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A Method for Measuring an Equivalent
Circuit of Waveguide - Mounted Diodes

M. Pospieszalski* and S. Weinreb#**

Abstract - A method of measurement of the embedding circuit and
diode parasitics of a semiconductor diode mounted in a waveguide is
described. The method is unique in that no instrumentation is required
other than an RF signal source, wide-range DC milliammeter, VSWR meter,
and a sliding short (usually built into the mount) with a linear posi-
tion scale. Thus the method is applicable at millimeter wavelengths
and can be performed upon a mixer which is mounted in a system or is
at cryogenic temperatures. The basic technique is to apply a small
microwave signal to the mount and measure the éiode current as a
function of sliding short position for several different values of

d-c bias voltage. The method is demonstrated by analysis of two 140-

220 GHz mixer mounts.

I. INTRODUCTION
A common problem in present day microwave engineering is the
characterization of the coupling network and parasitics of a diode

mounted in waveguide. Tools for attacking this problem are

* National Radio Astronomy Observatory, Charlottesville, Va, on
leave of absence from Warsaw Technical University, Institute of
Electronic Fundamentals, Warsaw, Poland.

** National Radio Astronomy Observatory, operated by Associated
Universities Inc., under contract to National Science Foundation.



theoretical analyses of the waveguide-to-gap coupling network given by
Eisenhart and Kahn [1] and Joshi and Cornic [2], microwave measurement
methods of diode parameters, such as described by DeLoach [3], large
scale model measurements, such as those applied to millimeter wave
mixers by Held and Kerr [4,5], and a recently published reflectometer
technique by Hagstrom and Kollberg [6].

In our work concerning millimeter wave mixer development, all of
the above techniques are of some usefulness. However, we desired a
diagnostic technique which can be applied to a completed mixer mount,
including diode, and give detailed information as to why the mount was
particularly good or bad. The technique should answer questions such
as "What impedance is presented to diode by the embedding circuit?,”
"Are the losses due to the diode parasitic elements too large?,"

"What behavior may be expected at a nearby frequency?"

During fests of various mixers, it was noted that curves of recti-
fied diode current versus backshort position varied in appearance
according to the frequency and diode. The analysis of these curves
for a diode with sufficient LO power for good mixer performance is
a quite complex non-linear problem [4]. However, it was recognized
that diode current vs. backshort position curves could be measured
for LO currents small compared to DC bias current and analyzed by con-
ventiona1>1inear network methods, plus square- law detector theory as
outlined in Sections II and III of this paper. Furthermore, by measuring
this curve for several values of DC bias current much information about

the diode and coupling network could be obtained.



A typical set of these curves made under the small LO condition,
and for five different DC bias voltages is shown in Fig. 1. (All
measurements made in this paper are at constant DC bias voltage, but

are described by the DC current for zero LO power.) It will be shown

2
in Section IV that each curve is proportional to 1/ IYIN + Yg + YBSI

where YIN + YBS is the input admittance of the waveguide port, Yg is

the generator source admittance, and YBS is the backshort admittance.

The latter two quantities are known, and thus, Y is determined by

IN
measuring the peak and width of each curve. It will also be shown
that a mount equivalent circuit can be determined by measuring YIN
for five different values of differential diode conductance, 845 i.e.,

for five different values of DC bias current.

II. DIODE MOUNT AS A THREE PORT JUNCTION

A cross section of a typical mixer mount is shown in Fig. 2. This
mount can be considered as a microwave network having three ports con-
nected to: 1) generator, 2) backshért, and 3) diode. Any lossless,
reciprocal three port junction can be represented at a given frequency
by the equivalent circuit shown in Fig. 3a [8,9]. This circuit con-
sists of 7 independent elements, although it is obvious that one trans-
former may be assigned an arbitrary turn ratio. It is most convenient
to set n, = 1. As lengths 1

3

proper choice of reference planes in the generator and backshort arms,

1 and 12 may be set equal to zero by a
only 4 elements n;, n,, Y, ZS need to be determined. It is also obvious
that for reference planes close to the diode, so that the three port

excludes the waveguide-height transformer, the mount is symmetrical and
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n, = n,. This requires the assumption that any deviations from sym-

metry in the diode mounting structure are small compared to a wavelength.
With this symmetry assumption and some simple transformations, the

circuit can be changed to that of Fig. 3(b) which contains 5 independent

elements, i.e.: 11, 12,

Again, only three elements-- n,Bp, and XS need to be determined.

n, B, and X .
P s

It is also clear that the validity of the equivalent circuit is not
affected by the choice of the particular definition of the waveguide
characteristic impedance ZG’ as it can be changed by a change of the
value of n. However, following previous works on waveguide mounts, the

power-voltage definition of Schelkunoff is chosen throughout this paper;

' A
_[E.m. e
ZG - j;‘ a A (1)

that is,

where all the symbols have their conventional meaning.
ITI. SCHOTTKY BARRIER DIODE AS A VARTIABLE LOAD
AND SQUARE LAW DETECTOR.
The equivalent circuit of a Schottky barrier diode is also shown in
Fig. 3(b). The i -V characteristic of the ideal-diode portion of the
model can be very well determined by dc and low frequency measurements,
and should be equally valid at millimeter wavelengths. This character-

istic is described by:

t=1 (e* -1) (2)
and o= q (3)
nkT



where: IS = diode saturation current
q = electronic charge
Kk = Boltzmann's constant
T = absolute temperature
n = junction ideality factor

For small RF signals [10] the diode biased at a certain operating
point (IB, VB) can be considered as a linear conductance,
do ~ OLIB (4)
and a square law detector having small signal current responsivity,

= AL _

Bo P %- ()

where: P = RF power absorbed by the diode,
AT = increase in dc current of the diode due to the presence of

RF signal.

The knowledge of the i-v characteristic of the diode allows both
the computation of the value of the resistance terminating the network
of Fig. 3(b), and also the measurement, through AI, of the amount of
power absorbed by this load. Equations (4) and (5) are valid for small RF
signals applied to the diode. To evaluate how small the signal must be for

a given error, we use the following relations [6]:

2 4
s Y S (6)
s 5 7
8o %' 2°112! 272131
2 4
(av ) (av.)
%l = I (V) - 1= TR—Z + —Z—R——z + ... (7N
B ° P 2°(11) 27 (21)



where: Vp - the amplitude of a sinusoidal voltage applied to the diode,

gd - diode conductance defined as a ratio of the fundamental
frequency current and voltage amplitudes,
Io’ I1 — the modified Bessel junction of the first kin.

Under small signal approximations, (6) and (7) can be combined

to give

g
- 1+§%—— (8)
gdo B

e

Equation (8) can be used either to correct values of 8o needed in the
analysis, or to set an apper limit upon AIIIB to allow using 840 in
place of gy

IV. DETERMINATION OF MOUNT AND DIODE
EQUIVALENT CIRCUITS
The diode can be represented as an ideal diode as described above
coupled to a voltage-dependent diode capacitance, CD’ and series resis-
tance RS as shown in Fig. 3(b). We wish to determine these two quanti-
ties, and the coupling network parameters.
Connecting generator and backshort to the circuit of Fig. 3(b)

results in the equivalent circuit shown in Fig. 4(a). Since no micro-

wave power is coupled to the diode (i.e., AI = ) for positions of the

backshort where YBS = o, a reference plane for measurement of backshort
position is established and YBS is given by:
s 21l
YBS = —j YG cot-xg— €))
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where 1 is the distance between the backshort position and the next

position towards the diode where AT is a null, A_ is the guide wave-

_ o, -1
length, and YG = ZG .

If the mount is symmetric and the generator is well matched, Yg =Y

g

G

and only three parameters of coupling network: n, B , and XS, need to be
determined. It is convenient to assign a post capacitance CP = Bp/w and

a whisker inductance LS = Xs/w to replace Bp and Xs’ although it is not
known in advance whether Cp and LS will be found to be positive and inde-
pendent of frequency. (In analyses we have performed, CP is usually posi-
tive, small, and varies with frequency; LS is always positive and usually
increases with frequency.)

If the mount isbnot symmetric and/or the signal source is not well
matched, the generator impedance Yg is complex. However, its imaginary
part cannot be distinguished from post reactance, and can be treated as
part of it. The real part of Yg then constitutes a fourth unknown of the
coupling network.

It is sometimes convenient to think of the network of Fig. 4(a) as
a two port described by matrix [y], shown in Fig. 4(b). This two port is
determined by six real numbers (real and imaginary parts of [y] matrix
elements), as is the equivalent circuit of Fig. 4(a) (Cp + nzleg, RS,

Ls’ Cd’ n, Rng). The following relations exist:

Rs
g = ReY +
11 g r??(R 2 4 (oL )2}
s s
1 st
b = — (wC_ - - ) +Im¥g
11 n2 P (mLS)z + RSZ

- 11 -



g
12 n{R 2 + (wLS)Z}
wLS
by = 2 2
n{R “ + (wLS) }
(10)
8rp T T80
mLS
b = wC, -
22 d7 22,4 ()2
S S

The experimental procedure consists of measuring the DC current
change, AI, due to RF signal as a function of backshort position, 1, and
for a fixed DC bias voltage, VB’ which gives DC bias current IB for zero
RF signal. For acceptable accuracy without correction through (8) AI/IB
must be kept < 0.1. Since IB is temperature dependent, drifts of AI/IB
of the order of .005 afe typical and the modulated RF source system
shown in Fig. 5 is convenient and more accurate; maximum AI/IB of .01

can be used and the temperature drift of I_ has negligible effect.

B
The relation of a AI vs. 1 curve to the circuit element values can
be easily found* by noting that AT is proportional to the square of the
magnitude of the voltage across gd (i.e., the power absorbed by gd).
Since all voltages in the network are proportional, AI is also pro-

portional to the square of the magnitude of the input voltage at plane

A - A of Fig. 4. Thus, we may write:

elig]?

2
Yoy + Y, o+ Yool

*
We thank John Granlund for his contribution to the solution of this
problem.

- 12 -



where iG and YIN are defined in Fig. 4, and c is an arbitrary constant.

Denoting jB, as the value of YB when AI is a maximum, and j(By t AB)

S

as the values of YB which give 1/2 the maximum AI, it is easily shown

S
that:

= -3 12
Yoo+ Yg AB - jBo (12)

Thus measuring two points on the AI vs. backshort position curve is

equivalent to measuring the complex input admittance, YIN’ which is

related to the 6 unknowns (n, C_ + nZImY ,RY, R, L and Cd) and known
P g eg s s

diode conductance, 83> by

ijd + gd
1+ (Jde + gd)(RS + JwLS)

-2
Y, = jwC_ + -Y 13
n [Jw . ] g (13)

in

Referring to Fig. 4(b), the same relation can be written as:

(ylz)2

AB - jB Yy, =
o 11 Y99 + g4

(14)

where Yon = 8mn + jbmn' The relation between the [y] matrix elements

and circuit parameters are then given by (10).
The diode conductance, 84> can be varied over a wide range by vary-

ing the bias current, IB’ and thus, Y__ can be determined (producing 2

IN

real equations) for many values of 8q° However, each time I_ is changed,

B
the diode capacitance, Cd’ also changes, introducing one new variable.
This is equivalent to changing the imaginary part of y,, every time a

measurement is made. Thus, the measurement at each diode bias can be

described by the equation:

- 13 -



2

(v,,)
s - gp ® oy 12 (15)
o 17500, 4, @
3822 22 7 &
This equation can be rewritten in the form:
2
(y:,)
g0 + 38,59 + gy, - 1 (26)
d 22 22 g.. - asE) 4 iB (k)
11 o
Equating real and imaginary part of both sides, we get:
2
(v,) ,
(k) 12
g = Re { } -8 an
d _ &) | ., (K 22
yll AB + JBO
. 2
(y,,)
b, = 1m g (ii OB (18)
yll - AB + JBO
Equation (17) has 5 unknowns (gll’ bll’ 819> b12’ g22), therefore,
at least 5 measurements must be made to determine them. Then unknown
values of bzék),for every diode bias,can be found explicitly from (18).

The circuit element values can then be found thru (10).

The solution of 5 or more (for reason of accuracy) real equations of
the form (17), or 5 or more complex equations of the form (16) is not a
simple task, since the equations are non-linear. It can be performed by
utilizing numerical techniques on a digital computer, or thru an optimi-
zation program such as Compact [11]. An error sensitivity analysis

could also be performed with either of these methods.

- 14 -



Our present approach has been not to solve for the ten unknowns
directlys but to use other information and special characteristics of
the equations to simplify the problem. An example of this approach will
be given in the next section. Some of the possible simplifications are

listed below:

1

(1)
IN

o (D

>> wC(l) for most practical cases; D

1) For 1.V ~ 5 ma, g4

B

has negligible effect upon Y , and need not be determined.

2) The functional form of Cd’ as a function of IB (or VB), may be

(k)
d

bias capacitance and barrier potential.

known, and thus, all C may be replaced by 2 unknowns, such as zero
3) RS may be known or predictable from low frequency measurements.
4) LS, Cp, or n may be known from measurements on another diode at

the same frequency.

5y ¢ G

D may be known from measurements on the same diode at

another frequency.
6) The mount may be assumed to be symmetric, and the signal source
perfectly matched, then Yg = Zgl.
7) The obstacles (chip and whisker post) within the waveguide are

small enough so CP is negligibly small.

V. EXAMPLE OF 2-}M MIXER ANALYSIS
A. Evaluation Of A Diode Embedding Circuit
Two 140-220 GHz mixer mounts, designated A and B, were constructed
using the design described by Kerr, et al, [9] and were equipped with
diodes supplied by R. J. Mattauch of the University of Virginia. Scan-
ning electron microscope photographs of the mounts are shown in Fig. 6(a),

and 6(b), respectively. The diode chips have an array of platinum-gold

- 15 -



Fig. 6. Electron microscope photographs of the 2-mm
mixer mounts: top is mixer A; bottom is mixer B.
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anodes, 2 um in diameter, fabricated by electroplating on lightly doped

(N, Y 4.5 x 1016 cm_3) epitaxial GaAs. Although the chips for mixers A

D

and B came from the same wafer, they have undergone different processes
of thinning of the epitaxial layer, resulting in slightly different
diode geometry. The schematic cross section (not to scale) of the diodes
in mount A and B is shown in Fig. 7.

These mounts were measured with the apparatus shown in Fig. 5 at a
frequency of 152,8 GHz, and for the following diode bias currents: 5 mA,
1 mA, 500 pA, 200 pA, 50 pA, 20 pA, 5 pA.

(k) (k)

The values of AB and Bo for every current were determined as

mean values of several analyses of the AI curve at different levels
(typically 1, 2, 3 dB below peak).

The numerical procedure of finding circuit elements was based on
the assumption that the mount is symmetric, and the source is well

matched to the waveguide. Also, the high current approximation mentioned

1)

in the previous section was employed. That is, for I 1 = 5 mA, gd( >>

B
mCd, and (12) and (13) reduce to:

wL
Bo(l) = n_2 { ZS 5 = pr} (19)
(wLS) + RT
ABo(l) = a2 { I;T 5 1= Yo (20)
(wLS) + Ry

- 1
where RT = RS + gd.

Equations (19) and (20), together with 2 equations of the form given

by (17), can be solved for n, Ls, Cp, and RS. However, it was recognized

- 17 -
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that the value of the transformer turn ratio, n, is primarily determined
by (20). This led to the following algorithm:

1) For the assumed value of n (usually n ~ 1), equation (19), to-
gether with 2 equations of the form (17) taken for 2 different bias cur-

(2) (2),
Io d

and Cd(3)

pairs of possible I

rents, and 10(3), was solved for Ls’ Cp, and RS. Capacitances C

could then be found from (18). This was done for all fifteen

(2) (3

B selected from the 6 remaining measure-

and IB
ments. The solution of these equations was performed numerically on a
Hewlett Packard 9830A desk-top computer, using the Newton-Raphson method
[12]; typical computation time for one solution was fifteen seconds.

2) The mean values of LS and RS, from the fifteen solutions, were
computed and used to find a new value of n from (20).

3) Steps 1 and 2 were repeated until 2 digit agreement for the value
of n had been achieved in 2 consecutive iterations.

The results of this procedure are summarized in Table I for both

mounts A and B. The mean values and standard deviation of C

(k)

p’ LS’ Rs’

and Cd are given (as evident from the algorithm just described, the

measurement resulted in fifteen values of CP, LS, RS and 5 values of

(k)
d ).

every C For comparison, the results of some dc and low frequency
measurements are also included. |

A comparison of the results for mounts A and B shows different re-
sults for LS, Cp’ and n, as would be expected for the different geometry
shown in Fig. 6. The whisker inductance has changed only a small amount,

as the length of whisker wire was the same in both mounts (it was only

bent differently).

- 19 -
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The dependence of the diode capacitance C, versus bias voltage V

d

is shown in Fig. §. The diode in mount A has considerably less capaci-

B

tance than the diode in mount B. To check the consistency of the results,

the curves —l§-= f(VB) have been plotted in Fig. 9. These curves can be
C
approximateddby straight lines with slopes corresponding to doping con-
A 16 -3 17 -3

centrations of ND = 6.8 x 100 cm ~ and NDB =1.9 x 10" 'em ~ for diodes A
and B, respectively. In these computations the diameter of the diodes

was assumed to be 2 ym and fringing effects were neglected. The epitaxial
doping density measured by the manufacturer was 4.5 x 1016cm-3. Higher
doping is to be expected for diode B, since its'epitaxial layer has been
thinned more than diode A, and the depletion layer is closer to the highly
doped (ND =2x lolscm_3) buffer layer.

The value of series resistance RS is cqnsiderably higher than that
expected from the diode chip alone. The skin effect at 150 GHz in the
diode chip should add only about 3Q to the diode resistance measured at
10 MHz [4][5]. This falls several ohms short of the measured values of
Rs' The discrepancy is probably due to losses in the mount, choke, and
whisker. However, it should be remembered that the mount equivalent cir-
cuit is for a lossless mount, and representation of mount losses as an
effective increase in RS is only an approximation.

Fig. 10 shows the AI = f(YBS) curves for mixer A computed using

values of circuit elements from Table I. Experimental points for each

curve are also shown. As the agreement is excellent, it shows that the

computational procedure adopted here was adequate.

- 921 -



Fig. 9. The dependence of 2 on the diode bias voltage V,.
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B. Embedding Network and Mixer Performance

The mixers were measured using a 4.75 GHz IF radiometer/reflectometer
apparatus described by Weinreb and Kerr [13]. Table II summarizes the SSB
performance of the room temperature mixers at 2 operating points corres-
ponding to the best noise temperature TMXR and best conversion loss L.

To explain the difference in the conversion loss of both mixers, the
equivalent éircuits determined previously were used to compute minimum loss,
Al, with respect to the backshort position, caused by the diode embedding
circuit for different values of small signal resistances RRF presented by
the pumped diode (the capacitances for VB = 0.7V were assumed). The results
of computations are presented in Fig. 11. The loss component due to reflec-
tion ALR has been extracted from the total loss AL and is also plotted in
Fig. 11.

As the resistance presented by the pumped diode at IF frequency R

IF

was approxiamtely 200Q for both mixers, RR

600Q [14]. A particular value of RRF’ which would account for the 0.5 - 0.6

r should be in the range 100 to

dB difference in the conversion loss of mixers A and B (compare Table II),
/

is approximately 135Q . This is in agreement with the common belief that

Y RIF

a Y-type mixer [16] for which RRF -~ 72 most closely describes the perfor-

mance of millimeter-wave mixers.

VI. ERRORS
The previous example shows that very reasonable results can be obtained
by the described method. However, application of this same method to

the same mixer measured at 200 GHz gives poor results in that the iteration
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Fig. 11.

The total loss AL and loss due to

the reflection ALR caused by the embedding
circuits of mixers A and B versus resistance

RRF presented to the circuit by the pumped diode.

8EST WOKE TEMPERATURE | RE(T CONVERSION LOSS
MixF& Y:' Ip T:»w L \{: In T("W L
v | G| [l [eed] OV | Gwa]| | [08]
A 0,70 | 070 | €50 [ 675 | 03 | 2.0 | {240 | 6.00
0.7 | 1.10| 990 | 7.30| 0.3 | 30 | 1560 6.65
o
Table II. The SSB performance of mixers
(£, = 152.8 GHz, £ = 4.75 GHz.)
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procedure does not converge, and unreasonable element values are com-
puted. This problem is being investigated further. Our present belief
is that some of the problem is due to the computation procedure as will
be discussed below, and this can be improved. It appears that the final
result will be a method which: a) gives good accuracy (¥10% for element
values) for some mounts, b) includes an error sensitivity computation
procedure which gives the element error for a given measurement error,
and c) allows good accuracy for all reasonable mounts if one of the
element values is known by some other method.

The errors can be categorized into five areas which are
discussed below: a) measurement error, b) errors due to invalid assump-
tions, c) computation convergence, d) error multiplication effecting y-
parameters and element values, and e) error multiplication effecting

only the element values.

A. Measurement Errors

With fairly conventional instrumentation, AI can be measured to within
17 of AImax' The errors due to backshort position readout have a larger
effect for millimeter wave mounts. A typical good readout accuracy of
.01 mm (i.e., v 0.5 mils) represents Ag/200 at Ag = 2 mm. The effect of
this error on a given B and AB can be easily computed, and a computed
sensitivity table for a given mount will allow determination of element

value errors.

B. Validity of Assumptions
The two assumptions which have the most effect upon error are matched

generator admittance (Yg = YG) and mount symmetry; these have similar
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effects. As discussed in IV, the first assumption need not be made,

Re Yg can be determined by the computation procedure and Im Yg can be
absorbed as part of Cp. However, to ease computation, we assumed Yg =
YG for the example in V. It can be shown that a small source VSWR.has
the approximate effect of adding T (VSWR -1) YG to AB, where the VSWR
includes the waveguide-height transformer. For the example of the pre-
vious section, a VSWR = 1.1 changes the computed value of n from 0.90

to 0.85 or 0.95. The effec¢t upon the value of C,, and other element

d
values, is shown in Fig. 12 and Table III.

Mounts will be asymmetric if the diode whisker bend is in the
direction of propagation (it need not be), and due to small fabrication
differences very close to the diode. This problem has not been inves-

tigated, but it is believed that the effects will be small, since the

departures from symmetry are usually small compared to a wavelength.

C. Computation Convergence Error

A closed form solution for y parameters or element values has not
been found. These have been computed, using a successive approximation
procedure which often does not converge. The lack of convergence is pro-
bably due to the effect of errors in the data. However, it is believed
that an improved computation algorithm will alleviate this problem. All
computation thus far has been performed on a HP 9830 calculator, and a
faster computer would make using a larger data set feasible, including a

model of diode capacitance variation, and a more sophisticated computation

scheme.

D. Error Multiplication Effecting [y] Parameters and Element Values

It is fundamental to all methods of determining a network by
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measuring the impedance at one port with a variable load at the other

port, that the method breaks down as becomes small. The method

Y1291
described in this paper certainly falls in this category. As the diode

becomes decoupled from the input waveguide (by LS or C, becoming large),

d
less effect on B and AB will be measured as the bias current is varied
and less information is determined about the network. Larger errors in
both [y] parameters and element values will result for agiven error in
B and AB. Fortunately, this is not the case for an efficient diode mount,
whether its purpose be for mixing, detection, frequency multiplication,

or power control. Conversely, if a mount shows little variation in B or

AB with bias current, it may be assumed that the mount is inefficient with-

out further analysis.

E. Error Multiplication Effecting Element Values Only

It can easily be shown that the element values in the equivalent cir-
cuit are not unique when RS = 0. (The transformer turns ratio, n, can
be varied and this can be compensated for by different values in the II-
network consisting of Cp, LS, and Cd.) Thus, large errors in element val-
ues, but not in circuit [y] parameters, should be expected for small values
of RS (more precisely, for RS << (Lé»)Z/ZG). This tends to be the case
for an efficient diode. However, the power transfer properties of the
coupling network can still be computed from the [y] parameters. Further-
more, if one element of n, Cp, LS, or Cd is known by some other method then

the other elements can be found even if RS = 0.
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APPENDIX 1.

SUMMARY OF EXPERIMENTAL DATA ON 2-mm MIXERS

This appendix contains results of detailed measurement on 2-mm mixers.
Two mounts were investigated. Mount A (mount No. 2) and mount B (mount No. 3)
have been assembled with 2P11 and 2P8-600 diode chips, respectively. The
electron microscope photographs of both mounts and the schematic cross sec-

tion of the diode chips have been shown in Figures 6 and 7.

A.1.1. D.C. and Low-Frequency Measurements

The d.c. characteristics of 2P11 and 2P8-600 diodes are shown in Fig. A.1l.
The shape of the curve for the 2P11 diode in its high current region suggests
deviation from the normally assumed d.c. model composed of an ideal diode
and a series resistance RS' This is further confirmed by measurement of the

small signal diode resistance RT at a frequency of 10 MHz, which is shown in

Fig. A.2. This resistance is equal to the sum of the series resistance R

S
and the differential resistance of the diode Rd = §l~and should therefore be
'd
a linear function of (El). Small deviations of the measured points from
D

the straight line for the 2P11 diode are apparent, but they are not for the
2P8-600 diode. This effect is probably connected with the negative differ-
ential mobility of carriers in GaAs in high electric fields. The doping
concentration of the 2P8-600 diode is three times that of the 2Pll diode.
This may explain why a similar effect was not observed in the 2P8-600 diode.

This effect should be further investigated as it can be strongly depen-
dent on frequency and diode physical temperature as well. Therefore it

could be of importance in understanding the behavior of mm-wave cooled mixers.

A.1.2. The Backshort Measurements

Backshort measurements were performed using the measurement set—up shown
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in Fig. 5 at frequencies of 152.8 GHz and 200.3 GHz. The maximum change of
d.c current flowing through the diode due to the presence of the microwave
signal was about 17. Tables A.l. and A.2. summarize the data taken for mixers

A and B, respectively. Each value of ag (K (k)

and B0 was computed as the mean
value of three results recovered from measurements at levels 1, 2, and 3 dB
below the peak of the curve. The number given in parentheses is the standard
deviation of these three results. The values of AV best describing the as-
sumed exponential form of d.c,characteristic of the diode around the given
operating point are also included.

Table A.3. shows the dependence of the signal power needed to produce

AT

—TEEE = 0.1 on the diode bias at 152.8 GHz. The power ‘levels given in the
B

Table are computed relative to the power level at I_ = 50uA. Similar measure-

B
ments were not performed at 200.3 GHz as the precise attenuator had not been

available at this frequency.

A.1.3. Mixer Measurements

The noise temperature and conversion loss of both mixers have been meas-
ured at 152.8 and 201.3 GHz using the hot-cold load technique. The R.F.
portion of the measuring set-up is schematically shown in Fig. A.3. for the
two frequencies. The mixer parameters are summarized in Table A.4. The
conversion loss LdB and noise temperature TMXR of Table A.3. have been correc-
ted for the R.F. losses in front of the mixers that are indicated in Fig. A.3.
and also for the reflection at the I.F. port. The modulus of the I.F. port
reflection coefficient IFIF' given in Table A.3. was measured through the
50/200Q transformer. The measurements at the operating point for least con-
version loss at 201.3 GHz have not been performed because of insufficient

pump power from the doubler.

The pump power necessary to pump the mixers at 152.8 GHz at the operating
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point where the least noise temperature has been observed, was about 0.25mW
for mixer A and 0.35mW for mixer B. For mixer A at 201.3 GHz it was about

0.3mW. This power is measured by replacing the mixer mount with a power meter.
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D.C.,charactefistics of the 2P11 and 2P8-600 diodes.

Fig. A.l.
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TABLE A1

FREQUENCY |
boce | gy 152 8 Quz|  200.3 GHz
CURRENT| “Zso 2113 130 Z]ls

LID [mﬁ] [m V]

8 0.5 | 0456 | 1328 | 0.28 | 2959
(a028) | (0.02) (0.00{) (.018)

5 70.5 | OH458 | 1463 | 0355 | 099
(0.006) | (0.011)| (00%)| (0.006)

{ 705 [0.3%0 | 1753 | 0356 | 1.093
(0-0’5:) (0.0/3_) {o.oog/) (o.o/{)

05 | 705 |0126 |[2.133 | 0.396 | 1.20¢
v (0.034) (0,0/7/) (@oc) | (0.09%)

0.2 | 10,5 |-054 |2.803 | 0582 | 1.6
(202) | (0039)| (a00s)| (00%)

0.05 | 694 |-2355 | 2719 | 1.249 | 1.722
(0035)| (0039)| (0035) | (2027)

002 | 690 |-2.918 |2.221 | [.6%3 | 1724
(o.osz) [aoth (0.025) | (0.041)

0.005| 671.9 |-2.925 | 1.647 | 2,067 | 1.7%9
(0.033,); (o,oz/s;) (aoté) (0.020)

Table A.1. Summary of backshort measurements on mixer A
at 152.8 and 200.3 GHz.
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TABLE A2

FREQUENCY
DIODE
oo | av 152.8 GHz | 200.3 Chz
CURRENT
I, fmA] [wmV] | B, AB B, 43
S 72.5 | 1.25¢ | fuioc | 0904 | 0914
(0.025) (0019) | (0.0:7)] (om)
5 2.5 |22y | 1.43% | 0.998 | 0.973
(0.032) | (gott)| (v.011) | (0.96)
! 2.5 1.199 723 | 0907 | 0.97
(002¢) | (o0us) | (0.08) | (0.029)
05 2.5 L 1.211 | 20u¢ | 0921 | 0.997
_(0028) | (0.072) | (0025) | (0.010)
02 | M5 1191 | 298 | 220 | /.2%
_(0047) | (0.097) | (6.022) | (0,043)
005 | 666 . [423 | 5.028 | (445 | 1.220
L (0022) ] (©027) | (v025)| (v.020)
002, | 682 1290 | 680 { 360 | 10Uy
(vos) | (0.0) | (o.014) | (0.034)
0005 | 67.2, | -Q09 | .49 1.362 | 0.947
(o.1) | (coz4)| (0.03¢)
Table A.2. Summary of backshort measurements on mixer B

at 152.8 and 200.3 GHz.
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L.0. SOURCE

A

STANDARD

— | MIXER 4,75 -GHa
— - = BLoCK| |Rrecever
Hokw COVPLER TG
TBAND T-BAND ADAPTER
BAYTRON TRG PAVTRON TOTAL LOSS - 1.9 4B
0.3 oy .3 d» 0.3 JB
N - BAND

Y- G
TRANSITION
D_ L \x/v j MIXER STANDARD
‘ uls-GHz
' - o RLOCK RECEIVER
HoRwy -G - COVPLER
T-BAND ADAPTER G -BAND
BAYTRON  BAYTRON BAYTRON ~ TOTAL Loss - 31 dB
0348 03dR 2.5 dB

Fig. A.3. The conversion loss and noise temperature measurement set-up used
at 152.8 GHz (a) and 201.3 GHz (b).
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APPENDIX 2.
COMPUTER PROGRAMS FOR DIAGNOSIS OF MICROWAVE MIXER MOUNTS

The computer programs described in this appendix were written in BASIC
for the H-P 9830A computer in connection with the development of the mixer
mount measurement method described previously. These programs can be divided
into two groups: programs that determine a mixer mount equivalent circuit from
measured data, and programs which compute the parameters of a given equiva-

lent circuit that are related to mixer performance.

A.2.1. Programs for Determining the Mixer Mount Equivalent Circuit

The equivalent circuit of the mixer mount used in these programs is shown
in Fig.3. As was previously explained, to find the elements of the equivalent
network of Fig.3 one has to solve a set of nonlinear equations of the general

form

(y )2
(k) o (k) _ : 12 (A.1)
AB - jB =y., -
o 11 ‘b &) | + (k)
3092 822 T &g
where RS
g,, = ReY +
1 & nz{R 2 4 (WL )2}
S S
1 st
b.. = ~=[{WC - ————_ |+ ImY
11 nZ(p (wL)2+R2> g
S S
-R
80 = 2
12 n{3 2, (oL )2
S S
wL, (A.2)

b =
12 n{F 2 4 L)
S S
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and

AV -

g (0 ,p 00

b

The set

(k)

the differential conductance of the diode biased at Io
the ideality factor of the diode

Boltzmann's constant

absolute temperature

V01 - V02 satisfying IO(VOl) =10 x Io(VOZ) and corrected for
the effect of d-c series resistance

the position of the maximum and the 3-dB bandwidth of the

Y

AT = £ §§§ curve, respectively
G

of equations having the general form of (A.1l) can be solved

in many different ways depending on what prior knowledge, if any, of the mount

or diode parameters, is assumed.

Several

programs solving this set are described in the following.

Although different in details, the basic approach to the solution is the

same for all of them. First, the set of equations is converted into a set

of real equations. Then it is solved by the Newton-Raphson method, to be

described next.

Given the set of equations

fl(vl, V2’ ...Vm) =0
f.(V., V., ...V) =0

241 2 m (A.3)
fm(Vl, V2, ...Vm) =0
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one can present it in the matrix form

[« - [d (a.4)

where[y] is the column matrix of m unknowns Vl...Vm.

Some initial value of [ﬁ] is taken, and every next approximation

to the solution is computed using, successively, the formula:

M, 1= M, + V] (A.5)

where [AVjis the solution of the following matrix equation

[f([v] n)} + E([v]n)] x [aV] = [0] (A.6)

and I:J ( [V] n):[ is the Jacobian matrix of the form

O O
<| -
’—l

On (o2}
<:| Hh
N =

(o7) O
<] +h
=] lH

[:J([V])] - . | | : (A.7)

o
Hh
s
o
|
8

o
<
[
<

8

b el

and evaluated for [V] = [V] 0’

Therefore

M, =0_ - [J([vn] )] 1 x [f([v] n)J : (A.8)

It should be noted that, depending on the initial values of Dﬂ

assumed, this method may not converge. Therefore, for the user's conven-

ience, every program provides a printout of the quantity

2 2 2
E=flel2+lel? + ..t (8.9)

at every step.
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Program in File O

This program solves the set of four equations of the following form:

7,2
g k) _ Re 712 -8
d vy - 3309 4 g | T B2

(A.10)

It is assumed that the signal source is perfectly well matched to the wave-

guide, and therefore Yg = YG. Then only four equations are needed to find

n, LS, Rs’ Cp.

The diode capacitances are found from the following relations:

2
® _ . W, " (712) :
de = b22 + b12 Im 3 AB(k) . ® + b12 (A.11)
Y11 3%,
Equation (A.10) can be rewritten in the following form
2 _ '.2 _ 2 (k) _ _ ' ! 2_ (k)
[g (by5) ][g n" (4B YG)] 2b12g[b11 + 0B, (A.12)

(o}

s 5,%) [ O ]] oy )2 <

vhere g = ————— b.. = S b.. =wC -b (A.13)

The corresponding form of equation (A.1ll) is

oot (o = 20 _ S22t 2 )
) _ Zgblz[g n~ (AB YG)] (g blZ)(bll + n Bo ) . b,

= a2opr(k) 2 ' 2. (k) 12
[g n“ (AB YG)] + (b, + 0B Y

(A.14)

de
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Equations (A.12) and (A.1l4) in their normalized form(YG = 1) were actually
used in the program. The program listing and an example of the printout
during execution are shown on the next pages.

It should be noted, however, that on some sets of input data this
program did not converge well, or did not converge at all. It is possible
that in the presence of measurement errors in the input data, the set of
nonlinear equations does not have a solution.

In the printout example, the diode capacitance C, for I_ = 5mA

~d B

takes an unreasonable value. This is caused by the fact that for high

current, gd(k) is extremely large, which leads to

g 2 n%(aB - ¥ (A.15)

11 o

and therefore the first term in Equation (A.1l4) is extremely sensitive to

very small measurement errors.
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FREDLUEHCY= 15Z.32305GHS
CURREHT 1: I= S.88008 MA DELTA W
EQ-Y18= H.452  DELTH
CUREEHT 2: I= B8.50088 MA DELTH
ER-Y10= B.12& DELTH
CURFEEHT 2: I= B.85088 MA DELTH
BA-Y18= -2.32%5% DELTH
CUREEMT 4: I= 8.865%88 MA LELTH
Ba-sY19=  -2,925  DELTH
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Program in File 1

Perfect match of the signal source to the waveguide has been assumed
in the previous program. As explained in Section IV of the paper, this
assumption can be relaxed if the data for five diode biases are used.

But if one of the bias currents is large enough, so the diode differential
conductance is much larger than the susceptance of the diode capacitance,

the large current approximation, discussed in Section V of the paper, can

be used. The large-current approximation of Equation (15) is

2

(ylz)

%) (A.16)
84

(4) (4)

AB R4S

- jBo

Superscript (4) has been used to denote large current data. This

equation can be split into two independent equations:

2 2
%) by -8y,
8BY= g+ gd(a) (A.17)
and
) Zby 815
B M ap -7 @
o 11 g4 (A.18)

It is now clear that only three equations of the form (A.10) have
to be added to (A.17) and (A.18) to form the set of equations from which
five elements (n, Ls’ Cp, RS, Gg) of the equivalent circuit can be found.
This is done in the program to be described.

Equations (A.17) and (A.18), with the help of Equations (A.2) can
be rewritten as

(4)

AB (A.19)

|
—
09
+
~
)
N

=G + 2
g n
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and ' ' 1 '
= b = ———{wC -b ] = —~—§-b (A.20)
P n .

1
19 are given by Equations (A.13). The finite gd(a)

a much smaller effect on the input susceptance than on the input conductance;

1
where g, bll’ and b has

this effect has been entirely neglected in Equation (A.20). It should also
1

be noted that the post capacitance CP now also contains the imaginary part

of the admittance presented by the source. Now Gg is found from Equation

(A.19) and substituted in Equation (A.12) to get

2 2
' g - (b,,) ' '
[gz - (blz)zJ [-———————-—g - s® _ AB(‘*))nz] - b8, +a’B )
d
2 r2
g - (b ) 2 1 2
- (g +,% — i - s ® _ 42" 4 ["11 + nZBo(k)} -0

&84

(A.21)

Three equations of the form (A.21) and Equation (A.20) are then solved

1 )

for n, g, b12’ bll’ i.e. for n, Ls, CP, Rs' After this is done, diode capaci-

tances Cd(k) (k =

The listing of the program and an example of the printout during ex-

1,2,3) are found from Equations (A.1l4) with Gg replacing YG.

ecution are shown on the next pages. For reasons mentioned in the previous

section, this program did not converge well for some sets of input data.
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WAVEGUIDE DIHENHIUN“ IHN MILLS
FEEGUENCY= 152.88GHZ

I
L}
n
[y
=)
m
il

CURREHT 1: I= 8.88380 MA DELTAR V= &7.98 MY
Ba-v18=  -2.9%25 DELTAR BroYlos 1.647
CURRENT 2: I= @.83008 MA DELTR V= &3.48 MY
Ba-¥18= -2,355% DELTH BrYle= 2,719
CURREMT =3 I— 8. 388808 MA DELTR M= V8.58 MV
Ba-Yia= 9.1:5 DELTR EB<Y1@= 2,133
HIGH CURREENT 4- = T, 88888 MA DELTR Y= 78,58 MY

BB Y10= U 452 DELTH BE<Y1a= 1.467
INITIAL YALUES:WSKE. IMDUCTAMCE= ©.118 NHH FOST CHF.
RESISTAHMCE= 25.88 OHM TURNS RRTIO=

€38

-B3

~BE

-11

UES: RESISTANCE= 29,78 OHM  INDUCTAMCE=

SQURCE YSWR= 1.8%9
DIODE CAFARCITRMCES:

C= 5.44 FF FOR I= ©,08588 MA
C= e.42 FF FOR I= @.85808 MA
C= 1z2.11 FF FOR I= B,568808 MA

- 49 -

LUl 1]
-

FOST CRAFRCITAMCE= €£.&66 FF  TURHES RHTI&



IN3

gsg 0109

M 1X3H

404 44 L ¢2°94¢.,=D. K02 LHMH04
[MNITSCHIICASATfST) TLTHM

£ 01l T=H ¥04

W $530MPLIINGED 30010, LHLE0A
(OEBT STy ILT4M

HMSA 3D4AN0S., CAET LHWNOL
H(B26¢5T) 3LT4M
W=JINHLIDHGHD LS04, S8FT LHWAOS
ASTICASE ST JLIAM
$S3NTHA TTHNIL. LHWE04
TéHcabe STy JLTAEN
H-1=H

M3HL T<H 41
H L1¥3H
J\nquhlnzu_
21h#2-=[MN1J
> 1Z7+0N 12=0 N 13
€ 0L T=H 404
LT INY-L T 1A -[# 12=
(L 1A HDE=
(9E=-3T#W) THCL 2 IN+LE 1A =T2
We1=1
[T1A-d20218=111
IA+Z40 T 1A #THI A0 T 1A=4H
8¢S 0109

I-d=h LHM

d#0=01 LHM

CraANI=" 1HH
CrIA-=[FéFIM

JHE 57244, =1

Z2°94¢.=

2°54¢,=011H4 SH4NL 44 ., *2°54¢

d4¢.,

IHT . SHE S WHD

=3IHHLD f2R4¢,=30HHLEI53Y

5P

Tkt SIM+ZLCINIT0 P IN-0 T 100
m+ﬂmu}|.emﬂu,g CONIF=0H IA-0 T 1A =0T 1A
H-C ¥

r-l

[P IAACOPIDACZL0E TN

L

CTIA# 2 1A*LHIA*S+L PN I=CH N IM

CEHINSCMIA+INIZSON IR # CINID+0 T IAD#2+ (240 2 M- L T IN [N JE-=[ ¥ *H I
COOMID+L TIA#ININ+L T IA#L 2 IAD#2-=[ SN

[NIN#C T IA#S-[E*NIr=[ NI

LRI 2l 210240 T A -THIX-CF IO DN T CIHID+0 T M2 #2022 S JA#Z=L 2N 1M
[HIN*[Z2 1A 2-24ININ-Z4 DN IE-C TSN Ir=C TN I
LR IDCTHIX#CINID+D T IAD#2-TH JA+D # 1D/ 02402 TA- enﬁu; 20T IA#S=[TENIC

€ 0L T=H 304

AAS NIHL 20-3T>(Z40t 14+Z40 2 14+240 2 144240 T 1D A5 41
(240 P 14+24 02 1442402 14+240 T 140405 LHIHd
[FIA:L+IN-[EIA=[P 14

N LX3M

SLIMIN*CIHID+L TIAY-CNId=[H]1d

[HIN*CZ IA#0 T 1A%2- Nénzugh.mzuu+mwu}\ [HIX#C240 2 IA-S40 T IAD=[N ]S
[NIA#C+ IA-L € 1A=CHIN

[HIZ#LF JA-L P 1D 02402 JN-240 T 1A 0=[N 1K

€ 0L T=H 404

S4A=L Y 1A

BTN
asat
2ta1
B8ER T
BzZay
A191
g8al
B6a
BR5
BL6
B35
BSE
ave
BEs
AZe
ars
Has
Be3
B2
848
993
as3
ap2
BEd
ags
818
ae2
85l
BgL
8l
a9L
as5d
Bkl

Bzl

BBL
BE9

B8es.

8.3
893
nca
ar3
BE3
B8zZ3
ara
B89
BES
ags
2.5
ass
AsS
avs
BES

it

WEETR4 =0

wihl

EER

8=

3

[PI3CHINTRIA

[21A-TH/13=(£ 1A

CIB# (2417423 3 /171=0 2 1A
CTH#CZ41+2440 0 74=0 T 1
T#W=11

39-31#kx13=13

Td#Id*2=l

W=0ILHY

SHANL. fFRECLMHO L $2°99¢,=30MHLSI53Y, ‘X1 LHWHY0L
AsH(E2F ST JLIAN

AfY LNdHI
$.=011H3 SHANL ¢*534 :33077HACTLNI. 4510
249, =3INELINIHT “4HSM 253NTEA THILINT., LHWAOS
127¢azZy sty 3LI4nM

137 LNdHI
NIHATLNIL. 4510
M LR3I
#[H1I=CH]D
[HIA-=CH I
0L T=H 404
H 1x3H
[+12-CHIZ=[H]IZ
€ 0Ll T=H ¥04
COZ#d=T40 PE+ITTIBT " T0-T 085 #H=TH
[HIZ0PINCASTSSTY JLIHM
it LNIHEND HITIH. LHWHE0d
CrIMLPIICAEZ¢STY 3LT4M
[PIZSCPIANSCRINLFIT LNdHI

fa=3 HLNAT@FAHLTITCT tF LHIHHND HOIH. 4514
[212¢02IACAST STy ILTHM
f52d4f.=1 2 LN3¥4NI. LHWHD]
CEIMSCEIICabEsSTy JLTHEM
SIZSLEINIEIMLE I INdHI
AHLTITED 22 INIYAEND. 4514
[ZIZ20ZIACAST STy ILIHM

W HM L fSTEdE = "m LNINEND. LHWA0H
ZITCABT STy JLIAM
[z un.n uf [ZIMSCZ2IT LNdMI

=3 HL73T¢83 4610301 :2 LNIH4ENd. 4510
3 HIN3T. K262 844, =ATA-89, 8T LHWY0S
CTIZSCTIACASTSSTY ILIAM

HEPLHM L f5tadé, =T 1T LHINEND. 1HWA0d
. CTIMSCTIIC@ET S5ty JLIAN
CTIZSCTIASCTIMEC TID LNdHI
£.=30L0730 83 CAHLTIIT T s TLNIHHND., 45101
STTIM NI SHOISMIWIT 3TINDIAHHM. LHWHE0d
WEZHDL FZ2744%,=A0N3N03 A4, LHWAE0S
T4(A8 5Ty JLI4AM

T4 1NdHI
fu= ADNING3YL., dSI0
FEHCAE 5Ty IJLTAM

g¢H LNdHI
£.3% S77IKW NI SHOISMNIWIT 3TIND3IAHM. d4SId
IMALSIDLSIASISIZS P ITCLFIACCEERIMSLF#1d HIT

fa="dHD L1284 CIHT

CTH*CHIM

‘2

¥

A2

H17310.

5T E4Y =1

o
o
I

HL3d. $KZ ¢,

HW .

" “

L
4

«=8 H173T¢ags

SLFPI1DLS

IS

92s
915
895
BEY
a2y
alt
a9¢
ast
avy
act
92t
are
aay
BED
a2s
(SR
a3z
ase
avo
BeD
Rz
81
(15 E

ma“

RN -



Program in File 2

This program is a simplification of the program in File 0. Both
perfect match of the signal source, i.e. YG = Gg= Yg’ and the high-current
approximation are assumed. This program therefore solves a set of four
equations: two equations of the form given by (A.12), Equations (A.19)
and (A.20).

The listing of the program and an example of the printout during

execution are shown on the next pages. No case of poor convergence of

this program for the experimental data for mixers A and B has been observed.

WAYEGUILE DINEN’IDH" IN MILLS A= S1.& BE= .4
FEERUEMCY= 152.38GHZ ‘
CURRENT 1: 1I= B.BBSBB MA  DELTH V= &7V.%8 MY
Ba-Y¥18=  -2.3%25 DELTR B-Yile= 1,647
CURRENT 2: I= &.,850088 MA DELTAR YW= &9.48 My
Ba-vig= -2,.355 DELTA EB-Ylg= P
HIGH CURRENT 3: I= S.EBBBB MHA DELTA Y%= 7F8.58 MY
E@-Y10= L4532 DELTA B-Ylas 1.4687
IMITIARL “RLUES: HE}F IHDULTHHlE— B.118 HH FOST CAP.= £.88 FF
_ RESISTRHCE= 25.88 0OHM TUREHS RERATIO= &.20
B,.821653359
B.ai 'e193
r.81822E-64
1,241 FE-85
1. SE9ESE-0E
1.17352E-B7
Q. 2AZ81E-83
FIMAL “ARLUES: RESISTRMCE= 26.18 0OHM INDUCTAMCE=  ©.112 HH
FOST CAFPACITHNCE= &.58 FF  TURHNS RATIO= Q.89
DIODE CRPACITHMHCES:
C= 5.24 FF FOR I= B.80588 MA
C= &.18 FF FOR I= B.858080 MA
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Program in File 3

This program employs further simplification of the problem. Not only
is the signal source assumed to be perfectly matched, but also the diode

capacitance for each bias is assumed to be known. Thus, the complex diode

(k) (k)
d

the embedding network consists now of four unknown elements, Cp, Ls’ RS, n,

admittance 84 + jwC is assumed to be known for every diode bias. As

only two measurements are needed to determine them.

The program solves the two complex equations of the form

(k)
R +R
k) ., (k) 1 d s
AB - JBO = Y +
4 2 (k) 2 (k) 2
n” | (X, +X)7 + (R +R))
X (k) + X
+3 Bp - (k) : 2 ° (k) 2 (A.22)
(X, +X)7 + Ry +R)
where . (k)
d
X =wL , B =wC, R s
s d (gd(k))z + (wcd(k))2
de(k)
X = - (A.23)
T g, "%+ e, M)?

The program listing and an example of the printout during execution are
shown on the following pages.
No case of poor convergence of this program for the experimental

data for mixers A and. B has been observed.
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WAYEGUIDE DIMENSIONS IH MILLS A= S1.@ B= &.4
FREGUENCY= 15Z.88GHI
LOW CURRENT 1: I= @.

Ba-Gla= -2,

8 MA DELTA Y= &7.%8 MY
2 DELTR BrGlas 47
" .24 FF
LOW CURREMT 2:¢ I= @,85808 MA DELTAH ¥
Ba-Glo= -2.3553 DELTA BsGlE
CAFACITAMCE= &.18 FF
INITIAL YALUES:WSER. IMDUCTANCE= ©.118 HH FasT
RESISTAHCE= 25.68 OHM TURMZ ERTIO

L
I
=t
I
Lep)
—
-
oI
[t ?—-lr (]
m
]

LBSTZeTIOZ
LEVTV4E-D4
. 19832E-8¢6
g2.24e21E-12
FIMAL VALUES: RESISTRAMCE= 26.1c OHM INDUCTAHMCE= ©.113 HH

FOST CAFPACITAMCE= &.52 FF TURHS RATIO=

O S Ol n

L)
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Program in File 4

This is a simpler version of the program in File 2. The signal source
is assumed to be perfectly matched, the transformer turns ratio is assumed
to be known, and the high-current approximation is also used.

The program therefore solves a set of three equations to find RS, L,

]

and Cp. Two of the equations have the form given by Equation (A.12);
the third is Equation (A.20). The diode capacitances Cd(k) for the two
smaller currents are then found from an equation of the form given by (A.1l4).
The program listing and an example of the printout during execution
follows.
No case of poor convergence of this program for the experimental

data for mixers A and B has been observed. This is the program that was used

in the computational procedure described in Section V of the paper.

WRVEGUIDE DIMENSIOME IHW MILLS
FREEQUENCY= 13Z.88GHZ
TEAHSFORMER TURNS RATIO= @, 94

oI
H
|
—
.
[y ]
m
i
oy
=
Ja

CURREHT 1: I— B.88586 MA  DELTA VW= &7.98 MYy
Ba-Y10=  -2.9%25% DELTR BroYlé= .-t
CUREEWHT 2: I= 8.85088 MA DELTR W= &%.48 MY -
Be-Y19= -2,3255% DELTR EBE<Yi1g= 2.7
HIGH CUFFEHT 3 I= T.BBB@@ HH Ba= g, 458
IMITIAL YALUES:WESEER. I 118 HH  FOST CAF.=  &.28 FF
THRHC E— 25, . 86 OH

FEZI!

FINAL YALUES: RESISTANCE= 25.21 OMM  INDUCTAMCE=  ©.111 MH
DIODE CRAPACITAMCES:

- 56 -



a3
acs 0109
M LX3IM

WHU 957249 ,=1 |04 44 . ¢2°34¢,

=1 DJ 1HKN04
[HIT*CHIdCE

mw ST> 3LT4EM
2 0L T=H ¥04
W ISIINHLIIHAHD JTOIM. LHWME0d

CHE2YSTY 3LIEN

Wdd L $2°349,=30NELTOHdED 1504, SXFT LHWA0A

120812551y 3114n
CHE 2T =F0NELINANT L, SHE S L WMHD 2t

L=ITHHLSISIY 1253NT0S THHI4. LHWE04
R LRl =) O]

EIREL|
H L3
ATeWa THECIZ INFCTLOIN I #A-T 2 1A +ZL (TN IZ % »=CHI1D

-[e1hs%(2 ZALTIAD-CINIZ=4-[T1]

T=H 404
£1ho=12
WsT=1
CTIh-dx[21A=11
COSHLZIN+ELL TN THD AL T Jh=d
885 0109

I-d=¢ LHU

d#M=0 L1Hi

CC3ANI=r 1HY

I=(2¢S1’

B=(2¢C 1"

=L 1S

z 13N

SN

C90-3TH

CCON]
24N
Z402 IM-HxEIHIZ +mzuu+.n2uma. mﬂu *u w«nZUu Y

13
884 HIHL 28-3T>(Z4[E14+240 2 II+340 T 140
(Z40814+24 02 1d+240 1 140408

[EIAxH+[E]

as 41
IHI4d
=[£14
1 %3N

.ummu>\4ﬁn2uu+nmu =CINIA#A-CE 1A =0 T 1420 2 IA%2-IN
HI1Z#A4- mzuuu*mﬂu:noenmu} AsCHIZ#IN 1902 (IHIZ#A-L 1]
2 0l

Z21A-1H/1
eMJ+cvu\*ﬁm‘\~4u
mS:TKC*EV\a ﬁ

-—‘}\.4
W=
o+ = il

M My
WaeET T

2
[

IR NS R

_l
#*
E

90-3IT#WxT1I=13

TdsId#2=H

W=3INHLSIS3Y,, f5P T LHME0S

HCaZF STy ILT4AM

4 LNdHI

mzumuzIHanmm F5ANTEA CTILHIL 4510

3 1E0d HH L fETRAE,=30DMHLINIHT 3 S307H4 THILINIL. LHWA0d

T28¢@8s STy 3LTAN

1257 LNdHI

"dHD LSAdYCINHI THHSMINHA TTIANT, 4510

M L3N

CTH#LMIMD 2202 20N II=[N]D

CHIA-=[HIA

1-CHI1Z=[H]IZ

2 0L T=H 3§04

#1A0-PB+3TTET 10 -T2 M0SsH=1H

44nd HOIH. LHbHE0d

SL21I¢Razssty JLTdn
[2INSCEIT LNJHI

IH3EEND HOIH. 4511

L2 IACRETSSTy 3LTHN

Y2 OLNI™END. LHHH0S

15C ansmunjﬁ, 3LI4n
nu> [Z2IMsLZ 1D LNdHI

£2 LM33ANd., 4510

TA-03, 18T hmzmau

TIACEAT STy ILT3M

=0 1T LNIHAND. hmsmou

CTIMSCTIICALT STy JLIAN
CTIZCCTIASCTIMEC TIT LNANI
£,.=30L730 83 Y AHLTIT T TIMNISEND., dST

STTIW NI SMHOISHIWII 3TINDIAHM. LHHHE0L

27545, =0I1HY SHANL 43WH04SHEE L., LHUE0S

TACAZ TSty 3LTAM

T4 LNdNI

f.=DILHY SNMENL 43Wd04sHEdL . 4510

WEHDL 2044, =A0NIND3 Y., LHMAE0S

T4¢B3 5T 3L14H

14 1nNdHI

..n AJHINEDIAL., 4511

FH(RET STy 3L14N

FH LNdHI

F¢H STIW NI SHOISHMIWII 3TINDIsHM., 4310

0 LAY o EAL ol ] o [ S ol R R ol [ A E B 4

WHWHD 823

f1

uu

2L

atiblo :

U548, =t

(2139021002 IMe

S WV W

s
a
3
@
5]

QD) v (Y

DDA AN DA AN RS W R TRVl SR D o)
. 00 O LD P OO0 0T et et vt vt vt vt et et vt 0] )

- 57 -



A.2.2. Programs for Analyzing Mixer Mount Equivalent Circuits

The programs described in this section were used for analysis of the

properties of the mounts once their equivalent circuits had been established.

Program in File 5

This program plots the AI = f(Y_ . X ZG) curve for a given equivalent

BS
circuit. It assumes that the signal source is perfectly matched to the
waveguide. It can therefore be used for checking the agreement between the
measured points and the curves computed from the equivalent circuit. The
determination of the equivalent circuit is always based on the assumption
that the backshort and its containing waveguide are lossless. This program,
however, allows both of these losses to be taken into account. The user

can specify the attenuation constant of the waveguide (in nepers/mil) and
also the backshort series resistance. This resistance replaces the short
circuit in the model and therefore can account for the losses in the back-
short itself. The analysis can be performed for the backshort assuming posi-
tions within the range {(k—l) A%; k‘E%}, where k is an integer specified by
the user.

The minimum transducer attenuation is computed for every curve. This
is defined as the ratio of power delivered to the diode incremental conduc-
tance to the available power of the generator, having internal conductance
equal to the waveguide characteristic admittance. The minimum transducer

attenuation corresponds to a peak of the AL = f(Y__ x ZG) curve. For com-

BS
parison, the minimum transducer attenuation for the loss-free case is also
computed.

The program listing and an example of the printout and plot during

execution are shown on the following pages.
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WAVEGUIDE DIMENSIONS IHW MILLS A= S51.8 E= &£.4
FREQUEHNCY= 152.88GHS
FOST CAPACITAHCE= &.53 FF MWHISKER IHDUCTAMCE= &.116 HH

TEAHSFORMER TURENS RATIO= @&.90

CURREHT= B.85%88MA DELTA V= &9,48MY
CAFACITANCE= &.23 FF RESISTANCE= 24.98 OHM
MAVEGUIDE ATT. COMNSTANT= 1.880E-84 MN-MIL

DIODE-ES.DISTANCE IW HALF-MAVELEMGTH= 1

EACK SHORT SERIES RESISTAHMCE= 6.868 0OHHM

MINIMUM TRAWSDUCER ATTEMURTIOWCLOSS FREE CRSEX= 2. 295DE
MIMIMUM TRAMSTUCER ATTEMUATIOMCLOSSY CRSE:X= 2. Z22DE

CURREHT= @.83280MR DELTR Y= &9.48M1Y

CAFACITANCE= &.23 FF RESISTAMCE= 24,98 0OHM

WAVEGUIDE ATT. COMSTAMT= 1.888E-84 N-MIL
DIODE-BS.DISTANCE IM HALF-MWAYELEHMGTH= 1

BACK SHORT SERIES REESISTAMCE= 5.88 OHM

MINIMUM TREANSDUCER ATTEMURTIOWMCLOSS FREE CRSE!= 2. 235DE
MINIMUM TEAWSDUCER ATTEMUATIOMCLOZSY CRSEX= 2. 2E8DE
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Program in File 6

The program in File 6 is the version of the program in File 5 for
the case of a lossless backshort and associated waveguide. It is therefore
much faster. The program listing and an example of the printout during ex-
ecution are shown on the following pages. The plots generated by the program

are of the same form as those for the program in File 5.
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WAYEGUIDE- DIMEHMSIOHS
gaGHS

FRERQUENCY= 15Z.
FOST CAFPACITAHCE=
TRANSFORMER TURNS
CURRENT= S.0088 MA
CAPACITRHCE= 320,680
MIHNIMUM TRANSDUCER

CURRENT= 1.0808 MA
CHPRCITARHCE= 14,45
MIHIMUM TRAWSDUCER

CURERENT= &.5808 MA
CAFACITANCE= 18&.182
MIHIMUM TEAMSDUCER

CUREENT= B.28088
CHFACITRAHCE= &,
MIHIMUM TRAMSDUCER

CUREENT= @.8588 MA
CAFRCITANCE= &,23
MINIMUM TRAWSDUCER

CURRENT= 8, 828E
CAFARCITANCE=
MINIMUM TRAWSD

C: Nz

CURFENT= @.88%6 MA
CHFACITANCE= §.3
MINIMUM TRANSDUCER

IN MILLS R= 51.8
g.63 FF WHISEER
EATIO= 8,98
DELTA V= 7@.58 MY
FF RESISTHHCE= 24.9%8 OHM
ATTEHURTION= 7.7reDE
DELTR Y= 78,58 MV
FF  RESI: T'HEE= 24,98 0OHM
ATTENURTION= . F24DE
DELTR W= 7@.58 MY
FF  RESISTAMCE= &4.98 OHM
ATTEMURTIOH= 1.9z2elE
DELTAR %= 78.358 MV 4
FF  EESISTRHCE= 24,98 0OHM
ATTEMURT IOH= 1.7990E
LDELTH %= £%.448 H”
FF  RESISTARHCE= Z4.98 OHM
ATTEHURT IOH= 2. 2950E
DELTR W= £%,88 MW
FF  REZIS THH:E= 24,98 0OHM
RTTEHURTION="3.458DE
DELTR Y= &7.98 MY
FF  RESISTHHMCE= 24.%@& 0OHHW
ATTEHURTIOH= 7. 185DE
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DO DU DI O U N U ]

JF OO CO OO OO O IO DX DX P EX

SCALE -108:168.841

AARIS 8.1

YAXIS 8.0.85

DIM ML2813.PL2611]

DISF "WAYEGUIDE DIMEMSIONS IN MILLS RsB"S
INFUT RsE

HRITE <15:218)HsE

DISF "FREQUENCY ="3

INFUT F

MRITE €15, 18@3F

DISF "FOST CAF.s: WSKR.IND.=
INPUT C2sL

MRITE ¢15,1980C2sL

DISF “TRANSFORMER TURNS RATIO="}
IHPUT K

MRITE (15:2300K

FORMAT "CAFRCITHANCE=":Fe.Zs" FF RESISTRHCE="»F&.

FORMAT "FREQUENCY="sF7.2s "GHZ"

FORMAT "FOST CAFRCITANCE="sF&.2s" FF WHIZEER IMDUCTAMCE="sF&.3»"
FORMAT “"CURRENT="sF7.4:" MR TLELTRH W="sF&.2s"

My

- "
g}

GHM"

FDRHHT "WAVEGUIDE DIMENSIONS IN MILLE"»SHs "A="sFS.1s48"

DISF LUFEENT DELTR W="3

FORMAT "TRANS FUFHEF TURNS RATIO="sFS.2
INFUT IV

WRITE (13,2881 V

DISF " DIODE CHF.sRESISTHHCE="}
INFUT CsR

HRITE C(15+1780CsK
BEl=2+FI*F*C*1E-BE

Hl=2xFIxF=L

Ba=xlsRTZ+u1T20

G=RsCRTZ4+R1T20

BEz=Bl1-BZ

Gl=I=2.3826-Y

Ed=(EB3x(B212-Gr20-2%GxBE* (G1+G) ) (BIT2+CG+G1 T2
21=3V6, VIxBR2 (A¥S0ORC1I-C1, 181 1IE+B4 - (F*R%22 0 T2

F1 Gl 21+4G#{1-21+G12+EB212-EB4xB3
I11=B4+G1+E3-21+C*E4+B3+2xB2
Fl=—18%LGT(4+G1=G12+B2t20 /(21 (R1T2+] 112
MRITE r1 v 4180F1

FORMAT "MIMIMUM TEAWSTUCEFR HTTENUHTIUH-" F&.
ES=2*FI*F*C2*x1E-88
R2=G1-21+G*(1/21+G1)+E212

FOR I=1 TO 261

Y==10+CI-10%6.1

MLI J=-E2+Y~-21+ES

RZ=R2-M[ I 1#B3

IZ2=ML I)*G1+B3-21+G% (ML I J+E3+2%E2)
FLII=C(R112+11123)/(R312+]1312)
PLOT YsPLI]

HEXT 1
FEN

GOTO 226
END
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Program in File 7

This program allows the influence of the embedding network on the
mixer conversion loss to be predicted. It is known from ideal mixer theory
that the Y-, Z-, G-, or H-type mixer with a short-circuited, open-circuited,
or résistively—terminated image-frequency signal presents a certain resis-
tance RRF at signal frequency, which value is dependent on the characteristic
of the nonlinear element, pump power level, and type of mixer. For a given
type of mixer, the value of RRF can be predicted from measurement of the
resistance RIF presented by the mixer at I.F.

The program in File 7 computes the minimum transducer loss (with
respect to the backshort position) for a given embedding network, frequency,
and ideal mixer R.F. resistance RRF' It assumes that the signal source is
perfectly matched to the waveguide. The loss component due to the reflection,
the optimum position of the backshort, and the impedance Zp = Rp + jX
presented by the outside circuit to the ideal mixer at this backshort position,

are also printed.

The program listing and an example of printout during execution follows.

WAYEGUIDE DIMENSICOHS IN MILS A= S1.@ E= 6.4

FREGUENCY: START= 150.@8CHZ STOF= 16@. 06 DELTA= 1.@EGHT

IDEAL MIMER RF RESISTAMCE= Z00.8 OHM

INDUCTAMCE= B.118MH  CAFACITRMCE= 5. 1GFF

DIODE RESISTAMCE= 24,98 OHM  FPOST CAFRCITAHMCE= .68 FF

TRAHSFORMER TURNS RATIO= &, 96

FiGHZ) F TRANCIE? F REF¢IEY RFCOHM WFCOHM BSiMILS
15@. 30 8,55 .13 252,55 ~335. 61 14,5
151, 68 .65 B.13 25@E, 54 el 14,4
152, 68 §. 65 @13 248, 66 a5 14,3
153, 0@ B.E5 B.12 245, S 14,1
154, 3@ .65 B.12 244,87 18 14.0
55. 3B @, 65 g1z 243,87 7T o
156, B 8,65 R Z41, 52 4 15,5
157. 6@ .6 .11 23%. 60 g p5. 7
155, a5 8. 66 B.11 46 13,5
159, B B.66 B, 11 = fE 15, 4
160, B B, 66 B.11 234,64 5 13,3
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DU U I U D IOV DO I )

4ca@

LDISPF "WAVEGUIDE DIMEMSIONS IN MILS AWEB"
IHNFUT RAsE

WRITE C13s110XAsE

DISF "FREQUENCY:STHARTsSTOFsDELTR"S

IMFUT F1sF2sF3

WEITE ©15:98)F1sFZsF3

FORMAT "INDUCTANCE="sF&.3s "HH" » 3¥s "CAFACITANCE="
FORMAT 'DIDDE RESISTAMCE="sF&.2s" OHM"s3Hs"

CFORMAT "FREQUENCY: STHART="sF7.2s "GHZ" s 5K "

FORMAT "WAVEGUIDE DIMEHSIONS IH MILS" Sk
DISZF "IDEAL MIXER RF RESISTHHCE™S
INFUT RS
MEITE ¢1S«1882ES
DISF "WSkER. IWD.s DIODE CAP.=
IMFUT LsLC
WEITE ¢1S.7v@2LsC
DISF "DIODE RESISTAMCESPOST EHFHFITHHIE—
IMPUT RsC2Z2
MEITE ¢1S«282F.C2
DISF "TRAWSFOREMER TUEHS ERATIO="J
IHFUT K
WMREITE C1S24B8 0K
FORMAT "TEAWSFORMER TURHS EATIO="sF5.2
FEINT " FOGHZ» F TERHCDE F EEF.DEX
MI=INTUCFZ-F1arF3n
Fi=F1-F2
FOR M=1 TO M1+1
Fi=F1+F3
E1"+FI+F1+E 1E-G&
=z*PIxF1=L

EE o I R +\11'"

=R 'FT +alte
E3=51—EE
G1=1-ES
Gr=gtz-p2te
Ga=31+40G
Co=G212+B=12
B4=Q—ES§GE—E*E%EE*EE}£ES

HZ=ZBRo1-01.18 11E+ﬁ4 CF1#R%20 2 1T20
Hl AeAZ#ET2/037 8. Ta%Bx20
GC4=A1+0G
Ce=G412+E412
F1=G1#A1+G*C4+EB212-B4*B2
I1=E4+GC1+EZ*%A1+C* (E4+BI+2%B2 0

Fl=-168%L 0T (4501 %A1 = CT24E2120 - {R11t24+I 14200

F2=G-(G2*G2-2%B2*B2+61 -GS
S1=-18#LGTC1-CCRI-RZ)/CA1+RE2D 212D
F2=G-{G2#G4-2*G*BZ2+EB4) - GE
12=B3+(B4#G2+2%G*E2+G4 ) /GE
Y=B4+B2-2%#PI1#F12C2+1E-BE
L1=1.1811E+B4-CAZ*F1)

T1=HTH(—HI/Y)
La2=%1#L1-(2%PIX+01-SCHOY 1ol 1 74
WRITE l1-tqh“'FlsPlsSlsifESs—lfI' Le

FORMAT Fv.2sdksFr.CsBraFr .22 d s FR. 20 2K F9,

e L o~
SN N F':' L]

NHE®T M
EHND
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STOF="
FORMAT “"IDEAL MIMER RF RESISTANCE="+F7.1:"

'
FOST C
L}

QHM"

"H="sF&.

FFCOHM Y

1

"FF "

ITH‘“ E-I-Fr‘lhq“
2 SEs "DELTH="sF&,

sUE=E"AFELL

AP COHM

Fr
s TOHE

BSiMILES



Program in File 8

This program computes and plots the transducer attenuation of the em-
bedding network for a given frequency and ideal mixer R.F. resistance versus
position of the backshort. It allows the positions of the backshort to be
found at which good SSB or DSB performance may be expected. The program
assumes that the signal source is perfectly matched to the waveguide.

The program listing and examples of the printout and plot follows.

WRAVEGUIDE DIMEMSIONS IN MILS A= S1.8 B= .4
IDEAL MIYER RF RESISTRHCE= :

I

DIODE RESISTAMCE= 24,96 FOS
TEAHSFORMER TURHWS RATIO= @,9

ERACK SHORTCMILS:STRET= @.8 STOF= 286.4d DELTH= 1.
FREQUEHCY= 156, 8806H

MINIMUM TEAWSDUCER ATTEHUATIOH= H.247 IE

(]
I
T
D
—t
-
I
m
il
iy
(207
[Rx)
i
m

288, 0
THDUCTHHMCE= #&.118HH CAFACITANCE= 5. 18FF

=T

B

-~
N

FREQUEHCY= 13535, B88GHZ
MINIMUM TEAWMSDUCER RATTEMUARTION= 8,632 DLE
FEEQUENCY= 18, BAGHEZ
MINIMUM TEAHSDUCER RTTEHUARTION= 8.265 DE
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(2423+249)%1H%19%b=T10 8BS
(23*2+E3+p3)#D+TH»23+19*+3=11 B6¢
£3#p3-Z423+H9£0+1H*10=14 B3¢
9+1H=t0 B3P
(Z2#322L 2280 724 A% ZH*H=1H B3

(24 2R T /PB+3TIBT " 10 -17405=2H B85+
SO (ED#23%Dx2-29%23-)=F3 Bt
24£3+2429=59 BEF

9+19=20 82¢

2428-249=20 B81¢

SH/1=19 Bab

239-53=33 896Z

(4 TH+24d 0 d=0
(S TR+S4U Y 2 TH=23 B5E
Teld#lde2=14

1408251 J1T4M B2

14 LAdHI 81

f.AOMANDANS ., 4510 98

CETCCTI-2 ) IHI=T1 BES

SR'0¢@ SIKHL @83g

BT 1T SIkHE 842

TEs@s27417 3THIE 832

HEST ¥, =d0LS, SHENT "2 =Ly LS s CSTINY LA0HS MHOH3., LHME0d a5z
ET6Z7917CBS2 STy ILIHEM BvE

. €1¢27¢17 INdNI Bge
L0130 940039 L8HLS 1 L¥0HS HJWg. 4SIT B2
27546, =0T1H3 SHANL ¥3W40JdSNHEYL., L1HHA0d 812
ACBIZSSTy ILTdM aag

A LNdHI Bel

£.=011Hd SNANL 43aWE0dSHEELl . 4510 8381
TISHCBS STy JLTAM Bd1

IN3 993 23¢9 1NdHI 831

88g 0102 853 £,=30MHLTIIEAHD 1504¢30MHL51334 JT0IT. JSIT 88T

N3d 8b3 247¢AFSSTY JLIAM Bkl

W LX3IN BED 27 1ndHI 8Ll

2di$T 1071d 823 f.="dYD 3TOIT *"OHI “W4SM. 4511 a8zl

clds1d=2d 813 SY(BLSTy ALIAM 1T

2411424 13d=20 B8B83 Sd 1NdHT 881
(23%ZT+E3+pA2 I+ TUxE3+TI%+3=11 865 $.3IMHLSIS3Y dd W3IKIW W3ITI. 4510 @6
£9%p3-2428+FI%9+1H*19=T4 B35 TG4, =3, " XPsT °C4%, =0, fX5¢,STIW NI SHOISHIWIT JTIND3AEM. LBHAOS B3
CAINIS/CAISOI*TH-23=$3 BLS WHHD ST A6 =30MELSTI33Y JY MIWIW TH301. L1804 8l
€B+35505 "S- Id*1d*ZH#p1=L 89S WZHD L $2°449,=A0H3N03HS., LHHA0S 63
WxET+11=%7T B85S wdd W $2°344,=30HELIIHAHD L50d, $XESZ 346, =3IHHLSI53Y JI0IT. 1BHE0d 85

TW OL I=W d0d 8b5 w344, $2°949,=30HHLIOHAHD, S RE S (HHM, $E 734 %, =TINULINANT . LHWIO0L B8t

«30 Lf€°84¢,=NOILBNHILLIY ¥3INASNEYL WNWINIW. 1BWJ0d BES 9¥H(@3°¢ST> JLlIdM Be
Td(BESST)> ILIdAM B2S , 3¢y 1NdHI 82
Anme«H+Ne~1v\“nvhuq¢aannﬁmmﬁm m=m,¢WJszHmonmzmanmnHDUM}m3=mmanmﬁ
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Program in File 9

In some cases it is interesting to know if there exists a position
of the backshort for which the embedding circuit presents a real impedance
to the ideal mixer; the value of this resistance is also of interest.

This question is examined by the program listed,with an example of
the printout during execution, on the next pages. The available attenuation
of the embedding network is also computed for the position of the backshort

that is found.

WAVEGUIDE DIMEWMSIOHS IW MILLE A= S51.8 BE= &.4
FREGUENCY: STRRT= 158.B8GHI STOF= 138.08 DELTH= 35.88GHS
INDUCTANCE= @.1168NH CAFACITANCE= 35.1@FF

RESISTRHHCE= Z24.980HM
FOST CHFRCITAHNCE= ¢€.&
TREAHSFORMER TURNS RATIO= &, %6
FOGHS F1COHM F1CDE? e COHM S FeoDE s

156, 68 #A-RF NEYER IS EQUAL TO ZEROC

155. 868 “-RF NEVER IS EQURL TO ZERD

160, 86 #-RF NEVER IS EGUAL TO ZERO

165,88 w-RF HEVER IS EGUAL TO ZEROD

a
O

1ve.aa “-RF NEYERE IS ERQURL TO ZERD

175,048 221,582 £ 5d 155,65 4.1
186,08 295,24 Tav3 147, 45 I X
185,08 JE3. R3S 2.8y 145,12 .82
120,84 442,82 18,19 145,87 2. B
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18 DIM FL3B1.BL38.2 1, CL3E
28 DISF "WAVEGUIDE DIMEHS
38 IHFUT AsE

48 MREITE <15:128)H:E

5@ DISP "FREGUEHCY:STARART«STOFsDELTR"S

€8 IMPUT F1:F2sF3

T8 WRITE (15:1883F1sF2sF3

{ FORMAT "INDUCTAMCE="sF&.3» "HH" « 3% "CAPACITAHCE="+F&.2s "FF"

FORMAT "RESISTAHCE="sF&.2s "OHM"

FORMAT "FREQUENCY: START="F7.2s "GHE " s Sk "STOF="sF7,. 25 "DELTR="sFi&. 2+ "GHZ'
FORMAT "POST CARPACITANHCE="sF&.2y" FF"

FORMAT "MWAVEGUIDE DIMEHSIONS IH MILLS"sS8s"A="sFo. 14 "B="+F5. 1

FORMAT "TRANSFORMER TURHS RERTIO=":FS.Z2

DISP "WSKR. IHD., DIQDE CRF.="3

IHPUT LsC

WRITE (1S,2083L.C

nIsF “DIDDE RESISTRHCE="}

INFUT
WRITE
DISF
IHFUT
WRITE
nIisp *
IHFUT
WRITE 1.-15u-i

FREINT "FIGHZ: CR1COHM > Fi1oDE> o OHM FaoDEy"
MI=IHT((F2=-Fla-F32

FORE M=1 TO M1+l

FIMI=F1+iM=-12%F3

El=2+FI*FIMI+C*1E-8&

Al1=2*PI«FIMI<L

E2=H1s-(RT2+K112>

G=RsCRT2+x1122

Ez=Ei1-B2

Z1=3F6.F3*B%2-CR*SORC1I-C1 . 181 1E+84 - (FI M J5Ax2 3 0120 %K120
ES=2*FI*FIMI1+:C2*1E-BE
Di=vB212-G12212-4*B3+ B3 G+1 - J1 012-23B2*G%(G+1 210

IF Di{e THEN 438

FORE H=1 TO 2

E[LMsHI=(G12-B2t2+ (=1 s tH*SORCDLI v o0 2%E3 0

CIMsHI=BLMsNI-BS+EZ

HIMsHI=G-C(Gt2-B2120# G+ 1 21 0 -2%B2*¥BIMsHI*G) -~ CCG+H1 <21 012 +BIMa M 1120
F1=HIMsNI-21+G#{1 /21 +HIMsH I +EBZ12-BL Ms N I*EZ
I1=ElHsNI*HI My HI+ES 21 +CG*ELMs H I+EZ+2%EB2 )
FIMaHI==10%LGT(4*HI M HIx (GI2+E21T20 /(1% (RITS+I1120 00

HE=T H

WRITE <15+5262FIMIs 1 H[IMs11sPIMs1Is1-HIMsZ1:FI[Ms2]

GOTO Soa

HMEITE (1S:S18)>FI[HM]

A HEWT M _

516 FORMAT F7.2s" »—-FEF HEVEER IS EQUAL TO ZERD"

EZ6 FORMAT FP.235K8sF Q. 23 BsFr. 258 F9. 2965 FT. 2
E3@ EHD

15 |‘| |§|

221 HL S8y 2 1 PL G E
I0ONS IN MILLS Ao

2]
"
1

[
B

— e s o Q0
L3 [ (D
OO A o R I x|

bt ke b
S N $a
v O T (o T o 05 5 O

—
DOCRe R

s 300K
T CAFRCITANCE="3:

l‘ul’ﬂ

W

1
D
I
F

e 1180C
rSFEFHEF TURNHES RATIO="

Inﬂ

a"'—-qa-r-.'n-s'n

A R R I TS N O R Y R L i I AR i) B SR WX X I BN W R B n S| O O
NI IR DA DU U o I U o I o IO I R DU A IV AU R

Ll [ U < N N O I O O SN Oy P IO O Y S TR OO DI S S S S R N SN U DR N

-~
'
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Program in File 10

(k) (k)

During experiments aimed at determining AB  “and Bo for a given

mixer mount and diode bias, the increase in the diode current AI and positio
of the backshort are usually recorded. This short program allows this data

be plotted in (%% , X ZG) coordinates. This is of some help in deter-
max

YBS
mining the presence of large measurement errors, which make the curve

(k) (k)

asymmetrical. It can also increase the accuracy of the AB and Bo

measurements by graphical averaging. The program listing is shown below.

18 SCALE —18: 10,81

28 HAXIS @1

30 YAXIS B0, 85

48 DISP "HALF-MAYELEMGTH IM MILLS="3
S8 INPUT L

€8 DISP "DELTA I MAx="}

78 INFUT D »

g8 DISF "DRIFT="j

aB INFUT ¥

188 FOR I=1 TO 2@

116 DISP "BACKSHORT FOSITION=";

128 IHFUT S

136 DISF “DELTA I="i

148 INPUT A

156 FLOT —1-TAHCPI#S L)y (A-S#XoL e
166 IF S:L THEN 19@

178 FEH

186 HEXT I

198 ENI
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LISTING OF BACKSHORT ANALYSIS TAPE

a
5]
d

5]

-,
[

RROURRIE

)
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a
d
8]
&)
a
5]
5

T (o o O T T O T
L ey
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A
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LO e e T 0 OO e QD0

A e 0 T Ty GO0 e D
0 T R o T T 0 1 Ty
=

Cr o 0 Ty OO P 0 w00 0Ty 000 O
o

DX I X

O o O 050 O5 O 0 T O O T

| bt gt 1
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1™
s

0 ol 00 O Dol O 0 0 00 00 00 03 0]
O 0 O O T T O 0 O30 O T T T
o) 2 bt et ol ok ek pb ke ok ek b ke
Do IS = 1 R I I IS =

0N On O O 0 O N O O T (T
Do)

ol POt Tl b s et et e o0t ool ot Pt [
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