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Doubling breakdown voltage
with cascoded transistors

by Peter T. Uhler
Tinker Air Force Base, Midwest City, Okla.

When bipolar transistors are connected in series to in-
crease their over-all breakdown voltage for power-cir-
cuit applications, high-voltage zener diodes are usually
needed to protect the transistors. And generally, besides
being expensive, these high-voltage zeners have rather
modest power ratings.

An alternate approach, a saturating cascode switch,
effectively doubles transistor breakdown voltage with-
out requiring costly zeners. The cascode switch gener-
ates 600-volt rectangular positive-going pulses with
350-v transistors. It employs a shunt, rather than series,
approach for additional load protection.

In the region of operation where output voltage (V,)
is greater than half the supply voltage (Vcc/2), the
switch works as a conventional cascode amplifier, and
the collector currents of transistors Q; and Q2 are equal.
The base voltage of Q; never exceeds Vcc/2 (unless
Q2’s reverse collector saturation current, Icpo, becomes
significant), because of the voltage divider formed by

the two same-value biasing resistors, labeled R. There-
fore, the maximum voltage drop across each transistor
is effectively limited, and the need for zener diode
clamps is eliminated.

Asload current I, exceeds the midpoint current value
(IL1) shown on the static load line, transistor Qg satu-
rates and transistor Q; becomes the sole controlling ele-
ment. The load resistance for the switch is now the par-
allel combination of the load resistance itself and half
the biasing resistance (R, 11R/2), which is essentially
equal to Ry, since R/2 is much greater than Ry.

Only a slight discontinuity occurs in the load line
when transistor Q; saturates, so that the circuit’s output
voltage is practically a continuous function of its input
voltage throughout the entire output voltage range of
0 to 600 v. The capacitor at the base of Q- eliminates
the positive-going charge-storage transient that is gener-
ated if this transistor is forced out of saturation rapidly.

The biasing resistance value of R/2 must be small
enough to prevent Q.’s reverse saturation current (Icgo)
from causing a significant rise in the potential at Qz’s
base. Also, the R/2 resistance value must be less than
the factor, hpgRy, to assure that Qg’s collector-emitter
voltage is a decreasing function of collector current.

The saturating cascode switch can be modified to
handle even higher voltages by using three transistors
and two separate biasing resistor pairs to bias the tran-
sistors at supply voltages of 2Vcc/3 and Vee/3. O

Eliminating high-voltage zeners. Cascoded transistors generate 600-volt pulses without using high-priced high-voltage zener diodes for
protection. Biasing resistors limit voltage across transistors to Vec/2. When V, is greater than Vee/2, transistors Q; and Q, behave like con-
ventional cascode amplifier. When V, is less than Vcc/2, Q; saturates, and only Q, determines load current.
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Variable-gain amplifier
yields linear rf modulator

by Michael F. Black

Equipment Group, Texas Instruments, Dallas, Texas

An 1f modulator that offers a linear relationship be-
tween input control voltage and output rf voltage can
be achieved by using a variable-gain amplifier to com-
pensate for the nonlinear characteristics of a p-i-n diode
attenuator. Circuit operation remains linear for an in-
put-signal range of approximately 30 decibels.

The gain of amplifier A; depends on the level of in-
put control valtage Vi. As this modulation voltage in-
creases, diodes D; through D4 conduct, shunting some
of Ay’s feedback current to ground and raising this am-
plifier’s gain. The resulting voltage-gain curve for both
amplifier A; and buffer amplifier A, adjusted for the
varying resistance of the p-i-n diodes used in the modu-
lator, is shown in the diagram.

The p-i-n diodes are connected as a reflective at-

Linear rf modulator. For 30-decibel signal range, rf modulator pro-
vides output rf voltage that varies linearly with input control voltage.
Combined gain of amplifier A; and buffer A, is curved (as shown) to
compensate for nonlinear characteristic of p-i-n diode attenuator.
Gain is varied by partially grounding feedback current through
diodes D, and D,. Operating frequency ranges from 60 to 150 MHz.

tenuator that has inherent dc balance and offset charac-
teristics to minimize ringing and transient effects. Here,
a pad is placed between the two attenuator sections for
isolation purposes, but an amplifier can be substituted
for the pad if desired.

The values of the attenuator rf chokes are determined
by the operating rf carrier frequency and the upper
modulation frequency. The circuit performs well from
60 to 150 megahertz, with modulation frequencies as
high as 250 kilohertz. O
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Tunable active filter
has switchable response

by Philbrook Cushing
La Jolla, Calif.

With a minimum number of components, a positive-
feedback active filter that has a continuously tunable
cutoff frequency from 20 hertz to 20 kilohertz can be
built. Additionally, the inexpensive filter provides
switch-selectable low-pass or high-pass responses with
either Bessel (RC) or Butterworth (maximally flat) char-
acteristics. The skirt rolloff is 40 decibels per decade.
Basically, the filter consists of amplifier A;, two equal
variable resistors (designated as R), and two equal ca-
pacitors (designated as C). A four-pole switch, S;, inter-
changes the resistors and capacitors to vary filter re-
sponse between high-pass and low-pass. The filter’s

cutoff frequency can be written as:

w, = 1/RC

Another switch, Sy, changes the filter’s characteristic.
With S, at its RC position, the gain of amplifier A; is
unity, giving the filter a Bessel characteristic. With S, at
its “flat” position, As’s gain becomes 1.59, which pro-
duces a Butterworth function. The corresponding gains
for amplifier Az are 1.59 and unity, so that the gain
product from Ay’s noninverting input to the output is
1.59 for either setting of switch S,. Resistors R; and R»
reduce over-all gain to unity for easy cascading.

Output offset voltage, as well as its variation with
tuning, may be zeroed out by applying conventional
nulling methods at amplifier A;. The slew rate of the
type 741 operational amplifier limits the flat portion of
the high-pass response to about 40 kilohertz at a 3-volt
peak-to-peak signal level. If two filters are cascaded,
bandpass and band-reject responses can be added. [J

Versatile filter. Positive-feedback active filter can be tuned continuously from 20 hertz to 20 kilohertz. Two switches provide choice of out-
put—either low-pass (LP) or high-pass (HP) response having either Bessel (RC) or Butterworth (flat) characteristic. Switch S, interchanges
resistors and capacitors that determine cutoff frequency, while switch S, changes gain of amplifiers A; and A,.
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Synchronous ramp generator
maintains output linearity

by D. M. Brockman
Boeing Co., Seattle, Wash.

With complementary-MOS analog switches, a synchro-
nous ramp generator can be built without the need for
expensive ladder networks or costly amplifiers. This cir-
cuit is intended for use in a multichannel analog-to-dig-
ital converter system where digital words must be devel-
oped to represent transducer outputs.

When triggered, the circuit generates a linear ramp
having time and voltage parameters that are indepen-
dent of component tolerances, power-supply voltage,
and clock rate. The ramp output is synchronous with a
binary or binary-coded-decimal counter and always
runs from a negative reference voltage at the counter’s
zero state to a positive reference voltage at the counter’s
full-scale state. The generator’s ramp output can be
used as the reference signal for comparator-type
analog-to-digital converters.

The ramp is generated by integrator A;. Switch Sz is
initially closed, and switches S; and S3 are open, clamp-
ing Ay’s output to -Vrer. The counter is kept reset by
flip-flop FF 1.

When the circuit is triggered, the counter begins to
run, Sz is opened, and S; is closed. Integrator A; begins
to charge linearly at a rate determined by time constant
R1C; and the output voltage produced by integrator A,.

After the counter reaches full scale, switch S; opens and
stops the ramp, while switch Sz closes and starts the
comparison cycle.

During the comparison cycle, A;’s output is inverted
by amplifier A3 and summed with + V. by integrator
Az. If the sum is not zero, A; charges toward a voltage
(and polarity) that will make the sum zero at the next
comparison cycle. When the counter reaches full scale
for the second time, the comparison cycle is ended,
switch S3 is opened, switch S; is closed, and the counter
and flip-flop FF; are reset.

This generate/compare process is repeated each time
the circuit is triggered. And, after a few cycles, the out-
put voltage of integrator Ay will be just large enough to
drive integrator A; to + Ve in the time required for the
counter to reach full scale.

Inverter A3 is provided with a gain adjustment to
compensate for tolerances on integrator Ao’s summing
resistors and to allow the peak ramp voltage to be set
exactly to + V. Time constant R1C; must be chosen so
that integrator A» does not saturate. And time constant
R2C: must be selected for circuit stability:

R2C2 = TZ/R1C1
where T is the ratio of the full-scale count to the clock
rate.

The circuit’s stability factor becomes:

S.F. = RiR2C1Co/T?

If the stability factor is equal to one, the circuit will re-
spond to step changes in + V.. without overshoot. If
the factor is greater than one, the generator’s response
will be underdamped.

The component values shown are for a 1.8-megahertz
clock rate and a full-scale count of 1,024. 0O

Automatic compensation. Synchronous ramp generator uses low-cost complementary-MOS analog switches instead of high-priced ladder
networks. Closed-loop circuitry automatically corrects ramp slope for small changes in component values, clock rate, or supply voltage.
Ramp output climbs from -V, to + Ve @s counter runs from its zero state to its full-scale count. For this circuit, clock rate is 1.8 megahertz.
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Astable multivibrator
needs only one capacitor

by Glen Coers

Texas Instruments, Dallas, Texas

Two large capacitors are required for most astable mul-
tivibrator designs. But, by using a programable unijunc-
tion transistor (PUT), one of these can be eliminated,
and only one inexpensive Mylar capacitor is needed.

The multivibrator in the diagram, for example, is de-
signed to operate at 1 hertz. Its output symmetry can be
adjusted with timing resistors R; and Ro—resistor Ry
controls the negative output pulse width (t;), while re-
sistor Rz controls the positive output pulse width (tz).
The values of Ry and Ry, along with the value of capaci-
tor C, determine the output pulse durations:

R{ = 1.4t,/C

Rs = 2.5t2/C

At the start of the circuit’s cycle, the PUT is off, the
bipolar transistor is on, and capacitor C charges
through resistor R;. When the PUT’s peak-point emitter
voltage (V) is reached, the PUT triggers and turns off
the bipolar transistor, allowing this device’s collector
voltage to go toward the supply level.

Diode D and resistors R3 and R4 provide latching
current for the PUT. The value of resistor R3 can be de-
termined by:

R3 = [Vi- (Vv+Vp))/Iv
where V| is the supply voltage, Vp is the diode drop, Vv
is the PUT’s valley-point voltage, and Iv is its valley-
point current.

When capacitor C discharges through resistor Rz, the
bipolar transistor is turned on so that the latching cur-
rent is removed from the PUT. This device’s gate voltage
(Ve) then rises to the level set by the voltage divider
formed by resistors R5 and Re. The PUT then turns off,
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Trimming down to single capacitor. Programable unijunction tran-
sistor (PUT) eliminates the second capacitor in astable multivibrator
circuit. When PUT is off, bipolar transistor is on and capacitor C
charges through resistor Ry until PUT triggers, turning off the bipolar.
As capacitor C discharges through resistor R,, the PUT remains on
until the bipolar conducts. Capacitor C then charges again.

capacitor C again begins to charge through resistor Rj,
and the cycle repeats.

The value of timing resistor R; must be small enough
to meet the PUT’s peak-point current (I,) requirement.
And the value of the other timing resistor, Rz, must be
small enough to assure that the bipolar transistor will
turn on. 0

Automobile ignition system
is rugged and reliable

by J.P. Thomas
Litton Industries, Litton Systems (Canada) Ltd., Rexdale, Ont., Canada

Capacitive-discharge ignition systems permit engine
performance to be maintained over an extended period
by reducing automotive component degradation due to
mechanical wear. With a capacitive-discharge system,
ignition voltages are high, allowing sparkplug gap spac-
ing to vary considerably without affecting engine per-
formance. But ignition point current is kept low so that
point erosion is significantly reduced.

The failure of a capacitive-discharge ignition system

can usually be attributed to erratic triggering of the sili-
con-controlled rectifier, the heart of the circuit. Erratic
triggering can generally be traced to either poor design
of the trigger circuit or improper elimination of point
bounce.

In contrast, here is a capacitive-discharge ignition sys-
tem that provides reliable SCR triggering over a broad
range of operating conditions and offers an engine over-
speed cutout as an additional feature. The system can
operate over the temperature range of -70°F to + 150°F
and over the supply-voltage range of 7 to 20 volts.

Unijunction transistor Q; generates trigger pulses for
the SCR by discharging capacitor C; when transistors Q2
and Q3 are both saturated. Engine overspeed protection
is provided by transistors Qs, Q4, and Qs, diodes D1, D3,
and D3, and a speed limit set by the values of resistor Ry
and capacitor C;. Transistor Q4 and its associated com-
ponents act as a current source that charges capacitor



C. at a predictable constant rate when the points close.
Transistor Qs discharges C1 when the points open.

Unless capacitor C; is charged to a voltage that
equals Ds’s zener voltage plus Qs’s base-emitter voltage,
transistor Q3 remains off so that the SCR trigger pulses
are inhibited. If the time between successive point open-
ings is less than Cy’s charging time, the ignition system
is inhibited, thereby providing overspeed protection.
The circuit’s cutoff point is precise so that there is no er-
ratic behavior at the edge of the protection speed and
the possibility of engine damage due to transient me-
chanical loads is eliminated.

When the ignition points open, transistor Qs is in sa-
turation, and transistor Q2 will go into saturation as
transistor Q- turns off and transistor Qs saturates. After
the time elapse (about 5 microseconds), determined by
the time constant of capacitor Cz and resistor Rs, tran-
sistor Qg is driven into saturation, removing any charge
remaining on capacitor Cy.

At some time during this sequence, the voltage across
C, falls below the level required to keep transistor Qs
on, forcing this device, as well as transistor Qs, to turn
off. After the time (around 20 us) established by capaci-
tor Cs and resistor R3 has passed, transistor Qg satu-
rates, causing transistor Qg to turn off and removing the
base drive from transistor Q.

When the points close, transistor Q7 saturates, and
transistor Qs turns off, maintaining transistor Q: in its
off state. Capacitor C3 begins to discharge through re-

sistors R3, R4, and Rs and Qg’s base-emitter junction.
The time constant of this network is long enough to
keep transistor Qo saturated during a point-bounce
cycle, vut short enough to discharge capacitor C3 com-
pletely during a normal point-dwell cycle.

Transistors Q10 and Qii, the transformer, and the
bridge rectifier form a dc-to-dc inverter that charges the
I-microfarad discharge capacitor, C4, to about 375 V.
This voltage level provides a spark energy that is an or-
der of magnitude larger than what is available from a
standard ignition system. A conventional ignition coil is
used as a pulse transformer to raise the discharge volt-
age to about 40 kilovolts, which is approximately four
times greater than the voltage provided by conventional
ignitions.

For a four-stroke engine, the value of resistor R can
be initially chosen as:

R] = 18/NMC1
where N is the number of cylinders, M is the maximum
engine rpm, and C; is expressed in farads. For a two-
stroke engine, the initial estimate for Ry is:

Ri = 9/NMC,

The value of capacitor C; is somewhat arbitrary, but it
should be at least 0.1 uF and not more than 0.5 pF. After
choosing Cj, the value of R; must be adjusted to give
the precise speed limit desired. O

Sure firing. Automobile capacitive-discharge ignition system performs reliably at 7 to 20 volts from -70 F to + 150°F, in addition to providing
engine overspeed protection. Unijunction transistor Q; generates trigger pulses for the SCR by discharging capacitor C;. When points close,
C, is charged; when points open, Cy is discharged. The discharge capacitor, C4, accumulates about 375 V for high spark energy.
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Programable monostable
IS immune to supply drift

by Mahendra J. Shah

University of Wisconsin, Madison, Wis.

A monostable multivibrator with an output pulse width
that is digitally programable is, for all practical pur-
poses, independent of power supply variations. The cir-
cuit’s output pulse period varies only -0.0055% for a 1%
change in the positive supply voltage and only
+0.0031% for a 1% change in the negative supply volt-
age. The monostable is useful in computer-controlled
test systems and real-time control systems where digit-

ally controlled pulse width or time delay is needed.

The circuit consists of a low-cost eight-bit digital-to-
analog converter (one that does not have an internal
reference), an integrator, a comparator, a flip-flop, and
the necessary set-reset circuitry. Amplifier A; and ca-
pacitor C; form the integrator, amplifier Az is the com-
parator, and NAND gates G; and Gz make up the flip-
flop. Transistors Qi and Q2 allow the integrator’s output
voltage to be reset to the positive saturation voltage of
amplifier A;, while transistors Q3 and Q4 enable the
flip-flop to be set and reset.

Initially, the monostable’s output is low, transistors
Qi and Qq are fully on, and transistors Qs and Q4 are
off. Voltage ey is at (minus) the forward voltage drop of
the diode at the converter’s output, voltage e is at
+Vsar, and voltage e3 is at -Vsar. The current, i;, flow-
ing through timing capacitor C; is zero and:

Voltage-stable one-shot. Digitally programable output pulse width of monostable multivibrator drifts less than 0.005% for 1% change in ei-
ther positive or negative supply. The table shows that product of input number N and output period T is nearly constant over broad range of
values. Amplifier A; acts as integrator, amplifier Az is comparator, and gates G; and G are set-reset flip-flop.
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i2=i1+ L,
where I, is the output current of the d-a converter.

When a trigger input is applied at t = 0, it is differ-
entiated, and transistor Q4 is momentarily turned on
fully. This sets the flip-flop, the monostable output goes
high, and transistors Q; and Q2 turn off, making cur-
rents i; and iz zero. Now current i; is equal to -I,, caus-
ing voltage ez to become a linear ramp that descends
from +Vsar towards -Vgar at a rate of -1,/ C; volts per
second. Voltage e, is maintained at virtual ground.

Once voltage ez reaches zero at t = T (where T is the
monostable pulse width), the comparator (Az) output
switches from -Vgar to + Vsar. Transistor Q2 now turns
fully on, resetting the flip-flop and causing the mono-
stable output to go low.

Transistors Q; and Q2 then turn fully on, producing a
reset current of:

it = Veg/R1-1o
This current causes voltage e to rise linearly towards
+Vsar at a rate of (Vee/Ri - L;)/C; volts per second.

Voltage e; reaches +Vgsar att = T + Tg, where Tg is
the monostable recovery time:
Tr = VsarC/(Vee/R1 -Lo)
The monostable is now ready to accept the next trigger.
The output current for the d-a converter is given by:
L, = kViN
where k is a constant that equals 0.68 micromho, V; is
the converter’s supply voltage, and N is the binary input
number. The monostable pulse width can be written as:
T = Vsar/(1/Cy) = (V2-0.5v)/I,/Cy)
where V; is the integrator’s positive supply voltage.
Substituting for current I, in this equation yields:
T-= (Vz -0.5 V)Ct/kle
Since V; and V; are 15 v—a much higher voltage level
than 0.5 v—this equation can be approximated by:
T = C/kN
which indicates that T should be very nearly indepen-
dent of the power-supply voltage.
The table in the figure shows the product of N X T to
be almost constant over a range of input numbers. [

Getting power and gain
out of the 741-type op amp

by Pedro P. Garza, Jr.
General Electric Co., Apollo and Ground Systems, Houston, Texas

The popular 741-type operational amplifier can be used
as the basis for a high-voltage power amplifier that is
capable of delivering 22 watts of peak power at an out-
put voltage swing of 60 volts. Voltage gain for the am-
plifier is 10, and its frequency response is flat from dc to
30 kilohertz.

Most integrated-circuit op amps are not designed to
accept more than 36 v across their power pins. Here,
therefore, transistors Q; and Q; protect the 741-type op
amp by maintaining a 30-v differential across the de-
vice’s power pins. The base of transistor Q; is biased at
15 v by the voltage divider network formed by the
3-kilohm resistors, while Qy’s emitter is at 15 V minus its
base-emitter voltage drop. The biasing arrangement for
transistor Q. is similar.

Since a 39-ohm resistance (resistor Ry) is connected to
the op amp’s push-pull output, substantial currents will
be drawn by the device. Currents i; and iz, which ap-
pear at the collectors of Q; and Q, are used to generate
the base drive voltage for the power-output stage, made
up of transistors Qs and Q4. The power-output stage has
a wider frequency response than the 741-type op amp.
The negative feedback path through capacitor C; pro-
vides a frequency roll-off characteristic similar to that of
the op amp, thus assuring unconditional stability.

The resistance ratio of resistor R to resistor R, deter-
mines the amplifier’s voltage gain. If the op amp’s in-
put-offset voltage is nulled out and resistors having tol-
erances of +0.25% are used for Rz and Rgs, the power
amplifier’s linearity error will be within 0.4% over the
output voltage range of +29.8 vto -29.8 v.

430V
2N5876
5.6kQ 56 kQ2
+V
5600 pF
FAIRCHILD 600p v
LATAT o
VRSO ¥
5.6kQ
2N5878
-30V

Power amplifier. Widely used 741-type op amp-is heart of 22-watt
power amplifier that supplies 60-volt output swing. Transistors Q;
and Q. keep peak-to-peak voltage across op amp's power pins at 30
V so that device's 38-V rating is not exceeded. Using low-value load
resistor (R;) at op-amp output produces currents (i; and ip) large
enough to drive output power stage of transistors Q; and Q.

Output voltage swings of more than 60 v are possible
if transistors with higher collector-base breakdown-volt-
age ratings are used along with higher power supply
voltages. |



Solid-state dpdt switch
provides current reversal

by Don DeKold

Santa Fe Junior College, Gainesville, Fla.

When the dc current flowing through a load is period-
ically reversed, the alternating square-wave voltage de-
veloped across the load has a peak-to-peak amplitude
that is twice the magnitude of the power-source voltage.
A circuit that provides periodic current reversal is useful
for driving loads that otherwise might become polarized
by the steady passage of a unidirectional current.

Dc-to-ac inverters may be used for periodic current
reversal, but they usually require a power transformer
of relatively large size and weight. Additionally, these
circuits frequently have sizable standby currents be-
cause they generally contain saturating transformers,
making them inefficient under light load conditions.

The solid-state circuit in the diagram solves these
problems. It acts as a double-pole double-throw switch
that periodically reverses the current through its load
resistor, Ry,.

Transistors Q; and Q3 are the active elements in an
ordinary astable multivibrator. They alternate between
saturation and cutoff at the multivibrator’s basic pulse-
repetition rate. Transistors Q3 and Qu, which are driven
by transistors Q; and Qz, respectively, also alternate be-
tween saturation and cutoff, but are 180° out of phase
with Q; and Q..

The load-driver section of the circuit is made up of
four Darlington pairs, labeled transistors Qs through Qs
in the figure. A single pnp pair, such as the one desig-
nated transistor Qs, is connected in complementary
fashion to an npn pair, such as the one identified as
transistor Qe. Each Darlington pair is an output stage
that is either saturated or cutoff, depending on the oper-
ating state of transistors Q; through Q.

Diagonally opposite output stages (such as transistors

Qs and Qg) are switched on at the same time as the two
other diagonally opposite pairs (transistors Qs and Q7)
are switched off. This condition holds for half of the
multivibrator’s period and reverses for the other half, as
indicated by the table.

The circuit’s efficiency is very high because practically
all of the supply voltage is applied across the load dur-
ing each half of the operating cycle. The transistor states
change at the pulse-repetition rate of the multivibrator,
producing an alternating current through the load. In
effect, the circuit is a solid-state double-pole double-
throw switch that is toggled at the frequency of the mul-
tivibrator. If the multivibrator stalls or does not start
when power is applied, both transistors Q; and Q2 will
saturate, cutting off the other devices and preventing
any load current from flowing.

With the components shown, the circuit supplies an
alternating current of 1.6 amperes to a 24-volt load.
Standby current is about 25 milliamperes, and the mul-
tivibrator frequency, which is unaffected by loading, is
57 hertz. If desired, a heavier load can be driven, since
the type HEP245 and HEP246 transistors are rated at
3 A. The supply voltage, of course, may be any value
that does not exceed device-breakdown voltages.

Operating frequencies in the kilohertz range can be
achieved by merely decreasing the values of the two
multivibrator capacitors. If a higher output voltage is
wanted, the circuit can directly drive a step-up trans-
former, but arc-suppression diodes must be placed
across each output stage. Loading of the output must
never short either terminal to ground. O

OPERATING CYCLE
SECOND HALF

Q, OFF Q, ON

ﬁgiON Q %K

Qs ON  Q, ON Qs OFF Qg OFF

FIRST HALF

Q, ON Q, OFF

v i
/:,fFF OAfN

Qg OFF Q; OFF Qs ON Qg ON

+24 Vdc

IN772 INT72
o}

1
2N3415

0,
2N3415

HEP245, HEP246: MOTOROLA

Current-reversal switch. Solid-state circuit periodically reverses load current, making amplitude of square-wave load voltage twice the level
of supply voltage. Operating frequency is determined by astable multivibrator formed by transistors Q; and Q.. Four Darlington pairs, labeled
transistors Qs through Qg, make up the output stages. Diagonally opposite pairs are on while the other two pairs are off.



Negative-resistance generator
has controllable response

by Samuel E. Bigbie

IBM General Systems Division, Boca Raton, Fla.

A negative-resistance generator, consisting of three
matched transistors, has a current-voltage characteristic
that varies with feedback resistance, but not with fre-
quency. When driven by a current source and loaded by
an LC resonant circuit, the generator can be operated as
a self-starting sinusoidal oscillator. It also can be used
for monostable, bistable, or astable pulse generation, as
well as oscillator stabilization and switching networks.
The maximum collector current of transistor Q; de-
pends on the amount of bias current available at its
base terminal. Feedback resistor Ry, along with transis-
tors Q2 and Q3, make up a voltage-to-current converter
that decreases the base drive of transistor Q; when this

R¢

—

Q,Q,, Q3 : RCA CA3018

Positively negative. Three matched transistors form negative-resist-
ance generator with stable, predictable operating characteristics.
Circuit can be treated as transistor that develops negative imped-
ance at terminal C’. Transistors Q, and Qs and resistor R; decrease
base current of transistor Q; whenever Q,’'s collector voltage in-
creases. Circuit makes dependable oscillator or pulse generator.

COLLECTOR CHARACTERISTICS

FIXED CHARACTERISTICS

lc (500 wA/DIV) —>

Ve (2 V/DIV) —>

Re =510 kQ

Ao (500 wA/DIV) —

VC'E' (2 V/D'V) —>

le- (500 wA/DIV) —>

Vee (5V/DIV) —»

R¢ = 510 kS

lc- (500 uA/DIV) —>

Ve (5 V/DIV) —

10



SINUSOIDAL OSCILLATOR ASTABLE PULSE GENERATOR
0V 0V
1.0 mH == 0.0012 4F 10 mH g
c ¢
g R¢ =510k i R¢ = 68 kQ2
B3 A E 350 A E
—-J_.._— —T—
ESEEEN
t t I I=II
[RSESSRRSES  FiSRmassar
:  PEEPEENeEE C (ViREEERWN
(NSTAVEFARE - |fSams e
> >
II\ ARNWARN = AR
IIJIIEIIL‘H 1 |
t(2 ws/DIV) —> t (200 ns/DIV) —>

device’s collector voltage is increasing.

The negative resistance appearing at Qy’s collector is
present at frequencies from dc to several megahertz.
The upper frequency limit is determined by the fre-
quency response of both transistor Q; and the voltage-
to-current converter.

The generator circuit is effectively a three-terminal
transistor (with pins labeled B’, C’, and E’). An input
current source provides the base current for transistor
Q1, while resistor R; determines the amount of current
fed back to Q+’s base. Because transistors Q2 and Qs are
a matched pair and their bases are connected in com-
mon, their collector currents will be nearly equal.

As the base current supplied to transistor Qp in-
creases, the voltage drop across load impedance Zy, also
increases, lowering the potential at Qi’s collector. This
lowered potential decreases the collector current
through transistors Q2 and Qs. The reduced collector
current through transistor Qs represents an increased

1

impedance at Qy’s base terminal. (A decrease in Qy’s
base current has the opposite effect, since Qs’s collector
current will be reduced.)

The circuit’s operating characteristics are illustrated
by the scope traces showing generator performance for
two different values of resistor Ry, and for both a fixed
and changing bias current. As can be seen, the negative-
resistance slope becomes steeper as the value of R¢ de-
creases, from 1 megohm to 510 kilohms, in this instance.

When the load impedance is a parallel LC tank cir-
cuit, the negative resistance generator acts as a sinusoi-
dal oscillator, as shown in the figure. Using only an in-
ductor as the load impedance yields an astable pulse
generator, which has an output pulse amplitude that
equals the breakdown voltage of the combined transis-
tors between terminals C’ and E'. a

BIBLIOGRAPHY
Miliman, Jacob, and Taub, Herbert, Pulse, Digital and Switching Waveforms, McGraw-Hill
Book Co., New York, 1965, pp.452-512.



Low-distortion modulator
tests hi-fi a-m tuners

by M.J. Salvati
Sony Corp. of America, Long Island City, N.Y.

Most commercially available signal generators do not
hold distortion to a level that is low enough to test the
frequency response and distortion characteristics of the
a-m tuners found in today’s high-fidelity equipment.
The amplitude modulator shown, however, supplies
amplitude-modulated rf signals at a distortion level of
less than 0.15%.

As indicated in the block diagram (a), the modulator
(b) is used in conjunction with standard radio-frequency
and audio-frequency signal sources. The output level of
the over-all test system can be adjusted exactly with the
step attenuator that follows the modulator and the ver-
nier level control that is generally included on the 1f
generator. Also, the modulator gain (for the low-imped-
ance output) can be set at 0 decibels into a matched
load, allowing the absolute value of the system’s output
level to be easily read out from the step attenuator set-
ting and the rf-generator setting.

The 1f carrier, which has a root-mean-square ampli-
tude of 35 to 50 millivolts, is applied to the differential
input of the IC differential cascode amplifier. And the af
signal drives the current-source transistor for this IC’s
differential transistor pair. Since the current-source
transistor controls the gain of the differential pair, the af
signal can vary the instantaneous gain of these two tran-
sistors, producing up to 100% amplitude modulation of
the carrier signal.

The modulated carrier is coupled to the source-fol-
lower/emitter-follower combination through a high-
pass filter, so that just the carrier and sidebands appear
at the circuit’s output. The source-follower/emitter-fol-
lower combination is essentially an impedance trans-
former that provides a large current gain for driving
low-impedance loads.

The modulator’s low output has an impedance of 75
ohms, which can easily be changed to 50 ohms. The cir-
cuit’s input impedance can also be either 50 or 75 ohms,
depending on the value chosen for the input resistor.
The high output can drive a low-distortion detector for
adjusting or evaluating modulator performance.

Output percent modulation can be indicated by the
output-level setting of the af generator (a Krohn-Hite
4100A, in this case) by calibrating the circuit. Although
the IC amplifier requires only a 400-mV input for 100%
modulation, the modulator can be calibrated with the
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Checking out a-m tuners. Amplitude modulator produces less than 0.15% total harmonic distortion. Equipment setup (a) shows that modu-
lator (b) requires only one power supply. Integrated differential cascode amplifier accepts rf carrier input, as well as af modulation input, giv-
ing modulated carrier at its output. Combination source-follower/emitter-follower provides high current gain for driving low-impedance loads.
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300-ohm potentiometer. Here, the circuit produces 10%
modulation per volt rms of the af input.

The modulator exhibits only 0.11% total harmonic
distortion when providing 30% modulation for a 400-

hertz af input and a l-megahertz rf carrier having an
amplitude of 50-mV rms. Only a single 30-volt power
supply is needed—neither its positive nor negative ter-
minals is grounded. OJ

Programable multivibrator
is four-in-one circuit

by Edward Beach
McGraw-Hill Continuing Education Co., Washington, D.C.

One inexpensive transistor-transistor-logic quad dual-
input NAND gate and a few other components make up
a multivibrator that can be programed for four func-
tions—a simple latch, a monostable multivibrator, an as-
table multivibrator, or a retriggerable monostable mul-
tivibrator. The circuit employs a discrete timing circuit,
rather than a conventional TTL timer, to allow a wide
range of values to be used for timing components.

The table summarizes the operation of the circuit.
With input A held low (to ground), gate G, shorts out
timing capacitor C; through diode D, and gates G, and
Gs3 operate as a simple reset-set latch. When input A is
held high, the circuit becomes a monostable multivibra-
tor. A negative-going trigger (B) sets the latch, remov-
ing the short from the capacitor. Now capacitor C;
charges toward the supply voltage (5 V) through resistor
R: until point 1 reaches approximately 3.2 v. The re-
generative switch formed by transistors Q; and Q; then
rapidly discharges capacitor Cy, resetting the latch.

The circuit’s output pulse duration (T), which equals
approximately 1.3R(C;, can be adjusted from about 280
nanoseconds to well over several hours in length. For
the longest period, requiring timing component values
of 10 megohms and 1,000 microfarads, a very low-leak-
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age capacitor must be used.

Input C acts as a direct clear for all circuit functions.
Bringing C to ground potential clears the monostable
by discharging capacitor C; so that the circuit is ready
for another input signal.

Tying inputs A and B together produces the retrig-
gerable monostable multivibrator. Its timing period be-
gins at the end of a negative-going trigger input. If the
circuit has not timed out before the arrival of another
trigger, capacitor C; is discharged, and the timing cycle
is started again.

Grounding input B while holding inputs A and C
high allows the circuit to act as an astable multivibrator,
producing positive pulses at its Q output. Negative-go-
ing pulses could be taken from point 2, if desired.

A programable unijunction transistor (PUT) can be
used instead of transistors Q; and Q.. It is connected as
shown in the schematic. O

CIRCUIT FUNCTION

A B c OPERATING MODE
tow | S | B | mstatcw:s-seT c-cLEAR
wigh | LT | HIGH | MONOSTABLE:T=13R(C, C=CLEAR
HIGH | Low HIGH | ASTABLE:@=OQUTPUT, C=CONTROL
ATIED [0 Mo | RETRIGGERABLENONOSTABLE:
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Versatile multivibrator. Input signals determine operating mode of four-function multivibrator, which can be a reset-set latch, a monostable
multi, an astable multi, or a retriggerable one-shot. Discrete devices in the timing network permit output pulse period to range from 280 na-
noseconds to more than several hours. The programable unijunction transistor (PUT) can be used to replace transistors Q; and Q..
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Two-IC digital filter
varies passband easily
by Andrew M. Volk

University of Wisconsin, Madison, Wis.

Only two integrated circuits—a dual monostable and a
three-input NAND gate—are needed to build a digital fil-
ter that offers completely adjustable cutoff frequencies
as well as excellent frequency stability. The bandpass
filter is also independent of the duty cycle of the input
waveform. It can be used in a variety of circuits, for in-
stance, in tone-controlled devices or for fm demodula-
tion of digital codes.

The input RC differentiator makes the filter indepen-
dent of the duty cycle of the input. In (a), the lower and
upper cutoff frequencies of the filter’s passband are de-
termined by the retriggerable monostable multivibra-
tors. The output pulse length of the first monostable
(MONO;) is set to the period of the highest frequency of
interest, while the output pulse length of the second

(MONO) is set for the lowest frequency wanted.

If an input pulse appears after MONO; times out but
while MONO; is still high, there will be a pulse at the
output of gate G;. When the input frequency exceeds
the upper cutoff, MONO; stays triggered (its Q output re-
mains low). When the input frequency is below the
lower cutoff, MONO; times out (its Q output goes low).
This prevents input pulses from passing through the
output gate.

For the circuit in (b), MONO; sets the high-frequency
cutoff, and MONO; sets the filter bandwidth. As in cir-
cuit (a), the input pulse reaches the output when MONO,
has timed out and MONO; is high.

To obtain a constant output level when the input fre-
quency is within the filter’s passband, a retriggerable
monostable that has its pulse length set for 1/fmin can
be placed at the output. The monostable will remain
triggered as long as there are output pulses from gate
G;1. However, there will be a time lag in the filter’s re-
sponse of 1/fi, for pickup and 1/fnin for dropout.

For particularly critical applications or for high-speed
operation, the input differentiator, made up of the pas-
sive RC network, should be replaced with a regular mo-
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Digital frequency selection. Bandpass digital filter built with two ICs is easily adjusted for lower and upper passband cutoffs. In (a), output
pulse width of retriggerable monostable MONO, sets high-frequency cutoff, while MONO;'s output pulse width sets low-frequency cutoff. In
I(b), MONO;, determines upper cutoff frequency and MONO; determines bandwidth. The RC network differentiates all input waveforms.
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High-power counter
drives 20-watt loads

by Christopher Strangio

Villanova University, Villanova, Pa.

A high-current ring counter, which sequentially drives a
series of resistive loads, develops an output power level
of 20 watts at 2 to 5 amperes. A four-stage version of the
circuit is shown here, but the design may be extended to
an unlimited number of stages. Typically, this type of
counter can be used as a low-voltage lamp driver.

There is one silicon controlled rectifier in each stage.
When any one of these SCRs conducts, the stage associ-
ated with that SCR will also be in its conduction mode,
and the load driven by that stage will be energized.

Initially, all the stages are nonconducting. A SET
pulse must be applied to the gate terminal of any one of
the SCRs (SCR; is used for this circuit) to enable the
counter. Conduction can then be passed from the first
stage to the succeedmg stages by successive trigger
pulses. Circuit operation is the same for each stage.

Assume that SCRy is in its conduction mode. Prior to
triggering, capacitor Cy is charged to the supply voltage
measured from point A to point B, since SCR2 is con-
ducting, and its anode terminal is at ground level.

When a trigger pulse is applied to the base of transis-

to ground. Drive transistor Qs then turns off, the SCR
power source is blocked, and any SCR that was conduct-
ing will switch off. During this power-off interval, ca-
pacitor C retains its charge because all possible dis-
charge paths are blocked. The capacitor in each stage,
therefore, serves as a memory that indicates what SCR
was previously conducting.

When the trigger pulse terminates, a bias current
again flows to transistor Qz, and power is returned to
the SCRs. The anode of SCR; now rises to the supply
voltage, along with the voltage across capacitor C,. Be-
cause the capacitor is still holding its charge, capacitor
voltage increases to the supply voltage at point B, and
to twice the supply voltage at point A.

Zener diode Dz3, which is connected to the gate ter-
minal of SCR3, has a reverse breakdown voltage that is
about 20% greater than the supply voltage. Therefore,
as point A rises to twice the supply voltage, zener Dz
will conduct, providing a gate trigger for SCR3 and turn-
ing this device on.

Resistor Rz drops the voltage at point A from the ze-
ner breakdown voltage, which is the SCR’s gate-current
cutoff point, to the supply voltage. Since R3’s resistance
is considerably larger than the equivalent SCR gate
resistance, resistor Rz does not disturb the discharging
of capacitor C; during triggering.

The trigger input pulse should have a minimum
width of 200 microseconds, a maximum frequency of 1
kilohertz, and an amplitude of 6 to 9 volts. When SCRs
with low firing points are used, put a resistor between
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Sequential pulser. High-current ring counter can drive 5-ohm 20-watt

load resistors. This four-stage version is enabled by SET pulse applied

to gate terminal of SCR,. Each stage operates identically, producing a drive pulse in response to a trigger input. Only one stage at a time con-
ducts. During triggering, the capacitor in the previously conducting stage retains its charge equal to the supply level.
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C-MOS voltage monitor
protects Ni-Cd batteries

by William Wilke

University of Wisconsin, Madison, Wis.

If nickel-cadmium batteries are permitted to discharge
completely, they can be permanently damaged. To pre-
vent this, a voltage monitor can be employed to turn off
the equipment being supplied by the batteries when
their voltage falls below a safe level. The monitor circuit
shown draws as little as 0.5 microampere, has an adjust-
able voltage trip point and hysteresis, and it turns itself
back on when the batteries are recharged.

The circuit basically consists of two complementary-
MOs multivibrators—a monostable and an astable—and
a network that compares their outputs. NOR gates G

and G form the astable multivibrator, which has a pe-
riod that varies with changes in the supply voltage, Vpp,
obtained from the battery. On the other hand, NOR
gates Gz and G4 make up a positive-edge-triggered
monostable multivibrator that has an output pulse
width that remains relatively constant even with some
changes in the supply voltage.

The astable output, Qa, is coupled through capacitor
C; to fire the monostable, and the output is also fed to
the DATA input of a D-type flip-flop. The monostable’s
output, Qu, drives the CLOCK input to this flip-flop.

Resistors R; and Rz are adjusted so that the periods
of the astable and the monostable are equal to each
other when battery voltage Vg is at the desired trip volt-
age (Vuip). If battery voltage becomes higher than the
trip voltage, the astable’s period, Ta, decreases, and
when the positive edge of the CLOCK pulse from the
monostable reaches the flip-flop, its DATA input is low
so that its Q output goes high.

At battery voltages below the trip voltage, the
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Battery watchdog. Voltage monitor for nickel-cadmium batteries detects when battery voitage (V) is above or below desired level (Vrgrip).

Here the trip point is 3.6 volts, and hysteresis is 0.2 V. C/MOS circuitry keeps current drain to as little as 0.5 microampere. The period of the
astable varies with changing battery voltage, while the period of the monostable stays constant. Circuit costs under $6 to build.

16



astable’s period increases. The flip-flop’s DATA input,
therefore, is still high when the clock fires, forcing the
flip-flop’s Q output to be high. In this way, the flip-flop
Q and Q signals indicate whether battery voltage Vg is
less than trip voltage Vrgp or Vg is greater than Vrgyp.

Diode D; and resistor Rz are added to give the
astable a duty cycle of approximately 10%. This addi-
tion assures that the output pulse width of the mono-
stable remains independent of the rate at which the
monostable is retriggered.

Circuit hysteresis is proportional to the value of re-

sistor R4, which bypasses transistor Q;. When battery
voltage falls below Vrrip, the flip-flop Qsignal goes low,
shutting transistor Qq off and further lowering the effec-
tive Vpp supply voltage by the size of the IR drop across
resistor Ry.

For the components shown, the voltage monitor has a
trip point of 3.6 volts, which is appropriate for three
series-connected batteries. Hysteresis is 0.2 v, and cur-
rent drain is 3 pA when Vg is greater than Vrgip, but
only 0.5 pA when Vg is less than Vrgrrp. Total parts cost
is approximately $5.50. O

Switching large ac loads
with logic-level signals

by Lynn S. Bell, Bell Engineering, Tucson, Ariz.,
and R. M. Stitt, University of Arizona, Tucson, Ariz.

An optical coupler makes it possible for integrated-
circuit logic signals to switch safely and without isola-
tion problems ac loads as large as 2 amperes.

In the circuit, capacitor C1, zener diode D;, diode Do,
and resistor R; provide a -15-volt supply, referenced to
point A of the ac line source. A low-input logic signal to
the inverter turns off both the light-emitting diode and

the phototransistor in the optical coupler. For this cir-
cuit, the coupler provides 2,500 v of isolation.

After the coupler turns off, transistor Qp saturates,
supplying a current of -10 milliamperes to the gate of
the triac and turning this device on so that the load is
energized. The triac will stay on through a complete
half-cycle of the line voltage, once the logic input to the
inverter goes low. The triac turns off at the first zero
crossing of the load current that occurs after the logic
input goes high.

Resistor Rz and capacitor Cz suppress possible radio-
frequency interference and provide safe di/dt and
dv/dt triac operation when driving inductive loads. [

4
167406
LOGIC 2-A LOAD
INPUT
+5V
D,
1N4004
L 120 Vac
200
R4
RCA R, 33kQ2
40529 68 Q (3W)
TRIAC A & C,
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OPTICAL T o L
COUPLER '// o o Y
MONSANTO
MCT 2E 15k
10 kS
v + | Cy D,
AT~ 200 uF SEMCOR
Q (20 V) LMZ15
2N 3904

Logic-driven ac load switch. Ac loads as large as 2 amperes can be safely switched by logic signals because of optical coupler, which pro-
vides up to 2,500 volts of isolation. A low logic input turns off the coupler’s LED and phototransistor, causing transistor Q, to saturate. This
triggers the triac’s gate terminal, firing this device and energizing the load. The R2.C, network suppresses transients and rfi.
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Gate bias circuit for n-MOS
runs from 5-V TTL supply

by Bud Broeker

Motorola Semiconductor Products, Phoenix, Ariz.

Complete compatibility with both transistor-transistor-
logic circuits and diode-transistor-logic circuits is one of
the major advantages that n-channel metal-oxide semi-
conductors have over p-channel Mos devices. For some
n-MoOS devices, however, another power supply, in addi-
tion to the 5-volt supply used by bipolar logic, is needed
to bias the n-MOS gate. Because the current required for
this n-MOS gate bias supply is very small—on the order
of a leakage current—the higher-voltage n-MOs supply
can be made to operate directly from the 5-v bipolar
supply.

The circuit shown provides a typical bias voltage of
12 v while operating from the bipolar supply. It is pri-

marily intended for a CRT display system that contains
mostly TTL circuits, except for a 128 X 9 X 7 n-Mos
character generator.

The bias supply consists of a pulse generator formed
by gates G1, G2, and G3, and a voltage tripler, which
develops a nominal 15-v output (minus three diode
drops) at point A. Germanium diodes are used here for
D;, D2, and D3 to minimize the size of the diode drop,
but Schottky diodes can be substituted. A voltage divi-
der network, composed of resistors Ry and Ry, is used to
reduce the voltage produced by the tripler (at point A)
to the desired n-MOS bias voltage.

For the CRT display system, a bias current of not
more than 10 microamperes at a bias voltage of 12 v is
needed. But if capacitor C; is 0.01 microfarad, the volt-
age at point A is equal to 13 v. To reduce the effect of
variations in the n-MOS bias current on the tripler, the
divider network, with R; = 10 kilohms and Ry = 120
kilohms, causes the tripler’s load current to be 100 pA.
And the output voltage of the over-all circuit is now at
the desired 12-v level and remains within an acceptable
tolerance of less than 10% variation. O

An n-MOS voltage booster. Bias supply for n-charinel MOS devices operates directly from 5-volt supply used to power TTL deyices‘ The
higher potential somstimes required for n-MOS can be derived this way because n-MOS requires only leakage-levef bias current. Circuit em-
ploys pulse generator (G, G2, and Gs), voltage tripler, and voltage divider (R, and R;) to develop 12-V output. Nominal outputis 15 V.
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Controlling duty cycle and
rep rate independently

by W.D. Harrington

University of Florida, Communication Sciences Laboratory, Gainesville, Fla.

A pulse generator with a frequency range of 10 hertz to
10 kilohertz can provide a voltage-controllable output
duty cycle that does not change with variations in oper-
ating frequency. This constant-duty-cycle generator can
be used as a constant-phase triggering source. The fall-
ing edges of its output pulse train can trigger another
pulse train, producing phase-shifted pulses, with the
phase shift being controlled by a voltage.

The duty cycle, D, is adjusted (from 5% to 95%) with
voltage Vp, and is a ratio of Vp to supply voltage Vp:

D= V[)/ Vp =171/T
where 7 is output pulse width, and T is output pulse pe-
riod. Pulse width 7 is determined by the time required
for the reference ramp voltage, Vg, to rise from zero to
V1 volts. Voltage V; is the feedback voltage that is ap-
plied to the inverting input of the comparator.

The ramp, which is formed by charging and discharg-
ing capacitor C with a constant current, has a rise time
of Icc/C amperes per second. Transistor Q; acts as the
constant-current source, while transistor Q acts as the
shorting switch for discharging capacitor C. The drive

pulses for Q2 must be significantly narrower than period
T, but wide enough to discharge capacitor C.

Feedback voltage V1 is the amplified difference volt-
age between the duty-cycle adjustment voltage, Vp, and
the dc value of the output pulse train, Va. Voltage V2 is
determined by the low-pass filter formed by resistor Rr
and capacitor Cr. Since ramp voltage Vg rises at a con-
stant rate, a decrease in voltage V2 reduces output pulse
width 7, while a rise in V: increases 7 by action of the
comparator.

As the circuit’s input frequency, f, is made higher
(output pulse period T is made smaller), dc filter voltage
V2 tends to rise since:

V2 = Vp’T f
A rise in voltage V3 causes voltage V; to drop, reducing
output pulse width 7 so that voltage V2 remains con-
stant. This feedback action, therefore, prevents the duty
cycle (7/T) from changing when the input frequency is
varied. The variation of feedback voltage V1 is:

Vi = IccVp/CVef
which shows that feedback voltage V is inversely pro-
portional to driving frequency f and directly propor-
tional to duty-cycle adjustment voltage Vp.

The circuit can be used as a phase modulator by
modulating control voltage Vp, but the modulating fre-
quency is limited by the rolloff of low-pass filter RrCp.
The operating frequency range of the generator may be
broadened by changing the value of resistor Rcc and
using wideband operational amplifiers instead of the
general-purpose 741-type units shown. O

Voltage-controlled duty cycle. Pulse generator has separate controls for output pulse period (T), output pulse width (r), and output duty

cycle (7/T). Duty cycle is varied by changing voltage Vp, the period i

s controlled by input frequency, and pulse width depends on the ramp

input to the comparator. Feedback action prevents duty cycle from changing when input frequency goes from 10 hertz to 10 kilohertz.
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Adding foldback resistor
provides overload safety

by William J. Riley

General Radio Co., Bolton, Mass.

A single resistor can solve the common problem of dissi-
pating power in a voltage regulator. Including this addi-
tional resistor in an ordinary current-limiting power-
supply regulator provides effective current-foldback
overload protection.

Without resistor Rr, the circuit in the diagram is a
typical power-supply regulator. The output current is
sensed by resistor Rs and limited to:

Iuiviir = Veei/Rs
when transistor Q; turns on. (Vgg; is Q1’s base-emitter
voltage when Q; is conducting.) Although this current-
limiting prevents instantaneous damage to series-pass
transistor Qz, it may not protect Q. from overheating
under a sustained short-circuit condition.

Current foldback, achieved by simply adding resistor
Rr, can overcome the problem. During normal oper-

ation, resistor Ry has no effect but to reduce the cur-
rent-limiting threshold to approximately:

Iutvit = Vee1 - (B - Eo)(Rg/RF)/Rs
In the event of an overload, the output voltage falls, and
the increasing current through resistor Ry causes the
limit current to also fall, approaching a short-circuit
value of:

Isc = Vgr: - Ei(Rg/Rr)/Rs,
which is considerably smaller than Ipr. Therefore,
this current foldback action, illustrated in the volt-am-
pere characteristic, greatly eases the heat-sinking re-
quirements for series-pass transistor Q.

The output voltage will return to normal after the
short is removed, as long as the foldback is not so great
that the output current is reduced to zero. The current-
limit threshold is sufficiently stable for most appli-
cations. It becomes smaller for increasing unregulated
input voltage, as well as for increasing ambient tem-
perature. This keeps the dissipation of transistor Q.
within its rated limit.

Typical nominal component and parameter values
are shown in the figure. O

Resistor folds back current. Amount of power dissipated, during overload, in conventional current-limiting voltage regulator can be de-
creased by adding a foldback resistor between transistor Q; and the unregulated input voltage. Resistor Ry eases heat-sinking requirements
of transistor Q, by folding back current when there is an overload. Output voltage can be returned to normal after overload is removed.
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Extending time delay
with an emitter-follower

by Victor Hatch
Peripheral Power Systems, San Jose, Calif.

When a long delay is needed between pulses, two uni-
junction transistors are frequently tied together so that
one of them periodically changes the triggering point of
the other. A better approach—one that permits very
large time constants to be realized—is to use a program-
able unijunction transistor (PUT) and an emitter-fol-
lower. In this way, the peak point current needed to fire
the PUT can be obtained when a high value of resistance
is used in the timing network.

The circuit shown in (a) produces an output pulse ev-
ery 2% minutes. Resistor R; and capac1tor C,; are the
timing components that set the circuit’s operating fre-

quency. Resistor Ry assures that circuit oscillation will
be sustained by providing a bias current that is greater
than the PUT’s peak point current (0.15 microampere in
this case) for turning the PUT on and less than the PUT’s
valley current (25 pA in this case) for turning the PUT
off. Capacitor C; biases the PUT until the diode con-
ducts and capacitor C; begins to discharge.

Even longer time delays can be realized by using the
circuit shown in (b)—a unijunction transistor (UJT) and
a p-channel enhancement-mode MOSFET that is con-
nected as a source-follower. This particular configura-
tion produces one pulse an hour. Timing resistor R; can
have a higher value here because the gate current of the
MOSFET source-follower is lower than the base current
of the transistor emitter-follower.

Again, the value of resistor Ry determines the proper
bias currents. It must supply the UIT with a turn-on bias
current that is larger than the sum of the device’s peak
point current and emitter leakage current, and a turn-
off bias current that is smaller than the device’s valley
current, which is usually several milliamperes. O

Stretching the off time. Emitter-follower (a) allows high values of resistance to be used in timing circuit of programable unijunction transistor.
The resulting large time constant extends the time between output pulses to 2% minutes for the components shown. With conventional UJT
and a source-follower (b), the delay can be made even longer. Here it's one pulse-an hour.
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Current-sharing design
boosts regulator output

by Marvin Vander Kooi
National Semiconductor Corp., Santa Clara, Calif.

When a higher-than-rated current must be supplied by
a monolithic voltage regulator, an external boost tran-
sistor is usually employed. Most normal current-boost-
ing schemes, however, require additional active devices
to duplicate some of the worthwhile safety features of
the integrated regulator—for instance, short-circuit cur-
rent limiting, safe-operating-area protection, and ther-
mal shutdown.

The regulator circuit in the figure retains these safety
features by extending them to the external pass transis-
tor through a current-sharing design. This regulator,
which is intended for transistor-transistor-logic circuits,
has an output voltage of 5 volts at 5 amperes and a typi-
cal load regulation of 1.4%.

Resistors Ry and R: provide the necessary current di-
vision, assuming that the transistor’s base-emitter volt-
age equals the diode drop. Then the voltage drops
across resistors R; and R: are equal, and the currents
through Ry and R; are inversely proportional to their
resistances. With the resistance values shown, resistor
R, has four times the current flow of resistor Ro.

For reasonable values of transistor beta, the transis-
tor’s emitter current (from resistor Ry) will approxi-
mately equal its collector current, while the current
through resistor R; will equal the current flowing
through the monolithic regulator. Under overload or
short-circuit conditions, therefore, the protection cir-
cuitry of the packaged regulator not only limits its out-
put current, but also limits the output current of the

pass transistor to a safe value, thereby preventing de-
vice damage.

Thermal-overload protection is also extended to the
external pass transistor when ifs heat sink is designed to
have at least four times the capacity of the regulator’s
heat sink. This is because both devices have almost the
same input and output voltages and share load current
in a 4:1 ratio. During normal operation, up to 1 A of
current flows through the regulator, while up to 4 A flow
through the outboarded pass transistor.

Under instantaneous overload conditions, the over-all
circuit will supply approximately 9 A of output current
(for junction temperatures varying from O°C to 70°C).
This reflects the 1.8-A current limit of National’s
LM340T regulator, causing the times-four current limit
for the pass transistor to be 7.2 A. If the short-circuit
condition is continuous, the regulator heats up and lim-
its the total steady-state current to about 7.5 A.

For optimum current-sharing between the regulator
and the pass transistor as the temperature changes, the
diode should be located physically near the pass transis-
tor. Also, the diode’s heat-sinking arrangement should
keep it at the same temperature as the pass transistor. If
the LM340T is used and mounted on the same heat sink
as the pass transistor, the regulator should be electri-
cally isolated from the heat sink, since its case (pin 3) is
at ground potential, but the case (collector) of the pass
transistor is at the regulator’s output potential.

Capacitor C; prevents unwanted oscillations, while
capacitor Cz improves the output impedance of the
over-all circuit. Resistor R3 provides a path to unload
the excessive charge that develops in the base region of
the pass transistor when the regulator suddenly goes
from full load to no load. The circuit’s single-point
ground system allows the regulator’s sense terminals
(pins 2 and 3) to monitor load voltage directly, rather
than at some point along a possibly resistive ground-re-
turn line carrying up to 5 A of load current. O

Sharing the load for TTL. Current-boosting scheme for IC regulator divides input current in 4:1 ratio between the regulator and an external
pass transistor. This current-sharing preserves the IC's short-circuit, overload, and thermal-shutdown safety features. The circuit provides an
output of 5 volts at 5 amperes, regulated to 1.4%. The protection diode and the transistor should be kept at the same temperature.

L> 4fs1 R, 2N4398 4/s1
—
ANT
025 (16 W) ‘ é é ’ *SOLID TANTALUM
R3
LA A—
151 R 10 100 /51 I
—> 2 H — NATIONAL —>
V- LM340T-05
(4w 1N4719 3
Vin
10V \ IC VOLTAGE
e L REGULATOR
1 uF =y— Cyr A= Vour
10 uF —— 5V

SINGLE-POINT GROUND —

22



Up/down synchronous counter
takes just four MSI packages

by Richard J. Bouchard
Sanders Associates Inc., Nashua, N.H.

An 8-bit synchronous up/down counter with program-
able increment-decrement values and a look-ahead
overflow-underflow line can be implemented with only
four medium-scale integrated circuits. An up/down
control line allows the counter to increment either up or
down on each clock input pulse by any number from 1
to 7. This type of counter is used in such applications as
differential analyzers and X-Y deflection circuits for
random-plot cathode-ray-tube displays.

The counter contains an 8-bit latch that is driven by
two 4-bit adders. The output of these adders is the sum
of the existing latch (counter) output, plus or minus the
existing value of the 3-bit increment-decrement control
signal. Therefore, at any given time, the input to the
latch represents the next counter state, which is syn-
chronously entered into the latch upon receipt of a clock
input pulse.

In the count-up mode, the three-bit increment-dec-
rement value is added directly to the existing counter

output to provide the next-count input for the latch. In
the count-down mode, however, the inputs to the (left)
adder from the output lines of the quad exclusive-OR
gate represent the 1’s complement of the 3-bit incre-
ment-decrement value.

The carry input of the least-significant adder stage is
activated simultaneously via the count-down control
line, and the 2’s complement of the existing decrement
value is added to the counter output. For the count-
down mode, then, the input to the 8-bit latch is less than
the existing counter output by the value of the 3-bit in-
crement-decrement control.

One of the stages of the quad exclusive-OR gate is
used to generate a positive output signal whenever the
next count to be entered into the latch will cause either
an overflow or underflow in the counter output. This is
accomplished by simply gating the up/down control
line with the carry output of the last adder stage. In a
vector display, the look-ahead overflow-underflow sig-
nal can be used to inhibit the clock input so that vector
wrap-around does not occur.

The range of programable increment-decrement val-
ues may be readily extended from the 1-to-7 one shown
here to a 1-to-127 one by adding a second quad exclu-
sive-OR element. O

Space-saving counter. Four MSI circuits make up complete 8-bit synchronous up/down counter that includes look-ahead overflow-under-
tlow detection. Output count can be dynamically varied by 3-bit increment-decrement control. For count-up, the value of this signal is added
to the existing counter output; for count-down, it is subtracted. The latch input always represents the next counter state.
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Using transistor arrays

for temperature compensation

by Mahendra J. Shah

University of Wisconsin, Madi

json, Wis.

Monolithic transistor arrays make handy temperature-
compensating devices. For instance, a highly tempera-
ture-stable zener reference can be realized by employ-
ing one of the transistors as a zener diode, a second
transistor as a conventional diode, a third transistor as a
chip heater, and a fourth transistor as a chip-tempera-

ture sensor.

A typical transistor array is shown in (a), RCA’s model
CA3046. Only two of the five transistors are needed to
implement a temperature-compensated zener diode,
which is also shown in (a). It is obtained by reverse-
biasing the base-emitter junction of one transistor (Qs is
used here) and then temperature-compensating this de-
vice with the forward-biased base-emitter junction of a

second transistor (Q:

here).

Since all the transistors make good thermal contact
with each other, good temperature compensation is pro-
vided. For a zener reference current of 200 micro-
amperes, the two-transistor zener develops 7.83 volts
and has a temperature coefficient of +196 ppm/°C.

Even better temperature stability can be obtained by

making one of the transistors a chip heater, by connect-
ing its collector to the supply voltage. Whatever heat is
dissipated in this transistor heats the entire chip. A
fourth transistor, with a forward-biased base-emitter
junction, can then act as a chip-temperature sensor. It
will have a sensitivity of about -2 millivolts/°C. When
the heater/sensor arrangement is used with the tem-
perature-compensated zener of (a), the array exhibits a
temperature coefficient of merely -3.1 ppm/°C from
33°Cto 50°C.

By adding temperature-reference and temperature-
control functions to the array (compensated zener, chip
heater, and chip sensor), a highly stable zener reference
is formed. In (b), an integrated voltage regulator pro-
vides these temperature-reference and temperature-
control functions with its internal voltage reference and
error amplifier.

The potentiometer sets the circuit’s temperature-ref-
erence voltage, which is compared with the voltage de-
veloped by the chip-temperature sensor (transistor Qy).
Any difference voltage between the two passes through
the error amplifier before being applied to the chip
heater (transistor Qs). The heater then brings the chip
sensor to the temperature that is set up as the tempera-
ture reference, keeping the temperature of the entire
transistor array constant.

The zener reference circuit, which uses only one
power supply, offers a temperature coefficient of +4.25
ppm/°C from 33°C to 50°C for zener current of 200 pA.
(Transistor Q; of the array is not used.) O

Thermostat on a chip. Integrated transistor array can be made to

*METAL FILM, 50 ppm/°C
**METAL FILM, 100 ppm/°C

! . sense a reference temperature, heat itself to that temperature, and
. L:‘Fz.;i_ provide a zener-regulated voltage. Two transistors are needed for a
A3 L Q, temperature-compensated zener (a). An ultrastable zener reference
4 vy 4 Vz (b) is obtained when a transistor heater and a transistor temperature
. Q 10} Qs sensor are added to this zener, along with an |IC volitage regulator.
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Dc motor control circuit
cancels armature resistance

by Leland N. Van Allen
Ideas Inc., Beitsville, Md.

An ideal permanent-magnet dc motor (or one with a
separately excited field) rotates at a speed that is deter-
mined solely by applied voltage and is independent of
motor load. This is the speed at which the back-emf
generated in the rotating armature just equals the ap-
plied voltage. Since an ideal motor has no armature
resistance, the current drawn can rise to any value nec-
essary to support the load.

But practical motors do have an armature resistance,
which degrades their speed regulation with increasing
load. This problem can be solved by placing a negative
resistance that is exactly equal to the armature resist-
ance in series with the armature.

With the motor-control circuit in the diagram, motor
rpm is linearly related to input control voltage, no mat-
ter the size of motor load. A high-power operational
amplifier is used to drive the motor, and positive cur-
rent feedback is used to create the necessary negative
resistance.

A current-proportional signal is obtained by inserting
a small sampling resistor, Rs, at the return side of the
motor. This signal, which is applied to the noninverting

input of the op amp, causes the voltage that drives the
motor to be just enough higher than what should be
needed by an ideal motor to satisfy the armature and
sampling resistances. The over-all effect is the same as
driving an equivalent ideal direct-current motor from a
firm voltage source.

The circuit’s supply voltages should be about 3 volts
higher than the maximum voltage to be applied to the
motor, but less than #22 v, unless a different op amp is
used. After a reasonable value is chosen for input re-
sistor Rin, say 10 kilohms, feedback resistor Ry can be
determined from:

Rr = RIN(rpm)/ kEn
where k is the motor “tachometer” constant, expressed
in units of rpm per volt. The value of this constant can
be found experimentally by driving the motor at a
known speed and measuring its open-circuit voltage.

Next, a reasonable value must be selected for the cur-
rent-sampling resistor, Rs. To minimize power waste,
resistor Rs should be considerably smaller than the ar-
mature resistance, Ra—for example, Ra/10 is a good
choice. The value of resistor Rg can then be computed:

Re = RinRrRs/(RaRmv - RsRy)

Resistor Rp determines the size of the negative resist-
ance that appears at the output of the op amp. Its value
does not affect the motor’s rpm-per-volt response.

Capacitor Cy, which is determined experimentally to
find the best choice of values, should be as large as pos-
sible, but not so large that the motor responds
sluggishly. An RpCr time constant of 50 milliseconds
should serve for most applications. O

Making motor response linear. Permanent-magnet dc motor rotates at rate that is linearly proportional to input control voltage, no matter
what the load is. This positive-feedback circuit generates a negative resistance that is equal to the motor’s armature resistance, allowing the
motor’s rpm-per-volt response to be independent of the load. A sampling resistor is used to get current feedback.
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Three-mode network
is filter or oscillator

by Michel Baril

University of Quebec, Montreal, Quebec, Canada

A triple-function circuit can be built with standard inex-
pensive components to operate as a bandpass filter, a
notch filter, or a sine-wave oscillator. The operating
mode is switch-selectable; the operating frequency
range is 1 hertz to 20 kilohertz. Both of the filters can be
separately adjusted for Q and center frequency.

The circuit {(a) functions as a bandpass filter when
switch Sy is in the FLTR position, switch Sz is open, and
switch S3 is closed. A notch filter is obtained by keeping
Siin the FLTR position, closing Sz, and opening Ss.
There are three possible oscillator outputs, one at each
amplifier output; they are 180° out of phase with each
other. For the oscillator mode, switch S; is in the 0SC
position, switch Sz is open, and switch S3 is closed.

The basic functional block of circuit (a) is the phase
shifter shown in (b). The transfer function for this net-
work is:

e/e = (1 - RCs)/(1+RCs)
where s is the Laplace transform variable. Although
there is no attenuation, the output lags the input by an
angle that varies from 0 to = as frequency increases
from zero to infinity. Cascading two of these blocks

yields a phase-shifter whose angle is adjustable from 0
to 2. Its transfer function is:

e/e = [(1 - RCs)/ (1 +RCs)J?

When a voltage divider made up of resistors R; and Re
is placed across the two blocks, as shown in (c), the
transfer function is modified to:

€/ = R1/(R1 + Rz) + [Rz/(Rl + Rz)]

[(1 -RCs)/(1+RCs)J?
If R; = Rg, output voltage €, is a minimum (or equal to
zero) when the phase lag is 7.

When circuit (c) is used as the feedback element of an
operational amplifier, the transfer function becomes
that of a bandpass filter:

eo/e = (Ri+Rz)/[R1 + Ra(1 - RCs)/ (1 +RCs)]?
The resulting circuit is the one shown in (a). Amplifiers
Az and Az are the basic phase-shifters in the feedback
loop of amplifier A;. If amplifier A3 is used as a buffer,
the circuit becomes a notch filter.

The Q factor of either the bandpass or the notch filter
can be adjusted by changing the ratio of Ry:Rz (theoret-
ically, Q = 00 when R; = Ry). Filter center frequency
(fo) can be varied by changing the values of resistor R
and capacitor C:

f, = 1/27RC)

For the circuit to work as an oscillator, the non-invert-
ing input of amplifier A; must be grounded and resistor
R; set equal to resistor R2. Again, the operating fre-
quency is set by varying the values of resistor R and ca-
pacitor C.

Circuit performance depends principally on the am-
plifiers, rather than the passive components. It is not

Choice of functions. Circuit (a) has three switch-selectable operating modes—it can be a bandpass filter, a notch filter, or a sine-wave os-
cillator. The three oscillator outputs differ in phase by 180°. Two of the phase shifters shown in (b) are cascaded and, along with the voltage
divider formed by resistors R; and R,, placed in the feedback loop (c) of a third operational ampilifier.
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necessary for resistor R or capacitor C to be precision
components; resistors having tolerances of +5% will do.
And the resistor labeled 2R in the diagram can actually
be much larger than 2 X R without impairing the per-

formance of the circuit. However, to get very high filter
Q or to use the circuit as an oscillator, voltage-divider
resistors R; and Rz must be precision parts, with toler-
ances as tight as 1% or +0.1%. O

One lamp can monitor
battery voltage

by N.D. Thai
Huntec Ltd., Toronto, Ont., Canada

A single lamp can monitor an unregulated voltage, for
instance from a battery, indicating whether that voltage
is high, low, or normal. For a normal voltage, the lamp
stays off; for a high voltage, the lamp stays on; and for a
low voltage, the lamp flashes on and off. The low and
high voltage limits are independently settable, and the
flashing frequency is also adjustable.

Two complementary-MOS NOR gates perform the
logic for the circuit. The voltage applied to the input of
gate G1 is AV, where A is a constant determined by the
setting of potentiometer R;. Similarly, the voltage ap-
plied to the input of gate Gz is BV, where B is a con-
stant determined by the setting of potentiometer Ro.
Constant B is made larger than constant A.

A logic 1 is applied to both gate inputs when voltage

V goes high. Voltage BV then exceeds the gate thresh-
old voltage (Vr), or:

V is greater than Vp/B = Vy
where Vy represents the high voltage limit. The output
of gate Gg is low, and the lamp stays on. A logic 0 is ap-
plied at both gate inputs if voltage V goes low. Voltage
AV is now smaller than the gate threshold voltage, or:

Visless than Vi/A = Vp
where Vy, is the low voltage limit. The two NOR gates,
resistor R, and capacitor C form a conventional astable
multivibrator that drives the lamp with a square wave.
The flashing frequency (assuming Vr = Vpp/2) is ap-
proximately equal to:

f=1/(14)RsC

When voltage V lies between the low and high limits
(that is, if voltage AV is greater than threshold Vr and
voltage BV is less than threshold Vr), a logic 1 is ap-
plied to the input of gate G, while a logic 0 is applied
to the input of gate Gz. The lamp remains off because
the output of gate G; is low and the output of gate Gz is

high. a

Lighting the way. Single lamp indicates when unregulated (battery) input voltage is low, high, or normal by flashing, remaining on, or remain-
ing off. The low voltage limit, Vi, is set by potentiometer Ry, the high voltage limit, Vy, is set by potentiometer R;, and the flashing frequency is
determined by resistor Rs and capacitor C. Complementary-MOS NOR gates are used as the logic elements in this voltage monitor.
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Voltage-to-current converter
for process-control systems

by Harry L. Trietley, Jr.
Taylor Instrument Process Control Div., Sybron Corp., Rochester, N.Y.

To avoid damage to process-control instruments, such
as controllers and chart recorders, the maximum value
of the signal current that drives these devices must be
limited. This signal current, which corresponds to a con-
trol signal voltage, can become too large if the control-
signal voltage exceeds its normal range or if some other
abnormal condition occurs.

Without requiring a series output resistance, the volt-
age-to-current converter in the diagram limits output
current to between 24 and 40 milliamperes, a safe range
for much process-control instrumentation. The circuit
converts an input signal of 0 to 1 volt to a current of 4 to
20 mA for driving a load of 0 to 1,300 ohms.

Under normal operating conditions, the zener diode
does not conduct. The amplifier and transistors Q, and

Q: perform as an operational amplifier, the output of
which is at the emitter of transistor Q.. With the resist-
ance values shown, the circuit has a gain of 1. Resistors
Ri, Rg, and R3 form an offset zero adjustment, while re-
sistor Ry provides precision gain adjustment.

The output current, Iour, equals the sum of the cur-
rents in resistors Rs and Rg, regardless of the size of the
output load. Since resistor Rs is much larger than re-
sistor Rg, the output voltage (Eout), which ranges from
Y4 to 1% v, produces a current of 4 to 20 mA.

Integrated op amps, such as the National Semicon-
ductor LM101 used here, are internally limited to out-
put currents of about 25 mA. When the converter’s out-
put reaches the zener’s voltage, the zener will conduct,
grounding the amplifier’s output current and clamping
the converter’s output voltage to a nominal level of 3 v
+10%. The output voltage is actually limited to between
1.5 and 2.5 v because of the base-emitter voltage drops
of transistors Q; and Qz. The output current is then lim-
ited to a maximum value of between 24 and 40 mA.

If the value of resistor Rg is lowered to 25 ohms, the
output current range becomes 10 to 50 mA, with limit-
ing occurring between 60 and 100 mA. Other outputs,
gains, or current limits can also be realized. O

Instrument Interface. Circuit converts control signal voltages to signal currents for driving process-control instruments, such as chart
recorders. For the components values shown, this converter limits output current to between 24 and 40 milliamperes to protect the instru-
ments from excessive driving currents due to out-of-range control voltages. The zener diode limits output voltage to 1.5-2.5 volts.
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Data averager for panel meter
operates from meter’s clock

by George Mitchell and Richard D. Spencer
University of lllinois, Urbana, Iil.

In many scientific applications, measurements made
with a digital voltmeter require time-averaging to re-
duce the measurement uncertainty of a noisy signal. A
simple averaging circuit can be easily added to a digital
panel meter for summing independent measurements
so that the uncertainty of the data is reduced.

The averaging circuit shown here causes the DPM to
sum 10 or 100 measurements (depending on switch po-
sition), thereby reducing data uncertainty by a factor of
3.2 or 10, respectively. Although this circuit is intended
for an Electro-Numerics’ model 305 4'4-digit ratio panel
meter, it can be readily adapted to any DPM that uses a
dual-slope converter.

The circuit, which is activated with an initiate pulse
(trace A in the figure), takes advantage of the clock

pulse train (trace C) from the DPM’s dual-slope con-
verter. The clock train is transmitted during the integra-
tion period (trace B) of the analog signal and reference
inputs. The count-up pulse (trace D) corresponds to the
fixed integration time of the analog signal input.

NAND gates G; and G use the count-up pulse to gate
the clock output of the DPM’s dual-slope converter so
that the input to either decade counter 1 or 2 (trace E) is
directly proportional to the ratio (in this case) of the
analog inputs. As can be seen, counters 1 and 2 are
scalers of 10 and 100, respectively, for the gated clock
pulse train. Counters 3 through 7 form the decimal ac-
cumulator, and counters 8 and 9 are tally registers that
inhibit averaging of data past the required number of
samples (10 or 100).

The averaging circuitry is synchronized to the DPM’s
converter cycle by the two flip-flops and three NAND
gates. Grounding the initiate line clears the tally regis-
ters and scalers, as well as the accumulator, and initiates
the accumulation of a new average. The average, or
scaled, output is displayed by light-emitting-diode read-
outs that have their own decoder/drivers. The binary-
coded decimal output of the accumulator may also be
used to transfer data directly to a printer or computer.[]

Averaging out nolse. Measurement uncertainty of noisy signals is reduced by time-averaging circuit for digital panel meter. The circuit,
which runs from clock of DPM's dual-slope converter, sums 10 to 100 measurements, reducing data uncertainty by 3.2 or 10. Counters 1
and 2 are the scalers, counters 3 through 7 make up the accumulator, and counters 8 and 9 are the tally registers.
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Binary rf phase modulator
switches in 3 nanoseconds

by Roland J. Turner
AEL Communications Corp., Lansdale, Pa.

By employing a diode-steered current source, binary rf
phase modulation is accomplished by translating tran-
sistor-transistor-logic levels to a bidirectional current
drive in less than 3 nanoseconds. The rf modulator is in-
tended to provide phase coding and correlation in jam-
ming-resistant radar and secure communication links,
where transmission and reception are essential in a hos-
tile environment.

The binary (0° and 180°) phase modulation is ef-
fected by switching Schottky diodes in a ring modulator
at high video/i-f rates. These high data rates require
TTL signal levels to be translated to a *15-milliampere
current drive for the ring modulator in extremely short
time intervals. The complete binary rf phase modulator
consists of the video driver (a), which employs stripline
techniques, and the ring modulator (b).

When the input logic level to the video driver is at -5
volts, transistor Q; is off, diode Dy is on, and diode D is
off. This forces current source Q to deliver 15 mA to the
ring modulator. When the input logic level increases
positively from -5 v to 0 v, transistor Q; turns on, re-
verse-biasing diode D; so ‘that this device turns off.

Diode D; now turns on, and current source Qg forces 15
mA to be drawn from the video port of the ring modu-
lator. The i-f/rf signal phase is then shifted by 180° as it
passes through the ring modulator.

This binary phase modulation is accomplished in
only 3 ns because the current sources can force rapid
charging of any circuit capacitance. Also, load-circuit
switching is forced by impressing a large negative or
positive voltage on diode Ds. Since Dy’s switching volt-
age transition is low relative to the drive voltages,
switching can be done in a small time interval. (Current
sources Q2 and Qs are temperature-stabilized by diodes
D3 and D4.)

The switching current from the video driver is ap-
plied to the video port of the ring modulator. When the
driver supplies current (+1I) to the video port, Schottky
diodes D5 and Dg conduct, and the output phase is 180°.
When the driver sinks current (-I) from the video port,
Schottky diodes D; and Dg are forced to conduct, and
the output phase is 0°.

This switching technique is quite useful in applying
coded rf phase modulation to an interrogating radar or
in applying secure modulation to a secure communi-
cation link. The system then becomes very difficult to
jam since correlation reception at the receiver enhances
detection and suppresses the effects of noise, whether
the noise source is Johnson noise or intentional noise
jamming, O

Reversing phase at radio frequencles. Phase modulator switches phase of rf signals between 0° and 180°. Video driver (a) translates TTL
inputs to bidirectional switching current for Schottky-diode ring modulator (b) in under 3 nanoseconds. The driver employs diode-steered
current sources (transistors Qg and Qs) to supply or sink 15 milliamperes for the video port of the ring modulator.
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Varying comparator hysteresis
without shifting initial trip point

by Jerald Graeme
Burr-Brown Research Corp., Tucson, Ariz.

An operational amplifier is a convenient device for
analog comparator applications that require two differ-
ent trip points. The addition of a positive-feed-back net-
work will introduce a precise variable hysteresis into the
usual comparator switching action.! Such feedback de-
velops two comparator trip points centered about the
initial trip point or reference point.

In some control applications, one trip point must be
maintained at the reference level, while the other trip
point is adjusted to develop the hysteresis. This type of
comparator action is achieved with the modified feed-
back circuit shown in the figure.

Signal diode D, interrupts only one polarity of the
positive feedback supplied through resistor Re. Hys-
teresis, then, is developed for only one comparator state,
and one trip point remains at the original level set by
the reference voltage, Er. The second trip point, the one
added by hysteresis, is removed from the original trip
point by:

AV = Rl(Vz - ER)/ (R1 +R2)
where Vz, the zener voltage, is greater than reference
voltage Er. Varying resistor Rz will adjust the hysteresis
without disturbing the trip point at Eg.

The circuit’s other performance characteristics are
similar to the common op-amp comparator circuit. The
accuracy of both trip points is determined by the op
amp’s input offset voltage, input bias current, and finite
gain. Resistor Rz limits the current drain through the
zener diode, and resistor Ry provides a discharge path
for the capacitance of diode D..

The output signal can be taken either directly from
the op-amp output or from the zener diode, as shown.
With the latter hookup, the output signal voltage alter-
nates between zero and zener voltage Vz, which might

be desirable for interfacing with digital logic circuits. It
should be noted, however, this output cannot sink cur-
rent in the 0-volt state.

Switching speed is determined by the op amp’s slew-
ing-rate limit for high-level input-drive signals. When
the input drive is a low-level signal, the output rate of
change is limited by the gain available to multiply the
input signal’s rate of change. Both the slew-rate limiting
and the gain limiting of switching time are eased if
phase compensation is removed from the op amp. [

REFERENCE:
1. G. Tobey, J. Graeme, and L. Huelsman, "Operational Amplifiers: Design and Appli-
cations,’” McGraw-Hill, 1971.
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Controllable hysteresis. Positive feedback circuit for analog op-
amp comparator does not shift the initial reference trip point while in-
troducing hysteresis in the second trip point. The voltage difference,
AV, between the trip points can be adjusted by varying resistor R,.
When the output voltage is taken from the zener diode, as shown, it
switches between zero and Vz, the zener voltage.

Circular voltage divider
needs fewer resistors

by Dale Hileman
Physiometrics Inc., Malibu, Calif.

A bridge that provides precision dc voltages from 0 to
10 volts, in steps of 0.01 v, can be easily and economic-
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ally realized with a “circular” voltage divider. In this
uncomplicated divider arrangement, the point from
which the output is taken remains fixed, while the volt-
age source is moved from one point to another.

In a conventional voltage-divider setup, the fixed
voltage is applied across the entire network, and the
output voltage is taken from a selectable tap. This ap-
proach, however, may involve complex switching and
usually requires a large number of resistors, which is
undesirable because precision resistors are expensive.

As shown in the diagram, a total of only 31 resistors is



needed to provide a settability to within 0.01 v. Each
ring has 10 resistors, except the last, which contains 11.
The value of the resistors in a given ring must be 1.1
times the value of the resistors in the preceding ring.
The bridge in the illustration is set up to produce an
output of 6.43 v.

The tighter the tolerance of the resistors, of course,

the more accurate the output voltage can be. And the
more sensitive the null indicator is, the more closely the
bridge output can be read. As lower-value resistors are
used, the bridge output impedance becomes lower.

“The principal limitation of this arrangement is the al-
lowable power dissipation of the resistor in the first ring
across which the full supply voltage is applied. m|

R=1k EACH (x10)

L“EXU LATED
SUPP 5

UNKNOWN
VOLTAGE

R=1,100Q EACH (x10)

R=1210Q EACH (x11)

0.07 0.08

- +

\l/NULL INDICATOR

Dial a voltage. Circular resistor arrangement trims resistor count without sacrificing precision. The outpUt voltage of this bridge can be set
from 0 to 10 volts, to within 0.01 V. All resistors in the same ring have the same value, which is 1.1 times larger than the value of the resistors
in the preceding ring. Resistors in the first ring must be able to withstand the full supply voltage. Just 31 resistors are used here.

Link-coupled tank circuit
steps up C-MOS drive voltage

by R.W. Mouritsen
National Research Council of Canada, Ottawa, Canada

Because of their low power dissipation, low leakage cur-
rent, and high noise immunity, complementary-Mos de-
vices are a sound design choice for portable or battery-
operated equipment—such as counter chains or clocks
driven from standard oscillators. However, several volts,
typically 5 to 7 volts, are usually required to turn on the
C-MOs device, whereas most standard oscillators nor-
mally have an output of only about 1 Vv root-mean-
square at 50 ohms.

A simple way around this problem is to use a link-
coupled tuned circuit as a voltage step-up transformer.
Since the input impedance of the C-MOs device is ex-
tremely high, the tank circuit is loaded only by the pri-
mary source impedance reflected across the secondary
winding. This allows the use of a fairly high-Q coil. The
link-to-secondary turns ratio is adjusted to produce,
across the tuned circuit, a sine wave with a peak-to-peak
amplitude of approximately 90% of the supply voltage,
when the driving signal is 1 v rms at 50 ohms.

The squaring circuit shown in the figure is an ex-
ample of this link-coupling technique. It consists of a
C-MOS quad two-input NOR gate package, connécted as
a forced latch.

With the input at 0 v (logic 0), the outputs of gates G;
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and G; are logic 1, while the output of gate G is
logic 0. As the input rises (towards logic 1), the outputs
of gates G; and G go to logic 0 when the C-MOs turn-
on threshold voltage is reached. This forces the output
of gate G3 to go to logic 1 and remain there until the in-
put falls below the threshold level. At that time, gate G,
goes to logic 1, allowing gate Gj to return to logic 0 and
causing gate Gz to go to logic 1.
When the supply voltage is 12 vV and the input signal
is 1 v rms at 50.ohms and 1 megahertz, the squaring cir-
cuit produces an output that approximates a square

0.001 uF

oUTPUT
SQUARE WAVE
{10V pk-pk)

SINE WAVE
(1'V rms) =

NOR GATES:
RCA CD4Q01AE or
MOTOROLA MC14001

Squaring circult. Link-coupled tuned circuit provides transformer-
like action, stepping up the low-level drive signal supplied by most
standard oscillators. This permits complementary-MOS gates, the
threshold voltages of which are generally 5 to 7 voits, to be used
without adding extra active devices. With this squaring circuit, a 1-V
sine wave is converted to a 10-V square wave at megahertz rates.



wave with an amplitude of around 10 v pk-pk and with
rise and fall times of about 50 nanoseconds. The tuned
circuit used here has a narrow operating band. A wider
band may be obtained by employing a small toroid

having a bifilar secondary with a link-coupled primary.
This will yield about the same output waveform, but
operating frequency will range between 500 kilohertz
and 3.5 MHz, depending on the ferrite used. O

Square-wave generator
stresses frequency stability

by S.F. Aldridge
IBM Corp., General Products Div., San Jose, Calif.

Offering features that are usually found only in more
elaborate oscillators, a simplified voltage-controlled
square-wave generator produces very symmetrical com-
plementary square-wave outputs that exhibit good fre-
quency stability over a wide operating temperature
range. Output frequency repeatability can be held,
without adjustment, to within a 5% range, and oper-
ating frequencies can exceed 50 megahertz.

The circuit’s noise insensitivity is excellent due to its
current-source decoupling (provided by capacitors C;
and Cz). Moreover, noise generation within the gener-
ator is held to a minimum because of the constant-cur-
rent nature of the circuit.

Power-supply variations as large as 15% produce a
negligible shift in output frequency because of the ac-
tion of the circuit’s current sources (transistors Q; and
Q2) and the configuration of the circuit’s oscillator sec-

tion. The generator can be considered to provide linear
operation throughout the entire range of its input fre-
quency control voltage.

Basically, the oscillator section consists of two Schmitt
triggers: one formed by transistors Qs and Qs, and the
other formed by transistors Qs and Qs. The triggers
share the two current sources (transistors Q; and Q), as
well as resistor Ry because of capacitor Cs. Transistors
Q4 and Qs form a differential switch that allows only
one Schmitt trigger to be on at a time.

The charge rate of capacitor C3 determines the
switching frequency of the Schmitt triggers and, there-
fore, the output frequency, This charge rate can be con-
trolled by varying the voltage on the frequency-control
input line, which, in turn, changes the current of transis-
tors Q1 and Q.. The output frequency can also be al-
tered by changing the value of capacitor Cs.

Temperature compensation is provided by zener
diodes Z; and Z,. Transistor Q; compensates the base-
emitter junctions of transistors Q; and Qg, while transis-
tor Qs compensates transistors Qs and Qe. To achieve
the best circuit performance, matched transistors and
components having 1% tolerances should be used. [

+12 Vdc
1, 1,
63092 0, %2N2060 %IN3423 Qg 519 5109,
v AN
(1%, /8 W) (1%, 0.1 W) (5%)
630 0 Gy,
(1%,1/8W) 150 © 2N4917 110.01uF
1%,1/8 W) 3V
FREQUENCY (1%,
e | L — pmip
1
VOLTAGE le AAA OUTPUT
T (715"/‘))': (%12 W) 43V ---
0
630 2 150 2 ov _I—L
(1%.1/8W) (1%,1/8W) Qs
— 2N4917 0
. 2N3563 Z;
| (1%, 178 W) 0, ” (1%, 0.1 W) INB31A
~12 Vde - 1%2N2060 JaNS23
LR
0.01uF
Qy
2, 510
IN821A 2N3563 (5%) 1__

Simplified deslgn. Square-wave generator supplies complementary outputs whose frequency is determined by an input control voltage. This
control voltage determines-the current provided by transistors Q; and Q; to charge capacitor C3. The charge rate of this capacitor sets the
switching frequency of the two Schmitt triggers, which are formed by transistors Qs and Qq and transistors Qs and Qs.
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Temperature compensation for
high-frequency transistors

by Bert K. Erickson
General Electric Co., Syracuse, N.Y.

If the operating temperature of a high-frequency
grounded-emitter power transistor varies widely, the
collector resistance of a second transistor can provide
temperature compensation, without causing excessive
power dissipation in the stage’s bias circuit. The tech-
nique is suitable for operating frequencies of 300 to
3,000 megahertz, if the power levels are at least 200 mil-
liwatts and ambient temperature variations range from
0°C to 70°C. For this broad a temperature range, the
quiescent collector current of a class-A transistor ampli-
fier will change enough to cause noticeable gain vari-
ation and waveform distortion.

Conventionally, a current-feedback approach is em-

ployed to obtain temperature stability. The resistance in
the transistor’s emitter circuit is maximized, while the
resistance in the base circuit is minimized. But this tech-
nique presents assembly problems because of the very
high operating frequencies involved. The emitter of
these transistors is usually connected to ground with
very short wire bonds to eliminate the series resonance
of the bypass capacitor. And, although the transistor’s
emitter is grounded, temperature stability cannot be ob-
tained with a voltage-feedback approach since this
would reduce power-conversion efficiency.

The typical grounded-emitter transistor stage of (a),
which is drawn without isolating, coupling, and tuning
components for simplicity, has a current stability factor
of:!

Si = Alc/Alco = [RL+R:+Rg(1 +(R1+Ry)/R2))/

[RL+Ri(1 - a)+Rg(1+(R;+Rp)/Ry)]
And the voltage stability factor is:!

Sy = Alg/AVgR = —01[1+(R1+RL)/R2]/

[Ru+Ry(1 - o)+ Re(1+(R1+Ry)/Ry)]
Voltage stability is the preferred sensitivity parameter
for a power transistor because the emitter-base voltage,

Ec
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Nailing down Q point. Grounded-emitter power transistor stage (a)
can be compensated for a 70°C temperature range by employing a
second transistor as the load resistance (b). The collector resistance
of upper transistor improves the voltage and current stability of lower
transistor without causing an efficiency-robbing voltage drop. The
graph depicts the stage’s temperature performance.



VEs, is easily measured and is often used to find the
temperature of the collector depletion layer.2 The volt-
age stability factor is negative because collector current
Ic increases as junction voltage Vg decreases.

Since the term, Ry(1 - @), is very small, one way to di-
minish S, is to make the load resistance, Ry, as large as
possible. Unfortunately, Ic flows through Ry, and the
stage’s conversion efficiency will be reduced substan-
tially. However, a large Ry, can be obtained without the
usual voltage drop degradation by using the collector
resistance of a second transistor, as in (b).

With the T-model equivalent circuit for the common-
emitter transistor, the output resistance of this configu-
ration can be expressed as:

Io = Ie(l - a) + re(tp+arc+Ry)/ (1p + 1 +Rg)

For this equation:

1/te(1 - ) = Aig/Aveel,

B = Aic/Aiply,,

a=B/(B+1)

All of these quantities can be readily obtained from the
transistor’s collector characteristics.3

The upper transistor in (b) provides an output resist-
ance of 1,200 ohms, which yields a predicted voltage
stability factor of 14.9 X 10-3 amperes per volt. If a
fixed resistor of 1,200 ohms were used, it would have an
IR drop of 60 Vv across it. But the voltage drop across
both the transistor and its emitter resistor is only 3 v.

The graph shows the actual characteristics of the
transistor stage as temperature rises from 30°C to
100°C. As temperature increases by 70°C, the base-
emitter voltage drops by only 0.15 v and the collector
current rises only 5 milliamperes. Without temperature
compensation, the collector current would be 32 maA
higher. O
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Simple gating circuit
monitors real-time inputs

by David F. Hood
Bell-Northern Research, Ottawa, Canada

In normal operation, the set and reset inputs of the
simple flip-flop circuit are not allowed to become active
simultaneously, although both can remain at logic 0.
But if this elementary rule is violated, a new gating
function that can arbitrate real-time inputs is realized.

The circuit is particularly useful in signal-processing
applications where interrupt requests may arrive asyn-
chronously to be processed by a simple sequencer,
rather than by a computing-type device. In such appli-
cations, the simplicity of the circuit also makes possible
considerable cost savings.

When circuit (a) is used as a flip-flop, its S; and S; in-
puts are both low in the quiescent operating state. If the
S1 and S inputs are both high instead, outputs Y; and
Y are low (in the quiescent mode). Now, when S; goes
low, Y1 goes high, and Y does not change. But if Sz
then goes low, neither Y nor Y2 changes. And since the
circuit is symmetrical, if Sg goes low while S; is high, Y2
will go high and lock out Si. The signal paths of S1-Y1
and S»-Y2 may be regarded as inverters with real-time
priority arbitration. The addition of a third gate to the
circuit provides an INPUT REQUEST lead.

With a third gate, the circuit can also be extended to
accept three inputs, as shown in (b). Further extension
is done in a similar manner. As with circuit (a), the first
input that goes to logic 0 inhibits all the other inputs,
while producing an output itself. Two or more inputs
going to logic 0 simultaneously will produce a race con-
dition that, nevertheless, can have only a single victor.
One input can be handicapped relative to another by

35

using RC delay networks at the input or output of the
handicapped gate.

The same operating description and circuit configura-
tions apply if all the logic levels are inverted, and if
NAND gates are substituted for the NOR gates. O

Sy -—!Do_
. ____LADOJ_}_

3 _ INPUT
(S— REQUEST
(a)
Sy %
LD ’
Sz x Y2
Sg— >° Ys

Lock-out gate. Both set and reset (S; and Sy) inputs to flip-flop (a)
are kept high in quiescent state. When either S; or S, goes low, its
output (Y; or Yo, respectively) will go high, but the other output stays
low even if its input goes low. Since only one signal can pass to the
output at a time, this gate can arbitrate asynchronous interrupt sig-
nals. An additional gate (b) accommodates another input.



Audio amplitude leveler
minimizes signal distortion

by Edward E. Pearson

Burr-Brown Research Corp., Tucson, Ariz.

An ac current-controlled bridge in the feedback loop of
an operational amplifier can provide very close control
of signal amplitude, while contributing negligible dis-
tortion at or near a predetermined optimum input sig-
nal level. The resulting circuit is well suited for ampli-
tude leveling in test oscillators, communications
equipment, and telemetry systems. It can be built for
around $4 and offers extremely close amplitude control
over the entire audio spectrum.

Unlike conventional circuits that apply increasing
amounts of feedback along the entire span of input volt-
age range, this amplitude leveler applies zero feedback
(and, therefore, zero distortion) at an optimum input
level and produces positive or negative feedback above
and below this level. The differential output from a
bridge is used to get the desired feedback.

The bridge, which is outlined in color, employs two
devices, T1 and T2, whose resistance varies with current.
Such components as incandescent lamps, thermistors, or
even active devices can be used. Here, T; and T- are in-
candescent lamps. Resistors Ry and Ry are chosen to be
within the resistance range of T; and Ta.

A specific voltage, V, will shift the resistance of T
and T, balancing the bridge and producing a zero dif-
ferential output (e; - e2). As voltage V is varied above
and below the zero output level, the bridge is un-
balanced in opposite directions and develops differ-
ential outputs of opposite phase.

Letting R; = Rz = Rand T; = Ts, = T, voltage e;
can be expressed as:

er = TV/(T+R)
and voltage ez is:

ez = RV/(T+R)
so that the differential voltage becomes:

er-e2 = (T-R)V/(T+R)

When T is greater than R, e; - e2 is more than zero;
when T = R, e; - e2 = 0; and when T is less than R,
e1 — €2 is smaller than zero.

Depending on the input signal level present at ampli-
fier Aj, the network formed by the bridge and ampli-
fiers A2 and Az produces positive, negative, or zero
feedback. For the component values indicated, an input
voltage of approximately 0.4 volt is just sufficient to
drive the bridge to a balanced condition (zero feed-
back).

At this input level, the components in the feedback
network cannot contribute to distortion in the output. If
the input voltage varies from the optimum 0.4-v level,
the inputs to amplifier Az will become unbalanced, and
an amplified differential voltage (from the bridge) will
produce gain compensation at amplifier. A;. The table
indicates the range and degree of amplitude control ob-
tained.

The circuit’s output voltage can be made higher by
increasing the value of resistors R; and Re; the higher
resistance values increase the voltage needed to balance
the bridge. Or, the output voltage can be made smaller
by increasing the gain of amplifier A2. To lower the op-
timum input voltage level, the gain of amplifier A; is
made higher.

Because increasing amounts of positive feedback are
present at the input to amplifier Ay, the circuit becomes
unstable at very low or zero input levels. The table
shows the minimum permissible input levels; the circuit
must be modified to accommodate input signal drop-
outs. a

M
10kQ 47 kQ Ryl
INPUT - . rms
Aq
+ \
—_ R,
T
(67 — e )(—Ay) — +A2 300 2 ?
100 k2 €2
AN L
l 43kQ ] e
Z ANA— R,
Az ' T, 300 2
4.3 k2
LAMPS: 10V, 14 mA (#1096) ij '_A.'_
OP AMPS: 741-TYPE 100 k2 L
INPUT ouTPUT
Frequency (Hz) | Minimum (V) Maximum (V) [ Zero feedback (V) | Input swing (dB) Voltage level
20 0.06 2 0.38 =30 22V +%dB
100 — 15,000 0.02 2 0.38 40 22V +%dB
20,000 0.23 2 0.42 ~20 22V +%dB

Leveling audio signals. Rather than increasing feedback with increasing input voltage, audio amplitude leveler operates at zero feedback
for an optimum input voltage. Current-controlled bridge in feedback loop of amplifier A; develops the differential voltage needed to keep the

output level steady. The incandescent lamps act as current-variable resistors that balance the bridge when input voltage is 0.4 volt.
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lce warning indicator
monitors road conditions

by Steven E. Summer
Hauppauge, N.Y.

For more than 10 years, Rover automobiles have had a
built-in indicator that warns their drivers of possibly icy
roads. With the availability of the versatile and eco-
nomical integrated quad op amp, this same safety fea-
ture can now be installed quite easily in any make of
automobile.

The ice warning indicator shown monitors ambient
air temperature to alert the driver to the conditions un-
der which ice will start forming on the roads—that is,
when air temperature is between 32°F and 36°F in wet
weather. The device is rugged and provides good noise
rejection.

The circuit produces a variable duty cycle to control
the flash rate of a light-emitting diode. At 36°F, low-
duty-cycle light flashes are generated, and as the tem-
perature drops towards 32°F, the LED indicator remains
on continuously. The flashes occur about once a second.

A thermistor with a nominal resistance of 15 kilohms
at 25°C acts as the temperature-sensing probe. It is

mounted in a baffled enclosure that is exposed to am-
bient air. The baffle prevents erroneous readings due to
air movement.

The circuit’s three amplifiers are part of the same
chip as the quad op amp. Since circuit action depends
on current ratios, circuit operation is insensitive to vari-
ations in battery voltage, making zener regulation un-
necessary.

Amplifier A; compares the resistance of the thermis-
tor to the series combination of resistors R; and Ro.
Feedback resistor Rs sets the correct slope of A;’s out-
put-voltage response to temperature. At 32°F, A;’s out-
put is 0.6VBAT; at 36°F, it’s 0.3Vgar.

Amplifier A, is connected as a free-running multi-
vibrator having a repetition rate of approximately one
pulse per second. Three resistors—R4, Rs, and Reg—set
the upper and lower voltage limits for capacitor C; at
0.6Vear and 0.3Vgar, respectively.

The outputs of amplifiers A; and A, are compared by
amplifier Az. When the multivibrator (Az) output is
lower than Ay’s output, As’s output goes positive, light-
ing the LED. Resistor Ry limits LED current to around 25
milliamperes.

Resistor Ry, which calibrates the circuit, is adjusted
by placing the thermistor probe in an ice slurry and set-
ting Rz so that the LED is always on. Other operating
points can be obtained by changing the values of resis-

tors Ry, Ry, and Rs. O

Driving aid. Ice warning indicator, which puts the flexibility and economy of the quad op amp to work, uses a thermistor probe to sense air
temperature. At 36°F, the LeD indicator flashes once per second. This flash rate increases as temperature approaches 32°F until the LeD re-
mains on continuously. A varying-duty-cycle output determines the flash rate. Amplifier A, is wired as a free-running mulitivibrator.

Vaar| #12V
THERMISTOR, 15 kQ @ 25°C
R, § 33 k0 . Rs
T AN,
5 150 k2
Rz/gzo kQ Mo \
cal b AA—] 0
14 R,
A, 4
7 470 Q
3IMQ ].—_ 3
/ '
30 k§2 N | LED
AN X
Ra I
0—-’\/\/\/—1—
3MQ bl = —
+
22 uF = C A2 10

I + 12

- OP AMPS: % NATIONAL LM3900
Rs 10MQ R 10 MQ LED: FAIRCHILD FLV-1

A ANA~

37



Single-supply reterence source
uses self-regulated zener

by William Goldfarb
Cornell University, Ithaca, N. Y.

Temperature-compensated zener diodes provide a ref-
erence voltage that remains stable despite changes in
time and temperature. But they exhibit a rather large
dynamic impedance, from 100 to 400 ohms, and current
supplied to them must be regulated precisely.

By using voltage comparison, one of these reference
zeners can be made to control its own current, elimina-
ting the need for a separately regulated temperature-
compensated current source. A precision voltage refer-
ence source can then be realized with only a single un-
regulated power supply. And the cost of the circuit will
be dominated by the cost of the zener, keeping parts
cost to somewhere around $6.

The voltage reference source in the diagram provides
a nominal output voltage of 10 volts that is stable to
within +7 millivolts. It can operate over a supply volt-
age range of 12 to 18 v. With the output voltage at
Vrer, the current through the zener is:

Iz = Vrer - Vz/Ry

The current-booster transistor actively keeps the voltage
at the inverting input of the operational amplifier at:

Vi = VrerRz/(R2+Rs) = IzRy
Zener current Iz can then be expressed as:

Iz = VrerR2/Ri(R2+R3)
And reference voltage Vggr is held to:

Vrer = Vz(R2 +R3)/R3

A pitfall in any dc bootstrap scheme like this is the
possible existence of stable states other than the desired
one. For this circuit, such a state exists when the output
voltage is zero. Connecting a capacitor between the
power supply and the op amp’s compensation input
prevents the circuit from being locked into the zero-out-
put-voltage state when it is first turned on. The capaci-
tor causes the turn-on transient to put the circuit into
the desired condition, with the output voltage at Vrgr.

For the components shown, the output is stable to
within =7 mv over a temperature range of 0°C to 75°C,
even with a supply variation of £10%. The output cur-
rent is 30 milliamperes maximum. The capacitor across
the zener serves to attenuate noise that may be gener-
ated by the zener at high operating frequencies.

A negative output voltage can be obtained by rever-
sing the diode, using a pnp instead of an npn transistor,
and grounding the op amp’s positive supply input. ]

Making do with one supply. Voltage reference source, which operates from a single power supply, maintains its output at 10 volts +7 milli-
volts over a 75°C temperature range and with +10% supply variations. Through voltage comparison, the zener reference regulates its own
current, thereby eliminating the usual zener constant-current source. The circuit’s maximum output current is 30 milliamperes.
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Eliminating offset error
in sense amplifiers

by Dan Chin

Cambridge Memories, Newton, Mass.

A sense amplifier for a memory must detect a pulse
signal during a gated time interval. But a significant er-
ror occurs at the amplifier’s output when its input offset
voltage is large in comparison with the voltage ampli-
tude of the pulse signal.

If the offset voltage is removed by ac coupling, how-
ever, the pulse’s baseline could shift when the readout
data pattern changes. But if, in addition to being ac-

coupled, the pulse is held to ground except during the
time interval of interest, a reference voltage can be de-
veloped and the pulse compared to it.

The dc-restored sense amplifier in the figure makes
use of this technique. The input operational amplifier
performs as a basic linear amplifier, providing a signal
gain of 100. The amplifier’s output is ac-coupled to the
sense amplifier for detection.

Dc restoration is accomplished by the open-collector
inverters connected to the inputs of the sense amplifier.
Two of the inverters, I and I, assure that any offset
voltage is applied equally to both inputs of the detector,
permitting offset error to be eliminated by the detector’s
common-mode rejection. The diode in series with the
detector’s negative input sets the threshold level half-
way between the pulse baseline and the minimum ex-
pected peak voltage. O

Sensing puises, barring offset errors. Data is ac-coupled from the operational amplifier to the sense amplifier to get rid of offset-voltage
error. The dc signal level is then restored by open-collector inverter gates. Any additional offset error is eliminated by the sense amplifier’s
common-mode rejection because inverters |; and Iz, at each of the sense amplitier’s inputs, introduce equal offsets.
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Stable crystal oscillator
works over wide supply range

by Terence King

Oroco Communications Inc., Middletown, N. Y.

If single-gate MOSFETs are wired as a modified Pierce
oscillator and an isolating source-follower, they form a
crystal oscillator that has unusual supply-voltage stabil-
ity. This crystal-controlled clock is not expensive to
build, interfaces easily with transistor-transistor-logic
circuits, and can operate directly from a 5-volt supply.

Changes in output frequency due to supply-voltage
variations are very small because of the high-value
source resistors in both stages and the large fixed ca-
pacitances in the gate and drain loops of the oscillator
stage. Even if the supply voltage increases from 3 to 9 v,
output frequency changes by less than 1 hertz from its
nominal 1-megahertz value.

Since the circuit itself is very stable, the over-all per-

quality of the crystal. A good oven-stabilized crystal
should maintain a stability of one part in 10-8 per day
after warmup. And if ambient temperature is fairly
stable, the whole circuit will approach this performance.

An excellent interface to TTL circuits can be provided
by a type-7413 Schmitt trigger. The pulldown resistor of
2.2 kilohms biases the Schmitt trigger within its hys-
teresis characteristic without excessively loading the os-
cillator’s source-follower. A type-7413 trigger will pro-
vide reliable TTL driving with as little as a 3-v supply
applied to the oscillator.

The Schmitt’s output is rich in rf harmonics and can
be beat against a WWYV broadcast of the National Bu-
reau of Standards at 10 MHz, allowing adjustment of the
oscillator to within 0.1 Hz of its nominal operating fre-
quency without much difficulty. This sort of monitoring
also permits relatively sensitive day-to-day checks of the
circuit’s short-term and long-term stability. Oscillator
performance can then be established as a secondary fre-
quency standard that is traceable directly to the Na-
tional Bureau of Standards.

Capacitor Cr sets the range of the calibration of the
trimmer capacitor. The value of Cg may vary with dif-

formance of the oscillator depends principally on the ferent makes and types of crystals. O
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Supply immunity. Output frequency of crystal-controlled oscillator changes less than 1 hertz even when supply voltage varies from 3 to 9
volts. The circuitry—a modified-Pierce-oscillator MOSFET and a source-follower MOSFET—is so stable that over-all oscillator performance
depends mostly on the crystal. A Schmitt trigger makes an excellent interface for using the oscillator to drive TTL devices.
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Varistor voltage divider
improves receiver agc

by M.J. Salvati
Sony Corp. of America, Long Island City, N.Y.

Adding a varistor to the automatic gain-control circuitry
in a communications receiver is a simple way to im-
prove output-signal leveling. The varistor and a fixed
resistor make up a variable voltage divider that is
placed between the rf amplifier and the agc rectifier.

This arrangement improves the effectiveness of the
age circuitry because the percentage of the age voltage
applied to the controlled rf-amplifier stage varies in the
same direction as the input-signal level. Furthermore, at
low signal levels, this percentage is very small, allowing
the amplifier to operate at maximum gain for the best
noise-figure performance. The varistor agc, therefore,
provides the benefits of delayed agc (or manually
switching off the agc) without the abrupt discontinuity
in control characteristic of the latter technique.

When the agc voltage is at its highest level (for a
strong signal), the varistor’s resistance is low, causing
most of the agc voltage to appear across resistor Rj.
This provides maximum gain reduction. When the agc
voltage is at its lowest level (for a weak signal), the vari-
stor’s resistance is high and only a small agc voltage ap-
pears across the resistor, producing very little gain re-
duction.

The resistance values of the varistor and the resistor
are selected so that the varistor is about half the value
of the resistor when the agc voltage is at its maximum
level (for the largest expected input signal). This selec-
tion will provide the best receiver output-signal leveling
for inputs ranging from 1 to 1,000 millivolts and the
best receiver noise figure (because of nearly complete
agc turnoff) for inputs below 10 microvolts.

TYPICAL FET rf AMPLIFIER
Al

|
INPUT
SIGNAL
= T /1
T

VARISTOR

AGC
RECTIFIER

Varistor agc. Variable voitage divider formed by a varistor and a
fixed resistor gives the advantages of delayed automatic gain control
without any abrupt discontinuities. The varistor resistance becomes
low for strong signals and high for weak signals, thereby varying the
agc voltage applied to the controlled rf-amplifier stage. The scheme
enhances receiver sensitivity and improves output-signal leveling.

The resistance values actually chosen for the varistor
and resistor will depend on the signal levels available at
the agc rectifier. In general, resistor Ry will be about
2 megohms for vacuum-tube receivers and about 100
kilohms for semiconductor receivers. Since the time
constant of the agc filter formed by the varistor, the re-
sistor, and capacitor C; changes with signal level, the
value of the capacitor should be chosen for adequate fil-
tering of modulation variations when the varistor resist-
ance is half the value of the resistor.

When included in all the controlled stages (along
with the rf amplifier stage) of a semiconductor receiver,
varistor agc can improve receiver sensitivity by 3 deci-
bels, halve the decibel change in receiver output for a
given change in input level, and increase the receiver’s

Regulating high voltages
with low-voltage zeners

by Glen Coers
Texas Instruments, Components Group, Dallas, Texas

A regulator for a high-voltage power supply can be
built with a low-voltage zener acting as the reference-
voltage source. The output of this regulator circuit can
be adjusted between 50 and 250 volts, and regulation is
typically 0.5%. The circuit is particularly useful when
operational amplifiers cannot be employed because the
low-voltage positive and negative supplies needed to
power them are not readily available.

Zener diode D; supplies the reference voltage. It
should be chosen according to the temperature coeffi-
cient desired and the maximum current required. The
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absolute output level by 8 to 12 dB. O
|300V
100 k2 20 k8 % 2N3902
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Discrete-component regulator. High-voltage power-supply regu-
lator produces output of 50 to 250 volts at a typical regulation of
0.5%. A low-voltage zener, D,, provides the reference voltage, es-
tablishing the circuit's current output and its temperature coefficient.
The field-effect transistor, Q,, allows large-value low-wattage resist-
ors to be used for R; and Rz, thereby minimizing loading.



REGULATOR PERFORMANCE

INPUT VOLTAGE OUTPUT VOLTAGE

LOAD CURRENT OUTPUT VOLTAGE

270 V 199.2 V
} A=30V }A=1.2V
300 V 200.4 V
} A=30V }A=0.8V
330 V 201.2V

0 mA 200.3V
}A=50mA }A=0.3V

50 mA 2000V
}A=50mA }A=0.5V

100 mA 1995V

field-effect transistor, Qq, allows resistors Ry and Rz to
have high values so that output loading can be kept to a
minimum and low-wattage resistors can be used. If
these resistors were connected directly to the base of
transistor Q2, the circuit would provide poor regulation
and have a high dynamic output impedance because of
Q¢2’s low input impedance.

The regulator’s output voltage can be written as:

Vo = (VDl + Vge + VGS)(Rl + Rz)/Rl
The open-loop gain of transistor Qz, which is equal to

67 decibels, is a function of the FET’s transconductance
and the circuit’s load resistance. The feedback factor, S,
for the regulator is:

,B = R1/(R1 +R2)
where R2 = 9R1
The closed-loop voltage gain, which equals 20 dB, can
be expressed as:

Ave = AV,/(1 - AVO,B)
And the gain with feedback becomes:

More applications
for the 741-type op amp

by Edward Beach
McGraw-Hill Continuing Education Center, Washington, D.C.

The large common-mode rejection ratio of the popular
741-type op amp makes it possible to realize a variable-
gain amplifier and even an analog switch quite inexpen-
sively. The gain of an op amp can easily be changed by
varying the proportion of the signal applied to both its
inputs. If equal signals exist at each input, there is no
output because of the op amp’s common-mode rejec-
tion, but applying more signal to one input than the
other will result in useful gain.

For the variable-gain amplifier of (a), resistors R; and
R; are selected in the usual manner—with regard to the
required input impedance (R:/2 in this case) and over-
all gain (-R2/Ry). Feedback resistor Rz may have to be
trimmed to provide maximum attenuation when the
gain-control resistor, Rs, is set to its maximum value
(Rz = R2). In practice, the voltage gain can be varied
from zero to -R2/R; as the gain control goes from max-
imum to zero, and there will be no shift in the dc out-

ut.

P The circuit can also be used as an analog switch, as
shown in (b). For this application, however, there are a
few restrictions. The output must be capacitively
coupled, the input signal must be less than 1.2 volts
peak to peak, and the amplifier must be set up for unity
gain (R; = Rz = Rj). But within these limitations, the
circuit makes an excellent analog switch.

When a logic 1 (2.4 to 4 V) is applied to the digital
control input, the transistor saturates, -effectively
grounding resistor Rs to give an attenuation of 70 to 90
dB. As the transistor turns on, the op amp’s noninvert-
ing input goes to approximately 0.6 v dc, causing the dc
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Handy circuits. Everyday 741-type op amp can be used as a vari-
able-gain amplifier (a) or an analog switch (b). Only four external re-
sistors are needed for the amplifier circuit, which maintains the same
dc output as the gain is varied. For the analog switch, the op amp
passes the input signal when the digital control line is grounded. The
741’s large common-mode rejection permits it to perform well.

output voltage to also be 0.6 v and making an output
coupling capacitor necessary.

A logic 0 (ground) input turns the transistor off, al-
lowing the op amp’s noninverting input to float so that
the signal passes through the amplifier. If the signal be-
comes positive enough to forward-bias the transistor’s
base-collector junction, the output signal will be dis-
torted on positive peaks. O



TTL interface circuit
synchronizes computer clock

by Jim Crapuchettes
Stanford University Medical Center, Stanford, Calif.

A clock-synchronization circuit for computer interfacing
allows the counter of a continuously running real-time
clock to be read by the computer when the counter is
not changing. The circuit requires only two TTL IC pack-
ages. The normal approach is to use complicated cir-
cuits requiring a latch or flip-flop for each bit of the
clock counter.

There are only two restrictions on the two-IC clock-
synchronization circuit: the computer processor must
have time states available for the circuit, and the longest

cycle time for the processor must be shorter than the
period between two successive pulses from the system’s
clock-pulse generator.

Essentially, this simple circuit (a) forces the clock into
synchronization with the processor, rather than trying to
synchronize the processor with the clock. This is done
by letting the contents of the clock counter be changed
only during that portion of the processor cycle in which
the counter cannot possibly be read by the processor.

This particular synchronization circuit is designed for
the PDP-8/E minicomputer with an external 1/0 bus
option, which is made by Digital Equipment Corp. of
Maynard, Mass. The circuit can also work directly from
DEC’s Omnibus bus design, and it can be applied di-
rectly to DEC’s PDP-8/1, PDP-8/L, and PDP-12 mini-
computers.

The processor cycle, which is drawn in (b), is split into
four time states, TS1 through TS4. Two of these time
states, TSI and TS3, are brought out from the processor

BTS1
1N914 f
82 pF
MONOSTABLE —, 74121 1
FLIP-FLOP 7400 -
QF
A r—D:_D OUTPUT
E:@ T R; Q (NORMAL)
>< —
DR s
DEC ol 2 @0——[ Ga OUTPUT
CLOCK
MODULE , 7400 7400
K2 H2
| —-l L—“——J l— (A)
50 ns L—
150 pF
20us cLocK
PULSE TO PROCESSOR
GENERATOR
BTSI BTS3
TS1 152 TS3 TS4 .
| | SYNCH CONTROL 12817 [~
55 s CIRCUIT GATE COUNTER | — -
'y FLAG
250 ns 350 ns L CO/I\wEOL
300 ns—€— Of —prt—— 10 —«—300ns—> T TTT === 777 Llocic
450 ns 3 us
1287 |
PRESET [*7 ]
(B) (€)
FROM PROCESSOR

Reading out data. Synchronization circuit (a) forces real-time counter clock to be in step with computer processor so that data is read only
when the counter is not changing. The delay, time state TS2, in the processor’s timing cycle (b) between counter changes (TS1) and the exe-
cution of I/0 instructions (TS3) is used. Block diagram (c) of real-time clock indicates where sync circuit goes.
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on the 170 bus as buffered time states, BTS1 and BTS3.
All 1/0 instructions are actually executed during TS3,
and there is a minimum delay of 250 nanoseconds be-
tween TS1 and TS3. Therefore, as long as the contents
of the clock counter changes only during TSI and all
carries across the counter are finished in less than
250 ns, the counter changes and the computer readouts
cannot overlap. The diagram (c) of the system’s real-
time clock shows the circuit’s location.

A pulse from the clock-pulse generator sets the R-S
flip-flop formed by gates G; and G2. The next occur-
rence of time state TS1 (it may be occurring when the
flip-flop is set) will trigger the monostable multivibrator.
(The 74121 is used here because it produces a fixed-
length pulse or none at all, contains part of the neces-
sary gating, and has complementary outputs.) The
diode, which is between the monostable and ground,
prevents undershoot from the BTSI line of the 1/0 bus.

The Qpulse output from the monostable resets the
flip-flop. To be sure that the flip-flop will always be reset,
the duration of this Qpulse must be longer than the du-
ration of the pulse from the clock pulse generator. Since
this clock pulse is 50 ns, an 82-picofarad capacitor is
added to stretch the monostable pulse to about 100 ns.

The flip-flop has no provision for initialization to the
reset state, but it will be set correctly within one cycle of

the processor. Initialization is necessary only if the clock
control gating is between the clock-pulse generator and
the synchronization circuit.

Gates G3 and G4 are needed if the clock must con-
tinue to run even when the processor is in the halt
(pause) state and if the processor does not halt in the
time state used for clock counting. In the case of the
PDP-8/E, the processor halts in TS1, so these gates are
not needed.

When used, they cause the pulses from the clock gen-
erator to be gated directly to the circuit’s output if the
flip-flop is set. As soon as the processor returns to the
run state, the flip-flop releases the pulse it has been
holding, triggering the monostable and allowing the
normal sequence to continue.

The correct number of pulses, therefore, always
passes through the circuit, whether the processor is run-
ning or not. The only difference will be a long pulse
period when the processor is halted and a short pulse
period when it continues.

It should be noted that the same synchronization
technique could be used with a computer that has only
one time state brought out to peripherals. The trailing
edge of that time state could be used to trigger a mono-
stable whose output pulse would perform the same func-
tion as the BTS1 pulse of this circuit. O

Analog-to-digital converter
produces logarithmic output

by Ronald Ferrie

Communications & Controls Co., Pittsburgh, Pa.

When the logarithm of a signal voltage must be con-
verted to a digital number, a log converter is normally
used in conjunction with an analog-to-digital converter.
But the circuitry involved becomes much simpler if the
a-d converter is made to perform the log conversion it-
self. The resulting digital log converter has a two-dec-
ade dynamic range that can be set over a wide range of
voltage levels.

In the circuit, a START pulse sets flip-flop FF; and re-
sets the counter to zero. This action closes switch S; and
opens switch S,. (Field-effect transistors are used for
these switches.) The unknown input voltage is now ap-
plied to the integrator, charging capacitor C through R;.

The reference voltage for the comparator is initially
set at zero. As the output voltage from the integrator
passes through zero, gate G is enabled so that pulses
from the oscillator enter the counter at frequency f,.

When the counter is filled (N pulses accumulated),
the next pulse causes the counter to return to zero and
to generate a carry-out pulse that resets flip-flop FF;.
This opens switch S;, disconnecting the input voltage
from the integrator, and closes switch Ss, causing ca-
pacitor C to discharge through resistor Rz. Also, the
comparator reference voltage becomes Eg.

The integrator’s output voltage decays until it reaches
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the comparator reference of Er. This decay period is:

tx = RoCln (Eo(pk)/ER) = RyC ln(EiN/R1Cf0ER)
At time ty, the comparator output goes to zero, inhib-
iting gate G; and terminating the count. During the de-
cay period, pulses still enter the counter at frequency f,
and accumulate for a count of:

Ny = foty = fuR2C In(EiN/R;Cf,ERr)
Since time tx began with the counter set to zero, this
equation represents the total count stored at the end of
the decay period. The expression can be rewritten as:

Nx = Ko In(Ei/K;) -

where:
Ko = fLR:C
Kl = R1CfoER/N
a = Ko In(K;)

The second equation for Ny shows that the number
stored in the counter at the end of the cycle is propor-
tional to the logarithm of the input voltage minus a con-
stant term, «. The plot of output count versus input
voltage shows two typical performance curves for differ-
ent values of Ko and a.

The log converter nominally has a two-decade dy-
namic range, which can be extended to about three dec-
ades easily and to about 3.5 decades with some diffi-
culty. This dynamic range can be set at almost any
voltage level, depending on the components selected.
The low-voltage limit is primarily determined by the
drift and offset voltage of the integrator op amp. And
resistor voltage ratings limit the high-voltage level.

Typically, a two-decade log converter built this way,
and having an « value of zero, will accept inputs of 1 to
100 volts, producing an output pulse count of 0 to 460.
For such a converter, N = 1,000, f, 50 kilohertz,
R; = 100 kilohms, and C = 2 microfarads. O
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Digital log converter. Modified a-d converter provides logarithmic output over two-decade dynamic range. Integrator capacitor C charges
from input voltage until counter accumulates N pulses. When counter resets and begins to count again, the capacitor discharges until in-
tegrator output reaches comparator reference Er. Converter's output for this decay time, t,, is proportional to the log of the input.

Analog multiplier/divider
simplifies frequency locking

by Moise Hamaoui
Fairchild Semiconductor, Mountain View, Calif.

In phase-locked loops, servo systems, and TV receivers,
it is often necessary to lock two different frequencies to-
gether. The conventiondl method is quite cumbersome.
First the higher of the two frequencies is divided down
to a value close to that of the lower frequency. Then a
signal that is proportional to the difference between the
stepped-down frequency and the low frequency is gen-
erated. Lastly, this signal is used to adjust the high fre-
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quency so that it is locked to the low frequency.

The analog multipler/divider shown, however, locks
the two frequencies in one step. The block diagram il-
lustrates how the circuit accepts pulses of frequency fi,
and generates pulses at frequency four = Mfin, where M
is a constant determined by the designer.

Dc voltages V; and V; are proportional to the two
frequencies to be locked together:

Vi = Kifia

Vo = Kofout
The output voltage is the difference between these two:

Vout = A(Vl - VZ) = A(Klfin - K2fout)
where A is the gain of the differential amplifier. The
output frequency is given by:

fout = KVour = KA(Kifin - Kefout)
which can be rewritten as:

(Klfin - Kzfout)/ four = 1/KA



As amplifier gain A becomes very large:
Klfin - I(Zfoutg 0
Solving for fout yields:

By varying K; and Ky, then, the input frequency can be
multiplied or divided by any factor. For the hardware
implementation shown, either fi, or fout may range from

four = (K1/K2)fin = Mfin 30 hertz to 10 kilohertz. O
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Step saver. In single operation, analog multiplier/divider locks two different frequencies together. Differential amplifier accepts voltages V,
and V., which are proportional to the frequencies to be locked. Varying the constants, K; and K, multiplies or divides the frequencies.

Quad NAND gate package
yields two-frequency clock

by Howard L. Nurse
Applied Technology Division, Itek Corp., Palo Alto, Calif.

Crystal-controlled clock oscillators generally require
three logic gates to produce a single output frequency.
This means that the fourth gate in the common quad-
type gate package is not used. But, with just a couple of
extra parts, that fourth gate can be put to work.

The two-frequency crystal clock in the diagram takes
maximum advantage of a quad TTL NAND gate package
with a minimum of external components. And this eco-
nomical circuit can be remotely programed by ground-
ing one of its three input lines.

With input A grounded, the circuit oscillates at the
frequency of crystal A. With input B grounded, it oscil-
lates at the frequency of crystal B. If input C is
grounded, the circuit is inhibited.

The TTL-compatible output of this two-channel clock
is a 40% square wave when either input A or input B is
grounded. With the low-power TTL NAND-gate package
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i ‘—1 ))_:D‘*—
INPUT C iDe OuTPUT
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Two for the price of one. Dual-frequency crystal-clock oscillator uti-
lizes all four gates in a quad package, whereas conventional single-
frequency oscillators make use of only three. This inexpensive circuit
can be remotely programed by grounding input A to operate at the
frequency of crystal A or by grounding input B to oscillate at crystal
B’s frequency. Grounding input C inhibits the circuit.

used here, operating frequencies in excess of several
megahertz can be achieved. O
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Capacitor corrects drift
for analog data amplifier

by Charles Walton*

IBM Corp., Systems Development Division, San Jose, Calif.

Inserting a capacitor in the gain control feedback path
of an analog data amplifier can provide automatic off-
set voltage drift correction. The drift voltage is stored on
the capacitor and held to 0.1 microvolt/°C.

The gain of the amplifier circuit (a), which is intended
to operate in conjunction with a multiplexer, is select-
able. Junction field-effect transistors are used to imple-

*Now with Proximity Devices Inc., Sunnyvale, Calif.
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ment the gain control. Their gate voltage is provided by
a resistor network that allows the gate voltage to track
the signal voltage so that errors due to gate leakage cur-
rent are €liminated.

Between multiplexing cycles, transistor Q; conducts,
grounding the amplifier input, and transistor Q. also
conducts, making amplifier gain equal to unity. As a re-
sult, the amplifier’s dc offset voltage occurs at its output,
as well as at its positive input and at the top of storage
capacitor C. The other side of the capacitor may be
grounded. Or, if resistor R, is relatively small compared
to the sum of the other feedback resistors, Ry through
Rs, as is usually the case, then turning on transistor Qs
effectively grounds capacitor C. The capacitor behaves
as a battery during the ensuing amplifier cycle. Its value
is not critical, but should be reasonably large.

To amplify input signal ey, transistor Qx; is turned
on, and one of the feedback ratios () is chosen by se-
lecting transistor Qs, Q4, or Qs. The feedback signal
(eof) is added to the drift-corrected signal and ampli-
fied by the factor, 1/8. For example, if input ey; is zero
and transistor Qq is selected for the desired gain, both
amplifier inputs will be equal to the drift voltage and
will be of the same polarity. The amplifier’s output will
then be essentially zero. In fact, even if the drift voltage
is as substantial as 100 millivolts, the amplifier’s output
will still be kept within a few microvolts of zero by the
circuit.

The primary source of drift error is temperature ef-
fects at the amplifier’s input. Other sources are compo-

Automatic zeroing. Analog data amplifier (a) holds drift to +0.01
uV/°C by storing offset voltage across capacitor C. JFETs are used
for signal switching and gain selection. With circuit (b), the drift stor-
age capacitor can be kept out of the feedback path. JFET gate drive
circuit (c) is derived from amplifier output, permitting gate voltage to
track signal voltage and preventing gate leakage current errors.
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nent aging, power supply variations, and the offset of
subsequent amplifier stages. But all these effects are
slow compared to the amplification cycle time (200 mi-
croseconds, in this case). Therefore, the data system
simply needs to adjust the stored capacitor voltage be-
tween amplification cycles or between a group of ampli-
fication cycles.

Placing bipolar transistors at the amplifier’s input, as
shown in (b), permits the correction capacitor to be kept
out of the feedback path. (In most applications, this is
only a minor advantage.) When transistors-Q; and Q.
are on, the amplifier places a voltage on capacitor C so
that the next amplification cycle is automatically cor-
rected for drift.

JFETs are used here for gain control, multiplexing,
and zeroing, rather than MOSFETs, because they have
more predictable control characteristics, need smaller
switching voltages, and cost less. Possible errors due to
JFET gate leakage currents can be avoided by utilizing
the gate drive circuit of (c).

When a JFET is conducting, its gate voltage need only
be within about 0.3 volt of its drain and source voltages.
If the gate voltage is slightly less than this, there is a

small increase (for an n-channel JFET) in the drain-
source resistance. If the gate voltage is slightly higher,
the silicon-diode characteristic of the gate-source junc-
tion prevents any error-sized current from flowing,

The gate drive circuit shown meets these JFET gate
voltage requirements by employing the amplifier output
to drive the gates, thereby allowing the gate voltage to
track the input signal. In the figure, the gate voltage for
transistor Q is obtained from the voltage divider
formed by resistors Rg; and Rgz. These resistors do not
have to have tolerances as tight as those of the feedback
resistors (+5%, as against £0.02%).

The high impedance of the gate drive resistors avoids
loading the amplifier output. There is a pair of divider
resistors for each value of gain. To turn off a gain con-
trol transistor, a bipolar transistor is turned on, holding
that JFET’s gate voltage sufficiently negative to keep it
off for all signals. Junction gate leakage current is typi-
cally below 100 nanoamperes, minimizing the possi-
bility of errors.

General-purpose JFETs can be used for the amplifier
circuit—ones having a source-drain resistance of 50 to
200 ohms. O

High-speed voltage-follower
has only 1-nanosecond delay

by O.A. Horna
COMSAT Laboratories, Clarksburg, Md.

When a voltage-follower is needed for isolation and/or
impedance transformation in fast analog circuits, a
simple emitter-follower can be made to give better per-
formance than an integrated operational amplifier. A
dual complementary emitter-follower overcomes the
disadvantages of the conventional emitter-follower—its
input-to-output offset voltage and its relatively low volt-
age gain. Propagation delay for this complementary cir-
cuit is less than 1 nanosecond.

The first emitter-follower, pnp transistor Q, drives a
second emitter-follower, npn transistor Qz, so that the
offset (emitter-base) voltages of these transistors are op-
posite in polarity. The dc voltage difference between in-
put and output terminals is therefore very small and
can be adjusted to almost zero with potentiometer P;.
Transistors Q; and Q. should make good thermal con-
tact with each other to compensate for the temperature
dependence of their emitter-base voltages.

Output transistor Q: is loaded by a variable current
source, npn transistor Qg, the base of which is connected
to the collector of transistor Q;. For a given bias current

Fast emitter-follower. Back-to-back emitter-followers, transistors Q,
and Q,, are complements, oausing their opposite-polarity offset volt-
ages practically to cancel. (Potentiometer P; permits fine offset zero
adjustment.) Transistor Qz is a variable-load current source, while
transistor Qq is wired as a diode for Qz's temperature compensating.
Scope display shows superimposed input and output signals.
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(25 milliamperes here), transistor Q. can then deliver
nearly twice as much current to the load as would be
possible with a constant-current source. The last transis-
tor, Qq, is connected as a diode to temperature-compen-
sate transistor Qs’s emitter-base voltage.

When the input voltage goes positive, the emitters of
transistors Q; and Q- also become positive. The current
through transistor Q; decreases, dropping the voltage
across resistor Ry as well as the current through transis-
tor Q3. The opposite action occurs for a negative input.

The voltage gain of transistors Q; and Qs can be
made greater than unity (between 1.1 and 1.2) by ad-
justing the resistance ratio of resistor R, to resistor R.
This compensates for the voltage gain of transistors Q,
and Q2, which is less than unity (between 0.9 and 0.95).
With an unloaded output, the circuit’s total stable volt-
age gain ranges from 0.985 to 0995, and the output
resistance is less than 1 ohm. (The output is protected
against short circuits by resistor R4.)

The scope trace shows the circuit’s input and output
voltages superimposed on each other. With a load re-
sistor of 50 ohms and an output voltage of +2.5 volts,

the circuit’s propagation delay is less than 1 nano-
second, and the rise and fall times are smaller than 2 ns
without overshoot. The maximum voltage swing is ¥4 v,
the bandwidth is approximately 200 megahertz, and the
slew rate is over 2 kilovolts per microsecond.

When the load resistance i$ less than 200 ohms, the
circuit’s transient response and the bandwidth can be
substantially improved by adding a speed-up capacitor,
Ci. However, under a no-load condition, when the load
resistance is 500 ohms or more, this capacitor can cause
the circuit to oscillate.

All four discrete transistors can be replaced by a
single quad package, Motorola’s MHQ6001, which con-
tains two pairs of pnp and npn transistors. Since these
transistors have a gain-bandwidth product of only
400 MHz, as opposed to 1 gigahertz for the discretes, the
circuit’s propagation delay and rise and fall times will
be three to four times longer.

For the bias currents given in the figure, the dc source
resistance, R;, must be less than 2 kilohms. The circuit’s
input resistance is greater than 50 kilohms for load
resistances of 50 ohms or more. O

Mark/space demodulator
employs active filters

by Michael J. Gordon, Jr.
Psynexus Systems, Wilmette, Ill.

If active filters are used instead of LC-tuned circuits, a
frequency-shift-keyed demodulator can be made
smaller in size and its performance improved. The ac-
tive filters eliminate the need for bulky and expensive
inductors. The circuit is designed for demodulating 110-
baud FsK data. It operates in the originate mode, where
a mark equals 2,225 hertz and a space is 2,025 Hz.

When a mark is received, filter B, which is tuned to

2,225 Hz, passes the signal while filter A attenuates it.
The outputs of the two filters are then converted to dc
and compared by an op amp that is operated in its
open-loop mode. Since the output of filter B is sampled
by the op amp’s noninverting input, the circuit’s output
transistor is kept in saturation so that the circuit loop is
closed. When the input frequency shifts to a space, filter
A passes the signal while filter B attenuates it, causing
the circuit loop to remain open.

To adjust the circuit, an audio signal is applied at the
mark and space frequencies, and the desired peak out-
put produced by varying the two 50-kilohm trimmers.
An approximate peak-to-peak voltage of 1.2 volts is re-
quired from a low-impedance source. O
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50 k2
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— ouTPUT
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50 k2
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1209 741 ——p _L
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Going active. Frequency-shift-keyed demodulator contains two active filters, saving space and improving performance over designs that use
conventional LC-tuned circuits. Filter A passes the space frequency of 2,025 hertz, while filter B passes the mark frequency of 2,225 Hz. The
op amp operates open loop, summing the filter outputs. For a mark input, the output transistor saturates so that circuit loop closes.
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Sampling regulator
controls motor speed

by Philip Dempster
Este Instruments, Inc., Richmond, Calif.

A permanent-magnet dc motor can serve as its own
tachometer for speed control, allowing considerable cost
savings to be realized over an expensive motor-tach-
ometer unit. Sampling is employed in the motor-speed
regulator shown to eliminate the errors and uncer-
tainties introduced by the motor’s armature and brush
resistances. Motor speed can vary over a 20:1 range.
During positive half cycles of the input, the trans-
former’s secondary voltage drives transistor Q1 through
diode D;. During negative half cycles of the input, this
drive power is removed, and the motor’s back emf is
compared to reference voltage Vr. Any resulting error

signal is applied to the inverting input of amplifier A;.

For a portion of each negative half cycle, transistor
Q: is switched off by the transformer’s secondary volt-
age, causing field-effect transistor Qs to conduct. The
amplified error signal at the output of A; can then be
transferred to capacitor C;, where it is stored until the
following sampling period. During the next positive half
cycle of the input, this stored error signal is amplified
again (by amplifier Az) and then applied to the motor to
correct any speed error that may exist.

Diode D2 decouples the motor from the drive cir-
cuitry during each sampling period to prevent errors
from being introduced in the sampled voltage. Two RC
filters—one formed by resistor R; and capacitor Cy, and
the other by resistor R and capacitor Cz—are intended
to reduce brush transients. The RiC; filter has the
longer time constant of the two and is located after FET
Qs to avoid degrading the recovery time of amplifier A.

Resistor R3 controls the gain in the feedback loop. Its
value should be chosen to provide the highest possible
gain while preserving good loop stability. O

Motor-speed control. Sampling regulator circuit permits motor speed to be varied over 20:1 range. For portion of negative half cycle of the
input, the motor’s drive power is removed so that the motor’s back emf can be compared to reference voltage Vr. Any resulting error is
stored across capacitor C; until the next positive half cycle of the input. The error voltage is then applied to the motor for speed correction.
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Digital transient suppressor
eliminates logic errors

by Christopher Strangio

Villanova University, Villanova, Pa.

In digital systems, switching transients occur most often
when there is a transition from logic 0 to logic 1 or from
logic 1 to logic 0. These transients can introduce errors
if their amplitude is large enough to exceed the logic 0
maximum voltage or the logic I minimum voltage. Er-
rors are particularly likely to occur at mechanical-to-
electrical couplings, as in switches and relays.

The simple digital circuit in the diagram can elimi-
nate these unwanted transients. Initially, the input is
low, and the latch and the two monostable multivibra-
tors, MM; and MMy, are reset. On the first positive-
going edge at the input, gate G is enabled, triggering
MM; and making its Q output go high. This sets the
latch so that gate G; becomes inhibited and the output
goes high. Since gate Gg is also inhibited after MM; is
triggered, the input is now blocked both from the latch
and from the two monostables. After the first positive-
going edge, then, any positive-going transients at the in-
put will have no effect on the output.

The period of monostable MM; determines how long
positive input transients are prevented from affecting

the state of the output. This period should be adjusted
to be slightly greater than the longest possible turn-on
transient. When the Q output of MM; goes low at the
end of the timing period, the next negative-going input
transition enables gate Gg, triggering monostable MM,
and resetting the latch so that the output goes low.

As long as the input remains high, the latch stays set
and the output will continue to be high. The first nega-
tive-going edge at the input enables gate Gg, causing
the Q output of monostable MMz to go high. This resets
the latch so that gate G, becomes inhibited and the out-
put goes low. Since gate G; also becomes inhibited once
MM; triggers, the input is again blocked. All negative-
going fransients will now be prevented from changing
the output logic state.

The period of monostable MM establishes the length
of time negative transients at the input are stopped
from reaching the output. The monostable timing pe-
riod should be slightly greater than the longest possible
turn-off transient. The output will remain low after the
timing cycle of MMz is complete, provided that the in-
put remains low.

With the components shown, this digital transient
suppressor will be triggered by transients as short as 85
nanoseconds. The circuit can be adjusted to block tran-
sients that are between 100 ns and 2 seconds wide, oc-
curring after the initial leading or trailing edge at the in-
put. Voltage excursions below O volts are handled by
the clamping diodes found in most TTL packages; ex-
cursions above 5.5 vV may be clipped with a zener. O

Transient suppressor. Both positive-going and negative-going logic transients are prevented from causing output errors by this digital sup-
pressor circuit. Timing period of monostable MM; fixes the maximum width of positive transients that will be blocked, while the period of
monostable MM, determines the maximum width of negative transients. The timing diagram shows waveforms for several key circuit points.
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Counter and decoder/driver
produces staircase voltage

by Donald F. Dekold
Santa Fe Community College, Gainesville, Fla.

Generating staircase voltage waveforms is easy if some
of the newer TTL MSI devices are used. Only two IC
packages are needed—a decade counter and a 1-of-10
decoder/driver. Up to 10 distinct staircase voltage steps
can be generated, and the steps can be made quite
large, up to 65 volts dc, before exceeding the output
breakdown limitations of the decoder/driver. The cir-
cuit is useful as a building block in a curve tracer or a
low-resolution analog-to-digital converter, and in con-
trol applications requiring the sequential stepping of
voltages.

Resistive voltage division is employed (only one out-
put of 10 is on at a time), rather than op-amp summing
techniques. This allows the steps to be generated at a
rather faster rate than would be possible with an op
amp, which is hampered by its slew-rate limitations.

The step levels need not advance with equal increments
(or decrements), but can be programed by selecting the
proper resistors in the voltage divider network. How-
ever, loading effects must be considered when designing
for the output levels wanted.

The circuit in the diagram generates a seven-level
staircase output, increasing from 2 to 14 v dc in 2-V in-
crements. The eighth negative clock transition produces
a logic low at the corresponding decoder/driver output,
Q~, which resets the counter to zero via the transistor
stage. (Without this reset transistor, the counter would
automatically reset to zero at the end of the 10th clock
cycle.) On the first count, the generator’s output is taken
from the decoder/driver’s Qo output and is 2 V dc, a
typical value for the decoder/driver when it is sinking a
S-milliampere current.

The generator may accept clock frequencies as high
as 10 kilohertz, but the transition-time transients that
will occur between each output step make the capacitor
shown necessary. Although the capacitor provides
smoother step transitions, it limits the maximum oper-
ating frequency. O

Two-package stepper. Staircase output generated by decade counter and 1-of-10 decoder/driver can have up to 10 voltage steps, each
step being as large as 65 volts. The resistor voltage divider network scales the outputs of the decoder /driver to the desired step sizes. Clock
frequencies can be as fast as 10 kilohertz. The capacitor smooths the output transients that may occur at the clock transitions.
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Binary input determines
pulse-generator frequency

by Mahendra J. Shah
University of Wisconsin, Madison, Wis.

A digitally programable pulse generator for computer-
controlled test systems and real-time control systems
can be put together quite economically. The generator’s
output frequency is linearly related to the input binary
number, and its output-pulse width can be varied over a
20:1 range by manually adjusting a potentiometer.

The circuit consists of: a low-cost 8-bit digital-to-
analog converter having a current output; an integrated
one-shot and its reset circuitry (transistor Q,, resistors

R1, Rz, and R, and capacitor C;); an op-amp integrator
(including emitter-follower Q2, resistor R4, and capaci-
tor Cz); and a zero-crossing comparator (transistor Qs,
diode Dy, and resistor Rs).

With transistor Q off and transistor Q. on, the out-
put current from the converter linearly discharges ca-
pacitor C; to almost zero, turning transistor Qz off. This
causes Q3’s collector voltage to rise toward the 5-volt
supply level, firing the one-shot and causing its Q out-
put to go high. Reset components Ry, Rs, and C; differ-
entiate this output transition, producing a positive pulse
at the base terminal of transistor Q; and turning this de-
vice on.

For the interval (recovery time Tg) that transistor Q;
remains on, capacitor C, charges to its maximum volt-
age. Transistor Qq then turns off, permitting the cycle to
repeat. Meanwhile, the one-shot completes its timing
cycle and generates a pulse of width Tp.

Digitally variable. Pulse generator offers adjustable output frequency and output pulse width; pulse frequency changes linearly with the
binary input. When transistor Q; is off and transistor Q, on, converter output current discharges integrator capacitor C, until transistor Qg
turns off. This triggers the one-shot, producing an output pulse and turning on transistor Q; so that capacitor C, can charge up.
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The length of reset interval Tr depends on the thres-
hold voltage of transistor Q, the desired output-signal
amplitude, and the time delay provided by resistors Ry,
R2, and Rs, and capacitors C; and C,. The total output
period is given by:

Tr = G Ve2max/Io
where:

Io = kNVCC
where k is a constant (0.68 micromho), and N is the in-
put binary number. The output-pulse frequency can be
written as:

f=1/(Tr+Tr)

When the recovery time is much smaller than the total
period, as is the case here, the output frequency for the

pulse generator can be approximated by:

f = kN/C
which is linear with respect to input number N, as indi-
cated by the plot. Output-pulse width is variable and is
given by:

Tp = 069R6C3
The largest value of Tp is limited by the one-shot’s re-
covery time, as well as by the fact that Tp should be
greater than the recovery time but smaller than the total
period.

Diode D, prevents the base-emitter voltage of transis-
tor Qs from exceeding its reverse breakdown rating.
Diode D; protects the d-a converter from possible dam-
age from a large negative voltage at its output. O

Automatic gain control
operates over two decades

by Carl Marco
Martin Marietta Corp., Orlando, Fla.

A voltage-controlled junction-field-effect transistor
permits an automatic-gain-control circuit to maintain a
constant output voltage over a two-decade input-volt-
age range. The resulting agc circuit is intended for use
in a radar seeker device to prevent amplifier overload as
the target gets closer. Inputs can range from 40 milli-
volts to 4.1 volts peak-to-peak, but the output remains a
nominal 0.2 v pk-pk.

As shown in the diagram, the JFET is located in the
gain-control loop of noninverting amplifier A;. The
gain of this amplifier can be represented by:

Av =1 + Rg/R;
where R is the series combination of the 1-kilohm re-
sistor plus the FET’s drain-source (channel) resistance:

I4s ® Tason)/ (1 — Vas/ Vasotn)

For the FET used here, r4sen) 1S 25 ohms maximum and

Vesom 18 —-10 v maximum. The channel resistance,
therefore, stays linear for about half the range of
Vasotr), but tends to become nonlinear at voltages above
%2Vastry because of the FET’s departure from square-
law behavior at high gate-source voltages. Amplifier
gain can then be rewritten as:

Av = 1 + (110 kQ)/[(1 k) +(0.025 k€2)/

(1-1Vgsl/710)]

Av =1+ 110/[1+0.025/(1 - IVgs!/10)]

The voltage divider formed by resistors R; and R at-
tenuates (by around 20:1) input signal amplitude to
prevent distortion at the output. Since the inverting in-
put of amplifier A; tries to track its noninverting input,
the positive input is the one that determines the FET’s
drain-source voltage. This channel voltage must be kept
small to force the FET to remain in its triode region of
operation. A shift in the FET’s operating region would
introduce large amounts of distortion.

Amplifier Az is connected as a half-wave rectifier.
When Ay’s output swings positive, diode D; conducts,
shunting A»’s feedback resistor (R3) and bringing the
junction of this resistor and diode D2 to zero. When A+’s
output goes negative, diode D2 conducts so that ampli-
fier Az has a gain of -1 and a positive output.

Resistors Ry, Rs, and Rg provide full-wave rectifica-
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tion for A:’s output signal. Since the resulting rectified
signal is supplied from a high-impedance source (and
not buffered as is usually done), it is a current drive sig-
nal that can feed amplifier A3 directly. When the circuit
is balanced, the current through resistor Rz is equal in
magnitude but opposite in polarity to the full-wave rec-
tified current.

The voltage divider, composed of zener diode D3 and
precision resistors Rs, Rg, and Rio, determines the sig-
nal level applied to amplifier As. This amplifier per-
forms as a comparator/integrator, supplying the very
large dc gain needed for the circuit’s closed-loop feed-
back. Capacitor C; prevents A;’s output from oscillat-
ing, while resistor Ry; allows filter capacitor Cz to be
added without creating a “virtual” ground at A3’s input.

Capacitor Cz prevents ac ripple from modulating the
FET’s gate voltage and producing distortion. Its value is
chosen by trading off circuit-response time against the
amount of filtering. Only a small change in Aj3’s input
current causes the circuit to adjust itself, producing
whatever agc voltage is required to maintain an output
of 0.2 v peak-to-peak.

When input-signal amplitude increases, the drive cur-
rent to amplifier A3 also increases, causing As’s output

to go more negative. This raises the FET’s channel resist-
ance and decreases Ay’s gain, thereby maintaining the
output level at 0.2 v pk-pk. An input voltage of 4.1 v
pk-pk or higher cuts off the FET, making the voltage
gain of A; equal to unity. Amplifier A; then tracks the
input, attenuating it by a factor of 20. At an input level
of 4.1 v, output distortion is only 1.1%.

For an input below 40 millivolts, the drive current to
Az becomes negative so that Az provides a positive out-
put, back-biasing diode D4 and bringing the FET’s gate-
source voltage to zero. The gain of amplifier A; is then
at its maximum value (1 + 110/1.025 = 107), permit-
ting the circuit to track the low-level input and produc-
ing an output of 5.35 Vi,

The circuit’s output-voltage level can be increased to
0.4 v pk-pk, for an input voltage range of 80 mv to 8.2 v
pk-pk, by changing the voltage division at the compara-
tor input—resistor R7 is connected between resistors Rs
and Ry, rather than between resistors Rg and Rio. How-
ever, this change increases output distortion to 4.4% at
the 8.2-v input level. O

FET in the driver’s seat. Automatic-gain-control circuit employs voltage-controlled JFET as the variable control element. The FET's channel
resistance determines gain of amplifier A;, in response to error voltage produced by comparator Az. Amplifier A, and the surrounding
diode/resistor network perform as full-wave rectifier. The output is maintained at 0.2 volt for inputs from 40 millivolts to 4.1 V.
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Frequency discriminator
uses one-shot and flip-flop

by Peter Alfke

Fairchild Semiconductor, Mountain View, Calif.

A frequency discriminator that is accurate to within
about 3% can be built inexpensively with only two inte-
grated-circuit packages. The circuit, which is intended
for industrial-control and communications applications,
senses whether an incoming frequency falls within a
predetermined band, or if the frequency is lower or
higher than the band.

A dual retriggerable monostable and a dual flip-flop
are the two IC packages. The positive-going edge of the
incoming signal clocks both flip-flops and triggers the
first monostable, M;. When this monostable, which has
an “on” time of approximately 0.31R1C;, completes its
timing cycle, it triggers the second monostable, Mz,
which has an approximate “on” time of 0.31R2C..

For a low incoming frequency, both monostables
have completed their timing cycles before the next posi-
tive-going edge of the input occurs. The next edge, then,
sets flip-flop FF; and resets flip-flop FF2 (Q: and Q:
outputs go high), indicating that the incoming fre-
quency is below the design band:

fu = 1/[0.31(R1C1 +R2C>)]

If the input frequency is increased, the next leading
edge occurs while the output from monostable M is
still high, so that both FF, and FF; are set (Q; and Q.
outputs go high). This indicates the incoming frequency
is within the design band.

Increasing the input frequency further causes the
next leading edge to occur before monostable M; has
finished its timing cycle, beginning a new period for this
retriggerable monostable. The continuing output from
M, prevents monostable My from triggering so that
both flip-flops are reset (Q; and Q2 outputs go high).
This means that the incoming frequency is higher than
the design band:

fu = 1/0.31R1Cy

The time constant (about 100 nanoseconds) estab-
lished by resistor Rs and capacitor C3 makes the setup
time of flip-flop FF; longer than the trigger delay of
monostable Ms. This assures that FF; will change state
at a frequency that is slightly below, rather than above,
upper band limit fy, thereby avoiding ambiguous out-
put codes around fu.

The circuit’s frequency response is limited to a few
megahertz because of the inherent delays of the mono-
stables. Whenever the range of operating frequency
permits, type 96L02 monostables should be used be-
cause they offer better temperature stability than the
type 9602 devices..(The 74121 multivibrator cannot be
used here because of its duty-cycle limitations.) O

Monitoring frequency. A couple of retriggerable monostables and flip-flops can be connected as a fairly accurate low-cost frequency discri-
minator. Lower and upper band limits are determined by the monostables’ timing circuits. For in-band inputs, outputs Q, and Q; are high; for
low frequencies, Q; and Q; are high; and for high frequencies, Q; and Q; are high. The R3C3 delay avoids ambiguity at the upper limit.
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C-MQOS counting circuit
accumulates 27 pulses

by Robert M. Owens and Kenneth J. Hintz
Naval Weapons Laboratory, Dahigren, Va.

An easy-to-build counting circuit satisfies today’s in-
creasing need to monitor events or quantities over long
periods of time. The circuit, which consists of only five
ICs, can count to 270—that’s greater than a sextillion
(1 X 1021)! It can be used in any situation where a large
number of events must be counted.

Primarily, however, the circuit is intended to provide
the integral of temperature over a 30-day period by
counting the total cycles of a linear temperature-depen-
dent oscillator. It employs complementary-MOS ICs to
reduce power consumption to approximately 4.5 milli-
watts for a supply voltage of 9 volts. This allows the cir-
cuit to be left unattended in the field for periods of
longer than 30 days.

At first, the 64-stage static shift register is reset so that
its Q and the Q output of flip-flop FF; are high. The
DATA input of FF; is high until a sync (“add one”)
pulse is generated by the 6 output of flip-flop FF2 and
the divide-by-64 binary counter, at its Qg output.

As the sync pulse goes high, FFy’s DATA input goes
low. On the next clock pulse, then, FF1’s Q output goes

low, inverting the next bit in the shift register. Since the
shift register’s Q output is high, FFy’s DATA input re-
turns to its high state after the sync pulse occurs, and
the rest of the bits in the shift register are recirculated
unchanged. At its Q output, the shift register now con-
tains the serial information, 100 . . . 000.

On the next sync pulse, the first register bit is again
inverted, but since the register’s Q output is low, as is
FFy’s Q output, then FFy’s DATA input is held low, ef-
fectively implementing a “carry one.” This “carry one”
causes the second register bit to be inverted too. How-
ever, because the second bit goes from low to high (Q
output of the register goes high), FF1’s DATA input goes
high, causing FF1’s Q output to go high so that the rest
of the bits are recirculated unchanged.

The shift register now contains 010 . . . 000. The
next sync pulse starts the inversion process again, incre-
menting the register by one, and resulting in an output
of 110 . . . 000.

Essentially, the circuit provides a divide-by-n func-
tion, where n is the number of stages in the shift regis-
ter. Since the register can store n bits of information, the
circuit has an effective total count capability of 2* + n.
The total count can be varied by adjusting the register
length and by selecting the tap on the binary counter
that provides one sync pulse for every register cycle.

For this circuit, the total count is 279—a count that
would require 37.4 million years to achieve if the circuit
is clocked at a rate of 1 megahertz. The circuit’s resolu-
tion for this period would be £64 counts. O

A real old-timer. Low-power counting circuit can keep track of more than a sextillion input pulses—a count that would take over 37 million
years to attain at a clock rate of 1 megahertz. The circuit, which is made up of five C-MOS ICs, actually counts to 27, It “‘slows’" (for counting
purposes) the incoming pulse train by combining a divide-by-64 binary counter with a 64-stage static shift register.
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Simple logic arrangement
identifies first event

by Stephen Phelps
Santa Fe Community College, Gainesville, Fla.

An inexpensive, straightforward circuit is capable of de-
tecting and indicating which of four switches closes first.
This first-response discriminator, which costs less than
$5 to build, can be operated from a 6-volt lantern bat-
tery. Since it is made up of TTL integrated circuits, it can
resolve “ties” with nanosecond accuracy.

The circuit is useful in behavioral-science appli-
cations to determine the first response of any one of
four subjects, or in scientific studies where it is impor-
tant to pinpoint what event is occurring first. Another
application, one of more popular interest, is eliminating
ambiguity in various entertainment games by identi-
fying which player reacts first or quickest.

Each of the circuit’s four input switches, S; through
S4, is initially open, keeping NAND gates Gy through G4
inhibited. Flip-flops FF; through FF are initially reset
by applying a logic 0 to each RD input via switch Ss.

The Q output of each flip-flop is initially low, grounding
the base current of the lamp-driver transistors so that all
the lamps are dark. And the high Qoutput of each flip-
flop is applied to every NAND gate except the one asso-
ciated with its own flip-flop.

The first switch to close enables its respective NAND
gate, producing a low gate output, whose negative-go-
ing edge sets the corresponding flip-flop. The Q output
of that flip-flop then goes high so that the associated
lamp-driver transistor switches on and lights its lamp.
Meanwhile, the Q output of the triggered flip-flop goes
low, inhibiting the other three NAND gates and prevent-
ing the second, third, and fourth switch-closings from
propagating to the output.

Diode D; is a high-current silicon device that is used
primarily to drop the lantern-battery voltage to about
5.3 v to observe the limitation on TTL supply voltage of
5.25 v maximum. This diode also protects the logic in
the event of a reversal of power-supply polarity. If a 5-v
supply is used, the diode is not needed.

This first-response discriminating scheme may be ex-
tended to cover N inputs, as long as N N-input NAND
gates are used, and TTL loading rules are observed. [

- - >

Finding the first. Battery-operable logic circuit indicates which of its four input switches, S; through S, closes first. All the flip-flops are ini-
tially reset (by switch Ss) with their Q outputs low. The first switch to close enables its associated gate, which then sets the associated flip-
flop. This lights the appropriate output lamp and inhibits the other NAND gates so that the other lamps remain dark.
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Adding automatic zeroing
to analog-to-digital converter

by Tom Birchell
Advanced Electronic Controls, Fremont, Calif.

Automatic zeroing can easily be added to a counting-
type analog-to-digital converter by using up/down dec-
ade counters and a digital-to-analog converter to gener-
ate an error-correction signal. The automatic zero func-
tion can be especially useful in a-d applications
involving strain gages or other sensors where mechani-
cal considerations can cause minute-to-minute changes
in the effective zero point.

Normally, a zero-setting potentiometer must be ad-
justed constantly, but with the closed logic servo loop
shown, it is only necessary to depress a pushbutton
switch to produce the activating logic signal. Essentially,
the circuit employs the pulse train occurring at the serial
output of the counting-type a-d converter to generate

an error voltage. This error voltage is then fed back to
the offset-adjustment input of the a-d converter to cor-
rect this device’s zero setting.

Switch S; (which is optional) loads the four-bit syn-
chronous decade counters with a starting number for
calibration purposes. Here, the half-scale point of the
d-a converter’s output is chosen as the calibration num-
ber to obtain a symmetrical correction range. If the ex-
pected offset variations will occur predominately in one
direction, the calibration number should be selected to
optimize the correction range.

Once the decade counters are preloaded, switch S
initiates the correction cycle. When switch S is de-
pressed, the pulses from the serial output of the a-d con-
verter drive the decade counters either up or down, de-
pending on the error polarity, which is determined by
the sign bit. The output voltage of the d-a converter
changes accordingly, adjusting the offset input of the
a-d converter until no more pulses are produced at this
device’s serial output. The circuit is now adjusted to the
true digital zero point.

For this circuit, the nominal adjustment range is 7%
of the full range of the a-d converter. 0O

Eliminating offset error. Closed servo loop containing decade counters and digital-to-analog converter automatically zeroes the offset volt-
age of analog-to-digital converter. Pulse train from the a-d converter’s serial output is used to generate the error voltage. Depending on the
sign bit, the counters are driven up or down, adjusting the d-a converter’s output and, therefore, the offset input of the a-d converter.
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Boosting IC regulator current
with almost no power loss

by Don Kesner
Motorola Inc., Semiconductor Products Div., Phoenix, Ariz.

When the output current of a monolithic voltage regu-
lator is boosted by the addition of a series-pass transis-
tor, the regulator’s efficiency is usually lowered because
of the base-emitter voltage drop of the outboarded tran-
sistor. This added transistor voltage loss raises the in-
put/output voltage differential of the over-all circuit,
thereby causing a power loss.

The circuit shown, however, increases regulator cur-
rent capability without this power loss. The output pin
(pin 6 here) of the regulator is grounded so that the de-
vice’s internal series-pass transistor does not contribute
to the over-all input/output saturation characteristics.
With this bypass technique, the low voltage differential
of the IC alone can be maintained (typically at 1.5 volts
here).

For the regulator indicated in the diagram, the abso-
lute minimum differential is based on internal current-
source saturation and cannot be lowered, but it is usu-

ally large enough to prevent the external transistor from
saturating. Even with a type 2N3055 transistor as the
booster, there is no significant difference in the min-
imum voltage differential with or without current boost-
ing, and with or without a current-limiting resistor. ]

060 2N3055 ~15V, 1A
~Vin—rp ! ' Vour
>165V \L
MOTOROLA 100 uF
MC1463G ﬂ:
5 8 )
T 9
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3 3
10 —
— | | -
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Current boosting with minimal power loss. External series-pass
transistor increases current capability of monolithic voltage regu-
lator, but decreases power efficiency of over-all circuit. Grounding
regulator’s normal output terminal (pin 6) bypasses internal series-
pass transistor, maintaining over-all circuit's voltage differential (Vi
- Vour) at that of the IC alone and making power loss negligible.

Digital clock/calendar
offers dual-mode display

by Gregory A. Baxes
BaKad Electronics, Mill Valley, Calif.

Besides indicating whether the time being displayed is
a.m. or p.m., an easily assembled digital clock/calendar
features a choice of a 12-hour or 24-hour mode. Fur-
thermore, the calendar section has a switch for conve-
niently setting the number of days in the month. The
clock section, of course, also has a switch for selecting
either the 12- or 24-hour operating mode.

The entire circuit is built with TTL ICs, and the display
is made up of the seven-segment type of readout. MSI
devices—presettable decade counters—are used for the
units display of both the clock and the calendar. These
counters are preset by switch S; to reset to 1 in the 12-
hour mode and to 0 in the 24-hour mode. Conventional
decade counters are used for the tens display for both
the clock and the calendar.

Gates G; and G2 and inverters I; and I sense the
binary outputs of the clock counters, resetting both the
tens and units counters upon a “13 o’clock” pulse or a

“24 o’clock” pulse, depending on the operating mode.
Likewise, in the calendar section, gates G3, G4, and Gs
and inverters I3, I4, and Is sense the binary outputs of
both counters and reset the calendar upon receipt of the
“monthly” pulse chosen by the setting of switch S..

Gate Gg senses the “12 o’clock” output from the clock
counters, triggering the flip-flop and also advancing the
a.m./p.m. indicator. Gates G7 and Gs and inverter Ig
determine when a clock pulse reaches the calendar units
counter. In the 12-hour mode, the clock pulse will come
from the a.m./p.m. indicator; in the 24-hour mode, the
pulse is initiated by inverter Iz since this device resets
the clock tens counter at “24 o’clock.”

The reset pulse for both the clock and calendar units
counters is a logic high applied to the data strobe (Ds)
input of these counters. A reset pulse causes them to
strobe their data (Da, Dg, D¢, and Dp) inputs and, in
effect, to reset to either 1 or 0, depending on the oper-
ating mode.

Transistors Q1 and Q2 can be any small-signal pnp
transistor that can drive the light-emitting-diode
a.m./p.m. indicators. The 68-ohm resistor limits the cur-
rent to the LED that is currently lit. In the 24-hour
mode, the a.m./p.m. indicator is off. d

Convenient timer. Uncomplicated design for digital clock/calendar keeps the user in mind. The clock section can display time as either a
12-hour or a 24-hour period, depending on the setting of switch S;. In the 12-hour mode, the clock lights an LED lamp to indicate whether
the time is a.m. or p.m. The calendar section can be set, with switch S,, for the number of days in the present month.
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Precision triac trigger
has wide dynamic range

by Ronald Sans
Tampa, Fla.

Standard triac triggering circuits do not generally pro-
vide an input dynamic range that is broad enough for
precise driving of ac loads. But if the ac line is made to
synchronize a voltage comparator to a zero-voltage
switch, a triac trigger can be built to handle input sig-
nals over a 50-decibel dynamic range at frequencies of
10 hertz to 10 kilohertz. The circuit is useful whenever
the triggering parameters of a triac must be controlled
precisely, as for the currently popular light-box type of
music display.

The zero-voltage switch produces a 100-microsecond
pulse that begins 50 us before the line voltage reaches
zero. Every 8.3 milliseconds, therefore, an output pulse
from the zero-voltage switch passes through diode D; to
resistor Ry and capacitor C;. The leading edge of this

pulse charges capacitor C;, while the trailing edge dis-
charges C; through resistor Ri. The dynamic range of
the circuit is determined by the setting of resistor Rj.
(When R; is set to about 47 kilohms, the dynamic range
is approximately 30 dBm.)

Input signals of less than -30 dBm (0 dBm for a 600-
ohm reference) turn off the triac; signals equal to -30
dBm just turn on the triac; and signals of 0 dBm or
higher produce a full-power output. Since the circuit’s
output is based on the exponential discharge of capaci-
tor C;, the output power of the circuit varies logarith-
mically and depends on the values chosen for resistor
R1 and capacitor C.

The input signal is applied to the full-wave rectifier,
which is capable of accepting signals of less than -50
dBm. The rectifier produces a negative voltage that is
filtered by capacitor Cz and then fed to the inverting in-
put of the voltage comparator. Capacitor Cz determines
how much delay or damping there is; the higher the in-
put frequency, the smaller the capacitor can be.

A conventional Darlington amplifier is used as the
output trigger. A higher frequency response can be ob-
tained by using high-frequency operational amplifiers
instead. O

Driver for ac loads. Triac triggering circuit operates over wide dynamic range, providing precision control for an ac load like a music display.
Audio input power levels can range from -50 to 0 dBm. The setting of resistor R, determines the circuit’s dynamic range, while the value of
capacitor C, determines the circuit's damping factor. The circuit is synchronized to the ac line.
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Integrated multiplier
simplifies wattmeter design

by Donald DeKold

Santa Fe Community College, Gainesville, Fla.

A broadband wattmeter can be built simply and inex-
pensively with an IC multiplier as the heart of a power-
to-voltage transducer circuit that has an output voltage
that is directly proportional to the instantaneous load
power. The circuit’s frequency response extends from dc
to several kilohertz. When the output is applied to a
simple meter movement or a digital voltmeter, the cir-
cuit makes a complete handy power meter.

The maximum load power that the circuit can handle
while retaining its proportional output is 2 kilovolt-am-
peres; this power may be real or reactive. The max-
imum load voltage, eL(t), can be 400 volts, while the
maximum load current, i (t), can be 5 A. The trans-
ducer’s output voltage is given by:

Cout = KeL(t)iL(t)

where, for the design being shown here, K = 0.005
V/VA. Output voltage eou can vary from -10 to +10 v,
depending on what the instantaneous polarities and

Measuring power. IC multiplier produces output that is proportional to

magnitudes of the load voltage and load current are.

The circuit’s voltage and current ranges can be modi-
fied easily by simply changing two resistors—resistor Ry
for the current and resistor Rz for the voltage. Changing
the value of these range resistors also alters the value of
constant K, thereby producing a wattmeter of whatever
range is desired.

Load current is sensed by a current-shunt element,
resistor Ry, and is amplified by a factor of -20 as it
passes through operational amplifier A;. The output
from this op amp is applied to the V input of the multi-
plier. In this case, input Vx must not exceed *10 v, re-
stricting load current ir(t) to a peak value of 5 A.

Load voltage, which is derived from the voltage divi-
der set up by resistors Rz and Rg, is applied to the Vy in-
put of the multiplier. This multiplier input is also lim-
ited to +10 v, which holds load voltage to +400 v.

The output of the multiplier is a differential voltage
(from the Vow* and Vou~ terminals) that is propor-
tional to the product of inputs Vy and Vy. This output
depends on a number of factors: the magnitude and po-
larity of inputs Vy and Vy, the values of gain resistors Ry
and Ry, the values of multiplier load resistors Ry and
Rz, and the bias currents established by resistors Ry
and Rs and the supply voltages. For the component val-
ues shown, the multiplier’s output is approximately
V«Vy/10. (The proportionality constant may be varied
somewhat by trimming resistor Rs.)

the power being dissipated in the load. The circuit is a power-to-volt-

age transducer that can be used to measure power levels as high as 2 kilovolt-amperes by simply connecting its output to a meter movement

or a digital voltmeter. Since all offset voltages are trimmed to zero, fairly

accurate measurements can be made over the full output range.
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The differential multiplier output is applied to oper-
ational amplifier Az, which acts as a level shifter and
develops a single-ended output voltage. The signal gain
through this stage is -1. Resistor Rg permits Az’s offset
voltage to be adjusted to within a few millivolts of zero.

In general, when ac power is developed in the load to
which the circuit is connected, the load voltage is:

evL(t) = Epx sinwt

And the load current becomes:
iL(t) = Iy sinf(wt +¢)

so that the power in the load can be expressed as:
p(t) = [Epilpk cosd/2] = [(Epdpk/2) cos(2wt +¢)]

In this last equation, a sinusoidal time-varying com-
ponent is present that is twice the frequency of the load
current or load voltage and that has an average value of
zero. The dc term in the power expression represents
the average real power dissipated in the load.

The circuit’s output voltage reflects these analytical

relationships—it has both a dc component and an ac
component of twice the input frequency. When eout is
applied to an ordinary average-reading dc meter, the
response of the meter is directly proportional to the av-
erage real power dissipated in the load.

The transducer circuit is fairly accurate, since the dc
offset voltages produced by the multiplier and the level
shifter are eliminated. Switches S; and Sz apply a 0-v dc
input to the multiplier’s Vx and Vy inputs, sp that resis-
tors R¢ and Ry can be used to trim the offset of each of
these inputs to zero. (This is most easily accomplished
while sensing an ac power signal with an oscilloscope at
the output; each voltage input is trimmed for an ac null
at the output.)

Precision components, as indicated in the diagram,
should be used for best results. It is also essential that
the supply voltage be stable since the offset trim volt-
ages are derived from these sources.

Simultaneous readings made with this circuit will de-
viate nominally from each other by only 1% for the up-
per 75% of the 2-kVA output range. O

Handy supply provides
fixed and variable outputs

By John Predescu

Buchler Instruments Division, Nuclear-Chicago Corp., Fort Lee, N.J.

The advantages of today’s integrated three-terminal
voltage regulators are fully exploited by a versatile
power supply that, besides being inexpensive (about
$15) and easy to put together, provides a switch-select-
able fixed or variable output. The variable output,
which can be adjusted between 8 and 17 volts, is ideal

for C-MOS logic, and the fixed output of 5 V is ideal for
TTL circuits. Output current is 200 milliamperes.

The double-pole double-throw switch permits the
same IC regulator and diode bridge to be used for both
the fixed and variable outputs. The switch bypasses the
operational amplifier network and taps the trans-
former’s secondary voltage at the halfway point. A 5-v
output can then be obtained from the IC regulator with-
out exceeding this device’s power dissipation rating.

If a second supply circuit is built and the positive side
of its output grounded, a complete £15-V op-amp sup-
ply can be made. Regulation is better than 1%. O

Convenient power supply. Line-powered supply, which makes use of a single three-terminal 5-volt IC regulator, offers switch-selectable
fixed and variable outputs. The variable (8- to 17-V) output is obtained by employing a conventional op amp in the regulator’s output loop. For
the fixed (5-V) output, only half the transformer secondary voltage is taken so that the regulator’s power rating is not exceeded.
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Miller-effect integrators
act as signal separator

by Dale Hileman
Sphygmetrics Inc., Woodland Hills, Calif.

Complementary Miller-effect integrators are better than
biased diodes for rectifying a signal and separating it
into its positive and negative components. The diodes
require enormous integrating capacitors when a dc level
in the base line must e retained, and big capacitors
commonly have leakage or polarization problems.

In the signal separator shown, each of the Miller-ef-
fect integrator stages serves as a half-wave rectifier. To-
gether with two small 0.05-microfarad integrating ca-
pacitors, C; and Cp, they simulate a large effective
capacitance that maintains the dc level of the signal’s
base-line potential.

Negative-going signal excursions cause transistor Qi
to conduct, clamping the output to the base-line poten-
tial. Positive-going excursions, on the other hand, cut
off transistor Q: and pass directly to the output. The op-
eration of complementary transistor Qz, which is the
other integrator-rectifier stage, is the same as that of
transistor Q1, but signal polarity is reversed. A high-im-
pedance load should be used to avoid an excessive volt-
age drop across either resistor R; or resistor Ro.

The voltage divider set up by resistors R3, R4, and Rs
holds the base voltages of both transistors close to their
conduction threshold so that output signal transitions
can be maintained near the base-line potential. Resistor
Re acts as a collector load for both Q; and Q2 to min-
imize the effect of their collector-emitter leakage cur-
rent. Diode D; is included to minimize the effect of
changing ambient temperature on this leakage current.

Signal separation is best at low frequencies, within

the audio range and down to about 3 hertz. Even lower
operating frequencies can be achieved by increasing the
values of capacitors C; and Cs, but the rate of base-line
integration becomes slower. O

Q
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82k S IN198 680 k2

20 V pk-pk MAX

N

Q;
2N3707

Separating the ups and the downs. Signal separator employs com-
plementary Miller-effect integrators to keep capacitor values low.
The circuit permits input dc base-line potential to be retained so that
it also is present at the output. Transistor Q, prevents negative-going
inputs from reaching the output, while transistor Q. stops positive-
going inputs. The circuit's load impedance should be kept high.

CATV transistors function as
low-distortion vhf preamplifiers

by Paolo Antoniazzi
Societa Generale Semiconduttori, Milan, Italy

A standard cable-TV transistor makes an excellent vhf
preamplifier, minimizing signal distortion over a wide
dynamic range. Generally, FETs or MOSFETs are used
rather than bipolar transistors because of the cross-
modulation distortion created by the nonlinear behav-
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ior of the bipolar’s base-emitter junction. CATV transis-
tors, however, operate at currents of 20 to 80 milliam-
peres, so that their intrinsic emitter resistance is kept
small and the effects of input-junction nonlinearities are
eliminated.

The single-stage antenna preamplifier shown is in-
tended for mobile fm communications applications and
is particularly suitable for use with double-balanced
Schottky-diode mixers. It obtains 13 decibels of gain at
175 megahertz from a medium-power CATV transistor.

The circuit can handle 0.5-volt inputs with less than
1% cross-modulation, as indicated by the performance
plot. Noise figure depends on how large the operating
current is. But even for a transistor collector current of



50 mA, the noise figure is typically 5 dB or less.
The transistor used here is designed principally for
line-amplifier applications. Its crossover frequency is

1.5 gigahertz, its operating current can range from 20 to
150 mA, and its feedback capacitance is typically 1.7
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Linear performer. Bipolar CATV transistor is heart of vhf antenna
preamplifier that can process 0.5-volt inputs with under 1% cross-
modulation. The nonlinearities that are normally associated with a
bipolar transistor’s base-emitter junction and that cause signal dis-
tortion are practically eliminated in the CATV transistor because of
its high operating current. Circuit gainis 13 dB at 175 MHz.

Electronic switch controls
automobile air conditioner

by L.G. Smeins
Ball Brothers Research Corp., Boulder, Colo.

Stalling and overheating often plague an air-condi-
tioned automobile in which the refrigerator compressor
continues to run while the engine idles. The solution to
the problem is simple—turn the compressor off when

FROM
DASHBOARD
SWITCH

the engine is idling, and turn it on again when the car
picks up speed.

The control circuit shown in (a) does this by monitor-
ing the engine’s rpm and electrically disengaging the
compressor clutch for as long as the engine is idling.
The circuit works well for the electromagnetic compres-
sor clutch found in most cars.

Compressor drop-out and pull-in are controlled by an
operational amplifier that is connected as a Schmitt
trigger and that drives a series bipolar switch. When en-
gine rpm falls below the drop-out voltage level, which is
determined by potentiometer R;, power is removed
from the magnetic clutch. Hysteresis in the Schmitt trig-
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ger prevents the clutch from engaging again until the
engine rpm is approximately double the drop-out rpm.
The simple charge-pump pulse-rate network, consisting
of diode Dy, resistor Rz, and capacitor C;, performs the
rpm sensing,.

After the circuit is installed as suggested in (b), the
drop-out point should be adjusted for optimum per-
formance. To do this, first start the engine and let it idle
with the air conditioner turned on. If the compressor
clutch is not engaged, turn potentiometer Ry (in the di-
rection for decreasing rpm) until the clutch engages.
Now turn this same potentiometer (in the direction of
increasing rpm) until the compressor clutch just dis-
engages. At this potentiometer setting, the compressor
should turn on when engine rpm increases to approxi-
mately 1,700 and should turn off when the engine drops
back to an idle. O

COMPRESSOR
ON
— | | | DROP-
2rF Coﬂl‘l!;OL _EH
DASHBOARD =
CONTROLS CiRouIT ‘
+ p—
IGNITION 1? IGNITION
SWITCH  BATTERY DISTRIBUTOR
(b)

Keeping cool. Control circuit (a) monitors engine rpm and turns off
air conditioner when engine drops to idle, preventing stalling or over-
heating. The operational amplifier is connected as a Schmitt trigger,
whose hysteresis provides the voltage differential needed between
compressor turn-on and turn-off. A bipolar switch drives the com-
pressor’s clutch. The circuit can be installed easily (b).

Digital-to-analog converter
is built from low-cost parts

by Phillip J. Storey
Jands Pty. Ltd., Marrickville, N.S.W., Australia

An economical but reliable digital-to-analog converter
can be made from readily available IC transistor arrays
and general-purpose op amps. The converter is in-
tended to interface with decimal or hexadecimal
up/down counters, as well as directly addressed memo-
ries. It provides a positive-going output voltage that
ranges from 0 to 10 volts and that can be used to control

audio attenuators or light-dimmer units.

Each input transistor clamps its precision resistor to
ground when a binary bit is applied to that input line.
Input words can be up to 8 or 12 bits in length. Poten-
tiometer R; allows the maximum output voltage to be
varied about the nominal 10-v level. Additionally, as
long as resistors Rz through Rs have at least a 1% toler-
ance, the output dc offset voltage will be only on the or-
der of millivolts.

The converter works best within the frequency range
of 3 hertz to 1 kilohertz, but can operate at clock rates as
high as 100 kHz. However, output glitches become evi-
dent at the faster clock rate. O
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Ready-made DAC. This digital-to-analog converter can almost be put together from a spare-parts box, since it is made up of components
that are usually right on hand. Input words can be 8 or 12 bits long, and the positive-going analog output varies from 0 to 10 volts. If 1% re-
sistors are used in the output stage, the output offset voltage is within millivolts of zero without any prior adjustment. .
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Helping a 709-type op amp
to outperform itself
by Jifi'Dostél

Research Institute for Mathematical Machines, Prague, Czechoslovakia

A complementary-transistor output stage turns the 709-
type operational amplifier into a far better performer
than it is by itself. Such a stage can extend the device’s
unity-gain bandwidth to 15 megahertz, its slew rate to
300 volts/microsecond, its full-power frequency to
5 MHz, and its dc gain to 300,000. Moreover, the result-
ing over-all amplifier settles in only 3 us to within 0.01%
of the full-scale output voltage.

The circuit’s high-frequency and pulse characteristics
are derived from the output stage. Its input offset char-
acteristics are principally those of the op amp.

At dc or low frequencies, the gain of the op amp is
multiplied by the gain of the output stage. The equiva-
lent differential resistance between the collectors of
transistors Q; and Q2 is designed to be about 100
kilohms, making the gain of the output stage approxi-
mately equal to 7. Resistor R; is included to keep the

stage’s gain at this value, in case the differential resis-
tance changes. Resistor Rz, on the other hand, reduces
output distortion by assuring that the op amp’s output
emitter-follower is effectively biased off.

At the circuit’s upper frequency limit, the op amp
rolls off rapidly and the gain of the parallel feed-for-
ward path dominates. The transfer function of the op
amp becomes that of an integrator, which is formed by
series resistor R3 and the feedback collector capaci-
tances, Cc1 and Cee, of transistors Q; and Q2. The cir-
cuit’s small-signal bandwidth can be written as:

fi = 1/[27R3(Cc1+ Cc2)

which is approximately 15 MHz when Cc1 and Cce are
each 5 picofarads. The emitter current of transistor Qs
sets the circuit’s slew rate:

S.R. = Ius3/(Cc1+ Cez)

which is around 300 v/ps for an emitter current of
3 milliamperes.

The constant base potentials of transistors Q: and Q2
are used to limit any output short-circuit currents,
which are sensed by resistors R4 and Rs and diodes D;
and D.. If desired, the signal line to the op-amp’s
noninverting input can be biased within the common-
mode range of the 709-type op amp. O

Super amplifier. Output stage made up of complementary transistors increases the speed and extends the frequency response of the 709-
type op amp. The over-all amplifier, which can be powered by one +15-volt supply, has a unity-gain bandwidth of 15 megahertz and slews at
the rate of 300 volts/microsecond. At high frequencies, the op amp is like an integrator, and capacitances Cg; and Cgz dominate.
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Integrated timer operates
as variable Schmitt trigger

by Maj. Arthur R. Klinger
United States Air Force, McCoy Air Force Base, Fla.

The bargain-priced 555-type IC timer—already a proven
and versatile circuit building block—can also be used as
a variable-threshold Schmitt trigger. The triggering cir-
cuit has a high input impedance, a latching capability, a
threshold voltage that can be adjusted over a wide
range, and simultaneous open-collector/totem-pole out-
uts.

P The usual circuit diagrams (a) of the timer can be
redrawn with conventional logic symbols to illustrate
the operation of the triggering circuit. As shown in (b),
the timer can be thought of as a comparator that has a
high input impedance and that drives a Schmitt trigger
having a high-input-impedance latch and a buffered
strobed output.

Transistors Q1 through Qs make up one of the nonin-
verting comparators, while transistors Qo through Qus,

as well as transistor Qi5, form the second noninverting
comparator. This last comparator drives the Schmitt
trigger created by transistors Q1s and Q7.

Although it seems that the two comparators are sim-
ply ANDed together at the input of the Schmitt, the lim-
ited source/sink current capability of the first compara-
tor allows the second comparator to take precedence.
The first comparator, then, merely acts as a latch, allow-
ing the other comparator, in combination with the
Schmitt, to be triggered when the latching input (pin 6)
is high. When this input goes low, the Schmitt and,
therefore, the circuit’s output are locked in whatever
state the Schmitt is in.

A resistor (of 4 kilohms to 100 kilohms) from the
latching input to the supply unlatches the Schmitt and,
at the same time, tends to decouple this input from
high-frequency line noise. Theoretically, in some appli-
cations, the timer’s control input (pin 5) and latching in-
put could be tied together directly to the supply, but
both inputs are very susceptable to noise.

The timer’s trigger input (pin 2), which has an input
impedance of approximately 1 megohm, drives the
Schmitt. The Schmitt’s threshold can be varied from
about zero to just below the bias voltage existing at the
latching input by controlling the voltage at pin 5.

Analog/digital Interface. Standard 555-type timer (a) can be regarded as a Schmitt trigger having two high-impedance driving comparators
and a buffered strobed output. Triggering circuit of (b) provides a controlled threshold range, which can be varied from almost zero to 8 volts.

Upper comparator acts as a latch, while the lower comparator and the

Schmitt provide the normal triggering action.
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A normal strobe function is provided by the timer’s
reset input (pin 4); the timer is active when the reset in-
put is high. The latching input, of course, can be pulled
low to catch the last device state whenever desired. Ac-
tive pull-up and open-collector outputs are available
simultaneously at pins 3 and 7. Both of these outputs
can sink a considerable amount of current.

If intermediate control voltage levels are used at pin
5, the threshold level at pin 6 will still be predictable,
and the impedance level for this input will remain high.
Supply voltage can range from 4.5 to 16 v, and oper-
ating frequency can range from slowly varying dc to at
least 2 or 3 megahertz.

As with any high-speed functional IC, certain precau-
tions should be observed for the timer. Since its com-

parators can respond to pulses as short as 20 nanose-
conds, the control and threshold inputs should be
bypassed or decoupled from the supply line whenever
possible. Also, the source impedances at the two com-
parator inputs should be kept balanced to minimize the
effects of offset currents. Moreover, when the trigger in-
put is overdriven to about -0.2 v or lower, the timer’s
output returns to its high state, doubling the frequency
of recurring input waveforms.

Because of noise and bias levels, problems may arise
occasionally when the control input is tied directly to
the supply or to less than about 0.5 V. (The latter bias
condition corresponds to a 0.25-V'input threshold.) Re-
sistor R1 should be 180 ohms or more to avoid these po-
tential problems. O

Two-IC pulse discriminator
handles wide range of inputs

by Steven E. Holzman
ESL Inc., Sunnyvale, Calif.

Just two 1C packages will build a pulse-width dis-
criminator having a pulse window that may be as nar-
row as tens of nanoseconds or as wide as several sec-
onds. Applications for the circuit include radar, commu-
nications, and signal-processing systems.

The lower pulse limit (Tv) is determined by the tim-
ing period (Ta) of one-shot OSA, while the upper pulse
limit (Tv) is established by the sum of this timing period
and the timing period (Tg) of one-shot OSg:

Tu=Ta
Tu =Ta + Ts
Of course, period Ta for one-shot OSa and period Tr

for one-shot OSg are set by selecting the proper values
(from a data sheet) for resistor Ra and capacitor Ca,

and resistor Rg and capacitor Cg, respectively.

When the input pulse width, Tpw, is less than Ta,
one-shot OS4 is triggered, but one-shot OSg is not. The
input pulse’s leading edge causes the Qa output of OSa
to go low for Ta seconds. However, NAND gate Gy re-
mains inhibited because the delayed (by two gates) ver-
sion of the input pulse returns to its low state before the
Qa output becomes high again.

If the input pulse is within the circuit’s time window,
gate G, is enabled when Qa returns to its high state,
triggering one-shot OSg so that its Qg output goes high
for T seconds. NAND gate G is also enabled, produc-
ing an output pulse and indicating that the input pulse
width “qualifies.”

When the input pulse lasts longer than upper time
limit Ty, the Qg output of one-shot OSg goes high while
gate Gy is still enabled. This inhibits gate G2 and pre-
vents an output pulse from being generated.

The two NAND gates between the input and gate Gy
slow up the input pulse so that narrow pulses do not oc-
cur at Gy’s output before one-shot OSa can trigger. [

Pulse-width window. This circuit produces an output only when the input pulse width falls within preset time limits. Timing period (T4) of
one-shot OS, sets the lower limit (TL), while the timing periods (Ta + Tg) of both one-shots set the upper limit (Ty). Qualified pulses trigger
both one-shots and enable all the gates. Short pulses do not trigger one-shot OSg, and long pulses do not enable gate Go.
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Digital demodulator for
phase-shift-keyed data

by C.A. Herbst

Technology Resources, Paris

Exclusive-OR gates and a repeat-modulation scheme
can be combined to produce a digital phase-shift-keyed
(PSK) demodulator that allows accurate recovery of the
reference-carrier pulse train. The demodulation of
binary PSK data usually involves two major problems:
recovering the reference carrier, and differentiating be-
tween the logic 0 and the logic 1 data pulses. This latter
problem is resolved easily with differential coding, as-
signing a logic 1 when the change in carrier phase is
180° and a logic 0 when there is no change.

The first problem, however, cannot be resolved as
simply. Usually, the input PSK-modulated carrier fre-
quency is multiplied by 2 to cancel out the phase
changes. But this technique, unfortunately, generally re-
sults in a degradation of demodulator performance.

A better method is to remodulate the demodulator’s
local oscillator with the received data so that the phase
changes due to input modulation are cancelled out. This
produces a virtually unmodulated reference carrier that
is equal in phase to one of the two possible input PSK
phase states. The ambiguity between the two phase con-
ditions can be resolved by differential encoding.

The circuit shown employs this improved demodula-
tion technique. A quad exclusive-OR IC is used to per-
form both the demodulation and remodulation func-
tions. Here the exclusive-OR gates are operated as
controlled inverters. In the phase-detector portion of the
circuit, the PSK input carrier and the rémodulated volt-
age-controlled-oscillator (vCO) signal are normally at
quadrature with each other when the system is in lock.
This results in a pulse train having a 50% duty cycle at
the output of gate Gi. The pulse train is then integrated
by the low-pass filter into a dc error signal.

As the phase difference between the input PSK signal
and the input VCO signal deviates from its normal 90°
shift, the pulse train at gate G;’s output becomes width-
modulated. The average dc error voltage then changes,
correcting VCO phase and frequency in the direction
that reduces demodulation error.

In the circuit’s data-demodulator section, the input
signal and the VCO output are either mostly in phase or
mostly out of phase with each other, depending on the
modulation status of the input PSK signal. Therefore,
the output of gate Gz is either logic 0 or logic 1, accord-
ing to the status of the PSK data.

A second low-pass filter then integrates Go’s gate out-
put signal, which is subsequently squared by the com-
parator to produce the demodulated output data. This
final output signal is also used to modulate the VCO by
means of gates G and Gs. a

BIBLIOGRAPHY
C.A. Herbst, “'Digital Phase-Locked-Loop with Loss-of-Lock Monitor,”” EDN/EEE, October
15,1971,

Unscrambling a binary line. Demodulator for phase-shift-keyed inputs operates exclusive-OR gates as controlled inverters to decode the
input data and recover the reference carrier. Input data is remodulated with an error-corrected output from the voltage-controlled oscillator,
cancelling out any phase changes from the input modulation. This permits a nearly unmodulated reference carrier to be recovered.
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Combined op amps improve
over-all amplifier response

by William Ott
Burr-Brown Research Corp., Tucson, Ariz.

By interconnecting a low-drift op amp with a wideband
op amp, the best characteristics of both amplifiers can
be preserved in a composite amplifier that offers the
added benefit of increased open-loop gain. Typically,
wideband op amps tend to produce significant errors
because they exhibit a large offset voltage drift with
time and temperature. But in the composite amplifier,
the low-drift op amp can continuously compensate for
the input offset voltage of the wideband op amp.

The composite amplifier of (a) is an inverting-only
configuration. Low-drift amplifier A; senses the offset
voltage between ground and the summing junction of
wideband amplifier As. Any offset that is present will be
integrated by A; to develop an offset-compensating
voltage at the noninverting input of As.

This integration continues until the summing junc-
tion voltage is offset from ground by only the input off-
set voltage of low-drift A; (including the effects of A;’s
input bias currents on resistors Ry and Rg). The offset
voltage of the composite amplifier, therefore, is essen-
tially that of the low-drift op amp.

For the differential-input composite amplifier of (b),
A, amplifies the offset voltage at the inputs of Az. Low-
drift amplifier A;, then, supplies an offset-compensating
voltage for the offset-nulling input of As.

In this way, the output of amplifier A; reduces Az’s
offset voltage to that of the low-drift op amp, plus the
offset from the bias current in resistors R; and Ra. As
with circuit (a), the offset voltage and the offset voltage
drift of the wideband op amp are essentially replaced
by those of the low-drift op amp.

The open-loop gain of both composite amplifiers is
Ao2(1 +aAo1), where a is defined as E,/Ao1E;, and Ao1
and Aoz are the dc open-loop gains of amplifiers A; and
Ao, respectively. For the inverting-only configuration of
(a), the quantity, ®Ao1, is the response of the integrator
formed by amplifier A,, resistor Ry, and capacitor C;.
For the differential-input configuration of (b), a is es-
sentially a constant and is independent of frequency; it
is the change in the offset voltage of amplifier Az due to
a change in A;’s output voltage, E,.

If the inverting-only composite amplifier is to have a
single pole in its open-loop gain response to insure gain
stability, then:

RCy = A02/2‘7Tﬁ;2

where fe is the unity-gain bandwidth of amplifier As.
The bandwidth of the composite amplifier is essentially
equal to feo, about 100 megahertz. The over-all offset
voltage is about 200 microvolts, with a drift of 1 uv/°C.
The over-all open-loop gain is around 200 decibels.

For the differential-input composite amplifier to have
a single pole in its open-loop gain response:

o = —ﬁZ/AOZf;:l

where fc; is the unity-gain bandwidth of amplifier A;.
Like the inverting-only amplifier, the differential-input
amplifier has an over-all bandwidth of 100 MHz, an off-
set voltage of 200 pv, and an offset voltage drift of

A good combination. Two op amps—a low-drift one (A;) and a wideband one (Az)—can be wired to produce a composite amplifier that is
both fast and stable. Circuit (a) is an inverting amplifier, while circuit (b) is a differential amplifier. Both amplifiers provide an over-all band-
width of 100 megahertz, an over-all offset voltage of 200 microvolts, and a total offset voltage drift of 1 uV/°C.
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1 uv/°C. The circuit’s over-all open-loop gain, however,
is somewhat smaller—140 dB.

Besides less offset voltage drift and more open-loop
gain, the differential-input amplifier offers the addi-
tional advantage of improved common-mode rejection
at low frequencies. For low-frequency operation, the
common-mode rejection of the wideband op amp is es-
sentially replaced by that of the low-drift op amp, which
typically provides much better common-mode rejection.

In circuit (a), diodes D; and D at the output of the

low-drift op amp prevent a latch-up condition from oc-
curring. Latch-up is possible in the composite amplifier
when the low-drift op amp’s output saturation voltage
exceeds the wideband op amp’s common-mode range.
And in circuit (b), there are two low-pass filters
(formed by resistors Ry and Re and capacitors C; and
Cz) at the inputs of the low-drift op amp. They prevent
high-frequency common-mode voltage swings from un-
balancing the input stage of the low-drift op amp and
changing its input offset voltage. O

Inexpensive power supply

produces zero-ripple output
by Rod Spencer

Chlorescope Systems, Linden, N.J.

Here is an easy way to build a low-cost power supply in
which ripple voltage can be brought virtually to zero.
Through a feedback arrangement, the ripple voltage is
inverted and summed to cancel the normal ripple.

As indicated in the figure, an operational amplifier
and a series-pass transistor are connected in the stan-
dard manner. However, a portion of the unregulated
ripple voltage is fed into the op amp’s inverting input.

When the wiper of the RIPPLE NULL potentiometer is
set up toward the output voltage bus, the supply’s ripple
is normal. But when the pot wiper is set down toward its

unregulated-input end, a phase shift of 180° is intro-
duced, and the ripple is reversed. If this RIPPLE NULL is
adjusted properly, the supply’s ripple voltage can be
completely eliminated.

To adjust the circuit, first set the regulated output
voltage to the desired level and then subject the output
to the maximum load condition. Next, use an oscillo-
scope to monitor load voltage, and trim the output
ripple voltage to zero. This supply’s ripple will remain
essentially zero for any load condition less than the
maximum.

Representative component values are shown in the
figure, and parts should be chosen to satisfy a particular
application. The series-pass transistor, of course, is se-
lected to meet load requirements. And, if an op amp
cannot supply a sufficient base drive for the transistor
chosen, a Darlington pair can be used instead. O

Canceling ripple. Low-cost power supply employs inverting feedback loop to eliminate output ripple voltage almost entirely. Some of the cir-
cuit’s unregulated ripple is applied to the op amp’s inverting input, where it is reversed. This ‘‘negative” ripple cancels the supply’s normal
"‘positive” ripple. The technique can be made to satisfy a variety of application requirements by adjusting the component values.
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Register-addressing system
accesses within nanoseconds

by C.A.N. Conde, C.A. Correia, and A.D. Figueiredo

University of Coimbra, Portugal

Addressing systems for shift registers with circulating
memories need not be slow and complex. A system con-
taining synchronous binary counters and exclusive-OR
gates can considerably speed up clock rate while reduc-
ing circuit complexity. For an eight-bit system, propa-
gation delay can be reduced to only 37 nanoseconds.

Generally, shift-register-addressing systems are slow
because they compare the address of a counter that is
triggered by the clock pulse with the address of a refer-
ence register. Instead, it is faster to use up/down syn-
chronous counters in their down-counting mode, as
shown in the diagram for an eight-bit system.

When the eight-bit binary counter, which is formed

by the two four-bit counter packages, is in its down-
counting mode, it generates successive output clock
cpulses (1111 1110, 1111 1101,. . . ., 0000 0001, 0000
0000, 1111 1111). If, for example, the address register is
storing the number 3 (binary equivalent 0000 0011) as
the address to be referenced, the counter, after three
clock pulses, will contain the binary number 1111 1100,
which is the complement of the binary equivalent of
number 3.

All the outputs of the exclusive-OR gates will then be
logic 1, producing a logic 0 output at the NAND gate to
the control logic. This logic 0 output can now be used to
gain access to the shift-register bit given by the refer-
ence address.

For any address, a logic O exists at the output of the
NAND gate only when the address is the complement of
the binary counter state. And this condition will occur
only after the counter generates a number of pulses
equal to the contents of the address register.

Although quite fast, this system does have a draw-
back—it works for binary-coded data but not for binary-
coded-decimal data. O

Gaining access. High-speed eight-bit addressing system for shift register cuts propagation delay to only 37 nanoseconds. Exclusive-OR
gates compare the outputs of the address register to the outputs of the synchronous binary counter. When these outputs are comple-
mentary, the output of the NAND gate becomes logic 0, providing access to the control logic for the system's shift register.
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Narrowband digital filter
achieves high Qs

by Thomas A. Visel

University of lllinois, Urbana, ll.

A digital filter that is built with conventional logic ICs
permits Qs of 2,000 to 10,000 to be readily achieved.
Additionally, the filter’s bandwidth is entirely indepen-
dent of its operating frequency. And, as with other ac-
tive filters, this circuit’s upper frequency is primarily
limited by the maximum bandwidth of the operational
amplifiers used.

The operating frequency (f,) is determined by the
rate at which flip-flop FF; is clocked. Flip-flops FF; and
FF, form an N-stage counter (N = 2 here), and the ap-
plied clock rate is Nf,. The decoder functions as an N-
line-to-2N-line open-collector decoder, dividing the in-
coming signal into 2N time periods at resonance. For the
circuit shown, when f, is 1 kilohertz, each of these peri-
0ds (Tx) is 250 microseconds long.

At resonance, each of the four decoder outputs turns
on successively for a quarter period of the incoming sig-
nal. This successively charges each of the decoder’s out-
put capacitors to:

/THl Ae;exp(—t/R.C)dt
Ty

Ve R.C

where A is the gain of the input operational amplifier.
At resonance, each capacitor reaches an equilibrium

N charge, drawing very little current through resistor R;.

'1} When the filter is not at resonance, each Ty period
falls during random times of the input signal. This
means that up to three of the decoder’s external output

Ty - capacitors may discharge through the .collector-base
| |
I . e ' .

] | :‘— Tk+2—+— Tz Simple digital filter. Flip-flops FF; and FF, function as an N-stage
I‘-——— L L T T . counter (N = 2) whose clock rate determines the filter's resonant
V‘I}Tk—l"’l‘— Te —’l ' ' : frequency (clock = Nf,). The decoder divides the input signal period

| into 2N time periods so that the input is continuously sampled. At
T J resonance, the output voltage is maximum because the charge
| across the decoder capacitors (C) does not change between input

cycles.
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junctions of the decoder’s internal output transistors,
while the selected capacitor charges, or vice versa. A
rather large net current will then be drawn through re-
sistor Ry, diminishing the output voltage.

The output waveform, therefore, appears as a sam-
pled version of the input signal. The more counter and
decoder stages there are, the more exact will be the out-
put waveform sample. A two-stage counter, like the one
used here, is sufficient for such applications as synchro-
nous tone detection in audio spectrum analyzers. Criti-

cal filtering applications will require additional stages.

For the components given, the filter’s operating fre-
quency is limited to 2.5 megahertz, and its 3-dB band-
width is 12 hertz set at an f, of 20 kHz. When resistor R»
is a large value, the filter’s bandwidth is:

BW = 1/(47R,C)

For a 500-Hz step in frequency, the output response en-
velope is about 8 milliseconds from its 10% to 90%
points. O

Gate threshold difference
produces initializing pulse

by Jose Souto Martins
GTE Automatic Electric Inc., Northlake, Ill.

Often it is necessary to have a digital circuit assume a
predetermined logic state when the supply is turned on.
This is not always easy to do, particularly when the dig-
ital circuit contains storage devices such as flip-flops
and latches. But a simple two-gate circuit, consisting of
a standard TTL NAND gate and a Schmitt-trigger TTL
NAND gate, can solve this initialization problem without
the need of integrating circuits or external reset leads.

The circuit makes use of the difference between oper-
ating threshold voltage levels of the two gates to pro-
duce an initializing pulse. When the power supply is
switched on, the voltage at points A, B, and C rises at
the same rate as the a phed supply voltage Neither
gate will sink any current until its operating threshold is
reached.

Because the operating threshold of the standard gate
is lower than that of the Schmitt-trigger gate, the stan-
dard gate will respond first. When this gate’s threshold
is reached, its output goes to logic 0, clearing the storage
element. And when the supply voltage reaches the
higher operating threshold of the Schmitt trigger, this
gate’s output goes to logic 0, causing the standard gate
to return to its normal operating state so that its output
is again logic 1. The circuit, therefore, generates a pulse
that can be used to initialize a logic system.

The width of the initializing pulse depends mainly on
the power-supply rise time and the voltage difference
between the operating thresholds of the two gates.
Clearly, if the power-supply rise time is instantaneous,
no pulse is generated. This undesirable situation can be
avoided by adding an integrating circuit at point A,
thereby guaranteeing a minimum width for the initializ-
ing pulse. Needless to say, the slower the power-supply
rise time, the longer is the initializing pulse. (It should
be noted that another pulse is generated when the
power supply is turned off.) O

INTEGRATING LOGIC ‘e
CIRCUIT INITIALIZING CIRCUIT CIRCUIT >y 1\
—— s A- ~ —t— I
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Vee V‘I:c Vee |
|
I SCHMITT- o |
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DEVICE I
I 33v
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A free pulse. The threshold voltage difference between a regular TTL NAND gate and a Schmitt-trigger TTL NAND gate permits a pulse to be
generated for initializing a TTL storage device. As the supply voltage rises, the regular gate changes state twice, producing an output pulse
whose duration depends on power-supply rise time. The integrating circuit assures a certain minimum pulse width for the output.
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Temperature limiting boosts
regulator output current

by Mahendra J. Shah

University of Wisconsin, Space Science & Engineering Center, Madison, Wis.

The efficiency of a precision monolithic voltage regu-
lator can be significantly improved by limiting the junc-
tion temperature of the regulator’s internal current-lim-
iting transistor.

Conventional current limiting severely restricts the
regulator’s peak and average output current capability.
As an example, consider the 723-type regulator, which
can supply an output voltage of 7 to 37 volts. This de-
vice has a maximum storage (junction) temperature of
150°, a maximum imput/output voltage differential of
40 v, and a maximum load current of 150 milliamperes.

When the regulator’s metal-can package is used with-
out a heat sink, its internal power dissipation should be
limited to 800 milliwatts at an ambient temperature of
25°C. If the input voltage to the regulator is 40 v, con-

ventional current limiting places the worst-case current
limit at 20 mA, or 800 mw/40 v. (The worst-case condi-
tion is an output short circuit to ground.) And a fold-
back-current-limiting approach requires a limit knee
setting of 24.2 ma, or 800 mw /(40 - 7) v.

Both of these approaches significantly limit the regu-
lator’s output current capability when the regulator
must supply a load continously at both intermediate
and high output voltage levels, or when it must supply
peak currents at any output voltage level. In contrast,
temperature limiting protects the regulator from burn-
out, while allowing it to provide the maximum possible
output current (both continuous and pulsed), regardless
of output voltage level, ambient temperature, and the
amount of heat sinking.

Conveniently, the regulator’s own current-limiting
transistor, QL, can be used to implement this tempera-
ture limiting. The transistor’s base-emitter junction,
which has a temperature sensitivity of -1.8 milli-
volts/°C, can act as a temperature sensor for the regu-
lator. And the collector terminal of transistor QL can be
connected to limit the regulator’s output current.

A stable voltage source is needed to bias Qu’s base-
emitter junction at the threshold voltage (Vin) that cor-

Better short-circuit protection. Current-limiting transistor Q. of monolithic voltage regulator acts as an on-chip thermostat, controlling its
own base-emitter junction temperature and, therefore, limiting regulator output current. The threshold bias voltage (V n) of QL's base-emitter
junction is set to limit this junction’s temperature to a value determined by Qu’s sense voltage (Vsense)-
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responds to Qr’s sense voltage (Vsense) for a given junc-
tion temperature. Vsense is the voltage required across
Qv’s base-emitter junction to implement output current
limiting. Values for sense voltage, limit current, and
junction temperature can be obtained from the data-
sheet plot of the regulator’s current-limiting character-
istics as a function of junction temperature.

The threshold bias voltage is easily obtained from the
regulator’s internal voltage reference source and the
voltage divider formed by resistors Ry and R. Some
other regulators, like Motorola’s MC1460, MC1560,
MC1461, MC1561, MC1463, MC1563, MC1469, and
MC1569, have a provision for junction-temperature
limiting, but they require an external regulated voltage
source.

When the actual junction temperature of transistor

Q. is lower than the junction-temperature limit, Qu’s
base-emitter voltage is higher than the threshold bias
voltage, so that Qr is off. But when Qu’s actual junction
temperature rises to the junction-temperature limit,
Qv’s base-emitter voltage drops slightly below the thres-
hold bias voltage, and Qr turns on, limiting its max-
imum junction temperature by first limiting the regu-
lator’s output current.

The external current-limiting transistor, Qxr and its
associated resistor, Rsc, are needed to limit regulator
output current below the 150-ma secondary breakdown
limit of the regulator’s internal output transistors. (The
optional resistor can be included to minimize output
voltage drift.) The graph shows the regulator’s output
current capability over the full range of input/output
differential voltage for three sense-voltage settings. ]

All-digital phase shifter
handles 5-to-1 bandwidth

by Aleardo Salina
Siai Marchetti, Vergiate, Italy

A digitally programable phase-shift .network can be
made to maintain the phase shift at its output constant,
even though the frequency at its input varies by as
much as a factor of five. The circuit consists mainly of
digital ICs, including its input-detector stage.

The desired phase shift is switch-selectable through a
three-stage counter/decoder network. Any phase shift
between 0° and 360° can be chosen. Here, the angle se-
lected is divided into 1,000 bits, but a finer resolution
can be obtained by increasing the number of decade
counters.

For the component values indicated, the circuit’s
phase angle stays locked for input frequencies from 2 to
10 kilohertz. This operating frequency range can be
shifted by changing the values of the low-pass filter
components and the value of the timing capacitor for
the voltage-controlled multivibrator.

The circuit also produces an output whose duty cycle
remains constant. |

Locking phase digitally. Circuit produces the phase shift (between 0° and 360°) selected by the three switches. This digitally programed
phase angle does not change, although the input-signal frequency may vary from 2 to 10 kilohertz. The circuit’s operating frequency can be
changed by adjusting the low-pass filter and the timing of the voltage-controlled multivibrator. There is also a constant-duty-cycle output.
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Voltage discriminator
has 0.1-mV resolution

by Ryszard Bayer
Institute of Nuclear Research, Swierk, Poland

Positive feedback permits a dual 1C comparator to per-
form as a high-resolution voltage discriminator that can
detect either positive or negative pulses having ampli-
tudes ranging from a few millivolts to 5 volts. When
driven from such low-impedance sources as operational
amplifiers, this discriminator has a linearity of better
than 0.03% and a voltage resolution of about 0.1 milli-
volt.

The input signal is compared with the reference volt-
age by comparator A;. The signal appearing at the mo-
ment of comparison of these two voltages is taken from
the common output of both comparators and fed back

to the noninverting input of comparator A.

Because of this positive-feedback path, the discrimi-
nated signal is amplified considerably, reducing the am-
plifier’s offset voltage and improving voltage resolution.
Since the feedback signal is introduced to the nonin-
verting input of comparator A®, both inputs of com-
parator A; can be driven from low-impedance sources
for better discriminator accuracy.

With capacitive feedback, as in circuit (a), the discri-
minator has only one stable state. With dc feedback, as
in circuit (b), the discriminator becomes bistable. At the
moment the input and reference signals are compared,
the bistable discriminator is set to its high level. It can
be reset by applying a second-pulse to the inverting in-
put of comparator Az. This second pulse can be applied
after the first pulse has been terminated for a time that
exceeds the duration of the first pulse minus the discri-
mination-level threshold. O

Discriminating comparators. Integrated dual comparators can differentiate between input-signal height and the reference-voltage level to
within 0.1 millivolt. This high resolution is due to the positive feedback from the output to the noninverting input of comparator A,. Capacitive
feedback (a) produces a unistable discriminator, while dc feedback (b) produces a bistable one that can be reset with a second input pulse.
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No-ladder d-a converter
works from one 5-V supply

Ry E. Insam
Chelsea College, University of London, London, England

An 8-bit digital-to-analog converter that operates from
a single positive 5-volt supply can be built without the
usual front-end ladder network. This is done by creating
a pseudo-random binary generator that is driven by a
free-running multivibrator at a nominal clock frequency
of approximately 5 megahertz. The multivibrator also
provides the -5-v supply line for the converter’s oper-
ational amplifier.

The output from the binary generator is compared
(by subtraction) with the 8 input data bits. These can be
in either a normal format or a two’s-complement for-
mat, depending on the control input M. The carry out-
put from the full adders is a pulse train whose mean

value is proportional to the input data and is clamped
to about 0.6 v by diode Dj.

This pulse train is then fed to an active Butterworth
low-pass filter formed by the op amp and its associated
components. In the circuit given here, the gain of this
stage is set at 1.59 to give the necessary filter-pole posi-
tions and to bring the peak-to-peak output amplitude of
the converter to 1 v. Potentiometer R; controls the dc
shift of the analog output.

The quantizing noise consists of harmonic multiples
of the clock frequency divided by 255. In this case, the
lowest harmonic occurs at around 20 kilohertz, which is
beyond audibility. The cutoff frequericy (w = 1/RC) of
the Butterworth filter is around 7 kHz. The circuit’s gain
accuracy, which is not a major concern for audio work,
depends only on diode D; and the closed-loop gain of
the op amp.

The transistor-transistor-logic version of this d-a con-
verter consumes around 300 milliamperes. If low power
drain is an important design factor, complementary-
MOS devices can readily be substituted, reducing the
current consumption to around 40 mA. O

From digital to analog. Instead of the conventional ladder network followed by an op amp, this d-a converter employs a pseudo-random
binary generator and an active low-pass filter. The generator's outputs and the 8 input data bits are subtracted in the full adders, resulting in
a “‘carry” pulse train that drives the filter. Only one positive 5-volt supply is needed to power the entire circuit.

INPUT DATA
LATCH ENABLE N
7 MOST M
SIGNIFICANT SIGNIFICANT NORMAL FORMAT OR
BIT BIT TWO'S COMPLEMENT
A B C D A B C D
LATCH 7475 LATCH 7475
' Q0 Qg 0c Qp 0, 05 Q¢ Qg
1486 470 Q
Ay Ay Ap A, Ar Ay Az Ay D Q A
FULL ADDER FULL ADDER [
7483 Co Gy g3 S~ . 0 1N914
By By B3z By By B, Bz B, CLOCK 180 2 D,
FLIP-FLOP
FLIP-FLOP 7486 - =
'“ N\ u‘l 02 03 ud 0| 02 03 04
D a7 @ , B SHIFT REGISTER S SHIFT REGISTER 22 k62
CLOCK—]CLK cLoCK—fcLK 5 rra R 50 a AN
PRESET 0DE MODE 2 3
T 2 =L0.001 uF R
+5V = = RS v
IR 0.1 4F a— 486\ 2k
T \ OUTPUT
C
— (1V pk-pk)
cLOCK _| 0.001 uF
0.01 uF 10 Q 5y
~ +
. S itk
470 pF 5 ADJUST 1N914
- e V
L omgF (0 741) = =

80




Dc restorer for video use

offers ultra-stability
by Roland J. Turner

AEL Communications Corp., Lansdale, Pa.

A sample-and-hold technique, along with strong dege-
nerative feedback, permits an active dc restorer to oper-
ate with very high stability over a wide temperature
range. Restoration stability can be maintained to within
30 microvolts, even’in the presence of a dc offset voltage
as large as 100 millivolts.

The circuit is useful in radar applications, where it is
often essential to peak-detect or integrate video signals
relative to a stable dc reference. This is especially true if
the video sensor contains diodes that have a tempera-
ture-dependent offset voltage.

The dc restoration must be performed without any
temperature-induced offset voltage, since dc coupling
must be preserved in the video processing (peak detec-
tion or integration) following dc restoration. Accurate
signal detection, then, heavily depends on providing a
stabilized dc restoration level. The video output signals
must be independent of any thermal variations that
may occur in the video detector and dc restorer.

Conventionally, a dc restorer operates at relatively
high signal levels and requires considerable video gain
prior to dc restoration. Moreover, a dc restorer gener-
ally employs a temperature-compensated zener diode,

and two matched diodes to keep the dc restored level
relatively constant over a wide temperature range. But
even with the best matched diodes and the most stable
temperature-compensated zener, the dc restored level
cannot be made more stable than 10 mv over a 100°C
temperature range. With the dc restorer shown here,
however, stabilities of 30 uv can be established at ex-
tremely low video levels.

A complete video amplifier employing this improved
dc restoration technique is drawn in (a). In this circuit’s
sample-and-hold scheme, the dc output of a dc-coupled
amplifier is sampled over a 50-microsecond gating in-
terval. It should be noted that dc coupling must be
maintained from the input (sensor) through to the out-
put integrator or peak detector. As a result, dc signal
changes longer than the sensor’s thermal time constant,
which is typically less than 10 milliseconds, can be rec-
ognized as a valid signal/target by the peak detector or
integrator.

The full schematic of the dc-restorer section of the
video amplifier is given in (b). During the dc-restoration
interval, the FET shunt gate, Qi, is open, while the FET
series gate, Q, is closed. During the gating interval,
sampling capacitor C;, which is a highly temperature-
stable polycarbonate-film capacitor, charges to the aver-
age noise level present at the output of amplifier A.

When the sampling gate is closed, the circuit’s sam-
pling process activates a degenerative-feedback loop
that forces the average signal value at As’s output to ap-
proach the signal-noise level. In effect, the dc level at
the noninverting terminal of input amplifier A; is
forced to match the dc level at A;’s inverting terminal to

a

5pF  $100kQ2
[—* +2V
5.1 k2
< 1_
INPUT 511 10k
56.2 2 |k
1kQ

——O0UTPUT

Aq, A, As: HARRIS HA2620
Ag, Ag: NATIONAL NH0002
A4: NATIONAL LM110
*POLYCARBONATE FILM

10MQ

Q;
2N4860

SHUNT GATE

SERIES GATE

(a)

Emphasizing stabllity. Dc restoration loop of video amplifier (a) allows the amplifier to match dc input levels to within 30 microvolts, in spite
of widely varying temperatures. The sample-and-hold circuitry of the dc restorer loop is shown in (b). During the gating interval, which is 50
microseconds long, FET shunt gate Q is off, FET series gate Q; is on, and capacitor C; (a temperature-stable unit) charges.
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within 30 pv. During the signal processing interval,
when shunt FET gate Qi is on and series FET gate Q2 is
off, the voltage across capacitor C; establishes an ultra-
stable dc-restored level at the positive input to amplifier
A; as a reference for detecting whatever video signals
may be present at the negative input of A;.

To realize a high degree of dc-restoration stability
within the gating aperture, it is essential to select op
amps for amplifiers A1 and A that have fast slew rates.
This is why Harris’ type HA2620 op amp, which has a
gain-bandwidth product of greater than 30 megahertz,
is used for both A; and Az. Amplifier A4 is a high-sta-
bility buffer that serves as a high-input-impedance load
for the sampling capacitor, C;.

This active dc restorer can reduce a 100-mv dc offset
at the sensor to an equivalent dc offset of less than
30 uv. And because of the low leakage of the sampling

gate, the stored charge on capacitor C; is not disturbed
during the hold interval, even if a 10-V signal is present
at the gate input. _

The forward gains (80 decibels) of amplifiers A, Az,
and A3 contribute to the degenerative-feedback loop
during the dc restoration interval, forcing Ai’s positive
input to follow the dc offset present at A;’s negative
(sensor) input. The circuit’s integrating stage containing
amplifiers As and A¢ must be placed outside the dc-res-
toration loop, since the fast slew rate of the forward-
control loop must be presetved during the dc restora-
tion interval.

For the circuit to operate properly, the input-signal
condition must be known during the dc-restoration in-
terval. In radar systems, this time occurs between pulse
transmission and signal reception; for television signals,
this time occurs during the sync tip transmission. O

Regulator for standby supply
handles large load currents

by James Allen
Honeywell Inc., Aerospace Division, St. Petersburg, Fla.

A simple voltage regulator for a standby-power source
can supply amperes of current at whatever voltage is re-
quired. Additionally, the circuit, which includes current-
limiting and short-circuit protection (current foldback),
can produce large current pulses.
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There are many systems that require noninterruptible
power sources—for example: gyro test stands involving
long test sequences, volatile semiconductor memories,
and computer systems or test systems where a power
failure cannot be tolerated because it may destroy com-
ponents or mean going through long start-up sequences.

If the primary dc supply fails, either because of inter-
nal malfunctions or because of some line disturbance
that momentarily causes an interruption in its ac source,
the standby power supply cuts in and continues to sup-
ply the necessary load current. Usually, the power
source for this standby or backup supply is a bank of
storage batteries. However, the voltage level provided
by these storage batteries is not normally the voltage



level needed by the backup supply for the system.

The regulator in the figure offers ample voltage and
current capability. And it can be conveniently and eas-
ily tailored to suit a specific application. (The figure also
contains plots of the regulator’s dc-output characteristic
and pulse-current performance.)

The zener voltage of the zener diode determines the
output voltage at which the regulator begins to conduct.
Current limiting is provided by the combination of con-
trol transistor Q; and field-effect transistor Q2, which
acts as a voltage-variable resistor. The current-limit
level is set by the ratio of resistor Ry to resistor Ra:

Imax = 3.1[1 + (R1/R2] amperes

The current foldback of the regulator is obtained
through transistor Q3 and resistor Rs. The voltage level
(V) at which foldback begins is determined by the ratio
of resistor R4 to resistor Rs:

Vi = I[R5/(R4+R5)](VB - Vz - 2VRE3 volts
where Vg is battery voltage, Vz is zener voltage, and Vegs
is base-emitter voltage of Qs. The slope of the current
foldback curve is set by the ratio of Ry and Rs.

AV/AI = 0.2R3/R1 V/A

Since the regulator will normally be operating into a
large-capacity load that will probably exhibit large
dv/dt variations initially, it should be able to supply a
significantly larger amount of charge during turn-on.
This pulse current capability is provided by the capaci-
tor, which delays the feedback current so that transistor
Q: does not conduct for several hundred microseconds.
The magnitude of this pulse current is determined by
the value of resistor Rs. O

Watchdog backup power source. Readily adaptable regulated standby-power supply can produce several amperes of current at the de-
sired voltage level, as shown by its output characteristic. The circuit’s pulse-current capability (also plotted) is ample and able to satisfy large
initial turn-on load current demands. Both current limiting and current foldback are included to protect the regulator circuit.
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Multiplexer adds efficiency
to 32-channel telephone system

Analog signals are time-division multiplexed by recently developed
integrated circuits in a two-level switching scheme; the technique
promises to add speed and efficiency to digital telephone systems

by John A. Roberts* and J.O.M. Jenkins, Siliconix Ltd., swansea, England

O Time-division multiplexing has gained wide accept-
ance in recent years as a means of combining multiple
telephone channels on wire-pair transmission lines that
previously accommodated only one channel. Combined
with pulse-code-modulation (PCM) circuitry to convert
the sampled signals to a digital format, the multiplexing
techniques have generally reduced size, power con-
sumption, and costs of plant equipment.

To achieve minimum signal loss and distortion in
*Now with Microsystems International Ltd., Ottawa, Canada

TIME-DIVISION
MULTIPLEXER
| —
R R ANALOG-TO-DIGITAL
3— | CONVERTER
I
|
| QUAN- BINARY PULSE-CODE
| > —>] 11— MODULATED
: TIZER CODER OUTPUT
|
|
|
1
n—4 |

PULSE-AMPLITUDE MODULATION

1. Telephone’s answer. Problems in overcrowding of wire-pair tele-
phone-transmission lines are lessened by using analog time-division
multiplexers followed by a-d converters.

— SAMPLING OF CHANNEL 32
T SAMPLING OF CHANNEL 1
SAMPLING OF CHANNEL 2
_J["—ﬂ— —————————— ™}=_f—— PULSE-AMPLITUDE
I LY ) P 1| MODULATED OUTPUT
] e 3.906 s OF MULTIPLEXER
126 s ———

2. Tight fit. For accurate reconstruction of a 3.3-kHz telephone sig-
nal, it must be sampled at a rate of about 8 kHz, or once every 125
ps. The hierarchy of today’s telephone system makes it highly desir-
able to multiplex 32 speech channels during this period.
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such systems, much effort has been directed toward
building multiplexers that switch from channel to chan-
nel with minimum output rise and fall times. Such a
multiplexer design recently built and tested provides
150-nanosecond switching time, an order of magnitude
faster than presently available circuits.

This high-speed switching is achieved by applying
biphase control logic to a two-level multiplexer arrange-
ment that takes advantage of the fast rise times and the
break-before-make action of newly developed inte-
grated-circuit multiplexers.

Telephone system requirements

A generalized system used to time-division multiplex
voice signals is shown in Fig. 1. After the signals on
each of analog channels have been sampled, each
sample is quantized and coded into a PCM format. The
new design focuses on the analog multiplexer, which
feeds the analog-to-digital converter.

The sampling rate for each of the incoming channels
is determined by the desired bandwidth of the voice sig-
nals being sampled, while sampling dwell time is fixed
by the number of channels that must be sampled.
Nyquist’s sampling theory!? states that any transmitted
waveform that is band-limited to a maximum frequency
of f1, can be accurately reconstructed from periodic sam-

CIRCUIT CHARACTERISTICS TABLE
DG501: 8-CHANNEL
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Il 1 1 1 Il 1 1
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3. Two-level multiplexing. Output-node capacitance is significantly reduced when a second level of multiplexers is added. Interchannel
switching time, however, is still determined primarily by the speed of the first-level switches.

ples taken at a rate as slow as 2f..

In practice, however, filters do not provide ideal cut-
off at f1,, and a somewhat higher sampling rate must be
tolerated. For example, to achieve less than 1% error in
reconstruction accuracy, the sampling rate must be at
least twice the frequency at which the unwanted signals
above cutoff are reduced by 40 dB.2:3 Thus, to relax dif-
ficult filtering requirements at the input-to-sampling cir-
cuitry, a voice bandwidth that is nominally limited to
about 3.3 kHz is usually sampled at an 8-kHz rate, or
once every 125 ps.

Single-level multiplexers

The standard configurations of today’s telephone sys-
tems dictate that a fundamental group of 32 channels
be multiplexed onto one line. Therefore, with a sample
frame time of 125 ps, each of 32 multiplexed channels is

sampled for 125/32, or 3.906 ps, as Fig. 2 indicates.

Conventional multiplexing networks can be imple-
mented with either descrete components or integrated
circuits, such as the Siliconix DG501 (see table). This
circuit multiplexes eight input channels with a switching
time between channels of 1 to 2 ps. A 32-channel multi-
plexer is constructed simply by paralleling four
DG501s. Thus, in single-level switching, each of the 32
analog input channels is multiplexed through a single
switching bank.

The problem with such a system stems from the rela-
tively slow 1-2-ps switching times between channels.
Depending on the design of the particular multiplexer,
there can either be an overlap between sampling pulses,
which leads to crosstalk between channels, or a large
separation between samples, which reduces the
sampling time of a particular channel. The reduced

CHANNELS CHANNELS CHANNELS CHANNELS
8,16 CLOSED 1.9 CLOSED 2,10 CLOSED 3,11 CLOSED
A N A A A
CHANNEL CLOSURE
) %N 38 TIMES FOR
/‘“4// Ll 1 1A AND 2A
QPEN 1B
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OPEN 28 17,25 CLOSED 18,26 CLOSED
CLOSE 38 .
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- /_ér/// ] 3A AND 4A
OPEN 38 /
CLOSE 48
OPEN 48
CLOSE 18
Y Y Y Y
OUTPUT-CHANNEL
u | 2 1 9 7l s | 2|0 8 2] 3 T

—>‘ |<—SAMPLING PERIOD = 3.906 us

4. Phase Il timing. By adding two-phase control logic to the two-level multiplexer of Fig. 3, the full advantage of the 150-ns switching speed
of the DG 181 circuits is realized. Channel numbers correspond with those in Fig. 3.
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5. Logic hardware. TTL control circuits (a) implement timing (b) required in two-phase, two-level multiplexing system. First-level DG501
switches are MOS circuits, and J-FET technology gives the faster switching times needed in the DG181 second-level switches.

86



(a)°20 us/DIV

(b) 200 ns/DIV

6. Quick switch. Thirty-two dc levels are sampled in a prototype multiplexer to demonstrate switching speed of the two-level two-phase de-
sign. Largest single transition, from -3 to + 3 volts, is expanded in the lower trace. Vertical scale for both traces: 2 V per division.

sampling time results in lower multiplexer efficiency.

Added to the 1-2-ps switching time is a delay associ-
ated with the increased output-node capacitance when
multiple channels are combined. For four DG501s (32
channels), the added delay is about 200 ns. These delays
further reduce the effective sampling time and bring
some uncertainty into the timing strobe for the a-d con-
verter. The node-capacitance problem can be eased to
some extent by a high-performance sample-and-hold
circuit between the multiplexer and the a-d converter.
However, the 1-2-ps switching times remain, and this
problem becomes acute for signals obtained from
sources with output impedances of 2 kilohms and
above.

Two-level multiplexing

System-response time can be improved by reducing
the output-node capacitance. This is achieved by using
a two-level multiplexing system as shown in Fig. 3.4
Here, circuits with lower output capacitance (such as
the DG181, with performance shown in the table) are
placed in the second multiplexing level, which feeds the
a-d converter.

The DG 181 circuits can switch at a speed of 150 ns.
The full advantages of these speeds, however, are not
realized, since interchannel sampling time is still limited
by the 1-2-us rise times of the DG501s.

A timing sequence that makes maximum use of the
switching rise times of the DG181s (and therefore re-
sults in extremely high sampling efficiency) can be
achieved by applying control logic to the two-level mul-
tiplexer in a manner which will give the sampling se-
quence shown in Fig. 4. The faster switching speed and
the break-before-make action of the DG181 virtually
removes the possibility of overlap.

The problems caused by the relatively slow switching
time of the DG501 are eliminated by ensuring that the
first channels of multiplexer switches 1A and 2A (Fig. 3)
are already fully closed when 2B and 3B, respectively,
are closed, and that the first channels of switches 3A
and 4A are fully closed when 4B and 1B, respectively,
are closed. This sequence is then repeated for each of
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the eight channels of the DG501s, and the complete
cycle is again repeated.

Two-phase control logic

The timing requirement and logic-control layout for
the complete circuit are shown in Figs. 5a and 5b.
Waveforms A and B are obtained from the input clock
waveform by an asynchronous divider. The A and B
waveforms are combined to give AB, AB, AB and AB
which are needed to close the DGI181 gates sequen-
tially. Functions XAB and XAB then clock two three-
bit asynchronous counters. A delay of two clock periods
exists between XAB and XAB so that the count se-
quence applied to the second and third multiplexer is
suitably delayed.

A prototype multiplexer with two-phase control logic
has been constructed and successfully tested. Series
7400 TTL circuitry is used to implement the timing and
control logic. First-level DG501 switches are MOS cir-
cuits, while J-FET technology gives the faster switching
times needed in the DG 181 second-level switches.

To simulate all 32 analog inputs to the multiplexer, a
voltage-divider network of series resistors is connected
across a *3-volt supply. Thus, 32 dc voltage levels are
consecutively tapped off the network and applied to the
multiplexer input. The multiplexer output is displayed
on the oscilloscope, as shown in Fig. 6a. As can be seen,
the largest transition is from -3 to +3 v. In Fig. 6b, thlS
6-v transition is demonstrated as being accomplished in
less than 100 ns.

If low-power TTL or diode-transistor logic is used in
the control circuits, synchronous counters may be neces-
sary to eliminate cumulative flip-flop delays. Although
the system shown is designed for negative-edge-trig-
gered J-K flip-flops, the circuitry can be rearranged

quite simply for almost any bistable logic element. ]
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An easy way to design
complex program controllers

With less than a handful of functional integrated circuits,
an engineer can use a general method to readily put together a logic
program controller to direct even the most involved operations

by Charles L. Richards, Seaco Computer Dispiays Inc., Garland, Texas*

[J When an electronics engineer needs to design a com-
plicated program controller, he may well experience a
sinking feeling—it could mean a return to the textbooks
to relearn the techniques of transfer tables, combina-
tional and sequential logic, and component min-
imization. But a new general design method relieves the
engineer of these burdens and allows him to configure
and prototype even an extremely complex logic control-
ler with a minimum of effort. time, and cost.

What's more, the generalized approach applies not
only to straightforward sequential controllers, but also
those that implement nonsequential YES-NO and mul-
tiple-choice decisions. That is, a controller can be made

to index one state (or step) at a time, or to jump forward
or backward to any predetermined state. or to choose
which input condition out of many in the same state is
to cause it to either index or jump.

In fact, the method is so easy to learn and apply that
an engineer using it for the first time was able to design

1. Key logic elements. The state counter, multiplexer, and decoder, in color, are the main devices needed to produce a sequential controller
that indexes from one step to the next. Adding secondary devices permits both nonsequential and priority control actions.
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3 Funcrion

FUNCTION
Y

2. Transfers defined. Diamond denotes transfer condition, while
rectangle denotes transfer function. One function is the action ini-
tiated by a transfer condition of YES, while a transfer condition of NO
can initiate the other transfer function.

and prototype a controller involving 54 different states,
with many states having five decision levels. The con-
troller required 178 integrated circuits, had no logic er-
rors, and worked perfectly the first time power was ap-
plied.

The three integrated circuits shown in color in Fig. 1
form the kernel of the logic-program controller. These
primary devices are a k-bit state (or step) counter, an n-
bit multiplexer, and an n-bit decoder. Here, n, the num-
ber of controller states, equals 2k. For an eight-state
controller, the three IC devices in plastic dual in-line
packages cost about $12, even when bought at their
maximum, single-unit prices.

By adding another multiplexer and decoder, shown at
the right of Fig. 1, to handle secondary input conditions,
the controller can be made to perform condition-prior-
ity and nonsequential—or jump—operations. Appro-
priate jump addresses are fed back to the primary state
counter through AND and NAND gates. More compli-
cated program control can be obtained simply by add-
ing more multiplexers and decoders.

Flow diagram tells all

The design process starts with a statement relating
the controller’s inputs to the output actions to be ini-
tiated by the inputs. The sequence of events can be rep-
resented by a flow diagram of the individual states in
the over-all program. The diagram can be readily con-
verted to a group of logic-state equations, which then
clearly tell how to connect the inputs and outputs, in-
cluding address jumps.

To explain how the generalized controller can be ap-
plied to three applications of varying complexity, it is
necessary to define the terms transfer condition and
transfer function. These are shown symbolically as the
diamond and square in Fig. 2.

The diamond-shaped box represents the transfer con-
dition, which concerns a YES or NO decision. The num-
ber in a diamond is the state (or step) number for that
transfer condition. The transfer condition can be imple-
mented physically by such two-state devices as a therm-
ostat switch, a flip-flop, or a pulse.

The transfer function, denoted by the rectangles in
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Fig. 2, is an action that is started or stopped by the
transfer condition. As examples, the transfer function
can gate a digital counter or start a motor. As shown, a
YES transfer condition initiates one transfer function
and a NO another transfer function.

Furthermore, depending on the controller'’s appli-
cation, the transfer conditions can be either indepen-
dent of or dependent on the transfer functions. In a de-
pendent case, for example, the transfer condition might
trigger a transfer function that starts a count of 1,000
events. The occurrence of the 1,000th count then serves
as the next transfer condition. In an independent case,
the next transfer condition might be an input from a
timer occurring 500 milliseconds after the count starts,
whether or not the count has reached 1,000.

1. Designing an eight-state
seguence controller

Probably the simplest program controller is one that se-
quences from one step to the next. Figure 3 contains the
flow diagram for an eight-state sequence controller.
Transfer functions are not required from any NO condi-
tions, so NO-outputs are simply symbolically looped
back as a condition input. The corresponding logic
equations are:

FUNCTION A =(STATE 0) (CONDITION A) A

FUNCTION B =(STATE 1) (CONDITION B) A

FUNCTION C =(STATE 2) (CONDITION C) A

FUNCTION D =(STATE 3) (CONDITION D) A

FUNCTION E = (STATE 4) (CONDITION E) A

FUNCTION F =(STATE 5) (CONDITION F) A

FUNCTION G = (STATE 6) (CONDITION G) A

FUNCTION H = (STATE 7) (CONDITION H) A

In logic convention, the product of two terms means
that an output will occur TRUE when each term is TRUE.
That is, for example, FUNCTION A becomes TRUE when
both STATE 0 and CONDITION A are TRUE. Thus, the se-
quence of events is for the controller to remain TRUE in
STATE 0 until CONDITION A becomes TRUE, at which
point the controller initiates FUNCTION A and steps to
STATE 1. Then the controllér remains TRUE in STATE 1|
until CONDITION B becomes TRUE, initiates FUNCTION B,
and steps to STATE 3. When the controller reaches STATE
7, it remains there until CONDITION H becomes TRUE,
initiates FUNCTION H, and steps to STATE 0—ready for a
new cycle. In the equations above, the delta denotes on
increment, or step, to the next state.

This eight-state sequence uses commercial integrated
circuits. As shown in Fig. 4, the state counter is a type
74163 four-bit counter. But only three bits are used in
this application, since k = 3 provides the eight state ad-
dresses, binary 000 to 111, corresponding to the 0 to 7
states. The counter’s outputs address the 8-to-1 multi-
plexer (type 74151) to select the corresponding transfer
condition and address the 3-to-8 decoder (type 7442) to
select the corresponding output transfer function.

For example, when the counter in Fig. 4 outputs 101,
the counter thus simultaneously addresses STATE 5. That
is, it addresses CONDITION F of the multiplexer and
FUNCTION F at the decoder.
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3. Flow diagram. Succession of transfer conditions and transfer functions represents the actions needed for the particular application. Here
the task is simple sequence control, in which the controller indexes from one step to the next in prescribed order.
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4. Sequence controller. In a step-by-step sequence controller, which can be implemented with as few as three IC packages, the multi-
plexer's Y-output enables the counter to increment the state address for the multiplexer and decoder to yield the required function.

Assume the counter has been RESET to binary 000,
corresponding to STATE 0 in the flow chart. This count
on the multiplexer’s address inputs gates the status of
CONDITION A from the multiplexer’s input to its com-
plementary Y and W outputs. As long as CONDITION A is
NO, the Y output is low and the W output is high. The
low Y signal inhibits the counter’s ENABLE-P INPUT, sO
the counter cannot increment even when a CLOCK pulse
is present. The W output connects to the decoder’s most-
significant-bit output (D) which, if high, inhibits the
decoder’s 0 to 7 outputs. But when multiplexer output
W goes low it enables the decoder output addressed by
the state counter.
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When CONDITION A becomes YES, two things hap-
pen: the multiplexer’s Y output goes high and allows the
state counter to increment on the next CLOCK pulse;
and the W output goes low and enables the decoder, ad-
dressed to 000, to produce a low output on line 0, thus
yielding a signal to initiate FUNCTION A. (Here, a low-
voltage output is defined as a TRUE FUNCTION A.)

When the next CLOCK pulse occurs, the state counter
increments to 001 (or STATE 1), FUNCTION A goes back
high, and the multiplexer’s 001-address then gates CON-
DITION B through the multiplexer, but FUNCTION B from
the decoder appears only when CONDITION B becomes
YES and the counter increments to the next state. In this
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5. Decide and jump. Controller executes steps in sequence unless a condition is NO, in which case—as shown in color—the controller ini-
tiates a secondary function and jumps to a new state. Inputs to state counter establish address for multiplexer and decoder.
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6. Generating jumps. Adding a secondary decoder (function generator) provides the outputs for the secondary conditions, shown in Fig. 5,
which are also fed back to the state-counter’s inputs through gates to produce the new jump address for the multiplexer and decoders.

manner, the controller steps through to STATE 7 (111),
and when CONDITION H becomes YES, FUNCTION H is
generated, the state counter steps to STATE 0 (000), and
the controller is ready for the next cycle of operation.
Note in Fig. 4 that the address inputs for the state
counter are grounded. The reason is that in this appli-
cation the required state-by-state indexing is carried out
by a CLOCK pulse each time a selected YES condition
drives the multiplexer’s Y output high to ENABLE the
counter. (In more complex controllers, the counter’s in-
puts are addressed according to program requirements,
as will shortly be explained.) Simple as it is, however,
the sequence controller can prove useful, for example,
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where eight conditions must be performed in prescribed
order to insure safe and proper operation of a produc-
tion machine.

2. Designing a nonsequential
alternate-function controller

More complex, and certainly more realistic, is a pro-
gram controller that must trigger one transfer function
when a condition is YES and another function if the con-
dition is NO. Also required is that the controller se-



quence to the next state if the condition is YES or jump
to a nonsequential state if NO.

Figure 5 contains the flow diagram for a controller
that can perform these YES-NO decisions and nonse-
quential jumps. Here, for example, when it is in STATE |
and CONDITION B is YES, it will initiate FUNCTION C; but
when CONDITION B is NO, it will initiate FUNCTION B
and jump to STATE 4. The logic equations, developed
from inspection of the flow diagram (Fig. 5), are:

FUNCTION A = (STATE 0) (CONDITION A) A

FUNCTION B = (STATE 1) (CONDITION B) > 4

FUNCTION C = (STATE 1) (CONDITION B) A

FUNCTION D = (STATE 2) (CONDITION C) A

FUNCTION E = (STATE 3) (CONDITION D) > 6

FUNCTION F = (STATE 3) (CONDITION D) A

FUNCTION G =(STATE 4) (CONDITION E) A

FUNCTION H = (STATE 5) (CONDITION F)-=> 6

FUNCTION 1 =(STATE 5) (CONDITION F) A

FUNCTION J =(STATE 6) (CONDITION G) A

FUNCTION K= (STATE 7) (CONDITION H) A

FUNCTION L= (STATE 7) (CONDITION H) > 0
The horizontal arrows in the equation point to the re-
quired jump state, as determined from the application
flow diagram.

Here, the complement (FALSE) of a function—denoted
by the ban over, for example, FUNCTION A—must ac-
tually be interpreted as the initiation of the required
function so as to be internally consistent with the volt-
age-level convention of the devices in this particular
controller. In these devices, a TRUE logic level means a
high voltage level; a FALSE logic level means a low volt-
age level. Thus, the equations above are logically con-
sistent with their electrical circuit (Fig. 6).

This implementation is substantially similar to that of
the simple sequence controller, except for the addition
of the secondary decoder to develop the nonsequential
addresses for those transfer functions generated by the
four NO conditions. Also required are NAND gates to
drive the state counter to the correct state address and
an AND gate to LOAD that address into the counter. If,
in Fig. 5, all conditions go YES in sequence, then the op-
eration is the same as that for the previous sequence
controller.

Suppose, though, the controller has sequenced
through to STATE 3, CONDITION D, which if YES initiates
FUNCTION F. However, if CONDITION D is NO, the flow
diagram indicates the controller should jump to STATE 6,
CONDITION G. Referring to Fig. 6, all transfer conditions
are inputted through the 8-to-1 multiplexer, with the
particular condition gated through the multiplexer
(transfer-condition selector) depending on the address
produced by the state counter. Also, depending on the
counter’s state address, the primary decoder will pro-
duce one primary function, or the secondary decoder
one secondary function. Here, secondary function B oc-
curs at STATE 1, E at STATE 3, H at STATE 5, and L at
STATE 7. Thus, the controller uses the secondary Jdeco-
der’s 1, 3,5, and 7 outputs.

The primary and secondary transfer functions initiate
the desired external actions mandated by the particular
application. A YES primary condition will cause the con-
troller to index to the next state. But the secondary
functions are fed back as inputs to the state counter to
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generate a jump address and to load the state counter
with that address.

Connecting jump addresses

As shown in Fig. 5 and by the logic equations, the re-
quired address jumps are:

FunctionB 24;E—>6;H—6;L—0

These state numbers are obtained by addressing the
state counter’s binary-weighted inputs. The counter’s
highest-ordered input (D) is permanently set to low
level, or binary 0, by grounding, since the A, B, and C in-
puts can yield the required eight state addresses.

In Fig. 6, these addresses are developed through two
NAND gates. FUNCTION B inputted to one NAND gate
puts a high-level signal on the counter’s C input and
generates the 100 which is the jump-to-STATE 4 address
applied to the multiplexer and decoders. And FUNC-
TION E is fed through both NAND gates to activate the B
and C inputs to generate 110, the STATE 6 address. The 0
jump address occurs simply when there are no input sig-
nals on the NAND gates. Note that since only even-num-
bered jump addresses are used, the state counter’s A in-
put is permanently grounded. In applications requiring
odd-numbered addresses, the A input would also be ac-
cessed through a NAND gate by the odd-numbered
functions.

All secondary-decoder jump outputs serve as inputs
to an AND gate that in turn connects to the state counter
LOAD input. Because of the voltage-level convention,
the AND gate actually performs an OR logic function.
Therefore, whenever any jump function appears at the
AND gate inputs, the counter’s A, B, or C inputs LOAD
the counter to set up the jump address at its output.

A few other electrical connections are required. The
multiplexer must enable the primary function generator
for primary (YES) decisions or the secondary-function
generator for secondary (NO) decisions. This is accom-
plished by connecting the multiplexer’s Y-output to the
D (inhibit) terminal of the secondary decoder and the W
output to the D terminal of primary decoder. The Y out-
put also connects to the counter’s ENABLE-P terminal.

Assume the controller state counter has been RESET
to STATE 0. As long as CONDITION A is NO, the second-
ary-function generator’s 0 output is low—but this output
is not used. When CONDITION A becomes YES, the pri-
mary-function generator’s O-output goes low to generate
FUNCTION A. At the same time the multiplexer’s Y out-
put goes high to drive the state counter’s ENABLE-P in-
put and, on the next CLOCK pulse, the counter incre-
ments to STATE 1. Here, as shown in Figs. 5 and 6, if
CONDITION B is YES, the primary-function generator is
enabled, because W is low, to produce FUNCTION C, and,
because Y is high, the state counter increments to STATE
2 on the next CLOCK. However, if CONDITION B is NO
the low Y signal on the secondary-function generator’s
D terminal enables that decoder to yield FUNCTION B.
And the counter must jump to STATE 4. Therefore,
FUNCTION B gets fed to the counter’s C input through
the NAND gate, and to the LOAD input through the AND
gate. Thus, the next CLOCK pulse loads the counter to a
count of 100, or STATE 4.

In this manner, the controller will either index to the
next state or jump to a prescribed state. As shown in



7. Priority control. Flow diagram indicates controller must give first priority, at any state, to primary conditions, at left, but if a primary condi-
tion is NO and secondary condition—in color—is YES, then controller initiates secondary function and jumps.
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8. Dual declsion. Adding a secondary multiplexer, upper right, provides gating of secondary, or low-priority, inputs, with the primary multi-
plexer’s enable and inhibit outputs choosing whether to give priority to primary or secondary transfer conditions.

Fig. 5, initiation of FUNCTION L will bypass FUNCTION K
and reset the controller to STATE 0, but if CONDITION H
is YES, the controller will first initiate FUNCTION K and
then increment to STATE 0.

3. Designing a nonsequential
priority-condition controller

Consider now any application in which, at one or more
states, two input conditions exist and the program con-
troller has to choose which condition will initiate the

next function. Thus, the controller must follow a set of
priority rules. This controller is slightly more complex,
electrically, than the previous two examples, but is still
easily put together with standard 1Cs.

In STATE 0 of Fig. 7, for instance CONDITION A could
represent a thermostat switch which, if closed (YES) ini-
tiates FUNCTION A and indexes the controller to STATE 1.
But if the thermostat is open (NO), then CONDITION B
should be implemented. Here CONDITION B could be a
timer input. In STATE 0 the controller is to give first pri-
ority to the temperature input, but if the temperature
does not close the thermostat, then after some elapsed
time the controller will operate through CONDITION B
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and jump to STATE 2. And if the temperature and time
are both YES, then the controller is to obey the move
dictated by the priority assignment, CONDITION A. Fig-
ure 7 includes eight high-priority conditions—A, C, D, F,
G, H, I, and K—and three low-priority conditions—B, E,
and J—at STATE 0, 2, and 6 with jumps to, respectively,
STATES 2, 4, and 0. Also a jump is needed to STATE 6
when CONDITION G, at STATE 4, is NO.

Inspection of the flow diagram (Fig. 7) leads to the
following logic equations, which indicate the connec-
tions between the devices making up the controller (Fig.
8). Again the delta means index to next state, and the
horizontal arrow means jump to the indicated state.

FUNCTION A = (STATE 0) (CONDITION A) A
FUNCTION B =
(STATE 0) (CONDITION A) (CONDITION B) =2
FUNCTION C=(STATE 1) (CONDITION C) A
FUNCTION D = (STATE 2) (CONDITION D) A
FONCTION E=
(STATE 2) (CONDITION D) (CONDITON E) > 4
FUNCTION F =(STATE 3) (CONDITION F) A
FUNCTION G = (STATE 4) (CONDITION G) A
FUNCTION H = (STATE 4) (CONDITION G) > 6
FUNCTION T = (STATE 5) (CONDITION H) A
FUNCTION J =(STATE 6) (CONDITION 1) A
FUNCTION K=
(STATE 6) (CONDITION I) (CONDITION J) => 0
FUNCTION L =(STATE 7) (CONDITION K) A
Here again the logic equations show that the required
function results when the corresponding decoder output
goes low, to be consistent with device electrical levels.

Generating priorities

In Fig. 8, the high-priority conditions are the same as
the primary conditions used in the previous examples,
and they are gated through the multiplexer generating
the high-priority transfer condition. Another multi-
plexer generates the low-priority transfer conditions.
Again two decoders are used, one to output the high-
priority functions, the other the low-priority functions.
Since this application also requires nonsequential
jumps, the jump addresses are obtained by the same
procedure of feeding back appropriate secondary (or
low-priority) output functions through NAND gates to
the state counter. And the presence of any one of these
jump functions and the AND gate (operating in an OR
mode) loads the address into the state counter. As in the
preceding example. the addresses developed by the
state counter drive the multiplexers and decoders.

Of particular interest in this example is how the de-
vices are connected so that they properly assess the re-
quired priority (if any) in a given state. and enable or
inhibit the associated integrated circuits. The Y output
of the primary multiplexer connects to the state
counter’s ENABLE-P terminal to provide sequential in-
dexing when needed. This Y output also goes to the
STROBE terminal of the low-priority multiplexer. which
inhibits the low-priority transfer-function selector (mul-
tiplexer) any time the selected high-priority transfer
condition is TRUE. As in the preceding example. when a
multiplexer’s W output. the complement of Y. is low, it
inhibits the function output of the related decoder.

Consider now some of the alternative actions pro-
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vided by this program controller that choose and imple-
ment a function depending on the priorities assigned to
two conditions at a given state. Assume the controller
has been RESET to STATE 0. Here. the high-priority (pri-
mary) multiplexer is addressed to select CONDITION A
and the low-priority (secondary) multiplexer to select
CONDITION B.

If CONDITION A is YES (or TRUE). three things hap-
pen: the Y output of the primary multiplexer ENABLES
the state counter to index to the next step. the W output
of the same multiplexer removes the inhibit on the D
terminal of the primary decoder and thus generates the
addressed FUNCTION A; the Y output. connected to the
STROBE terminal of the secondary multiplexer, inhib-
its— through that multiplexer’s W output—the secondary
transfer-function generator (decoder). As required, the
controller generates FUNCTION A and steps to STATE 1.

However, suppose the controller is in STATE 0 and
that CONDITION A is NO and CONDITION B is YES. As
shown in Fig. 7, the controller in this situation is to ini-
tiate FONCIION B and jump to STATE 2. Since CONDI-
TION A is NO. the low-priority transfer-function gener-
ator is enabled, resulting in FONCTION B appearing on
output line 0, as required. Furthermore. this function is
fed back to the state counter’s NAND gate which enables
input-terminal B to a 100 address so the controller
jumps to STATE 4, as required.

For the case where CONDITION A and B are both YES,
the controller is to give priority to, and react to, CONDI-
TION A only. This action is the result of the high Y out-
put of the primary multiplexer inhibiting the secondary
multiplexer and thus preventing CONDITION B from
being gated through to the decoder. Therefore, the con-
troller ignores CONDITION B and the primary Y output
enables the state counter to increment to STATE 1. Of
course, if CONDITIONS A and B are both NO, the control-
ler stays in STATE 0.

In some states, as for example STATE 3, the controller
is required to step to STATE 4 only when a condition
(here CONDITION F) becomes YES. Because the second-
ary multiplexer and decoder are inhibited, the control-
ler indexes in the same manner as in the sequence con-
troller in the first example.

Even without having to make a priority decision, this
controller can also perform YES-NO nonsequential
jumps, as is required at STATE 4. Here, the controller is
to generate FUNCTION G and step to STATE 5 if CONDI-
TION G is YES, or generate FUNCIION H if CONDITION G
is NO. In the YES, or primary condition, the primary
multiplexer inhibits the secondary multiplexer, so the
controller simply generates FUNCTION G and goes to
STATE 5. If CONDITION G is NO, the controller must ini-
tiate FUNCTION H and jump to STATE 6. To accomplish
this, a YES condition is permanently connected to input
4 of the secondary controller, shown as the logic one
connection in Fig. 8. Being in STATE 4, with the second-
ary multiplexer enabled through its STROBE connection
and the secondary decoder enabled through its D input,
the controller can then “gate™ this permanent YES con-
dition through the multiplexer and decoder to generate
FUNCTION H. as required. Furthermore. this output is
fed to the B and C NAND gates to produce the 110 corre-
sponding to the required jump address of 6. O




Dual-polarity |C regulators
aid design and packaging

Mounted in cans or dual in-line packages, voltage regulators that
provide both positive and negative outputs from single monolithic
chips use little pc-board area, yet they give many electrical options

by Robert A. Mammano, Silicon General inc., Westminster, Calif.

O Electronic systems using analog integrated circuits
have been considerably enhanced by dual-polarity volt-
age regulators, now available as single monolithic chips.
In addition to mounting handily on the printed-circuit
boards along with the ICs they are to control, several
regulators can be driven from a single remote unregu-
lated power supply. The dual-polarity regulator pro-
vides simultaneous positive and negative voltages, with
one of the two regulated voltages automatically com-
pensating for fluctuations in the other.

When linear integrated-circuit packages first became
available, they permitted the designer to build rather
large and complex analog functions on one small
printed-circuit board. But energizing several pc boards
from one central, but remote, voltage-regulated power
supply can create operational problems because of lead
inductance and decoupling, and particularly from the
voltage drop through leads and connectors. To elimi-
nate these problems, an on-board IC voltage regulator
was fed from a separate unregulated power supply. In
this way, regulation occurred close to the load.

Initially, these IC regulators could handle voltages of
only one polarity, either positive or negative, but two
regulators could not be fabricated on the same mono-
lithic chip. However, since most analog circuits require
simultaneous positive and negative voltages, single-po-
larity regulators seemed to beg the question, since each
board needed two regulators. Furthermore, two inde-
pendent regulators still did not meet another basic re-
quirement—that the two regulated voltages match, or
track, each other.

Thus, the increasing use of linear integrated circuits
created a demand for a dual-polarity voltage regulator
built on one monolithic chip so that the adjustment of
the voltage of one polarity could automatically adjust
the other polarity by the same amount. This tracking
capability was achieved by incorporating a single refer-
ence diode to regulate one polarity and using that out-
put for the other polarity.

The available dual-polarity voltage regulators are
Silicon General’s SG1501, SG1501A, and SG1502,
Motorola’s MC1568, and—recently—Raytheon’s
RC4195. The SG1501, the first such device, features
100-milliampere output current, *30-v input, factory-
set output of £15 v, and a sensitivity to full-range load
or line variations of typically less than 2 mv. Although
the output voltages can be adjusted over a range of +8 v
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to +23 v, this is done with some degradation in tem-
perature stability.

Motorola’s MC1568 and Raytheon’s RC4195 are sub-
stantially the same as the SG1501. All such regulators
can be combined with external pass transistors to regu-
late currents to about 2 A.

The SG1501A handles up to 200 mA of load current,
and also it includes a circuit for automatic shutdown
when the chip junction temperature exceeds a safe
limit. The input voltage has been increased to 35 v.

The SG1502 employs the same basic circuit as the
SG1501, but it includes two additional features. User-
supplied external voltage-setting resistors with small
temperature coefficients permit output levels to be ad-
justed from *8 v to +28 v while maintaining excellent
temperature stability. And instead of limiting the cur-
rent to some maximum value, the SG1502 includes the
capability for foldback circuitry, which actually reduces
the short-circuit current to less than the maximum rated
load current, thereby limiting internal power dissipation
of the pass transistors to a safe value.

Successful applications of these dual-polarity regu-
lators is in the hands of designers, since it is up to them
to make sure that the devices do not dissipate enough
power to raise internal temperature above allowable
limits. The panels that follow discuss regulator oper-
ation and detail power-dissipation control by heat-sink-
ing, by current-limiting, and by foldback circuitry.

In this basic circuit for

The all dual-polarity regu-
tracking lators on single mono-
regulator | lithic chips, the constant

voltage developed by a
zener diode is applied to
. one input of the negative

error amplifier. The
other input comes from the tap between Ry, and Rz, the
negative voltage divider, which thus sets the negative
output voltage. Because of the closed-loop connection,
the output voltage will remain fixed over a wide range
of load currents and input voltages.

The reference input to the positive error amplifier is
grounded, or zero. Two equal resistances span the nega-
tive and positive outputs. The tap between these two re-
sistors goes to the other input of the positive error am-
plifier. In the steady state, the tap must have a potential
equal to zero volts. If it does not, the positive output
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voltage will increase or decrease until the input is zero.
When this happens, the positive output is equal in mag-
nitude but opposite in polarity to the negative output
voltage. (Motorola’s MC1568 operates similarly, except
the zener reference controls the positive side.)

Any change in the setting of the negative voltage
divider will provide exactly the same percentage of
change in the positive output voltage. This tracking will
hold within 0.5% from slightly above the reference volt-
age, which is 6.2 Vv, to about 2 Vv less than the input sup-
ply voltage.

In maintaining a con-
stant oatput voltage, de-
spite changes in input
voltage and output cur-
rent, the regulator acts
like an automatically
- variable resistance. The

power dissipated by this
“resistance” is the product of the voltage drop across
the regulator and the load current, plus standby power.
Standby power, about 10% of maximum power, is dissi-
pated, even when no load current flows.

The maximum total dissipated power cannot allow
the junction temperature of any of the many transistors
on the chip to exceed 170°C. For maximum reliability,
this temperature is usually derated to 150°C.

Determining the maximum power-handling capabil-
ity and the resulting maximum current is a function of
the difference between input and output voltages. The
allowable maximum junction temperature rise, AT/j, is:

AT] = 150°C - Ta (max)

where Ta (may is the maximum ambient temperature.
The power that can be dissipated, Py, is:

Pd = Tj/®ja

where 0, is the thermal resistance between the junction
and the ambient. The thermal resistance depends on the
amount of cooling provided by convection currents,
forced air, or heat-sinking. As examples, for a regulator
mounted in a TO-100 metal can in open, still air, the
thermal resistance is 185°C/w; for a TO-116 ceramic
dual in-line package, it’s 125°C/W. A heat radiator will

Power
dissipation
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significantly reduce these values. For example, an IERC
model TXFB-032-025 top-hat radiator mounted on a
TO-100 can brings the thermal resistance down to
130°C/w. A model LIC-214A-2B radiator on the TO-
116 reduces the thermal resistance to 50°C/W.

The standby power, Py, is then subtracted from Py.
The remainder is the amount of power due to the prod-
uct of load current and input-output voltage differ-
ential, for each side, that can be safely dissipated in the
regulator. The illustration shows the maximum load
current for each side, as a function of a symmetrical
voltage differential, for two typical regulator packages.
In this simple appli-
cation of an SG1501
dual-polarity regulator,
the device delivers +15 v
at the output. For the de-
signer, the main concern
. is to limit the maximum

load current to a value
that will not raise junction temperatures above -a safe
value. Heat-sinking can increase dissipation and hence
allowable maximum current.

Each side of the regulator contains a series transistor,
through which the load current passes. Current limiting
is obtained by diverting, at some prescribed value of
load current, the drive signal from the pass transistor.
This is accomplished by another transistor which is nor-
mally held off, or nonconducting, by an external base-
to-emitter resistance, shown as Ry in thi<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>