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The Power Waster
- adjustable electronic load

for power supply testing

Photo A. The Power Waster. This electronic load ;s adiustable from 0 to 10 A and can dissi.
pate up to 300 Watts. The unit is built upon a piece o f heat-sink extrusion and has both
reverse polarity and thermal overload protection.

John RoDS K6/QL
953 Va lley High
Thou~nd Oaks CA. 91360

Testing of bench power
supplies, batte ries. volt

age regu lators. or cu rrent

limiters often requires ap
plication of an adjustable
load to the ci rcuit. After

yea rs of co nnect ing hay
wire combinat io ns of resis
tors together to test various
power su ppli es, I deter
m ined that a reall y high
power adjustab le elect ron
ic load wou ld be a welcome
add ition to my test equip
ment. In short order the
Power Waster was created,
and dur ing some three
years it has proven most
useful.

The load described in th is
a rticle will handle the ma
jo rity of amateur rad io and
mi croprocessor power sup
ply tests. In addition, it has
a number of other uses,
such a s co ns ta nt-current
battery cha rging.

Current drawn by the
load is adjustable from 0 to
10 Amperes. Input voltages
up to 30 volts are permitted
at fu ll curre nt; tha t' s 300
Wa tts dissi pation! He a t
sinking of t he pass transis
tors is suff ic ient to pe rmit
300-Watt operation for
about ten minutes, at which
point a thermal protection
switc h shuts the current off .
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Photo B. Interior view of the Power Waster. Four TIP 35C load transistors are mounted to
the heat sink. The thermal switch is located between the two center transistors. A V-shaped
chassis is formed from the heat sink and two pieces o f aluminum angle stock.

emitter voltage a nd the
e mitter current t hrough R2.
This increases the collec tor
curre nt to the desired val
ue.

Within limitat ions, the
co ll ector current is se t sole
ly by the base-bias voltage
and the va lue of R2 . These
limitat ions a re: The collec
tor supply must be at least
o ne volt more tha n the max-
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expensive item.
By arranging the c ircuit

as indic ated in Fig. 1(bJ.
th ings become a bit easier.
Resistor R2 is a fixed high
powe r resistor . The base
supply is made variable.
Since the ci rcuit is essen
tia ll y an e mitter fol lower,
the em itter vo ltage fo llows
the base voltage . Increasing
the base bias increases the

Fig. T. Constant-current bias circui ts. (a) A transistor with
fixed base voltage. Collector current is set b y emitter resis
tor. (b) Basic circui t of the electronic load. Emitterresistor is
fix ed, and both emitter and collector current are controlled
with base-bias supply voltage.

is dete rm ined on ly by the
emitter current. Collecto r
vo ltage has al most no ef
fect o n the collector cur
re nt, provided the transisto r
is kept from satura tion or
breakdown . Saturatio n oc
curs if the collector vo ltage
becomes less than the base
vo ltage. Breakdown will oc
cur if any excess ive vo ltage
is app lied.

The constant-current col
lector load line is a useful
proper ty. If the vo ltage
ac ross R1 is small com
pared to the collector sup
ply, a lot of power can be
co ntro ll ed and will be q uite
independent of the collec
tor su pp ly voltage. If a rela
tively low base-bias voltage
is used, most of the power
will be dissipated in the
transistor and re latively lit
t le in R1 .

As useful as this circuit is.
there are so me disadva n
tages. The main problem is
that R1 must be a va riable
resisto r capable of handling
the enti re load curre nt. In a
practical circuit, th is be
comes a 0.2-Qhm pot rated
for 10 Amperes, whi ch is an

Circuit Operation
Th e si m p lified sc he

mat ics in Fig. 1 a re useful in
understand ing how the cir
cui t o perates . Commercial
load boxes use current sens
ing and feedback to set the
load current. My approach
is simple r and uses the con
s ta n t -c u rre n t co lle c t o r
load-line cha rac teris tic of
all bipolar tra nsistors.

Fig. 1 shows the basic
idea. The base of Q1 is bi
ased at several vo lts from
voltage so urce V1 . The col
lector supply (V2) is greater
tha n V1 by at least 1 vo lt.
The vo ltage at the emitter
of Q1 is one d iode drop (0.7
V) be low the base voltage,
and the circuit is essentially
an em itter follower. Emitter
current is se t by dividing
the em itter voltage by R1 .
As R1 is decreased, the
emitte r cu rre nt increases.

The collector current fo r
any transistor is sim ply
a lpha (the common-base
current gain) times the emit
te r cu rrent. As alpha is es
sentia lly equal to 1 for any
modern transis tor, we see
tha t setting the emitter cur
rent also sets the collector
current. And thi s is the
po int; the collector current

At 100 Watts dissipation the
heat sink is adeq uate for in
def inite operation. By di
recting a sma ll blower at
the heat sink, I have run the
load at 300 Watts fo r hours
withou t d ifficulty.

Si nce I desired essent ial
ly se lf-contained o peration,
I incl uded a small supply in
the unit to bias the load
transistors. Current is con
trolled by means of a front
pane l pot, and reverse po
la rity p rotec tio n is in
cluded. A front-panel LE D
indicates ope ration of ther
mal shutdown circuitry. I
took advantage of extra
heat sink area to add two
8-Ohm, SQ.-Watt resistors.
These a re used for testing
audio am plifiers o r to in
crease the dissipatio n capa
bility of the Power Waster
circu it.
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Fig. 2. Schematic of the Power Waster electronic load. 51 is a 75° C NO thermal switch. Sl
is in thermal contact with the heat sink. The collectors of Q2-Q5 are connected directly to
the sink. LED eR8 indicates thermal shutdown. Jumper at point A is opened in test.
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imum base-bias voltage,
and must be less than the
transistor breakdown volt
age for the current drawn.

In addi tion. it is assumed
that the base-bias supply is
ca pa ble o f supplying in
creasing current to the tran
sistor base as the collec tor
current inc reases. The ba se
current wil l be the transi s
tor collector current divid
ed by beta, the commo n
emitter current gain. Beta
will vary from l Q-SO fo r
practical power transistors.

To convert these ideas in
to the fina l design, 1had on
ly to add a ba se-bias supply,
ci rc uit ove rload. reve rse
pola rity protec tion, and to
inc rease the numbe r of
load transistors to handle
the req uired power . The re
sult is shown in the sche
matic diagram .

Power is dissipated in the
pass element (cons isting of
02, 03, 04, and 05 con
nected in para llel). Four TIP
3SC transistors a re used in
order to safe ly handle the
lD-Ampere maximum load
current. Each pass trans is
tor has a l-Ghm resistor in
the emitte r wh ich co rre-
sponds to R2 of Fi g. 1. In ad
dition to setting the collec
tor current for a given base
voltage, these resistors also
equalize the lo ad distribu
tion between the four pass
tran si stors and help to keep
the load current constant as
the tran sistor temperature
Increases.

Variable base voltage for
the load transistors is ob
tained from emitter foll ow
er Ql which operates from
a 5-volt regulated supply.
Th is ci rcuit consists of
transformer Tt . the br idge
rectifier (CR1.cR4l, C1, and
an MC7805CP three-termi
nal regulator chip (U1).

The base of emitter fo l
lower Q1 is connected to a
variab le vo lt age d ivide r
cons isting of R1 , the pot
(R2), and d iode CRS, R1 and
CR5 limit the driver base
voltage range to app roxi
mately 0.8 to 4 volts. An ad
ditiona l 0.8-vo lt offset in
the base-emitte r junct ion of
Ql results in a dri ver ou tpu t
voltage range of a to 3.2
volts. Restr ict ing the drive
vol tage to 3.2 V sets the
max imu m current the load
will draw to 10 A. CR5 was
incl uded to compensate for
the change in the base-to
emitter threshold voltage
of Ql as the temperature
changes . In use, this sim
ple bias supply has prov
en complete ly adequate.
There is very little dr ift in
load current as the temper
ature increases,

Some additional features
are worthy of mention.
Diodes CR6 and CR7 pro
vide reverse polarity pro
tection . A thermal switch
(51) sho rts the base-bias
supply and turns the cur
rent off if the heat-sink
temperature becomes ex
cess ive. An over-tempera-

ture shutdown is ind icated
by illumination of the LED
((R8).

R4 provides a return path
to the transistor emitters for
co llec to r-to-base leakage
current. This assures that
they will actually turn off
when the base-bias voltage
is removed . R3 is there for
safety in case the wiper of
R2 opens. This is the usua l
method of failure for pots.
Inclusion of R3 assures a
path from base to emitter
fo r the collec tor-to-base
leakage current of Ql . In its
absence, failure of R2 could
cause the load to pull more
th an l O A and damage
something. With R3 includ
ed, the c ircu it just shuts off.

A series-connected pair
of 8-0 hm, 50-Watt resistors
is also mo unted on the
heat sink of the e lectro nic
lo ad . These are provided to
increase the dissipation ca
pability of the un it and, in
addition, a re ha ndy fo r
testing audio amplifiers.

Power Rating

While the nominal input
capability of the Power
Waster is 10 A at up to JOV,
it may be operated at high
er voltages if the proper
conditions for safe opera
t ion are understood , In th is
sec tio n, I will explain how
the nominal power rating is
derived .

All high-power transistors
have a " safe area" of opera
tion, in which no damage

will occur . Fig. 3 is a safe
area curve for a single TIP
35C. This is a plot of maxi
mum-permitted co llec to r
current as a function of col
lector voltage. Operation a t
any point in the region be
low and to the left of the
curve will not damage the
transistor. Combinations of
voltage and cu rrent above
and to the right of the curve
will certa inly destroy the
tra nsisto r.

It is interesting that the
power dissi pation capabil
ity is not constant . At a Vee
of 5 V, a cu rrent of 2S A
is perm itted , Tha t' s 125
Watts. Bu t if the voltage is
increased to 50 volts, on ly 1
Ampe re is a llowed. pro vid
ing a di ssipation capability
of o nly 50 Watts! The suc
cessful designer of high
power transistor circuits
stares long and hard at the
safe a rea cu rves befo re
picking a fi nal configura
tion !

When I desig ned the
Power Wa ster, I tried to be
conservative so that it
cou ld rea lly take abuse
without failure . Thus, four
TIP 35C transistors were
used . In Fig. 4, the compos
ite safe-area curve for the
four devices in parallel is
shown. This is Curve B.
Curve A indicate s the
"rated" operating envelope
for the Power Waster. Only
at the 10 A and 30 V point
does the " ra ting" curve ap
proach the safe-area curve .
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Fig. 3. Safe-area curve for TIP 35C. Safe operation is limited
to the area below and to the {e ft of the curve. Operation be
yond the safe area will des troy the transistor.

Fig. 4. Operating areas for the electronic load: Curve A indi
ca tes the rated opera ting area for the load. Curve B shows
the compos ite sa fe area o f the four TIP 35C transistors used
as the load element. The rated operating area (Curve A) is
well inside of the safe area.At all other co mbinations

of current and voltage. the
power d iss ipation is com
fortably inside of curve B.

This conservat ive design
assures that the unit will
never fail as long as the 10
A and 30 V maximums are
observed.

Construction

Construction of the elec
tronic load can ta ke almost
any form because of the
non-critical nature of the
circu it. In most cases, the
shape of the heat sink will
determ ine the f inal conf ig
uration. In order to dissi
pate 300 Watts, a sink hav
ing a thermal resistance of
0.10 C per Watt is req uired .
This is a tru ly massive piece
of metal. I elected to de
pend upon thermal inertia
to permit sho rt tests of up
to ten minutes duration and
to let the thermal cutout
act if th ings got too hot.
Continuous operation is ob
tained by directing a sma ll
blower at the heat sink .

I used a 5" X11 " p iece of
heat-sink extrusion havi ng
32 one-inch-high fi ns as a
chassi s. To this I fastened a
pair of 0.75" X 2" p ieces of
angle to fo rm aU-shaped
c hassis with t he fins on top.
All pa rts are mounted on
the underside of the extru
sio n, and the front and rea r
panels are fo rmed by t he

pieces of angle. Vert ical
fins are more efficient, of
course, but since a cooling
fan is requi red to obtain the
full power rating, this ar
rangement is quite conve
nient.

Parts located on the front
panel incl ude the three
binding posts for the B-Ohm
re sistors (R9 and R10 ).
These a re at the left end of
the panel. Next is the LE O
ove r-temperatu re indica tor .
Adjacent to the LEO a re the
inpu t termina ls fo r the e lec
tronic load. The lo ad cur
rent adjustment pot, R2, is
on the extreme right end of
the panel.

Mounted d irec tly to the
underside of the heat sink
are the two B-Ohm resistors,
the four em itter resistors for
the load transistors, a nd
transi stors Q2 through Q5.
The thermal switc h (51) is
located in the ce nte r of the
sink. Two reverse-polarity
protection diodes (CR6 and
CR7) are al so mounted d i
rectly onto the heat sink
near the center of the front
panel. All pa rts a re mo unt
ed to the sink by th readed
holes tapped di rect ly into
the extrusio n. The cathode
e nds of CR6 and CR7 are
connec ted to the sink via
t hreaded mounting ho les.
In t he same way, the collee
tors of Q2-Q5 are screwed
di rectly to the sink. Thus,

the co nnec tio n from the po
larity protect ion diodes to
the tran si stor collectors is
via the he at sink itself. Fas
ten ing the transistors to the
sink without insulating wa
fers puts the entire chass is
at the potential of the po si
tive supply input.

Normally, I would have
insulated the transistor col
lectors from the sink but
there is a good reason fo r
not doing so. The t he rma l
impedan ce of t he tra nsistor
junction to case is 1 0 C pe r
Watt. Most insulating wa
fe rs have a thermal resis
tance of at least 0.50 C per
Watt . If a wafer were used ,
the resistances are summed
to yield a therma l res is·
tance o f 1.50 C per Watt.
The junction temperature
would rise by fifty percent!
Instead, I elected to have
the positive supply input on
the sink and to exercise ca u
t ion in using the unit. The
low voltages involved cer
tai nly pose no shock haz
ard .

O n the rear panel are
lo cated : the power t rans
form er , bridge rec t ifier ,
filte r c a pa c ito r, 5-vo lt
regul a to r, and the driver
transistor (Q1). The tran s
fo rmer is lo ca ted at the left
end of the rea r panel. The
filt e r capaci to r is in the

center of the panel as is the
bridge rectifier, which is
hidden by the capacitor in
the photograph. Adjacent
to the filter capacitor is the
5-V regulator and the dr iver
circuit co mpo ne nts. U1 and
Q1 a re both fa stened to the
rear panel fo r cool ing. All
small parts such as resis
tors, capacitors, and diodes
are mounted with push-in
Teflo n terminals . Threaded
standoffs are used for the
larger components.

Not everyone who wishes
to bu ild th is circu it wil l be
able to find a heat sink simi
lar to the one I used. One
a pproach is to use four
sma ller sink s a nd to mount
a load transistor on each.
A suitab le configuation
would use four Wakefield
Eng ineer ing type NC-423
heat sinks. Individua lly,
these units have a thermal
resistance of 0.80 C per
Watt so the resistance of
the combinat ion would be
0.20 C per Watt. Suc h an ar
rangement would permit in
puts of about 150 Watts
without fo rced-air cool ing.

Testing

A few simp le tests prior
to using t he load will pre
vent damage to it, or to the
circu it bei ng tested. First,
break the circu it between
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Fig. 5. Testing the Power Waster. A hig~current supply such
as a pair of 12-V batteries is connected to the load via cut
rent-limiting resistor R. The resistor should be chosen to lim
it the current to a few Amperes fo r the initial tests.
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Fig. 6. Using the load to evaluate a power supply. Increasing
current is drawn irom the supply, and the regulator oerior
mance is measured. The load also may be used to ensure
proper current·limiter operation.

Conclusion

Elec tronic loads a re com
mon in professional labs
where power supplies are
developed . Many are built
from sc ratch, but also they
are sold by commercia l test
equipment manufactu rers.
Such devices permit eva lu
ation of supplies prior to
co nnec ting them to their in
tended (and often very ex
pensive) loads.

In writing this a rticle, I
have attempted to desc ribe
the application and opera
tion of a little-known but
very useful piece of test
equipment . While my Pow
er Waster is ce rta inly aus
tere as compared with the
professio na l un its, it will
definitely do the job. The
basic design could be mod
ifi ed to include meters and
an inte rnal cool ing fan. If
this we re done, the com
plete un it could be pack
aged in a well-venti lated
box where the heat sinks
would be better protected
from accidental contact.

I we lcome comments or
q uestio ns from a nyo ne
wishing to e ithe r dup licate
or modify the ci rcuit. _

protectio n of high-power
trans istors d uring tune-up.
The e lectronic load is
placed in series with the
supply and programmed for
the maximum current that
you feel is safe for the
am plifier under test. At cur
rents less tha n the setting,
the lo ad satu rates and the
vo ltage drop ac ross it is
quite sma ll, This is especial 
ly true at the lower cur
rents.

Should the ampli fie r try
to d raw excessive current.
the maximum will be lim
ited to the set value. Re
sponse is very rapid. Cur
rent limiting occurs in
about a microsecond and in
the case, is much faster
than a norma l power-sup
ply cu rrent lim iter. So effec
tive is this method of pro
tection th at I have buil t it
into severa l so lid-s ta te
transm itte rs.

c reas ing the load curre nt
and noting the meter read
ing, the internal resistance
of the regulator may be
found, and the percent reg
ulation as a function of
load determined. If the sup
ply has a cu rre nt limiter, the
cu rrent- limiting point may
be found by slowly increas
ing the load current un til
th e vo ltage d ro ps. The
smooth contro l of current
afforded by the e lect ronic
load ma kes these tests easy.

At times it is desirable to
know if a su rplus transform
e r of questiona ble ancestry
can meet a given require
ment. Of particular con
cern is the "overhead" volt
age requirement. This is the
input voltage req uired to
mainta in a regula tor in op
era tion (at full load ) sub
trac ted from the output
vo ltage.

Typical th ree-te rm inal
regula tors require a 3-volt
overhead to func tion prop
erly . If all circuit param
eters are known, it is easy to
determine if a certain trans
former, rectifie r, and filter
capacitor will work. If junk
box pa rts are used, the
calcu lat ion is often diff i
cult or impossi b le. It takes
on ly a few minutes to con
nec t up the unregula ted
supply parts and apply the
ex pected load curre nt us ing
the Power Waster. The un
regu lated voltage and rip
ple may be measured, and
the suitability of the com
ponents determined .

Battery cha rging is an
other appl ication. All bat
teries must be charged fro m
a current source so the
charging curre nt is held
constant as the battery ter-

mina l vo ltage increases. To
use the load as a batte ry
cha rger, simply connect it
in series with a sou rce hav
ing a voltage at least 4 V
greater than the full-cha rge
voltage of the battery. Then
place the combination in
series with the battery and
dial up the desi red charging
current.

O ne fina l appl ica tio n is

this point the load trans is
tors will satu rate and the
current will be set by resis
tor R.

The next step is to test
the current-lim iting feature
to verify that the load cur
rent is lim ited to about 10
A. Reduce R in value so that
for the supply voltage pres
ent under load, about 15 A
may be drawn. Again in
crease the load current
from zero with Rl . The load
should current limit at 9 to
11 A if the same parts va l
ues were used.

If al l of the above tests
we re success fu l, the e lec
tronic load is ready for use .

Applications

My purpose in building
the electronic load was to
enable rapid test of power
supply circuits. The 1Q-A
and 3Q-V input capability
will suffice fo r almost the
entire ra nge of solid-state
suppl ies fou nd in amateur
equipment. Afte r I buil t the
load, a number of othe r ap
plica t ion s su rfaced. Some
of t hese a re wort hy of men
tion .

The performance of a
voltage regulator is easily
plotted by using the load,
connected as indicated by
Fig. 6. The regula tor is con
nected to the load via an
ammeter. A voltmeter is
connected across t he out
put of t he su pply. By in-

the driver transistor (Q1)
and the load transistors (Q2
through Q5), at point A in
Fig. 2. App ly 110 V ae to the
powe r t ransforme r and veri
fy that the vo ltage is va ri
able from about 0 to 3.5 V
as R2 is ro tated , Zero volts
should occur at the extreme
counterclockwise position
of R2 . This is the zero cu r
rent setting.

Reconnect the circuit at
point A. Then arrange a
high-current test setup simi
lar to Fig. 5. Resistor R is
chosen to limit the cu rrent
to 3 or 4 A under short-ci r
cuit conditions. Two auto
mobile head lam ps in series
may be used for this res is
tor. Set the current contro l
pot (Rl) at minim um (CCW
position) and turn on the
supply and the bias supply
in the Power Waster.

Increase the cu rrent set
ting until 1 A is drawn by
the load. Measure the volt
age drop across R5 through
RB and assu re yourse lf that
the vo ltages a re abou t
eq ua l. About 0.5 V should
appear across each resistor
fo r a l-A load . If no voltage
appears, then the associat
ed transistor is not drawing
any current.

Next. advance the cur
rent control. The load cur
rent should inc rease
smoothly until the voltage
at the load input term ina ls
drops wel l below 5 V. At
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