
Y ou can run initial high-level sim-
ulations of custom numerical algo-
rithms, such as digital filters, using

floating-point numbers in an environ-
ment such as C or Matlab. Unfortunate-
ly, you won’t see include fixed-point ef-
fects, such as truncation due to limited
precision and register overflow, until you
use a Hardware Design Language (HDL),
such as Verilog or VHDL. However, a
technique that models these effects in
C—the function “bit_limit” in Listing
1—provides faster execution and better
portability than HDLs and allows early
exploration of the trade-off between bus
width and performance.

Figure 1 shows a flow diagram that cal-
culates the output E=A/4+A•B. Table 1
shows the effect of the chosen bus width.
For example, the output of the multipli-
er truncates to 10 bits, and the output of
the adder truncates to 9 bits. In this ex-
ample, when input A=201.8 and input
B=0.19, the output E=87.5; an ideal mod-
el without truncation would give 88.792.

Listing 1, the ANSI C code for the
bit_limit function, shows how the code
truncates. The code first converts float-
ing-point numbers a_fl and b_fl to justi-
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fied integers by scaling. The
macro PREC sets the number of
bits that the code uses to store the
fractional part of the input, which are the
bits to the right of the “binary” point.
The bit_limit function truncates a_fl to
8 bits on the left of the binary point and
to 0 bits on the right; the respective fig-
ures for b_fl are 0 and 4 bits. Because the
code stores the numbers as normal inte-
gers, the standard operators can perform
addition and multiplication. However,
the code must rescale the result of a mul-
tiplication because both operands are
justified. The bus widths are set at points
A, B, C, D and E; the code displays the bit-
limited value of E and compares this val-
ue to the result from full-precision arith-
metic.

You can handle signed arithmetic us-
ing 2’s complement numbers by extend-
ing the bit_limit function to sign-extend
the MSB after each truncation. You can
perform rounding using the following
statement:

bit_limit(8, 0, A + 0.5•(1<PREC)).
The number of bits in the “int long”

data type on the simulation platform sets

the major limitation of this technique.
Normally, the number is 32 bits, so all
numbers in the simulation, including the
unscaled result of a multiplication, must
be less than 231. You can slightly extend
this range by using “unsigned int,”or you
can double the range by using “int long
long” when this type maps to 64 bits.

Listing 1 is available for downloading
from EDN’s web site, www.ednmag.com.
At the registered-user area, go into the
Software Center to download the file
from DI-SIG, #2328. (DI #2328)
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The accuracy of the on-
chip ADCs of numerous
small and inexpensive 8-

bit mPs is well-suited for many
applications. However, some
situations benefit from just a
little more accuracy from a resistive po-
sition sensor, for example. The resistive
circuit in Figure 1 uses two ADC pins on
a mP to double the precision of a resistive
position sensor. In effect, the 8-bit ADC
becomes a 9-bit ADC. The resistive part
of the circuit shown in Figure 1 costs as
little as $3; the cost is higher if you use a
precision potentiometer as the position
sensor.

The concept behind using two
ADC channels is simple. One ADC input
takes direct measurements of the position
sensor. The second ADC input measures
the voltage out of a second potentiome-
ter that is a 1/2 bit behind the first input.

This scheme creates a “phasing” of the
two analog-to-digital results (Table 1).
Adding the two results produces a 9-bit
answer that is limited to a value of 510.

To set up the circuit for op-
eration, you will need to ac-
curately measure V

REF
, which

is 5.000V in this case, and set
ADC

1
(VR

1
) to a known volt-

age, 3.000V in this case. Then,
adjust ADC

2
(VR

2
) according to the fol-

lowing equation:

Thus, an ADC
2
=2.990V sets input-chan-

nel ADC
2

to a 1/2-bit lag. (DI #2332)

Two ADC channels double sensor precision
Luke J Barker, Reinke Manufacturing Co Inc, Deshler, NE

Using two ADC pins on a mmP doubles the preci-
sion of a resistive position sensor.

ADC1

ADC2

5V

VR1
POSITION
SENSOR

VR2
15 TURN

10k
3006-103

(BOURNS INC)

Binary point
A 1 1 0 0 1 0 0 1 1 1 0 0 201
B 0 0 0 0 0 0 0 0 0 0 1 1 0.1875
C=AB 0 0 1 0 0 1 0 1 1 0 1 1 37.5
D 0 0 1 1 0 0 1 0 0 1 0 0 50
E=C+D 0 1 0 1 0 1 1 1 1 0 0 0 87.5

A simple flow diagram implements the output E=A/4+A•B.
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TABLE 1—TRUNCATION EFFECTS BASED ON BUS WIDTH
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ADC1 

ADC1

9-BIT
RESULT

0 1 1 2 2 3 . . .

0 0 1 2 2 3 . . .

0 1 2 3 4 5 . . .

253 254 254 255 255

253 253 254 254 255

506 507 508 509 510

TABLE 1—ADC “PHASING”
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A n auxiliary winding
usually provides power
for the popular

UC384X-based offline
switch-mode power supplies
(SMPSs). This winding feeds
the main PWM controller
during steady-state opera-
tion. However, the controller
always needs a small start-up
current, which clearly
plagues the efficiency in very
low-power standby SMPSs
with P

OUT
=500 mW, for ex-

ample. Any wasted source
power, such as for the start-
up network and controller
supply, adds to the power
drawn from the mains and
significantly degrades the
overall efficiency. Obtaining
an acceptable efficiency
at high line voltage rep-
resents a tough design
task. Some tricks totally
stop the start-up current by
using a high-voltage bipo-
lar or MOSFET (Reference
1). However, the addition of
a high-voltage component
burdens the bill-of-materi-
al cost of a small-power
SMPS.

An alternative and inex-
pensive solution allows you
to program the start-up cur-
rent at any value, whatever
the PWM IC (Figure 1). Im-
plemented around two low-
voltage off-the-shelf bipolar transistors,
Q

1
and Q

2
, the circuit brutally connects

the controller to bulk capacitor C
1

when
C

1
’s voltage level is adequate. This level

determines the C2V product that is
large enough to feed the PWM IC until
the steady-state operation takes over. The
designer can then select any small start-
up current to charge the bulk capacitor
in agreement with time-constant recom-
mendations. During the charge, series
pnp transistor Q

1
is locked off, which

prevents any current consumption from
the main controller. When the voltage
reaches a defined level, Q

2
starts to pull

Q
1
’s base to ground. Q

1
’s collector volt-

age rises and further saturates Q
2
through

the reaction resistor, R
1
. The charged bulk

capacitor is now fully connected to the
PWM IC, which starts to oscillate. A few
cycles later, the auxiliary winding takes
over, and Q

1
stays on.

The level V
THRESHOLD

at which Q
2

turns
on is simply given by:

If you assume a linear charge from the
start-up network, R

4
+R

5
, then the time at

which Q
2

starts to conduct is equal to

where

With the values in Figure 1, C
1

connects
to the IC when its voltage reaches 17V,
which occurs in less than 350 msec at
VDC=350V. The circuit offers better
than 50% efficiency at high-line
(250VAC), drawing less than 1W for a
500-mW output power. The MMG-
05N60D insulated-gate bipolar transis-
tor (Motorola Semiconductor, http://
mot-sps.com/scg/) also contributes to
the circuit’s performance because of its
low capacitive parasitic elements, in-
cluding a 5-nC gate charge. The circuit
thus minimizes commutation losses. Fig-
ure 2 shows the start-up phase of the
low-power SMPS at very low line, 70V ac.
(DI #2330)

Reference
1. Basso, Christophe,‘Low-cost MOS-

FET quashes power resistor’, EDN, June
9, 1994, pg 140.

Transistor pair lowers PWM IC’s start-up current
Christophe Basso, Motorola Semiconductor, Toulouse, France

A pair of bipolar transistors, Q1 and Q2, work with C1 to turn any PWM controller into a low-current startup
device.

A low line voltage, 70V ac, start-up sequence of the two-bipo-
lar network shows the charging of C1, the turn-on point of Q2,
and the resultant VCC for the UC3845 PWM IC.
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A utozeroing schemes can be nec-
essary to minimize the input-offset
voltages of position-sensing detec-

tors (PSDs), particularly when you use
these detectors with high dc gain. PSDs
are useful optical transducers for accu-
rately measuring displacement. In prac-
tice, their typical configuration is as a dif-
ferential current-to-voltage circuit
(Figure 1). The ratio of the photocur-
rents I

1
-to-I

2
linearly divides between the

electrodes, proportional to the incident
light beam. The magnitude of the pho-
tocurrents is a function of the light in-
tensity.

Although PSDS are photodetectors,
using them with high dc gain can quick-
ly get you into trouble. Input-offset volt-
ages can easily multiply due to the rela-
tively low sheet resistance between pins
1 and 2, which typically ranges from 5 to
100 kV. Consider the following nodal
equations:

An offset multiplication occurs because
of the low intrinsic diode impedance, R

S
,

of the PSD, and the high values of R
F
. For

normal photodetectors, R
S

is very high,
and, therefore, no multiplication occurs.
FET-input op amps are usually the choice
for photodetector circuits because they
have a higher input impedance and low-
er current-noise density at high-imped-
ance levels than their bipolar counter-
parts.

For a typical pair of FET op amps mis-
matched by ±3 mV and with an R

F
of 1

MV and sheet resistance of 20 kV, V
OUTB

would be 20.303V, and V
OUTA

would be
0.303V. For a theoretical pair of op amps
mismatched by ±10 mV, an R

F
of 1 MV,

and a sheet resistance of 20 kV, V
OUTB

would be 20.001V and V
OUTA

would be
0.001V. Ultimately, it would be nice to use
a low-noise, low-bias-current amplifier
with a very closely matched front end.
However, it is a much more difficult
process to match the input FET differen-
tial pair than that of a bipolar transistor.
Nevertheless, this circuit shortcoming
due to the sheet resistance is also the key
to its success; you can force the offset
voltage to be equal.

You can accomplish this goal by sam-

pling and integrating the difference of the
two input-offset voltages and forcing the
positive input of Amplifier A with the re-
sult (Figure 2). The two amplifier out-
puts converge to the input offset voltage
of Amplifier B with the difference in the
two output voltages equal to the offset of
amplifier C. V

OUTA
reduces to

and V
OUTB

reduces to

Note that biasing the wrong op amp
causes the two outputs to diverge, and
you must choose an op amp for Ampli-
fier C on the merits of its dc specifica-
tions.

The second approach to forcing the
offset voltage to be equal is to use a po-
tentiometer to adjust one of the op amps
at its offset-adjustment pins. This circuit
converges or diverges in a manner simi-
lar to that depicted in Figure 2. (DI
#2331)

Autozero a position-sensing detector
James Zannis, Renishaw S A, Champs-sur-Marne, France

A differential current-to-voltage circuit is the typical configuration for a
position-sensing detector (PSD).

Sampling the difference of the two input-offset voltages, integrating
these voltages, and using the result to drive the positive input of
Amplifier A causes VOUTB and VOUTA to converge to the input offset voltage
of Amplifier B and to differ by the offset of Amplifier C.
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F igure 1 shows a circuit that uses
a one-time-programmable (OTP)
mC in an unusual way. A

COP8SGR7 mC uses digital
signals to “bit-bang”an LM4835 (dubbed
“Boomer” by National) amplifier. Al-
though the amplifier is designed for po-
tentiometer control, you can modify it to
make it a fully digitally controlled part.
Figure 2 shows the flow chart for the con-
trol process.A PWM signal and a lowpass
filter allow you to use digital signals to
control the amplifier. The technique sets
the mC in processor-independent mode.
You load the values affecting the duty cy-
cle into the appropriate timer registers.
When a control bit goes high, the mC de-
livers a PWM signal.

The PWM signal goes to a first-order
lowpass filter. The output from the filter

Instead of tweaking potentiometers, you can use pushbuttons and a mmC to control National’s Boomer amplifier IC.

Depressing the volume-control pushbuttons sets the duty cycle of the PWM signal the COP8SGR7
mmC generates.

OTP mmC controls Boomer amplifier
Wallace Ly, National Semiconductor Corp, Santa Clara, CA
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The circuit in Figure 1 uses an
LM3914 LED driver to directly dis-
play standing-wave ratio (SWR) in

a low-cost, rugged instrument. The
SWR-sensing head is derived from the
ARRL Antenna Handbook in an article
that describes the tandem match. The
forward voltage and reflected voltage
(V

F
+V

R
) signal drives Pin 6 (R

HI
), and

the V
F
2V

R
signal drives the normal sig-

nal input at Pin 5. You can use this basic
arrangement to display the ratio of two
voltages in other applications. The in-
ternal circuit of the LM3914 comprises
10 voltage comparators that compare the
input voltage at Pin 5 to an internal, 10-
step, linear-voltage-divider string be-

tween Pin 6 (R
HI

) and Pin 4 (R
LO

). The
voltage-divider levels, V

N
, are

V
N
=V

REF
2n/10, where n is the voltage-

divider step from 1 to 10, and V
REF

is the
voltage between pins 6 and 4.

When the signal voltage on Pin 5 sat-
isfies the equality in the following equa-
tion, the nth LED energizes in the dot-
mode display (with approximately 1 mV
of hysteresis).

If you force V
REF

to equal V
F
+V

R
and

the voltage at Pin 5 to equal V
F
2V

r
, you

can arrange the terms as in the follow-
ing equation.

where V
F
+V

R
V

F
2V

R
is the definition of

the SWR. Two sections of the quad op
amp, IC

1
, buffer the forward and reverse

voltages developed in the SWR bridge.
The remaining two sections serve as a
difference amplifier to produce the volt-
age V

F
2V

R
and as a noninverting sum-

ming amplifier to produce the voltage
V

F
+V

R
. Even though the circuit does not

use the internal voltage regulator, you
must properly terminate it to establish
the LED current. (DI #2324).

LED driver displays standing-wave ratio
Richard Panosh, Vista, Bolingbrook, IL

You can use an LED-driver IC to produce a thermometer-type indicator for the standing-wave ratio in RF systems.
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is a dc voltage, whose amplitude is pro-
portional to the duty cycle of the PWM
signal. The processor-independent mode
allows the mC to perform other duties
and calculations while it generates the
PWM signals. With the COP8SGR7 mC,
three PWM outputs are available; there-

fore, the mC can control three amplifiers,
or six channels of audio. The mC de-
bounces the two (volume-up and 
-down) pushbuttons. The controller also
handles the mute, shutdown, beep, vol-
ume, and headphone functions. You can
download the C code for controlling the

mC from EDN’s Web site, www.edn-
mag.com. At the registered-user area, go
into the Software Center to download the
files from DI-SIG, #2326. (DI #2326).
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Comparator provides stable hysteresis
Fernando Garcia, Lucent Technologies, Brownsville, TX

Unless a voltage-comparator cir-
cuit is sampling an extreme-
ly clean signal, the compara-

tor always requires some hysteresis.
Traditional comparator circuits obtain
the required hysteresis by using positive
feedback derived from the ratio of two re-
sistors. The voltage at the noninverting
input is the superposition of a fraction of
the input and output voltages, each di-
vided by its respective resistor ratio. With
an inverting comparator, the noninvert-
ing input usually connects to a voltage
reference with reasonably low imped-
ance, and you can choose the hysteresis-
setting resistors without concern for
loading. However, for the noninverting
comparator, the input voltage comes
from the actual source the circuit is sam-
pling. This source has a series impedance,
R

SOURCE
, which can be a significant

fraction of the input resistance R
6

(Figure 1). This impedance may not be
repeatable or may change value with
changing circuit conditions; therefore, it
may result in hysteresis errors.

Although you can change the feedback
and input resistor values to minimize the
source-impedance impact, you face a
practical limit on the increases, because
the value of the feedback resistor that the
resistor requires to maintain the proper
resistor ratios can become excessively
high. Traditionally, you could use an op
amp configured for unity gain to buffer
the high-impedance source from the
comparator. However, in some applica-
tions, cost, board-area, or current-con-
sumption constraints may preclude
adding an op amp. The circuit variant in
Figure 2 eliminates the source-imped-
ance problem. The voltage source under
comparison connects directly to the non-
inverting input. Hysteresis does not come
from resistor feedback, but rather from
MOSFET Q

1
. If the voltage you are sam-

pling is less than the threshold, the com-
parator’s output is low, and Q

1
turns off.

The comparator’s inverting input es-
sentially sees a reference voltage identi-
cal to the reference voltage in Figure 1.

However, when the voltage exceeds the
threshold, the comparator’s output goes
high, turning on Q

1
. The MOSFET shorts

out the lower portion (R
5
) of the resistor

divider. This action has the net effect of
lowering the reference voltage to the
comparator’s inverting input. The differ-
ential voltage thus increases, providing
the required hysteresis. The source im-
pedance basically sees only the compara-
tor’s input impedance. This impedance is
extremely high, so the source-impedance

impact on offset is low. Most small-signal
MOSFETs can work in this application,
provided that the R

DS(ON)
is at least one

order but preferably two orders of mag-
nitude lower than the resistor it must
shunt. This application requires a logic-
level FET that turns completely on with
V

GS
=5V. (DI #2335).

Source impedance has virtually no effect in this circuit; hysteresis comes from manipulating the
thresholds at the inverting input.

Finite source impedance can provoke large errors in the hysteresis that you carefully calculate
using resistor feedback ratios.

2

18

5V
R2

R3

V1

D1

R4

R6

R1      

R5

22k
22k

4.7M

39k

47.5k

47.5k

9

10

4

V1

V28

4 LM339

LM385M-1.2

OUTPUT

2

1

2

1
IC1ARSOURCE

2

18

5V
R2

R3

V1

D1

R4

R1      

22k

22k

44.2k

R5

3

1

Q1

2

3.32k

47.5k

9

10
4

8

4

LM385M-1.2

OUTPUT2

1

RSOURCE

2N7002/PLP

V1

V2

LM339

2

1
IC1A

F igure  1

F igure  2

To Vote For This Design,
Circle No. 366



138 edn | March 18, 1999 www.ednmag.com

ideasdesign

Design Idea Entry Blank

To: Design Ideas Editor, EDN Magazine
275 Washington St, Newton, MA 02458

I hereby submit my Design Ideas entry.

Name

Title

Phone

E-mail Fax

Company

Address

Country ZIP

Design Idea Title

Social Security Number
(US authors only)

Entry blank must accompany all entries. (A separate entry
blank for each author must accompany every entry.) Design
entered must be submitted exclusively to EDN, must not be
patented, and must have no patent pending. Design must
be original with author(s), must not have been previously
published (limited-distribution house organs excepted), and
must have been constructed and tested. Fully annotate all
circuit diagrams. Please submit software listings and all
other computer-readable documentation on a IBM PC disk
in plain ASCII.

Exclusive publishing rights remain with Cahners Business
Information unless entry is returned to author or editor gives
written permission for publication elsewhere.
In submitting my entry, I agree to abide by the rules of the

Design Ideas Program.

Signed

Date

Your vote determines this issue’s winner. Vote now, by cir-
cling the appropriate number on the reader inquiry card.

Entry blank must accompany all entries. $100 cash award for all published Design Ideas. An additional $100 cash award for
the winning design of each issue, determined by vote of readers. Additional $1500 cash award for annual Grand Prize Design,
selected among biweekly winners by vote of editors.

Circle 9 or visit www.ednmag.com/InfoAccess


