
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.”
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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.
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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
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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)



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
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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.



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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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.
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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.


