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ABSTRACT o 0

This repoxt describesﬁ a user oriented computer program for analyzing n:_ric;:'o—
wave anci inillimeter—Wave ‘mixers. The program can be used for mixers with a single
Schottky-—harrier diode whose I-V and C-V characteristics are known. The diode
mount is assumed lossless but may have external loads af any number of sideband

and LO harmonie freguencies.
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The program first performs a nonlinear analysis to determine the diode conduct-
ance and capacitancé waveforms produced by the loca.;} pscillator. A small-signal linear ' ‘
analysis is then used to find the conversion loss, port impedances, and inpuf noise tem-
perature of the mixer. In the noise analysis thermal noise from the series resistance

of the diode and shot noise from the periodically pumped current in the diode conductance

are considered.

Examples are given, including a study of the effects of the series inductance and

diode capacitance on the performance of some simple mixer circuits using (i) a conven-

tional Schotiky diode, (ii) a Schottky diode in which there is no capacitance variation, r i

and (ii}) a Mott diode. It is shown that the parametric effects of the voltage depen-

dent capacitance of a conventional Schottky diode may be either deirimental or ben- b
eficial depending on the diode and eircuit parameters, ?
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1. Introduction

Asg a result of recent work on the theory of microwave and millimeter-wave
mixers [1,2], it is now possible to predict their performance with reasonable ac-
curacy. The purpose of this report is to make available a user oriented éomputer
program for determining the performance of single-diode mixers. The relevant mixer
theory is reviewed and the implementation of the Fortran code described. To iltustrate
the operation of the program a study of the performance of three simple mixers is
presented, These are: an ideal Schotﬂcy-diode mixer in which the junction capacitance
has the usual voltage dependence, a Schottky-diode mixer in which the junction capfci-
tance is assumed independent of voltage, and a Mott-diode mixer for which the junction

capacitance is an experimentally determined function of applied voliage.

The mixer analysis is carried out in three parts. First, the diode conductance
and capacitance waveforms produced by the local oscillator are determined using a non-
linear circuit analysis. Next, a linear small-signal analysis is used to find the input
and output impedances and the conversion loss between the mixer ports. Finally, the

shot and thermal noise contributions from the diode are determined.

The most diffienlt step in analyzing a mixer is finding the diode waveforms pro-
duced by the local oscillator. In earlier work by Torrey and Whitmer [3] and others,
a sinusocidal driving voltage across the diode junction was assumead, with the implication
that the harmonies of the local oscillator were short circuited. Fleri and Cohen [ 4]
used a numerical integration algorithm to obtain the voltage waveforms for a diode with
nonlinear conductance and capacitance in a simple Iumped element embedding network.
However this method can not be used if the embedding cireuit containg distributed ele-

ments, which is usually the case for microwave mixers. Egami {5], using a harmonic
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balance technique, was able to consider arbitrary embedding impedances, but conver-
gence was difficult to achieve when more than three local oscillator harmonice were
considered. In another approach, developed by Gwarek [ 6], the embedding network

is represented as a simple lumped element circuit in series with a string of voltage
sources one at each harmonic of the local oscillator. The amplitudes and phases of
these generators are adjusted to keep the apparent terminal impedance of the circuit
equal to that of the actual embedding network. Although the scheme works well for
many mixers, it is strongly dependent on the guessed values of the lumped circuit ele-
ments and does not converge ’for all embedding impedances. A final technique,based on
an earlier one developed in our laboratory [ 7], solves the nonlinear problem as a
series of reflections between the diode and embedding network. The algorithm operates
in the time domain when considering the diode and in the frequency domain when dealing
with the embedding network. Although this muitiple reflection technigue often requires
more time than Gwarek's method, solutions have been obtained for all the mixer circuits
we have tried and no initial guesses are required. As a resulf this method is used in the

large-signal seection of the mixer analysis program described in this report.

The small-signal analysis follows that of Held and Kerr [ 1] which is an exten-
sion of the original theory of freguency conversion put forward by Torrey and Whitmer
[3]. The small-signal properties of the mixer are derived from a knowledge of the
large-signal waveforms at the diode terminals and the impedance of the embedding

network.

In analyzing the noise properties of a mixer it is important to take into account
the partial correlation of the periodically varying shot noise at the various sideband fre-

quencies. Following earlier work by Strutt [8], van der Ziel [9], Kim [10],
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Dragone [117, and Uhlir* [127], the theory of noise in $chottky diode mixers was inves-
tigated by Held and Kerr {1] and put into a"form suitable for computer analysis. This

noise theory is used in the computer program presented in this report.

The mixer analysis program allows arbitrary embedding impedances at the
harmonics of the local osecillator and the sideband frequencies, and any Schottky diode
can be used. The diode series resistance includes a frequency dependent component
due {o skin effect. The program cannot handie .diodes with voltage dependent series
resistance or in which charge storage effects are significant, i.e. it is assumed that
the carrier recombination time is small compared with the period-of the local oscillator.
In all cases the diode mount is assumed lossless and reciprocal. The run time for the

program as listed in Appendix T is 32 seconds on an IBM 360/95 computer,

B TR P R T T T




et e A e b e

2. Outline of the Necessary Theory

The parameters most often used to characterize the small signal performance of

R i e g et

a mixer are: the conversion loss between the signal and intermediate frequencieg, the

input and ocutput impedances, and the equivalent input noise temperature., These quanti- _ J

ties can all be determined if the Fourier coefficients of the diode conductance and capa-~

et et 5 s

citance waveforms and the embedding impedance at each sideband frequency are known,

DIODE - i

‘ ¢ The first step in the analysis is therefore to determine the conductance and capacitance !
waveforms produced at the diode by the local oscillator. g
2.1 Solution of the Large-Signal Problem ' ;
The equivalent cireuit of the mixer is shown in Fig, 1. Expressions for the
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Fig, 1: The equivalent circuit of the mixer.
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diode conductance current and capacitance current are well known:

igj =i [esp(avy) - 1] , | (1)
dv
L. g
o, &% & ° (2)
j : _
where
o = C_[/'l'[kT ’ . (3)
and
¢; = Coll - v4/ 0)”Y (4)

The differential conductance is obtained from (1):

d . . . .
gj = T ol exp_(or.vd) = G,(lgj+ 15) = ougj . (5)

The voltage and current at the diode can be written in terms of their Fourier coefficients

as follows:

-+
v = )V, embaw b, Vg =V (6)
mn p -n n
n= -«
- o e
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g® =iy ® + 1, O = Z I, emno,t,I; =1 (7)
j j e n n n

where mp is the local oscillator frequency.
The conditions imposed on the sieady state response of the mixer circuit by the

embedding network can more conveniently be expressed in the frequency domain. Re-

ferring to Fig. 1:

Va
Tf’ = - [ze(nwp) + Rs(nwp)] , D =28, .00 (82)
n
vd1 -V, |
T = - [ae(wp) + RS(wp)] > (8h)
1
Vdo -V,
i = - 12,0 + R (0] , (8c)
d

where V1 and VO are the Thevenin eguivalent LO and dc voltages seen by the diode.

The frequency dependence of RS is due to the skin effect which we will assume to be

represented by




Rg = Ry(do) + Ry /T (9)

where R skin (Ohms/.,/Hz ) is a constant for a particular diode. The effects of diode

heafing on the series resistance® will not be included in this report.

If (6) and (7) can be solved for v d(t) and ié(t) then (1)-(5) can be used to find

ig (L), gj(t) and cj(t) which along with Ze( ) determine the small signal behavior of
]

the mixer. As mentioned in the introduction, a method of solution which works well for

2 broad range of embedding impedances is the multiple reflection technique [7] which

is described below.

The circuit of Fig, 1 is modified by inserting a {ransmission line of arbitrary

characteristic impedance Z, between the diode and the embedding network as shown in

0
Fig, 2. By making the tran<mission line an integral number of wavelengths long at the

L.O frequency, and hence at the harmonics of the 1.0, the steady-state waveforms in the
modified network will be the same as those in the original circuit. The desired voltages

and currents can then be obtained by alternately solving the two circuits shown in Fig., 3

in an iterative procedure,

*Decker and Weinreb (see vef. [1]) have shown that the de series resistance of the
diode determined from a de log I~V plot includes a negative component due to heating
of the diode by the test signal. When the resistance is determined at mlcrowas.re fre-
quencies this effect is no longer present and thus the deduced value of de resistance
will be larger than the apparent value obtained from the de log I-V plot.

e
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Fig. 2:
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The equivalent circuit of the mixer modified by the insertion of a long trans-
mission line of length mA LO (m - «) and charaeteristic impedance Z

0 The

steady state v d(t) and i d(f:) of this circuit will be the same as in the circuit of

Fig. 1. V0 and V1 are the Thevenin equivalent de and IO source voltages,
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Fig. 3: The two eircuits which must be solved iteratively to obtain the steady state
solution to the network of Fig. 2. The linear network (2) is analyzed in the
ivequency domain while the nonlinear circuit (b) is solved in the time domain.
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0 and VI are the Thevenin equivalent de and LO source voltages.
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Initially a wave propagates along the transmission line towards the diode in
Tig. 2. This wave contains voltage components only at the local oscillator frequency

and de. The initial de wave incident on the diode is.

Vio = VO ZO/(ZO + Ze(O) +Rg(0)) (10)

and the initial incident wave at frequency Lup is

Vil =V, %,/ (Zy + 20 +R 1), (11)
where VO and Vl are the Thevenin eguivalent cde¢ and LO source voliages seen by the

diode and Z e(n) represents the embedding network impedance at harmonic n (frequency

nmp) of the local oscillator,

After the steady state has been reached between the transmission line and the
diode, the wave reflected from the diode contains components at all harmonies of the
local oscillator. Denoting the incident and reflected voltages at frequency nwp by

Vi and Vr we have at the diode:
n n

kY =V, + v N (12)
dn n Tn

I ={V, ~V_)YE,. (13)
cl.11 ln T, 0
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\Y d)l and I g ave the Fourier coefficients of the diode voltage and current as given
n

in (6) and (7). They can be determined by solving the state equation of the network in

Fig. 8b in the time domain and then performing a Fourier analysis. Inspection of

Fig. 3b yields the state equation:

dv 4(t) vyt = Vb

& = (T2 - igj(t)) /o) (14)

Note that Vs(t) = VO + V. on the first cycle.

1

Equation (14) can be solved foxr vd(t), and then i d(f:), Vd , and I q can be
h n

found using (6) and (7). Now (12) and {13) can be used to determine Vr :
n

V., =V -V, (15)
rl‘l dn 111
or
V., =(Vqg -1 Zg/2. (16)
n n n

The wave represented by Vr travels back towards the embedding network where it is
n

reflected and a new wave is launched towards the diode. The amplitude of this newly
reflected wave is determined by the embedding network reflection coefficient at each

L0 harmonic:

™

<
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. Z,(0) + Rg(n) - Zg
Pn T F W +R M+ Zg

a7

and is

V!1 . =p. V . (18)
n n

The wave now incident on the diode is the sum of the reflected wave given in (18) and

that of the previous reflection cycle, i.e. Vi - Vi + Py Vr . At the diode a

‘ n n n
new state equation can be wrilten and solved to obtain the voltage and current in the time
domain, The Fourier coeflicients can be calculated and the wave reflected from the diode
found from (15) and (16). The pew incident wave is again determined using (18) and the
cycle is repeated until the voltages and currents at the two ends of the transmission line

are equal, that is (referring to Fig. 2):

v = |V for n>1 (19)
| dn l I ®n I
and
I = |1 for » >1 . (20)
| ay l | n |

e R *
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At this point the solution has completely converged and

—_—B = o = |ze(n)+Rs(n)|,forn>1. (21)

|7 |
n

In practice perfect convergence will not be achieved in a finite time., However,
a convergence parameter can be formed {o indicate when the waveforms at the two ends
of the transmission line are sufficiently close to one another to merit halting the itera-

tion procedure:

s(m) = {{(vd /14 )|/|Ze(n)+RS{n)|}—1, forn>1. (22)
n n

The solution is considered to have converged when §(n) = ¢ for all n > 1, where ¢

is an arbitrarily set Ilimit,

2.2 Small-Signal Analysis

2.2.1 Freguency and Subscript Notation

If a mixer is pumped al frequency wp and has an intermediate frequency w 0?

the only small-signals which can produce an IF response are at the sideband frequencies

(wo + nwp, n=0, £1, £2 ...). Following Saleh [131 it is useful to define the side-

band frequencies by:

w = W, +nw n=0, £1, 2, £3, ... (23)

-.;.‘-an-x@l
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For n < 1 the sideband frequencies are seen to be negative, A brief comment on the

meaning of these negative frequency terms is given in the footnote. *

Saleh's frequency notation leads to a considerable simplification of the mixer
theory. Using this notation all upper sideband fregquencies (u.tD + |n| wp) are con-
sidered positive, while all lower sideband frequencies (w 0 | 11| wp) are negative,
The sideband frequency index n is used as a subseript with the various slectrical quan-

tities and hence the upper sideband, intermediate, and lower sideband frequencies are:

Weg T Y

voltages at these frequencies.

= : - . r
+ wp, wo, and w_q W wp, and V+1, VO and \_1 represent

2.2,2 Small-Signal Conversion Matrix

Using the sideband notation described in the previous section let §1 and &5V
denote the vectors of the small-signal sideband currents (5In) and voltages (6Vn) at the

terminals of the infrinsic diode (the diode excluding its series resistance). Then

~ t
8 = [.ue, 813, 815 81 g5 «ue]

Electrical quantities are frequently described by a single complex guantity associated
with some frequency, assumed positive. For example, a voltage of frequency & may
be described simply by its complex half~amplitude V, implying an instantaneous volt-

age v(t) = V el wt + V¥ g wt . It is just as meaningful to work with a negative fre-
quency (-w) and the conjugate of the complex half~amplitude (V*), provided the conven-
tion is clearly understood. Impedances and admittances are then simply the conjugates
of their conventional positive frequency values, i.e. Z(-w) = V¥/I*¥ =Z*(Ww).

P S s = P S S .
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and
~ ‘ t
8V =[..., 6V1, 5V0, w_l, voe) (25)

Torrey and Whitmer [ 8] have shown that 51 and §V are related via a conversion ad-

mittance matrix Y defined by

~ ~

81 =Y &V . (26)

If the row and column nmumbering of the square matrix %E correspond with the sideband

mumbering, ¥ can be written out as

N Y., Y. o ..

Y = 2
“r e Yol YOO Yo—l .o ? ( 7)
vae Y"‘ll Y"lo Y—'l“'l “e s

with element values given by [3]:

Y. = G + J(L!J0 + mwp) Cm—n . (28)

mun nm-n

o
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G 2nd Cm-n are the (m-n) th Fourier coefficients of the diode conductance and
capacitance waveforms, gj(t) and cj(t), and are defined by:

5

[e:)

| . *
gj(t) = Z G, exp[anp t1, G, =G | (29)
n = - . . .
e) = ) ¢ eplinw ], C, =C] . (30)
n = —w
G, and C . are given by:
- . T2 .
Cpp = % | gt exl-j mn)u tlat , (51)
- I
>
1 I/2 : .
Coin = F Jm e;(t) exp [ ~j (m-n) w, tydt, (32)
-z
p)

where the integration is taken over one period T of the local oscillator.

The matrix Y can be regarded as the admittance matrix of a multifrequency
multiport network, as shown in Fig. 4, in which there is one port for every sideband

frequency w, . If the embedding impedances Ze -~ and diode series resistance_ RS

n n

corresponding to the sideband frequencies w, are now connected in parallel with the

intrinsic diode an angmented network is formed as shown by the broken line in Fig. 4.
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Fig. 4:

The small signal representation of the mixer as a multifrequency linear multi-
port network. The voltage and current BVm and aIm are the small-signal com-

ponents at frequency (w 0 + mwp) at the intrinsic diode. Each port represents

one sideband frequency. The conversion matrix Y is the admittance matrix of
the intrinsic diode. The augmented network includes all the sideband embedding
impedances Ze and is characterized by the augmented admittance matrix

~ m

Y'. §I} is the equivalent signal current generator which is connected at port 1 o
during normal mixer operation, the other ports being open circuited. During the

noise aralysis equivalent shot and thermal noise ecurrent sources 51‘8 and aI,‘I.
m m
are connected to all ports.
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The ports of the augmented network correspond fo the {erminals of the intrinsic diode
at the various sideband frequencies and do not represent physically accessible ports in

the real mixer. The augmented network can be described by the admittance matrix T s

defined by
8I' = ¥ BV (33)
where
8 = [..., 811, &Iy, 61", .. 1"
and

t

22
i

[eves 8Vys 8V 6V_p5 +nn]

0’ , (34)

BVm and 511':(1 are the small signal volfage and current, at sideband W, = w, +
m wp (port m}, of the augmented network. The elemenis of the augmented ad-

mittance matrix ¥' are given hy

YI =Y . m #n (35a)

and

: _1
YT - Y fZ R m=n
mm mm [ e ¥ <) ] ! ' ’ (35D)

e g A e e
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Inverting (33) gives

Z' osl' |, (36)

o
<
]

where
Syl
Z' = (Y") . (87)

The impedance matrix Z! enables us to calculate the conversion loss and the input and

output impedances of the mixer and is also needed in computing the noise temperature,

2.2.8 'Mixe‘rn Port Impedances

The impedance Zm of any port of the infrinsic diode (see Fig. 4) can be found
by open circuiting the corresponding embedding impedance Ze and then forming the
m
E' mairix defined by (36). The desired port impedance is given by the mm-th element

of the newly formed 72! matrix:

Zm = Zmm, o (38)

where the subscript « indicates that Z' has been formed with Ze open circuited.
m

The corresponding mixer input impedance seen by the embedding circuit includes the

diode series resistance and is

7. =7Z + R = 7! + R . (39)
in m 5. mm, S

T T e -
T e T
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In particular the IF output impedance is given by

(40)

Throughout the remainder of this report it will be assumed that the IF load im~-

pedance Ze .18 conjugate-matched to the IF output impedance of the mixer, thereby
0

minimizing the conversion loss. Once the mixer performance with matched IF is

known it is a simple matter to calculate the performance with any other IF termination.

The value of the conjugaie~matched IF load impedance is, using (40),

Z = Y = (Zhn o * R.) '=Z'm+R s (41)
€ IFout 00, SO 00, S
where Z{’]O is the center element of the E' matrix with Ze = w, Rather than
3 €

0
reforming the %' matrix each time an input impedance is calculated, the intrinsic

diode port impedance Zm can be found from (referring to Fig. 4):

7! = (Z

mm + Rsm) I LA (42)

®m
where Z! is the mm-th element of the mixer impedance matrix formed with the IF
load impedance conjugate-matched to the IF output impedance. The corresponding

mixer input impedance is then

21
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\’ v o o «‘ e e .

Ze Ry ) By

®m m
Pm o T Rs Y @ TR, -z (43)
m m
2.2.,4 Conversion Loss @

The conversion loss from. sideband j to sideband i in a mixer is

N PR

power available from the signal source at sideband wj :
Lij A ( converted power from the signal source, delivered to ) ' -
the load at sideband w, "
Consider for the moment only the intrinsic diode shown in Fig. 4, The power available
T
from impedance (Ze + Rs ) at the j-th sideband is :;’_q
\
- 1 1 .
Povaitabte = £ 8717 Re [zej + st] . (44)
The power delivered to a load impedance (Ze + Rs )} at sideband i is, using (36) L
i i
LI
12 2
|z§j IéIj] Re[Zei + Rsi] , &
= I = e
Pacliverea ~ BeloV; ok ] 7 : (45) o
|z, + B | -
e, s,
1 1 _)
‘“«' t e J'L_-‘ RN ~. ‘&j
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Dividing (44) by (45) gives the conversion loss Lij of the intringic diode:

2 2
|Ze- +RS.| |Ze. +RS.| o

P
ayailable —_ ;. i i i J (46) ]

P iy 2 . ‘1
delivered 4|Z£j| Re[Zej +st] Re[Zei +Rsi] 4

¢ To find the conversion loss of the actual mixer, the additional loss in the series 3

resistance at the input and oufput frequencies must be included. This is accounted for

by two terms:

A Power Available from Ze
= ] =
Kj " Power available from Ze + Rs Rel[ Zej * st] / Be [Zej:I 7
i i
A Power delivered to Ze + Rs ;
i i
Ki =  Power delivered to Ze T Re[Zei * Rsi] / Re[Zei] ° (48) : '
i -
g

Multiplying Ki and KJ. by Lij gives the expression for the loss of the mixer in convert- ;

ing from sideband j to sideband i: é

& ‘

2 2 _

‘Ze. + Rsi| Ize. * Rs.‘ : |

L. =K K LI = — L b, (49)

¢ ] 13 H 4|21 |° Re[Z_ 1 Re[Z_] .,
ij e &

where Zij is the ijth element of the impedance matrix 7' of the augmented network as

< defined in (36).
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2.3 Mixer Noise Theory

The noise observed in a Schottky diode comes mainly from three sources,
(i) shot noise due to the statistical nature of the current flow across the depletion
layer, (ii) thermal hpise due to the random motion of the charge carviers in the un-
depleted semiconductor material and (iii) :ﬁoise due to lattice scattering, which occurs
in regions of high current density. Af room température the noise contribution due to
lattice scattering is usually small enough to be approximated by a slight increase in the P
temperature of the diode series resistance to Té,q [1,2]. In cryogenic mixers how-
ever, scattering noise may account for a more substantial part of _the overall noise and
a more complex analysis than is performed here is required to take account of its par-

tially correlated components.

The equivalent cireuit of the Schottky diode, including noise sources, is shown

in Fig, 5(a). Teq is the equivalent temperature of the series resistance and includes

the effects of lattice scatiering and pump heating, k is Boltzmann's constant and g the ;
electronic charge. In Fig. 5(h) the thermal and shot noise are hoth represented as “
2 -2 ;
T and 6iy are the
mean-square values of the thermal and shot noise currents in the freguency range f to

equivalent current sources in parallel with the intrinsic diode. &i

f+ Af. These current sources can be regardéd as generating a multitude of quasi-

“H

sinusoidal fruquency components, each with its own amplitude and phase. In the mul-
tifrequency multiport equivalent circuit of the mixer, IFig. 4, the noise sources can be
included by connecting a noise current source at each sideband frequency to the appropri~ .

ate port of the augmented network. o i

P,
a1

' el T

i
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Y
U | RS ‘gj
le— 70 L ,
1 7 o .
| ) 9j
L---0
|
|
id
, WBC'
2 o2 .2 4
+
‘e ngs‘rd Sls 7
€]
¢ I'ig, 5: (a) The cquivalent circuit of the diode including noise sourees, Teq is

the equivalenl temperature of the series resistance and takes into account

pump heating and lattice scattering noise,

(b} The cquivalent eircuit with

— 2 . . 2 .
the thermal noise source 5vT transformed into a current source B‘{T . The

sideband components ol the noise sources arectreated in the same way as

the equivalent small-signal curvent sources 611‘“ applied at the ports of the

augmented network ol Fig. 4.

et A iy
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As seen by the intrinsie diode, the thermal noise current source in Fig, 5(b) is

s 4k Teq Rsm Af
lz, +R_ |® , )
e 5
n m g

At the intermediate frequency (m = 0) the mixer is conjugate matched with 2 o

(Z 0" + RS )¥ . As seen by the IT load Ze the equivalent thermal noise current |

0 -‘ _ =0

source connected to the IF port of the augmented network is
45k Teq Rs Al 4l T'qu Rs AT _

-2 _ 4] - 0 :

0 0

Since the noise performance of the mixer is determined from the total noise power de-

livered to the IF load Ze s (61) rather than (50) must be used to account for IF noise
0

in the series resistance that is delivered to the IF load.

The mean square value of the shot noise current source in Fig. 5(b) is given by

the usual expression:

At . (52)

& Al s e A e =

B
:
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2.3.1 Shot Noise

The shot noise in a mixer arises from the current produced in the diode con-
ductance by the local oscillator and de bias. It can be considered as white (Gausgsian) noise,
amplitude rhodulated by the LO waveform. Dragone {11] and Uhlir [12] have investigated
the properties of this modulated noise and shown that there is partial correlation between
the quasi-sinmusoidal components at the various sideband frequencies. The correlated
components at these sidebands are down converted in the diode to the intermediate fre-
quency where they add vectorially.

Let 6l Tepresent the quasi-sinusoidal component, at frequency W s of the
n

periodically pumped shot noise current source in Fig. 5(b). Each of the sideband com-

ponents 6Ié is connected to the complete equivalent circuit of the mixer, Ig. 4, at
n

the appropriate sideband port. We define glé and é"v

shot noise currents and voltages at the ports:

g as the vectors of the input

~ t
814, = [... 8IL &I, &I ceo ]
5 8, "8, "8
and
L t
§Vg = [ave svsl 6VSO Ws_l vea d (53

Using (36) the oufput noise voltage at the IT is

(54)

L ’w J," S
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~

where Zb " is the zeroth or center row of the augmented impedance matrix 7' defined

in equation (36). It follows that

" =3 - = 1 T 1
5VS GVS Zb _I‘ ( Zb_ I}d) _ Zb 6IS 6IS ZO s (55) -
where t indicates the conjugate tré.nspos‘e of ét matrix. .
Taking the ensemble average* of (55) yields
ew 42y o B et oty Sy »
_(lavsol y = Z4 <5Is IS) zy - (586)
( gI'S gIg > is the shot noise current correlation matrix and has the general element
(51;3 Mé* Y . It can be shown that [11], [127 :
m n
(8L 8LF) = 2q L AL, (57)
m n
where I~ is the (m-n)th Fourier coefficien! of the diode conductance current is
defined by .
o
#
Talking the ensemble average is equivalent fo considering a small but finite bandwidth
as must be used in any physical measurement., The fanite bandwidth contains a multi-
tude of quasi~sinusoidal noise components with random amplitudes and phases.
SV S T R e
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[~]
- X - *
i (® = z L, eplinw t] , I =1 . (58)
] N
Lpn 18 then given by:
L
. 2
Lpw = = | . e ) expl-jm-no tld, (59)
T2

where the integration is taken over one LO cycle.

2.3.2 Thermal Noise

Thermal noise generated in the diode series resistance has components which

are uncorrelated at the various sideband frequencies. Let 6I£_[. represent the guasi-
n

sinusoidal component at sideband freguency w, of the thermal noise current source in

Fig. 5(b), and let 6VT be the sideband noise voltage produced by aIlr . 'The noise
n n
voltage produced at the IF port of the augmented network (Fig. 4) by the thermal noise

at all the sidebands can be found using eqguation (36):

bosIL, (60)

— - - Ly L i ki e LT S £ g e o e TR 'i'
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where gI&, ={.ea, 5111, , 51"I‘ . e:»,I.'r s e«+ ] is the vector of input thermal noise

1 0 ~1
currents at the sideband ports of Fig, 4 and Eb is the center row of the augmented

e il Al 2RI e e

impedance matrix Z'. From (60)

V, i = E‘ STt Z1 NI! * o 5 apt u !

Vg, " 8Vg, T F St (% ) = %y Oy 8l Zy . (61) :
Taking the ensemble average gives
By _ % oY by ot

([aVT0| ) = ZY (sl 8IL) Zh . (62) ;

The square matrix ( 61"1‘ 51,’; ) is the thermal noise current correlation matrix.
Since the thermal noise components at the various sideband frequencies are uncorre-

%
lated the elements (aI'T 5I,'I, Y = 0 unless m =n, i.e. the matrix is diagonal.
m n

From equations (50) and (51):

_ s eq s :
(~rn 8ln ) = 5 > m#O0 (63a)
m m 'Ze + Ry |
m m
[
4T, Ry Af o
* 0 4
(8IL, &I ) = s, m=0 (68b)
To o lz. - =& |?

" : s LI
e e ST N NTRRE I LN
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®
(51'Tm aI&.n> =0 , m#n . (63c)

2.8.3 Total Mixer Noise

The total output noise voltage of the mixer is obtained by combining the thex-

mal and shot noise components. From (56) and (62):

£

o

<lVNO|2>'='§b [(aly a1y + (omy, amyfy 1 zyh . (64)

It follows that the noise power delivered to the matched IF load Ze from fhe mixer
0
itself is

2
P, = <|VN0|2> Re[Zeo]/|Ze + Ry |

. {65)
0

The equivalent input noise temperature TM of the mixer is the temperature to

which the signal source conductance must be heated to give the same output noise from

a noiseless but otherwise identical mixer as the actual mixer would produce when its

signal source conductance was maintained at absolute zero temperature., Thus,

T & Py L01/k Af .

(66)
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Using (65) and equation (49) for LOl (the conversion loss from the signal frequency
to the IF)

2 2
v 17 2o+ R, |
- 0 1 1
Ty = = 5 ’ (67)
4k Af|Zf, 1" RelZ ]
1

where Z'01 is an element of the augmented impedance mairix 7! defined in (36).

TM is the single-sideband input noise temperature of the mixer, meaning that
all the noise of the mixer is attributed to a hypothetical source at the signal frequency.

1t is related to the single sideband noise figure by:

Tyr

Fseg = 1 * R - (68)

When describing the performance of a mixer whose physical input port is coupled
ta both the signal and image frequencies, it is more convenient to talk in terms of a
double-sideband noise temperature TDSB . TDSB is the temperature to which the
signal and image source conductances must be heated to give the same output noise
from a noiseless but otherwise identical mixer as the actual mixer would produce when
its signal and image source conductances were maintained at absolute zero temperature.

For mixers in which the conversion loss from the signal and image frequencies L and

01

L0~1 are equal

TR TTITITT RN SR
2 s X B e e v . ,‘:‘ Sl s & g '_,,: . L
L Rl s B = SO

P P




Tpep = Tean/2 | (69)
and when Lo, # Lo-1
T
 Teep
Tpsg = T, (70)
01
1+ =
0-1

2.4 Summary of Mixer Theory

The performance of a mixer can be characterized by its conversion loss and
equivalent input noise temperature, These quantities depend on the large-signal wave-
forms at the diode and on the embedding impedances of the mixer at the small-signal
sideband frequencies. The dicde waveforms can be found using the multiple reflection
technique described in section 2.1. Onece a steady state solution has been obtained, the
Fourier coefficients of the conductance and capacitance waveforms can be extracted and
used to find the conversion admittance matrix which relates the small-signal sideband
currents and voltages of the intrinsic diode. An augmented admittance matrix can then
be formed, which describes the multiport network consisting of the intrinsic diode, the
diode series resistance, and the sideband emhedding impedances. The inverse of this
mafrix is the augmented impedance matrix Z , whose elements are used to calculate
the conversion loss at the various sideband frequencies and the input impedances of the

mixer ports, It is assumed throughout that the IF load impedance is conjugate-matched

to the IF oufput impedance.

ERE
i arlinhulMiCald
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In the noise analysis, two components are considered: shot noise in the junc-~ I ;
tion, and thermal noise in the series resistance., These are represented by eguivalent .
noise current sources in parallel with the intrinsic diode. The periodically varying !
shot noise has correlated components, while the thermal noise does not. Correlation |
matrices are formed and evaluated for both shot and thermal noise sources, The shot ]
noise correlation matrix has elemeants related to the Fourier cosfficients of the large -
signal diode conductance curreant, while the thermal noise correlation matrix depends
upon the embedding impedances at the sideband frequencies. The two matrices to-
gether yield the total output noise voliage from which the equivalent input noise tem-

perature of the mixer can be calculated. The analysis is complete at this point.

2.4.1 Comment on the Effect of the Number of Frequencies Considered

In transforming these procedures into a workable computer program there is a

practical limit on the number of harmonics of the local oscillator which can bhe used.

ok i e e H

This means that the small-signal admittance matrix § will be truncated above some

finite harmonic number, which is equivalent to short eircuiting the intrinsic diode at all

higher sideband frequencies. In the nonlinear analysis the resiriction on the number of

harmonics is equivalent fo terminating the intrinsic diode in an impedance Z 0 the char-

acteristic impedance of the hypothetical fransmission line, at all higher frequencies,

As long as the mumber of harmonics cunsidered is not too small this approximation is a

reasonable one. 0

In the next section the computer program bhased on this analysis is described.
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3. Description of the Mixer Analysis Program

Using the theory given in the previous sections, a user oriented computer pro-

gram was written which can readily accommodate a variety of mixer problems.

The program reguires as inputs (i) the embedding impedances seen hy the diode
at each harmonic of the local oscillator and at the harmonic sidebands, (ii) the diode
characteristics, inc_:lu&ing an arbifrary capacitance-voltage dependence, and (iii) the
operating conditions for the mixer, i.e. the bias vriiage applied to the diode, rectified
curr‘entb, pump and intermediate frequencies, and the equivalent diode temperature.
QOther variablesWhiéh ean be input to change specific program operations will be dis~-

cussed later in this section.

The outpﬁt includes (i) the large signal current and voltage waveforms at the
diode, (ii) the Fourier coefficients of the diode conductance and capacitance, (iii) the
conversion loss between every pair of sideband frequencies, (iv) the IF oufput imped-
ance, (v) the input impedance at each sideband, and (vi) the equivalent single-sideband

input noise temperature.

The remainder of this section explains the program in detai? and illustrates the
steps used for running it, A complete annofated listing of the program appears in
Appendix I and a general flowchart is given in Fig. 6. A list of the main program
variables and their counterparts in the theory developed in parts one and two of this

report can be found in Fig. 7.

3.1 Program Dmplementation

The program begins with a call to subroutine LGSIG to do the nonlinear analysis

using the mnltiple reflection method described in section 2.1, The emhedding network

)“

e T A T T e il et RN ST I AP L. ST Ay

e e ea s s
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| PRIVER PROGRAM A
Cantains comments de- F
seribing program oper- = ”
ations,variables,sub- :
routines and common ’ 3
blocks, Calls LGSIG & SHSIG
SMSIG. Runs the small-signal i
& poise analysis,Finds
the IF output imped.,
the input imped,,the
lconversion loes between
" leach peir of sidebands,

LGSIG
Runs the nonlinear an-
alysis.Adds R_ to the .
emhad.impcd.,galc.:efl. f
coeff, ,determines con- 1
vaergence parameters,
stores waveforms for

bles,embedding impedan-
ces and diode series
resistance at the var-

BoT

ious frequencies,

DFORIT
An IBM S5SP routine that
calculates the Fourier
coefficients of a data

Required by DRKGS.Sets
up the network state
aguation to be solved,
Caleculates the diode
conductance ,capacitancg
conductance current,&
rapacitance current,

IPrints the values of
the relesvent variables |g
in the reflection ecycle
every NPRINT cycles.

calls 2 user supplied
subroutines:FCT & OUTP

QuUTp

the last reflection
cycle when convergence
has been reached.

DFQRIT
An IBM 5SP routine that ey
caleulates the Pourier
caefficients of a data }g..
string,in this case, the
diode conductance and

the current through thel .
diode conduetance,and
the diode capacitance,

) I

Required output routine
used by DRKGS for added

ADJLO

adjusts the LO velt.to
get a rectified current
of IDBIAS,ADJLO is cal-
led after 10 reflecticon
cycles to allow the de
current to settle bhe~
fore changing VLO.

CMINY

IB¥ SSP rouwbtine MINV
slightly modified to
invert a complex ma=-
trix,in this case_the
‘augmented matrix ¥
with the load impedance
open circuited.

matrix ¥!' with a mat-
ched IF load,

TMIX

Calculates the equiva-
lent input noise tem-
perature of the mixer

g

TMIX

Calculates the eguiva-
lent input noise tem~
perature referred to

matrix ¥' of the mixer
with the IF load im-
pedance open circuited,

YPRIME

Forms the augmented
matrix ¥' of the mixer

o

sequence,in this case, with a matched IF load.
the diode voltage and
current. DREGS CMINVY, ]

IBM 55P routine used IBM S5P routine MINV

to solve the network slightly modified to'

state egn.by a Runge invert a complex ma--

PRIND2 Rutta algorithm.DRKGS trix,here the augmented CORREL

Forms the shot noise
correlation matrix
using the Fourier coef-
ficients of the diede
conductance current,

the signal port, in-

cluding both thermal

and shot noise con-
tributions.

over one LO cycle.

Fig. 6:

Return to DRIVER PROGRAM

£flexibility.OUTP is not n L
] used in th{s program referred to the signal
PRINT2 and simply returns to port.At this time oenly TNOISE i
‘[ DRKGS when it is calle the shot noise is taker; F Forms the tlhermal noise
Prints the results of ﬂ inte account. correlation matrix and

adds it to the shot
noise mrrelation ma~-
trix.

PRINT4

Prints small~signal an-—
alysis results: Loss
matrix,input impedances]
shot, thermal and total

mixer noise tempera~
capacitance. POWER tures,
Calculates the LO pow-
j lwjox required and prints Return t0 DRIVER PROGRAM fw—
PLOT
Plots the total voltage
& current at the diode,

Chart illustrating the general flow of the mixer analysis program and the
operations of the subroutines.

Sloteing. o and the noise temp.
y i f
[ _zewmmp | PRINTI ;
Forms the embedding im- Transforms Fourier co= :
podances at the LO har- efficients of dlode P
ol CS and at the side- conductance and capac= L
bands. Also caleulates itance to mag.& phase
{the value of t*:& diode and prints them,
FRINT1 | erles resistance at i YPRIME
these fregquencies. ;
Prints the input varia- P s agutented

S L
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VARIABLE

DROGRAM NAME
co

cJ
FC{m-n+1)

GJ
FO(m-n+1)

cJ

iDCOSin+1)-JIDSIN(n+1)

IGJ + ICJ

IGJ

FG(m-~-n+1}/ALP
IS
BOLTZ
LIJ

QEL

RS
RSLO

RSSB
RSKIN

TEQ
™

vDC
VLO

VDCOS (n+1) - [VDSIN (n+1)
Y
vIDC
VI (n) = AV (n) - JBV {n}
VROC or DVRDC
VR or DVR
-A
A

VARIABLE
ZYo/e, IF}
Z' (matehed IF)
Zo (T+ line imp.)
2, 10) + Ry(dc)
Zplnug) + Rglne)
Zg rwp)
2

®m

2
IFt;\ut

zj;

zin

1
zmm

'
zmm,w

ty

(8l &Iy

(3 51
(Istol?‘)
<]5v50|2)
<1avT6|2>

dvd/ dt

37

PROGRAM NAME
A

A
20
AEMBDC
ZEMB

ZER + JZEL
ZEMBSB

ZIFOUT

A(NHD2P1-t, NHD2P1-f)
21

A(NHD2Ti-m, NHD2P} -m})

A(NHD2P1-m, NHD2ZP1-m)
ALP

GAM
ZQ-1

ZQACC
Pl
RHO

RHODC

PHI

WIF

wp

COR

COR
Vs
vsQ
vsQ

DERY (1)

Tig. 7: Alphabetical list of the main variables used in the theory in this report, and
their counterparts in the mixer analysis program,

o

PR
D ST




38

impedances Ze(n) (ZER + jZEI) and the sideband impedances Ze (ZEMBSB) are B

m SER
input in the BLOCK DATA program or formed, up to the highest harmonic of the LO
(NH), assumed even, in subprogram ZEMBED. The real and imaginary parts of the
embedding impedance Ze(n) at harmonic n become elements n of the arrays ZER

and ZEI The dec term is considered separately, The embedding impedance Ze !
m

at sideband m becomes, in the notation of section 2.2.1, array elemznt

+1 - m),m= 0, #1, £2, ... # SE of ZEMBSB. The diode series re-

sistance at each LO harmonic (RSLO) and at the sideband frequencies (RSSB) is also

NE
2

1A
< 9

formed in subprogram ZEMBED using equation (9). The array element notation for
RSLO is the same as that used for ZER and ZEI, that is Rs at harmonic n becomes
array element n of RSLO. Similarly, the notation used for RSSB is the same as that

-of ZEMBSB, RS at sideband m becomes array element (—NZ—H— + 1= m) of RSSBE.

The reflection coefficients, (RHO) of the embedding network at the various LO

£

harmonics are found using (17) for a given value of the transmission line characteristic

impedance Z_.(Z0)., After initializing the incident voltage at the diode from (10} and

o' |
(11), the input data are printed through subroutine PRINTI. 3
The next step in the nonlinear analysis is to find the local oscillator voltage
Vl(VLO) at which the desired rectified diode current (IDBIAS) is obtained, An outer
loop (JLO) is established which zeros in on the required 1.O voltage. To do this, ten
reflection cycles of the large signal analysis are run after which the de current

(IDCOS(1), the first Fourier coefficient of the total current in the diode) is compared

with the desired value IDBIAS, and VLO is appropriately changed. The loop continues

until the desired and calculated currents agree within a preset accuracy (IDCACC).

The time domain calculation of the current and voltage at the diode is accom-

plished by using the IBM SSP routine DRKGS which solves the network state equation
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(14) for the cireuit of Fig. Sh using a Runge-Ruite algorithm. The problem is time
sealed so that the LO periodis 21 seconds, Esch LO eycle contains 4 fixed mumber
of points (NPTS) and DRKGS is called sepavately to integrate the cirouit equations
over each of the (NPTS-1) intervals per LO cyele. Subroutine FCT, called by DRKGS,
supplies the slate equation (14). The 1*esu1t:mg values of »the total diodp ocurrent i d

(IGT + ICJ), voltage vy (¥(1)), conduciance B; (GJ),, and capacitance o (Cd) for
each point are stored in arrays. The integration loop is repeated NLO times to a]low
o steady state to be reached and then the IBM SSP rouiine FORIT is used to .i‘ind. the
TFourier coetficients of the final vollage and current waveforms. At this point the volt-
ages reflected frum the diode at each LO harmonié é.an be found from (15) or (16) and
the new incident voliages determined from (17) and (18). VTl_i_é. convergence of the solu-
tion is checked using (22) and if more iteratioﬁs are required (ZQFLAG. # 0) the pro-
cedure is repeated from the beginning of the DRKGS integration, However, if the im-~
pedances at both ends of the transmission line are equal within some lixed accuyacy €
(ZQACC) at all harmonics of the LO above the first, then the large signal analysis is
complete. The resulls 61" the last iteration are printed via subroutine PRINT2 and sub-

routine POWER is called to calculate and print the required LO power, * The Fourier

-k
We have found that convergence of the nonlinear analysis can generally be made more rapid
if the embedding impedances at dec and the LO frequency, Z G(O) and Ze(l), ara artifically

set equal to the characteristic impedance Z 0 of the hypothetical transmission line. Provi-

ded the LO and de bias sources are appropriately adjusted this has no effect on the steady-
state waveforms. In computing the LO power reguired to drive the mixer (i. e, available
power from the LO source), the corrsct value of Z‘e(l) must be replaced and the LO source

voltage adjusied accordingly. It follows that, in terms of the LLO source vollage VLO’ when
2 e(0) = ZO’ the IO power required to drive the actual mixer (with Z c_}(1) at its original
valug) is:

v o2 I + 2@ + 2, *za |

PLo T FRelz_]

_ (71)
[zo ® (1 + ZQ(1))|2 '

where ZQ(1) is the convergence parameter given in (22) when n= 1,

LR ey *
UL T o L anal T SO

gt R
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coelficients of the diode conductance and capacitance are now lound using FORIT, afier

i having un-time-scaled the [requency dependent terms. Finally, the cdiode conductance and

capacitance, total diode current, and voltage across the diode are plotied over one IO

St Wkt STl

cycle using subroutine PLQT,

After the large-signal ahalysis is finished subroutine SMSIG is called to perform

i
i
I
i
i
1
b
i

g
the small-signal analysis described in section 2.2. The Fourier coelfficients of the diode
conductance and capacitance (GJCOS, GJSIN, CJCOS, CISIN) obiained in the large-signal .
section are converted to complex form (FG,TFC) and printed in subroutine PRINTS.
-Caleculation of the conversion loss matrix (XLMAT) and input and output impedances i

then begins by forming the small-signal admittance matrix Y (A in the program) of .

equation (26) using (28), The IF load impedance is open circuited at this stage and the

s T

angmented admittance matrix of (33) '1\;' is formed in subroutine YPRIME by adding
-1

e

(Ze + Rs ) to the diagonal terms of ¥ (4). I (4) is inverted to obtain
m m

’rZ' (A) using the IBM SSP routine MINV (matrix inversion), slightly modified to

b
it
t

handle a complex matrix (CMINV)., The IF output impedance (ZIFOUT) is the center

element Z{')O (A(NHD2P1, NHD2P1)) of this matrix plus the diode séries resistance RS
0

(see eq. (40)). If IT load impedance is set equal to the complex conjugate of ZIFOUT
and the augmented admitiance matrix is again formed and inverted to give Z (A) for the
mixer with a matched IF load. The elements of the conversion loss matrix (LIJ) and

the input impedances at the sideband ports (ZIN) are then found using (43) and (49).

The noise analysis proceeds according to section 2.3 and begins with the forma~
tion of the shot noise correlation matrix ¢ 614 515") in subroutine CORREL, using
(™
(67), The equivalent input shot noise temperature (SHOT) referred to the signal port is

calculated in subroutine TMIX using equation (67) with ( |6VN |2 } replaced by
0
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(| 5Vg | 2 Y as given by (56) and (57). The total mizer output noise voltage is found,
0

TRy T T L T

R RS STy
L P L

using subroutine TNOISE, by adding the shot noise correlation maftrix to the thermal
noise correlation matrix given by (6‘3} - see equation (64). Subroutine TMIX is then
used to find the total equivalent input noise temperature (TM) at the signal port, The .

. thermal component (THERM) is found by subtracting fhe shot noise contribution (SHQOT)
from the total noise temperature (TM). The results of the conversion loss and noise

analyses are printed using subroutine PRINT4., This completes the program.

For a more detailed description of the operation of the program the reader is

referred fo the comments in the srogram listing and the general flow chart of Fig, 6.

3.2 Running the Mixer Analysis Program

A listing of the mixer analysis program in its simplest form appears in Appen-
dix 1 along with the output of a run. Using the IBM Fortran IV-H compiler, the execu-
tion time for this particular listing is 32 seconds on an IBM 360-95 computer. The ;
comments in the listing provide a step by step description of the Fortran coding and ex- \’X
plain the meanings of the variables. To run the program the following information must g ]

be supplied by the user via the BLOCK DATA subprograms:

(1) The embedding network impedances at the LO frequency and the higher harmonies

as real and imaginary parts (ZER, ZEI) in Ohms.

(2) The sideband impedances in complex form(ZEMBSB)in Ohms, where sideband
m corresponds to array element (NH/2 + 1 - m) and there are NH+1 array
elements in all. Note that for all lower sidebands (m<0) the sideband freguency

is negative and the ZEMBSB(NH/2 + 1 - m) is therefore the conjugate of the

positive frequency impedance.
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(3) The LO frequency (FF) and the intermediate frequency (IF) in Hertz.

(4) The dc bias voltage across the diode (VDBIAS) in Volts,

(6) The desired rectified current (IDBIAS) in Amperes.

(8) The equivélent temperatufe of the diode series resistance (TEQ) in degrees Kelvin.
(7) The diode series resistance at de (RS) in Ohms,

(8) The diode skin resistance constant (RSKIN) in Ohms/«/ Hertz.

(9} The reverse saturation current of the diode (IS) in Amperes.

(10) The diode contact potential @(PHI) in Volts.

(11) The diode capacitance at zero velts (C0) in Farads,

(12) The diode capacitance law exponent Y (GAM).

(13) The diode I-V law expouent o 4 q/mkT (ALP) in (Volts)hl.

The values of the remaining variables are somewhat arbitrary and have been
optimnized for the example given in Appendix I. The following information may prove

useiful in choosing values for these variables when running other examples.

The characteristic impedance (Z0) of the hypothetical transmission line inserted
between the diode and the embedding network for the nonlinear analysis has a significant
effect on the number of reflection cycles required for convergence. Values near 200
Ohms result in a fairly rapid rate of convergence for the example in Appendix I and
also for the examples in section 4.1 in which the embedding impedances above the first
harmonic are open circuited. However a lower value (50 Oluns) gave somewhat faster
convergence when the embedding impedances above the first harmonic were short

circuited.

g e e




The initial value of the local oscillator voltage (VLO) and the initial increment
{(VLOINC) used to zero in on the desired dc¢ rectified current can be chosen so as to
avoid many time consuming loops in the large signal analysis. If, as in the examples
in the next section, many runs are desired with only slight variations in the circuit
parameters VLO will change very little between each run and VLOINC should be made
fairly small.

The number of LO cycles needed to reach a steady state (NLO) for the cireuit
of Fig. 3b in the nonlinear analysis, need not be greater than one for the examples given
in this report (bear in mind that the solution will continue settling in successive reflec-
tion eycles) but some circuits may require additional settling time., NLO can be in-

creased by changing the appropriate statement in the BLOCK DATA routine.

If the de current reached after ten reflection cycles in the nonlinear analysis is
not sufficiently close to its ultimate value it may be necessary to increase the reflection
cyele nmunber at which the LO voltage is adjusted. This is accomplished by changing

the program step which follows statement label 10 in subroutine LGSIG.

The results of any of the reflection eycles in the nonlinear analysis can he
printed by adjusting the parameter NPRINT in the BLLOCK DATA subprogram which
causes resulis to be written out every NPRINT cycles. Upper limits on other program
loops such as the total number of allowed nonlinear analysis cycles (NITER) or VLO
adjustments (NVLO) can be increased or decreased as desired by changing the variables

appearing in the common block labelled LOOPS.

The local oscillator cyele was divided into 50 parts (51 points) in these examples

to yield a reasonable number of data points for plotting the diode current, voliage,
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éapacitance and conductance waveforms and to avoid aliaging, * If the number of points
(NPTS, assumed odd) is altered some of the array dimensions must also be changed.
In subroutine LGSIG the variables VDDATA,IDDATA, IGIDAT,ICIDAT, CIDATA and
GJDATA all have dimension NPTS.

If otﬁér than éight harﬁmnics of the loeal osciilator are to be considered the
variable NH (assumed even) must be set to that number in the BLOCK DATA subpro-
gram. Also the following array dimensions must be changed in subroutines LGSIG,
SMSiG, FCT, and BLOCBf DATA to the value NH, if they represent L.O harmonics, or

to NI + 1, if they refer o the sidebands:

ZER,ZEL,RSLO, AV,BV,ZEMB, RHO, VI, VR, DVR, ZQMAG and ZQPHA must be
dimensioned NH and ZEMBSBE, RSSB, CJCOS, CJSIN, GJCOS, GJSIN, VDCOS, VDSIN, IDCOS,
- IGSIN, A, COR, FG, FC, T, ZIN, XLMAT, GIMAG, GTPHA, CTMAG, CIPHA, WK1 and WK2
must be dimensioned NH + 1. In addition certain print formats will also have to be

altered.

The relationship chosen to represent the variation of diode series resistance with
{1 equency due to the skin effect involves the determination of 2 constant (RSKIN) which

will be different for every diode. An increase in the resistance at 100 GHz. of 30% of

* The sampling theorem indicates that if NH harmonics are considered, it should only be
necessary to consider 2 * NH + 1 points in the diode waveforms. This would be true if
the wave:w.sms produced by the Runge-Kutta integration contained only NH harmonics.
However the integration solves the circuit of Fig. 3(b) quite faithfully and, because of
the exponential nonlinearity of the diode, harmwri~g above NH ars present in the wave-
form. These are ignored in successive reflection cycles of the nonlinear analysis. If
only 2* NH + 1 points are considered in the waveforras, the phenomenon of aliasing
will oceur, by which higher freguency components are "mixed" with harmonics of the
sampling frequency therehy causing errors in the computed Fourier coefficients,
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the de value has been assumed in the example in Appendix I of this report. RSKIN
can be changed via the BLOCK DATA subprogram. A frequency dependent reactive
term may also be added to the diode series resistance by making RSKIN, RSSB, and
RSLO complex.

It is also possible to use a different capacitance-voltage law for the diode than
that given in equation (4). This is illustrated by the Mott diode examples discussed in

the next section.
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4. Examples Using the Mixer Analysis Program: A Study of the Effects of the Series

~ Inductance and Diode Capacitance on Some Simple Mixer Circuits

In this section the mixer analysis program is used to study the effects of the
series inductance and diode capacitance on the performance of the simple mixer circuits
. shown in Figs. 8 and 9. The embedding networks were chosen to simulate mixers in
which there is inductance due to the diode package or contact whisker. I-Iigltler‘ harmon-~
» ' ies are either shofti circuited oﬁt’sidé the series inducfance, or dpen circuited as shown. ;
The mixer performance is investigated for three different diodes: (i) a Schottky diode
with Y =1/2, (ii) the same Schottky diode but without a voltage-dependent capacitaﬁce

(Y = 0), and (iii) a2 Mott diode with an experimentally determined capacitance~voltage

TP ARRD
. . s
£ ik e

relatiohéhip (sée 'Figs'. 10 and 11). The program in Appendix I was modified to allow ‘

multiple runs with varying values of series inductance (I.S) or diode capacitance (C0}.

As these changes are typical of the alterations which might be made by other users of the

program they are detailedin the next section.

4.1 Program Alterations for Running the Examples in this Section

The main driver program was altered to allow repeated runs with different values
of diode capacitance CO0 or series inductance LS and to enable the results fo be stored
on a disk file, The impedances at the L.O harmonics and the sideband frequencies are
formed at the start of each new run in subroutine ZEMBED rather than jinputting them
through the BLOCK DATA progrzm,and the diode series resistance is taken to be inde-
pendent of frequency. (RSKIN=0). The capacitance-voltage relationship of the Mott diode

(Fig. 11) was determined from the doping profile* (Fig. 10) using a piece-wise linear

* The data on the dopihg profile of the Mott diode was supplied by M. V. Schneider of
Bell Telephone Laboratories, Holmdel, N. J.
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Fig. 8:

The equivalent circuit of a simple mixer. The filter passes all frequencies
above the signal and image, thus shorting out the higher LO harmonics and
sideband freguencies.
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A7 T gNg=q x eectron concentration
A6

X=depth in cm
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Fig. 10: Piecewise-~linear approximation to the doping profile (donor concentration
vs. depth) for the Mott diode used in the examples. The data (dots) were
kindiy supplied by M. V. Schneider, Bell Laboratories, Holmdel, N. d.
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Fig, 11: Piecewise-linear approximation fo the capacitance~volitage relvtionship of the
Mott diode whose doping profile appears in Fig, 10. The slope’and C axis inter-
cept for each of the linear regions is supplied o the mixer analysis p.rogram for
the calculation of the diode capacitance at any given voltage.
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approximation. The C-V dependence was incorporated into the program by defining an
internal function C(VD) whose value is the capacitance at a given diode voltage Y(1).
The function routine is handed the value of the diode voltage by subroutine FCT and a
search is conducted through a series of predefined voltage regions until the one in which
Y(1) lies, is found. Then, dat~ for the slope and intercept of the C-V straight line ap-

proximation in that region is used to calculate the value of C(VD). Appendix II contains

Appendix II contains a list of the modifications which must be made to the program

in Appendix I to run each of the examples.

4.2 Computed Results and Discussion

The simple mixer circuits of Figs. 8 and 9 were analyzed with three different
dicdes: a Ga As Schottky diode (including nonlinear capacitance), a Ga As Schottky
diode with constant capacitance, and a practical Ga As Mott diode. In each case the
diode was forward biased at 0.4 V and the LO level was adjusted to give a rectified
dec current of 2.0 mA, The signal frequency (taken as the upper sideband) was 119 GHz
while the LO and intermediate frequencies were 115 GHz and 4 GHz respectively. The
conversion 1083 (upper sideband to IF), eguivalent input no'se temperature, ard real
part of the IF output impedance were plotted as functions of the series inductance,
which was allowed to vary from 9.01 nH to 0. 25 nH. These results are givenin Ap-
pendix III, section A III. 1. Note that skin effect was not taken into account in these
examples.

The effect of the junction capacitance on the mixer perfromance was then investi-
gated for the Schottky diode ( with and without nonlinear capacitance) in the same two
circuits-Tigs. 8 and 9. To isolate the effects of the diode capacitance and series in-
ductance, the series resistance was assumed constant at 4.4 Ohms. It should be noted
that this Ieads to some unrealistically high (and low) diode cutoff frequencies., C0

was varied from 1 to 20 fF for each of nine values of LS between 0. 04 and 0. 2 nH.

S
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Again the noise temperature, conversion loss and output impedance were plotted, this
time as functions of the junction capacitance for each value of LS (Appendix III,

Seection A IIL 2).

In Appendix III, section A IIL, 1, the performance of the Schotiky, Mott,and Y =0
diode mixers operating with an LO frequency of 115 GHz and an IF of 4 GHz are com-~
pared. It is assumed that each diode has a zero-bias capacitance (C0) of 11.8 fF. No-
tice that the minimuwn noise temperature is achieved with the constant capacitance
diode; however this should not be assumed to be a general result, as will be demon-
strated below. Except for the Schotiky diode with constant capacitance, the minima
in the noise trmperature and conversion loss for each mixer circuit do not occur at

the same value of LS.

A broader view of the performance of these mixers is obtained from the graphs
in Section A I1. 2, in which LS is held constant while C0 is varied. In all cases the
eiffect of increasing series inductance is to sharpen the noise temperature and conver-
sion loss minima and shift them towards smaller values of C0. Better performance is
obtained for larger values of LS, with a corresponding increase in the IF output im-

pedance.

Amongst the results there are some points, particularly for low values of series
inductance, which appear to be randomliy scattered. This is due to the fact that for low
values of the series inductance each increment in LS causes a large change in the reso-
nant frequency of the diode with the external circuit. If these resonances fall near har-
monics of the LO the diode waveforms can be strongly affected, and so can the embed~

ding impedance seen by the small-signal sidebands near these harmonics.

The LO power required was between 1 and 7 mW in every case,
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An interesting result of this analysis is that the parametric effects of the junction

capacitance do not necessarily degrade the mixer performance.
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5, Summary and Concluding Remarks

In this report a user oriented computer program for the analysis of microwave
and millimeter-wave mixers has been presented. The necessary mixer theory was
briefly deseribed and used as the basis of the mixer analysis program. The operation

of the program was discussed as well as some useful modifications.

As an example of the program's use, a study of the effects of the series induct-
ance and diode capacitance on the performance of two simple mixer circuils was under-
taken, Three different diodes were used: a Schottky diode, a Schottky diode with no

capacitance variation, and a Mott diode.

The resulis show clear minima in the conversion loss and noise temperature as
the inductance and capacitance are varied. The parametric effects of the voltage depen-
dent diode capacitance are found to have either beneficial or detrimental effects on the

mixer performance, depending on the circuit and diode parameters.
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. APPENDIX I

B Listing and Sample Run of the Mixer Analysis Program

This progrz;\m caléu_lra,tesﬂ tI_l_e ﬁerformance.of a mii_:e_r, given the embedding .

. network impedancés at thé harmonics of the 1,O and the sideband frequencies, The
'- theory is described in section 2 of this i'eport and seétion 3 outlines the program op-
eratibn'; “The ﬂoﬁr chart (Flg 6) and table of variables (Fig. 7) may be found helpful

in un_dérstanding the Worki_ngs.of the program and are repeated in this appendix for

convenienece,

i
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LGSIG

| M— - 1 1 © S
Runs the nonlinear an-

alyeis.Adds R_ to the
embed, imped. ,8alc,refl
coeff. ,determines con=
vergence paramebers,
stores waveforms for
plotting.

. DRIVER PROGROM

Contains comments de-
scribing program oper-
ations,variables,sub-
routines and common
hlocks, Calls LGSIG &
SMSIG,

SMSIG

Runs the small-~signal
& noise analysis,Finds
the IF output imped.,
the input imped.,the
conversion loss between

each pair of sidebands,
and the noise temp.

PRINT1

Prints the input varia-
bles,embedding impedan-—
ces and diode series
resistance at the var-
ious frequencies.

YPRIME

«

Forms the avgmented

matrix ¥' of the mixer

DFORIT

caleculates the Fourier
coefficients of a data
sequence,in this case
the diode voltage and
current.

aAn IBM SSP routine that‘

END

I' ZEMBED PRINT3
Forms the embedding im- Pransforms Fourier co-
pedances at the LO har- efficients of diode
monics and at the side- conductance and capac-

ands. Also caleulates itance to mag.& phase
{the value of the diode and prints them.
Iseries resistance at

these frequencies.

- CMINV P

Required by DRKGS,Sets 1By SSP routine MINY
up the network state aligntly m°a‘§§§6m§3
equation to be solved, { invert a comp

Calculates the diode
conductance ,capacitancg
conductance current,&
capacitance current.

with the IF load im-
pedance open ¢irouited,

trix,in this case the
augmented matrix Y'

with the load impedance
open circuited.

YPRIME

DRKGS
IBM S5P routine used
to solve the network
state egqn.by a Runge

PRINT2

Prints the values of

7| Kutta algorithm,DRKGS

the relevent variables [

calls 2 user supplied
subroutines:FCT & OUTP

CHINV

IBM 5SP routine MINV
s5lightly modified to'
invert a complex ma--

Forms the augmented
matrix ¥' of the mixer
with a matched IF lead.

trix,here the augmented
matrix ¥Y' with a mat-
ched IF load.

in the reflection cycle
every NPRINT cycles.

PRINT2

Prints the results of
the last reflection

OUTP -

TMIX

Required ocutput routine
used by DRKGS for added
flexibility,OUTP is not
used in this program o
and simply returns to
DRKGS when it is called

Calculates the eguava-
lent input noise tem-
perature of the mixer

CORREL

Forms the shot noise
correlation matrix
using the Fourier coef-
ficients of the diode
eenductance current,

referred to the signal
port.At this time only
the shot noise is taken
intc account.

cycle when convergence
has been reached.

DFORIT
An IBM SSP routine that
calculates the Fourier

ADJLO
Adjusts the LO volt.to
get a rectified current
of IDBIAS,ADJLO is cal-
led after 10 reflection
cycles to allow the dc
current to settle be-

fore changing VIO.

THMIX
Calculates the eguiva-
[ lent input noise tem-
perature referred teo

TNOISE \

Forms the thermal noise
correlation matrix and
adds it to the shot

noise wmrrelation ma-
trix,

the signal port, in-

cluding both thermal

and shot noise con-
tributions.

|PFrints small-signal an-

coefficients of a date [

string,in this case, thej
diode conductance and
capaecitance,

PLOT

Plots the total voltage
& current at the dicde,

diode conductance,and
the diode capacitance,
over one LO cycle,

POWER

Calculates the LO pow=~
er reguired and prints
the result,

PRINT4

alysis results: Loss
makrix,input impedance
show,thermal and total
mixer neoise tempera-
tures,

Return to DRIVER PROGRAM

the current through thel .,

4 Retorn to DRIVER PROGRAY

CNTNAR MAne 1m

Chart illustrating the general flow of the mixer analysis
program and the operations of the subroutines.

ORIGINAL PAGE is
OF POOR QUALITY
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PROGRAM NAME
Co

Cs

FCm-n+1)
GJ
FG(m~n+1)
ey
IDCOS(n+1).-_I.ID5.lN(n+1)
1GJ + ICd
IGJ
FG(m-n+1)/ALP
1]
GOLTZ
Ly

QEL
ns

RS
RSLO

RSSB
RSKIN
TEQ

Tt

VLO

VDCOS (n+1) = JVDSIN {n+3)
Y (1)
vine
VI (o) = AV {n} - JBV {(n}
VRDC or DVRDC
VR or DVR

A
A

VARIABLE
Z'ofo. IF)
Z' (matched IF)
20 (7% line imp, )
Z,0)+ Rs(dn)
z, (nwp) + Rs(nu.l'p)
Ze {n tup)

2
°m

2
IPout.

Zi]

ziu

Zinm

1
zmm. o

o

[+ 1)

p
(31 3
(B a1

2
([avNOI b
2
{15V, )
! %I
n
{6V, 15
t 1“

dv,/ dt
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PROGRAM NAME
A

A
20
ZEMBDC
ZEMB

ZER + J2EL
ZEMBSB

ZIFOUT

A(NHD2P1-1, NHD2P1-j)
ZIN
A(NHD2PI-m, NHDZP1-m)
A(NHD2P1-m, NiD2P1-m)
ALP
GAM
Q-1
ZQACC
P
RHO
RHODC
PHI
WIF
wr
COR
COR
vsQ
vsQ
vsQ

DERY (1)

Alphabetical list of the main variables used in the theory in
this report, and their counterparts in the mixer analysis program,

P
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MIXER ANALYSIS FROGRAM

P.H.SIEGEL AND A.R.KERR
GODDARD INSTITUTE FOR SPACE STUDIES
NASA~GODDARD SPACE FLIGHT CENTER
28806 BROADWAY
NEW YORK,N.Y. 12825

GENERAL INFORMATION

THIS PFf 3RAM ANALYZES MIXERS WITH A SINGLE SCHOTTKY-BARRIER DIODE
WHOSE I-V AND C-V CHARACTERISTICS ARE KNOWN. ARBITRARY EMBEDDING
IMPEDANCES AT THE SIDEBAND AND LO HARMONIC FREQUENCIES ARE ALLOWED.
THE DIODE MOUNT IS ASSUMED LOSSLESS AND RECIPROCAL.

THE PROGRAM IS ORGANIZED INTO TWO MAIN SECTIONS. THE FIRST PER-
FORMS A NONLINEAR ANALYSIS TO DETERMINE THE DIODE WAVEFORMS PRO-
DUCED BY THE LOCAL OSCILLATOR. THE SECOND PERFORMS A SMALL-SIGNAL
AND NOISE ANALYSIS TO COMPUTE THE CONVERSION LOSS, PORT IMPEDANCES,
AND NOISE TEMPERATURE OF THE MIXER,

THE NONLINEAR ANALYSIS IS BASED ON THE MULTIPLE RELECTION METHOD
{A.R.KERR,IEEE TRANSACTIONS ON MICROWAVE THEORY AND TECHNIQUES,
VOL.MTT-23,NO,1¥,PP.828-831,0CT.1975) DEVELOPED EARLIER IN OQUR
LABORATORY, MODIFIED TO TAKE INTO ACCOUNT THE NONLINEAR CAPACITANCE
OF THE DIODE.

THE SMALL-SIGNAL ANALYSIS IS BASED ON THAT OF D.N.HELD AND
A.R.KERR,IEEE TRANSACTIONS ON MICROWAVE THEORY AND TECHNIGUES,
VOL .MTT-26,N0.2,PP.49-61,FEB.1978.

PROGRAIM NOTES

TWO MAIN SUBROUTINES CONTROL THE ANALYSIS: LGSIG WHICH PERFORMS
THE NONLINEAR ANALYSIS AND SMSIG WHICH COMPUTES THE SMALL-SIG-
NAL AND NOISE PROPERTIES OF THE MIXER. EACH OF THESE CALLS A NUM-
BER OF SECONDARY SUBROUTINES WHICH PERFORM SPECIFIC CALCULATIONS
OR CONTROL THE OQUTPUTTING OF RESULTS.

DATA IS INPUT VIA THE BLOCK DATA SUBPROGRAM. THE FOLLOWING
INFORMATION MUST BE SUPPLIED BY THE USER:

1} THE EMBEDDING IMPEDANCES AT THE LO FREQUENCY AND THE HIGHER
HARMONICS AS REAL AND IMAGINARY PARTS (ZER,ZEI) IN OHMS.

2) THE SIDEBAND IMPEDANCES IN COMPLEX FORM (ZEMBSB)} IN OHMS,WHERE

SIDEBAND M IS ARRAY ELEMENT (NH/2+1-M) AND THERE ARE NH+1 ARRAY

ELEMENTS IN ALL.NOTE THAT,BECAUSE ALL LOWER SIDEBANDS ARE TREATED

AS NEGATIVE FREQUENCIES,VALUES OF ZEMBSB FOR LOWER SIDEBANDS MUST

BE THE CONJUGATES OF THEIR USUAL POSITIVE FREQUENCY VALUES.

THE LO FREQUENCY {FP) AND THE INTERMEDIATE FREQUENCY (IF) IN HZ,

THE DESIRED RECTIFIED CURRENT (IDBIAS) IN AMFERES.
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) THE DC BIAS VOLTAGE ACROSS THE-DIOBE (VDBIAS) IN VOLTS.

} THE DIODE SERIES RESISTANCE AT BC (R8) IN OHMS.

} THE DIODE 3KIN RESISTANCE CONSTANT (RSKIN} IN OHMS/SQRT(HZ).
} THE DIODE EWUIVALENT TEMPERATURE (TEQ) IN DEGREES K.

) THE -BDIODE REVERSE SATURATION CURRENT (IS) IN AMPERES.

8} THE DIQDE CAPACITANCE AT ZERO..VOLTS (C&) IN. FARADS.

1) THE DIODE CONTACT POTENTIAL {PHI) IN VOLTS.

2) THE DJODE CAPACITANCE LAW EXPONENT (GAM). -

3) THE DIODE I-V LAW EXPONENT (ALP=Q/NKT) IN I/VOLTS.

THERE ARE SEVERAL OTHER VARIABLES WHICH MAY BE ADJUSTED -TO. .
CONTROL THE OPERATION OF THE. PRUGRAM. THEIR VALUES HAVE BEEN
OPTIMIZED FOR THE LISTING WHICH FOLLOWS AND MAY BE ALTERED
WHEN THE PROGRAM IS USED FOR OTHER PROBLEMS. THESE VARAIBLES ARE:

ACC:THE ACCURACY OF THE. RUNGE KUTTA INTEGRATION USED TQ SOLVE THE
STATE EQUATION OF THE PICDE NETWORK.
IDCACC:THE ACCURACY WITH WHICH THE DC CURRENT MUST APPROACH THE
DESIRED VALUE {IDBIAS). ‘
NLO:THE NUMBER OF LO CYCLES NEEDED TO REACH A STEADY STATE IN THE
NONL INEAR ANALYSIS ROUTINE. SINCE SETTLING OCCURS IN SUCCESSIVE
REFLECTION CVYCLES NLO CAN USUALLY BE SET TO ONE.
NPRINT:THE NUMBER OF CYCLES BETWEEN PRINTOUTS OF THE INTERMEDIATE
RESULTS IN THE NONLINEAR ANALYSIS.

NPTS:THE NUMBER OF INTERVALS+I INTO WHICH THE LO CYCLE IS DIVIDED
FOR THE INTEGRATION AND STORAGE OF DATA POINTS. TO AVOID
ALIASING NPTS SHOULD BE CHOSEN CONSIDERABLY LARGER THAN
{2*NH+1} THE VALUE REQUIRED BY THE SAMPLING THEOREM.

VLO:THE INITIAL VALUE OF THE LOCAL OSCILLATOR VOLTAGE.

VLOINC:THE INITIAL INCREMENT SIZFE USED TO ZERD IN ON THE DESIRED

DC RECTIFIED CURRENT {IDBIAS).
ZOAGC: THE DEGREE OF CONVERGENCE OF THE FINAL SOLUTION IN THE NON-
LINEAR ANALYSIS.

Zg:THE CHARACTERISTIC IMPEDANCE OF THE HYPOTHETICAL TRANSMISSION
LINE INSERTED BETWEEN THE DIODE AND EMBEDOING NETWORK. Z& HAS A
iéGﬁéFIGANT EFFECT ON THE RATE.OF CONVERGENCE OF THE NONLINEAR

ALYSIS,

IF THE DC CURRENT REACHED AFTER TEN REFLECTION CYCLES IN THE

'NONLINEAR ANALVSIS.IS NOT SUFFICIENTLY CLOSE TO IDBIAS,THE CYCLE

NUMBER AT WHICH THE LO VOLTAGE IS ADJUSTED MUST BE'INCREASED. THIS
1S ACCOMPLISHED BY CHANGING THE STEP AFTER STATEMENT LABEL 1@ IN
THE LGSIG ROUTINE.

THE USER MAY FIND IT NECESSARY TO ALTER OTHER PROGRAM VARIABLES
FOR SPECIFIC PROBLEMS. FOR THIS REASON A LIST OF ALL THE VARIABLES
(EXCEPT THOSE INTERNAL TO THE IBM'SSP ROUTINES USED IN THE PROGRAM},
SUBROUTINES AND COMMON BLOCKS USED IN THE PROGRAM FOLLOWS.

LIST OF VARIABLES

A: THE SMALL-SIGNAL AUGMENTED ADMITTANCE {Y¥') OR IMPEDANCE (Z')
MATRIX OF THE MIKER.

ACC: THE INTEGRATION ACCURACY USED IN DRKGS.

ALP: THE DIQDE I-V LAW EXPONENT (Q/NKT).

AUX: DRKGS STORAGE ARRAY OF DIMENSION (8,NDIM}.

AV: REAL PART OF THE VOLTAGE WAVE INCIBENT ON THE DIODE AT EACH

!
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C HARMONIC. 117.
C BLANK: A NUMERIC USED FOR FLOTTING A BLANK. 118, {
C BOLTZ: BOLTZMANN'S COMSTANT (1.38 E-231}, 119, R
C BV: IMAGINARY PART OF THE VOLTAGE WAVE INCIDENT ON THE DIGDE AT 129, -
c EACH LO HARMDNIC. 121. 8
C CJ: FREQUENCY SCALED DIODE JUNCTION CAPACITANCE USED IN LGSIG. 122, ks
C CJCOS: FOURIER COSINE COEFFICIENTS OF THE DIODE CAPACITANCE. 123. e
C CJIDATA: STORAGE ARRAY CONTAINIWG THE DIODE CAPACITANCE FOR EACH 124, e
c OF THE NPTS POINTS IN THE LOCAL OSCILLATOR CYCLE. 125. .
€ CJMAG: THE MAGNITUDES OF THE FOURIER CAPACITANCE COEFFICIENTS. 126. g
C CJPHA: PHASES OF THE FOURIER CAPACITANCE COEFFICIENTS (IN DEGREES}. 127. b
€ CJPOS: POSITION OF CJ IN THE PLOT OF DIODE CAPACITANCE. 128, 13
C CJSIN: FOURIER SINE COEFFICIENTS OF THE DIGDE CAPACITANCE. 129, i
C COR: THE NOISE CURRENT CORRELATION MATRIX USED IN THE NOISE ANALYSIS. 134, -
C C@: THE DIODE CAPACITANCE AT ZERO VOLTS (IN FARADS). 131, i
€ CpPOS: POSITION OF C¥ IN THE GRAPH OF THE DIODE CAPACITANCE. 132. S
C DERY: INITIALLY THE RKGS ERROR PARAMETER AND LATER THE DERIVATIVE 133, i
c IN THE NETWORK STATE EQUATION (DY{1}/DT}. 134, L
C DET: DETERMINANT OF THE A MATRIX AS RETURNED BY THE CMINV ROUTINE. 135. I
C DOT: A NUMERIC USED FOR PLOTTING A DOT. 136. }* 1
C DVR: DIFFERENCE IN THE REFLECTED VOLTAGE BETWEE! TWO CYCLES. 137. Lo
C DVRDBC: DIFFERENCE IN THE DC REFLECTED VOLTAGE BETWEEN TWO CYCLES. 138, 1;
C FC: COMPLEX FOURIER COEFFICIENTS OF THE DIODT CAPACITANCE (HALF 139, 1
c AMPLITUDE ), 149, P4
C FG: COMPLEX FOURIER COEFFICIENTS OF THE DIODE CONDUCTANCE {HALF 141, K
C AMPLITUDE}. 142, ;
C FP: THE LOCAL OSCILLATOR OR PUMP FREQUENCY IN HERTZ. 143. ;
C GAM: THE DIODE CAPACITANCE EXPONENT. 144. ,
C GJ: THE DIODE CONDUCTANCE. 145, !
C GJCOS: FOURIER COSINE COEFFICIENTS OF THE DIODE CONDUCTANCE. 146, :
C GJDATA: STORAGE ARRAY CONTAINING THE VALUES OF THE DIODE 147.
C CONDUCTANCE FOR EACH OF THE HPTS POINTS IN THE LO CYCLE. 148,
£ GJMAG: MAGNITUDES OF THE FOURIER CONDUCTANCE COEFFICIENTS. 149, L
C GJPHA: PHASES OF THE FOURIER CONDUCTANCE COEFFICIENTS (IN DEGREES?). 158. o
C GJSIN: FOURIER SINE COEFFICIENTS OF THE DIODE CONDUCTANCE. 151, j
C I: AWRAY ELEMENT OR COUNTING VARIABLE. 152. o
C ICJ: THE CURRENT THROUGH THE DIODE CAPACITANCE. 153. .
C ICJDAT: STORAGE AFRAY FOR ICJ AT EACH PDINT IN THE LO CYCLE. 154, P
C IDPBIAS: DESIRED ReCTIFIED CURRENT AT WHICH THE MIXER IS TO BE 155, e
o OPERATED (iN AMPS). 156, Do
C IDCACC: DESIRED ACCURACY OF THE CALCULATED DC CURRENT.MEASURED AS 157. P
c THE MAXIMUM TOLERABLE DEVIATION FROM THE DESIRED DC CURRENT 158, .
c ,IDBIAS. 159, .
C IDCOS: FOURIER COSINE COEFFICIENT OF THE TOTAL DIODE CURRENT. 168,
C IDDATA: STORAGE ARRAY CONTAINING THE VALUES OF THE TOTA. DIODE 161. :
C CURRENT FOR EACH OF THE NPTS POINTS IN THE LO CYCLE. 162, ;
C IDPOS: POSITION OF ID ON THE GRAPH OF TOTAL CURRENT IN THE DIODE. 163. [
C IDSIMN: FOURIER SIME COEFFICIENT OF THE TOTAL DIODE CURRENT, 164, P
C IER: THE ERROR MESSAGE CODE OF SUBROUTINE DFORIT. 165. P
C IF: THE INTERMEDIATE FREQUENCY IN HERTZ. 166. PR
C IGJ: THE CURRENT THROUGH THE DIODE CONDUCTANCE. 167. :
C IGJPAT: STORAGE ARRAY CONTAINING VALUES OF THE DIODE CONDUCTANCE 168. i
c CURRENT FOR EACH OF THE NPTS POINTS IN THE LO CYCLE. 169. ;
C 1IGJPOS: POSITION OF IGJ ON THE GRAPH OF DIODE CONDUCTANCE CURRENT. 178, !
C IHLF: DRKGS PARAMETER GIVING THE NUMBER OF TIMES THE INTEGRATION 171, a0
C INTERVAL HAS BEEN HALVED OR DOUBLED. 172.
C IMZIN: IMAGINARY PART OF THE INPUT IMPEDANCE AT EACH SIDEBAND. 173.
€ 1iS: DIODE SATURATION CURRENT C(IN AMPS). 174,

¥
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ITER: hggzvﬂggRESENTING THE REFLECTION CYCLES IN THE NONLINEAR
S

IVLG: COUNTING VARIABLE USED TU SIGNAL THE END OF THE JLO LOOP.

J: ARRAY ELEMENT OR COUNTING VARIABLE.

JH: LOOP OVER THE LO HARMONICS.

JLO: LOOP OVER THE L0 CYCLES OF INTEGRATION TO OBTAIN STEADY STATE.

JPRINT: KEEPS TRACK OF THE CYCLES WHOSE RESULTS ARE TO BE PRINTED.

JPT: LOOP OVER THE INTERVALS FOR WHICH DRKGS WILL INTEGRATE.

JVYLO: LOCOP FOR ZEROING IN ON THE DESIRED RECTIFIED CURRENT (IDBIAS).

K: ARRAY ELEMENT OR COUNTING VARIABLE.

LIJ: CONVERSION LOSS FROM SIDEBAND J TO SIDEBAND I.

LOFLAG: A FLAG TO KEEP COUNT OF THE NUMBER OF TIMES VLO HAS BEEN

L.OWERED TO TRY -AMD OBTAIN THE DESIRED RECTIFIED CURRENT.

LOPWR: THE REQUIRED L0 POWER FOR A RECTIFIED CURRENT OF IDBIAS,

LOVLO: IEELLOWER BOUND OF THE VLO ADJUSTMENT DONE IN SUBROUTINE

JgLO.

MAXID: MAXIMUM VALUE OF ID IN AN LO CYCLE (USED FOR PLOTTING).

MAXIGJ: MAXIMUM VALUE OF I&d IN AN LO CYCLE. {(USED FOR PLOTTING).

MAXCJI: MAXIMUM VALUE OF CJ IN AN LO CYCLE (USED FOR PLOTTING).

MAXVD:s MAXIMUM VALUE OF vb IN AN LO CYCLE (USED FOR PLOTTING).

MINCJ: MINIMUM VALUE OF CJ IN AN LG CYCLE (USED FOR PLOTTING).

NDIM: THE NUMBER OF DIFFERENTIAL EQUATIONS TO BE SOLVED BY DRKGS.

NH: TOTAL NUMBER OF LO HARMONICS CONSIDERED.IN THE ANALYSIS.

NHARM: USED IN PRINT! AS THE TOTAL NUMBER QOF LO HARMONICS.

NHD2: THE TOTAL WUMBER OF LO HARMONICS DIVIDED BY TWO.

NHD2P1: THE TOTAL NUMBER OF LO HARMONICS DIVIDED BY TWO, PLUS ONE.

NHPl: THE TOTAL NUMBER OF LC HARMONICS PLUS 'ONE {# OF SIDEBANDS).

NHP2: THE NUMBER OF LO HARMONICS PLUS 2.

NITER: TOTAL NUMBER OF ITERATIONS ALLOWED FOR ACHIEVING FULL CONVER-
GENCE AFTER THE DESIRED RECTIFIED CURRENT HAS BEEN OBTAJNED.

NLO: THE TOTAL NUMBER OF LOCAL OSCILLATOR CYCLES TO BE INTEGRATED

THROUGH IN ORDER TO REACH A STEADY STATE.
NPRINT: CONTROLS THE REFLECTION CYCLE NUMBER AT WHICH THE PRINTING
OF THE INTERMEDIATE RESULTS OCCURS.
NPTS: THE NUMBER OF INTERVALS + 1 OVER WHICH DRKGS INTEGRATES.
NSB: SIDEBAND TO WHICH THE EQUIVALENT NOISE TEMPERATURE OF THE
MIXER IS REFERRED TO IN SUBROUTINE TMIX.

NVLO: THE NUMBER OF TIMES THE LO VOLTAGE IS ALLOWED TO BE ADJUSTED.

PHI: DIODE CONTACT POTENTIAL {IN VOLTS).

PI: THE CONSTANT PI.

PRMT: ARRAY USED BY RKGS CONTAINING THE FOLLOWING VARIABLES:
PRMT(1): THE LOWER BOUND OF THE INTEGRATION INTERVAL.
PRMT(Z): THE UPPER BOUND OF THE INTEGRATION INTERVAL.
PRMT{(3): THE INITIAL INTEGRATION INTERVAL STEPF SIZE:
PRMT(4): THE INTEGRATION ACCURACY. .

PRMT(5}: ALLOWS HALTING OF THE RKGS ROUTINE IF SET TO 8.

QEL: THE CHARGE OF THE ELECTRON (1.6 E~-19 COULOMBS}.

REZIN: REAL PART OF THE INPUT IMPEDANCE AT EACH SIDEBAND.

RHO: THE COMPLEX VOLTAGE REFLECTION COEFFICIENT OF THE EMBEDDING

NETWORK (INCLUDING RS) AT EACH LO HARMONIC.

RHODC: THE DC REFLECTION COEFFICIENT OF THE EMBEDDING NETWORK (IN-
CLUDING RS).

RS: LOW FREQUENCY DIQODE SERIES RESISTANCE MEASURED AT A HIGH ENOUGH
FREQUENCY THAT THERMAL EFFECTS ARE NEGLIGIBLE BUT SKIN EFFECTG
HAVE -NOT YET BECOME' SIGNIFIGANT.

RSKIN: CONSTANT WHICH DETERMINES THE SKIN RESISTANCE FOR A

PARTICULAR DIODE,WHERE RS=RS+REKIN*SQRT(F) AT FREQUENCY F.

RSLO: VALUES OF RS AT THE LO HARMONICS,

175.
176.
177.
178,
179.
184,
181,
1BZ.
183,
184,
185,
186.
187,
188,
189.
199.
191.
192.
193.
194,
195.
196,
197.
198,
199,
200
201.
202,
203.
294,
205.
206 .
207.
298,
249.
219,
211.
212,
213.
214.
215.
2186.
217.
218,
219,
229,
221.
222.
223,
224,
225.
226,
227.
228.
229,
238,
231.
232.
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C RSSB: VALUES OF RS AT THE SIDEBAND FREQUENCIES.- 233. i

C SHOT: THE SHOT NOISE CONTRIBUTION TO THE TOTAL MIXER TEMPER" fURE. 234. P
C STAR: A NUMERIC USED FOR PLOTTING AN ASTERISK. 235, g7

C T: INTERMEDIATE VARIABLE IN THE MIXER TEMPERATURE CALCULATION. 236. i

€ TEQ: THE EQUIVALENT TEMPERATURE OF THE DIODE SERIES RESISTANCE 237. i

C INCLUBING THE EFFECTS OF LATTICE SCATTERING AND LO HEATING. 238, i

C THERM: THE THERMAL NOISE CONTRIBUTION TQO THE TOTAL MIRER TEMFERATURE. 239. ‘

C TM: THE TOTAL EQUI¥ALENT INPUT NOISE TEMPERATURE OF TRHE HIXER. Z49. B

C UPFLAG: A FLAG TO KEEP COUNT OF THE NUMBER OF TIMES VLO HAS BEEN 241. = ]

c RAISED TO TRY AND GET THE. DESIRED RECTIFIED CURRENT IDBIAS. 242, o
C UPVLO: THE UPPER BOUND OF VLO DURING APJUSTMENTS DONE IN ABJLO. 243, P
C V: THE SUM OF THE INSTANTANEOUS SOURCE VOLTAGES AT ALL LO HARMONICS. 244. ;

C VDBIAS: THE DC BIAS VOLTAGE ACROSS THE DIODE AND SERIES RESISTANCE. 245, f

C VvDC: THE DC VOLTAGE SEEN BY THE DIOBE. 246. :

C VDCOS: FOURIER COSINE COEFFICIENTS OF THE VOLTAGE ACROSS THE DIODE. 247. :

C VDDATA: STORAGE ARRAY CONTAINING Y(1),THE VOLTACE ACROSS THE DICDE 248. :

c AT EACH OF THE NPTS POINTS IN THE LO CYCLE. 249, :

C VDINIT: INITIAL GUESS FOR THE VOLTAGE ACROSS THE DIODE, 254. j ok
C VDPOS: POSITION OF VD ON THE GRAPH OF THE VOLTAGE ACROSS THE DIODE. 261. P
C VDSIN: FOURIER SINE COEFFICIENTS OF THE VOLTAGE ACRDSS THE DIGDE. 282, PO
C VI: COMPLER VOLTAGE WAVE INCIDERT ON THE DIODE AT EACH HARMONIC, 263. : jj
C VIDC: bC VOLTAGE INCIDENT ON THE DIOBE, 254. i ]
C VLO: AMPLITUDE OF THE LOCAL OSCILLATOR VOLTAGE. 255, R
€ VLOINC: AMOUNT BY WHICH THE LO VOLTAGE IS INCREMENTED WHEN TRYING 256, Do
c TO OBTAIN THE DES"RED DC CURRENT IDBIAS. 287. L]
C VR: COMPLEX VOLTAGE WAVE REFLECTED FROM THE DIODE AT EACH HARMONIC. 258, SR
C VRDC: DC VOLTAGE WAVE REFLECTED FROM THE DIODE AT EACH HARMONIC. 259. i

C vsSa: MEAN SQUARE QUTPUT NOISE VOLTAGE. 2649. :

€ VX: INTERMEDIATE VARIABLE FOR THE COMPLEX VOLTAGE WAVEFORM. 261.

C VXDC: INTERMEDIATE VARIABLE FCR THE DC VOLTAGE WAVEFORM. 262. :

C WIF: 2*PI*INTERMEDIATE FREQUENCY. 263. Dol
C WKl: WORK SPACE USED IN THE MATRIX INVERSION fOUTINE CMINV. 264 . b
C WKZ2: WORK SPACE USED IN THE MATRIX INVERSION ROGUTINE CMIHV. 285, R
C WP: 2*PI*PUMP FREQUENCY. 266. RN
C KX: THE DEPENDENT VARIABLE IN DRKGS (X=Z#PI*FP*TIME). 267. o
C XLMAT: THE CONVERSION LOSS MATRIX WHICH GIVES THE CUMNVERSION 268, : ]fé
c LOSSES BETWEEN PAIRS OF SIDEBANDS. 269, "
C ¥Y: DRKGS VARIABLE TO BE FOUND (VY=VOLTAGE ACROSS THE DIODE WITHOUT 274. ;
c THE SERIES RESISTANCE). 271, ]
€ YCPOS: USED FOR PLOTTING THE DIODE CAPACITANCE. 272,

C YGPOS: USED FOR PLOTTING THE CURRENT THROUGH THE DIODE CONBUCTANCE. 273. :,
C VYIDPOS: USED FOR PLOTTING THE TOTAL DIODE CURRENT. 274. N
C YPT: A DO LOOP VARIABLE USED FOR PLOTTING POINTS ACROUSS A PAGE. 276. :

C VYVDPOS: USED FOR PLOTTING THE VOLTAGE ACROSS THE DIODE. 276. :
C ZD: THE EFFECTIVE DIODE IMPEDANCE AT EACH HARMGONIC (VD/ID}. 277.

C ZEI: IMAGINARY PARYT OF THE EMBEDDING IMPEDANCE AT EACH LD HARMONIC. 278. ;
C ZEMB: COMPLEX EMBEDDING IMPEDANCE AT EACH LO HARMONIC INCLUDING 279. i
c THE DI1QDE SERIES RESISTANCE. 2Bg. A
C ZEMBSB: THE EMBEDDING IMPEDANCES AT THE SIDEBAND FREQUENCIES. 2gl. .
C ZER: REAL PART OF THE EMBEDDING IMPEDANCE AT EACH LO HARMONIC. 282. * =
C ZERO: A NUMERIC USED FOR PLOTTING AN O. 283, .
C ZIFOUT: IF PORT IMPEDANCE INCLUDING THE DIODE SERIES RESISTANCE. 284. oo
C ZIN: INPUT IMPEDANCES AT THE SIDEBANDS INCLUDING THE DIGDE 285. ¢
c SERIES RESISTANCE. 286. PO IR
C' ZQ: IMPEDANCE QUOTIENT (ZD/ZE)} AT EACH HARMONIC (USED AS THE LARGE 287. :

c SIGNAL CONVERGENCE PARAMETER). 2B88. Lo
C ZQACC: DESIRED DEGREE OF CONVERGENCE MEASURED AS THE DEVIATION FROM 289. T
c UNTIY OF (THE IMPEDANCE AT THE DIODE/EMBEDDING IMPEDANCE}. 299,
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C ZQFLAG: THE NUMBER OF HARMONICS WHICH HAVE NOT YET CONVERGED IN A 291, 1
C PARTICULAR CYCLE OF THE NONLINEAR ANALYSIS. 292. C
€ ZGMAG: MAGNITUDE OF THE IMPEDANCE QUOTIENT (ZQ). 293, -
C ZGPHA: PHASE OF THE IMPEDANCE QUOTIENT (ZQ) IN DEGREES. 294,
C 2g: CHARACTERISTIC IMPEDANCE OF THE HYPOTHETICAL TRANSMISSION LINE 295. 3
g INSERTED BETWEEN THE DIODE AND THE EMBEDDING NETWORK. 296.
297.
c 298.
. C LIST OF SUBROUTINES 299.
c 398,
C ADJLO: SUBROUTINE FOR ADJUSTING THE LOCAL OSCILLATOR VOLTAGE UNTIL 341,
c THE BC CURRENT IS CLOSE ENOUGH TO THE DESIRED VALUE, IDBIAS. 382.,
C CMINV: IBM SSP PROGRAM SLIGHTLY MODIFIED TO INVERT A COMPLEX MATRIX. 3903. T
. C CORREL: SUBROUTINE FOR FORMING THE NOISE CORRELATION MATRIX. 364. ;
C DFORIT: DOUBLE PRECISION VERSION OF AN IBM SSP PROGRAM WHICH 395, -
C PERFORMS A FOURIER ANALYSIS ON A PERIODIC WAVEFORM. 306.
C DRKGS: AN IBM SSP PROGRAM WHICH SOLVES A SYSTEM OF DIFFERENTIAL. 367.
c EQUATIONS USING A RUNGE-KUTTA ALGORITHM. 308.
C FCT: SUBROUTINE,FOR USE WITH DRKGS,CONTAINING THE NETWORK STATE 349. e
c EQUATION, 319, i
C LGSIG: CONTROL PROGRAM FOR THE LARGE~SIGNAL,NONLINEAR ANALYSIS. 311, i
C OUTP: OUTPUT ROUTINE REQUIRED BY DRKGS BUT NOT USED IN THIS PROGRAM. 312, ;
C PLOT: SUBROUTINE FOR PLOTTING THE LARGE-SIGNAL DIODE WAVEFORMS. 313, -
C POWER: CALCULATES THE LO POWER REQUIRED FOR THE ACTUAL MIXER. 314, ‘i
C PRINT1: CONTROLS THE PRINTING OF INITIAL VALUES. 315. e
C PRINT2: CONTROLS THE PRINTING OF VARIABLES FOR A PARTICULAR CVCLE 316. b
C OF THE NONLINEAR ANALYSIS. 317. s
C PRINT3: WRITES THE FOURIER COEFFICIENTS OF THE DIGDE CONDUCTANCE 318. :
c AND CAPACITANCE. 319. ;
C PRINTA: PRINTS THE RESUL - . THE SMALL-SIGNAL AND NOISE ANALVSIS, 328. ,
C SMSIG: CONTROL PROGRAM F ® AE SMALL-SIGNAL AND NOISE ANALYSIS. 321. L
C TMIX: SUBROUTINE FOR CALL. ..TING THE EQUIVALENT NOISE: TEMPERATURE 3z2. L
c OF THE MIXER. 323, ;i
C TNOISE: ADDS THE THERMAL NOISE COMPONENT TO THE CORRELATION MATRIX. 324, ‘
C YPRIME: SUBROUTINE FOR FORMING THE AUGMENTED MATRIX Y'. 325,
€ ZEMBED: FORMS THE EMBEDDING IMPEDANCES AT THE HARMONICS OF THE LO 326
C AND AT THE HARMONIC SIDEBANDS AND THE SERIES RESISTANCE 327.
C AT THESE FREQUENCIES. 328,
c 329, iy
c 330, P
C LIST OF COMMON BLOCKS 331, =
c 332, L
C COMMON/ADJVLO/:CONTAINS VARIABLES USED IN THE ADJUSTMENT OF THE LO 333. b
c VOLTAGE TO GIVE A DC CURRENT OF 1IDBIAS. 334. P
C COMMON/CONST/:CONTAINS CONSTANTS USED IN THE PROGRAM. 335. P
C COMMON/DIODE/:CONTAINS DIODE PARAMETERS. 236. 1
C COMMON/FORITS/:CONTAINS VARIABLES RETURNED BY DFORIT. 337.
C COMMON/IMPED/:CONTAINS INPUT EMBEDDING IMPEDANCES AND THE DIODE 338.
C SERIES RESISTANCE AT THE VARIOUS FREQUENCIES. 338, L
Y C COMMON/IVMAG/:CONTAINS THE FOURIER COEFFICIENTS OF THE DIODE CON- 349, .
c BUCTANCE AND CAPACITANCE IN MAGNITUDE AND FHASE. . 341, : ng
C COMMON/LOOPS/:CONTAINS THE LIMITS OF THE VARIQUS PROGRAM LOOPS. 342, D
C COMMON/RKG/:CONTAINS THE INITIAL VALUES FOR THE DRKGS INTEGRATION. 343, L
. C COMMON/TLINE/:CONTAINS PARAMETERS EFFECTING THE CONVERGENCE OF THE 344. L
c NONLINER ANALYSIS. 345, e
C COMMON/VOLTS/:CONTAINS VALUES OF THE CIRCUIT VOLTAGES AND CURRENTS. 316,
c 347,
c 348.
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i
c BEGIN THE MIXER ANALYSIS, 348, !
c 356, .
c 351, -
C--~CALL LGSIG TO DO THE LARGE SIGMNAL ANALYSIS 352. S
CALL LGSIiG : 353. i
C-=-CALL SMSIG TC DO THE SMALL-SIGNAL AND NOISE ANALYSIS 354. i
CALL SMSIG 355. i
STOP 366. .
END 357. -
358. g
359- ;%"
_ 360, i
SUBROUTINE LGSIG 361. i
362. o
LGSIG PERFORMS THE NONLINEAR AMALYSIS OF THE MIXER TO DETERMINE 363.
THE DIODE CONDUCTANCE AND CAPACITANCE WAVEFORMS PRODUCED BY THE 364,

LOCAL OSCILLATOR. THE MULTIPLE REFLECTION METHOD IS USED,(A.R.KERR, 365.
IEEE TRANS.ON MICROWAVE THEORY AND TECH.,VOL.MT™-23,N0.18,PP.828-831, 366.
OCT.1975) MODIFIED TO INCLUDE THE NONLINEAR CAPACITANCE OF THE DIOBE. 357,
ALL INITIALIZED VARIABLES ARE INPUT THROUGH THE BLOCK DATA PROGRAM 368.

e 0

AND ARE TRANSFERRER THROUGH COMMON STATEMENTS. 369.

THE OUTPUT INCLUBES: 374.
1) VALUES OF THE INITIALIZED VARIABLES AND INPUT DATA. 371. i
2) THE EMBEDDING IMPEDAMCES AND DIODE SERIES RESISTANCE AT THE 372. ;j

L0 HARMONICS AND SIDEBAND FREQUENCIES. 373. ik

3} THE RESULTS OF SOME OR ALL OF THE REFLECTION CYCLES. 374. i
4) THE RESULTS OF THE FINAL REFLECTION CYCLE. 37%8. .
5) THE REQUIRED LO POWER OF THE MIXER. 376.
6} THE FOURIER COEFFICIENTS OF THE DIODE CONDUCTANCE AND CAPACITANCE. 377.
7) PLOTS OF THE DIODE VOLTAGE, TOTAL CURRENT, CONDUCTANCE CURRENT, 278.

AND CAPACITANCE OVER A SINGLE LO CYCLE. 379.
TO CHANGE THE DIMENSIONS OF ANY ARRAY SIMPLY CHANGE THE APPROPRIATE 384.
VARIABLE IN THE TYPE STATEMENT IN THIS ROUTINE,SUBRQUTINE SMSIG, AND 381.
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SUBPROGRAM BLOCK DATA. (AV AND BV MUST ALSO HAVE THEIR DIMENSIONS 382. o
ADJUSTED IN SUBROUTINE FCT). » 283, £
THE SUBROUTINES DRKGS,DFORIT AND CMINV ARE IBM SSP PROGRAMS AND 384. o
ALL EXCEPT DRKGS HAVE BEEN SLIGHTLY ALTERED FOR USE IN THIS ANALYSIS. 385.
. 386,
C-~-THE VARIABLES USED IN THIS SUBROUTINE ARE AS FOLLOWS: 387, C
C~--FOR COMMON/ADJIVLO/: 388. “
REAL*8 LOVLO,UPVLO,VLOINC, IDCACC 389, :,i
INTEGER UPFLAG,LOFLAG 399. P
C~-~FOR COMMON/CONST/: 391, i
REAL*B QEL,BOLTZ,PI,TEQ 392, _
C---FOR COMMON/DIODE/: 393, .
REAL*8 ALP,PHI,GAM,C®,IS,RS,RSKIN,FP,IF,I1G6J,ICJ,Gd,Cd 394, -
C---FOR COMMON/FORITS/: 298, o
REAL*8 GJCO0S(%),6JISIN{9),CJCOS(9},CISIN(9),VDCOS(S},VDSIN(D) 396. o
REAL*3 IDCOS{(5),IBSIN(Y) 397. o]
INTEGER IER 398, P
C---FOR COMMON/IMPED/: 399, A
COMPLE)*16 ZEMBSB(9) 469, P
REAL*8 ZER(8),ZEI{8),ZEMBDC,RSLO{8},RSSB(2) 481,
C---FOR COMMON/LOOPS/: ipez.
INTEGER NH,NLO,NVLO,NPTS,NPRINT,NITER 493, a
C---FOR COMMON/RKG/: 4184, S
REAL*8 ACC,VDINIT 485, o

INTEGER NDIM 496, L




C--~-FOR COMMON/TLIRE/:
REAL*B Zg,ZGACC
INTEGER ZQFLAG
C~--FOR COMMON/VOLTS/:
REAL*8 AV(8},BV(8),VIDC,VLO,VDBIAS,IDBIAS
€~--FOR VARIABLES NOT IN ANY COMiHON BLOCKS:
COMPLEX*16 RHO(B),ZEMB(8),VI{B),VR(8},DVR(8),VX,2D,ZQ
REAL*8 Y{1),DERY{(1},PRMT{(5},AUX(8,1)
REAL*8 VRDC,DVRDC,VXDC,VDC,RHODC, LOPWR
REAL*8 IC3DAT(51),IGJIDAT(51),CJDATA{51),GIDATA(5]1}
REAL*8 VDDATA(51},IDDATA(51)},ZQMAG(8),ZQPHA(8)
INTEGER IHLF,ITER,IVLG,JdVYLO,JLO0,dPT,JH,NHPI,NHDB2,NHD2PL
C---THE COMMON BLOCKS USED ARE:
COMMON/ADJIVLO/LOVLG,UPVLO,LOFLAG,UPFLAG,VLOINC, IDCACC
COMMON/CONST/QEL,BOLTZ,PI,TEQ
COMMMI/DIODE/ALP,PHT,GAM,C8, IS,RS,RSKIN,FP,IF,1GJ,ICJ,GJI,Cd
COMMGMN/FORITS/GJCOS,GISIN,CJICOS,CISIN,VYDCOS,VDSIN, IDCOS, IDSIN, IER
COMMO» /IMPED/ZER,ZET, ZEMBDC, ZEMBSB, RSLO,RSSE
COMMOMN/LOOPS/NH,NLO,NVLO,NPTS,NPRINT,NITER
COMMON/RKG/ACC,VDINIT,NDIM
COMMON/TLINE/ZH, ZQACC,ZAQFLAG
COMMON/VOLTS/AV,BY,VIDC,VLO,VDBIAS,IDBIAS
C---SINCE THE FCT AND OUTP SUBPROGRAMS ARE CALLED BY DRKGS THEY MUST BE
C-~~DEFINED EXTERNALLY
EXTERNAL FCT,QUTP
C--~-DEFINE SOME USEFUL CONSTANTS
NHP 1=NH+1
NHDZ2=NH/2
NHD2P1=NH/2+1
C---CALL ZEMBED TO FORW THE EMBEDDING IMPEDANCES
CALL ZEMBED{ZER,ZEI,ZEMBDC,ZEMBSB,RS,RSLO,RSSB,RSKIN,FP,IF
1,PI,NH,NHP1,NHD2P1)
C-~--SET THE IMPEDANCE AT DC AND THE FIRST HARMONIC TO Z€ TO SPEED THE
C-~=-ANALYSIS. THIS DOES NOT EFFECT THE BIODE WAVEFORMS PROVIDED THE
C---BIAS VOLTAGE iS5 ADJUSTED TO GIVE THE DESIRED DC VOLTAGE AT THE
C---DIODE TERMINALS. THIS IS DONE 5 LINES BEFORE STATEMENT LABEL 2.
ZEMB(1)=DCMPLX{ZZ,%.4DF)
ZEMBDC=Zg
C---FORM THE SET OF COMPLEX IMPEDANCES WITH THE SERIES RESISTANCE ADPDED
DO i JH=2,NH
1 ZEMB({JH}=DCMPLX{ZER(JH»+RSLO(JH},ZEI(JH))
C--~CALCULATE THE REFLECTION COEFFICTENT OF THE EMBEDDING NETWORK AT
C=---EACH LO HARMONIC
RHODC=(ZEMBDC~-Z@ )/ (ZEMBDC+Z8)
00 13 JH=1,NH
13 RHOCIH)I={ZEMB{INH}-Z0 )/ (ZEMB(IH)+ZF?
C---INITIALIZE THE VARIABLES FOR THE VLO ADJUSTMENT LOOP
JVLO=1
IVLO=NVLD
UPFLAG=H
LOFLAG=8
C--~INITIALIZE VARIABLES FOR THE INTEGRATION BY DRKGS
PRMT( 4 }=ACC
PRMT{3)=2.8D8*PI/DFLOAT(NPTS}
PRMT{2)=PRMT( 3}
PRMT{ 1)=¢.0D%
¥Y{1)=VDINIT
DERY{11=1.8D9
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C~--CALCULATE THE DC SCURCE VOLTAGE FROM THE GIVEN BIAS VOLTAGE,VDBIAS,

C---ACROSS THE DIODE PLUS SERIES RESISTANCE
VDC=VDBIAS+IDBIAS*{ ZEMBDC~RS )
C---SET THE INITIAL INCIDENT AND REFLECTED VOLTAGES
DO 2 JH=1,NH
VI(JH}=DCMPLX(S.9D%,.608)
VR{JH)=DCMPLX(®.6D8 ,5.5D% )
AV(JIH)=0. 805
2 BV(JH)=%.0D&
C~---THE DC TERMS
VRDC=g . ADH _
VIDC=VDC*ZQ/( ZG+ZEMBDC )
c---RETURN HERE IF THE LO VOLTAGE HAS BEEN ADJUSTED
5 ITER=§
C---SET THE INCIDENT VOLTAGE AT THE LO FREQUENCY AND STORE THE RESULTS
YX=VLO*ZG/(ZEMB( 1)+28)
AV(1)=DREAL(VX)
BV(1)=-DIMAG(VY)
VI(1)=V¥X
C---CALL PRINT1 TO WRITE THE INITIAL CONDITIONS
IF(JVLO.NE.1) GOTO 3
CALL PRINTI(ZEME,ZEMBDC,ZER,ZEI,ZEMBSB,PRMT,Y,DERY,VLO,VDBIAS
1,1DBIAS,RSSB,RSLO, NH,NHP 1, NHD2)
C---START THE REFLECTION CYCLE
3 ITER=ITER+1
C--~-PRINT ONLY AFTER MULTIPLES OF NPRINT CYCLES HAVE BEEN COMPLETED
JPRINT=MOD(ITER,NPRINT)
C--~BEGIN THE LO CYCLE LOOP FOR REACHING STEADY STATE BETWEEN THE
C---DIODE AND TRANSMISSION LINE AND SET THE INTEGRATION INTERVAL
D0 6 JLO=1,NLO
PRMT( 1)=0.8DF
PRMT( 2 )=PRMT(3)
DO 5 JPT=1,NPTS
CALL DRKGS{PRMT,Y,DERY,NDIM, IHLF,FCT,OUTP,AUX)
C--~RESET THE DRKGS ERROR WEIGHT FOR THE NEXT INTERVAL
DERY{1}=1.0D@
IF(JILO.NE.NLO) GOTO 14
IF(JPT.EQ.NPTS) 6OTO 4
C--~STORE THE RESULTS FOR EACH POINT STARTING AT TIME T=g
VDDATACIPT+1)=Y(1)
IDDATA(JPT+1)=1GJ+ICJ
1GJDAT{JPT+1)=IGJ
ICIDAT(IPT+1}=1CJ
GIDATA(JPT+1)=CJ
CIDATACIPT+1)=Cd
GOTO 14
4 VDDATA(1)=Y{1)
IDDATA(1)=1GJ+ICJ
GJDATA( 1 )=GJ
CIDATA(1)=Cd
1GJDAT( 1)=1GJ
ICIDAT(1)=1ICJ
C---~G0 ON TO THE NEXT TIME INTERVAL
14 PRMT{1)=PRMT(2)
PRMT{( 2 )=PRMT(2)+PRMT{3)
5 CONTINUE
6 CONTINUE
C--=CALL DFORIT TO FORM THE FOURIER COEFFICIENTS OF THE DIODE CURRENT
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C---AND VOLTAGE
CALL DFORIT(VDDATA,NPTS/2,NH,VDCOS,VDSIN,I
CALL DFORIT{ IDDATA,NPTS/2,NH,IDCOS,IDSIN,I
g--~SET THE FLAG FOR THE CONVERGENCE TESTS
ZQFLAG=H
C-=~FIND THE DIODE IMPEDANCES AND CALCULATE THE REFLECTED VOLTAGE
C--~WAVEFORMS
DO 7 JH=1,NH
ZD=DCMPLX{VDCOS¢IH+11,~VDSINCIH+1))/DCMPLRL IDCOS({IH+11},
1-1DSIN{JH+1))
VX=DCMPLX( VDCOS(IH+1), =VDSINCIH+1))=-DCMPLYCAV(IH}, ~BVLJIH))
C---FIND THE CHANGE IN THE REFLECTED VOLTAGE SINCE THE LAST CVCLE
DVR{JIH }=VX=VR{JIH)
VR{IH ) =VX
C---CALCULATE THE IMPEDANCE RATIOS AT EACH LO HARMDNIC
C~--THE DEGREE OF CONVERGENCE
ZQ=2D/ZEMB{JH
ZOMAG( JH )=CDABS( ZG) )
ZOPHA{ JH)=DATAN2({DIMAG(ZQ),DREAL{ZQ)})*57.29577351 D8
IF(JH.EQ.1) GOTO 7
IF(ZQMAG(JH).GT.1.ODF+ZQACC) ZOFLAG=ZQFLAG+]
IF{ZQMAG{JH).LT.1.9D9~2QACC) ZQFLAG=ZQFLAG*1
7 CONTINUE
C---THE DC REFLECTED VOLTAGE AND ITS CHANGE SINCE THE LAST CYCLE
VXDC=0.5Dg* (VDCOS{ 1 )-Zg* IDCOS{ 1)}
BYRDC=VXDC=VRDC
VRDC=VXDC
IFCIPRINT.NE.&Z} GOTO 9
C---CALL PRINT2 TO WRITE THE RESULTS OF THIS REFLECTION CYCLE
IF(JVLO.NE.IVLO) GOTO 9
CALL PRINT2(RHO,VI,VR,DVR,VDCOS,VDSIN,IDCOS, IDSIN,ZOMAG.ZQPHA,
LVRDC,DVRDC,VIDC, RHODC ,AV BV, ITER,ZOFLAG,IVLO, NH,NHP 1)
9 CONTINUE
C---FIND THE NEW VOLTAGE INCIDENT ON THE DIODE AT THE LG AND HARMONICS
DO 18 JH=1,NH
VXaVI{JH ) +RHO( JH ) *BYR(IH )
VICJIH }=YX
AV{JH }SDREAL (VX)
15 BV(JHI==DIMAGLVY)
C---FIND THE NEW DC VOLTAGE WAVE INCIDENT ON THE DIODE
VIDC=VIDC+RHODC*DVRDC
C---DON'T ADJUST THE DC CURRENT UNTIL WE HAVE RUN FOR ENOUGH CYCLES TO
C---REACH A STEADY STATE
IFCITER.NE.18) GOTO 11
€---ADJUST THE DC CURRENT TO THE DESIRED VALUE BY CHANGING VLO
CALL ADJLO{JVLO,IVLO,VLO,1DCOS,IDBIAS,NHP1)
C---WAS THIS THE LAST VLO ADJUSTMENT LOOP?
IF(JVLO.EQ.IVLO} GOTO 11
C---REPEAT THE ANALYSIS WITH A NEW VALUE OF VLO
JVLO=JVLO+]
GOTO 15
C--~WAS THiS THE LAST REFECTION CVCLE ALLOWED?
11 IFCITER.EQ.NITER) GOTO 12
C---HAS THE SOLUTION CONVERGED?
IF{ZQFLAG.EQ.§) GOTO 12
C-~-GO ON TO THE NEKT REFLECTION CVCLE
GOTO
C~~-CALL PRINT2 TO WRITE THE RESULTS OF THE FINAL REFLECTION CYCLE
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12 CALL PRINT2(RHO,VI,VR,DVR,VDCOS,VDSIN,IDCOS,IDSIN,ZOMAG,ZAPHA,
i1VRBC,DVRDC,VIDC, RHODL AV, EV ITER ZQFLAG JVLO NH, NHP!)
C---CALL POWER TU FIND THE REQUIRED LO POWER

: CALL POWER(ZQMAG(1),ZGPHA(1),ZER(1),ZEI{1),RSLO(1),VLO,Z0,LOPWR)
C~~~UNSCALE THE CAPACITANCE VALUES (THEY WERE SCALED IN SUBROUTINE FCT

C~~-WHICH IS CALLED BY THE DRKGS INTEGRATION. RQUTINE).
DO 13 JPT=I,NPTS
19 CeDATA(JIPT)=CIDATALIPT)}/(2.@DB%PI*FP}

C--~FINISH THE ANALYSIS BY OBTAINI¥G THE FOURIER COEFFICIENTS OF THE

C--~DIODE CONDUCTANCE AND CAPACITANCE.

JCALL DFORIT{GJIDATA,NPTS/2,NH,GJCOS,GISIN,IER)
‘CALL DFORIT{CJDATA,NPTS/2,NH,CJCOS,CISIN,IER)

C~-~CALL PLOT TO PRINT THE DIODE WAVEFDRMS IN THE TIME DOMAIN
CALL PLOT (IGJDAT,CJIDATA,VDDATA,IDDATA,NPTS,ITER,CH)
RETURN
END

SUBROUTINE ZEMBED{ZER,ZET,ZEMBDC,ZEMBSB,RS,RSLO,RSSB,RSKIN,
1FP,IF,PI,NH,NHP1 ,NHD2P1}

ZEMBED FORMS THE EMBEDDING IMPEDANCES AT THE HARMONICS OF THE
LO-AND AT THE. SIDEBAND FREQUENCIES (ASSUMING THEY HAVE NOT BEEN
INPUT VIA THE BLOCK DATA PROGRAM}., IT ALSD FORMS THE SERIES
RESISTANCE, INCLUDING SKIN EFFECT,AT THESE FREQUENCIES,

NOTE THAT IF YOU WISH TO INPUT THE SIDEBAND EMBEDDING IMPEDAN-
CES THROUGH THE BLOCK DATA SUBPROGRAM THE SIDEBAND FREQUENCY NO-
TATION MUST BE TAKEN INTO ACCOUNT. ALL LOWER SIDEBAND EMBEDDING
IMPEDANCES (ZEMBSB(I} , I.GT.(NH/2}+1 ) SHOULD BE FORMED AS THE
COMPLEX CONJUGATES OF THEIR POSITIVE FREQUENCY VALUES. THIS IS
CONSISTANT WITH THE USE OF NEGATIVE FREQUENCIES FOR ALL LOWER
SIDEBANDS. NOTE THAT SIDEBAND I 1S ARRAY ELEMENT (NH/2 + 1 -1}
IN THIS FREQUENCY NOTATION.

anoooonooaooooann

~-=-THE VARIABLE TYPES USED IN THIS SUBROUTINE ARE AS FOLLOWS:
COMPLEX*16 ZEMBSB(NHP1)
REAL*8 ZER{NH),ZEI(NH),ZEMBDC,RS,RSKIN,FP,IF,PI
REAL*8 RSSB(NHP1)},RSLO(NH)
INTEGER NH,NHP1,NHD2P1,K,1
C-==IN THIS EXAMPLE THE EMBEDDING IMPEDANCES AT THE LO HARMODNICS

C-~-AND AT THE SIDEBAND FREQUENCIES HAVE BEEN INPUT VIA THE BLOCK DATA

C---SUBPROGRAM AND THUS THEY WILL NOT BE FORMED IN THIS SUBROUTINE
c
C~~~FORM THE SERIES RESISTANCE OF THE DIODE AT THE LO HARMONICS AND
C---THE SIDEBA#ZD FREQUFY: .ES. THE FREQUENCY DEPENDENCE DUE TO THE
C---SKIN EFFECT IS ASS...'.D TO HAVE THE FORM RS{F)=RS+RSKIN*SQRT(F)

DO 4& I=1,NHP1

K=NHDZ2P1-1

RSSB(I)=RS+REKIN*DSORT(DABS({FP*K+IF )

IF(I.EQ.NHP1) GOTO 48

RSLO(I)=RS+RSKIN*DSQRT({I*FP)

49 CONTINUE
RETURN
ERD
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SUBROUTINE POWER({ZOMAG,ZQPHA,ZER,ZEI,RSL0,VL0,Z3,L0PWR)
Crmme-
C---POWER CALCULATES AND PRINTS THE REQUIRED LO POWER USED BY THE
C---MIXER WITH THE ORIGINAL VALUE OF ZE{1) {(BEFORE IT WAS SET To Z#),
c..._._
C-—-THE VARIABLE TYPES USED-IN THIS SUBROUTINE ARE AS FOLLQWS:
COMPLEX*16 2Q,ZE
REAL*8 ZER,ZEI,ZOMAG,Z0OPHA,RSLO,VLOD,Z8,LOPWR,D
C---TRANSFORM ZOMAG AND ZQPHA INTO THE REAL AND IMAGINARY PARTS
C---0F A COMPLEX NUMBER
D=0DSQRT{1+{DTAN(ZQPHA/57.295877851D8) }*%2)
ZQ=DCMPLN(ZOMAG/D, ZAMAG*DTAN( ZQPHA/B7 .29577951DF)/D)
ZE=DCMPLX(ZER,Z2EI}
C---CALCULATE THE LO POWER
LOPWR=(CDABS(VLO*{RSLO+ZE+ZQ*ZH ) /{ ZB+ZE%2ZQ ) )**2}/{ B. FDH*ZER)
C---PRINT THE RESULTS
WRITE(6,188) LOPWR
188 FORMAT(//2¥,'REQUIRED LO POWER:',1PE1Z.3//)
RETURN
END

SUBROUTINE ADJLO({JIVLO,IVLO,VLO,IDCOS,IDBIAS,NHPL)
Commm
C---SUBRQUTINE ADJLO ADJUSTS THE LOCAL OSCILLATOR VOLTAGE UNTIL
C-~-THE RECTIFIED CURRENT IS WITHIN IDCACC OF THE DESIRED VALUE,IDBIAS.
Cuwm=—
C--~THE VARIABLE TYPES USED IN THIS SUBROUTINE ARE AS FOLLOWS:
C-~~FOR COMMGN/ADJIVLO/:
REAL*B LOVLO,UPVLO,VLOINC,IDCACC
INTEGER UPFLAG,LOFLAG
C--~-FOR VARIABLES NOT IN ANY COMMON BLOCKS:
REAL*8 IDCOS{HHP1),VLO,IDBIAS
INTEGER JVLO,IVLO,MHPI
C--~-THE COMMOM BLOCKS USED ARE:
COMMON/ADJVLO/LOVLO,UPVLO,LOFLAG,UPFLAG,VLOINC,IDCACC
C-=~IF THIS IS ALREADY THE LAST VLO LOOP THEN DON'T QUTPUT
IF(JVLO.EQ.IVLO} GOTO 25
WRITE(6,18%) JVLO,IDBIAS .

195 FORMAT(/' VALUES OF THE DC CURRENT AND LO VOLTAGE FOR CYCLE ',
112,' OF THE LOOP FOR ADJUSTING VLO TO GIVE ',FB8.6,' AMPS ARE:')
WRITE(G6,11&) IDCOS{1},VLO

115 FORMAT(1@¥,' 1DCOS(1)=',F8.6,7T35,' VLO BEFORE ADJUSTMENT:',FB8.5)
IF(IDCOS(1).GT.IDBIAS+{IDBIAS*IDCACC)) GOTO 14
IFCIDCOS(I).LT.IDBIAS-{IDBIAS*IDCACC)} GOTO 18
IVLO=JVLO
GOTO 2#

18 UPVLO=VLO
C~--KEEP TRACK OF THE NUMBER OF TIMES VLO IS GREATER THAN ITS DESIRED
C---VALUE
UPFLAG=UPFLAG+1
C---1F WE HAVE NOT YET PASSED THE DESIRED VLO CHANGE VLO
IF{LOFLAG.EQ.®@) GOTO 11
VLO=VLO-(UPVLO-LOVLO)}/2.6D8
GOTO 2@
11 VLO=VLO-VLOINC
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15

IF{VLO.LT.8.8) VLO=£.0Dg
GOTO 2¢
LOVLO=VLO

Cf—~§EESéNG TRACK OF THE NUMBER OF TIMES VLO IS LESS THAN ITS DESIRED
G--~VALUE. .

LOFLAG=LOFLAG+1

C--—-1F WE HAVE NOT YET PASSED THE DESIRED VLO,CHANGE VLO

16

129
25

Cromm

IF(UPFLAG.EQ.8) GOTO 18

VLO=VLO+{ UPVLO-LOVLO}/2,8D8

GOTO 2§ :

VLO=VLO+VLOINC

WRITE(G,128) VLO

FORMAT( T35,' VLO AFTER ADJUSTMENT: ',F8.5)
RETURN .

END

SUBROUTINE DRKGS(PRMT,V,DERV,NDIN,IHLF,FCT,OUTP,AUK}_

C---DRKGS 1S AN IBM SSP PROGRAM WHICH SOLVES A SYSTEM OF DIFFERENTIAL
C---EQUATIONS BY THE RUNGE-KUTTA ALGORITHM. IT HAS NOT BEEN ALTERED
C--—-FOR THIS ANALYSIS.

C=-=-=

i

2

4

DIMENSION Y(1),DERY(1),AUX{(8,1},A(4),B{4),C{4),PRMT(1)
DOEBLE PRECISION PRMT,Y,DERY,AUX,.A,B,C,¥,XEND,H,AJ,BJ,CI4RI,RE,
1DELT

DO 1 I=1,NDIM
AUX({8,1)}=.066606666666666667DF*DERY( 1)
X=PRMT(1)}

XEND=PRMT{( 2}

H=PRMT{ 3}

PRMT{5}=8.D&

CALL FCT(X,Y,DERY)

IF(H*{ XEND-¥)1)38,37,2
A{1}=.5D%
A{2)=,202893218813452480F
Al3)=1,.7071567811865475D%
A(4)=,.16666666B66666667DY
B{1}=2.D¢

B{2}=1.D¢

B({31}=1.D8

B{4)=2.DF

C{1}=.5D%g
C{2)=.2928832188134524808
C{3)=1.7871P67811865475D8
C({4)=.5Dg

DO 3 I=1,NDIM
AUXCL,I)=¥(])
AUN{2,1)=DERY(I}
AUN{3,1)=8.D5
AUX(G6,1)=0.D8

IREC=8

H=H+H

IHLF=~1

ISTEP=g

IEND=8
IF({X+H~-XEND}*H)7,6,5

697.
§98.
689,
788,
781,
782.
793,
784.
785,
786.
7897 .
788.
7899,
719.
711,
712,
713.
714,
715.
716,
717.
718.
719,
728,
721.
722.
723,
724,
7258,
726.
727.
728,
729.
738.
731,
732,
733,
734.
738,
735.
737.
738.
739,
748,
741.
742.
743.
744,
745.
746.
747.
748,
749,
758.
751.
752,
753.
754,

BT T, S

= e

A gt P n

=
B e Lo
Chiste




wm O

11
12

13
14

15

16
17

18

19
28
21

22
23
24

25
26

28

H=XEND-X

IEND=1

CALL QUTP(X,Y,DERY,IREC,NBIM,PRMT)
IF(PRMT(5}}49,8,48
ITEST=8

ISTEP=ISTEP+1

a=1

AJ=A(J)

BJ=B{(Jd}

Cd=C{Jd)

DO 11 I=1,NDIM
R1=H*DERY( I}
R2=AJ*({R1-BI*AUK(G,I))
Y(I)=¥Y{I)}+R2
R2=R2+R2+R2
AUX(E,T1)=AUX(6,]}+R2-CJI*R1
IF(J-4)12,15,15

J=d+l

IF{(J=3)13,14,13
R=K+.5D@*H

caLL FCT(X,Y,DERY}
GOTO 1@
IF(ITEST16,16,28

DO 17 I=1,NDIM
AUNC4,1)=YLT)

ITEST=1
ISTEP=ISTEP+ISTEP-2
IHLF=IHLF+1

H=¥-H

H=,5D@%H

DO 19 I=1,NDIM
Y{TI=AUK(1,1)
DERY{I}=AUX(Z,1)
AUX(E, F1=AUX(3,1}

GDTO 9

IMOD=ISTEP/2
IF(ISTEP-IMOD-IMOD}21,23,21
CALL FCT{(X,Y,DERY)

DO 22 I=1,NDIM
AUH(E,I)=Y(1}
AUX(7,I)=DERY¥(I)

GOTO 9

DELT=£.D8

DO 24 I=1,NDIM
DELT=DELT+AUX{B, 1 )*DABS{AUX(4,I)}-Y(I)}
IF{DELT-PRMT{4}3)28,28B,25
IF {IHLF-12)26,36,36
DO 27 I=1,NDIM
AUX(4,I)=AUX(5,1}
ISTEP=ISTEP+ISTEP-4
X=¥X-H

IEND=&

GOTD 18

CALL FCT(¥,Y,DERY)

DO 29 I=1,NDIM
AUX(1,I)¥=¥{1)}
AUX(2,1¥=DERY{I1}
AUX{3,1}=AUX{(6,1)}
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Y{I)=AUX(5,1)
289 DERY(I)=AUR(7,I)
CALL OUTP{X-H,Y,DERY,IHLF,NDIM,PRMT)
IF(PRMT(5}))48,38,48 :
3% bo 31 I=1,NDIM
Y{I}=AUR(I,I)
31 DERYV({I)=AUN(Z,I)
IREC=IHLF
IF{IEND}32,32,39
32 IHLF=IHLF-~1
ISTEP=ISTEPRP/2
H=H+H
IF(IHLF)4,33,33
33 IMOD=ISTEP/2
IF{(ISTEP~IMOD-IMOD 4,34 ,4
34 IF{DELT-.22DO*PRMT(4))35,35,4
35 IHLF=IHLF-1
ISTEP=ISTEP/2
H=H+H
GOTO 4
36 IHLF=11
CALL FCT(X,Y,DERY)
GOTD 39
37 IHLF=12
GOTO 39
38 IHLF=13
39 CALL GCUTP{(X,Y,DERY,IHLF,NDIM,PRMT}
42 RETURN
END

SUBROUTINE FCT(X.Y,DERY)
C=—==- .
C---FCT IS REQUIRED BY DRKGS AND SUPPLIES THE NETWORK STATE EQUATION TG
C---BE SOLVED, NOTE THAT THE JUNCTION CAPACITANCE HAS BEEN FREQUENCY
C--~SCALED BY 2*PI*FP SO THAT ONE LO CYCLE OCCURS IN Z2*PI SECONDS
C=--
C---THE VARIABLE TYPES USED IN THIS SUBROUTINE ARE AS FOLLOWS:
C~--FOR COMMON/CONST/:
REAL*8 QEL,BOLTZ,PI,TEQ
C-~-FOR COMMON/DIOQDE/:
REAL*B ALP,PHI,GAM,C#,IS,RS,RSKIN,FP,IF,IGJ,IC2,GJ,CJ
C---FOR COMMON/LOOPS/:
INTEGER NW,MLO,NVLO,NPTS,NPRINT,NITER
C-~-FOR COMMON/TLINE/:
REAL#*8 Z&,ZQACC
INTEGER ZQFLAG
C--~FOR COMMON/VOLTS/:
REAL*8 AV{B},BV(8),VIDC,VLO,VDBIAS,IDBIAS
C--~-FOR VARIABLES NOT IN ANY COMMON BLOCKS:
REAL*B X,V{(1},DERY(1},V
INTEGER JH
C--~THE COMMON BLOCKS USED ARE:
COMMON/CONST/QEL ,BOLTZ,PI,TEQ
COMMON/DICDE/ALP,PHI,GAM,CH,IS,RS,RSKIN,FP,IF,IGJ,ICH,Gd,Cd
COMMON/LQOPS/NH,NLO,NVLO,NPTS,NPRINT,NITER
COMMON/TLINE/Z®,20ACC,ZQFLAG

B13.
B814.
815.
8l6.
Bi7.
g18.
819,
BZY.
821,
B2Z.
823.
B824.
825,
BZ6.
827.
8z8.
829.
834.
g31,
832.
833.
834.
835.
836.
837.
g838.
839.
84g.
B41.
842,
843.
B44.
845,
846.
B47.
848.
849.
858.
851.
g5a.
B853.
854.
855.
B56.
857,
858,
B59,
B6G.
861.
BBZ.
863,
864.
BE6S.
866.
867.
B6B.
8639.
B78.
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COMMON/VOLTS/AV,BV,VIDC,VLO,VDBIAS, IDBIAS

C~=-=CALCULATE THE TOTAL VOLTAGE ON THE TRANSMISSION LINE INCIDENT ON

C~~-THE DIODE .

V=vVIiDdg

BO 1 JH=1,NH

1 V=V+AVOJH)I*DCOS(IH*H }+BVIJH)I*DSIN{JH*X)

C---MULTIPLY BY 2 TO FIND THE EQUIVALENT SOURCE VOLTAGE ASSOCTATER
C---WITH THE TRANSMISSION LINE IMPEDANCE Z&

V=V*2 . 600
C---FIND THE FREQUENCY SCALED JUNCTION CAPACITANCE.
C--~NOTE THAT THE DIODE VOLTAGE Y(1) IS ARTIFICIALLY CLAMPED IF IT
C~--EXCEEDS .999%*PHI. THIS AVOIDS ERROR MESSAGES DURING THE INITIAL
C-~~TRANSIENT IN THE NUMERICAL SOLUTION.

CI=2.0DG*PIXFP*CH/{1.0DF~DMINI{V(1),H.999%PHI }/PHI }**GAM
C-=-~FIND THE CURRENT THROUGH THf DIODE CONDUCTANCE

lIfJ;ég?(DENP(ALP*DMAXl(-1?4.ﬁDB/ALP,DMIN1(Y(1],174.ﬂDﬁ/ALP)))
£--~DVD/DT

DERY(13}={{V-¥{1}}/Z26-1GJ})/CJ
C---FIND THE CURRENT THROUGH THE DIGDE CAPACITANCE AND THE BIOQDE
C~-~CONDUCTANCE

ICI=DERY(1}*CJ

GJ=IGI*ALP+IS5*ALP

RETURN

END

SUBROUTINE QUTP{X,Y,DERY,IHLF,NDIM,PRMT)

Comm
C--~-0UTP IS REQUIRED BY DRKGS BUT IS NOT USED IN THIS PROGRAM
Cemn
REAL*8 ¥,Y(1),DERY{1),PRMT(E}
INTEGER IHLF,NDIM
RETURN
END
SUBROUTINE DFORIT{FNT,N,M,A,B,IER}
C=rm

C-~-~DFORIT IS A DOUBLE PRECISION VERSIOM OF FORIT,AN IBM SSP ROUTINE
C~-~THAT PERFORMS A FOURIER ANALYSIS. ON A FPERIODICALLY VARYING FUNCTION.

C---1T COMPUTES THE COEFFICIENTS OF THE TERMS IN THE SERIES WHICH
g-—-IS GIVEN BY:A(1)+SUM{A(NICOS{{N-1)X)+B{NISIN{(N-1}X}} N=2,3,4...
C-~--THE PARAMETERS USED ARE:

C~--FNT/: TABULATED VALUES OF THE FUNCTIGN TO BE ANALYSED

C——- NOTE THAT FNT{1l) CORRESPONDS TO TIME T=g&

C---Ms/: THE MAXIMUM ORDER OF THE HARMONICS TO BE FITTED

C---N/: DEFINES THE INTERVAL OVER WHICH THE POINTS ARE TAKEN. THE

C--~ INTERVAL GOES FROM & TO 2*PI AND 2N+1 POINTS ARE TAKEN AS DATA.

C---A/: THE FOURIER COSINE COEFFICIENTS
C---B/: THE FOURIER SINE COEFFICIENTS

C-~-IER/: THE RESULTANT ERROR MESSAGE CODE WHERE IER=8 MEANS WO ERROR,
Cmm= IER=1 MEANS N IS LESS THAN M, AND IER=Z2 MEANS M IS LESS THAN &

L=
REAL*B A(1),BC1},FNT(1}CONST

871,
g72.
873.
B74.
875,
g76.
B77.
B78.
8749.
88gY.
gal.
g82.
883.
8B4,
885,
886,
887.
888,
B8O,
BoG.
8981,
g892.
B93.
894,
895,
896.
897.
a9a.
g99.
98g.
981,
9g2.
9g3.
954.
2485,
9g6.
9g7.
988,
9g9.
91g.
gli.
g12,
913.
914,
g1s,
gls.
917.
918.
9149,
924,
921.
922.
g923.
24,
925,
926.
927.
928.
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REAL*8 COEF,C,s,CIl,S1,AN,FNTZ,U&,U1,02,Q
INTEGER N,M
IER=H
28 IF(M) 35,408,472
3 IER=2
RETURN
46 IF(M-N)} 68,68,58
58 IER=1]
RETURN
68 AN=N
COEF=2.0Dg/(2.8Dg*AN+1.0DQ}
CONST=3.1415926535B8979D8%COEF
S1=DSIN{CONST}
Ci=DCOS({CONST}
C=1.mD8F
S=g.pDg
J=1
FNTZ=FNT(1}
78 UzZ=p.0DG
Ul=g.8Dg
I=2*N+1
75 UG=FNT(I}+2.8DG*C*U1-U2
uz=U1
ul=Ug
I=1-1
IF{iI~-1}) 89,88,75
B8 A(J}=COEF*(FNTZ+C*U]l-~U2Z)
B{J)=COEF*8*U1
IF(J-(M+1}) 90,105,10¢
9% Q=C1*C-81%*5
S=Ci%*8+§1*C
C=Q
J=J+]
GO TO 78
186 AlL1)=A(1)*5,.5D9
RETURN
END

SUBROUTINE SMSIG

SMSIG PERFORMS THE SMALL-SIGNAL AND NOISE ANALYSIS OF THE MIXER
TO DETERMINE THE CONVERSION LOSS BETWEEN ALL PAIRS OF SIDEBANDS,
THE INPUT AND OUTPUT IMPEDANCES, AND THE EQUIVALENT INPUT NOISE
TEMPERATURE. THE THEORY IS BASED ON THAT OF D.N.HELD AND A.R.KERR,
IEEE TRANS.ON MICROWAVE THEORY AND TECH.,VOL.MTT-26,ND0.2,PP.49-61,
FEB.1978,

ALL INITIALIZED VARIABLES ARE INPUT THROUGH THE BLOCK DATA SUB-
PROGRAM AND ARE TRANSFERRED THROUGH CcoOMMON BLOCKS.

THE QUTPUT INCLUDES:

1} THE CONVERSION LOSS BETWEEN ALL PAIRS OF SIDEBANDS (PRINTED
AS A CONVERSION LOSS MATRIX}.

2) THE INPUT IMPEDANCES OF THE MIXER AT EACH SIDEBAND.

3) THE OUTPUT IMPEDANCE AT THE 1IF.

4} THE EQUIVALENT INPUT NOGISE TEMPERATURE AND ITS SHOT AND THERMAL
COMPONENTS.
THE SUBSCRIPT NOTATION USED IN THE PROGRAM TO IDENTIFY THE NH+1

928.
93g,
931,
g32.
933.
934.
g35.
936.
g937.
938.
939,
944,
941.
42,
a43.
944.
945.
945.
947.
048.
949,
954,
951.
g5&.
953.
954.
955,
8956.
957.
958,
959.
964,
961.
962.
983.
964,
8965.
966.
967.
968.
969.
97g.
g71.
a972.
8973,
974.
975.
976.
977.
a978.
979.
988,
9g81.
9g2.
983.
984,
985.
g986.

e e A b B R T Joten ek A% @




77 .

SMALL~SIENAL SIDEBANDS IS THAT OF A.A,M. SALEH,'THEORY OF RESISTIVE 987.

C ' E
C MIKERS',M.I.T. PRESS,CAMBRIDGE,MASS.,1971. SIDEBAND FREQUENCY 9gg, -
C (IF+N*LO) IS DENOTED BY THE ARRAY SUBSCRIPT (NH/2 + 1 - N). THE 989, j~
C- LOWER SIDEBANDS ARE TREATED AS NEGATIVE FREQUENCIES CONSIDERARLY g9@. i
C SIMPLIFYING THE EQUATIONS IN THE ANALVSIS. 991, g'
c IF ARRAY DIMENSIONS ARE ALTERED. THEY MUST BE CHANGED HERE, IN g9z, i
C- SUBROUTINE LGSIG AND IN THE BLOCK DATA PROGRAM, IN ADDITION THE 993, J
“ C PRINT FORMAT OF THE CONVERSION LOSS MATRIX MUST BE ALTERED IF 994, :
g OTHER THAN EIGHT LO HARMONICS ARE CONSIDERED. 995, do
996, 3
C---THE VARIABLE TYPES USED IN THIS SUBROUTINF ARE AS FOLLOWS: 997. i
C---FOR COMMON/CONST/: 908, i
' REAL*B QEL,BOLTZ,PI,TEQ 999, -
C---FOR COMMON/DIODE/: 1989, i
REAL*8 ALP,PHI,GAM,C®,IS,RS,RSKIN,FP,IF,IGJ,ICJd,G0,CJ 1981, i
C---FOR COMMON/FORITS/: 1g@2. i
REAL*8 GJCOS{9),G5JSIN(9),CJCOS8t9),CISIN(9),VDCOS{O),VDSIN{D)} 1083, i
REAL*8 IDCOS(9),IDSIN(O) 1984, i
INTEGER IER 1985, e
C---FOR COMMON/IMPED/: 1986, §3'
COMPLEX*16 ZEMBSB(2) 19087, i
REAL*8 ZER{(B),ZEI(8),ZEMBDC,RSLO{(8),RSSB(3) i998. (o
C---FOR COMMON/LOOPS/: 1989, p-f
INTEGER NH,NLO,NVLO,NPTS,NPRINT,NITER 1819, P
C---FOR VARIABLES NOT IN ANY COMMON BLOCKS: ig11, P
COMPLEX*16 A(9,9),COR{(39,9},FG{9})},FC{3) igiz.
COMPLEX*16 T(9},ZIN(9),ZIFQUT,DET 1913, §
REAL*8 XLMAT(9,9),TM,THERM,S5HOT,LIJ 1514,
REAL*8 GJIMAG(2),GJPHA(9},CIMAG(9)},CIPHALT) 18185, P
INTEGER JH,NHP1,NHD2P1,NHD2,WK1{(9)},WK2¢(9},1,Jd 1916, ;{?i
C---THE COMMON BLOCKS USED ARE: 1917, f
COMMON/CONST/QEL ,BOLTZ,PI,TEQ 1918,
COMMON/DIODE/ALP,PHI,GAM,C%,I15,RS,RSKIN,FP,IF,IGJ,ICJ,GJI,Cd 1919,
COMMON/FORITS/GJCOS,GJSIN,CJCOS,CISIN,VDCOS,VDSIN,IDCOS,IDSIN,IER 10824, _
COMMON/ IMPED/ZER,ZEI , ZEMBDC,ZEMBRSB,RSLO,RSSR ig21. : ;}
COMMON/ IVMAG/GJIMAG ,GJPHA,CJIMAG,CIPHA 1g22.
COMMON/LOOPS/NH,NLO, NVLO,NPTS,NPRINT,NITER 1923,
C---DEFINE SOME USEFUL CONSTANTS 1824,
NHP 1=NH+1 1925,
NHDZ=NHs2 1926,
NHDZP1=NHD2+1 1g27.
C---FORM THE COMPLEY FOURIER COEFFICIENTS OF THE DICDE CONDUCTANCE 1928. L
C---AND CAPACITANCE 152%9, L
b0 1& JH=2,NHP1 1939, .
FE(JH)}=DCMPLX{GICOS{(JH),~GJISIN(JIH})*F.5D8 1931.

18 FC{IH)Y=DCMPLX{CJCOS{JH),-CJISIN{JIH )} *g.5D8% 1932.
FG({1)Y=DCWMPLX(GJCOS{1),5.8D8) 1833.
FCC1)}=DCMPLX(CJICOS{1},8.8D8) 1834,

° C~-~CALL PRINT3 TO WRITE THE FOURIER COEFFICIENTS 1935, .
CALL PRINT3(FG,FC,GIMAG,GJPHA,CIMAG,CJIPHA,NH NHP1} 1836. P oF
C--~-0PEN CIRCUIT THE IF LOAD TO FIND-THE IF PGORT IMPEDANCE 1937, o
) ZEMBSB{NHD2P1 }=DCMPLX(1.6D15,9.0D8} 1838. !
Ny C---FORM THE ¥' MATRI¥ WITH THE OPEN CIRCUITED IF BY CALLING ¥PRIME 1439.
CALL YPRIME{FG,FC,NHD2,NHD2P1,NHP1,FP,IF,A,ZEMBSB,.RESB)} 1648, ;
C---TAKE THE INVERSE OF THE ¥' MATRIX TQ FIND THE QUTPUT IMPEDARNCE 1841, .
CALL CHMINV(A,NHP1,DET,WK1,WKZ,NHPI*NHP1} 1842. 4
C---THE IF OUTPUT IMPEDANCE IS THE CENTER ELEMENT OF THE Z' MATRIX+RS 1843,
ZIFOUT=A{NHD2P1,NHD2P1 ;+R3SB(NHD2P1} 1944,

T b e T R AR A Rt o
PRI B U SR G




78

C--~CONJUGATE MATCH THE IF LOAD IMPEDANCE TO THE IF PORT IMPEDANCE
ZEMBSB{NHD2P 1 )=DCONJG{ZIFOUT)
C~~-FORM THE ¥' MATRIX WITH A MATCHED IF LOAD
CALL YPRIME(FGC,FC,NHD2,NHDZP1,NHF1,FP,IF,A,ZEMBSB,RE8B)
C---INVERT THE Y*' MATRIX TO OBTAIN THE Z' MATRIX
CALL CMINV{A,NHP1,BET,WK1,WK2,NHP1*NHP1)

1345,
ig46,
1947,
1g48.
1949,
1858,

C---FORM THE CONVERSION LOSS MATRIX AND INPUT IMPEDANCE AT EACH SIDEBAND1®S1.

B0 5§ I=1,NHP1
1ZIN(II=RSSB(I)+A(I,I)*(RSSB(I)+ZEMBSB{I))/(RSSB(IHZEMBSB(I)
=ALT,I M)
DO 4 J=1,NHF1
IF{I1I-3) 2¢.38,28
28 LIJ=({(CDABS{RSSB(I)}+ZEMBSB{I) }*CDABS({RSSB{J}I+ZEMBSB(J)}}/
1(2.8D0*CDABS(A(T,J))})**2) /(DREAL{ZEMBSB{ 1) )*DREAL(ZEMBSB(J) )}
C~~-CONVERT TO DB WHEN FORMING THE LOSS MATRIX
NLMAT(I,Jd)=10.2D0*DLOG1A(LIO)
GOTO 4%
C--~-THE DIAGONAL ELEMENTS HAVE NO OBVIOUS MEANING AND ARE ZERDED FOR
C---CONVENIENCE
38 HLMAT(I,d)=0.8DF
4% CONTINUE
58 CONTINUE
€--~BEGIN THE NOISE ANALYSIS BY FORMING THE SHOT NOISE CORRELATIGN
C---MATRIX
CALL CORREL(ALP,FG.COR,NHP1}
C---CALCULATE THE EQUIVALENT INPUT NOISE TEMPERATURE CONSIDERING THE
C---8SHOT NOISE ONLY
CALL TMIX(NHDZ2,SHWOT,T,COR,A,RSSB,ZEMBSB,NHP1,NHDZP1}

1g52.
1253,
1554,
1885,
18586.
1457,
1858,
1659,
1564 .
18€%.
ig62.
1863,
1664.
1865,
1966.
1867.
1968,
1989,
18789,
1871.
1g72.

C---ADD THE THERMAL NOISE COMPONENT TO THE S$HOT NOISE CORRELATION MATRIX1@73.

CALL THOISE{(COR,RSSB,ZEMBSB,NHP1,NHD2P1}
C---RECALCULATE THE EQUIVALENT NOISE TEMPERATURE NOW INCLUDING BOTH
C---SHOT AND THERMAL NOISE CONTRIBUTIONS

CALL TMIX{NHDZ2,TM,T,COR,A,RSSB,ZEMBSB,NHP1,NHD2P1)
C---FIND THE THERMAL NOISE COMPONENT OF THE EQUIVALENT INPUT NOISE
C--~TEMPERATURE OF THE MIXER

THERM=TM~SHOT
C--~CALL PRINT4 TO PRINT THE RESULTS OF THE SMALL-SIGNAL AND NOISE
C---ANALYSIS

CALL PRINT4(XLMAT,ZIN,ZIFQUT,TM,THERM,SHOT,NHD2,NHP1,NHD2P1}

RETURN

END

SUBRGUTINE YPRIME(FG,FC,NHD2,NHD2P1,NHP1,FP,IF,A,ZEMBSB,RSSE)
Crmarm ‘
C---YPRIME FORMS THE AUGMENTED ADMITTANCE MATRIX ¥' (A) OF THE MIKER
C——~—
C---THE VARIABLE TYPES USED IN THIS SUBROUTINE ARE AS FOLLOWS:
C~~-FOR COMMON/CONST/

REAL*8S QEL,BOLTZ,PI,TEQ
C---FOR VARIABLES NOT IN ANY COMMON BLOCKS:

COMPLEX*16 ZEMBSB(NHP1),A{NHP1,NHP1),FG{NHP1),FC{NHP1)

REAL*8 FP,IF,WP,WIF,RSSBINHP1)

INTEGER NHD2,NHD2P1,NHP1,1,J
C---THE COMMON BLOCKS USED ARE:

COMMON/CONST/QEL ,BOLTZ,P1,TEQ

WIF=2.0D@*PI*IF

1974,
1875,
16756.
1877.
1678.
16879.
1488 .
igel.
g8z,
1883,
1@84,
1885.
1486.
1887.
1988.
ig89.
1999,
1991.
1g9z2,
1593.
1594,
1495.
1496,
1597,
1598,
1899,
1185,
1181,
1182.




WP=2,0Dg®FI*FP
€C---FORM THE ADMITTANCE MATRIX V OF THE INTRINSIC DIODE
b0 68 I=1,NHP!
DO 59 J=1,NHP)
2F IF(J-1) 34,409,458
C--=-FIND THE LOWER HALF OF THE Y MATRIX
38 A(1,d)=DCONJG(FG(I-J+F))+DCMPLX{Z.08DG ,WIF+WP*{NHDZP1~1))
1*DCONJG{FC{I-a+11)}
GOTO 50
C---FIND THE UPPER HALF OF THE V MATRIX
A A(1,0)=FG(J=-1+1)+DCMPLR{Z.BDF , WIF+WP*{NHD2P1 -1} }*FC(J~-1+1)
58 CONTINUE
6@ CONTINUE
C--~-ABB 1/(RS+ZEMBSB)} TO THE DIAGONAL ELEMENTS QF Y TO FORM THE
C~-~AUGMENTED ADMITTANCE MATRIX Y' OF THE MIXER
bo 7 I=1,NHP1
7B A(T,I)=A(1,1)+1.000/(ZEMBSB{I)+RSSB(I))
RETURN
ERD

SUBROUTINE CORREL{ALP,FG,COR,NHP1)
C_--
C-~-CORREL FORMS THE NOISE CURRENT CORRELATION MATRIX FOR THE SHOT
C---NDISE. THE THERMAL NOISE COMPONENTS ARE ADDED IN SUBROUTINE
C---TNOISE.
C---THE VARIABLE TYPES USED IN THIS SUBROUTINE ARE AS FOLLOWS:
COMPLEX*16 FG(NHPL1),COR(NHPI,NHP1)
REAL*8 QEL,BOLTZ,PI,TEQ,ALP
INTEGER NHP1,I,J
C-~-THE COMMON BLOCKS USED ARE:
COMMON/CONST/QEL ,BOLTZ,P 1, TEQ
C---FORM THE SHOT NOISE CORRELATION MATRIX USING I=FG/ALP
DO 16 I=1,NHPI
DO 28 J=1,i
COR(YJ,'T)=2.UDE*QEL*FG{ I-J+1)/ALP
26 COR(1,J)=DCONJG(COR(J, 1))
19 CONTINUE
RETURN
END

SUBROUTINE TNOISE(COR,RSSR,ZEMBSB,NHP1,NHD2P1)
C==-
C~--TNOISE FORMS THE THERMAL NOISE CURRENT CORRELATION MATRIX AND
C---ADDS IT TO THE SHOT NOISE CORRELATION MATRIX.
Camn
C~--THE VARIABLE TYPES USED IN THIS SUBROUTINE ARE AS FOLLOWS:
COMPLEX*16 COR{NHPI,NHP1),ZEMBSB(NHPL)
REAL*8 QEL,BOLTZ,PI,TEQ,RSSB{NHPI1}
C~--THE COMMON BLOCKS USER ARE:
COMMOM/CONST/QEL,BOLTZ,P1,TEQ
C---8INCE THE THERMAL NOISE MATRIX IS DIAGONAL ADD THESE ELEMENTS TO
C--—-THE DIAGONALNT§§MS OF THE SHOT NOISE CORRELATION MATRIX
po 35 I=1,NH
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l1122.
1123.
1124.
1125,
1126.
1127,
1128.
1129.
1134.
1131,
113z2.
1133,
1134.
1135,
1136.
1137.
1138.
1139,
1149,
1141,
1142,
1143.
1144,
1145,
1146.
1147,
1148,
1149,
1159.
1151,
1152,
1153.
1154,
1155.
1156.
1157,
1}58.
1159,
1168,
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IF(T.EQ,NHD2P1) GOTO 3@ 1161.

COR(I,I)}=COR(I,I)+4,  ODU*BOLTZXTEQ*RELB(I}/ 1162.
1{CDABS{ZEMBSB({I)+RSSB{ 1)) }*¥%2 1163. !

GOTO 35 1164,

C---AT THE IF THE THERMAL NOISE TERM IS5 GIVEN BY: 11865,

35 COR{I,1)=COR{I,I}+4,0DF*BOLTZ*TEQ*RSSB(I)/ 1166.

1{CDABS{ZEMBSB(I}~RSSB(I})}**2 1167.

35 CONTINUE 1168,

RETURN 1169. *

END 11748,

1171,

1172,

1173,

c SUBROUTINE TMIXK{(NSB,TM,T,COR,A,RSSB,ZEMBSE ,NHPI,NHD2P1) 11;4.

—— 1175,

C=-~TMIX COMPUTES THE EQUIVALENT SINGLE SIDEBAND INPUT NQISE 1176,

C~-~TEMPERATURE OF THE MIXER REFERRED TO SIDEBAND NSB. 1177.

C--~-NOTE THAT SIDEBAND NSB IS ARRAY SUBSCRIPT NH/2 + 1 - NSB. 1178.

Cwee 1178,
C---THE VARIABLE TYPES USED IN THIS SUBROUTINE ARE AS FOLLOWS: 1188,
COMPLEX*16 COR{NHP1,NHP1) A(NHPLl ,NHP1),ZEMBSB(NHP1)},VSQ,T(NHPIL) i181.
REAL*8 QEL,BOLTZ,PI,TEQ,TM,RSSB{NHPI) 1182,
INTEGER I,d,NSB,NHP1,NHD2P1 1183.
C-~-THE COMMON BLOCKS USED ARE: 1184,
COMMON/CONST/QEL ,BOLTZ,P1,TEQ 1185.
C~-~POST MULTIPLY COR BY THE CONJUGATE TRANSPOSE OF THE CENTER ROW 1186,
C~--~-0F THE Z' MATRIN (RQW £} 1187.
00 18 1=1,HHP1 1188,
T{I)=05.0D8 1189.
DO 28 J=1,NHP1 1194.
28 T(1)=T(I1}+COR{I,J)*DCONIG{A(NHD2P1,d)} 1191,
18 CONTINUE 1192.
C--~PREMULTIPLY COR BY THE CENTER ROW OF THE MIXER Z' MATRIX 1193,
VSQ=g¢.9D8 1194,

PO 3§ I=1,NHPI 1195, i

39 VSQ=VSQ+A(NHDZ2P!,T)*T(I} 1196, e

C-~-COMPUTE THE EQUIVALENT INPUT NOISE TEMPERATURE OF THE MIXER 1197. ;

TM={ DREAL(VSQ)*{CDABS{ZEMBSB{NSB)+RSSB(NSB))}**2)/ 1198. i

1{BOLTZ*4 .GDO*DREAL{ZEMBSB(NSRB) Y*(CDABS(A(NHD2P ! ,NSB})**2)) 1199. o

RETURN 1208, i
END 1291,

1202. ;

1283. o
12294,

SUBROUTINE CMINV(A,N,D,.L,M,NSQ) 1288, -

C-=-~ 12086, 3

C---CMINV IS A SLIGHTLY MODIFIED VERSION OF THE IBM SSP ROUTINE MINY 1267.
C--~FOR INVERTING A COMPLEY MATRIX. ONLY THE FIRST TWO STATEMENTS AND 1248,

C---~THOSE NUMBERED 18 AND 45 HAVE BEEN ALTERED. 12?9.
C—=- 121@. ?
COMPLEX*16 A,D,BIGA,HOLD 1211,
DIMENSION A{NSQY,L{N},MI{N? 1212,
bD=1.8D8 1213.
NK==N ; 1214. .
DO 88 K=1,N 1215, 5
NK=NK+N 1216.
L{K)=K 1217.

MUK )=K 1218.




lg
15

28

25

g
35

38

4
45
48
48
54

55

69
62

65

LS
78

84

KK=K+K
BIGA=A(KK}

DO 28 J=K,N
IZ=N*{J-1}

Do 29 I=K,N
IJ=1Z+1
IF(CDABS{BIGA)}-CDABS(A{IJ)})} 15,259,280
BIGA=A{IJ) o
L{K)=1 ®
M{K¥=d

CONTINUE

J=L{K)

IF{J-K) 35,35,25
KI=K~N

DO 3§ I=1,N
KI=KIvn
HOLD=-A(KI)
JI=KIi-K+J
A(KI}=ALJOI)
A(JI}) =RHOLD
I=M{K)

IF(I~-K) 45,45,38
IP=N*(1-1)

DO 48 Jd=1,N
JK=NK+J

J1=JP+d
HOLD=-A{JK?
A{JKI=A{JI1}
A{JI} =HOLD
IF{CDABS(BIGA}) 48,46,48
b=g.gbe

RETURN

0o 58 I=1,N
IF{I"K’ 59’,55'53
IK=NK+I
ALTIK)I=A{IK}/{~BIGA}
CONTINUE

DO 65 I=1,N
IK=NK+1I

HOLD=A{ IK)
Id=1-H

DO &5 Jd=1,N
TJ=1dJd+N

IF{I-K} B6%,65,68
IF{J-K) 62,85,62
KJd=Td=1+K
A(IJ)=HOLD*A(KJ)+A(1J}
CONTINUE

Kd=K~N

DO 75 Jd=1,N
KJ=KJ+N

IF{J-K) 78,75,79
A{KJI=A{KJ}/BIGA
CONTINUE
D=D¥*BIGA
A{KK)=1.8Dg/BIGA
CONTINUE

K=N

1219,
1229,
1221,
1222.
1223.
1224.
1225,
1226.
1227.
i228.
1229,
1239,
1231,
1232.
1233.
1234.
1235.
1236.
1237.
1238.
1239,
1249,
1241,
1242.
1243.
1244,
1245.
1246.
1247,
1248,
1249.
1254,
1251.
1252,
1253.
1254.
1255,
1256.
1257.
1258.
1259.
1260.
12el.
1262.
1263.
1264.
i265.
1266.
1267.
1268.
1269.
1274.
1271,
1272,
1273.
1274,
1275,
1276.
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82

igg K
I
185 1
i
198 J

—
~—

DO 118 J
JK=JQ+J
HOLD=A(JK)
JI=JR+d
A(JKI=-A(JI1}
118 A(JI)} =HOLD
128 J=M(K)
IF(J-K} 1B®,188,125
128 KI=K-N
DO 138 I=1,N
KI=KI+N
HOLD=A{KI}
JI=KI~K+dJ
A(KI}=-A(J1}
138 A(JI} =HOLD
GO0 TO 1g@
158 RETURN
-END

SUBROUTINE PRINTI(ZEMB,ZEMBDC,ZER,ZEI,ZEMBSB,PRMT,Y,DERY,VLC,
c 1VDBIAS,IDBIAS,RSSB,RSLO,NHARM,NHPI ,NHD2Z)
C---PRINT! WRITES THE VALUES OF THE INPUT VARIABLES AND THE INITIAL
C--=CONDITIONS FOR THE NONLINEAR ANALYSIS SECTION OF THE PROGRAM.
Lum=—
C~--THE VARIABLE TYPES USED IN THIS SUBROUTINE ARE AS FOLLOWS:
C-~-FOR COMMON/ADJLO/: .
REAL*B LOVLO,UPVLO,VLOINC, IDCACC
INTEGER LOFLAG,UPFLAG
C--~-FOR COMMON/CONST/:
REAL*B QEL,BOLTZ,PI,TEQ
C~--FOR COMMON/DIODE/:
REAL*8 ALP,PHI,GAM,C¥,IS,RS,RSKIN,FP,IF,IGJ,ICd,Gd,CJ
C~--FOR COMMON/LOOPS/:
INTEGER NH,NLO,NVLO,NPTS ,NPRINT,NITER
C-~-FOR COMMON/RKG/:
REAL*8 ACC,VYDINIT
INTEGER NDIM
C~--FOR COMMON/TLINE/:
REAL*8 Z#&,ZQACC
INTEGER ZQFLAG
C---FOR VARIABLES NOT IN ANY COMMON BLOCKS:
COMPLEX*16 ZEMB{NHARM),ZEMBSB{NHP1)
REAL*8 VDBIAS,IDBIAS,VLO,ZQACC,Zg,ZEMBDC,PRMT(5),Y(1),DERY(1}
REAL*8 ZER({NHARM},ZEI{NHARM) ,RSSB(NHPI},RSLO{NHARM)
INTEGER NHARM,NHP1,NHD2,I,K,J
C--~THE COMMON BLOCKS USED ARE:
COMMONMN/ADJIVLO/LOVLO,UPVLO,LOFLAG,UPFLAG,VLOINC, IDCACC
COMMON/CONST/QEL ,BOLTZ,PI,TEQ
COMMON/DIODE/ALP,PHI,GAM,C#,IS,RS,RSKIN,FP,IF,169,I1C0,60,C0

A




COMMON/LOOPS/NH, NLO,NVLO,NPTS ,NPRINT,NITER
COMMON/RKG/ACC ,VDINIT NDIM
COMMON/TLINE/28,ZQACC , ZQFLAG
C-=~PRINT THE TITLE
WRITE(6,58) FP
EH*FOREAT(IHI.IX.' ANALYSIS OF A ',~9PF6.2,' GHZ MICROWAVE MIXER'/
IX,58('-* )
C~--WRITE THE VALUES OF THE RELEVENT VARIABLES.
@ WRITE {6,75)
75 FORMAT{/1X,'INPUT DATA')
WRITE{&,188)

196 FORMAT(//1X,' DIODBE PARAMETERS:',T25,°ALP',T41,'PHI',T56, 'GAM",
1T71,'RS*, 785, 'C&' ,T190, 18", TI13, 'RSKIN")

. WRITE(6,114) ALP,PHI,GAM,RS,CH,I8,RSKIN

115 FORMAT(19X,4(F18.3,5X),2(1PE18.3,5X),1PE1Q.3)

WRITE({B,12%} FP,IF,TEQ

126 FORMAT(/1X.' OPERATING FREQUENCIES AND TEMPERATURE:'.TS#Z,'FP',

1765, 'IF*, 779, 'TEQ‘/T45,2(1PE12.3,5X),0PF108.3)
WRITE(6,138) VDBIAS,IDBIAS

132 FORMAT{/1X,' BIAS SETTINGS:',T24,'VDBIAS!,T38,'IDBIAS'/T2Y,
iFi¥.3,8%,Flg.6)

WRITE(6,148) VLO,VLOINC, IDCACC

147 FORMAT{/1X,' ADJVLO VARIABLES:',T25B,'VLG’',T39,'VLOINC',TE4,
1'IDCACC'/T21,3(F1g.6,5%))

WRITE(S,1608) PRMT(1),PRMF(2},PRMTI3),PRMT(4},¥{1},DERYV(1),NDIM

156 FORMAT(/IX,' DRKGS VARIABLES:',T21l,'PRMT(1)',735, 'PRMT(2)',7T5H#,
I1'PRMT{3)}',TES, "PRMT(4}"' ,T8Y, 'V{1}*,T95, 'DERY(1}*,T11@, 'NDIM'/
2728, '(LOW LIM)', T35, (UP LIM)',TB®,'{INCR)',T66, '{ACC)',TES,
3'(VD)',T95,'{DV/DT)",T108, '{NEQS)"/
4T22,F1€.8,1%,2( F19.8,5%),1PE1#.3,2%,2(@PF16.3,6X),4X,I2)

WRITE(G,168) NITER,NLO,NVLO,NPTS,NHARM,NPRINT

166 FORMAT(/1X,' LOOP LIMITS:',T721,'NITER',T31,'NLOQ',T44, 'NVLO'
1751, 'NPTS',T62, 'NHARM' ,T72, 'NPRINT'/T2:.14,6KX,2(12,8X),1X,

212 ,89%,12,8X,13)
WRITE(6,178) Z&,Z0ACC

175 FORIMAT(/1X,' CONVERGENCE PARAMETERS:',T4®,'Z@',TH7,'ZQACC'/
17T34,F10.2,194,1PE1Z.3)

WRITE(6,28&) ZEMBDC,ZEMBDC,NHD2 ,ZEMBSE( 1}

180 FORMAT(///1X,' EMBEDDING IMPEDANCES:',T48,'HARMONICS OF THE LO®
1TIZE, "HARMONIC SIDEBANDS'/T25, 'HARM#',T37,'ZER',T5H,
*'ZE1',T71, '2ZEMB' ,T92, ' SIDEBAND#',T112, 'ZEMBSB'/T26, 'DC',T33,
*|PE1g.3,T61,1PEL1Y.3,T95,12,T143,1PE18.3,T116,1PELG.3)

DO 1& I=1,NHARM
K=NHDZ2-1
J=I+]
14 WRITE(E,180) I,ZER{I),2EI(1),2EMB(1),K,2ZEMBSB(J)

192 FORMAT{1%,726,12,T33,2¢1PEl@.3,3%),T61,2(1PE1P.3,3X),T95,12,

*TiQ3,1PEL1P.3,T116,1PELS. 3}
WRITE{6,280) RS,NHD2,R8S8B(1)

- ZBY FORMAT(Z#/71X,' DIODE SERIES RESISTANCES:',T32, 'HARMONICS OF THE
1, LO',T64, 'HARMONIC SIDEBANDS'/T34,'HARM#',T44,'RS{(F)',TG2,
2°SIDEBAND#',T77, 'R&(F}*'/T35,'DC",T41,F8.4,T65,12,T74,F8.4}

DO 2@ I=1,NHARM
K=NHD2~1
" J=I+]1, .
2F WRITE(G,218) I,RSLO(I),K.RSSB(J)
218 FORMAT{1:,T35,12,T41,FB.4,T65,12,774,F8.4)
C---WRITE THE HEADING FOR THE. NEXT SECTION OF PRINTOUT

1335.
1336.
1337.
1338,
1339.
1348,
1341.
1342,
1343.
1344,
1345,
1346.
1347,
1348.
1349,
1368
1351,
13E7,
1353,
1354,
1355,
1356,
1357.
1358.
1359,
1364 .
1361.
1362,
1363.
1364.
1265,
1366,
1367.
1368,
1359,
1379,
1371.
1372.
1373,
1374,
1375,
1375.
1377,
1378,
1379.
1380,
1281,
1382.
1383.
1384.
1385.
1386.
1387.
1388.
1389,
1390.
1391,
1392,
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WRITE(6,228) 1393.
277 FORMAT(1IHI,'RESULTS OF THE VLO ADJUSTMENTS'//) 1394,
RETURN 1395.
END 1385.
1397.
1358.
1389,
SUBROQUTINE PRINTZ(RHO,VI,VR,DVR,VDCOS,VDSIN,IDCOS, IOSIN,ZOMAG, 1488,
1Z2GPHA, VRDC ,BVRDEC , ¥IDC, RHODC, AV, BV, ITER,ZOFLAG, JVLO, NH,NHP 1) 1401, .
Com= lagz,
C---PRINT2 WRITES THE RESULTS OF EACH REFLECTION CYCLE QF THE LOOP 1403,
g“””ITER IN SUBROUTINE LGSIG. 1484, L
- 1485. B
C-~-THE VARIABLE TYPES USED IN THIS SUBROUTINE ARE AS FOLLOWS: 1486. .
COMPLEX*16 RHO{NH),VR{NH),VI{NH),DVRINH) 14087,
REAL*8 VDCOS(NHP1),VDSIN{NHP1},IDCOS{NHPY),IDSIN{NHPL},ZOMAG{NH) 1408.
REAL*8 ZQPHA(NH),VIDC,VYRDC,BVRDC,RHODC,AV(HH),BV(NH) 1498, !
INTEGER ITER,JVLO,NH,NHP1 1418, G
C-=-WRITE THE RESULTS OF THE REFLECTION CYCLE - 1411. RE
WRITE(G,188) ITER,JVLOD 1412, ;?
108 FORMAT(////1%, '"NONLINEAR ANALYZIS RESULTS: REFLECTION CYCLE #° 1413. 1
1,I4," IN VLO ADJUSTMENT LOOP NUMBER',I3/) 1414,
WRITE(G,118) 1415.
118 FORMAT(/72R, 'AVI1),BW(I}") 1416.
WRITE(E,128) (I,AV{T),BV(T},I=1,NH} 1417.
126 FORMAT{ IH+,6{(8X,4{17,1PE12.3,1PE12.3}/1}%})} 1418,
WRITE(5,138) 1419,
137 FORMAT(/2X,'VR"} 1428,
WRITE(S,128) {(I,VR(I),I=1,NH) 1421,
WRITE(G,148) 1422. g
148 FORMAT(/2Y,'0DVR'} 1423. ik
WRITE(6,128) (I,DVR(I),I=1,NH) 1424. [
WRITE(6 . 156) 1425, i
168 FORMAT(/2X, 'VDCOS,VDSIN') 1428, :
WRITE{&,128) {I,VDCOS{I+1),VDSIN(I+]1),I=1,NH) 1427.
WRITE(B,160) 1428.
168 FORMAT(/2X,'IDCOS,IDSIN'} 1429.
WRITE{6,128) {(I,IDCOS{I+1),IDSIN{I+1),I=1,NH} 1438,
WRITE{6,178) 1431.
178 FORMAT( /72X, 'ZOMAG,ZAQPHA' ) 1432.
WRITE{G,1B8) {I,Z0MAGLT},20PHALI),I=]1,HH) 1433, :
180 FORMAT(IH+,6(8X,4(17,1PE12.3,9PF7.4,6X}/1K})} 1434. i
WRITE(S,196) VDCOS(1),IDCOS(1),VRDC,DVRDC,ZAFLAG 14358, 2
196 FORMAT{//2X,'DC TERMS: VDCUOS=',1PE1¥,3,T35,'IDCOS=',1PElH.3, 1436. R
1TS54, "VRDC=",1PELH.3,T76, 'DVRDC=" ,IPELF.3// /20, 'ZOFLAG=",12} 1437. i
RETURRN 1438, =1
END 1439, k
14449,
1441,
1442, -
SUBROUTINE PRINT3(FG,FC,GJIMAG,GJIPHA,CIMAG,CIPHA ,NH,NHPL ) %443.
C-v-- 444,
C-=--PRINT3 WRITES THE FOURIER COEFFICIENTS OF THE DIODE CONDUCTANCE 1445,
g““’AND CAPACITANCE WHICH ARE USED IN THE SMALL-SIGNAL AMALVYSIS. 1%45.
- 1447, i
C~--THE VARIABLE TVYPES USED IN THIS SUBRCUTINE ARE AS FOLLOWS: 1448,
COMPLEX*16 FG(NHPL),FC(NHP1)} 1449.

REAL*8 GJIMAG(NHP1),GIPHA{NHPL),COMAGI{NHPL),CIPHAINHPL) 1459,

A T T TR




INTEGER NHP1,NH
C--~TRANSFORM THE FOURIER COEFFICIENTS TO MAGNITUDES (HALF AMPLITUDE®)
C---AND PHASES (IN DEGREES)
DO 1§ I=1,NHPI
GIMAGL I }=CDABS(FG{I})
CJIMAG{ I)=CDABS(FC(I))
GJIPHA{ I)=DATAN2{DIMAGL{FG(I}} ,DREAL(FG(I))}*57.29577551D%
18 CIPHA({I)=DATANZ{DIMAG{FC(I)),DREAL(FC(I}}}*57.29677951Dg
WRITE(6,50)
5 FORMAT(1H1,'RESULTS OF THE SMALL-SIGNAL ANALYSIS'/)
WRITE(G, 190)
199 FORMAT(/1X,' FOURIER COEFFICIENTS OF THE DIODE®,
1' CONDUCTANCE AND CAPACITANCE WAVEFORMS'/)
WRITE(G,118)
116 FORMAT(/2X, 'GIMAG,GJIPHA"')
WRITE(B,120) {1,GIMAG(I+1},GIPHA(I+1),]
120 FORMAT(1H+,6(8X,4(17,1PE12.3,08PF7.08,5X)
WRITE(6,130}
1380 FORMAT(/2X,'CIMAG,CJIPHA"}
WRITE(6,128) (I,CIMAGL{I+1),CIPHAL{I+1),I=1,NH)
WRITE(S,140}) GIMAG{1},CIMAGI{1)
149 FORMAT(//2X,'DC TERMS: GJMAG = ',1PE19.3,4X,'CIMAG = '
1,1PEL1ID.3/)
RETURN
END

—

=1,NH}
/1N

1481.
1452,
1483.
1454,
1455,
1456.
1457,
1458,
1459,
1468,
1461,
ta62,
1483,
1464,
1468,
14866,
1467,
1468.
1469.
1470,
1471.
1472,
1473,
1474,
1475,
1476,
1477,
1478.

SUBROUTINE PRINT4{XLMAT,ZIN,ZIFQUT,TM,THERM,SHOT,NHD2,NHPY,NHD2P1}1479,

C_.._
C---SUBROUTINE PRINT4 WRITES THE RESULTS OF THE SMALL-SIGNAL
C---AdD NOISE ANALYSIS, THESE INCLUDE THE CONVERSION LOSS MATRIX,
C---THE INPUT IMPEDANCE AT EACH SIDEBAND, THE IF OUTPUT IMPEDANCE,
C---AND THE EQUIVALENT INPUT NOISE TEMPERATURE OF THE MIXER WITH ITS
C--~THERMAL AND SHOT NOISE COMPONENTS.
C___
C-~-THE VARIABLE TYPES USED IN THIS SUBROUTINE ARE AS FOLLOWS:
COMPLEX™16 ZIN(NHP1},ZIFOUT
REAL*B XLMAT{(WNHP1,NHP1}»,TM,THERM,SHOT,REZIN{9}, IMZIN(O}
INTEGER NHPI1,I,J,K,NHD2P1,NHD2P2,NHDZ
C-~-DEFINE THE ARRAY ELEMENT WHICH CORRESPONDS TO THE LOWER SIDEBAND
NHD2PZ2=NHD2P1+1
WRITE{G, 188)
180 FORMAT(//44X,'CONVERSION LOSS MATRIX (DB}'/)
WRITE(G,2808)
208 FORMAT{1X,T25,'4',735,'3',T45,'2"',T85,'1",T65,'9"',T74,'-1",T784,
1'-2',T94,'-3',T1@4,'~a' /71
DO 1@ [=1,NHP1
KaNHDZP1-1
10 WRITE(G,3808) K,(XLMAT{(I,J},J=1,NHPL)
309 FORMAT(9X,I14,4X,9F18.2
WRITE{(6,350) NLMAT(NHDZP1,NHD2),XLMAT{NHD2P1,NHDZP2)
358 FORMAT(//2X,'UPPER SIDEBAND CONVERSION LOSS: L{®&,1) =',F7.2,
®' DB'//2%,'LOWER SIDEBAND COMNVERSION LOSS: L{(g,~1} =',F7.2,
*' DB'/)
WRITE (6,398}
3899 FORMAT(2X,'®INPUT IMPEDANCES',T25,'4®,T35,'3’,T45,'2',T65,'1",
*T65,'d',T?74,'-1",784,'-2"',T94,'-3",T1084, '-4"*)

1488,
1481,
1482.
1483,
1484.
1485.
14R6.
1487,
1488,
1489,
1498,
1491,
1482,
1493,
1494,
1495,
1496.
1497,
1498.
1488,
1504,
1501,
1592,
1583,
1584,
1585,
1586,
1507.
15988.
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DO 2§ I=i,NHP1

REZINC{T }=DREAL(ZIN(I))
20 IMZIN(I)=DIMAG(ZIN{I))

WRITE(G,4908) (REZIN(I),I=1,NHP1)}
488 FORMAT (/3%,' REAL{ZIN):',3X,9F18.2)
WRITE(E,588) (IMZIN(I),I=1,NHP1)

Bg¥ FORMAT (/3X,' IMAG(ZIN}:',3X,9F184,2)}

WRITE (6,8558) ZIFOUT

55 FORMAT(//2X,'IF QUTRUT IMPEDANCE:

*FQ.2)
WRITE(&,6M8) TM,THERM,SHOT

. 609 FORMAT{(//2X, 'EQUIVALENT INPUT NOISE TEMPERATURES:',T52,'TM’
1767, 'THERM®,T82, 'SHOT',T98/T46,F18.1,T62,F18.1,T77,F148.1)

RETURN
END

SUBROUTINE PLOT(IGJDAT,CJIDATA,VDDATA,IDDATA,NPTS, ITER,CH)

Qo=

ZIFOUT = ',FB.2,' *

C---SUBROUTINE PLOT GRAPHS THE CURRENT THROUGH THE DIODE CONDUCTANCE

€C--—-{16J),THE DIODE CAPACITANCE (CJ),THE TOTAL CURRENT THROUEGH THE
C---DIODE (IGJ+ICJ), AND THE VOLTAGE ACROSS THE INTRINSIC DIODE TER -
C---MINALS (V¥{1)} (WHICH DOES NOT INCLUDE THE DIODE SERIES RESISTANCE)

C---AS FUNCTIONS OF TIME,OVER ONE LOCAL OSCILLATOR CYCLE.

Ce—-

€---THE VARIABLE TYPES USED IN THIS SUBROUTINE ARE AS FOLLOWS:

REAL*8 IGJDAT{(NPTS),CIDATA{NPTS},VDDATA(NPTS}, IBDATA(NPTS)

REAL#*8 MAXIGJ,MAXCJ,MAXVD,MAXID,MINCJ,CH

INTEGER ITER,JPT,YPT,NPTS,I1GJPOS,CJPOS,CHPOS,VDPOS,IDPOS,C,ZERD
INTEGER BLANK,DOT,STAR,YGPOS(G®),YCPOS(58),YIDPOS{6H),YVRPOS(58)

C-~-~DEFINE THE NUMERICS USED IN THE GRAPHS

DATA BLANK,DOT,STAR,C,ZERQ/'

C~~~DETERMINE THE GRAPH SCALES
MAKIGJI=DABS{IGJIDAT(1))
MAXCJI=DABS{CJDATA(1)}
MINCI=CJIDATA(1l)
MAKVD=DABS{VDDATA{1))
MAXID=0ABS{ IDDATA{1}}

DO 1@ JPT=2,NPTS

l’(.l‘l*!’lcl,lgl,

IF(MAXIGJ.LT.DABS{IGJIDAT(JIPT}}) MAXIGJ=DABS({IGJDATI(JPT))
IF(MAXCJ . LT.DABS{CJDATA(JPT) )} ) MANCJI=DABS(CJIDATA(JIPT))
IF(MINCJ.GT.CIJDATA(JIPT}} MINCI=CJIDATA(JPT}
IF{MAXVD.LT,.DABS{VRDATA{JIPT})) MAXVD=DABS{VDDATA{(JPT)}
IF{MAXID.LT.DABS(IDDATA(JPT}))) MAXID=DABS({IDDATA(JPT))

18 CONTINUE
C---THE GRAPH HEADINGS
WRITE{(6,188) ITER

148 FORMAT(1H1,1X, 'GRAPHS FOR REFLECTION CYCLE NUMBER ',I4/)

WRITE{(S,118)}

118 FORMAT(/3X,'IGJ{MA)’',5X,'DIODE CONDUCTANCE CURRENT VS TIME FOR',
1* GNE LQ CYCLE',T67,' CJ{(PF)',5X,’'DIODE CAPACITANCE VS',

2' TIME FOR ONE LO CYCLE'/}

C~--THE LOOP FOR THE POINTS TQ PLOTTED VERTICALLY DOWN THE PAGE

C---PREVENT A DIVISION BY & IF THE CAPACITANCE DOES NOT VARY
IF{MAXCJ.EQ.MINCJ) MAXCJI=MAXCJI+1.8D%

C---LET CHF BE THE Y ARIS IF IT IS NOT IN THE RANGE MINCJ TO MAXCJ

IF{CP.LT.MINCJ) MINCJ=CH

I
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18g49.
15149,
1611.
1612,
1513.
1514,
1515,
1516.
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IF{CP.GT.NAKCJI) MAXCI=CH
CHPOS=F1+DINT(50.0D87/ (MAXCI-MINCI }*(CH-MINCJI }+DSIGN{ &.5D05,CF)}
DO 2 JPT=1,NPTS

1567.
15G68.
1568.

IGJFOS=F1+DINT{50. DO/ MAXIGI*IGIDAT{IPTI+DSIGN(H.508, IGIDAT(IPT} 1570,

CIPOS=21+DINT{(55.0D8/ (MARCI-MINCI I*{CIDATA(IPT)-MINCJI )+DSIGN!
19.508,CIDATALIPT)) )

C--~BET THE GRAPH LIMITS
IF(IGJPOS.LT.1) IGJPOS=I
IF{IGJPOS.GT.58) IGJPOS=5§%

IF{CJPOS.LT.1} CJPOS=1
IF{CJPOS.GT.49) CJIPOS=49

C---CLEAR THE HORIZONTAL LINE
DO 1 ¥YPT=1,58
YCPOS{YPT)=BLANK

1 YGPOS{YPT)=BLANK

C---SET THE GRAPH'S ¥ AXIS
YGPOS{1)=DOT
YCPOS{COPOS )}=DOT

C-=~THE PLOTTED POINTS ARE REPRESENTED AS ASTERIKS
YGPOS{IGJPOS)=5TAR
YCPOS(CJPOS}=8TAR

C-~--WRITE 'CH' ON THE Y AXIS OF THE CAPACITANCE GRAPH
IF{COPOS.EQ.F@) GOTO 6
IF{JPT.EQ.1) YCPOS{(CEPOS)=C
IF(JPT.EQ.1) YCPOS(CAPOS+1)=ZERO
GOFO 7

6 IF{JPT.EQ.1} YCPOS(CEPOS-1)=C
IF(JPT.EQ.1) YCPOS(CBPOS)=ZERC
7 CONTINUE
C-=~PRINT THIS LINE OF THE GRAPHS
WRITE(G,128) IGIDAT(JPT),(YGPOS{YPT)},YPT=1,59},CIDATA{JIPT},
F{YCPOS(YPT),¥PT=1,58)
128 FORMAT(3PF9.3,ZX,50A1,3X,12PF9.4,2X,50A1}
2 CONTINUE
WRITE(&,18¢) ITER
WRITE(G6,138)
135 FORMAT(//3X,'ID(MA}',5¥%, 'TOTAL DIODE CURRENT VS TIME FOR ONE LO',
1* CYCLE',T67,' VD{VOLTS)',8X,' DIODE VOLTAGE VS TIME FOR',
2' ONE LO CYCLE'/)

C---THE DO LOOP FOR THE POINTS TO BE PLOTTED VERTICALLY DOWN THE PAGE
DO 4 JPT=1,NPTS .
IDPOS=25+DINT{258.0Dg/MAXID*IDDATA(JPT )+DSIGN(E.5DY, IDDATA(JIPT))
VDPOS=25+DINT{25.8D8/MAXVD*VDDATA{JIPT)+DSIGN{Z.5D&,VDDATA(JPT))

C---8ET THE GRAPH LIMITS
IF{IDPOS.LT.1) IDPOSS1
IF(IDPOS,GT.58) IDPOS=5g
IF(VDPOS.LT.1} VDPOS=1
IF{VDPOS.GT.58) VDPOS=3g

C-~-~-CLEAR THE HORIZONTAL LINE
DO 5 YPT=1,58
YIDPOS({VYPT)=BLANK
YVDPOS(YPT)=BLANK

5 CONTINUE

C---8SET THE ¥ AXIS
YIDPOS(Z5)=DOT
YVDPOS{25)=D0T

C~-~THE PLOTTED POIWTS ARE REPRESENTED AS ASTERIKS
YIDPOS{ IDPOS }=STAR

)
}
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, YVDPOS{VDPDS )=STAR
C---PRINT THIS LINE OF THE GRAPHS
WRITE(6,14%) IDDATA{JPT),tYIDPOS(YPT),YPT=1,58),VDDATA(JIPT},
HYVDPOS(YPT),YPT=1,58)
144 FORMAT(3PF9.3,2X,50A1,3%,8PF9.3,2),50A1)
4 CONTINUE
3 RETURN
END

c BLOCK DATA
£-~-FOR COMMON/ADJLO/:
REAL¥*S LOVLO,UPVLO,VLOINC,IDCACC
INTEGER LOFLAG,UPFLAG
C-~-FBR COMMON/CONST/:
REAL*8 QEL,BOLTZ,PI,TEQ
C-~~FOR COMMON/DIODE/:
REAL*8 ALP,PHI,GAM,C®,IS,RS,RSKIN,FP,IF,IGJ,ICJ,EJ,C0
C-=~~FOR COMMON/IMPED/:
COMPLEX*16 ZEMBSB(9)
REAL*8 ZER(®),ZEI(8),2EMBDC,RSLO{8),RSSB(9)
C---FOR COMMON/LOOPRS/:
INTEGER NH,NLO,NVLO,NPTS,NPRINT,NITER
C-~-FOR COMMON/RKG/:
REAL*8 ACC,VDINIT
INTEGER NDIM
C---FOR COMMON/TLINE/:
REAL*8 ZH,ZQACC
INTEGER ZQFLAG
C---FOR COMMON/VOLTS/:
REAL*B AV(8),BV{(8),VIDC,YLO,VDBIAS,IDBIAS
€---THE COMMON BLOCKS USED ARE:
COMMON/ADJIVLO/LOVLO,UPVLD,LOFLAG,UPFLAG,VLOINC, IDCACC
COMMON/CONST/QEL ,BOLTZ,P1,TEQ
COMMON/DIODE/ALP ,PHI,GAM,C8,I5,RS,RSKIN,FP,IF,IGJ,ICJ,Gd,CY
COMMON/IMPED/ZER,ZE1,ZEMBDC,ZEMBSB ,RSLO,RSSB
COMMON/LQOPS/NH,NLD,NVLO,NPTS,NPRINT,NITER
COMMON/RKG/ACC,VDINIT,NDIM
COMMON/TLINE/ZE, Z0ACC, ZQFLAG
COMMON/VOLTS/AV,BV,VIDC,VLD,VDBIAS, IDBIAS
C~--VARIABLES ARE INITIALIZED AS FOLLOWS:
C---~COMMON/ADJIVLO/ VARIABLES:
DATA VLOINC,IDCACC/&.508,0.82D07
C-~-COMMON/CONST/VARIABLES: .
BATA QEL,BOLTZ,PI/1.6£2192D-19,1.38062D~23,3.14159265358979D6/
DATA TEQ/296.8D9/
C~--COMMON/DIODE/VARIABLES:
DATA ALP,PHI,GAM/4£.800,1.100,8.508/7
DATA C&,IS,RS§/2.8D-13,5.80-9,5.0D8/
DATA FP,IF/15.8D9,15.808/
DATA RSKIN/4.7434D-5/
C~--COMMON/IMPED/VARIABLES:
DATA ZER(1)},ZER{2),ZER{3)/48.0D0,64.48D%,29.52D08/
DATA ZER{4),2ER(5),ZER{(G)/59.18D0,43.5D%,68.31D8/
DATA ZER(7),ZER(8}/61,.45D5.81.49D¢/
DATA ZEI(1),2EI(2),ZE1{3}/18.74D%,99.15D0,166.6D&,;
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DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA

ZEI{(4),ZEI(5),ZEI{6)/232,4D7,299.2D0,367.8D8/
ZEI{7),ZEI(8)/438.5D7,511.4D8/
ZEMBSB{1),ZEMBSB{2)/(59.18D%,232.4D0),(29.02DF,166,6D€}/
ZEMBSB(3),ZEMBSB(4})/(64.48D8,99.15D9),(48.9D9,18.74DR)/
ZEMBSB(5),ZEMBSB(6}/(59.0D9,9.0DF),{48.6D8,-18.774D8}/
ZEMBSB(7),ZEMBSB(8)/(54.48D8,-99.16D8),(29.82DF,-166.6D8}/
ZEMBSB(2)/(59.18D@,~232.4D5)/

ZEMBDC/58.9Da/

C—~--COMMON/LOOPS/VARIABLES:

DATA

NH,NLO,NPTS,NVLO,NITER,NPRINT/B,1,51,50,5858,1086/

C---COMMOMN/RKG/VARIABLES:

DATA

VDINIT,ACC,NDIM/P.0D&,1.8D-6,1/

C---COMMON/TLINE/VARIABLES:

DATA

Zy,ZOQACC/2008.0D5,0.81D8/

C---COMMON/VOLTS/VARIABLES:

DATA
DATA
END

VDBIAS,IDBIAS/D.9DF,¥.002D8/
VLO/2.58D8/
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ANALYSIS OF A 15470 GF2 MICROWAVE HIXER

i
;
j
|
H
!

IMUT DAT &
CIODE PARAMETERS 2 ALP PHI GAM RS co IS5 RSKIN
40000 ls100 G500 5.000 2»000D-13 S«0000-09 A«T430-0E
CFERATING FREQUEWKCIES AMND TEMPERATURE: Fp IF TEQ {
1« SQ0D+10 1.500D+09 256.000 i
EIAS SETTINGS: VLB IAS ICBIAS
0.0 O«.C02000
ACJVLE VARIABLESS viLC VLOINC IBCACL
Z«500000 C«S00000 Ca 20000
CAKGS VARIABLES! PRMT(1) PRHMT €2) PRMT(3) PRUT (4] Y1} DERY (1} NDIM
{LOwW LIM) {Up LIM) (IbCR} {ACC) (vD} (Dv/CT} {MEQS)
[ Y+ 0«12315971 La123219971 LD COD-06 Qa0 1,000 b
LCOF LIMITS: NITER hLC NVLO NPTS NHARM KPRINT
500 1 So g1 a 100
CCNYERGENCE PARANETERS: Z0 ZOACC
200.00Q l.000D-02
ENBEDODING IMPEDANCES?: HARMCGNI CS DF THE LO HARMONIC SIDEBANDS
HARN# ZER ZEI ZEMB SIDEEANDN ZEMBSB -
DC 2.0000+02 24000D+02 4 S«9180+01 2+3240+02 Ar
1 4.800D+C1 l«874D%01 2. 0000 +H2 040 3 249LZ0+01 le 666D +02 0
2 £+4480+01 S+5180+01 T« 230D+01 9e915C+0 1 2 G«44ED+0 ] S-5150+01 f
3 £29028401 1«E6EL+O2 3« 503D+01 l«666D0+02 1 4 .800D+01 1+ E74D+40Q1
4 C+5180+01 243240402 e £34D401 2324D+02 o S5.00CD+01 ‘0al !
5 4.3500+01 ¢ 45920402 42 GB0D+0) 249920+02 =1 A«8CCC+01 =1« 8770402 o
] E+8310+01 2«ETEQ+D2 Ta473D+01 3=67E0+02 -2 Ga4 480401 ~S e 5150+01 it
7 E«145D#D1 4 +2Z85D+02 647990401 4«385D4+02 -3 Ze9L2ZD4+01 ~) « EG6D+02 B
a Ewlid9D401 SellaD4+02 848130401 SellaD+02 -4 S«.91ED+01 —2aJ24D+02 :
CIDDE SERIES RESISTANCES?S HARMONICS OF THFE LD HARMONIC SIDEBANDS
FARMK RS(F} * SICEBANDN RS.(F)
©cc S.0CC0 4 G«1763
1 SeSELS 3 6+0229
2 Sa8Z1€ 2 S«8419
3 £e0C€E 1 S«6093
4 EalELS 0 Ss1837
S Ea2%55C -1 545511
& Es42320C -2 S«8008
7 Ea5370 -3 S5.9893 ,
a8 GaGLZZ -4 Gald7?3 !

i

-
)
-
P




FESYLTS OF THE VLE ADJLSTMENTS

YALUES OF THE DC CURRENT AND LO VCLTAGE FOR CYCLE 1 OF THE LCEP FOR ADJUSTIAG VLD TC GIVE 0.002000 AMPS ARE: !
IDCOS(1)=".r02145 VLO BEFOQRE ACJUSTIMENT: E.500400 H
VLO AFTER MDJLSTNENT: Z.00000

VALUES OF THE DC CURREWNT _AND LO VOLTAGE FOR CYCLE 2 OF THE LEER FOR ADJUSTING VLD TOQ GIVE D.O0D2000 AKPS5 ARE: .
IDCCS( 1)=2.N01749 VLO BEFORE ACLUSTHENT: Z.00000 Lo
VL0 AFTER ADJLSTHENT: Z«250C0

VALUES OF THE DC CURREMT ANE LO VCLTAGE FCR CYCLE 3 OF THE LCCP FOR ADJUSTIAG VLA TC GIVE ©.002000 AMPS ARE:
IDCOS( 1= .,601545 VLO BEFORE ACJUSTHMENT: Z.25000 -
VLD AFTER ADJLSIMEMT: 2237500 N

VALUES DF THE DC CURRENT AND LO VOLTAGE FOR CYCLE & OF THME LLCECP FOR ADJUSTING VLO TO GIVE 0.002000 AMPS ARE:
10COS(1)=D.002044 VLO BEFCRE ACJUSTIMENT: Z.37500
VLD AFTER PBJLSTMENT: c=312E0

VALUESE OF THE OC CURREMT AND LO VGLTAGE FOR CY{LE & OF THE LLCP FOR ADJUSTING VLO TE GIVE 0002000 AMPS ARES

10C0S(1)=0.001554 VL0 BEFORE ALJUSTMENT: Za312E0
VLO AFTER ADJLSTMENT: Z.312&D

NCRLEREAR ANALYSIS RESULTS: REFLECTIEN CYCLE » 15 IN VLO ADJLSTHMENT LGOP KUNEER S

EW{I}.EVII] 1 1.15&0+00 20 2 =3.787D-02 -5.6290-02 3 S5.308D0-03 -1l.1420-02 4 3.0550-03 —3.5520-03
5 2.,377C—-03 -2,35QD-C3 € 1.804D-02 =-1.155D0-93 7 14267D-03 ~G6.2058E=04 a2 S¢268D-04 ~3a51E0~04
R 1l -943230-01 =-4.106D0-01 a2 LeI9ED=-01 3.07C0-03 3 1+2660-02 -9«4510-03 A S. 878D~03 —2.5870-03
5 3.612D-032 -1,4480-23 [ 2.3310-02 -9.,868D0~04% 7 14467D0-03 ~5.5550~04 a 1.070D0-03 ~3+£64D0-04
LvR 1 1+60BE=CT =24787D-(7 2 2284ED=-07 ~B.78a0D-07 3 5.563C~06 ~7.002C-06 4 —~4a904D-07 ~—1la41€0-05
5 1a"93ID=2E —3§4ET77D=-07 6 ~1.095D-05 -—-4.292D0-07 7 -1 «40D5D-05 12031005 B —2.184D-05 Te 265D~06
YOCCE«VDSIN | 2+240D0-01 44 i08D-C1 e 84173D~-02 =5.536D-02 3 L6560~02 ~1e965L~03 4 825730-03 ~%e EGED-OX
< S.9880-C2 -9,017D-04 ] 42140003 ~=1.7590-04 7 247690~03 —-24B36D0-05 E 240190-013 ~3J432250-05
ICCLS+IDSIN ) IeD440-02 -2.053D-C3 2 -—7.873D-DA4 -—-2.6510-04 3 -3.379C-05 -1.032C-04 4 =1.3%20-05 =-3470D-0%5
S -Ge18080-0¢ ~1.858D0-C5 6 -2eB0ED=NE -] .075D~CS 7 ~9e241LC~D7 =-—Ga096L-06 8 «6+082D-07 =-3.8310=-06
IBMAGs2GRHA 1 2.1972-01 -7Za Z 1.90CD+00 180 3 Se992C-N1 180« 4 S+9980-01 180«
s 1.000D+00 180 [ 94984D-G1 =180, 7 140050400 =179 ] 1.06030+400 ~-178a.
LC TERKS: VDCOS=-8.8440-03 IDCOS= 1e5GEC~C3 VRDC=-2.0380-01 OVRDC=—-1.5950-07

2CFLAGY O

FEQULIRED LO PCWER: 1.474C-023
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CRAFHE FOR REFLECTION CYCLE NUMEER 19

IGI(NA) CIOCE CONDUCTANCE CURRENT V5 TINE FOF ONE LO CYCLE CJ(PF) CIODE CAPACITANCE VY5 TIME FCR GNE L0 CYCLE
Sel4? o * Qe2416 co * R
1021 o » 02444 - * i
13756 » * Ne2446 - * i
10,318 o * De2444 - * ¥
J«725 . * Te2442 . * i
Q.074 . * O0a.2439 . * B
84371 . * Q«2436 - * B
T«60€ . * De2432 L] * |
6e773 * 02427 . * 1
Se881 . * De2421 . * e
4548 . o * De2414 - *
42004 . * 0.2406 - * "
3a0Q7E * De2396 . * j
22208 * Q2383 . * .
a4l o * D.2366 . * i
Ce827 o * 0e23486 . * i
D=401 o % D.2320 . & ;
0158 % 0.2287 - SO s
De049 ¥ De2248 - * i
Dal2 * De2204 . * it
04002 % N.2154 - * :
0000 * Q.2102 - * .
Ce200 * J.2048 « %
-0a000 * Q0.1994 *a i
~0s000 * DelS94l * . i
-0+900 ¥ 2.1890 * . A
-0 «000 * 0.1842 * - N
-0+.000 * 017499 * . g
-Cs000 * 0e175%9 * . 4
-0«000 *x 01725 * .
-D«000 * Del1695 * -
-} «Q00 * Qel671 * -
-0,900 * Qe1652 2z - ;
-0.000 % Nel &39 * - “
=0 «N00 * Dal631 * . -
0,000 *x Rel628 % " E
-D+000 * 01632 . g
~0«000 * Da1641 * . !
-0.000 * Ne1656 * « ¥
0000 * Nel&77 * - !
-0.000 * Oa1704 * - 3
~0.000 * 01737 * - z
-0.000 * 0=1776 * - H
D000 * 0.1823 * » i
~Q.000 * Da1876 * - K
-0.000 * Nel S35 * - 3
.00 * 0.2002 * .
D000 * N.2078 - * 2
D.002 =* Ds2157 . * 3
DaD4A % D.2245 . ® L
N«656 L] * N.233r - * ;:
1
'
J
|
|
i
. o u s




CGRAPHS FOR REFLECTION CYCLE AUMEBER 19

IDINA)} TOTAL DRIOCE CURRENT VS VIME FOR CAhE LC CYCLE vD{ vOLTS) DIOCE VOLTAGE VS TIME FCR ONE LO CYCLE

I1.557 ] *» 0. 346 . *

114143 . * 22363 . *

10,652 - * 0+ 365 . *

10,069 - * 0363 . *

9424 - * De362 - *

Ba727 - * O«J360 - *

74964 . * 0w« 358 - *

7e118 - * D356 - *

6as181 . * N353 . *

$«159 - * 0« 349 - *

4s068 . * De345 - *

2e927 - * 0« 340 - *

1731 - * 0333 a *

Da.501 ¥ Qe 325 - *
~0 754 * o Ns 314 . %
-2+013 * - D«300 . *
=3a24€ * . 0.282 . *
-4 4427 * » 0« 259 . x
~S5e530C * - 0w 230 ES L3
-6 E35 * . G« 1G4 - £
“7s420 * - Nal52 - *
-8el161 * - DelDs - *
867332 * . Q.051 - ¥
-9«117 * - -0« 007 *
-9 4304 * - =0.068 * .
-9.290 * - —-0e132 * ]
-Q.078& * . ~0e 196 * .
-~Bab64 * - -~0= 260 * -
~8 4056 * . ~Je 322 * .
~7e2ES * . -D«379 * »
~Ge306 * . —e 431 * »
54208 * . ~Ned 76 * .
«3 990 * - ~DeSt2 * °
~2e681 * . ~0e539 & - :
~1301 ¥ . ~D2555 ¥ . ;
Qe128 * ~Ne560 * » -
1.574 - * —NeS53 * » ;
3.007 . * ~Ds+538 * - i
4 39E - * -0e 505 * - :
Se722 . * =De 465 * - N
6eSET . * —Nesld * . B
B.117 - * -De 359 * . :
9.152 . * —Ne294 * - .
10051 - * -~ «225 * - L
10797 - * ~0e151 * - R
11«385 . * -D+075 * o :
11818 - * 0003 *
12.101 . * 0079 . * :
12.228 . * De 156 - * i
122179 . * 1e 227 . *
114940 - % De285 - * i

B!
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RESULTS OF THE SMALL-SIGNAL ANALYSIS

FCURIER COEFFICIENTS OF TrE CIODE COMNJUCTANCE END CAPACI TANCE WA VEFORNS

CIMAG,GJPHA 1 701386502 -38. 2 5.07C0~02 —~72s 3  2e853D-02 -95. 4 1.6100-02 =92 %
5 1.3570-C2  -8€. 6 1.135D-02 =62. 7  8.810D-03 -93. B 7.359D-03 —93. ;
24 T
CJMAGLCUPHA 1  24,1460~14 =604 T 2.448D-15 S 3 1.920D~15 ~-12. 4 747720-16 =17.
5 4.888D-1£ -, 6  2.504D~1€ -8a 7 2.3300-16 -1G= € 1.£830-16 i
LC TERNS: GJUNAG = 7.%76C-0ZF CJUMAG = Z4CEZD~13 :
CCNVERSION LOSS MATRIX (DB} =
4 2 2 1 0 -1 -2 ~3 -4 N
a 040 ag.2s A6+ 71 32,35 32405 36430 44,05 59441 6743 |
3 39.37 €0 28456 32.77 34.12 37400 47e1% 6169 6677 ke
N 1
2 3672 30«33 Qul 14 .07 2747 28.41 36.23 53«34 53,21 i
1 3s5.10 20477 15481 0.0 S.87 2791 27.28 37484 4247¢ :
o 34.5€ 27.88 22.24 6451 Q.0 5.95 22442 36.88 3421 E
-1 42.58 37.44 27e5¢ 28.72 £e47 9.0 12,60 30.25 3426 i
-2 5242 55.71 3617 28403 27.37 13.01 0.0 29424 35a6E :
-3 66472 €z.22 4Ba12 37.20 33.84 32.43 27.55 0s0 3847F
-4 6734 56491 84472 36434 31490 .70 35468 3755 0.0 ,
LPPER SIDEBAND CCNVERSICN LLCSS: L{0.1) =  €.5! OB N
LCWER SIDEHARE CTINVERSICH LCSS: L(Os~11} = £.95 DB oo
INPUT INPEDAREES Fs z 2 1 o -1 -2 -3 -3 2
REAL{ZINI: 9.14 £.01 10418 19035 94.14 23.38 10.97 810 9,26
IHAG(ZIND T —5.57 ~13.52 —ZC. %t —38.64 —1EW3E 44421 22460 14,43 9495 o
IF QUTPUT IMPEDANCE: 2 IFOUT = 94414 + 4 -18.36
EGUIVALENT INPUT NOLSE TEWPERATURES?I ™ THERN sHOT :
45843 128.2 310.1 L
i)
e a . . i B

LT T CTURTUTIIR




APPENDIX I

Modifications to the Mixer Analysis Program for

Running the Examples in Seciion 4

The mixer analysis program appearing in Appendix I of this report must be
altered slighﬂy in order to use it for the examples described in section 4. The appro-
priate statement modifications for running each example are lisied on the following
pages. Line numhers indicate whether the statements are fto be inserted between or

used as replacements for those in the program of Appendix I.
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A T,1:

tance is independent of voltage set GAM to zero in line 1674.

LS: THE DIGDE SERIES INDUCTANCE WHICH WHEN COMBINED WITH ZR AND
Z1 PRODUCES THE EMBEDDING IMPEDANCES ZER AND ZEI.
LSDAT: gaaav HOLDING THE VALUES OF LS FOR A COMPLETE RUN OF THE
ROGRAM.
NRUN: COUNTS THE NUMBER OF COMPLETE RUNS OF THE PROGRAHM.
RESULT: ARRAY FOR STORING RESULTS OF COMPLETE RUNS OF THE PROGRAM.
ZIl: IMAGINARY PART OF THE IMPEDANCE OF THE DIODE MOUNT WHICH WHEN
TOMBINED WITH LS PRODUCES THE EMBEDDING IMPEDANCE ZEI.
ZR: REAL PART OF THE IMPEDANCE OF THE DIODE MOUNT WHICH WHER
COMBINED WITH LS PRODUCES THE EMBEDDING IMPEDANCE ZER.
C~--THE MAIN DRIVER PROGRAM
Com=
C--~THE VARIABLE TVPES USED IN THIS ROUTINE ARE AS FOLLOWS:
C-~-FOR COMMON/CONST/:
REAL*B QEL,BOLTZ,PI,TEQ
C~-~FOR COMMON/DIODE/:
REAL®8 ALP,PHI,GAM,C#,IS,RS,RSKIN,FP,IF,I1GJ,ICJI,E0,0d
C~--FOR COMMON/TLINE/:
REAL*8 Z#,ZQACC
INTEGER ZQGFLAG
C---FOR COMMON/VOLTS/:
REAL*8 VLO,VDBIAS,IDBIAS,AV(8),BV 1},VIDC
C~--FOR VARIABLES NOT IN ANY COMMON BLOCKS:
COMPLEX*16 ZIFOUT
REAL*8 LSDAT(35),LS,RESULT{2F,28),L0PWR,SHOT, THERM,TM, XLMAT{9,9}
INTEGER NRUN
C--~THE COMMON BLOCKS USED ARE:
COMMON/CONST/QEL ,BOLTZ,PI,TEQ
COMMON/DIODE/ALP ,FHI ,GAM,C®,18,R8,RSKIN,FP,IF,1G6J,ICd,GJ,C0
COMMON/TLINE/Z®,ZQACC ,ZOFLAG
COMMON/VOLTS/AV,BV,VIDC,VLO,VDBIAS, IUBIAS
C~--THEL VALUES OF LS FOR THE VARIOUS PROGRAM RUNS
DATA LSDAT/1.8D-11,1.5p-11,2.8D-11,2.5D~11,3.8D-11,3.5b-11,
*4.gD-11,4.5D~11,5,4D-11,5,5D~-11,6,.0D-11,6.5D~-11,7.9D-11,7.5D~11
%,8.0p-11,8.5D-11,9.8D~11,9.5D~11,1@.8D-11,1@.50-11,11.8D~11,
*12,.9D~11,12.8D~-11,14.8D-11,15.9D-11,16.8D~11,17.5D-11,18.8D~11,
*ég.ﬁD-ll,Eﬁ.ﬂD-ll,21.HD—II,22.50-11.23.ED-11,24.30—11,25.50-11/
RUN=8
C--~RUN THE FROGRAM AS MANY TIMES AS THERE IS DATA
DO 18 I=1,35
C---SET LS TO ITS VALUE FOR THIS RUN
LS=LSDAT(1)
CALL LGSIG{LS,LOPWR)
CALL SMSIG({TM,SHQT,XLMAT,ZIFOUT)
C---INCREMENT THE VARIABLE WHICH COUNTS THE NUMBER OF RUNS
NRUN=NRUN+1
C---STORE THE RESULTS OF EACH RUN IN AN ARRAY
RESULT{NRUN,1)=CH
RESULT(NRUN,2)=R$
RESULT{NRUN,3)=I8§
RESULT{NRUN, 4 )=FP
RESULT(NRUN,B)=IF
RESULT{NRUN,6 }=ALP
RESULT(NRUN,7)=PHI
-RESULT{NRUN,8)=GAM
RESULT{NRUN,2)=IDBIAS
RESULT{NRUN,18)=VDBIAS
RESULT{NRUN,11)=TEQ

QOOaoOOOoaOn

Alterations to the program in Appendix I four studying the effects of series
inductance on the performance of the simple mixer circuit of Fig. 9 using a con-
ventional Schottky-barrier diode. To represent the circuit of Fig. 8 replace
line 622 with DATA ZR/50,0D0, 7%0,01D0 , and substitute DATA Z0,ZQACC/
50.0D0, 0.01D0/ for line 1686. For the Schottky diode whose junction capaci-

199.1

199g.2

199.3

199, 4

289,1

2z21.1

283.1 “
283.2

294.1

294.2

351,91

351,492

351,93

351.94

351.95

351.06

351.87

351.48

351.49

351.1

351,11 :

351.12 3
a51.13 :
351.14
351.15 ‘
351.16 i
351.17 .
351.18 b3
351.1¢9 i

351.2 i

351.21

3b1.,22

351,23

351.24

351.25

351.26

351.27

351.28

351.29

351.3

351,31

351.32

353. a
355.

355.01

355.92

355.83

355.54 v
355.45

355.96

355.47

355.98

355.89

355.1

355.11 b
355.12 =
355.13 b
355,14
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RESULTINRUN,12)=28 355,15 :
RESULT{(NRUN,133}=VLO 365.16 \
RESULT{NRUN,14)=LOPWR 355.17 i
RESULT(NRUN,IG}=LS 355.18 i
RESULT{NRUN,15}=RREAL{ZIFOUT) 355.19 i
RESULT{NRUN,17}=DIMAG(ZIFOUT) - 355.2 I3
RESULT{NRUN, I8 )}=XLMAT(5,4) 355 .21 b
RESULT{NRUN,18)=TM 355.22 '
RESULT{(NRUN,28)=SHOT 355.23 [
18 CONTIWUE 355.24 3
C-=--WRITE THE RESULTS OF ALL THE RUNS 355.25
WRITE(G,158) 355.26
158 FORMAT(IH1,1X,'RESULTS OF THE RUNS ON THIS PRINTOUT'//59X,'DATA*/ 355,27
. 1/T8%,'Cy',T16,'RS*,T27,'IS",T38,'FP',T49, ' IF',T59, *ALP',T7&, 'PHI', 355.2H ;g
2T81, 'GAM' ,T91,'IDBIAS',T192, 'VDBIAS',T114,TEQ',T126,'28') 355,29 .
WRITE(G, 1BA){RESULT(1,J),J=1,12} 355.3
1860 FORMAT (/12{1PE18.3,1X)) 356.31
WRITE(B,198) 355.32
* 196 FORMAT(///58X,'RESULTS'//T6,'VLO',T19,'LOPWR',T32, 'LS"',T41, 355.33 ,
1'RECZIFOUT)' , T84, 'IM(ZIFOUT)}',T69, *XL(F,1)', T84, 'THM'.TOE, 3556.34 X
2'SHOT',T109, 'THERM') 355.35 :
DO 24 I=1,NRUN 355.36
THERM=RESULT(I,19)-RESULT(I,28) 355.37
C--~WRITE THE RESULTS OF ALL THE RUNS ON A DISK FILE 355.38
WRITE(12) (RESULT(I,J),J=1,28) 355,39
WRITE(G,260) (RESULT(I1,J),J=13,2@},THERM 355.4
208 FORMAT(/1X,9(iPEI@Z.3,3%}) 355.41
28 CONTINUE 355,42
SUBROUTINE LGSIG(LS,LOPWR) 361.
REAL*B LS 418.1
CALL ZEMBED(ZER,ZEI,ZEMBDC,ZEMBSB,LS,RS,RSLO,RSSB,RSKIN,FP,IF 437,
1,IDBIAS,RSSB,RSLO,LS,HH,NHPL ,NHD2) 487.
SUBROUTINE ZEMBED(ZER,ZEI,ZEMBOC,ZEMBSB,LS,RS,RSLO,RSSB,RSKIN, 600,
REAL*8 ZER(MM),ZEI(NH),ZEMBDC,LS,RS,RSKIN,FP,IF,P1,ZR{8),Z1(8) 618,
C---THE IMPEDANCES OF THE DIODE MQUNT ARE GIVEN: 621, :
DATA ZR/B8.8D8,7%1088.0DR7 622. e
DATA ZIZ8*3.50o7 623. S
C-~-~FORM THE EMBEDDING IMPEDANCES AT EACH HARMONIC OF THE LO 623.1
DO 18 I=1,NH 623.2 3
ZERCII=ZR(I) 623.3 L
18 ZEICI)=ZI(1}+2. GDO*PI»FPEDFLOAT( I )*LS 623.4 b
C-~~FORF THE SIDEBAND IMPEDANCES (SIDEBAND I = ELEMENT NH/2 + 1 - I) 623.5 _ i
0O 35 I=I1,NHPL 623.6
K=HNHD2P1-1 623.7
IF(K.EQ.Z) GOTO 29 623.8
ZEMBSB( I )=DCMPLY(ZR{ IABS(K)),DSIGN{ZI( IABS({K})},DFLOAT{K) )+ 623.9
1LS*2 gDO*PI*{DFLOAT{KI*FP+IF}) 624.
GUTO 38 624 .1
20 ZENBSB(1)=DCMPLX{ZEMBRC,®.5D@) 624.2
39 CONTINUE 6524.3
SUBROUTINE SMSIG{TM,SHOT,YLMAT,ZIFOUT) 969.
IVDLIAS, IDBIAS,HSSB,RSLO,LLS, NHARM, NHP L ,NHD2} 1395,
REAL*8 ZER{MNHARM),ZEI({NHARM),RSSB(NHP1),RSLO(NHARM),LS 1329.
WVRITE(G.175) LS 1371.1
? 175 FORMAT(/1%,' ADDITIOMAL INPUT DATA:',TSH,'LS'/T46,1PE16.3) 1371.2
NATA VILQINC, IDCACC/P.1D8,5.82007 1669,
BATA TED/295.9087 1672,
DATA ALP,PHI,GAM/34.78D9,8.99D%,8.5D8/ 1674,
. DATA CH»,IS,RS/1.18D-14,1.4D-15,4.4D87/ 1675.
DATA FP,IF/115.0D9,4.4D8/ 1676,
DATA RSKIN/D.9D8/ 1677.
C*** DELETE LINES 1683 TO 1493 SINCE THE E{MBEDDING IMPEDANCES ARE 1683.
Cw#* FORMED IN SUBROUTIHE ZEMBED. 1684.
BATA NI, HLO,NFTS,NVLO,NITER,NPRINT/8,1,51,58,5048, 190/ 1682,
DATA VDINIT,ACC,NDIM/9.€Dg,1,06D0-6,17 1694.
DATA ZJ . ZQACC/280.8DU . 8. 2108/ 1696,
0/ YA VDBTAS,IDBIAS/9.4D8,0.002087 1698,

BATA VLO/1.35DR/ 1698,
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A II.2:. Aliferatmns to the program in Appen_de I for studying the effects of the series “
mductan_ce on t.he performance qf the.SJ.mp.ale mixer circuits of Figs. 8 and 9,using ey
a Mott diode with the C-V relation given in Fig. 11. Only changes which are - f
additional to those in AIl. 1 are listed.
{
C B8: THE ¥ INTERCEPTS OF THE C-V PIECEWISE LINEAR APPROXIMATION 117.1
C USED FUR THE MOTT DIODE EMAMPLES. 117.2 .
C C: THE CAPACITANCE AT VOLTAGE V(1) FOR THE MOTT DIORDF. 121.1 o
€ C(VvD): FUNCTION WHICH RETURNS A VALUE OF CAPACITANCE FOR A GIVEN 392.1 I
C VOLTAGE AT THE TERMIMNALS OF THE MOTT DIODE. aga.2 :
REAL®S X,¥(1},DERV(1),V,C 864,
CU=2. ODEPIYFP=C{DHINI(Y{1),0.999D0*PHI)) 884. .
REAL FUNCTION €*B(VD) 898.#1
C--- ’ 808,92 L
C---C{VDB) IS USED FOR THE MOTT DIODE EXAMPLES ONLY. 858,03 ‘@-a
C-~-THIS FUNCTION ROUTINE RETURNS THE PROPER VALUE OF CAPACITANCE FOR 898.04 i
C---A GIVEW VALUE OF THE DIODE VOLTAGE AS CALCULATED IN DRKGS. 898.05 Lo
C-~-IT USES DATA FOR TME SI.LOPE AND € INTERCEPT OF THE PIECEWISE 898,96 o
C~-~LINEAR APPRONIMATION TO THE C-V CURVE OF THE MOTT DIODE. THE DOPING 898,47 e
C---PROFILE OF THE MOTT DIODE WAS KINDLY SUPPLIED EY M.V.SCHNEIDER, 898.98
g—~-BELL LARORATORY, HOLMDEL ,N.J. 898.09
- 898.1
C---THE VARIABLE TYPES USED IN THIS SUBROUTINE ARE AS FOLLOWS: 898,11
REAL*8 M(17),B(17),VLIM(18),VD 898.12
C---THE SLOPE AND INTERCEPT DATA . 898.13
OATA M/1.2D-16,6,D~16,9.D-16,1.143D-15,1.783D-15,2,375D~15,3.D~15 898.14
1,3.964D~15,6.615p-15,9.2D-15,1#.4550-15,15.833D-15,21,75D~15 898,15
2,37.50-15,74.0-15,154,5D0-15,4132.6570-15/ 898.16
DATA R/9.78D~15,11.1D-15,11.4D~15,11.542D-156,11.753D~15,11.8D-15 898,17 Pl
1,11.8b-1%,11.742D-15,19,841D-15,9,626D~15,9.936D-15,5,917b-15 B9G.18 SN
2,2.130-15,-8.53D~15,-26.32D-15,~100.72D-15,~3442.372D-15/ 898.19 S
C---THE VOLTAGE LIMITS ON THE RERIONS OF CAPACITANCE VARIATION 898.2 SIS
DATA VLIt/-4.D%,-2.09,-1.D%,-7.D~1,-,31D9,-8.0~2,0.00,6.D~2,.34DF B9B.2] i
1,.47D@,.5208, .5809,.64D@, .68D9, .76D%, .8D9, .B4DY, . 899108/ 898,22 .
I=1 898.23 Lo
IF(VD.LT.VLIM{1}} GOTQ 15 898.24 R
IF(VD.EQ.VLIM{ L)} GOTO 1@ 898.26 S
IF(VD.GT.VLIM(1B)} GOTO 24 898,26
C-~-FIND THE REGION IN WHICH THE VOLTAGE FROM DRKGS FALLS AND CALC, C 890.27
5 IF(VD.GT.VLIM(I}) GOTU 1@ 898.28
C=i{ I-1)"*VD+B(I~1} 898.29
GOTO 25 898.3
10 I=I+l 898.31
GOTO 5 898.32 g
15 WRITE(G, 188} VD,VLIM(1) 898.33 Lo
198 FORMAT(////71),'UNDERFLOW: VD =',FB8.4,' IS LESS THAN ',F7.4//) 898.34 i,
GOTO 25 898.35 T
28 WRITE(&,2008) VD,VLIM(18) 898,36 o
200 FORMAT(///71X,'OVERFLOW: VD =',F8.5,' iS GREATER THAN ',FB.5//) 898.37
25 RETURN 898,38
ENOD 898,39
898.4
898,41 .
898.42
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A I, 3: Alterat:mns to the program in Appendix I for studying the performance of the
Schottlsy diode mixers when the zero voltage junction capagitance C@ is varied.
One value of series inductance is used for each run. Only changes which are
additional to those listed in A II.1 are shown here.

C cCcgDAT: ARRAY HOLDING THE VALUES OF C# FOR EACH RUN OF THE ENTIRE 131.1
c ANALYSIS. 131.2
REAL*S CEDAT(20},LS,RESULT{2®,20),LOPWR,SHOT, THERM, TM, KLMAT{9,9) 361.15
C---THE VALUES OF C@ FOR THE VARIOUS PROGRAM RUNS 361.22
DATA C@DAT/i.#D-15,,2.9D~15,,3.0D-15,4.00-15,5.00-156,6.80~15, 361,23
*7.0D-15,8.6D-15,9,90~-15,18.0D-15,11.9D-16,12.4D-15,13.8D-15, 351.24
*14.80-15,15.9D-15,16.8D-15,17.8D-15,18.0D-15,19.8D~-15, 351.25
*20.080-18/ 351.26
DATA Ls/,.54D-9/ 351.27

DO 1§ I=1,29 351.3
C---SET C¥ TO ITS VALUE FOR THIS RUN 351,31
CO=CEDAT(I ) 361.32
RESULT(HRUN,1)=LS 355.94
RESULT(NRUN,15)=CH 365.18
1/T5,'LS*,Ti6,'RS',T27,'I18"',T38,'FP',T49,"'IF',T59, "ALP"',T7#, *PHI', 355.28
199 FORMAT(///58%,'RESULTS'//TG6,'VLO',T19, 'LOPWR',T32,'CH",T41, 355.33
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APPENDIX III

Resulis of Program Runs to Study the Effects of Series Inductance and
Junction Capacitance on the Performance of Some Simple

Mixer Circuits Deseribed in Section 4

This appendix contains graphs of the equivalent input noise temperafure, upper

sideband convergion logs and IF outpui impedance as a function of series inductance LS

and junction capacitance CO.

The mixer analysis program, with the modifications in Appendix II, was used
for each of three diodes in the mixer circuits of Figs. 8 (short circuited harmonics)
and 9 {open circuited harmonics). The diodes were forward biased at 0.4 'V in all
cases, and the LO power adjusted to give a rectified dec current of 2.0 mA. The

gignal, L.O, and intermediate frequencies were 119 GHz, 115 GHz, and 4 GHz re-

spectively.
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.5) and a Ga As Schottky

diocde with no capacitance variation (GAM=0) in the mixer cireuits of (a) Fig. 8

Mixer performance data plotted as a function of zero voltage junetion capaci-

and (b) Fig. 9. The diodes were forward biased to 0.4 V and the 1O level ad-

tance for a conventional Ga As Schottky dicde (GAM
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