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TRANSISTORISED 
DC/DC CONVERTERS

>a V '

PART 2 —  Medium-to-High Power Units

The range of D C /D C  converters described in the previous issue of 
the "M iniw att" D ig e s t1*, has now  been extended to include three  
medium-to-high pow er converter circuits. These cover a pow er 
range of (30-100) W  and are capable of g iving  the rated pow er 
output w ith unselected transistors in the tem perature range 
(0-55)°C .

The circuits to be described are conservatively ra ted  and w ill operate 
reliably w ith  the norm al variations in voltage encountered  w ith  accum u
lator operation. They will also “fail safe” should a heavy overload occur, 
as the  oscillations will then  cease, thus protecting the  transistors and 
other com ponents un til the  overload is rem oved. These laboratory  units 
w ere designed w ith  tap p ed  ou tp u t transform ers to illustrate their use 
under a variety  of ou tpu t conditions.

Basic details of the m edium -to-high pow er D C /D C  converters described 
are shown in the following tab le  (no te  the  overlap in the available pow er 
ran g es):

N o m i n a l

I n p u t
V o l t a g e

( V )

T y p e  o f  
C i r c u i t  U s e d

P h i l i p s
T r a n s i s t o r

T y p e

N o m i n a l

O u t p u t
V o l t a g e s
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P o w e r
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A v a i l a b l e
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P e r f o r m a n c e  
C u r v e s  
F i g . N o .

R i p p l e  a t  
F u l l  L o a d  

( V P / P )

12

Push-pull 
transformer 
coupled with 

separate 
saturating 

transformer 
(see Fig. 2)

ASZ17

300

400

30-40

Fig. 2 (a ) 

Fig. 2 (b )

1.1

0.8

12
Push-pull 

transformer 
coupled 

(see Fig. 3)
ASZ15

300

400
35-70

Fig. 3 (a ) 

Fig. 3 (b )

0.6

0.4

12
Push-pull 

transformer 
coupled 

(see Fig. 4)
ADZ11

300
400
600

60-100
Fig. 4 (a ) 
Fig. 4 (b ) 
Fig. 4 (c )

0.5
0.4
0.3

4 0  W  D C  D C  
C O N V E R T E R

This C onverter (F ig . 2 ) has been 
designed to use ASZ17 transistors

in conjunction w ith tw o transfor
mers constructed from  standard  
silicon steel lam inations. In  this 
pow er range, such a construction is 
m ore econom ical (desp ite  some in

crease in overall size) than those 
adopted  for the  higher-pow er con
verters described later in this 
article. A small sa turating  trans
form er T i is used to sw itch the 
transistors, w hilst a second ( la rg e r) 
transform er To is used in a linear '“ 'v 
fashion to step up the square-w ave 
voltage developed in the collector 
w indings to provide the required  
D C  output.

An advantage of this circuit is tha t 
it is easily constructed  w ithout 
using special transform er m aterials 
or w inding techniques. H owever, 
it should be noted th a t although 
only a m oderate size of ou tpu t 
transform er is incorporated  in this 
circuit, larger sizes w ould  be neces
sary should h igher ou tpu t pow er 
or efficiency be required.

T he circuit gives good regulation 
w ith  a choice of ou tp u t voltage for 
pow ers of up to 40 W.

Principle of Operation

R eference to the  circuit (F ig . 2) 
shows th a t the transistor bases are 
sw itched by  a saturating  trans
form er T i in a fashion similar to 
the  push-pull transform er-coupled 
operation described in P art 1 (1). 
H ow ever this circuit differs in  tha t 
the prim ary w inding of T, is fed 
from  the  collector w inding of T 2 

via a feedback resistor R i, and  the 
sw itching process is as follows:

W hen the core of transform er T i 
reaches saturation, the  rapidly  in 
creasing prim ary curren t produces 
an additional voltage drop across 
the  feedback resistor Ri, thus re 
ducing the drive and causing the
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collector curren t of the conducting 
transistor to decrease. This in turn  
reverses the  voltage polarities at 
the base w indings, thus tu rn ing  the 
conducting transistor off and the 
non-conducting transistor on. This 
sw itching process is repeated  every 
tim e the core of T j saturates, and 
so T j is cycled betw een its positive 
and  negative saturation regions.

A lthough transform er T 2 supplies 
the  curren t for T 1( it does not 
saturate, and  hence the collector 
current, w hen either transistor con
ducts, consists of the  feedback 
curren t th rough Ri plus only a 
small m agnetising curren t in To in 
addition to the  norm al load cur
rent. T he transistors therefore do 
not have peak currents very m uch 
in  excess of their load currents and 
this fact enables m ore pow er to be 
obtained for a given transistor 
peak curren t ra ting  w hen com 
pared  w ith  a single transform er- 
coupled converter.

I t  should be noted also th a t the 
starting  and  driving conditions for 
the transistors are controlled by the 
voltage d ivider (R 4, R 5) and  tha t 
the series base resistors (R 2, R3)  
are used to m inim ise effects due to 
m anufacturing spread in values of 
Vh0 in the sw itching transistors. 
T he o ther converters likewise in 
corporate such components.

7 0  W  A N D  TOO W D C  D C  
C O N V E R T E R S

The recently  announced l2) curren t 
upratings of the  “M iniw att” ASZ15- 
18 series of pow er transistors have 
enabled  higher ou tp u t pow ers to 
be realised in D C /D C  converters 
operated  from low-voltage accu
m ulator sources.

T he 70 W  D C /D C  converter (F ig . 
3 ) uses ASZ15 transistors and is 
designed to take advantage of 
these new  ratings.

The 100 W  converter (F ig . 4 ) uses 
the recently  in troduced  ADZ11 
15 A pow er transistors — the data  
for this series being listed on page 
25 of this issue.

Typical applications of these con
verters are for H T  supplies in

com m unications equipm ent includ
ing AM and FM  transm itters and 
in public address amplifiers.

Principle of Operation

The 70 W  and  100 W  D C /D C  con
verters bo th  use the  push-pull 
transform er-coupled operation des
cribed in P art 1 of this a rtic le (1). 
This type of circuit has enabled 
com pact units to be bu ilt w ith  high 
outpu t pow er and efficiency.

The transform ers used in these con
verters have been constructed  from 
HCR Alloy (50% nickel, 50% iron ). 
This alloy has a square-loop 
characteristic w ith h igh saturating  
flux density and low hysteresis 
losses, and  is m ost suitable for this 
type of sw itching application at 
these pow er levels.

Toroidal cores have been used as 
they provide low leakage reactance 
and relatively small dimensions for 
these higher powers. The cores are 
norm ally supplied  by the m anufac
tu rer in m oulded plastic cases 
w hich can act as w inding formers, 
besides protecting  the H C R  alloy 
from any m echanical dam age 
w hich could im pair the  m agnetic 
quality.

The w inding technique for these 
cores differs from  th a t of norm al 
transform ers as the secondary, w ith 
its large num ber of turns, is nor

mally m achine-w ound first, fol
low ed by the base and collector 
w indings w hich should be bifilar 
wound. The reason for this p a r
ticular w inding order is th a t the 
collector w indings consist of a 
small num ber of turns of heavy- 
gauge w ire and, in m ost cases, the 
w inding of these is m ore easily ac
com plished by hand.

The individual w indings should be 
carefully insulated as high voltages 
are used, and polyester tape 
(0.0025", ha lf-lapped) is p articu 
larly suitable for this application. 
T he secondary w indings of the 
toroidal transform ers have been 
tap p ed  to provide variations in ou t
p u t voltage to suit particu lar appli
cations.

R E C T I F I C A T I O N  
C I R C U I T R Y

The use of voltage-doubler cir
cuits is recom m ended throughout 
for rectification purposes, and 
reference to Figs. 3 and  4 shows 
th a t in th e  voltage-doubler circuits 
used there, the silicon diodes are 
shunted w ith small capacitors (C 2 

and C 3). These capacitors will 
slightly im prove the switching 
waveform s as they elim inate any 
small effects due to hole storage 
w hich m ay be p resen t w hen the 
diodes are sw itched w ith a com 
bination of high pow er and higher-
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Fig. 2. 40 W DC/DC CONVERTER.

than-m ains frequency. Bridge rec
tification could also be used in 
these circuits if desired. H owever, 
it should be noted  tha t the  ou tpu t 
voltage in this case is only half that 
of the voltage-doubler circuits, and 
transform er w inding space may 
preclude the use of bridge rectifica
tion for high voltage requirem ents.

C O N S T R U C T IO N A L
D E T A I L S

Because high-pow er D C /D C  con
verters requ ire  large D C  in p u t cu r
rents, it is p referable to m ount the 
unit as close to the supply as pos
sible. The w iring and in tercon
necting leads m ust be short and of 
sufficient thickness to avoid unne
cessary voltage drops and  possible 
deterioration in perform ance.

A typical construction is shown in 
Fig. 1.

The converters can be positively or 
negatively earthed  relative to the 
supply as the  transistors are insu
lated  from their hea t sinks by mica 
washers.

F U R T H E R
IN F O R M A T IO N

T he “M iniw att” E lectronic A p 
plications Laboratory w ould  be 
pleased to supply  any further in 
formation required, especially if 
specific designs are required which  
are not covered by  either this or 
the previousa) article.

( This article is based on work carried 
out in the “M iniwatt” Electronic Appli
cations Laboratory by A. C. Denne 
assisted by H. R. Jones.)

References:
1. A. C. Denne and H. R. Jones, Tran

sistorised D C /D C  Converters, Part 
1 —  Low-to-Medium Power Units; 
Miniwatt Digest, Vol. 2, No. 1, 
1962, pp. 6-10.

2. Miniwatt Digest, Vol. 2, No. 1, 
1962, p. 10.

ERRATUM (Regulated 6.3 V Supplies)

In Vol. 1, No. 10, p. 157, Figs. 1 and 2: 
—the return of the output potential 

divider chain is shown connected to 
the centre-tap of R2, whereas it 
should be taken to point B.

—the base of the OC44 is shown con
nected to  the base of the OC74, 
whereas it should be taken to the 
end of R= opposite from B.

Circuit
Details

Components
T n ,T r 2* Power transistors 
2 sets of mounting and insulating accessories

Philips Type Numbers
ASZ17 
56201 
OA214 
83542B/100E 
83540A /4E7 
B8 305 07B/10E 
B8 305 07B/560E 
C426 A M /E l00

D i, D2 Silicon diodes 
R, 100 V ,  10W , 5 % , w w
r 2/ R3 4.7 ft, 5.5 W, w w  
R4 1 0 f i, 1 .5W
R5 560 n ,  1.5 W
Ci 100 ^F, 16V W , electrolytic
C2, C 3 100 A*F, 250 VW , electrolytic —
T t 19 El laminations, .020" thick, of

Stalloy 130 with t g "  tongue, 
interleaved.

T2 49 El laminations, .020" thick, of
Stalloy 120 w ith tongue,
interleaved.

* Each transistor vertically mounted on heat sink of 12 sq- ins. 18 SWG 
blackened mild steel.
Required tolerance on resistors 7+r 10% , unless otherwise stated-

Typical
Performance
Curves LOAD CURRENT ( m A )

p0UT
fW )

20

15

(a) Nominal output voltage 300 V.

0 10 20 30 40 50 60 70 80 90 100 
LOAD C U R R EN T (m A )

FREQ  E F F . (C/S)

450
400
350
300
250
200
150
100

OUT
( W )

(b) Nominal output voltage 400 V.

r \

20 DIGEST



Fig. 3. 70 W DC/DC CONVERTER. Fig. 4. 100 W DC/DC CONVERTER.

Components Philips Type Numbers Components Philips Type Numbers
T r ,, Tr2* Power transistors ASZ15 T r , ,T r 2* Power transistors (incl. mounting
2 sets of mounting and insulating accessories 56201 and insulating accessories) ADZ11
D ,, Do Silicon diodes OA214 D i, D2 Silicon diodes OA214
Ri 10 ft, 1 0 W , w w 83542A/10E R i 10 ft, 10W , w w 83542A/10E

2̂/ R3 10 ft, 5.5 W, w w 83540A/10E R2/ R3 10 ft, 5.5 W , w w 83540A/10E
r 4 560 ft, 3.0 W B8 305 08B/560E r 4 560 ft, 5.5 W, w w 83540B/560E
c , 100 MF, 16 VW , electrolytic C426 A M /E l00 c , 100 mF, 16V W , electrolytic C426AM/E100
c 2, c 3 .01 mF, 700 V , polystyrene C297AC/B10K C2, c 3 .01 MF, 700 V , polystyrene C297AC/B10Kf
c 4, C5 100 fJ-F, 250 VW , electrolytic — C 4 ,  C 5 100 f iF, 350 VW , electrolytic t
T 1 HCR A lloy Toroid, Telcon type 6D, tape thickness .002" T, HCR A lloy Toroid Telcon Type 7C, tape thickness .1

(dimensions of basic core exclud ing case, 1 |"  OD X  H "  ID (dimensions of basic core excluding case, OD X  H '
X  £ "  depth). X  i "  depth).

r Each transistor vertically mounted on heat sink on 12 sq. ins. 
18 SWG blackened mild steel.
Required tolerance on resistors zb  10% .

ID

* Each transistor w ith 4 \ “  square heat sink, either blackened 16 SWG 
copper vertically mounted, or stacked fin (e.g ., Ferris Bros. Type 7001). 

f  These components are specified for a 600 VDC output unit only.

(a)
Nominal 
output 

voltage 
300 V

(b) 
Nominal 
output 

voltage 
400 V

(c) 
Nominal 
output 
voltage 
600 V

(b) Nominal output voltage 400 V.

V0UT P0U T
(V ) (W )

500 100
450 90
400 80
350 70
300 60
250 50
200 40
150 30

100 20
50 10

0 0

P0UT
(W )
70

60

50

40

30

20

10

0

FREQ . EFF. 
< C/S) T ){% )

600
500

80
70
60
50
40
30
20

10
0

60 80 100 120 140 
LOAD C U RR EN T  (m A )

v0UT p0UT 
(V) (W ) 

70

v 0UT p0UT
( V ) (W )
500 100
450 90
400 80
350 70

300 60
250 50
200 40
150 30
100 20

50 10
0 0

30 60 90 120 150 180 210 
* LOAD CURRENT (mA)

(a) Nominal output voltage 300 V.

FREQ  E F F  
(C /S ) i j ( £ )

FREQ . EFF  [C/S) 1)1%)

(C /S ) 17 (% ) 

600 
500

80
70
60
50
40
30
20
10

*0

V0UT
(V)

100 150 200 250 300
LOAD C U R R EN T (m A )

0 25 50 75 100 125 150 165
LOAD CURRENT (m A )



1/alve A/e W5

Pre-amplifiers for Magnetic Pick-ups
PART 2 —  A Comprehensive Control Unit

In Part 1 of this a r t ic le 11, the requirem ents of equaliser pre-am plifiers w ere  discussed  
and two circuits w ere  described. Part 2 now presents a com prehensive pre-am plifier 
having extended and self-contained controls, designed specifically  to operate a m odi
fied version of the M iniwatt "Tw in Ten" A m p lifier,2) in w hich the tone controls are 
omitted.

P e r f o r m a n c e  S p e c i f i c a t i o n s

SE N SIT IV IT Y  for 45 m V * output:
at PU input in LP position 5.0 mV
at PU input in Std. position ...........  3.1 mV
at all other in p u t s ...............................  50 mV

D ISTO R TIO N  (TH D  at 1 K c/s for rated
power output) ............................. 0.1%

EQ U ALISATIO N  ........................................  better than ±  1 dB of
RIAA LP and Std. 
characteristic

TO NE CONTROL RANGE
(at 20 c /s  and 20 Kc/s):

bass .................................  +  15 dB to — 12.5 dB
treble ............................. -j- 15.5 dB to — 15.5 dB

SCRATCH  F ILT E R  ........... roll-off at 5 Kc/s or 8 Kc/s

RUM BLE F ILT E R  — 3 dB points at 40 c /s  or 90 c /s

CURRENT D RA IN  ...........  8.2 mA at 300 VDC and 0.7 A at
6.3 VAC

* Sufficient to drive Miniwatt “Tw in-Ten” to full output

Fig. 1. Complete unit showing controls.

The tw o simple equaliser pre-am plifiers described in 
the last issue of the D igest w ere designed to allow 
the use of a m agnetic pick-up w ith  an amplifier 
originally in tended  for crystal pick-up inpu t (e.g., the 
M iniw att “T w in T en”(2)). The reasons and req u ire 
m ents for equalising w ere discussed, together w ith the 
relative m erits of the  two circuits. As both  these p re 
amplifiers are “fixed” units, any variable controls and 
sw itching facilities are lim ited to those available on an 
existing main amplifier, w hich m ay have lim itations in 
some applications.

The pre-am plifier now described (F ig . 2 ) is a unit 
w ith self-contained controls, designed to drive a basic 
pow er amplifier (in  particu lar th a t of the  M iniw att 
“Tw in T en” ) w hich does no t have any controls. The 
unit has a selection of four sw itched inputs— M agnetic 
Pick-up, Radio, T ape and “Spare”. LP and S tandard 
(78) RIAA equalising is provided for m agnetic p ick
up together w ith bass and  treb le  tone controls, filters 
for “scratch” and  “rum ble”, stereo-m ono sw itching and  
a w ide range balance control. (See Figs. 3, 4 and  5 
for characteristics).

It will be obvious tha t a un it containing all these 
features m ust necessarily be qu ite  complex, p articu 
larly in a stereo system. A num ber of com m ercial p re 
amplifier control units available overseas contain as 
m any as ten  valves, a sim ilar num ber of inpu t chan
nels and  from  ten to tw enty  controls. H owever, by 
utilising the  high basic sensitivity of the M iniw att 
“Tw in T en” (45 mV in p u t for 10 W  ou tp u t w ithout 
tone contro ls), and accepting one or tw o compromises 
in the  filter netw ork, it has been possible to design a 
un it requiring  only th ree  valves. No special pow er 
supply is requ ired  (e.g., D C  heater voltage) and the 
w hole un it occupies the  relatively small space of 
12" X  3 % " X 4".
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Circuit Description

T he first stage, using an E F  8 6 , operates as a p re 
amplifier and  equaliser for the  m agnetic pick-up in 
put. A lthough a 7025 tw in triode w ould have p ro 
vided an extra stage w ithout increasing the num ber of 
valve envelopes, the objection of having to provide a 
DC h eater supply  was felt to outw eigh any advantage 
gained. N etworks (R 5, R 6, C 4, C 6) and (R 8, R 9, C 7, 
C 8) provide the standard  and  L P  equalising charac
teristics respectively.

No tape equalising is included as m ost recorders p ro 
vide an equalised ou tpu t for an external amplifier, 
and the  sensitivity of both  the tape and  radio channels 
is more than  adequate  for m ost applications. (To 
m aintain uniform  inpu t levels on all channels, it may 
sometimes be necessary to provide ou tpu t attenuation  
in the radio tu n er).

T he “spare” position on the inpu t selector may be 
w ired  according to individual requirem ents, p rov id 
ing m icrophone or crystal PU input, etc.

T he balance control is of the  conventional type, con
sisting of log. and  antilog. tapered  elem ents in the 
dual control. C orrectly connected these give approxi
m ately 1 dB loss in the  centre position. M aximum 
rotation in  each direction will produce zero and  maxi
m um  ou tpu t for the respective channels.

This is followed by a 12AU7, w hich drives the  tone 
controls and filters. A 12AU7 was chosen because it 
provides a low im pedance source for the tone-control 
networks.

Because the  filter and tone control netw orks are not 
separated  by valve stages, it was necessary to effect a 
satisfactory com prom ise betw een several conflicting 
requirem ents.

The starting  point in design was the “scratch” filter, 
which is a simple 7r-section low-pass network. This 
filter is designed such th a t its term inating  resistance 
(R 03/ / R 2 4 ) has a m inim um  loading effect on the tone 
control networks. L j is therefore fairly large ( 2 .6 H ) 
and is realised in a com pact un it by  using a Philips 
pot-core assem bly type S25/16. R2i and R22 are

R „ 101 47 K f i ,  * W R<?/ 109 33 K f i , Rl 7/ 117 680 K ft ,
r 2, 102 100 K f t , £ W Rio> 110 1 M ft, log./antilog 2-gang pot. Rl 8/ 118 250 K ft, log. 2-gang pot.
R3, 103 1 K f l , R ii/  in 47 K ft, £ W Rl 9/ 119 6.8 K f t , -JW
R4, 104 390 K ft, i  W R 1 2/ 112 1.2 K ft , i W R20 6-8 K ft, 1 W
r 5, 105 270 K f t , £ W R1 3/ 113 10 K ft, 1 W R2 1/121 680 K f t , i W
Rt , 106 47 Kft, * W R 1 4/ 114 250 K ft, log. 2-gang pot. R22/ 122 330 K f t , i W
R? 15 K f t , 1 W R 1 5/ 115 56 K ft,  ̂W R23/ 123 270 K f t ,
Ra, 108 270 K f i ( i W R 1 6/ 116 47 K ft, * W &24/ 124 250 K ft, log. 2-gang pot-
Resistors used in the prototype were Philips cracked-carbon series B8 305 05 (1 W) and B8 305 06 (1 W), unless otherwise stated. Tolerance 
required is d t  10% .
Components with 100 added to the subscript are for the second channel.

c „ 101 100 MF, 4 VW electrolytic (C425AL/B100) C l 3/ 113 .0027 t i t ,  400 V , dz 10% polyester (C296AC/A2K7)
c 2, 102 .47 mF, 400 V , 10% polyester (C296AC/A470K) C i 4 50 MF, 300 VW  electrolytic
c 3, 103 .033 MF, 400 V , ±  10% polyester (C296AC/A33K) C 15, 115 •039 nF ,  125 V , Hz 10% polyester (C296AA/A39K)
c 4, 104 .0012 MF, 400 V , dz 10% polyester (C296AC/A1K2) C l 6/ 116 .0056 MF, 400 V , dz 10% polyester (C296AC/A5K6)
c 5 50 MF, 300 VW, electrolytic C 17, 1 1 7 82 pF, NPO, dz 5%  ceramic (C304AB/B82E)
c 6, 106 .01 MF, 125 V , polyester (C296AA/A10K) C l 8/ 118 470 pF, N750, dz 5%  ceramic (C304AH/B470E)
C 7/ 107 .01 ^F, 125 V polyester (C296AA/A10K) C l 9/ 119 82 pF, NPO, zb  5%  ceramic (C304AB/B82E)
C 8, 108 .0033 MF, 400 V polyester (C296AC/A3K3) C2O/ 120 470 pF, N750, dz 5%  ceramic (C304AH/B470E)
c 9, 109 100 MF, 4 VW electrolytic (C425AL/B100) C21, 121 .033 125 V , dz 10% polyester (C296AA/A33K)
C 10 32 MF, 300 VW electrolytic ^22/ 122 .015 MF, 125 V , dz 10% polyester (C296AA/A15K)
C i 1/111 .1 MF, 400 V polyester (C296AC/A100K) ^23/ 123 .033 /*F, 125 V , dz 10% polyester (C296AA/A33K)
C 12/ 1 12 270 pF, N150, dz 5 %  ceramic (C304AC/B270E) C24/ 124 .015 Â F, 125 V , dz 10% polyester (C296AA/A15K)

L i , 101 2.6 H pre-adjusted pot-core type S25/16— K 300061/3B2, 3 screened valve sockets type 5908/35
wound w ith 2500 turns 39 B&S enamel 10 "Belling-Lee" coax, sockets

s , 3-bank, 5-position, 2-pole w afer switch 1 chassis, housing and front panel (as available from
s 2, 3 2-bank, 3-position, 3-pole w afer switches Heating Systems Pty. Ltd., 97 Marriott Street, Redfern, N.S.W.)
S 4 1-bank, 3-position, 3-pole, wafer switch

Fig. 2. Circuit details of "M iniwatt" Stereo Pre-amplifier.



placed  in parallel w ith L| in the “ 8  K c/s” and “5 K c/s” 
positions respectively, to assist in m aintaining a flat 
frequency response below  the  cutoff frequency of the 
filter. The overall perform ance of this filter (F ig . 5) 
is very satisfactory. The tone controls are qu ite  con
ventional and are  of com paratively low im pedance, so 
th a t the “scratch” filter term inating  im pedance m ay be 
reasonably low  w ithout affecting control operation.

Two sim ple RC sections com prise the “rum ble” filter. 
I t  has a fairly gradual slope, due  partly  to the  choice 
of a sim ple filter and partly  to the increased im ped
ance it presents at low frequencies (in  its operative 
positions) a t the ou tpu t of the tone control. L istening 
tests have shown it to be  qu ite  effective. A volume 
control and stereo function sw itch com plete the unit.

The outpu t im pedance is sufficiently low to allow the 
usual few  feet of cable to be taken to the m ain am pli
fier w ithout excessive loss in high frequency response.

Construction

T he observations on construction and layout m ade in 
the previous issue of the D igest apply equally here. I t 
is m ost im portan t to w ire a heavy “bus-bar” around 
the  chassis for all earth  connections. The heaters 
should be  w ired  w ith tw isted leads and have a centre- 
tap p ed  supply on the transform er. Pow er supply re 
quirem ents are adequately  m et by the M iniw att 
“Tw in-Ten”. As is common in audio practice, a mains 
on-off sw itch should not be  included in the un it as 
this m ay induce hum  into the  pre-am plifier. The 
accom panying illustrations dem onstrate the general 
layout of com ponents and  w iring (F igs. 1, 6  and  7 ).

M odifying the M iniwatt “Tw in -Ten ” to Accom m odate 
the Pre-amplifier Control Unit

T he following com ponents should be om itted from 
the “Tw in-Ten” Amplifier:

Si, C i, C 2, C„, C 4, Ri, R2, R 3 , R 4, R 5, Re, Rt-

R t should be rep laced  w ith  a 1 M O  % W  cracked 
carbon resistor and the control un it connected across 
this resistor.

(This article is based on work carried out in the “M iniwatt” 
Electronic Applications Laboratory by J. Clark.)

References:
1. J. Clark, Pre-Amplifiers for Magnetic Pick-ups— Part 1, 

Basic Equalising Unit, Miniwatt Digest, Vol. 2, No. 1,
P' 1L2. P. Heins and J. d a rk .  Miniwatt Twin-Ten , Miniwatt 
Digest, Vol. 1, No. 3, p. 38.

Fig, 6. Top view  of chassis (cover removed).
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Fig. 3- Equalising characteristics.

Fig. 4. Tone-control characteristics.

Fig. 5. Response of "scratch" and "rum ble" filters.

Fig. 7. Underchassis view  (cover removed).
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ADZ11 & ADZ12
Designed specifically for A F industrial applica
tions, the ADZ11 and A D Z12 are high pow er  
transistors w ith a peak collector current rating of 
20 A.

High-Power Transistors for 
Industrial Applications

MINIWATT ADZ11 and ADZ12 (Abbreviated Data)
G eneral Data
Outline .....................................................................................................................................  T036
Thermal resistance:

junction to mounting base K j_ ...........  0.8 °C /W

M axim um  Ratings
(Absolute Maximum)

AD Z11 ADZ12
Collector-to-base voltage ....................... — V cb 50 80 V
Collector-to-emitter voltage ................. — V ce 40 60 V
Peak collector current ............................ — Icu 20 20 A
Collector current ........................................... — Ic 15 15 A
Emitter-to-base voltage ............................ — V eb  30 50 A
Peak emitter current .................................. Iem 22 22 A
Emitter current ................................................ Ie  17 17 A
Peak base current ........................................ — Ibm 4 4 A
Base current ...................................................... — Ib 2 2 A
Collector dissipation

at Tmb <  55°C ........................................ Pc 45 45 W
Junction temperature ............................... Tj 90 90 °C
Storage temperature .................................. Ts — 55 to + 7 5 °C

Characteristics (Range Values for Equipment Design at Tmb =
ADZ11 ADZ12

25°C)

Collector-cutofF current at:
— V cb =  2 V , Ie  — 0 . . — Icbo 0.2 max. 0.2 max. mA
— V cb =  50 V , Ie  — 0 . . — Icbo 8 max- — mA
— V cb — 80 V , Ie  — 0 . . — Icbo — 8 max. mA

Emitter-cutofF current at:
— V eb  — 2 V , Ic — 0 . . — Iebo 0.2 max. 0.2 max. mA
— V eb  =  30 V , Ic =  0 . . — Iebo 8 max. — mA
— V eb  =  50 V , Ic =  0 . . — Iebo — 8 max. mA

Floating potential at:
— V cb =  50 V , lE =  0 . .  — V eb 1 max. — V
— V cb — 80 V , Ie  — 0 . . — V eb — 1 max. V

Collector knee voltage at:
— Ic =  15 A , —  Ib =  2 A  — V cbk 1 max. 1 max. V

Base voltage at:
— Vce — 2 V , — lc =  1.2 A — Vbe 0.7 max. 0.7 max. V
— V ce =  2 V , — Ic =  5 A  — Vbe 1.2 max- 1 *2 max. V
— Vce =  2 V , —  lc = 1 5 A  — V be 2 max. 2 max. V

Common-base cutoff frequency at:
— V cb =  12 V , Ih =  1 A  fhfb 80 min. 100 min. Kc/s

DC current gain at:
— V ce — 2 V , ,— Ic — 1.2 A Fi f e

— Vce — 2 V , — Ic — 5 A hFB 
— Vce =  2 V , — Ic — 15 A Hife

\ 40 min.
|  120 max. 

25 min. 
15 min.

40 min. 
120 max. 
25 min.
15 min. Typical Characteristics

Dimensional Outline
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P t o f r e M i o n c L t .  I u l t e 5L  " T u b

PHILIPS IGNITRONS
FOR NEW EQUIPMENT OR REPLACEMENT

W hichever category applies and w hatever the 
application, those contem plating ignitron pur
chase should consider the special advantages to 
be gained by a choice of Philips tubes. 
The most severe and rigid tests are carried out 
during all phases of m anufacture, and finally  each 
tube is subjected to operational tests far in excess  
of normal requirem ents.
The interchangeability chart below  show s that 
nearly 100 different ignitron types of other m anu
facturers can be replaced by only 5 Philips types.

Philips ignitrons have an exclusive featu re  in th a t the 
ignitors are  of special construction, com bining the 
most favourable electrical properties w ith very long

life. T he therm ostatically-controlled versions show 
m arked im provem ent w ith  respect to w ater economy 
and  protection  against over-heating of tubes and 
equipm ent.

Special features of Philips ignitrons a re :
□  Thoroughly pow er tested  a t maxim um  load.
□  A bsolutely vacuum -tight.
□  In ternationally  dim ensioned therm ostat m ounting 

m aterial.
□  Im proved ignitor action ( “2-fix” contact b lo ck ) 

precluding lead-through leakage.
□  5 Philips ignitrons can fully rep lace m ore than  100 

types of o ther makes.

P R A C T I C A L  I N T E R C H A N G E A B I L I T Y  L I S T
•  Show ing that Philips types can be substituted for 

ignitrons of all important brands in the w orld . 
Approxim ately  100 different types can be replaced  
by only 5 Philips types.

•  Indicating the changes w hich have to be m ade if 
a tube is to be replaced by a near-equivalent

Type number Philips type

Philips type.

Type number Philips type
5551 PL5551-A
5551-A PL5551-A
5551 -A/652 PL5551-A
5552 PL5552-A
5552-A/651 PL5552-A
5552-A PL5552-A
5553-A PL5553-B
5553-B PL5553-B
5553-B/655 PL5553-B
5555 PL5555
5822 PL5822-A
A C E C faille B PL5551-A
A C E C faille C PL5552-A
A C E C faille D PL5553-B
AJ5551 PL5551-A
AJ5551-A PL5551-A
AJ5552 PL5552-A
AJ5552-A PL5552-A
AJ5553-B PL5553-B
AJ6346 PL5551-A 4>
AJ6347 PL5552-A 4>
AR10 PL5552-A
AR10T PL5552-A ')
AR10TP PL5552-A 2>
AR10TWS PL5552-A 3)

A R M PL5551-A
AR14T PL5551-A ')
AR14TP PL5551-A 21
AR14TWS PL5551-A 3>
AX5551A PL5551-A
AX5552A PL5552-A
AX5553B PL5553-B
AX5555 PL5555
AX5822A PL5822-A
AX7585 PL5552-A
BK24 PL5552-A
BK24A PL5552-A 4>
BK24B PL5552-A 1 >
BK34 PL5553-B
BK34A PL5553-B 4)
BK34B PL5553-B 1»
BK42 PL5551-A
BK42A PL5551-A 4 >
BK42B PL5551-A ')
BK46 PL5555
GL5551/FG-271 PL5551 A
GL5551-A PL555I-A
GL5552/FG-235A PL5552-A
GL5552-A PL5552-A
GL5553-A PL5553-B

Type number Philips type
GL5553-B PL5553-B
GL5555/FG238B PL5555
GL5555 PL5555
GL5822-A PL5822-A
GL6346 PL5551-A 4>
GL6347 PL5552-A 4>
GL6348 PL5553-B 4>
GL6511 PL5822-A 4>
NL1022-A PL5822-A
NL1051-A PL5551-A
NL1052-A PL5552-A
NL1053-A PL5553-B
NL5551 PL5551-A
NL5552 PL5552-A
NL5553 PL5553-B
PL2052-A PL5552-A
SBS PL5551-A
SCS PL5552-A
SCS3 PL5822-A
SDR PL5555
SDS PL5553-B
TH7020 PL5551-A

Type number Philips type
TH7021 PL5551-A 5>
TH7030 PL5552-A
TH7031 PL5552-A 5>
TH7040 PL5553-B
TH7041 PL5553-B 5 1
VJ5551-A PL5551-A
VJ5552-A PL5552-A
VJ5553-B PL5553-B
WL5551 PL5551-A
W L5551/652 PL5551-A
WL5551-A PL555I-A
W15551-A/652 PL5551-A
WL5552 PL5552-A
WL5552/651 PL5552-A
WL5552-A PL5552-A
WL5552-A/652 PL5552-A
WL5553 PL5553-B
WL5553-B PL5553-B
WL5553-B/655 PL5553-B
WL5555 PL5555
WL5555/653-B PL5555
WL5822-A PL5822-A

DIRECT equivalent, provided that internationally dimensioned 
thermostat mounting material is used.

2> DIRECT equivalent, provided that internationally dimensioned 
thermostat mounting material and protective thermostat no. 55306 
is used.

3) DIRECT equivalent, provided that internationally dimensioned 
thermostat mounting material and water-saving thermostat 55305 
is used-

41 DIRECT equivalent, provided that internationally dimensioned 
thermostat material is used and all the tubes in the same equip
ment are replaced.

5) DIRECT equivalent, provided waterflow switch and thermostat 
material are replaced.
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Two Basic Types

Ignitrons are of two basic types— those designed for high peak 
anode currents at comparatively low voltages of the order of 
(250 to 600 )V, and those designed to deliver high average 
currents at high anode voltages up to 2400 V. The former are 
for “AC control” (resistance welding equipment, furnace con
trol, etc.), whilst the latter are intended for industrial rectifier 
service where continuous control of the output power can be 
obtained by phased-back operation.

Basic considerations in the application of ignitrons to the field 
of resistance welding have been set out by Ciancaglini(1>, who 
has dealt w ith all facets including sequence control. Sum
marised welding control application data is given in Table 1. 
However, the complete published data should be consulted for 
conditions other than those stated here.

Rectifier service includes use in power supplies for rolling 
mills, conveyer belt installations and electric locomotives, 
etc. However, as the conditions imposed on a tube for power 
rectification are usually much more severe than those for a tube 
connected in inverse-parallel (the  normal connection in resist
ance w elding), a tube of special construction has normally to 
be utilised. Philips PL5555 ignitron has been specially designed 
for such purposes. Two PL5555’s connected in inverse-parallel 
can also be used in welding equipment. Similarly, it is possible 
for welding control ignitrons to be used for rectification pro
vided that the ratings are observed.

Excitation Schemes
Two systems of excitation are commonly used:
(a )  Anode excitation (resistance welding and similar appli

cations ).
(b ) Separate excitation ( rectifier and certain AC control 

applications).

Table 1— A C  W ELDER CO N TR O L SERVICE
Two Tubes Connected in Inverse-parallel 

(Frequency range: 25-60 c/s)

Type
Mains

Voltage
(V rm„)

Demand
Power
(kVA)

Average
Current

(A)

Current
Demand

( A r m s )

Duty
Cycle
(% )

Maximum 
aver, time 

(sec)

Max. fault 
current 

(0.15 sec) 
(A)

PL 5551A

220 530
180

30-2
56

2400
800
125

2.8
15-6
100

18 6720

250 600
200

30.2
56

2400
800
125

2.8
15.6
100

18 6720

380 600
200

30.2
56

1580
527
125

4.3
23.7
100

11.8 4400

600 600
200

30.2
56

1000
333
125

6.7
37.5
100

7.5 2800

PL 5552A

220 1060
350

75.6
140

4800
1600
311

3.5
19.5
100

14 13400

250 1200
400

75.6
140

4800
1600
311

3-5
19.5
100

14 13400

380 1200
400

75.6
140

3160 
1050 
311

5.3
29.6
100

9.4 8800

600 1200
400

75.6
140

2000
667
311

8-4
46.7
100

5-8 5600

PL 5553B

220 2120
705

192
355

9600 4.4 
3200 24.7 

790 100
11 27000

250 2400
800

192
355

9600
3200

790

4.4
24.7
100

11 27000

380 2400
800

192
355

630
2100

790

6.7
37.5
100

7.3 17800

600 2400
800

192
355

4000
1330
790

10.6
59.3
100

4.6 11200

IGNITOR RATINGS AND CIRCUITS
Ignitor maxima

max. positive ignitor peak voltage =  max. pos. anode voltage 
max. negative ignitor peak voltage “  5 V 
max. peak forward current =  100 A
max. RMS current 10 A (15 A  for PL5555)
max. average current (Tav 5 sec*) =  1 A ( 2 A  for PL5555)

* T11V =  10 sec. for PL5555

A node excitation
a. Ignitor characteristics

peak firing voltage (max.) =  200 V
typical value of peak ignitor current =  6 to 8 A
peak firing current (max.) =  12 A
max. ignition time (under above conditions) =  100 Msec

b. Ignition circuit requirements
Recommended value of R

Mains Voltage R

220 V,.„,» 2 ft
250 V r„ „ 2 ft
380 V ,.„,5 4 ft
500 V  r m s 5 ft
600 Vrins 6 ft

Fig. 1 0  recommended thyratron: PL 5684

peak igniter voltage required to fire =  min. 200 V
f  PL 5551A =  min. 12 A

, . . . , - J PL 5552A =  min. 12 Apeak ignitor current required to fire < pL 5822a  — min. 25 A
I  PL 5553B =  min. 30 A

Separate excitation

Fig. 2
9  recommended thyratron : PL 106
® recommended rectifier tube : DCG4/1000
ohmic resistance of series inductance (1 mH) : max. 2 ft

V c under operating conditions =  650 z t
peak value of closed-circuit current =  40 to

50 V 
:0 A

November 1962 DI G E S T  27



These schemes are presented in Figs. 1 and 2 respectively: 
relevant data for both excitation schemes appear in the tabula
tions accompanying these figures. The ignitor maxima have 
been included for all five ignitron types.

W ith separate excitation, ignition of the ignitron is independent 
of the anode circuit parameters. This system is therefore suit
able for rectifiers and for AC control circuits in which the 
available mains voltage at the desired ignition angle is, or may 
be below, the required minimum value for proper excitation. 
This system is also applicable for low mains voltage. The 
minimum anode voltage at which the tube will fire with 
separate excitation is about 30 to 40 V provided that the 
current through the ignitron is higher than approximately 
10 A.

Ratings

In selecting an ignitron for a particular installation it is impor
tant that the tube be operated within its published ratings, 
which are Absolute Maximum. Thus care should be exercised 
to ensure that these ratings are not exceeded under the most 
unfavourable conditions. That is, the total effect of spread in 
transformer and components, and mains voltage fluctuations 
must be taken into account.

The ratings of ignitrons for AC control involve a considerable 
number of factors. To both clarify the terms used and to 
ensure that full advantage be taken of the devices without 
risk of damage to either them or the equipment, reference is 
given to a comprehensive treatment™.

Two important considerations are the tem perature and rate of 
flow of the cooling water, for these not only determine the 
amount of power which can be dissipated, bu t also the mer
cury vapour pressure within the tube. Moreover, high current 
peaks cause a rapid rise of vapour pressure within the tube. 
Thus cooling must be adequate to safeguard against arc-back 
or loss of control ( the mercury vapour pressure is roughly 
doubled for each 10°C rise in tem perature).

W hen to consider replacement

Generally, towards the end of life, “hard-starting” will become 
evident (larger current pulses of longer duration will be re
quired through the igniting electrode in order to initiate the 
main discharge). This may be noted in an intense flashing of 
the thyratrons during each firing operation.

Failure or faulty or sporadic operation is frequently due to igni
tor failure, air leakage or “gas”, which can usually be attributed 
to inadequate w ater flow, failure of the ignitor circuit blocking 
rectifiers, or operation outside the ratings. W hen replacing a 
faulty ignitron it is advisable to check the rectifiers in the 
ignitor circuit.

The proper functioning of an ignitron can be checked using a 
number of standard tests as outlined below. It is emphasied 
that due safety precautions be exercised throughout testing.

Ignitor Tests

A simple ohmmeter can be used to verify whether or not the 
ignitor is “wetted”. This test is carried out with the ignitron 
completely disconnected from the equipment.

Ignitor “wetting” arises from contamination of the mercury- 
pool cathode due to either inadequate cooling or exceeding of 
tube ratings. A “wet” ignitor can be recognised by the resist
ance between ignitor and cathode remaining substantially con
stant over a considerable angle as the tube is tilted from the 
vertical.

A burnt ignitor will result in sporadic firing or complete 
failure. This can be checked best by using a dynamic resist
ance test ( employing CRO technique) w ith the ignitron 
cathode grounded, but with the firing circuit operating. The 
cold resistance in a good tube is usually between (10 to 
150) fJ, bu t may be as low as approximately 5 0 or as high as 
500 a

Vacuum Tests

Simple preliminary tests employing a low-frequency spark coil 
can be used to check for air leakage and “gas”. Both of these 
frequently result in arc-back which is usually accompanied by 
severe flashing, or showers of sparks visible through the anode 
seal. The tube should be cool before testing.
If a tube has passed the spark coil test it is not necessarily 
satisfactory, and a standard HV test should then be applied 
after the tube has been out of service for at least one week. 
A voltage of approximately 10 KV rms should be applied 
between cathode and, anode, a series resistor being included to 
limit the current from 5 to 10 mA. If the tube passes current 
for more than one minute, “gas clean-up” may be attempted by 
operating the tube carefully under reduced load. If on repeti
tion of the HV test the tube again passes current, it should be 
replaced.

Operational Aspects

The following is centred around (and expands on) the infor
mation contained in the booklet which accompanies each 
Philips ignitron purchase. This enumerates directions for 
stand-by procedures, mounting details, placing in service, 
checks during operation and switching off procedure. These 
directions should be rigidly observed and, where any doubt 
exists, the Miniwatt Division can be contacted.

The booklet includes diagrams illustrating water-cooling 
arrangements. These incorporate both an adjustable valve and 
a solenoid valve together with a pair of thermostats and a 
shorting switch. The solenoid valve is actuated by means of a 
water-saving thermostat ( type 55305) which in turn can be 
shorted out by the switch. The second thermostat ( type 
55306) operates only when the cooling water temperature be
comes excessive, and then acts to interrupt the ignitron cir
cuits or to remove power from the installation.

The purpose of the 55305 is to open the solenoid valve when 
the water tem perature within the tube jacket reaches a certain 
magnitude and to close it when the tube becomes sufficiently 
cool. This results in a considerably reduced water consumption 
and further, eliminates the risk of condensation on the tubes 
under conditions of high humidity.

The purpose of the shorting switch is to enable the tube jackets 
to be filled initially and to enable periodical checkes to be 
made on the solenoid valve operation. Further, when large 
powers are being switched at high duty cycle, the thermostat 
reaction time may be too slow, in which case this switch can 
be operated in conjunction with the pedal switch in order to 
obtain water circulation. A. further refinement is to incorporate 
a time-delay relay to minimise solenoid switching when the 
number of welds per hour becomes high.

Specific points which should be satisfied in a cooling system 
are:
(a )  no greater than three tubes to be cooled in series.
(b ) the cooling installation should be such that the w ater 

jackets are not emptied when the solenoid valve is closed.
( c ) water pressure in tube jackets should never exceed 45 psi.
( d ) when no thermostat can be mounted ( namely for the 

PL5555) a water-flow switch should be set up at the end 
of the water circulation system.

( e ) consult the Miniwatt Division if in doubt as to suitability 
of available cooling water.

In considering the mounting of thermostats it must be realised 
that in general the water jackets are at mains potential.

References:

1. H. Ciancaglini, The Application of Electronics in Spot and 
Seam Welding, Electronic Appl. Bulletin, Vol. 14, No. 12, 
Dec. 1953, pp. 177-92.

2. P. van der Ploeg, Ratings of Ignitron Tubes for AC Con
trol, Electronic Appl. Bulletin, Vol. 15, No. 11, Nov. 1954, 
pp. 153-66.
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C - o m p o n e n t 5

APPLICATION OF PHILIPS CIRCUIT BLOCKS 
in Ring Counters and Shift Registers

Ring Counters and Shift Registers, w ith their 
associated driving  circuits, are further a p p l i 
cations'1’ show ing how  Philips Circuit Blocks can 
be utilised to perform  logical functions en
countered in digital com puter and industrial con
trol applications.

R I N G  C O U N T E R

A ring counter comprises a num ber of b istable stages 
in  w hich the last stage is connected to the first stage. 
On the application of successive in p u t pulses, a speci
fied state ( “1 ” or “0 ” ) moves progressively around the 
loop. G eneral pulse counting, frequency division and 
pulse  sequencing are typical uses.

An example of a ring  counter w ith  decim al decoding 
is now  described, w hich has an inpu t frequency range 
of 0-100 K c/s. Reference to Fig. 1 shows the basic ring 
coun ter using five F F2 b istab le m utiv ibrator Blocks 
w hich  individually  operate at one ten th  of the  applied 
in p u t frequency. I t  should be noted  th a t the  inter-

T a b l e  1 . O p e r a t i o n  o f  R i n g  C o u n t e r

Input Pulse 
Number

State of Flip-Flops

f l f2 f3 f4 fS

0 0 0 0 0 0

1 1 0 0 0 0

2 1 1 0 0 0

3 1 1 1 0 0

4 1 1 1 1 0

5 1

0

1 1 1 1

6 1 1 1 1

7 0 0 1 1 1

8 0 0 0 1 1

9 0 0 0 0 1

10 0 0 0 0 0

O U TPU T
f2

OU TPUT
f3

O U T P U T
h

OU TPUT
h

OUTPUT

IN P U T  FR OM  D R IV E  C IR C U IT

Fig. 2.
Decoding gates fcr  
Decimal Output 
(the loadability of 
the gates is as 
indicated in the 
data sheets and 
loading table 
available on 
application).
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connections betw een the F F2 Blocks are m ade cross
wise (Q i to  G 2 and  Q 2 to  G i) except for the  connec
tions betw een  th e  first and  last units. T he m anner 
in w hich this counter works is illustra ted  in T ab le  1, 
w hich shows how  the binary  inform ation changes 
from  the initial reset condition. The designations “0” 
and “1 ” refer to the  right-hand (Q 2) outputs of the

F F 2  Blocks. “0” is taken as being 0 V— th a t is, tran 
sistor fully conducting; and  “1” is greater than  3.8 V 
negative, th a t is, transistor in non-conducting state. I t  
can b e  seen th a t ten  different conditions occur, w hich 
can be decoded to suit decim al ou tp u t by using two 
inputs for each gate. The decoding circuit is shown in 
Fig. 2.

S H I F T  R E G I S T E R S

Shift registers are  used in digital pulse applications 
for storing coded inform ation. The shift registers des
cribed (F igs. 3 and  4) can convert coded inform a
tion, p resen ted  to the in p u t in serial form, into a 
parallel code w hich is stored by  means of the F F2 
b istable m ultiv ibrator Blocks. T he ou tp u t can be  de
coded by  m eans of gates a ttached  to the Q i, Q 2 te r
minals.

The binary  inform ation is applied  serially to the inpu t 
term inals of Fig. 3 from either an FF1 or F F 2  Block 
(th e  FF1 Block is recom m ended w here a single input 
line is u sed ). This inform ation is shifted b it after b it 
into the register by means of a shift pulse applied  
(from  the  drive circu it) in betw een  each pulse 
applied  to the input. A fter each new shift pulse, 
the contents of the  register are m oved one position to

the  righ t until all the  inform ation is stored. T he ou t
puts of the last F F 2  Block can be connected crosswise 
to the  gate inputs of the first F F 2  (Q i to G 2 and Q 2 

to G i) , and in this case any inform ation stored in the 
register will now circulate through it by  m eans of the 
shift pulses.

Bi-directional Shift Register
T he circuit in Fig. 3 can be  easily converted into a b i
d irectional shift register (F ig . 4) by adding  additional 
inpu t gates as incorporated  in  the  Blocks type  2.PL1. 
T he inform ation in  the register can be  shifted in 
e ither direction dependen t on the  in p u t to w hich the 
shift is applied.
A bi-directional decim al counter  could also be m ade 
by m odifying Fig. 4 so th a t the in p u t and ou tp u t are 
in terconnected  according to the ring counter arrange
m ent shown in Fig. 1.
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shift pulsr
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G, W , 

J T T

FF2
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Qi Q;

FF2

Fig. 3. Shift Register.
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Fig. 4- Bi-directional Shift Register.
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D R I V E  C I R C U I T S  F O R  R I N G  C O U N T E R S

A N D  S H I F T  R E G I S T E R S

The circuits shown in Figs. 5, 6  and  7 can be  used 
w ith  the circuits of Figs. 1, 3 and  4 to supply the drive 
or shift pulses for the  requ ired  num ber of F F 2  blocks.

R E S E T  C I R C U I T S

T he reset circuits for all C ircuit Block configurations 
have been  pub lished  previously(1) and  can b e  applied 
to the  app rop ria te  W i or W 2 term inals as required .

In  the case of the bi-directional shift register, the 
diodes incorporated  in  the  2.PL1 Blocks (inpu ts Vi 
and  V2) can be used for negative set or reset signals 
to clear th e  store.

Further Information

The “M iniwatt” Electronic Applications Laboratory will be 
pleased to advise on Circuit Block combinations to suit par
ticular requirements. A n  announcement will he made in the 
Digest in the near future concerning additional types and any 
information regarding the operating characteristics of the 
entire range of Circuit Blocks is available on request.

References:

1. A. C. Denne and N. A. Steadson, Applications of Philips 
Circuit Blocks, M iniwatt Digest, Vol. 1. No. 12, 1962.
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