
LIGHT DIMMER 
& POVVE R-TOOL 
CONTROL By D O N A L D  LANCASTER 

Construction of 250-watt 
bilateral dimmer using 

switching diode. 
built into light 

Can be 
switch. 

M

OST reaclcrs wi l l  find  the  e lectronic control t o  be 
described usefu l either as a l ight d immer capable 
of h andlin g up to 2.50 watts of l igh ting power or as 

a controller for regu latin g the speed of an electr ic motor. I t  
can he  used to  varv the speed of  an electric dr i l l  or huff e r .  I t  
can also b e  used to  vary the  heat of  a sm;1 1 l  drying oven or 
other hea t source; the temperature of a soldering iron or gun  
to al low both fi 1 1e  an c l  heavy work from one  iron; or  the  speed 
or a k itchen mixer or blencler. 

U n l ike some similar de,·ices, this low-cost, 2.50-watt unit 
is  a f 1 i l l - \\·:1xe proportional a.c .  controller that wil l  give a 
smooth , co1 1 t i 1 1uous] ,· \'ari;1ble control of power from zero to 
fnl l  load with a single tm1 1  of the control knob. The de,·ice 
is bu i l t  from sta1 1dard parts a 1 1d can be assembled i n  a fe,,· 
even in�s· work . 

It is built  i 1 1 to a conventio1 1a l  light S\\·itch and will fit the 
same space, pro\' id ing a d irect replacement for the conven
tional wall switd1 .  A doub le box and a duplex outlet adapt 
the circuit  for the control of power tools. 

How It Works 
The key to the un it's operation is the relati,·ely new semi

concl uctor device known as a "bilateral switching diode. "  
This c levice has  the unique ability t o  control large amounts 
of a.c. power I.mt, u nlike s i l icon contro l led rectifiers or thyra-
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Photos showing the construdion and a s sembly of the dimmer. 

l l e f t l  T h e  c o m p l e t e l y  
a s s e m b l e d  l i g h t  d i m m e r  
uses a special cover that 
is screwed into a stand
ard wal l-switch housing . 
(Center! Modified cover
plate for the dimmer unit.  
( Rightl Appearance of the 
completely insta l led unit .  
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;t A M P S  

J 
-VOLTS 

+ I M IN.  L. -VCRITICAL 
+ VO LTS 

- lMIN. 
+ VcRrTICAL 

T Y P ICAL VALUE S :  

TYPE TBS20B T l - 4 3  

MFG. TRANSITRON TEXAS INST. 

VC R I T I C A L  2 5 0  V O L  T S  30 VOLTS 

I,.llNIMUM 2 5 MA. 300 µ A . 

IMA)(IMUM 5 A MPS PULSE DUTY 
ONLY 

- A M P S  

F i g .  1 .  When applied voltage is  l e s s  t h a n  V ,. ,. , , , ,. ,, , I A ) ,  the 
diode draws little current; circuit is "off." At hig her volt
ages (8) avalanche conduction causes diode to conduct heav
ily. C u rrent is now l i mited only by load I C ) .  Diode contin ues 
to conduct a s  long as current i s  at least l , 11 1 11. At lower cur
rents, diode i s  returned to "off" state. The operation of 
the device at reverse voltage polar ities i s  exactly the same. 

trons,  docs i t  equally \\'ell in either current direction . This 
1 1ew switchi1 1 g  diode is sim i lar to two si l i ('on controlled redi
fiers that have been l'OntH.'cted in parallel and in opposite 
di  red ions. 

There are two ways of tnrning an SC:R on-the common 
one of pulsing the gate and the less fam il iar method of ex
ceeding the forward hrcako\'er voltage and avalanch ing the 
SCR into conduction. Either method ;1d 1 ievcs the same re
sults; the SCR turns on and sta�·s on 1 1nti l  the anode l· 1 1 1-rt·nt 
re,·erscs dircctio1 1  or is turned off. But this  only works i n  one 
current direction.  A second SCR is needed for bilateral a\"a
lanche operation.  This is what the bi latera l switching diode 
does. Actually, this device is Jess complicated than the two
SCR combination and co1 1sists of a sin gle fiye-layer /HI-p-n-p 
strncturc. 

Fig. 1 shows the volt-ampere ( V I )  characteristics of a 
h i lateral switch ing diode am! details d iode operation. Bas

icallv, we haYe a deYice that is in an "off' state unti l  a high

volt<;ge pulse ( in excess of the diode's V. , ; , ;, .,1 ) avalam·hes the 
diode into conduct ion, or "on. "  The d iode stays "on" unti l  the 
circu i t  current becomes nearly zero and then returns to the 
"off" st;1te. Current reversals e\·ery a.c. zero wil l  always return 
the d iode to the "off" state. Since the l'irc1 1it is "off" during the 
presence of the h igh-voltage pulse, very l ittle pulse power 
is requ ired to trigger the diode. This h i gh-voltage pulse can 
be i n troduced by adding a transformer secondarv in series 
with the diode and the load. This transformer must h ave a 
very low (iO-cyc:le ;1 . c. impedant·e. A h igh- tu rns-ratio tra 1 1 s 
former would a l low a low \'oltage pulse t o  b e  stepped up to 
a high enough voltage value to trigger the bilateral switching 
dio<le. 

By control l ing the point  in  each a.c.  half  cvde when this 
pu lse occurs, )0;1d power mav be varied from zero to fo l l  
power. This is detai led in t h e  wa,·eforms that a r e  i l lustrated 
in Fig , 2. 

A \·ariable timer is needed to determine when in each cvcle 
the h igh-volt;1ge pulse and d iode "tu rn -on" is to be prmlu�·ed, 
A simple saw-tooth generator consisting of an RC circu i t  
shunted b y  a low-rnltage bilateral switching diode is used , 
A resistor, R, charges up a capacitor, C, unti l  the voltage 
across C exceeds V . ,  ,, " ,1 of the diode. The d iode turns 
· •on," d ischarging C. If a high-voltage step-up transformer 
primar�· is in the dist·harge path, h igh-vo ltage spikes ,,.i l l  be 
generated . Varving R ,,· i l l  varv the delav and, ult imately, the 
amount of power reach ing the load. F 1 1 rther, if the H.C: dr 
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C'uit is itself shunted by the main b ilateral switchi n g  diode 
( BSD ) ,  the entire operation is locked ( synced ) to the a.c.  
l ine .  This insures that each delav time w i l l  start exacth- as the 
a.c. input swings through zero ;llld that the delay wi i l occur 
after eYerv a.e. zero . Except for a capacitor filter to elim inate 
any r.f .  noise from the h igh-nJlt;1ge spike and the fast  turn-on 
of the main diode. this is a l l  there is  to the dimmer-controller 
circu it which i s  to be described below. 

Pract ical Cireui t 

\\'ith this design pla n .  the act u a l  circuit  of the u n i t  in 
Fig. 3 is simple. The a.c.  power ( Co11ti1 1 11cd 011 page 81 ) 

CJ 0vgL���E 
- LOAD 

'VOLTS 

FOR 125V. 
R.M. S A.C. 
I N P U T  - - - -VcR1T1C.& L. :  -250V. ( THE DIODE TURNS "oF f "  EVE RY A.C. Z ERO) SPIKES > '.!. 300 VOLTS 

( A ) 

- -�- - - - -;-t- - - -

- - - - - - -sr==t 
( B l  

- -�- - - -�- - -

--�� 
(C l 

Fig. 2. An RC network and a low-power b i l ateral switching 
diode can be used to generate a spike of voltage that can be 
stepped u p  by a transformer and used lo turn on a main switch
ing d i ode. With the network adjusted to produce spikes very 
early i n  each alternation (A), maximum load current flows. 
When spikes occur in the middle of the alternations 18), nor
mal  load voltage exists only half  the time, so only half  the 
power reaches the load . With the circuit set to trigger very 
late i n  the a lternations I C ) ,  very little power reaches load. 

Fig. 3 .  Ci rcuit o f  dimmer. 01 determines the load current. 
0 2  and R C  network produce pulses that act lo trigger 0 1 . 

L O A D  
2 5 0  WATTS 

MAXIMUM 

1 1 7 V. 6 0 - A.C. ONLY 

� � 

R I  /0 ,(}0() o h m ,  l/z w. carbnu res . 
R 1--68,0()f} ohm. 1/z w. carbon rf'."i . 
R3- 1SIJJ)l}IJ ohm mi'l1ial11re pot  (Ce11-

A rnold .4 1- 500- !Kl-ll A - P  core . 
tappr1/ ut 2 t , 

trr1lub 8-16- 123 or rq11iv. No tt• : 
Ce11te,. .thaft m u.d be i11s11/ated 
f,.om f,.t111t plat,• a11d operator.} 

(.' 1-. 0Z µ f  . •  ZOO v. disr raparitnr 
(.'2 . I µ/ . .  200 v. capacito,. 
CJ-.22 µf . . SIJ v. flat .l!y/ar raparitnr 

( o,. tu•o _ I µf. dhicS iu parnll rl ) 
S I- S . p . s . t .  JO-amp f, rvito11 u•11/I 

ndu h  rasl' t ·""" lf'xt J 
Tl h2 t , r!! t'tL u•frf' uio1111d 011 

D I- S a m p ,  2011 v , p , i. v , , ;Hi-swill'lr"' 

( T,.011sit,.ou TBS-20-B. S1•1> text 
for othe,. ,.ati11ts . )  

D2--.1f) v. silicrw bilatr,.al lr'ifger di

ode ( Trxas l11slr'11me11ts TJ-43 or 
T,.at1sitro11 ER- 9(}(} . )  

Note. D J .  D2,  rmd .4r110/d core are 
available ri.t a ••J.•it '"' f,.n,,, J.."imball 
Elt>ctnm:'cs . .16 /J N .  16 StrPN. Pho1•
uix, ...I ri: . , 85()/6 (1 Si.00 e11rh plus 
/J u !i f11�•1· . 
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Light Dimmer 
( Co11l i11 11n/ from ]loge 47 ) 

to the load tra1Tls thro n gh a h igh-po11·er 
BSD a 1 1d the ··set·ondarl '  .. of the auto
transformer. T l ,  a small :30 : l toroidal  
tra 1 1sfonner. 

The timer co1 1sists of C3, D2. and the 
paral le l  combination of /12 aml R.'3. The 
low-voltage pu ls('S ge1 1t•r;1kd I J1 D2 <lis
ch;1rgi 1 1 g  (,':3 a re cou pled to the .. pri
m ary" of 1' l. A fter the .'JO :  l step-up, 
they appear as the :300- to --100-rnlt h i gh-
1·oltage spikes used to trigger D J .  A 
parallel comhi1 1ation of H2 a 1 1 d  H:3 gi1·es 
a mud1 more l i 1 1ear hrigh t 1 1ess control 
adion and provides an adjustment for 
the amo11 1 1 t  of  .. o ff "  t i 1ne.  Hcsistor R L 
and L';lpacitor C2 comprise a dropping 
and phase-shift i 1 1g 1 1 etll 'ork.  This ph ase 
s hift aids hrigh t 1 1ess crn 1 trol li 1 1carity 
1 1ear maxi 1 11 1 1 1n hrigl 1t 1 1 css.  Capacitor C l  
i s  t l lf'  r . L  i 1 1 tl'rfere1 1ce fi l ter and com 
pletes the controller ('irc 1 1 i t .  

Parts s i z e  is so1 nc11·hat  nitical if  a l l  the 
com pon ents a rP to be l 10 1 1 sed in t l ie lJ:! 
cubic in! 'h es of spa! 'e inside a conven
tional 11·a l l -mou 1 1ted light Sll'ikh so the 
smal lest a1·ailable part  should be usc<l in 
each instance.  

D l ,  the heart of the circuit, is  a 
Tm11sit ro11 TRS-20-n " B iswikh . "  It is 
normal lv  rat<'cl at .'5 amps at room tem
perat 1 1rc a 1 1d  h as a p . i .v .  ratin g of 200 
volts .  S i 1 1 L·e heat s inking is  1 10 t  prm·ided 
in t h is circuit,  current m ust he l imited to 
less than 2 ampt'res to prcl'C' 1 1 t  01·erheat
ing of the part. This is the reason for spc
cifving a 2.'50-11·att m ax i m u m  l oad . D2 
is a standard T!'xos l 11sl rt11 1 1<' 1 1 f.1· :30-volt 
si l icon trigger d iode, the T l-4:3, available 
at jobbers. 

T 1 consists of 62 turns of # 22 enam
eled m agnet wire 11"01 1 1 1 d  on a s m a l l  
powdered iron core and tapped at tll'o 
turns.  This C'ore is a 1·erv low-l'ost item 
and is a focton· stock itc1�1 . Act 1 w l lv,  anv 
s m a l l  toroidal c·ore of s 1 1 itahle m aterial 
will ll'ork as well in this appli< 'a tion . 

Because of the l im ited space. H3 is a 
m i n i at u re pot 11·ith its e le1 1 1e 1 1 t  bui lt  in
side the control knoh ;11 1 d  is thus 
mo1 111 tcd 01 1  the outside of the con trol ler 
('ase. 

The housing for the co1 1 trol ler is the 
hodv of a Lcr.ilon I O-amp "house-wir
ing" swi tch . The switch sclcl'led m u s t  
h e  of the tvpe w i t h  the term inals out t h e  
s i d e  of t he ('ase ancl with a s i m p l e  
ri1·etcd-on mo1 1 1 1 t i 1 1g plate that  l'Ol'ers 
the e 1 1 t ire front of  the B akel ite l'asc . .  .\ n v  
other tvpe s11·itd1 m i g h t  not  l'Om e  apa1:t 
;1s easi lv and might  req u ire med1a1 1 i l'al  
redesign . 

Tll'o parts l ia1·e to he m od i fied . S J  and 
the b la nk 01 1 tlet l'Over platP. Start 11·ith 
S 1 .  Dri l l  out the tll'o e�-elds holding the 
Bakc· l ite h()(h- to the frn1 1 t  plat<'. Rcmm·c 
and c l isl'ard the c·1 ·elets, the frrn 1t plate. 
and a II mm·in g parts. This kavcs the 
case, two screw t!'rminals .  a 1 1d tll'o fiber 
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spacers. Fi le or drill out any bosses, 
spacers, or protrusions inside the switch 
bodv.  The material is foirlv soft and 
easi ly  remcJ\·ec l . :\ la kf' a new front p la t e  
from l i l G" soft a luminum.  T h e  l ip bent 
down the one side adds stre1 1 gth to this 
part and shou Id be f lush with the switch 
bocl� · .  See photos. 

The hrightnt'ss C'ontro l ,  ID ,  is next 
mo11 1 1 tcd on the fro n t  plate. A seC'oncl 
k 1 1 oh is g l 1 1cd 1 n 1  top of the origi n a l  to 
increase the grippin g  area anc l  to insu late 
the operator from the hot l'entc•r s haft of  
R:3. :\  1;;-inC 'h c l ianwtn kn urled black 
knoh fi t s  n icel� . 

The disassemhk•d 1 1n i t  shmvn in the 
photo i l lu strat(•s the l'01 1 s t rn d ion tel'h
n i q 1 w  used . TlH're arc two Lt1·ers of  
part s .  S tart with thC '  bottom la1 ·er and he 
s 1 1 n:• to u se sp ;1 1  . .d 1C 'tti on all  ll'ads .  B egin 
with C2 a11d H 1 .  l\t'xt t ighth- 1 1and ll'ind 
t l 1 c  transformt•r and 11·edgc it ( l ight ly ) 
in fro 1 1 l  of C2. Dioc l e  /) I is next fol lo11·ed 
hv D2. \\'iring fol 1011·s the schematil' dia
gram of Fig.  3.  The top !aver con sists of 
C l ,  R2.  and C.3, added in that order. 
fo l lowed hv the final  two C'onnections 
made to R.3. 

It is a good idea to test operation at 
this point.  If the cirrnit is properlv 
wired, the first J� turn of thf' pot should 
!cave the l am p  load 011t C'om plf'tC' lv .  This 
is the control "dead space. "  From this 
poi nt,  the con trol should 1xm·ic lc smooth, 
l inear operation from pradica l lv zero 
l igl i t  to f1 1 l l  h ri l liam·P. The amou n t  of 
c lcad space is  df'tC'rmi 1 1f'c l  hi' H2. To in
crease it ,  raise t h e  value of H.2;  to loll'cr 
i t  rcc l 11 ce the 1·a luc .  This c·ompPnsatcs for 
high- or low-line voltagf' and for the 
tvpe of load.  Gener;d]v. l ess dPad space 
is wanted in a power-tool C'ontrol than in 
a dimnH'r. Five pel'C'en t  of avaibble load 
power won't turn over a n  electric d r i l l  
but it  wil l  cause a n  ohvious ora n ge glow 
in a l ight  lrnlh that is supposPd to he off. 
This is a case of too n111d1 dead space i n  
o n e  case aml t o o  l itt le in the other. 

Complete the assemhh' with 4-40 
sncws and n 1 1ts  where the e1·elcts usL·d 
to he in S l . The l'ovcrpla te, a

.
s modified , 

is thP1 1  moun ted with its oll'n hardware. 
This C'Ontro l lf'r 11·i l l  on k work on GO

cyde a . c . ,  l 00 to 12.) 1·�lts .  The load 
must lw held to less than 2..'50 w;1tts and 
preferahlv below 200 watts dming any 
long-term operation. Genera l ly, an a.c.  
appliance motor tvith h rn shes wil l  \\'Ork 
whi l e  am· a . C' .  motor 1vitlin1 1 t  hrushes 
ll'on·t-and could he damaged . A.111· of 
t hP motor l oads shou Id he . 

less th;{n )� 
h . p  . . as ;rn v higher r;tting wou l d  draw 
too nrnl'h C'l l rre1 1 t .  

Every A E C - 7 7  d e l ivers 18,000 volts t o  the pl ugs 
at e n g i n e  cran k i n g  as against 8,000 volts of 
other i g n i t i o n s  . .  guarantees instant start ing 
in any type weather _ 
AEC_. 77 de l ivers 30,000 volts at 2 ,000 rpm, as  
against  18 ,000 vol ts  of other ignit ions.  
AEC- 7 7  de l ivers 30,000 volts beyond 6,000 rpm,  
as against 2,000 volts  of other ign itions _ 

AEC-77's con stant h igh voltage output guarantees 
more complete combustion to release full engine 
power _ _  . increases gas mileage by 1 5 %  • . _ 
keep s  plugs and points clean beyond 50,000 m i les 
• . . engines run smoother , _ , fires fouled plugs 
. .  _ Increases top speeds , , • e l im inates 4 out of 
5 tune-ups • •  and it's guaranteed for 3 full years. 

Completely waterproof and shockproof . . .  AEC-77 
will  pay for itself  in 12 ,000 miles usage through 
gas and maintenance savings!  

World Chamr ion Racing Driver Phil  Hil l  states , 
"AEC-77 wi l  improve a cars 
performance and economy." 

Deta i l ed easy to follow in
structions make instal lat ion 
qu ick  and s i m p l e  by anyone 
i n  20 m inutes - no special 
tools or knowledge requ ired . 

2,000,000 m i les of test ing,  5 
years of sales,  with  qua l ity 
components such as  Genera l  Motors Delco 15 
ampere transistor (type 2N 1358A), Moto rola 50 
watt zener d i odes (type I N2836B). prove without 
a doubt the rel iabi l ity of every AEC- 7 7 .  

Regardless o f  price, AEC-77, feature for feature 
at $49.95 postpaid, cannot be dupl icated or 
matched by any other system. Order now and 
Save $1 0.00 by using the attached coupon, or 
see your local dealer. 

CllMPL£1E. FACTORY WI R ED SYSTEMS! 
(Rl·g� l � r l y  $49.��J 

AlC 17 Wiln [441CJ :1) l�itic� C�il ' . .  &/1 2 ��It j�!ttlt1$ $3US UC 77 far hsdtlve tniund Brlli5n C•rj . . , 6/ � 2 nlil �39.9S 
NEEIJ COILS & BALLAST RESISTll R S  O NlY? Transi,tGr 11 (400;1 ) l gn lUa � C41U 6/12 VoU '1'1 .9� Ea Ir.Ht A Hist" ¥ 3 rlabi e .3 tg . ll'-250 warn 1- 1 .9$ 

C l»MPLETE lilO IT Yt.I URSELF Kil! UC K4 Ne11atl�e �rcrnrnd �n 11 $32.9� 
Th e· l'irl'11 i t  ma1· he 1 1secl to l'On trol 600 

watts Jn- rcplal'i1 1 g  [) I  I l l' th e a lmost r AUTOMOTIVE ELECTRONICS cO. I 
Pq u a l-cost T BS -20- B S  if thC' 1 1e11· D J  is I 387 PARK AVE., SO. NEW YORK . N.Y. 1 00 1 6  I 
hol t cd to a h P:1t sink. \\'ith this  u n it .  I NAME · . . . . . . . . . . . . .  · · · I 
ho11·c1·er. the circuit 11·ill  no lcm gcr fi t  I ADDRESS . . . . .. . . . . . . . . . . . .  I 
i 1 1 t o  tl1c switch pla te. For 1 000-watt I C ITY ZONE .. STATE . 

( ]  h . p .  m otor or lt·ss ) con tro l .  D I  shou l d  0 AEc�77 .
For Negative ground 6/12 v $j9.95 l I 0 AEC-77P For Posit ive ground 6/12 v . . . . $39.95 I 

he the T BS-20- ·\ S ll'h il'h rcq 1 1 ires a O Kit $32.95 O 400 : 1  Co i l  $1 1 .95 O Ballast $ 1 . 9 5  
A � �E�BRocHuR:__o�E..:_1:._s�E�.

-
�-?_I much l arger h f'at s i 1 1k . 
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