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A TRANSFER-FUNCTION AND IMMITTANCE

The performance of most electrical
devices and circuits is usually deseribed
by specifying input and output func-

10riginally described in a paper presented at the 1956
IRE Annual Convention and subsequently published in
the 1956 IRE Convention Record, Part 5, pp. 3-T:
“A Transadmittance Meter for VHF-UHF Measure-
ments,” by William R. Thurston. The name of the
instrument has been e to Transfer-Function and
Immittance Bridge so as to indicate more completely
its nature and uses.

*Having one mput terminal and one output terminal

BRIDGE FOR THE 25-1500 Mc

tions (impedance and/or admittance =
“immittance’’) and transfer functions
(ratios of output to input, or input to
output, voltages and cwrents). The
“alpha’” and “beta” current ratios of
transistors, the transconductance of
vacuum tubes, the gain of amplifiers,
and the loss of attenuators and filters
are examples of widely used transfer
functions, The New Type 1607-A

RANGE

Bridge' can measure all these types of
functions over the frequency range from
25 Me to about 1500 Me. Measurements
can be made on two-, three-, or four-?
terminal networks with d-c bias supplied
to all terminals and three- and four-
terminal networks terminated in either
an rf short or opén circuit. Examples of
complex impedance, admittance, and
transfer-functions that can be measured

grounded, Transfer-Function and Immittance directly are given in the table belaw:
THREE- AND FOUR-TERMINAL LUMPED COAXIAL
w TRANSISTORS VACUUM TUBES _ NETWORKS DIODES COMPONENTS  LINES
a, Br hf, hp ]'li, hg.l r’h: Ym (Yzl); Y12.' Z].lr ZZZr z21! zlz: Z; Y: R, Lr c zr VSWR
all short-circuit admittance and Y11 Ya3. etc. Yir Y22, Y5, Y12, R, C
open-circuit impedance parameters. |2/1l, |l/|2, Ez/El, EI/EZ
Figure 1. View of the Transfer-Function and Immittance Bridge with Transfer-Function indicalor in place. Inter-

changeable Immittance Indicotor is shown in fereground.
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Answers, direct reading except for
a multiplying factor, are obtained in
terms of complex components by a null
method. The phase information provided
by measurement of complex components
is especially valuable at these high fre-
quencies, where effects of transit time,
electrode resonances, and stray capaci-
tances usually dominate the vver-all per-
formance of a device.

The Transfer-Function and Immit-
tance Bridge is a basic measuring tool,
and has very important specific uses for
transistor, diode, and vacuum-tube
measurements. It is well suited for
laboratory measurements because of its
versatility, aceuracy, and wide frequency
range. It can also be set up for rapid,
routine, production tests on transistors,
vacuum tubes, amplifiers, or networks,
and a high degree of skill or knowledge
on the part of the operator is not re-
quired. Several specific applications,
with results of measurements, are de-
seribed later in this article.

Interchangeable Indicators

Two different indicator units, shown
in Figures 2 and 3, are furnished with
the bridge, one for transfer-function
measurements and the other for im-
mittance measurements. Each is an as-
sembly of a casting with three rotatable
loop units, control-indicator arms, and
calibrated scales. They are held in place
by four serews and are easily inter-
changed. Locating pins permanently
preserve alignment and . factory cali-
bration.

s are nor P
impedance (50 ohms) and admittance (20 millimhos).

THEORY OF QPERATION FOR
TRANSFER-FUNCTION MEASUREMENTS

To measure- a transfer function of a
network, it is necessary to supply to it
an input driving signal and to measure
the resulting output signal in terms of
the input signal. Tt is also necessary to
terminate the network output in an open
circuit if the desired output signal is a
voltage, or in a short circuit if the de-
sired output signal is a current. If the
network were terminated otherwise, the
answer ‘obtained would depend on the
network output impedance or admit-
tance as well as on its transfer functions’
and would, consequently, be less useful
for general calculations.

Nevertheless, there are undoubtedly
applications where one wishes only to
determine the over-all performance of a
network working into a specific load
impedance. In these cases, it is neces-
sary to include the termination as a part
of the network under test. Where output

current is of interest, the termination
must be in series, and where output
voltage is of interest, the termination
must be in shunt.

Forward transfer functions are, of <
course, measured by driving the normal
input terminals of a network under test,
while reverse, sometimes called “feed-
back,” transfer functions are measured
by reversing the network and driving
the normal output terminals.

In the Transfer-Function and Immit-
tance Bridge there are three identical
loops, as shown in Figure 4, driven in
parallel by an external generator ad-
justed to the desired frequency of meas-
urement. The currents, 7, in all three
loops are equal in magnitude and phase.
Each loop is loosely coupled, through
electrostatically shielding slots, to an
associated coaxial line. In Figure 4, only
the inner conductors of these lines are
shown. Each loop can be rotated inde-
pendently of the others so as to vary its
coupling, or mutual inductance, to its
associated line. The mutual inductances
arc designated Mg, Mp, and Mx.
The series voltages induced in the three
lines by virtue of the couplings to the
associated loops are: Kg= —juMgl;,
Ep= —joMgly, and Exy = —joMyl}.

The outer end of the.left-hand line,
called the G line, is terminated in. a
known, standard conductance, ¥, (20
millimhos). The characteristic admit-
tance of the coaxial lines and Type
874 Connectors used in the instrument
and associated components is also equal
to 20 millimhos (characteristic imped-
ance, Z,, is 50 ohms). The outer end of
the upper line, called the B line, is
terminated in a known, standard sus-
ceptance of +jY, at frequencies below

3xample: Equivalent ecircuit using impedance parameters:

Input Impedance
I 4
1 1
—_— Akh

E 212 2
Reverse or feedbuck
Transimpedance

Zero-impedance
Voltage Sources

Qutput Impedance
Z

Load
Impedance
Forward zL
Transimpedance

ey :

Measured forward transimpedance=

By Ely/I Z, 5
2T 1 T2 &z i Zp s Zgg

™ s Z3a
N Z

From circuit and equations given, it is seen that the
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measured transimpedance squals the value of Z5; only
if the load impedance Zj, is very large compared to the
network output impedance, Zgy. Otherwise the measured
value is in error, and the error can be in phase angle,
magnitude, or a combination of both, depending on the
phase angles of Zp and Zy,.



Figure 3. Rear view of indicater units showing different loop locati

and

quent differences in scale
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150 Me (adjustable capacitor), —j¥,
between 150 Mec and 450 Mec (adjust-
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able stub set to and +jY, above
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450 Me (stub set to E)' The far end of

the right-hand line, which is adjustable
in length and is called the Network Input
line, is connected to the input of the
network under test, and its electrical
length is always set to equal either an
odd or an even multiple, n;, of a quarter
wavelength, depending on which type
transfer function is to be measured.

The near end of the Network Input
ine terminates in a short circuit. The
inner ends of the B and G lines come
together in a junction with two other
lines not previously mentioned, as shown
in Figure 4, One of these latter lines is
connected to an external detector. The
other, which is adjustable in length and
is called the Network Output line, is con-
nected to the output of the network
under test. Its electrical length is always
set to equal either an odd or an even
multiple, ns, of a quarter wavelength,
depending on which type transfer func-
tion is to be measured, but not neces-
sarily the same multiple as that to which
the Network Input line is set.

The process of measuring complex
quantities involves the balancing of the
instrument by adjustment of the loop
couplings until the external detector
indicates a null condition. At null, the
voltage at the junction of the four coaxial
lines is zero, and the three currents, Ig,
Ip, and Iy, that enter the detector june-
tion from, respectively, the G, B, and

. Vetwork Output lines, must add up to

zero. These line currents are readily
calculated, because, for this purpose,
the zero-voltage condition at the detec-

tor junction can be considered equiva-
lent to a short circuit. For the purpose
of simplifying the explanation, the
lengths of the Network Input and Net-
work Oulput lines will first be assumed
to be zero. Under these conditions,
E1=Ex and 12=Ix.

The current, Ig, equals the induced
voltage, Eg, times the admittance of
the @ line, which is the known, standard
conductance, Y. That is,

Ig=YoEg=Yo(—jwMgly)
= YoMg(—jwly)

The current, Ip, equals the induced
voltage, Eg, times the admittance of

the B line, which is the known, standard
susceptance, ==jY,. That is,

Ip=£jYoEp= %)Y o(—jwMply)

= Yo Mp(—jwly)

The current, Iy, equals the produet
of the induced voltage in the Network
Input line, Ex, and the transadmittance
of the network, Y. Therefore,

Ix=YxBx=Yx(—joMxiy)
=YxMx(—jwly)

When the sum of I4 Ip, and Iy is
equated to zero, which is the balance
condition, the common —jwl; term is
eliminated, and the basic balance equa-
tion for the instrument is obtained:

Y Mg . Mp
Yo Mx ™ Mx

The above equation is normalized
with respeet to the characteristic ad-
mittance of the line and corresponds
to the dial calibration, which is normal-
ized because impedances as well as ad-
mittances must be measured. As indi-
cated above, the instrument actually
measures the real and imaginary parts

of the normalized transadmittance,
G B
TX and —X, of the network connected
Yo Yo

directly between the input and output
terminals of the instrument:

Figure 4. Schematic diagram of r-f circuits of the Transfer-Function and Immittance Bridge for
transfer-function measurements.
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Since the connecting line lengths are
assumed to be zero, Vo = Yy, Gy = Gy,
and By, = By. The mutual inductance,
My, is the denominator in both the
above equations and hence is a common
multiplier. The values of the mutual
inductances, My, Mg, and Mp, depend
on the angular positions of the loops and
hence can be adjusted from zero to a
maximum value by rotation of the loops.
The angular position of the G loop can
therefore be calibrated directly in nor-
malized transconductance, the B loop
in normalized transsusceptance, and the
X loop in a common multiplier. Figure 2
shows these calibrations, which are in-
dependent of frequency and which, by
virtue of the positive and negative
ranges for two of the three loops, allow
measurements to be made in all four
quadrants of the complex plane. The
scale associated with the G loop is labeled
the 4 scale and is calibrated from 0 to
1.5. The scale associated with the B
loop is labeled the B scale and is cali-
brated from 0 to =+ 1.5. The multiplier
is calibrated from = 1 to infinity.

The assumption of zero length of
lines between the instrument and net-
work made in the preceding analysis
cannot be realized in practice, since the
effective measurement points are lo-
cated within the instrument. However,
by the adjustment of the Network Input
and Network Output lines to odd or even
multiples of a quarter wavelength, the
instrument can be made to indicate
directly the transadmittance, transim-
pedance, complex transfer current ratio,
and complex transfer voltage ratio of
networks whose terminals are not di-
rectly the actual measurement terminals
of the instrument. Each of the above
measurements requires a different set-
ting of the Network Input and Network
Output lines and will be considered in
detail in the following paragraphs.

In the following discussion, the term
“half-wave setting”” means that the line
in question is set to an even multiple
of a quarter wavelength, which is, of
course, always a multiple of a half
wavelength. A half-wave line has the
property of “‘repeating’” at one end all
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voltages, currents, and impedances ap-
pearing at the other end with 180 de-
grees of phase shift in voltages and cur-
rents for each half wavelength. Simi-
larly, the term “‘quarter-wave setting”
means that the line in question is set to
an odd multiple of a quarter wavelength.
A quarter-wave line has the property of
“inverting’’ voltages into currents, im-
pedances into admittances, ard vice
versa. The reversal of phase which oc-
curs for each added half wavelength
will be ignored, since it does not affect
the basic theory of operation.

Transadmittance, Y2; and Y2

The forward transadmittance of a
network with its output terminals short-
circuited is Ys;. In order to measure this
parameter, the Network Input and Net-
work Output lines are both adjusted to a
half wavelength. Under these conditions
the output terminals of the network
under test are effectively short-circuited,
because the half-wave Network Output
line terminates at the detector junction,
which under null conditions has zero
voltage and can be considered to be a
short circuit. The half-wave line pro-
duces a similar short circuit at the net-
work terminals and makes I, = I'x. The
input half-wave line makes FE, = Ey.
Therefore,

Yo L/E_Ix/Ex_¥x

Yo Y, Y —ﬂ=A+]B
where A and B are the A and B scale
readings.

As previously shown, the instrument
directly measures the normalized, real
and imaginary components of Yy, and

from the above equation it is evident
" o G2 By,
that it also indicates <, and - —
Yo Yo

The reverse transadmittance, Y,

can be measured by the same procedure

as indicated for the forward transad-

mittance but with the input and output

conneetions of the network interchanged.

Transimpedance, Z2; and Z;2

The forward transimpedance of a net-
work with its output terminals open-
circuited is Zs,. In order to measure this
parameter, the Network Input and Net-
work Output lines are both adjusted to a
quarter wavelength. Under these con-
ditions the output terminals of the net-
work under test are effectively open-

circuited, because the quarter-wave Net-
work Output line inverts the equivalent
short circuit at the detector junction
into an open circuit at the network. Also,
the output quarter-wave line “inverts”
the voltage E; into a constant times the
current Iy, and the input quarter-wave
line ‘“inverts” the voltage Ey into a
constant times the eurrent [,. It can be
shown that

Zn  Ey/I
Zy  Zy

Ix/Ex
Yo

= =A +jB

where Z, is the characteristic impedance
of the coaxial lines, 50 ohms. Thus the
instrument reads directly the normal-
ized transimpedance of the network
under test. The readings are in terms of
the normalized network transresistance,

7 read on the A scale, and the nor-
0

. Xo
malized transreactance, 7o’ read on the
B scale.

Reverse transimpedance, Z,,, 1s meas-
ured in a similar manner with the input
and output network connections re-
versed.

Transfer Current Ratio, I2; and |y2

The forward transfer current ratio of
a network with its output terminals
short-circuited is Is;. For this measure-
ment the Network Oulput line is ad-
justed to a half wavelength and the Net-
work Input line to a quarter wavelength.
The output terminals of the network
under test are effectively short-circuited,
because the half-wave Network Output
line “repeats’” the equivalent short
circuit at the detector junction as a
short circuit at the network. The half-
wave line also makes I, = Iyx. The
quarter-wave Network Input line makes

By= ih Therefore,
Yo
I jYx p
Igl—Il— ]),0 =B +JA

Thus the instrument reads directly the
real and imaginary components of the
complex transfer current ratio of the
network. The “j”’ term in the above equa-
tion interchanges the real and imagi-
nary scales.

The reverse transfer current ratio, I,
can be measured by reversing the input
and output connections to the network.



Transfer Voltage Ratio, E;; and E;2
The forward transfer voltage ratio,
Es,, is measured with the network out-
o put terminals open-circuited. In this
case the Network Oulput line is adjusted
to a quarter wavelength and the Net~
work Input line to a half wavelength.
The output terminals of the network
are effectively open-circuited because
the quarter-wave Network Output line
“inverts” the equivalent short circuit
at the detector junction into an open
circuit at the network. Also, because of
the quarter-wave Network Output line,

E, =‘}'17X, and because of the half-wave
0
Network Input line, B} = Ex. Therefore,
Bs G¥%
E21=E1 Yo =B +jA

Here again, the instrument indicates the
complex open-circuit transfer voltage
ratio of the network under test with the
real and imaginary component scales
interchanged from those used for trans-
admittance measurements because of
the “j" term in the above equation.
Reverse transfer voltage ratio, Eis,
can be measured by reversing the input
&r and output connections to the network.

THEORY OF OPERATION FOR
IMMITTANCE MEASUREMENTS

For immittance measurements with
the Immittance Indicator (Figure 5),
there are still three loops coupled to three
coaxial lines, two of which are termi-
nated, respectively, in a standard con-
ductance and a standard susceptance,
but the third loop couples to the bottom
line (labeled ‘“Network Output’) instead
of to the right-hand line (labeled “Net-
work Input”). In the schematic diagram
of Figure 5, the circuit is set up for
measuring the output immittance of a
four-terminal network. To measure net-
work input immittances, the network is
simply reversed. Note that the lower line,
though labéled “Network Output” be-
cause of its use during transfer-function
measurements, actually drives the net-
work during immittance measurements.
The upper line, labeled ‘“‘Network Input”

& ‘WThunstnn,"A Direct-Reading Impedance-Measur-

ing Instrument for the U-H-F Range,"” General Radio Ezx-
perimenter, Vol. 24, No. 12, May, 1950, pp. 1-7.

R. A. Soderman, “Improved Accuracy and Convenience
of Measurements with Tyee 1602-B Admittance Meter
in VHF-UHF Bands," General Radio Ezperimenter, Vol.
28, No. 3, August, 1953, pp. 1-8,

because of its use during transfer-func-
tion measurements, acts as either a short
or open circuit at the other end of the
network during immittance measure-
ments and has no other coupling to the
circuit, except to provide de bias if
required.

For measurements on two-terminal,
grounded immittances, the unknown
network is connected to the lower (“‘Out-
put”’) terminals, and the upper line
(labeled “Network Input’) is not used
at all.

This circuit for immittance measure-
ments is the same as that used in the
Tyre 1602-B Admittance Meter.* With
the lower line (labeled “Network Out-
put”) set to a half wavelength or an in-
teger multiple thereof, the instrument
measures admittance. With the line set
to a quarter wavelength or odd multiple,
the instrument measures impedance.
The scales are calibrated in normalized
components, from 0 to 1, with a multi-
plier from 1 to « as shown in Figure 2.
For impedance measurements, the refer-
ence is 50 ohms, and for admittance
measurements, 20 mmhos, The Transfer-
Function and Immittance Bridge can
measure everything that the Admitrance
Meter can measure, including reflection
coefficient and VSWR of transmission
lines and antennas. In addition, it has
the built-in, calibrated, adjustable line

Figure 5. Schematic diagram of the circuit for im

for direct-reading immittance measure-
ments, the second, short-circuited, cali-
brated, adjustable line for proper termi-
nation of four-terminal networks during
input and output immittance measure-~
ments, and provisions for biasing active
devices or networks. However, the
Admittance Meter will, no doubt, still
be preferred in a number of instances for
two-terminal. measurements because of
its lower price, smaller size, and some-
what better basic accuracy (3% vs. 5%).

PHYSICAL DESCRIPTION

The physical arrangement of the parts
of the Transfer-Function and Immittance
Bridge corresponds closely to that shown
in the schematics of Figures 4 and 5 and
is illustrated further in Figure 6, in
which the cover of the instrument has
been removed and the coupling-loop or
indicator assembly dismounted. The
Transfer-Function Indicator is shown
separated at the lower left. At the left
of the main assembly in Figure 6 can
be seen the main junction block, in
which coupling slots are cut into the
coaxial lines within the block. When in
place, each of the three loops in the
indicator assembly is centered over its
respective slots and is coupled mag-
netically to the corresponding line. The
Network Input and Network Output lines

mittance measurement. For a diagram of the circuit

for transfer-function measurement, see Figure 4.
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Figure 6. The Transfer-Function and Immittance Bridge partially disassembled to show details of design
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and const (Tr f

are of the constant-impedance, “trom-
bone” type, driven independently by
separate, rack-and-pinion drives having
accurately calibrated scales to indicate
total effective line lengths directly in em.
The lines are provided with locking
sleeves to prevent accidental changes
during prolonged work at a single fre-
quency. All these parts are mounted on
a heavy aluminum base plate.

In the measurement of active devices,
especially transistors, it is important to
keep the applied signal level low. In
this instrument, the coupling loss of the
loop between the external generator and
the device under test is about 40 db at
500 Mec and decreases at a rate of 6 db
per octave with mereasing frequency.
For tests on transistors, in which signal
levels should be 5 millivolts or less, ap-
propriate attenuators (874-G series)
should be used to reduce the level of the
signal supplied by the generator when
necessary.

Since the external detector is usually
of the heterodyne type with a local
oscillator, it is important to prevent
excessively high local-oscillator signals
from appearing at the terminals of the
unknown deyice. This problem is solved
by the insertion of a tuned stub, or
“trap,” in parallel with the detector in-
put and tuned to reject the local-oscil-

6

shown in left foreground.)

lator frequency. This stub is supported
horizontally behind the base plate of
the instrument.

In measurements on active networks,
d-c voltages or currents must be sup-
plied without affecting the r-f eircuits.
In the Transfer-Function Meter, pro-
visions are included for applying de to
both the input and the output of the
network under test. The binding posts
for connection to external power sup-

Network
Qutput Blos
Terminal

plies are visible in Figure 6, and the
internal filters and blocking capacitors
are shown schematically in Figure 7.
Built-in blocking capacitors isolate the
measurement standards, the external de-
tector, and the short circuit on the Net-
work Input line. Filter networks, each
comprising two chokes and two by-pass
capacitors, allow insertion of d-c volt-
ages and currents and prevent r-f leak-
age. Choke and capacitor ratings limit
currents to 250 milliamperes and volt-
ages to 400 volts. Higher currents may
be used for short periods. The loading
effect of the input filter on the Network
Input line is negligible, because of its
proximity to the short-circuited end of
the line. The only loading effect of the
output filter on the detector line is a
small reduction in detector sensitivity.
The range of adjustment of the Net-
work Input and Network Output lines is
such as to allow continuous coverage
for all types of measurements above
300 Me, plus separated bands of cover-
age below 300 Me. In order to allow
continuous coverage below 300 Me, a
set of extension lines is provided. When
needed, these lines und their supports J
can be snapped into place by means of &
quarter-turn fasteners, as shown in Fig-
ure 8. This photograph also shows the
shielded, variable capacitor used as the
susceptance standard at low frequencies
in place of the stub used at high fre-
quencies.
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Figure 8. View showing Range Extension Unit and low-frequency susceptance standard.

Generator and Detector

General Radio Unit Oscillators are
recommended for use as generators with
the Transfer-Function Meter. The rec-
ommended deteetor is the General Radio
Type DNT, a heterodyne type that
combines high sensitivity with wide fre-
quency range. Both generators and de-
tectors are listed on page 12.

bTmnsistor Mounts

' At very-high and ultra-high frequen-
cies, the method of connecting an un-
known device to a measuring instrument
of any kind is critical, Reproducible an-
swers can be obtained in different meas-
urements by differeht people using dif-
ferent equipment only if the same,
standard method of making connections
is used in all cases, with details of con-
figuration and dimension being precisely
the same. Furthermore, the necessity of
applying bridge voltages or currents to
traunsistors or other active devices, of
accurately compensating stray capaci-
tances and inductances, and of suppress-
ing spurious oscillations makes the de-
sign of suitable mounts more than a
minor job, even for an engineer skilled
in vhf-uhf design techniques.

To help avoid these problems in tran-
sistor measurements, standard mounts
have been designed, two of which are
presently available and two more which
are approaching completion in develop-
~ mént. Additional types will be added
Wirom time to time in response to user

demand. Those available now are for
JETEC basings, 0.200-inch-pin-cirele
triode, with common base (1607-P101)

or common emitter (1607-P102). Those
in development are for 0.200-inch-pin-
circle tetrodes (1607-P401) and 0.100-
inch-pin-circle triodes with common base
(1607-P111). Leads of units to be meas-
ured can be any length between &
and %s inch, and lead diameters up to
0.035 inch can be accommodated. In
the Transfer-Function and Immittance
Bridge all characteristics of a given
transistor with a given common electrode
are measured with a single mount, thus
insuring consistency of results at high
frequencies.

These transistor mounts incorporate
several refinements that result in ac-
curate and reproducible measurements:

(a) The reference point of measure-
ment on the transistor leads is only 214"
from where they emerge from the header,
as shown by Figure 9. Therefore, the
measured characteristics are those of the
transistor elements in their housing and
with ¥ leads. This measurement en-
vironment is very close to the best that
can practically be done in actual circuit
use of transistors,

(b) The input and output lines lead-
ing to the reference plane are accurately
compensated to maintain a 50-ohm
characteristic impedance level with very
low reflections due to discontinuities.

(e) A removable 50-ohm resistor, with
bias blocking capacitor, is supplied to
suppress spurious oscillations. This re-
sistor is shunted across either the input
or the output of a transistor, depending,
on the type of measurement being made,
and has no adverse effect on measure-
ment accuracy.

REFERENCE PLANE—> = =
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Figure 9, Sketch of 1

+ showing
the reference point |

(d) The input and output -circuits
within the mounts are very well shielded,
so that coupling between them external
to the transistor is negligible.

Transistors with 0.072-inch-pin circles
will be easily measurable in the 0.100-
inch-pin-circle mount (available later)
if the leads are bent the slight amount
required, by use of the lead alignment
holes provided in the top of the mount.
Figure 10is a photo of Typr 1607-P101
Transistor Mount.

Tube Mount

One tube mount is available so far,
and others are in development. The one
now available is designed for common-
cathode measurements on seven-pin
miniature tubes such as 6AF4, 6AF4A,
6AN4, 6T4, and other tubes having the
same pin connections. The tube is meas-
ured in the socket of the mount, so that
measured values will include socket
effects and will be those of greatest use
in circuit design. The Type 1607-P201
Tube Mount, with tube and shield in-
stalled, is shown in Figure 11.

Diode and Component Mounts

Active and passive 2-terminal com-
ponents, such as diodes, resistors, capac-
itors, inductors, thermistors, ete., can
readily be measured either with one
terminal grounded or with neither ter-
minal grounded. Ungrounded measure-
ments are often desirable to avoid the

Figurs T0. Twe views of the Type 1607-P101 Transistor
Mount showing the damper unil projecting from the

side. In the right-hand view the lead alignment holes
can also be seen.
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Figure 11. View of the Type 1607-P201 Tube Mount
with tube and shield installed and damper unit pro-

jecting from side. Binding posts at left are for heater
connections.

effects of the stray capacitances between
the component terminals and ground.
The Type 874-M Component Mount is
available for measuring grounded com-
ponents, and the Type 1607-P601 Un-
grounded Component Mount will be
available soon for measuring ungrounded
components. Both mounts incorporate
versatile means for connecting to many
sizes and shapes of components and are
supplied with a cover for complete shield-
ing of the unknown if desired. The elec-
trical design of these mounts minimizes
lead reactance and stray capacitance.
The Type 874-M Mount is shown in
Figure 12, and the appearance of the
Type 1607-P601 Mount is similar, except
that it has two coaxial connectors side by
side instead of one.

MEASUREMENT PROCEDURE

The equipment is set up by connecting
generator, detector, and d-c supplies, if
needed, to the Transfer-Function and
Immittance Bridge, and making the
necessary adjustments for desired oper-
ating frequency and d-c levels. The
calibrated susceptance standard is also
set to the operating frequency.

Figure 12. The Type B74-M Component Mount

for ing gro P 5.

If isolation of the local-oscillator
signal is desirable, as in measurements
on’ transistors, the “trap” ‘stub is in-
cluded in the setup and is adjusted for
maximum attenuation of the local-
oscillator voltage.

Next, the Network Input and Network
Output lines are set to the proper length,
in accordance with the type of transfer
funetion or immittance to be measured.
An appropriate component mount is
plugged into the Network Under Test
connectors, and the unknown device or
network is plugged into the mount. The
three loop-control arms are then adjusted
until the detector indicates a null, and
the desired answer is read directly from
the scale settings.

If several units of the same type are
to be checked at a given frequency, as in
the case of production testing of tran-
sistors or tubes, each unit successively
is plugged into the mount (with due pre-
cautions regarding the d-c¢ supplies), the
control arms are set for a null, and the
answer is read off the scales. This opera-
tion can be performed very rapidly by
relatively unskilled personnel.

Terminals

The terminals used on the Transfer-
Function Meter are Type 874 Coaxial
Connectors. General Radio oscillators
and detectors are also equipped with
these terminals. When generators and
detectors having other types of terminals
are used, the I'ype 874-Q series of
adaptors provides a convenient means
of connection.

For special types of measurements
requiring the construction of special
mounts to connect the device being
measured to the measuring terminals,
Type 874 Coaxial Connectors to fit rigid
line, panel, and cable are available for
building into these mounts.

Both adaptors and connectors are
listed on page 12.

Sources of Error

The major sources of error are inci-
dental losses and small reflections in the
Network Input and Network Output lines.
The minor sources of error are similar to
those in the Type 1602-B Admittance
Meter' and are spurious eross-cou-
plings between the coupling loops and
their associated lines, inductances be-

tween the junction center and the
coupling points, incidental losses in the
susceptance standard, and small re-
flections in the conductance standard.

In most measurements, the instru-
ment dial readings can be used directly
without any corrections and will be ac-
curate within the limits given in the
specifications at the end of this article.

Some of these errors become appreci-
able under certain conditions, but cor-
rections can be made for them.

APPLICATIONS

Transistor Measurements

Several different network representa-
tions are used for transistors, the most
common of which are shown in Fig-
ure 13. All of the transfer parameters
indicated in these circuits can be di-
rectly measured with the Transfer-Func-
tion Meter at frequencies between 25
and about 1500 Me.

Since many transistors operate at very
low voltage levels, it is important that
all applied signals be kept small during
the measurements. As previously men-
tioned, the r-f signal level can be held

below 5 mv, which has been found to be J

a satisfactory limit.

Figure 13. Equivalent network representations of tran-
sistors. Left-hand set of symbols is from “IRE
Standords on Electron Devices; Methods of Testing
Transistors,” Proc. IRE, Vol. 44, pp. 1542-1561,
MNovember, 1956. Right-hand set of symbols corre-

sponds fo those of this article,
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For measurement of the complex cur-
rent ratios, @ (or —hs), the Network
Input line is set to a quarter wave-

. length and the Network Output line to a

half wavelength, as outlined in a previous

paragraph. The local-oscillator trap is
adjusted, with interchange of the gen-
erator and detector connections, by
adjustment of the stub line until mini-
mum output is observed on the meter of
the detector. The normal connections
are’ restored and the transistor mount
plugged into the coaxial connectors on
the panel of the instrument. The meter
is then balanced by adjustment of the
three arms, and the real and imaginary
components of the current ratio are
indicated directly on the dial scales.
The a-vs.-frequency characteristics of
an experimental, Bell Telephone Labo-
ratories, diffused-base, germanium tran-
sistor in a common-base connection are
shown in Figure 14.

The hybrid feedback factor h, (= Ejs),
can be easily measured by reversal of
the coaxial-line connections between the
common-base mount and the instrument,
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Figure 14. Plot of o, or -hy, versus frequency for a
diffused base fransistor.
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which is accomplished by 180° rotation
of the mount, reversal of the d-¢ connec-
tions, and use of the procedure outlined
for voltage-ratio measurements. Under
these conditions the input is applied to
the collector and the output is obtained
from the emitter.

With this instrument transistors can
be measured in either the common-base
or common-emitter connection; and a
complete set of measurements can be
made in either connection without calcu-
lation of any of the parameters from
measurements made in another connec-
tion. This factor is important at high
frequencies, where connection changes
can cause changes in the effects of stray
capacitances and inductances.

The chart on page 9 shows a typical
set of measurements made on a high-
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frequency transistor. All the values were
directly measured with the exception of
the h, parameters. For the h, measure-
ment, the output admittance must be
determined with the input c_ircuit open
circuited, a condition which is easily
obtained with the bridge. However, with
the open-cireuit connection, the damping
units cannot be used, and in some cases
regeneration or oscillation can occur. In
these cases, h, can easily be calculated
from the formula:

h
ha= }’2:‘2"'—}1“ﬁ

The variations in some of the above
transistor parameters with collector
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Figure 16. Plot of short-circuit output admittance as a
function of frequency for a diffused-base transistor.
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voltage are plotted in Figure 15. Figure
16 shows the results of measurements of
the short-circuit output admittance,
Y5, on a similar transistor.

The extriusic base resistance, 7y, of a
transistor is often determined® from
measurements of the common-emitter
input impedance with the collector short
circuited, h;.. In this case, the ry, is ap-
proximately equal to the input resistance
obtained at a frequency at which the
reactance is zero. Figure 17 shows a plot
of h;, measured on a relatively low-fre-
quency transistor, indicating a base re-
sistance of 27 ohms. At frequencies
above the zero-reactance point, the re-
actance becomes positive owing to the
inductance of the leads inside the tran-
sistor body and that of the short length
of pin between the seal and the point at
which the measurements are made.
At much higher frequencies, this lead
inductance can be in paralled resonance
with the stray capacitance to the shell
and ground, as shown in Figure 17.

In high-frequency transistors, the
zero-reactance point occurs at a much
higher frequency, and the impedance at
this point may be affected by stray lead
reactances. A typical measurement is
shown in Figure 18. Measurements
were also made on a slotted line in order
to check the values measured on the
Transfer-Function and Immittance
Bridge. These measurements are plotted
on the same figure, and it is evident that
they agree very closely with the Trans-
fer-Function and Immittance Bridge
measurements,

SR. P. Abraham and R .J. Kirkpatrick, "*Transistor Char-

foterization at VHF
385-402, 1957.

" Proc. Nat. Elec. Conf. 13, pp.
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Figure 18. Plot of input reactance versus input re-

sistance, with output short circuited, for a high-fre-

quency transistor. Comparison with slotted-line meas-
urements.

Tube Measurements

The high-frequency, complex, for-
ward and reverse transadmittances of
vacuum tubes can also be easily meas-
ured under dynamic conditions with the
Transfer-Function Meter. D-C plate and
bias voltages can be applied to the input
and output terminals in the same man-
ner as with transistors, Filters must be
provided in the tube mount for heater
and screen voltages. However, these
filters are not so critical as are the filters
associated with the input and cutput
circuits. As with transistors, the mount
must be carefully designed in order to
give significant and reproducible results.
The measured transadmittance of a
6AF4 in the grounded-cathode connec-
tion is plotted in Figure 19. The effective
transadmittance first increases with fre-
quency, apparently as a result of a
resonance between the grid-cathode

capacitance and cathode-lead induct-
ance. At higher frequencies, other reso-
nances are apparent, the largest one of
which is probably a result of the grid-

plate capacitance and plate lead induct- =

ance resonance. The large values of
transadmittance shown do not result in
correspondingly large magnitudes of
gain when this tube is used in an ampli-
fier, since the input impedance decreases
rapidly as the resonances are ap-
proached.

Coaxial-Component Measurements

The Transfer-Function Bridge can
measure the transfer admittance or im-
pedance and attenuation of -circuits
fitted with coaxial connectors. Figure 20
shows the results of short-circuit, cur-
rent-ratio measurements made on a
Type 874-G10 Attenuator Pad, and
Figure 21 shows transadmittance of the
same pad. Other possible applications
are for filters, coupling networks, ampli-
fiers, and other four-terminal coaxial
devices.

Two-Terminal Component
Measurements

As mentioned earlier, measurement:
on diodes and other lumped, 2-terminal
components can readily be made either
grounded or ungrounded. The grounded
measurement ismade in the same manner
as with the Type 1602-B Admittance
Meter, and the capacitance from the

Figure 19, Transadmittance versus frequency for o grounded-cathode 6AF4 vacuvum tube.
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Figure 20. Forward transfer current ratio versus fre-
quency for a Type 874-G10 Attenuator Pad.

“high” side of the component to ground
is effectively in parallel with the imped-
ance of the component. The ungrounded
measurement is not affected by imped-
ances from esther side of the unknown
component to ground and is very useful
for determining the characteristics of
floating resistors, rf chokes, capacitance
between two ungrounded terminals, and
many other 3-terminal cireuits. Figure 22
shows the direct (ungrounded) admit-
tance of one of the chokes used in the
d-csupply filter of the Transfer-Funetion
nd Immittance Bridge.

Advantages of the Transfer Function and

Immittance Bridge

The Transfer-Function and Immit-
tance 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-
rectly, with the transistor operating in
the proper environment as defined by the
parameter being measured. In most
cases no calculations are required to ob-
tain any desired short-circuit or open-
circuit input, output, or transfer func-
tion. Direct measurements save time
and avoid deterioration of measurement
aceuracy.

(b) All input, output, and transfer
measurements on a given transistor with

- FREQUENCY N Mc

1500
i r)/l.::‘:o

oo

le IN MILLIMHOS

THEORETICAL
/ VALWE

GZI IN MILLIMHOS

Figure 21Forward transadmittance versus frequency
for a Type 874-G10 AHenuater Pad.

a given common electrode are made with
the same mount, so that consistency be-
tween these different functions is as-
sured. Furthermore, standard mounts
are available and are not a design prob-
lem to the user.

(c) The unusually wide frequency
range from 25 Mec to 1500 Me is valu-
able in most applications and is of par-
ticular interest for today’s new commer-
cial transistors.

(d) The bridge can be operated with
a very low rf level on the unknown,
which is essential for the measurement
of transistors and other nonlinear de-
vices,

(e) First impressions notwithstand-
ing, the bridge is very simple. The initial
appearance of complexity is due to the
large number of different things that it can
measure, but each of these things by itself
is measured in a straightforward and
simple manner.

The bridge is completely passive,
with stability of calibration dependent
only on permanent, physical dimensions.

Finally, the instrument makes basic
measurements of circuit characteristics
that have been in use since the begin-
ning of radio and that will continue to
be used indefinitely into the future of
electronics. Currently its most popular
use is for the measurement of transistors
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Figure 22. Admittance versus frequency for a
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Figure 23. View of the instrument storage box with
accessories that are supplied with the Type 1607-A
Transfer-Function and Immittance Bridge.

and diodes, but its ability to measure any
network, active or passive, indicates a
much wider field of application.

— W. R. THURSTON
R. A. SoDERMAN
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