HICH-SPEED ELECTRONIC FUSE

“Blows”’ within microseconds
to protect sensitive components

BY CHARLES M. LENNY AND CHESTER DAVENPORT

USES, in many cases, blow too

slowly to prevent damage in solid-
state circuits. Power transistors,
which are prone to thermal runaway
when passing excessive currents, are
especially vulnerable to slow-opening
fuses. The electronic “fuse” shown in
the schematic is a basic crow-bar cir-
cuit that operates in a hundred micro-
seconds or so—more than fast enough
to save low-power transistors—and
can safely handle load currents up to
60 amperes.

How It Works. When an overcur-
rent triggers SCRI into conduction,
base drive is diverted from series-pass
transistors @/ and Q2, which cut off
and stop the flow of current to the
load. Incandescent lamp /7 has about
a 10-ohm resistance when cold, and
drops very little voltage. When SCR/

—

fires, the lamp glows, and the filament
resistance increases to about 100
ohms, minimizing the load on SCR/
and acting as an indicator to show
that the circuit has tripped.
Potentiometer R3 establishes the
desired trip current. When the cur-
rent passing through R2 (and RI
when S7 is set to HI), exceeds the
desired limit, transistor 3 turns on.
The resulting positive voltage gener-
ated across RS turns on SCRI!. Resis-
tor R6 limits the SCR gate current to
a safe value. Diode DI permits operat-
ing the electronic fuse with an induc-
tive load, removing any probability of
punch-through of Q7 or Q2.

Construction. At 60 amperes, re-
sistors RI and RZ2 can dissipate 45
watts each and should be provided
with suitable heat sinking. A similar
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PARTS LIST

C1—0.01-uF disc capacitor

D1— 1N5551 diode

J1 through J4—5-way binding post, color
coded :

11— 100-W incandescent lamp

Q1, Q2—~SDT96306 (70 amperes) or
2N3055 (15 amperes)

Q3—TIP32 or any silicon transistor

R1, R2—0.05-Q, 50-W resistor

R3—20-Q, 5-W potentiometer

R4—390-(2, 10-W resistor

R5— 180-2, 1-W resistor

R6— 100-Q2, V2-W resistor

S1—Spst switch

SCR1—2N685 or similar SCR

Misc.—Suitable heat sinks (2) , socket for
11, enclosure, terminal strips, mounting
hardware.

heat sink should be used for QI, Q2
and SCRI. These two heat sinks
should be mounted on two exterior
sides of the selected chassis. A socket
for 71 can be mounted on top of the
chassis. Input and output power con-
nectors S/, and R3 can be mounted
on an empty side as desired. The Soli-
tron SDT96306 can handle 70 am-
peres at 325 volts. A 2N3055 that can
handle 15 amperes at 60 volts is an
acceptable substitute.

Calibration of R3 is performed by
using various resistive loads to draw
specific currents, with R3 adjusted so
that the lamp glows when the specific
current is reached. A dial plate on R3
is used to identify the calibration
points. Remember that the trip cur-
rent must be within the pass transis-
tor’s rating.

Since the SCR is powered by dc,
once it fires it will remain in the con-
ductive state until the applied dc volt-
age is removed. This can be done
either by installing a series switch in
either of the supply leads or by turn-
ing off the driving power supply. <
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Protect your equipment with this fast-acting Electronic
Fuse. Metal and glass fuses are simply not fast
enough to protect sensitive semiconductors.

MITCHELL WAITE
and LARRY BROWN

BURNING UP A SET OF POWER TRANSIS-
tors can be an expensive and time con-
suming mistake. Such mistakes can eas-
ily occur by accidently changing the
bias setting on an amplifier, shorting
B+ to a transistor base, installing an
NPN where a PNP goes, etc. How
many times has your voltmeter probe
slipped and shorted the B+ line? After
you find a new fuse do you have the
vague suspicion that the rectifier diodes
got awful warm?

But what about that old metal and
glass fuse, doesn’t it at least provide
some protection for the semiconduc-
tors? Unfortunately, not always. A 25¢
glass and metal fuse just takes too long
to melt and open. By the time it does
(5—-15 ms), thermal run-away could
of easily ran away with $40 worth
of your solid-state components.

The obvious solution to these prob-
lems is a fast-acting power switch in
the AC line that cuts off current if the
equipment shorts out. The Electronic
Fuse is such a device. It can reduce
operating current to zero within 10
microseconds of being tripped.

The device to be protected, say an
audio amplifier, is simply plugged into
the 3-wire AC receptacle on the front
panel of the Electronic Fuse. If the
device isn’t shorted, the NORMAL lamp
glows indicating current drain is not
excessive. If a short occurs, the Elec-
tronic Fuse will trip and cut off the
AC-line current. When this happens,
the LiMiT lamp lights indicating the

INSIDE VIEW of the Electronic Fuse.

fuse is in the current limiting mode.

How it works

Referring to the block diagram in
Fig. 1, the load (equipment to be pro-
tected) is connected in series with the
AC line and the Electronic Fuse. A
full-wave bridge circuit is connected
between the AC line and the equip-
ment load, with a current-sensing de-
vice and power switch connected
across the bridge. The bridge conducts
on each half-cycle of the line voltage.
This produces a rectified 120-Hz pul-
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FIG. 1—ELECTRONIC FUSE is connected in series with the load to monitor the load current.

sating DC waveform that appears
across a current-level sensor circuit
and the collectors of a three-stage
Darlington transistor power switch. A
resistor divider network, in the emitter
leg of the Darlington circuit, applies a
portion of the 120-Hz waveform to the
gate of the SCR. A transistor in the
gate circuit of the SCR reduces temper-
ature drift.

As long as the current drawn by the
equipment is less than 3 amps RMS,
the SCR is off. With the SCR off, the
Darlington power switch conducts, ef-
fectively shorting out the bridge circuit
and allowing full current to flow in
the load. With normal operation, there
is less then a 5V RMS drop across the
fuse. The NORMAL lamp is energized by
the voltage across the load socket,
while the LIMIT lamp remains extin-
guished.

When the load draws excessive cur-
rent, the SCR conducts and the 3-stage
Darlington power switch stops con-
ducting. This effectively opens the se-
ries connection between the line and
the load. When this happens, the volt-
age across the equipment drops to zero,
the NORMAL lamp goes off and the
LIMIT lamp lights indicating the fuse is
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FIG. 2—~ELECTRONIC FUSE trips when load draws more than 3-amps. The fuse can be ad-
justed to trip at lower values of load current by selecting different values of resistor R9.

PARTS LIST
R1, R2—47,000 ohm, V2 -watt, 10%
R3—5000 ohm, 5-watt, 10%
R4, R8—4700 ohm, Va-watt, 5%
R5, R6—470 ohms, Va-watt, 5%
R7—1800 ohms, Va-watt, 5%
R9—0.33 ohms, 5-watt, 10%
R10—100,000 ohm, % -watt, 5%
R11—5000 ohm trimmer
Q1—2N3439 transistor
Q2—2N6079 transistor
Q3—2N5840 transistor
Q4—2N4126 transistor
Q5—SCR (G-E C103Q or equal)
D1-D5—1N5060 diode
VR1—Varistor (G-E V130LA20B or equal)
S1-DPDT toggle switch, 3 amp
$2—SPST toggle switch, 3 amp
NE1, NE2—neon pilot lamps, panel mount
F1—4 amp in-line fuse
S0O1—3-wire AC socket
PL1—38-wire AC plug and cord
Misc. PC board, heatsink for Q2 and Q3
(Thermalloy 6500B-6 or equal), Teflon
spacers, mica insulators for transistors,
hardware, etc.

Note: A complete kit of all parts includ-
ing drilled and screened enclosure,
drilled and solder-plated PC bhoard, and
all components is available from Cal Kit,
P.O. Box 38, San Rafael, CA 94901. Order
#EF-2, $63.95. Board only, order #EF-1,
$4.95. All prices postpaid and insured.
California residents add 6% sales tax.

in the current-limit mode. Note that
the fuse monitors the current during
each %2 cycle of the line current and
proceeds to shut down on each %2
cycle as long as the over-current con-
dition persists. In order to use the fuse
with highly inductive equipment (such
as tape recorders and phonographs), a
varistor is inserted across the bridge.
Its purpose is to damp out the large-
amplitude voltage spike these loads
can cause.

The Electronic Fuse triggers at 3
amps RMS or 4.25 amps peak when
used with a resistive load. Most audio
amplifiers with transformer/diode
power supplies draw less than this
amount and will not falsely trigger the
fuse. Small black-and-white televisions
as well as most test equipment will op-
erate properly when connected to the
fuse. However, large color TV’s often
will not work. This is because the
power supply draws a large current
pulse on each cycle that is greater than
4.25 amps peak. In general, wattage
ratings are rather poor indicators of
whether the fuse will trip falsely. This
is due to the fact that wattage ratings
are calculated on an RMS basis while
the power supplies draw current in
pulses. The acid test is to plug the un-
known load in and see if it causes the
fuse to trip. If it does, its too big.

A more subtle limitation of the Elec-
tronic Fuse is the possibility that a
hefty charged filter capacitor in the
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FIG. 3—-TRANSFER CHARACTERISTIC of the
temperature compensated inverter amplifier.
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power supply of the equipment con-
nected to the fuse can store enough
energy to damage the transistors in
spite of the fact that the fuse is limiting.
The danger here will depend on the
size of the charge on the filter capaci-
tor, the type of transistor, the degree
of heat-sinking, and the type of power-
supply. Normally, filter capacitors are
expensive components and a consumer
product will generally use the smallest
possible value consistent with good fil-
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tering. But this isn’t really such a big
worry, because when a set of new
transistors are installed, the amplifier
is off and the filter capacitor is not
charged. If a short exists, then as the
equipment is turned on the fuse will
trip long before the filter capacitor has
time to charge. (The typical technician
gets around this problem by using a
Variac and an ammeter in series with
the equipment load. The line voltage is
increased and the ammeter is carefully
monitored. A sudden rise in the cur-
rent as the voltage is increased indi-
cates a short. As quick as possible the
technician switches the Variac off, but
often he is too late and the damage is
permanent.) In over 1% years of ser-
vice, the fuse has *saved” many re-
placement transistors from biting the
dust. In most cases, devices that are
normally on and develop shorts will
be protected from damage.

The electronic fuse is not only re-
stricted to high current (3 amp RMS)
operation, it also may be used to pro-
tect low-current devices such as por-
table phonographs and low-power
(5-15 watt) audio amplifiers. For ex-
ample, to protect the components of a
120-volt, 12-watt amplifier, first cal-
culate the current level that will trip
the fuse. This is found from the equa-
tion:

Trys = Puax/ 120 volts
For the example cited above; Iug =
12/120 = 100 mA. Now adjust the fuse
to limit at this current by calculating
the proper resistance of R9 (see Fig. 2):
R9 = 1/1xys (R9 = 10 ohms)
For our example, RS = 1/.1 = 10
ohms. To check the power rating for
R9, use the formula:
P =1.96/R9

The power consumption of R9 is: P =
1.96/10 = .196 watts. Thus R9 should
be a V4 watt resistor.

A DEFEAT switch on the front panel
of the Electronic Fuse is used to over-
ride normal operation and apply line
current directly to the equipment. This
is useful when you are making a test
and can't tolerate the 5-volt drop across
the fuse or when you expect large cur-
rent surges and don’t want the fuse to
limit.

Circuit description

When the Electronic Fuse isn’t in the
current-limit mode, current flows from
the AC line, through the equipment
load, the full-wave bridge rectifier, 3
stage Darlington and back to the AC
line (see Fig. 2). Diodes D1 through
D4 make up the bridge rectifier and
conduct on alternate cycles of the 60-
Hz line voltage. This produces a 120-
Hz pulsating DC voltage that is applied
across the collector and emitter of the
Darlington circuit. Resistor R9, in the
emitter leg of the final stage of the
Darlington (Q3) develops a voltage
waveform that follows the instantane-

FIG. 5—FOIL PAT-
TERN of printed
circuit board.
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ous load current.

Transistor Q4 and its associated
components make up a temperature-
compensated inverter amplifier that
senses when the voltage across R9
reaches the trip-point of the fuse and
triggers SCR Q5. When the SCR con-
ducts, the base voltage of Q1 is low-
ered, thus turning it off. This in turn
shuts off Q2 and Q3. The voltage
across R10 produces positive feedback
that turns Q1, Q2, and Q3 off in under
10 microseconds.

Any inductive spike or transient due
to the fast switching speeds is absorbed
by varistor VRI1. A varistor is similar
in operation to two back-to-back Zener
power diodes and produces excellent
low-cost protection for the switching
transistors. Trimmer RI1 is used to
adjust the trip point of the fuse by ad-
justing the threshold voltage of the
temperature-compensated inverter am-
plifier. This stage may appear rather
strange at first. What is odd is that V.
for Q4 is developed from the same sig-
nal used to trigger Q4. The overall op-
eration of Q4 is such that it functions
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FIG. 6—~COMPONENT PLACEMENT diagram for the Electronic fuse.

like a diode with an adjustable offset.
The transfer function of Q4 shows this
more clearly (see Fig. 3).

The voltage waveforms of the Elec-
tronic Fuse shows what happens as the
fuse goes from normal operation to
the current-limiting condition. The
voltage waveforms are shown in Fig. 4,

Construction

There are a number of ways to con-
struct the circuit—Vector board, point-
to-point wiring, etc. However, a printed
circuit board (see Fig. 5) will allow
the varistor and diodes to be heat-
sinked by the copper foil. A finished
board is available from the supplier
shown in the parts list. The component
placement for the printed-circuit board
is shown in Fig. 6.

The diodes should be heat-sinked at
60° centigrade per watt and the varistor
at 40° centigrade per watt. Mount the
S-watt resistors, R9 and R3, as far from
transistors Q4 and QS5 as possible.
Power transistors Q2 and Q3 are
mounted on a sheet of 4 X 4 X 1~

(continued on page 91)



ELECTRONIC FUSE
(continued from page 50)

aluminum. Even better is a commercial heat sink like the
one described in the parts list. Use number 16 gauge wire
with 300 volt insulation for connecting between the board
and the controls and transistors. For safety use a 3-wire type
AC receptacle and plug. Use a well ventilated enclosure to
keep the internal temperature below 75° centigrade.

Calibration

A convenient calibration procedure is to plug incandes-
cent lamps totaling 350 watts into the fuse with the fuse
switched oFF. Adjust trimmer R11 to its approximate mid-
point position. Turn the fuse oN. After about 2 to 5 seconds,
the lamps should come on (the delay is due to the thermal
lag in the filaments). Adjust the trimmer until the lamps just
turn off. What you have done is adjusted the fuse to “trip” at
a 350-watt 3-amp RMS load. The final test is to remove about
50 watts of lamps and see if the remaining lamps turn on
without causing the fuse to trip. R-E



VOLTAGE REGULATOR AND ELECTRONIC FUSE

This circuit improves on those pre-
viously published (Tech-Tips, April
and September 1975) in that current
cut-off is achieved, it is self-resetting
once that overload is removed and it
is an efficient voltage regulator.
Choose Z to be about 2/3Vgyt and
Rq1 to supply enough current for
stabilization of the Zener voltage.
Choose R2, which determines the
cut-off current, Imax such that
ImaxR2 = (VZ - 05) X (ﬁo1+02)

that the base of Q4 is at the same volt-
age as the base of Q3 and a large
current (100 times} passes down the
resistor chain compared to the
base current of Q4 which is
{(Vz — 0.5)/RpBQ4. Aitering RV1
gives fine control over Vgut, R5

(200 ohms to 2.2k) allows switch-on -

under no load conditions. Component
values are given for a 5V supply with a
2A cut-out. For low current applic-
ations, Q1 can be a BFY50 with Q2

and the values of R3, RV and R4 so  omitted.
Vin {14V) Vout (5V)
o —0
3.3V R4
ZENER 100R
RV1
1k
Q1 2N3055
Q2 BFY50 )
R3
220R
R5
O
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Wireless World, March 1977

(Circuit
Ideas

Two terminal circuit
breaker

The unit functions by sensing a load
current across the base-emitter junc-
tion of the output transistor (voltage
sensing requires a third terminalj.
Resistors R, and R, control the off and
on times respectively provided V. and
I.; do not change. The capacitor
undergoes a small amount of reverse
bias (~ 0.7V). Good tantalum capaci-
tors will stand this and, unofficially, so
will most electrolvtics with voltage
ratings above 16V.

M. Faulkner,

New South Wales,
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