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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 requirec 

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 diode 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, Chariottesville, 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 tests 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¬ 

ventional linear network methods, plus square-law detector theory as 

outlined in Sections II and III of this paper. Furthermore, by measurin 

this curve for several values of DC bias current much information about 

the diode and coupling network could be obtained. 
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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/ + Yg + YBS^ 

where is the input admittance of the waveguide port, Y^ is 

the generator source admittance, and Y is the backshort admittance. 
Bb 

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

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, g^; 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) backshort, 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^ and 1^ may be set equal to zero by a 

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

only 4 elements 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 

- 3 - 
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= 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.: 1. , 10, n, B , and X . 
± l p s 

Again, only three elements— n»®p> an^ ^ need to be determined. 

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 Z , as it can be changed by a change of the 
Cj 

value of n. However, following previous works on waveguide mounts, the 

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

that is, 

where all the symbols have their conventional meaning. 

III. SCHOTTKY BARRIER DIODE AS A VARIABLE 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: 

i = Is (eaU -1) (2) 

and a = q (3) 
fikT 
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where: I = diode saturation current 
s 

q = electronic charge 

k = Boltzmann's constant 

T = absolute temperature 

n = junction ideality factor 

For small RF signals [10] the diode biased at a certain operating 

point (I , V ) can be considered as a linear conductance, 
B B 

®do = aIB (4) 

and a square law detector having small signal current responsivity, 

O _ _ 0L / r \ 
eo ' P ' 2 (5) 

where: P = RF power absorbed by the diode, 

AI = 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 

signals applied to the diode. To evaluate how small the signal must be 

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

g. 2T (aV ) (av )2 (aV)4 

g cV = 1 + 2 + 4 +   (6) 
8do p 2 1! 2! 2 2! 3! 

at (aV )2 (aV )4 

^ = I (aV ) - 1 - 7 
P - + ■ P „ +   (7) 

IB P 2 (1!) 2 (2!) 

- 8 - 



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

g, - diode conductance defined as a ratio of the fundamental 
a 

frequency current and voltage amplitudes, 

I , I. - the modified Bessel junction of the first kin. 
o 1 J 

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

to give 

8d ^ 1 + (8) 
8do 2IB 

Equation (8) can be used either to correct values of go needed in the 

analysis, or to set an apper limit upon Al|lg to allow using g^ in 

place of go. 

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, C^, and series resis¬ 

tance Rg 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 = 0) for positions of the 

backshort where Y = a reference plane for measurement of backshort 
DO 

position is established and Y is given by: 
DO 

YBS =-JYGCOtff <9) 

- 9 - 
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where 1 is the distance between the backshort position and the next 

position towards the diode where AI is a null, X is the guide wave- 
O 

length, and Y = Z 
\j (j 

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

and only three parameters of coupling network: n, B , and X , need to be 
p s 

determined. It is convenient to assign a post capacitance and 

a whisker inductance L = X /oo to replace B and X , although it is not 
s s p s 

known in advance whether C and L will be found to be positive and inde- 
p s 

pendent of frequency. (In analyses we have performed, is usually posi¬ 

tive, small, and varies with frequency; Ls is always positive and usually 

increases with frequency.) 

If the mount is not symmetric and/or the signal source is not well 

matched, the generator impedance Y is complex. However, its imaginary 

part cannot be distinguished from post reactance, and can be treated as 

part of it. The real part of Y^ 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 

2 
elements), as is the equivalent circuit of Fig. 4(a) (C + n ImY , R , 

P 8 s 

Ls, C^, n, ReYg). The following relations exist: 

T, V J_ Rs 
gll = 2 + T 

n {(R + (uL ) } 
s s 

. toL 
bll = ~2 ("Cp " , , ,2S, „ 2 > +lmYS 

n F (ouL ) + R 
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-R 
_  s  

2 2 2 1Z n{R Z + (uL ) } 
s s 

b 
a)L 

s 
12 n{R 2 + (ooL )2} 

s s 

(10) 

S22 812n 

toL 
= wC, - S 

22 d R 2 + (.L )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, V , which gives DC bias current I_ for zero 
15 B 

RF signal. For acceptable accuracy without correction through (8) Al/I 
B 

must be kept <^0.1. Since is temperature dependent, drifts of Al/l^ 

of the order of .005 are typical and the modulated RF source system 

shown in Fig. 5 is convenient and more accurate; maximum Al/I of .01 
B 

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

The relation of a Al vs. 1 curve to the circuit element values can 

be easily found* by noting that AI is proportional to the square of the 

magnitude of the voltage across (i.e., the power absorbed by g^). 

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: 

  
i 2 

IY + Y + Y 1 IN g BS1 

* 
We thank John Granlund for his contribution to the solution of this 
problem. 
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where and are defined in Fig. 4, and c is an arbitrary constant. 

Denoting jB0 as the value of when AI is a maximum, and j(B^ t Ab) 

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

that: 

yin + Yg = ^ - jBo a2) 

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

equivalent to measuring the complex input admittance, Y » which is 

2 
related to the 6 unknowns (n, C + n ImY , R Y , R , L and C,) and known 

P g e g* s s d 

diode conductance, g^, by 

Y. = n 2 

m 
ja)C + 

jaiGd + gd 

p 1 + (jmC, + g,) (R + juL) 
a as s 

- Y. (13) 

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

(y12)2 

4B ■ jB° = a4) 

where y = g + jb . The relation between the [y] matrix elements 
mn mn mn 

and circuit parameters are then given by (10). 

The diode conductance, g^, can be varied over a wide range by vary¬ 

ing the bias current, I , and thus, Y can be determined (producing 2 
iJ IN 

real equations) for many values of g,. However, each time I is changed, 
Q B 

the diode capacitance, C^, 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 - 



- i,0<» - ^ - ,t, ^ t «» 
3 22 822 gd 

This equation can be rewritten in the form: 

gd
(k) + JB2^ + g22 =  ^ (k) (16) 

V-- -AB +lB J11 J o 

Equating real and imaginary part of both sides, we get: 

(k) ^y12^ 
8d = Re { (k) (k)} " 822 (17) 

V- _ - AB + iB J11 J o 

(k^ ^12^ 
b22 " Im{ (S (k)-} (18) 

y - AB + jBo 

Equation (17) has 5 unknowns b^, g12, b12, g22), therefore, 

at least 5 measurements must be made to determine them. Then unknown 

(k) 
values of ^22 9 ^or 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 o 

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 

directly» 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) For ^ 5 mA, g, ^ >> u)C^ for most practical cases; C ^ 
15 u D 

has negligible effect upon Y and need not be determined. 

2) The functional form of C , as a function of I_ (or V_), may be 
d D B 

(k) known, and thus, all may be replaced by 2 unknowns, such as zero 

bias capacitance and barrier potential. 

3) Rs may be known or predictable from low frequency measurements. 

4) Ls, 0^, or n may be known from measurements on another diode at 

the same frequency. 

(k) 5) Cp 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 Y = Z ^. 
g G 

7) The obstacles (chip and whisker post) within the waveguide are 

small enough so is negligibly small. 

V. EXAMPLE OF 2-MM 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 ym in diameter, fabricated by electroplating on lightly doped 

16 ""3 
(Np = 4.5 x 10 cm ) epitaxial GaAs. Although the chips for mixers A 

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 yA, 200 yA, 50 yA, 20 yA, 5 yA. 

(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 

in the previous section was employed. That is, for = 5 mA, g,^ >> 
B d 

and (12) and (13) reduce to: 

B (1) = n-2 { y 5" " "V (19) 

(i) _ ^-2 ^ 

(u)Ls)2 + R^,' 
ABo

w = n { ^(20) 

where = R„ + 
1_ 

S ' 8, d 

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

by (17), can be solved for n, L^, C^, and R^. 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) (3) (2 
rents, I and I , was solved for L , C , and R . Capacitances C, 

o o ' s p s r d 
(3) and C, could then be found from (18). This was done for all fifteen 

a 
(2) (3) 

pairs of possible I and selected from the 6 remaining measure- 
U D 

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 L and R , from the fifteen solutions, were 
s s* 

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 valu 

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 , L , R , 
p s s 

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

measurement resulted in fifteen values of C , L , R and 5 values of 
p s' s 

(k) 
every ). 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 L , C , and n, as would be expected for the different geometry 
s p 

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). 
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The dependence of the diode capacitance versus bias voltage 

is shown in Fig. 8• The diode in mount A has considerably less capaci¬ 

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

the curves = f(Vg) have been plotted in Fig. 9. These curves can be 

^d 
approximated by straight lines with slopes corresponding to doping con¬ 

centrations of = 6.8 x lO^cm ^ and = 1.9 x lO^cm ^ 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 

16 —3 doping density measured by the manufacturer was 4.5 x 10 cm . 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 

18 —^ 
doped (Np = 2 x 10 cm ) buffer layer. 

The value of series resistance Rs is considerably higher than that 

expected from the diode chip alone. The skin effect at 150 GHz in the 

diode chip should add only about 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 is only an approximation. 

Fig. 10 shows the AI = f(Y
BS) 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. 
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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 T^^ and best conversion loss L. 

To explain the difference in the conversion loss of both mixers, the 

equivalent circuits 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 presented by 

the pumped diode (the capacitances for V = 0.7V were assumed). The results a 

of computations are presented in Fig. 11. The loss component due to reflec¬ 

tion AL has been extracted from the total loss AL and is also plotted in 
R 

Fig. 11. 

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

was approxiamtely 200f2 for both mixers, R should be in the range 100 to 
Rr 

600£2 [14]. A particular value of which would account for the 0.5 - 0.6 

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

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

^ ^IF 
a Y type mixer [16] for which R^ ^ 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 

- 24 - 



[Si] 

H • The total loss AL and loss due to 
the reflection caused by the embedding 
circuits of mixers A and B versus resistance 
Rgp presented to the circuit by the pumped diode. 
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(f = 152.8 GHz, fIF = 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 

1% of AI . The errors due to backshort position readout have a larger 
max 

effect for millimeter wave mounts. A typical good readout accuracy of 

.01 mm (i.e., ^0.5 mils) represents Ag/200 at Xg = 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 (Y = Y,,) and mount symmetry; these have similar 
g « 
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effects. As discussed in IV, the first assumption need not be made, 

Re Y can be determined by the computation procedure and Im Y can be 
8 8 

absorbed as part of C^. However, to ease computation, we assumed Y^ = 

Yg for the example in V. It can be shown that a small source VSWR has 

the approximate effect of adding t (VSWR -1) Y to AB, where the VSWR 
G 

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 effect upon the value of C^, and other element 

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 computatio 

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 y^2^21 becomes small. The method 

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

becomes decoupled from the input waveguide (by L or C, becoming large), 
s d 

less effect on B and A B 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 a given 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 R =0. (The transformer turns ratio, n, can 
s 

be varied and this can be compensated for by different values in the H- 

network consisting of C , L , and C .) Thus, large errors in element val- 
p S d 

ues, but not in circuit [y] parameters, should be expected for small values 

2 
of R (more precisely, for R « (Lai) /Z0) . This tends to be the case 
S S s V7 

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, C , L , or C, is known by some other method then 
p s d 

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

SUMMARY OF EXPERIMENTAL DATA ON 2-iiiin 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.l. 

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 Rg. This is further confirmed by measurement of the 

small signal diode resistance R,^ 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 

and the differential resistance of the diode R. = — and should therefore be 
d 

1 
a linear function of (—) . 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 2P11 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 



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 1%. Tables A.l. and A.2. summarize the data taken for mixers 

• (k) (k) A and B, respectively. Each value of Ab and B^ 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 
Al 
1I13.X — 

—   = 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 = SOyA. 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 L,^ and noise temperature of Table A.3. have been correc- 
dB MXR 

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 given in Table A.3. was measured through the 

50/200f2 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 

- 32 - 



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 met 
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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 showi 

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 2 

(k) _ (k) = _     (A.l) 
6 3 o yll .. (k) , . (k) 

^22 +822+Sd 

where R 

8H " + 

8 n2{Rs2 + (UV2} 

b = -i/uC 1 2\ + ImY 
11 n \ <"V +Rs / 8 

-R 
s 

Si '12 
n{R

s
2 + (uLs)2J 

s 
'12   

0iL- (A. 2) 

n[R
s
2 + (u)Ls)2j 
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822 812n 

a)L 
b__ = u)C , - s 

22 <1 tj 2 I / t \2 
R + (U)L ) 
s s 

and 

_ the differential conductance of the diode biased at I ^ 
d o 

n - the ideality factor of the diode 

< - Boltzmann's constant 

x - absolute temperature 

AV - V01 - Vq2 satisfying 88 10 x io(V02^ an^ corrected for 

the effect of d-c series resistance 

(k) (k) 
B ,AB - the position of the maximum and the 3-dB bandwidth of the 

o 

AI = f 
YBS 
yg 

curve, respectively 

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

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

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 

f-i (V1 , V-, ...V ) = 0 11/ m 

W V = 0 m 
(A. 3) 

f (V V ...V ) = 0 
m 1 L m 
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one can present it in the matrix form 

[f([v])] = [o] (A. 4) 

where fvl is the column matrix of m unknowns V-...V . i- -» ■ i m 

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

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

Mn + 1 = Mn + M 
(A.5) 

where [Avjis the solution of the following matrix equation 

[f([v]n)] + [j(Lvln)] x [AV] = [0] (A.6) 

and 
[«Mj 

is the Jacobian matrix of the form 

[kH,] ■ 

6 f „ 6f. 

6f 
m 

6 V, 

and evaluated for [V] = Cyl . 

6 V, 

6 f. 

6V 
m 

6f 
m 

6V 
m 

(A. 7) 

Therefore 

[vln+1 - [V] n 
J([vj ) 

-1 f([v]n
) (A. 8) 

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

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

ience, every program provides a printout of the quantity 

2 + if2i2 +-iy2 (A. 9) 

at every step, 
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Program in File 0 

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

(k) _ = Re 
(y12> 

11 
AB(k) + jB J o 

- g 22 
(A.10) 

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

guide, and therefore Y = Y^. Then only four equations are needed to find g G 

n, L , R , C . 
s s p 

The diode capacitances are found from the following relations: 

" b22(k) + b12 = Im 

(y12) 

y - AB(k) + jBo
(k) 

+ b 
12 

(A.11) 

Equation (A.10) can be rewritten in the following form 

2 ' 2 
8 " ("u) 

g - n2(AB(k) - Yg) " 2b12® 
b' + „2B « 
11 o (A.12) 

+ e.
(k) 

g + g g - n AB(k) - Y 
Gj 

b' + n2B (k) 

11 o 
= 0 

R u)L 
where g = —^ 2 12 2 2 

R + (wL ) R + (wL ) 
s s s s 

I t 
b. - = a)C - b10 (A. 13) 
II p 12 

The corresponding form of equation (A.11) is 

triC (k) _ 
28b12 

g - n2(4B(k) - Yg) 
2 19 ' 2 

- (g2 - b^) (b11 + n Bo 

g - n2(AB(k) - Yg) 2 + (b' + n2B (k)^ 
11 o 

+ b 
(A.14) 

12 
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Equations (A.12) and (A.14) in their normalized form (Y = 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 for 1^ = 5mA 

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

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

and therefore the first term in Equation (A.14) is extremely sensitive to 

very small measurement errors. 

g = n2(AB - Y ) 
G 

(A. 1 

o 
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WflVEbUIDE DIMENSIONS IN MILLS R= 51.0 B= 6.4 
PRE Q U E N CY = 152.8 0 GHZ 
CURRENT 1: 1= 5.00000 MR DELTfi V= 70.50 MV 

B0/V10= 0.453 DELTA B/Y10= 1.467 
UURRENT di 1= 0.50000 MR DELTA V= 70.50 MV 

B0■■'Y10= 0.126 DELTA B/Y 10= 2.13:-: 
UURRENT 3: 1= 0.05000 MR DELTA V= 69.40 MV 

B0/Y10= -2.355 DELTA B/Y10= 2.719 
UURRENT 4: 1= 0.00500 MR DELTR V= 67.9M MV 

B0/Y10= -2.925 DELTA B/Y10= 1.647 
INITIAL VALUES:USKR.INDUCTRNCE= 0.110 NH POST CAP.= 6.20 

RESISTANCE 25.00 OHM TURNS RAT 10= 0.90 
u. 1 o 5 6 y d y S1 
0.017014052 
1.59321E-03 
2.46953E-05 
6.29114E-09 

FINAL VRLUES: RESISTRNCE= 27.03 OHM INDUCTflNCE= 0.11NH 
POST CRPRCITANCE= 6.17 FF TURNS RflT10= 0.S7 

DIUDE CRPRCITRNCES: 

C=-60.42 FF FOR 1= 5.00000 MA 
3.71 FF FOR 1= 0.50000 MA 
5.95 FF FOR 1= 0.05000 MA 
5.12 FF FOR 1= 0.00500 MA 
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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 

(yl2)2 

w w AB - jB v ' = y - (4) (A.16) 
0 11 8d 

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

equation can be split into two independent equations: 

•i 2 2 
12 ~ 12 

AB = g + ^ (4) (A.17) 
gd 

and 01, « 
/t\ 12 12 

-B ^ * = b^ - (4) 1Q>. 
o 11 g(i (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, L , C , R , G ) of the equivalent circuit can be found. 
s' p' s* g 

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 

1 2 2 
. (b12) " g 

(4) _ ^ AB = G + 2 
g n 8 + ^(4) 

(A. 19) 
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and 
-S (4) « b^1 o 11 

n 

i i 
wC - b 

P 12 
i-h' 

2 bll 
n 

(A.20) 

1 ' (4) where g, and b^ are given by Equations (A.13). The finite g^ has 

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

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

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

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

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

2 ' 2 
* - (V * ' (bl2)2 - (AB(k) - AB(4V 

8. 
(4) 

1 ' 2 Ck') 
- 2b12g(b11 + n Bo ) 

(g + gd
(k)) 

&1 ' - (AB<k> - AB(4V 

S, 
(4) 

b + n2B 
11 o 

= 0 

(A.21) 

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

for n, g, b^j for n» C , Rs. After this is done, diode capaci- 

(k) 
tances (k = 1,2,3) are found from Equations (A.14) with replacing Y^, 

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

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 DIMENSIONS IN MILLS fi= 51.0 B= 6.4 
FREQUENCY= 152.80GHZ 
CURRENT l: 1= 0.00500 MR DELTA V= 67.90 MV 

BO-'Y 10= -2.925 DELTA B.-Y10= 1.647 
CURRENT 2: 1= 0.05000 MR DELTR V= 69.40 MV 

B0-'Y10= -2.355 DELTA B.-Y10= 2.719 
CURRENT 3: 1= 0.50000 MA DELTA V= 70.50 MV 

B0.-Y10= 0.126 DELTA B.-Y 10= 2.133 
HIGH CURRENT 4: 1= 5.00000 MA DELTA V= 70.50 MV 

B0/Y10= 0.458 DELTA B/Y10= 1.467 
INITIAL VALUES:WSKR.INDUCTANCE= 0.110 NH POST CAP.= 6.20 F 

RESISTANCE 25.00 OHM TURNS RAT 10= 0.90 
0.110026638 
0.015067507 
1.30S96E-03 
6. S2 0 3 3E - 0 6 
1.53623E-11 

FINAL VALUES: RESISTANCE 29.78 OHM INDUCTANCE= 0.108 NH 
POST CAPACITANCE= 6.66 FF TURNS RAT 10= 0.89 
SOURCE VSNR= 1.09 

DIODE CAPACITANCES: 
C= 5.44 FF FOR 1= 0.00500 MA 
C= 6.48 FF FOR 1= 0.05000 MA 
C= 12.11 FF FOR 1= 0.50000 MA 
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Program in File 2 

This program is a simplification of the program in File 0. Both 

perfect match of the signal source, i.e. = G^= Y^, 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 

UflVEGUIDE DIMENSIONS IN MILLS fi= 51.0 B= 6.4 
FREQUENCY^ 152.80GHZ 
CURRENT is 1= 6.00500 MR DELTA V= 67.90 MV 

B0.-"Y10= -2.925 DELTA B/Y10= 1.647 
CURRENT 2: 1= 0.05000 MR DELTA V= 69.40 MV 

B0/Y10= -2.355 DELTA B/Y10= 2.719 
HIGH CURRENT 3: 1= 5.00000 MR DELTA V= 70.50 MV 

B0/Y10= 0.45S DELTA B/Y10= 1.467 
INITIAL VALUES:WSKR.INDUCTfiNCE= 0.110 NH POST CRP.= 6.60 FF 

RESISTRNCE= 25.00 OHM TURNS RATI0= 0.90 
0.091653969 
0.015826193 
7.01S3SE-04 
1.84917E-05 
1.50965E-06 
1.17852E-07 
9.2030 IE-09 

FINAL VALUES: RESISTRNCE= 26.10 OHM INDUCTANCE* 0.112 NH 
POST CAPACITANCE® 6.50 FF TURNS RATI0= 0.89 

DIODE CAPACITANCES: 
C= 5.24 FF FOR 1= 0.00500 MA 
C= 6.10 FF FOR 1= 0.05000 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) (^0 
admittance g^ + is assumed to be known for every diode bias. As 

the embedding network consists now of four unknown elements, C , L , R , n, 
p s s 

only two measurements are needed to determine them. 

The program solves the two complex equations of the form 

AB^ - jB ^ = Y + -At 
g n

2 

R. (k) + R d s 

(x,(k) + X )2 + (R,(k) + R )2 

a s d s 

+ j B - 
P 

x,(k) + X 
d s 

(X,(k) + X )2 + (R,(k) + R )2 

a s a s 

(A. 22) 

where 

8. 
(k) 

X = ojL , B = a)C , R, = 
s s p p d 

(8d
(k>)2 + (UCd<kV ' 

uoC 
(k) 

Xd = " (8d(
k>)2 + (.Cd^)2 

(A. 23) 

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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WAVEGUIDE DIMENSIONS IN MILLS fi= 51.0 B= 6.4 
FREQUENCY= 152.8QGHZ 
LOW CURRENT l: 1= 0.00500 Mfi DELTA V= 67.90 MV 

B0/G10= -2.925 DELTA B.-G10= 1.647 
CAPfiCITANCE= 5.24 FF 

LOW CURRENT 2: 1= 0.05000 MA DELTA V= 69.40 MV 
B0-"G 10= -2.355 DELTA B/G10= 2.719 
CAPACITANCE= 6.10 FF 

INITIAL VALUES:WSKR.INDUCTANCE® 0.110 NH POST CHP.= 6.60 
RESISTANCE® 25.00 OHM TURNS RATIO* 0.90 

0.057267202 
3.S7774E-04 
2.1909SE-06 
8.24621E-12 

FINAL VALUES: RESISTANCE® 26.16 OHM INDUCTANCE® 0.113 NH 
POST CAPACITANCE® 6.52 FF TURNS RATIO® 0.89 
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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 R , L , 
s s 

and C . Two of the equations have the form given by Equation (A.12); 
P 

(k) 
the third is Equation (A. 20). The diode capacitances for the two 

smaller currents are then found from an equation of the form given by (A.14). 

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. 

WAVEGUIDE DIMENSIONS IN MILLS fi= 51.0 B= 6.4 . 
FREQUENCY® 152.80GHZ 
TRANSFORMER TURNS RATI0= 0.90 
CURRENT l: 1= 0.00500 MA HELTA V= 67.90 MV 

B0-"V10= -2.925 DELTA B/Y10= 1.647 
CURRENT 2: 1= 0.05000 MA DELTA V= 69.40 MV • 

B0-'Y 10= -2.355 DELTA B/Y10= 2.719 
HlbH CURRENT 3: 1= 5.00000 MA B0= 
INITIAL VALUES:WSKR.INDUCTANCE® 0.110 NH POST CAP.= 6.20 FF 

RESISTANCE® 25.00 OHM 
0.095193012 
2.34324E-03 
2. 3 7 9 S 6 E - 0 7 
3.60555E-11 

FINAL VALUES: RESISTANCE® 25.21 OHM INDUCTANCE® 0.111 NH 
POST CAPACITANCE® 6.56 FF 

DIODE CAPACITANCES: 
C® 5.33 FF FOR I® 0.00500 MA 
C® 6.18 FF FOR I® 0.05000 MA 
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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 Z ) curve for a given equivalent 
Qb Cj 

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) k 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 AI = f(Y x Z ) curve. For com- 
BS G 

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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WRVEGUIDE DIMENSIONS IN MILLS fl= 51.0 E= 6.4 
FREQUENCV= 152.80GHZ 
POST CflPfiCITfiNCE= 6.63 FF WHISKER INDUCTANCE® 0.110 NH 
TRANSFORMER TURNS RAT 10= 0.90 
CURRENT® 0.0500MA DELTA V= 69.40MV 
CAPACITANCE® 6.23 FF RESISTANCE® 24.90 OHM 
WAVEGUIDE ATT. CONSTANT® 1. 000E-04 N-'MIL 
DIODE-BS.DISTANCE IN HALF-WAVELENGTH® 1 
BACK SHORT SERIES RESISTANCE® 0.00 OHM 
MINIMUM TRANSDUCER ATTENUATION(LOSS FREE CASE)® 2.295DB 
MINIMUM TRANSDUCER ATTENUATION(LOSSY CASE)® 2.328DB 

CURRENT® 0.0500MA DELTA V® 69.40MV 
CAPACITANCE® 6.23 FF RESISTANCE® 24.90 OHM 
WAVEGUIDE ATT. CONSTANT® 1. 000E-04 N/MIL 
DIODE-BS.DISTANCE IN HALF-WAVELENGTH® 1 
BACK SHORT SERIES RESISTANCE® 5.00 OHM 
MINIMUM TRANSDUCER ATTENUATION(LOSS FREE CASE)® 2.295DB 
MINIMUM TRANSDUCER ATTENUATION(LOSSY CASE)® 2.93SDB 
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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 progr. 

are of the same form as those for the program in File 5. 
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WAVEGUIDE-DIMENSIONS IN MILLS fi= 51.0 B= 6. 
FREQUENCY^ 152.80GHZ 
POST CflPfiCITfiNCE= 6.63 FF WHISKER INDUCTfiNCE® 0. 
TRANSFORMER TURNS RflTIO= 0.90 
CURRENT® 5.0000 Mfl DELTA V= 70.50 MV 
CRPAC:ITANCE= 30.00 FF RESISTANCE- 24.90 OHM 
MINIMUM TRANSDUCER ATTENUATION® 7.778DB 

CURRENT® 1.0000 MA DELTA V= 70.50 MV 
CAPACITANCE® 14.45 FF RESISTANCE® 24.90 OHM 
MINIMUM TRANSDUCER ATTENUATION® 2.984DB 

CURRENT® 0.5000 MA DELTA V® 70.50 MV 
CAPACITANCE® 10.18 FF RESISTANCE® 24.90 OHM 
MINIMUM TRANSDUCER ATTENUATION® 1.926DB 

CURRENT® 0.2000 MA DELTA V® 70.50 MV 
CAPACITANCE® 8.02 FF RESISTANCE® 24.90 OHM 
MINIMUM TRANSDUCER ATTENUATION® 1.799DB 

CURRENT® 0.0500 MA DELTA V® 69.40 MV 
CAPACITANCE® 6.23 FF RESISTANCE® 24.90 OHM 
MINIMUM TRANSDUCER ATTENUATION® 2.295DB 

CURRENT® 0.0200 MA DELTA V® 69.00 MV 
CAPACITANCE® 5.87 FF RESISTANCE® 24.90 OHM 
MINIMUM TRANSDUCER ATTENUATION®' 3.458DB 

CURRENT® 0.0050 MA DELTA V® 67.90 MV 
CAPACITANCE® 5.34 FF RESISTANCE® 24.90 OHM 
MINIMUM TRANSDUCER ATTENUATION® 7.105DB 
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10 SCALE -10>10j0>1 
20 XAXIS 0?1 
30 YflXIS 09 0* 05 
40 DIM M[20niPC2013 
50 DISP "WAVEGUIDE DIMENSIONS IN MILLS AjB"; 
60 INPUT A> B 
70 WRITE <15>210>niB 
80 DISP "FREQUENCY ="; 
90 INPUT F 
100 WRITE <15*180>F 
110 DISP "POST CAP.> WSKR.IND.="> 
120 INPUT C2> L 
130 WRITE <15>190>C2> L 
140 DISP "TRANSFORMER TURNS RAT10="8 
150 INPUT K 
160 WRITE <15* 230>K 
170 FORMAT "CAPACITANCES"?F6.2>" FF RESISTANCE®"? F6.2?" OHM" 
180 FORMAT "FREQUENCY®"> F7.2?"GHZ" 
190 FORMAT "POST CAPACITANCE®"*F6.2»" FF WHISKER INDUCTANCE®"»F£ 
200 FORMAT "CURRENT®", F7. 4» " MA DELTA V="-.Fe^V MV" 
210 FORMAT "WAVEGUIDE DIMENSIONS IN MILLS" > 5X» "A="» F5. 1 p 4X' "B®" < F!= 
220 DISP "CURRENT> DELTA V="il 
230 FORMAT "TRANSFORMER TURNS RATI0="»F5.2 
240 INPUT IpV 
250 WRITE <15» 200)I» V 
260 DISP " DIODE CAP.,RESISTANCE®"? 
270 INPUT C>R 
280 WRITE <15p170>CPR 
290 Bl=2*PI*F*C*lE-06 
300 X1»2*PI*F*L 
310 B2=Xl/<Rt2+Xlt2> 
320 G=R/<Rt2+Xlt2> 
330 B3=B1-B2 
340 G1=1*2.3026/V 
350 B4s<B3*<B2t2-Gt2>-2*G*B2*<Gl+G>>/<B3t2+<G+Gl)t2) 
360 Z1«376.73*B#2/<A*SQR<1-<1.181lE+04/<F*A*2)>t2)*Kt2) 
370 R1=G1/Z1+G*<1/Z1+G1>+B2t2-B4*B3 
380 I1«B4*G1+B3/Z1+G#<B4+B3+2*B2> 
390 Pl=-10*LGT<4*Gl*<Gt2+B2t2>/<Zl#<Rlt2+Ilt2))) 
400 WRITE <15f410>Pl 
410 FORMAT "MINIMUM TRANSDUCER ATTENUATION®"tF8.3»"DB" 
420 B5«2*PI#F#C2#lE-06 
430 R2=G1/'Z1+G*<l/Zl+Gl)+B2t2 
440 FOR 1=1 TO 201 
450 Y=-10+<I-1)*0.1 
460 MCI3=-B2+Y/Zl+B5 
470 R3=R2-MCI3*B3 
480 I3=MCn*Gl+B3/Zl+G*<MCI]+B3+2*B2> 
490 PC I3=(Rlt2+Ilt2>/<R3t2+I3t2> 
500 PLOT Y» PC I ] 
510 NEXT I 
520 PEN 
530 GOTO 220 
540 END 

- 64 - 



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-circuitedi, open-circuited, 

or resistively-terminated image-frequency signal presents a certain resis¬ 

tance 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 can be predicted from measurement of the 

resistance 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 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 Z = R + iX 
P P p 

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. 

WAVEGUIDE DIMENSIONS IN MILS fi= 51.0 B= 
FREQUENCY: START= 150.00GHZ STOP® 160.00 
IDERL MIXER RF RESISTHNCE = 200.0 OHM 
INDUCTANCE® 0.110NH CfiPftCITflNCE= 5. 10FF 
DIODE RESISTANCE® 24.90 OHM POST CAPACITANHE® 
TRANSFORMER TURNS RATIO® 0.90 

F<GHZ> P TRAN<DB> P REF 
150.00 0. 65 0.13 
151.00 0. 65 0.13 
152.00 0.6 5 0. 13 
153.00 0. 65 0. 12 
154.00 0. 65 0.12 
155.00 0.6.5 0. 12 
156.00 0. 6 5 0. 12 
157.00 0. 66 0. 11 
158.00 0. 66 0.11 
159.00 0. 66 0. 11 
160.00 0. 66 0.11 

RPOHHM) 
252.55 
250.54 
248.60 
246.71 
244.87 
243.07 
241.32 
239.60 
237.92 
236.27 
2 3 4.64 

6. 4 
DELTA® 

6.60 FF 

XP(OHM) 
-335.61 
-334.30 
-332.95 
-331.58 
-330.18 

•*"l ••"l l*"» O CO m l' f 
-327.34 
-325.90 
-324.46 
-323.02 
-321.58 

1.00GHZ 

B S < MIL 
14.5 
14.4 
14.3 
14. 1 
14.0 
1 o, 9 
1 
1 
1 j. D 
13.4 
1 
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10 DISP "WAVEGUIDE DIMENSIONS IN MILS Rj B"? 
20 INPUT fl,B 
30 WRITE <15fll0)fifB 
40 DISP "FREQUENCY:START? STOP? DELTfl"5 
50 INPUT F1 J FSji F3 
60 WRITE <15>90>FlfF2iF3 
70 FORMAT "INDUCTANCES">F€.3j"NH"JSXJ"CAPACITANCE=">F6.2?"FF" 
80 FORMAT "DIODE RESISTANCE®" .< F6. 2» " OHM" ? 3>U "POST CAPACITANCES"» F6. 
9u FuRMAT "FREQUENCY! START=" j F7. 2!> "GHZ" ? 5X? "STOP= " > F7. 2* < "DELTfl=" 
100 FORMAT "IDEAL MIXER RF RESISTANCE*"pF7.1>" OHM" 
110 FORMAT "WAVEGUIDE DIMENSIONS IN MILS"? 5X?"R="* F5.1'4X«"B=""F^.1 
120 DISP "IDEAL MIXER RF RESISTANCE"; 
130 INPUT R5 
140 WRITE <15j100)R5 
150 DISP "WSKR. IND.j DIODE CAP.="j 
160 INPUT LjC 
170 WRITE (15j 70>L? C 
180 DISP " DI ODE RESIST ANCE 5 POST C APACI TANr:E=" ? 
190 INPUT R,C2 
200 WRITE <15>80)RjC2 
210 DISP "TRANSFORMER TURNS RATIO="; 
220 INPUT K 
230 WRITE <15j240)K 
240 FORMAT "TRANSFORMER TURNS RAT 10="»F5.2 
250 PRINT " F < GHZ ) P TRAN<DB) P REF (. DB) RP < OHMXP^nHM'J 
260 M1 = I NT < < F2-F1 > .••'F3 > 
270 F1 =F1-F3 
280 FOR M=1 TO Ml+1 
290 F1=F1+F3 
300 Bl=2*PI*Fl*C*lE-06 
310 X1=2*PI*F1*L 
320 B2=X1 /<R't*2+X112 > 
330 G = R/<Rt2+X112 > 
340 B3=B1-B2 
350 Gl=l/R5 
360 G2=Gt2-B2t2 
370 G3=G1+G 
380 G5=G3-t2+B3t2 

9 U B4 = (- B 3 * ij c. — 2 * iJ * B 2 * G 3) •••'' G 5 
400 A2=SQR<l-<1.181lE + 04/<Fl*A*2)>t2) 
410 Al=A*A2*Kt2/<376.73*B*2> 
420 G4=A1+G 
430 G6=G4t2+B4-t2 
440 R1=G1*A1+G*G4+B2t2-B4*B3 
450 I1=B4*G1+B3*A1+G*<B4+B3+2*B2> 
460 P1=-10*LGT<4*G1*A1 *<Gt2+B2t2>/(R112+11+2>> 
470 R^=G -CG2*G3-2,*B^*B3*G >/G5 
480 S1=~10*LGT< l-1' < Al-R2>/<; Al+R2> >+2) 
490 R3=G-<G2*G4-2*G*B2*B4>-'G6 
500 13=B3+<B4*G2+2*G*B2*G4 >/G6 
510 Y=B4+B2-2*PI*Fl*C2*lE-06 
520 Ll=l.1811E+04/<A2*Fl) 
530 Y1=ATN(-A1/Y> 
540 L2=Y1*L1/< 2*PI> + (1-SGN<Y1> > *L1/4 
550 WRITE <15? 560>F1> P1rS1?1/R3j ~1/13? L2 
560 FORMAT F (' ■ 2 ? 4 X ? F 7 ■ 2 ? 6 X j F 7. 2 J 4 X ? F 9 ■ 2 ? 3 X * F ^. 2« 3 X« F ^ ■ 1 
570 NEXT M 
580 END 

- 66 - 



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 versu 

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. 

WAVEGUIDE DIMENSIONS IN MILS fl* 51.0 B= 6.4 
IDEAL MIXER RF RESISTANCE 200.0 OHM 
INDUCTANCE® 0.110NH CAPACITANCE® 5.10FF 
DIODE RESISTANCE® 24.90 POST CAPACITANCE® 6.60 FF 
TRANSFORMER TURNS RATIO® 0.90 
BACK SHORTCMILS):START® 0.0 STOP® 200.0 DELTA® 1.0 
FREQUENCY® 150.00GHZ 
MINIMUM TRANSDUCER ATTENUATION® 0.647 DB 

FREQUENCY® 155.00GHZ 
MINIMUM TRANSDUCER ATTENUATION® 0.653 DB 
FREQUENCY® 160.00GHZ 
MINIMUM TRANSDUCER ATTENUATION® 0.665 DB 
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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 DIMENSIONS IN MILLS 
FREQUENCY: STftRT= 150.0QGHZ 
INDUCTflNCE= 0.110NH CAPACITANCE® 
RESISTANCE® 24.90OHM 
POST UAPACITANCE= 6.60 FF 
TRANSFORMER TURNS RAT 10= 0.90 

A= 51.0 B= 
ST 0P= 190.00 

5. 10FF 

6.4 
DELTA® 5-00GI 

F(GHZ) R1 (OHM) PKDB) R2(OHM) P2(DB) 
150.00 X-RF NEVER IS EQUAL TO ZERO 
155.00 X-RF NEVER IS EQUAL TO ZERO 
160.00 X-RF NEVER IS EQUAL TO ZERO 
165.00 X-RF NEVER IS EQUAL TO ZERO 
170.00 X-RF NEVER IS EQUAL TO ZERO 
175.00 231.52 6.54 155.65 4.18 
180.00 295.34 f" « i*' O 147.46 o . 4 o 
1S5.00 363.95 a • o r" 145.12 3. 02 
190.00 442.82 10.19 145.07 2. 66 
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M Ft 30 3 ? BC 30» 2 ] > CC 30 > 2 3» HC 30 > 2 ] > PC 30» 2 ] 
SP "WAVEGUIDE DIMENSIONS IN MILLS A»B"5 

IPUT fl»B 
:ITE (15» 120) A* B 
SP "FREQUENCY:START» STOP>DELTA"5 

IPUT F1» F2> F3 
ilTE <15»100>F1> F2> F3 
iRMAT "INDUCTANCES"»F6.3s"NH'S 3Xj"CAPACITANCE="»F6.2>"FF" 
;iRMAT "RESISTANCE=" »F6. 2» "OHM" 
:ORMfiT "FREQUENCY: START = " > F7. 2? "GHZ"j5XJ "STOP=" 5 F7. 2> 5X J "IiELTA=", Ft 
:ORMfiT "POST CAPACITANCES">F6.2*" FF" 
•ORMAT "WAVEGUIDE DIMENSIONS IN MILLS"» 5Xi "fl=" »F5. 1» 4Xj "B=" i. F5. 1 
:ORMflT "TRANSFORMER TURNS RATIO®">F5.2 
JISP "USKR. IND., DIODE CAP.="; 
INPUT LjC 
JRITE (15> 80>L> C 
JISP "DIODE RESISTANCES"? 
[NPUT R 
JRITE C15>90)R 
)ISP "POST CAPACITANCE="; 
[NPUT C2 
JRITE <15>110)C2 
JISP "TRANSFORMER TURNS RAT 10="; 
[NPUT K 
JRITE a5f130)K 
:,R I NT " F < GHZ > • Rl< OHM > P1 < DB > R2 < OHM > P2 (DB 
11 = 1 NT << F2-F1>/F3 > 
:0R M=1 TO Ml+1 
:C M 3=F 1 + <M-1 )*F3 
31=2*PI*FCM3*C*lE-06 
<1=2*PI*FCM3*L 
:'2 = X 1 / (Rt 2+X112 > 
:=R/(Rt2+Xlt2) 
33=81-B2 
:i=376.73*B*2/<A*SQRCl-<l.1811E + 04/<FC M 3*A*2>)t2>*Kt2) 
35 = 2*PI*FC M3*C2*1E-06 
31 = <B2t2-Gt2)t2-4*B3*(B3*<G+l/Zl )t2-2*B2*G*<G+l/'Zl) > 
IF D1<0 THEN 490 
rGR N=1 TO 2 
3CM > N 3= <Gt2-B2t2+<-l>tN*SQR<Dl>>/<2*B3) 
21 Mj N 3=BC M> N 3-B5+B2 
M M j H ]=G- < < Gt2-B2t2) * < G+1 .•- Z1 > - 2*B2*BC M ? N 3*G > / < < G+1 /Z1 > t2 + BC M» N 3t2 > 
;:1=HC Mj N 3.-'Zl+G*< 1/Z1+HC Ms N 3)+B2t2-BC M> N 3*B3 
11=BC \'U N 3*HC M» N 3+B3/Z1+G* CBC M» N 3+B3 + 2*B2) 
:,[ M>N3=-10*LGT<4*HCM»N3*<Gt2 + B2t2)/<Zl*<Rlt2+Ilt2>>> 
^EXT N 
JRITE <15>520)FCM3» 1/HCM» 1 3»PCMi 1 3* 1 /HC M> 2 3> PC M> 2 3 
:OTO 500 
•JRITE (15> 510)FC M 3 
•IEXT M 
"ORMAT F7.2»" X-RF NEVER IS EQUAL TO ZERO" 
-ORMAT F7.2f5XfF9.2»6X»F7.2»5X»F9.2i6X»F7.2 
END 
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Program in File 10 

(k) (k) 
During experiments aimed at determining AB and 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 (v^- , Y x Z ) coordinates. This is of some help in deter- 
AX BS G 

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

(k) (k) 
asymmetrical. It can also increase the accuracy of the AB and B0 

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

10 SCRLE ~10J10J0J1 
20 XfiXIS 05 1 
'J0 VfiXIS 0 j 0. 05 
40 MSP "HfiLF-WflVELENGTH IN MILLS="; 
50 INPUT L 
60 MSP "DELTfi I r'1flX="; 
70 INPUT D 
80 MSP "DRIFTS'; 
90 INPUT X 
100 FOR 1=1 TO 200 
110 MSP "BACKSHORT POSITION^'; 
120 INPUT S 
130 MSP "DELTfi I = "; 
140 INPUT fi 
15 U P L U T -1 / T fi N ( PI * S L) j C fi - S *L •' B 
160 IF S>L THEN 190 
170 PEN 
180 NEXT I 
190 END 
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LISTING OF BACKSHORT ANALYSIS TAPE 

0 3 2000 
1 2000 
•Hi O 2000 

o* 2000 
4 o 2000 
5 o1 

1500 
6 o 1000 
r" o 1000 
o •ill 1000 
9 1000 
10 250 
11 2500 
12 0 2500 

10 900 0 
10 1060 0 
10 950 0 
10 860 0 
10 890 0 
10 950 0 
10 540 0 
10 580 0 
10 660 0 
10 530 0 
10 190 0 
10 1030 0 
0 0 0 

1791 
1955 
1843 
1408 
1530 
1214 
736 
866 
812 
911 
141 
1951 
0 
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