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In Raytheon's Semicon-
ductor Advanced Develop-
ment Laboratory, Williom F.
Moloney, Engineering As-
sistant Technical, measures
tunnel-dicde parameters
with the General Radio
Transfer-Function and Im-
mittance Bridge. Inset
shows details of coaxial
mount.

IET

THE GENERAL RADIO

APERIMENT

©1960 — GENERAL RADIO COMPANY, WEST CONCORD, MASS,, U.5S.A.

Published Monthly by the General Radio Company
VOLUME 34 «- NUMBERS 7 & 8 JULY-AUGUST, 1960

CONTENTS

Measurements of the Equivalent-Circuit Parameters of
11T B Ts L fe o R SR o S e I RO |

The Use of the General Radio Immittance Bridge in
Tunnel-Diode Measurements......cocceueunnn. A

TR T A A R B s RS RO 1)

Page

The General Radio EXPERIMENTER is mailed without charge
each month to engineers, scientists, technicians, and others
interested in electronic techniques in measurement. When
sending requests for subscriptions ond address-change
notices, please supply the following information: name,
company address, type of business company is engaged in,
and litle or position of individual.

GENERAL RADIO COMPANY

West Concord, Massachusetts
Telephone: (Concord) EMerson 9-4400; (Boston) Clearwater 9-8900

NEW YORK: Broad Avenue at Linden, Ridgefield, New Jersey
Telephone — N. Y., WOrth 4-2722
N. 1., WHitney 3-3140
CHICAGO: 6605 Wes! North Avenue, Oak Park, lllincis

Telephone — Vlllage 8-9400

1150 York Road, Abington, Pennsylvania
Telephone — HAncock 4-7419

8055 13th 51, Silver Spring, Maryland
Telephone — JUniper 5-1088

1000 North Seward St., Los Angeles 38, Calif.
Telephone — HOllywood 9-6201

SAN FRANCISCO: 1186 Los Altes Ave., Los Altes, Calif,
Telephone — WHitecliff 8-8233

99 Floral Parkway, Toronie 15, Onlario
Telephone — CHerry 6-2171

PHILADELPHIA:
WASHINGTON:

LOS ANGELES:

CANADA:

REPAIR SERVICES
General Radio Co., Service Dept., 22 Boker Avenue,
Wes! Concord, Mass.
Telephone — Concord, EMerson 9-4400
Boston, Clearwater 9-8900
General| Radio Co., Service Depl., Broad Ave. al
Linden, Ridgefield, New Jersey
Telephone — N. Y., WOrth 4.2722
N. J., WHiiney 3-3140
General Radio Co., Service Depl., 6605 West North
Ave., Oak Park, lllinois
Telephone — Vlllage 8-9400
General Radio Co., Service Dept., 1000 North Seward
Street, Los Angeles 38, Calif.
Telephone — HOllywood 9-6201
Bayly Engineering, Lid., First 5t., Ajax, Ontario
Telephone — Toronto EMpire 2-3741

EAST COAST:

NEW YORK:

MIDWEST:

WEST COAST:

CANADA:

|ET LABS, INC in the GenRad tradition

534 Main Street, Westbury, NY 11590

www.ietlabs.com
TEL: (516) 334-5959 « (800) 899-8438 + FAX: (516) 334-5988




MEASUREMENTS OF THE EQUIVALENT-CIRCUIT
PARAMETERS OF TUNNEL DIODES

The measurement of equivalent-cir-
cuit parameters is of particular impor-
tance in the development of semicon-
ductor devices, in the control of their uni-
formity in manufacture, and in their
application in praetical cireuits. Tunnel
diodes present unusual measurement
problems, both because of their unstable
behavior in the measuring circuit under
certain bias conditions and beeause some
of the characteristics to be measured are
not direetly accessible for measurement
at the diode terminals. These problems,
together with suggestions for their solu-
tion, will be diseussed in this article.

Measurements are most conveniently
made in the vhi-ubf ranges. Not only do
the high-frequency characteristics give
the best index of performance for practi-
cally all applications, but also the meas-
uring instruments and eireuits available
at these frequencies offer the advantages
of complete shielding and freedom from
residual impedances that are character-
istic of low-impedance coaxial systems.

TUNNEL-DIODE CHARACTERISTICS

The current-voltage relation for the
tunnel diode is shown in Iligure 1, and
Figure 2 is an equivalent circuit. As is
evident from Figure 1, the diode ac re-

Figure 1. Current-voltape characteristic of @ tunnel

diode.
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sistance, I?, is a function of bias and can
be either positive or negative. The ca-
pacitance, C, Figure 2, is also a function
of bias, but changes more gradually.
The small-signal ac characteristics of
the diode are deseribed in terms of the
equivalent-cirenit parameters, L, €, I,
and R, and of certain characteristic fre-
quencies that are functions of these val-
ues, and which are usually defined in
terms of operation in the region of mini-
mum negative resistance. These [re-
queneies are the self-resonant frequency,
where the immittance of the diode is
purely real, and the resistive cut-off fre-
queney, where the immittance of the
diode is purely imaginary, representing
the upper frequeney limit for diode nega-
tive resistance. A third characteristic
frequency sometimes referred to ig the
oscillation frequency, which, by defini-
tion, is theoretically the frequency at
which the diode will oseillate if short-
circuited. In practice, the amplitude of
this oscillation will be great enough fo
swing over the nonlinear region of the
diode resistance and capacitance charac-
teristies, so that the frequeney of oseilla-
tion may not correspond to the true
small-signal oscillation frequency.

STABILITY CONSIDERATIONS
In the measurement of these quanti-
ties as well as in praetical application of

Figure 2. Equivalent circuit of a tunnel diode (inside
dotted r gle), with shunting resistor, Rp, which
stabilizes operation in a measuring cireuil.
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the diode, a number of preeautions are
necessary, owing to the negative-resist-
ance, nonlinear, and multivalued-cur-
rent characteristics of tunnel diodes. A
shunt resistance, R, is generally re-
quired for stable operation. A specific
choice of total cireuit resistance is neces-
sary for stability. Several modes of op-
eration that depend upon this choice are
shown graphically in Figure 3 as a fune-
tion of the impedance, By, which is the
sum of the diode resistance, R,, and the
equivalent source resistance, R;.. The
equivalent source resistance is, for ae,
the shunt resistance, R, in parallel with
the signal-source resistance. For de, R,
is R, in parallel with the de source re-
sistance. If the de eivcuit resistance of
Ry is greater than the negative-resist-
ance magnitude, R, operation will be
unstable in the negative-resistance re-
gion. In Figure 1, By is large compared
with the negative resistance, and, as the
bias voltage is increased, the operating
point of the diode will switch from A to
B. If the bias voltage is then decreased,
the operating point will switch back
from C to D. Iif Ry is less than the nega-
tive resistance, no switehing will oecur.
If the ac resistance of Ry is less than
RO — the circuit will oscillate.

In the Tyre 1607-A Transfer-Funec-
tion and Immittance Bridge, for ex-
ample, the effective de source resistance
is the de-bias-supply internal resistance,
in series with the bias-filter resistance of
4 ohms. The ac source impedance at
high [requencies is approximately 50
ohms at the operating frequency. At
other frequencies the impedance may
differ from 50 ohms, but will usually
cause no difficulty if the shunt resistor is
50 ohms or less.

Thestableregion dviu‘.odb\ S <Rp<R

fi’l"
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Figure 3, Modes of operation for the tunnel diede as
o function of the total circuil resistance, RT.

will vanish if the inductance L is greater
than B*C. With most currently available
tunnel diodes, the package-and-holder
inductance is small enough to permit
stable operation. Since low-impedance
diodes are necessarily designed with low
parasitie inductances, the total cireuit
induetance between the diode and the
equivalent source resistance R;, must be
exceedingly small, This is possible only
in carefully designed mounts.

In the preceding analysis the source
impedance is assumed to be purely re-
sigtive. In most practical applications
this condition will not be exactly met,
and the actual operating characteristics
will differ somewhat from those outlined
above. In actual measurements, in the
negative resistance region, the best re-
sults have been obtained when the re-
gistance of the shunt resistor itself is
slightly lower than the minimum nega-
tive resistance of the diode.

As a further precaution, because the
diode characteristic is nonlinear, the
amplitude of the signal incident on the
diode must be small. For the diode
shown in Figure 1, a value of a few milli-
volts, rms, is a reasonable upper limit
for small-signal measurements, Further,
il a superheterodyne null detector is
employed in the bridge measurements,
local-oscillator leakage into the tunnel-
diode circuit must not exceed a few
millivolts.

DIODE TEST MOUNTS
The test mount for the diode must be
designed to minimize stray inductance
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Figure 4. Suggested coaxial TUNNEL DIODE
bt fing o 3

diode inte the measuring ecir-

culit,

The mount shown here is de-
signed for the early Esaki diode
manufactured by Seny, which
has a single lead, A different ar-
rangement is described in the ar-
ticle by Adler and Wonson (page
9) and is designed to accept the
Raytheon CK40 type, which is in
a microwave diode package.
Diodes with two leads present o
more difficult problem since the
mount must be designed to oc-
cept the ground lead. For meas-
urement purposes, the lead con
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SPRING -B74-6146

DISC RESISTOR 874-8

.‘ly/ CONNECTOR
A

be removed, but this is hardly a practical proced

and capacitance, particularly if the
diode resistance, R, is low. Measure-
ment accuracy is improved if the shunt-
ing resistor is located as close to the
diode as possible, as shown in a suggested
coaxial mount in Figure 4. This resistor
should be lower than the negative re-
sistance of the diode under test, be es-
sentially noninduetive, and have a
negligible shunt eapacitance. In coaxial
systems film-type disk resistors are suit-
able. The electrical length of the coaxial
mount shown in Figure 4 is equal to that
of the General Radio Tyre 874-WNXN3
Short-Cireuit Termination,

If & measurement of the diode eapaci-
tance and inductanee outside the nega-
tive resistanceregion isdesired, theshunt-
ing resistor is not necessary to obtain
stable operation and can be omitted.

CHARACTERISTIC EQUATIONS

The diode admittance and impedance in
terms of the cireuit elements of the equivalent
vireuit, Figure 2, are

Admittance
G =
LB )
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In these equations B is assumed to he nega-
tive, and no additional negative sign should
b IHI'I[.

CHARACTERISTIC FREQUENCIES
Self-resonant freguency

! \/ I .-
fo= aeNiE N~ e @
Resistive cut-off frequeney
L R
Joo = e\ g~ 1 (B

Oscillation frequency (low-level)
1 [ s
foae = = o | =3 7
ke ) 8 e (d

Typical diode immittance-{requency char-
acteristics are shown in Figures 5 and 6, for

i< il

except a8 shown,

Simplification of these expressions is required,
in general, to relate the unknown quantity to
be measured to the actusl messored value,
Meastrement Trequeney and operating bhius,
forward and reverse, must be so chosen as to
permit this simplification, The choice of mens
uring conditions is further restricted by meds-
uring=instrument resolution. With some diodes,
in particular some galinm-arsenide types, the
simplifications lead to only approximate values
for the unknown quantities, regardless of oper-
ating econditions  and  measuring-instrument
ACCUTHEY.
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MEASUREMENT OF TUNNEL DIODE EQUIVALENT
CIRCUIT ELEMENT VALUES AND FREQUENCIES
As indieated above, lead inductance between

the diode und shunting resistance or between

the dinde and messuring terminals should be
minimized to achieve stable operation in the
negutive-resistance bias region and to attain
roasonable sccuracy at any bias. Measure-

ments are made at 25 Me and above, and a

conxial mount, of the type shown in Figure 4,

is neeessary. The recommended measuring in-

strument is the Tyre 1607-A Transfer-Funetion
and Immittance Bridge for frequencies up to

1500 Me. Above 1500 Me the Type 874-LBA

Slotted Line can be used with appropriate pro-

vision for bias and in a reversed connection,

that is, with the génerator eonneoted to the
probe and the detector connected o the normal
sending end of the line,

APPROXIMATE DIODE CIRCUIT VALUES NOT
KNOWN

When the approximate negative-resistance
value is not known, a de measurement of the
voltage-current characteristic will indicate the
proper bins voltage and approximate negi-
tive-resistance value required to make a suit-
able shunting-resistanoe choice. When the other
cirenit constants are not known, the diode
admittance or impedanee is mensured over a
runge of frequencies necessary to obtain a
rough plot corresponding to Figures 5 and 6.
From this plot the approximate self-resonant
and resistive-eutofl {requencies ecan be ob-
tained, as well as the upper boundary of the
frequency range in which the measured con-
ductance of resistance is essentially constant
with frequency.

The rlll-sir't-r.l characteristio frequencies and
equivalent eircuit constants can be determined
from either admittance or impedance measure-
ments. Admittance is the more convenient
measurement, since the shunt admittance can
be directly subtracted from the measured
result to yield the diode admittance dircetly.
When the diode impedance is low, however,
better neeuracy with the Tyee 1607-A Trunsfer
FPunction and Immittance Bridge is achieved
by an impedunce measurement.

fetl

Figure 5. Plot of imped char

as meas-

ured to oblain the approximate values for the self-
resonant and resistive cul-off frequencies.

6

M of Resistive Cut-Off Freq Yo ft“-‘.
At the resistive cut-off frequency, the diode
conductance is zero. With the shunting resistor
installed, the frequeney is gought at which the
measured admittance is identically equal to the
admittance of the shunt resistor, This fre-
queney is best obtained by measurement, first
of the shunt resistor alone and then of the diode
lus the shunt resistor, at several frequencies
in the expected range. A graph is made of these
two measured values as a function of frequency
to smooth the data and to reduce the number
of measurements required. The frequency at
which the two measured values are equal is the
resistive eut-off frequency.

Measurement of Self-Resonant Frequency, fs

At the self-resonant frequency, the diode
susceptance or reactance is zero. Since the
conduetance at this frequeney is high, measure-
ment aceuracy will be improved if impedance
ruther than admittanee is measured. With the
shunting resistor installed, the frequency is
sought at which the diode reactance is zero,
The diode impedanee is measured over the
region of the expected self-resonant frequeney.
A graph of reactance as a funetion of frequency
is then made to smooth the data and to reduce
the number of measurements required.
1t of Ind . L

M

Back-Bias Method

With the diode binsed in the reverse direc-
tion and in the ohmie region, the diode capae-
itance is essentially short-circuited, and induct-
ance can be determined from an admittance
measurement at some convenient frequency.
From the diode reactance expression (egquation
4}, the following equivalent inductance expros-
sion is obtained:

L' =L| 1=

(8

77,}——14_ =L
e "
) tem

Wr

Figure 6. Plot of admittance characteristics for deter-
of self-r and resistive cut-off fre-
quencies,

IET

534 Main Street, Westbury, NY 11590

1ET LABS, INC inthe GenRad tradition

www.ietlabs.com

TEL: (516) 334-5959 « (800) 899-8438 * FAX: (516) 334-5988



where
L' = the inductance value measured

JULY-AUGUST, 1960 @

If the measurement frequency is well below
this limit (it should not be so low that the

534 Main Street, Westbury, NY 11590
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— capacitance suseeptance is comparable to in-
1 strument resolution), the measured capacitance
Wr = 3 reduces to
VIO i

The diode capacitance, C, is, in thi= case, C = C[l — r“.-'Rj]
slightly lower than it is in the negative-resist- ’
Hee region. When R >> R,

Sinee the second term in the exact expression It is assumed that the diode cireuit param-
includes the unknown, L, it must be small, or  eters are approximately known to permit the
the error in this approximation will be large. frequency choice.

When E‘I.:r_ﬂ is sufficiently large (and this as- The error term is therefore E%ﬂ‘ which is in-
AT . dependent of frequency.
sumes that 7 18 known approximately), the Ff rensonably - accurate messurements are
measurement frequeney ehoice is not eritical, desired in the negative-resistanee region, this
In order to reduce this term to 10% or less, error term must be appropriately small. There
w2 T is no means of controlling the error except by a
then, at low frequencies (where (—) <~E,—R,-). bias shift away from the region where the
"’L" negative resistance is the smallest or by a
R must be less than 0.3 - reduction in L. In faect, for some diodes it
’ . iy . may bhe necessary to operate nearer the peak
This requirement is mil-‘t. in most diodes, a.mi’ valley m‘f.jm" to obtain sufficient aceuracy,
‘here 5 " o A as shown in Figure 7. In this figure, represent-
whero ‘typical values ax & 100, (R lo 4 ing the low-frequency ease, the effect of R2
nominal low frequency choice would be about . A s
ane fourth the self-resonant frequeney, fo. The spproaching o shown. The extrame one
shunt resistor is not required in this measure- L. 1
ment. where R2< 7= not usually encountered in prae-
3 tical diodes, since this corresponds to the oseil-
D !i‘!frmy-Dlmk‘Mrﬂfmf Ly ‘ lation region overlapping the switching region
Sinee the diode inductance is principally in gperation.
~ the connecting lead to the semiconductor ele- For a diode with € =40pf, L = 2mguh,
ment, an equivalent Snck age can be mu.glc with B =30 o hms, My =1 ohm, a suitable fre-
the element replaced by o short-cirenit. The  guency is between 30Me and 70Me, and the
induetance of this puckage can be measured  measurement in the negative-resistance region
without the above restrictions on l'requem:y. will not YiL’ld greater than a 10‘;‘5 error, Some—
Capaci M times the condition |RZ,|> 102,—' is not met. In

The diode capacitance ean be directly meas-  this case, operation at or near the peak and
ured at a frequency adequately below the self-  valley points, where the diode ae resistance is
resonant  frequency. is capacitance  can lurfge, usunlly yields reasonably aceurate results.
usually be measured in the negative resistance n addition to the errors mentioned above,
region, although instrument errors and errors  the measuring instrument can introduce a fur-
from diode inductance and resistanee can be  ther error in the negative-resistance region. In
serions, The frequency and diode ae resistance  most instruments, when the resistance com-
limitations are as follows: ponent of the network under test changes

From the diode susceptance expression greatly, a small error in the reaetive component
(equation 2), will be produced. When the measured reactive

- f,l—‘ 5 — w2 LC
8 T
¢ . Ta)? w!.)ﬂ( le;e.(')e
(1mwne-3) +(%) (-2

Where €' = apparent capacitance as meas- gur?pcment is small, the percentage error ean
ured, e large.

The right-hand term therefore should be -
made to be near unity for maximum sceursey. El or C Measurement
The first step to achieve this is to lower the For this mensurement the same conditions
measurement frequency. If the capacitance s and uf!pmxi:nnu‘]y the same frequency-choice

— to he messured to within 109, then considerations apply as for capacitance mens-
1 0L urement. The resistunce expression (3) reduces
fin << a5 assuming that B2> — *
m << Br YLO & C R=R—R,
o
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Figura 7. Plot showing how the magnitude of R? as compared with that of

é offects the meosured

values of capacitance.

whoere
R’ = measured value

Usually iy is sufficiently smaller than R that:
RxRor@ =G

Series Resistance Measurement, Ry

Either of two procedures may be used. The
first, the resistive cut-off frequency method, is
reasonably aceurate if the negative resistance
and capacitance values are known accurately.
The second, the back-bias method, yields an
upper limit to this value and is aceurate in most
cases, since the actual series resistance and the
diode back resistance, in series, are measured.

Resistive Cut-Off Method

The resistive cut-off frequency is measured
as described in a preceding section. The
capacitance, €, and the negative resistance, R,
are mensured as deseribed ve.

Ry is caleulated from the expression:
R

Re = Rue 051

where R, wg,, and € are measured values.

IE€T
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Back-Bias Method

In the back-bing measurement, the diode im-
pedanee expression reduces to

Ze= (Rs+ R)+ jwl

At a sufficiently large value of back bias, the
barrier resistance, R, becomes very small, and

Ry = R,

where R, is the measured value. The shunt re-
sistor is not required for this measurement.

Impedance vs. Admitlance Measuremenis

In the measurement of the diode element
values, greater aceuracy is obtained if imped-
ance and not admittance is measured when the
impedance is much less than 50 ohms. The
subtraction of the shunt impedance from the
measured impedanee to obtain the diode ad-
mittanee is more complex in this case:

1 1

Ye Zm 2y
where Zm = measured impedance, diode plus

shunt.
Zp = measured shunt impedance.
Specific procedures for measuring tunnel di-
odes will be deseribed in the Operating Instrue-
tions for the Tyre 1607-A Transfer-Function
and Immittance Bridge.
— Jonx Zorzy
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The following crﬁ:l-, published through the cooperation of the Raytheon Comp a pr

le of ¥ 1

, made on that company's CK40 series dovtlopm ental diodes,

THE USE OF THE GENERAL RADIO IMMITTANCE
BRIDGE IN TUNNEL-DIODE MEASUREMENTS

by
E. Adler and R. C. Wonson*

The General Radio Transfer-Fune-
tion and Immittance Bridge, Tyrn
1607-A, arranged with the immittance
indicator in place, is highly suitable for
making measurements of tunnel-diode
parameters. The plane where the actual
measurements are made may be easily
adjusted and determined, bias can easily
be applied to the diode and spurious os-
cillations damped out, and no difficulty
stands in the way of making measure-
ments, either over a range of bias volt-
ages in order to obtain detailed informa-
tion on the behavior of the diodes, or at a

#Ruytheon Co,, Bemiconductor Div., Newton, Muss,

very limited number of bias points so as
to permit the rapid relative classification
of a group of diodes. These remarks are
made on the basis of considerable ex-
perience gained in the use of the bridge,
further details of which are set out be-
low.

The discussion that follows is limited
to the measurement of the diode capaci-
tance and negative conductance. The
series inductance, being constant for a
given package design, need be measured
only once, possibly by use of a dummy
diode. The series resistance may most
easily be measured at conditions of very

Figure 1. Block diagram of the measuring equipment. Items not identified by name are:

Type B74-G10 Fixed Attenuator (10 db)
Type B74-MR Mixer Rectifier
Type 874-LK20 Line Stretcher
Type 874-120 20-cm Air Line

Type B74-WO3 Open-Circuil Termination
Type 1607-P2 Tee Assembly
Type 1607-P3 Air Capacitor
Type 1607-P5 Range Extension Unit

The last three items are supplied as o part of the bridge.

TYPE 1263-A
POWER
SUPPLY
TYPE 1216-A |
TYPE 1215-B
" UNIT OSC
UNIT | F AMP. fo=s0MC
TYPE
1208-B
MiLLivac| [UNIT OsC TYPE | TYPE | TYPE| TYPE | TYPE | TYPE
mv 178 | |fo=BOMC 874-G10 |874-MR|1607-P2|874-LK20|874-L.20| 874-W03
TYPE CONNECT UNKNOWN HERE
I Lteiag TYPE 1607-P5
110 T
/! TYPE 874-U
~L =< o ol
R <1008 /) o TYPE 1607-P2(2)] |
TYPE 1607-A IMMITANCE BRIDGE
IMMIT TANCE
INDICATOR

534 Main Street, Westbury, NY 11590
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Figure 2. Coaxial moun! used to
connact the diode to the bridge. See

also cover photo,

SHELL OF TYPE B74-WM

50-0HM TERMINATION

large applied reverse bias,

case
other

able,

methods

employing

in

measurement is specifically desired.

The conditions of measurement were
similar to those outlined in the preced-
ing article; a shunt resistor was used, to
assure that the unknown element pre-
sented a positive conduetance to the
bridge; the mount was designed to locate
the measurement. point in the plane of
the diode junction; and the signal level

was kept low, one millivolt or less,

A block diagram of the bridge and
ancillary equipment used for the tests
described is shown in Figure 1. It was
found necessary to eonstruct a coaxial
mount* to hold the diodes and the stahbil-
izing resistor, so that the whole could he

which
techniques
than those associated with the
bridge presently considered are prefer-
except where a high-frequency

\\. S

bridge terminal.

*’VIIII/IIII

_//IIII/I//

10

TUNNEL DIODE

DISK RESISTOR (10Q)
WASHER

A modified General
Radio Tyepe 874-WM 50-ohm Termina-
tion was found to be easily adapted for
this purpose (see Iigure 2). The final
unit consists of the 874-WM shell, a 10-

ohm disk resistor, and fittings to hold the

sible

addition,

in one plane.

easily plugged into the appropriate
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diode in place. A disk resistor is used, not
only for convenience but also, and more
importantly, to keep the series induec-
tance in the diode-plus-parallel-resistor
circuit low and thus very effectively to
satisfy the diode stability criterion; in
this arrangement keeps the
circuit to be measured as nearly as pos-

The successive steps in the measure-
ment procedure are as follows:

1) The initial setting up of the bridge
consists of setting the output line to one
half wavelength and “trapping out” the
local oscillator signal as preseribed in the
instruetion manual in order to prevent
parasitic signals from reaching the diode.

Figure 3. Admittance

characteristics of Ray-

theon CK40 series di-

edes os o funcltion of

bios, measured at 50
Me.
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The correct setting of the output linemay
be performed with an 874-WN3 Short
Circuit in place of the diode holder if
desired, since this provides substantially
the same reference plane as the latter,
Alternatively a special (short circuited)
diode may be placed in the holder; this
choiee is better in prineiple, since any
lead inductance effects should be auto-
matically compensated.

2) The admittance of the diode mount
must be measured with the resistor, but
no diode, in place. This value ean then be
subtracted from the readings taken with
the diode in place, to obtain the true
diode values,

3) A bias ealibration is required, The
components in the decoupling eircuits
which isolate the coaxial bridge lines
from the external bias supply include
series chokes having relatively large re-
sistances, The complexity of the relation
between the voltage applied to the bias
terminals on the bridge and the actual
bias applied at the diode will depend on
the division of current between the diode
and the stabilizing resistor, and thus it is
simplest to take a direct calibration,
connecting a coaxial tee hetween the
diode mount and the bridge socket for
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this purpose. The tee should be removed
when the diode admittance measure-
ments are made.

4) The actual diode admittance meas-
urement is made, the results being ad-
justed in accordance with (2) above,

Figure 3 shows typical results ob-
tained from measurements, using the
above techniques, made on a number of
Raytheon CK40 series developmental
tunnel diodes. These curves possess the
shapes to be expected on the basis of
theoretieal predictions and agree elosely
with results obtained by alternative
methods. It is intended to include a
more detailed discussion of this subjeet
in another article, but it might be men-
tioned that the change of diode suscept-
ance from capacitive to inductive values
at the extremes of the bias range is er-
roneous, being caused by the inductance
and the decrease in diode resistance so

4 L
that R~ isnot large compared withz.- The

effect of series inductance ean be car-
ried to the limit, i.e., to the extent where
resonance with the diode capacitance
takes place, by meagurement at a higher
frequency. Figure 4 shows curves ob-
tained at a frequency of 500 Mec,
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It should be pointed out that, under
some circumstances, there are advan-
tages in measurement at lower {requen-
cies, and it is possible to operate the
bridge at frequencies below the manu-
facturer’'s preseribed limit provided care
is taken in connection with such diffi-
culties as these:

a) self-resonance of the bias-circuit
filters can occur, so that measurements
must be confined to frequencies on either
side of this resonance,

b) the three coupling cireuits from the
generator to the bridge elements be-
come progressively less efficient as fre-
quencies are lowered, but this problem
can be overcome by the use of a de-

12

tector having sufficiently high sensi-
tivity.

¢) the half-wavelength line connected
in the “unknown’ arm of the bridge can
become very long and it may be neces-
sary to use high-grade air line to keep
losses to a minimum.

The modified microwave-diode-pack-
age form of the Raytheon tunnel diode,
giving the advantage of very low series
induetance, is well suited for connection
to the Immittance Bridge. Diodes en-
capsulated in different packages, e.g.
standard JETEC cases or designs in-
tended for strip-line applications, ean
also be measured provided suitable jigs
and fixtures are designed.

WESCON 1960
GENERAL RADIO COMPANY
BOOTHS 957-958

Measurements on semiconductors will
be a feature of the General Radio exhibit
at Wescon 1960, Operating exhibits will
demonstrate the measurement of tunnel-
diode parameters with the Tyre 1607-A
Transfer-Function and Immittance
Bridge and the rapid measurement of
small capacitances in transistors and
diodes with the Typre 1605-A Impedance
Comparator,

Other instruments in operating dis-
plays include:

Tyre 1300-A Beat-Frequency Video
Generator

Tyree 1390-B Random-Noise Gen-
erator

Tyre 1554-A Sound and Vibration
Analyzer

Tyee 1521-A Graphic Level Re-
corder

Tyee 1570-A Automatic Voltage
Regulator

Tyee 1650-A Impedance Bridge

Variac® Autotransformers with Dura-
trak contact surface will also be dis-

played.
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