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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 )\/4 transform
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.



*2an3TJ 9yl WOolJ poUTWIIIIP siolsmeied

9sTou 9yl S9ATS 9Tqel 9yl °IUSIAND UTRIP PUR 9OURISTSD1 103BIDUSS JO

uor3lodouny se gIHT-A9W I0F (3IY3Ta) MGT Pue (3IJ°T) MNOOE I® =2anjeaadwsl asTON °¢ °3T4
ot's £8°Y et Ly 6572 o - - 55 PET 5% .
Ls €8 (3841 v €T 961 3dey 177 — o it 5402 P (ayoy 190y
. . . . - ure
L9t 8ty oS Less ois 1 $°80€ 2 662 L-20¢ s'8Te € 9c () vt
ASTE TV € Ay VB8 C | A% VB [ | AS TV 0T [ ASTC YW CT SETE ATt Va Ay VE < AC Ve T 1 ACC VE 0T ACC Vo T sTTg
(U0 1232uN0Sy (WyoH 22unosy nﬁv
01 n o< oz o1 o
t t 1 t t S B
g3-62/10 28781 20 m
-+
|
e —— : !
P ki L .
Oh“llﬂli.lunh.ll v T .L_:,,.« '
S E————— ~_ H"S
- T H T o
o T BT _ g
~e \
—y L
Hws e |
N e — T
S l’ll‘l\l:l'“““.hnnn:mll lﬂ'ﬂlﬁ“ ./,///IHI, -
\ — e ~ . _
T T T ——— .
_— ’jn.//. e T.\ R
i O] \
B .
,r .v
MLl o
AST LW RET#LNNGK STFRI-47U0 s -
A00E e

FET#RIUNTL DTET - 400 -



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 ~

Ay — +25 (T + Toff) K/dB (1)

where T is the measured temperature and Ao 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. In fact, measuring first the
equivalent noise and gain of the receiver (T, GR) and then the total noise
and gain (T, Gt), the receiver noise contribution is done by

T
Te=&=TR._G¥ (2)
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 Ty and physical temperature T.. The error

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

1 - Ty |2

1-T

TR
Gm

2 2
T = Tc(lrzl B lrsl ) . ‘ 1 - TgTR 1 -

2TR

where Gy is the measured gain Gy = Gp/Gg 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 coefficie

and can be either positive or negative. The extreme values for this error when

Iy ~ 0 can be written as follows:

i T T, 12 + TR(2|Torg )
max -~

Cu(l + |ToTg|)?

2
Tclrp|” - TR(2|T,rR))

AT . =
min a1 + |T,Tg )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.
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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.
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Fig. 5. Test setup for measurement of cryogenically cooled amplifier.
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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 nois
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
Thin 182 164 34.1 21.3
Ropt 6.6 4.9 3.4 1.23
Xopt 27.3 27.6 27.4 27.5

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

Bias 10 mA, 5.5 V 5 mA, 4V 10 mA, 5V 3 mA, 3.5V
Tmin 289 267 49.2 28.3
Ropt 12.5 10.8 8.7 3.5
Xopt 16.3 19.2 18.9 22.3
G, (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 transistors 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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of 1 GHz from 1 to 18 GHz.
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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 \/4 trans-
mission line with a lower than 500 characteristic impedance in cascade with a
50Q 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 effectiw
dielectric constant. The open-circuited end has around .04 pF fringing capacitanci

Although it is possible to match any desired impedance with the described
network, the frequency response depends on the selected circuit, getting a narrowe:
bandwidth as the 50 ohm transmission line becomes longer. 1In 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 \/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 (Zout)
to Zopt. This condition provides two equations for computing the network,
leaving one of the three parameters free (lossless network).

Going from Zoyt to 509 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
condition 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 two MGF-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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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 " 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 calculate

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

T(R) = Tpin + ToGpn(R - Ropt)Z/R (1)

where T, = 290K and Tpji,, G, and Ropt are unknowns. Having N points Ty, Ry

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

E = $(T(Ry) - Tp)°

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/3T_; . = 0
SE/3Ropt = 0
3E/3G, = 0

Letting Aty = Tpin + ToGn(Ri - Ropt)Z/Ri - Ty, this set of equations can be

interpreted as:

Aty = 0

|
o

TAty/Ry =

IAtj*Ry =0
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The unknowns can be extracted from these three equations and finally writter

as follows:

. 2 R T = RpTp
t = -
P GgTy — RgTg
T G,T, - R,T
= = £ T
To%n = +4g 25 G, - kgfg
Rg * Ropt Gy CGgRy ~ Ry

_1 2
Toin = ﬁ-[T = ToGp(R = 2RgpeN + Ropt G)]

where R = IRy, G = I1/Ry, T = £Ty, and

2
R, = (zRy)? - NIRy
= 2
Rg = IRyI1/Ry - N
2 2
Gg = (Z1/Ry)” - NI1/Ry
Tg = IT1I1/Ry — NpTy/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.

Two operation modes are allowed:

Option = 0: wuses the data as temperature and source

resistance values
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Option = 1: uses 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,x that are the maximum values for horizontal and vertical dimensions of

the plot.
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REDIM TempiHi,Bes My, LongiH>
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Appendix 1. Program "R01
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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:

CURE G Model s :
: by FREQ ="3iF

[N R Nt
Flo cHO*:

s

M, 9, 1. 280 tamy R4, T

[ ut
R ot
[T
Bope s C3
D

OO A N 5 S B B
b i s e K = =l =

fani

FTHE 127ae in

el xn
=_l'll—;:§' B T B N . B . -

yd  Tmin, Fopt  Hopt o Sas

Ao, PEY R, L ZER.8,"EY A "Packaging L~
DyHCEDD
'y O

Ea, EN B, B, 1858, P, a0 'Packaging 0
JECsa
|!H1j:$-'| ]

R R B L I TR i VSource L=

LEDyBOEI i

BI85 DLk

S1TER RETURHM

LE

in

I
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Appendix 3

Noise Measurement Errors

In this analysis 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 int
account and substracted from the total noise measured.

Let us define the receiver as shown in Fig. 4 where Rij are the scatte
parameters and njg, Ny are the noise waves at the receiver input.

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

» 2
[Ty + T20|FS|2 + 2Re(Tgt,) + T (1 - |rg| )]

2
Py o= |Ry;[” -

2
|1 - IRy, |
or Py = Gp(Ty + T ) (1 - |rs|2) where
2
c. = | R
R™ | T-TgRy;
TR Ty |Tg|? + 2Re(TgZ2)
R 2
1 - |rg
- Z
Toi = |mpyl
2
Too = |nyol

_ *
Ly = Moolpj
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Using two source temperatures (Tl, Ty), with excess noise N = T1/To -1,

the receiver temperature and gain can be computed as follows:

Ng q
TR—TO -I‘TE_
1_|rs‘ To | Ns
P
where Np = - 1, Py = P (Tg = T,) and Py = Py (Tg = T;)

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:

' |R21|2 { | Iz
P, = To; + |TH]” ¢ T,n + 2Re(T,-
LT Ry [T 20 2" %2
2 .
+ S21 T 4+ T | |2 + 2Re(T_z,) + T (1 - |T |2)
9 _ 2 1i 10' 8 s®1 s s
|1 - rr.l

' 2
or B, = GpolTpe(l = |T,]%) + Gp(Ty + T A - |1g]D)]

2
where GRe = l RZ]‘ ‘ )
e
|1 - Flell
2
G 1521
A 2
|1 - rsrll

2
TZi + Tzolrel + ZRe(rzgz)

2
1 - |1,

2
Ty + TyolTel™ + 2Re(Tgry)

TA = 2
1 - |rgl
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In the same way as in the calibration process, the total input noise an¢

gain can be computed as:

N
TT = To ﬁ; -1
2, By Ny
6r(1 - |rglH =2 - A
T l s | TO Ns

1
|

' 1
where NA = Ei - 1’ PO = P£(TS = TO) and Pl = PL(TS = Tl)

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

(1 - |F2| ) TRe
T, = T, + Tge * 2 = T, too

av

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

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

process.

First, the computed gain is

1
Gav = GT/GR

or using the availlable gain as before

2
(l - Irsl ) ll -}T2R11|2

Gy = Cay 2 2
| (1 - [rp]™) |1 - Ry
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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:

Tpe = (Tp + AT) e |FSl2
Re R 1 - |1.,2|
2
where AT = 1——11;—15- [T20(|F2| - |r2|2) + 2Re(;2(r2 - rs))]
- s

The final error in the amplifier noise temperature is:

AT, = AT - —»

1 - TRy 2 ' 1-T 1-TR, ‘2
A Gav

1-T,R

1 - TyRy1 2R11
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 follo

2
AT, o A [T, _ IR 1 - 1
|1 - T

A= G
6[1 - r,R,|

2
oR1q |

which is limited, depending on the sign of F2 and Rll phases by the maximum and

minimum values as follows:

1
2
G- (1 + |TyR11])

2
*Tpnax ~ LTi|r2| + 2Tgy | ToRy, | )

1
(L + |r,R )2

ATAmin

2
Ti|P2| - ZTRm|F2R

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 analyz

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 optimize

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

The method is as follows:

1.

2.

5.

6.

Compute the transistor model and get Ropt.

Loading the input with Ropts 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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T
SUE Chtans
FRIMT LIMC;
OFTION EATE 1
com ngﬁq?n.F.kuunf.:HHFT Dat¢51,15»  VCDATI HOLDS FREM,
DIM FACS, 43 BoG, 40,008, 40, 006,40, E0d, 40,4033, Z¢a), Wi
STHMDARD
Count =Hooa=@ P#FREQS CURREMTLY STORED IM DATA EAS

F“:]Hﬁ Ot
"W1=n#4 az of S.28-21"

IDEFAULT FOR TRIG FUMCTIGHS 1%

REM LZER 5 FROGEAM SHOULD BEGIM ON THE HEXT LIME, UEIMG
P Thiz progean computes a two-stage amp. matched for opt
'oand output return 1oss in both s=tages, and select the
P Tine lergth (Trombone line) for optimun input match @
Fo=1%5

S OF1=13

i Fa=1v

Df=.1&i

F=Fum

Clam=11,H8223527 - 04%F)

IHFUT "Source L1 and L =",L1,LZ

L=L1

GOEUE Fet

MAT C=#"

CRLL MiransiCoxl, 4

Fopt 1006,

dopt =008, 3

L=Lz

GOSUE Fet

CALL Hterans(RAC*D,40

Pﬁp**;ﬂff
||F,| D=0
FFIHI "hezi

1
FEIMT "dpvimun moise imp:d:n-e="

FRINT THE MUFirst stage Sopt="jRoptli"
FREIMT TRE H H

S1EB D #ET am

CARLL Gammaz(-1,C0,0,Z030,2¢427

Wedoa=00am
CALL Gammazi-1,C,0,Ropt3,dopta
1

MIEY=Za®SARCC1-Chs 14000

S1TEBR*EY am

""1._,]],.." .
D AT I I

STEE DY am

I T Iy My Ty Ty Oy Ty Iy 0y Oy Ty

s

SUE Cirouit

E

CET AMD

DEGREES

HOISE DA

AH IMCEEMEHT OF 11
imun moise
interstags

Fuou

gn frequency="1FiTRECIA; "Source L1="3;L1;TRAECEA); "Source LZ=";|
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IF O=8 THEH 7185
ECl, d4i=Eiz, 10 EC2,30-EC2,200+4EC2,20%EC3,12-E0 3,
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WS =3
WS =E
FOR kK=1 Tu 9
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S
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[od

e
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CHLL Ia=fo*',Bt*?h
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i HEXT F
i OGREAFHICE
SCALE FL,Fa, ~2a,0

LIHE
AsE:
AHES
L. IHE
For E
Fn
HE =
FEHLIF
LIME TvFE 3
FOR E=1 TU Lount
FLOT Dat <k, 1 Davib, 140 -20-28
HEHT
FEHLF
LiHE TYFE 1
FORE k=1 T Count
FLOT Tat 0k, 12, 18*#LGTi0at vk, &
HEST F
FEHLIF

LIHE

1,2,0 0, -1

1,18, o, 28
TFE 5

L T0 Count

Dt Ok, 10, 180T Char TR, 25

LN 1]

k.

inou

o

o

TvFE ¥

FOR E=1 T Count

FLOT Dat ob, 1, 1E#LGToDaY K, S0

HEST F

LaRG 1

G=1

LIME THFE |

FORE F=F1 70 FZ STEF 2
IF F<F2 THEW V&2%S

E:..l

Lo 7

LAEEL
HE=T F
LIIR 24
FOFR Z8

MOVE F2-C,5-T0

LAREL D IHG "K"3a

MOME Fo-0,5-T

LABEL LSIMG "K";2o=iG+300
HEST 3
LOED 4
MOVE Fa-S«0,-15
LABEL WSIHG "K'} "IRGH
MOVE Fo-S50,-15
LAEEL SIHG "e";"HOIZE"
LORG &
MOWE Fl+%he0,-15
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LORG 9
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2145 CALL TriinedACs) Y OSsk-20, NoS*k~2
5155 CHLL CaztBUx),AC#ND

B165 CARLL Trlirc-H'*J.TfS*K—4}.N(5*K-4
2178 CALL Car TAC*) (Boxad

=185 CHLL TP]inEfo+' reSxk =10, WoS*k~1
2193 EHLL CastAC#2,Bis0

SoAs ETURH

2215 Fet:! HE-137 Model at 200K

222a DISP "Analwzing the ckt model . .

CALL RI1cyAC#D,
CHLL SourcedBoza, "y
CALL ParcBOx),AHOxD
CALL Plr-H-*J."ﬂ",a,e,.zra,"P",
CHLL CaszdAY :
CHLL Rl1coE
CALL ;
CALL
CALL P y
CALL PlruH-*-, &
CHLL CazCAC* WE 3
CALL RIcCEBEC#D, "5 4, 83,8, "5
a,
]

nen
=1

0o
+ 1E7

,B,B,.BSE,“*"

CALL CasdAc
CALL RYc<BO#:
"IBI-}-I.HI-QI
$F15
Ed*15-F
LH3#15CF
SEL SR (F 15 m2

Gr=2
CHLL H’Dadfﬂﬁ*3,4,Tmiﬂ,Fﬁpt, =15 3N
“E"”!BV ‘lli ||.E'.'

JB, LB, P, A0

CALL 2508,
CHLL
CHLL
CHLL
CAHLL
CALL
CAHLL
CHLL
CALL
CHLL
CHLL
CHLL
CHLL
CHLL
CHLL
CHLL
CALL
CAHLL
CHLL
2420 CHLL
u4hf LISk
2438 FETURH
2429 EMD

R]cdﬂi*},
Ser A%
Tr1i

’L..Ei IIFH E"

“;.IEB
Elce K ”F" .|IE1_L1
14--51*3 Dx*l)
PranrhﬂB-*-,"F"?
DA yBCEND
CEDN AT ® D
Trlinﬂfﬂf*",i
BranrhtH'*',”.
astEO#), AR
TP]iﬂuth‘J.JH,.BEE,I.Eﬁ
EranchoRo#r, "5
CasvAC*),Boxh)

=T

ek
“ .llFIH,B'

(5]t
£s
5]

0 O 00
£ BB
- T
n

VoD o
I'.
(xS

Tyl

LS

y 4

G

e,

oz
Tgm, R4, T

Izl

i)

IRz, L2
IR1,L1

IR3, L3

THoize model

lFackaging L 7=
'Fackaging C7=

ISource L

'Eiaszs line

POt put

coupling

Pnput coupling
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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.

Source Cl= 8
Miviimurn noiss Z= 198,665 Ga = 3,225287
Masimun gain o= = 196,73 = T, 35618
Min, M. Heazure Z= = 198.4 - NI |
tage # & Source L1= B3 Cl= B
Mirvisun poize £ Fo.rdd 2. HAa4z 28587
Maximuin gain Z= 5. = 28, 7ve SLEEaLE
Mir., M. Meazure Z= 7. 21,96 . ERIvl
Ttage # X Source Lls= 83 Source Cl= @
Miviimur noize 2= TL.V4E 0 22,8842 Twmin= 190,665 Ca = 9, 28587
Mzimun gain Z= L, FEE94 28.7FEFY Ta 198, = ®= 9. HD81E
Min, M. Measure 2= 7.EZS533 21,9872 Ta = 198.& SLERETL
Lirne rawmber 1 o= 1V EDEE Length= 1%
Lirne rumnber 2 Zo= SR Lergth= .8
Lirmg riumber 2 Zo= 58 Lerngth=s 8%
Line rnumber 4 o= 12,283 Lernigth= .1%
Lirne number S 2= 5@ Length= .2
Lime rumber & o= 17,2583 Lerngth= .1
Lineg number 7 Zo= G54 Lerngtk=s .8
Lime rnumber 2 Jo= 56 Length= 893264
Lire number 2 Zo= 1208 Lermgth= .19&714
Line rumber 10 Zo= 58 Length=s .2
Lirie riumber 11 Zo= 17 8563 Lerngth= .,
Lirme rnumber 12 do= 5 Length= .

Lirmg ramber 13 Zo= Length= .

= n
LU U U |

Lime rnuaber 14 Zo= L3RR Lergth= .
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Chianaluzyz0Joxd Fualue,0pt

cant T LIMOZ 3 TRHECLED ) "Amo#l as of F-16-21"

COFTIGH E 1
COM Heqo,é',F.Luuuf.:HHFT Dar ¢S5t 120 FLDATY HOLDE FRE®, CET RHD MOISE I
DIM ACS 3 Bre, 40,008, 40, DICE, 4-.r|1€. WolSh Lo3n, Caplsn

STAMDAR ll
Iuw.T-hugn»E VHFREDS CURREEMTLY STORED IH LATA EARSE
DEG IDEFAULT FORE TRIGS FUMCTIOMS IS5 DEGREES
REM UZER"S FROGREAM SHOULT BEGIM OW THE HWEWT LIME, USIMG AH IHCREMEWT GOF
b Thiz progran computes one, two or three stage amp. turned for

P mininun noize, max<imum Qain or minimun noize figures.
H=72

|'|:.1I||—11 B2 SaT e
IMPUT "Source L1 and C1 =", L0153, Capdi
IF H=1 THEH £ s
IMPUT "Eo
IF H=Z THEM £435
IMFUT "Srurce L3 and C3 =", L0230, Capid)
FEINT "Design frequency =";F
FOR E=1 70 H

=0k
Cap ik
e Fer
"L Mtrans CRO* D,
l. MtramscHC# ), 10
|F-H-r- 1R 'E.LZ)

’_.
| %]
w
a
-
T

1]

WoLEY, Capl2

Ls.

[

I_l D ] C&

1z
1.

ey 'F

oy OF CT18) THEHW Ks=-1
IF o THEMW E545

FEIHT "kl
GOTO &x

Simultanesus match iz not pozsible"

B-q (1 REE-CTLI-1002-T2 20801 K1 2=H1~2)

2y =2 K1 TE+E1 %0 TI-100%(TE+H1%5
+EECEI#T2+HI*0TI-1 0 """""'Ti—l"l"l-k'
ource LiI="jLz; TRECEG:; "Saurce C1=" 0z
’ e STl R1IFTI+ELI*T29+51 0

F’szIHT THE 1l1 l; "Minimun noise Z=" 3 DROUMDCRL#Fe, 603 DROUMD G #Ra, 55
FRINT "Thin=";DROUMD Tmin, &2y "Ga  =";DROUNDC1@<LGT 'Ga?,éﬁ

IF Ks4@ THEM 6795
Ta=Tmin+29@ACE, 1% ((RIZ~F1 )
FRIMT TREC18)"Ma<imun 3ain
FEIMT "Ta =";0R0UMDCTa,S03"
Ta=Tmir - :6 E —F e

Wlam2seriRZeRo)

TDROUHDCRE#Ra, 60 3 DROUNDCH2%Ra, 63
DS OROUMD 18l GT CGman s 5

Alasg2h s TRosRI

3 HE20+ 2 RATIHEI*TEO+51

FREIMT THRECOLIB "H'l . M. Meazure Z= "YIROUNDCRZ#Ro, &0  DROUND S 3sRa, 80,
FRIMT "ia ‘",[IHI_Il_lllIl'ffT-a,F:'-.'i'; "Ga sOROUHDC18+LGT TiGar, &

FREIMT
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Wt s
CALL ZiodAC#),Fopt#Ro, dopt*Ro, B, 8,8, 8, R, H, 10
CALL Gammaz(-1,C,D0,Ropt ko, dopt ¥Ra)

WS aE =4 =T s SR L -0 (14D

bleSski=a =] am

"]
bl S =Do12BR 01 am
CHLL h uuua:t—l CoDyRy D

HQS*H—13=ml=r

IF E=H THEH 7@3%5
o Irzert here 1
U oarmd the next ane
IHPUT "Trombone 14t
WO DEE =0

HEAT K

FOR k=1 T S*H-1

rne following this ztage ?",WOS*ED

(13

HEST &
FOrR F=F1 TO F2 STEFP If
FOR E=1 TQO H
L--LfF“
un_JP L1rLuit
IF E=H THEH V155
CHLL Teline Boed oS k), WISk, 10
CHLL CasCAC#2,Boxl
IF E=1 THEHW V185
CALL fas(Co*i , Ao*n
GOTO 195
MAT C=R
HEWT K
CHLL SawvecktoCosi, 34,4,~-10
CRLL HMperformamcedCosr, 0,50,8,%0,8,5,10
HE=T F
7 GRAFHICE
iCHlE Fl F;. g

0 CN CN CA Ch CN CA CR CR en on

b B R I S O R 6 I S

noennoon

[ o Y u Y
TN

VAR mm

™
]

u-—cF"c—lu
wES 1,18,Fo,-28
LIME TWFE 5
5 FOR E=1 TG Count
3 FLOT DatCk, 10, 18l GThar k20 2+Dat ok, 3020 Ps11 i
HEST K
FEHLF
LIME TWPE 2
5 FOR E=1 T Count
TS FLOT Dar ok 1>, Dat ik, 14072
HEMT K
FEMLIF
LIME TYPE 1
FOorR k=1 TO Count
FLOT Dat ik, 13, 1@8*LGTCDat (K ,E02+Dat (K, 7021 -20 [=1=0 S
HE®T
FEHUF
LIHE TWFE ¥
FOR k=1 TU Caount :
FLOT Dat ok, 10, 18*LEGTCDat (k,8:~2+Dat (K, 9 ~2 fs2a
HEWT K
LORG 1

Rk RRR

R

he phizical lenatkh of the line between this

TGHZ - wm

SB-ZA lnoize

"N

the optimun =ource impedance desivred, using K,RE1,RZ,

FRINT "Line number" k" Zo="iDREOUHDCY KD &0, "Length="§ DROUHDCW R ), &0

IGRGGEGLLGE

dot-dazhed

zolid

dble dot da



oo D0 T D QO o
U o R et I
X I R A

[xx}
)
f

]

[
[
i

=1

JIHE TAPE L

FOR F=F1 ToO
IF FaFz

G=-1
LORG

MOVE F+0L+0, D-24@
LAEBEL USIHG "

HE®T F

LDIE 28

FOR
MOYE F2-0,
LABEL MSIHG "K"3 G
MOWE Fao--C, G-I
LABEL USITHG “E

HEST G

LORG <

MOVE FZ-5+C,

LAEBEL WSTHG

MOVYE Fo-S5+0,~15

LABEL USIHG "M

LORG &

MOVE Fl+5sC,-15

LABEL USIHG "R

LORG 2

FOR G=-28 TO A

MOME F1+C,G-D

LAEBEL ISIHG "k"

HEHT &

LDIR B

FRAME

FRIIZE

GOTO 7235

SUBEXIT

Citrcgin !

GOSUR

CHRLL

CALL

CALL

CARLL

CALL

CHLL

CHLL

CHLL

RETUREHN

et 1! HE-137

NIzP

CHLL

CHLL.

Fz sTEF
THEH 7565

G=-—-2H

-1

-15

Hpn e

; n I;H

STEP

D+
qJ

-n
T

Mode

RicoRosx, "5",
SourceCBosl,

CHLL FPariEkr ",Hi*
CALL Rl1cdA Ay tEn
CALL CastRo#),B(s:
CHLL RI1oOER e,

SUIRG

o

—
o~
=

IH
16

26

At
"Hraluyzing the

llllll

B
T

CHRLL
CHLL
CALL
CHLL
CHLL
CHLL
CALL
CHLL
CHRLL
Trmiin=
Fopt =

CaztH
R1ciE
Ser o B
RlciH
Casif
Ble.k
Casz o H

E O ]

g

U EEECGHIRD

; "HOISE"

=20, H

ckt
,UCh, 45,

B, 2T,

TSR

node
“, H,.ﬁ_m,“

-48-

CREE-2

IS ek =41,

IRE

Tel

(R ]

oz

lam,FE4, T

i1

[
IRz, L2
IR1,L1L
g2 L3

1C4
IHE 137

'J

[

[xx]



~49-

ity
20

CHLL Hloady Eﬂ*?,4,Tmin,Popf ﬁupt.bn' Hoize madel
CALL RI1coA:s ‘

'Pa laqvnu L
CHLL Caszi

CALL Ca=x
CALL R1od
CHLL Ca=s(
CHLL .
CALL R1c
CALL ServAY
CHLL Tr].n»an*J,l ..14o 13 'Biaz line
b CALL Ric Doss, "P", 50,4 yURT LD

E15) CRLL CazdBixd, Diixnn

[~-]

'Packaging C~

POCRESS I x S A | BoUR

'Il;';I'bﬁIl

'Source L-C

SRRE CALL EBrarchiBi&y "P"

S106 CALL CasiRAC#d Eo%i)

2163 CHLL Caz EBEo*) A%

5135 CAHLL TriinedAC®),38,..855,1.80 POutput ol
= 5] CHLL EranchiRox3x, "s"n

21453 CHLL CEs FHE %

2158 CARLL

LEES, 1.8 Imput couplin

2155 CALL E:r'-ar'n |‘|‘ Hl * ', !

D)

i T e R = SR S|

i B LU T ) R

CALL Caz Ay ,Bisa

B Y30

21e5 nIizr
2178 RETURH
2173 EHD
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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 wit
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.

Amp#s as of 3242

[xx}
—

Amp#: as of S-24-81
‘sedbact FET # 1

-,

S

e fs Lz= ,a2 Cz= @
urce fesedback FET # 2 Lz= .03 [ 5]
Source Yesdback FET # 02 Lz= .82 C=z= 8
LIME # 1 Zo= 18 Letigh= . 193&
LLIME # & Zo= S Lerigh= , 89532
I_LIME # = Jo= S Letigh= .8%92
LIHE # 4 Zo= 12 Letghi= . 1367
LIME # S Z2o= 58 Lerngh= .171
LIHE # & dao= 13 Lergh= . 1%
LIME # 7 Zo= 59 Lerngh= RS2
LIME # & Zo= 59 Lerigh= @892
LIME # 9 Zo= 13 Lengh= .19&
LIHE # 1A 54 Lergh= .171
LIHE # 1! 1 Lerngh= .1%&
LINE # 12 5 Lergh= .852
LTHE & L= S Lergh= .8%32
LTHE # 14 12 Letigh= .1%&
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Cknoara

HT LIHCE

“OM BHSE 1
COM Mogo, &o, F,Count , SHORT DatcS1, 180 ILDATI HOLDE FRED,
DIM AeG, 40, Boag, 40, Cua, 40, D0, 40,0150, Ho1Sa, Lo3s, Capndl
STAHDARED

Fualue, Dpt
Sy "Amp#s as of So240810

—

JEEtHa

DEG 'DEFAULT FOR TRIG FUHCTIOWE I3
M=3

I'_I % tions

Fo=1%

Fi=id

DIM Fei3 ]
Blam=11.84 SV
INPUT "Source L1
IF H=1 THEH &38%5
IMPUT "Source L2
IF H=& THEH &3B5
IHFUT "Source L3 and 03 =", L0230, Capcdn
FOR I=1 TO Hf
F=F1i+{I-1a2%Df
FOR k=1 TO H
=Lk
(A
GOSUE Fet
CRALL HtramsCRCsH, 10
FOR J==1 TO 4
Fedk, I, Jri=AC1,.00
Feok ,I,T+40=R0Z, T
Feik,I,J+20 '
HEWT I
HE®T K
HEXT 1
REZTORE
FOR k=1 TO S*H-1
REARD Ok, WOk
HEXT K
WS=WCSs
Wig=Ho &
Cournt =@
WeSa=WE~Wyaa-WoFa
R NI N B s B = N Ry
IF DOption=08 THEH &4325
T1=IHTOOH 413720
FORE I=1 T HMHf
IF Optisn=1 THEW I=I1
F=F1+{I-12%D¢
FOR k=1 T H
EOSUE Circuit
IF KE=il THEH 8475
CALL TrlimedBox oSk o, oSk, 10
CALLL CasCACs), Bo%i
IF E=1 THEH &434
CALL CasiCo#), Ro%iad
GOTD &4295
MAT C=H
HE®T K
CALL Saveckt(Cosd,d,4,-13
CHLL HperformancedCoed, 3, 50,08,50,8,5,10
IF Option=1 THEHW I=H{
5 OHE®T 1
B IF Option=8 THEH &S¢

=", Loty Capill

ard 02 =", L0203, Capid)

S @ h @ 0 o 0 G R S Oh O oD R T A O

in

2
5

Ty
[ax]

Court =Hoga=8 '#FREQS CURREWTLY STORED 1IW DATA ERS

CET

E

DEGE



= E*LGT(Dqul.ET';+D=tt1.3)'2}
=10sLGT Dat (1, 1,Vasgd
Boosr e =1E#LGTE Datxl, 1.9) 2

£235 Tem=Datol,14)
£348 PRIWT DROLIMDCS11
BS54l PRIMT Wo2i;W0zng
€545 IHPUT "2 ,J1,J2
IF J1=8 THEH Option=@
IF J1=8 THEHN &4@&S
IF J1<8 THEN YC(RESCJIlra=J2
IF J1:8 THEH WOJ1o=WCTLly+J2
GOTD &485
GRAPHICS IGEEGLEGGEGEG
SCALE F1,F2,-38,8
C=d4-236,.2 'GHz mm
D=2A-162.5 'dE-mm
LIME TYPE 3
AXES 1,2,Fo,-1@
AXES 1,18,Fo,-26
LIHME TYPE 5
FOR KE=1 TO Count
FLOT Datck,10,18*LGTeDat (K, 22~2+Dat (K, 30480 1511 is dot-dashed
HE®T K
FEHLIF
LIME TYPE 3
FOR E=1 T Count
FLOT Datok, 12, cDat ik, 142+388% Dat Ck,80~2+Dat (K, 92~22-18~(Dat (K, 1521832
] 'moise is dashed
HEST K
FEHLF
LINE TYPE 1
FOR K=1 TO Count
FLOT Ttat CK, 12, 18#LGTCDat (K, 62~2+Dat K, 7 ~22-20 1221 iz =0lid
HES®T K ‘
FEHUIP
LIME TYFE ¥
FOR E=1 TD Caount
FLOT Dtat CK, 10, 18#LGTDat (K, 20~2+Dat (K, 3227 1522 iz dble dot dash
HEXT K
LORG 1
G=1
LIME TYPE 1
FOR F=F1 TQ F2 =
IF F<F2 THEHW &7
G=-1

DEDUHDY Tem, 42

&
‘

DROUHDYS21, &0 DROLUMDCSZ22, 65
Mol

- '3
WSy Uf7',ulS)'N C1ex;WO12y; 30

o
A1 S SRS SO Of
i

e U B |

[«

(5]
DU | DO o IOV SR ) B URE X R |

(¥}

T Ty Ty NN O OO OnOnCn
=

T

RVURN RN OCRE A et S B s U xR ) [ I VRN RN RS ot B P B Rl KNIl iy B ]
DN o N oo

R A R AT T T W e e T T T R T S e L P

s NG

[an ]

SN D N

TEP z

T T T M T O O Oy O Oy O Ty O O T O

o oEoon

& LORG 7

& MOYE F+isC, D-30

6738 LABEL USING "K";F

3 HEXT F

6 LDIF 9@

5 FOR G=-2& TO & STEF 1@
G MOYE F2-C,G-D

LABEL USING "K"30G
MOYE Fa-0,G-T
LABEL USTHG "K";28%(G+3@)
NEXT G
LORG 4
MOVE Fa-SsC,-15
LAEEL USING "K";"IRG"
MOVE Fa-S#0C,-15
LAEEL USIHG "K"j; "HOISE"

LS A B CO R PR CY R OV I 3 BB i )

=y =4

[x

W €O

A AT AL A DN NSO

T T @y Ty T T O T I 3
CREX RS xRt B B T Y et B I B B By I I Tt B I I It B B B S SO O A S U € SO O e L e S 0 O I 2 L S0 4

oG

e2Ed LORG &

62385 MOVE F1l+45%C,-15

AE18 LABEL USIHG "K";"GAIN"
6215 LORG =

6528 FOR G=-2Z8 TO @ STEP 1@
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WE Fl+0,G-D
BEL USING "K"j;G+3a@
Mee T G
LIOIR &
FRAME
FAUSE
IMFUT "Do wouw want to print thiz solution?",A$
INFUT “Option =", 0ption
IF A%="H" THEH &96&
FOR E=1 To M
FRINT "Scource fesdback FET #"3K,"Ls="j;Lik),"Cs="}Capik)
HE®T E
FOR kE=1 TO SxpH-1
FERIWMT "LIHE #" sk, "Fo=n PR, "LE‘?‘IIQh:" KD
HE®T k
FRUZE
I GCLERR
ExXIT GRAFHICS
IF I-Ipt.il:ln-_-l THEH E4a5
GOTO S
SUBEXIT
Citciginse !
FOR J=1 To 4
Hil, Ja=Feik,I,J
J1=4%0 T 2=THT T 2
A2, J1o=(-13~T1#AC1, 00
H{BSJ?=F€{H,I,J+4)
Fi'.4 Tll:l_l)Jl-‘-H‘v::,Jl
Hib, Jo=Fedk, I, J+8
FI'::", 1 "'H‘."-\ 2a=1
HEXT T
CALL TriinedBosd Y oS*k-30 , W(S%K=-30,10
CALL CazdBosd Aisnr: -
CALL T']1”“(H“*}sTiS*K‘Eﬁ,H(S*K—gp,13
CHLL CasiBl®) JAT %0
CALL Trl1nc'Ht*3,“'W*H—4),Hi5*K—4},1}
CAHLL Caz Ru*), 3
CALL T"]1”EiEf*3,TCS*H—lﬁ,HiS*K—lps1)
CALL CazCRu*1,Bolsi
FETUKEH
11! HE-137 Model at Z@@K 81,2702
IISF "Analwzing the ckt model . .. FREQ ="1F
CALL RIcORO#D, “"S", @,8,.838,"5",
CHLL 3GUPCE(E§*ﬁ,”V',"|" 4l.t,1
CALL ParcBosd , [osrd
CHLL F1c I'Hlf¢|’ IIE;",E‘,E‘, -E"FE‘, "F'"_.E':l -
CRLL C 14,13,*.'l
CALL Pld-.’ll'.all,la’a’-IE:E-SHF."’E,:] -
CHLL CascRC#)BODD
CALL RIccEC#n," "5, d4.4, 188, 8, P, @) Rz.Lz
CALL Ser(Bl#),Al%))
EHLL F]llHo-o-|’ll-_|l 1
EHLL L»-:. 1":*;’3.’.4.,‘
CALL R1-(BC#D,"S", 4, . 890,8,"8", @) IR, L3
CRLL Casc *'uB‘-*l "
CALL R1cCBO#l, "8, @,8,.081,"F", @) ' Cd
CRLL sCRO®D ROEDD 'ME 13788 in [B
Tmiﬂﬁ #F<15
.64+1=rp

D IS
=

—
=

¥

-
g

Dot
OO
A AR AR AR A R

¥

]

Icz
lam, R4, T

m &
- ..l — .
l_,:

[x(]

L]

—

[N

o0

)
n

-
ooh

SHE, L AEL,E, NS, @D R, L1

)

En—gJ -*'F 1‘
CALL Hloadd B Fy Tmin, Ropt , Sapt ,Grd IHoise model
CALL RIc oA, "5, @,.258,8,"5", 82 'Fackaging L s
CHLL CasCBO®i,Ri%))

| e LU I o)

€]
5]
1
1
1
1
1
1
1
1

= CALL CastRAGs),Bi%s
31 CALL RIc(BC*),"S',8,8,.158,"F", 60 'Packaging C
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CALL Caz AC*),Boxi

CALL CazcBoish Aoe:

CALL Rl1cCAC*),“P" @, Lz,C2,"F", @)
CALL TR '
CAHLL
CALL
CHLL
CALL BranmchiEi%:,
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