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1.1 A DECADE RING COUNTER USING AVALANCHE-OPERATED JUNCTION TRANSISTORS 

J. E. Lindsay - Radio Corp. of America, Camden 

I. IMPROVED SWITCHING TIMES 

2. CURRENT CONTROLLED N-TYPE NEGATIVE RESISTANCE 

CHARACTERISTICS SUITABLE FOR BISTABLE OPERATION 

3. AVALANCHE -DERIVED PROPERTIES RELATIVELY INSENSITIVE 

TO TEMPERATURE CHANGE 

4. IMPORTANT FEATURES CAN BE DESCRIBED ANALYTICALLY 
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1.3 LARGE SCALE TESTING OF SWITCHING SPEEDS OF JUNCTION TRANSISTORS 
Irwin Dorros - Bell Telephone Laboratories, Murray Hill 

FIGURE I 

SIMPLE 
PULSE 

COMMON EMITTER 
AMPLIFIER 

Figure 3 

APPROXIMATION OF THE FREQUENCY DEPENDENCE OF ALPHA 

ao e-jwO 

a(w) = 1 + j w/ w 
n 

wn = cut-off radian frequency 

a 
O 

= d. c. short circuit cur rent gain 

6 = time delay factor such that Own = . 2 radians 

a(w) = short circuit current gain 

Figure 5 

RISE TIME DEPENDENCE ON CUT-OFF FREQUENCY, 
COLLECTOR CAPACTTY AND EXTERNALLOAD 

t =K (__!_ + fL C) o wn -., c 

t
0 

= rise time 

RL = load resistance 

Cc = collector capacitance 

K = proportionality constant 

3 

Figure 2 
THREE METHODS OF SWITCfilNG SPEED MEASUREMENTS 

1. Direct measurement of rise time. 

2. Small signal measurement in frequency domain . 

3. Large signal slow speed measurement in the time domain. 
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1.4 EFFECTS OF LOW TEMPERATURES OH TRANSISTOR CHARACTERISTICS 
A. B. Credle - IBM, Poughkeepsie 
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A.2 BIAS CONSIDERATIONS IN TRANSISTOR CIRCUIT DESIGN 
Sorab K. Ghandhi - General Electric Company, Syracuse 

..J~ 
~~ ,,. 

... ~v 
/ 

e 

1000 

I/ 

"' V'v 

1..} ' 

·~ 
1 
10 20 30 40 50 60 70 80 90 

~ (junction temperature), •c 

FIGURE 3 
V 

Ra 

.. ... 
R2 

.. •. 

F IGURE 5 

I6 r ( r D"' $r Vet; 

.R..,,,,J:l I ":)-< 

R1 

FIGURE 

+0c\s 
8 

1 k 

6 

10 
0 

I 

\ 

\ \ 
\ 1 

\\ l\,. 
\ ~ ~ I\. r--,.... 

' --
..... - --~ ...... - - - 25°c 

+2s·c-
+60°C-

2 4 8 10 12 

FIGURE 2 

)~-'11-tP, 
FIGURE 4 

t<-1~ 

R2 

F IGURE 7 

! ~ , 



~0*° (,J..::,'°' t-o ,"'t{) 

~ ~:J-.-" J-
~~~ 

(\ 

(11ft. -,;..A\ •, 

•, ;:;~ R 31 RL1 

.~· 
+Y 

h1 
A 

R21 R11 R 22 

FIGURE 8 

t ~ FIGURE 9 
...I-C.-Y,30 ~~ . ~-- ., • 

~o~· 
I : SI I CIO ~ 

FIGURE 10 

2.1 MILLIMICROSECOND TRANSISTOR CURRENT SWITCHING CIRCUITS 

Hannon S. Yourke - IBM Research Center, Poughkeepsie 
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2.2 DCTL COMPLEMENTING FLIP-FLOP CIRCUITS 
E. Gary Clark - Burroughs Research Center, Paoli 
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TWO STAGES, CONDITIONAL STEERING RING COU ER 
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2,3 A NEW BISTABLE TRANSISTOR ELEMENT SUITABLE FOR DIGITAL COMPUTERS 

C. D. Florida - Defence Research Board, Ottawa 

COLLECTOR EMITTER 

BASE BASE 

EMITTER COLLECTOR 

NPN PNP CURRENT FIGURE 2 

FIGURE 1 
FLOW 

+10 

L1 
DI 

DI 
. +12 

D3 
..._ .......... w... .. -2 

FIGURE 3 FIGURE 4 

i., DI 
DI +12 ....... ---4 

+12---

+10 

-2 FIGURE 7 c1 
03 

i.3 L 1 l7 LOAD -5 

FIGURE 5 DI 

LOAD 

+10 

------2 
D3 

+10 

06 
+-................... -3 

t---t----7 
D3 

+12 FIGURE 6 i3 
07 

- D8 +10 

D6 
C -3 

o---J -7 05 
03 
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+40 +40 +40 

L9 +15 i1 l7 
DI 3·31( 

07 
+10 +10 

D6 06 
-3 

-7 05 D!i 
D3 D3 

3-91< 

i5 i3 -20 -20 

SPECIFICATION 

SWITCHING TIME < 0.2 JJ see 

OUTPUT FALL TIME WHEN 
DRIVING 5 SIMILAR STAGES < 0 .2 JJ sec. 

OUTPUT RISE TIME WHEN 
DRIVING 5 SIMILAR STAGES < ~2 JI sec. 

OUTPUT LOAD CURRENT > 30 mA 

OUTPUT IMPEDANCE < 20 A 

RESOLVING TIME < I.Spsec. 

2.6 THE DESION OF DUAL-RANGE TRANSISTOR CIRCUITS FOR MINIMUM STANDBY-CURRENT SYSTEMS 

Howard E. Tompkins - U.iversity of Pennsylvania 

CD "ON " TRANSISTOR S 
(BOTTOME D) 

-+ 
Vcs(typ)=O.I to0.15V. 

Vl!ls( tYP)= 0.2v. 

® 

b <o 

"OFF" TRANSISTORS 

Ico -
Ico -

Ico < typ l =50 µa 

-3 

-7 

@ P AND N CASCADES 

+6 

@ SUPPLY VOLTAGES AND SIGNAL RANGES 

Vp+ +6} 
P+ (P-OFFl 

VN+ 0 - -

ON 
I Nt (N- ON l 

P- RANGE 

Vp-
IP- (P-ON l 

-6--

]•- (N-OFFl 

VN- -12 
-6 

N- RANGE 
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(5) TYPICAL "AND-OR" GATES j CONTACT DIAGRAM 

A,N+ 

r-::J(AvBlC 
C 

Q 
B,N+ 

(z)CONTACT LOGIC DIAGRAM FOR NETWORK 
OF SLIDE 6 

r 8 
I 

AL:l+ 
BC 

C 

• j 
l ~EF 
D G 

~vEFG 

@CONTACT LOGIC DIAGRAM FOR HALF-ADDER 
OF SLIDE 8 

I I 
B' A' 

t-<3- ~-
A 8 
y y 

@ ALTERNATIVE INHIBIT CIRCUIT 

B,N+ 

A,N+ 

NO OUTPUT 
POSSIBLE HERE 

INHIBIT 
TRANSISTOR 

Vp- MUST BE AT 
BOTTOM OF STACK 

(ID COMPLEX COMPOUND GATE 
VN+ 

B,P-

A,P-

(BOvEFGl,N+ 

EF,N+ 

® HALF-ADDER, SHOWING INHIBITION AND NEGATION 
Vp+ 

@ CO TACT DI AGRAM OF FULL ADDER WITH 
STORAGE, II TRANSISTORS PER STAGE 

S.::.As'vA'B 

'· C 

~s I 
I I 

~ 
I (Cl 

:r 
I 
I 

@LEADING EDGE DIFFERENTIATION IN AN 
1
AND

11 
GATE 

~ f'I B•GA 
Vp+ &A 

Ao y 
{E,A,N+) 

B·SA,P- t 
N-STACK 

B,N+ 

VN-
Vp-
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@) TRAILING- EDGE DIFFERENTIATION 

N- STACK 

AN+ I t 

@)FLI P- FLOP WITH SET AND HOLD 

S,P-

@ FOR THE TRANSISTOR TYPES USE D, EEO 
"WORST-CASE" KNOWLEDGE OF 

I. COLLECTOR BREAKDOWN VOLTAGE 

2. EMITTER BREAKDOWN VOLTAGE 

3.BOTTOMING VOLTAGE 

4. MAX. USEFUL COLLECTOR CURRENT 

5.BASE CURRENT FOR BOTTOMING,AS 

@ LEADING - EDGE DIFFERENTIATION 
WITH NEGATION 

$ , 
(~) 

e ~-6 
L.. Yro 

® SIGNAL GATE 

SIGNAL A 

(+6T0- 12Vl 

Vp. 

+ 12V 

- 14 

+12 

-14 
S ~ A ON I AND B ON 2 

VN-

@) "ON" CALCULATION FOR A STACK; 
DETERMINE: 

I. TOTAL "ON" CURRENT AT THE OUTPUT. 

2. REQUI RED BASE CURRENT FOR EACH 
TRA NSI STOR DRIVI NG T HAT OUTPUT. 

3. DR IVE RESISTORS FOR EACH. 

4. EM TIER CURR ENT FOR EACH. 

56K 

FUNCTION OF COLLECTOR CURRENT 

6. BASE VOLTAGE IN "ON" STATE 
5. IF SI PLE S ACK, TOTAL "ON" CURRENT 

FOR TRA SISTOR ON NEXT LEVEL. 

7. Ico ANO Ieo AT MAX. OP. TEMPERATURE 

a REQUIRED BASE VOLTAGE IN
11
0FF

11
STATE 

6. IF PAR AL OUTPUT, MAKE "OFF" CALCULATION, 
THE RESUM E •oN• CALCULATION, TO BOtTOM 
OF STACK. 

@) 11
0FF

11 
CALCULATION FOR OUTPUT; 

DETERMINE: 

I. TOTAL 
11
0FF

11 
CURRENT AT OUTPUT, 

INCLUDING INHIBIT BLEEDER CURRENT. 

2. MAX. 11
0FF

11 
DROP IN DRIVE RESISTORS. 

3. WORST 
11
0FF

11 
VOLTAGE AT OUTPUT. 

4. MAX. ALLOWABLE SUPPLY RESISTOR. 

5. TOTAL 
11
0N

11 
CURRENT; IF TOO LARGE 

A FRACTION GOES TO SUPPLY RESISTOR, 
REDUCE LARGEST DRIVE RESISTOR, 
OR USE BASE LOADING, THEN 
RECALCULATE FROM STEP, 2, ABOVE. 
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@ TYPICAL DESIGN ASSUMPTIONS 
!BOTH TYPES OF TRANSISTOR) 

SUPPLY VOLTAGES 

( Vp+ -VN+l • <~+-Vp. l • !Vp. -~)• (6:1:0.5 )V 

BOTTOMED 1•0N•) VOLTAGES AND CURRENTS 

0.05V <IVcsl < 0.15v 

O.IV <!Vasi< 0.3 V 

IIcs I< 15 ma. 

o.o5 jics I < II es I 
"OFF" VOLTAGES AND CURRENTS 

0.1v < lveo I< 10v 

I Ieol g jico I< 0.05 ma. 

@ CALCULATIONS ON THE ADDER CIRCUIT OF SLIDE 10 

CURRENTS IN MA. 

56K 

.55 I ~5, 

. 91 '1----.=-=-· -='=--12,.,...K-< 

.()5,' :OS 
o I 

39K 1 H•3 
6 
-6 
(Cl 
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s J5 REO'D 

OR - -.25,73 --
~ 
12K 

47K 

+ 

!:'161< 

2 .9 
18.6REo'D 

I H•2 

6 
-6 
IS,) 

3.1 TRANSISTOR LOW NOISE PREAMPLIFIER WITH HIGH INPUT IMPEDANCE 

Andrew E. Bachmann,- General Electric Company, Syracuse 

" . 
! 

,, 
~ I lie FOR MODERN 

JCT. TRANSISTORS 

TRANSl~TOR NOISE VS. FREQUENCY 

FIGURE 0 

NOISE FIGURE : F • {S/Nli • No No 
(S/N) 0 150 /Sil·Nj • ~ 

Si• SIGNAL POWER AT THE INPUT AVAILABLE OUT OF THE SOURCE 

N1 • NOISE POWER AT THE INPUT AVAILABLE OUT OF THE SOURCE 

Nj • HB 

II• 1.38 1 10-U WATT 11c / •K 

T • TEMPERATURE IN •I( 

B• ....L •rAt df •EFFECTIVE BANDWIDTH 
Ao .&, ' 

So• AVAILABLE SIGNAL OUTPUT POWER 

N0 • AVAILABLE TOTAL NOISE POWER OUT OF THE AMPLIFIER 

G • !~ • AVAILABLE POWER GAIN 

N 0 • F • G • k TB • G · Ni + Na 

Nci • 'AVAILABLE NOISE POWER DUE TO THE 
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FOR ADDITIONAL NOISE IN THE SOURCE : Nin• n • kTB 
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NO ISE FIGURE 
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NO ISY FOUR TERMINAL NETWORK 

FIGURE 2 

16 

FIGURE I 

OPEN CIRCUIT OUTP
1
1JT \'OL~AGES YJ : 

v, .. • !411T 8R9 )1' Zz1/<Zu + Z9) 

.v. • .... Zz1/IZu + Z9) 

v, .... , 

MEAN SQUARE VALUE OF THE TOTAL OUTPUT VOLTAGE : 

'v.!,. v,:,· v,., • vJ: + vJ + vf + 2, (~ -~:)1 
r • CORRELATION COEFFICIENT 

NOISE FIGURE F : 

7 v,z + v! + 2,./v: . ~ 
F•_l!!.•I+ 
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FOR LOW FREOUENClfS ANO r • o : 

F Q: I + --
1 

- [yi t y1' ( Ro,R+'R' O )'] 
411T8R9 ' c 

• A + e/ Ro + c ~o 

OPTIMAL SOURCE RESISTANCE : 
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NOISE FIGURE OF GENERAL FOURTERMINAL NET WORK 

FIGURE 3 
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3.2 WIDE BAND FEEDBACK AMPLIFIERS 
F. D. Waldhauer - Bell Telephone Laboratories, Murray Hill 
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3.3 A TRANSISTORIZED HIGH VOLTAGE PUSH-PULL SWEEP GENERATOR USIHG HIGH IMPEDANCE TECHNIQUES 
P. J, Anzalone - Radio Corp, of America, Camden 

R 
UNITY 
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AMPLIF IER 

....JL 
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NEG SWP 
VOLTAGE 
DOUBLER 

PHASE 
SPLITTER 

POS SWP 
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210 VOLT 
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Block Diagram of Sweep Generator 
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4 - Bootstrapped Collector Emitter Fol lower 

GATE IN 

u 

6 - . Bottstrap Sweep Generator 

ZENER 
DIODE 

+V 

8 - Voltage Doubler 

A 210V 

+V 

.A 
105 VOLT 
SWEEP 

3.4 SERIES TUNED METHODS IN TRANSISTOR RADIO CIRCUITRY 

... 15ov 

-150V 
UP TO 110 VOLTS SWING CAN BE OBTAINED 

VOUT 

5 - Bootstrapped Collector Emitter Follower 

+V 

•V 

\f 105V 

_A_ 

A 105V 

-v 

7 - Phase Splitter 

9 - Completer Practical Sweep Generator 

W. F, Chow and D. A. Paynter - General Electric Company, Syracuse \ 
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FIGURE 1 
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FIGURE 2 

.AN APPROXIMATE T EQUIVALENT CIRCUIT 
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o=R 2 +r 
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FIGURE 12 

AC CIRCUIT OF THE OSCILLATOR 
FIGURE 13 
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FIGURE 14 

3.5. A HEW APPROACH TO TRANSISTOR RECEIVER DESIGN 

A. Proudfit, K. M. St. John, C. R. Wilhelmsen, and R. J. Farber - Hazeltine Research Corp., Little Neck 
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FIGURE #5 
PIOURE 1/6 

+E +E 
.- SP[U:[lllt 

I I L---~Gi._ _ __ _J 

BLOCK DIAGRAM OP T'iPICAL TRANSISTOR RECEIVER 

- E 

BIASING TECHNIQUES FOR TETRAJUNCTION TRANSISTORS 

P'IOURl 17 

I 

1(1 U JIIIIC110II 
TUloSl$TO R 

••111 0,- ... LO'I' 
111.u,s,no,u 

I I L _____ _ _ ,.!;_ _____ -J 

BLOCK DIA.ORAM OP BROADCAST REC!r\"ER US I:m 
TETRA.JUNCTION TRANSISTORS 

FIGURE 1/8 

'#'1[11( NOT ono1[1tw 1St INOICAT(O 
CAPAC 1TOII VALUES AA[ IN 111 

G[N[IU,t.[t.[CTllt1C 
ZJ-Z5A ,,---..-,--. 

+4.5V 

-45\1 

RECEIVER SC KEMATIC 

For ;o ~tput 

Se nslttvlty - ~v1 

- db below 1 v/m 

ENSI 

- db below 1 v;m 

1.0 Mc 6 db Ba.n~v!dth - kc 

AG C Fi gure of ller!t - db 

Tota l Battery Dra!n - ma 

350 - 500 

66 - 69 

15 - 20 

94 - 97 

6.o 

32 

23 

RECEr.'E.'l CHARACTERISTICS 

4.1 SOME SOLUTIONS TO PROBLEMS OF OPERATING GERMANIUM TRANSISTOR SERVO AMPLIFIERS AT 
HIGH AMBIENT TEMPERATURES 
P. M. Thompson and J. Mitchell - Defence Reseorch Board, Ottawa 

PLATE l 

THERE IS A THIRMI.L EQUIVALENT or OHM•s LAW 

POT!ltTUL prrn:RENCE { VOLTS l 
CURRENT (-!RES) 

• RESISTANCI (OHMS) 

T!IIP!llATURE QimRENCI c•c) • THERIIAL R!SiSTANCI 
TH!Rllt.L CURRENT (WATTS) 

THIS ALLOWS THI P!AX JUIICTION Tl!IIP!RATURE TO BE CALCULATED . 

TRANSISTOR. 
JUNCTIOI TO CA~ CASI TEMP, . MEAN WATTS • a 2 

~ WAS P!Al JUNCTION • N!AN WATTS • Rl, 
TIMP!RATURI + PE.AK WA'l'TS II R, 

a. 
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PLATE 2 

AT MAX IMUM 01/I'PIJT THE COI.LECTOR 

WA.VUOJU6 OF A CLASS B ARLIFIEI 

But U i. R£CTIPI1D, UI SK>OTKID, 

1.C. SUPPLY I S USED 
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... ---------
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PLATE J 

FCI! A CLASS B OUTPUT STAGE TO DRIVE A STANDARD J WATT 400 C/S MOTOR 

WE COMPUTE THE FOLLOWING CURVES OF COLLECTOR POWER DISSIPATION 

AGAINST AMPLITUDE. 

MEAN DISSIPATION 

OUTPUT VOLTS 

PEAi DISSIPATION 
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DC SUPPLY 

MODULATSD 
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p t I 

JUNCTION 

p t I 

TU!l!IST<Jl 

p 1· I b 
p C 

I iC p • 
I • 

Pun a. 

I l) TRANSISTORS COUPlLD 
COLLECTCI\ TO BA.SE . 

> b!,. 
CL___. _ 

crlJ, 1J, L-) 

,_._, N-P-1 P-N-P 

(J) DRAW flF CU'RRllff' !QUIVALUT 
10 MllDIJM P05SI81Z lco• 

PU.TES. COMPLITI SIRTO AJCPLirDI. CUCVIT 

Lr: 

rrf~~ 
. -~;o' ) ~: '.: :: :.,.,. 

T, 

,:;,.. CONNECTIONS TO A P'ULL WAVE 
'5f RECTIFIED BtrT trNSN)OTK!D SUPPLY. 

Tia. PE.U VOLTACE IS SHOWN, 
Al a INDICATES THAT SCM! DECREE 
OP' SKX>THING WOULD BE ADVANJ'ACtoUS, e -· ... -=-:--c:..: 
THIS CAPACITOR IS TO PRZVENT 
OSCILLATION, VALUE NOT CRITICAL, 

THIS Rt.SISTOR CAN BE R.EPLACID BT 
22()g TO GROUND WITH A SM.UJ. LOSS 
OP' STABI LITY. 

... -... :.r. Im -.m ~ 
r. Cl':.t':'21 ::'l.la9"::ma:a 

1m: c.. ..... ::a:r.n ~" n....,.. 
~ .:.;_ • ..i:sn.:::.l! 
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4.2 PHASE CONTROLLED TRANSISTOR POWER SUPPLY REGULATION 

D. E. Deuitch and H, J, Paz - Radio Corp. of America, Camden 

A 

t-~-t-~~CONTROL LOAD 

B 

PHASE REGULATED POWER SUPPLY 

FIGURE 1 

SWITOt B 

FIGURE 2 PHASE CONTROL ACTION 

ON 

STATE I 
TRANSISTOR SWITCH CIRCUIT 

FIGURE 3 
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RIPPLE VOLTAGE 

4% 0 TO I AMP LOAD CURRENT 
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REGULATOR TRANSISTOR 250 MW AVG DISSIPATION 

OVERALL EFFICIENCY 78° I AMP LOAD 
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PHASE REGULATED POWER SUPPLY 

POWER SUPPLY PERFORMANCE 
FIGURE 6 

FIGURE 5 ADVANTAGES 

LOW REGULATION DISSIPATION 

HIGH EFFICIENCY 

GREATER POWER CAPACITY 

IMPROVED HIG ~EMPERATURE PERFORMANCE 

DISADVANTAGES 

COMPLEXITY 1 
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DIFFICULTY I OB"A 11\lG VERY HIGH REGULATION 
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4.5 A HEW TRAMAG OSCILLATOR 
A. J. Meyerhoff and R. M. Tillman - Burroughs Research Center, Paoli 
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FIGURE 1 
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FIGURE 3 
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FIGURE 2 
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FIGURE 4 
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FIG. 6 

THREE WAY COMPLEMENTED "OR" CIRCUIT 

Two INPUTS ARE LOGICAL ZEROS 

THIRD INPUT ls THE Top WAVEFORM 

LOWER WAVEFORMS ARE OUTPUTS 

HoR . 20 M)J.SEC/CM VERT. 1 VOLT/CM 

FIG. B 

OUTPUTS OF A TEN WAY COMPLEMENTED 

"OR" CIRCUIT (LOWER W4VEFORMS) CoMP4REO 

WITH THE OUTPUTS OF A THREE W4Y 

COMPLIMENTED "OR" CIRCUIT (UPPER 'N4VE

FORMS) . WHEN DRIVEN By THE S4ME 

INPUT S1GN4L . 

HOR . 20 MJJ.SEC/CM VERT. 1 VOLT/CM 

5.1 Tl;MPERATURE COMPENSATION OF TRANSFLUXORS 
H. W. Abbott and J, J. Suran - General Electric Company, Syracuse 
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F1G . 7 

THREE WAY COMPLEMENTED "OR" CIRCUIT 

ONE INPUT Is A LOGICAL ZERO 
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5.2 COUNTING CIRCUITS USING FERROELECTRIC DEVICES 
R. M. Wolfe - Bell Telephone Laboratories, Murray Hill 
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FIGURE 5 

5.3 SWITCHING CHARACTERISTICS OF MAGNETIC CORES AS CIRCUIT ELEMENTS 

R. D. Torrey, A. I. Krell, and C. Meyer - Sperry Rand Univac, Philadelphia 
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5,4 TRANSIENT AND FREQUENCY RESPONSE CHARACTERISTICS OF FIELD EFFECT UNIJUHCTIOH 
TRANSISTORS 
J. J. Suran and B. K. Eriksen - General Electric Company, Syracuse 

CURRENT EQUATIONS 

Jp = O µ p PE - O Op Vp 

Jn•Oµn nE+ODnVn 

CONTINUITY EQUATIONS 

OP (P-Po) 1 
- • - ---- V · Jp Ot Tp q 

..Q.!!_ = _ l n- no) + J_ ~ ·Jn 
Ot Tn q 

POISSON'S EO!.!ATION 

'v·E = ~ (P-n+Nd-Nol 
• 

SUPERPOSITION 

i.E 
+ 

Jr = Jp + Jn 

FIGURE 1 
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