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SECTION 1
INTRODUCTION

Some of the key elements in superheterodyne receivers, such as mixers
and limiters, include semiconductor diodes as their basic devices.
The nonlinear characteristics of these diodes strongly impact receiver
performance. For example, insertion loss in a mixer wil®l 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 multiple signal 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 table provides information at the
various harmonic frequencies for an "optimal" local oscillator (LO)
drive level. However, the use of this spur table is quite limited
because variations in the LO 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 LO 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 multiple 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 mixer 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

L
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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 within that volume.

The single diode circuit model was extended to account for multiple
diodes. Using the multiple diode circuit general model, presented in
Section III-1, we can simulate a variety of diode circuits such as
limiters (Section III-2), balanced and double balanced mixers
(Sections III-3 and III-4 respectively). Results of these simulations
along with experimental data are presented in Section IV.
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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 mixers, such as conversion loss and
noise figure, and base their analysis on a quasi-linear 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 mixers 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 of a single ended mixer is presented in
this section. This model can be applied to predict the nonlinear
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 voltage source vin(t) with 50 Q characteristic
impedance, through a circulator. The reflected voltage from the diode
appears across the load impedance Zo 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
N discrepancies between the measured and calculated results. However,
f this model simplifies the numerical calculations by avoiding the
solution of nonlinear differential equations which may include very
large time constants to account for the d.c. blocking capacitors and
RF chokes.
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i= (V' - VR)/Z°
v, =V (t)/e v, =V

Figure 1. Single Ended Mixer
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The diode is modeled as a nonlinear conductance in series with a
constant resistance (Rs)’ The current-voltage (I-V) characteristic of
the diode is given by:

a(va-iR_)
pa b fe TV 0Tw 1 (eMY) (1)
S s
where i is the current through the diode, IS is the reverse saturation
current, Yo is the voltage on its terminals, v is the voltage on the

diode junction and o = H%T 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:

D(t) = vty (2)

i(t) = (vq - vo)/Z, (3)

Vi and Vg are the incident and reflected voltages respectively (Figure 1b).
From the matched conditions at the input port of the circulator,
Vp = Vg (tr2 (4)

The relationship between the voltage on the diode v
on the junction v, is given by:

D and the voltage

vp= Vvt iRs (5)

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

From Equatiins 1 through 5 the following transcendental equation for
the voltage on the diode junction is derived:

F(v) = v+ (Z, +R) Is(e“V -1) =V, =0 (6)

) SO MR A S A e WG 5y i -
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The diode parameters IS, Rs and o are obtained for dc measurements on
the diode, and Zo is given.

The input voltage Vin(t) is generally given as a sum of two sinusoidal
waveforms at the LO and RF frequencies*:

vin(t) = VLOSin“lO t + VRFsinwRF t (7)

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

= “vn
Ble b 'V 0 02 HICIT, (o Hapi-h, ter e $i0 (8)

The solution at the next iteration will be given by:

Vigq N~ Bl /B e (9) !
av
where F'(vn) = 95%!1 = =1+ Is o (Zo + Rs) T (10) ;
n 4

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 Toad voltage is given by:

VLEWR=Vp- VLTV - vin/2 (n)

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

FHARARR B 2 RIE T i

&

vin(t) = VLo sinwLo t+ VRF (sianF t+ sinw"‘F t) i
a

where WpF and ”ﬁF are the frequencies of the two tones.
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Once the load voltage is known for an entire cycle, Fourier analysis
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:

“mn ~ lmeO * "“’RFl (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 amplitude at a particular
IMD product (wmn) is obtained by Fourier analysis of vL(t):

SJw t
v ) =% Pytre " ™ gt (13)
0

where To = %% is the period of VL (t) and W, is the largest common

divisor of “ 0 and WRE*

For numerical purposes it is convenient to choose the set (“LO’ wRF)
so as to minimize To in order to reduce computation time but at the
same time care has to be taken in order to avoid overlapping of Tow
order IMD products, meaning that wn].m] # w, for myn < 6. The
particular choice of the set (”LO’“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.

2'™

For calculations of two-tone intermodulation levels the choice of the
frequency set (”LO’ WRF? “ﬁF) is guided by similar reasoning. The inte-
gration (Equation 13) is carried out numerically using the trapezoidal rule.
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The computation of the output level at a given frequency “mn 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
(vL(t)) is obtained from circuit conditions. The desired frequency
components of vL(t) are later calculated by a simple 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 III, the single diode circuit model is expanded to
multiple diode configurations.
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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 voltage
inputs and a load impedance (ZL). The diodes may or may not be identical
and the parameters for each diode Ig» Rgy and a (k=1,2,....,N) are

given. The voltage sources Vin (j=1,2,....M) are given by:
1

Y, ¢ io sin(wLO t + Dj) + dj Vrr sin(wRF t+ ej) (14)

J

where cj and dj 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 vL(t).

The homogeneous loop equation will have the form:

F(V)=AV+ZT+BVM=O (15)

where v is the vector of the junction voltages, i is the vector of the
diode currents, V}n is the input voltage vector, A and Z are N x N
matrices, and B is an N x M matrix.

Similar to Equation 9 the approximate solution after n+l iterations

will be given by:
W pey = @), - D@1 FW), ] (16)

where (V)n is the solution at the previous iteration and J(V)n is the
Jacobian of the system of Equation 15 evaluated at v = (V)n
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v |
In, =" VVVV N — DIODE

NETWORK

Figure 2. Multiple Diode Circuit Model

The elements of the Jacobian jik’ are given by:

s

aF (V)
b MR et e (a7)
]
di o, V
N e ("k "k)
where iy 37; o ISk e (18)
In summary, 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 v 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=1;B=1;2=(R+Z);
(19)

& ' o Vv
J=1+ (Rs + Zo) alge

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
back-to-back diode limiters.

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 1imiter is plotted in Figure 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
limiter input.

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

F](V],vz) vy (Rsl + Zeq) i - Zeq i, - ;ﬁg Y "9 (20)
Fafhye¥e) = vy £ w5 * Ry Yy 2 Ry 88 (21)
where Zeq = Zo//ZL'
The circuit matrices for this case are given by:
e 10 e 'Zeq/zo e Ry + Zeq 'Zeq (22)
$ 1 0 R Reo
The voltage on the load, /K is given by:
v = vyt iR, (23)




AFAL-TR-77-266

P, P

(a) Ideal
Characteristics

(b) Equivalent Circuit

Figure 3. Back-To-Back Diode Limiter
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3. BALANCED MIXER

A simplified circuit of a balanced mixer using a 90° hybrid is shown
in Figure 4a. From loop analysis of the equivalent circuit (Figure 4b)
we obtain the following circuit matrices:

-jn/2
10 e il
A = : B =vV2
01
e"In/2 1
Z +Z +R
i o "L sl ZL (24)
= 2,*2) *Rep
VRF costF t
in =
VLo cosw t
The voltage on the load is given by:
v = (i] - 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 mixer using a 180° hybrid, the A and Z matrices are
the same as in the 90° hybrid case.” The B matrix and the input voltage
vector vin will be given in this case by:

-1 -1 V.~ sin t
i T “Lo (26)
i - in
5 . '}
RF sinwkF t

13
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Vinz(t) = Vo ¢0s w o t

Vin (" * 5
U — A D—
90° HYBRID
Vin, () Zo Dg
o t"L
Vin (1) = VRr cos wpe 1

(0) Simplified Circuit

vz

2 Win + 677 2Vin,)

(b)Equivalent 3 ( =jm/2
e

Clrewit =%~ Vin* Vin,)

Figure 4. 90° Hybrid Balanced Mixer
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4. DOUBLE BALANCED MIXER

The simplified circuit of a double balanced mixer is shown in
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.

o O o

R52“520
RsZH’Z

'(%ZO+ZL) R52+Zo+ZL
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SECTION IV
COMPUTER EXPERIMENTS ON DIODE CIRCUITS

1. CALCULATIONS AND MEASUREMENTS ON A SINGLE ENDED MIXER

Two specific applications for the single ended mixer model were
investigated in particular. The first case is the detection of the
presence of a nonlinear device within 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 commercial antishoplifting systems
where a diode is attached to the protected merchandise and irradiated
by a signal at fo. A receiver at the entrance to the store detects the
second harmonic at 2fo 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 f] and f2 are transmitted so that

Vin(t) = Vo (sin wyt + sin mzt) (28)

The product |2f] - f2| (or |2f, - f]l) is then detected if a nonlinear
device is present within 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 (Pin) is
shown in Figures 6 and 7 respectively.

The experimental results were taken on a homemade mixer constructed
by mounting a detector diode in a shorted N-type connector without 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, Is’ and Rs were matched
to this curve and used in the computer simulation.

17
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Figure 6. Calculated Power Output (Pout) of (m,n) IMD Products as
a Function of the Power Input (pin)‘ (P]=P2=P1n)
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Figure 7. Measured Power Output (Pout) of (m,n) IMD Products as a
Function of P, . (P1=P2=Pin)
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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 experimental 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 ﬁumericaI dis-
crepancies between the calculated and measured results could be attributed
to the fact that the computer model does not include frequency effects,
while the experimental setup is frequency limited. 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 level
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 mixer 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 mixer previously simulated was calculated for three values of
LO drive level. The results, 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)

PLo(dBm) THIRD ORDER INTERCEPT (dBm) INSERTION LOSS (dB)
3 1n.a 1.3
6 14.5 10.9
21
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It is seen that in this range, an increase of 3 dB in the LO 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 LO power can be calculated which would be optimal for our purposes,
be it maximum linearity, minimum conversion loss, suppression or
enhancement of a particular IMD product, etc.

2. BACK-TO-BACK DIODE LIMITER

The performance of a back-to-back diode limiter with an input con-
sisting of two signals at f] and f2’ was simulated using the formulation
presented in Section III-2. The output power at f] (Pout ) was calcuated

1

as a function of the input power at f, (Pin ) with the input power at
1
f2 (Pin ) as a parameter. Results of this calculation are shown in
2

Figure 9. The simulated diodes were considered lossless (Rs=0), but for
one case where a spurious series resistance was added (RS = 5Q) in order
to evaluate its effect on the performance of the limiter (dotted line).

et

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 voltage 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 limiter. The attenuation is linear with Pin for Pin >
1 2
Pmax‘ where Pmax 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.

b3
2

22
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Pou" ( dBM)

Figure 9. Simulation of a Limiter Fed by Two Signals at f] and f2:
Power Output (Pout]) Vs. Power Input at f, (Pin]) With

the Power Input at f, (Pinz) as a Parameter
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POU' (dBm)

-30 = | 1
-10 (0] 10 20 30

Figure 10. Simulation of a Limiter Fed by Two Signals at f1 and f2:
Pout at f] and f2 Vs. Pin] Pinz = const.
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3. 90° HYBRID BALANCED MIXER

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

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

b. IF and single-tone IMD output levels as a function of RF input
power (Figure 12).

As in the single-ended mixer case, increasing the LO 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 supplied by mixer manufacturers but for the "dips"
in the output levels of the 2 x 2 and 1 x 2 products, (m x n = lmeo - nfRFI).
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
expansion, change sign at these input RF levels.

Additional examples of applications of the model are presented in
Appendix B, along with program usage instructions and the program listing.
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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 90°
Hybrid Balanced Mixer
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; 20
90° HYBRID BALANCED MIXER
a = 40v-!
I = 10PaA
R' = 5“
0 LO POWER: +10 dBm

MIXER OUTPUT (dBm)

RF INPUT (dBm)

Figure 12. Calculated Single-Tone IMD Response for a 90° Hybrid
Balanced Mixer
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SECTION V
CONCLUSIONS

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 applications of mixers 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.
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APPENDIX A

PSEUDO-NOISE BPSK SIGNAL DETECTION BY HETERODYNE MIXING

Zecv Bogan and James B.Y. Tsui

Air Force Avionics Laboratory
Wright-Patterson AFB OH 45433

Detection of the presence of Pseudo-Noise
Bi-Phase Shift Keyed signals rom uaccoperative
sources is extremely difficult due to their
noise like and suppressed carrier characteris-
tics.

A method which facilitates detection of
such signals is presented. The method consists
of squaring the incoming signal by means of a
non-linear device in the presence of a pumping
signal. The squaring process eliminates the bi-
phase modulation, thus obtaining a CW signal at
the second harmonic of the carrier frequency.
By pumpipg the non-linear device with a local
oscillator signal, significaut enhancement of
the second harmonic output is obtained, with a
distinctive peak in output power at a given pump
level. Moreover, this mathod makes it possible
to down-convert the second hLarmoanic signal to a
lower frequency without considerable loss,
facilitating the post-processing.

The described method was tested success-
fully both by computer simulation and laboratory
experiments.

INTRODUCTION

The non-linear properties of a heterodyne
mixer, which adversely affect reception by
generation of spurious signals, might in some
applications become an asset. Such is the case
presented here in which the mixer non-linearities
are investigated as a means to the detection of
the pr e of Pseudo-Noise-BPSK signals from
uncooperative sources.

The time function of a pseudo-noise-bi-
phase mcdulated signal is given by:

v(t) = v, cos (uct + 9(t)} (1)

where w_ 1is the carrier frequency and the phase
#(e) chiu;en in a pseudo random fashion between
0 and w, controlled by a direct sequency modu-
lator.

The powver spectrun of such a l%gnnl which
appears to be noise with a (sinx/x)* distribution
is gshown in Fig l(a).

This spectrum is obviously similar to that of
a pulsed RF signal with a small duty cycle. An
operator monitoring the spectrum and Ziiecting a
signal with such a power distribution on his dis-
play could net immediately decide if it 1s a PN or
a pulse modulated signal. If time is no factor,
however, a FN signal could be identified by its
suppressed carrier characteristics, Fig 1/b).

Ar additional method for identification of a
PN signal as such is suggested here. The method
consists of obtaining a CW signal at the seccnd
harmonic of the carrier frequency by squaring the
incoming signal in the presence of a pump {local
oscillator). Applying this method, it is also
possible to obtain a down-converted CW signal by
haterodyne mixing of the pump frequency with the
second harmenic of the carrier.

MATHEMATICAL FORMULATION

The squaring of the incoming signal is accom-
plished by means of a ngp-linear devic2, such as a
semi-conductor dicde. The output from such a
device can be represented, for a small signal
regime, as 2 power series of the form:

k
vout(:) i :-o A'k vin (®) @

Expanding the quadratic term with Vt (t) as given
in (1), we get: i

2 2 2
szm (t) = szc cos (uct + $(t)} =

s B
e Vc {cos [Zuct + 20(:)] +1}

.. but since ¢(t) is either o or m, therefore

AV 2()-A—zvz[:.z t+1]
BYEHT A Ve Lo eNy 3)

Thus eliminating the phase modulation of the orig-
inal signal and obtninlng a CW sigral at 2. with
an amplitude of AV “/2; if we take into account
the fourth order Ee?m also, the amplitude at the
gsecond harmonic will be
2
szc

"

‘ -
(l*rz-vc Yo
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Fig 3: Experimental Set-Up
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Fig 4: Measured power output at 2“.:'" as 8
function of the pump power P_, with th® carrier
power Pc as a parameter. ®
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This process is bound to be lossy due tc its quad-
ratic characteristic, especially at small signal
levels, where this model aprlies. Some improve-
ment can be cbtained, however, by superimposing

on the iaceming signal a pump with an amplitude

of V. at a frequency of ¢ _, so that the input
voltage to the nen-linearfdevice will be now:

vin(t) - Vc cosfu t + o(e)) + Vp cos apt (4)

Let us now calculate the second and fourth order
terms in (2) and extract the second harmonic
component :

2 2
AN, - Aszc cos[wct + ¢(t)] + Vpcos»pt} =
ay?
- =S 20 t 4 oo (5)
2 cos u.vc
AV A -(Ab v 5 + 3A6 v ZV 2) cos2w t +°°- (6)
4 in T ¢ s g c

Adding (5) and (6) we get:

A A
o B2 P e
Vo () =52V S s 5 Tl Bt o R L

Thus, an additional term is added to the amplitude
of the pump signal V.. If A, and A, have the

same sign, the anpllgude 2f the CW signal at Zu
will increase with the pump level. Fortunately,
as will be seen later, this is indeed the case up
to some level of V_ where the small signal
approximation col]gp.cs.

From the power scries in (2), we can also
obtain a d>wn converted CW signal at a frequency
“.g" !1p = 2w i, by calculating tne third crder

’
term in the series. ‘The amplitude of this signal
will be:
3 2
vout (“1.2) 2A3vc vp ®)

it has to be noted thoush, that a CW signal
of ampl<tude V_ at the carrier frequency « will
genarate a second harmonic of the sarme amplitude
as a PN-LPSK signal, therefore, in order to posi-
tively ideatify such a signal, the carrier band has
to be monitcred simultaneously.

The apove theoretical results, which indicate
that aa improvement in the second harmonic output
can be achieved in the presence of a pumping
signal were confirmed both by numerical calcula-
tions and by labovatory measurements.

NUMERICAL RESULTS

In order to confirm the above theoretical
resuite, a computer sinulation of a single-ended
mixer was carried out. The model of the mixer
conisists of a sericonductor diode with an
exponential I-V characteristic and 2 series
resietance R. representing the diode losses. The

diode is fed by « 507 signal source through a
circulator in order to isclate the input from the
cutput. The DC parameters of a detector diode,
whichk was later used in our experiments, were
obtained from the measured 1-V curve. From this
wodel a transcendental equation for the voltage on
the 1oad as a function of time, is obtained. This
equation is solved using the Newton-Raphson
method. After the time function is calculated,
Fourier analysis is applied in order to calculate
the various spectral components of interest.

In the case reported here, the power output
at the second harmoric 2w, and at the down con-
verted frequency G [2mc-up! was calculated as

- ]

a function of P , the pump power level, with P,
the carrier powkr level, as a parapeter. The
results are shown in Fig 2. It is observed that
the outputs at the second harmonic and at the down
converted product exhibit a peak at a certain pump
power level, decreasing for higher pump levels,
leading to the conclusion that the small signal
power series model developed in the previous
section is not valid anymore at these input levels.
At the peak, the second harmenic cutput is about
34 dB over the non-pumped level in this particular
simulation, a significant improvement.

EXPERIMENTAL RESULTS AND CONCLUSIONS

Using the experimental setup shown in Fig 3,
measurements of the power output at the second
harmonic and at the down converted product w o
were carried on, as a function of the pump ;
power level. These results are shown in Fig 4.
These plots show a qualitative similarity to these
obtained by computer sinulation, alas, nunerically
they differ. Especially, the boost in second
harmonic generation under cptimal pump power is
now onlv 18 dB above the non-pumped level. These
differences might be attributed tc *he crudity of
our computer model which does not take into
account frequency effects; thus, such discrepancies
might well be expected at microwave frequencies.
However, the experimental results corroborated the
computer calculations, at least qualitatively,
showing the feasibility of this method for positive
identification of PN-BPSK signals, provided that
simultaneous monitoring is carried on at the
carrier band.
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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 terminal 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=1 : 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 mixer or a limiter. 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
ITERATION OUTPUT" query.

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

32
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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 levels.

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

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

Input and output impedances (Z0 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, PSIGMAX, STEPSIG, PLOMIN, PLOMAX, STEPLO.

Option (2): PLOMIN, PLOMAX, STEPLO, PSIGMIN, PSIGMAX, STEPSIG.

Option (3): PMIN, PMAX, PSTEP.

(Example: Calculate SPURS as a function of PSIG for -30 < PSIG
< -20 dBm each 2 dB while PLO varies from 0 to 10 dBm in 5 dB steps:
PLOMIN, PLOMAX, STEPLO, PSIGMIN, PSIGMAX, STEPSIG = 0, 10, 5, -30, -20, 2.)
For time domain only calculations only one set of power levels is
specified: P10, 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, n1 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 1imit of the calculation
TMAX has to be specified in seconds. ,For frequency domain caiculations
TMAX is internally calculated.

Next, the integration step DELTAT is entered (seconds).

The maximum number of iterations and the maximum allowed convergence
error are entered last.
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2. INPUT CONSIDERATIONS
a. Choice of Frequencies

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 = 1/|FLO-FSIG| for spur calculations.
In order to avoid erroneous results 1/TMAX has to be a common divisor
of FLO, FSIG and all their byproducts. A reasonable choice for the set
(FLO, FSIG) would be (20, 19) so that TMAX=1. This set also assures f
that there will be no overlapping of low-order intermodulation products.

For two-tone third-order intermodulation calculations, the choice of
the set (FLO, 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/|FSIG-FSIG2| and has to
be a common 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. j%

b. Time Increment DELTAT

According to the Sampling theorem, the sampling 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=10'3s
for spur calculations and DELTAT=10'4s 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 10'7. It is advisable to specify the number of ;
iterations as 10 or greater and the maximum allowable error as 10'7 or é
less. i
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3. OuTPuT

The frequency domain output (spur levels) is filed under TAPE1 while
the time domain output is filed under TAPE2.

|
1

|
Up to six IMD products can be accomodated 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

Mixer uses the matrix inversion subroutine LINVIF which is part of
the IMSL library. To attach this library the following command is used:
ATTACH, IMSL, 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
immediate output on the terminal is desired use: DISCONT, TAPE1 (or
TAPE2) befcie the XEQ command.

5. EXAMPLES

In the following pages various examples of the use of this program
are presented.
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EXAMPLE 1
CALCULATION OF TWO-TONE THIRD-ORDER IMD LEVELS
IN A SINGLE-ENDED MIXER
(a) Input

BEX NON-LINEAR CIRCUIT SIMULATION *x%x

ENTER OPTIONS FOR THIS RUN!?
ENTER NUMBER OF DIODES FOR SIMULATED CIRCUIT.
(TYPE 1+2» OR 4) ND=1

TIME DOMAIN ONLY? (YES OR NO):! NO

CALCULATE SPURS OR 2-TONE 3RD ORDER IMD?T
TYPE SPURS OR IMD! _IMD

DETERMINE WHAT KIND OF CALCULATION DESIRED,
(1)POUT=F(PLO). (2)POUT=F(PSIG). (3)POUT=F(PIN)sPIN=FLO=PSIG.
TYPE 1 +2 OR 3.¢ 1

ENTER RUN DATA!?
ENTER DIODE #1: ALPHA»ISyRS= 40.,1.E-12,10.,

ENTER INPUT AND OUTPUT IMPEDANCES ZO0rZL= S0.»50.
ENTER FREQUENCIES FLOYFSIG (HZ)! 30.r11.
ENTER 2ND TONE FREQUENCY FSIG2: 12.

ENTER POWER LEVELS (IN DBM)!?
PSIGMINsPSIGMAX ¢ STEPSIGrPLOMIN/PLOMAX/STEPLO: -20+-1001003+9¢3

ENTER SAMPLING INTERVAL DELTAT (SECS)! 1.E-4
MAXy NUMBER OF ITERATIONS» MAX. ALLOWED ERROR=10,1.E-7
2x%x END OF DATA INPUT»BEGIN EXECUTION. XXX

X%kX FIND FREQUENCY DOMAIN OUTPUT ON TAPEl. *X%X
XKk FIND TIME DOMAIN OUTPUT ON TAPE2. XXX

36

R




‘ R TR §'Y
AFAL-TR-77-266 R - THIS PAGE IS BEST QUALITY PRACTICABLE
: FROM COPY FURNISHED TODDC ____

EXAMPLE 1
(b) Output

SIMULATION OF A SINGLE ENDED MIXER
XCALCULATE THE POWER OUTPUT OF 2-TONE 3RD ORDER IMD PRODUCTS
AS A FUNCTION OF PLO

DIODE#1: ALFHA= 40.00 I1S= 1.,00E-12 RS= 10.00

FREQUENCIES! FLO= 3.,00E+01 FSIG= 1.10E4+01 FSIG2= 1,20E+01 HZ
SOURCE IMFEDANCE= 50.00 LOAD IMPEDANCE= 50.00

RUN PARAMETERS?! DELTAT= 1.00E-04 NITER=10 ERMAX= 1,0E-07

033333t 228333003332 ¢003 3380333833333 80333333083033333¢3833383333%¢%33

PSIG= -20.00 DRM

PLO x IMD X IF x
3.00 x -84.19 x -28.27 x
6,00 %X -92.93 x -26.86 %
9.00 x%x -100.24 x -26,22 X

%% % %N

3322023322038 8333 st 3 323803283283 322338333238333833%8334

PSIG= -10.00 DBM

PLO x IMD x IF x
3.00 x -53.14 X -18.49 X
6,00 %X <-62.,61 ¥ -16,98 %
?.00 % =70.14 x <-16.27 x

EXKRRKKRKKERKKRKKKRRKKRKKKRRRKRRKKRRKKREKKKKRKRKKKREKKKRRR KK RRKR KRR K KKK
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EXAWPLE 2
CALCULATION OF SIDEBAND GENERATION
IN A SINGLE-ENDED MIXER
(a) Input

X%k NON-LINEAR CIRCUIT SIMULATION X%x

ENTER OFTIONS FOR THIS RUN!

ENTER NUMBER OF DIODES FOR SIMULATED CIRCUIT.
(TYPE 1,2y OR 4) ND=1_

TIME 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.
(1)POUT=F(FLO) . (2)POUT=F(PSIG), (3)POUT=F(PIN)sFIN=PLO=PSIG.
TYPE 1 +2 OR 3.% 3

ENTER RUN DATA!
ENTER DIODE #1: ALPHA»IS/RS= 40.r1.E-12+s10.

ENTER INPUT AND OUTPUT IMPEDANCES ZOsZL= 50,7350,
ENTER FREQUENCIES FLO(sFSIG (HZ): 20.r19

ENTER POWER LEVELS--CIN DBM)!
PHIN,PMAX»PSTEP=~30,0+3

ENTER NUMBER OF SPURS DESIRED. (1 TO 10): 4

ENTER SPUR ORDER MsN. (MRFLO+NXFSIG): 1s-2 2+-3 3v-4 4,-3

ENTER SAMPLING INTERVAL DELTAT (SECS)! 1.E-3
MAXy NUMBER OF ITERATIONSs MAX. ALLOWED ERROR=10,1.E-7
%%%x END OF DATA INPUT,BEGIN EXECUTION. Xkx

%%% FIND FREQUENCY DOMAIN OUTPUT ON TAPE1. XXX
XXX FIND TIME DOMAIN OUTPUT ON TAPE2. XXX
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EXAMPLE 2
(b) Output

SIMULATION OF A SINGLE ENDED MIXER
XCALCULATE THE POWER OUTPUT OF SFURIOUS PRODUCTS
AS A FUNCTION OF PIN.PIN=PSIG=PLO.

DIODE#1: ALFHA= 40.00 IS= 1,00E-12 RS= 10.00

FREQUENCIES: FLO= 2.,00E+01 FSIG= 1.90E+01 FSIG2= O, HZ
SOURCE IMPEDANCE= 50.00 LOAD IMPEDANCE= 50.00
SPURIOUS:( 19-2)(C 2¢=3)( Jv-4)( 4,-5)

RUN PARAMETERS! DELTAT= 1.00E-03 NITER=10 ERMAX= 1.0E-07

P 3332323333 8333 2323233233383 03 8383830383 8383833333333838323328332332382432%4

FPIN=FPLO=PSIG
& PIN X ( 19-2) X ( 29=3) X ( 39-4) X ( 4,-5) X
X -30,00 X -218.75 % -250.68 x -281.83 X -277.74 X
X =-27.00 X -208.63 x -234.80 x -266.,44 x -275.09 X
X -24,00 X -197.47 % -218.22 % -244,41 % -281.21 X
X -21.00 X -184.36 %X -200.20 % -221.04 X -2446.47 X
X -18.00 X -167.85 X -179.47 x -195.,44 %x -215.04 X
X -15.00 %X ~145.74 % -154.02 x -165.83 x -180.72 x
X -12,00 X -114.97 %X -120.79 % -129.28 %X -140.25 X
X -9.00 X =72,07 & -76.32 % -82.469 x -91.30 X
X -6.00 X -37.61 ®* -45.79 x -69.54 x -63.,08 X
¥ -3,00 x -25,72 % =-53.35 x -45,08 x -58.07 x
® 0.00 %X -20.48 & -34.58 x -54.56 x -45.70 x
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EXAMPLE 3
CALCULATION OF ONE-TONE IMD LEVELS IN A 90°-HYBRID
BALANCED MIXER AS A FUNCTION OF PLO
(a) Input

2%% NON-LINEAR CIRCUIT SIMULATION X%X

ENTER OPTIONS FOR THIS RUN?

ENTER NUMBER OF DIODES FOR SIMULATED CIRCUIT.
(TYPE 1+2y OR 4) ND=2_

MIXER OR LIMITER? (TYPE M OR L): N

90 OR 180 DEGREE HYBRID? TYPE 50 OR 180¢ 90
IDENTICAL DIODES?T (YES OR NR): YES

TIME 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.
(1)POUT=F(PLO) . (2)POUT=F(PSIG). (3)POUT=F(PIN)/PIN=PLO=PSIG.
TYPE 1 +2 OR 3.8_1

ENTER RUN DATA!
ENTER DIODE #1! ALPHA»IS»RS= 40,,1.E-12,10. ]

ENTER INPUT AND OUTPUT IMPEDANCES ZOsZL= 50.+50.
ENTER FREQUENCIES FLO»FSIG (HZ)! 20.019

ENTER POWER LEVELS (IN DBM):
PSIGMINsPSIGMAX»STEPSIGsPLOMIN» PLOMAX»STEPLO: =30+-20+,10s5,13v1

ENTER NUMBER OF SPURS DESIRED. (1 TO 10): 6
ENTER SPUR ORDER MsN. (MEKFLO+NXFSIG)! 1v-1 19=2 2v=1 29=2 2¢9-3 3»-2

ENTER SAMPLING INTERVAL DELTAT (SECS)! 1.E-3
MAX» NUMBER OF ITERATIONSs» MAX. ALLOWED ERROR=10s1.E-7

2%%X END OF DATA INPUT,REGIN EXECUTION. XXX

XXX FIND FREQUENCY DOMAIN OUTPUT ON TAPE1. XXX
*EF FINN TTME NOMATN NITPIT AN TAPF?  wiw
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EXAMPLE 3
(b) Output

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

XCALCULATE THE POWER OUTPUT OF SPURIOUS PRODUCTS
AS A FUNCTION OF PLO

DIODE#1: ALPHA= 40.00 I1S= 1,00E-12 RS= 10.00

FREQUENCIES: FLO= 2,00E401 FSIG= 1.90E+01 FSIG2= 0. HZ
SOURCE IMFEDANCE= 50.00 LOAD IMPEDANCE= 50.00
SPURIOUS:( 19-1)C 19=2)C 29-1)( 2y=2)( 29=3)( 3»-2)

RUN PARAMETERS: DELTAT= 1.00E-03 NITER=10 ERMAX= 1.0E-07

KEERRRREERERRRKRREKRKRREEXRRKEERREKXRRKRR KR KKRE KRR KKK KKK KRR KRR KKK KKK K

LA EXE R X K X J

(X XX X X X X X )

PSIG= -30.00 DBM

PLO % ¢ 15-1) % ( 19=2) X ( 29-1) X ( 29-2) X ( 2y=3) X ( 3y=-2)
S5.00 X -41.24 ¥ -91.82 % -48.56 ¥ -96.79 x -139.51 %X -96.24
6.00 X -40.62 x -97.74 X -49.32 x -93.83 ¥ -131,53 % -101.16
7,00 %X -40.24 x -105.40 ¥ -50.60 x -92.,98 %X -143.00 %X -106.25
8.00 %X -40.00 x -119.18 *¥ -52.34 x -93.04 % -141.11 % -108.96
9.00 %X -39.85 X -111.,02 x -54,56 x¥ -93.27 x -128.60 ¥ -110.11

10,00 X -39.76 %X -105.61 X =-57.42 x -94.30 x -126.21 % -113.95
11,00 x -39.71 %X -100.87 ¥ -61.43 x -95.10 % -126.14 x -112.83
12,00 X =39.69 X -103.64 X -67.96 * -96.B4 X -1446.27 % -108.98
13,00 X <=39.,69 X -99.,33 % -89.58 X -97.47 X -140.91 X -110.47

PSIG= -~20.00 DBM

PLO X ( 1s=1) X C 19=2) X ( 2v-1) X ( 29=-2) X ( 2¢-3) X ( 3y-2)
5.00 %X =31.25 X =71.,77 % ~38.59 ¥ =76.88 %X -113.75 ¥ =76.26
“6.00 X -30.63 X -77.70 x -39.34 x -73.87 x -108.55 x -81.13
7,00 % -30.24 x -85.,72 %X -40.62 x -73.01 % -127.74 * -86.00
8,00 x -30.00 % -103.01 x -42.,35 x -73.07 ¥ -113.70 ¥ -89.31
9.00 %X -29.85 %X -91.55 X -44,56 ¥ -73.,50 % -104.31 x -91,02
10,00 %X =-29.76 X =-86.04 X -47.,43 x -74.,34 x -97.69 x -93.08
11,00 x -29.71 ¥ -B81.,60 % -51.43 x =75.30 X =-99.12 x -92.07
12,00 %X =-29.69 ¥ =-B83.75 % -58.04 x -76.51 %X -121.20 x -91.,12
13,00 %X -29.69 ¥ -79.88 * -81.03 ¥ -77.51 % -120.39 ¥ -90.51

[ E R R 2 B X X R N J

833330 83333333033 33333 333083333388 33 3283332833332 333 328333 83333282823 22822

% % I I W W % % % N
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EXAMPLE 4
CALCULATION OF ONE-TONE IMD LEVELS IN A 180°-HYBRID
BALANCED MIXER AS A FUNCTION OF PSIG
(a) Input

XXX NON-LINEAR CIRCUIT SIMULATION XXX

ENTER OPTIONS FOR THIS RUN:

ENTER NUMBER OF DIODES FOR SIMULATED CIRCUIT.
(TYPE 1,2y OR 4) ND=2

MIXER OR LIMITER? (TYPE M OR L)! M

90 OR 180 DEGREE HYBRID? TYPE 90 OR 180% 180
IDEN}ICAL DIODES? (YES OR NO)! YES

TIME DOMAIN ONLY? (YES OR NO): NO

CALCULATE SPURS OR 2-TONE 3RD ORDER IMD?T
TYPE SPURS OR IMD: SPURS

DETERMINE WHAT KIND OF CALCULATION DESIRED.
(1)POUT=F(PLO). (2)POUT=F(PSIG). (3)POUT=F(FIN)»PIN=PLO=PSIG.
TYPE 1 »2 OR 3.3 2

ENTER RUN DATA?
ENTER DIODE #1!: ALPHA»IS/RS= 40.91.E-12+10.

ENTER INFUT AND OUTPUT IMPEDANCES ZO0rZL= 50.,50,
ENTER FREQUENCIES FLO/FSIG (HZ)!: 20.v19,

ENTER POWER LEVELS (IN DBM)?
PLOMIN,PLOMAX s STEPLO/PSIGMINsPSIGMAX ¢ STEPSIG?! S5¢10¢5,-30r-20,2

ENTER NUMBER OF SPURS DESIRED. (1 TO 10)% &

ENTER SPUR ORDER MsN. (MXFLONXFSIG): 1v-1 19-2 29-1 29-2 2¢~3 3y-2

ENTER SAMPLING INTERVAL DELTAT (SECS)? 1.E-3
MAXs NUMBER OF ITERATIONSs MAX. ALLOWED ERROR=10r1.E-7

&%k END OF DATA INPUTyBEGIN EXECUTION. XXX
#%%x FIND FREQUENCY DOMAIN OUTPUT ON TAPE1. XXX
%%% FIND TIME DOMAIN OUTPUT ON TAPE2. XXX
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EXAMPLE 4
(b) Output

SIMULATION OF A RALANCED MIXER WITH A180. DEGREE HYERID AND
IDENTICAL DIODES

XCALCULATE THE FOWER OUTPUT OF SPURIOUS PRODUCTS
AS A FUNCTION OF PSIG

DIODE#1:! ALPHA= 40.00 IS= 1.00E-12 RS= 10.00

FREQUENCIES: FLO= 2.00E+01 FSIG= 1.90E4+01 FSIG2= O, HZ
SOURCE IMPEDANCE= 50.00 LOAD IMPEDANCE= 50.00
SPURIOUS:( 19=1)C 15-2)C 29-1)(C 29=-2)( 29-3)( 39~2)

RUN PARAMETERS! DELTAT= 1.,00E-03 NITER=10 ERMAX= 1.0E-07

1223328333003 333803338033 333 88333803333 83333333333 28233222823 ¢28283833%2s

PLO= 5,00 DBM

% PSIG X ( 19s=1) X ( 19-2) %X ( 2+-1) X ( 2¢-2) X ( 2¢-3) X ( Iv-2) X
X -30.00 %x -43.54 x -280.09 % -47.89 X -281.468 X -128.52 % -281.57 %X
X -28,00 % -41.53 x -277.56 % -45.,90 x -278.85 x -122.72 x -279.85 %
& -26,00 %X -39.53 % -275.30 % -43.,90 X -276.83 X ~-116.40 x -278.43 x
X -24,00 x -37.53 % -273.82 % -41.90 x -275.08 ¥ -110.40 % -276.70 X
& ~22,00 x -35.53 x -271.88 & -39.91 k¥ ~272.97 ¥ -104.46 % -276.30 X
¥ -20,00 x -33.52 x -269.81 x -37.92 x -270.94 x -98,52 % -275.17 %

EERKRERKRRKKKRKRKKKRKRERKKEEKKRKKRKKEKRRRKRRKKRK KKK RKRER R RKR KR KRR KR RK

PLO= 10,00 DBM

] PSIG X ( 1v=1) X ( 15-2) ¥ ( 29-1) X ( 29-2) X ( 29-3) X ( 3v-2) X
% -30.00 % -41.72 x -279.20 ¥ -50.96 x -268.07 %x -153.13 % -273,05 X
¥ -28.00 X% -39.72 X -283.54 X -48.96 X -266.12 X -146.52 x -270.51 X
X 26,00 X -37.72 X -277.68 X -46.96 % -263.85 X -137.70 %X -267.93 %
& 24,00 X% =-35.72 %X -271.37 % -44.96 % -261.94 X -132,71 X -266.27 X
X =22,00 X -33.72 X =270.83 X -42.96 %k ~260.66 %X -126.02 X -264.97 X
% -20.00 % -31.72 X -272.43 X -40.96 x -258.84 % -118.71 % -262.84 X

b 2233380832083 8283332333333333333 33332388 bt e0882308333333333328¢8¢28%%%¢]
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EXAMPLE 5
CALCULATION OF THE OUTPUT LEVELS OF A
LIMITER FED BY TWO SIGNALS
(a) Input

X%® NON-LINEAR CIRCUIT SIMULATION %xx

ENTER OPTIONS FOR THIS RUN?

ENTER NUMBER OF DIODES FOR SIMULATED CIRCUIT.
(TYPE 1,2y OR 4) ND=2

MIXER OR LIMITER? (TYPE M OR L)>¢ L

IDENTICAL DIODES? (YES OR NO)! YES

TIME 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.
(1)POUT=F (PLO), (2)POUT=F (PSIG). (3)POUT=F(PIN)sPIN=PLO=PSIG.
TYPE 1 +2 OR 3.8 1

ENTER RUN DATA:
ENTER DIODE #1! ALPHA»IS)RS= 40.,1.E-12,10.

ENTER INPUT AND OUTPUT IMPEDANCES ZOsZL= S50.950.
ENTER FREQUENCIES FLOYFSIG (HZ)?! 20,019,

ENTER POWER LEVELS (IN DBM)!
PSIGMINsPSIGMAX»STEPSIGyPLOMIN, PLOMAX»STEPLO? _5,15+10+,0+20+2

ENTER NUMBER OF SPURS DESIRED. (1 TO 10): 2

ENTER SPUR ORDER MsN. (MXFLO+NXFSIG)! 1,0,0r1

ENTER SAMPLING INTERVAL DELTAT (SECS)?! 1.E-3

MAX» NUMBER OF ITERATIONS», MAX. ALLOWED ERROR=10rs1.E-7
£xXx END OF DATA INPUT»BEGIN EXECUTION. XXX

XXX FIND FREQUENCY DOMAIN OUTPUT ON TAPE1l. XXX
%%% FIND TIME DOMAIN OUTPUT ON TAFE2. XXX

44
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EXAMPLE 5
(b) Output

SIMULATION OF A LIMITER WITH
IDENTICAL DIODES

XCALCULATE THE POWER OUTPUT OF SPURIOUS PRODUCTS
AS A FUNCTION OF PLO

DIODE#1: ALPHA= 40.00 I1S= 1.00E-12 RS= 10.00

FREQUENCIES: FLO= 2,00E+01 FSIG= 1,90E+01 FSIG2= O. HZ
SOURCE IMPEDANCE= 50,00 LOAD IMPEDANCE= 50.00

| SPURIOUS?!C( 1y 0)C Oy 1)
RUN PARAMETERS: DELTAT= 1,00E-03 NITER=10 ERMAX= 1.0E-07

833023383328 33233333 3833033823383 883 2838332232 8333233 8232283382383 32332%2¢%344
PSIG= 5.00 DRM

X PLO %X ( 1y 0) X C 0» 1) X

X 0.00 x =1.52 % 4.07 x

X 2,00 x «33 X 3.75 %

x 4,00 % 2,13 % 3,30 x

6,00 X 3.87 % 2.66 X%

x 8.00 x 5.55 x 1.77 x

X 10.00 x 7.11 % «40 X

x 12,00 «x 8.44 X =57 X

X 14,00 x 9.63 % -1.49 X |
, X 16,00 x 10.79 % =2.25 X |

X 18,00 x 11.99 % -2.88 X |

X 20.00 x 13.26 % -3.40 ¥ ]

E3 3328880333388 22232¢¢2233tRe3333 888333383333 3333333333 3833338333328 ¢3223% ¢4
PSIG= 15,00 DBM

X PLO %X ( 1y O) X ( Oy 1) X
] 0.00 -6.92 % 10.29 %
X 2,00 x -4.91 x 10.27 x
4.00 x -2.89 x 10.23 x
X 6.00 x -+.68 % 10,17 %
X 8.00 «x 1.16 % 10.07 %
X 10.00 x 3.23 % 9.90 %
x 12,00 x 5.35 % 9.60 %
X 14,00 x 7:.56 % 9.02 ¥
X 16,00 x 9.65 % 8.19 x
¥ 18.00 =x 11,46 % 7.31 %
t 20.00 x 12,99 % 6.68 %

1322330833203 8338832338833 33 8232233233 8¢32833¢332332833283333833¢823¢¢34
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EXAMPLE 6
SIMULATION OF A DOUBLE BALANCED MIXER
WITH INTERMEDIATE ITERATION OUTPUT
(a) Input

kXX NON-LINEAR CIRCUIT SIMULATION XxXx

ENTER OFPTIONS FOR THIS RUN?

ENTER NUMBER OF DIODES FOR SIMULATED CIRCUIT.
(TYPE 1+2» OR 4) ND=4

IDENTICAL DIODES? (YES OR NO): YES

TIME DOMAIN ONLY? (YES OR NO): YES

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

ENTER RUN DATA:
ENTER DIODE #1: ALPHA»IS»RS= 40.r1.E-12,10,

ENTER INPUT AND OUTPUT IMPEDANCES 20,ZL= $S0.,S0.
ENTER FREQUENCIES FLO»FSIG (HZ): 20.919.

ENTER POWER LEVELS (IN DBM):
PLOyPSIG= 10,-10

ENTER SAMPLING WINDOW TMAX (SECS)= 1.E-2

ENTER SAMPLING INTERVAL DELTAT (SECS): 2.E-3

MAX» NUMBER OF ITERATIONS» MAX. ALLOWED ERROR=10y1.E-7
X%X END OF DATA INPUT»BEGIN EXECUTION. Xx%

X%%x FIND FREQUENCY DOMAIN OUTPUT ON TAPE1l. XXX
XXX FIND TIME DOMAIN OUTPUT ON TAPE2., XXX
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EXAMPLE 6
(b) Output

SIMULATION OF A DOUBLE BALANCED MIXER WITH
IDENTICAL DIODES

DIODE#1: ALPHA= 40.00 IS= 1.,00E-12 RS= 10.00

FREQUENCIES: FLO= 2,.00E+01 FSIG= 1.90E+01 FSIG2= 0. HZ
SOURCE IMPEDANCE= 50.00 LOAD IMPEDANCE= 50.00
RUN PARAMETERS: DELTAT= 2.00E-03 NITER=10 ERMAX= 1.0E-07

AR OK MK KK K KK KK K KKK 3K KK KK KK 3K KK K KK 3K K K KK K 3K oK 3 K KKK KK 3 K oK 3k K oK K ok K KKK Kk ok XK K

PSIG= -10.00 DEM PLO= 10.00 DEM
T vn(1) vD(¢2) vD(3) VD(4) ERROR ITER IDT
0. 0. 0. 0. 0. 0. [ ¢
0. 0. 0. 0. 0. 0. 21
2.000E-03 2.250E-01 2,723E-01-2.250E-01-2,723E-01 2.494E-01 14
2,000E-03 2,250E-01 2,723E-01-2.250E-01-2,723E~01 5.560E-11 201
4,000E-03 4.35BE-01 5.277E-01-4.358E-01-5.277E-01 2.192E-01 B {
4,000E-03 4.,470E-01 5.,0646E-01-4.213E-01-5.351E-01 8,338E-04 2 il
4,000E-03 4.536E-01 4.952E-01-4.134E-01-5,.395E-01 2,495E-04 3 1
4.000E-03 4,547E-01 4,932E-01-4.122E-01-5.402E-01 8.003E-06 4 1
4,000E~03 4,547E-01 4,931E-01-4,121E-01-5,402E-01 4,903E-09 S 1
6.000E-03 6.765E-01 5.981E-01-5.143E-01-7.873E-01 1.317E-01 y M |
6.000E-03 6.516E-01 5.758E-01-4.983E-01-7.696E-01 1,695€E-03 e
6.,000E-03 6.268E-01 5.5846E-01-4.859E-01-7.520E-01 1.367E-03 3 1
6.000E-03 6.,027E-01 5.512E-01-4.803E-01-7.351E-01 ?.567E-04 e R §
6.000E~-03 5.802E-01 5.516E-01-4.801E-01-7.,195E-01 7.500E-04 S 1
6.,000E-03 S5.620E-01 5.528E-01-4.806E-01-7,048E-01 4.931E-04 6 1
6.,000E~03 S5.517E-01 5.535E-01-4.809E-01-6.997E-01 1.552E-04 7 -1
6.,000E-03 5.492E-01 5.536E-01-4.809E-01-6.980E-01 9.220E-06 8 1
6.,000E-03 S5,491E-01 5.534E-01-4.809E-01-6,979E-01 2,094E-08 2.1
8.000E-03 5.762E-01 5.774E-01-5.168E-01~-7,8946E-01 1.099E-02 > Dids: |
8.,000E~-03 5.493E-01 5.716E-01-5.127E-01-7.847E-01 1.215E-04 2 1
8.000E-03 5.682E-01 5.709E-01-5.122E-01-7,.839E-01 2,435E-06 3 1
8.,000E-03 5.4682E-01 5,709E-01-5.122E-01-7,83%9E-01 8.219E-10 4 1

P13ttt ettt dddddtssdddtisdddtisisddssessiteesssttesiiety
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6. PROGRAM LISTING
The comments on the enclosed 1isting make the program MIXER self
explanatory. The equivalence between various symbols in the program

and in the test follows:

PROGRAM TEXT
AJ J
AJINV J'l
FV F
VD v
ID i
CvD A
CE z

CVIN B
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PROGRAM MIXER(INPUT»OUTPUTvTAPE1»TAPE2)

b p333 it tiiiititettedddiatititiqddddidiiditittsisstatitd
¥ THIS PROGRAM CALCULATES THE PERFORMANCE OF NON-LINEAR CIRCUITS %

% CONTAINING SEMICONDUCTOR DIODES. (SINGLE ENDED»BALANCED»
X AND DOUBLE BALANCED MIXERS» AND BACK TO BACK DIODE LIMITERS). X
% THE VARIOUS OPTIONS ARE!? A
IDENTICAL OR NON-IDENTICAL DIODES.
SOLUTION IN THE TIME DOMAIN ONLY. %
CALCULATION OF ONE TONE IMD’S OR TWO TONE THIRD ORDER IMD. &
X
X
%
X
x

*

x
X
® ONE OF THE FOLLOWING POWER COMBINATIONS?

x A)CONSTANT SIGNAL POWER? POUT AS A FUNCTION OF LO POWER.

% B) CONSTANT LO POMER) POUT AS A FUNCTION OF SIGNAL POMWER.

X C) SIGNAL POWER=LO POWER.

pr 2ot it et etitistedttiitteidtedddttidditidiitisstesstinsiyttn

IMPLICIT LOGICAL(L)

REAL IS(4)sALPHA(4)/RS(4)+,E(4)/EL(4),EP(A)yVD(4),ID(4)
DIMENSION AJ(4¢v4)rAJINV(454)WK(4) s MPROD(10) »NPROD(10)»OMEG(10)»
1POUT(10) »VSINC10)»VCOS(10)sCVD(4+4)+CE(4¢r4))CVIN(Ar4),

1VINCA) fVFINAL (4) FVCA)

COMMON/Z/20

PRINT 1 #

LSAME=LTDOM=LTHIRD=LITER=LIMIT=.FALSE. i
ltltllltllltltltllltltt‘llﬂl!t‘lt‘lltll.l‘l‘!tllttltllltltttl‘l‘llt

x BEGIN OPTIONS INPUT
llttttllltlttlttlttlllttlllllltttllll!t!ltttlt!‘ltltllttttttlttttlt
PRINTXy* ENTER OPTIONS FOR THIS RUNS®
PRINTX,* ENTER NUMBER OF DIODES FOR SINUL&TED CIRCUIT."®
PRINTRs* (TYPE 192y OR 4) ND=*
READX»ND
IF(ND.EQ.4)G0 TO 90
LSAME=ND.EQ.1
IF(ND.EQ.1)G0 TO 95 AN
PRINTX,* MIXER OR LIMITER? (TYPE MOR L °*
READ 2,ANS
LIMIT=ANS.EQ.1HL
IF(.NOT.LIMIT)PRINT®y* 90 OR 180 DEGREE HYBRIDT TYPE 90 OR 180:°
IF(.NOT.LIMIT)READX,DEG
90 PRINT®,* IDENTICAL DIODES? (YES OR NO): °
READ 2/,ANS
LSAME=ANS .EQ. 1HY
9?5 PRINTX»* TIME DOMAIN ONLY? (YES OR NO): *
READ 2+ANS
LTDOM=ANS.EQ. 1HY
IF(LTDOM)GO TO 100
PRINTXy * CALCULATE SPURS OR 2-TONE 3RD ORDER IMD? °
PRINTX¢* TYPE SPURS OR INMD: °
READ 2,ANS
LTHIRD=ANS.EQ.1HI
PRINT®,* DETERMINE WHAT KIND OF CALCULATION DESIRED.®
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PRINTR»* (1)POUT=F(PLO). (2)POUT=F(PSIG)."
1° (3)POUT=F(PIN) +PIN=PLO=PSIG. *
PRINT%®»* TYPE 1 »2 OR 3.1°
READX» IFLAG
G0 TO 110
100 PRINTX»° PRINTOUT OPTIONS: °*
PRINT®»" INTERMEDIATE ITERATION OUTPUT?T (YES OR NO): °
READ 2,ANS
LITER=ANS.EQ.1HY
IFLAG=1

[
(» ttll‘!lltltllllt#itli!tltltl‘tllttllllll!!‘.t.ll'llll'tllll.l!t‘lll
C % BEGIN DATA INPUT
[ &ttlltltllllllll**tltltlltltl‘l!tttt!!ltlllttlt#l‘tllllltt"‘ll“l‘
110 PRINTX»®* ENTER RUN DATA:*®
ND1=ND
IF(LSAME)ND1=1
DO 115 I=31,ND1
PRINTXs® ENTER DIODE #°+I»*! ALPHA»ISy)RS= °*
115 READX,ALPHA(I)»IS(I)RS(I)
IF(.NOT.LSAME)GO TO 140
DO 120 I=2,4
ALPHA(I)=ALPHA(1)
I1S(I)=18(1)
120 RS(I)=RS(1)
140 PRINTX»* ENTER INPUT AND OUTPUT IMPEDANCES ZOrZL= °*
READX»Z0,ZL
PRINTX»* ENTER FREQUENCIES FLO,FSIG (HZ)?: °*
READX,FLO,FSIO
IF(LTHIRD)PRINTX,® ENTER 2ND TONE FREQUENCY FSIG2: °*
IF(LTHIRD)READX,FSIG2
PRINTXy®* ENTER POWER LEVELS (IN DBM)!*®
IF(LTDOM)GO TO 152
IFC(IFLAG.EQ.3)G0 TO 144
IFCIFLAG.EQ.1)PRINTX,
1° PSIGMIN,PSIGMAX»STEPSIGyPLOMIN,PLOMAX»STEPLO? "
IFCIFLAG.EQ.2)PRINTX,
1° PLOMIN,PLOMAX»STEPLOyPSIGMIN,PSIGMAX»STEPSIG?®
READ®»PCMINyPCHMAX»PCSTEP »PMIN)PMAX»PSTEF
GO TO 148
144 PRINTX»* PMIN'PMAXPSTEP= °*
READX»PMIN,PMAX»PSTEP
C
148 IF(LTHIRD)GO TO 156
PRINTX»* ENTER NUMBER OF SPURS DESIRED. (1 TO 10)¢ *
READ%/»NPRODS
PRINT®»® ENTER SPUR ORDER MsN., (MRFLO#NXFSIG): °
READX» (MPROD(I)yNPROD(I)»I=1»NPRODS)
GO TO 156
152 PRINT®»"* PLOYPSIG= *

ke
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READX»PMIN»PCMIN

PCMAX=PCMIN

PMAX=PMIN

PCSTEP=PSTER=0,

PRINTX»* ENTER SAMPLING WINDOW TMAX (SECS)= *

READX » TMAX
156 PRINTX»* ENTER SAMPLING INTERVAL DELTAT (SECS): °

READX»DELTAT

PRINTX» " MAX» NUMBER OF ITERATIONS» MAX. ALLOWED ERROR= *

READX»NITER» ERMAX

PRINTX»* XXX END OF DATA INPUT»BEGIN EXECUTION, X&%*®

PRINTX»® %%Xx FIND FREQUENCY DOMAIN OUTPUT ON TAPE1. %x%°

PRINTX®»* x%% FIND TIME DOMAIN OUTPUT ON TAPE2. %%x°
RRERRRRRKRKAEREXERAEERERKEERKRRKRKRRRRRRRRRRKRRRRKRRRRRRRRR KRR KRR KRN
x BEGIN TITLE PRINTOUT x
EXKRRERKKRKKRAKRERKRKERKKERRERKRKKRRKERKEREKRKKERKEARRRRERR R KRR KKK

ITAPE=1

IF(LTDOM) ITAPE=2

142

166
148

170

IF(ND.EQ.1)WRITE(ITAPE,»8)
IF(ND.EQ.4)WRITECITAPE»10)
IFCLIMITIWRITEC(ITAPE12)
IF(ND.,EQ.2,AND. «NOT.LIMIT)WRITECITAFE»14)DEG
IF(LSAME .AND.ND.NE.1)WRITECITAPE,16)
IFC«NOT.LSAME)WRITE(ITAPE»18)
IFCLTDOMGO TO 148

IF(IFLAG.EQ.3)GO TO 166

PV=4H PLO

IFC(IFLAG.EQ.2)PV=4HPSIG

IFC(LTHIRD)GO TO 162

WRITE(1,24)PV

GO TO 168

WRITE(1»26)PV

GO TO 168

WRITE(1,28)

CONT INUE

DO 170 I=1,ND1
WRITECITAPE»30)I»ALPHACI) ¢ ISC(I)sRS(I)
WRITECITAPE»32)FLO»FSIGYFSIG2
WRITECITAPE»33)20,2ZL
IF(NOT.(LTHIRD.OR.LTDOM) )WRITE(1s34)NPRODS»
1(MPROD(I)»NPROD(I) s I=1,NPRODS)
WRITECITAPE»36)DELTAT»NITER»ERMAX

EREERRRRERRAREREEARERERRRXRRERERRKRKKRRKKARREXREXEXRKRKRRK KRR RRKR
BEGIN INITIALIZATION X
lt‘lllll!l!lll!ll‘tll!t#tlllll!llttl#ll!tltllltllllllttllllltltll
IF(LTDOM)NPRODS=1
IF(LTHIRD)NPRODS=2
PI=ACOS(-1.)

51
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RT2=SQRT(2.)

OMSIG=2%FIXFSIG

OMLO=2.%FIXFLO

NP=NPC=1

IF(PSTEP.NE.O,.)NP=1+(PMAX-PMIN)/PSTEP

IF(PCSTEP.NE.O.)NPC=1+(PCMAX-PCMIN) /PCSTEP

IF(LTDOM)GO TO 230

THAX=1./ABS(FLO-FSIG)

IF(LTHIRD)GO TO 200

DO 180 I=1,NPRODS
180 OMEG(I)=ABS(MPROD(I)X0OMLO+NPROD(I)X0MSIG)

GO TO 220
200 THAX=AMAX1(TMAXr»1./ABS(FSIG-FSIG2))

OMSIG2=2,%PIXFSIG2

OMEG(1)=ABS(2.X0MSIG-OMSIG2-0MLO)

OMEG(2)=ABS(OMLO-OMSIG)
220 IFC(IFLAG.NE.3)GO TO 230

APVU=4H PIN

WRITE(1,38)

IFC.NOT.LTHIRD)WRITE(1,40)APVsNPRODS» (MPROD(I) »NPROD(I)»

1I=1,NPRODS)

IF(LTHIRD)WRITE(1,42)APV

b33ttt et i st esitigi it oeiitedisisdsoditedssd
x INITIALIZE CIRCUIT MATRICES x
(22283t tddtdstittedi it oottt iitesdtoditediiresi et sssty
230 DO 240 I=1,4
DO 235 J=1,4
235 CVUD(I»J)=CE(I»J)=CVIN(I»J)=0.
240 CONTINUE
IF(ND.EQ.4)G0 TO 250
IF(ND.EQ.2)G0 TO 242
EERREXEKRKKRAXRKKRKRRKK
% SINGLE ENDED MIXER X
ARERKRKRRRRKKKKKRRKKKK

CVUD(1,1)=1,
CE(1,1)=RS(1)+420
CVIN(1s1)=~1,

B0 TO 260

RERKKRRRKKXRKRRKRK

% BALANCED MIXER x

EREERRRRKARKKKRRKK

242 CVD(1+1)=CVUD(2,2)=1.

IF(LIMNIT)GO TO 245
CE(1+1)=ZL4+Z04RS(1)
CE(2y2)=ZL+Z0+4RS(2)
CE(192)=CE(2y1)=-2ZL
CVIN(1,1)=~1,
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245

250

255

260

t‘l‘#lllttllllllt‘tllll‘tltllttllltl‘ttllllll!l!‘lltt!tttt!tttltt!t

x

tl.lltllll.ltl‘tltlltlllllllllllllll!!lltllt!ltllltltl!lllltttttltt

280

WIS PAGR 9 BRST QuAL 1Ty
u.r
TN (05 oy cmorxmm

R

CVIN(2,2)=1.
GO TO 260

KERRERERRRN

X LIMITER X

RRERRRRRRR K
DIVaZL/(ZL+20)
Z1=DIVXZ0
CE(1y1)=RS(1)+21
CE(2,2)=RS(2)+21
CE(1»2)=CE(2,1)=-21
CVIN(1,1)=-DIV
CVIN(2,2)=DIV
G0 TO 260

Ilttlt!ll!lllllttttlllltt
¥ DOUBLE BALANCED MIXER X
KAKARRRREERKKARRKRERRRKRK
CVUD(1»1)=CVUD(1,2)=CVD(2+2)=CUD(2y3)=CVD(3I»2)=CVD(4r1)=
1CVD(4,2)=CVUD(4,3)=CVUD(4+4)=1,
CE(1+1)=R8(1)+20/2.
CE(1,2)=CE(2,2)=RS(2)+20/2.
CE(1+3)=CE(1v4)=CE(2/,1)=CE(2,4)=-20/2.,
CE(2,3)=RS(3)+20/2.
CE(391)=CE(3,3)=-(Z0/2.+2ZL)
CE(3»2)=RS(2)+Z0+ZL
CE(3r4)=2L
DO 255 I=1,4
CE(4,I)=RS(I)
CVIN(1y1)=-1,
CVIN(2y2)=-1,
CVIN(3y1)=CVIN(3y2)=-,5
CONTINUE

PARAMETER LOOP

DO 1000 KCSTEP=1,NPC
PCONST=PCMIN+(KCSTEP-1)%PCSTEP
VCONST=F (PCONST)

RRRRRRRRERRRRRRRRRRRRRE
X VARIABLE POWER LOOP %
EERRRARRERERRRRRRRRKRKR

DO 900 KSTEP=1,NP
DO 280 I=1,NPRODS
VCOS(I)=YSIN(I)=0,
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290

300

320

340

345

350

THrs
'“‘.'g:==ﬁ=::=ggzgglhrrypn4 GABL:

DO 290 I=1,ND
VINCI)=VUFINAL(I)=UD(I)=0,
PUAR=PMIN+ (KSTEP-1)XPSTEP
VVAR=F (PVAR)
IF(IFLAG.EQ.3)60 TO 320
IF(IFLAG.EQ.2)G0 TO 300
VSIG=VEONST

VLO=VVAR

PSIG=PCONST

PLO=PVAR

APC=SHPSIG=

APV=AH PLO

GO TO 340

VSIG=VVAR

VLO=VCONST

PLO=PCONST

PSIG=PVAR

APC=SH PLO=

APV=4HPSIG

GO TO 340

VSIG=VUVAR

VLO=VSIG

PSIG=PLO=PVAR

VSIG2=0.

IF (LTHIRD)VSIG2=VSIG

IF (LTDOM.OR. (KSTEP.GT.1) .OR. (IFLAG.EQ.3))6G0 TO 345
WRITE(1s44)APCsPCONST
IFC.NOT.LTHIRD)WRITE(1,40)
1APV,NPRODS » (MPROD (1) ,NPROD( 1), 1=1,NPRODS)
IF(LTHIRD)WRITE (1+42)APY

IF (LTDOM)WRITE(2+46)PSIGsPLO
IF(LTDOM.AND. .NOT.LITER)WRITE(2,48)
ITER=IDT=1
IF(LITER)WRITE(2+49)

EERRRRRRERRRRRKK KK

% TIME STEP LOOP x

RERRREERKKKKKRRRR K
CONTINUE

CALCULATE INPUT VOLTAGES AT T

IF(ND.EQ.4)GO TO 370
IF(LIMIT.OR.ND.EQ.1)B0 TO 360

BALANCED MIXER
IF(DEG.EQ.180.)G0 TO 354

VIN(1)=RT2/2,%(VLORSIN(OMLOXT)+VSIGRCOS (OMSIGXT) ¢
1VSIG2%COS(OMSIG2%T))

N

i - RS i
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VIN(2)=RT2/2.%(VLOKCOS (OMLOXT ) +VSIGKSIN(OMSIGXT) + | 4
1VSIG2%XSIN(OMSIG2XT))
IF(T.GT.0.)B0OTO 380
c
c INITIAL GUESS AT T=0
Cc

UD(1)=VIN(1)
UD(2)=-VIN(2)
VMAX=1/ALPHA(1)XALOG(ABRS(VINC(1))/(CE(1,1)%I8(1)))
IF(VD(1).LT.VUMAX)B0 TO380
VD(1)=UMAX
G0 TO 380

354 VIN1=RT2/2.%VLOXSIN(OMLOXT)
VIN2=RT2/2,X(VSIGXSINC(OMSIGXT)+VSIG2XSIN(OMSIG2XT))
VIN(1)=-VIN1+VIN2
VIN(2)=VIN1+VIN2
GO TO 380

LIMITER AND SINGLE ENDED MIXER

0o0on

360 VIN(1)=VIN(2)=VULOXSINC(OMLOXT)+VSIGKXSINC(OMSIGXT)+
1VSIG22SIN(OMSIG2%T)
GO TO 380

DOUBLE BALANCED MIXER

o000

370 VIN(1)=ULOXSINC(OMLOXT) ' 4
VINC(2)=sYSIGRSIN(OMSIGHT ) +VSIG2XASIN(OMSIG2XT)
380 CONTINUE

EXEERRRRRAXRERRRERERRERRXXRXXKRERRRRRRRXEKKKKKRERREXRKKRKRRRE KRR KX KK
] ITERATION LOOP X
L2323 ittt ittt ittt sisoddidiiititesteddssy

o000 0

DO 390 I=1,ND

E1(I)=0.
IFCALPHACI)RVD(I).GT.100.)60 TO 420

‘ IFC(ALPHACI)RVUD(I) «BT,.-100.)E1(I)=EXP(ALPHACI)®RVD(I))
E(I)=IS(I)X(E1(I)-1,)

390 EPC(I)=ISC(I)RALPHA(I)XEL1(I)

CALCULATE FV AND JACOBIAN

o000

DO 400 I=1,ND
FU(I)=0,
DO 395 J=1,ND
FUCI)SFUCI)+CUDCI» J)RVD(JI4CECI» J)RECJI)4CVINCI» JIRVINCI)
395 AJ(1+J)=CVUD(I»J)$CE(I»J)REP(J)
400 CONTINUE
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480
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R

CALCULATE INVERSE OF JACOBIAN

CALL LINVIF(AJ/ND»4»AJINV,O»WK» IER)
THE MATRIX AJ IS SINGULAR WHEN IER=129
IF(IER.EQ.129)G0 TO 440

ERROR=0.

CALCULATE DIODE VOLTAGES

DO 410 I=1,ND

VDN=0,

DO 405 J=1,ND

UDN=VUDN+AJINV(I»J)RFV(J)
ERROR=ERROR+VDNX%x2

VDN=VUD(I)-VDN

VD(I)=VDN
IF(LITER)WRITE(2+60)T»VDyERROR» ITER, IDT
IF(ERROR.LT.ERMAX.AND.ITER.GT.1)G0 TO 460
ITER=ITER+1

IF(ITER.GT.NITER)GO TO 420

GO TO 380

IF SOLUTION DOES NOT CONVERGE REDUCE TIME STEP

ITER=1

IF(T.EQ.0.)G0 TO 440
T=TLAST4+DELTAT/(2%XIDT)
IF(T.LE.T1)T=T14DELTAT/(2%X(IDT+1))
DO 430 I=1,ND
VUD(I)=VFINAL(I)
IDT=IDT+1
IFCIDT.GT.4)G0 TO 440
G0 TO 350
WRITE(ITAPE»45)T

PRINT 65,7

STOP
IF(LITERIWRITE(2,50)

CALCULATE DIODE CURRENTS AND LOAD VOLTAGE

DO 480 I=1,ND
ID(I)=-1I8S(I)
IF(ALPHACI)®VD(I) .GT.~100.)
1IDCI)=ISC(I)RC(EXP(ALPHACI)XVD(I))~1.)
VLOAD=(ID(1)-1ID(2))%ZL
IF(ND.EQ.1)VLOAD=ID(1)ERS(1)+VD(1)-VIN(1)/2,
IF(LIMIT)VLOAD=VD(1)+ID(1)ERS(1)
IF(ND.EQ.4)VLOAD=ZLR(ID(4)+ID(2)-ID(1)-ID(3))
IFC(LTDOM.AND. .NOT.LITER)WRITE(2,60)T»VDsVLOAD? ITERy IDT
IF(IDT.GT.1)B0 TO S20

D G L S R

ERNNE IS

PP
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TLAST=T
IF(LTDOM)GO TO 520

CALCULATE FOURIER COMPONENTS AND POWER OUTPUT

o000

DO S00 MN=1,NPRODS

VCOS (MN) =VCOS (MN) +VLOADXCOS ( OMEG (MN) XT)
500 VSIN(MN)=VSINC(MN)+VLOADXSIN(OMEG (MN)XT)
520 Ti=T

DO 530 I=1sND
330 VFINAL(I)=VUD(])

T=TLAST+DELTAT

ITER=IDT=1

IF(T.LT.TMAX~DELTAT/10.)6G0 TO 350

ADT=(2.XDELTAT/THMAX) X%2

DO 560 MN=1,NPRODS

IFCLTDOM)GO TO 900

POUT(MN)=10,XALOG10(ADTR(VCOS(MN) XX24+VSIN(MN) X%2) /(2. XZL) %1 .E3)

IF(OMEG(MN) .EQ.0.)POUT (MN)=POUT (MN)+3.
560 CONTINUE

WRITE(1+70)PVAR»NPRODS» (POUT (MN) » MN=1» NPRODS )
900 CONTINUE
1000 CONTINUE

WRITEC(ITAPE,»?2)

IFC.NOT.LTDOM)WRITE(1,74)

sTOP

SERRRRRNARRERARREEXREERRERRRAARERRAERERRRRXRERRRKKERRKRREKKK KRR KK KK {

» FORMAT STATEMENTS x

EERRRRAREREREERREERR XXX XX ERERERRRRRRX XXX EERRERARRXRKKKKKKRRRKRRRR KKK |

1 FORMAT(® %28 NON-LINEAR CIRCUIT SIMULATION %%%°,/)

2 FORMAT (A1)

@ FORMAT(1M1+3X, "SIMULATION OF A SINGLE ENDED MIXER®)

10 FORMAT(1H1»5X» *SIMULATION OF A DOUBLE BALANCED MIXER WITH®)

12 FORMAT(1H1+SX» *SIMULATION OF A LIMITER WITN®)

14 FORMAT(1H1+5Xs *SIMULATION OF A BALANCED MIXER WITH A°»F4.0y
1° DEGREE HYBRID AND®)

16 FORMAT(6X»*IDENTICAL DIODES®,/)

18 FORMAT(6Xe» "NON-IDENTICAL DIODES®y/)

24 FORMAT(SX» *SCALCULATE THE POWER OUTPUT OF SPURIOUS PRODUCTS®,
1/5X+° AS A FUNCTION OF ®rA4y/)

26 FORMAT(SX» "SCALCULATE THE POWER OUTPUT OF 2~TONE 3RD ORDER®»
1° IMND PRODUCTS®»/6X»°"AS A FUNCTION OF °rA4y/)

28 FORMAT (SX» “SCALCULATE THE POWER OUTPUT OF SPURIOUS PRODUCTS®,
1/5X+°* AS A FUNCTION OF PIN.PIN=PSIG=PLO."s/)

30 FORMAT(SX»"DIODE® rI1r°! ALPHA=®sF6.2¢3X» IS=*y1PE?.2y
13Xs*RS8=°»0PF?7,.2)

32 FORMAT(SX» "FREQUENCIES: FLO=®y1PE®.2+2Xs "FSIG="y1PE?.2»
12Xy *F8102="y 1PEP.2¢* HZ®)

33 FORMAT (SX» *SOURCE IMPEDANCE="yFé.2+10Xs *LOAD IMPEDANCE="»

onoo0o0
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1F6.2)

34 FORMAT(SX» "SPURIOUSS®em(*(*9I2¢°¢v°¢12,°)°))

36 FORMAT(SX» *RUN PARAMETERS! DELTAT="»1PE?.2¢3Xs» *NITER=",
11295Xs* ERMAX=°,1PEB.1+/)

38 FORMAT(/»1X»120¢(°X*)//SX» "PIN=PLO=PSIG")

40 FORMAT(® X°»3XrA492Xr "8 9=(1X9o*(*912+°,°912,°) %°*))

42 FORMAT(® X°y3XrA492Xs*°% IND X% IF x°)

44 FORMAT(/»1X9120(°%")//SXsASsF7.2+° DBM®)

46 FORMAT(/91Xv120(°%X")//10X» *PSIO="»F7.2,° DBM*»
15Xy *PLO="»F7.2¢° DBM®)

48 FORMAT(3X»*T*»T12,°VD(1)°»T22,°VD(2)°»T32,°VD(3)"*»
1T42,°VD(4)*»T52y "VLOAD® » T62» *ITER® »1X» *IDT®)

49 FORMAT(3X»*T*»T125°UD(1)°9T22y°VUDC2)*»T32»°UD(3)">»
1TA42,°VUD(4)*»TS52y "ERROR® » T2, *ITER" »1X» *IDT")

S0 FORMAT(/)

60 FORMAT(6(1PE10.3)92X5213)

65 FORMAT(® THE SOLUTION DOES NOT CONVERGE AT T=°,1PE15.4)

70 FORMAT(® X°»F7.2¢2X» "R 9m(1XsF7.2+° %°))

72 FORMAT(/»1X»120(°%"%))

74 FORMAT(1H1)
END

FUNCTION F(P)

COMMON/2/20
F=10.%%(P/20)%XSQRT(8.%Z0/1000.)
RETURN

END

e

b,
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