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SECTION I

INTRODUCTION

Some of the key elements in superheterodyne receivers, such as mixers
and limi ters, include semiconductor diodes as their basic devices.
The nonlinear characteristics of these diodes strongly Impact receiver
performance. For example, insertion loss in a mi xer wil ’ affect
sensitivity while harmonic intermodulation products generated in the
mixer will affect the dynamic range of the receiver; a limiter response
to multiple signals will determine the multipl e signa l handling capability
of the receiver. For proper receiver design , it is essential to predict
the performance of such nonlinear elements under varying conditions .
At the present stage, the nonlinear performance of mixers and limiters ,
such as intermodulation distortion and multiple signal handling , are
determined experimentally. The “spur table” furnished by mixer manu-
facturers is one example. This tabl e provides i nformation at the
various harmonic frequencies for an “optimal” local oscillator (10)
drive level . However, the use of this spur table is quite limi ted
because variations in the 10 drive level will affect the output level
of the intermodulation (IMD) products. An ideal solution to this
oroblem would be to theoretically calculate the output levels of the
IMD products as a function of the 10 drive level .

In this report, a mathematical model is presented by means of which
the nonlinear responses of various diode circuits can be calculated.
A single diode circuit with multipl e input sources was simulated to
demonstrate the capabilities of the model , (Section II). The solution
to the circuit is obtained first in the time domain using iterative
methods. The time domain solution is then Fourier analyzed to extract
the frequency components which are of interest to us. For this single
diode circuit, single and two-tone intermodulation distortion levels
were calculated using this model . A single ended mi xer was constructed
to verify the calculated results.

In the course of this investigation, it was found that some harmonic
products which adversely affect superheterodyne reception might in
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some applications become an asset. Such is the case, for example , in a
frequency doubling receiver for detection and identification of
pseudo-noise biphase-shift-key (PN-BPSK) modulated signals (Appendix A).
Another application where harmonic intermodulation products may be
proven useful , is the detection of the presence of a nonlinear device
within a given volume. The volume is irradiated with a known signal
and a specified harmonic product generated by the nonlinear device is
detected, if such a device is present wi thin that volume.

The single diode circuit model was extended to account for multiple
diodes. Using the multi ple diode circuit general model, presented In
Section III-l , we can simulate a variety of diode circuits such as
limi ters (Section 111-2), balanced and double balanced mi xers
(Sections 111-3 and 111-4 respectively). Results of these simulations
along with experimental data are presented in Section IV.

2
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SECTION II

SINGLE ENDED MIXER MODEL

1. TIME DOMAIN SOLUTION

While various models for mixer analysis have been previously
published in the literature (References 1 and 2), most of these models
deal with the linear properties of mi xers, such as conversion loss and
noise figure, and base their analysis on a quasi-linea r approach which
assumes a small radio frequency (RF) signal and a sinusoidal local
oscillator waveform on the mixer diode . These methods of analysis are
quite suitable for predicting the linear performance of mi xers under
small signal conditions but fail to predict their nonlinear behavior
under nonidealized conditions , such as a finite source Impedance, large
RF signals , and diode parasitics . In order to overcome these defi-
ciencies , a more general model ~f a single ended mi xer is presented in
this section. This model can be appl ied to predict the nonl i near
behavior of a mixer under large signal conditions , taking into account
the finite source impedance and the diode losses.

The single ended mixer circuit to be modeled is shown in Figure la.
The diode is fed by a vol tage source V~~(t) with 50 c2 characteristic
impedance, through a circulator. The reflected voltage from the diode
appears across the load impedance Z0 at the output port of the circulator .
This particular configuration was chosen in order to decouple the
output from the input and ease the measurement procedure which will be
later discussed. It has to be noted that this model does not include
reactive elements which ought to be taken into account if proper
representation of the diode and package parasitics is desired.
Neglecting reactive elements in the model will obviously introduce
discrepancies between the measured and calculated results. However,
this model simpl i fies the numerical calculations by avoiding the
solution of nonl inear differential equations which may include very
large time constants to account for the d.c. blocking capacitors and
RF chokes.

1~
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Figure 1. Single Ended Mixer
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The diode is modeled as a nonlinear conductance in series with a
constant resistance (R 5 ). The current-vol tage (I-V) characteristic of
the diode is given by:

ct(v0-iR 
)

= ~ [e ~ — 1] = I5(e~
’-l) (1)

where i is the current through the diode, is the reverse saturation
current, V

0 
is the vol tage on its terminals , v is the voltage on the

diode junction and a = where q is the electronic charge, K is the
Boltzmann constant and n is the quality factor of the junction (1 .�. n � 2)

and T is the temperature in °K. The voltage on the diode vD(t) and the
current through it i (t) are calculated from the boundary conditions on
the diode plane:

v0(t) = V
1 

+ yR 
(2)

1(t) = (v 1 - V R)/Z o (3)

and 
~R are the incident and reflected voltages respectively (Figure ib).

From the matched conditions at the input port of the circulator ,
V 1 = V~~(t) /2 (4)

The relationship between the voltage on the diode v0 
and the voltage

on the junction v, is given by:

v0 v +  iR5 (5)

and the current-voltage relationship of the junction itself is given
by Equation 1.

From Equat~~ns 1 through 5 the fo’lowing transcendental equation for
the voltage on the diode junction is derived :

F(v )  = v + (Z0 + R5
) I 5(ea’~ -1) _V in = 0 (6)

5
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The diode parameters ~~ R5 and a are obtained for 4c measurements on
the diode, and is given.

The Input voltage Vin(t) is generally given as a sum of two sinusoidal
waveforms at the LO an d RF frequenc ies*:

v1~(t )  = VLO S I flW
~LO 

t + VRFSInWRF t (7)

Equation (6) is now solved numerically at each point in time applying
the Newton-Raphson method. Let ~ be the approximate soluti on of
Equation 6 after n iterations, so that:

F(v~) = V + (Z0 + R5) I~ (e~~ - Vin 
= c ~ 0 (8)

The solution at the next iteration will be given by:

V~~ 1 
= Vn 

- F(v )/F’(v )

where F’(v~) = 
dF(v) 

~~~~~~ 

= 1 + I~ a (Z0 + R5) e~~ (10)

The computation stops when the difference between the solutions at
two consecutive iterations falls within a predetermined error range.
After the junction voltage v(t) Is obtained , the current through
the diode i (t) is calculated and subsequently the voltages vD(t) and
vR(t). The load voltage is given by:

vL vR vD~~
vI = v D~~

Vin/2 (11)

*In case it is desired to calculate the two-tone third-order Intermodu-
lation (IMD) product, another term Is added to V1 (t):n

Vin ( t) = V10 sinw,~0 t + VRF (sinw
~F 

t + sinw
~F 

t)
(7a)

where and wI
~F are the frequencies of the two tones

.6
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Once the load voltage is known for an entire cycle, Four ier an alysis
Is applied to obtain the output voltage at the various frequencies which
are of Interest to us.

2. FREQUENCY DOMAIN CALCULATIONS

The frequencies of the harmonic intermodulation products generated
in a mixer are given by:

Wmn = 1’~’°~LO + flWRF I (12)

where m and n are positive or negative integers. All (m,n) combinations
other than (1, -1) which Is the intermediate frequency (IF), are
considered to be detrimental to heterodyne reception, but might be
beneficial in other applications . The output ampl itude at a particular
IMD product (wmn) is obtained by Fourier analysis of vL(t):

2 1 -jw t
vi(w

mn
) y

~ 0
1 ~ vL

( t) e mn dt (13)

where = is the period of vL (t) and is the largest coninon

divisor of and WRF .

For numerical purposes it Is convenient to choose the set ~~~ WRF)
so as to m in im i ze T~ in order to reduce computation time but at the
same time care has to be taken In order to avoid overlapping of low
order IMD products, meaning that w w m for m ,n ~~. 6. Then10m 1 ~~ 2
particular choice of the set 

~WIO’~RF~ 
for calculation purposes is

irrelevant to the actual performance of the mixer , since the circuit
model described in the previous section does not include frequency
dependent elements.

For calculations of two-tone intermodulation levels the choice of the
frequency set (W ,~~~, wJ~F~ 

WRF) Is guided by similar reasoning. The inte-
gration (Equation 13) Is carried out numerically using the trapezoidal rule.

7
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The computation of the output level at a given frequency Wmn is now
complete. From the given input voltage (Vin(t)) the voltage on the
diode (v(t,) is calculated and subsequently the voltage on the load
(v1(t)) Is obtained from circuit conditions. The desired frequency
components of v1(t) are later calculated by a simpl e Fourier series
expansion. Results of calculations using this model are presented in
Section IV. These calculations are followed by experimental data
taken on a similar circuit configuration.

In Section 111 , the single diode circuit model is expanded to
multipl e diode configurations.

8
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SECTION III

MULTIPLE DIODE CIRCUIT SIMULATION

1. GENERAL MODEL

Consider the general circuit configuration shown In Figure 2. The
circuit consists of a network of N interconnected diodes with M vol tage
Inputs and a load Impedance (ZL). The diodes may or may not be Identical
and the parameters for each diode ‘sic ’ Rsk and ask (k=l ,2 ,N ) are
given. The voltage sources V

~n 
(j=l ,2 M) are given by:

= c~ V10 sin( WIO ~ + o~
) + d~ VRF ~~~~~ 

t + e~) (14)

where c~ and d~ are constants.

We now expand the single diode circuit model developed in Section II
to solve for the voltage on each diode vk(t) and eventually for the
voltage on the load v1( t).

The homogeneous loop equation will have the form:

r ( v ) = A
~~

+ Z T + B V in = o  (15)

where ~ is the vector of the junction voltages, T is the vector of the
diode currents, Vin is the input vol tage vector, A an d Z are N x N
matrices, and B is an N x M matrix.

Similar to Equation 9 the approximate solution after n+1 iterations
will be given by:

= 

~
‘
~n — EJ(~)~] 1 [F(

~
)n] (16)

where (V)n is the solution at the previous iteration and is the
Jacobian of the system of Equation 15 evaluated at ~ (

~
)
~

9
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1~~~~~~

v , I

A V + Z T + B V j~~= O

Figure 2. Multiple Diode Circuit Model

The elements of the Jacobian 
~~~ 

are given by:

aF1(V)
ilk = 

av~ 
= aik + aik i l~ 

(17)

dik (ak Vk~where i~ = ~~— = cik 1sk e’ 
/ (18)

In sunmiary, once the matrices A, Z, B, and the input voltage vector

Vin are known from circuit conditions, the solution for the voltages on

the diodes ~ is straight-forward using Equation 16. As an example, the

matrices for the single ended mixer case discussed in the previous

section are given by:

A p i ;  B~~ l ; Z *  (R
~~
+Z0);

(19)

~

j

~~~
1 + (R + Z )  c t l 5 e

I
10
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In the following sections the above matrices will be calculated for
various circuits, namely, balanced and double balanced mixers and

p 

back-to-back diode limi ters.

2. BACK-TO-BACK DIODE LIMITER

The multiple signal handling capability of a receiver is strongly
affected by the performance of the limiter. The ideal input-output
characteristic of a limi ter is plotted in Figur€~ 3a. Using the model
developed in this section we can calculate the deviations from this
ideal characteristic when two or more Input signals are present at the
limi ter input.

The equivalent circuit of a back-to-back diode limi ter is shown in
Figure 3b. From loop analysis of this circuit we obtain the following
system of equations:

F1 (v 1,v2) = v
1 

+ (R 51 + Zeq) i1 - Zeq i2 - ~~ 
Vin = 0 (20)

F2(v 1,v2) = + v 2 + R51 i.~ + R52 12 = 0 (21)

where Zeq = Z0//Z1.

The circuit matrices for this case are given by:

A = II 01; B = [~~~~~~
O~ ; z = fR51 + Zeq 

_Z
eq 1 (22)

11 lJ 
1 

0 J t..
Rsi Rs2J

The voltage on the load, vL~ 
is given by:

vL = v l + i l R5l (2 3)

11
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Characteristicszo
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l2

I ~~~~
v
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(t )

~~~~~ 
I I ZL :~~~ VL

Dl V 1

(b) Equi valent Circuit

Figure 3. Back-To-Back Diode Limi ter
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3. BALANCED MIXER

A simplified circuit of a balanced mixer using a 900 hybrid is shown
in Figure 4a. From loop analysis of the equivalent circuit (Figure 4b)
we obtain the following circuit matrices:

r -j rr/2
11 01 1-1 -e

A=I  I; B = V T
LO 1J

1

= 

Z~+Z1+R~1 _Z
L (24)

Zo+ZL+Rs2

VRF cOsWJ~F 
t

V in  
=

VLO COSWLO t

The voltage on the load is given by:

= ( 1 1 - 12 ) ZL (25)

Note that the input voltage vector Vin is chosen in such a manner
as to enable rapid convergence of the solution at t=0. Rapid convergence
at t=0 is assured when the diodes are back biased or at a very low
forward conduction state.

For a balanced mi xer using a 1800 hybrid , the A and Z matrices are
the same as in the 900 hybrid case. The B matrix and the input voltage
vector Vin will be given in this case by:

-l -l 
— 

V10 SiflWIo t (26)
8 T , 

; vm s
-l -l 

~RF SIflWRF t

13 
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v 1 
(t )  _ _ _ _ _ _ _ _ _ _ _  

DI -

900 HYBRID
V1~ (t )  Z0 02

2~~~~~~~~~~~~~~~
_ _ _

Z L
v~~1 (t)  = VRF cos W~~f~ I

Vjn2 (t) = VLO COS W LO t

(a) Simplified Circuit

R51 D1 D2 R52

/~~~ 

ZL~~~~~~~~~~~~~~~~~~~~~

(b)Equiva ient .~~~(e~
i11

~
2 Vj n 1+ v~~2

)

FIgure 4. 900 Hybrid Balanced Mixer
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4. DOUBLE BALANCED MIXER

The simpl ified circuit of a double balanced mi xer Is shown In

I Figure 5a. This mixer is analyzed using the equivalent circuit in
Figure 5b. A and Z are in this case, 4 x 4 matrices and B is a
4 x 2 matrix.

1 1 0 0 -l 0

0 1 1 0 0 -l

1 0 0  
; B =  

-½ -½

1 1 1 1 o 0

(27)

~sl~~
bo R52+½Z0 -½Z 0 -½

-½Z~, 
R52+½Z0 R53+½Z0 -½Z

Rs2+Zo+ZL _ (½Zo+ZL
) Z1

— 

R51 R52 R53 R54
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SECTION IV

COMPUTER EXPERIMENTS ON DIODE CIRCUITS

1. CALCULATIONS AND MEASUREMENTS ON A SINGLE ENDED MIXER

Two specific appl ications for the single ended mixer model were
investigated in particular. The first case is the detection of the
presence of a nonlinear device wi thin a given volume by irradiating
this volume with a known signal and detecting a specified harmonic
product of the transmitted signal.

This method is widely applied in coninercial antishop lifting systems
where a diode is attached to the protected merchandise and irradiated
by a signal at f0. A receiver at the entrance to the store detects the
second harmonic at 2f0 generated by the diode and activates an alarm .
A variation of this method can be applied when it is preferred to have
the harmonic product generated by the nonlinear device in the same
frequency range as the transmitted signal. For this purpose, two equal
amplitude signals at f1 and f2 are transmitted so that

Vin (t) = V0 (sin w1t + sin ~2t) (28)

The product 12f1 
- f

2 1 (or 2f2 — f
1 1) is then detected if a nonlinea r

device is present wi thin the irradiated volume .

The model developed in Section II was applied to evaluate the efficacy
of this method. The calculated and measured power output at various
intermodulation products as a function of the power input 

~~~ 
is

shown in Figures 6 and 7 respectively.

I

The experimental results were taken on a homemade mixer constructed
by mounting a detector diode in a shorted N-type connector wi thout the
benefit of any matching networks. The experimental setup used is shown
in Figure 8. The static I-V characteristics of the diode were measured
on a curve tracer and the diode parameters a, ~~ an d R5 were matched
to this curve and used in the computer simulation.

17
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The results of this simulation (Figure 6) show that for some levels
of input power, some of the IMD products completely disappear. A similar
phenomenon was observed in the experimenta l data , as shown in Figure 7.
Although in this case the output levels do not drop as drastically as In
the simulated case, dips in the power output of the various IMD products
were seen to occur for given input power levels. The ?~umerical dis-
crepancies between the calculated and measured results could be attributed
to the fact that the computer model does not include fr~quency effects ,
while the experimental setup is frequency limi ted. In addition , the I-V
diode characteristic is not strictly exponential as assumed in the
computer model.

Another possible application for this model is to predict the l evel
of the second harmonic generated in a diode in order to evaluate the
feasibility of detection and identification of pseudo-noise BPSK
modulated signals by a frequency doubling technique. The details of
this Investigation are presented in Appendix A.

The two-tone third-order intercept point in a mi xer can be predicted
as a function of the local oscillator drive level -using the model
presented here. For example, the intercept point for the single-
ended mi xer previously simulated was calculated for three values of
LU dr ive leve l . The resul ts, along with the RF to IF conversion loss at
these LO levels, are shown in Table 1.

TABLE 1

TWO-TONE THIRD ORDER INTERCEPT POINT AND INSERTION LOSS AT
VARIOUS LO DRIVE LEVELS. (SINGLE-ENDED MIXER)

P10(dBm) THIRD ORDER INTERCEPT (dBm) INSERTION LOSS (dB)

3 11.1 11.3

6 14.5 10.9

9 17.7 10.7

- 
21
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It is seen that in this range, an increase of 3 dB In the 10 drive
level will increase the intercept point by more than 3 dB while slightly
improving the insertion loss of the mixer. Thus, by using this model ,
an 10 power can be calculated which would be optimal for our purposes,
be it maximum lineari ty, minimum convers ion loss , suppress ion or
enhancement of a particular IMD product, etc.

2. BACK-TO-BACK DIODE LIMITER

The performance of a back-to-back diode limi ter wi th an input con-
sisting of two signals at f1 and f2, was simulated using the formulation
presented in Section 111-2. The output power at f, (P ) was calcuatedou~
as a function of the input power at f., (P. ) with the input power atin1
f, (P4 ) as a parameter. Results of this calculation are shown in

Figure 9. The simulated diodes were considered lossless (R5=O), but for
one case where a spurious series resistance was added (R5 

= 5c1) in order
to evaluate its effect on the performance of the limi ter (dotted line).

As seen in Figure 9, the presence of a series resistance in the diode
Is detrimental to the limiting effect. The increase In current through
the diodes due to increasing input power yields a higher vol tage on the
diode terminals , canceling the limiting effect of the junction Itself.

Figure 9 also shows the effect of the presence of a second signal at
the input of the limi ter. The attenuation is linear with P4 for P4 �.

‘max ’ where is the maximum output power. This is the “capture effect”
of the limiter , where the stronger signal prevails and the weaker signal
is further attenuated. This effect is clearly seen in Figure 10, where
the output power of both signals is plotted.

22
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Figure 9. Simulation of a Limite r Fed by Two Signals at f1 and f2:
Power Output (P 

~. 
) Vs. Power In put at f1 (P4 ) Withou~1 ~fl1

the Power Input at f2 (P 1 ) as a Parametern2
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3. 90° HYBRID BALANCED MIXER

A simulation of a 90° hybrid balanced mixer wi th identical diodes
was carried on using the equations in Section 111-3. Two cases were
investigated :

a. Insertion loss and two-tone third-order intercept as a function
of the loca l oscillator power level (Figure 11).

b. IF and single-tone IMO output l evels as a function of RF input
power (Figure 12).

As in the single-ended mi xer case, increasing the 10 power level
will greatly improve linearity (higher intercept point) while slightly
reducing insertion loss (Figure 11). The IF and IMD plots (Figure 12)
are similar to those suppl ied by mixer manufacturers but for the “dips ”
in the output levels of the 2 x 2 and 1 x 2 products, (m x n ImfLO - nfRF J).
These dips appear in this simulation at high input power levels generally
not measured by the manufacturers. No physical explanation for this
phenomenon has been found by the authors. Mathematically, the load
voltages at these products, which are calculated from a Fourier series
expans ion , change sign at these i nput RF levels.

Additional examples of appl ications of the model are presented in
Appendix B, along with program usage instructions and the program listing .

25
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Figure 11 . Calculated Insertion Loss and Two-Tone Third-Order IMD
Intercept Point as a Function of the LO Power, for a 900
Hybrid Balanced Mixer

4 26

_ _ _ _

-
IL 

I ~ ~~~~~ — 
- 

. 

- 
( . 

-

_____ _____ _____ -- - ---—----—-— --------- —- .-------~-------— -----—-----------~~~~~~
.-. ~~~~~~~~~~~~~~~ ~~~~~~~~~~~ ____________



_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  ~~~~~~~~~~ T —~ — - . -
~~

—~ ~~~~~~~~~~~~~~~~~~~~~~~~~~ - .— — -— p

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

AFAL-TR-77-266

1~

7 20 _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

900 HYBRID BALANCED MIXER
a :4 0 V ~

= IO 13 A

LO POWER : +10 dBm

-20

/ / 7’~ it~~~

/ / / ~/ /
/

/ 7 / ..’-60 / 
..
.
..
/

7 (~# / /
.

/  ~~/ “ :‘/ / * /

/ /
/ 1

/ 1
I /

— 100 1 -

-60 40 20 0 20

RF INPUT (dBm)

Figure 12. Calculated Single-Tone IMD Response for a 900 Hybrid
Balanced Mi xer

27

I
- - 

-

_ _



~~~~
-- --

~~~
— -

~~~
— -— .. --

AFAL-TR-77-266

SECTION V

CONCL USION S

The multi-diode circuit model for computer simulation developed
during the course of this investigation has proved to be useful for
qualitative analysis of mixers , as well as other diode circuits .
Investigation of possible appl ications of mi xers other than heterodyne
mixing can be easily carried out using this model .

An effort should be made to improve the model in order to achieve
quantitative agreement between measured and calculated results. This
effort should include diode parasitics to obtain more realistic results.

f t
U
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APPENDIX A

PSEUDO—NOISE BP SK SIGNAL DETECTION BY NET EP ODY~ E MIXING

Zeev Bogan and Jame s B.Y. Taui

Air Force avionics Lebora tory
Wright—Patterson APS OH 45433

Detection of the presence of Pseudo—Note. This Spectrum is obviously similar to tha t of
Si—Phase Shif t Keyed signals ron u~icuopcr stive a pulsed RF signal with a small duty  cycle. An
sources is extremely difficult due to tneir operat or monitoring the s~eccrun and d~ tecting a
noise like and suppressed carrier characteris— signo l wi th such a powe r distribution on his dis—
tics, play could ~c’c inredLately decide if it is a PM or

A method which facili tates detection of a pUlse modulated signal. If t ime is no factor ,
however , a PM signal cou ld be tde’itif ted by itssuch signals is presented. The method consists
suppressed carrier characteristi cs , Fig l~b).of squaring the incoming signal by means of a

non—linear device in the presenc e of a pumping 
Ar. additional method for lder .tiftcat ion of asignal. The squaring process elimin ates the bi— i’s signal as such is suggested here. The methodphase modulation , thus obtaining a CW signal at 

conaists of ob taining a Cl.’ signal st the secondthe second harmonic of the carrier fre-~uency . harmonic of the carrier frequency by squaring the
By pnmptpg the non—linear device with a local incomin g signal in the presence of a pump ~localoscilla tor signa l, significant enhancem ent of

oscillator). Applying this nethod , it is alsothe second harmonic output is obtained , with a 
possible to obtain a down—converted CW signal bydis tinctive peak in output powe r at a given i”~ he tarodyn e mixing of tho pump frequency with thelevel. More over , this m-’thod m.~kes it possible second harmonic of the carrier.

to down—convert the se .ond har o~ i~ 3igna~ to a
luwer frequency witr.out considerable loss , MJITHFMATICAI. FORMU LATION
facili tating the post—processing.

The deicribed method was tested success— The squaring of the incoming sitnal is accos—
fully both by computer siwulation and laboratory pliehed by means of a nqp—linear uevice , such ,is a

experiments , semi—conductor diode. The output from such a
device can be represen t ed , for  a email signa l
regime , as a power series of the form :

IN TRODUCTION
V ( t ) • I A.,~ ~~~~~~ 

(2)
outThe non—linear properties of a heterodyne k—o

mixer , which adversely au tec t reception by
genera tion of spurious signals , might in some Expanding the quadratic term with V

i
(t ) as given

applica tions become an asset. Such is the case in (1) ,  we get:
presented here in which the mixer non—lineariti..
are investigated as a means to the detection of 

1~ V 2 (t ) — A
2
V 2 

cos
2 

(U t  + •(t)}th. presence of Pseudo—Noi~e—BP SK signals from
unooop.rative sources. A

The time function of s pseudo—n oise—bi— — T ~
‘
c

2 
(Cos [2w~

t + 2s(t)J +l}
phase mcdulated signa l is given by: 

.. ,~ut since •(t) is either a or s, therefore

A
C C

V(t) — V cos (a t + $(t)} Cl) 
A V 2

(t) — ~~ V
~
2 

~~~~~~~~~~~ (3)2 in
whir. w is th. carrier frequency and th, phase
$ ( t )  chlmgcs in a pseudo rando. fashion between
0 sad w , controlled by a direct seque ncy aodu— Thus eliminating the phase modulation of the orig—
later. inal signal and obta~nin g -a CW signal at 2, with

an ampli tude of A V /2 : ii we take into ac~oun t
The power spec tr~~ of such a signa l which the fourth order ~ecm also , the amplitude ut the

appea r, to be noise wi th a (sinx/x) distribution second harmonic will be
Is shown in Fig ~~~~~~~~ A2V 2 A

(1 + —~~ V “.2 A2 C
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This process is bound to be lossy due to its quad— diode is fed by a 50’ ~ignsl source through a
ratic char,cteri~ tic , especially at snail signal circulator In otder to isolate the input fran the
levels , where this model a ,ialte g. Some improve— output. The DC paran—ters of a detector diode ,
ment can be ob tained , hoaever , by s:~’cric~-csin~ which vie later used in our expertr :ents , were
or, the i lc (ntn f s i ina l a pu’s;l vit~1 an .~n~’litu,Ie obtained f,-~’r the meas,:rei 1—V curve . From this
of V at a frequency of c - so that the input u’odel a transcendental equati’n for the voltage on
voitgge to the non—linear~devjce wil’ be now: the lied as a function of tire , is obtained. This

equation is solved using the Nevton—Raphson
— nethod. After the tiic e func tion is calculatedV (t) — V coa ’ w t + ~(t)’ + V cog t (4 )

ii c ~~c ~ p p Fourier analysis Is app lied in order to calculate
the various spectral components of interest.

Let us now calc u lat e the second and fo ur t h order
terms in (2)  and extract tne second harnonic In the case reported here , the power output
com ponent: at the second harmonic 2

~ c 
and at the down con-

verted frequency u — 2u, — _ was calc ula ted as2 2 1,2 c pA
2
1
1n — A2 (V C COS

~~~
3
C
t + 4(t)J + V~~COS.a~~t )  — a f unc tion of P , the pump power level , with P •

2 
the carrier pow~ r level , as i parapeter. The C

A,V results are shown in Fig 2. It is observed that
— —‘~-~

-
~ -— cos2w t + ... (5) the outputs at the second harmonic and at the down

converted product exhibit a peak at a certain pump
powe r level, decreas ing for higher pump levels ,

4 A 4 3A 2 2 . . - .  6 leading to the conclusion that the small signalA4 in ~~~~~ c 
+ 
—

~
-
~ c ~ 

COS w t  + 
power series model developed in the previous
section in not valid anymor e at these input levels.
At the peak , the second harmonic output is about

Adding (5) and (6) we get: 36 dB over the non—pumped level in this particular
A~ 2 A4 2 3A 2 simu latIon , a significant improvement.

V (2w ) - —~~ V (1 + — V + — V ) ~7)Out c 2 c A2 c A 2 ~ EXPERIMENTAL RESULTS AND CONCLUSIONS

Thus , an add Itiona l term is ..dded to the amplitude Using the experimental setup shown in Fig 3 ,
of the ,unp signal V . If A . and A 4 h~vc the meas urements of the mower output at the second
sam e sign , the amp1i ~ude o f the CW s t & nel at 2j harmonic and at the down converted product w 1 2will inc rease with the pump level. Fo rtuna t e ly ’~ were carried on , as a function of the pump
as will be see r later , t his is indeed the cage up power level. Thes e results are shown in Fig 4.
to some level o f V where the small si gnal These plot s show a qual i tat ive similarity to these
approxi mation co llKp sc s . obtained by computer sinulation , alas, nurierically

they d i f f e r .  Ecpec iall y , t he boost in se cond
From the powe r ser ies in (2 ) ,  we can also har n~.nic qeneration under optinal pump power is

• obtain a d”wt conve rte d CW signal at a frequency now only 18 dli above the non—pumped level. These
— a. — 2~ , by ea lc ~ lat ing t ne th ird order d i f ferences mi ght be attr ibuted t c the crudity of

1,2 p C 
- our computer model which does not take into

ter m in the series . The amp litu de o : th is sig nal acco unt frequency ef f e c t a ;  thus , such discrepancies• wi ll be: might well be expected at micro w ave frequencies.

— 
3 2 8 However , the experimental results , o rroh orated t he

V00~ 
(a.

1 2
) 2A3v~ 

v~ computer calculations , at least qualitatively,
sho w ing the feas ibi lity of this m~ thod for positive

It has to be noted thou ph , that a C%J signa l identification of FN—BPSK si gnala , provide d that
• of airp itt ude V at the carri er frequency u will simultaneous monitoring is carried on at the

gef ,o ra te a s ec .~-ci harmonic o f the sane amplitude carrier band .
as a PN .LPSK si g -al , t ho refore , in order to pos i—
ti -i .ly identify such a si gnal , the carrier band has ACENOWI.EDGMENTS
t o be mon itc red simultaneously.

Dr. Zeev Began wishes to ac knowledge the
The anove theoretical results , which indicate National Research Council for providing support

that 3,1 improvement in the secon d harnonic output for his associ ateship at the Air Force Avionics
can be so hiev ed in the presence of a pumping Laboratory.
signal we’s conf irmed both by numerical calcul a-
tion s and by labora tory measurem ents.

NUMERICAL RESULTS

In order to con firm the above theoretical
re~u lt p , a computer simulation of a single—end ed
mixer wa g carried Out. The model o f th. mixer
co ns is ts of a s~mtcan duct er diode with an
exponen :ta l I-V characteristic and a series
ras letanca R5 represent ing the d iod e losses. The

35-5B-EASCON 77
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APPENDIX B

COMPUTER PROGRAM USAGE -

The computer program MIXER is written in FORTRAN IV and intended for
interactive use.

Data is entered from the termi nal as answers to queries by the
program.

1. iNPUT

MIXER accomodates the following options according to the specified
number of diodes in the circuit, ND:

ND=l : Single ended mixer .
ND=2 : Limiter or balanced mixer.
ND=4 : Double balanced mixer.

If ND=2 the program asks whether the circuit to be analyzed Is a

balanced mi xer or a limi ter. If It Is a mixer , the type of hybrid used
(90 or 180) has to be’ specified.

For ND=2 the option exists to specify non-identical diodes in the
circuit. This feature Is useful to check for effects of unbalance on
supposedly balanced configurations .

In case of trouble, It Is desirable to obtain the output In the time
domain in order to check for nonconvergence of the solutions . This

option is available by answering YES to the “TIME DOMAIN ONLY?” query.
In this case, the voltages on the diodes and the convergence error at
each Iteration could be obtained by answering YES to the “INTERMEDIATE
ITERA TION OUTPUT” query.

For frequency domain simulations the option Is between calculation of
the one-tone harmonic lntermodulatlon products (SPURS) or the two-tone
third-order lntermodulatlon product (IMD). The levels of the

C
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Intermodulation products can be calculated as a function of the LO level

(PLO) with the signal level (PSIG) as a parameter (1), or as a function
of PSIG with PLO as a parameter (2), or as a function of PIN (3), where
PIN=PLO=PSIG , for calculation of two-tone sideband l evels.

After all the options for the run have been entered , the data is
specified next in the follow i ng order:

Diode parameters : ALPHA (1 /VOLTS), saturation current (IS) (AMPERES),
series resistance (RS) (OHMS).

Input and output impedances (ZO and ZL) (OHMS),

LO and RF frequencies ( FLO and FSIG) (HZ).
If IMD was specified , enter FSIG2 (second tone frequency).
Power Levels and power steps (dBm):
Option (1): PSIGMIN , PSIG IIAX , STEPSIG , PLOMIN , PLOMA X , STEPLO.
Option (.2): PLOMIN , PLOMA X , STEPLO , PSIGMIN , PSIGMA X , STEPSIG .
Option (3): PMIN , PMA X , PSTEP.
(Example: Calculate SPURS as a function of PSIG for -30 ~~. PS IG

•~, -20 dBm each 2 dB while PLO varies from 0 to 10 dBm in 5 dB steps :
PLOMIN , PLO MAX, STEPLO , PSIGMIN , PSIGMA X , STEPSIG = 0, 10, 5, -30 , -20, 2.)
For time domain only calculation s only one set of power levels is
specified : PlO, PSIG.

If “SPURS” was specified the number of Spurs desired (NPRODS) is
entered next. The order (m,n) of the spurs is entered as follows :
ml, nl ,m2, n2... m is the coefficient of FLO while n Is the coefficient
of FSIG. For example, the IF will be given by (1, -1); the LO feed-
through is given by (1,0) and the RF feedthrough is given by (0,1).

For time domain only simulation , the time limit of the calculation
IMAX has to be specified In seconds. For frequency domain calculations
TMAX Is Internally cal culated .

Next, the i ntegration step DELTAT is entered (seconds).

The maximum number of i terations and the maximum allowed convergence
error are entered last.
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2. INPUT CONSIDERATIONS

a. Choice of Frequenc ies

• As explained In the text, the choice of the set (FLO, FSIG) does not
affect the actual performance of the mixer but will affect the results
of the simulation If not carefully chosen. The sampling windown TMAX
Is Internally calculated as: TMAX = l/~FLO-FSIG~ for spur ca lcu lations.
In order to avoid erroneous results l/TMAX has to be a coninon divisor
of FLO , FSIG and all their byproducts. A reasonable choice for the set
(FLO , FSIG) would be (20, 19) so that TMAX=l . This set also assures
that there will be no overlapping of low-order Intermodulation products.

For two-tone third-order jntermodulat’jon calculations , the choice of
the set (FLU, FSIG , FSIG2) is more critical yet since there are more
intermodulation products to contend with and overlapping should be
avoided . TMAX in this case is calculated as 1/IFSIG-FSIG2 I and has to
be a coninon divisor of FLO, FSIG , FSIG2 and all their byproducts. Again
it is convenient to choose TMAX=1 as before. We have found that the
set (30, 12, 11) works reasonably well.

b. Time Increment DELTAT

According to the Sampling theorem, the sampl ing rate has to be at
least twice the maximum frequency present in the spectrum of the analyzed
signal . It was found that for the above frequency choices, DELTAT=lO ’3s
for spur calculations and DELTAT=lO’4s for two-tone third-order IMD ¶
calculations give accurate results. It is advisable to check doubtful
results by running the program again with the same data and a reduced
DELTAT .

c. Number of Iterations and Maximum Error

Generally the solutions converge In less than five Iterations with an
error of less than l0’~ . It is advisable to specify the number of
iterations as 10 or greater and the maximum allowable error as lO’

~ or

1’ less. 
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3. OUTPUT

The frequency domain output (spur levels) is filed under lAPEl while
the time domain output is filed under TAPE2.

Up to six IMD products can be accohiodated on an iteractive terminal .
If the number of spurs (NPRODS ) is greater than six , the output has to
be diverted to a line printer. Up to 10 spurs can be requested.

4. CONTROL

Mi xer uses the matrix inversion subroutine LINV1 F which is part of
the IMSL libra ry. To attach this library the following coninand is used:

• ATTACH, IMSI, ID=X654321 , SN=AFIT.

To run the program: XEQ , LDSET , LIB=IMSL, LOAD-LFN where LFN is
the file name under which the object deck of MIXER is filed . If
Inunediate Output on the terminal is desired use: DISCONT, TAPE1 (or
TAPE2) befc e the XEQ coninand.

5. EXAMPLES

In the following pages various examples of the use of this program
are presented.
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EXAMPLE 1

CALCULATION OF NO-TONE THIRD-ORDER IND LEVELS
IN A SINGLE-ENDED MIXER

(a) Input

*** NON-LINEAR CIRCUIT SIMULATION ***
ENTER OPTIONS FOR THIS RUN
ENTER NUMBER OF DIODES FOR SIMULATED CIRCUIT.
(TYPE 1.2, OR 4) N D I

TIME DOMAIN ONLY? (YES OR NO) NO

CALCULATE SPURS OR 2—TONE 3RD ORDER IND?
TYPE SPURS OR IMD .IMfl_

DETERMINE WHAT KIND OF CALCULATION DESIRED.
(l)POUT—F (PLO). (2)POUT=F(PSIG). (3)POUT~F (PIN),PIN~PLOmPSIO ,
TYPE 1 .2 OR 3 Z .L.
ENTER RUN DATM
ENTER DIODE *1* ALPHA .IS,RS 40.,1.E—12,1O.

ENTER INPUT AND OUTPUT IMPEDANCES ZO,ZL— 5O..~ O.

ENTER FREQUENCIES FLO,FSIG (HZ) 30.,11.

ENTER 2ND TONE FREQUENCY F51G2 
~~~

ENTER POWER LEVELS (IN D?M)
PSIGHIN.PSIGNAX .STEPSIG.PLOMIN vPLOMAX .STEPLO ‘-20. 10.10.3.9.3

ENTER SAMPLING INTERVAL DELTAT (SECSfl 1.E—4

I~AX , NUMBER OF ITERATIONS, MAX . ALLOWED ERROR—10,l.E-7

*** END OF DATA INPUT .BEGIN EXECUTION. ***
*t* FIND FREQUENCY DOMAIN OUTPUT ON TAPE1 . ***
*** FIND TIME DOMAIN OUTPUT ON TAPE2. ***

~ 
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(b) Output

SIMULATION OF A SINGLE ENDED MIXER
*CALCULATE THE POWER OUTPUT OF 2-TONE 3RD ORDER IND PRODUCTS
AS A FUNCTION OF PLO

DIODES1 ALPHA— 40.00 IS— 1.OOE—12 R8 10,00
FREQUENCIES I FLO 3 .OOE+O1 F8I6 1.IOE+Oi FSXG2- 1.20E+01 HZ
SOURCE IMPEDANCE- 50.00 LOAD IMPEDANCE- 50.00
RUN PARAMETERS DELTAT— 1.OOE—04 NITER IO ERNAX - 1.OE—07

P816- —20.00 DBM
* PLO * IMD * IF *
* 3.00 * —84.19 * —28 .27 *
* 6.00 * —92.93 * —26.86 *
8 9.00 * —100.24 * —26.22 *

PSIG— —10.00 DBM
* PLO * IND * IF *
* 3.00 * —53,14 * —18 .69 *
* 6.00 * —62.61 * —16.98 *
* 9.00 * —70.14 * —16.27 *
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EXAMPLE 2

CALCULATION OF SIDEBAND GENERATION

IN A SINGLE-ENDED MIXE R
(a) Input

*5* NON—LINEAR CIRCUIT SIMULATION *5*

ENTER OPTIONS FOR THIS RUN:
ENTER NUMBER OF DIODES FOR SIMULATED CIRCUIT.
(TYPE 1,2, OR 4) ND—I

TIME DOMAIN ONLY? (YES OR NO) j.IQ

CALCULATE SPURS OR 2—TONE 3RD ORDER IND?
TYPE SPURS OR IND SPURS

DETERMINE WHAT KIND OF CALCULATION DESIRED.
(1)POUT—F(PLO). (2)POUT—F (PSIG). (3)POUT F(PIN),PIN PLO PSIG.
TYPE 1 .2 OR 3.~

ENTER RUN DATA
ENTER DIODE *12 ALPHA .IS,RS 40.,1.E—12.10.

ENTER INPUT AND OUTPUT IMPEDANCES ZOpZL 50.,50.

ENTER FREQUENCIES FLOrFSIO (HZ) 20.,19

ENTER POWER LEVELS- -(4N DBM )
PMIN ,PMAX .PSTEP -3O~0.3

ENTER NUMBER OF SPURS DESIRED. (1 TO i o :  £
ENTER SPUR ORDER N.H. (M*FLO+N*FSIG) 1.—2 2,—3 3,—4 4,—S

ENTER SAMPLING INTERVAL DELTAT (SECS) 1.E—3

MAX , NUMBER OF ITERATiONS , MAX. ALLOWED ERROR IO,1.E-7

*** END OF DATA INPUT .BEGIN EXECUTION. *5*
5*5 FIND FREQUENCY DOMAIN OUTPUT ON T.APEI. *5*
*5* FIND TIME DOMAIN OUTPUT ON TAPE2. *5*
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(b) Output

S I M U L A T I O N  OF A SINGLE ENDED M I X E R
*CALCULATE THE POWER OUTPUT OF SPURIOUS PRODUCTS
AS A FUNCTION OF PIN .PIN PSIG PLO.

DIODE*fl ALPHA— 40.00 IS 1.OOE—12 RS— 10.00
FREQUENCIES: FLO— 2.OOE+01 FSIG— 1.90E+01 FSIG2— 0. HZ
SOURCE IMPEDANCE— 50.00 LOAD IMPEDANCE— 50,00
SPURIOUS U 1.—2)( 2,—3)( 3.—4)( 4,—5)
RUN PARAMETERS DELTAT . 1.OOE—03 NITER—lO ERNAX— 1.OE—07

PIN PLO PSIG
* PIN * ( 1.—2) * ( 2.—3) * ( 3,—4 ) * C 4,—5) *
* —30.00 * —218 .75 * —250.68 * —201.83 * —277.74 *
* —27.00 * —208.63 * —234.80 * —266.44 * —275.09 *
* —24.00 * —197.47 * —218.22 * —244,41 * —281.21 *
* —21.00 * —184.36 * —200 ,20 * —221 ,04 * —246.47 *
* —18.00 * —167.85 * —179.47 * —195 ,44 * —215.04 *
* —15.00 * —145.74 * —154.02 * —1 65,83 * —180.72 *
* —12.00 * -114.97 * -120.79 * —129.2$ * —140.2S *
* —9.00 * —72.07 * —76.32 * —82.69 * —91.30 *
* —6.00 * -37.61 * -45.79 * —69.54 * —63.08 *
* —3.00 * —25.72 * —53.35 * —45.08 * —58.07 *
* 0,00 * —20,48 * —34.58 * —54.56 * —45.70 *

1
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EXAMPLE 3

CALCULATION OF ONE-TONE IND LEVELS IN A 90°-HYBRID

BALANCED MIXER AS A FUNCTION OF PLO

(a) input

*** NON-LINEAR CIRCUIT SIMULATION ***
ENTER OPTIONS FOR THIS RUN
ENTER NUMBER OF DIODES FOR SIMULATED CIRCUIT.
(TYPE 1,2, OR 4) ND—,~...
MIXER OR LIMITER? (TYPE N OR L) J_
90 OR 180 DEGREE HYBRID? TYPE 90 OR 180* 90

IDENTICAL DIODES? (YES OR NOH YES

TIME DOMAIN ONLY? (YES OR NO)* NO

CALCULATE SPURS OR 2-TONE 3RD ORDER IND?
TYPE SPURS OR IMDZ SPURS

DETERMINE WHAT KIND OF CALCULATION DESIRED.
(1)POUT—F(PLO). (2)POUT—F(PSIO). (3)POUT—F(PIN),PIN—PLO—PSIG.
TYPE 1 .2 OR 3.1 1

ENTER RUN DATM
ENTER DIODE *1* ALPHA.IS.R8. 40.,1-,E—12.10.

ENTER INPUT AND OUTPUT IMPEDANCES Z0.ZL— 5O.,50.

ENTER FREQUENCIES FLO ,FSIO (HZ ) 20.,19

ENTER POWER LEVELS (IN DBM )S
PSIGMINPPSIGMAX ,STEPSIG.PLOMIN ,PLOMAXPSTEPLO : —30 . 20.10.5.13.1

ENTER NUMBER OF SPURS DESIRED. (1 TO 10) 6

ENTER SPUR ORDER M.N. (M*FLOfN*FSIG)* 1.—I 1.—2 2,—I 2.—2 2.—3 3.—2

ENTER SAMPLING INTERVAL DELTAT (SECS ) 1.E—3

MAX . NUMBER OF ITERATIONS. MAX. ALLOWED ERROR—~0.1.E—7

*** END OF DATA INPUT .PEGIN EXECUTION. ***
*** FIND FREQUENCY DOMAIN OUTPUT ON TAPEI. ***
~ ** rTPJn TTNr Tbfl NATN nhITPIrT CDJ TAPc ) ***

40
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(b) Output

SIMULATION OF A BALANCED MIXER WITH A 90. DEGREE HYBRID AND
IDENTICAL DIODE S

*CALCULATE THE POWER OUTPUT OF SPURIOUS PRODUCTS
AS A FUNCTION OF PLO

DIODE•11 ALPHA— 40.00 IS. 1.OOE-12 RS 10.00
FREQUENCIES: FLO— 2.OOE+01 FSIG i.90E+01 FSIG2— 0. HZ
SOURCE IMPEDANCE— 50.00 LOAD IMPEDANCE— 50.00
SPURIOUSU 1,—1)( 1,—2)( 2,—i)( 2.—2)( 2.—3 )( 3p—2 )
RUN PARAMETERSI DELTAT . 1.OOE-03 NITER IO ERMAX- 1.OE-07

P816- -30.00 DBM
* PLO * ( 1,—i) * ( 1,—2 ) * ( 2,—i) * ( 2.—2) * ( 2,—3 ) * ( 3.—2) *
* 5.00 * —41.24 * —91.82 * —48.56 * —96.79 * —139.51 * —96.24 *
* 6.00 * —40.62 * —97.74 * —49.32 * —93.83 * —131.53 * —101.16 *
* 7.00 * —40.24 * —105.40 * —50.60 * —92.98 * —143.00 * —106 .25 *
* 8.00 * —40.00 * —119.18 * —52.34 * —93.04 * —141.11 * —108.96 *
* 9.00 * —39.85 * —111.02 * —54.56 * —93,27 * —128.60 * —110.11 *
* 10.00 * —39.76 * —105.61 * —57 ,42 * —94.30 * —126.21 * —113.95 *
* 11.00 * —39.71 * —100.87 * —61.43 * —95.10 * —126.14 * —112.83 *
* 12.00 * —39.69 * —103.64 * —67.96 * —96.B4 * —146.27 * —108.98 *
* 13.00 * —39.69 * —99.33 * —89.58 * —97.47 * —140.91 * —110.47 *

N
PSIG —20.00 DBM

“$ PLO * C 1 ,—i) * C 1,—2) * ( 2 ,—i) * C 2.—2) * C 2. 3) * C 3,—2) *
*\ 5.00 * —31.25 * —71.77 * —38.59 * —76.88 * —113.75 * —76.26 *
* \6.00 * —30.63 * —77.70 * —39.34 * —73.87 * —108 .55 * —81.13 *
* 7.00 * —30.24 * —85.72 * —40.62 * —73.01 * —127.74 * —86.00 *
* 8.00 * —30.00 * —103.01 * —42.35 * —73.07 * —113.70 * —89.31 *
* 9.00 * —29.85 * —91.55 * —44 .56 * —73. 50 * —104.31 * —91.02 *
* 10.00 * —29.76 * —86.04 * —47.43 * —74 .34 * —97.69 * —93.08 *
* 11.00 * —29.71 * —81.60 * —51.43 * —75.30 * —99.12 * —92 ,07 *
* 12.00 * —29.69 * —83.75 * —58.04 * —76.51 * —1 21.20 * —91 ,12 *
* 13.00 * —29.69 * —79.88 * —81.03 * —77.51 * —120.39 * —90.51 *
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EXAMPLE 4

CALCULATION OF ONE-TONE IMD LEVELS IN A 180°-HYBRID

BALANCED MIXER AS A FUNCTION OF PSIG 1 1

(a) Input

*** NON—LINEAR CIRCUIT SIMULATION ***

ENTER OPTIONS FOR THIS RUN:
ENTER NUMBER OF DIODES FOR SIMULATED CIRCUIT.
(TYPE 1,2. OR 4) ND~2..

MIXER OR LIMITER? (TYPE M OR L) N

90 OR 180 DEGREE HYBRID? TYPE 90 OR 190* 180

IDENTICAL DIODES? (YES OR NO) YES

TINE DOMAIN ONLY? (YES OR NO) NO

CALCULATE SPURS OR 2—TONE 3RD ORDER IMD?
TYPE SPURS OR IMD* SPURS

DETERMINE WHAT KIND OF CALCULATION DESIRED.
(I)POUT.F (PLO). (2)POUT—F (PSIG). (3)POUT—F (PIN),PIN PLO PSIG.
TYPE 1 .2 OR 3.2,2..

ENTER RUN DATA
ENTER DIODE *1* ALPHA ,IS.R8 40.,i.E—12.iO.

ENTER INPUT AND OUTPUT IMPEDANCES Z0,ZL 50.,50.

ENTER FREQUENCIES F’LO ,FSIG (HZ) 20.,19.

ENTER POWER LEVELS (IN DBM )
PLOMIN ,PLOMAX ,STEPLO .PSWifIN.PSIGMAX ,STEPSIO: 5,10,5r -30r—20.2

ENTER NUMBER OF SPURS DESIRED. (1 TO 10)1 ,~~

ENTER SPUR ORDER M ,N. (N*FLO+N*FSIG) 1,—i i.—2 2,—i 2,—2 2,—3 3,—2

ENTER SAMPLING INTERVAL DELTAT (SECS)* 1.E—3

j MAX , NUMBER OF ITERATIONS, MAX. ALLOWED ERROR-10.1.E—7

5*5 END OF DATA INPUT PBEGIN EXECUTION . *5*
*5* FIND FREQUENCY DOMAIN OUTPUT ON TAPE1. *5*
5*5 FIND TIME DOMAIN OUTPUT ON TAPE2 . 5*5

I
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(b) Output

SIMULATION OF A BALANCED MIXER WITH A180. DEGREE HYBRID AND
IDENT ICAL DIODES

*CALCULATE THE POWER OUTPUT OF SPURIOUS PRODUCTS
AS A FUNCTION OF P516

DIODE*I: ALPHA- 40.00 IS— 1.OOE—12 RS— 10.00
FREQUENCIES : FLO— 2.OOE+0i FSIG— 1.90E+01 FS162 0. HZ
SOURCE IMPEDANCE— 50.00 LOAD IMPEDANCE— 50.00
SPURIOUSU 1.—1)( 1,—2)( 2 .—1)( 2.—2)( 2,—3)( 3,—2)
RUN PARANETERS DELTAT— 1.OOE—03 N ITER—iO ERNAX— 1.OE-’07

PLO 5,00 DBM

* PSIG * ( 1 .—i )  * C i ,—2 ) * ( 2 ,— i )  * ( 2 ,—2 ) * ( 2 .—3 ) * C 3 .—2 ) *
* —30.00 * —43 .54 * —280.09 * —4 7.89 * —281.68 * —128.52 * —20 1.57 *
* —28 .00 * —41.53 * —277. 56 * -45.90 * -278.85 * — 122 .? 2 * —279.85 *
* —26.00 * —39.53 * -275.30 * —43 .90 * —276.83 * — 116.43 * —278.43 *
* —24.00 * —37.53 * —273.82 * —41.90 * —275.08 * — iI O .~ 0 * —276 .70 *
* —22 .00 * —35.53 * —271.88 * —39.9 1 * —272.97 * —104. .e6 * —276.30 *
* —20.00 * —33.52 * —269.81 * —37.92 * —270.94 * —98. 52 * —275 .17 *

PLO— 10.00 DBM
* PSIO $ ( 1.—I) * C 1,—2) * C 2 ,— I) * C 2.—2) * C 2’—3) * C 3,—2) *
* —30.00 * —41.72 * —279,20 * —50.96 * —269.07 * —153.13 * —273 .05 5
* —28.00 * —39.72 * —283.54 * —48.96 * —266.12 * —146 .52 * —270.51 *
* —26.00 * —37.72 * —277 .68 * —46.96 * —263.85 * —137 ,70 * —267 .93 *
* —24.00 * —35.72 * —271 ,37 * —44.96 * —261.94 * —132.71 * —266.27 *
* —22.00 * —33 .72 * —270 .83 * —42.96 * —260.66 * —126 .02 * —264.97 *
* —20.00 * —31.72 * —272.43 * —40.96 * —258.84 * —118.71 * —262.84 *
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EXAMPLE 5

CALCULATION OF THE OUTPUT LEVELS OF A

LIMITER FED BY TWO SIGNALS

(a)  Input

*5* NON—LINEAR CIRCUIT SIMULATION *5*

ENTER OPTIONS FOR THIS RUNI
ENTER NUMBER OF DIODES FOR SIMULATED CIRCUIT.
(TYPE 1,2, OR 4) ND— 2

MIXER OR LIMITER? (TYPE N OR L) 1.

IDENTICAL DIODES? (YES OR NO) YES

TIME DOMA IN ONLY? (YES OR NO) NO

CALCULATE SPURS OR 2—TONE 3RD ORDER 1110?
TYPE SPURS OR IMD : SPURS

DETERMINE WHAT KIND OF CALCULATION DESIRED.
(1)POUT E (PLO). (2)POUT.FCPSIG). C3)POUT F (PIN),PIN PLO PSIG.
TYPE 1 .2 OR 3. j,

ENTER RUN DATA 1
ENTER DIODE $1: ALPHA ,IS,RS 40.,1.E—12.10.

ENTER INPUT AND OUTPUT IMPEDANCES Z0.ZL. 50..50.

ENTER FREQUENCIES FLO,FSIG CHZ ) 20..19.

ENTER POWER LEVELS (IN 0911)1
PSIGMIN,PSIGMAX,STEPSIG,PLOMIN.PLOMAX.STEPLO 5,15.10.0.20.2

ENTER NUMBER OF SPURS DESIRED. Cl TO 10)1 2

ENTER SPUR ORDER M.N. (M*FLO+N*FSIG) 1.0.0,1

ENTER SAMPLING INTERVAL DELTAT CSECS) 1.E—3_

MAX . NUMBER OF ITERATIONS. MAX . ALLOWED ERROR .iO.i.E—7

*5* END OF DATA INPUT .BEGIN EXECUTION. $55
*5* FIND FREQUENCY DOMAIN OUTPUT ON TAPE1. *5*
*** FIND TIME DOMAIN OUTPUT ON TAPE2. ***
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(b) Output

SIMULATION O~ A LIMITER WITH
IDENTICAL DIODES

*CALCULATE THE POWER OUTPUT OF SPURIOUS PRODUCTS
AS A FUNCTION OF PLO

DIOOE*fl ALPHA ’ 40.00 IS’ i.OO E—12 RS. 10.00
FREQUENCIESI FLO 2.OOE+01 FSIG 1.90E+O1 FSIG2 0. HZ
SOURCE IMPEDANCE— 50.00 LOAD IMPEDANCE— 50.00
SPURIOUSZ ( 1. 0)( 0. 1)
RUN PARAMETERS: DELTAT— 1.OOE—03 MITER—jo ERMAX— 1.OE-07

5*55* *5*5*5 5 5* 5 5*5*5*5*5 5*5*5* **** ******** *5 *5*5*55* *5*5* 5* *5*5* 5*5* 5* *

PSIG’ 5.00 DBM
* PLO * C 1. 0) * C 0. 1) *
* 0.00 * —1.52 * 4.07 *
* 2.00 * .33 * 3.75 *
* 4.00 * 2.13 * 3,30 $

* 6.00 $ 3.87 * 2.66 *
* 8.00 * 5.55 * 1.77 *
* 10.00 * 7.11 * .60 *
* 12.00 * 0.44 * — .57 *
* 14.00 * 9.63 * —1.49 *
* 16.00 * 10.79 * —2.25 *
* 18.00 * 11.99 * —2.88 *
$ 20.00 * 13.26 * —3.40 *

P810— 15.00 OWl
* PLO * C 1. 0) * C 0. 1) *$ 0.00 $ —6 .92 * 10.29 *
* 2.00 * —4.91 * 10.27 *
* 4.00 * —2.89 * 10,23 *
* 6.00 * — .88 * 10.17 *
* 8.00 * 1.16 * 10.07 *
* 10.00 * 3.23 * 9.90 *
* 12.00 * 5.35 * 9.60 *
* 14.00 * 7.56 * 9.02 *
* 16.00 * 9.65 * 8.19 *

* 18.00 * 11.46 * 7.31 *
* 20.00 * 12,99 * 6.68 $

45 
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EXAMPLE 6

SIMULATION OF A DOUBLE BALANCED MIXE R

WITH INTERMEDIATE ITERATION OUTPUT

(a) Input

*5* NON-LINEAR CIRCUIT SIMULATION *5*

ENTER OPTIONS FOR THIS RUN
ENTER NUMBER OF’ DIODES FOR SIMULATED CIRCUIT.
(TYPE 1.2. OR 4) ND—4

IDENTICAL DIODES? (YES OR NO) 1 YES

TIME DOMAIN ONLY? (YES OR NO): YES

PRINTOUT OPTIONS:
INTERMEDIATE ITERATION OUTPUT? (YES OR NO ) YES

ENTER RUN DATA
ENTER DIODE 512 ALPHAp IS .RS— 4O ..1.E—12,10,

ENTER INPUT AND OUTPUT IMPEDANCES Z0,ZL= 50.,50.

ENTER FREQUENCIES FLO,F’SIO (HZ) 20..19.

ENTER POWER LE~JELS (IN DBM)
PLO.PSIG— 10.—b

ENTER SAMPLING WINDOW THAX (SECS)— 1.E—2

ENTER SAMPLING INTERVAL DELTAT (sEcs): 2.E—3

MAX , NUMBER OF ITERATIONS. MAX. ALLOWED ERROR=1O vi .E—7

*5* END OF DATA INPUT ,BEGIN EXECUTION. ***
*5* FIND FREQUENCY DOMAIN OUTPUT ON TAPEI. *5*
*5* FIND TIME DOMAIN OUTPUT ON TAPE2. *5*

46
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(b) Output

SIMULATION OF A DOUBLE BALANCED MIXER WITH
IDENTICAL DIODES

DIODE*1 ALPHA— 40.00 IS— 1.OOE—12 RB— 10.00
FREQUENCIESI FLO— 2.OOE+O1 FSIG— 1.90E+01 FSIG2= 0. HZ
SOURCE IMPEDANCE— 50.00 LOAD IMPEDANCE- 50.00
RUN PARAMETERS: DELTAT— 2.OOE—03 NITER—lO ERMAX— 1.OE—07

P816— —10.00 DBM PLO— 10.00 0DM
T VD (I) VD(2) VD(3 ) VD(4) ERROR ITER lOT

0. 0. 0. 0. 0. 0. 1 1
0. 0. 0. 0. 0. 0. 2 1

2.000E—03 2.250E—O1 2.723E—01—2.250E—0I—2.723E-O1 2.496E—0l 1 1
2.000E-03 2.250E-O1 2.723E—O1—2.250E—01—2.723E-O1 5.560E—11 2 1

4.000E—03 4.358E-O1 5,277E—0l-4.358E—01—5 .277E—Ob 2.192E—Ol 1 1
4.000E-03 4.470E—0l 5.066E—0l-4.213E—O1-5.351E—0b 8.338E-04 2 1
4.000E—03 4.536E-01 4.952E—O1—4.136E—O1-’5.395E-O1 2.495E—04 3 1
4.000E—03 4.547E—01 4.932E—0l—4.122E—01—5 .402E-01 8.003E—06 4 1
4,000E—03 4.547E—O1 4.931E—01—4.121E—O1—5.402E—Ol 4.903E-09 5 1

6.000E—03 6.765E—0l 5.981E—01—5 .143E—Ob—7 .873E-O1 1.317E—O1 I I
6.000E—03 6.S16E—Ol 5.758E—01—4 .983E—Oi—7.696E—O1 1.695E—03 2 1
6.000E—03 6.268E—O1 5.586E-O1-4.859E—OI—7.520E—O1 l.367E— 03 3 1
6.000E-03 6.027E—O1 5.512E—Ol-4 .803E-O1—7.351E—Ol 9.567E—04 4 1
6.000E-03 5.802E—O1 5.516E—0I—4.801E—Ob—7.195E—O1 7.500E-04 S I
6.000E—03 5.620E-0l 5.528E—O1—4 .806E—O1—7 .068E—O1 4.931E—04 6 1
6.000E—03 5.517E—Ob 5.535E—01—4.809E—01—6 .997E—01 1,552E—04 7 1
6.000E—03 5.492E—0l 5.536E—O1—4.BO 9E—01—6. 980E—01 9.220E—06 8 1
6.000E—03 5.491E—0l 5.536E—0l—4.809E—0l—6 .979E-O1 2.096E—08 9 1

8.000E—O3 5.762E—01 5.774E—O1—S.168E—O1—7.896E—O1 1.O99E—02 1 1
8.000E—03 5.693E—01 5.716E—01—5.127E—01 —7. 847E— 0l 1.215E—04 2 1
8.000E—03 5.682E—01 5.709 E-0l—5 .122E—0 1—7.839E—01 2.435E-06 3 1
8.000E—03 5.602E—O1 5.709E—0l-5.122E—01—7.839E—O1 8.219E—10 4 1

47

~

—---- - - - ---—~~-~ _~~~---—--- ---------------—- — --- -—— ---~-



— —  —- --—.-,-- - ~~~~~~~~ — — a~~r’~~~~’~~ -

AFAL-TR-77-266 

— - 

d i 

—

6. PROGRAM LISTI NG

The coimnents on the enclosed listing make the program MIXER self

explanatory. The equivalence between various symbols in the program

and in the test follows:

PROGRAM TEXT

AJ J

AJINV 3’-

FV F

VD v

ID I

= CVD A

CE Z

CVI N B

*

_ _ _ _ _ _  ~~~~~~~~~~~~~~~~~
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PROGRAM MIXER( INPUT.OUTPIJT .TAPE 1 .TAPE2)
C **************SS************S****SS*****************************$**
C * THIS PROGRAM CALCULATES THE PERFORMANCE OF NON—LINEAR CIRCUITS *
C * CONTAINING SEMICONDUCTOR DIODES . (SINGLE ENDED.BALANCED. *
C * AND DOUBLE BALANCED MIXERS. AND BACK TO BACK DIODE LIMITERS). *
C * THE VARIOUS OPTIONS ARE I *
C * IDENTICAL OR NON-IDENTICAL DIODES. *
C * SOLUTION IN THE TIME DOMAIN ONLY. *
C * CALCULATION OF ONE TONE IND’S OR TWO TONE THIRD ORDER IND. *
C * ONE OF THE FOLLOWING POWER CO$BINATIONS *C * A)CONSTANT SIGNAL POWERI POUT AS A FUNCTION OF LO POWER. *C * B) CONSTANT LO POWERO POUT AS A FUNCTION OF SIGNAL POWER. *C * C) SIGNAL POWER—LO POWER. *C *************************S**S*****S***************S****Ss********~*C

IMPLICIT LOGICAL (L)
REAL ISC4).ALPHAC4).RS(4) .E (4).E1(4).EP(4),VDC4) ,IO (4)
DIMENSION AJC4,4).AJINV (4,4),UK (4).MPROD (10),NPROD (10).OMEG(10) .

1POUTC1O) .VSIN ( 10) .VCOS(l0),CVDC4,4) .CE(4.4),CVIN(4 ,4),
IUIN (4),VFINAL(4) .F’VC4)

COMNON/Z/ZO
PRINT 1
LSAME—LTDON—LTH IRD—L ITER—L INIT— .FALSE. 

- 
-

C I
C S***************************************************t**************
C * BEGIN OPTIONS INPUT *
C *******************************************************************PRINTS,’ ENTER OPTIONS FOR THIS RUN s’

PRINTS,’ ENTER NUMBER OF DIODES FOR SINU~ATED CIRCUIT. ’
PRINTS,’ (TYPE 1,2, OR 4) ND— ’ -

READ*,ND
IF(ND.EO.4)GO TO 90
LSAME—ND .EO . 1
IF(ND .EQ .1)GO TO 95
PRINT*.’ MIXER OR LIMITER? (TYPE ”N OR L)
READ 2,ANS
LIMIT—ANS.EO . 1HL
IF(.NOT.LIIIIT)PRINT*,’ 90 OR 180 DEGREE HYBRID? TYPE 90 OR 1802’
IF (.NOT.LIMIT)READ$ ,DEG

90 PRINTS,’ IDENTICAL DIODES? (YES OR NO)2 ‘

READ 2.ANS
LSAME—ANS .EO. tHY

95 PRINTS, ’ TIME DOMAIN ONLY? (YES OR NO)2 ‘
READ 2,ANS
LTDOM-ANS.EQ. 1HY
IF (LTDON)GO TO 100
PRINI’*.’ CALCULATE SPURS OR 2—TONE 3RD ORDER 1110?
PRINTS.’ TYPE SPURS OR IMDI
READ 2,ANS
LTH IRD—ANS.EQ.1HI
PRINTS,’ DETERMINE WHAT KIND OF CALCULATION DESIRED.’

L 
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PRINTS. ’ (1)POUT F(PLO). C2)POUT—F (PSIO) . ’ .
I’ (3)POUT.F (PIN) ,PZN.PLO .PSIG. ’
PRINTS,’ TYPE 1 .2 OR 3.2’
READS • IFLAG
GO TO 110

100 PRINTS,’ PRINTOUT OPTIONS S ‘

PRINTS,’ INTERMEDIATE ITERATION OUTPUT? (YES OR NO)* ‘
READ 2.AN8
LITER—ANS.EQ .1HY
IFLAG—1

C
C 5SS*$*5**SS*$**SS**S***S**SS**S***SS*S*S****S**SS*SS*S**SS*SS*****S
C * BEGIN DATA INPUT *
C u*********************S***********S*S***SS**S**SS*S**S*SS*SSSSSSS~

110 PRINTS.’ ENTER RUN DATA ’
ND1—ND
IF(LSAME)NDI.1
DO 115 I—1,NDI
PRINTS,’ ENTER DIODE I’,I,’ ALPHA .IS,RS’ ‘

115 READ*.ALPHA(I).IS (I).RSCI)
IF(.NOT.LSA ME)GO TO 140
DO 120 1—2 ,4
ALPHA (I)—ALPHAC1)
IS(I) ISCI)

120 RS(I) RS( 1)
140 PRINTS,’ ENTER INPUT AND OUTPUT IMPEDANCES Z0.ZL• ‘

READ*.Z0,ZL
PRINTS .’ ENTER FREQUENCIES FLO,FSIG (HZ)
READ*.FLO.FSIG
IF(LTHIRD)PRINT*.’ ENTER 2ND TONE FREQUENCY FSIG2: ‘
IF(LTHIRD)READS.FSIO2
PRINTS .’ ENTER POWER LEVELS (ZN DBM )*’
IF(LTDOM)0O TO 152
IF (IFLAG.E Q.3)GO TO 144
IF (IFLAG .EQ.1 )PRINTS .

1’ PSIGMIN ,PSIOMAX ,STEPSIG,PLOMIN ,PLOMAX .STEPLO ’
1F’(IFLAG,EQ.2)PRINT*.
I’ PLOMIN ,PLOMAX ,STEPLO,PSIGIIIN ,PSIGMAX ,STEPSIG ’
READ* ,PCMIN ,PCMAX PCSTEP,PMIN,PMAX .PSTEP
GO TO 148

144 PRINTS.’ PMIN .PNAX .PSTEP ‘

READS .PNIN .PNAX , PSTEP
C

140 IF (LTHIRD)GO TO 156
PRINTS.’ ENTER NUMBER OF SPURS DESIRED. (1 TO 10)
READS .NPRODS
PRINTS.’ ENTER SPUR ORDER N.M . (M*F’LO+N*FSIG)
READS , (MPROD( I) ,NPROD ( I) ,I 1.NPRODS )
GO TO 1S6

152 PRINTS, ’ PLO,PSIO.

_ _  _ _ _ _ _ _ _



— -,L.~~~~~~~~~~ —.—- -----

AFAL ..TR-77-255 ~~~ ‘~~~~~‘- ~ ‘

- . 
~~I$~~~~1SJEST 

QUALITY PB.&CflCA~L~
VP OOPI flS~NIS~I~

) TO DDC —

READ*.PNIN.PCMIN
PCNAX— PCMIN
PMAX—PMIN
PCSTEP—PSTEP—0.
PRINTS.’ ENTER SAMPLING WINDOW TNAX (SECS)— ‘
READS .TMAX

156 PRINTS .’ ENTER SAMPLING INTERVAL DELTAT (SECS) ‘
READS • DELTAT
PRINTS.’ MAX , NUMBER OF ITERATIONS, MAX. ALLOWED ERROR-
READS. NI TER , ERMAX
PRINTs.’ *5* END OF DATA INPUT.BEGIN EXECUTION. 5*5’
PRINTS .’ *5* FIND FREQUENCY DOMAIN OUTPUT ON TAPEI. ***‘
PRINTs,’ *5* FIND TIME DOMAIN OUTPUT ON TAPE2. *5*’

C
C *SS********55**5*5**5**5*****5***555********* 5****SS***************
C S BEGIN TITLE PRINTOUT S
C ****SS*****5***5*****55*55**5*555*55*5*S*5*555$$****S*S5***********

ITAPE—1
IF(LTDOM)ITAPE—2
IF(ND.EQ .I)WRITE (ITAPE.8)
IF (ND.EQ .4)WRITECITAPE .1o)
IF (LI$IT)WRITE ( ITAPE . 22)
IF (ND .EQ.2.AND. .NOT .LIMIT)WRITECITAPE ,14)DEO
IF(LSAME .AND .ND .NE.I)WRITE (ITAPE,1 6)
IF (.NOT.LSAME)WRITE(ITAPE .18)
IFCLTDON~GO TO 168
IF (IFLAG .EO .3)GO TO 166
PV-4H PLO
IFC IFLAG .E Q .2)PV—4HP$IO
IF(LTHIRD)OO TO 162
WRITE (1.24)PV
00 TO 168

162 WRITE(1,26)PV
GO TO 168

166 WR ITECI.28)
160 CONTINUE

DO 170 I—1.NDI
170 WRITE( ITAPE ,3O)I.ALPHACZ) ,IS(I ),RS (I)

WRITE( ITAPE ,32)FLO,FSIG ,FSIG2
WRITE (ITAPE.33)Z0.ZL
IF( .NOT. (LTHIRD.OR .LTDOPD )WRITE (1 .34)NPRODS.

1(NPROD (I),NPROD (I),I—1 ,NPR QDS)
WRITE( ITAPE .36)DELTAT ,NITER ,ERMAX

C
C ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~C * BEGIN INITIALIZATION *C S******S****S**************5*S$***5***5**5***$****SS**55*5*$**5*5*5

IF(LTDOM)NPRODS—1
IF (LTHIRD)NPRODS—2
PI—ACOS(-1.)

51
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RT2—SQRT (2.)
OMSIG 2*PISFSIO
ONLO—2. *PISFLO
NP-NPC 1
IF(PSTEP .NE.0. )NP—1+(PNAX —PNIN)/PSTEP
IF(PCSTEP.NE.O. )NPC.1+(PCMAX-PCMIN)/PCSTEP
IF(LTDOM)00 TO 230
TNAX— 1 ./ABS (FLO-FSIG)
IF (LTHIRD)0O TO 200
DO 180 I—1.NPRODS

180 OMEG (I)-APS (MPROD(I)*ONLO+NPROD (I)*ONSXO)
GO TO 220

200 TMAX—ANAXI (TMAX ,1 ./ABS(FSIG-FSIG2))
OMSIG2—2. *PISFSIG2
OMEG ( 1 )—ABS (2.*ONSIG-OM SIG2—OMLO)
OMEG ( 2) —ABS( OMLO—OMSIG)

220 IF (IFLAG ,NE.3)GO TO 230
APV—4H PIN
WRITE (I.38)
IF( .NOT.LTHIRD)WRITEC1 .40)APV ,NPRODS. (MPROD (I) ,NPROD(I).

11—1 ,NPRODS )
IF (LTHIRD)WRITE (1,42)APV

C
C *S*********S***SS*S**S**SS**********S***S*S******S**S*S*SS*********
C * INITIALIZE CIRCUIT MATRICES *
C ***S************** S*********S******SS***S***S**$S******S**S******S*
230 DO 240 1—1.4

DO 235 J—I,4
235 CVD (I.J)—CE (I,J)—CV IN (I,J)—0.
240 CONTINUE

IF (ND.EQ.4)GO TO 250
IF (ND.EQ.2)GO TO 242

C S*S**S****************
C * SINGLE ENDED MIXER *
C
C

CVD(1.I)—I.
CE (1.1)—RSC1)+ZO
CVIN (1.1) — 1 .
GO TO 26O

C
C
C S BALANCED MIXER *
C
242 CVD(l.1)•CVDC2 .2)—1.

IF’(LIMIT)GO TO 245
CE(1.I).ZL+Z0+RS (1)
CE (2.2)—ZL+Z0+RSC2)
CE (1•2)—CE (2.1)——ZL
CVZN (1.1 )a—1 .

52
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CVIN (2,2)—I.
GO TO 260

C
C
C * LIMITER S

245 DIV—ZL/ (ZL+Z0)
ZI.DIVSZO
CE (1,1)—RS (1)+Z1
CEC2.2)—RS(2)+Z1
CE (1.2)’CE(2iI).—Z1
CVIN(1.I).— DIV
CVIN (2 .2)—DIV
00 TO 260

C
C **S**S**SS*S***S*S*S*SS**
C * DOUBLE BALANCED MIXER S
C S*****SS**SSS*SS**SSS**S*

250 CVD(1• 1)—CVD (1 .2) .CV D(2 .2 )—CV D(2 ,3 ) -CV 12(3.2 )— CVD(4 , I)—
ICVD (4 ,2 )— CVD (4 .3 )— CVD (4 ,4 )— 1 .
CE(1.I)—RS(1)+Z0/2.
CE(1~ 2)— CE(2 .2)— RSC2)+Z0 /2.
CE(1.3)— CE(1.4)—CE (2 ,1 ) CE(2 .4 )— -Z0/2.
CE(2.3)—RS(3)+ZO/2.
CE( 3, 1)—CE (3. 3)—-CZO/2 . +ZL
CE(3 .2)— RS(2)+Z 0+ZL
CE(3.4) .Z L
DO 255 1—1.4

255 CE(4. I)—R S( I)
CVIN( 1.1 )—— 1.
CVIN(2,2) .— 1.
CVIN(3,1)—CV IN(3 .2)—— .5

260 CONTINUE
C
C *SS****SSS**S*******SS***S*S*S*S******SSS****S**S*********S*S*****S
C S PARAMETER LOOP *
C ***S*S**SS****SS**S*****S*S**S*S*********S******SS~#S*S****5*55S***5
C

DO 1000 KCSTEP—1.NPC
PCONST.PCMIN+ (KCSTEP—1 )SPCSTEP
VCONST—F(PCONST)

C
C
C * VARIABLE POWER LOOP *
C
C

DO 900 KSTEP.1,NP
TaO.
DO 200 I—1,NPRODS

= 
280 VCOS (I)—VSIN (I).0.

53
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DO 290 I.l.ND
290 VIN (I)—VFINAL (I) VD (I)—0.

PVAR—PMIN+ (KSTEP-1 )*PSTEP
WAR.F ( PVAR)
IF(IFLAG.EO.3)GO TO 320
IF(IFLAG.E0.2)OO TO 300
VSIO.VçONST
PLO-WAR
PSIG-PCONST
PLO P VAR
APC-5HPSIG
APV 4H PLO
GO TO 340

300 VS IG—VVAR
VLO—VCO NST
PLO”PCONST
PSIG PVAR
APC 5H PLO.
APV ’~4HPSIG
GO TO 340

320 VS IG—VVAR
VLO .VS 10
PSZL3 PLO P VAR

340 VSIG2’0.
IF(LTHIRD)VSIG2-VSIG
IF (LTDOM .OR. (KSTEP .GT .I).OR.CIFLAG .EO .3))6O TO 345
WRITE (I .44)APC .PCONST
IF( .NOT.LTHIRD)WRITE (1i40)
1*PV,NPRODS, (NPROD ( I) ,NPRDD( I) p1-I ,NPRODS)

IF(LTH IRD)W RITE(I.42)APV
345 IF’(LTDOM)WRITE(2.46)PSI0~PLO

IF’(LTDOM .AND. .NOT.LITER)WRITE(2.48)
ITER—IDT.1
IFCLITER)WRITE (2 .49)

C
C
C * TINE STEP LOOP *
C
350 CONTINUE

C
C CALCULATE INPUT VOLTAGES AT T
C

IF(ND.EO.4)G0 TO 370
IF (LIMIT.OR.ND .EO.1)GO TO 360

C
C BALANCED MIXER
C

IF (DEG.EO .180.)GO TO 354
VIN( 1 ) “ RT2/2.*(VLO *SIN(OMLO*T)+VSIG*COS(OMSIG*T)+
1V8102*COS (OMSIO2*T))

~~~
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VIN(2)—RT2/2.*(VLO*COS(OMLO*T)+VSIO*SIN (OMSIG*T)+
IVSIG2*8IN (OHSIG2*T))
IF(T.OT.0.)GOTO 300

C
C INITIAL GUESS AT T—0
C

VD CI )—V IN( I )
VD (2)——VIN (2)
VMAX—I/ALPHA (1)*ALOG (ABS (VIW (1))/ (CE(l,j)*IS(j)))
IF (VD(1).LT.VP$AX)0O TO3BO
VD( I)—VMAX
GO TO 380

-: 354 VINI—RT2/2.*VLO*SIN (OMLO*T)
VIN2—RT2/2.*(VSIG*SIN (OM8IOST)+VSIG2*SIN (OMSIO2ST))
VIN ( 1 )——VIN I+VIN2
V IN(2)—V IN I+VIN2
GO TO 300

C
C LIMITER AND SINGLE ENDED MIXER
C
360 VIN( 1)—VIN(2)—VLO*SIN (OMLOST)+VSIG*SIN(OM SIG*T)+

1V8I02*SIN(011S102*T)
GO TO 380

C
C DOUBLE BALANCED MIXER
C
370 VIN( I ).VLO*SIN (OMLO*T )

VINC 2) —VSZG*SIN(ONSIG*T) +VSIO2*SIN(ONSI02*T)
380 CONTINUE

C
C ***S*SSSS***S*S*S**SSS***SS*S***S*************SSS*SS*S*****SS**S**SS
C * ITERATION LOOP *
C *SS**S******SSSSSS*SS*************S**************S***S**S**SS*******
C

DO 390 I 1.ND
E1(I)—0 .
IF(ALPHA (I)SVD (I).OT.100.)GQ TO 420
IF(ALPHA (I)*VD(I) .GT.—100.)E1 (I)—EXP (ALPHA (I)SVDCI))
E (I).IS(I)*(E1(I)—1 •)

390 EP(I)—IS(I)SAt.PHA(I)*E1(I)
C
C CALCULATE FV AND JACOBIAN
C

DO 400 I.1,ND
PVC I) .0.
DO 395 J.IPND
FV (I)sFV (I)+CVD(I.J)SVD (J)+CE(I ,J)*E (J)+CVI$ ( I.J)*VIN (J)

395 AJCI,J).CVD (I.J)+CE (I.J)*EP (J)
400 CONTINUE

- 

C 

_ _ _  
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C CALCULATE INVERSE OF JACOBIAN
C

CALL LINV1F(AJ .ND.4.AJINV .O~WK , IER)
C THE MATRIX AJ IS SINGULAR WHEN IER.129

IF(IER.EO.I29)GO TO 440
ERRORaO.

C
C CALCULATE DIODE VOLTAGES
C

DO 410 I— 1 ,ND
VDNaO.
DO 405 J.1,ND

405 VDN—VDN +AJ INV C I .J)SFV(J)
ERROR ERROR+VDN**2
VDN .VD ( I )-VDN

410 VD (I)—VDN
IF (LITER)WRITEC2 .60)T .VD .ERROR . ITER.IDT
IF (ERROR ,LT.ERMAX .AND .ITER .GT.1)GO TO 460
ITER—ITER+1
IF (ITER.GT NITER)GO TO 420
GO TO 380

C
C IF SOLUTION DOES NOT CONVERGE REDUCE TIME STEP
C
420 ITER 1

IF(T.EO.O. )GO TO 440
T TLAST+DELTAT/C2**IDT )
IF (T.LE .T1 )T.T1+DELTAT/(2**(IDT+1))
DO 430 I.1.ND

430 VD(I).VFINAL (I)
IDT•IDT+1
IF (ZDT.GT.4)0O TO 440
G0 T0 350

440 WRITE (ITAPE .65)T
PRINT 65.T
STOP

460 IF(LITER)WRITE (2 .50)
C
C CALCULATE DIODE CURRENTS AND LOAD VOLTAGE
C

DO 480 1 1,ND
ID( I).— IS(I)

480 IF(A LPHA (I)*V D(I) .OT. —100.)
IID( I) .IS( I)* (EXP(ALP HA(I)*VD( I))— 1.)
VLOAD.( ID(1)— ID(2))*ZL
IF(ND.EQ. 1 )VLOAD .ID(1)*RS(1 )+VD(l )—V IN( 1)/2.
IF(LINIT)VLOAD VD(1)+ID( I )*RS(1)
IF(ND.EO.4)VLOAD .ZL *(ID(4)+ID(2)—ID( 1)— ID(3))
IF(LTDOM.AND. .NOT.L ITER)WRITE(2,60)T ,V D.VLOAD,ITER,IDT
IF( IDT.GT .1)GO TO 520 

—
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TO DDC

TLAST—T
ZF (LTDON )OO TO 520

C
C CALCULATE FOURIER COMPONENTS AND POWER OUTPUT
C

DO 500 MN—i .NPRODS
VCOS(NN)—VCOS(MN)+VLOAD*COS (OMEG(MN)*T)

500 VSIN(NN )—VSIN (MN)+VLOAD*SIN(OMEGCMN )*T)
520 T1—T

DO 530 I—1.ND
530 VFINAL(I)—VD (I)

T—TLAST+DELtAT
ITER.IDT.1
IF(T.LT.TMAX—DEL1’AT/IO.)GO TO 350
ADT (2.SDELTAT/TNAX )*S2
DO 560 MN— I .NPRODS
IF’(LTDOM)GO TO 900
POUT(MN).10.*ALOGIO (ADT*(VCOS(MN)*S2+VSIN (MN)*52)/(2.*ZL)*1 .E3)
IF(OMEG(MN) .EO.0. )POUT(MN)—POUT(MN)+3.

560 CONTINUE
WRITE( 1 .70)PVAR ,NPRODS. (POUT(MN) .MN—i.NPRODS)

900 CONTINUE
1000 CONTINUE

WRITE(ITAPE ,72)
IF (.NOT.LTDOM )WRITE (1,74)
STOP

C
C S**SS**S**S**S*****SSSS*S**S*S*S********S*SS****************S******
C * FORMAT STATEMENTS S
C *S*SS**S**S**S****S**SSSSS5*55555555S5555gS5*S$5555~55$5$555555~~ 5~

1 FORNAT(’ SS* NON—LINEAR CIRCUIT SIMULATION SSS’,/)
2 FORNAT (A1)
S FORMAT(1HI.5X,’SINULATION OP A SINGLE ENDED MIXER’ )
10 FORMAT (IH1,5X .’SIMLJLATION OF A DOUBLE BALANCED MIXER WITH’)
12 FORNAT (IHI.SX,’SIMULATION OF A LIMITER WITH’)
14 FORNAT (IHI,SX.’SIMII*.ATION OF A BALANCED MIXER WITH A’.F’4.0,

1’ DEGREE HYBRID AND’)
i~ FOR$AT(6X,’IDENTIC*L DIODES’,/ii FORNAT(6X.’NON-IDENTICAL DIODES’,/)
24 FORMAT(5X, ’SCALCULATE THE POWER OUTPUT OF SPURIOUS PRODUCTS’,

1/5X ,’ AS A FUNCTION OF ‘ .A4 p/ )
26 FORMAT (5X,’*CALCULATE THE POWER OUTPUT OF 2-TONE 3RD ORDER’.

1’ IMD PRODUCTS’ ,/6X ,’*S A FUNCTION OF ‘~ A4 ./)
21 FORMAT (SX .’*CALCULATE THE POWER OUTPUT OF SPURIOUS PRODUCTS’,
1/5X.’ AS A FUNCTION OF PIN PIN—PSIG—PLO .’./)

30 FORNAT (SX , D105(S’,II, ‘S ALPHA .’.F6.2.3X.’IS.’ ,1PE9.2,
13X.’RB— ’.OPF7.2)

32 FORMAT(SX, ’FREQIJ(NCIESS FLO~’,1PE9.2.2X.’FSIo— ’,1pE9.2.12X~ ’P8I02— .1P59.2,’ HZ’)
— 

33 FORNAT(5X.’lOIJRCE IMPEDANCE— ’,p6.2,10X,’LOAD IMPEDANCE-’.

- -  
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iF6.2)
34 FORMAT (5Xe ’SPURIOUS$’ ,— ( ’ ( ’ ,12. ’ , .12, ’ ) ’ ) )
36 FORMATC5X .’RUN PARAMETER8S DELTAT.’.1PE9.2.3X.’NITER ’,

112,5X ,’ ERMAX .’,IPEe.i,/)
‘ 38 FORMAT(/pIX,120(’S’)//5X ,’PI$ PLO PSIG’) - 

-

40 FORMAT( ’ S’ .3X.A4.2X . ’$’ ,— ( iX , ’(’ ,12. ’ .’ .12. ’) 5 ’ ) )
42 FORMAT(’ *‘,3X.A4.2X ,’* IMD * IF 5’)
44 FORMAT(/ ,IX .120( ’* ’ )//5X.A5,F7.2. ’ DON’)
46 FORMAT(/. iX ,i2OC ’5’ )//10X, ’PSIG— ’ .F7.2, ’ DON’ .

i5X, ’PLO. ’ ,F7.2, ’ DON’)
48 FORMAT(3X , ‘T’ .T12. ‘VD(1 )’.T22, ‘VDC2) ‘ ,T32, ’V D(3)’ ,
1T42.’VD (4)’pT52.’VLOAD’ ,Td2.’ITER’,IX,’IDT’)

49 FORMAT(3X. ’T’ iT12, ’VD(1) ’ ,T22, ’VD(2) ’ ,T32, ’VD(3)’ p
1T42.’VD (4)’.T52.’ERROR’p7&2.’ITER’,iX,’IDT’)

50 FORMAT(/)
60 FORMAT(6(IPE1O.3).2X.2I3)
65 FORMAT(’ THE SOLUTION DOES NOT CONVERGE AT T.’,IPEIS.4)
70 FORMAT( ’ *‘ ,F7.2.2X ,’*’ ..C1X.F7.2, ’ 5 ’ ) )
72 FORMAT(/ .1X,120 ( ’* ’ ))
74 FORMAT (1H1 )

END

FUNCTION F(P)
CONMON/Z/Z0
F—iO .**(P/20)SSORT (0.SZO/1000.)
RETURN t -

END

I
~

I.
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