
COMPANY COWIDENTJAT, January 31957..- 2 


S m H  CIRCUIT mEM0 # 8 

Dr. H. P. WOSPT 

Only part of' the  cql.aiprncnt ordered kuzs beeu recetved 
I to date. Jigs for sugpJ.y of d-c to the  Lransistors 

Lo be mearsured have been desi~nedfor the Wayne Kerr 
Bridge 601. Problma hve.;lvsd in the deaign af the 
j i g a  w e  dlscusscd. 

Resul'bs of merzaurernenta are given in form of' graphe, 

The camslation between rlrwputed values of the y-para-
meters o f  a Tc aqubralent circuit and erctuaP measurements 
w e  a380 Bhown, 
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1, Purpose of Measurements 

A transistor regarded as a black box (fourpole) i a  f'uPly determined by
measurements of its fourpole parameters, 

The 	resulta of these measurements are belng used 

1. 	 for the development of' an equIva,%entcircuit o f  the transistor8 
by mean8 of computation. 

2. 	 for the determination of the effect of the selected operating
point on Lhs transistor parameters,, 

3.  	 for investigation of the transistors with respect t o  their 
deviation from an average and t h e  deterroimtfon of an average
tranc;istar. These measurements would also be u ~ e f k ~ lfor deter-
mining transistor varfations with l5f'e. 

2. Choice of Parameters to be Measured 

A survey of available equipment shows that  m o s t  of the equipment is de-
signed for  measurements o f  adnrtttance in t e r n  of a parallel connection 
of resistance and reactance, It furthermore Pa felt t h a t  it is easier t o  
design an cffectlve short  circuit than an open circuit at higher frequencies.
It therefore has been decided La measure the short circuit y parmters 04 
the transistor. 

3 Measuring Equipment 

3*I. Sultable equipment 

A search for suitable equipment for amall sigml measurements on tran-
rrfstors has the following results: 

The equlpment l isted is the mas% suitable equ3.pment with respect to 
ease of operation, sensitivity, admlttance range and capability of' 
measuring hput  and output admittance &L) w e l l  as trawfer parameters.
A l l  the equipmen%Listed has been ordered, except; receiver DZ-1, a 
surplua receiver, which is no* far sale, Only part of the equipment
has been received to date. 
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Frequency Range 	 Receiver -
15Kc - 5 me GR 2001 A 

1 mc loQrnc 

4 

3 o m ~- 30om~ Diagraph ZDU 	 in te rna l  

Magraph ZDD Internal  
12100 mc 

Received to date have bccn: 

Bridge 	 Generator Receiver 

Wayne Kerr 601 	 GR LOO1 A IXZ - 1 (on loan)
hp 608 D HRO 60 

Iliagraph ZDU 	 hp 417 with hp s6OA 

hp 612 A 

3.2 Jigs fo r  d-c SuppQ to the Tra,naisto= 

3,’he design o f  j ig0 necessary for supply of the d-c blaa to the tran-
s2ai;ors pravcd to be di3YieulL. Considerable effort had Lo be made %a 
order to develap Jigs which do not di~tur’ t )maaurements over a broad 
ban& of frequencies 

Blocking capacitors turned out to be effective short c%rcuitaanLy 
mer a very limited frequency range, A sepasra.t;e compancnt reaenrch 
had to be undertaken in order to f ind optimum capacitors and couibfna-
t b n o  o f  than for the frequency range of the bridce, V e r y  careful 
considerations had to be gtvcn La the dcsicn of Lha jig8 wtth respecti 
La m i n h i z i n g  l end  inductances, 1kav-y capper buses lmd, to be used 
instead o f  wires in the j i g s ,  Spoc:liaL socket3 have been mde so that 
the  copper buses lead direc:t;Xy to t h e  transistor, 
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After a l l  these precautions b r J .  beer] taken it s t i l l  proved to be 
impossible to desic;n a $le which covers the whole frequency range
of one bridge, Instcad, two diff'crcxlt ji:;a covering the lower and 
t h e  higher range of frequencies respectively of one bridge had to 
be built for the measurement of each of the parameters yll, e2, 
y12, arid @lo 

The performance of the j igs  has 'been carefully checked by comparing 
measur~mcntsof' suitable resistors first connected directly to the 
t e m n i n a l s  of' the bridec and then connected to the tcrmiimls of the 
j igs .  Pa5e A o f  the appendix shows the measurement of the reactive 
part of a t e s t  resistor w i t h  and without Jig in order to demonstrate 
the accuracy of the present j ig s ,  

The Jigs For the Wayne Kerr bridge 601 are ready, Jigs for the  
Diagraph ZDU are being designed, Negotiations with manufacturers 
of capacitors had the result; that a number of specially made capa-
citor discs of high capacitance, arnall size and suitable form, w i l l  
be sent to usI It i a  planned to have t he  ZDU jigs ready by the end 
of January 1957. 

The sensitivity of the Diagraphs originally was Loo low t o  meet the 
requirements of small signal rnsmxwexnents. Negotiations with the 
manufacturer led to a redesign o f  the Diagraph, which w i l l  be shipped
in the future with sufficiently incrleased sensitiv3ety. 

Shipment of the Wayne Kerr bridge 801 I s  expected to be made by the 
end of January 1957. Preliminary measurementa on capacitors in order 
to get information on rsuilabla capacitors and capacitor combinations 
for the 801 J iga  have been made. Actual design of the Jigs can be 
started only after receipt of the bridge. It is estimated thak the 
801 jigs w i l l  be ready approximately four weeks after receipt of  the 
bridge . 

Measurements 


As se t  for th  above the only equtpment ready for measurements to a t e  is 
the Wayne Kerr Brid.ge 601. Meaaurementa on XBM drift transistors wer the 
frequency range o f  t h i s  bridge, 15 kc t o  Tmc have been made. 

4.1 	 By meamring the 8me transistor several times under identical  con-
ditions, information I s  obtained on reproducibility of the measure-
ments rand on the stability of the trmsistor. 

4,2 	 By merzsruring several transistors under identical conditions, Informa-
t i o n  is obtained on the deviation of t h e  single transistors from an 
average and. the average i a  determined. 

4.3 	 By measuring transistors at diffcrw : aperating points, information 
may be obtained on the change of' t h t  transistor parameters over the 
operating range of the non-saturated transistor, 

Data 	from 4.2 and 4.3 is being u3ed !'or the camputation purposes and 
for the develapmenk of an equivalent c i rcu i t .  
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Results of the measurements with t h e  Wayne Kerr bridge actually are 

1 9 -1 -1
- - - i n  t I e m  of a parallel connectiony l l '  y22 Iy12 ' y21 
of Rp and jX,. For convenience the results are converted i n t o  @;p + Jyp 

and 	R, + jX,. 

Results of Measurements 

Results to date have been obtained on measurements according to 4.1 through
4.3. Curves of the y parameters of .XBM d r i f t  transistors have been measured 
by M i s B  S. V. Cleznents and axe presented in the appendix. (pages E4 throu& I) 

The 	graphs of data obtained from the measurements illustrate that$ 

1. 	 A given transistor does not vary over a pericd of three weeka unless 
the  unit is subjected to a shock or s M ? l a r  adverse conditions. The 
curves shown (ppB - E) are for measurements on an D M  drift transistor, 

2, 	 Of the seven d r i f t  un i t s  measured t o  observe the deviation of para-
meters from one transistor ta another, a l l  of the parametera follow 
the  same shape cuwe with only variation in magnitude. A greater
difference i n  magnitude is noted between one transis-tor and theU 	 other s ix ,  (See pages F through M) 

3 	 In changing the operating point over the operating range of  the 
non-saturated transistor, greater change o f  the transistor pa,raa 
meters is observed when changing the emitter current than when 
changing the collecLor voltage. Holding the collector voltaye 
constant at -svc>lts, the  input admittance, forward and reverse 
Lrmsfer characteristics and the  output; admittance increases with 
increasing emitter current over the ranae! from 1 m a  to 4 ma. 
Holding the  emitter current conssatantat 2 ma, the input and forward 
transfer conductances increase when the  col lector  is biased more 
negatively while the  other parameters decrease i n  magnitude when 
the collector voltage is made more negative. (These curves are 
ahawn on page $I.' 

6. Ccmputation and Equivalent Circuit 


Starting from an equivalent T-network of 'the transistor which we believe to 
be acceptable as a f i r s t  approach, the fo:rmul,aa for the 2-parameters o f  a 
fourpole representation have been canputed and programmed far the IRM 704. 
The nmericalvalueu of these 2 parameterrs are automatically converted in to  
values of' the res:pective Y parameters by *the704* The reason for %his sp l i t
procedure i s  that the  formulas For the 2 par~~me-tersderived from the equlva-
lent T-network are re1at;ively simple I n  comparison to equivalent formulas 
for the Y parameters and tha-t a routine mtrix conversion program i s  readily 
set up. 

A preliminary Znvestigation of the  influence o f  the single network coqonenta 
on the Y parametem hrts been mde. With ;this eqerionce it b s  been LrZed 
by stwwisc changing;the value of the ccmponen.t;s of  the presumed network t o  



b d  	 duplicate the measured curve8 of 4.2 within a reasonable tolerance. The 
correlation between t he  m.;xa.nuredcurve8 and the curve8 ccquted by
J. Standeven from the folhdrwg equivalent; eircutt is reasonable 

4 

Further work on this project must be delayed. !Fhe curves and the values 
of the ~oqp0nent8of' the3 equivalent circuit art? shown in the appenaix a8 
pals 0, 

A more detailad report on t h h  project w i 1 , I  be submitted at a later t-. 

7. Conversion of' Parameters 
w-

7.1 	 Convererion of' YB t o  YE 

Measurententls of the Y parmeters of the trmssistar wLth the Wayne K e r r  
bridge can be &e only in c-n base confi&ur;ai;ions&rs far as YI2 and 
Y23 are concerned. The reason i s  that the phase reversal. of the cmrwrnn 
ilemitter czonf'Tfguration w i l l  not allaw the bridge Lo be balanced, 

Results of the masurenmntrr ,intern of YB can be converted into YE 
gartimetere by canputation accordirq La the feSXcm3ng f'ozzpulas. 

7.2 	 Conversion of Y pameters of a transistor with load t o  short circuit 
Y parameters 

In case the Y parametere Czanrt0.t be memured directly a8 shartz circuit; 
p&ra,metersYe the meassured parmeters can be converted into short 
circuit parameterrs by application of the fallowing corneraion formulast 

V 

c 
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Y short circult Y with loaa. Yr, 

am 


1 - Y E  Y21 


YL2 

y22s y22 

m 

:9. - y12 y21 
yL2 

!Fhese formulas are simplified as l i s t e d  beluw when y~$! and y S can be measured 
directly and only US and yzlS cannot be mel&ewl*&, which is %e cam! for measure-
men68 with the DSagraph. 

Y short circuit; Y with loEd Yz 
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