ELECTRONIC

Overioad Protection

CURRENT LIMITER FOR YOUR SEMICONDUCTORS

BY JOHN L. KEITH

ELECTRONICS experimenters are find-
ing more and more uses for the latest
microminiature solid-state devices—and
with good reason. These components sim-
plify circuit design and construction,
making it possible for the experimenter
to build projects that were formerly too
complex and expensive to duplicate.
There is one great care the experimenter
must exercise, however: most semicon-
ductor devices are extremely current sen-
sitive. Eixceed the rating just a littie bit,
" and the device may be permanently dam-
aged. To prevent such occurrences, try
the electronic overload protector de-
scribed here. ‘

When connected between the power
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supply and the experimental circuit, the
overioad protector automatically limits
the current drawn by the circuit to a
value consistent with the known ratings
of the semiconductor devices you are
using.

The protector, whose circuit is shown
in Fig. 1, cperates on the principle of a
shunt current meter. The load current
must flow through one of the range re-
sistors, R8-R1(. The voltage drop across
the resistor is then applied through po-
tentiometer R11 to the base of Q1. The
use of R71 makes each range continuous-
ly variable.

With no overload condition, @7 con-
ducts slightly, allowing @2 to conduct
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PARTS LIST

D1,D2—1N344 diodc

D5—1.N2006 diode

11—3#327R incandescent pilot lamp (28 volts at
40 md)

Ni1—S.pd.t. relay, 5500-0lm at 2.9-md winding

Q1.02-—2N508 transistor {sce text)

R1—680-0km
R2—220-0km
R3,R5—220,000-0/tm
R+4—82,000-0ltm
R6—9100-0km
R7—10,000-0/m (sce text)
RS§—20-0hm

RO—10-0lm

R10—5-0hm
R11—35000-0m lincar taper potentiometcr
S1—S.p.s.t. slide or toggle switch

Al resistors
Ts-weal!

S2—3Alomcntary-action, push-to-close sicitch
-92V S3—Thvece-position, non-shorting rotary switch
@_/ 7—Fivesvay binding posts or banana jacks for
Sl contacts 1 through 7
_._f 1—metal utility box
Misc—Rubber grommet for 11; havdware; hook-
3 upacire, solder; ctc.
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Fig. 1. Input power is applied via contacts 1 and 2; separate 16-volt sup-
ply for K1 via 2 and 3; load via 4 and 5. Load current is measured as
voltage drop between 6 and 7 and converted to current with Ohm's Law.

Switches $1-S3, potentiometer R11, and indicator lamp 11 mount directly to front panel
of utility box. Load connectors, also on front panel, can be five-way binding posts.
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Fig. 2. Although printed circuit board construction is shown, circuit is simple enough
to be assembled with point-to-point wiring. Terminal strip at left is for power inputs.

heavily and energize relay K1. Emitter-
to-base negative feedback is used as tem-
nerature compensation.

When an overload occurs, @1 becomes
forward biased, lowering the @2 bias and
deenergizing K1. This action disables the
output circuit. Then when reset switch
S2 is momentarily depressed, bias is re-
stored to @1, @2, and the output. If the
overload still exists, @2 will remain cut
off, and K7 will not energize. But if the
overload is removed, @I conducts and
energizes K/ when S2 is depressed.

The three ranges chosen provide ac-
curate current control in steps of 10-25
mA, 20-50 mA, and 40-100 mA at 9 volts
d.c. Also provided are connections for
measuring the voltage drop across the
range resistors (contacts 6 and 7). This
voltage can be converted, by Ohm's Law,
to current and indicated on a graph.

Although designed for 9-volt opera-
‘tion, the overload protection circuit can
be used with other input voltages to pro-
vide corresponding output voltages. Just
be sure to take into account the change
of current flowing through the range re-
sistors with the new voltage.
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The construction and layout of the
electronic overload protection circuit are
not critical. While the original prototype
shown in Fig. 2 was assembled with the
aid of a printed circuit board, the circuit
ig simple enough to permit point-to-point
wiring. Almost any general-purpose tran-
sistor should work satisfactorily, pro-
vided that the one employed as the shunt

VOLTAGE TO CURRENT RELATIONSHIPS
RANGE SWITCH POSITION
VOLTS A B
0.2 10 mA 20 mA 40 mA
0.3 15 mA 30 mA 60 mA
0.4 20 mA 40 mA 80 mA
0.5 25 mA 50 mA 100 mA

amplifier has high enough gain, and the
transistor for relay control has a VcCBO
of 16 volts or more. If the transistor
(@Q2) gain is too low, the value of R7
might have to be reduced to 4700 ohms.

For your convenience, the table gives
the voltage-to-current specifications for
the three settings of range switch S3.
This table can be cut out or copied and
pasted to the enclosure. 30—
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Low-loss shunt protects
high-current supplies

by Roy Hartkopf and Ron Kilgour
Alphington, Victoria, Australia

The usual method for providing short-circuit protection
in low-voltage, high-current power supplies is to employ
a current-sensing resistor in series with the load. Unfor-
tunately, this scheme develops an appreciable voltage
drop across the resistor when large currents flow and
may consequently reduce the available output voltage to
a great degree. The voltage drop can be virtually elimi-
nated with an alternative method, shown here, which
uses an audio transformer and a single-turn winding to
sense the overcurrent condition at the secondary of the
supply’s power input transformer. Besides being inexpen-
sive, the current sensor will react faster to overloads than
some of the more conventional circuits.

As shown in the figure, current protection may be

secured for a typical 27-volt, 20-ampere supply by wind-
ing a single turn of 10-gauge wire, which is placed in
series with the power transformer’s secondary and the
supply’s rectifier bridge, onto a small audio transformer
connected in the control section of the supply. During
normal operation, transistor Q, will be saturated because
current is delivered to its base from the 27-v supply line.
Note that the secondary of the audio transformer, in
conjunction with diode D;, will contribute a relatively
small negative voltage at the summing junction of P,.
Should the current demands increase, however, the
magnitude of the negative voltage developed at the audio
transformer’s secondary will increase and, consistent
with the setting of potentiometer P;, pull the base-
to-emitter voltage down to cut off Q,. The 2N2646
unijunction transistor will then turn on and trigger the
silicon controlled rectifier, and the control signal will be
brought low. Thus this signal can be used to cut off the
supply. This action will be instantaneous, occurring on
the first overload cycle. U

Designer's casebook is a regular feature in Electronics. We invite readers to submit original
and unpubtiished circuit ideas and sclutions to design problems, Explain briefly but thoroughly
the circuit's operating principle and purpose. We'll pay $50 tor each item published.
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Current and power limiter
protects switching transistor

by R.M. Stitt

Burr-Brown Research Corp., Tucson, Ariz.

Although a switching transistor dissipates little power in
normal operation, it must be protected from destructive
current and power overloads. Current-limiting alone is
not sufficient protection; power-limiting is also neces-
sary. But fortunately, a few components can be added
to conventional current-limiting circuitry to provide
power-limiting. A voltage rise across a transistor is
sensed and used to cut down the drive current.

To understand why current-limiting alone fails to
provide adequate protection, consider a switching tran-
sistor controiling a 100-ohm load connected to a 100-
volt supply. The power dissipated in the load might be
about 100 watts, but the maximum power dissipated in
the transistor is merely the load current times the tran-
sistor’s saturation voltage (if switching losses are ne-
glected). The load current is about 1 ampere, so the
transistor dissipates less than 1 w. A designer might use
a 3-w device and provide a current-limiting level of 1.5
amperes.

Suppose, however, that the load is short-circuited so
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Two-way protection. Switching transistor Q, is protected against
excess current and/or excess power dissipation. If load current ap-
proaches limit, IR, drop turns on transistor Qg to shunt base drive
from Q. A voltage rise across Q, acts through Rj to turn on Q; and
turn off Q,. Capacitor C provides delay that allows Q to saturate
with each new cycle, and lets power-limiter ignore transient high
currents. Diodes Dy and D, reset power-limiter when input is low.
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that the collector of the switching transistor is connected
directly to the 100-v supply. Then the transistor dissi-
pates 150 w, which destroys it.

To prevent this destruction, a power-limiter is re-
quired. Power-limiting can be added to a standard cur-
rent-limiter by use of only four simple components. In
Fig. 1, Q is the switching transistor, and the conven-
tional current-limiter is formed by Q2, Rz, and R 4. The
power-limiter consists of capacitor C, diodes D; and Dg,
and resistor Ra. To illustrate the operation of the circuit,
assume that Q, is saturated and in normal operation. As
the load current increases, the voltage drop across Rs
increases, turning on transistor Q; and thus shunting
drive current away from the base of Q;. Therefore, Q;
begins to come out of saturation, so its collector voltage
rises. This voltage across Q; further turns on Q; through
R3 and regeneratively turns off Q.

Diodes D; and D form a switch so that the collector

voltage of Q; is sampled only when its input is high.
This switch also resets the power-limiting circuitry with
each cycle of the input. The value of capacitor C is cho-
sen to give the power-limiting portion of the circuit a
turn-on delay, allowing time for Q; to become satu-
rated. This delay also permits higher current transients
to flow during switching, such as those that might occur
in a switching regulator in which the catch diode must
be discharged during each cycle.

The current-limiting portion of the circuitry is active
at all times, protecting the switching transistor from cur-
rent overloads. The circuit was set up to be driven by a
TTL-level signal and to switch a 100-mA load at 400 Hz
to + 15 v. The protection circuit can easily be modified
for nearly any input and output configuration. If a pnp-
transistor switch is to be protected, transistor Qz should
also be a pnp, and the polarities of D, and D, should be
reversed. 0O



Two diodes protect
logic-level translator

by P. BR. K. Chetty

Indian Scientific Satellite Project, Bangalore, India

A level translator is used to interface between two cir-
cuits that operate at different logic levels. But the trans-
lating transistor (or level-up transistor) is often burned
out when its load is accidentally short-circuited to
ground. The addition of two diodes to the conventional
level-up circuit can protect the transistor. Even a tran-
sistor that operates at 30 volts (as well as those meeting
lower voltage requirements) can be safeguarded by the
circuit modification described here.

The conventional translation circuit (or logic level-up

circuit) is shown in Fig. 1(a), and a modified version
with two protection diodes added is shown in Fig. 1(b).
The component values shown are chosen to provide a
normal load current of about 100 milliamperes. In nor-
mal operation, when the input logic is high (logic 1),
diode D, is forward-biased; Q; is turned on, and there-
fore Q; is turned on. Diode D, is reverse-biased, so the
output-logic voltage across the load is nearly Vec.
When the input logic is low (logic 0), the transistors are
turned off, and the output logic is zero.

If the output load is shorted to ground when the input
is a logic 1, the anode of D; is above ground only by the
amount of the forward-voltage drop through D;. This
voltage is not great enough to let Q; conduct because a
voltage of at least two diode drops, Vp; and Vg, would
be required to turn on Q. Therefore Q, is turned off,
and, as a result, transistor Qg is turned off too, which
prevents it from conducting a destructive current
straight to ground. The circuit remains shut down as
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1. Protection. Conventional logic-level translator shown in (a) is modified by addition of two diodes in (b). Diodes protect transiation transis-
tor Q; from destructive current that would otherwise flow if load resistor were short-circuited. Diodes turn off both transistors, so no current is
drawn from supply while load is shorted. In normal operation, load current of about 100 milliamperes is unaffected by diodes.
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2. Wavelorms. During normal operation of the logic-level translator,
the output voltage and the current from the V¢ supply go on and off
as the input logic goes high and low. If output load is short-circuited,
diodes turn off transistors so that no currents flow.

long as the load is short-circuited, and it returns to nor-
mal operation when the short is removed.

Levels of input-logic voltage, output-logic voltage,
and current from the high-voltage supply are shown in
Fig. 2 for both normal operation of the circuit and the
short-circuited-output condition. No current is drawn
from the V¢¢ supply while the load is grounded, O
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Resettable electronic fuse
consists of SCR and relay

by Russell Quong
Palos Verdes, Calif.

Most direct-current power supplies rely on a circuit
breaker, current-sensing circuit, or fuse for current-
overload protection, but this simple resettable-fuse
circuit has advantages over all three. Built around a
silicon controlled rectifier and a line relay, it is faster
than a circuit breaker, less complex than most current-
sensing circuits, and never in need of replacement.

How the circuit operates is evident from (a). Momen-
tarily depressing S, closes the relay so that current flows
from the supply to the load. In normal operation, the

voltage across points PQ will be equal to the nominal
supply voltage, and the normal operating voltage will
appear across the relay winding. The relay and resistor
R, are selected according to the dc supply voltage used
and the relay’s rated coil voltage, respectively.

Excessive current to the load causes a voltage drop
across R greater than 0.65 volt and switches on the scr.
The anode-to-cathode voltage of the scr in the
conducting region is approximately 2 v. This voltage,
also across the relay coil, is far below the relay’s holding
voltage. Consequently, the relay opens, disconnecting the
load from the supply. The relay may be reset by depress-
ing S, again. '

If a variable threshold point for SCrR switching is
desired, the ScR’s gate can be connected to R, through
potentiometer R ;. Resistor R, is calculated as before. [J

Designer's casebook is a regular feature in Electronics. We invite readers to submit original
and unpublished circult Ideas and soiutions to design problems. Explain briefly but thoroughly
the circuit’s operating principie and purpose. We'li pay $50 for each item published.

Electronic fuse. SCR and relay form resett-
able fuse for dc power supplies. When |, is
reached, SCR turns on, opening relay and
disconnecting power from load. Depressing
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Voltage regulator protects
logic pull-up transistors

by Stephen F. Moore
Resdel Engineering Corp., Arcadia, Calif.

A monolithic three-terminal voltage regulator and a
Norton-type operational amplifier can provide excellent
short-circuit protection—particularly for the transistor
that’s providing active pull-up at the output of a logic
circuit.

All too often, transistors operated in this way are de-
stroyed when the logic output is inadvertently shorted
to ground. Sometimes, too, protecting these transistors
is further complicated because the logic must be run at
28 volts. An easy solution would appear to be a current
regulator. But most current limiters have one of two
drawbacks—either they introduce an unacceptably large
voltage drop, or they create excessive heat in biasing re-
sistors.

A monolithic three-terminal voltage regulator, how-
ever, has neither defect. When the regulator is not over-
loaded, the voltage drop across the device is only about
1.5 v. When it is overloaded, the heat it creates remains
within an acceptable range. Usually, the highest output
voltage that one of these regulators can supply is 24 V.

But, if the device’s ground terminal is biased at 2 v (de-
pending on the manufacturer’s recommendations), the
output of a 24-v regulator can be increased to 26.5 v.

When connected as shown, the regulator provides
current limiting in two ways. Through its internal cir-
cuitry, it acts as a surge-current limiter of about 2 am-
peres. It also operates as a thermal-current limiter that
reduces that output voltage when the current demand
becomes excessive. This keeps the power dissipated in
the regulator from exceeding the maximum allowable
limit. Here, the thermal-current limiting will start at
around 400 milliamperes.

Limiting the current available for the active-pull-up
transistor will prevent the transistor from being de-
stroyed as long as it is kept in saturation or in cutoff. A
Norton amplifier allows both these conditions to be
met—its current-sinking capability is greater than 30
mA, and it has an active pull-up in its output circuit. Be-
cause of the voltage drop across the regulator, this ac-
tive pull-up creates a reverse bias on the transistor
being protected, eliminating the need for the transistor’s
pull-up resistor. Also, a Norton amplifier will work re-
liably with a single-ended power supply at, as well as
above, a supply voltage of 28 v.

The diode at the output of the circuit protects the
transistor from overvoltages. For example, this diode
will guard against an overvoltage caused by an induc-
tive kickback that could forward-bias the base-collector
junction of the transistor. O

Guarding against short circuits. An |C voltage regulator and a Norton amplifier keep this active-pull-up transistor from being permanently
damaged if the input logic signal is mistakenly shorted to ground. The regulator provides both surge-current limiting and thermal-current limit-
ing. The Norton amplifier keeps the transistor either fully saturated or fully cut off, and the output diode protects against overvoltages.
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| DESIGNERS NOTEBOOK

Overcurrent protection
circuit is fast, fuseless

by Michael Maranzano, Engineering Manager
Locknetics Security Products, Hamden, Conn.

When loads are driven by power transistors, adequate
overcurrent protection must be provided to prevent dam-
age to the transistors. Fuses may be too slow to react
compared to the I, of the transistor.

The circuit in Fig. 1 overcomes this difficulty by
sensing the overcurrent and quickly grounding the pow-
er device’s base to turn it off. The timing diagram in
Fig. 2 shows the operation of the circuit. The output
load current rises at an arbitrary rate until the voltage
drop across R, turns transistor Q, on. The collector
current now raises the voltage on the gate of the silicon
controlled rectifier and fires it. When the SCR turns on,
it shunts the base of Q, to ground and interrupts the
current through R,. Transistor Q, now is turned off.

applied to base resistor R,. By removing the input, the
SCR turns off and the circuit is reset.

When the input is restored, the circuit will go
through the cycle again if the output is still shorted or
overloaded. It turns off in less than 10 us after the trip
current is reached. The value of R, determines the value
of the trip current. The turn-off time depends on the
transistors and the SCR’s parameters.

There are two primary advantages of this design: No
components need be replaced, and no separate reset
buttons are required to restore power after a short or
overload. By acting on the control logic to reenergize
the load, the protection circuit resets and is ready to
power the load again upon a new command. Resistor R,
must be chosen so that it can provide enough holding
current to keep the SCR on after it has fired. It also
must be able to supply enough base current to drive Q,
into saturation. This is especially important when the
output device is a Darlington pair that requires little
base current to enter saturation. This current must be
larger than the holding current of the SCR, but its
magnitude is not critical for good operation. Resistor R,
is not critical either, provided it can raise the gate of the

The SCR remains on as long as there is an input drive SCR above the triggering level. O
1. Protection circuit. Normally, Darlington Vee
power transistor Q, is on, providing load cur- T
rent. The logic-control system should provide R,
a higher voltage than Q, requires for a good 0 0.47 Q2 U;
; . . . ) 1
noise margin against transients. R, is chosen 2N3906
to vary the trip current. The diode protects ] &
against back electromotive force. : LOGIC
INPUTS CONTROL
[ SYSTEM R
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2. Timing it right. Transistor Q, turns on 2 JAY
when the trip current is reached. The silicon ) ; |
controlled rectifier will fire when the gate INPUT DRIVE Y 4,
reaches its threshold voltage, thereby shunt- } : \___/
ing the base of Q, to ground. With Q, turned —l Tp b—
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Interval Tp is the trip time.
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Protection Circuit. Being an avid dab-
bler in hardware, I have created my fair
share of accidental short circuits. To
save the cost of replacing relatively ex-
pensive voltage regulators and power
supplies when I make such mistakes, I
have recently concocted an automatic
power-down protection circuit. A sche-
matic is shown in the accompanying
diagram.

The circuit is faster than a fuse and

P

automatically “resets” itself when the
short is removed. The normal regulated
dcinput line is opened, and a phototran-
sistor or photoresistor (any type that
can handle the current) is connected in
series with the source and regulator. Be-
tween the output of the regulator
(which can be almost any desired volt-
age) and ground is a LED and an associ-
ated current-limiting resistor, whose
value depends on the dc voltage being
monitored. The LED is placed physical-
ly close to the surface of the photosensi-
tive device and the two are covered by a
layer of black electrical tape to form a
light-tight enclosure. As long as the reg-
ulator is delivering its rated output, the
LED glows and causes the photo device
to have a low resistance. Full current is
thus allowed to flow.

If, for any reason, a short circuit oc-
curs on the output side of the regulator,
the LED goes dark, the resistance of the
photo device increases, and the regula-
tor shuts off. When the short is re-
moved, the LED glows, and the regula-
tor resumes operation.

Like most of the circuits I have dis-
cussed in this column, this one is basic,
and the reader is urged to experiment
with it. For example, if your power re
quirements are more than a simple pho-
to device can handle, use a high-power
npn transistor whose base is driven by
the photo device, which, in turn, is con-
trolled by the LED. In fact, not even the
regulator is required since this protec-
tion circuit can be used as “plain vanil-
la” in series with the power lead. Once
you get the idea of how the thing works,
it’s simple. So why not try your ideas.®
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Germanium diode for
regulator protection

Power regulator protection is a peren-
nial problem and this circuit offers a
simple and economical solution. Under
normal conditions, D, is reverse biased
by the voltage across Rg and does not
affect the regulator operation. When
the output is shorted, however, D, turns
on and draws current through R, which
removes the reference voltage across
the zener diode. Because D, is a

germanium type, Tr; is held off which
also turns Tr; and Tr, off. When the

‘short is removed, the circuit recovers

and resumes normal operation.
D. E. O’'N. Waddington,

St Albans,

Herts.
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Foldback limiter protects
high-current regulators

by A. D. V. N. Kularatna

Ratmalana, SriLanka

This circuit provides foldback protection for a series-
regulated source that has to deliver high current.
Because it requires no current-monitoring resistor, the
circuit achieves wide dynamic response at good efficien-
cy. It draws only 2% of maximum load current and its
cost is reasonable.

Here, a low-current shunt-regulated module (a)
provides the overload protection. This module is config-

SERIES Vour
TRANSISTOR
N L

UN-
REGULATED
POWER > >
SUPPLY I Vout
Vg QUTPUT:
VOLTAGE
s SAMPLING
CIRCUIT
REGULATED
— CONTROL [™
(a) MODULE

ured into the conventional regulator system to work as a
switch, in which role it quickly turns off a series-pass
transistor when the load current exceeds some predeter-
mined value.

The circuit details are explained with the aid of the
diagram (b) for a representative regulator designed to
deliver 12 volts at 4 amperes. Transistors Q, and Q2
form a differential amplifier, which compares a 6.2-v
reference to a potential derived from the 12-v output
through potentiometer Rv. Shunt elements Qs—Qs act to
maintain the potential at the base of Q constant for any
load condition by taking up the difference between the
set and the actual base drive.

It is necessary that the current source Q3-Qs be set to
I./hy. for proper tracking, where I, is the maximum load
current and h is the current gain of Q. The value of the
constant current, I, is hregs (Vzs— Vieqs)/R7, so that the
current is most easily set by adjusting resistor R.

The module requires a current of 70 to 80 milliam-
peres under maximum load conditions. The short-circuit
output current is less than 200 mA, because the drop in

High handling. Low-current shunt regulator (a) provides foldback
limiting for high-current power sources at good efficiency and
reasonable cost. Circuit (b) for 12-V regulator uses differential pair
Q—Q. for detecting differences in reference and output voitage,
Q+—Qs for maintaining output potential by suitably controlling base
drive to series pass transistor Q. Z,~Z; minimize output ripple.

Vin (UNREGULATED)

Vout

21-26V
e

12V AT4A

Q;—0Q5: BC549
Qs, Qg: 25B415

A < 1.8kQ

Z, a1V

. -
Z, A 52V

R2

4702

Z3 =

Zs
9.2V

6.2V

. o
4>§ 500 2
LINEAR

é Riz
1.2 k2

(b)
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output voltage switches transistor Q. off. The voltage characteristics of the supply. As configured, the source

across zener diode Z; is then reduced to a very low value, has an output ripple of 6 mv peak to peak.

and this action in turn lowers the voltage at Qs and cuts The shunt regulator module can be easily configured

down the base drive to Q. for any output voltage mainly by selectmg the appro-
O

Zener diodes Z,-Z; were added to improve the ripple priate zener-diode values.




Po wer-Supply Overload Protection

F you use a variable-output power

supply, there is always a possibility of
accidentally increasing its output
beyond a load’s capacity. In some
instances, it will not matter. In others—
say, with TTL ICs in the load—changing
the output delivered from 5 to 10 volts
would quickly “fry’’ the devices.

To ensure that the foregoing will not
happen, add the overload protection
circuit shown here to the supply’s regu-
lator. The circuit senses any sudden
increase (or decrease) in output volt-
age, whereupon power to the regulator
automatically shuts off. And it does this
at any voltage within the supply's range!
Moreover, the circuit also provides
short-circuit protection by detecting the
sudden drop in voltage.

How It Works. Normally, comparator
IC1B8’s noninverting (=+) input is refer-
enced below its inverting (—) input.
Hence, the comparator sinks all of

BY PETER STYS

SCR1's gate drive through R2. Now,
when the voltage increases rapidly, the
level at the noninverting input rises
above that at the inverting input (which
is delayed by R7 and C7) and the
comparator ceases sinking. At this
point, SCR1 fires and removes base
drive from transistor Q7. In turn, this
shuts off the regulator.

The same sequence of events applies
to comparator /C7C, except that here
the sensitivity is toward sudden de-
creases in voltage. If only overvoitage
protection is desired, the /C1C circuit
can be omitted.

Resistor networks R8/R9 and
R10/R11 set tolerance margins for in-
creases and decreases, respectively, in
voltage within which any changes in
voltage, no matter how rapid, will not
trigger the circuit. The vaiues of the
resistors can be selected to suit the
particular regulator being used to pre-
vent false triggering. All resistance val-

TO REGULATOR
IN GND OUT
al I
VINH 2N3055 | [ o Ry
©-35v) = Y,
A 2 frs = \ Si %
780 E - Z8K M2
n¥ 3 sief
+
cr
(m— souF #T™
sl
RESET/ ¢ B LocK
manvaL ® 1" {
DI
IN9I4 ! RIO
SCRI
2N8G6! D2
N34

Protection circuit senses any sudden
increase (or decrease).in output voltage and
automatically shuts off power supply to regulator.

1.4
3 8.6
1.
<

PARTS LIST

C1—350-pF, 35-volt electrolytic

C2—4.7-1F. 35-voh electrolytic

D1,D2—1N914 diode

1C1—LM339 quad comparator

LEDI—Any discrete red light-emitting
diode

Q1—2N3055 or similar transistor

R1—1750-0hm 2-watt resistor

The following resistors are 'f-watt, 5%:

R2,R3—15,000 ohms

R4—82,000 ohms

R5—310 ohms

R6—3300 ohms

R7,R11—5.6 megohms

R8—100,000 ohms

R9--510,000 ochms

R10—I1 megohm

S$1—Dpdt switch

SCR1—2N5061 or similar silicon con-
trolled rectifier

Misc.—Printed-circuit board or perfo-
rated board and solder clips; socket for
IC1; machine hardware; socket and
mounting hardware for QI; etc.

ues depend on how steadily the output
voltage is maintained under changes in
load, how good the regulator’s transient
response is, etc.

Networks A7/C1 and R710/C2 deter-
mine what will be the allowable rates of
increase and decrease, respectively, of
regulator voltage without triggering. If an
external pass transistor already exists
in the power supply's regulator circuit,
its base can be shunted and Q7 can be
eliminated.

Light-emitting diode LED 1, which can
be any discrete red LED, simply in-
dicates when an error has occurred in
the preset output voltage and that power
to the regulator has been shut down.

Switch S7 is used for resetting the
circuit if the protect system is tripped or
for restoring variable output control ca-
pability when in the RESET/MANUAL pO-
sition. This position interrupts current
flow through SCR7. Setting S7 to LOCK
arms the automatic protect circuit. Man-
ually adjusting the output potentiometer
on the power supply will, therefore,
trigger the circuit.

Construction. The simplest way to
assemble and install the protective cir-
cuit is to use a piece of perforated board
and solder clips. Alternatively, you can
design a printed circuit board to accom-
modate all components except Qf,
LED1, and S1. In either case, there is
nothing critical about component place-
ment and wire lengths. Also, it is a good
idea to use a socket for IC1.

Mount Q7 on the rear apron of the
power supply, if possible, with an in-
sulating socket and mica spacer. Use
thermal-transfer paste between spacer
and transistor and spacer and chassis.
Then use an ohmmeter to make ab-
solutely sure that Q1’s collector (case)
is isolated from the chassis. If you
cannot mount Q7 on the rear apron,
fabricate an aluminum L bracket large
enough to hold the transistor, mount Q7
on it as above, and bolt the assembly to
the chassis. Mount S7 and LED1 on the
front panel of the power supply. Use a
small rubber grommet to hold the LED in
place. Finally, interconnect all compo-
nents and integrate them into the power
supply’s circuit, carefully following the
schematic diagram. <
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Engineer’s notebook

Cascaded regulators prevent
pass transistor’s burnout

by Christopher Tocci
Krohn-Hite Corp., Avon, Mass.

Cost-conscious designers are often tempted to squeeze
every bit of available energy from a linear, voltage-
regulated source that must deliver high output power,
and the overheating and/or secondary breakdown that
may result can cause component failures. In these cases,
it will be less expensive to cascade several regulators so
that no one element of any device, most notably the
series-pass transistor, undergoes excessive clectrical or
thermodynamic strain. The design technique for achiev-
ing the n-cascade arrangement is described here.

The cascade connection of n regulators is shown in
block form in (a). In general, if the following conditions
are met, namely

V;f = ’/zVi° (3)
where

V¢ = the resistor string voltage at the ith regulator

Vi = the local output voltage from the ith regulator

Vif = the local feedback voltage to the ith regulator
then R; = R/(n+1) fori = 2,3 ...nif Ry = R.

More importantly, it can be shown that the voltage
across the series-pass transistor of each regulator
becomes Vic — Viu® = (Vo+ Vin)/n.

Equations 1 through 3 can be realized by connecting
each regulator together as shown for a discrete five-stage
unit in (b), where R is selected arbitrarily, within the
limits of the technology (transistors, op-amps, etc) of the
active eclements used in the regulators. Under this
arrangement, V, = 2 V. The output voltage can be
made variable over a greater range than 2:1 by appro-
priate selection of local feedback resistances. It is neces-
sary that the op amps be of the type that can be operated
from a single supply so that the feedback resistances R
may be adjusted in order to attain the desired dynamic
range.

Two problems are inherent in this design—the ripple
generated at the nodes of the resistor string and the

Vi—Vie=Vy=Vo = Vo=V, (1) occurrence of oscillations due to unwanted feedback.
Vi = Vif (2) The first problem is not a critical one because most of
Ry Rz Ra Ra1 Rn
Vin REGULATOR REGULATOR REGULATOR REGULATOR [* | REGULATOR Vo
1 - 2 3 L .. > n—1 n |
(a) Vger

I
T

Vrer

Cooler. N-stage regulators (a) combine to equalize voitage drop across their respective series-pass transistors so that no device is destroyed
by heat or breakdown, as may happen when high power is drawn through a single device. Design technique discussed in text is employed in
discrete five-stage regulator (b). Supply ripple is eliminated at last stage. Oscillations are avoided with bypass capacitor in R/ 6 string.

FElandramine /OCAartareber 17 1070



the ripple will be eliminated by the last regulator, which
“derives its reference voltage from a stiff supply.

The second problem may be overcome by placing a
large capacitor between the center of the resistor string
and ground. Note that using too large a value of capaci-

Calculator notes

tance, however, will cause a turn-on lag that is excessive
and that may create a low-frequency oscillation. d

Engineer’s notebook is a regular feature in Electronics. We invite readers to submit original
design shortcuts, calculation aids, measurement and test techniques, and other ideas for
saving engineering time or cost. We'll pay $50 for each item published.
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Circuit breaker provides overcurrent
and precise overvoltage protection

Anthony H Smith, Scitech, Bedfordshire, England

Requiring only a handful of !

inexpensive components, the

circuit breaker in Figure 1 responds |

to both overcurrent- and overvolt-
age-fault conditions. At the heart of
the circuit, D,, an adjustable, preci-
sion, shunt-voltage regulator, provides
a voltage reference, comparator, and

into a three-pin package.

normal values of 1 Vg is less than

LOAD?

i the 0.6V necessary to bias QQ, on, such

that the transistor has no effect on the
voltage at the junction of R; and R,.
Because the input current at D,’s refer-
ence input is less than 1 WA, negligible
voltage drops across R,, and the refer-

- ence voltage is effectively equal to the
open-collector output, all integrated

Figure 2 shows a simplified view of
the ZR431, D,. The voltage appearing -
at the reference input is compared with

the internal voltage reference, V
nominally 2.5V. In the off state, when
the reference voltage is OV, the output
transistor is off, and the cathode cur-
rent is less than 0.1 pA. As the refer-

ence voltage approaches V, _, the cath- |
ode current increases slightly; when

the reference voltage exceeds the 2.5V
threshold, the device fully switches on, |

and the cathode voltage

falls to approximately

voltage on R,.

In the event of an overload when |

[} ;ap €Xceeds its maximum permissible
value, the increase in voltage across R,
results in sufficient base-emitter volt-

Rep | Ag€ to turm on Q,. The voltage on R,

and, hence, the reference voltage now
pull up toward V, causing D,’s cathode
voltage to fall to approximately 2V.
D,’s output transistor now sinks cur-
rent through R, and R, thus biasing
Q, on. Q,’s gate voltage now effective-

ly clamps to the supply voltage through
Q,, and the MOSFET turns off. At the :

! same instant, Q3 sources current into
R, through D, thereby pulling the
voltage on R, to a diode drop below
the supply voltage. Consequently, no
load current flows through R, because
Q,» whose base-emitter voltage is now
0V, has turned off. As a result, no load
current flows through R, D,’s output
transistor latches on, and the circuit re-
mains in its tripped state in which the
~ load current is 0A. When choosing
~ a value for R, ensure that ,’s base-
. emitter voltage is less than approxi-
" mately 0.5V at the maximum permis-
sible value of the load current.

As well as responding to overcurrent
conditions, the circuit breaker also re-
acts to an abnormally large value of
the supply voltage. When the load cur-
i rent lies within its normal range and

Q, is off, the magnitude of the supply
~ voltage and the values of R, and R,,
. which form a potential divider across
. the supply rails, determine the voltage
at the reference input. In the event of
an overvoltage at the supply voltage,
. the voltage on R, exceeds the 2.5V
reference level, and D,’s output tran-
sistor turns on. Once again, Q, turns

2V. Ip this condition,
the impedance between

Re
68

—AAA

the cathode and the
supply voltage deter-
mines the cathode cur-
rent; the cathode cur-
rent can range from 50
A to 100 mA.

Under normal oper-
ating conditions, D,’s
output transistor is off,
and the gate of P-chan-
nel MOSFET Q, goes
through R, such that
the MOSFET is fully
enhanced, allowing the
load current, I, ,p, to
flow from the supply

. SUPPLY
| VOLTAGE
)

G

G, .J»_CL S [

1 pF 7]

[ 1

VYVV

ED

REFERENCE

VVV

CATHODE

D3
ANODE

voltage, —V,, through
R, into the load. Q, and
current-sense resistor
R, monitor the magni-
tude of I, ., where Q.’s
base-emitter voltage,

Figure 1 This circuit breaker provides both overvoltage and-overcurrent protection. Other than
the current flowing in R, R, and D,'s cathode, the circuit draws no current from the supply in

B—

its normal untripped state.
Vo is 1 XR,. For

LOAD
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on, MOSFET Q, switches off, and the

load becomes effectively isolated from
the dangerous transient.

The circuit now remains in its
tripped state until reset. Under these
conditions, €, clamps Q,’s gate-source
voltage to roughly OV, thereby protect-

ing the MOSEET itself from excessive |

gate-source voltages. Ignoring the neg-
ligibly small voltage across R, you can
see that the reference volrage is V,XR/
(R3+R 4) in volts. Because D,’s output
turns on when the reference voltage
exceeds 2.5V, you can rearrange the
equation as R,=[(V/2.5)—-1]XR, in
ohms, where V. is the required supply-
voltage trip level. For example, if R, has
a value of 10 k£, a trip voltage of 18V
would require R, to have a value of 62
k€. When choosing values for R, and
R, to set the desired trip voltage, ensure
that they are large enough that the po-
tential divider will not excessively load
the supply. Similarly, avoid values that
could result in errors due to the refer-
ence-input current.

When you first apply power to the
circuit, you’ll find that capacitive,
bulb-filament, motor, and similar
loads having large inrush current can
trip the circuit breaker, even though
their normal, steady-state operating
current is below the trip level that R,
sets. One way to eliminate this prob-
lem is to add capacitor C,, which
slows the rate of change of the volt-
age at the reference input. However,
although simple, this approach has
a serious disadvantage in that it
slows the circuit’s response time
to a genuine overcurrent-fault
condition.

Components C,R,, R,, and Q,
provide an alternative solution.
On power-up, C, initially discharg-
es, causing Q, to turn on, thereby
clamping the reference input to
OV and preventing the inrush cur-
rent from tripping the circuit. C,
then charges through R, and R,
until Q, eventually turns off, re-

1

leasing the clamp at the reference -

input and allowing the circuit to
respond rapidly to overcurrent
transients. With the values of C ,
R, and R,, the circuit allows ap-
proximately 400 msec for the in-

| JUNE 7, 2007
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, tush current to subside. Selecting other
+ values allows the circuit to accommo-
| date any duration of inrush current you
- apply to a load. Once you trip the cir-
. cuit breaker, you can reset it either by
. cycling the power or by pressing S , the
. reset switch, which connects across C,.
If your application requires no inrush
protection, simply omit C,, R, R,, and
Q, and connect S| between the refer-
ence input and OV.

When choosing components, make
sure that all parts are properly rated
for the voltage and current levels they
will encounter. The bipolar transis-
tors have no special requirements, al-
 though these transistors, especially Q,
- and Q,, should have high current gain,
Q, should have low on-resistance, and
Q,’s maximum drain-to-source and
gate-to-source voltages must be com-
mensurate with the maximum value of
supply voltage. You can use almost any
small-signal diode for D,. As a precau-
tion, it may be necessary to fit zener
diodes D; and D, to protect D, if ex-
tremely large transient voltages are
likely.

Although this circuit uses the 431
device, which is widely available from
different manufacturers, for D,, not
all of these parts behave in exactly
the same way. For example, tests on a
Texas Instruments (www.ti.com) TL-
431CLP and a Zetex (www.zetex.com)

rent is OA for both devices when the
. reference voltage is OV. However, grad-

CATHODE

+

D‘l
ZR431

VRer

O
ANODE

Figure 2 In this simplified view of the
ZR431, the voltage at its reference input
is compared with the internal voltage
reference, which is nominally 2.5V.

 ually increasing the reference voltage
. from 2.2 to 2.45V produces a change

in cathode current ranging from 220
to 380 pA for the TL431CLP and 23
to 28 pA for the ZR431CL—roughly

! a factor of 10 difference between the
. two devices. You must take this differ-

ence in the magnitude of the cathode

. current into account when selecting
.~ values for R, and Ry,

The type of device you use for D, and

. the values you select for R, and R, can
* also have an effect on response time. A

test circuit with a TL431CLP, in which
R, is 1 k€) and R; is 4.7 k(}, responds
within 550 nsec to an overcurrent tran-
sient. Replacing the TL431CLP with a
ZR431CL results in a response time of

| approximately 1 wsec. Increasing R,

and R by an order of magnitude to 10
and 47 k(), respectively, produces a re-

- sponse time of 2.8 psec. Note that the
. relatively large cathode current of the

TL431CLP requires correspondingly
small values of R, and R,
To set the overvoltage-trip level at

18V, R, and R, must have values of 62
- and 10 k{}, respectively. The test cir-
. cuit then produces the following re-

sults: Using a TL431CLP for D,, the

. circuit trips at 17.94V, and, using a ZR-
431CL for D,, the trip level is 18.01V.

Depending on.Q,’s base-emitter volt-

'~ age, the overcurrent-detection mecha-
- nism is less precise than the overvolt-

ZR431CL reveal that the cathode cur-

age function. However, the overcur-

- rent-detection accuracy greatly im-
. proves by replacing R, and QQ, with a
. high-side current-sense amplifier that
. generates a ground-referred current
- proportional to load current. These de-
.~ vices are available from Linear Tech-
- nology (www.linear.com), Maxim
. (www.maxim-ic.com), Texas Instru-
. ments, Zetex, and others.

The circuit breaker should prove

- useful in applications such as auto-
. motive systems that require overcur-
* rent detection to protect against faulty
- loads and that also need overvoltage
¢ protection to shield sensitive circuit-
- 1y from high-energy-load-dump tran-
| sients. Other than the small current
| flowing in R, and R, and the current
- in D,’s cathode, the circuit draws no

current from the supply in its normal,

untripped state.EDN



