D is high. IC

1
in-

cludes a thermal-shutdown capability

that turns the load current completely off
when the chip temperature exceeds
1358C. It restores the load current when
the temperature cools by 108C. If the
short-circuit fault is still present, the
switch cycles off and on, yielding a pulsed
load current.An open-drain Fault output
(Pin 8) switches low when the load de-
mands current beyond the programmed
limit, enabling an external system to

monitor the condition of the current
switch. (DI #2577)

LOAD

IC1
MAX890L

VIN
1,2

8

3

4
GND

ON

FAULT

IC2
MAX516OL

L GND CS

2.7 TO 5.5V

U/D

INC
1

2

6 4 7

IN OUT

SET 5

5

6,7

3
VDD

8

5V

IMAX=1A

100k

F igure  1

Current-limit switch is digitally programmable
Budge Ing, Maxim Integrated Products, Sunnyvale, CA

You can program a current limit to 1A in 32 equal increments by using a digital potentiometer.

ed inductive step-down switcher with a
constant 50% duty cycle. At no
load, the output from a 50%-
duty-cycle pulse filtered through the in-
ductor and output capacitor is half the
peak voltage of the square wave. The
same switch used for the doubling func-
tion produces the square wave. In the
topology of Figure 1, you always obtain
the inverting function that is inherent to
the IC, and you can use or omit the oth-
er two outputs as needed. (DI #2578) CAP1

CAP`

GND OUT

SD

V`

C5 C1

C2

C4

C3
3.3 mF

3.3 mF

3.3 mF

3.3 mF

3.3 mF

L1
100 mH

VOUT242VIN12VFD

VOUT141VIN  

VIN41.8 TO 5.5V 

LM266

VOUT34   VIN2
1

F igure  1

One switched-capacitor IC simultaneously inverts, doubles, and halves the input voltage.

Is this the best Design Idea in this issue?
Vote at www.ednmag.com/ednmag/
infoaccess.asp, enter No. 447 in the 
“Circle Number”field, and hit the Search
bar. Put a tick in the “Select” box and hit
“Submit.”

Is this the best Design Idea in this issue?
Vote at www.ednmag.com/ednmag/
infoaccess.asp, enter No. 448 in the 
“Circle Number”field, and hit the Search
bar. Put a tick in the “Select” box and hit
“Submit.”
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Current sources are useful in
many areas of electronics, such as
voltage and current division, cur-

rent transmitters, excitation of thermis-
tors, RTDs, bridges, potentiometers, and
circuit biasing. Current sources are either
fixed- or adjustable-current types. For
the dual-op-amp current source in Fig-
ure 1, the load current, I

L
, is adjustable by

varying V
IN

(0 to 61.2V), according to
the following equation:

The maximum variation in load cur-
rent is 66 mA for a 200V current-sens-
ing resistor, R

SENSE
. This variation yields

a maximum load voltage of 612V (3V
less than the supply voltages). The max-
imum current-offset error is 0.01
mA for V

OS1
and V

OS2
of 1 mV.

This amount of offset is normal for low-
er grade op amps. Note that you connect

one end of the load to virtual ground
(VG). Amplifier IC

1
acts as a voltage-er-

ror driver, and the transconductance am-
plifier, IC

2
, senses the load current and

converts it to V
A
. The control equations

are:

where G equals open-loop gain; and

where G
0
5dc gain, W5unity-gain band-

width, and s5jv complex frequency.
Solving equations 1 and 2 for I

L
and

substituting G in Equation 3 for G
A
G

B
,

the load current becomes:

which demonstrates the load current’s in-
sensitivity to the load, Z

L
. (DI #2579)

_

+
VA

GA

VOS1

VOS2<1 mVGB

_

+

IC1

ZL (0 TO 2 kV)

IL (0 TO 66 mA)

RSENSE=200V

IC2

IL

15V

115V

VIN
(0 TO 61.2V)

LOAD

DUAL OP AMP

VG

F igure  1

Current source has high compliance
Frank Vitaljic, Bellingham, WA

A 666-mA current source has a 6612V compliance range.
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Is this the best Design Idea in this is-
sue? Vote at www.ednmag.com/edn
mag/infoaccess.asp, enter No. 435 in the
“Circle Number”field, and hit the Search
bar. Put a tick in the “Select” box and hit
“Submit.”
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The Burr-Brown VCA610
is a good wideband
voltage-controlled

amplifier (VCA) that you can
use successfully for your ap-
plication. The Spice model
from Burr-Brown simulates
normally when the VCA uses
dual power supplies (Figure
1). However, when you at-
tempt to use the Spice model
in a single-supply application,
which is equivalent to moving
the GND symbol to the nega-
tive V

CC
pin of IC

1
(Figure 2),

you get an error message indi-
cating that the circuit fails to converge. To
find the source of the problem, restore
the original schematic used for the Spice-
model creation of the VCA610 and care-
fully analyze it. The model has several
problems that prevent you from using it
in single-supply simulations. The main
problem arises from the faulty usage of

“0”nodes in the model description. Spice
considers subcircuit nodes as “local” and
assigns them new names for simulations.
This trait of Spice holds true for all sub-
circuit nodes except for ground nodes
named “0,”which are global for the entire
simulation file. You can use the ground
node “0” in subcircuit descriptions, but

you must be careful that
the node does not create
unwanted dc references in
a circuit that is intended to
be floating. To avoid prob-
lems, do not to use “0”
nodes in the model de-
scription but rather use
different names, such as
GND or AGND. Other-
wise, you must carefully
separate them the “0”
nodes from dc connec-
tions that may affect the
internal voltages and cur-
rents of the subcircuit.You

can use control sources to separate the
nodes. Listing 1 is Burr-Brown’s model
of the VCA610.

In Listing 1, all entries with problem-
atical usage of the global node “0”appear
in boldface. The line “E1 11 7 POLY
(1)(3,0)0.45 -0.11911” is a polynomial
voltage-controlled voltage source con-

_

+

VCA610

1

7
2

6

53

8

VIN

VCC1

RL

VOUT

VCONTROL

+1

+
1

VCC++
1

GND

IC1

F igure  1

Modification improves VCA’s Spice simulation
Alex Rysin, RSVI Acuity CiMatrix, Canton, MA

With dual supplies for the VCA610, the Spice simulation converges.

LISTING 1—VCA610 SIMULATION FOR DUAL SUPPLIES
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trolled by the voltage 
applied between
nodes 3 (the gain-
control input Pin 3) and
the global “0.” If you use
the subcircuit in the dual-
supply circuit of Figure 1,
and Pin 2 (GND) connects
to the common-point
ground, then the voltage at
the node (Pin 3) creates the
correct output signal in the
controlled source, E1. If
you use the model for sin-
gle-supply applications
(Figure 2), then Pin 3 re-
ceives a significant dc-bias component,
and E1 produces erroneous results. A
similar problem occurs with other com-
ponents and their nodes, designated by
boldface type in Listing 1. To resolve the
problem, give the “0” nodes different
names. In this case, you can replace them
with the other ground node of the mod-
el—the node “2.” Note that not every “0”

node creates a problem. You need take
into account only those “0” nodes that
have a dc reference to external connec-
tions. Other “0”replacements are unnec-
essary. After the cited corrections, the
VCA610 model in Listing 2 yields ac-
ceptable results in simulation. Unfortu-
nately, it still has a convergence problem
when you include it in a large schemat-

ic. You can significantly im-
prove convergence by adding
a 0.1 to 0.5V series resistor in
the DX and DZ diode mod-
els. This addition makes the
model more realistic and
helps the Newton-Raphson
algorithm that Spice uses to
find an initial solution for the
simulation. You can down-
load Listings 1 and 2 from
EDN’s Web site, www.edn
mag.com. Click on “Search
Databases”and then enter the
Software Center to download
the file for Design Idea #2572.

LISTING 2—VCA SIMULATION FOR SINGLE-SUPPLY OPERATION

Is this the best Design Idea in this 
issue? Vote at www.ednmag.com/edn
mag/infoaccess.asp, enter No. 436 in the
“Circle Number”field, and hit the Search
bar. Put a tick in the “Select” box and hit
“Submit.”
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+
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F igure  2

With single-supply operation, the normal Spice model has convergence prob-
lems.
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The design in Figure 1 shows how
you can exploit BIOS INT1Ch of a
PC, which occurs 18.2 times/sec,

along with a few inexpensive components
and LPT1, to measure frequencies from 1
Hz to into the megahertz range. The de-
sign requires no expensive general-pur-
pose or tailor-made data-acquisition
card/logger. It also overcomes the disad-

vantage of continued interrupt of the PC
in the interrupt-based frequency-meas-
urement method, in which the speed of
the PC decides the maximum frequency.
The design exploits a few resources of the
PC—for example, BIOS INT1Ch (with-
out affecting its normal interrupt-service
routine) and the Data and Status ports of
LPT1—to measure frequency independ-

ently of the speed of the PC. The input
pulses, with frequency f

IN
, drive a 16-bit

up/down counter, comprising four 4-bit
counters (IC

1
to IC

4
, 74HCT193) in cas-

cade. The drive path includes a 74HCT08
AND gate and a 74HCT153 4-to-1 digi-
tal multiplexer. The multiplexer feeds any
one of the frequency inputs, f

IN
, f

IN
/10, or

f
IN

/100, from the decade counters (IC
5

F igure  1

BIOS INT1Ch measures frequency
K Suresh, Indira Ghandi Centre for Atomic Research, Tamil Nadu, India

By using BIOS INT1Ch, you can measure frequency, using few resources of the host PC.
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and IC
6
, 74HCT90) to the counter.

The output of the counters and the
flip-flops’ Q outputs connect to the Sta-
tus port (at 0x379h) of the LPT1 port
through the 74HCT244 buffers. A
74HCT138 3-to-8 encoder and the digi-
tal multiplexer, controlled from the Data
port (at 0x378h), provide various control
signals, as dictated by the software in
Listing 1. This simple Turbo C program
controls the frequency measurement.
The BIOS INT1Ch generates two timing
windows—SWINDOW of approximate-
ly 100 msec, and MWINDOW of 1 sec—
by incrementing the SINTR and MINTR
variables (set to zero initially), respec-
tively.

At the end of every SWINDOW, the

software determines the range of the in-
put frequency f

IN
—hertz, kilohertz, or

megahertz. The routine then selects a
range, so that the number of input puls-
es per second nearly equals, but stays
within, the counter’s capacity. Once the
routine selects the range, the program ex-
ecutes the MWINDOW routine to meas-
ure the frequency. At the start, disabling
the AND gate inhibits the input pulses,
and the routine clears the counters and
flip-flops. The program sets the digital
multiplexer to apply the input frequency,
f

IN
, to the counters. The next INT1Ch en-

ables the AND gate and increments SIN-
TR and MINTR by executing the SWIN-
DOW routine. When each counter’s
output crosses from 0x0Fh to 0x00h dur-

ing count-up, its Carry output sets the D
flip-flop (74HCT74) to logic 1. When
SINTR reaches 2 (SWINDOW5109
msec), the routine inhibits the input
pulses and reads the SNIBBLE at the flip-
flop’s outputs (Q

3
Q

2
Q

1
Q

0
). If SNIBBLE

equals 0x07h or greater, the program sets
the digital multiplexer to apply f

IN
/10 to

the counters. The routine then generates
SWINDOW. The routine then again
reads SNIBBLE to determine whether to
apply f

IN
/100 (if SNIBBLEM0x07h) or

f
IN

/10 (if SNIBBLE,0x07h) to the coun-
ters. The loop continues until SNIBBLE,
read at the end of SWINDOW, becomes
less than 0x07h.

At any stage, if SNIBBLE is less than
0x07h, MWINDOW generates a timing

154 edn | September 1, 2000 www.ednmag.com
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LISTING 1—TURBO C ROUTINE FOR FREQUENCY MEASUREMENT

(continued on pg 156)
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window of 0.989 sec by incrementing
MINTR with each INT1Ch from 0 to 18.
During this incrementation, the routine
counts the frequency pulses from the dig-
ital multiplexer. The program then cor-
rects the timing window to 1 sec by ap-
plying a correction factor (CF518.2/18).
At the end of MWINDOW, the program
inhibits the pulses and again reads SNIB-
BLE. SNIBBLE indicates the progress of
the counters during the MWINDOW in-
terval. This operation relieves the PC
from reading all the counters; instead, it
reads only the counters that actually did
the counting. The routine thereby re-
duces the number of read operations and

subsequent manipulations. The FRE-
QREAD routine reads the counters’ out-
put, a nibble at a time, starting with
Counter 1 (IC

1
, nib0), depending on the

last-read SNIBBLE, to Counter 4 (IC
4
,

nib3). The program manipulates the nib-
bles and displays the frequency in hertz.
At the end of a measurement cycle, the
routine sets SINTR and MINTR to zero
and clears the counters and flip-flops to
make them ready for another measure-
ment cycle.You can use the design for fre-
quencies of 1 Hz to 7 MHz. However, you
can extend the range to 25 MHz or
greater by increasing the counter capac-
ity to 20 bits or more (for example, by us-

ing two 74HCT4040s in cascade) and by
using appropriate FAST logic devices.
You can download Listing 1 from EDN’s
Web site, www.ednmag.com. Click on
“Search Databases” and then enter the
Software Center to download the file for
Design Idea #2575.

Is this the best Design Idea in this 
issue? Vote at www.ednmag.com/edn
mag/infoaccess.asp, enter No. 437 in the
“Circle Number”field, and hit the Search
bar. Put a tick in the “Select” box and hit
“Submit.”

LISTING 1—TURBO C ROUTINE FOR FREQUENCY MEASUREMENT (Continued)
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Basic switched-capacitor con-
verters generally pro-
vide one simple conver-

sion. They commonly double,
usually invert, and sometimes halve
a positive input voltage. Because
they are not regulated converters
and do not have stability problems,
you can easily configure them to also
do some negative conversions. How-
ever, given that they are unregulat-
ed, it is a good idea to use a regulat-
ed input voltage to obtain a pre-
dictable output. All these converters
suffer from some voltage change on
the output as a result of loading, but
this voltage drop is often acceptable.
The potential space and cost savings
are often worth the trade-off if the
circuit fits the application
needs. Figures 1 and 2 pres-
ent two application circuits. The first
is useful in systems that require mul-
tiple negative voltages. You can set
up a basic switched-capacitor con-
verter capable of inversion to halve a
negative voltage. Figure 1 shows the
schematic of the circuit, using an
LM2664 as an example. The circuit
is capable of the full rated load (40
mA, in this case). The operating-
voltage range is 23.6 to 211V. The
circuit can be useful for creating
multiple bias voltages for op amps,
power amplifiers, or displays.

The second application is useful
when a negative voltage is present
and you need an equal but invert-
ed (positive) voltage. In Figure 2,
an LM2665 produces a 5V output
from a 25V input. The topology
shown works with any switched-
capacitor circuit designed for the
doubling function. This circuit can
also supply the full rated load cur-
rent and works with an input-volt-
age range of 22.5 to 25.5V. The
output resistance of the circuit
equals that of the basic positive
doubler. The circuit can be useful
for op-amp biasing when only a
negative voltage is present. Anoth-
er benefit is that, if you have a
loosely regulated negative supply
for an op amp, the positive supply
tracks the negative supply and
keeps the output dc-biased near to
or at ground. Another possible ap-
plication is in systems using two-
cell lithium-ion batteries or four
alkaline batteries and needing 65V
supplies. (DI #2580)

CAP+ V+

CAP1

GND

3.3 mF

OUT

SD

VIN=15V

3.3 mF

VOUT=12.5V

LM2664

F igure  1

CAP+

V+

CAP1 GND

3.3 mF

OUT

SD

VOUT=5V

3.3 mF

VIN=15V

LM2665

F igure  2

Circuit variations produce negative voltages
Clinton Jensen, National Semiconductor Corp, Santa Clara, CA

A switched-capacitor converter handily splits a negative
voltage in half.

You can use a switched-capacitor converter to derive a posi-
tive voltage from a negative one.

Is this the best Design Idea in this 
issue? Vote at www.ednmag.com/
ednmag/infoaccess.asp, enter No.
438 in the “Circle Number” field,
and hit the Search bar. Put a tick in
the “Select” box and hit “Submit.”

In many mC applications, a signal con-
ditioner modifies an analog input sig-
nal from a sensor and passes it to the

mC for processing. The last stage of the
signal conditioner is always a device that

transforms the signal level to a value ac-
ceptable for the mC’s input. Usually, it is
a comparator. Often, this signal channel
is open or closed for some programma-
ble time period. For this purpose, you can

use a variety of analog switches. Figure
1 shows an alternative: a cost-effective
technique that needs no additional
switches. The circuit exploits the fact that
the mC’s output pin can work as a pro-

mC takes control of comparator
Abel Raynus, Armatron International, Melrose, MA
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grammable SPDT switch, connecting the
lower end of R

1
either to 5V or to

ground. When you program the
mC’s output pin (pA1 in Figure 1) to a
low level, R

1
connects to ground, and the

predetermined reference voltage con-
nects to Pin 2 of the comparator. In Fig-
ure 2,V

REF
52V. The channel is open, and

for input signals greater than V
REF

, the
comparator provides 5V to the mC’s Pin
pA0. When the output pin pA1 is high,
the reference voltage becomes 5V, and the
comparator’s output switches to 0V. The
channel is then closed. (DI #2582)
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F igure  1

You can use a mmC to control a comparator, thus avoiding the need for analog switches.

Is this the best Design Idea in this 
issue? Vote at www.ednmag.com/edn
mag/infoaccess.asp, enter No. 439 in the
“Circle Number”field, and hit the Search
bar. Put a tick in the “Select” box and hit
“Submit.”
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Bias circuits are passive networks
that you use to apply dc excitation
to various active circuits. The mon-

itor tee, which is also known as the bias
tee, has been commercially available for
more than 40 years at microwave fre-
quencies. The original products provide
useful frequency ranges of two to one
through five to one. More recent cost-ef-
fective bias tees cover 0.1 MHz to more
than 4 GHz. Other designs are available
that extend well into higher microwave-
frequency bands (Reference 1). Another
bias circuit is the bias-passing attenuator,
which is also commercially available at
microwave frequencies.

You can realize simple bias circuits at
HF and VHF frequencies with minimal
engineering and at much lower cost than
those that must operate at microwave
frequencies. You can obtain usable per-
formance over a frequency range exceed-
ing two decades. You can optimize the
cost of these bias circuits by integrating
them into subsystems and systems using
surface-mount fabrication.

The monitor tee is a three-port net-
work (Figure 1). One inline port handles

both dc and RF. The second inline port
handles only RF. The shunt port
passes only dc. With values of
L51 mH and C50.1 mF, the measured
insertion loss from 0.5 to 100 MHz for in-
line transmission is less than 0.2 dB in a
50V test setup. The shunt port termi-
nates in 50V.

The bias passing attenuator is a two-
port network containing a fixed pad at-
tenuator, input and output dc blocking
capacitors, and a bridging RF choke (Fig-
ure 2). The values for L, C

1
, C

2
, and R

1
to

R
3

in the figure create a nominally 6-dB
attenuator. From 0.5 to 100 MHz, meas-
ured insertion loss is 660.5 dB in a 50V
test setup.

Other bias-passing
circuits include
lowpass, high-
pass, and bandpass fil-
ters. The LC lowpass 
filter has inherent bias-
passing capability via
the cascaded series in-
ductors. The LC high-
pass filter needs addi-
tional circuit elements
for bias passing. Some-
times, this bias-passing
circuit substantially de-
grades the stopband se-
lectivity of the highpass
filter. You can design
the LC bandpass filter
for bias passing using coupled shunt res-
onators. The filter input and output cou-
plings must all be inductive. Also, the
shunt inductors of the individual res-
onators must be floating with series RF
bypass capacitors for ground returns.

Reference
1. Andrews, JR, “Broadband Coaxial

Bias Tees,” Application Note AN-1d, Pi-

cosecond Pulse Labs, Copyright February
1998.

IN-LINE
DC AND RF

IN-LINE
 RF
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F igure  1

Low-cost bias circuits serve HF and VHF bands
Richard M Kurzrok, RMK Consultants, Queens Village, NY

With L and C values of 1 mH and 0.1 mmF, re-
spectively, this monitor-tee network exhibits a
measured insertion loss of 0.5 to 100 MHz for
inline transmission of less than 0.2 dB in a 50VV
test setup.

L
1 mH

DC

R2

C2C1

0.1 mF 0.1 mF

R1
150

R3
150RF RF

36

F igure  2

This bias-passing attenuator has a measured insertion loss of 0.5 to
100 MHz of 6660.5 dB in a 50VV test setup.
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Typical stepper-motor control cir-
cuits use either logic gates and flip-
flops or shift registers to generate the

proper sequences of binary codes that
produce bidirectional stepper-motor
movement. A conventional stepper-mo-
tor-control circuit uses a square-wave
generator, a sequence generator, or a shift
register and current translators to control
one stepper motor apart from the logic
circuit necessary for producing a known
and valid binary code at start-up. When
you need to control more than one step-
per motor, as is the case of 2- and 3-D po-

sition control, the conventional type of
control circuit becomes voluminous,
complicated, and expensive due to the in-
creased number of identical stages, the
increased power dissipation, and the
larger pc board.

Figure 1 shows a multiple-stepper-
motor-control circuit that uses an ADC
to control multiple stepper motors. The
heart of this stepper-control circuit is an
8-bit, successive-approximation type
ADC, (IC

1
), whose 8-bit output forms

two nibbles: LNIBBLE, D
0

to D
3
, and

UNIBBLE, D
4

to D
7
. Each of these two

nibbles carries valid 4-bit binary codes
and drives the stepper-motor coils
through a corresponding quad latch, IC

2

and IC
3
, and buffer, IC

4
and IC

5
. A set of

four discrete analog voltages of 0 to 1V
at V

IN1
in the proper sequence control the

stepper motor, SM
1
, and another set of

discrete analog voltages of 1 to 10V con-
trol stepper motor SM

2
. A timing wave-

form at the MOVE input controls the
start and end of each A/D conversion.
The DR output of the ADC and AND
gates in IC

6
generate enable signals to

latch the ADC output nibbles to the

SM2

SM1
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ADC controls multiple stepper motors
K Suresh, Indira Gandhi Centre for Atomic Research, Kalpakkam, India

A simple and inexpensive ADC controls multiple stepper motors.
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buffers. The SELECT input de-
termines the selected stepper
motor. A logic 1 at the SELECT
input enables IC

6A
and closes

S
1
, and the ADC’s LNIBBLE

latches in IC
2

to drive SM
1
. A

logic 0 at the SELECT input
enables IC

6B
and closes switch

S
2
, and the UNIBBLE latches in

IC
3

to drive SM
2
.

Tables 1 and 2 list the dis-
crete analog voltages you must
apply to the circuit in sequence
and the corresponding valid
ADC-generated codes. Figure
2 shows the necessary timing
waveforms for the stepper-con-
trol process. Initially, the
MOVE input is at logic 1,
which keeps the ADC in low-
power mode and the ADC out-
put in an open state so that
both the motors are on hold.
Next, you select SM

1
or SM

2
by

applying a logic 1 or 0 at SE-
LECT, and you apply any one
of the four discrete analog volt-
ages to the ADC. Then, pulling
MOVE to logic 0 initiates a
conversion. After approximately 42 msec,
the ADC generates a valid binary code,
which the DR output of the ADC latch-
es to the latch. The corresponding motor
coils receive power according to the gen-
erated binary code through the buffer
that the SELECT input enables. The

MOVE input then returns back to logic
1. In this way, the circuit generates the
successive valid codes by reading the cor-
responding analog voltages in a se-
quence, each time performing the A/D
conversion. To rotate the selected motor
in the opposite direction, you simply re-

verse the sequence of applied
voltages.

The circuit in Figure 1 is one
way of using an ADC to control
multiple stepper motors, and
you can modify the circuit to
suit individual requirements.
Any low-cost, low-speed ADC is
suitable for this circuit because
the minimum time between ap-
plication of successive codes,
which the LR characteristics of
the stepper-motor coils deter-
mine, is usually on the order of
tens of microseconds. Because
each motor uses only 4 bits of
the ADC output, an 8-bit ADC
can control two stepper mo-
tors. You can extend this con-
cept to control three stepper
motors using a 12-bit, low-
speed ADC. You can apply the
analog voltage to the ADC ei-
ther through an analog multi-
plexer and a 2-bit up/down
counter or through a DAC.
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MOVE
INPUT

DR
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ADC
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SC

t2 t3 
t1

OPEN VALID
CODE

OPEN VALID
CODE

OPEN OPENVALID
CODE

VALID
CODENOTES:

t1=40 mSEC (MINIMUM).
t2=2 mSEC (MINIMUM).
t3=1.5 mSEC.

F igure  2

Timing waveforms show the MOVE input’s control of the ADC output.

Is this the best Design Idea in this 
issue? Vote at www.ednmag.com/edn
mag/vote.asp.

TABLE 1—SM1 CONTROL VOLTAGES
Voltage to VIN1} ADC-generated LNIBBLE
(VREF=10V) D4 D3 D1 D0

0.118V 0 0 1 1
0.352V 1 0 0 1
0.469V 1 1 0 0
0.235V 0 1 1 0

Notes:
SELECT=logic 1
IC6A enabled
S1 closed
IC2 enabled

TABLE 2—SM2 CONTROL VOLTAGES
Voltage to VIN1 ADC-generated UNIBBLE
(VREF=10V) D7 D6 D5 D4

1.875V 0 0 1 1
5.625V 1 0 0 1
7.500V 1 1 0 0
3.750V 0 1 1 0

Notes:
SELECT=logic 0
IC6B enabled
S2 closed
IC3 enabled
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Asimple and low-cost de-
sign achieves a twin
stepper drive using

a PC’s special BIOS interrupt,
INT1Ch, through the PC’s par-
allel port (Figure 1). Turbo C
control software programs the
parallel port for the task of in-
dependently running two step-
per motors. Users can write the
appropriate control software
for the required movement of
two independent steppers.
Listing 1 is simple program to
run the twin steppers in full
step-clockwise mode. You can
download Listing 1 from
EDN’s Web site, www.edn
mag.com. Click on “Search
Databases” and then enter the
Software Center to download
the file for Design Idea #2590.
This program can run the step-
pers independently through
the PC’s LPT2 port using a
handler routine for the inter-
rupt INT1Ch.

Figure 1 shows a block diagram of the
required hardware, which the INT1Ch-

handler routine can activate according to
user requirements. The variable “TICK-
ER”in the handler routine recognizes the

occurrence of INT1Ch. For
every occurrence of INT1Ch
and thus every occurrence of
TICKER, the handler routine
writes the DATA necessary
for the sequential step to
move the stepper clockwise
or counter-clockwise to the
PC’s LPT2 port. Every occur-
rence of TICKER causes the
routine to go through the
stepper cycle. The routine
sends all the sequential DATA
that the routine’s SWITCH
operator selects to the LPT2
port.

Full-step clockwise move-
ment of the stepper requires
four steps for the stepper coil
using the following data:
1100, 0110, 0011, and 1001.
The corresponding data in
hex code are 0x0C, 0x06,
0x03, and 0x09, respectively,
for a single stepper. For a
twin stepper, the sequential-

data pattern is 0xCC, 0x66, 0x33, and
0x99, respectively. The first 4 bits (least
significant bits) in the 8-bit data control

PC
PARALLEL

PORT

DRIVER CIRCUIT

STEPPER 
MOTOR 1

STEPPER 
MOTOR 2

D0

D1

D2

D3

D4

D6

D5

D7

DRIVER CIRCUIT

12V

12V

INT1CHs
HANDLER
 ROUTINE

F igure  1

PC’s BIOS interrupt drives twin stepper motors
J Jayapandian, Indira Gandhi Centre for Atomic Research, Kalpakkam, India

A block diagram shows the control of two stepper motors through the
PC’s LPT2 port.

LISTING 1—STEPPER-MOTOR-CONTROL PROGRAM
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the first stepper, and the second nibble
(most significant bits) control the second
stepper. You can properly assign the least
significant bits and most significant bits
in the data field independently for the
different mode of rotation of the step-
pers.

The handler routine shows identical
movement for both steppers, and thus
the data pattern for the least significant

bits and most significant bits are the
same. This sample program writes the
variable “DATA” necessary for the step
movement of the stepper once for four
occurrences of INT1Ch. Because INT1-
Ch occurs once in 55 msec, the delay is
220 msec. Hence, the on-time of the step-
per is fixed at 220 msec. To vary the on-
time of the stepper, you can write the
handler routine accordingly to change

the necessary interrupt occurrences be-
tween writing new data for the stepper.

Is this the best Design Idea in this 
issue? Vote at www.ednmag.com/edn
mag/vote.asp.

Resistor-temperature detectors
(RTDs), are the most stable and
popular temperature sensors. Plat-

inum RTDs allow for a much wider range

of temperatures than silicon-based sen-
sors. In many cases, platinum RTDs sit far
from the measurement circuitry, which
adds a great deal of error into the meas-

urement system. The circuit in Figure 1
eliminates error by using a general-pur-
pose amplifier and Kelvin-connected
voltage references. The circuit also allows
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Low-error platinum RTD circuit 
has shutdown capability
Reza Moghimi, Analog Devices, Santa Clara, CA

A general-purpose amplifier in IC1, Kelvin-connected voltage references, and platinum RTDs enable this circuit to accurately detect temperatures of
22200 to 1140088C.
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for single-supply operation and can de-
tect temperatures of 2200 to 14008C
with an output-voltage-scaling factor
(sensitivity) of 5 mV/8C. To reduce errors
due to self-heating, the circuit uses the
largest RTD—value, in this case 1 kV—
that results in an acceptable response
time. The larger the RTD, the longer the
response time.

IC
1
provides excitation and signal con-

ditioning for the RTD, and internal cur-
rent sources provide a matching excita-
tion of 1 mA to the platinum RTD and
reference resistor, R

REF
. The instrumen-

tation amplifier compares the voltage
drop across the platinum RTD to the
drop across R

REF
and provides an ampli-

fied output signal that is proportional to
temperature.

The lead resistance of wires connect-
ing the RTD and R

REF
can add inaccura-

cy to the temperature measurement.
Voltage reference IC

2
creates a pseudo

ground for IC
1

to overcome this inaccu-
racy. IC

2
has good temperature stability

and low noise and can provide 5 mA of
drive current. IC

2
also has a sense pin for

sensing the drop on the line and com-
pensating for the drop. Thus, the circuit
provides stable and identical voltages at
the bottom of the platinum RTD and
R

REF
. The circuit also buffers this voltage

using the internal amplifier of IC
1
. A 1-

kV resistor in parallel with a 1-mF ca-
pacitor at the output of IC

2
provides a

path for the current to flow to ground.
IC

3
makes it possible for the mC to ad-

dress the platinum RTD. The circuit in
Figure 1 can accommodate four plat-
inum RTDs, but you can increase this
number by using other differential mul-
tiplexers. IC

3
’s low on-resistance match

between channels of 0.4V does not in-
troduce large errors into the system.

Another feature of this circuit is that it
allows a programmer to put the circuit

into shutdown mode. Initiating shutdown
disables the enable pin of IC

3
so that none

of the switch pairs are on. Also, IC
1

and
IC

2
shut-down to conserve power.

The tracking of the current sources of
IC

1
is 2 mA, and, as stated, the matching

on-resistance of IC
3

is 0.4V . Thus, the
worst-case mismatch resulting from the
current sources and switches is 0.4V32
mA50.8 mV. If higher precision match-
ing among current sources is necessary,
you can connect a 50-kV potentiometer
between the NULL-A and NULL-B pins
and connect the center tap of the poten-
tiometer to 5V.

Is this the best Design Idea in this 
issue? Vote at www.ednmag.com/edn
mag/vote.asp.

By using a pseudo-RETI instruc-
tion, the program in Listing 1 pro-
vides an 8051 mC with a three-lev-

el-priority interrupt system. Among the
three interrupt sources in the listing, Ex-
ternal Request 0 (INT0) has the highest

priority, and Internal Time/Counter 0
(IT0) has the lowest priority. The IT0 in-
terrupt-service routine, before the pseu-

Software provides three-priority-level interrupt 
for 8051
Deng Yong, Department of Instrumentation Engineering,
Shanghai Jiaotong University, Shanghai, China

LISTING 1—THREE-PRIORITY-LEVEL INTERRUPT
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Basic derivative (differentiating)
circuits use a lowpass filter or
an active operational-ampli-

fier implementation. These circuits need
a large-value capacitor when differenti-
ating a slowly varying signal. Moreover,
the circuits are not useful for nonperiod-
ic waveforms. The circuit in Figure 1 of-
fers a simple way of differentiating a
waveform, even if it changes slowly or is
nonperiodic. The circuit uses an AD781
sample/hold circuit and a subtracting cir-
cuit. By sampling the value of the input
waveform at a given instant and then sub-
tracting it from itself, op amp IC

2
pro-

duces a voltage proportional to the rate
of change of the original waveform and
to the duration of the hold time (the time
the sample/hold input is held low). You
can use a mC to transform the circuit’s
output to the derivative or use the
output as is. IC

1
simplifies the sub-

traction operation and compensates the
voltage shift of the sample/hold circuit
during its sampling period. Figure 2
shows a sinusoidal voltage and its deriv-
ative at the hold instants. Note that the
sign of the derivative is inverted. To op-
timize the circuit, you should adjust the
gain of the IC

2
subtraction circuit as a

function of the input frequency.
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OP27

_

+
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F igure  1

Circuit samples derivative of a waveform
Joaquin Garcia and Jose Carrasco, Universidad Miguel Hernandez, Elche, Spain

This circuit differentiates slowly varying signals without the need for large capacitors.

F igure  2

At the hold instants of the circuit in Figure 1, the circuit produces the inverted derivative of the
input waveform.

do-RETI instruction, pushes the address
of the first instruction behind the pseu-
do-RETI instruction onto the stack. The
code clears the internal nonaddressable
flip-flop of IT0 to acknowledge a higher
interrupt after the pseudo-RETI instruc-
tion executes, and the IT0 interrupt-serv-

ice routine continuously executes until
the RETI instruction. You can download
the listing from EDN’s Web site, www.
ednmag.com. Click on “Search Databas-
es”and then enter the Software Center to
download the file for Design Idea #2589.

Is this the best Design Idea in this 
issue? Vote at www.ednmag.com/edn
mag/vote.asp.

Is this the best Design Idea in this 
issue? Vote at www.ednmag.com/edn
mag/vote.asp.
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In analog design, you might need to
create an amplifier with non-
linear dynamic characteris-

tics—for example, logarithmic, expo-
nential, or square-law. Usually, such
amplifiers are complicated. However, the
project often does not require mathe-
matical precision. For example, you
might just need to increase the dynamic
range of an amplifier, or to eliminate sat-
uration for an extended input-voltage
range. The Design Idea is based on the
nonlinear voltage attenuator with the at-
tenuation ratio m5V

ATT
/V

IN
, controlled

by the input voltage (Figure 1a). When
V

IN
is small enough to hold off D

1
, m51.

When the input voltage increases and at-
tains a certain threshold voltage, V

TH
, the

diode conducts, and the attenuation ra-
tio decreases. The new value of m de-
pends on the values of R

0
and R

2
. R

1
and

R
2

determine the threshold level, V
TH

.
Hence, you can estimate the resistors R

1

and R
2

for a given R
0
, V

TH
, and m as:

where V
D

is the drop across diode D
1
, and

V
R

is the dc voltage applied to R
1

and R
2
.

Note that you can create
any characteristic by
choosing the proper ratio,
m, and the threshold volt-
age for each fragment of
the resulting char-
acteristic. Also, the
linear approximation is
good for calculation pur-
poses, but the real ratio
changes smoothly near the
threshold voltage. Finally,
use Schottky diodes to in-
crease the voltage range of
regulation. Figure 1b
shows the dynamic re-
sponse of the attenuator
for the constant ratio
m50.16 but for different
threshold voltages. The
measured voltage is V

1
5

V
TH

2V
D
. To increase the

dynamic range of an am-
plifier, you should put the
nonlinear attenuator at the
input of the amplifier. To
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Simple circuits provide nonlinearity
Abel Raynus, Armatron International, Melrose, MA
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Manipulating the resistor values in an attenuator (a) changes the threshold for nonlinearity (b).

A multistage nonlinear attenuator (a) can increase the dynamic
range of an amplifier (b).
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widen the range, you can use a two-stage
attenuator. Figure 2 shows such an
amplifier and its recorded charac-
teristic. The applications of the nonlin-
ear attenuator are not limited to increas-
ing dynamic range. You can obtain a
square-law response, for example, by
putting the attenuator in a feedback cir-
cuit (Figure 3).
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Figure 1 shows a simple, stand-
alone overvoltage detector. The in-
tent of the circuit is to monitor a

voltage, V
MONITOR

, and set the output,
V

OUT
, high when the monitored voltage

exceeds a preset threshold. The mini-

mum allowable threshold for this circuit
is 1.25V. The operation of the circuit re-
volves around the TLV431 shunt regula-
tor. This IC is based on the popular
TL431 shunt regulator. The difference is
that the TLV431’s internal reference is

1.25V, as opposed to 2.5V for the TL431.
When the voltage at the control input is
less than 1.25V, the regulator’s cathode
current is essentially zero. If the control
input exceeds 1.25V, the cathode con-
ducts and turns Q

1
on to produce a high

output at V
OUT

. The trip threshold, de-
termined by resistors R

1
and R

2
, is

V
THRESHOLD

51.25(11R
1
/R

2
). D

1
, the di-

ode between V
OUT 

and the control input,
provides hysteresis and latches the over-
voltage fault condition. If you don’t need
latching operation, you can add a resistor
in series with the diode to lower  the hys-
teresis value and prevent the circuit from
latching.

3.3V

1k

51

2N2907A

VOUT

R1
VMONITOR

R2

10k

TLV431

D1
1N914

NOTE: VTHRESHOLD=1.25(1+ R1
R2

).

Q1
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Regulator IC forms 
convenient overvoltage detector
Robert Bell, On Semiconductor, Phoenix, AZ

A shunt regulator makes an inexpensive overvoltage detector.

Is this the best Design Idea in this 
issue? Vote at www.ednmag.com/edn
mag/vote.asp.
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A nonlinear attenuator in the feedback loop (a) results in a square-law characteristic (b).
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LCDs find wide use in portable in-
struments, thanks to their attractive
display and low power consumption.

The circuit in Figure 1 is an effective driv-
er for LCDs. The circuit comprises two
main sections—the ICM7211 drivers
(IC

2
and IC

3
) and the YN06 display itself

(IC
1
). The Intersil (www.intersil.com)

ICM7211 is a 4-bit LCD driver that needs
no external components. It contains
three basic sections: a reference signal-
generator circuit, an input and display-
channel section, and a digit-selection and
drive circuit. It contains a complete
pulse-generator unit and an oscillator-di-
vider clock-drive circuit. When you dis-
connect the BP pin (Pin 5), the IC pro-
duces a 125-Hz pulse signal. YN06 is a
six-bit character LCD, which uses 5 dec-
imal bits and 2 column bits. To control
the display, you need a 4-bit BCD driver.

In Figure 1, an AT89C51 mC controls
the two ICM7211 drivers. The drivers in

turn drive the 6-bit YN06. Pin 5 of IC
2

and IC
3

connect to the COM pin (Pin 1)
of IC

1
. The reference signal-generator cir-

cuit works in open-loop mode. This
mode results when you disconnect the
OSC pin (Pin 36) of IC

2
and connect the

OSC pin (Pin 36) of IC
3

to ground. The
result is a 125-Hz pulse train, which
serves as the LCD’s drive clock. The chip-
enable signals CS1 of IC

2
and IC

3 
to con-

nect to the mC’s pins P2.5 and P2.6, and
CS2 connects to Pin P3.6, which serves as
a read or write port. In addition, data-in-
put ports B0 to B3 and digital-selection
input ports DS1 and DS2 connect to the
data bus through the D0 to D5 lines. To
control the LCD, you need only provide
4-bit BCD codes through the mC. Unfor-
tunately, in some cases, the display needs
decimal bits. The normal method of pro-
viding these bits is to add another LCD
decimal driver, such as a CD4056.

Note that the LCD in Figure 1 needs

only 6 bits, whereas the drivers can pro-
vide 8 bits. That fact means that two more
seven-segment output ports go unused.
You can take advantage of the unused
ports of IC

2
and IC

3
to solve the decimal-

bit problem. Connect DP1 (Pin 5 of IC
1
)

to Pin 25 of IC
3
, DP2 (Pin 9 of IC

1
) to Pin

23 of IC
3
, DP3 (Pin 13 of IC

1
) to Pin 21

of IC
3
, and DP4 (Pin 17 of IC

1
) to Pin 25

of IC
2
. Also, connect COL1 (Pin 33 of

IC
1
) to Pin 23 of IC

2
, and COL2 (Pin 42

of IC
1
) to Pin 24 of IC

2
. With the help of

some mC software, you can control the
LCD in a flexible fashion. Listing 1 shows
the AT89C51 assembly code for control-
ling the LCD. You can download Listing
1 from EDN’s Web site, www.ednmag.
com. Click on “Search Databases” and
then enter the Software Center to down-
load the file for Design Idea #2574.

20 19 18 17 16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1

21 22 23 24 25 26 27 28 29 30 31 32 33 34 35 36 37 38 39 40

40 41 10 11 12 38 39 45 46 6 7 8 43 44 COM 49 50 VCC2

A4 F3 G3 E3 D3 C3 B3 A3 F2 G2 E2 D2 C2 B2 A2 BP F1 G1 E1 V

B4 C4 D4 E4 G4 F4 B0 B1 B2 B3 DS1 DS2 CS1 CS2 GND  OSC A1 B1 C1 D1

IC2 7211

IC1 YN06

DP5 COL1 COL2 DP4 D0 D1 D2 D3 D4 D5 P3.6P2.6 48 47 4 3

G1 F1 A1 B1 G2 F2 A2 B2 COL G3 F3 A3 B3 G4 F4 A4 B4 COL G5 F5 A5 B5 G6 F6 A6

COM

COM

E1 D1 C1 DP E2 D2 C2 DP E3 D3 C3 DP E4 D4 C4 DP E5 D5 C5 DP E6 D6 C6 B6

50 49 48 47 46 45 44 43 42 41 40 39 38 37 36 35 34 33 32 31 30 29 28 27 26

50 49 48 47 46 45 44 43 COL2 41 40 39 38 37 36 35 34 COL1 32 31 30 29 28 27 26

1 2 3 4

2 3 4

5 6 7 8

6 7 8

9 10 11 12

10 11 12

13 14 15 16

14 15 16

17 18 19 20

18 19 20

21 22 23 24 25

22 23 24 25DP1 DP2 DP3 DP4 DP5

DATA BUS

VSS
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Circuit provides effective LCD drive
Luo Ben Cheng, Chinese Academy of Science, Beijing, China

The unused driver outputs take care of the LCD’s need for decimal-bit inputs.
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20 19 18 17 16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1

21 22 23 24 25 26 27 28 29 30 31 32 33 34 35 36 37 38 39 40

27 28 22 23 24 25 26 31 32 18 19 20 29 30 COM 36 37 VCC14

A4 F3 G3 E3 D3 C3 B3 A3 F2 G2 E2 D2 C2 B2 A2 BP F1 G1 E1 V

B4 C4 D4 E4 G4 F4 B0 B1 B2 B3 DS1 DS2 CS1 CS2 GND  OSC A1 B1 C1 D1

IC3 7211

DP3 DP2 DP1 D0 D1 D2 D3 D4 D5 P3.6P2.5 35 34 16 15

11 10 9 8 7 6 5 4 3 2 1

VCC GND P3.6 P2.6 P2.5 D5 D4 D3 D2 D1 D0

DIP1

11 PIN
TO mC AT89C51

Is this the best Design Idea in
this issue? Vote at www.
ednmag.com/ednmag/vote.
asp.

LISTING 1—ASSEMBLY CODE FOR AT89C51 LCD DRIVE
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Figure 1 is a generalized block dia-
gram of a multichemistry
battery charger. A COP-

8ACC5 mC handles its key charging fea-
tures. The mC is available in a 20-pin (15
I/O pins) SOIC or a 28-pin (23 I/O pins)
SOIC/DIP. It contains 4 kbits of internal
ROM. The controller’s A/D inputs mon-
itor the battery-voltage pin, ID pin, and
thermistor pin. For more complex charg-
ing systems, you can add external EEP-
ROM via the Microwire serial interface.
Such an external EEPROM might be use-
ful for storing battery-specific charge his-
tory, a battery-specific look-up table for
more accurate charging, or both. The
LP2950 doubles as a low-dropout-volt-
age regulator for the mC and as a 60.5%
reference for the charge-control block.
The charge-control block is basically a
constant-voltage, constant-current regu-
lator, as the voltage-versus-current curve
in Figure 1 shows. The mC reads the bat-
tery pack’s ID pin and adjusts the circuit

DC POWER
SUPPLY

AC

CONSTANT CURRENT/
CONSTANT VOLTAGE

VHI

VCC

G/L G/L G/L

VLOVREF ILO ICHRG

VOLTAGE

CHARGE-CONTROL BLOCK

IN

CURRENT

LP2950
3.3V 60.5%

COP8ACC5

12

13

14

D3

D2

D1

D0

OUT

+

1
THERMISTOR

ID

BATTERY+

BATTERY BLOCK

B
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mC controls multichemistry battery charger
Kelly Flaherty, National Semiconductor, Santa Clara, CA

This stand-alone battery charger handles multiple battery chemistries.
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2

+

2

+
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2

+

1.23V +
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31k

75k4.2V
60.5%
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IN 1

5

2

R1
1k
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0.5

R2
1k

D2
1N914 10k

R3
30.9k

10k

VIN

D1
1N914

S1

S2

REQUIV

VREF

VREF

VIN

28

3

1

2N3906

6

5

10k

1k

2.5V

1k

1k

1k

1 mF
1 nF

10 nF

1 nF

7

4

LM431220

OUTPUT

2N3904

2N3904

LM3420

Q1
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A battery charge-control block operates in both constant-current and constant-voltage mode.
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accordingly. If the battery is a lithium-ion
type, the charge-control block adjusts the
fast-charge rate according to the battery’s
capacity rating and adjusts the constant
voltage to the critical maximum voltage
for lithium-ion. If the battery is nickel-
based, similar adjustments take place.
However, the voltage adjustment is to a
level greater than the maximum battery
voltage that is still low enough to accom-
modate the power dissipation of the pass
transistor.

Figure 2 shows a possible implemen-
tation of the charge-control block. It is an
adjustable constant-current, constant-
voltage regulator under control of a mC.
The switches can be analog switches, such
as the CD4066; discrete transistors, such

as the 2N3904; or FETs, such as the
2N7002. The default setting (switches
open) is 4.2V and 0.5A. When S

1
closes,

current regulation increases by the
change in equivalent resistance (R

EQUIV
):

I
CHRG

5(V
REF

3R
1
)/(R

EQUIV
3R

SENSE
). S

1

switches in R
2
, resulting in the doubling

(to 1A) of the default regulated current.
Closing S

2
similarly increases the level of

the regulated voltage from the LM3420
lithium-ion charge controller. The
LM3420 contains an error amplifier, a
precision voltage reference, and a
trimmed voltage divider that sets the reg-
ulated voltage to within 60.5%. The IC
is available in five fixed voltage levels that
correspond to 4.2V per cell for one, two,
three, and four cells. The Comp pin of the

LM3420 switches an external resistor, R
3
,

in parallel with one of the internal divider
resistors, and results in a regulated volt-
age of 7.2V. Q

1
provides a disconnect be-

tween the battery and the LM3420 upon
removal of the input voltage. D

1
and D

2

act as an exclusive-OR gate for current
regulation of voltage regulation. When
V

REG
is reached, D

2
overrides D

1
.

The circuit in Figure 1 represents a
simple and inexpensive way to pro-
vide additional bicycling safety. A

conventional bicycle-generator lighting
system works with the circuit to provide
safety lighting for several minutes after
the bicycle has stopped. Energy storage
uses an ultracapacitor rather than a bat-
tery to avoid the typical battery problems
of limited life, critical charging rates, and
intolerance to cold. The advent of inex-
pensive, compact ultracapacitors
has made this approach practi-
cal. A standard headlight connects to the
generator in a normal fashion, so that the
headlight is on whenever the bicycle is
moving. An ultracapacitor receives its
charge from the generator and connects
to an astable multivibrator to pulse the
taillight.

A typical bicycle generator is a 6V-ac
device. The load regulation of the gener-
ator is poor, so connecting the headlight
directly to the generator stabilizes the
generator’s output. Diode D

1
provides

half-wave rectification of the generator’s
output to charge capacitor C

1
and to

power the taillight circuit. D
1

also acts as
a blocking diode to prevent C

1
from dis-

charging back through the headlight and

the generator. The CMOS 555 timer, IC
1
,

acts as an astable multivibrator tolerant
of voltage variations as low as 2V. The cir-
cuit provides an off-time of 820 msec
(1.13R

1
3C

2
) and an on-time of 43 msec

(1.13R
2
3C

3
). IC

1
drives transistor Q

1
to

pulse the grounded taillight. You must
use an LED for the taillight, because it
does not draw the extreme surge current
of an incandescent lamp and thus pro-

vides several minutes of illumination. A
2V LED limited to 100 mA provides the
greatest duration of light.

IC1
TLC555

TAILLIGHT

Q1
2N3906

1k

1k

6V 
GENERATOR

HEADLIGHT

D1
1N4001

C1
1F

R2
8.2M

R1

C3
0.1 mF

C4
0.1 mF

C2
0.1 mF

R2
390k

3

2

1 5

4 8

6
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Ultracapacitor powers bicycle light
Dennis Eichenberg, Parma Heights, OH

An ultracapacitor provides additional safety by flashing the taillight after the bike has stopped.

Is this the best Design Idea in this 
issue? Vote at www.ednmag.com/edn
mag/vote.asp.

Is this the best Design Idea in this 
issue? Vote at www.ednmag.com/edn
mag/vote.asp.
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Figure 1 shows a pro-
grammable, pre-
cision reference-

voltage generator. A PC’s
printer port controls the
generator. The voltage range
is 0 to 4.0955V in 0.5-mV
increments. Because the
computer’s hard drive saves
the reference setting, when
you restart the computer,
the output voltage is exactly
the same as the previous set-
ting. The Max5130 is a 13-
bit serial voltage-output
DAC with an internal refer-
ence. It uses a three-wire se-
rial interface. Because the IC
has everything necessary for
a programmable reference,
the circuitry is simple. The
printer port’s Pin 2 powers
the circuit. Pins 3, 4, and 5

provide chip select (CS), data
(DIN), and clock (SCLK), re-
spectively, to the Max5130.
Listing 1 is a C program for
the generator. “U” and “D”
keys speed the voltage setting,
given that the DAC has 8192
steps. Push “U” or “D” for
100-step changes, equivalent
to 650-mV steps. The “u” and
“d” keys fine-tune the output
with 0.5 mV per step.
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Printer port controls reference generator
Yongping Xia, Teldata Inc, Los Angeles, CA

Use a PC’s printer port and a 13-bit DAC to configure a precision reference
generator.

Is this the best Design Idea
in this issue? Vote at www.
ednmag.com/ednmag/vote.
asp.

LISTING 1—C PROGRAM FOR PRECISION REFERENCE GENERATOR

(continued on pg 134)

159



134 edn | September 28, 2000 www.ednmag.com

ideasdesign

RS-232 communications with one
mC and more than one re-
mote system can be prob-

lematic, because most mCs contain only
one UART, which provides an interface
between synchronous and asynchronous
ports. The multiplexer in Figure 1, IC

2
,

allows multiple channels (four, in this
case) to share a single UART. The dual
four-to-one multiplexer allows trans-
ceiver IC

1
to form a network with the four

remote transceivers IC
3
to IC

6
. Table 1 de-

fines the channel-selection codes. Select-
ing Channel 1, for instance, enables IC

1

to communicate with IC
3

without being
loaded by IC

4
to IC

6
. Pulldown resistors

inside the remote transceivers force the
outputs of unselected receivers to a
known state.

The circuit’s supply-voltage range (3
to 5.5V) makes it compatible with 3 and
5V logic. IC

2
receives its power directly

from the V1 and V2 terminals of IC
1
,

whose 65.5V outputs come from an in-
ternal charge pump. The multiplexer
handles rail-to-rail signals, so obtaining

its power from IC
1

ensures that RS-232
signals pass directly through, regardless
of amplitude. Each transceiver’s charge

pump requires four small capaci-
tors (not shown), whose values
depend on the V

DD
range but do

not exceed 0.47 mF. Note that
pulling too much current from the
charge-pump terminals of IC

1
,V1

and V2, can cause these rails to
droop and may pull the IC’s RS-

232 transmission levels out of specifica-
tion.

UART

R

T

MAX3221
IC3

R

T

MAX3221
IC4

R

T

R

T

MAX3221
IC5

R

T

MAX3221
IC6

REMOTE 
DEVICES

V1

V+

VDD

MAX3221
IC1

MAX399
IC2

V+

V1

A1 A0 EN

GND

NO1B

NO2B

NO3B

NO4B

NO1A

NO2A

NO3A

NO4A

CHANNEL SELECT

COMA

COMB
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Multiplexer enables 
pseudomultidrop RS-232 transmission
Dan Christman, Maxim Integrated Products, Sunnyvale, CA

One UART and one multiplexer enable one RS-232 transceiver to communicate with four others.

Is this the best Design Idea in this 
issue? Vote at www.ednmag.com/edn
mag/vote.asp.

TABLE 1—CHANNEL SELECTION
A1 A0 EN Selected channel
X X 0 All channels disconnected
0 0 1 Channel 1 (IC3)
0 1 1 Channel 2 (IC4)
1 0 1 Channel 3 (IC5)
1 1 1 Channel 4 (IC6)

LISTING 1—C PROGRAM FOR PRECISION REFERENCE GENERATOR (CONTINUED)
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The schematic in Figure 1 depicts a
differential-input/differential-output
or single-ended-input/differential-

output amplifier with a gain of two. You
can use the low-distortion circuit to drive

high-speed ADCs. You can also use it to
drive precision delta-sigma ADCs. The
circuit contains two active-feedback am-
plifiers, with input connections such that
one amplifier acts as a voltage follower

and the other acts as an inverter.You take
the output differentially from the ampli-
fiers’ outputs. The ADC’s reference out-
put can connect to VCM to set the out-
put common-mode voltage of the
amplifier stages, or you can set this volt-
age by external means. Resistors R

F1
and

R
F2

reduce the distortion of the system.
We added R

1
and R

2
for displaying the ef-

fects of the amplifiers’ mismatch. Figure
2 is a performance photo at 10 MHz and
a gain of two. The top trace is the single-
ended input signal; the two bottom traces
are the output signals, out of phase with
each other. Figure 3 demonstrates the
gain error and the low distortion of the
system. The bottom trace, at 10 mV/div,
shows the effects of the amplifiers’ mis-
match at the common-mode node.

_

+ _

+

1 4

7

32

A=1

_

+ _

+2

4

3

7

1

S
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RF1

RF2

VIN

OUTP

R1
1k

R2
1k

VCM

VOCM
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1k

1k
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+
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Differential amp drives high-speed ADC
Moshe Gerstenhaber and Chau Tran, Analog Devices, Wilmington, MA

A single-ended-input/differential-output configuration drives high-speed ADCs with minimal com-
mon-mode error.

Is this the best Design Idea in this 
issue? Vote at www.ednmag.com/edn
mag/vote.asp.

In the bottom traces, the differential outputs are 1808 out of phase with
each other. The bottom trace shows the amplifiers’ mismatch at 10 mV/div.
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Today, it seems that mPs assume even
the easiest tasks, such as activating a
relay (for an alarm or access control,

for example) via a keyboard command.
However, a simpler and less expensive so-
lution is available (Figure 1). Moreover,
the method does not entail programming
and the concomitant, almost inevitable,
debugging. A CD4016 CMOS analog
switch, IC

1
, forms the heart of the system.

Depressing the key labeled “1st”closes the
topmost switch (between pins 1 and 2),
which latches itself via the diode
connected between pins 2 and 13.
The same topology repeats three times,
with the keys labeled “2nd,” “3rd,” and
“4th.” Each switch provides power to the
next one, so that depressing the key la-
beled “3rd” before the “1st” or “2nd” key
does not activate the third switch. The
Disable keys, connected in parallel, dis-
able the entire chain by shorting the con-
trol input of the first switch to ground.
The values of the power-supply voltage
and the components are not critical; you
can use almost anything you find in your
drawer. Take care, however, that the out-
put transistor has a rating that can han-

dle the relay. The entire circuit fits onto
a 50350-mm board, which you can eas-
ily mount on the back of the keypad.

4TH 3RD 2ND 1STNxDISABLE 2.2k

2.2k

VCC (5 TO 15V)

0.22 mF
10 mF

IC1
1

13

2

14

3

5

4

11

12

10

7

22k

22k

22k

22k

22k

22k
22k

22k

10 nF

10 nF

10 nF

10 nF

6

9

8

CD4016

NOTES:
DIODES ARE 1N914, 1N4148, ETC.
TRANSISTORS ARE 2N2222, BC337,
MPSA06, ETC, DEPENDING ON RELAY.
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Keypad sequence activates relay
JB Guiot, DCS AG, Allschwil, Switzerland

Forget mmPs; this circuit uses a simple, sequential key press to activate a relay.

Keypad sequence activates relay ............189

Spice models differential stripline............190

System monitors multiple 
temperatures, controls fan speed ............192

Measure temperature 
in remote locations......................................194

PC’s IRQ7 and INT1Ch 
measure currents, charges ........................196

Simple circuit provides 
high-side current sensing ..........................200

Edited by Bill Travis and Anne Watson Swager

Is this the best Design Idea in this 
issue? Vote at www.ednmag.com/edn
mag/vote.asp.
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Differential signaling is a com-
mon technique for obtaining
high noise immunity for

critical signals in high-speed digital pc-
board systems. The pc board’s traces, car-
rying differential signals, are often edge-
coupled offset striplines, with the traces
sandwiched between two reference
planes (Figure 1). Striplines are desirable
because they offer good protection
against EMI and ESD and because they
allow you to tightly control tolerances in
fabrication. Unfortunately, PSpice does
not provide a geometry-characterized
model of two edge-coupled striplines
that carry differential signals. As a result,
when it is necessary to simulate a differ-
ential stripline, you must use the PSpice
Tline-coupled model with the line pa-
rameters (L, C, Lm, Cm) obtained by
means of a 2-D field solver. Listing 1
shows the PSpice subcircuit that repre-
sents the model of two lossless, differen-
tially routed striplines, as in Figure 1.

You can use the subcircuit for both
transient and ac analysis.
The model’s input parame-
ters are the geometrical di-
mension of the striplines in
meters; the relative permit-
tivity, er, of the surround-
ing medium; the trace
length in meters; and the
correction factor, kc (Ref-
erence 1). The model cal-
culates the odd-mode im-
pedance of each stripline
(in other words, the imped-
ance of a single stripline
when the two striplines car-
ry differential signals) with
a maximum error of 5 to
6%. The model also calcu-
lates the propagation delay.
The odd-mode impedance
of each line is the parallel
combination of two odd-
mode impedances, each
one calculated with respect

to each reference plane. The empirically
determined correction factor, kc, takes
into account the imperfection of the for-
mulas in the model in determining the

odd-mode impedance of each line. The
correction factor is a function of the pc-
board material and its supplier. You can
download Listing 1 from EDN’s Web site,

www.ednmag.com. Click on
“Search Databases” and then
enter the Software Center to
download the file for Design
Idea #2599.

Reference
1.Riscchiuti,Vittorio,“Prop-

agation of High-Speed Digital
Signals on Printed Circuit
Boards,” Future Circuits Inter-
national, Issue 5, June 1999.

Spice models differential stripline
Vittorio Ricchiuti, Siemens ICN, L’Aquila, Italy
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F igure  1

PSpice can model edge-coupled offset striplines for impedance and propagation delay.

LISTING 1—PSPICE MODEL FOR DIFFERENTIAL STRIPLINE

Is this the best Design Idea in
this issue? Vote at www.edn
mag.com/ednmag/vote.asp.
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The block diagram in Figure 1 rep-
resents a complete remote-
temperature-sensing and fan-

control system. The system uses an
Analog Devices temperature-monitor
and fan-control ASIC and a PIC16C84
mC from Microchip Technology. The
ADM1022 allows you to measure the lo-
cal temperature and two remote temper-
atures within a system. An on-chip, 8-bit
DAC controls the speed of a cooling fan
in response to the measured temperature.
This circuit can form the basis of a cen-
tral-heating/air-conditioning system
with minimal component count and
cost. The ADM1022 uses TDM (thermal-
diode-modeling) techniques to accurate-
ly sense temperature. The use of readily
available transistors, such as the 2N3904,
eases temperature monitoring. The tem-
perature-sensing elements remotely con-
nect to the ADM1022, using a shielded

twisted-pair cable. Zone A represents am-
bient temperature; the internal bandgap
temperature sensor in the ADM1022
measures this temperature.Writing to the

on-chip DAC controls the speed of the
cooling fan.

Figure 2 shows a complete schematic
of the system. The heart of the unit is the

System monitors multiple temperatures, 
controls fan speed
David Hanrahan, Analog Devices Inc, Limerick, Ireland
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An ASIC and a mmC monitor three temperature zones and control a cooling fan.
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A temperature-monitor/fan-control circuit uses minimal components and space.
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PIC16C84 mC. The I2C software-based
communication system uses “bit-bang-
ing” of two of the pins. A 16-character-
by-four-line LCD displays all measured
values. The mC reads the temperature
data from the ADM1022 via the I2C bus.
Zone A represents the ambient temper-
ature. Zones B and C represent temper-
atures at a distance from the system and

use shielded twisted-pair cable. If any
temperature goes outside the pro-
grammed limits, the over/undertemper-
ature-detection LED lights up. In the
schematic, the ADM1022 drives a 12V
fan. You can substitute other fans or ac-
tuators by providing suitable drive cir-
cuitry. The three-state ADD pin can be
high, low, or floating. Thus, as many as

three ADM1022s can connect to one mC,
allowing you to easily expand the system
to monitor nine temperature zones.

The compact and low-power tem-
perature-to-frequency con-
verter in Figure 1 is ideally

suited for measuring temperature in re-
mote locations. An AD22100A tempera-
ture sensor generates a voltage propor-
tional to the ambient temperature. This
voltage then drives an AD7740 VFC
(voltage-to-frequency converter), which
in turn generates a digital pulse train. The
duty cycle of this pulse train is directly
proportional to the ambient tempera-
ture. A 1-MHz crystal defines the full-
scale frequency on f

OUT
. In noisy envi-

ronments, you can use a single opto-
coupler to feed f

OUT
back to the host com-

puter. The optocoupler provides more
than 2 kV of isolation between the trans-
ducer and the host. The host counts the
f

OUT
pulses. The resolution of this system

is a function of the number of f
OUT

puls-
es counted for each temperature reading.
A count interval of 2N/f

OUT
(maximum)

corresponds to N-bit resolution. Hence,
a trade-off exists between resolution and
conversion time. The synchronous na-
ture of the AD7740 produces a more
temperature-stable transfer function
than asynchronous VFCs, which are
prone to errors introduced by an external
capacitor.

Both the temperature sensor and the
VFC operate from the 5V supply. Con-
necting the REFIN of the AD7740 to the
same supply eliminates the need for an
external precision reference. Because the
circuit is fully ratiometric, the outputs of
both the temperature sensor and the VFC
scale with the supply voltage, and any er-
rors caused by supply variations cancel

each other out. The AD22100A temper-
ature sensor operates over 240 to
1858C. The corresponding output-volt-
age range is nominally 0.475 to 3.288V.
The AD7740 converts this voltage range
to a frequency range of 176 to 626 kHz.
The transfer functions of these devices
are as follows:

AD22100A:
V

OUT
2V

DD
/53@1.3751

(22.5 mV/8C3T
A
)# V.

AD7740:
f

OUT
5CLKIN3@0.11(0.83

V
IN

/V
DD

)# Hz.
For the circuit in Figure 1, f

OUT
5

(32013.6T
A
) kHz. The AD22100A is

available in a TO-92 package, and the
AD7740 comes in an eight-lead SOT-23
package. The ICs require minimal exter-
nal components. When V

IN
is buffered

(BUF is at logic 1), the power consump-
tion in the two ICs is typically 8 mW. This
figure does not include the power con-
sumed by the crystal, which is a function
of the effective series resistance and the
associated capacitor values.

GND

VOUT VIN FOUT
fOUT

BUF
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Measure temperature in remote locations
Helen Stapleton, Analog Devices, Limerick, Ireland

This remote-temperature measurement system is immune to power-supply variations.

Is this the best Design Idea in this 
issue? Vote at www.ednmag.com/edn
mag/vote.asp.
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Figure 1 shows that you can use
just two interrupts (IRQ7 and
INT1Ch) of a PC and a few inex-

pensive components to make simultane-
ous measurements of two electrical
quantities. Two examples are low cur-
rents and their associated charges, pa-
rameters important in ion implanters
used in the semiconductor industry. The
method shown here effects the simulta-
neous measurement of the interrelated
parameters without the need for two
dedicated, multiplexed analog-input
channels of a data-acquisition system.
Simple and simultaneous counting of the
number of IRQ7 interrupts in two
modes—one periodic and the other to-
talizing—gives the magnitude of the cur-
rent and its associated charge.You can use
this design as a low-current ammeter, a
coulomb meter, or a current/coulomb
meter with simple modifications to the
software. The circuit in Figure 1 provides
simultaneous measurement of input cur-
rents of 0 to 100 mA and the correspon-
ding charges. Because the currents under
measurement are low, the circuit uses an
electrometer amplifier with low bias cur-

rent and noise current. The amplifier
converts the input current to voltage as
follows:

IC
2 
inverts the amplifier’s output and

then undergoes digital integration, using
a simple and inexpensive digital integra-
tor, IC

3
, whose output is a 10-kHz/V

pulse train. Each pulse represents a fixed
charge, Q, as follows:

The output pulses of the digital inte-
grator, after a division by 10 in IC

4
and

buffering by IC
5
, interrupt the PC

through IRQ7 to a maximum rate of
1000 pulses/sec. Access to IRQ7 is via the
LPT printer port 10 (ACK) for testing
the design. However, you can also di-
rectly plug pin B21 into the PC’s slot, as
in Figure 1. Each IRQ7 interrupt repre-
sents a fixed, 100-nC charge when
counted in totalizing mode over a peri-
od, T. The following equation gives the
total charge associated with the current
in period T:

where N is the total count during the in-
tegration period, T, and k is the
charge/count-conversion factor. Howev-
er, if you periodically count the IRQ7 in-
terrupts—say, at 1-sec intervals—you ob-
tain the magnitude of the input current.
Though the circuit shown here is de-
signed for positive input currents, you
can process bipolar input currents by us-
ing an absolute-value circuit before the
digital integrator. The Turbo C program
in Listing 1 controls the entire measure-
ment. BIOS interrupt INT1Ch, which oc-
curs 18.2 times/sec (normally used only
for time-of-day data), generates the 1-sec
timebase for the periodic counting of
the IRQ7 interrupts. At the start, the vari-
ables ITIMER, QTIMER, ICOUNT,
QCOUNT, ETIME, and TEMP are set to
zero. The INT1Ch signal causes execu-
tion of the TIMEBASE() routine to up-
date the ITIMER and QTIMER variables,
and the IRQ7 interrupt causes execution
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PC’s IRQ7 and INT1Ch measure currents, charges
K Suresh, IGCAR, Tamil Nadu, India

You can use a PC’s interrupts to measure low currents and their associated charges.
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of IROUTINE(), which updates the
QCOUNT, ICOUNT, and TEMP vari-
ables. Subsequently, when the ITIMER
reaches 18 (approximately 0.989 sec) and
a correction factor (CF) of 18.2/18 ad-
justs the timebase to 1 sec, the DIS-
PLAY() routine manipulates ICOUNT
and TEMP with Q and the CF to display
the current magnitude and associated
charge, as follows:

The routine then resets the variables
ITIMER, ICOUNT, and TEMP to zero in
preparation for another measurement
cycle. However, the system continues to
update QTIMER and QCOUNT in to-
talizing mode with each INT1Ch and
IRQ7, respectively. At any instant, if you
wish to know the total charge associat-
ed with the input current, you can press
any key to obtain the total charge QTO-
TAL and the elapsed time, as given 
here:

You can download Listing 1 from
EDN’s Web site, www.ednmag.com.
Click on “Search Databases”and then en-
ter the Software Center to download the
file for Design Idea #2613.

LISTING 1—TURBO C ROUTINE FOR CURRENT AND CHARGE MEASUREMENT

Is this the best Design Idea in this 
issue? Vote at www.ednmag.com/edn
mag/vote.asp.

C. CF)/1000Q(TEMPCHARGE

A. 1000/)CFICOUNTQ(CURRENT

µ××=
µ××=

SEC. 054.95)/100(QTIMERETIME

C. 1000/)QQCOUNT(QTOTAL

×=
µ×=
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In power supplies or battery charg-
ers, you often need informa-
tion about the current flowing

in the high-side rail. Figure 1 shows a
common circuit for obtaining this infor-
mation. The circuit provides a ground-
referenced voltage proportional to the
current flowing through the high-side
sense resistor, R

S
. The circuit needs an ad-

ditional high-side supply, V
P
. If you use

a low-voltage op amp, such as an OP90,
V

P
51.5V is adequate, so you can derive

this supply from a series-transistor volt-
age drop in many applications. The op
amp keeps the voltage drop in R

S
and the

conversion resistor, R
C
, equal, so the cur-

rent through R
1

is (R
S
/R

C
)I, and the volt-

age across R
1

is I(R
S
/R

C
)R

1
. Figure 2

shows a circuit that needs no auxiliary
transistor. The output stage of the op
amp, in a sense, replaces the transistor.
The current through R

C
is the same as

that in Figure 1. Now, this current flows
through the negative-supply pin of the op
amp and serves as the current source for
R

1
as before. The circuit uses a low-pow-

er OP90 op amp, which draws a low sup-
ply current. The idea is that the supply
current contributes a negligible offset to
I

1
. Measurements show that the positive-

supply current, I
P
, rises with current I

1
.

This situation leads to a higher current

I
1

because of the current I
P
. Figure 3

shows the result. The dots in Figure 3 in-
dicate the measured values of V

1
, and the

straight line shows the value if I
P

were
zero.

Fortunately, the supply, I
P
, is nearly

proportional to the op amp’s output cur-
rent. So the value of R

C 
in Figure 2 is such

to yield the right value at the maximum
current of 2.5A. This simple, one-point
adjustment corrects the gain error. Fig-

ure 4 shows the result after this gain com-
pensation. Now, the error between the
measured V

1
and the desired value is

within 5%, which is tolerable for many
applications. Measurements show that
the accuracy holds for input voltages of
5 to 25V and an additional supply volt-
age of 2 to 15V.
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Simple circuit provides high-side current sensing
M Ossmann and B Kazay, Aachen University of Applied Sciences, Germany

This method for measuring high-side supply
current requires an auxiliary transistor.
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This circuit uses the negative-supply current of
the op amp to measure the high-side supply
current.

Because of the positive-supply current, the meas-
ured values (dots) do not agree well with the the-

oretical values (straight line).
Gain compensation by adjusting RC improves the
accuracy of the measurement.
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Is this the best Design Idea in this 
issue? Vote at www.ednmag.com/edn
mag/vote.asp.

168



The problem of setting any one of
four modes of a mC-operated process
has a straightforward solution: Have

the mC check the states of some 4 bits of
a mC register or an input port and then
execute one of the four predetermined
subroutines according to the result. The
next question is how the operator sets
these 4 bits or, specifically, selects a de-
sirable mode of operation.

One approach is to use a rotary switch
(Figure 1a). This circuit does the job but
is rather expensive for consumer appli-
cations. You can also reject DIP switches
because even a qualified person can
choose a wrong setting when using this
solution. Slide switches are another pos-
sibility, but those in the catalogs have no
more than three positions (SP3T), and
this application requires four.

Figure 1b shows a simple and cost-ef-
fective solution that uses one
pushbutton switch and four LEDs
for mode indication. (You can download
the corresponding mC program from
EDN’s Web site, www.ednmag.com.

Click on “Search Databases”and then en-
ter the Software Center to download the
file for Design Idea #2605.)

The four mC bits PA0 through PA3
serve as a mode register and simultane-
ously as a mode indicator via the LEDs.
After the mC resets, the initialization rou-
tine puts a low level on PA0, which sets
MODE 1 and lights the corresponding
LED. All other LEDs remain off, and all
the rest of the bits of Port A stay un-
changed. For the intended project appli-
cation, it is more convenient to organize
the mode-switching process as an exter-
nal interrupt and let the main program
perform its other functions.When an op-
erator pushes the normally open switch,
SW

1
, the resulting negative edge at the

IRQ pin of the mC causes an external in-

terrupt. The interrupt-service routine
shifts the low level to the next output pin
consecutively from PA0 to PA3.When the
routine reaches PA3, it goes back to PA0,
and so on. The service routine has no ef-
fect on bits PA4 through PA7, and they
remain unchanged. The debouncing de-
lay is 54 msec.

The circuit in Figure 1 uses an inex-
pensive mC, but the program contains the
standard instruction set and therefore is
applicable to any mC.
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Cheap pushbutton replaces rotary switch
Abel Raynus, Armatron International Inc, Melrose, MA

As an alternative to a rotary switch (a), you can use a pushbutton switch (b) to cycle through four
modes of a mmC-controlled process. Four LEDs indicate the selected mode.

Is this the best Design Idea in this 
issue? Vote at www.ednmag.com/edn
mag/vote.asp.
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The circuit in Figure 1
is an FPGA-
based, synchro-

nous FIFO that uses the
same clock for read and
write operations. The circuit
can generate FIFO-occu-
pancy flags with a minimum
of logic. The boxed area in
Figure 1 shows a more con-
ventional occupancy meter.
The circuit is implemented
in a demultiplexer that
writes data in the FIFO
when the data arrives and
reads data according to
FIFO occupancy. The cir-
cuit uses a Xilinx Spartan
(XC4000 equivalent) FPGA.
The method uses three main blocks: a 16-
bit dual-port RAM macro, read- and
write-address counters, and the flag
processor. In this design, the FIFO is 4

bits deep but can be as great as 16 bits
deep using the RAM16X1D macro. Read
and write counters can take the form of
any cyclic counter, a conventional bina-

ry counter, a Gray-code
counter, or a linear-feedback
shift register. FIFOs com-
monly use Gray-code coun-
ters. These counters have the
property that only one bit
changes from state to state.
Thus, they have the advan-
tage of not providing inter-
mediate false states when the
counter advances. For ex-
ample, a binary counter
moving from 0111 to 1000
changes all its bits but with
different delays and thus can
fool asynchronous compar-
ison logic. Linear-feedback
shift registers have the ad-
vantage of requiring modest

logic resources and can work at high
clock rates. They pose one small incon-
venience, however: For an n-stage shift
register, only 2n21 states exist.
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FPGA makes simple FIFO
Luis Miguel Brugolaras, SIRE, Madrid, Spain

This simple scheme makes it easy to determine FIFO occupancy.
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The CB4CLED increments upon assertion of UP and CE and decrements upon
assertion of CE and deassertion of UP.
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You can read FIFO occupancy in an
orthodox way, by using an up/down
counter controlled by read- and write-
enabled clocks (Figure 2). This method
makes the counter advance up when the
FIFO is written to but not read, advance
down when the FIFO is read but not
written to, and remain unchanged oth-
erwise. Such an arrangement leads to full
knowledge of FIFO occupancy, a valuable
asset during debugging. For example,
you can use a DAC to convert the occu-
pancy data and monitor it with an oscil-

loscope. In this application (Figure 1), it
was necessary to keep logic to a mini-
mum. We simply needed to know
whether the FIFO was full (to avoid loss
of data in a write attempt), or empty;
hence, the application needed just Full
and Empty flags. The addresses of the
read and write pointers are equal only
when the FIFO is either full or empty.
These states are distinguishable because,
before the FIFO became full, a write op-
eration occurred after no previous read
operation. A flip-flop qualifies this status

by latching data only when a read or
write attempt occurs. The flip-flop latch-
es a high level when a write operation
(but not a read operation) occurs, indi-
cating an attempt to increment the
FIFO’s occupancy.

ISFETs and MEMFETs (ion-sensitive
and membrane FETs) are sol-
id-state chemical sensors that

provide an electrical signal associated
with the change of a chemical concen-
tration in a solution. These types of sen-
sors need a stable operating point. A
common operating point is a drain-
source current of 100 mA and a drain-
source voltage of 500 mV. Under these
conditions, the sensed chemical infor-
mation is contained in the gate-source
voltage. Figure 1 shows a constant-cur-
rent driver for ISFETs/MEMFETs. The
current source, I, produces a voltage drop
in resistor R

1
; the voltage follower reflects

this voltage to the drain-source terminals
of the chemical sensor. In this example,
VDS is equal to IR. The entire cur-
rent, I, traverses resistor R

1
, be-

cause the op amp is an electrometer type
with femtoamp-range input-bias cur-
rent. The sensor’s drain-source current is
the difference between the constant cur-
rents, 2I and I—in this case, I. A REF200
provides the constant currents in the cir-
cuit in Figure 1. The REF200 has two in-
ternal 100-mA current sources and a cur-
rent mirror.

One of the 100-mA current sources
provides I in Figure 1. The lower 2I cur-
rent source uses the REF200’s second

Circuit provides constant current 
for ISFETs/MEMFETs
S Casans, D Ramirez, and AE Navarro, University of Valencia, Burjassot, Spain
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A constant-current driver provides the basis for a chemical-concentration test system.
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The gate-source voltage shows good correlation with the concentration of [H1] ions.

Is this the best Design Idea in this 
issue? Vote at www.ednmag.com/edn
mag/vote.asp.
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100-mA current source and the internal
current mirror. The second volt-
age follower measures the gate-
source voltage of the sensor—hence, the
chemical concentration of interest. Fig-
ure 2 shows experimental results.You can
see that the setup provides a linear rela-
tionship between gate-source voltage and
the concentration of [H1] ions. The ex-
periment used SiO

2
- and Si

3
N

4
-based IS-

FET sensors. Figure 3 shows the variation
of the threshold voltage as a function if
pH.

The gate-source voltage of an ISFET shifts with the degree of acidity.
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Figure 1 shows a convenient and
neat way to measure temperature
using the USB of a PC. An ADM-

1023 IC senses the temperature, and an
Anchor Chips EZ-USB AN2131SC mC
provides control. The ADM1023 is a low-
cost device with an accuracy of 18C and
a resolution of 0.1258C. The IC is
a two-channel device that can
measure its own local temperature and
the temperature of a remote location.You
obtain remote-temperature sensing by
connecting a remote thermal diode be-
tween the D1 and D2 pins of the mC.
You can locate this remote diode (for ex-
ample, a diode-connected 2N3906) in a
hot spot that can be as far as 100 ft from
the ADB1023. However, for distances
greater than 12 in., you should use twist-
ed-pair cable. For distances greater than
12 ft, you should use shielded twisted-
pair cable, such as microphone cable.

The EZ-USB mC includes an integrat-
ed I2C controller. This feature is useful in
that the mC communicates via I2C, there-
by simplifying both the circuit and the
mC’s firmware. The mC takes care of the

lower level I2C signals. The firmware
needs only to place the data destined for
the I2C data register and to tell the mC to
send it. A second advantage of this mC is
the availability of on-chip RAM. You can

write Windows drivers such that the
firmware automatically downloads to the
RAM when you plug in the board. The
mC then simulates a disconnect and re-
connects the board as a new device. This

USB link neatly measures temperature 
Mary Burke, Analog Devices, Limerick, Ireland
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Use the USB port on your PC to make quick and easy temperature measurements.

Is this the best Design Idea in this 
issue? Vote at www.ednmag.com/edn
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feature of the mC is called renumeration.
The circuit in Figure 2 works as follows:
The SDATA and SCLK pins of the
ADM1023 connect to the corresponding
pins of the mC.You need a 2.2-kV pullup
resistor on both lines, because these pins
have open-drain outputs. Also connect-
ed to these lines is a 24LC00, a 16-byte
EEPROM. This ROM stores the board’s
device descriptors (the vendor and prod-
uct IDs). Windows uses this information
to identify which device driver to use.

The remote thermal diode (or diode-
connected transistor) connects between
the D1 and D2 lines of the ADM1023.
The ADM1023 can also signal an Alert.
You can program the IC with high and
low temperature limits for both the lo-
cal and the remote channels. If any of the

measured values of temperature are be-
yond the temperature limits, then the
ADM1023 signals an Alert. The ALERT
is active-low; an LED tied to the pin lights
whenever an Alert signal arises. The USB
port supplies power to the circuit. The
port can supply as much as 500 mA at 5V.
Because both chips in Figure 2 operate at
3.3V, the circuit uses a 78033 regulator to
generate the required 3.3V. The USB
Master, which in this case is the applica-
tion running on the PC, maintains con-
trol of the circuit. The master initiates all
USB communications. The temperature-
measurement circuit is the slave. It re-
sponds only when the master requests it
to do so. When the master requests data
(via the PC application), the request trav-
els down the USB cable to the mC. This

request consists of the device address of
the ADM1023 and the address of the reg-
ister that stores the data. It also tells the
mC whether a read or a write is required.
The mC then uses this information to in-
terrogate the ADM1023 over the I2C in-
terface. You can download the software
used in this project from EDN’s Web site.
Click on “Search Databases”and then en-
ter the Software Center to download the
file for Design Idea #2596.
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This temperature-measurement system requires minimal components.

Is this the best Design Idea in this 
issue? Vote at www.ednmag.com/edn
mag/vote.asp.
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The circuit in Figure 1 complements
a previous Design Idea (“SSB mod-
ulator covers HF band,” EDN, Sept

30, 1999, pg 122). The modulator em-
ploys a phasing network to split a low-
frequency audio signal into in-phase and
quadrature (orthogonal) components.
This circuit delivers a phase error of only
0.158 and has a low sensitivity to compo-
nent tolerances, which are advantages
over other phasing circuits (Reference 1).
By reversing the direction of the network,
that is, feeding the output with two or-
thogonal signals and tapping the input,
the network functions as a detector. Feed-
ing the two signals one way may produce
a signal at the input, but if you inter-
change the two signals, no signal will go
through.

Because the network in the modulator
circuit has two floating differential out-
puts, the demodulator network requires
two floating sources. The simplest way to
accomplish this requirement is by using
transformers. T

1
and T

2
are 600V 1-to-1

telephone-coupling transformers with a
center-tapped bifilar primary. It is im-
portant to minimize the capacitance be-
tween the primary and the secondary
windings.

Q
1

to Q
4

and Q
5

to Q
8

function as bal-
anced mixers. They provide a high dy-
namic range for the circuit, which is part
of a direct-conversion receiver. IC

1
pro-

vides two, quadrature LO signals, and this
IC requires a drive of four times the car-
rier frequency. IC

2
allows for upper or

lower sideband selection. The prototype

circuit measures 37 dB of unwanted side-
band rejection for a 1-kHz modulated
carrier and 32-dB rejection for a 3-kHz
modulation. A sharp 3-kHz lowpass fil-
ter must follow the circuit.

Reference
1. Zavrell, Robert, J, “New low-power

single sideband circuit,” Philips Semi-
conductor, AN1981.
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Single-sideband demodulator covers the HF band
Israel Schleicher, Bakersfield, CA

A single-sideband demodulator uses two transformers as floating sources.

Is this the best Design Idea in this 
issue? Vote at www.ednmag.com/edn
mag/vote.asp.
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The common JFET current-source in
Figure 1a has average output
impedance and depends heav-

ily on the JFET’s V
P

and I
DSS

variations.
These manufacturing variations limit the
initial accuracy of the current setpoint
that the circuit can obtain with a fixed R

1
.

Most users of JFET current-sources sam-
ple V

P
and I

DSS
for each lot of JFETs and

then select R
1

by first solving the quad-
ratic equation I

D
5I

DSS
(12V

GS
/V

P
)2 for

V
GS

and then solving the current-setpoint
equation I

SOURCE
5V

GS
/R

1
. After complet-

ing these lot-specific calculations, the ac-
curacy error for I

SOURCE
can be less than

615%. In addition to initial accuracy er-
ror at ambient, the V

GS
overtemperature

performance limits the current temper-
ature drift to 0.3%/8C. The temperature
dependence of V

GS
is a function of both

the mobility variation of I
DSS

with I
DSS

negative-temperature coefficient and the
built-in potential of V

P
’s positive coeffi-

cient. V
GS

has one I
D

operating
point at which it has a zero tem-
perature coefficient, but this one current
setpoint is probably not the one that you
wanted. With resistors commonly avail-
able at 0.1%, 25 ppm/8C grade, R

1
will be

a small contributor to any errors in the
current setpoint. Compliance voltage
across the current source is V

GS
to BV

DSS
.

The output impedance, R
O
, for this cur-

rent source is approximately 1 MV. You
can improve R

O
to approximately 10 MV

by adding another JFET in a cascode con-
figuration.

In contrast, the composite circuit in
Figure 1b adds an IC voltage reference to
the JFET that improves the output im-
pedance. I

SOURCE
is set by IC

1
’s output

voltage divided by R
1

plus the small
ground-current (50 mA) of IC

1
. The good

supply rejection of the LM4130 nulls any
V

GS
variation of the JFET. The current

path is from V1 through the n-channel
JFET (drain to source) into IC

1
’s supply

input and then out V
REF

and through R
1

to V2. The gate current of Q
1
is in the pi-

coamp range. The JFET’s V
GS

, approxi-
mately 1.2V, keeps IC

1
biased well above

its dropout level.
Figure 2 shows I

SOURCE
versus V

IN
of

both the JFET and the composite current
sources. The slope of these two operating
plots represents the inverse of output re-

sistance. The composite circuit curve has
an output resistance of greater than 200
MV as compared with the JFET-only
output resistance of 0.2 MV.

To a slighter degree than output im-
pedance, the circuit in Figure 1b also im-
proves the initial accuracy of I

SOURCE
. The

(a) (b)

ISOURCE
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ISOURCE
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C1
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V1 V1

V+ V+

R1
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MMBF4393

GND

4

2

5
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Voltage reference improves JFET
Clayton Grantham, National Semiconductor, Tucson, AZ

The common JFET transistor current source (a) has an average output impedance. A composite volt-
age reference and JFET circuit (b) features higher output impedance, high accuracy, and low tem-
perature drift.
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F igure  2

The composite configuration improves the variation of ISOURCE with a change in VIN.
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high accuracy achievable with IC
1
and R

1

controls the setpoint. Both these
components are available in at
least 0.1% grades. However, IC

1
’s ground

current of 50 mA introduces an offset to
I

SOURCE
, which you must include in the

calculation. IC
1
’s ground-current varia-

tion of 67 mA is the practical limit of
I

SOURCE
’s accuracy. Table 1 summarizes

the impact on the practical accuracy that
you would attain for a range of I

SOURCE

values.
Figure 3 compares the overtempera-

ture performance. Again, IC
1
’s ground-

current variation dominates for I
SOURCE

set below 200 mA. IC
1
’s variation of

ground-current overtemperature is 65
mA.

The compliance voltage across the
composite is V

GS
12.1V to BV

DSS
15.5V,

or approximately 3.5 to 36V. Regarding
overvoltage stress, when V

IN
goes above

BV
DSS

15.5V, the composite circuit’s set-
point permanently goes into the mi-
croamp range due to the CMOS struc-

tures within the LM4130 that the over-
voltage destroys. The JFET-only config-
uration may shift the setpoint by 20%
but otherwise will be more forgiving of
an overvoltage stress.You can further en-
hance the composite configuration by
cascoding the JFET, which boosts the
output resistance to approximately 1 GV
and extends the V

IN
range to more than

70V.

2.15

2.10

2.05

2.00

240 215 10 35 60 85

TEMPERATURE (8C)

ISOURCE (mA)

NJFET-510

LM4130/NJFET-1K

F igure  3

The composite configuration also offers a slight improvement in the variation of ISOURCE with a
change in temperature.

Is this the best Design Idea in this 
issue? Vote at www.ednmag.com/edn
mag/vote.asp.

You can design various lowpass and
highpass filters using image param-
eters (references 1 and 2). By cas-

cading a highpass and a lowpass filter us-
ing image-parameter designs, you can
also realize a low-cost wideband filter
(Figure 1). A different approach uses a
composite design with terminating m-
derived half-sections and two interior
constant-k full sections. This approach

results in viable performance with the use
of relatively few components. For this ap-
proach, however, m50.5, which is not the
preferred value for classic-filter designs.

In Figure 1’s filter, the upper and low-
er cutoff frequencies of this overall band-
pass filter can be independent design pa-
rameters. For this filter, the nominal
highpass cutoff frequency is 3.3 MHz,
and the lowpass cutoff frequency is 10

MHz. Impedance levels are 50V. A male-
to-male BNC adapter connects the two
separate filter units. At higher frequen-
cies, total integration of the two filters in
a single enclosure would be desirable. Use
of surface-mount components might
also be appropriate.

Table 1 shows the measured amplitude
responses of the highpass and lowpass
sections. Table 2 summarizes the overall

Wideband filter uses image parameters
Richard M Kurzrok, RMK Consultants, Queens Village, NY

TABLE 1—IMPACT ON ACCURACY FOR ISOURCE
Accuracy-error Temperature-coefficient

ISOURCE (mA) R2 (VV) range (%) range (ppm/88C)
4.066 510 660.4 6675
2.098 1k 660.6 6695
1.074 2k 661.0 66135
0.255 10k 663.0 66380
0.126 27k 666.0 66980
Note:

R2=0.1%, 25 ppm/88C.
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bandpass filter’s amplitude response.You
can see that the highpass and low-
pass cutoff frequencies are suffi-
ciently removed from each other to re-
alize a fairly wide passband of low
insertion loss. If the cutoff frequencies of
the highpass and lowpass filters are too
close to each other, you can reduce in-
teractions between the two filters by us-
ing a fixed-pass attenuator to connect the
two filters.

The design computations are simple,
harking back to the days of slide-rule de-
signs. You can gauge the theoretical per-
formance of composite lowpass filters
using modern computer-aided analysis
(Reference 3).

References
1. Kurzrok, Richard M,“Low cost low-

pass filter design using image parame-
ters”, Applied Microwave & Wireless, pg
72, February 1999, plus correction pg 12,
May 1999.

2. Kurzrok, Richard M, “Filter design
uses image parameters”, EDN, May 25,
2000, pg 111, May 25, 2000.

3. Kurzrok, Richard M, “Update the
design of image-parameter filters”, Mi-
crowaves & RF, pg 119, May 2000.
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A low-cost wideband filter results from cascading a highpass and a lowpass filter using image-
parameter designs.

TABLE 2—AMPLITUDE RESPONSE
Frequency (MHz) Insertion loss (dB)
2.9 24.4
3.3 7.9
3.4 2.7
3.5 1.2
4 0.8
4.5 0.6
5 0.4
7 0.3
8 0.5
9 0.8
9.5 1.1
10 4.8
12 Greater than 28

TABLE 1—PARTS LIST FOR WIDEBAND FILTER
Frequency (MHz) Highpass insertion loss (dB) Lowpass insertion loss (dB)
2.9 23.8 Less than 0.1
3.3 9 Less than 0.1
3.4 2.5 —
3.5 1.15 —
4 0.65 0.1
5 0.3 0.1
7 0.15 0.2
9 0.1 0.55
9.5 — 1
10 — 5
11 — 23.5
12 0.1 —

Is this the best Design Idea in this 
issue? Vote at www.ednmag.com/edn
mag/vote.asp.
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The circuit in Figure 1 is an easy ap-
proach to testing batteries without
exiting the voltmeter. The battery

holders in sizes AAA, AA, C, and D make
this tester so much faster than a voltmeter.
You just put the battery into the holder
and look at the circuit meter instead of
getting the voltmeter out of the case,
plugging in the probe, and turning on the
meter. Holding the tips of the probes to
the tips of the battery is clumsy.

The heart of this circuit com-
prises op amps that the circuit
configures as comparators. When
the voltages at the plus (noninverting) in-
puts are higher than the voltages at the
minus (inverting) inputs, the op-amp
outputs are equal to V

CC
. When the plus

inputs are lower than the minus inputs,
the outputs are equal to V

DD
. Every plus

input connects to a potentiometer that
controls the voltages going into the plus-
input pin. The minus inputs all connect
to battery holders.

You adjust the potentiometers in in-
crements of 0.05V starting at 1.2V and
ending at 1.55V. You can change this ad-
justment to increments of 0.2 or 0.3V, de-
pending on how accurate you want the
tester to be.

The output of each op amp connects
to a 20-pin LED bar, which you place ver-
tically to look like a meter. The circuit
uses only eight of the LEDs. If the bat-

tery voltage is higher than 1.4V, the bot-
tom five LEDs will light up because the
minus input is greater than the plus in-
put on the bottom five op amps. The top
three LEDs do not light up because 1.4 is
not higher than 1.45, 1.5, or 1.55.
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This battery tester configures two dual op amps as comparators.

Is this the best Design Idea in this 
issue? Vote at www.ednmag.com/edn
mag/vote.asp.
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The electronic-fuse circuit in Fig-
ure 1 combines the properties of a
current transducer and a solid-state

relay to disconnect low power at preset
levels. Using this circuit lets you avoid the
bother of stocking and replacing fusible
links.

The circuit simulates fast- or slow-
blow fuses as large as 10A in 1 or 2A in-
crements using a convenient pushbutton
reset. This device can bracket trip levels
of functioning equipment or help locate

chronic faults. The circuit full-wave-rec-
tifies the output from the Lem current
transducer and applies the result or with
a variable delay to a window comparator.
The reference steps are 600 mV/1A at Pin
7 as a high level. Signals greater than the
H pin of the CA3098 set a flip-flop in the
CA3098, which removes drive to the sol-
id-state relay. Forcing Pin 1 of the
CA3098 from 21V to 1V resets the flip-
flop and restores load power. An offset
current through the 15-kV, 1% resistor

adds 2300 mV to the set level, which is
equivalent to 21 or 22A from the inte-
gral switch settings of 1 to 10 with stan-
dard 308 indexing. The circuit blocks two
switch positions from use. You adjust the
LF411CN with no ac load to zero voltage
at Pin 6 relative to dc common.
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Electronic fuse emulates fast- or slow-blow fuses
John A Hasse, Colorado State University, Fort Collins, CO

An electronic fuse combines the properties of a current transducer and a solid-state relay.

Is this the best Design Idea in this 
issue? Vote at www.ednmag.com/edn
mag/vote.asp.
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The multivibrator is a common cir-
cuit that consists of an ampli-
fier with both positive and

negative feedback (Figure 1a). When the
output is positive, the positive input ter-
minal equals 1/2 V1, and the voltage at the
negative input terminal changes toward
V1.When this voltage exceeds 1/2 V1, the
output voltage rapidly changes to V2.
The positive input terminal becomes
1/2V2, and the negative input terminal
changes toward V2. When the voltage at
the negative input terminal is less than
1/2V2, the process repeats (Figure 1b).

For the multivibrator to work, the
bandwidth of the amplifier must be 10
times higher than the time constant of
the passive network, and consideration of
the high slew rate helps define the am-
plifier. The output is a square wave.

The circuit in Figure 2a is a sinusoidal
oscillator. External compensation at Pin
5 forces the unity-gain bandwidth of the
amplifier to be the same as the passive-
network bandwidth.

Loop-gain analysis results in the fol-
lowing transfer function:

To meet the conditions necessary to
sustain oscillation—loop gain equal to
unity and phase equal to zero—choose
(1/g

m
)3C

2
51/(100pf) and R

1
3C

1
5

1/(2pf).
The inverse transconductance, 1/g

m
, of

the input stage, re, is equal to 52V. The
design assures amplitude stability be-
cause re always increases with an ampli-
tude increase, which reduces the loop
gain. The ratio of the R

2
/R

3
divider net-

work sets the amplitude.

Figure 2b is a performance photo of
the oscillator running at 4 MHz and 5V
p-p. For better frequency stability, you
can replace C

2
with a crystal of the de-

sired frequency and low shunt capaci-
tance.
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T

T

T

F igure  1

Amplitude-stable oscillator 
has low distortion, low cost
Moshe Gerstenhaber, Chau Tran, and Mark Murphy, Analog Devices Inc, Wilmington, MA

The common multivibrator has positive and negative feedback (a). When VOUT is positive, VIN22

changes toward V+. When VIN22
exceeds V+/2, VOUT changes to V22 (b).
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This stable oscillator (a) has low distortion (b).

Is this the best Design Idea in this 
issue? Vote at www.ednmag.com/edn
mag/vote.asp.
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Anumber of circuits, such as level
detectors and AM demodula-
tors, benefit from a rectifier

with a low offset voltage. Silicon diodes
have an offset of approximately 0.6V and
do not work well in low-level circuitry. A
Schottky diode is a bit better with an off-
set of approximately 0.4V. A few germa-
nium diodes are still available, but they
do not tolerate the temperature range of
silicon. Also, you can’t include a germa-
nium diode in an IC. A superior config-
uration uses a bipolar transistor for these
applications.

Figure 1 shows the bipolar-inverted-
clamp circuit and a typical transfer func-
tion. The collector connects to ground or
any other desired reference voltage. A
fixed current drives the base. In the ab-
sence of any external drive, the emitter
voltage is near zero. Driving the emitter
with an external voltage produces the
transfer function in Figure 1.

The circuit achieves this excellent rec-
tification characteristic by using a
transistor with a large forward-
beta-to-reverse-beta ratio. Many of these
transistors are still available. The 2N3904
provides excellent characteristics at a low
cost. The reverse beta of the 2N3904 is
only 0.25, so that for positive voltage on
the emitter and, with 40 mA of base drive,
the emitter current is around 10 mA. This
current is sufficient in most level-detec-
tor applications for which the ac input
amplitude changes slowly.

The emitter current at even small neg-
ative voltages is much greater than in the
inverted region because the forward beta
of the 2N3904 is greater than 100. Im-
pedance is low up to the beta-limited for-
ward current, at which point the imped-
ance increases to approximately the value
of R

1
/beta. Figure 2 shows the forward-

transistor emitter current of the 2N3904
and the forward current of the 1N34
germanium point-contact diode. The
logarithmic current scale shows the im-

pressive response of the 2N3904 at small
voltages.

Figure 3 shows the output as a level de-

tector for the two clamps. The transistor
circuit that produced these results is sim-
ilar to the demodulator in Figure 4 except

R1

VBIAS

EMITTER
CURRENT

(mA)

EMITTER VOLTAGE (V)

2

0

0 2 4 6 8

22

22

24

24

26

28

210

VEBR

NOTES:
INVERTED BETA IS LESS THAN 1; 
FOWARD BETA IS GREATER THAN 100.
MAXIMUM EMITTER VOLTAGE IS 
LESS THAN VEBR+0.6.
USE IB TO SET INVERTED 
EMITTER CURRENT.
POSITIVE EMITTER VOLTAGE CAUSES 
INVERTED OPERATION.
NEGATIVE EMITTER VOLTAGE 
CAUSES FORWARD-OPERATION,
HIGH-CURRENT LOW-IMPEDANCE 
CLAMP ACTION.

NOTE:
TRANSFER FUNCTION FOR 2N3904 
WITH 40 mA BASE DRIVE.

(a) (b)

F igure  1

Inverted bipolar transistor 
doubles as a signal clamp
Art Hogrefe, Puma Instrumentation, State College, PA

The bipolar inverted clamp (a) has an excellent rectification characteristic (b) because of the
2N3904’s large forward-beta-to-reverse-beta ratio.

FORWARD-
TRANSISTOR

EMITTER CURRENT
(mA)

10

1

0.1

0.01

0 0.1 0.2 0.3 0.4 0.5 0.6 0.7
0.001

VOLTS

=1N34 GERMANIUM-DIODE FORWARD CURRENT.
=2N3904 INVERTED-CLAMP EMITTER CURRENT.

NOTES:

F igure  2

A logarithmic scale of the 2N3904’s forward-transistor emitter current and the forward current of
the 1N34 shows the impressive response of the 2N3904 at small voltages.
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the base drive is 40 mA. For the 1N34, the
anode connects to grounded and
the cathode connects to the input
capacitor in place of the transistor’s emit-
ter. Figure 3 shows that the two configu-
rations have similar responses to input
levels, and that the 2N3904 has a bit less
offset, as you would expect from Figure
2. The output can drive a signal level me-
ter or following electronics as part of an
automatic-level-control or automatic-
gain-control loop.

The transfer function in Figure 1 also
shows a sudden increase in inverted cur-
rent at approximately 7.6V, which occurs
at the reverse breakdown voltage for the
emitter-to-base junction. Because you
know in this case that the base is near
0.6V, the breakdown voltage for the test-
ed part is near 7V. Production circuits
would have an input limit of 6.6V p-p be-
cause of the minimum specified break-
down voltage of 6V. Note that, for a small
production, such as for test equipment,
it is practical to select individual transis-
tors to slightly increase the dynamic
range. A 6V p-p input dynamic range is
sufficient in many applications.

The RF demodulator in Figure 4 has
a base drive current of 300 mA. This cur-
rent is necessary to track the RF-modu-
lation envelope and depends on the size
of the input capacitor, modulation fre-

quency, and maximum signal amplitude.
The reverse current, which is I

BASE
times

the reverse beta, must be large enough to
discharge the input capacitor at the high-
est modulation frequency and amplitude
to prevent distortion in the output wave-
form. Figure 5 shows the running de-

modulator with the upper trace at the
emitter node and the lower trace at the
output.

1.4

1.2

1.0

0.8

0.6

0.4

0.2

0
0 0.5 1 1.5 2 2.5 3

OUTPUT
(VDC)

INPUT (VAC PK-PK)

2N3904

1N34

NOTES:
FOR 2N3904, VDC=0.5VAC20.08, AND IBASE=41 mA.
FOR 1N34, VDC=0.5VAC20.11.

DC OUTPUT VERSUS CARRIER LEVEL
F igure  3

When operating as demodulators, the two configurations have similar input-level responses.

6.6V

NOTES:
BASE-DRIVE CURRENT IS 300 mA, EMITTER REVERSE CURRENT 
IS APPROXIMATELY 75 mA.
2N3904 FORWARD BETA IS GREATER THAN 100; 
REVERSE BETA IS APPROXIMATELY 0.25.
EMITTER-BASE REVERSE-BREAKDOWN VOLTAGE IS GREATER THAN 6V.
AC-DRIVE VOLTAGE IS LESS THAN 6.6V P-P.

2N3904

20k

1 nF
1 nF

1-MHz CARRIER
WITH 100% AMPLITUDE 
MODULATION AT 5 kHz

OUTPUT
120k

F igure  4

Using the inverted clamp as an AM demodulator requires a base current of
300 mA to track the RF-modulation envelope.

A scope photo shows the running demodulator;
the upper trace is the emitter node, and the

lower trace is the output.

F igure  5

Is this the best Design Idea in this 
issue? Vote at www.ednmag.com/edn
mag/vote.asp.
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Using a product developed for PC-
motherboard environmental mon-
itoring, you can configure a low-

cost, general-purpose DAS (data-
acquisition system) (Figure 1). The DAS
can directly monitor multiple voltage
channels as well as temperature and fre-
quency. It can also directly monitor dig-
ital sensors. Using only a few additional
components, the system can accommo-
date other sensor and transducer ele-
ments. The flexibility exists to expand the
scheme to cover additional input chan-
nels if necessary. For voltage sensing, the
ADM9240 contains a multichannel ADC
that can directly monitor as many as six
input channels. The original intent of the

ADC was to monitor power supplies on
PC motherboards, but the converter is
flexible enough for general-purpose use.
The maximum input-voltage ranges for
the channels are 3.3, 3.6, 4.4, 6.64, and
16V. Figure 1 shows the system monitor-
ing two power supplies: PS1 and PS2. The
DAS can monitor voltages greater than
the channel range by using a simple volt-
age divider at the front end, as illustrat-
ed with PS3.

The ADM9240’s on-board DAC (orig-
inally intended as a fan-speed controller)
can serve as a programmable, precision
reference source. This function, for ex-
ample, would facilitate measuring resist-
ance-type sensors on the voltage-sensing

channels. You could also use it as a
bridge-excitation voltage source for ac-
curate bridge-sensing elements. You can
determine an unknown resistance value,
such as a thermistor, by setting the DAC’s
output voltage to a known level with a
known fixed resistance (Figure 1). You
can implement current sensing by plac-
ing an accurate series resistor (R

SENSE
) in

the ground line and monitoring the volt-
age drop across the resistor. The DAS also
provides temperature sensing by using an
on-chip bandgap silicon sensor. The sys-
tem can directly monitor temperatures
over a 2408 to 1858C range.

The DAS provides two frequency-
monitoring channels. You can use them

Data-acquisition circuit 
measures almost everything
Matt Smith, Analog Devices, Limerick, Ireland 
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A data-acquisition IC originally intended for PC motherboards can monitor a multitude of parameters.
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to monitor pulsed digital output from a
tachometer or as general-purpose fre-
quency counters. Five digital-input lines
were originally intended to monitor dig-
ital voltage-identification lines. You can
use them for general-purpose input lines,
whose inputs can sense high- or low-lev-
el status signals from digital sensors or
from alarm channels. In Figure 1, the

DAS monitors a thermostatic sensor. The
DAS handles control and reading func-
tions via a simple two-wire SMBus or an
I2C interface to a mP or mC. If a dedicat-
ed I2C controller is not available, then
you can use a port “bit-banging” tech-
nique. Easy expansion is also possible by
selecting a different device address. Us-
ing a different device-address bus entails

no additional communication lines, be-
cause multiple devices can reside on the
same bus.
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Is this the best Design Idea in this 
issue? Vote at www.ednmag.com/edn
mag/vote.asp.

The traditional ap-
proach to the design of a
full-wave rectifier (Figure

1) is to set the gains of IC
1
and

IC
2

to 1 and use the steering
diodes D

1
and D

2
to

sum the sinusoidal
half-cycles of the input to
form the rectified output. For
the positive half-cycle of the
input signal, IC

1
is a nonin-

verting amplifier with a gain
of 1. For the negative half-cy-
cle of the input signal, IC

2
is

an inverting amplifier with a
gain of 21. This full-wave-
rectifier circuit often com-

bines with a lowpass filter
to form a low-cost ac/dc
converter. If you need a
full-wave rectifier with
amplification, the combi-
nation of these two func-
tions in one circuit can
provide savings in cost,
component count, and
board space. The circuit in
Figure 2 combines rectifi-
cation and programmable
amplification. The two
256-tap Xicor digitally
controlled potentiometers,
DCP

1
and DCP

2
, control

the gains of the noninvert-
ing amplifer, IC

1
, and the

inverting amplifier, IC
2
, respectively. The

gain of IC
1

is 
1
G

1
5255/P1, where P1

(0mP1m255) is the programmed deci-
mal value of DCP

1
. Similarly, the gain of

IC
2

is G52(2552P2)/P2. The perform-
ance of this circuit takes advantage of the
resistor matching inherent in the digital
potentiometers. The measured data falls
within 2% of calculated values.

_

+

_

+

R1 R1
D2

D1

IC2

IC1

VOUT

VIN

F igure  1

Full-wave rectifier has programmable gain
Chuck and Chris Wojslaw, Xicor Inc, Milpitas, CA

This full-wave-rectifier circuit has a fixed gain of 1.

You can program the gain of this full-wave rectifier from unity to 255.

_

+

_

+
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Is this the best Design Idea in this 
issue? Vote at www.ednmag.com/edn
mag/vote.asp.
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In PLC (power-line-communication)
applications, the communications sys-
tem usually uses one master and a

large number of slaves (for example, 64).
The idea presented here is an easy
method for the synchronization of slaves,
using one mC and a few other compo-
nents. The mC is a PIC16C7X, which has
three important properties for this appli-
cation: a watchdog timer, an external in-
terrupt, and a sleep in-
struction. The watch-
dog timer is a free-
running, on-chip RC
oscillator that requires
no external compo-
nents. The watchdog
timer continues run-
ning even if the mC
clock stops in the
event of a sleep in-
struction. During nor-
mal operation, a time-
out from the watch-
dog timer generates a
device reset. If the de-
vice is in sleep mode, a
watchdog timer time-
out causes the device
to wake up and con-
tinue normal opera-
tion.

In PLC applica-
tions, the ac power-
line voltage is 24V ac

(for outdoor applications) or 220V ac
(for household applications) at 50 or 60
Hz. With a period of 20 msec, the pow-
er-line voltage has a zero crossing every
10 msec. These zero crossings serve as a
timer for the slaves. Each zero crossing
activates the mC’s interrupt when the
slave is sleeping and wakes up and up-
dates the timer/counter. In Figure 1, a
single resistor connects the 24V-ac line to

the mC. Each slave has a counter/timer,
and all counter/timers count simultane-
ously. To synchronize the slaves, this
method uses the watchdog timer, which
has a normal time-out period of 18 msec.
If this time elapses without activation of
the interrupt, the mC wakes up and starts
the counter/timers of all the slaves.At this
moment, the slaves are synchronous with
the master. When the output of pin RC0

of the mC in Figure 2 is at
0V, the pin draws current,
I

OUT
. This current acti-

vates the optically cou-
pled triac, enabling a 24V-
ac power line for the
slaves.When the RC0 out-
put is high, the result is a
short circuit in the ac
power line. At this point,
the slaves begin the syn-
chronization subroutine
(Listing 1). You can
download Listing 1 from
EDN’s Web site, www.
ednmag.com. Click on
“Search Databases” and
then enter the Software
Center to download the
file for Design Idea #2602.

RBO (INT)

PIC16C7X

2M

24V AC

F igure  1

RC0

PIC16C7X

VCC

IOUT MOC3040 MAC3040

100 nF

100

24V AC

The ac power line can directly drive the
PIC16C7X interrupt pin.

Is this the best Design
Idea in this issue? Vote at
www.ednmag.com/edn
mag/vote.asp.

An optically coupled triac controls power for the slaves.

LISTING 1—SYNCHRONIZATION SUBROUTINE

F igure  2

Method synchronizes slaves 
in power-line communications
Jose Sebastia and Diego Munoz, University of Valencia, Spain
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You can use discrete transistors to
vary power to a fan to control
its speed. However, with a

simple modification, you can use an au-
dio-amplifier IC to control a fan mod-
ule (Figure 1). The LM4872 “Boomer”
is an audio amplifier capable of deliver-
ing 1W maximum output power. A
COP8SAC mC connects to the audio am-
plifier and the fan module. The mC’s T1A
output pin delivers a PWM signal to an
RC network, which produces a dc signal.
The dc output of the RC network is pro-
portional to the duty cycle of the PWM
signal. The dc signal drives the audio am-
plifier, which powers the fan via its
bridge-configuration outputs. Listing 1
demonstrates how to control the PWM
signal from the mC. For standby opera-
tion, set the D0 bit; this operation puts
the LM4872 in shutdown mode. We also
recommend that you put the mC in shut-
down mode. In shutdown mode, the to-
tal quiescent current is approximately 4
mA, so the circuit in Figure 1 is ideal for

battery-powered applications. You can
download Listing 1 from EDN’s Web
site, www.ednmag.com. Click on “Search
Databases” and then enter the Software
Center to download the file for Design
Idea #2608.

Want to submit your own Design Idea?
Turn the page for an entry blank.

LM4872

VDD
+IN

1IN

SHUTDOWN

BYPASS

VO1

VO2

R1
10k

R2
1k

R3
1k

C1
10 mF

IC1

IC2

SUNON

KDE05PFB1-8

FAN MODULE

FAN IN (1)

FAN IN (+)

5V

GND

RESET

T1A

VCCIC3

D0

COP8SAC
5V

GND

Audio amp makes efficient fan controller
Wallace Ly, National Semiconductor Corp, Santa Clara, CA

An inexpensive mmC and audio-amplifier IC form an efficient fan controller.

LISTING 1—FAN-DRIVER C FILE

F igure  1

Is this the best Design Idea in this 
issue? Vote at www.ednmag.com/edn
mag/vote.asp.
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Figure 1 shows an example of on/off
circuitry commonly used in
battery-operated devices.

The p-channel MOSFET, Q
1
, serves as a

power switch. When you push the On
button, S

1
, Q

1
’s gate goes low. Q

1
turns on

and supplies battery voltage to the dc/dc
converter. Depending on the battery volt-
age in the device, the dc/dc converter
might convert the voltage either up or
down. In either case, it supplies V

CC
to the

mC. The mC goes through its power-up
software sequence and programs one of
its general-purpose I/O pins, setting it to
logic one. This operation, in turn, causes
saturation of the npn transistor, Q

2
,

which “confirms” the power-up state.
Later, when the mC decides to power it-
self off, the mC simply sets its I/O output
to logic zero, and Q

1
returns to its off

state. The circuit is simple and reliable
but has a significant disadvantage. It usu-
ally takes a fraction of a second for the
dc/dc converter to reach its stable output
voltage. Then, the mC’s Reset
pulse usually lasts 50 to 200

msec. After the release of Reset, the mC
must go through its “housekeeping”
start-up code before it has a chance to set
its I/O pin to logic one. This delay in
some portable systems may be user-un-
friendly, because if you don’t depress the
On button long enough, the system will
not power up. The circuit in Figure 2
eliminates this uncertainty.

The circuit includes a simple two-tran-

sistor latch, which the On button switch-
es to the on state. As in Figure 1, the p-
channel MOSFET, Q

1
, serves as a power

switch.When you push the On button, S
1
,

it causes saturation of the npn transistor,
Q

4
, via the base-current-limiting resistor,

R
5
. The collector current of Q

4
flows

through R
1
and the base-emitter junction

of pnp transistor Q
3
, thereby saturating

Q
3
. Q

3
redirects some current into the

IN OUT

GND

VCC

I/0

DC/DC 
CONVERTER

S1

BATTERY

mC

R2

10kQ2

2N3904

Q1
P-FET

R1
5.1k
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Transistor latch improves on/off circuitry
Eugene Palatnik, SIMS-BCI, Waukesha, WI

This on/off circuitry is effective but can suffer from turn-on ambiguity.
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F igure  2

A two-transistor latch provides positive turn-on when you push the button.
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base-emitter junction of Q
4

and finishes
the latching process. At this point, both
Q

3
and Q

4
are saturated, and the voltage

on the gate of Q
1
is a function of the volt-

age drop across the base-emitter junction
of Q

3
and the saturation voltage of Q

4
.

This voltage is approximately 0.9V. The
mC need not confirm the on state of the
latch. When the mC powers up and fin-
ishes its housekeeping start-up code, it
programs the I/O pin to logic zero.

Later, when the mC decides to power
itself off, it programs the I/O pin to log-

ic one and stops. Q
2

turns off Q
4
, reset-

ting the latch to its initial off state. R
4
low-

ers the equivalent input impedance of Q
3
.

This function improves EMI and ESD
noise immunity and prevents the circuit
from turning itself on in the presence of
strong electromagnetic fields. Capacitor
C

1
in combination with R

5
protects Q

4

and Q
2

from direct ESD into the push-
button. Some portable devices use un-
dervoltage-lockout circuitry. This cir-
cuitry usually uses a voltage comparator
with a built-in voltage reference. If the

battery voltage drops below the thresh-
old, the output of the comparator (usu-
ally an open-drain type) switches low. If
your portable system uses this type of cir-
cuitry, you can connect the open-drain
output of the comparator in parallel with
Q

2
, thus preventing the latch from turn-

ing on if the battery voltage is too low.
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The low- to moderate-power sys-
tem in Figure 1 provides the interface
between a pulse-width modulator

and a high-side IGBT (insulated-gate-
bipolar-transistor) or MOSFET switch.
You can use it to interface TTL or CMOS

circuitry to an H-bridge if you buffer it
by a FET driver, such as an ICL7667 or an
MIC4423. When OA is positive, D

1
con-

ducts, charging the capacitance of the
FET through R

1
. The value of R

1
and the

output impedance associated with the
drive signal determine the turn-on time
of the FET. After the capacitance is
charged, the voltage across R

1
is essen-

tially 0V, and Q
1

is off. During the PWM
dead time, the gate capacitance dis-
charges through Q

1
and R

2
. R

2
and the h

fe

of Q
1

determine the turn-off time of the
FET. This circuit achieves turn-on and 
-off times of less than 150 nsec.

In systems that require higher power,
you can use a dual-FET circuit (Figure
2). R

1
and R

2
and the output impedance

of the PWM or FET driver determine the
turn-on time. R

1
and R

2
and the h

fe
val-

ues for Q
1

and Q
2

determine the turn-off
time. The Schottky diodes, D

3
and D

4
,

prevent current flow through the collec-
tor-base junctions of Q

1
and Q

2
when the

drive signal is negative. You can obtain
switching speeds higher than 50 nsec at
turn-on and 100 nsec at turn-off with
this circuit, depending on the output im-
pedance of the transformer drive signal.

OA

0B
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MODULATOR

T1
D1

D2

R2

Q1

Q2

VBUS
R1

LOAD
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High-side driver feeds IGBTs and MOSFETs
Carlisle Dolland, Honeywell Engines and Systems, Torrance, CA

You can use this low-cost circuit to drive high-side FETs or IGBTs.

OA

0B

FROM
PULSE-WIDTH
MODULATOR

T1

Q1

Q3

VBUS

LOAD
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D2R2

F igure  2

Two FETs in parallel provide more power than the circuit in Figure 1.

Is this the best Design Idea in this 
issue? Vote at www.ednmag.com/edn
mag/vote.asp.

Is this the best Design Idea in this 
issue? Vote at www.ednmag.com/edn
mag/vote.asp.
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Newly available white
LEDs are replacing
CCFLs (cold-cath-

ode fluorescent lamps) in hand-
held applications using a back-
lit LCD. These applications
include PDAs (personal digital
assistants), digital cameras, and
cellular telephones, to name a
few. Advantages of white LEDs
over CCFLs include longer life,
higher efficiency, and signifi-
cantly lower operating voltages.
Regulating the current in the
LED (typically 10 to 30 mA)
controls the brightness; the for-
ward voltage in each LED is ap-
proximately 3V. The circuit in
Figure 1 provides a means of ef-
ficiently controlling LED cur-
rent in a series-connected string.
The TL5001 PWM-controller
IC is an older, industry-stan-
dard, inexpensive driver. The
boost topology of the circuit al-
lows operation from a single or
dual lithium-ion cell. The rat-
ings of Q

3
, SD

1
, and the maximum al-

lowed duty cycle of the IC (programmed
with pin DTC) determine the
maximum output voltage of the
circuit. V

CC
comes from a separate 5V

supply.
Trade-offs in the selection of inductor

L
1

include size, dc resistance, and induc-
tance value. An 82-mH inductor (with
200-mV dc resistance) results in contin-
uous inductor current at higher LED cur-
rents, but the current becomes discon-
tinuous at lower levels. The RT pin
programs the oscillation frequency at ap-
proximately 200 kHz. Because the TL-
5001 has a relatively weak (20-mA) open-
collector output driver and is intended to
drive a buck-topology circuit, the circuit
uses a low-cost inverter stage comprising
Q

1
and Q

2
to efficiently drive Q

3
. R

6 
pro-

vides controlled turn-on and fast turn-
off for Q

3
. The reverse-breakdown volt-

age of SD
1

must be greater than the
C

2
-filtered V

OUT
.

R
7

senses current in the white-LED
string; the error amplifier at the FB pin of

the IC controls the feedback signal at this
pin to 1V. You can control the LEDs’ in-
tensity by summing in a control voltage
via R

4
. Figure 2 shows the efficiency of a

four-LED string. You could obtain ap-
proximately 2% higher efficiency by
adding a gain-of-5 op-amp stage between
R

7
and R

3
, resulting in a lower voltage

drop across R
7
. Of course, this slight effi-

ciency improvement adds to the system

cost. For higher power applications, such
as notebook computers, you can attach
additional LED strings to V

OUT
. To main-

tain uniform intensity in each string, you
should add a dummy resistor of the same
value as R

7 
to each string.
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Economical circuit drives white LEDs
Eddy Wells, Texas Instruments

White LEDs provide ideal backlighting for small LCDs.
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The circuit in Figure 1 provides more than 80% conversion efficiency.

Is this the best Design Idea in this 
issue? Vote at www.ednmag.com/edn
mag/vote.asp.
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Wideband, low-frequency trans-
formers are useful components in
various passive circuits, such as

the return-loss bridge (Reference
1, Figure 2). Figure 1a shows a
conventional transformer. If you connect
the transformer windings differently, you
can configure a transmission-line trans-
former (Reference 2, Figure 1b). These
transformers use a magnetic core of
modest size, and unit cost is reasonable.
The basic transformer uses a Fair Rite
(www.fair-rite.com) toroid (type
597700601), which has a nominal outer
diameter of 0.825 in., a nominal inner di-
ameter of 0.525 in., and a nominal thick-
ness of 0.25 in. The toroid uses number
77 material and has an inductance factor
(AL) of 1175. To obtain useful perform-
ance at audio frequencies, the trans-

former uses a 129-turn bifilar winding of
number 26 magnet  wire. To avoid the use
of expensive commercial bifilar wire, you
can twist together monofilar red and
green windings using a hand drill before
winding it on the toroid.

Table 1 gives the measured perform-
ance with 50V source and load imped-
ances of the conventional transformer in
Figure 1a. Figure 1b shows the schemat-
ic diagram of a one-to-one transmission-
line transformer. Table 2 gives the meas-
ured performance with 50V source and
load impedances. This transformer pro-
vides bandwidth enhancement with use-
ful behavior down to dc. You can use the
conventional transformer in Figure 1a in
a passive return-loss bridge (Figure 2) or
for stand-alone dc isolation. Table 3 gives
the measured performance of the 50V

INPUT OUTPUT

T1

T1

(a)

(b)

OUTPUTINPUT

Everything you wanted to know 
about wideband, low-frequency transformers
Richard Kurzrok, Queens Village, NY

You can use a wideband transformer in conven-
tional mode (a) or in a transmission-line config-
uration (b).

F igure  1

Many systems use watch-crystal-
based, 32.768-kHz oscillators. In
battery-powered designs, the 32-

kHz oscillator may consume a fairly high
percentage of the total power budget. Re-
duced power consumption equates to

longer battery life, smaller batteries, and
smaller products. Ricoh (www.ricoh.
com) manufactures more than 10 types
of real-time-clock chips, including the
RS5C372B (Figure 1). This device is an
eight-pin IC with a built-in oscillator,
programmable periodic interrupts, and
an I2C interface to a mC. The only func-
tion the device in Figure 1 uses is the 32-
kHz oscillator. Using only the IC and the
crystal, the circuit consumes  low current
over its 1.5 to 6V power-supply range, as
the table in Figure 1 shows. The CMOS-
based output delivers a waveform with an
amplitude of 0V to V

DD
.

CURRENTVDD

1.5

2.5

3.5

4.5

5.5

0.9

1.3

1.1

1.6

2.1

2.6

3.2

3.9

4.7

5.6

2

3

4

5

6

(V) (mA)

32KOUT

SCL

SDA

VSS

VDD

VDD

OSCIN

OSCOUT

INTR

1

2

3

4

6

7

8

5

RS5C372B

32.768-kHz OUTPUT

32.768 kHz 

F igure  1

Real-time-clock chip makes low-power oscillator
Yongping Xia, Teldata Inc, Los Angeles, CA

This ultra-low-power oscillator uses only the oscillator portion of a real-time-clock chip.

Is this the best Design Idea in this 
issue? Vote at www.ednmag.com/edn
mag/vote.asp.
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return-loss bridge. At 1 MHz, the return-
loss bridge exhibits a forward insertion
loss of 12 dB and an open-circuit-to-
short-circuit ratio of 0.5 dB. You can use
the conventional transformer to isolate
a grounded signal from a balanced test
piece. We built the circuits for the wide-
band transformers and return-loss
bridge using single-clad vector board and
enclosed them in die-cast aluminum
boxes with BNC connectors.

References
1. Wetherhold, E, “Design and Con-

struction of a 9-kHz Highpass Filter and
Assembly of a Return Loss Bridge for Fil-
ter and PLISN,” Inter ference Technolo-
gy Engineers’ Manual, pg 220, 1993.

2. Sevick, J “Transmission Line Trans-
formers,” American Radio Relay League,
1990.

TABLE 2—PERFORMANCE OF A TRANSMISSION-LINE TRANSFORMER
Frequency (MHz) Insertion loss (dB) Frequency (kHz) Insertion loss (dB)
10 1.7 100 0.15
7 1.2 50 0.15
4 0.9 20 0.1
2 0.6 10 0.1
1.5 0.5 5 0.1
1 0.4 1 0.1
0.5 0.3 0.1 <0.1
0.2 0.2 0.01 <0.1

TABLE 3—DIRECTIVITY OF THE
RETURN-LOSS BRIDGE

Frequency (kHz) Directivity (dB)
1000 22
500 27
200 33.5
50 38
20 41.5
10 44.5
5 >46
2 >46
1 >46

0.5 >46

TABLE 1—PERFORMANCE OF A CONVENTIONAL TRANSFORMER
Frequency (MHz) Insertion loss (dB) Frequency (kHz) Insertion loss (dB)
10 7.2 50 <0.1
8 3.8 20 <0.1
7 2.6 10 <0.1
6 1.9 5 <0.1
4 1 2 <0.1
2 0.5 1 0.15
1 0.3 0.5 0.5
0.5 0.15 0.2 1.7
0.2 <0.1 0.15 2.6
0.1 <0.1 0.1 4.1

TO METER

TEST PORT

R1

R2

R3

T1

FROM
GENERATOR

F igure  2

A return-loss bridge is one application for wideband, low-frequency transformers.

Is this the best Design Idea in this 
issue? Vote at www.ednmag.com/edn
mag/vote.asp.

Figure 1 shows an efficient and cost-
effective frequency counter using an
Atmel 89C2051 mC (Reference 1).

The design can use any mC of the 8051
family. The circuit counts frequency and
sends the count to a PC via the serial port.
The signal connects to pin 3.4 of the mC.
The TTL-compatible output of the mC
drives the 1488, which converts the out-
put to RS-232 voltage levels. The output

of the 1488 connects to the RxD pin on
the serial port of the PC. In this design,
only unidirectional communication ex-
ists between the mC and the PC. But you
can use the TxD line to control another
device. The assembly routine in Listing 1
shows initialization of the timer, count-
er, and interrupts. The main program sets
up T0 to count external pulses and T1 to
count time in the autoreload mode 2

(Reference 2). The main program mon-
itors the main-program flag, frqflg, until
the flag is set. Then, the main program
sends the counted frequency to the PC’s
port using mode 1. First, it sends the spe-
cial character “L” to recognize the fol-
lowing 3 bytes as valid data. Then it sends
the value of register R2, which is the most
significant byte of the counter value. This
value increments every time the counter

mmC makes effective frequency counter
Fazal Pathan, Physical Research Laboratory, Ahmedabad, India 
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overflows. Then, the main program sends
the values of registers TH0 and TL0 to
the PC’s port.

After sending the data, the program

again jumps to the main routine, in
which it clears the timer and counter and
reinitializes them, and then starts count-
ing again. The mC counts the value in

hexadecimal format; the PC can then
convert it to decimal format. In this ex-
ample, we used a 12-MHz crystal and a
baud rate of 2400 bps. However, you can

use higher clock frequencies and baud
rates, because the mC can operate to
24 MHz. We use the system in Figure
1 for photon counting in astronomi-
cal instrumentation. We give thanks
to the Department of Space, Govern-
ment of India, for material support
and BG Anandarao, PhD, for encour-
agement.You can download Listing 1
from EDN’s Web site, www.edn-
mag.com. Click on “Search Databas-
es” and then enter the Software Cen-
ter to download the file for Design
Idea #2616.

References
1. Data Sheet for 89C2051, www.

atmel.com.
2. Ayala, Kenneth J, 8051 Microcon-

troller: Architecture, Programming and
Applications (ISBN 0-314-77278-2),
West Publishing Co, St Paul, MN.

LISTING 1—FREQUENCY-COUNTER ROUTINE FOR 89C2051
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An 8051-family mmC makes an efficient and cost-effective frequency counter.

Is this the best Design Idea in this is-
sue? Vote at www.ednmag.com/edn
mag/vote.asp.
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By using a “pseudo-RETI” instruc-
tion, the program in Listing 1 pro-
vides a three-priority-level inter-

rupt system for the 8051 mC. Among the
three interrupt sources in the routine, Ex-
ternal Request 0 (INTO) has the highest
priority, and Internal Time/Counter 0
(ITO) has the lowest priority. In the ITO
interrupt-service routine before the

“pseudo-RETI” instruction, the address
of the first instruction after the “pseudo-
RETI” instruction goes back into the
stack. The internal nonaddressable flip-
flop of the ITO clears to acknowledge a
higher interrupt after execution of the
“pseudo-RETI” instruction, while the
ITO interrupt-service routine executes
continuously until the arrival of the RETI

instruction. You can download Listing 1
from EDN’s Web site, www.ednmag.com.
Click on “Search Databases”and then en-
ter the Software Center to download the
file for Design Idea #2589.

Software provides interrupt system for 8051
Deng Yong, Shanghai Jiaotong University, China

Is this the best Design Idea in this 
issue? Vote at www.ednmag.com/edn
mag/vote.asp.

LISTING 1—THREE-PRIORITY-LEVEL INTERRUPT SYSTEM FOR THE 8051

In certain instances in embedded
software, it becomes necessary to flip
the order of bits in a byte, so that

B7:B0 becomes B0:B7. For example, this
feature could be useful with a synchro-
nous serial port that does not allow pro-
grammed selection of bit order (MSB
first or LSB first) for its shift register. If
a device to which the processor sends
data expects one bit order but the serial
port can provide only the other bit order,
you must use a software method to trans-
late the data. One solution to this prob-
lem is to provide a look-up table in ROM,
in which the value of each byte in the
table is offset into the table, but with bit
order reversed. In other words, the first
byte is offset 0 (00000000b), the second
byte is offset 1 (10000000b), the third

byte is offset 2 (01000000b), and so on.
The program merely needs to load the

value to be translated into a register that
can serve as an offset, index the look-up
table, and load the corresponding value
from the index1offset location. This de-
sign uses the Philips 80xC51 architecture
as an example. Listing 1 shows a code
segment for the mC.You can use the mC’s
16-bit DPTR (data pointer) plus an 8-bit

offset in its accumulator to load the ac-
cumulator with a byte value. This solu-
tion to bit flipping is dynamically more
efficient than rotating a byte location
through carry bits or other possible so-
lutions. However, it’s not the most stati-
cally efficient solution, because it requires
256 bytes of ROM for the look-up table.
You can download Listing 1 and the
look-up table from EDN’s Web site,
www.ednmag.com. Click on “Search
Databases” and then enter the Software
Center to download the file for Design
Idea #2621.

Look-up table facilitates bit flipping
Brad Bierschenk, High End Systems, Austin, TX

LISTING 1—CODE SEGMENT FOR
80XC51 ARCHITECTURE

Is this the best Design Idea in this 
issue? Vote at www.ednmag.com/edn
mag/vote.asp.
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When only one phone line is avail-
able for two phones, each time you
want to make a call, someone may

be using the second phone. A simple cir-
cuit lights an LED, which indicates
whether the line is free (Figure 1a). Bat-
teries are unnecessary; the phone line
powers the circuit, and an accumulator
saves energy for an “in use” indication. A
rectifier bridge ensures that the voltage
is positive for the circuit. You can safely
use this circuit on a private phone line,
but you may need authorization before
connecting it to your operator
line.

A phone line has different voltages be-
tween terminals depending on the line’s
availability. Three possible states exist
(Figure 1b). Figure 1b shows the ab-
solute value of the line voltage, because
you can switch the line terminals.

In phase 1, the line is free, and the volt-
age is a continuous 50V dc voltage. The
series zener diode, D

1
, decreases the volt-

age by 12V, and R
1

and D
2

further limit
the voltage to 8V. The current now flows
through the NiCd accumulator, R

2
, and

D
4
. The green LED, D

4
, turns on, and the

voltage across D
4

turns on Q
1
. Q

2
is off,

and there is no current for D
3
. R

2
limits

the current to 3 mA, which is enough to
charge the accumulator. The green LED
is a low-current model. D

5
protects the

accumulator against overvoltage. Total
line consumption is 5 mA because an ex-
tra 2 mA of current flows through D

2
.

In phase 2, when the line is ringing, an
extra ac voltage with an amplitude of 50V
adds to the 50V dc voltage. In this case,
the value of C

1
is critical. If C

1
is 1 mF,

both LEDs will turn on because the 15V

voltage value will vary. If C
1

is 47 mF, the
voltage remains greater than 15V, and D

4

turns on.
In phase 3, when answering the call,

the voltage falls to a value of about 10V.
Voice modulation adds to this continu-
ous voltage. The operator considers a
phone line as “in use” if a current in the
phone draws close to 30 mA through its
300V equivalent impedance. These cur-
rent and impedance values are not criti-

Free-line indicator stops interruptions
JM Terrade, Clermont-Ferrand, France 

D4 lights to indicate that the phone line is free, and D3 lights to indicate the line is in use (a),
depending on the three possible phone-line voltage states (b).

Free-line indicator stops 
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Generate CID/CIDCW 
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Bipolars provide safe latch-off 
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Simple logic analyzer pushes 
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PIC debugging routine reads out 
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cal. The line voltage, which is less than
15V, blocks D

1
, and the voltage across D

2

is almost zero. Current discontinues its
flow through R

2
, and D

4
turns off. Q

1
is

also off, and Q
2

conducts. Current trav-
els from the accumulator through R

3
, and

D
3

turns on. R
3

limits the current to 3
mA, which is enough for a low-current
LED. The 300 mAh, 3.6V accumulator is
a phone type. If you unplug the circuit,
D

3
remains on until the accumulator dis-

charges.

Is this the best Design Idea in this 
issue? Vote at www.ednmag.com/edn
mag/vote.asp.

Ahigh-speed mP and active lowpass
filters can generate CID (caller-ID)
and CIDCW (caller-ID-on-call-

waiting) analog signals (Figure 1). CID
data transmits at 1200 baud FSK between
the first and second 20-Hz ring of an in-
coming call. CIDCW uses a CAS (CPE
Alert Signal) dual tone, which consists of
2130 and 2750 Hz to initiate the FSK data
transfer. You can produce these analog
signals using software-generated PWM
(pulse-width-modulated) outputs from
a high-speed mP, such as an Atmel AVR
or Scenix SX.You create these PWM out-
puts using a constant-sampling frequen-

Generate CID/CIDCW analog signals
Hans Krobath, EEC, Nesconset, NY
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Based on RS-232 inputs from a PC, pin 12 of IC1 produces a PWM output proportional to FSK 1200-baud serial data or a dual-tone CAS signal. The output
at pin 15 is a 20-Hz-ring signal. Subsequent lowpass filtering produces sine-wave outputs.

LISTING 1—TABLE GENERATION FOR PWM MARKING AND 
SPACING SEQUENCE

F igure  1
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against opto failures
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cy, and you select this frequency so that
small, repetitive integer-number samples
define the desired output. The 11.0592-
MHz mP clock frequency and single-in-
struction cycle time are the same for IC

1
.

The design produces the 1200-baud FSK
marking frequency of 1200 Hz by using
22 cycles of a constant-sampling fre-
quency of 11.0592 MHz/419. The design
produces the 2200-Hz spacing frequen-
cy by using 12 cycles of the same sam-
pling frequency. At each sample, the mP
produces a PWM TTL output propor-
tional to the analog voltage. The mP ob-
tains successive pulse widths from a look-
up table that also provides pointers to
allow phase-coherent transitions when
switching between marking and spacing.
A Basic program produces the tables for
the marking and spacing PWM sequence
(Listing 1).

A sampling frequency of 11.0592
MHz/576, or 19,200 Hz, produces the
dual-tone 2750- and 2130-Hz CAS sig-
nal. Seven samples define 2742.9 Hz, and
nine samples define 2133.3 Hz. These
samples are well within the Bellcore spec-
ification. The sum of these waveforms re-
peats 739563 times when you use the
19,200-Hz sampling frequency. Another
Basic program produces the pulse-width
outputs that generate the dual tone (List-
ing 2).

The design produces the 20-Hz-ring

sine wave, which you can amplify and
step up to the appropriate level in a sim-
ilar manner using values to produce pulse
widths that Listing 3 provides.

An assembly-language program writ-
ten for IC

1
uses the table-generating pro-

grams in Listings 1, 2, and 3. The pro-
gram fits within the 512-word memory
space to generate three PWM outputs,
which comprise the analog signals for

CID/CIDCW after lowpass filtering. You
can download the program from EDN’s
Web site, www.ednmag.com. Click on
“Search Databases” and then enter the
Software Center to download the file for
Design Idea #2622.

Atypical SMPS (switch-mode pow-
er supply) uses a reference
voltage and an optocoupler

to regulate the output voltage. The opto-
coupler carries the isolated information
from the secondary side to the primary
nonisolated side and ensures proper out-
put regulation. Current-mode architec-
tures obtain the final feedback level by
implementing the optocoupler as a vari-
able resistor that internally connects to a
pullup element (Figure 1). The voltage
on the feedback pin (FB) directly fixes the

power supply’s peak-current setpoint.
When the output power demand is low,
V

FB
and the peak current are low. When

the output requires power, V
FB

increases
and authorizes a higher peak current.

When an output short circuit is pres-
ent, the LED optocoupler loses its bias,
and the variable-resistor action disap-
pears. The internal 6-kV pullup resistor
forces V

FB
to its maximum value, and the

LISTING 2—TABLE GENERATION FOR DUAL-TONE PWM OUTPUTS

LISTING 3—TABLE GENERATION FOR A 20-Hz-RING SINE WAVE

Is this the best Design Idea in this 
issue? Vote at www.ednmag.com/edn
mag/vote.asp.

_

+

9
RESET

CS

FB

8

5

4

6k

3
30.25

2

76

1

INTERNAL
VREF (4.8V)

+

F igure  1

A typical current-mode architecture uses an
optocoupler as a variable resistor.
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power supply delivers its
maximum capability to
the load. In battery-
charger applications,
however, short-circuit
conditions do not cause
optocoupler loss because
the output permanently
monitors the delivered
current and forces the
current to be constant
(Figure 2a). In this case,
the primary implemen-
tation is simple because
of the lack of the auxil-
iary winding. If the op-
tocoupler fails to open,
the peak-current set-
point increases to its
maximum for a given
time until the burst-pro-
tection feature takes
over. This situation re-
peats until the user
switches off the SMPS.
The worst case arises in
unloaded situations: The
output voltage runs
away until the burst se-
quence ends (Figure
2b). As a result, this con-
dition can quickly dam-
age output capacitors if
this situation lasts too
long.

To avoid this problem, you can use two
simple bipolar transistors to latch-off the
whole SMPS in the case of an optocou-
pler failure (Figure 3a). You wire the
bipolars in a thyristor manner using a
dual-transistor device, such as the
MBT3946D.

In normal operation, R
1

through R
3

ensure that neither the pnp nor the npn
can start conducting. Furthermore, R

1

and R
2

form a voltage divider that mon-
itors V

FB
. When V

FB
increases, the voltage

over C
1

begins to rise until the npn tran-
sistor starts to pull the pnp transistor’s
base to ground. This action immediately
fires the SCR, which locks V

FB
to nearly

zero. When V
FB

is less than 1.4V, the
NCP1200 IC stops delivering pulses un-
til the SCR resets. You can reset the SCR
by unplugging the charger from the main
outlet. Figure 3b shows the results of this
operation and that the operation is safe
with an open optocoupler. When the op-
tocoupler fails, the output voltage grows
until the SCR stops the IC operation.
V

OUT
then slowly discharges toward

ground. C
1

filters out any spurious noise
that appears at power-on that could ad-
versely fire the SCR.

UNIVERSAL
INPUT

10

330 mH

+ 4.7
mF

400V

+ 4.7
mF

400V

10 mF
16V

100
nF

FB

HV

CS1 VCC

GND DV

NCP1200

2

8

3

4

6

5

+
27

47
68

68 100

2222 nF

SFH6156-2

2N3904

MBRA140LT3

MTD1N60E

+
470 mF

4.7 mH

MMSZ5V1

470

+

GROUND

10 mF
10V

6.5V AT 
600 mAF igure  2

In this battery-charger circuit, the primary controllers operate without any auxil-
iary winding (a). Output-voltage runaway can damage the output capacitors if
the condition lasts too long (b).

2

3

4
NCP1200OPTOCOUPLER

R2
820k

R3
100k

R1
100k

C1
0.22 mF

MBT
3946D

You can use a dual npn11pnp to build a cheap thyristor (a). When
the thyristor fires, the pulses permanently stop, leaving no voltage
runaway (b).

Is this the best Design Idea in this 
issue? Vote at www.ednmag.com/edn
mag/vote.asp.
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(a)

(b)

(a)

(b)

VOUT

(5V/DIV)

100 mSEC/DIV

VOUT

(5V/DIV)

500 mSEC/DIV
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Asimple logic-analyzer
design is compatible with
all versions of Windows

and pushes the PIC 18C252
chip to its speed limit to
achieve a 1-MHz sampling rate
(Figure 1). The circuit can ex-
amine three channels of rela-
tively low-speed logic signals
that have infrequent, or sparse,
transitions. The analyzer can
record only 510 transitions per
run, but a run can last as long
as several minutes, if necessary.
Applications include monitor-
ing the I/O of an IBM keyboard or print-
er port, TI-calculator intercommunica-
tion, and serial (RS-232) signals.

Although the ability of the PIC 18C252
mC to use a 40-MHz clock input suggests
that sampling rates in the megahertz re-
gion are easy to achieve, careful pro-

gramming and unorthodox use of some
of the PIC’s features are necessary even to
achieve a rate of 1 MHz. Nevertheless, the
18CXXX series works well for this appli-
cation because it is the fastest PIC avail-
able, with 1536 bytes of RAM and an RS-
232 port on-chip. Thus, this logic anal-

yzer requires minimal ex-
ternal circuitry.

Although the signal-
input channels use the
Schmitt-trigger inputs,
which are available only
on Port C, each channel
has different capabilities.
The red and yellow chan-
nels detect 5V logic sig-
nals. You can set the red
channel to trigger on ei-
ther a positive- or a nega-
tive-going transition. The
black channel monitors

only bipolar “external” RS-232 signals,
which the MAX231 level translator con-
verts into standard 5V logic (5V5logic
1).

With a 40-MHz clock, the PIC has a
machine cycle of 10 MHz, or 100 nsec,
so the sampling-code loop must use no
more than 10 cycles for a sampling rate
of 1 MHz. Because of stringent time con-
straints, a summary of the software strat-
egy is “save fast and pick up the pieces lat-
er.” This device records the time between
transitions and the logic state of the three
channels after the transition. Listing 1
shows the critical code for the loop in
macro form, before expansion. It takes
exactly 10 msec to determine whether
there is a transition to record. Notice that
this design uses the external address reg-
ister, TBLPTR, as a timer/counter be-
cause a two-cycle command can incre-
ment the register’s 21 bits. Because there
is no time to store 3 bytes of a transition
event within 10 cycles, the design stores
the upper timer/counter byte when there
is no transition, leaving only the logic
states and the other 2 timer/counter bytes
for you to store when there is a transition.
The compiler copies the entire loop into
program ROM 510 times to avoid a go-
to command, which requires two cycles.

When the loop is active, it records the
current state of the timer/counter, which

Simple logic analyzer pushes mmC to its limit
Tom Lyons Fisher, Inexpensive Systems, Huntingdon, PA, and 
Michael Deskevich, Juniata College, Huntingdon, PA
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RC1

RC2
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RC7

GND

GND

RC6

RC5

RC4

T2OUT

R2IN

R2OUT

R1IN

R1OUT

T2IN

C+

C1

V1

V+

5V

GND

PIC18C252

5V

9V
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5V
GND

78L05

TO ALL 5V

0.1 mF

GND

5V

40 MHz

MXO45HS
OSCILLATOR

+1 mF
TANTALUM

1 mF
TANTALUM

1 mF
TANTALUM

1 mF

MCLR

5V
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YELLOW

BLACK

GREEN

MAX231
SERIAL (RS-232)

INTERFACE

+

5 2 3
DB-9S

NOTE: ALL 5V PINS HAVE 0.1-mF BYPASS CAPACITORS.

+

The external wiring is simple because the Schmitt triggers, memory, and UART are all within the
mmC.

F igure  1

LISTING 1— CRITICAL CODE
FOR THE LOOP IN MACRO FORM
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may “roll over” if the intervals are long.
After completing the run, the
program makes a pass through
the data to convert the recorded times to
true intervals before sending the results
to the PC. The resulting format is RYB-
MMMMM    IIIIIIII    LLLLLLLL, where
R, Y, and B are the logic states of the red,
yellow, and black channels, and M, I, and
L are the most-, intermediate-, and least-
significant bits of the time interval be-
tween transitions in microseconds.

After the data from a run transmits
through a PC communications port at
19,200 baud, a Visual Basic program dis-
plays the data. The screen displays the
three traces in colors corresponding to
the channel test leads. It also permits the
user to expand the traces for detailed ex-
amination by using the mouse to manip-
ulate a horizontal scroll bar and zoom
buttons, which select the X-position and
magnification of the expanded traces
(Figure 2).

The Visual Basic program and both the
PIC source and the object code are avail-

able from EDN’s Web site, www.edn
mag.com. Click on “Search Databases”
and then enter the Software Center to
download the file for Design Idea #2617.

Is this the best Design Idea in this 
issue? Vote at www.ednmag.com/edn
mag/vote.asp.

The display shows the entire run in the upper plot and a magnified portion in the lower plot. The
small window at the lower left reports the exact time of the leftmost displayed transition. 

F igure  2

The “burn and learn” method of
firmware development ex-
cludes an in-circuit emulator

and a serial port. With this method, it is
common practice to use spare I/O pins
on a mC as a debugging aid. By strategi-
cally placing instructions to set and clear
these I/O pins in the code and then ob-
serving the pins with a scope, you can ob-
tain limited real-time information about
the execution of the code. An I/O pin
serves as a 1-bit debugging port.

You can overcome this limitation
somewhat by writing a function or sub-
routine that shifts data out serially on the
port pin. Then you can use the scope to
capture and observe several bits of infor-
mation. However, setting the port pin
high for a one bit and low for a zero bit
results in a display that requires careful
reading. Unless you know and accurate-
ly measure the timing of the bits, judg-

ing which bit corresponds to which po-
sition on the scope display presents a
challenge. If the data includes several ze-
ros or several ones in a row, no transitions
exist with which to align the timing. This
problem becomes particularly acute
when attempting to capture more than 8
bits.

A software routine for midrange PIC

mCs (Listing 1) overcomes this difficul-
ty by producing a scope display that you
can read at a glance. The routine encodes
zero as a short pulse and one as a long
pulse. Using an open-drain I/O pin with
a large-value pullup resistor results in fast
falling and slow rising edges, which is due
to the RC time constant of the pullup re-
sistor and the capacitance of the pin and
scope probe (Figure 1). Consequently,
zeros show up as short spikes in the dis-
play, and ones appear as medium spikes.
The separation between consecutive
bytes appears as a tall spike or pulse (Fig-
ure 2). Each byte starts with a clean
falling edge, which serves as a convenient
trigger signal for the scope. A midrange
PIC running at 4 MHz using a 100-kV
pullup resistor produces the plot in Fig-
ure 2. The resistor value is not critical. To
use another clock rate, you can scale the
resistor approximately as the inverse of

VCC

RA4

100k

SCOPE
PROBE

PIC16C712

F igure  1

PIC debugging routine reads out binary numbers
Brad Peeters, Theta Engineering Inc, Costa Mesa, CA

Attaching a large-valued pullup resistor on an
open-drain I/O pin results in fast falling edges
but slow rising edges.
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the clock rate. For example, at 8 MHz, a
pullup resistor of 47 kV produces
equivalent results.

The scope plot depicts a 16-bit value
of 00000010 for the first byte and
00011010 for the second byte. Each in-
vocation of the subroutine in Listing 1
displays the most-significant bit of 1 byte
first. By taking care to invoke the sub-
routine on the most-significant byte of a
multibyte value first, the scope display
naturally reads from left to right. Hence,
the depicted value is 021A hex. By slow-
ing the timebase of the scope, you can
display a 32-bit value. The resolution of
the scope is the only limitation on the
amount of data the scope can display.

Because the subroutine preserves all
registers and flags, except for the gener-
al-purpose register for the subroutine it-
self, you can safely insert a call to the
subroutine at any point in your code to
obtain visibility into the value of the W
register. The limitation on the W regis-
ter is not a severe restriction because in
the PIC architecture, most operations
pass through the W register. One addi-
tional instruction suffices to load any
general-purpose register into W before
calling the subroutine.

The code snippet in Listing 2 shows
the addition of a 16-bit value called Re-
sult to a 24-bit Base value. Inserting call
Debug instructions at the points that the
arrows indicate makes the 16-bit Result

value visible (Figure 2). You can down-
load the subroutine from EDN’s Web site,
www.ednmag.com. Click on “Search
Databases” and then enter the Software
Center to download the file for Design
Idea #2594.

Is this the best Design Idea in this 
issue? Vote at www.ednmag.com/edn
mag/vote.asp.

Inserting “call Debug” instructions into the code makes the 16-bit result visible. Zeros appear as
short spikes, ones appear as medium spikes, and a tall spike indicates separation between consecu-
tive bytes.

F igure  2
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LISTING 2—CODE SNIPPET

LISTING 1—DEBUGGING SUBROUTINE

0 0 0 0 0 0 1 0
20HEX:

BINARY: 0 0 0 0 0 0 1 0
A1

2V/DIV

20 mSEC/DIV
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Many NiMH (nickel-metal-hy-
dride) fast chargers use linear reg-
ulators, such as the LM317, in a

current-source configuration with a
charge-monitor IC. This arrangement
dissipates much heat and requires con-
siderable heat sinking, adding weight and
cost. In the fast-paced, portable-system
world, users do not want to carry
heavy battery chargers that feel
hot. A switching regulator can alleviate
the weight and heat problem. In Figure
1, an MC34063A switching regulator and
an MC33342 NiMH battery-charger IC
combine to generate from an unregulat-
ed power supply a 600-mA battery charg-
er for one to four NiMH cells. Using some
tricks with the current limit and the feed-
back network, you can make a simple
dc/dc converter into a programmable
current source for NiMH charging. IC

1

operates in continuous mode in the buck
converter without the output capacitor.
The elimination of the output filter caus-
es the inductor to act as the current
source to charge the batteries. The exter-
nally programmable current limit sets the
peak current in IC

1
.You should select the

inductor size so the peak-to-peak ripple
does not exceed a predetermined level.

The equation V
1
t

ON
4V

2
t

OFF
helps deter-

mine the minimum input voltage to the
system.

V
1

is the input voltage minus the satu-
ration voltage of the switch, minus the
battery voltage. V

2
is the battery voltage

summed with the forward drop of the
Schottky diode. In continuous mode, t

ON

plus t
OFF

is the total switching period. Re-
arranging the above equation for input
voltage yields

The minimum input voltage to the sys-
tem is 5.6V if t

ON
is 7 sec, the switching

frequency is 100 kHz,V
D

is 0.3V, and V
SAT

is 1.2V. Selecting 6V as the input voltage
and allowing 0.1A ripple in the charging
current and 1.4V across the inductor at
maximum charge, the calculated induc-
tor value is 126 mH. The R

6
/R

7
ratio sets

the fast-charge window. With V
BAT 

at
3.05V, slightly higher than the maximum
charge level for the two cells, the ratio is
0.525. With 10-mA bias current through

the resistive divider, R
6

is 27 kV, and R
7

is 51 kV. C
2

has a value of 1 nF and pro-
vides stability during fast-charge battery-
voltage monitoring. C

1 
provides input

stability. Its size depends on the input-
voltage ripple. C

T
is 180 pF for 100 kHz.

R
CS

, 0.5V, is a function of peak current
and the turn-off threshold current.

The feedback circuit of IC
1
connects to

IC
2
’s V

SEN
pin for the fast-charge monitor

shutdown. During the fast charge, this
open-collector output pin pulses low
every 1.38 sec. R

3
, R

4
, R

5
, R

8
, and Q

1
make

up the fast-charge monitor circuit. Dur-
ing normal-charge operation, Q

1
is off,

and R
4

returns the feedback pin to
ground. R

5
ensures that the base is high.

When the MC33342 needs to measure
the battery voltage, the V

SEN
pin pulls the

base of Q
1

low. The R
3
/R

4
ratio ensures

that the feedback pin is at a level higher
than its threshold. You must understand
the peak-voltage detector to properly de-
sign the dc/dc converter. The detector
samples the battery voltage every 1.38
seconds. The sample time is 33 msec with
an 11-msec preset time at the beginning.
During this preset time, the MC33342
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Switching regulator charges NiMH batteries
Jason Hansen and Jim Hill, On Semiconductor, Phoenix, AZ

A switching regulator eliminates much of the heat in an NiMH battery charger.
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toggles the MC34063A into 0%-duty-cy-
cle mode. This action shuts down the
current to the battery so the MC33342
can take an accurate voltage reading. The
inductor current must reach 0A during
the initial preset time to minimize errors
in the voltage reading.

R
CS

, R
1
, and R

2
make up the trickle-

charge circuit. To effect trickle charge,
this circuit connects to the current-limit
pin of the MC34063A to create an offset
for the maximum current. The open col-
lector of the Fast/Trickle Charge pin goes
low to enter trickle-charge mode. When

the collector goes low, R
1
creates a voltage

offset. R
1
and R

2
are much larger than R

CS
;

therefore, the offset current is very low.
Because the current-sense pin monitors
a low differential voltage across R

CS
, V

CC

needs to be within a few hundred milli-
volts of its nominal value for charge-cur-
rent accuracy. The desired trickle-charge
current determines R

1
and R

2
. The target

peak current for the trickle charge is 100
mA. The voltage across R

CS 
is 30 mV at

the threshold; therefore, the voltage
across R

1 
must be 270 mV. For a current

of 1 mA, the value of R
1

is 270V. Because

the saturation voltage of the Fast/Trickle
Charge pin is 0.2V, R

2
’s value is the input

voltage minus the current-sense thresh-
old voltage minus the saturation voltage
of the charge-control pin divided by the
selected current. The calculation yields
approximately 5.5 kV for R

2
. The com-

ponent values in Figure 1 produce a 600-
mA battery charger.

Auniversal problem in battery-op-
erated devices is the threat of
damage when an end user

(never an engineer) inserts the battery
backward. You can avoid damage by in-
serting a single diode or by using a diode-
bridge configuration, but those fixes
waste power and reduce the supply volt-
age by adding one or two diode drops be-
tween the battery and the supply rail. An
alternative solution not only protects
against battery-reversal damage, but also
automatically corrects the reversal (Fig-
ure 1). To eliminate the voltage drops as-
sociated with discrete diodes, a low-on-
resistance, DPDT (double-pole, double-
throw) switch serves as a full-wave recti-
fier. When you insert the battery with the
correct polarity as shown, the upper
switch, S

1
, is in its normally closed state,

because its control pin is in its low state.
The resulting connection from Pin 2 to
Pin 10 provides a low-impedance path
from the battery to the V

CC
terminal.

Conversely, the lower switch, S
2
, closes its

normally open terminal (not as shown)
because its control pin is in its high state.
The resulting path from Pin 7 to Pin 6
connects the battery’s negative terminal
to ground.

The ESD-protection diodes in IC
1

guarantee start-up and act as a full-wave
rectifier. MOSFETs internal to the analog
switch turn on when the battery voltage
exceeds 1V. Their less-than-20-nsec turn-
on time enables the circuit to maintain
normal operation by quickly swapping
the leads of a reversed-polarity battery
connection. The circuit resistance is pro-
portional to the battery voltage. When
the circuit operates from four NiCd,
NiMH, or alkaline cells, the resistance in
each leg of the rectifier is 2.5V (5V total).
Operation with a two-cell battery (2.4 to
3V) yields a total resistance of 10V. IC

1

is rated for operation to 5.5V with 30-mA
continuous current, making the circuit
useful for cordless phones, portable au-
dio equipment, handheld electronics,
and other light- to medium-current ap-
plications. IC

1
’s miniature 10-pin mMAX

package takes less space than four
through-hole signal diodes and is almost
as small as two SOT-23 dual signal
diodes.

MAX4636

1

2

3

4

5

10

9

8

7

6

IC1

S1

S2

VCCGND

BATTERY
1.5 TO 5.5V

VCC OUT

GND OUT

F igure  1

Circuit provides reverse-battery protection
John Guy, Maxim Integrated Products, Sunnyvale, CA

This circuit senses battery polarity, then quickly connects the load or swaps the battery leads.

Is this the best Design Idea in this 
issue? Vote at www.ednmag.com/edn
mag/vote.asp.

Is this the best Design Idea in this 
issue? Vote at www.ednmag.com/edn
mag/vote.asp.
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Asimple circuit uses transistor
junctions to monitor multiple tem-
perature zones (Figure 1). The tem-

perature sensors are ordinary, general-
purpose, low-cost, diode-connected
transistors. The well-known diode equa-
tion V

BE
5(kT/q)3ln(I

C
/I

S
) shows that

there is a temperature dependency of ap-
proximately 2.2 mV/8C for a base-emit-
ter junction. By forcing a two-level cur-
rent through the base-emitter junction
and measuring the resultant voltage, you
can accurately determine the junction
temperature, a technique known as DV

BE

sensing. To prevent self-heating with this
technique, current levels must be low. IC

2

uses this approach and supplies a low-
level switched current source on its D1
and D2 pins. An on-chip ADC converts
the voltage information on D1 and D2
into digital data that IC

2
stores in a reg-

ister.
To monitor multiple-channel temper-

atures, you need to multiplex the meas-
urement channels. A four-channel dif-
ferential multiplexer, IC

1
, selects the

transistor junction that the circuit meas-

ures. The differential multiplexer ensures
that D1 and D2 remain as differential
signals to preserve noise immunity. By
cycling through the A

0
and A

1
address

lines of the multiplexer, the mC or mP can
poll each channel in sequence. If extra
channels are necessary, you can add mul-
tiplexer channels.

The on-resistance of the multiplexer
channel results in a voltage drop across
the channel. Therefore, you initially need
to calibrate the circuit to remove this er-
ror. Fortunately, the error is constant be-
cause the channel resistance remains con-
stant.You can use an offset register in IC

2

to store and automatically subtract the
offset.

The remote-sensing transistors con-
nect via a twisted-pair cable, and the ca-
ble can be as long as 50 ft. In extremely
noisy environments, using a shielded
twisted pair prevents the noise from in-
terfering with the sensitive measurement.
The circuit features a standard two-wire
SMBus or I2C interface, enabling com-
munication with a mC or mP.

The circuit can accommodate a theo-

retical temperature range of 2128 to
11288C. However, the practical range is
more limited than these temperatures be-
cause moisture causes leakage currents
and, hence, temperature errors. IC

2
also

contains high- and low-limit registers
and has an alert output. Thus, you can
use the circuit to ensure that tempera-
tures remain within an allowable band.
Any deviation outside the limits, either
high or low, results in activation of the
alert output. The alert line drives an in-
terrupt line on the mC or mP. The circuit
can also detect fault conditions, such as
open or short circuits, on the sensing el-
ements. Fault conditions generate an
alert signal. An interrupt-service routine
can then interrogate the status register to
provide fault identification and initiate
corrective action.

STBY

SCLK

SDATA

ALERT

CHANNEL 1

CHANNEL 4

2N3904

2N3904
EXPAND FOR
ADDITIONAL CHANNELS 1-OF-8 
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GND
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VDD VCC
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D1
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ADG709

ADM1023
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mP OR mCALERT

1k

10k
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0 0 1
0 1 2
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IC1
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Transistor junctions monitor temperature zones
Matt Smith, Analog Devices, Limerick, Ireland

Diode-connected transistors monitor multiple temperature zones.

Is this the best Design Idea in this 
issue? Vote at www.ednmag.com/edn
mag/vote.asp.
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You sometimes need to measure the
differential temperature be-
tween two points in a system

to a greater accuracy than that required
in measuring the absolute temperature at
either of the individual points. Differen-
tial-temperature measurement is neces-
sary, for example, in monitoring heating-
energy consumption in an apartment.
Hot water enters from one pipe, circu-
lates around the apartment through the
radiators, and exits through a second
pipe. Billing depends on the temperature
differential between the entry and exit
copper pipes, so absolute temperature is
irrelevant. One way of measuring is to at-
tach an RTD (resistance-temperature de-
tector) to each pipe as it enters or exits
the apartment and to take the voltage dif-
ference across the two RTDs. To ensure
that the measurements are truly relative,
you must wire the RTDs in series and ex-
cite them with the same current source,
I

S
(Figure 1). The same excitation cur-

rent also flows through the reference re-
sistor, R

REF
, and generates the voltage ref-

erence for the ADC. Hence, the entire
circuit is ratiometric. Therefore, both the
current source, through, and the refer-
ence resistor need not be particularly sta-
ble over temperature for the circuit to
operate properly. The circuit is also tol-
erant of ohmic drops in the connections
to the three-wire RTDs.

Channel 1 of the AD7705 reads an in-
put voltage equal to I

S
R

RTD1
1I

S
R

L1
. Chan-

nel 2 reads an input voltage equal to 
I

S
R

RTD
1I

S
R

L5
. R

L1
and R

L5
represent the

wiring resistances between the local elec-
tronics and the remote RTD elements.
You should wire the RTDs such that
R

L1
4R

L5
. Using software, subtract the

ADC’s Channel 1 reading from the Chan-
nel 2 reading. The ohmic drops cancel,
leaving the differential temperature as the
only remaining term. The inter-RTD
wiring resistance, R

L3
, does not appear in

the equations and, therefore, has no ef-
fect. The input impedance of the AD7705
is very high, so essentially no current

flows through R
L2

and R
L4

. The RC com-
binations act as lowpass filters that at-
tenuate high-frequency noise that the
wiring picks up. This filtering function
is especially important with RTDs that
are remote from the AD7705 and related
measurement electronics. Choosing these
components is straightforward, accord-
ing to the data sheet at www.analog.com.

The RTDs give rise to a certain source
of errors. Consider a common 100V
platinum RTD with a resistance coeffi-
cient of 0.0038V/V/7C. This type of sen-
sor, the European PRTD, is the most
common RTD sensor. It is available in ac-
curacy-tolerance classes A and B (or DIN
A and DIN B), which specify both the
initial accuracy at 07C and the inter-
changeability over the operating range.
Class A specifies 5(0.15`0.002|t|), and
Class B specifies 5(0.3`0.005|t|), where
t is the specified interchangeability tem-
perature.You can buy two Class A, 100V,
platinum RTDs from the same manufac-
turer and find that one is reading 0.27C
high at 257C and the other is reading
0.27C low at 257C. This difference repre-
sents an apparent 0.47C difference before
you even commission the measurement

system. To combat this initial error, you
must either request a matched pair of
RTDs from the manufacturer or calibrate
out this difference at the time of instal-
lation. For instance, some sensor manu-
facturers sort PRTDs into tolerance
groups with maximum Dt of 50.057C
over 0 to 1007C. Alternatively, you can
easily calibrate out the error by using the
AD7705’s separate gain and offset regis-
ters for the two channels.

The AD7705 specifies integral nonlin-
earity at 14 bits or better. However, the
ADC measures the two inputs with 16 bits
of peak-to-peak resolution. All this reso-
lution is useful, because the ADC has the
same linearity for either channel, what-
ever that resolution may be. This prem-
ise assumes that the gain of the ADC’s in-
ternal PGA does not change between
channels. Changing channels via the in-
ternal multiplexer does not contribute
any additional error sources. Thus, dif-
ferential-temperature measurements
have a resolution of 14 bits or better.

AD7705

REF IN (1)

REF IN (`)

AIN 2 (1)

AIN 2 (`)

AIN 1 (1)

AIN 1 (`)
R1

R2

R3

R4

C1

C2

C3

C4

RL1

RL3

RL2

RL4

RL5

RREF

IS
400 mA

RTD1

RTD2
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RTDs provide differential 
temperature measurement
John Wynne, Analog Devices Inc, Limerick, Ireland

This ratiometric differential-temperature measurement system eliminates ohmic wiring drops as
sources of errors.

Is this the best Design Idea in this 
issue? Vote at www.ednmag.com/edn
mag/vote.asp.
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Figure 1 shows how to digitally pro-
gram the on-time of a one-
shot multivibrator circuit.

More and more, the Internet is playing a
role in control operations in industrial
and R&D endeavors and in household
appliances. One-shot circuits are popu-
lar choices for the on/off control circuit-
ry. You can interface the programmable
one-shot design in Figure 1 with any in-
telligent system, such as a PC, a mP, or a
mC. The design uses a low-cost NE555
timer and an 8-bit AD7524 D/A con-
verter. The timer IC is connected in a
one-shot configuration with an on-time
transfer function of t51.1 RC. The con-
trol voltage on Pin 5 of the 555 can
change the threshold of the comparator
in the timer IC, thereby changing the on-
time of the one-shot’s output. In other
words, by selecting the voltage on this
pin, you can control the pulse width of
the output waveform of the timer. The 8-
bit DAC, with its MC 3104 op-amp
buffer, provides programmable control
of the one-shot’s pulse width. You can

send the required 8-bit word to the DAC
via a PC’s parallel port or from a mP or
mC. The maximum on-time of the one-
shot is a function of the R and C values.
You can vary the pulse width from min-
imum to maximum by changing the bit

pattern at the DAC’s input from 00 to FF.
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One-shot circuit is programmable
J Jayapandian, IGCAR, Tamil Nadu, India

An 8-bit code applied to the DAC determines the on-time of this one-shot circuit.

Is this the best Design Idea in this 
issue? Vote at www.ednmag.com/edn
mag/vote.asp.

The simple, no-cost connection in
Figure 1 provides frequency meas-
urement for eight pulse trains

through a PC’s LPT1 port. The method
uses a special BIOS interrupt and its han-
dler routine without any hardware cir-
cuitry. The interrupt-handler routine,
written in Turbo C, recognizes the exter-
nal clock pulses coupled to the eight lines
in the LPT1 port and determines their
frequency, the number of pulses per sec-

ond (Listing 1). The variable TICKER in
the handler routine recognizes the oc-
currence of INT 1CH. The handler rou-
tine reads an 8-bit DATA word from the
LPT1 port for every TICKER from the
data received (the variable “COUNT”).
The software extracts the 8 bits as eight-
channel, single-bit data CH1, CH2, CH3,
CH4, CH5, CH6, CH7, and CH8 by ro-
tating right and by effecting a subsequent
AND operation. For CH1 data, the 8-bit

data received in “COUNT” is ANDed
with 0x01, resulting in the first bit. For
CH2, the “COUNT” data is ANDed with
0x02 and rotated right once. The re-
maining channel data undergoes an
ANDing operation with 0x03, 0x04, and
so on and rotation twice, thrice, and so
on.

This method of converting data to a
single bit for eight independent channels
helps to monitor the variation in eight in-

BIOS interrupt does 
eight-channel frequency counting
J Jayapandian, IGCAR, Tamil Nadu, India

205



104 edn | December 21, 2000 www.ednmag.com

ideasdesign

dependent signals with respect to time.
The handler routine immediately
records any change in any one of
the bits. The software increments vari-
ables I, j, k, l, m, n, p, and q if it detects a
change in state of the bits in the corre-
sponding channels 1 through 8. The
completion of the 20th TICKER repre-
sents a time interval of 1 sec. The counts
in variables I through p are a measure of
frequency in channels 1 through 8, re-
spectively. This method allows frequency
measurement to 100 kHz. In the software
example in Listing 1, the routine acquires
32,000 samples (“COUNT” from the
LPT1 port); hence, for 1 sec and 20
TICKERs it is possible to acquire 63105

samples with a 200-MHz Pentium sys-
tem. The sampling variable, a, should not
exceed the time of occurrence of INT
1CH. In this example, a is 32,000.You can

download Listing 1 from EDN’s Web site,
www.ednmag.com. Click on “Search
Databases” and then enter the Software
Center to download the file for Design
Idea #2620.

Is this the best Design Idea in this 
issue? Vote at www.ednmag.com/edn
mag/vote.asp.

LISTING 1—BIOS-INTERRUPT HANDLER ROUTINE

D0

D1

D2

D3

D4

D5

D6

D7

CH1 INPUT

CH2 INPUT

CH3 INPUT

CH4 INPUT

CH5 INPUT

CH6 INPUT

CH7 INPUT

CH8 INPUT

LPT1

F igure  1

A PC’s special BIOS interrupt measures eight independent frequencies.
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