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A TRANSFER-FUNCTION AND IMMITTANCE 
BRIDGE FOR THE 25-1500 MC RANGE 

The performance of most electrical tions (impedance and/or admittance = Bridge1 can measure all these types of 
devices and circuita is usually described "imrnittmce") and transfer functions functions over the frequency range from 
by specifying input and output func- (ratios ,of output to input, or input to 25 Me to about 1500 Me, Measurements I 

output, voltages and currents). The can be made on two-, three, or fourJ 
"alpha" and "beta" current ratios of terminal networks with d-c biaa supplied 

l ~ c d ~ y  h r i M  in s pawl m a M  at the 1958 trmsktors, the transconductantre of to all terminals and t h m  and four- 
IRE Amual Convention and suh.equently publimbed in 
tbe ifim IRE Convention hd. Part 6. w. 3-7: vacuum tubes, the gain of amplifiers, terminal networks terminated in either 

'I 
"* Trasssbaittance Metm IW VaF-UHF &m and the loss df at&uators and fd& an d short or open circuit. Fwmples of 1. 
m e "  by W i b  It. ThuWn. Th name of the 
d u ; n = t  b . b - n  c h a w d  to TratlafwFunction and are examples of widely used transfer complex impedance, admittance, and Immttanae Brldge so as to mmcate mom mmpletety 
ita nature and m. 
rEInvmg one input terminal and one output terminal 

functions. The New Type 1607-A transfer-functions that can be measured 
grounded. Transfer-Function and Immittance directly are given in the table M a w  : 

TRANSISTORS VACUUMTUBES 
THREE- AND FOUR4ERMINAL LUMPED COAXIAL 

NETWORKS COMPONENTS LINES 
a, B, ht, h,, hi, ho, 6, Ym (Yzl), Yiz, Z U ~  Ziat  h, ZIZ~ f ,  Y, R, L, C 2, YSWR 
al l  short-circuit admittance and Yll,  Y22, e c .  Yii. Y a  Y a l r  Y I ~ ,  R, C 
wen-circuit impodancs porornetws. Y'v ld'a VEv E ~ / ~  

F w m  I. Ykw d tho Tmnrhr-hmrHan and I m m h n n  &Id- wHh Tmnd.r-hmrllon I n d W  in p k m .  Into+ 
hongoubh Immhtanw I- ir shown In forrglound. 



k w m  Z VIww d t in t W 4  imdkcltori. h l+dons  am 
imp.danrm (S o h 4  and 

h e r s ,  direct r&ing except for 
s multiplyii faofor, me obtained in 
term of mmpla components by a null 

& method. % phase information provided 
by nmmmmnt of wmplex mmpnents 
is especially valusble at these high f r e  
quencies, where decta of transit time, 
electrode resonmces, md stray capci- 
tanm m d y  dominate the over-alI per- 
formance of a device. 

The Tranafelr-Function and Wt- 
&ce Bridge is a basic qmwming tool, 
and has very important s p % c  u m  for 

1 tnmsiator, diode, and vacuum-tube 
rnwimmta. It is well suited for 
Iaborabry measufements becaum of its 
versatility, accuracy, and widefrequmcy 
range, It can also be set up for rapid, 
routine, production tests on transistors, 
vacuum t u b ,  amplifiers, or networb, 

I 
and a high degree of skill or knowledge 
on the part of the operator i8 not re- 
quired, SeveraI tpcifia applications, 
with resulta of m-ements, are de- 
scribed later in this article. 

Interchangwble Indicators 
Two $ifferent indicator unib, & o m  

in F i a  2 and 3, are furnished with 
the bridge, one for trader-function 
m~urementa and the other far im- 
nlittance merasurementa. h h  b irn 
m b l y  of a casting with three rotatable 
loop units, controI-indicator arms, and 
calibrated scalea. They are held in place 
by f o u ~  mews and are M y  inter- 
changed. h a &  pins permanently 
pr-e alignqpent and . fwbory c& 
bration. 

THEORY OF OPERATIOH FOR 
TRANSFER-FUNCTION MEASUREMENTS 

To meLbsuw a trander function of a 
network, it is necessary to supply to it 
an input driving signal md to m m e  
the d t i n g  output signal in berms of 
the input signal. It is also n- to 
tamhate the network output in an o p  
circuit if the d&ed output signal is a 
voltage, or m a short cirouit if. the de- 
s&ed output signal is a current. If the 
network were terminated otherwise, the 
anawm.obhined would depend on the 
netwotk output impedance or admit- 
tance = well aa on its h n d e r  functions' 
md would, oonquently, be lm u d u l  
for generat c a l c u k t i m .  

N d e l ~ ,  there are undoubkdly 
applicatiom where one wishes only to 
determine the over-all p e r f o m m  of a 
network working into a Q W C Z ~ ~  load 
impedance. In these m, it is nwm- 
mry ta include the termination EW a part 
of -the network mder test. Where output 

c m t  is 
must be i 
voltage ,b 
must be in 
Fo& 

~ ~ p l s :  Equi* oitcuit wing i m m  paramaewe: 

course, nuamred by driving the Jumnal 
input twmbh of a network unda eeElt, 
while rev-, mmetimes called &fee& 
back," trader funotiom are m d  
by reversing t h ~  network d driving 
the normal output terminah. 
In the Transfer-Funotion and Wit 

tance Bridge there are three identiad 
loop, as &own in m e  4, driven in 
parallel by an external generatar ad- 
justed to the desired frequency of mesa- 
urement. The currents, &, in all t h e e  
loop are equal in magnitude and phase. 
% ~ h  loop a 100~~iy coupled, 
electroehatically shielding dots, ta rn 
mciatsd coaxial Iim. In Figure 4, only 
the inner conductors of these lines am 
ahom. Each loop ma. be rotated inde- 
pendently of the others a0 as Co vary its 
coupling, or mutual inductace, ta its 
m i t e d  line. The mutud i nduohcea  

d-tcd MG, MB, ~ n d  3 4 ~ .  

The series voI- induced in the thpae 
Iina by virtue of the cacoupIiqp ta tit6 
kaociated laow are: 4 = -joAJ&@ 
EB = - j d f ~ I ~ ,  and Ex - jdfH1b,  

The outer end of the- lefkhmd linie, 
called the G line, is termbatmi in. a 
known, standard conductanoe, Yo (a0 
r @ i d o ~ ) .  The characEwistic admib 
tmee of the wmid lines tm$ TYPE 
874 Connectors u d  in the instrument 
and aam&td cpmponents is dm equal 
ta 20 millimhw (characterktie imp'& 
ance, Z,, jB 50 o h ) .  The out& end of 
the upper line, called the B line, is 
termhated in a known, standard ~ J B -  
ceptranm of +jYo at f rquenck  below 

Input Imacdanca Output I m ~ e d a n ~  

mured torward tmmjrnpadwcer m e s a d  W w d a m e  sgmh bhe value of ZS1 
X2 - a'gd, -- - f%~~31,w..~~pg w w k  ou-4 i m d m ,  Zgg Otharwi tbs U S - 4  
rl I+% I+% 

% k  
v d u e f a i n - , a u d t h a - ~ ~ l l b . i n p b e e s ~  
-Itads, cu a e=nmhhatim d M, M i -  on ths 

Bhom & m i i t a d  egllstlona given, it30 -+hatthe pbsaeandcaof%andZg. 



r 
150 Ma [adjWle -@tor), -iYo 

I 
between la Ma md 450 M c  (46 

X 
1 able stub mt ta 2, and +Yo above 

$X 
4.50 Mc {stub set to ~).Thefaremdof 

the *&hand line, wbicb ia adjustable 
inhgth&isdedtheR&mrk I n p i  
line, ia conne~M to the input of the 
network under t&, and ib elmtried 
length L alwhp wk ta. equal either an 
odd or an even multipl$ q, of a quarter 
mydqbh, dependiigg on whbh t y p  
Wmfer function is to be measured. 

! & ! n e a r d o f t h e N & w B I ~ p l r e  % wminatea ia a short circuit. The 
h e r e n d s o f t h s B t r n d Q l i ~ ~ ~ ~ c c m e  
togfbther in s junction with C w o  other 
lina not previously -tw, wteown 
h R m  4,Oneof tbehterlirresh 
wmeated to an ahmud detector. The 
tjtbx* which is sdjushble m length md 

I k l u e d  tbe N e h m f  line, is can- 
&&xi b the output of the network 
mdm t& Its el&cal lemgth is aI-ys 
diet taepualeither m o$d or an '~vem 

I d * l e l  *j of a q- mvewi$, 
I d @ p d i g g  on &Ch type bansf@ fun* 
h irr to be m e ,  but not n w e  

' tJw m e  multiple as that to which 
thR Ndwmk In@ i# mt, 

I The of measuring complex 
q u & i i  iavolw the being of the 
in&ummt by adjustment of the loop 
mp&p wid the external detector 
indimha a null mition. At null, the 
wlhge st the jundi~n of the four c o w  
li@cs is amS md the three cumts, 10, 
I,, and 1,. that enter the detectar june 

, respectively, the G, 3, and 
Wpd b ,  must add up to '"" 

mre, Thew h e  currentz are readily 
mhhtd ,  becam, tor this purpose, 
the ~ v o l h i p  wnelition at the d&- 

the B line, which 113 the known, standard 
meptmce, f jYo. Thatis, 
4 = = &jYo(-j~MjgIL) 

= *Y&BC + ~ I L )  
The current, Ix, qu& t h ~  product 

cd the induced voltage in the N&rk 
Input line, Bx, and the transadmittance 
of the network, YX. T h d r e ,  

IX = Yx& = YX(-~WMXXL) 
=YxMx(+wId 

When h s ~ r r m  of 10, I& a d  Ig- Is 
q ~ a t e d  =, which m the b m  
condition, the mmmop j w I &  term i 
eliminated, and the bade balance eqw 

tor junction a a a  be d d e r e d  eqaivrr- 
lent ta s &mt circuit. For the purpose 
of simplifying the e x p h a t i ~ n ,  the 
h g i h  of the Meburk Iapzst md Nd- 
w k  O w  lines wiIl bt be ammed 
to be m. I J n k  thae wnd i th ,  
El = Ex and 4 = Ix. 

The m t I  I ,  e g h  the induced 
vol- Eat t i m ~  the admittance of 
the G he, which is the known, s b M  
mnductanee, Yo, That h$ 

IQ = yflo = Yo( + ~ Y Q I L )  
= y a ( + w I z )  

The m e n t P  I& equals the Indud 
wltage, E& timw the admithoe of 

tion for the instmnmnt ia obtahed: 

The &kwo equation h n&d 
wifh -pee$ W the c h w a M c t  ad- 
mittance of the line and mrrwnda 
to the did &br&on, which is norm& 
id b w w  irnpedmcm res well ae ad- 
mit- muat be meamred. AB Mi- 
oaM above, the instrument actually 
m a m a  the md a d  imghuy 
of the n o m i l i d  t m d m i t w j :  
Gx Bx - and -, of the network odnnmted' 
yo yo 
directly between the input and antput 
terminals of the instrument: 

*Netwotk Input" Line 
ImngthunlX/4, nzevon 

L or odd Lntaqer, 

'"put Matwork 
Undnr 
Teal 

output 

Q ~ a t w o r k  OutputU Line - 
langthrnpA/4, n = ovmn or odd 
Intmgar (n, not a7wags equal t o  npj 



Since the oonnecting line lengths are 
assumed to be m, Ysl = Yx, QZ1 = QX, 
and Bzl =, Ex. The mutual inductmce, 
Mz, L the denominator in bath the 
above quatiow and hence is a aommon 
multiplier. The v d w  of the mutual 
inductances, Mx, NG, and MB, depend 
on the angular positions of the loops and 
hmw cm be adjuwkd from wro to a 
mtmhzn3g d u e  by rotation of the Imps. 
The angulax psition of the G loop caa 
therefore be calibrated directIy in nor- 
m&& tramconductance, the 3 hop 
in normalined trmmmeptmce, and the 
X Imp in a common multiplier. Figure 2 
h w a  these calibrations, which are in- 
depadent of f q m c y  and whioh, by 
virtue of the positive and negative 
ranges for two of the he b p s ,  allow 
rnmmwmmta to be made in dl four 
qudmnta of the complex plane. The 
d e  d a t e d  with the G loop is labeled 
the A male and is calibrated from 0 to 
1.5. The d e  mciated with the B 
loop is labeled the B scale and isl cali- 
brated from 0 to 1.5. The multiplier 
is dibratsd from & 1 to b h i t y ,  

The ammption of zero length of 
lines M w e m  the ixlstrument and mt- 
work made in the preding anal* 
cannot be realized in practice, since the 
effective measuremeat pints =are 1& 
a a t d  with& the ktrument. HOWBPBT, 
by the adjustment of the lV&or;K Inpat 
and N e t m b  Out@ linm to odd or even 
multiples of a quarter wavelength, the 
btrument can be made to indieate 
dhwtly the hndmittance, t r h -  
*ce, compIex lmmfer current ratio, 
and complex trader voltage ~atio of 
netwrh whom taminah are mt di- 
mtly the actual measurement temhmh 
of the instrument. Each of the above 
memuernenh requira a differat wt- 

of the Networh Inpd and N&k 
spud Iines and will be comidered in 
detail in the following paragraphs. 
In the following discU88ion1 the term 

''half-@ave mtting" means that the l i e  
In question is mt to m eum multiple 
of s quarter wavdeggth, whiah is, of 

alwap a multiple of a hdf 
mvelength. A hEf-wave line haa the 
property of ''rep&hg" at one end all 

voltagq currents, md i m p e d w  a p  
w i n g  at. the other end with 1# de- 
grees of phruse shift in voIhgea and cur- 
renb  for each half wavelength. Simi- 
larly, the term "quah~wave setting" 
mmm that the l i i  in question is set to 
an odd multiple of a quarter wavelength. 
A qumtm-wave line h~ the propetty of 
"invert*hg" wltagea into aurrenh, im- 
pedances into admittanmr, a d  vice 

r . The r e v 4  of phw which oc- 
for eaob added balf m v e ~  

will be @red, since it d m  not affect 
the basic theory of qmation. 

Trondmhnco,  YSI and Yrs 
The forward t r d t t a n c e  of a 

network with its output terminaLa short- 
c * W t e d  i YB1. In oxder to - this 
pmamekr, the Nehmk I m p d  d Nt+ 
work O w  lina are both adjusted .to a 
b W  mvelength. Under these condition% 
the output terminale of the network 
under Ware  &mtiyely horkircuitd, 
h w  the half-wave lV-k O@at 
line termha- at the ddetedor j u n c t h ,  
whiuh under null wnditions haa m 
voltage and can be oonsidd to be a 
short circuit. The half-wave line p r e  
duces a ahilar h r t  circuit at the net- 
work h ina ls  and malrw I* = I=. The 
input half-wave line makes El = Ex. 
Thedore, 

where A and B the Y4 and 3 M& 

readina;s. 
& previousljt &own, the hstmmmt 

directly measures the normalhd, red 
and imaghry oompnenta of Yx, and 
from the above eauation it is evident 

The reveree t r d t t a n e e ,  YIB, 
can be m m e d  by the same p d m  
as indicated for the forward Wnd- 
mitdanoe but with the input and output 
connections of the network inkmbqed. 

Tmndmpedmnce, 221 and 4 2  

T%e fomard tramhpedaam of a neb 
work with ib output ~~ open- 
c i r d t d  Bs Zal. In order to meamre this 
pameter, the N&mk Inpd  and Net. 
w k O u i p t ~ a r e b o t h a d j u s t d ~ a  
qwter wavelength, Under t h e  con- 
ditions the output t e r m i d s  of the neb 
work under k t  are effectively open- 

olzu i ted ,  because the gwrte~wave NsG ( 
Z P O P ~  Outpd line inverts the equidmt 
short circuit at the dekchr junceion 
into ran open circuit at the network. A h ,  
tbe output qwwtm-wave liae 'sinv&' !a 
the voltage E2 inta a constant time3 6 b  
current Ix, md the input quark-wave 
l i e  "invertg" the v o w  Ex into ta 
conatant times the curremt J1. It be 
shown h t  

- I 

where Zo ia the charwkistic impdmce 
of the eo&d lines, 50 ohms. Tbue the 
jnstnunent reads directly the normal- 
id tramimp- of the netmrk 
under k t .  The r e  are in terms of 
the normdid network tramrwkhme. 
R2l -, read on the A scsle, asd the not- 
20 

Xa1 
mslised transre&ance, z, readon the 

B $de. 
Revem tmdngedan~%~ El2, is %- 

wed in a similar manner with the input 
and output network mimoti- m 
d. 

Tmnshr Currenl R d o ,  Ipl and.tu 
Tha forward Wsfm current, d' 

rt network with it8 outpuC tamin& 
sho*ircuited isr Izl.  For this rn- 
mmt the NetiPork Ousptss W is ad-1 
j u s M  to a half w a d &  and thew& 
w k  In@ line ta a quwb wavdmgthL 
The o&vut terminals of the network 
undh kt am effectively s~-M, 
h u s e  the Bitlf-wave N W k  
line "repeataw the equivalent hart 
circuit at the detector junation as a 
short circuit at the network, The half- 
wave line also & & - I .  The 
q ~ m v e  N d w f  dnpi Iim d e ~  

Thu~ the &trument reads dir&Aly the 
real wd imrtginay mmponents of the 
complex t r a d e r  current ratio of the 
network. The "j" term in the above qua- I 
tion interchat& the r e d  and 
nary mdes. 

The reverse t r d ~ ~  cmmt ratio, 112, 
can be mwured by reversing the input 
and output aonnwfiona to the network 



Trunrfer Voltage Ratio, &I and.€~'rp 
The forprard tmnder voltage ratio, 

Es,, is meamred with. the network o u t  
t h h h  open-circuited. In this 
the NeMork Dulpul iiue is adjutsd 

to a quarter wavdeogth and the N& 
w k  In@ line to a half wavelength. 
The output terminals of the network 
are effectively opa-cirouited b e c m  
the qu&r-wave N&JE 0- h e  
lcinverts" the equivalmt short circuit 
at the detector junction into an open 
circuit at the network. A h ,  became of 

becaum of its we during transf4un~- 
tion measwment$ rrch aa either a phort 
or open circuit at the oth& end of the 
network during imrnittmce mea;sure 
menta and haa no other coupling to the 
circuit, except, to provide dc bias if 
required. 

For mamrements on two-terminal, 
pounded immittanm, the unknown 
network iht conmctd ta tb lower ("Out- 
pub") termin&, d the upper line 
(labeled "Network Input-") is not u d  
at d. 

for direct-reading immittance measure 
mmb, the secwd, &ort-chuited, eali- 
brahd, adjustable line for proper termi- 
nation of four-termin&l networks during 
input and output immittanoe meaaura- 
mats ,  md pmvishns for biasing active 
devicea or netmrh. However, the 
Admittmce Mew dl, no doubt, stiU 
be preferred m a number of h t m c m  for 
two-temhd memmemta h a u s e  of 
ite lower prioe, d e r  aim, and some- 
wh$ Mter bade a c o r n  y (3% vs. 5%). 

the quark-wave NdmrIc Out@ line, 

6, =& and became of the ha-wave 
Yo' 

~ e t w o r i ~ n p u t  line, = E ~ .  M o r e I  

I $ere again, the inatnunent indicaw the. 
complex open-cimuit tram&= voltage 
ratio of the network:undw h t  with the 
=I and imaginarJf mmpotlent s d e g  

inter&& from thoee used for tram- 
admittance masuremmta bemum of 
the '9" term in the above equation. 

I Revme tmmfer vo1- ratio, BIB, 
ctan be m d  by r e d n g  the input 

output connections to the network. 

THEORY OF OPERATION FOR 
IMMTCfANCE MEASUREMWTS 

For immittance rneuwmmnb with 
the ImmiWce Mattor (Figure 8), 
there are dill three loops coupled to three 
c d  linaa, two of which are termi- 
nated, W i v e l y ,  in a atandad can- 
duetance and a stmdard memptmce, 
but tht! third loop couplea to the bottom 
line (labeled 'Ttwork Output") instead 
of to the right-hand line (labeled "Net 
wark Input"), In the echema+ic diagram 
of Figwe 5, the circuit is set up for 
meamring the output immittance of a 
fo~~~termind network. To memum net- 
work input immittanms, the network ia 
simply r b .  Note that thelower line, 
though labdd "Network Output" be- 
cam of ita use during trader-function 
mwwmments, actually dr;w the net- 
work during immitbce meammments. 
The upper line, labeled "Network Input" 

W. R, T h u r h ,  "A M m c ~ ~  
img~hetrument fm the U-H-F Rung@," Gansaal Wio $g I c. Val. ?4, No. la. May, lBN, pp. 1-7. 

This circuit for W t t a n c 8  measum 
mta is the same as that used in the 
Tmm 1 m B  Admittance Meter? With 
tbe lower h e  (labeled "Network Out- 
putJ') set ta a half wavelength or an in- 
teger multiple thereof, the iasbwnent 
mamma admittance. With the line B& 
to a quarter wavela& or odd multiple, 
the h h m e n t  m m e a  impehce. 
The s o a h  are calibrated in normalised 
compmenta, from 0 ta I, with s multi- 
plier from 1 to op aa &own in Xgue 2. 
For impedwnce measurements, the refer- 
ence is 60 ohrms, nnd for W t t a n w  
mewumnents, 20 mmhos. The Trrander- 
Function and Immittance Bridge a n  
meamre everything that the Admittance 
Meter can measure, including refieection 
c d c i e n t  and TrgmTEt of tranmhion 
linw and antemma. In addition, it h 
the built-in, calibrated, adjwbble: line 

PHYSICAL DESCRIPTION 

The phyaid mmgement of the parka 
of the T r a d e r - h o  tion and Immithnce 
Bridge corneaponds clody to that shown 
in thaschematicsofFigures4and B a n d  
is illustrated further in Flgum 6, in 
which the cover of the instrument hm 
be& r~moved mid the coupling-loop or 
indimtor assembly dismounted. The 
T d e r - h c t i o n  Indicator is &om 
separated at the lower left. At the left 
of the main asembly in Figure 6 can 
be seen the main .j&m block, In 
Tvhich coupling d~ts  am cut into the 
coaxid linea within the block. When in 
place, each of the three loqm itl the 
indicator membly ia centered over ite 
mpectiw slots- and is aoupled mag- 
netidly to thta corresponding line. The 
Network: Pnpd and N&R Outpi  l i w  

Input N- 
Unde? 

Output frnl 

I - 
leqth= d multiple af W4 

r or odd fOf i m p h w  W P U M M ~ ~ ~ :  
to npl Multide ofw2 fm 

odmlttanw meoPwemmta 



plim are vi&bIe in Figure 6, and the 
mternal filters and blockq mpdtom 
are shbwn schematically in Figure 7. 
Built-in blocking capwitom &late th& 
measurement standards, the external ck 
&tor, and the Shmt circuit w the Met- 
wwk ~npa line. pilte. networks, & 

I 

mmprkii  two chokes and twu by-pam I 
NETNWORK UNDER TE$T 

lNBWf TERMIMAL capaeitum, allow insertion of d e  volb 
ages and currents and prevent r-f I&- 
age. Choke and capacitor m c i  h i t  
currentrs to WO milliamperes and volt- 
age8 to 400 wlb. Higher cments nap  
be u d  for short period. The loading 
effect of the input flter on the N e b r k  
Inpat line is negligible, hcause of ita 
proximity t o  the shot-c&M end of 
the line. The only loding e i k t  of the 
output filter on the detector line L a 
small reduction in detector semitiuity. 

I 
The rmge of adjustmat af the N& 

w k  inpi  md N d w k  hit* linw b 
PIOW 6. t b m  Tranrfw-FuneHon m d  ImmWnea &klm parHaWy dlrclmrambld to show &alb d dmmign BUC~ &8 b $ I l ~ w  CO~~&UOUB WVer&ge 

ond conskufiom. (Tmnlk.-fwnrHmn indlcotw ~ b o w n  i n l &  m l r r r k )  for dl fm of mmrsmenta above 
300 Mc, p l ~  eparatd bands of COW- 

a e  of the constant-impedance, "trom- lstor frequency. This stub is supported age below a00 & In nrder to allow 
bone" type, driven independently by horimtally behind the b m e  plate of cantiauws m v e m  below 300 Me, s 
separate, rack-and-pinion drives having the instrument. set oi atenaim ke~ is provided, Whm 
accurately calibrated scales to indicate In me~urementa on aative networks, needed, thwe 1- blnd their 

The lines are provided with locking plied without affecting the r-f eircuib. qwrtm-turn f a a m ,  M ahown in HE- 
@ total effectivelinelengths directly in cm. d-c voltages or currents must be sup can be mapped into place by m w  of 

d m  to prevent accidental chmges In the Transfer-finetion Meter, pm ure 8, m a  phokmph dso shows the 
during prolonged work at a single fre- visiom are included for apply'i  do to shielded, variable mpwi.tor used rn the 
queticy. A11 these parts are mounted on both the input and the output of the susceptance standard at hw frequmcits 
a hmvy aluminum base plate. network under test. The binding p t a  in placa of the stub W at high fre- 
In the measurement of active devices, for connection to mternal power sup- quencies, 

iwpecially trancristors, it is important to 
keep the applied signal level low. In ~ e t w o r h  
tbis butrumat, the couplizlg low of the Qotput 81oa 

Tmrmlnol 
h p  between the external generator and 
the device under test is about 40 db at 
580 Mc and deer- at a rate of 6 db 
per octave with increasing frequency. 
For h t s  on transistors, in which signal 
Jeveh h u l d  be 5 rnillivob or lm, a p  ~ n t w o n  FBH. 7. 

lnput elor d & cLt propriata attenuators (87443 series) Terminat w h  ot Lr t& 
ahould be u d  to reduce the level of the pusdlm ~ulr. 

ip l  supplied by the generator when B I O C ~ Q ~  c' 
necessary. / 'Nefw~rk r nput* Lime 

Since the external deteotor is uauelly '1l-1 
of the heterodyne type with a local Gs 

~ m f i t a r ,  it ia important to prevent 

t 
mmaively high local-oscillatur signals Input 
&m appearing at the terminals of the " ~ e f  work Output" 

Network 
Undar 

unknown device. Thb problem is solved ~ i n e  d output 

by the insertion of a tuned stub, or 
%rap," in paraUeI with the detector in- 111 h 
put and tuned to reject the local-oscil- 

6 



aL 
rn 9. SkU& *I mime t8 MmlSfmr, 8h0Whg 

ik. ntmnm pi- oC m.orolummt. 

(d) The input and output circuits L r within the mounta are very well shielded, 
so thst coupling between them external 
to the transistor ia negligible. 

Transistors with 0.07%jnch-pin circlee 

b will be easily measurable in the 0.1W 
inch-pinsircle mount (available later) 

I 8. Wow showln@ Rang. W8nslon Unlf and bwdmqumney s u w m  standaml. if the leads are bent the d&ht m m ~ ~ t  
requ'bd, by use of the lead alignment 
holes pmvided in the top id the mount, 

Gmnrmtor and D- or common emitter (1607-P102). Thom Figure 10 is a photo of TrrPs lBO7-PlOl 
Gmed Wo Unit M m  in development are for 0.Wmoh-pin- Tramistor Mount. 

m-ded for a9 wi& chde t e h d a  (1007-P401) and 0.100- 
the Tradep.finction Meter. The rec- i n c h - e k c l e  hiodes with i~~mmon base Tuba Mounr 
ommended detestw is the Generid Radio (1m-Plll). Laads of u h  to be m e w  tube mOmt is h, 
TYPE DNT, a hetemdyne type that ured be m Y  len& between 46 othm in d ~ O p m e n t ,  me 
combines high t~nsitivity with wide f r e  and 56 inch, dime* UP to , d-d fm 
quency range. Both generatom and d e  0.035 inoh MJI be mcmmodated. mmenb on 8eY811-Pjn 
t R o ~ m  are listed on page 12. the Wer-Funation md h i t t m c e  

atUrB .e W 4 A ,  
Bridge a B A N ,  6T4, and o h   tube^ having the 

Transistor Mounts trambtur with a givm common dectde same pb tiom, tube is msa, 
At very-high and dirnAigb frequm me with a sing1e thus m d  & soc& of & a, that 

cia, the metbod of ~onnecthg sn U+ -g m-temcy of resuIts at m d  inelude 
known devise to a mmmrhg instrument f~uenc ia .  efYecta and will be those of greatest uae 
of any kind is critical. ~ u c i b l e  an- Thew transistor mounb~ h r ~ r a b  ;n oimit The TYPE 1607-mI 
swem can be obtained in different rn* wral refinemRmta that result in ac- Tube Mount, tube and shield in- 
u m e n b  by people wing dif- curate and rep~ducible measurements : Bud, is in pigue 11, 
f-t equipment d y  if the same, (a) The reference point of meahture- 

dadad method of making eonnectiana -t on the tramistor w is o n l y ~ ~ "  and Compn*nt Mownf+ 

is used in alI wwa, with details of can- from where they emerge from the header, Active and passive Zbmh J com- 
figuration and d i m d m  being prwirsely aa shown by Figure 9. Therefore, the p u b ,  such as  diode^, resistors, c a p -  
the wme. Furthermore, the nea&ty d meamred charmteri~tia are thm of the ihm, inductors, t h d ,  etc., can 
applying bridge voltap or currents ta tramidor elements in their housing and W i l y  be m w m d  either with one 
~~~ or other mtive device, of with %at' leads. Thia memmment sn- termid grounded or with neither ter- 
a c c w ~ t d y  compewating strsy uqd- vhnment is very clom ta the best that minal grounded. Ungrounded rnmure- 
tsncm and in&&noes, and of su'pp- c a n  pmtical2y be done in actual circuit ments are often desirable ta avoid the 

1 ing spurious o d h t i a r ~  make43 the uae of tramistom. 1 
&I i f  d h M e  mounts more than a 
minor pb, even for an &eef skilled 
in vhf-uhf design teehnique8. 
To help avoid these problem in W- 

&ur mwmements, standard mom* 
have been designed, two of which are 
presently available and two more which 
are approachkg campletion in develop 

Additional types will be added 
time to time in mponae to w r  

demand. Those available now me for 
JET& b d q p ,  O~incb-pin-circle 
triode, with ~ommon baee (16W-P101) 

(b) The input and output lines lead- 
ing to the referenee p b e  are accurately 
cornpasated to maintetin .a &hm 
chmwtmbtic impedance level with very 
low rekctiona due to discontinuities. 

(c) A removable 5bhm resistor, with 
bii blocking capacitor, is supplid to 
s u p p m  sputioue osciltatione. Thh m 
siisto~ is rJhunted a c m  either the input 
or the output of a tramistor, dependmg 
on the type of measurement being made, 
and haa no & e m  effect on v 
ment acxuracy. 



If isolation of the W+scillator 
signal is desirable, as in m r e m e n t a  
on' transistors, the "trap" 'stub is in- 

! 
eluded in the atup and is adjusted for 
maximum attenuation of the lo&- 
oscillator voltage. h Next, the l V d m r E  Iapd d N&wk 
Output l i n ~  are set to the proper length, 
in acmrdanee with the type of trader 
function or immittance to be m d .  
An appropriate component mount h 

~ m 1 1 . V i r n d h e ~ I # I P - r P O f  T u k M w n t  
wHh tub. umd I k l d  I n ~ l k d  a d  dumpor u& pro. plugged into tbe Ndmrk: UK&T Teat 
i d n u  h swm. BIdw at I.H mm lor b w  connectors, and the unknown device or 

tween the jun&bn wter and tbe 
c w p h g  points, incidentd 1- h tb 
susceptance s w ,  d 4 1  1.4 
flections in the conductance ~tandard. 
In most me88umn~flts, the instru- \I 

ment did &ngs cap be used d b d y  
without any mrrections d will be as 
curate within #e Mta given in the 
specht ions  at the end of this article. 

Some of m m -  become apprecb 
able under c&ab d i t i o w ,  but COP 
rations can be made for thm. 

network is plugged i n t ~  the. mount. The 
three loopcontroI annrr me thenadjusted APPUCATIONS 

effects of the stray capwitmces betwem until the hdiCatea n&, ma Tmndstor Measuremmh 
the c o m ~ m t  ~~~ and mud. the desired m r  ia read $irmtly from &~d d8-t network weeen* 
The Type 8'rPM Component Mount is th, ,de tionsareusedfar trm&om, the ma& 
available for measuring &rowded corn- -b'of the type sre "mmon of which sls shown io Fig- 
p01tentS, and the Type 1m-pm1 Un- b, &ked at a frequmq, rn in 1% of the -@ 
grounded Component Mount will be ~f -4 of h- W c s t g l  in thw circuits osn be di- 
available sow for measuring wounded wrn or tubes, -h s u d v e l y  rectly d xith the W e r - h e  
~OJW~nrnts+ Both mounts h ~ m a k  gugged the (With due pm ti011 Meter at fmp3n~ieEI b&Wem 25 
v-tile means for oomcting to many EatltiDns ew the d-c SUPpliBSl, the and &out 1500 Mc. 
airsl and sh'p of 'omponeBlb and are control srms set for a n d ,  and the B~UW m~ h d d o m  -teat very 
s"~pliedwi~acoverforc~~letesbidd- angwet is fie sodes.  hi^  OW voltage kwh, it is imporfaat that 
ing Of the if tion can be very rnPidly by BU applied be kept d d m  
trical design of thm mounts mbimks leIsGVelY &d FmeZ. the m-ts. Aa prsyiou~ly men- 
had reactanoe and stray oapacitarsce. tioned, hhe r-f d g d  level. WI be held 
The Type 874-M Mount is shown in ~em~,,d= b e l o w 5 m v , ~ & l v r s b e a f o u n d t o b e ~  
Egu~e 12, a d  appew- of the Th, & e b  qyd-  a wtiaftwtq limit. 

1607-P601 Mount iB aimhr~except Functioh Meter are h 874 C o d  nm -*. - - 
'I that it h two o M  c-ector~ side by c ~ ~ ~ ~ .  ~~~~d Radm oscihbm 

side instad of one - h k b d ~ ~ o f s y m b d r i ~ h o m w  and detectam sra also equipped with r - y  r m ~ ~ ~ l ~ ~ ~  t h e  -als. - gm-bm ..k, 1956. mghl.band ", d spbds e#r, 
detectam having other types of terminah s p n d r k M m o f t b h d d h  

MEASU- PRQeWURE are used, the TYPH 87- &a of 
adaptors provides a mnvenient means The equipment ie set up by cmecting of -ectiOn. 

generator, dewtor, a d  d-c m~~lie8,  if p,, epecial types of memremexl~ EI 

to the w~Functirm and requiring the aonstruction of specid 
Immittaace Brid@j, $nd mmg the m o u b  to connect the device being A OPEM-CIRCUIT IMPENNEE PARAMETERS 
nemwy adjustmenb for desired oper- to the 
sting frequmcy and levekk The Type 874 Coaxial amectors ~ fit rigid 

moept6mce ahdad line, panel, and cable are available for 
eet to the operating frequency. building h t o  these mounts. 

Both daptars and connectam are 
vl. 

F m  1% Thr Type 874-M Componmnl Mwat on 12. 
fw m.orut?na gmmakd compon.uk. 

Sources of Emor B SHMT-CIRCUIT ADMITTANCE PARAMETERS 

a The major sources of eamr are hci- 
entd l o w  and mall  &tions in the 

I Network In@ and N&wk Odpul lines. 
The minor murm of error we s h h r  ta 
those in the Tmn 1602-B Admittawe vt, E ,  
Meter4 and are +om erm-cou- 

betweem the coupling loops and 
their m c b M  lines, inductancecl be- c HYWIO PARAMETEM 



ratios, a! (or +I, the Network 

usted, with interchange of the gen- 
tor asld detector cunnections, by 

justment of the atub line until mini- 
output is o k e d  on the meter of 
etector. The n d  mnnections 

into the coaxial comectom on 
el of the instrument. The meter 

catsd directly on the dial scales. 
e a-vs,-frequency characteristics of 

NETWORK PARAMETER MEASUREMENTS ON A 
HIGH-FREQUEWCY TRANSISTOR AT 300 -- 

FREQUENCY = wa kc, v, - -4 .5~~ I. - 1.0 .., SHELL G R ~ E D  

I CIOMMm BASE 1 -- . -- 

SC SC 
HYBRID ADMITTANCE HYBRID ADMITTANCE 

mmhos mmhos 

which is accomplished by 180" roution frequency transistor. All the vdua were 
of the mount, reversal of the d-c can-  direotly masurd with the exception of 
tiom, and use of the procedure outlined the h, paramem. For the ha measure- 
for voltage-ratio measurements. Under mmt, the output admittance must be 
t h ~  conditions the input is applied t o  dehmhd with the input +uit open 
the collector and the output is obtained circuited, a condition which is d y  
from the emitter. obtained with the bridge. However, with 

Wit-h thh iwtnment tr&tors can the open-circuit connection, the damping 
be metbsured in either the common-base udta cannot be wed, and in aome cases 
or common-emitter connection; and a regeneration or oscillation can Occur. In 
m p b  set of mwmmenbs can be these -, h, a n  &ly be dcuhted 
made in either connection without &cur from the formula: 
lation of any of the parametem from h ~ , '  4 

meaaremmta made in another clonnen- h = Y m + -  hi 'E 
tion. This factor is important at hi& 
frequencies, where ~onnection c h w  The variations in mme of the a h  

capacitances and inducfaooes. 
The chart on page 9 show a typical 

~t of measurements made on a high- 

h e  only, wkh %ng cm-tidm amitkd. 



voltage we plotted'in Figure 15, 
16 shows the d t a  of rnmwements of 
tbe &ort-circuit output admittance, 
YB, on a M s r  tramktor. 

The extxin& h e  r&tawe, u r ,  of a 
tnwistar is often determined* horn 
me~8u~rnenik of h e  c w m m m 5 t e r  
input impedance with the mbctar short 
circuited,jb*.Inthilscme,&e~isap 
proximately equd ta theinput re ' ' 

obtuined at a frequency &ti .t the 
reacta~~ae is m. Figure 17 show8 st plot 
d Ja, m d  on a relatively low-fm 
qumcy bdstm, mdiating s bsse r+ 

of 27 ohm. At hequmcies 
abave the ~~~ point, tbe re- 
actance becomes positive owing to the 
inductauce of the l&a h i d e  the tran- 
&tor body and h t  of the short l@ 
of piabetweenthesaalandthepointat 
wscb the memrments- ace made, 
At muoh higher f r e s u d ~ ~ ~  tBia ld 
i n d w h o e  aan be in p d e d  mommae 
with the strsy capacitance to the &ell 
and ground, as &own in Rgum 17. 
In high-frqumcy bamisbrs, the 

semrwhnce point occurs at a muuh 
h@br frequena;lr, and tbe impdwue at 
t#i~~ paint may be d e c k d  by stray lead 
rmctmw. A typical m ~ m t  ia 
shown in Figure 18. Meammmenta 
wem ahso made on a dotted line in order 
to dmck the valuas m& on the 
!badea-hct ion and ImmiEkmce m. Theee mwmemmb are plotted 
onthestunefigure,aaditiSevidenttbat 
~ ~ e e v e r y c l o d y w i t h t b e ~  
fer-Xhnction and Immithca Bridge 
meesumnmb. 
mP.A*dFt.S. Tm-bhr- 
M*% Ilt -: -Z*% 
-, w. cby. 1% m. 

Tube Mausurwnmts 
The high-frequency, mmplex, for- 
d d revwae t a m d m i k c e a  of 
~ a r : u u m t u k ~ a n ~ b e a d y m e a s -  
ured under dynamic m~tions with the 
Trallgfm-Function Meter. D-C plate and 
biruei tcaltagea oan be applied to the hput 
md output tarminslis in the same mm= 
ner as with harisktors. Film must be 
provided in the tube m a t  for heater 
and acreen v01hge~. However, them 
filters arc! not so critical aa are the filters 
asmxkted with the input and output 
tircuih. AB with tramistom, tbe mount 
must be arefully desigmd in order to 
give &dicmt md reproducible mults. 
The mewred tmmdmitbm of a 
6AF4 in the groundd-cathie mum- 
tion irs plotted in - 19. The effective 
trdmit tr tnm hit i n m - w i t h  fm 
quency, apparently as a d t  of a 
rexmuce betwwn the gridathode 

capadkanm wd mtbod8-lead induot-I 1 
m e .  At higher frequmciaq othe  ress 4 mmcw me apparent, the one I$ 
w b i c h i s p b a b l y a ~ t o f f b a p i  
plate waci.tanm snd plate lead 
an= momnee. The large values of ' 
hmdmittmce shown do not r m l t  in 
--P h g e  mmitudes sf 
gaia when thk tube is wed in an am+ 
fim, &ce the input impedanca d e m m s  
r a m  aa the monancm are 
P- 

CoaxbkbmponmI Msarumm.nh 
The MwFun&on Bridge can 

mamm the M e r  aBmittanae or im- 
1 

+GS a d  athmtion of circuits 
fitted with coaxial corn-, Figure 20 
ahom tbe multd3 of & M u i t ,  mr- 
re~lbratio mea~u181~1mta made l>a a 
TYPE 874410 Attmuafor Pad, 
Figure 21 &ow tmldm3J-m of the 
mme pad. Otber possible appliwtiom 
me for fdters, mphg netmb,  mpli- 
gem, and ofher four-- cow 
d e v i e  

Two-Tmrmtntrl Corn ponent 
Mlasurements 

as ~ t i 0 n e d  earlier, 1 

on didm and ather lumped, Ztermmal 1 
compments can randily be made either , grounded or ~ngroundd Thegrounded 
meaaumenf bmade in thesame-w 1 
as with the Type 1802-B Admittance 
Meter, and the ospwitrtnce from the 1 



FOAWaRO TRANSFER CURRENT RATIO, 

IN-PHASE COYPOUENT. I,, 

F l g ~  BR Forward tmnsfmr eumnt d o  vmur frm- Finun Z l ~ o m d  ImnsadmlHmnrs mrur h q u m e y  
qumney fw a typ.  874-010 Amnuator Fad. h r  n Typo 874010 Alknuator Pad. 

"high" side of the component to ground 
ia effectively in parallel with the imped- 
ance of the component. The ungrounded 
measurement is not affeckd by imped- 
ances from either side of the unknown 
component to ground md is very useful 
for determining the characteristics of 
floating r&tom, rf chokes, capacitance 
between two ungrounded terminals, and 
mmy other 3-terminal circuits. Figure 22 
shows the direct (ungrounded) admit- 
tance of one of the chokes used in the 
d-c aupply filter of the Transfe~hnction 

b n d  Imittance Bridge. 
Advantages of the Transfer Function and 

Immittance Bridge 
The Trader-Function and Immit- 

trance Bridge has a number of very im- 
portant advantages over other methods 
of measuring transistor characteristics 
in the VHF-UHF range. 

(a) All measurements are made di- 
r d u ,  with the t m i s t o r  operating in 

r tbe proper e n v t ' r m d  as defined by the 
parameter being measured. In most 
M no calculations are required to o b  
tain any desired short-circuit or open- 
circuit input, output, or transfer func- 
tion. Direct measurements srtve time 

b 
and avoid deterioration of measurement 
accuracy. 

(b) All input, output, and transfer 
rn-urementa on a given tramistor with 

rs given common electrode are made with 
the sum mount, so that consistency b 4  
tween these different functions is as- 
sured. Furthermore, standard mounts 
are auailable and are not a dmign prob- 
lem to the user. 

(c) The unusually wide frequency 
range from 25 MG to 1500 Mc is valu- 
able in most applications and is of par- 
ticular i n k e d  for today's new commer- 
cial transistors. 

(d) The bridge can be operatd with 
a very low rf level on the u n h w n ,  
which is essential for the measurement 
of transistors and other nonlinear d e  
vices. 

(el First impressiom notwithatand- 
ing, the bridge is ygy simple. The initial 
aptppewce of complexity is due to the 
large number of diffwmt things thQt i t  can 
masure, but each of these things by &eu 
is m a w e d  in a straightforward a11d 
simple manner. 

The bridge ia completely paasive, 
with stability of calibration dependent 
only on permanent, phyaical dimensions. 

Finally, the instrument r n a k ~  basic 
measurements of circuit ch&r&(:teristics 
that have been in use since the begin- 
ning of radio and that will mntinue to 
be used indefinitely into the future of 
electronics. Currently its most popular 
use is for the measurement of transistors 
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and diodes, but its ability to measure any 
network, active or passive, indicates a 
much wider field of application. 
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