o Part No. DD177
Net Price $ .99
Pkg. of 2

tSpecial Value"

SILICON RECTIFIERS

400 PIV
145 AMP

with free manual includ-
ing many useful circuits

RATING: PIV 400; AC INPUT 140 V.
MAX: DC OUTPUT 500 MA.

Low priced rectifiers for commercial
applications, experimental and hob-
by projects, etc.

INTERNATIONAL RECTIFIER El Segundo, Calif.
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Check this list of other experimentor
kits and "'Special Value Packages."

DD-170-An assortment of 5 popular values
of 1 Watt Zener Chodes suitable for
experimenters and hobbyists.

K-546 - An  assortment of twelve Zener
divdes in voltage ranges from 3 to
30 volts and in various ratings from
44 thru 10 watt. Specially priced to
promote the experimentation with
Zener diodes.For experimenters and
hobbyists,

DD-180 - Contains 2 audio and 1 RF tran-
sistor suitable for numerous projects
and experiments, e.2. radios, trans-
mitters, code oscillators, burglar
alarms, amplifiers as described in
attached manual.

DD-184 - Contains TROZ2 audic power transis-
tor; TRDOD universal PNF audio tran
sistor; TROE universal PNP tran-
sistor {audio or HF); 1N344 germa-
nium diode and special silicon
solarcefl with output of L&V and 20
M& in bright sunlight.

DD-190 - A bargain package of solar and pho-
tocells with 24 page experimenters
handbook.

K-421- Contains 7 various selenium, silicon
and cadmium sulfide solid state
photocells. Free instruction manual
plus a 24 page Hand Book designed
for schools, experimenters, hobbyists.

International Rectifier Corporation
El Segundo, California
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TECHNICIANS AND EXPERIMENTERS
RECTIFIER MANUAL
Ay L . Garaer, Jr, P90,

By definirion, rectifiers are devices hav-
ing non-symmetrical conduction character-
istics which are used for the conversion of
alwernating currents into unidirectional cur-
rents. They are, basically. diodes which
nifes a high resistance w the How of cur-
temt in one direction and o low resistance
. carrent flow in the apposire dircction.
Semiconductor rectifiers are these which
utifize the clectrical properties of materials
with conductivities mtermediare between
those of reue conductors, such as merals,
and insulators | such as ceramics.

Today, semiconducror  recrifigrs  are
mamu fac tared wring 4 variety of basic mae-
tenals, otypioully,  copper oxide,  copper
sulphide, sclepiom, germanium and silicon,
OF these, copper oxide and copper sulphide
types are used priacipally o low carrent,
low wvaoltape applications, althouph a few
hiph current types are produced, One wide-
spread applicanon for copper oxede oypes,
for example, i in merer and insreoment
reenfiees (IR Type DD-IM) Scleniom,
geemanivm and silicon rypes, on the ather
hand, are wsed o low, mediom and high
CUrrent ]pp]n.':![ii‘.lrl.'i afl [rnm Inw B WErY
high voluges. The lareer types are wsed
princapully  in AC/DC power. supplies, in
DM converters, aml as protective Je-
VECE S,

For o number of years, scleniom fypes
were the most popular and were used exs
tensively moall wvpes of equipment. Maore
recently, silicon types have increascd in
popularity apd have replaced selenium units
in many applicavons, In the future, silicon
rectiliers will probubly be the most popalas
peoeral [ype.
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Each basic type has special character-
istics. Of the three most popular geneml
types, for example, silicon rectificrs ofler
the highest wemperawre capability and, in
addition, can handle high currents and vole-
ages. Germanium types, with a medium rem-
perature capabiliry, also have good curreat
and voltage characteristics, and offer the
advantage of the lowest forward woltage
drop per cell. Finally, seleninm rectifiers
are less seositive to voltage trangients
than silicon or germaniuvm rypes, but have a
medivm temperamre capabiligr, are subject
o “‘aging,”” and have a limited voltage
handliag capacity on a per cell basis. How-
ever, all three types may be series con-
nected for high voltage applications.

INTERNATIONAL RECTIFIER manu-
factures a broad selection of rectifiers to
meet virtually every power supply and cir-
cuit protection requirement. These range
from low-voltage, low-currear types for in-
strnment applications to high-volmge, high-
current types for heavy duty powsr supplies.
Series assemblies, plug-in types, bridge
stacks, cartridges, and other rypes are
available for special applications.

A generalized rectifier chameteristic
curve is illuseated in Fig. 1. When forward
biased {ancde positive), the device offers
very little opposition to cumrent flow once
its inhercnt forward voltage drop is exceed-
ed. When reverse biased (anode negative),
it offers high resistance w curreot flow,
permiting only & small "leakage® current,
until its breakdown voltage is reached. At
this poiot an avalanche coadition oceurs
and the reverse current increases saddenly
and rapidly. Unless limited, the reverse
current will destroy the unit.

While semiconductor rectifiers, in general,
are qguite mgged, cortain precautions must
be followed when employing the devices.
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FIG. 1: Typical rectifier characteristics.

Maximum woltape and current ratings must
be observed to avoid overload and sub-
sequent deterotation. If the device is wsed
at elevated temperatores, it must be derafed
in accocdance with the manofacmrer’s
suggestons. Overheating must be avoided,
with suitable heat sinks (IR Type DD-125}
provided if the units are wsed at high am-
bignt temperatures or ncar maximum ratings
«ooin some cases, forced air cooling may
be npeeded. Care must be taken to aveid
voltage peaks (frdnsienfs) or swrge coments
in excess of specified ratiogs. In general,
uansients may be climinated by careful
circuit design or by the use of "Klipcells",
Zener diodes, or similar protecrive devices,
while surge currents can be limited by the
use of small series resistors.

From an applications viewpoint, a rectd-
fiee's most important specifications in addi-
tion to its mavimum wapsient voltage and
surge current radngs are its peak fmverse
valtage, PIV (or peak reverse voltage, PRY),
its forward veltage drop, V§, its reverse
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Jeakatle current, 1, and its maximum (13}
current output, To. Otherusciul specificarions
are ity maximum AC inpaf voltage (RMS)
antd nominal PC outpet voltape.

BASIC APPLICATIONS

A rectifier’s primary applicarion is the
conversion of AC o pulsating DC. Hence
its preatest field of use is in AC/DC or
DC/DC power supplies. The rwo oypes of
power supplies are basically similar as far
as rectifier operation is concerned, for an
oscillator of switching circuir 15 used o
convert [M7 ta either AC or pulzating DC
for wransformer step-up (or step-down) bejore
rectification in DC/IHD supplies. A variery
of circuit arranpements may be employed,
depeading on indiwidual preferences and
equipment requirements, Basic power supply
circuits are illustrared in Fig. 3, while
typical voltage-multiplier circuits are shown
i Fip. 4.

A balf-ware rectifier circuit is shown in
Fig. ¥a) The diode (RD7) conducts only
on alternate half-cycles, so thar the outpnt
load current is a series of spaced hall-
wave pulses. With a sine-wave input voltape
applied by transformer Tt, as shown in
Fig. 2{a), the output waveform would be as
illustrazed in Fig. 2(b)L

AWARNAWA
U‘\

Y s
dal by s
e [ ]f ][ T

FIG. 2: Rectifier woveforms. . .(a) input
sine-wave, (b} half-wave rectification,
and {c) full-wave rectification.
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A steondard fell-wave rectifier circuit is
shown in Fig. 3{b). AC is supplicd by T)'s
center-tapped  secondary  winding. Diodes
Ry and RD7 conduct oo alternate half-
c}rrEcs, but cheir OuUIPUES Are in parallel, so,
that the oputput current is a continoous
series of half-cycle pulses, as shown in

Fig. 2(c)

The foll-wave bridpe rcctifier circuit
illustrated in Fig. 3(c) requires rwice as
many rectifier diodes as a conventional
full-wave type, bot does not require a
center-tapped AC source.
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FIG. 3: Basic rectifier circuits. ..(a) half-
wave rectifier, (b) full- wave rectifier, and
{c'} full-wave bridge ractifier.

5



w

Volrage-multiplier circuits are used in
line-operated wansformerless power supplies
or where higher DO output voltages are re-
quired than can be obrained conveniently
from  a  wanslormer. Veltage-doubler cic-
cuits are illustrated in Figs, 4(a) and 4{b)
and a voltage-mipler in Fig. 4{c).

Referring, first, to Fig. 4{a), a fefl-wave
doubler circuit is shown. In operation, R
conducts on one half-cycle, charging ) o
w peak line volrage. KD conducts on the
next half-cycle, charging T3 w peak line
voltage. Since € and C7 are in series as
far as the output load is concered, the DC
output voltage 1s twice the peak lhine volt-
age.

A kalf-wave wvoltage doabler is illus-
strated schematically in Fig. 4(b) Here, Cf
is charged to peak line voltape through Ry
on alterpace half-cycles, Duoring rhe remain-
tng half-cyeles, Ci's voltage is effectively
tn senies with the line volage, charging
Co to ewice peak line voltage through RIDg.
The output load is connected across Cp.

The woltape-tripler circuit illusoated in
Fig. He) is esseptially a half-wave volmpe
doubler combined wirth a convenrional half-
wave rectifier, In operation, €1 is charged
to peak line voltage through BRD . As in the
previous circoit, ©3 is charged ro owice
peak line voltage through BDg, with C1's
voltage added to line volrage. At the same
tme, however, ©3 is charged w peak ling
volage through KD3. €3 and C3 are in
series as far as the outpur lead is con-
cerned and thus their output voltages add,
applying a DC veltage equal 1o three rimes
the peak line valiage.

Rectifiers may be ceonnected in series
to haodle higher voltages or in parallel
furnish larger currenrs, as shown in Figs.
S5{a} aad 5(h), respectively. For proper

6



FIG. 4: Voitage multiplier circuits. . (o)
busic voltuge-doubler, (b} cascaded volt
oge deubler, ond (c} quuge—triplﬂr.

operation, the individual rectilier "eells"
in either a series of parallel arrangement
must have identical characrerisrics. In
practice, selected identical units are used
in factory-assembled stacks and in mula-
cell high-voltage cartridges. Where a series
arrangement is esscmbled in the ficld, how-
ever, resistors should be connected across
each element w equalize voltage drops. By
the same token, small resistors should be
conmected in series with each cell in a
patallel stack ro equalize leg cumrents.

. - - - “
fal []]
Riry

FIG. 5: Series (o) and porallel {b) recti-
fier connections. . .see text for details.
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The basic rectifier circuirs described
above furnish & pulsaring DC outpur. . .thar
i, @ curcemt with both (pure) DO and AC
{tipple) components. For most applications,
the ripple component must be removed. This
is accomplished b!,- means of a suitable
filter network. Typical filter circuits are
illusrrazed in Fig. 6

As shown in Figs. 6{a) and 6(b), tespee-
uvely, a simple choke (L[} is an effecrive
filter where large load currents are required,
while a shunt capacitor (C}) provides good
filtering for very light loads. Unfortunately,
a discharged capacitor acts like s shore-
circuit when voltage is fust applied, This
characteristie may result in excessive surge
currents, To preveot diede damage, theo, ic
15 commeon practice to conomect small cur-
rent Ibniting resistors in series with ca-
pacitors which are connecred direetly to
semiconductor rectifiers. This !t'('luiqut is
used 1o buth copventiomal and '-'ultag-:-
multiplier power sopply circuies. A typical
arrapgement is shown in Fip. 6(c) here,
1] serves to limit surge currents o C]. As
a peneral rule, suege limicmg resistors have
values of 50 chms or less.

A combination L-C circuir provides
better filtering  than either a choke or a
capacitor used alone. Filter nerworks of
this general cype are illustated in Figs.
Gid), 6fe) and &(f). A choke-inpur or 'L
wrpe’! filter is illustrated in Fig. Gid), a
capacitor-input or “'pi-type’’ fileer in Fig.
6{e), and a mwo-section filter in Fig. 6(f\
OF these, the "pistype’ is by far the most
popular, for ir provides maximom ourpuc
voltage coupled with acceprable regulation
and good ripple temoval. The choke-input
circuits provide berter regulation, however,
while maximum [iltering is provided by the
mwo-section network.  Although  somewhat
more costly doe 1o the use of two choke

8
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coils (Lj and L2}, the latter circuin is used
where good regulation and minimem npple
is required.

o—ji i T ~. & -
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FIG. 6: Typicol filter netwarks. . .(a}
chake, (b) capacitor, (c} copacitor with
surge limiting resistor, (d) L' filter,
{e) basic “pi"" filter, and (f) twe-section
filter.

In sammary, practical power supply cir-
cuits iaclode an AL source, suitable cecri-
fierz, and a filter network. The AC =ource
may be & power line, a eransformer, or the
output of a DC powered oscillator or switch-
ing circuir, The recrificrs may be arranged
for either half-wave or full-wave recrifi-
cation, Full=wawve rectification, where feasi-
ble, 15 preferced, for it provides better regu-
latien and, with rwice the ripple freqguency
of half-wave cirewits, requires a less costly
filter network, The filrer nerwork, finally,
may be reither choke or capaciror-inpur.
Where  capacitor inpur circuits are used,
however, suirable surge limiting resistors
are required to prevent diode damoge.

9
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SPECIAL APPLICATIONS

Although recrifier diedes are used pri-
marily in powet supply circuits, these are
by no means their only applications. Other
applications are illustrated schematically
in Figs. 7 through 10. These circuits have
been selecred with particular reference to
experimenter and hobbyist interesis.

Easily assembled in a small metal case,
the Power Control circuit shown in Fig. 7
may be used as an incandescent lamp dim-
mer, as a soldering iren or small oven heat
control, or as a two-speed control for power
tools or appliances employing universal
{AC-DC) motors. It is mol suflable lor use
with inductive loads or ransformer-operated
equipment. 51 is a single-pole, 3-position
rotary swirch, preferably with heavy-duty
contacts. RDj iz a 200 PIV rectifier, with
its maximum cuorrent rating decermined by
the anticipated load. Type DDIT6 may be
used for loads soder 100 watts, while type
3F20D-C should be used for loads of up o
300 watts. The line cord and plug and out-
let receptacle are standard electrical hard-
ware items.

s OFF Rl

[ —

Lo

3
! H?\——

LINE ORI & PEAIG

FIG. 7: A simple Power Control eireuit.

Lo operation, full line power is furnished
1o the load when S is in its "'Hi"' position
while balf-wave rectified DC is supplied

10
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when the swirch is in its “Lo" position,
Thus, the effective BMS ouwtpur voltage is
reduced by approximately 30% in the ""Le"’
position, limiting the power supplied to the
load.

A simple, but effective, Meter Protecrion
circuit is illustrated in Fig. 8. RDj and
El?7 are "top-hat'' silicon recrifiers such
as type DD175. This eircoit wtilizes the
forward voltage dmp (Ef) charactetisrics
of silicon rectifiets to protect a sensirive
meter movement. [n operation, neither diode
conducts heavily wntil the effective wolt-
age ACTOSS [ exceeds Ef...3 small fraction
of a volt. At this point, however, the appro-
priate diode {depending oo voltage polaricy)
conducts heavily, acting as a low resise
ance shunt around the meter. In geneml,
the diode’s Ef is Frl:!.tl:l than the average
merer wolmage at tull scale defllection but
less than the volumge required to cause
damage.

FIG. 8: A bosic Meter Protection circuit.

Transisrorized cquipment may be dam-
aged if connected to a power source of in-
correct polarity. This fact can cavse prob-
lems when installing mobile equipment such
as CB mansceivers and PA amplifiers, for
some automobiles have megative-ground

It
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and others positive-ground sysrems. Dam-
age may be aveided by using rthe simple
Pularity Frotection circuit illustrated in
Fig. 9. In operation, the diode (RD) per-
mits the direcr applicatica of DC with
coreect polarity, bur blocks the application
of power with reversed polarity. RDp’s
small igherent DO voliage drop iz not
enough to affect circoir performance.

Ny
+ — 4

hr Ly {: :l TRANSISTOR AMPLIFIEH
POm L SIFELY

FIG. 9: A low-cost Polarity Protection
circuit,

The Polarity Protection circuit may he
added to almost any equipment, either as a
buile-in feature or as so outhoard™ ac-
cessory, RD) iz a low-voltage, high cur-
rent rectifier. . .type Z01IBS-C is suitable
for most applications. The pilot lamp as-
sembly (PL]) is an optional feamre to -
dicate when proper connecrions arc made,
The lamp bulb choscn should march the
supply voltape {6 or 12 veltsh

A 60-Cycle Srroboscope assembled us-
ing the circuit shown in Fig. 10 can be a
wseful accessory for anyone working with
phonographs or Hi-Fi cquipment. Tt is used
in conjuncrion with a standard stroboscopic
disc {availsble through most pars sup-
plicrs) and indicates when a rerarable iz
rotating al correct speed. In operation, the
rectifice (RD1) fumishes balfwave recti-
fied pulics to the neon lamp through cue-
tent limiting resistor By, causing the bulb
to flash at a G0 cps rate. If desired, the

12
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instrument may be assembled as a hand-
held probe in a short length of plastic or
fiber tubing. RN is a type DDIT6, SD500
or SA4-D rectifier, By is a 39K, 1 watr re-
sistor, and the acon bulb is typr NE-43.

LINE DRl & P LI

FIG. 10: An easily built 60-Cycle Strab
oscope circuil.
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International Rectifier Corparation
manufactures the most extensive
line of quality rectifiers available
to industry. In addition, IR offers
a special line of general purpose
semiconductors for use in mainte-
nance of most commercial equip-
ment including . . .

Transistors
Zener Diodes
Controlled Rectifiers

Low, Medium and High Power
Silicon Rectifiers

Selenium Rectifier Stacks
and assemblies

Contact Protectors

£ R

International Rectifier Corporation
El Segundo, California



YOU'LL WANT THESE

FOUR IR

Intermuginnal
Hecrifer

] ET ET

Engineeting
Flitrreflonds

HANDBOOKS IN
YOUR LIBRARY

1. The SCR Hondbook

Bosic theory on understand-
ing the principles and vse af
controlled rectifiers, Circuit
dalo.

Mo. HE-40 __ $2.50

2. Solar Cells and
Photocells

Contains projects and dem.

onstrotions of selenjum

phalecells and 1ilicon solar

cells,

Mo. HE-30 ... $2.00

3. Zener Diodes

Iener diode oc, dc, audio,
RF, compufer, instrumenta-
tian; many other applications.
100 poges.

HB-20 . %200

4. Rechifier Engineering
125 poges of proctical recti-
fier engineering doio. Load-
ed with illustrations, and
vital information.

HB-10 . %200

SET THESE HANDDDOKS AT YOUR IR DISTRIBUTOR



