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NATIONAL RADIO ASTRONOMY OBSERVATORY
Charlottesville, Virginia

15 GHz COOLED GaAsFET AMPLIFIER —

DESIGN BACKGROUND INFORMATION

Manuel Sierra

I. Noise Parameters of FET's

Measurement ‘and Analysis Procedure

In order to obtain the noise parameters of FET's used in a 3-stage amplifier,
a one stage amplifier has been constructed and the noise measured for a set of
five source impedances and five values for the bias current.

The input and output networks have been made with a A/4 sliding transformer
over a 50 ohm transmission line, as shown in Figure 1. With this mount, it is
easy to change the source impedance by changing the diameter of the A/4 transformer
or the dielectric surrounding it, which changes the absolute value of the
reflection coefficient, or by moving this transformer along the 50 ohm line,
which changes the phase. Nevertheless, for the noise parameter measurements,
the transformer position has been selected to get a minimum noise at the design
frequency (14.9 GHz) for each transformer impedance.

Usually, the amplifier input is tuned for minimum noise at only one bias
and at room temperature, and some frequency variations in the minimum noise can
be expected. Taking this minimum, that must happen not too far from the design
frequency, it is assumed that at that point the source reactance is optimum
Xg = Xopt)’ and the noise parameters not too far from those at the design
frequency. When three or more source impedances have been tried, is is possible

to determine the three noise parameters by adjusting the theoretical parabolic
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function. This has been done with the aid of the computer program "Ropt 1"
discussed in Appendix 1. The program adjusts the values of Ropt’ Tmin and G,
for the least quadratic error method and presents the final values as well as
the mean square error on temperature.

For all these measurements, the output network is matched for maximum
return loss; this allows high gain and, hence, lower errors in the second

stage noise cancellation.

Noise Parameters for NE-137 and MGF-1412

Measuring the NE-137 FET, five transformers have been used, with 10, 12,
22, 26 and 36 ohm characteristic impedance. We also took the noise corresponding
to five different bias currents, from 3 to 15 mA and the drain voltage that leads to
a minimum noise at each current. For the NE-137, the drain voltage does not affect
the noise, at least between 2.5 and 5 volts, and the small variations for low
current have a minimum noise around 3 or 4 volts. It is important to note that
the output match is more affected by the drain voltage, and that also affects the
second stage noise. This means that the optimum voltage in noise measurements
usually remains the same as the one selected for the output tuning.

The final results for the packaged NE-137 at 15K and room temperature are
shown in Figure 2, where the noise temperature is plotted versus the source
resistance, using the drain current as a parameter. It can be seen that at
room temperature, the optimum current is around 5 mA and Ropt Y 4 ohms. At 15K
the optimum current drops to values under 3 mA and the optimum source resistance to
under 2 ohms, but taking into account that the gain also drops very fast for

low currents, the optimum noise measure occurs around 3 mA.
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The drain voltage has little effect upon the noise, and usually is selected
in order to have the best output match or to optimize the second stage noise
when using more than a one-stage amplifier.

From the MGF-1412 measurements, the same temperature dependence can be
seen in the noise parameters and in the optimum bias current. The most important
difference between this and the NE-137 is the greater drain voltage dependence
of the MGF-1412 noise; an optimum voltage can be clearly found for each drain
current. Usually the optimum voltage increases as the current increases, keeping
the gate voltage fairly constant except for very low currents.

It looks like the noise parameters of the MGF-1412's are related to both
drain current and gate voltage through two independent functions, at least in
the most important range of bias.

The optimum source reactance has been estimated from‘circuit modeling and
assumed constant; the frequency where the minimum noise appears changes only a
small amount when the bias or physical temperatures are changed.

The MGF-1412 measurements are shown in Figure 3 with values at 15K and
room temperature.

In Appendix 2 are presented the circuit and noise parameter models used in
the computer programs for these two FET's. The frequency variation of the noise
parameters has also been estimated from the frequency behavior of chip noise

predicted by Pucel.

Errors in the Noise Measurements

Due to the low gain of these transistors at 15 GHz, large errors can be
expected in one-stage amplifier measurements if all additional noise contributions

are not taken into account.
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We are going to analyze here only the errors due to the noise source
calibration and the second-stage noise cancellation, assuming that the rest
has little influence in the final error.
In order to avoid changes in the noise source impedance when switching,
and also to get a lower off temperature, a 20 dB cooled pad is used following
the noise source. The total losses from the noise source to the amplifier
input have been measured and the equivalent off and on temperatures are computed.
Assuming that the noise diode calibration has no errors, the error due to

the pad attenuation can be computed as follows:
AT 4,
Za-—..ZS (T + Tofg) K/dB (1)

where T is the measured temperature and Aa is the attenuation error in dB (<1).
Toff is the equivalent off temperature.

Another noise contribution came from the receiver or second stage. This
additional noise is taken into account measuring the second stage noise and
computing its contribution to the total noise. 1In fact, measuring first the
equivalent noise and gain of the receiver (TR, GR) and then the total noise

and gain (Tt, Gp), the receiver noise contribution is done by
T, =5—=T, * +— (2)
R G
where G, is the available gain of the amplifier. In equation (2), it is

assumed that the receiver performance (noise and gain) remains the same when

driven by the noise source and when driven by the amplifier.
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The difference between the reflection coefficient of the noise source
and the amplifier output causes an error in the receiver performance. Let
us assume, as shown in Figure 4, that the receiver is driven by a circulator
with input reflection coefficient I'y and physical temperature T.. The error

in the receiver noise contribution can be written as follows (see Appendix 3):

2 2
.- To(|T|" - |1l ‘ 1-Tglg (2 TR ) 1 - r g |2
- Cm 1-T,0g G 1-T,Tp

where Gy is the measured gain Gy = Gp/GR and the reflection coefficients are
defined as shown in Figure 4.

The noise source is usually well matched and then the first term is positive
and is the noise generated in the circulator load and reflected in the amplifier
output. The second term depends on the relative phases of the reflection coefficients
and can be either positive or negative. The extreme values for this error when

Iy ~ 0 can be written as follows:

_ TC|P2|2 + TR(2|ToTx])

ATmax -

Cu(l + |T,rg])?

2
) To|Ty|* - TR(2|T,TR])

AT . =
min Gl + T, )2

In order to minimize these errors, the amplifier output has been matched at
least with 15 dB return loss and a cooled circulator as well as the receiver input

circulator have been used.



-11-

NOISE 20 dB RECEIVER APPLE
SOURCE PAD (TR) COMPUTER
t AL TENUATOR J
s T’
NOISE 2048 AMPL UNDER RECEIVER APPLE
SOURCE PAD TEST (T,Gm) (TR) COMPUTER
{ ATTENUATOR

B

Fig. 4. Test set for computer measurement of amplifier gain and noise
temperature. Top configuration is for '"CAL" mode which
determines receiver gain and noise temperature; lower
configuration is for "TEST" mode which determines amplifier
gain and noise temperature.

INPUT /OUTPUT COAX LINE
CT T T T T T T T T T T |
I ‘;u! I
APPLE NOISE 1 2048 AMPL. UNDER _:-15@1
COMPUTER SOURCE 3 ATTENUATOR TEST :
| 6> 5dB |
l |
I |
: |
| Te |
T, |<-1008 I
RECEIVER Ty 19 |

4 J
Tl /) | & |
Tp 7 400K | | |
R<-1508 | DEWAR I
e b
Fig. 5. Test setup for measurement of cryogenically cooled amplifier.



-12-

The final mount for cooled measurements is shown in Figure 5 where most

parameters are specified. The final error limits are listed in Table 1.

TABLE I. Measurement Errors

Physical Temperature 300K 15K
Noise source NDB -5.58 + .05 5.56 + .1
Noise source error < 10K < 2.4K
Amplifier gain > 4dB > 7dB > 5dB > 8dB
Cooled isolator noise + 3.8 + 1.9 + .15 + .06
Second isolator noise + 3.8 + 9.5
Second stage noise error + 10.2 + 5.1 + 14.6 + 5.8

Package and Chip Noise Parameters

Having a model for the FET package, it is possible to compute the chip noise
parameters and see how they agree with the theoretical predictions or other
frequency measurements.

The package model has been computed for the MGF-1412 from S parameters and
low frequency package measurements as discussed in [1]. The NE-137 package
model has been computed from the chip and packaged FET S-parameters.

The models are shown in Appendix 2. The chip noise parameters for the
NE-137 and MGF-1412 are also shown in Table II. Two bias currents are used to
compute these parameters, the recommended and the minimum noise current, both

at 15K and at room temperature.
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TABLE II. Chip Noise Parameters

NE-137 300K 15K

Bias 10 mA, 3V 5 mA, 3V 10 mA, 3V 3 mA, 3V
Toin 182 164 34.1 21.3
Ropt 6.6 4.9 3.4 1.23
Xopt 27.3 27.6 27.4 27.5

Gp (mmhos) 26.5 35.7 8.2 12.1
MGF-1412 300K 15K

Bias 10 mA, 5.5V 5 mA, 4V 10 mA, 5V 3 mA, 3.5V
T in 289 267 49.2 28.3
Ropt 12.5 10.8 8.7 3.5
Xopt 16.3 19.2 18.9 22.3
Gn (mmhos) 20.8 26.4 6.3 6.2

From the chip noise parameters and assuming the theoretical frequency
variation, it is possible to compute the noise parameter frequency dependence
of the packaged FET. This has been done in Figures 6-13 for both tramnsistors at
room temperature and cooled. It is interesting to note that noise parameters
of the packaged transistors are much different from those of the chip at high
frequencies. The noise temperature is not affected by the package input circuit
but is affected by the source inductance in such a way that the noise measure
remains constant.

Looking at these figures, it is reasonable that it is not possible to

compare the noise parameters at different frequencies if the mount or surrounding
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LE-E3T ay 303K 1 OPTIMUN SOURCE IMPEDANCE
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02.722-82

Optimum source impedance at 300K for the NE137 in steps
of 1 GHz from 1 to 18 GHz.

HE-137 a1 ISK 1 OPTIMUN SOURCE IMPEDANCE
i F=1 to 18GHz

.........

B2.-22/82

Optimum source impedance at 15K for the NE137 in steps
of 1 GHz from 1 to 18 GHz.
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15K in the 1 to 18 GHz frequency range.
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Optimum source impedance at 15K for MGF-1412 in steps
of 1 GHz from 1 to 18 GHz.
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Fig. 11. Noise parameters, Tpin @and gpn, at 300K for the MGF-1412
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in the 1 to 18 GHz frequency range.
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circuit where the transistor has been measured are not the same. The only
parameter that can be estimated is the noise measure that does not change

with any reactive feedback.

II. Amplifier Design

Technology

The final amplifier has been realized with the same technology as the
one-stage test mount previously described. The main transmission line is a
coaxial line formed by the square outer conductor machined as a groove in the
chassis, and a circular inner conductor supported by a .05 inch thick
polystyrene support to prevent movement along the line [2].

The input and output network used for each stage is formed by a A/4 trans-
mission line with a lower than 50 characteristic impedance in cascade with a
509 transmission line. With this coupling network, it is always possible to
get any desired impedance.

The D.C. blocking capacitors are formed by inserting the FET leads into the
coaxial inner conductor lined with #22-PTFE teflon tubing. This forms a series
transmission line that has around 38 ohm characteristic impedance and 1.8 effective
dielectric constant. The open-circuited end has around .04 pF fringing capacitance.

Although it is possible to match any desired impedance with the described
network, the frequency response depends on the selected circuit, getting a narrower
bandwidth as the 50 ohm transmission line becomes longer. In order to have the
proper distance between the slug and the FET (L < A/16), the series transmission
line length has been adjusted. At 15 GHz the optimum generator reactance becomes
capacitive because of the package inductive effects, and it is necessary to use

shorter than A/4 series lines as D.C. blocking.
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D.C. bias is applied to the FET by A/4 wires from the chip bypass capacitors

and a proper D.C. protecting circuit is used, as shown in Figure 14.

Design

A 14.4 to 15.4 GHz low-noise amplifier was required as a first stage for the
front ends of the Very Large Array radio telescope. The unit must be optimized
for minimum noise and have 20 dB gain with no more than 2 dB ripple over the band.
An input match is not required since the input will be connected through a
circulator.

From these specifications and previous one-stage measurements, it can be
seen that at least three stages are required. The first and second stages are
driven for minimum noise and the third one can be matched eithér for minimum
noise or maximum gain depending on the final gain.

The first stage input network is then selected to have a minimum noise (Zopt),
and from the transistor parameters, it is possible to know the output impedance
(Zout)‘ In order to have the optimum source impedance for the second stage,
the inter-stage network must transform the first stage output impedance (Zgyt)
to Zopt. This condition provides two equations for computing the network,
leaving one of the three parameters free (lossless network).

Going from Zout to 502 and then to Zopt as shown in Figure 14, the third
parameter is easily identified with the 50-ohm transmission line length. This
length can be selected in order to adjust the frequency performance or minimize
the input reflection.

This solution is not the only one, of course. Any other solution can be
good, but this one has the advantage that all parameters can be selected from

one-stage measurements, and it is easy to mount and adjust.
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In order to determine the length between transformers for maximum bandwidth
and have a theoretical model for the amplifier performances, some computer
programs have been developed, based on the transistor models and using FARANT
subroutines [3].

At first two programs were developed to compute the optimum transformer
impedance and inter-stage distances. The first one (Man #4) computes the inter-
stage circuit to get a maximum input return loss at the design frequency. This
éondition also assures the maximum amplifier gain at the design frequency. It
then computes the frequency response for a two-stage amplifier. Having a bad
input match or at least not enough match to avoid isolators, we would rather
select this third parameter to achieve the maximum bandwidth, doing this with
a cut-and-try method aided by the Amp #1 program.

Finally, an analysis program was developed to allow final adjustment
of the computer model before or at the same time as the experimental
amplifier (Amp" #2).

The last two programs work with one, two or three stage amplifiers as

desired. The programs are listed in Appendix 3.

Experimental Results

The three stage amplifier using the NE-137 as first stage and twovMGF-1412's
as second and third stages was built and optimized for minimum noise and flat
gain in the band. The noise temperature and gain are shown in Figure 15 for both
300K and 15K operation. The optimum temperature around the design frequency is
40K and has an average temperature of 49K over a 1 GHz bandwidth. The gain is
over 24 dB which allows a 4 dB output attenuator to match the amplifier to the
following stage.

The amplifier is stable for any input and output load, but an isolator is

necessary to improve the input match.
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Fig. 15. Gain and noise temperature of amplifier #112 at 300K (top) and
20K (bottom) with 15 ohm input quarter—-wave transformer. The
20K results are shown for first stage drain voltages of 5 volts
and 4 volts (optimum).
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Appendix I

Program "R 1" for HP-9845A Computer

opt

Equations

This program computes the noise parameters (other than Xopt) from a set of
N measurements (N > 3) by minimizing the mean square error between the calculated

and measured noise temperatures. The function to be adjusted is:

T(R) = Tpin + ToGp(R = Rope) */R (1)

where T, = 290K and Tpin, G, and Ropt are unknowns. Having N points Tj, R;

where i = 1 to N, the mean square error is:

E = 2(T(Ry) - Tp)2

and the rms error of the fit, in degrees Kelvin, is ‘JE/N . The set of three

equations that allows us to compute the noise parameters is:

BE/BTmin =0
BE/Z)ROPt =0
3E/3G, = 0

Letting Aty = Tpip + ToGn(Ry - Ropt)z/Ri - T4, this set of equations can be
interpreted as:

Ioty; =0

ZAty/Ry = 0

IAt;°R; = 0
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The unknowns can.be extracted from these three equations and finally written

as follows:

2 RyTg - RoTy
Ropt = G.T, - R.T
g'r g's
T.G. = Tg = GgTr - %ng
o + Rypp2G, GgRy - Ry
Rg Ropt g gRr g
_1 2
Toin = E-[T = ToGp(R = 2RopeN + Ropt G)]

where R = IRy, G = I1/Ry, T = IT4, and

R, = (Ry)% - NER;”

R, = IR;IL/R; - N

Gg = (21/Ri)2 - NZl/RiZ
T, = IT{3R; - NIT4Ry

Tg = ITiI1/Ry - NyT3/Ry

How the Program Works

The program reads the number of points and values from data statements,
computes the three noise parameters and the final error in temperature and
presents the function T(R) in graphics mode.

TFwo operation modes are allowed:

Option = 0: wuses the data as temperature and source

resistance values
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Option = 1: wuses the data as temperature, A/4 transformer
impedance and 50 ohm line length (inches)
From this, it is clear that three values are required for each point and that
the third one is not used in the zero option.
The scale in the plotting can be changed easily through the variables X ..
and Yp,4 that are the maximum values for horizontal and vertical dimensions of

the plot.
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F CHM COMPUTES THE MIMIMUN TEMPERATURE ANHD
! E ORESISTOR FROM A SET OF H MEASUREMEMHTES WITH
! WnHIHUH CURDRATIC ERFEOR

FRINT LIMo2y, "Ropt 1 as of 127100810

OFTION BASE
CODATH mu

R SN

ok Vime length

THFOT "Opvion=",0ptian

Fro=15

Blam=11.8

DIM Tes

FEAL M

FEDLM TemrfP',HaE'H' LomgOH

F=G=T=Rr=ng=Tr=Tg=08

FOR I=1 TO H

FEAD Tempolly,Re
IF Qgtion=G THE

T#lorige I iz

be placed

«F o

Pelorngo2Es

J

3 LamgeIa
H

Fr=Rr+k
L;,l] |_.1:|+1
Ter=Tr+Tewp, Iy
TG“TQ+TempE 3

bt
-

. o b o]

Tr=TsR-HsTr

Tag=T#G-H#Tq

Fopt=S0R(ABS CRg* Tr-RrsTgs < CRg*Tg-Go#Tri):
Gr= Tr”*Rr+RDpt #Rg2

Twin=T H-Gr#iRsH-2%#Fopt+GsRapt ~2-M2
Error=d

FOR I=1 T H

Ere
H I
Errors=
Gri=Gr
THFUT "Fript title im
FRIMT LIHOLY, THECZE;
FRINT % mme e e e e e e "
FRIMT LIMSL:, "Minimun temperature Tmin=";Tmin

FRIMT "Optimun resistece Fopt="Ropt

FRIMT "Hoeize conductance Gt ="1Gn

FREIMNT “Mearn sguare seror Err ="JErtar

SERECE R ar s

ezz than 128 characters",A%¥

PRIMT LIfi13," s e oo e

OHTH
ORTA
LDATH
LATH
DATH 66,7
L-IFHFHI e

lEYman, Ynax
T 1” """"

LIME TY FL 1
LORG &

MOVE -~ 82 eman, ~ B34 max
LABEL LEIHG "Rvytar

MowE 1 l-: LA EY A

LABEL L_IHE R R N5

FEError+ i Tnin+tGns (Ropt-Fes (123 2-Res(Ii-Tempi [ 172

OF T ITHUH
THE

]
—

B oaz follows: M, TLI,RL1,L1,TZ2,RE

i : 1
cion=0 for RizRsource and Options=sl for RE= Ftransformner

ErenSEE I CRes Do BB 2w TRAHOL 220 )

[t

o



MOYE .5

-28-

Amary - BT EY max

LABEL USIHG "KYJ"Rsourcedobmi"

LORG &

MOYE -, B3sEman

LABEL LISIMG

MOVE —. 8%

LABEL USIHG

LORG 5

FOR I=1 70

MOWVE R

M
daTempilns

LAEBEL HSTHGE “REy "+

HEST I
FOR Ri=.81

5t

sman T Hmax

STEP . Bl*smax

Ti=Tm1H+29H*EH%iRi“Rmptﬂ“gfﬁi
PLOT Fi,Ti
MEXT R

SE

FRL
RESZTORE
GOTOD 1aa
EHI

Appendix 1.

Program "Ropt 1" for HP-9845A

Computer
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Appendix 2

NE-137 and MGF-1412 Models

The circuit models used in the computer programs for the NE-137 and
MGF-1412 FET's are shown in Figures A2-1 and A2-2, where the package is outside
the dotted lines.

The scattering parameters computed from these models and the computer
program which calculates the transistor performances at any frequency are
included in Figures A2-3 to A2-6.

The computer description of the circuit models is as follows:

=3 i : F
oz
J g, B, T
g oy
N
i uop i , G [ :3
-
B | I PRELLE
Fi SRR TR,
[
i B TRE, L3
o '
F g 1
L TME 13789 in [E
N
: tFackaging L=
A
T P 5 B 1 I S v fPackaging O =

(N

PEouroe -0

b CHLE D BO# D0

FETHRE
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2 omode ]

Twring the

LB I e T S

2l

I
.
—
ot
Lt
-
T
-
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Y

;T ok b Do
(]
. [
" i
fux R e
o
-
R
-
fax )

+

[

o

Pgm, Fa, T

)
iChip model in LRI

IMoize model at 300K

'Packaging L=

IFackaging Cout

IFackaging Cin

(AT - L_I:'
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Fig. A2-2. Circuit model of MGF-1412.
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Fig. A2-3. S11 and S22 of NE13783 model.
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Fig. A2-4. S21 and S12 of NE13783 model.
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MGE 141¢ model
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Fig. A2-5. S11 and S22 of MGF-1412 model.
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S12 and S21 of MGF-1412 model.



-34-

Appendix 3

Noise Measurement Errors

In this énalysis we are going to look only at the errors in the noise
measurements due to the second stage or receiver noise when it is taken into
account and substracted from the total noise measured.

Let us define the receiver as shown in Fig. 4 where Rij are the scattering
parameters and n,,, Npi are the noise waves at the receiver input.

In the calibration process, the power in the load can be written as:

' 2
[TZi + TZOII‘SIZ + 2Re(I‘Sc2) + TS(1 - l]"sl )']

2

2
or P; = Gg(Tg + T) (1 - IPSIZ) where
2
6 = | —221
R 1 - TRy,
TR ToolTg|% + 2Re(TgC))
R 2
1- |rg]
— 2
Ty = [npy]
2
T20 = [ngol

_ *
Gy T Myolpy
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Using two source temperatures (Tl, To), with excess noise NS = Tl/T0 -1,

the receiver temperature and gain can be computed as follows:

N
T, = Ty | = 1)

e o1 . Po[M
P
where Np = E%._ 1, P, = PL(Ts = To) and P1 = PL(TS = Tl)

In the most general situation, the device under test can be described as
shown in Figure A3-2. When it has been inserted, the power in the load is:
P, = Tii:f?iizzT 21 + [Tyl + Tyy + 2Re(T,- Zy)

2 .
S21 2 2 )]
+ -
- > B (Tli + Tlolrs| + 2Re(T 1) + T (1 - [Tg|™)
S

or B = GalTpe( - |T,|%) + Gu(1y + 1)@ - |T4]D)]

2
|Ro1 |
where GRe = )
2
. = 591 |
A~ 2
|1 - 1 rq]

2
Toy + Tpo|Tel” + 2Re(Tyz))

T -
Re 2

T, + T, .|T |2 + 2Re(T Zq)
o =1 710''s s°1
A~ 2
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In the same way as in the calibration process, the total input noise and

gain can be computed as:

2 P! Np
Gp(1 - |rg|") = EQ i
[o]

S

P' 1 1
where N, = ;i -1, P, = P (Tg = T,) and P, = Py (T, = ;)

Using the gain and noise definitions as before, it follows that:

= 1 - lei ) TRe
T = TA + TRe . [2 = TA + T

av

It can be seen that the values for the receiver noise and gain used in

these equations are not exactly the same values measured in the calibration

process.
First, the computed gain is
|

or using the available gain as before

2 2

o a= g |1 - TyRyq|
2 2

(1 - [ry]™) |1 - rgRyq]

GA - Vav
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On the other hand, the receiver noise changes as the source impedance does,

and the real noise can be written as a function of the measured one as follows:

2
1 - |rg|
Tre (TR + AT) - |F |
2
1 2 2
where AT =.I———T;_TE [TZO(IPZI - |F2| ) + 2Re(§2(P2 - Fs))J
- s

The final error in the amplifier noise temperature is:

- -

1 -T,R

1 - TgRyg ‘2
2711

1-T R 2
1 - ToRy1 \ l

where the first term is mainly due to the variation in the receiver noise
temperature when changing its source impedance and the second one is due to the
error in the amplifier available gain and the second stage noise contribution.
If the second stage is connected through an isolator at temperature Ty and the
noise source is well-matched, as usually happens, the error can be written as follows:
lrzlz TRm 1

AT, n - 1 -
Gll - T,R 1l| 1 -

2
oRyq |

which is limited, depending on the sign of T, and Riq phases by the maximum and

minimum values as follows:

1

AT )
G- (1 + |F2R11|)

“Amax

2
Ti|F2| + 2TRm[r2Rll| )

1
G(1 + lrzklll)z

2
AT Amin = (Ti|r2| = 2Tpg|ToRyq |

where G = amplifier measured gain.
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Appendix 4

Amplifier Design Computer Programs

The most important programs which compute the matching networks and analyze

the amplifier frequency response are presented in this appendix.

Two-Stage Amplifier Design '"Man #4"

This program computes a two-stage amplifier for minimum noise and optimizes

the input return loss changing the inter-stage free parameter.

The method is as follows:

5.

6.

Compute the transistor model and get Ropt.

Loading the input with Ropt, compute Rout.

Compute the input return loss for three values of the inter-stage
"trombone line" (free parameter).

As the three values for the input reflection coefficient must be in
a circle, it is easy to know the minimum and go back with this point
to the inter-stage circuit.

Compute the circuit parameters and print these.

Compute the frequency response and plot it.

The list and usual printout are presented here for the NE-137 room temperature

amplifier model (two-stage).
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Man#d as of 8¢
Deszign freg = 15 Source Li= L33
Opidimun noise impedances=

AE T,

First e Zopt= 7. 22, 8842182449
Second Qs Zopt= 7. 22.0042182449

Ainl=-2
Lerngth= .
Length= .
Length= .

L

Trombone lengih=  1FRIE3 Rinl= B2
Lims rmumber 1 So= ;
Lirig number 2 Z

L
rdm ke e

TP

I B

.
X

i L=

ool o

—
Jo o

5]
Fidibee e o= Length= . 137
rm ke Lo Length= 178383
Pk e Zo= Lergth= . 198714
ridmmbng e S Lengths= [BS22602
Pk Zo= Length= .B3Z001E8
196714

oo,
¥y
]
—

A E s

Length= .

LU R,
1

P
y

P__...._._..
e~ b
=

=4




~40-

can

Ft'!.l:l] e, Dt

Chtoarn = K
L.lhﬁ;”ﬂan#4 az of SsZa0810

rﬁlHT CIMG
OFTIOHN BASE 1
oo Hrin.?anaCount,EHDHT DatoS51,18x  (LDATI HOLDS FRER, CET AMD HOISE DATH

: 3r Bug, 40, Coe, 40, Dia, 4 ECd, i, oms, 208, WOF0

STAHDAMED
Count =MHogo=3 P#FRERE CURREMTLY STORED IM DATA BRSE

£1=50

Eo=hE

DEG TDEFAULT FOR TRIG FUMCTIGHS IS DEGREES

REM LEER & FROGEAM SHOULD BEGIM OW THE HEXT LIME, USIHG AM IHCREMEMT OF 14,
b Thiz prodgram computes a two-stage amp. matched for optinun noise
Poamd output return ] . in both stages, and = ch o the interstage
b Vime lergth CTrombone line) for optimun input match @ Fo.

Fo=1%5

Fi=13

Fae=17

Df=.10

F=Fu

Glam=11.20285827-04«F2

IHMFUT "Source L1 and LE =",L1,LZ

L=L1

COSUE
MAT C=t
CHLL

F'il':l'r 1=

""JF‘1 L—-l D :E!::l

e

“3b
noonnin h

CALL Hfranﬁfﬁi*),4}

o lll:lT I

FEIHT ‘D#ﬁign frequence=" FITARECIE ) "Source LI1="JL1iTREBCEEA ) "Soaurce LE="{L2
FEIMT "Optimun noise impsdance=s"

FRIMT s PFirst s2tage Zopt="jRoptl”
FRINT U "Second =t ;11:]& ,_nFnT ="1 F'Uf.lf st
CALL Zicdfosd,RBoptl, dopt 1 R
CRILL SioiAdel ,Ropt 2, Sopt 2
!ﬂll iammazi*i,t,ﬂ,ﬁoptl,m
), Coas0l+00

;':Ilrl‘r 1
sopt

.
]
1 i w
L]

,.
[ax ]
-

R =L
- -
b

n

1
]
13
1

-
o I x|
-

= l"l

- .
"* v"-’l
v

Y

onoo

G0, 2030, 20400

T
APTRRY

[
W O e Pl I Q0 T 0N e D AR
LT AN O IR n On

12380 %ET an

ST RE C R T A U
Modoa=i1an

CALL Gammaz(-1,C,0,Ropt 2, Soptd)

ki S L 2T G g PR

n

T Ty O T 3
Ty Ty Ty

i

o on _l'_ﬂ nocn

£ WeE =01 am

& YT i=Ta

ETE5 We7Pi=Cl~D 1803401 an
£ Po=5Q

oy

R St Bt Bt B B ]

Gammazi-~1, 0,0, 207, 20800

R R N w A NS I B I I

Puxl

N onon

4
oo

STEBE G am

&
i
&
&
&

RN}

k=1
GUSUE Circuit

oo oonon R
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1
v}

1B Cirowit
ZiouACED B, 8,590, 8,200,208, B, 8,10

oI

mmc Ll -
]
P S B Y B Wb il B 5 e 1 I U U' ]

i

i
l —
AR

| i )

HEXT K

OD=iEC2, 1i-E02, 300 B0l 1~ECl, 200~ EC2, 10-ECE, 200 E0l, 10-Ecl, 300
IF D=8 THEH V185
Ecl,da=Efz, 1axlECE,
Ei2,4;:E..‘1J+nE'3.
Ecl,d4i=ECi, 40 D
Et2,4'ﬁ~Eu2,4,ﬁ< Do

=5 CLECL,dr-ECl 1332+ EC2,40-EC2, 1020
SORCECL, 40 '+EL£,4:*23

EcZ,di=Ec] 42x{1~-EsD
Evd,dr=E02, 40201 ~-RsT0

P~ELS, 20 0+EC2, 20 (EC3, Va+ELR, :E:::--:&-{EIZ:E%, Eﬁ)— i

i
L] Ll
D—Eq3,23)+ﬁq1sg}§qE&3ﬁ1)_Eq3’g;)+gq1.gﬂ+.5. i

E
E¢

|-.__'|

00

]
T
N e

LT

bend

= o

LK B B » Y
PAE S SR R R (N
=
L]
i
B

o
L

o,
(%3

on o

SECR, ZIRELL, 133 CCECT, 13=EC], 203 4 ECE, 10-EC2, 200020
1

n

CARLL Sammasz ;
CHLL h1uLLu§:
So=Zt

4,4, 0, D0
2,C,0,8,8, -1

CALL Gammazi-~1,G,H, 21,223

IF HEBfH G' 1E-5 THEH 7215
FRINT samma in both ends of the trombone line don’t matcoch®
PRINT lc+t end absz. gamma=";G;"Right erd abs. gamma="if
FAUZE

E=CE~-H:+21am- 126

IF E<8& THEHM E=E+2Z*071amn

Zo=50

FEIHT “Trombone length=";DROUNDCE, &3}

FEIMT " Einl=";0REOUHDCC, 853" Hinl="OROUMDCT, £

ITHFUT Do woud want to changes the trombone length?" Fi$

IF Af="H" THEH 72835

IMFUT “Trombone length=",E

FRIMT "Hew trombone length =" E

e '
TS =

U
o FOR }=1 Tu

b FEINT "Linge numbsr"jE}" Zo="  DROUMDCY (R 60, "Length=" DROUHD MK &
S5 MEST K

FOR F-Fl T F2 STEF I

o B x £ B OO T B U I

noOn R Ondn

o

1
1
i
1
1
1
1
1
1
1

El

Circuit

QSUE Circuit

a5 CHLL TrlinedBoxa , YoSr, WoS:, 10

Tedds CAHLL CasiBdsl,Coxd0

T455 CALL CasdiRcex, Boxi

Fa4ES CHLL ?a“FrIT'H'*' 4,4,-12

TATS CALL HF.r+ormancetHk+J,B,5“,B,5Usﬁsbs13
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=
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IOHERET F
iOGRAFHICE

PRHz
PAE

JRE
Loy, ~18
1,18, Fo, 248
TFE &
3 o Count

Dt ok, 17, 18%LGTDat fk, 2o E+Dat (K, 33723 511 iz dot-daszhed

HE [
FEMHLFP
LIWE TvFE 3

FoR 3 T Coount

Dat fk, 1a, Dat (R, 1402202

1

1Y
[}

Irioise

o

et
]

HEST &
FEHLF
LIHE TYPE 1
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FLOT DatdkE, 10, 180T 0ar ok, 802+ Dat vk, 72028 (R
HEST F
FEHIIF
LIHIE

FoR

=olid

[

T Count

FLOT Tatdb, 1%, 18%LGT<lat (K, S ~2+Dat (k, 3320 222 iz dble dot dash

HEH T
LORG i

G=1

LIME TYFE 1
FOR F=F1 TO F2

FMOVE Fo
LAEBEL
HE®T F
LDIRE S
FOR 2
MOYE F2-C,G~-0
LABEL LSIHG "E"3G
MOVE Fo-,G-0
LABEL USIHG "RY;2@&0G+Z@0
MEST G
LIRS 4
MOWE FE-S+0,-15
LABEL LUSIHG "E;IRGH
MOVE Fo-S5=0,-15
LABEL USIHG "Ev "HOISE"
LORG &
MOME Fl+%«il,
LABEL U=
3 OLORG 2
CFOR G=-Z6 TO B STER 14
MOWE F1+0C,5G-0
LAEBEL USIHG "E';G+26
HE®T 13
LOIF &
FREAME
FRIJSE
GOTO 7495
SUBESTT
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T

[

TUGAIH®




2145
5185
S1E5
S1FE
a1es
B199
SEAS
S215

L
P}

oo
i x]

O L0

i OO

2

X3

)

Bl
2E1

)

¢

o0

EONE o RN LR A

o
o

n

DX

o

(TR

0y
oI oon On I

o o

RN
243
%

]

D]

B O S R S S S S O ¥

DO X

ax}

RN
2415
2428
2425
&

o

o

oo

CHLL
CHLL
CALL
CHLIL
CALL
CHLL
RETLR
i ! H
nise
CALL
CHLL
CHLL
CRLL
CHLL
CHRLL
CALL.
CRLL
CHLL
CHLL
CHLL
CHLL
CALL
CHLL

11

RO
LR=oE
CRLL
CTARLL
CALL
CHELL
CALL
CALL
CALL
CALL
CHLL
CRLL
CALL
CHLL
CHLL
CHLL
CHLL
CALL
CALL
CALL
CHLL
CHLL
CHLL
LISk

FETUREH

EMD

TriinetACE), YOS¥K=-20, W]

a ' Ho®oa

CazlB*
Trline R,

CariALss, BO%

k-0, W

TerlimetBoxs Y 0Sxk~10, W

CaztAu*), Bl
H

E~-1 Mode 1
"Analwzing the
RicoRc®h, L B
SogrcelBOoe Y
CECED ALEDD
RCED, MEe
qie B

3;"8
1y B
};“3
R SN
; . n._;n!.-:",

LE DD

o

at

W
bl

F0

E

L

. -:+:. .:4-:. ‘:4:. ':+:. ’:+:‘ .:+:. .:4-:» .:-}:. -:+: .:{-:'

R

E
E 0
L)

IIF-II’

* 3, BU®an

ien

ECxa,Di%0

SIESIN eSS

SIS METESS

TriinedAosy, 38
EranchoAoxs "5
= 3L ACEDD

Eranchif(ss, "
Caz (A%, Blx0)

(NI Ay ]

-

A

=

“aw

’.al’ll .“’U::I

T
-~

D}
-

mood e
y B3E, "

VLB, B, . 132,

’U’ IIE;H..

.. 350,08,

,L,E’l, " '“,E’:‘

ROECED, "R

JB,8,. 278, "P", B2

"od.4, . 186,08, P, 00

B51,8, "5

s Fs Tmin, Ropt , Sopt Ghd

-43~

Bl-o27082

Icz
Pam R4, T
ol

PU,Bs

L%}

IR2,L2

L IRi, L1

@) IRZ,L3

Hod

THE 13788 in

tHoise model
TFackaging

oo
o P 15 I

L

FSource

lBias line

3 POt put

B Plrput

L

'Fackaging CF

[E]

coupling ©

coupling O



YA

One to Three Stage Amplifier Design ("Amp #1')

This program allows one to compute the one, two or three stage amplifier,

matching each stage for minimum noise or maximum gain as desired.

It does not compute the inter-stage "trombone line" that must be entered

during the program execution to allow other than the input match adjustments.

The list and usual printout are presented.
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zoJoxy Fualue, Optd
e STABCLI@ Y "Amp#l as of <1200
DPTlDH
COp M
“IH Hﬂ

.-Dunt,SHURT Dat S,
CA L 0S40, D08, 4, Y0150 Wi1Sy, LEE, Cap sl

THFREQS CURREHTLY STORED IH LATAR EBEARSE

'DEFAULT FOR TRIG FUMCTIONS IS DEGREES

Thiz programn comnputes ong, tws or thees stags amp. tunsd for
Dminimdn noise, magimun gain or minimdn noise £igure.
M=
Fo=1i5
Fi=13
Fa=17v
Lf=.1b
F=1%
Clam=11.802852704%Fa
IMFUT "Source L1 and C1
IF H=1 THEH £43%5
IHPUT “"Sowrce L2 and C2 =",L02),Captdl
IF M=z THEH &4325
IHFUT “Sercese L3 and O =", L0230, Capc3l
FEIHT "Dezigm frequency =",F
FOR E=1 110 H
La=Lokn
Do ‘ipl (L]
GOEUR Fet
CHALL Mirans RO,
EHLL Hfran=fﬁf?‘

YLl Capdll

--1

5]
£
-

iin

T

i
)
hn

DRI

L

n

L_qm+th,1'*'}1+F1‘«F
w<t,1'+H 1 2

n
iU e TWOT

Ty

n

-3 Iy
TN oL oonon

3 THEH 6545
FREIMNT "<l Simultansus match iz mot possible”
GOTO &&YS

I E(S1ESI - T1-10~2-T2~208 01 -K1~2~

i 1 ETE4+n 1l 0TI 0% T2+u 15320 0

xR LlETZ+E1# 0TI -1 0% 0Ti~-1-k1%! 3
Source L1="jLs:1TRECEA: "Source C1=";Cs=
R +lF1+T1+Hl T"+_1J

“Z+1

PTIHT THE®

B2

228 THEW 6795
Tm.h+ QERERCE, sl CRE-F1 2 CHE=H1roZh s (RE*Ran

IR E-

="3 DFf':HJHD 1F1+Lh Chmand, 62

FEIMT "Ta —"'HFHHHD‘Tz.b:"Gma
Ta= 1mI" : ’

CRIERo, &0y DROUMICE
‘"'DFHHHD'1P+LbT Gas, o

{ H. Meazur
FEINT “Ta = .DFUUHD*Taub‘:"b
FREINT

u_l m +-

FROGEAM SHOULT BEGIW OWM THE HEXT LIME, USIHG AH IMCEEMEHT

1UJ;“H1n1mur ol Ee S="TDROUND R L #REo, &0 DROUHD 1 #Ro, €23
CTrin=" OROUMD Tmin, 633 "Ga =" DROUHDCIG#LETGal

ranT TRECLIAX "Maxinun gain E=“'Dw HHD-P"UQ,J _DPDUHDf““+Ea,Eh;

=y
=R

1 VCDATI HOLDS FRED, CET AMD HOISE DATH
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the optimun source impedance desired, using Ky R1y R,

Gammazi—i,;,hlﬁnptthU.

T R T SRR RS R

Bﬁ*ﬂlam

DR

=r1+nv1“BW¥ﬂ]am
3 '.HFL!l—I A I Y R

izical length of the line between this stage

y'll -1
-+

-

T

-

-~

-

i

Uand the hh‘t
IHPUT "Tromboarne lineg following thi
‘Ttﬁiﬁbéhu
HEXT kK
FOR k=1 Tn S*N-1
FRINT "Line number"jk:" Zos"iDROUHDCY KD €0, "Length=" DROUHDCWOK D &0
MEST ¥
FOR F=F1 TO F2 STEF If
FOR k=1 T0O H

o

tage TV, MHISEKD

in

nn

inin

i

2
it

[
LH

i, 1
hnoon
IH

]

L l
-

£
ki
=

Circuit

IF E=H THEH 71355

CALL TrlimedBoes YOSk, WNOSska, 10
CALL CasOAd#), Bo#dl

o n R O Ondn

DA 1 I RO SO

5 IF k=1 THEH 7185
= CHLL L DT, ACED
; GOTO ¢ 5

MAT C=
HERT K
CALL SawecktoCoxnr, 4,4, -1
thL Hoerformance CC0+,8,58,8,58,8,6,12

ERAFHICS TG oREoGRG
SCALE Fl,F2,-%8,8
C=d4s256, 0 FGHzam
=3A-1E2. 5 PAE < mm
TYPE =
1,2,Fo,~18
1,184,Fo,-2
LIHE TYFE 5
FOR E=1 TG Count
FLOT Dat ik, 10, 18%LGTe0at (K, 20a2+Dat ok 3020 P11 i
HEXT k.
FEHUF
LIME TWPE 2
FOR =1 TO Eount
FLOT Dat ik, 17,Dat ik, 14)-28-36 tnoize = dashed
HEST K
FEMHLIF
LIME TYFE 1
FOR E=1 TO Luunf
PLOT Dat ok, 10, 18%LGTohat oK, 80 ~2+Dat (K, Ti~2r-320 P52l s =olid
HEXT ¥
FEHUF
LIHME TWFE ¥
FOR k=1 TO Count
FLOT Dat ok, 10, 18+LGToDat ok, S5~2+Dat Ok, 3522 tozz
HEST K
LORG 1

A

dot-dazhed

in

-
-
L]

dbele dot dazh
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=1
JIME THRE A
SOR F=F1 TO Fz STEP 2

IF F-F2 THEH 75e5

e
LomE: 7

MOME F+L#0, D-38

LAEEL UQ¢HG "EUSF
HE®T F
LDIR 248
FOR G=-2o TO @ STEF 1@

MOVE Fz-0,G-D

LABEL UEIHG “KY3G

MOVE Fo-C, G-I

LABEL UEIHG "K' 28x0G+380
HEXT &
LORG 4
MOVE Fa-5#0,~15
LABEL USIHG "K";"IRG"
MOWE Fo-5%0,-15
LABEL WSING “R"j“"HOISE"
LORG &
MOVE Fl+5%0,-15
LABEL WEIHG "EYP"GAIN®
LORG
FOR G=-28 T 8 STEF 19

MOVE FL+0,G-D

LAEBEL USIMHG "K";G+38
HEXT &
LDIR @
FREAME
FRIIZE
GOTO 7235

-“EEﬂIT

U‘% oL

n

e

1 ¥i

RIS bt D T DEVE ] N RO B

o

—_— e [s'l — = T

irE H' M UBERK-20 (WOSFEE-20,10

f R *',H'-."'.'

inetRCED, Y OTxR -3, MGk -4, 1
¥, B

Pine (B30, VOSHK-10, HIS#K-10, 1)

R I’E:l::*:j N

L
cALL T

D
T I oo
|
rr
—
[Tl

—
I
—
-
T
[T
i
E " .

e L

w o

CHRLL
CALL
RETLHJi

et il MHE- 137 Model at 204K Bl 2722
DISP "HAmalwzing the ckt model o o . . FEER =";F

o
n
T:

fix}

FTHES  CALL RIceRO#3,"S", 8,8, 836, 5", 80 Lo

TATE  DALL Source(Bidd, 040, 000 45,6, 1E7, 488.9,1. 25 Pam, R4, T
b CHLL FariBe ;

7as CALL RlcyAd A, 2TE, "R, B0 o

TaE CALL Cass

Taa CALL A, . 132, "FU, @) N
Fas CALL .
S CALL :%)."'“ 4 4y, 105,88, P, @0 IRE, L2

O LR T LN T f

SEe CALL

SElE CHALL R1 SE,LEBEL,8, 5,80 IRL, L1
ZEl CALL Caszv A

g e CALL Ric«EBosax,"s", 4, ,8%0,8,"2",87 TR, L3
b el CALL Caz(ACs»  Boxa

CALL RicoBosa,"5%, @8,8,.81,"F ", 82 RN
CALL C
Tmin=1

PEC#D RO IME 13788 in [E]
#F15

Xx]

R E AR R

S Riopt =&, 64 154F
SE5H Wopt =27, 33%15-F

A I
n b

n

Grn=gd.,. S« Fs150~2

-
fix]
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s mode ]
aging L7

CALL Mloadd(Bo#d, 34, Tmin, Ropt, Sopt ,GR? Moz
CALL RIcdAC#x, "5, @, 358,48, 3", 85 'Pack

CHALL
CALL
CHLL
CHLL
5| CHRLL
] CHLL
] CHLL
5

&

'Source L-0

] CHLL CasdBOsI,Ais:
E] CHLL Cas
5] CALL R lPackaging 7=
= CHLL O
o CHLL .
R

-4

-
.,

[ X x)

oo
bt et et
o

.
L

Dot

1o

CAHLL
35 CHLL
148 CHLL
2145 CHLL
2158 CHLL
2155 CALL

Tutput coupling ©

Frmput coupling ©

Eranch RC®1, "5

S160 CALL CasiAC*) , Bos))
2155  DISP

5178 RETURN

B175 END
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One to Three Stage Amplifier Analysis ("Amp #2')

The program allows the analysis of a one-, two- or three-stage amplifier with
all the circuit parameters selected by the user.

It is possible to use it in two different modes by computing the frequency
response (option = 0) or getting the spot center frequency response (option = 1)

that allows a faster analysis and change in the circuit parameter.

Hmp# s as of 9-24-51

481
Source f Lz= .8 Cz= 8
Source f Lz== .4 Cz= &
Source f Lz= .8 Cz= 8
LIME # 1 12 Lergh=
LIME # 2 g1 5] Lerah=
ILIME # = Zo= S Lergh=
LIHE # 4 do= 12 Lengh=
LIMNE # 5 o= S48 Lergh=
LIME # = o= 13 Letigh=
LIME # 7 Zo= 5@ Lergh=
LINE # & Zo= 549 Lerigh=
ILIHE # % Zo= 12 Lenagh=
LIHE # 18 Zo= 54 Lerngh=
LIME # 1: So= 12 Lerngh=
LIHE # 12 Zo= 59 Lergh=
LTHE % 13 o= D Letighs=
LIHE # 14 Zo= 12 Lerghs=
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bhiaralysizoloss, Fualue, Opt)
E '"Hm;#_ as of SoE40810

T bH E
COM Hoao ogF,Cuunt,EHﬂPT DatoS1,180 V[DATI HOLDS FRED,
DIM Rod, 40, Bos, 40, 008, s O0E 3 WOl HOLS, L3y, Capdad
STAHHDARD )

Count =MHogo=g V#FREMS CLURFEMTLY STORED IW DATAH EASE

Zo=tE

DEG ITEFAULT FOR TRIG FUMHCTIOMS IS DEGREES

M=

gt o=

Fao=1%

Fl=i4

Fa=18&

Hf=21

Df=cFz2-FlasiMHf=12

DIM Fer!

Blam=11

IMFUT "%

IF H=1 1HFH 30

IHFUT "Zource L2

IF H=2 THEH &3R5

IMFUT “"Source L3

FOR I=1 T0O Hf
F=F1+:I-13+Df
FOR kE=1 TO H

La=L0k)

Cz=Caplk?

GOEUE Fet

CRLL H*rans(ﬁi*?,lh

CET AMD HOIE

=", Lil, Capils
and CF =",Li2),Capi2)

ard CZ =", L03r, Capldn

oy ¥

0y Ty Oy T Oy O Oy O
£11

FHF k.
FREARD
HEST K
Wa=WuSs

Wl@=ig 18
Dot =8
I N F IR F

T Z#H-1
R S T A

Ty Iy Ty ¢
1

DNy
LN

—
fix)

Woldr=Wig-HogD '
IF DOption=0 THEHW &4325
T1=IHT e+ 20
FOR I=1 T0O Hf
IF Opticon=1 THEHW I=I1
F=F1+¢l-12%Df
FOR k=1 TO H
GOESUE Circuit
IF K=il THEH 8475
CALL TrlimedBoed Y oSeky, NOSsRI, 13
CRLL CasdcRO#),Bo*in
IF k=1 THEHN &£438
CALL CasdCo#d,A0%02
GOTOD 8495
MAT Z=H
HEST K
CALL SavechktdCo®r, 4, 4,~-12
CHLL HptFFﬂPmaﬂCEhL(*J,E
IF Option=1 THEH I=Hf
HE®T 1
IF Option=R THEHM &£5&8

LU B U

iy Ty Ty Ty Ty Oy Oy Ty Ty
[x ]

a4

Ty Ty T My
SO I O S O S O S o0n

(8

oy Iy Oy T

[y
i ]

oy a3

T
B
W DD A D 00 00 Oy T OO0 e e 03 00 PY o e

¥
funl

S8, 0,50, 8,05,10

onoon
E s B O ) I acx )

[AERR T

ih

AN
n

m
T



=18l GToDat 01, 20~2+Dat 01, 3021
=1@#LETCDat dl,85+2+Dat (1,722
=) ==L EELETY D:t'1.53“2+ﬂatﬁ1,9)“23
= Tem=Dat 1,142
& FREINT BEUUHDiBiI,EJ.ﬂFHUHquCI S0 DROUNDCSE2, 80 DROUNDC Tem, 42
=) FRIMT WO2a o3 iWos H'r'fH'H',Nfiu!,U'l WO LED
& IMPUT "2, 01,12
& IF Ji=8 THEH Option=@
=1 IF J1=8 THEM &£485

5]
1
&
Y
8 IF Ji<8 THEHM YOCRESCJLlax=J2

B IF J1:8 THEH MWoJid=W{J10+T2

5 GOTO &A48735

B GRAFHICS !
5 SCALE F1 F_.—EE,B

B C=4-238, LGHzZ < mm

5 D=32a 5 PdEBSmm
5] 3
5
5]
A
5
&

5}

5]

Ty

Iyl
[y}
[y}
[yl
iyl
[y}
Iy]
[y}
]

@y
AT R R B B R |

AXES
AHXES
LIHE T* b
FOR K=1 TO Count

FLOT Datok, 12, 18#LGEToDat (k, 22+2+Dat (E,230~20 1511 iz deot-dashed
HEXT K

FEHUF

LIME TYPE 3

FOR E=1 T Count

FLOT Datok,1x,¢Dat ok, 143+3088%(Dat (K, 3 ~2+Dat (K, 30~201@~CDat (K, 150718000
~-Za thoisze is daszhed

5 HE=®T K

&5 FEMLF

5 LIME TYFE |

B FOR K=1 TO Count
5 FLOT Dat ok, 12, 18#LGTCDat (K, 82 ~2+Dat (K, 7Fr~-21-38 s
B MEXT K ’
5 FEHUFP

8 LIME TYFE ¥

S FOR E=1 TO Count
B FPLOT Datok,12,18xLGTC0at oK, 230~2+Dat (K, 9020
5 HE®T K

8 LORG 1

5 G=1

B LIME TYPE 1

5 FOR F=F1 70 Fz2 ZTEFR 2
5} IF F<F2Z THEHM 725
] G=~1

5] LOEG 7

3 MOWE F+0G#C,D-34
jul

5

A

5}

5]

a

i

3

5}

q

5}

5}

Ty Oy Ty Oy O Ty Iy O

1
LIME T%
1,
1

[iy]
[
—
-

iz szolid

iz dble dot dash

T @ Ty I I Ty Iy O Iy I O O O Ty Iy
[(h]
[gA]
-

bt

LABEL USIHG "KE";F
HEST F
LOIF 26
FOR G=-2Z8 TO & STEP 18
MOVE F2-C,G-D
LABEL USIHG "E';0G
MIYE Fo-C,G-D
LABEL USIMG "K' 28%(G+3280
HEXT 3
LORLs 4
MOVYE FE-S+C,-1%5
LAEBEL USIHG "E";"IRG"
MOVE Fo-5«0,-15
LABEL WESIHG "K";"HOIZE"
LORG &
MOVE Fl+5=C,-15
LABEL USIHG "K";"GAIH"
LORG 9
FOR G=-

G M T

=28 TO

[
fex)

STEF 1

-
[exd
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ME FL+0,G-D
(BEL LUSIMG M"EYG+268
Mes T G
LOIRE &
FRAME
FRUSE
INPUT "Do wouw want to print this solution?",R$
IMFUT "Option =",0ption
IF A#="H" THEHN &984
FOR k=1 TO H
FREIMT "Zource fesdback FET #";E,"Lz="j;Lik),"Cs="jTaplkl
HEWT K
FOR E=1 TO SH-1
FRINT "LIHE #"jK,"Ja=";YlK2, "Lengh=s"jHIE?
HEST K
FARUZE
! GCLEARRE
EXIT GREAFHICS
IF Option=1 THEH &£4835

BTN B ECR | B SR U OB |

T

1

Nx)
Dax]

GOTO 7

i '.-j:l L

SUBEXIT
Circuiti!
FOR J=1 TO 4
Ao, Js=Feik,I,J2
Jl=dx  Js2=-THT I 20 0=-14T
AL, Jli=i-12J1%RC1, T2
AeZ, Jo=Fedk,I,J+42
Acd, J1oi=0—-13~J1xAC3, T
ACE, JTi=Fel o JHED
AoG,1o=ACS,20=1
HEST T
CALL TriinedBo®r, YoSsk-2s WOSsE-33,12
CALL CasyBosd A= _
CALL TrilimetACsr Y OSskE-20, HOS*skK-20,12
CALL CasdBo#d,AC*1D
CALL TriimedAC*: , YoSsk-d4s , N{S%kK-42,1
CALL CazuHRdxy BCxa)
CALL TrlinecBosy, v oS#E-10, WISk -10,13
CALL CaszdRACs),BOslD

L
— s

L
R R R R -

o
i

U Ot IR B o B BN« R
b B ot Y

7 RETUEH

FA1E Fet:! HE-127 Model at 284k Bl 27 22

Pl DISF "Fralwvzing the ckt model . . FRED ="3F

s CALL RIcdAC#2, "5, 8,8, 838, "S", 82 oz

T MY 45, 8, 1ET 4B, 2,1, 280 Pgm, R4, T

CALL SourcetBOxd,
CHLL ParcBos),HOsDD

CALL RIceACe, "S5, 8,68, ..278,"F", 82 1
CALL Cas(AC#),EC#00

CHLL RlcuBos2x, "S",8,8,.,1322,"P", 82 [
CHLL |;_1;|H|+|’Er+|
CHLL RlciBden, "3t
CALL cFr“P“*?,H'*'
CHLL F]l'Hﬁ*?,":",5.9?,.@51,@,"5",93 'R1,L1
CHLL Cas ;

CARLL R1-4
CALL Ca
CALL RElciBC
CHLL Cas(E
Tm1n

n

i

X
o

o B e ]
L1 B SR U ¢
[ )

-
b}

n

ot J‘.. o

-

b}

oy
-

D]

-

-

St

IR2,LE

R R I I I I

DyMET LG, L8988, "5, 80 TR3,LE

Do B OB o

-

n

;:;IIE;H’B!E.l,lul’llFull,B:' 14
'HE 13788 in [E]

L
o

T Lo,
ROV B U | B CURE

T
D]

CHLL Himads
CHLL Rle

Eosd, a4, Tmin,Ropt , Bopt ,Gol IHoise model
'+3_";" H. A5@E, B, S, 680 IPackaging L=
CAHLL CasdiBis), .
cqs CHLL CascRO#, B-rlﬁ

3 CALL RIciBo#x,"s",d@,8,.158,"F", 83 'Packaging C7=

[N

I R R I LA N
I
i

l-tr—‘-l-"l—*l—l-@—h)—"O-‘IIll"_':!

— -
— i



D]
N da n

Xul
L)

I R R R R R B A I
S ORI OO T OO T O B L e e S e i et i i i el
far] -

[ NS (TR R | L R

[l ORI R | v B R B R

R R S I R
[ v

(I T %

it 0 i

)

[
DR R | I I IR L B o I B I

TR O ORI VI NI O B ORI O

g =l g g g

5]
1
1

=4 =t

CALL
CALL
CALL
CALL
CHLL
LALL
CALL
CALL
CALL
CALL
DISF
RETLRH
IATH
IATH

IATAH
LATAH
IATH
DATA
LATH

OATH
DATH
DATH
LATH
LATH

LIATH
IATH
SUEEHD

CaziHO*
Ca=(B0*
RlcoRos
SertHOx

TelinetBoss,

5@, 892
12,.19&
3E, . 3215
18, .138
S8, 852

-
"
b

- .
o =

Doy IR oy I OO v
(R X

0ol e o

[ KRS | I S N

o o
-
.

-
.

)

oL

n
D
Dot

LV

—
[gX]
-
— 17
[¥x]
[ (N

=4

I

FET #

FET #

ol

~55—

Line
Lime

Lime
'Lime
e
'Line
TLine

Line
Linme
'Lime
ILime
Linme

Line
WLime

ource

'Bias 11

POt put

Fhput

inter—-stage

inter—-stage

L-C

ne

codpling C

coupling ©



