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MEASUREMENTS OF THE EQUIVALENT-CIRCUIT 

PARAMETERS OF TUNNEL DIODES 

The measurement of equivalent-cir­
cuit parameters i of particular impor­
tance in the development of semicon­
ductor devices1 in the control of their uni­
formity in manufacture, and in their 
application in practical circuits. Tunnel 
diodes pre ent unusual mea urement 
problems1 both be au e of their unstable 
behavior in the measuring circuit under 
c rtain bia conditions and because some 
of the characteristics to b m a ur d are 
not directly accessible for mea urement 
at the diode terminals. These problems, 

together with sugg stions for their solu­
tion, will be discussed in thi arti le. 

l\ilcasurements are most conveniently 
made in the vhf-uhf rang s. Not only do 
the high-fr quency characteri tic give 

the best index of performance for practi­

cally all applications, but al o th meas­

uring in truments and circuits available 

at th e frequencies off er the advantages 

of complete hielding and freedom from 

residual impedanc that are charac er­

istic of low-impedance coa:x.'ial system . 

TUNNEL-DIODE CHARA.CTERISTICS 

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

Figure 1. Current-voltage characteristic of a tunnel 
diode. 

Imo 

sistance, R, is a function of bias and can 
be either po itive or n gativ . Th ca­
pacitance, C, Figure 2, i al o a function 
of bias but changes more gradually. 

The small-signal ac characteristics of 
the diode are described in terms of the 
equivalent-circuit parameters, L, C, R, 
and Rs 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 negativ r si tance. These fre­
quencies arc the self-resonant frequency, 
where the immittance of the diode is 
purely real, and the re i ive cut-off fre­
quency, where the immittance of the 
diode is purely imaginary, representing 

the upp r fr qu n y limit for diode nega­
tive resistance. A third characteristic 
frequency sometim s ref rred to is the 
oscillation frequency, which, by defini­
tion, is theoretically the frequency at 
which the diode vvill o cillate if short­
circuited. In pra tice the amplitude of 
this o cillation will be great enough t'o 
swing over the nonlinear region of the 
diode re i tan and apacitance charac­
teristic , so tha the frequency of oscilla­

tion may not correspond to the true 
small-signal o cilla ion frequency. 

STABILITY CONSIDERATIONS 

In the measur ment of these quanti­
ies as well as in practical application of 

Figure 2. Equivalent circuit of a tunnel diode (inside 
dotted rectangle), with shunting resistor, Rp, which 

stabilizes operation in a measuring circuit. 
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GENER AL R A D I O  EXPERI MEN TE R  

the diode, a number of precautions ar 
necessary, owing to the negative-r ist­
ance, nonlinear, and multivalu cl-cur­
rent characteristics of tunn l diodes. A 
shunt resistance, RP, is generally re­
quired for stable op ration. A p cific 
choice of total cir it re istance i n ces­
sary for stability. Several mod of op­
eration that depend upon this hoi e are 
shown graphically in Figure 3 as a f unc­
tion of the impedance, R,r, whi h i the 
sum of the diode resi tance, Rs, and the 
equivalent source re istan e, R�. The 
equival nt ourc re istance is, for ac, 
the shunt resistance RP, in parallel with 
the ignal- ource r i tance. For de, R� 
is RP in parall l with the de our e re­
sistance. If the de ircuit resistance of 
RT is greater than th negative-resist­
ance magnitud , R, operation will be 
unstable in the negativ -resistance re­
gion. In Figure 1, Rr is large compared 
with the negative r sistan e, and, as the 
bias voltage is incrca ed the operating 
point of th diod will witch from A to 
B. If the bia voltag i then decreased, 
the operating point will switch back 
from C to D. If Rr is 1 s than he n ga­
tive resistan e, no switchincr will occur. 
If the ac resistance of R r is less than 

R
� ' the circuit will oscillate. 

In the TYPE 1607-A Transfer-Func­
tion and Immittanc Bridge, for ex­
ample, the effective de our resistance 
is the dc-bia -supply internal resi tance, 
in serie with the bia -filter re istance of 
4 ohms. The ac sour e impedance at 
high frequencies i approximately 50 
ohms at the op rating fr quency. At 
other frequencies the impedanc may 
differ from 50 ohms, but will u ually 
cau no difficulty if th hunt re i tor is 
50 ohms or less. 

L 
The stable region defined by RC< Rr < R 

STABLE 
REGION 

4 

Figure 3. Modes of operation for the tunnel diode as 
a function of the total circuit resistance, RT. 

will vani h if th indu tance Lis gr ater 
than R2C. With mo t currently available 
tunnel diod , the packag -and-holder 
inductance is small nough to permit 
stable operation. in e low-imp dance 
diodes are n ces arily design d with low 
parasitic inductance , the total circuit 
inductance be we n the diod and the 
equivalent source r :istanc R� must be 
exce dingly small. This is po ible only 
in car fully designed mounts. 

In he preced ing analy is the source 
impedance is a sumed to b pur ly r -

sistive. In most practical applicafaons 
this condition will not be e ac ly met, 
and the actual operating chara teri tics 
\:vill differ somewhat from tho e outlined 
above. In actual mea�urem nt , in the 
negative r i tance region, the best re­
sults have been obtained wh n the re­
si tance of the hunt r i tor it elf is 
slightly low r than the minimum nega­
tive r i tan e of the diode. 

As a further precaution, because the 
diod haracteristic is nonlinear, the 
amplitude of the ignal in ident on the 
diode mu t be small. For the diode 
shown in Figure 1, a value of a few milli­
volts, rms, is a r asonable upp r limit 
for small- ignal m a urernent . Further, 
if a uperh terodyne null detector i 
employed in the bridge measurement , 
local-oscillator 1 akage in o the unn 1-
diode circuit mu t 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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5 

Figure 4. Suggested coaxial 
mount for connecting a tunnel 
diode into the measuring cir­
cuit. 

TUNNEL DIODE 

RESISTIVE 
COATING ON 
THIS SIDE 

J ULY- A UG UST, �960 

SPRING - 874-6146 

874-8 
CONNECTOR 

.562D 
.244D 

' . 7 86 

The mount shown here is de­
signed for the early Esaki diode 
manufactured by Sony, 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 a 
more difficult problem since the 
mount must be designed to ac­
cept the ground lead. For meas­
urement purposes, the lead can 
be removed, but this is hardly a practical procedure for developmental and production testing. 

and capacitance, particularly if the 

diode r i tan e, R, is low. Mea ure­
m nt accuracy is improved if the shunt­

ing resistor is lo ated as close to the 

diode as po ible, as shown in a suo·gest d 

coaxial mount in Figure 4. Thi r i tor 

hould be lower than the negative re­

i ance of the diode under test be es­
en tially noninductive, and have a 

neo'ligible shunt capacitance. In coaxial 

sy terns film-type di k re i tors are uit­
able. The electrical 1 ngth of the oaxial 

mount shown in Figure 4 i equal to that 
of the Gen ral Radio TYPE 7 4-vVN3 
Short-Circuit Termination. 

If a measurem nt of the diode capaci­

tance and inductance outside the n ga­

tive re i tan ereo-ion is d sired, thcshunt­

ino- resistor is not neces ary to obtain 

table operation and can be omitted. 

CHARACTERISTIC EQUATIONS 

The di d �Ldrnittance and imp{'dance in 
terms of th ircuit elemc1 ts of th quivalcnt 
circuit., Figure 2, are 

dmittance 

Ge= 
1 1- �[ 1 + (wCR)2] - R ( 1-w2 LC- �) i + ( 1) 2 ( l -�Rs C ) 2 (1 

Be= L 1- -- - w2LC R2 we ( 1- w2 Lc- 1J;) 2 + ( w;J ) 2 ( 1 R Rs C) 2 (2 

L 

I1npedaiw 
Re= Rs - l+ (�CR)2 

[ R2C J Xe= w L - 1 + (wCR)2 

(3 

(4 

In hesc equations R i:-> ll,Ji8UD1.(d to be nega­
tiv(', �t11cl no adclitionul 1wga1 ive sign ·hould 
h t ed. 

CHARACTERISTIC FREQU ENCIES 

Sclf-rc•:->ona.nt fn:qu0ncy 

1 I L f o = 27r LC "\/ 1 - R2Q 

Resilitive cut-off frcqu ncy 

1 � R foo = 2 RC --1 .,,. Rs 

Oscillation fr quency (low-lev 1) 

1 / Hs fosc = 
2.,,. LC 'J 1 - R: 

(5 

(6 

(7 

Typical diode immittt n -fr qu n y char­
actNi ·ti ·s ar shown in Figure� 5 and G, for 

L R2 < C xc pt as hown. 

implifi ation of th e expr s. i n i r quired, 
in general, to rela.t the unknown quantity to 
b m a ured to the actual m a:;w·cd vu.Ju . 
M a urC'ment frequency and 01 rating bim;, 
fonvard and r ver ·c, must be so chosen as to 
perm.it thi . implifi ation. Th choi · of meas­
uring conditions i further re. trickd by mC'n�­
w'ing-instrument re lut ion . \Vith some diode·�>, 
in particular some galium-arscnid typeH the 

implifications lead to only api roximat value's 
for the llllknov.'11. quanti1 ies, regard! s of opPr­
ating c·onditions and roca uring-in ·trumcnt 
a• uracy. 

www.americanradiohistory.com

www.americanradiohistory.com


G E N ER AL R A DI O  EXP E RIM E N T E R  

ME ASUREMENT O F  TUNNEL DIODE EQUIVALENT 
CIRCU IT ELEMENT VALUES AND FREQUENCIES 

As indicat d above, lead inductance bet n 
the diode and shunting resistance or betwe n 
the diode and measuring terminal h uld be 
minimized to achieve table operation in the 
negative-r si tance bias region and to attain 
rea onable a cw·a y at any bias. Measure­
m nt are made at 25 Mc and above, and a 
coaxial mount, of the type shown in Figure 4, 
is n ccssary. The rec mmcnd d measuring in­
strument i th TYPE 1607-A Tran f r-Function 
and Immi tanc Bridge for fr qu ncics up to 
1 500 Mc. Abov 1 500 M c  the TYPE 74-LBA 

lotted Linc can be u ed with appropriate pro­
vision for bias and in a r versed connec ion, 
that is, with the g nerator connect d to he 
prob and the d t tor connected ..,o the normal 
sending end of the line. 

APPROXIMATE DIODE CIR CUIT VALUES NOT 
KNOWN 

When the approximat' n gative-resistance 
valu is not known, a d mcasurem nt of the 
voltage-current chara t ri. ic will indicate the 
pr p r bin voltage and approximate ncga­
tivc-rcsi tance value required to mak a suit­
abl ·hun ing-r i tance choi . When the oth r 
cir uit constants ar not known, th diode 
admittan r imp danc- is n1casurcd over a 
rang<' f frequcncie nece ary to obtain a 
rough plot corre ponding t Figures 5 and 6. 
Fr rn thi' plot the approximate self-re onant 
and re ·istive- utoff frequ neies can b ob­
tain ·d, a w 11 as the upp r boundary of the 
frequency range in whi h th n1casun•d con­
du tanc of resistance is e sentially constant 
with frequency. 

Th d sired characteristic frequenci and 
equivalent circuit con tants can be determin d 
from eith r admittance or imp dan m asure­
ment . Admittance i th more convenient 
rn ur m nt, in e th shunt admittn.uce can 
be directly subtra t d from the measured 
r ult to yi ld the diode admittance dir ctly. 
When the diode impedance i low, however, 
b tter accuracy with the TYPE 1607-A Tran ·f r 
Function and Immittance Bridge is achieved 
by an impedance m a urernent. 

figure 5. Plot of impedance characteristics as meas­
ured to obtain the approximate values for the self­

resonant and resistive cut-off frequencies. 

+R 

6 

Measurement of Resistive Cut-Off Frequency, fG0 
At the resistive cut-off frequency, th diode 

conductance i zero. With th hunting r i or 
in talled, th fr qu ncy is sought at which the 
mea ur d admittance i identically equal to the 
admittance of the hunt resis or. This fre­
quen y is best obtained by mea urcm nt, fir t 
of the shunt resi tor alone and then of the diode 
plu th shunt r i tor, at everal fr qu nci 
in the expected range. A graph i made of th e 
two m a urcd valu s a a function of frequency 
to mooth the data and to reduce th numb r 
of mea ur ments r quired. The fr qu ncy at 
which the two mea w·ed values are equal is the 
r i tive cut-off frequency. 

Measurement of Self-Resonant Frequency, fo 
At the self-re onant frequency, the diode 

susc ptance or reactance is z ro. ince the 
conductance at thi fr quen y i bjgh, m a ur -
m nt accw·acy will be improv d if impedance 
rather than admi tance is m 'asured. With th 

hunti ng resistor in ·talled, the frequency is 
·ought at which the diod reactance is zero. 

The diode i mpedance i. mca w·ed over the 
region of the exp ct d self-resonant frequency. 
A graph of r actanc a a function of fr quency 
i then made to ·mooth the data and to redu 
the numb r of measurements required. 

Measurement of Inductance, L 
Back-Bias Method 

With th diode bias d in the r ver e direc­
tion and in the ohmic r0gion, th diode capac­
itance i. es ·entially short-cir uit d, and induct­
ance can be determined from an admittance 
measurement at ·ome 01 veni nt frequency. 
From th diode r a tanc xpr s i n (equation 
4), th follo wing quivalent inductance expre -

ion i obtained: 

L' 
(8 

(9 

figure 6. Plot of admittance characteristics for deter­

mination of self-resonant and resistive cut-off fre­
quencies. 

1 
l 
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wher 

L' =the indu tanc value measured 

1 w ---­
r- LC 

Th diode apacitance, C, i. , in thi._ cas , 
slightly lower than it is i n the negativ -r ist­
ance region. 

Since the cond term in he xa t xpr sion 
includ s the unkn wn, L, it mu ·t be mall, or 
the error in this approximation ·will b larg . 

When ct2 is ufficiently large (and this as-

L 
sumes that C is known approximately), the 

m asurement frequ ncy choi e i not critical. 
In order to reduc thi t rm to 10% or 1 s, 

then, at low fr quencies (wher ( ;r) 2 < �2), 
L R must b 1 s than 0. 3 
C 

This r quircm nt i met in most diod 
L 

wh re typical value ar C = 100 R = 1 . A 

nominal low frequency choice would b ab ut 
n fourth the s If-resonant fr qu ncy, f0• The 

shwit resistor i · not r quir d in thi m asurc­ment. 
Dummy-Diode Method 

, ince th diod inductanc i principally in 
th onn cting lead to the mi ondu t r 1 -
m nt, an equivalent packag can b mad wi h 
th element repla d by a hart-cir uit. Th 
inductance of this packn.g can b rn asur d 
withou the above re trictions on frequency. 

Capacitance Measurement 

Th diode capacitance can b directly m ru.­
ur d at a frequency adequat ly b low th lf­
rc onant frequency. Thi , pa itanc can 
usually be m ur d in the n gative re i tance 
r gion, although instrument errors and errors 
from diode inductance and resi tan e an be 

erious. The frequency and diod ac r i tanc 
limitations are a� follow : 

Fron1 th diode susceptance expression 
( quation 2), 

C' =C 

L l----w2LC CR2 
( l -w2 Lc-1;;) 2 + ( ':) 2 ( 1 _ 

R �s 
Where C' = appar nt capacitance as m as­

ur d. 
The right-hand term ther fore h uld e 

made to b near unity for maximum a ura y. 
The first tep to achi ve thi i to low r the 
measur rnent fr quency. If th capa itanc is 
to b m asur d to wi hin lOo/c, then 

1 lOL fm << 1-- assuming that R2> -C 
7r �LC 

J ULY-A UG US T ,  1960 

If the rnea. urement fr quency is well below 
this limit (it h uld not be so low that the 
capaci ance susc ptance is comparabl to in­
strun1 nt r olution), the measuT d capacitance 
redu s to 

wher 

(10 

are 
his 

component is small, the p rcentage rror can 
be large. 

Negative Resistance or Con ductance Measurement 

For this m a ur ment the same onditions 
and approxima ely the same frcqucncy-choic 
consid rati n apply as for capa itance m a -
urem nt. The resi tance xp1· ion (3) reduce 
to 

R' = R- Rs 
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+ 

(.) 

0 
-->< -

Vp Vv 

TRUE CURVE 
R2 >> .!::.. c 

R'> 1=.. 
-x- - ·X-: - - -x- L;_ C --x-- -

FORWARD BIAS 

L 
Figure 7. Plot showing how the magnitude of R2 as compared with that of - affects the measured c 

values of capacitance. 

where 

R' = measur d valu 

U ually Rs i ·ufficiently mailer than R that: 
R' ::::: R, or G' ,..._, G 

Series Resistance Measurement, R1 
Eith r of two pr c durcs may be used. The 

first, the resi tive cut-off fr quency method, i 
reasonably accurate if th negative resi tance 
and capacitance valu s are known accurately. 
The cond, the back-bias method, yield an 
upper limit to this value and is accurate in most 
cases, sine the a tual eri s r sistance and the 
diode back resistance, in seric , are m asur d. 

Resistil'e Cut-Off ]It[ elhod 
Th re istive cut-off frequency is measur d 

as d cribed in a pr ceding section. The 
capacitance, C, and the negative resistance, R, 
are measur d as describ d above. 

Rs is calculated fro1n the expression: 
R Rs = (Rwa0C)2 + 1 

whcr R, wa0, and C are measured values. 

Back-Bias Method 
In the back-bi s mea ur ment, the diode im­

pedance xpr . ion reduc to 

Ze =(Rs+ R) + jwL 
At a suffi i ntly large value of back bia , th 

barrier re i tance, R, be omes very small, and 

Rs'"" Re 
wh re Re is the measured value. Th shunt r -
sistor i not r quired for this measurem nt. 

Impedance vs. Admittance Measurements 

In th m a urement of the diode el ment 
valu s, gr at r accuracy i obtain d if imped­
ance and not admittance is measur d when the 
imp dance is much less than 50 ohm . The 
subtra tion of the shunt imp dance from the 
m asured impedance to obtain the diode ad-
mittanc i m r mplex in this case: 

Ye=_!_ _ _!_ 
Zm Zp 

where Zm = mea w·ed imp dance, diode plus 
shunt. 

Zp = mcasur d shunt imp dance. 
Specific pro edur s for m asuring tunn 1 di­

odes will be described in the Operating In t.ruc­
tions for the TYPE 1607-A Transfer-Function 
and Immittan e Bridge. 

-Jon Zon.zy 
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The followlng article, published through the cooperation of the Raytheon Company, discusses a practiced 
example of tunnel-diode measurements, made on that company's CK40, series developmental diodes. 

THE USE OF THE GENERAL RADIO IMMITT ANCE 

BRIDGE IN TUNNEL-DIODE MEASUREMENTS 
by 

E. Adler and R. C. Wonson* 
The General Radio Tran fer-Func­

tion and Immittance Bridge, TYPE 
1607-A, arranged with th immittance 
indicator in plac , i 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 ea ily 
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 bia volt­
ages in order to obtain detailed informa­
tion on the behavior of the diodes, or a a 

*Raytheon Co., Semiconductor Div., Newton, :l\1ass. 

very limited numb r of bias points so as 
to permit the rapid rela ive classification 
of a group of diodes. Th se remarks are 
made on the basis of considerable ex­
perien e gained in the u e of th bridg , 
further de ail of which are et out be­
low. 

The discu ion that follows i limited 
to the mea urement of the diode capaci­
tan e and negative conductance. The 
series inductance, being constant for a 
giv n pa kage de ign, need be measured 
only once po sibly by use of a dummy 
diode. The ric resistan may most 

asily b m a ur d at conditions of very 

Figure 1. Block diagram of ·the mec:1suring equipment. Items not identified by name are: 

Type 874-GlO Fixed Attenuator (10 db) Type 8 74-W03 Open-Circuit Termination 

(}) 

Type 874-MR Mixer Rectifier Type 1607-P2 Tee Assembly 
Type 874-LK20 Line Stretcher Type 1607-P3 Air Capacitor 
Type 874-L20 20-cm Air Line Type 1607-PS Range Exte'!sion Unit 

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

TYPE 1216-A 

UNIT I F A MP. 

TYPE 1215-8 

UNJT OSC. 

fo=50MC 

TYPE 1263-A 
POW E R  

SUPPLY 

MILLIVAC 
MV !78 

TYPE 
1208-B 

UNIT OSC 

fo=80MC 
TYPE TYPE TYPE TYPE TYPE TYPE 

874-GIO 874-MR 1607-P2 874-LK20 874-L20 874-W03 /CONNECT UNKNOWN HERE 

/TYPE 1607-P5 

3V 
1 00.a YPE 1607-P2(2) 

TYPE 1607-A IMM ITANCE BRIDGE 

I 
IMMITTANCE 

INDICATOR 
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figure 2. Coaxial mount used to 
connect the diode to the bridge. See 

also cover photo. 

TUNNEL DIODE 

SHELL OF TYPE 874-WM 

50-0HM TERMINATION 

DISK RESISTOR (10.0.) 
WASHER 

large applied reverse bia , in which 
case m thods employing techniques 

other than tho e a ociated with the 

bridg pres ntly consider d are prefer­
abl , xcept wh re a high-frequency 

mea urement i p cifically de ir d. 

The condi i n of mea urement were 

similar to tho e outlined in the preced­
ing articl ; a shunt resi tor 'va us d, to 
a sur that the unknown lement pre­

sented a po itive condu tance to the 

bridge· the moun wa de igned to locate 

the m a urement point in th plane of 

the diod junction; and th ig nal 1 vel 
was kept low, on milli olt or le 

A block diagram of th bridge and 

ancillary equipm nt us d for the te t 
describ d is shown in Figure 1. It wa 

found ne e sary o on truct a coaxial 

mount* o hold the diode and the tabil­

izing resi. tor, o that the whol could be 

easily plugg d into th appropriate 
*After a. de ign by . Cohen of Raytheon o. (Research 
Div.). 

I 

bridge terminal. A modified General 

Radio TYPE 7 4-WM 50-ohm Termina­

tion wa found o b ea ily adapted for 

this purpose ( Figure 2). Th final 
uni on i t of he 874-WM sh 11, a 10-
ohm di k r i. tor, and fittings to hold the 

diode in plac . A disk re i tor is used, not 
only for conv ni nee but also and more 

importantly, to ke p the eri induc­
tan e in the diod -plu -para llel-re istor 

cir uit lmv and thus very effectiv ly to 

sati f y th diod tabilit y riterion; in 

addition , thi arrang m -n k ps the 

circui to be m a ur d a nearly a pos­
sible in one plane. 

The uc e ive teps in the m asure­
m n pr -<lure are a follow : 

I) Th initial tino· up of he bridge 

tting the ou pu lin to one 

half wavel ngth and " rapping out" the 

lo al oscillator ignal a pre crib d in the 

in tru ti n manual in order to prevent 
para itic ignals fr m r a hin · the diode. 

fo=50MC I 
0 0 -z. 0 c 

c_:. 
.,. z Cl rt' 
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Figure 3. Admittance 
characteristics of Ray­
theon CK40 series di­
odes as a function of 
bias, measured at 50 

Mc. 
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1 1  

The correct setting of th output lin may 
be performed with an 7 4-WN3 ho rt 
Circuit in pla e of he diode holder if 

e ir d, ince thi provide substantially 
the same reference plane a. th latter. 
Alternatively a special ( hort circuit d) 
diode may be placed in th holder; this 
choice is bett r in principle, ince any 
lead inductan e effects should be auto­
matically compen ated. 

2) The admittanc of the diode mount 
must be mea ured with the resistor, but 
no diode, in place. Thi value an th n be 
subtracted from th reading taken with 
the diode in place, to obtain th true 
diode values. 

3) A bias calibra ion is required. The 
components in the decoupling circuit 
which i olate the coaxial bridg lin s 
from the e�'t rnal bia upply in Jude 

ries ch ke having relatively large re­
sistance . The cornplexi y of he rela ion 
between the voltage applied to th bias 
terminals on th bridg and the a tual 
bia appli d at the diode will depend on 
the divi ion of urrent between the diode 
and the tabilizing resistor, and thu it is 
simplest to tak a direct calibra ion, 
connec ing a coaxial t b tw n the 
diode mount and the brid ·e ock t for 

300 
41 

JULY-AUG U S T, 1960 � 
this purpose. The tee should b r moved 
when the diode admittanc m a ure­
ments ar made. 

4) The a ual diode admittance meas­
urem nt is made, th re ults being ad­
ju ted in accordance with (2) above. 

Figure 3 sho' t pi.cal r sults ob­
tain d from m a uremen ts, using the 
above t hniqu s, made on a number of 
Raytheon I 40 eries d velopm ntal 
tunnel diode . Th curv the 
shap to b exp ted on the basis of 
theoreti al predi tion and agree closely 
with results obtained by alternative 
methods. It i int nded to include a 
more detail d di u ion of hi ubject 
in anoth r ar i le but it might be men­
tioned tha he change of diode suscept­
ance from capacitive to inductive valu s 
at he xtr me of the bia range i er­
ron ou , being au d by th indu tance 
and the d rea in diode resistance so 

L 
thatR2is not large compared with a· The 

effect of series indu tan e can be car­
ried o he limit, i.e., to the extent where 
re onance with the diode capacitance 
take pla , by mea urement at a hi her 
frequency. Figure 4 how urve ob­
tained at a frequency of 500 Mc. 

I 
I (.) fo= 500MC � 

200 

100 
en 
0 
I � 0 .J 
.J 
� 

-100 

-200 

Figure 4. Admittance -300 
characteristics as meas­

ured at 500 Mc. 
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