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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 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 

(Xs = X0pt), 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 R0pt» Tmin and Gn 

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 - 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. 



-6- 

u <4-1 CD 
0 4-1 

32 C B 0 nJ 
•H >-i ■M d 
O 
d 
d (U 4-1 CO 

•H 
CO O 
flj C 

CO CD 
00 ^3 4-» 
CO 
t-H CO 
W cu 
53 > •H 

bO 
0 M-l 0) 

i—1 
4-1 to 
U 

4J 
•H 0) 

H 

m • 
i—l 4J 

a CD 
a M 
nj M 

3 
/^N O 
4-> 

4-1 a 
a) •H 

!—1 CCJ S-' U • 
TJ (U 

>-l 
O T3 
O a 60 
CO CO •H 

M-4 
4-1 (1) 
Cd a 0) 

a ^3 (U CO 4-1 
U 4-1 
0 CO 6 4-1 •H o 
CO CO 
n CU «+-i 
a) U 
& nd 
6 a) 
a) O e 4-1 4-> •H 

cd 6 
cu M H 
CO CD cu 

•H e 4J 
0 a) (U 
a tWO T3 

CM 

•H 



-7- 

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-lAlZ'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: 

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. In fact, measuring first the 

equivalent noise and gain of the receiver (TR, GR) and then the total noise 

and gain (Tf, G-p) , the receiver noise contribution is done by 

— ^ .25 (T + Toff) K/dB (1) 

(2) 

where Gav 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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Th e 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 rR and physical temperature Tc. The error 

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

i .2 , ,2 
Tc(lr2l " lrsl > . i - rsrR 

2 TR 
/ 

1 - 
i 

1 " rsrR 
2 

Gm 1 - r2rR ^m 1 " r2rR 

where Gm is the measured gain Gm = G^/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 coefficie 

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

Fg 0 can be written as follows: 

_ Tc|r2|
2 + TR(2|r2rRl) 

nax . . o 
GmU + I^IrI)2 

. Tj^l2 - TR<2lr2rRl> 
min Gm(i + |r2rR|)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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rs r2 rR 

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 

Fig. 5. Test setup for measurement of cryogenically cooled amplifier. 
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Th e 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 noij 

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 

^min 182 164 34.1 21.3 

Ropt 6.6 4.9 3.4 1.23 

Xopt 27.3 27.6 27.4 27.5 

Gn (mmhos) 26.5 35.7 8.2 12.1 

MGF-1412 30 OK 1 tr T7 

Bias 10 mA, 5.5 V 5 mA, 4V 10 mA, 

15K 

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 

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 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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Fig. 6. Optimum source impedance at 300K for the NE137 in steps 
of 1 GHz from 1 to 18 GHz. 

ricl-is? aT 15K 1 OPTIMUN SOURCE IMPEDhNCE 

Fig. 8. Optimum source impedance at 15K for the NE137 in steps 
of 1 GHz from 1 to 18 GHz. 
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Fig. 7. Noise parameters, Tmin and for the NE137 at 
300K in the 1 to 18 GHz frequency range. 

T ■ K . u^-lSr at 15K 
Tin in - Gn 

02-22/82 
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Tm i n / / -- 

;0 -- -- 1G 

10 -- -- 5 

-| 1 1 1 1 1 1_ 
4 F»GHz > 10 12 14 16 

Fig. 9. Noise parameters, Tmin and gn, for the NE137 at 
15K in the 1 to 18 GHz frequency range. 
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Fig. 10. Optimum source impedance at 300K for the MGF-1412 
steps of 1 GHz from 1 to 18 GHz. 
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Fig. 12. Optimum source impedance at 15K for MGF-1412 in st< 
of 1 GHz from 1 to 18 GHz. 
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11. Noise parameters, Tmin and gn, at 300K for the MGF-141 
in the 1 to 18 GHz frequency range. 

L3. Noise parameters, Tmin and gn, for the MGF-1412 at 15K 
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 50fi characteristic impedance in cascade with a 

50ft 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 effectiv< 

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 narrowei 

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 either for minimum 

noise or maximum gain depending on the final gain. 

The first stage input network is then selected to have a minimum noise (Zop^)! 

and from the transistor parameters, it is possible to know the output impedance 

(Zout^• I11 order to have the optimum source impedance for the second stage, 

the inter-stage network must transform the first stage output impedance (Zollt) 

to Z0pt. This condition provides two equations for computing the network, 

leaving one of the three parameters free (lossless network). 

Going from Zqu^ to 50ft 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 //I 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-lAlZ'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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1) #112 NITH 15 OHM. INPUT JR. 
043G.3 01.--13.--S2 TRV=299.S TL0=2G3.3 0 14900 GL=1G.7 6H=19.7 1=296. 
4.98,5.2,-1.224 4.02,14.S,-.543 3.98,14.6,-1.239 

500K 2 ODE 

0436.3 
0 1 13 S 2 

25&K 

TOFF=360 
NDB-5.58 
ADP. = 12 

)'• 

I 
1QD& 

0K 
13.4 14.4 15.4 

0DEf 
16.4 

1> #112 NITH 15 OHM. INPUT TR. 
0659.7 01/13/82 TfiU=65.8 TL0=55.2 0 14800 GL=22.2 GH=24.3 T=10.9K 
4.98,5.2,-1.923 4.02,14.9,-.463 4.01,14.6,-1.405 

2) OPTIMUM BIOS 
0709.7 01/13/82 TRU=48.G TLO=40.6 0 14800 GL=23.7 GH=25.7 T=11K 
3.97,5.1,-1.745 5.51,14.8,-.58 5.5,19.5,-1.4 

2B 0K 

0 70Sr. r 
01/13/82 

l&OK 

r T "7 ^ ode 

f t .• * 
' 20DB 

TCtFF = 15 .3 
NDB-5.5t 
j.')DB = J2 

0K 1. 
13 7 4 14.4 15.4 

1 0DB 
16.4 

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 "Ropt 1" for HP-9845A Computer 

Equations 

This program computes the noise parameters (other than Xqp^) 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) - + T0Gn(R - R0pt)2/R (D 

where T0 = 290K and Tmin, Gn and R0pt are unknowns. Having N points T-p 

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

E = ZttCRj) - Ti)2 

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

equations that allows us to compute the noise parameters is: 

3E/8T . = 0 min 

aE/3Ropt = 0 

8E/3Gn = 0 

2 
Letting Ati = Tmin + - R0pt) /R± - Ti, this set of equations can be 

interpreted as: 

ZAti = 0 

EAti/Ri = 0 

EAti'Ri = 0 
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Th e unknowns can be extracted from these three equations and finally writtei 

as follows: 

2 = 
RrTg " RsTr 

^Pt GgTr " RgTg 

T g =  ^  = GgTr ~ RgTg 
o^n ? 2 

Rg + Ropt Gg GgRr " Rg 

Tmin " | IT " ToGn(R ' 2RoptN + Ropt2^ 1 

where R = ER^, G = Zl/R;^, T = ET^, and 

Rr = (ERi)2 - NERi2 

R g = ERiEl/Ri - N2 

2 2 
Gg = (El/Ri) - NEl/Ri 

Tr = ETjLERi - NET^ 

Tg = ETiEl/Ri - NzTi/Ri 

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: uses 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 

and Ymax that are the maximum values for horizontal and vertical dimensions of 

the plot. 
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10 ! THIS PROGRRM CONFUTES THE MINIM UN TEMPERfiTURE FiND OPTIMUN 
20 ! SOURCE RESISTOR FROM fi SET OF N MEASUREMENTS WITH THE 
30 ! MINIMUN CUfiDRflTIC ERROR 
40 PRINT LIN< 2) , "Ropt 1 as of 12.-10/81" 
50 OPTION BHSE 1 
60 ! IiRTfi m Li s t be placed in 470 to 510 as follows: N, T 1 , R1 , L1 , T2 
7 0 ! S e ^ •" c t u p i i o n - 0 f o R i =:: R s o u r c e an d 0 p t i o n = 1 f o r- R:= R t r an s f o r 

L=50 ohm line length 
8 0 1N P J T ; 0 p i, i o n = " , 0 p t i o n 
51 F o-15 
W 5 Q 1 am =11. 8 0 L:' 8 527 ( 2 * F o > 

D I M T €■ fi'i p < 2 fi) , R e s < 2 0 > , L o n q ( 2 0 '> 
RERIi N 
RED IM Temp<N >,Res < N>,Long <N> 
R = GT = Rr- i.ji-Tr■ sTg35© 
FOR 1=1 TO'N 
R E R D T e rri p ( 1 ) , R e s ( I) , L o n g ( I ) 

yy 
10 0 
110 
120 
130 
140 
150 
152 
1 60 
1 70 
180 
190 
200 
210 
220 
230 
240 
250 
2 6 0 
270 
280 
290 
3 0 0 
310 
320 
330 
34 0 
35 0 
3 6 0 
3 7 0 
3 8 0 
3 9 0 
4 0 0 
4 1 0 
420 
4 3 0 
44 0 
4 5 0 
460 
4 (' 0 
480 
490 
5 0 0 
5 1 0 
5 2 0 
521 

IF 0 p t i o n"0 THEN 17 0 
L = P I * L. o n g '• I '' ( 2 Q 1 am > 
R e < I >R ■=,I !:• • 2 * ( 1 + T R N '• L > 2 ) •••'' ( 5 0 * < 1 + < < R e s '• I > •••'' 5 0 > 2 * T fl N ( L > > 2 ) 
R = R + R e s ( 1 > 
G = b + 1 •' R e s I 
T = T + T e m p < I > 
R r — R n + R e s I 2 
G g = G g +1 / R e s < I > •" 2 
T r - f r + T e iyi p I * R e s c. I 
Tg = Tg + Temp( I > .-Res< I ) 
NEXT I 
R f = R 2 - N * R r 
Rg = R*G -- N ••••• 2 
G g = G •• •• 2 - N * G g 
T r = T * R - N * T r 
T g = T * G ~ N * T g 
R o p t = S Q R < fl B S ( < R g * T r - R r * T g > •••'' ( R g * T g - G g * T r ) ') > 
G n = T r ' <. R t- + R o p t ■ 2 * R g > 
T m i n = T ■ ■' N — u n * (. R •••'' N - * R o p t + G * R o p t 2 N) 
E r- r o r = 0 
FOR 1=1 TO N 
E r r o r-F r r • o r + ( T m i n + G i-'i * '■ R o p t - R e s ( I > ) 2 R e s ( I ) ~ T e m p ( I ■' ) 2 
NEXT I 
E r r c.i r = S Q R '■ E r r o r ••• ' N ') 
La n " L n I-:! 9 0 
IN P U T " F r s ri t title i n 1 e s s t h an 1S c h ar ac t ens" , R $ 
PRINT LI NCI>,TAB<20);R$ 
PRINT "  " 
P R I N T L I hi ( 1 > , "Mi n i m u n t e m p e r at u r e T m i n = " ; T m i n 
P R I N T 11 0 p t i rn u n r e s i s t e c e R o p t = " ; R o p t 
P R I N T " N o i s e c o n d u c t an c e 
P R I N T '! M e ■i.f'i s q l, ar e e- r- r o r 
PRINT L I rll f " 
DRTR 3 
DATR 75.5,34,.07 
B A T fl 46.9,22, .055 
DATA 31.7,12,.052 
BA T R 66.7,34,0 
b R fl P H I 0 S 
X max = 1 2 

b n — " J b n 
Err ="•Error 

5 2 2 Yri'iax - 1 10 
5 3 0 SCALE - . 1 X m a x, X i 
540 AXES 10,50,0,0,5 
5 5 0 LINE TYPE 1 
5 6 0 LORG 6 
5 .?0 MOVE -.03*Xmax,- 
51. u LABEL USING "K"; 
5 9' ^ MOVE 10, .03*Yma 
6 01-1 LABEL USING "K"; 



6 1 0 MOVE . 1jmax, U 7 * Y ffi ax 
628 LflEtiL USING '' K" ; 11 Rs o u r >: 
6 3 8 LORG 8 
6 4 6 MOVE 03*Xmax, 1 8 8 
6 5 8 LABEL USING "K" ;"188" 
o 6 8 MOVE 03max, » o Y rii ax 
678 LABEL USING " K'' ; " T < K > 
6 8 8 LORG 5 
6 9 8 FOR 1=1 TO N 
788 M U V E R £• s I , T 6' rn p I > 
718 LABEL USING "K" « ii ^ II 

N£;-:; r I 
7 3 8 F 0 R R i = , 8 ■ *rn ax TO x rii ax 
748 T i — F m i t'\ + ^ 9 8 * G n * < R i - R o p t 
758 
7 6 8 

PLOT Pi,Ti 
NEXT R i .... ..y PAUSE 

771 RESTORE 
i' r G 0 T 0 1 8 8 
7 3 8 END 

Appendix 1. Program MR0^ 
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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: 

(■' S'1 cj F €' k ; ! 'E i 87 Mode-'I 3 0 0 0 1 C- { ' •• ' 8 
V:' fc 0 [1 I S r " i-iii ■ i) v z i nq t he c k %■ IVs O d €' 1 II , FREQ =";F 

/ y i". c;i CHLL. R 1 >: ■ H < * > ,, " 8 '' , 0 0,.03s."8" , 0) 1 C 2 
y 7 0 C8 LL. 3 . < ^ , :i V ' , " C " , 45 , i5 j 1E7, 4 0 0 . 9, 1.28> ! g m, R4,T 

? 9 7 5 C RL1. P .if E < * > h R '• * > > 
7'; -i: 0 CHLL R 1 < R * ) . " S " , 0 0,.270,"P" , 0) ! Cl 
7 9 8 5 ChLL C as R ( * >, B C * ) > 
7 9 9 9 CMLl K' I ' E * !' j '' 8 " , 0 0,.132,"P" , 0 > ! c 3 
7995 CIU..L L- zi-.H , E <. * 
8 0 0 0 CHIJ. R ! c E C * >, " s % 4 4, . 106,0, " P " , 0 j ! R2, L2 
8 b 0 5 LiiL.L.. '■Z*' J ' ' . B ^ H ) ) 
8 0 I 0 cm... R i >: R < * } , " S " , 6 99,.081,0, I! c n j! 0 > •Rl, LI 
8015 C H L L C -i 5 K H '•! + ) , E * ) ) 

0 0 C- '"i 1... L R 1 E < * > , " S" , 4 .090,0,"S" , 0) ! R3, L3 
!j CHLI. C "■ • ' ''Re'*) , E '• * > > 

0 3 0 C;U L. R 1 c < E < * > , " :D , 0 0,.01,"P", 0 > ! C 4 
8 0 3 ^ U i-i L C a:-- E (. * > , R < * > > ! HE 1 3700 n 
8 0 6 £ T in 'i f. ■ J :-i ct -r F 1 5 
8 O i? 7 R! 1 fj t • • 6 . f. h * 1 5 F 
8 0 € 8 :<opt- - 2 i'. J * i i / F 
8 069 U r"i — ■-! . F ' 1 b > 2 
8 0 7 6 cm i. N 1 in -ad ^ B , 4 , T rn i n , R o p t , K o P * ' J r"i 
8 0 ^ 1 cm. i ft i i. R * > , " S " , 0 .350.0, " 8" „ 0 ! Pac k ag i n g L 
8 0 7 2 ChLL 0 ■ i..: !' E (. * > , R < :* > > 
8 0 7 5 CRL L. C ci.::.1 R ( * y , B < * ) > 
8 0 7 e- C h L L R 1 E ( s > , " S " 5 0 0, . 150, "P,; , 0 > ! Pac k ag i n g C 
807 7 0 0 L L U --ti- R * / , E * ) ) 
8 0 ? 8 C HLl. C a:;.:- ( E (. * > , R ( * > > 
8 0 7 9 R L. i. R 1 '• R ( * > , " P " , 0 .03,0,"P", 0 > ! O U 1'"' C €' 1... — C 
8 0 8 0 CMLL S*r < R * > , E < * > > 

Li L S K 



- so¬ 

- £• t : : i 1 i.j .-1412 n i o de 1 
• 0 U : SF: ' H ' : -J. ! V .1. 

r 1 '"i q t F £ c k t r.'i c d el . . . .. F REQ =" ; F 
,: t CHL. L R l ■: ^ H '• - .• ," 0 , 0 , . 031 , II c- " , 0 > • C 2 
? J ? K} CHL. L. 8 j !. -! r' C t 1 B ■+? 1 11 

•• «l I i u ^ n " C, 4 4 . 0 , IE?,500.0,5> ! q rri, R 4 , T 
? L- H!.. L P ■v 4 n H ( * ''' > 
? ji' 11"'-} CiiL t. R '.. fi < ^ ii E; i: , 8 , 0 , a 5118 , .. p " , 0 > ! Ci 

; ,■■■t:;- ;■ ;; i \ j C i-'i L. L L- R ^ j j E ( ^ ) j 
7' '? 0 CHLJ R \ ■: B ( - j it II 0 , 0 . 350, 1' p " , 0 > i C 3 

• q Q f ". C !r'i L. i. C iU-: . H ( > • j , B i j > 
0 0 0 8 i iLJ R ! '! £ ( ^ • ) H n . 0 0 9 , 0 , p M ? g i R2,L 2 

8 0 05 C! "i L. L 8 - 1 , fl '•! ^ > 
; 0 " 0 .1! i. R ] <: H C * > ii q 41 ■ 1 0 0,0, M " , 0 > ! R 1 , L 1 

8 0 i -j CliL!.. C ,:.L •: H C * ) , B K 'A* ) > 
8 0 2 0 L HlJ.. R 1 r. E * > ii ii i' « u 0 5 9 , 0 , " 8 •' , 0 ) ! R3,L3 
Si 0 2 5 C M L L C Fl* > , B ( ) i 

0 3 0 
L"j ,''"j 

CRLL R 1 o: E ■ * > 
as ■■. B ■■■. *■ > , fl 

C '» 
( ^ •' 

0 , 0 ,01," P" , 0 > ! 84 
! C h i f:i rn o d e 

8 0 J O Ti, i n -2 9 0 ■'> F •■■■' 1 'z 
0 8 7 R.1 2, 5*1!: 7.- F 

■; M £' .j p t ■ i r. . 8 *15.- F 
8 ki 8 '9 Cf "20 . 8 ^ F 1 5 '\ ii' 
8 0 4 0 LHU... H i i iad < I ■±- ') !» ^ ? T rn i ?"i , Rofvr ? : O O t , G f": > ! N o i s €' m o d 
8 0 6 J chll. r 1 c H < * > tt S 51 , 0 H . •_ 00. 0, II C " , 0 ) ! Pa:: k aq i ng 
8 0 7 0 C i i L. L... C n:-:. I; (> , fl ( ★ } > 
8 0 7 5 C fl L L C -Lir. H < •• , B l" ^ ) 
8 0 i c 0 8L:... R 1 ■; E < * > i! 5 0 , 0 , .450, .ip " , 0 !F acka9i ny 
8 0 7 9 C' i L. L C: as v Ft C * , B { ■+■ ) 
8 0 8 0 8 'ILL R } ■ £ ( * > ii ii 0, 0 . 2 5 0 , "P " , 0 > 

1Pac kag i ng 
8 0 8 1 CfiLL. C ar < B >, * > , fl ( *■ "> > 
80 8 2 i. H L i_. R 1 >... V H '■ « > 11 % P" , 0 , , 0 3 ,0, '• P" , 0 ::i 1 8 o i.4 r c €• L — 

3 0 8 3 C h L8 e r ■: fl •: * , B i ■+■ ; 
il ISP 

y i ;'li kf TURri 
82b0 SU buNL 
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Fig. A2-1. Circuit model of NE13783. 
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Fig. A2-2. Circuit model of MGF-1412. 
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liE-13;' r.vtde I Si 1 - 522 
F-l to 18 

Fig. A2-3. Sll and S22 of NE13783 model. 

Fig. A2-4. S21 and S12 of NE13783 model. 
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Fig. A2-5. Sll and S22 of MGF-1412 model. 

02 IS r: 

Fig. A2-6. S12 and S21 of MGF-1412 model. 
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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 R^j are the scatte 

parameters and n2Q> are the noise waves at the receiver input. 

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

2 [t21 + T2o|rs|
2 + 2Re(rsc2) + ts(i - |rs|

2)] 

|1 - TsRjJ2 

or Fl = GrCTr + Ts)(l - |rs|
2) where 

2 

Gi R 

T. 
T?! + T2 ~ + 2Re(rsC2) 

R 

T2i = In2i 
2 
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Using two source temperatures (T-^, T0), with excess noise Ns - T^/T0 - 1, 

the receiver temperature and gain can be computed as follows: 

Tr-Mf!-1 

gr ~ 
i - r. 

Nr 

Ns 

where NR = ^ - 1, P0 = Pl(ts = T0) and Pj^ - PL(TS = T1) 

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: 

21 
i - r2R11 

Tai + lr: ^20 2Re(r0 2 2' 

'21 

i - r.r 
1 s 

Tii + Tio|rsl + + V1 - 
rsl > 

or V = ^e^Red " lr2|
2) + GA<TA + V U - |rs|

2)] 

where 
IR 

GRe " 
21 

1 ~ r2Rll 

GA = 
*21 

1 " rsri 

LRe 
= T2i+T2Q|re| + 2Re(r2C2) 

i - r. 

ta - 

Tii + Tiolr3l + 2Re(rsc1) 

I I2 

i - rj 
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In the same way as in the calibration process, the total input noise an< 

gain can be computed as: 

TT = T T o 

N 
-S- - 1 
NA 

I I 2 PA Na 
gT(I - lrsl > - ' tjr 

where NA = -j- 
o 

- 1. K - Fi(T, - T0) and = P^T. = Tj) 

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

T = TA + T~ T A Re 
a - lr?l ) 

6a(I " lrsl2 

= TA + 
Re 

A G av 

GT " GRe * GA 

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 

Gav " GT/GR 

or using the available gain as before 

gA - G4v 

(1 - |rsl2) [i - r-.RjJ2 

(i - |r2|
2) |i - r^jJ2 
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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: 

TRe - (Tr + AT) i - Ir, 

i - lr. 

where AT = 
i - r, 

T20<lr2|2 " lr2|2) + 2Re(4(r2 " rs>) 

The final error in the amplifier noise temperature is: 

ATA = AT * #" ^av 

1 - rsRll 
i - r2Rii 

Rm 
Gkv 

1 - 
1 - '"Ai 
1 " r2Rll 

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 T^ and the 

noise source is well-matched, as usually happens, the error can be written as folio 

Ti * r2 
ata^^  72 

G|I - r2R11| 

LRm 1 - 
1 " r2Rll 

which is limited, depending on the sign of ^ and R-^ phases by the maximum and 

minimum values as follows: 

AT Amax Tilr2l + 

/ i 2 
AT. . = I T. r_ I - ZTp^lroRnl Amin i1 21 Rm1 2 111 

G*(1 + |r2Rii|) 

 1  

G(1 + Ir^J)2 

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 /M" 

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. Compute the transistor model and get Ropt* 

2. Loading the input with Ropt> compute Rout* 

3. Compute the input return loss for three values of the inter-stage 

"trombone line" (free parameter). 

4. 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 imter-stage circuit. 

5. Compute the circuit parameters and print these. 

6. 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). 



-39- 

Ma ,".#4 •j.s of 8• ^0 8 1 
=• £ i g n t" r e q ue ri <.y= 15 S o u r c e L 1 = . 03 S o u r c e 
j t i fiiun noi & €* i ru p e d an c e = 

First stage- 
Second stag 

Zopt = 
e Z o p t — 

7.74900446231 .j 
7.74900446231 j 

■ o n'i b o fie 1 t 11 g x h— • 1 0 9 8 3 Ri n1= 52.218 X i n 1 =-2.33308 
ns num!Jer¬ i Z o = 17.9 8 6 4 L e n g t h = . 196714 
ri e n u ru b e r cL Zo= 50 L e n g t h = .0528602 
n t- ri u iii b e i''- "j Zo- 50 L e n g t h = . 0 9 2 0 0 1 8 
i"! e n u ivi b e r 4 Z o= 12.96 3 5 L e n g t h = .196714 
n e n u m t' e r 5 Z o = 5 0 L e n g t h = .170983 
n t' n u rfi b €• r 6 Zo - 17.98€■ 4 L e n g t h = .196714 
n e n u m b ■=■ r 7 Z G = 5 0 L e n g t h - .0528602 
ne nurnbei" 8 Z G = 5 0 L s- n g t h = .092 0018 

; ne- number- Z o= 12.96 3 5 L e n g t h = .196714 

C €' L lil= ■ fcJ J 

i 22 
. 004 
. 004 

2182449 
2182449 

j     © 

^ / i \ IRL / \ •• / • ■, / ; cm .. ■ j o . o o ; \ ^ « ; *, y ! U c. • • L. J* u«— 

\ 'X T Y / 
A\ i / \ i, i. 

/ 
/ \ 

11. 
, i I 

t V--> :   q . y • L j 

I—I 
a: 
i n 

UN 

' 13: 
T!. 

: \ 

T" 

i' 
NOISE 

liu . .. j ■ \ 
iioi : I' / \ en 
i j i—i ; J1 \ o: 
iO : / \ t-n 

c 
OJ 

1? 
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as of 8208 1 
6 1 '•3 5 SUB Cktan a.! y s i s ( J ( + > , F '..•l a 1 u e , 0 p t. ) 
6 2 0 5 PRINT lIH (2);TflE a 0 >;"Man#4 as of 8/20 .•■-81 " 
621 5 OPT I OH Eft SE 1 
6 2 2 5 COM Hogo, Zo,F,Count,SHORT Cat <51,18) ! C DftT] HOLDS FREQ, CKT ftND NO I 
62 35 D I M H < 6 , 4 > j E < 6 , 4 > , C < 6 , 4 > , Ii '• 6 , 4 >, E < 4 , 4 ) , Y '• 9 > , Z < 8 > , W ( 9 > 
6245 STRNDRRD 
6255 C o u n t, = H o ci o—Q !#FREQ S CURRENTLY STORED IN DftTft EftS E 
6 2 6 5 Zt =50 
6 2 7 5 Z o 5 0 
6 2 8 5 BEG ! DEFAULT FOR TRIG FUNCTIONS IS DEGREES 
6 2 9 5 REM USER' S PROGRAM SHOULD BEGIN ON THE NEXT LINE, USING FiN INCREMENT 
6385 ! This pr ci g r am c o ri'i p u i e s a t w o - s t a g e a m p. rri a t c h •=• d f o r o p t i m u n n o i s e 
6315 ! arid out put return loss i n b o t h s t ag e s j an d s £•■ 1 e c t t h € i n t e r s t ag e 
6325 ! 1 i ne 1e r g t h C T r o m b o n e 1 i n e > f o r o p t i rn u n i n p u t rn at c h @ Fo. 
6 3 3 5 Fo-i 5 
6345 F 1 = 1 3 
6 3 5 5 F2=17 
6 3 6 5 D f = . 1 O i3 
6 3 7 5 F = Fo 
6 3 8 5 01 am=1 1.8028527/<4*F) 
6395 INPUT "Source LI and L2 ="^1^.2 
6 4 0 5 L = L. 1 
64 1 5 GOSUE Fet 
6425 MftT C=fl 
6435 C ft L L H t- r an s < C < * > , 4 > 
6445 R o p t 1 -- C < 6 , 2 > 
6 4 5 5 Xopt l=Cc:6, 3 > 
6 4 6 5 L = L 2 
6475 G 0 S i J E F e t 
64 85 C ft L L. N t r an s < ft ( * > , 4) 
14 9 5 R o p t 2 - ft < 6 , 2 > 
65 05 Xopt 2J=l::K ti, 3 > 
65 1 5 P R I N T D e s i g n f r e q u e fs c y = " ; F ; T ft E '• 30>;"Sour 
6525 PR I N1 " 0pi rnun no i se i rnpedanc e = " 
6535 PRINT TftE(30 >;"F i rst stage Zopt = ";Ropt 1; 
6 5 4 5 P R I N T T ft E 3 0 ) ; " S e c o n d s t ag e Z o p t =";Ropt2; 
6555 CftL.L Z i o C C ( * > , Ropt 1 , Xopt 1,0,0,0, 0 , Z C 3 > , Z < 
6565 U h L L. Z i o \ ft , R o p t 2 , X o p t- 2,0, 0 , 0, 0 , Z < 7 ) , Z < 
65 75 UftLL i_.ammaz (. - 1 , C , D , Ropt 1 , Xopt 1 ) 
6 5 8 5 Y ( 1 >~Zo*SQR< ( l-O/C 1 + C ) > 
6595 W ( 1 > =Q1 am 
6 6 0 5 T' ii! ."1 ^ o 
66 1 5 N ( 2 > - •:J - D •" 1 8 0 > * Q1 am 
6625 Z o — Z t 
6635 U ft L L i-u ammaz (. - 1 , C , D , Z < 3 ) , Z ( 4 ) 
6 6 4 5 Y '• 3 ::= Z o 
6655 W '• = i 1 + D 1 8 0 ) * Q 1 am 
6 6 6 5 Y < 4 ) = Z o * S Q R '■ ( 1 - C ) •••'' ( 1 + C ) ) 
6675 W 4 = U l arn 
6 6 8 5 U ft L L G am m az '■ --1 , C , D , R o p t 2 , X o p t 2 ) 
6695 Y 6 — Z o * S Li R < ( 1 - C !•' / ( 1 + C ) !•' 
6705 W ( 6 > = Q 1 arn 
6715 Y 7 = Z o 
6725 W < 7 > = < 1 - D / 1 8 0 > * Q 1 am 
6 7 3 5 Z o = 5 0 
6745 C ALL G am m az ( - 1 , C , D , Z ( 7 > , Z < 8 ') ') 
6755 Y ( 9 v -- Z o * S L1R '■ ( 1 - C ) ( 1 + C ) ) 
6765 W 9 = Q1 am 
6 7 7 5 T o j ^ Z O 
6 7 8 5 L'J y 1 + Ii ■' i y y * u 1 am 
6795 L = L 1 
6 8 0 5 K = 1 
6815 G 0 S U E C i r c u i t 

j "; x o p 11 
j"; x o p 12 
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55 
65 
75 
85 
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85 
95 
05 
15 
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35 
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65 
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95 
05 
15 
25 
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65 
75 
j~: cr 
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15 
•~i cr 

35 
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65 
■y rr 
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= H 

GOSUE Circuit- 
CALL Z i o '■ R , 0 , 0, 5 0 ,0,2 5 > , Z (6 > , 0, 0, 1 > 
E = 0 
FOR K = 1 TO 3 

Z o = Z t 
C R L L G -am rn az - 1, H , E , Z (5 > , Z < 6 > > 
H=B-2*E 
U H L L ij am rn az 1 , ft, H , E ( 1 , K ) , E ( 2, K ) ) 
Z o = 5 0 
CALL Z i o C < * > , 0, 0 , E (. 1 , K ) , E < 2 , K > , E < 3, K > , E < 4 , K ) , 0 , 0, 1 ) 
CALL Gammaz <-2,E <1,K),E < 2,K >,E < 3,K >,E < 4,K > > 
EC 3, K) :--E< 1 , K ) 2 + E2 , K > 2 
E = E + 6 0 

NEXT k 
D= < E 2, 1 > --E < 2, 3 ) > * < E < 1 , 1 >-E < 1 , 2 > > - < E < 2 , 1 >-E < 2 , 2 > > * < E < 1 , 1 >-E < 1 , 3 > 
IF li = 0 THEN 7105 
E '• 1 , 4 > = E 2, 1 > * < E ( 3 , 3 > - E ( 3 , 2 > > + E C 2 , 2 ) * (E ( 3 , 1 > - E ( 3 , 3 ) > + E ( 2, 3 ) * E ( 3 
E|:;2!I4.:'-E<i,l>*<E|:;3,3>-E<3,2::|>+E|:;i,2>*,:;E<3!ll>-E<353>>+E<l,3>*<E,'3 
E C 1 , 4 > - E C 1 , 4 •••' < 2 * D > 
£(2,4 > ---E ( 2 , 4 > / <2*D > 
R = S Q R '• ( E i i , 4 > - E < 1 , 1 ) > 2 + < E < 2, 4 ) - E ( 2, 1 > > 2 > 
D = S Q R ( E (1,4 ) ■ 2 + E (2, 4 > • 2 ) 
E<3,4 > = E(j ,4)*<1-R/D) 
EC4, 4 > = E<2, 4 > * < 1 -R•••'D> 
GOTO 7135 
D = < E < 2 , 1 ) *E C 1 , 2 ) -E < 2 , 2 > *E < 1 , 1 ') ') < < E <1 , 1 > -E < 1 , 2 > > •-•2+ C E < 2, 1 ) -E < 2 , 2 
E ( 3,4) = ( F. ( 2 , 1 ) - E '• 2 , 2) ) * D 
E C 4 , 4 > -- < E C 1 , 2 > - E C1 , 1 > > * Ii 
CALL G immaz <2,E <3 , 4> , E C 4 , 4 > , C , D > 
CALL Z i o< C C * >,0,0,Z1,Z2,C,D,0,0,-1> 

C A L L. G am m az < - 1 , G, H, Z 1 , Z 2 ) 
IF AESC A • GX 1E-6 THEN 7215 

P PINT " <.j am m a i n b o t h e n d s o f t h e t r o m b o n e 1 i n e d o n '' t m at c h" 
PR I N T " L. e f t. e nd ab s . g amma= " ; G ; " R i gh t e nd abs . g am m a= " ; A 
P R U b E 

E " C B — H ^ L! 1 am 18 0 
IF E< 0 THEN E = E + 2*Q1 am 
Z o = 5 0 
PRINT " T f C'm b o n e 1 e n g t h - " | D R 0 U N D ( E , 6 > ; 
P R I N T " R i n 1 = " ; D R 0 U N D ( C, 6 > ; " X i n 1 = " ; D R 0 U N D < D , 6 ) 
IN P U T " D o y o u w an t % o c f"i an q e t. h e t- r o m b o n e 1 e n q t h ? " , A $ 
IF fl $ - " N '' THEN 7305 
INPUT 1! T rom b o n e 1en g th =",E 
P RIN T " N e w t r o m b o n e 1 e n g t h =" ; E 
Y (5 > = Z t, 
WC5>=E 
FOR K~ 1 Til 9 

P R I N T L i n e n u m b e r " ; K ; '' I 
NEXT K 
FOR F=F1 TO F2 STEP Df 

L - L 2 

G 0 S U B C i r c u i t 
MAT C=A 
L = L 1 
K = 1 
G 0 S U E C i r c u i t 
C ALL T r1 i n e < B < * >,Y(5 > , WC 5 > , 1 > 
|J A L L U as E ( * !■', C C * ) ) 
CALL C as C A < * >,B(*> > 
CALL S au e- c k t < A (* ) , 4 , 4 , - 1 > 
|J A L I. N p ■=■ r f o m an c e ( AC* ) ,0,50, 0, 5 0, 0 , G , 1 > 

2 :> 
•) 

•ECS, 1 
■ECS, 1 

I l * •• I 

:!; DROUNDC YCK> , 6) , "Lengths" ; DROUNDCWck 
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IEXT r 
i R H F:' H i C S 

7505 8 C H L E f 1 , F2 ,-30,0 
7515 0 = 4 2 3 6 « cS. 
7 5 2 5 Ii = 3u.-16 
7 535 LINE TV PE 3 
7545 fl;- -Eo 1 , 2, f ■, , - 1 0 
7555 RXES 1 , 1 0, F o, -20 
7 5 6 5 LINE TV PE 5 
V ^ FOR K - 1 TO C o u n t 
7 5 8 5 PlOI Bat. < K. •, i , 1 0 * L. G i B a t 
? 595 NEXT K 
7 6 0 5 PENUP 
7 6 1 5 LINE T v PL 3 
7 b 2 5 F U R R - 1 TU C o L4 n t 
•• •* . er i *■"» • * -T' PLOT B at. •. K , 1 > , Bat. ( K ,14) 
7645 NEXT K 
7 6 5 5 PENUP 
7665 LINE TV PE 1 
7 6 7 5 FOR K=1 TO C o ij n t 
7 6 8 5 PLOT Bat < K„ 1 >, 1 0*LGT(Bat 
7 6 9 5 NEXT K 
7 7 0 5 PENUP 
7715 LINE TV PE 7 
7 725 FOR K=1 TO C o u n t 
•"? -? cr I r ou P L 0 T n a. t. O', 1 •> , 1 0 * L G T C B at K 
7745 NEXT K 
-;i -■? tr cr r i J LORG 1 
7 765 G= 1 
T "•? L7 I I i J LINE TV PE 1 
7 785 FOR F = F 1 TO F2 STEP 2 
7 7 95 IF F :. F2 THEN 7825 
7 305 G= - 1 
7 8 1 5 1. Or: b 
7 8 2 5 MOVE F h G C , B - 3 0 
7 8 3 5 L H E E L. ij I NG MK";F 
7845 NEXT F 
7 8 5 5 L D I R 9 0 
7865 F U R L = - 2 O T 0 0 STEP 10 
7875 MOVE F2--C j G ~ B 

r i r i cr » O C1 -J LABEL Li G I NG "K " ;G 
7 8 9 5 MOVE Fo - r: , G-B 
7 9 0 5 LABEL US I NG 11 K " ; 20* < G + 30 
7915 NEXT G 
7925 L. U R G 4 
793 5 MOVE F2 - 5 * C ,-15 
7945 LABEL U S 1 NG "K";"IRG" 
7 955 MOVE Fo - 5 C , -1 5 
7 J 6 5 LABEL U SING " K "; "NOISE" 
7975 L 0 R G 6 
7985 MOVE F1 + 5 * C , -15 
'7 9 9 5 LABEL U 8 I NG "K";"GAIN" 
8 005 L 0 R G 9 
8015 F 0 R G = - 20 T 0 0 STEP 10 
8 025 MOVE F 1 + C , G-B 
8 0 3 5 LABEL US I NG "K";G+20 
8 0 4 5 NEXT G 
8055 LDIR 0 
8065 FRAME 
8075 PAUSE 
8 0 8 5 G 0 T 0 7 4 95 
8095 SUBEXIT 
8105 C i r c u i t ; i 
8 1 1 5 G 0 S U B F -T 
3 i CALL Tr- 1 i n 0 B , V 5 * K — 'J 
8135 CALL Cas B '• * > , A < * > > 

! GHz -'rririi 
! dE- rrim 

■ i y 

iSil is dot.-das he 

! noise is dashea 

S 2 1 is s o 1 i d 

S22 is db 1 e dot 



.45 

.55 
65 
7 5 

. 85 
,*5 
!05 
i 15 
!20 
;25 
'30 
; !j 
:40 
:45 
'50 
:55 
:60 
.'65 
:70 
:75 
: 8 0 
:85 
:90 
:95 
! 0 0 
105 
110 
115 
:20 
125 
130 
135 
13 6 
1 Z* I 

' J 9 
40 
44 
45 
50 
55 
60 
65 
95 
0 0 
05 
1 0 
15 
20 

3 0 
35 
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CfiLL T r 1 i n e k R ( * > , Y < 5 * K - 2 ) , W < 5 * K - 2 ) 1 ) 
CRLl. C a =■ ( E < * > , H ( * > > 
CALL T r 1 i n e fl '• * ) j Y (. 5 * K - 4 > , N ( 5 * K - 4 > 1 ) 
CRLL U af- R * ) , E ( * > ) 
CRLL T r 1 i n €■ i:- E < * > , Y '• 5 * K - 1 > , W < 5 * K - 1 > 1 ) 
CRLL C asR ( * > , E ( * > > 
RET 1J RN 
t: ! HE-137 Model at 300K 01 / 2 7 8 2 

1—1
 

"T!
 

" R n a 1 !:■' z i n g t h c k t rri o del • • FREQ =";F 
CRLL R 1 c < R ( * >,"S",0,0,.036,"S",0> 
CRLL 'o o u r c e <B<*),"V","C",45.6,1E7, 400.9,1.28) ! g ni, R 4 , T 
CRLL Par<B< * ) , fl < * > > 
CALL. R 1 c ( R < *),"S",0,0,.270,"P",0) ! C1 
CRLL C as < R < * ■' , E ( * > 
CRLL R 1 c < E < *),"S",0,0,.132,"P",0) ! C 3 
CRLL. C as < R < * > , E < * ) > 
CRLL R 1 c •: E < *),"S",4.4,.106,0,"P",0 y ! R 2 , L 2 
CRLL S e r B ( * >, fl { * > > 
CRLL R 1 c R < *),"S",6.99,.081,0,"S", 0 ! R 1 , L 1 
CRLL Las R ( * , B 
CRLL R 1 c < E ( * >,"S",4, .09,0,"S",0> ! R 3 , L 3 
CRLL C as < R * ) * E ( * ) ) 
CRLL R 1 c < B < * > , " S " , 0 , 0 , . 0 1 , " P " , 0 > ! C4 
CRLL C as k B * > , fl < * ) ) !HE 13700 
Tin i n=182*F.-'15 
R o f j t ^ 6. 6 4 * 1 5 F 
'y'i o p T-" * cl r ■ 3 3*15 •- F 
G n = 21- i. 5* <F^15> £ 
CflLL N 1 o ad (E (-s , 4 , Trn i n , Ropt, „ Xopt , Gn 
CRLL R i c < fl < *), "S",0,.350,0,"S",0) 
CRLL Cas <E<*>, fl < * > 
CRLL C as < fl < * ), B < * > > 
CRLL R 1 c "3",0,0,.150,"P",0> 
CRLL C as- '■ fl < * ) , E '■! *) y 
CRLL Cas ( B (. * > , fl < *) > 
CRLL R 1 c < fl < * ) , " P " , 0 , L , 0 , " P " , 0 > 
CRLL S e r < fl < * ) , E '•! * j ) 
CRLL Trl i n e '■ B < , 120, .196, 1 > 
CRLL R 1 c < B C * > , "P",50,0,1,"P",0> 
CRLL Cas < E ( * > , D < * !■' ) 
CALL 
CRLL 

B r an c hB ( * , " P" 
L- c-ii. ' M , E '•! *) y 

CALL Cas ( E < * >, fl '• * > > 
CALL Tr 1 i n €■ ( fl '■ *>,38,.085,1.8) 
CALL E r- an c h ( fl ( * > , " S " > 
CALL Cas < B ( * >, fl ( + > > 
CALL Trl "i n t'fl *>,38,.085,1.8) 
CALL E r an c h ( R < * > , " S " > 
CALL Cas < fl < * >, E (* y y 
MSP 

RETURN 

! H o i ■=■ e m o d •=• 1 
! Packaging L •" s 

! Packaging C s 

! S o u r c e L 

! E i as 1 i n e 

! 0 i.-i t p u t c o u p 1 i n g 

! I n p u t c o u p 1 i n g 

END 
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One to Three Stage Amplifier Design ("Amp //I") 

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. 

R H i p # i -ii S O f' 9 •••■' 1 t- 
Bes i qn t'r<=• i.,1 enc y = IS 
S t aq e # 1 

ITinirnun noise Z 
M ax *■ iii r i g a i n Z 
M i n. N ; M € as u r e Z 

81 

Stage # 

Stage # 

M i f ' i i !'; i L i f 'i n o i s e 
Ma>:ii!iUii gain 
Min. N. Measur 

M i - i i in u fi n o i $ e 
M x i rn u n g a i n 
Min. N„ Measure 

3 o u r c e L 1 = . 0 3 
7.749 22. 0 042 T rn i n= 1 9 0 . 66 5 G a 
5.90394 20.7377 Ta = 196.333 
7.625 39 21.9 072 T a - 19 0 u 687 

S o i.4 r c e LI- . 0 3 
7.749 22.0042 Tmin= 190.665 Ga 
5. 9 U 'J 9 4 c: y . 7 o 7 7 T a := 1 9 6 . 'J 
7.625 3 9 21.9072 T a = 19 0.6 8 7 

Sou rce LI- ,03 
7.749 22.0042 T iti i n = 1 9 0 . 6 6 5 G a 
5.90394 20.7877 T a = 196.333 
7.62539 21.9072 Ta = 190.687 

zi o L4 r c e C 1 = 0 

rn ax = 9 . 3 501 6 
j a = 9.29371 

i o u r c e C1 = 0 

max= 9.35016 
j a = 9.2 9 3 71 

Source Cl= 0 
= 9.28587 

i rn ax = 9 . 1 6 
i a = 9.29371 

Li n e "i u in b e r"' 1 o - 17.8563 L e n g t h — .196714 
Li ne i u rn b e r 2 ci. 0 :::: 50 L. e n g t h = ,0526249 
L. i n e •i u in b e r 3 il 0 50 L e n g t hi = .092043 
! ■, n e i u rn b e r- 4 cl C' — 12.883 L e n g t, h = .196714 
L i ne "i u rn b i= r 5 iii o ^ 50 L e n g t h = ■ cL 
Li ri e "i u rn b e r 6 7 rj = 17.8563 L e n g t h = .196714 
Li ne 'i L4 rn b e r »'' 7 J~I 3 50 L e n g t h = .0526249 
L i n e "i u rn b e r 3 "71-| 50 L e n g t h = .092043 
L i r"i e "i u rn b e r 9 /. o ^ 12.883 L e n g t f-i = .196714 
Li ne lumber 1 0 iL C» = 5 0 L e n g t h = . 
Li fi e "i 14 rn b e r 1 i Zo = 17.8563 L e n g t. h = .196714 
Li n e "i u rn b e r 12 Zo = 50 L e n g t h = .0526249 
Li r"i e i u rn b e r 13 = 50 L e n g t h = .092043 
L i i "i e "i u: n b e r 14 Zo = 12.883 L e n g t h = .196714 



-45- 

i5J 
OJ 

hH 
(T 
i: r.i 

© 
© 
il£i 

'• i1 

' 

h 

a 

GRIN 

•i ? . © 
V. ^ 

'W 

I 

'V- 

ORL 

IRL 
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621 r •J 
V tzi ; C .J 

h. .,j 
6 ii! 4 

i ...1 
CT 

625 rv 

626 c J 
5 

h. cJ Iri' 5 
6 2 5 
6 3 6 cr 

631 5 
6 3 2 5 
6 3 3 5 
634 tr 

6 3 5 5 
6 y fc 5 
6 y 7 5 
6 y y 5 
639 5 
640 nr ..i 
641 5 
642 5 
6 4 y er 

644 5 
645 rr 

6 4 6 cr 

647 5 
6 4 y 5 
649 5 
6 5 0 CT 

651 Tj 
652 5 
653 5 
654 Cj 

6555 
656 crj 

6 5 7 cr .j 
6 5 8 5 
6 5 9 5 
6 6 0 5 
66 1 5 
6 6 2 •j 
6 6 3 cr .j 
6 6 3 6 
6 6 4 cr .j 
665 cr 

6 6 6 5 
6 6 7 cr ■J 
6 6 8 5 
6 6 9 cr 

6 7 0 5 
6 7 1 5 
6 7 2 5 
6 7 3 tr( 

6 7 4 5 
6755 
676 cr .j 
6 7 7 5 
6 i""'!;:! 5 
679 5 
6 8 0 5 
681 5 
& 8 c! 5 
6 8 3 cr 

C k t an a 1 y -• i =. <■'. J (* >, F m a 1 u e , 0 p t > 
, ■ x 11T L IN < ci .J ; T fl E 1 f l '' fl ri'i p # 1 as o f 9 1 6 .•••' 81 " 

OPTiOH EhsE 1 
COM Hogo, Zo, F, Count. , SHORT Hat < 5 1 , 1 8 > ICDRT3 HOLDS FREQ, CKT ft H D NOISE D 
DIM ft ( 6, 4 ; , B < 6 , 4 > , C '■ 6 , 4 > , D < 6, 4 > , Y < 3 5 > , W < 1 5) , L < 3 > , C ap < 3 > 
S T ft N Ii R R D 
CoLir.t-Hoc,or-O !#FREQS CURRENTLY STORED IN DftTft EftSE 
2 o - 5 0 
DEG !DEFAULT FOR TRIG FUNCTIONS IS DEGREES 
REM USER'S PROGRAM SHOULD BEGIN ON THE NEXT LINE, USING AN INCREMENT OF 

i T h i s fj f'• o g r am c o m p u t e s o n e , t w o o r t h r" e e s t ag e am p » t u n e d f o r 
! rn i n i rnun no i se , max i mun qai n or m i r"i i mun no i se f i qur e. 

N ~ 3 
F o =• 1 5 
F 1 = 1 3 
F2= 1 7 
D f = . 1 O 0 
F - 1 '5 
U 1 a i n:= 1 1 . y 0 ii y 5 ii! 7 c. 4 ^ F o. ' 
I NPUT " Sourc e L1 and C1 =",L U),Cap(1> 
IF N = i THEN 6435 
INPUT "Source L2 and C2 =",L<2>,Cap(2> 
IF N=2 THEN 6435 
I N P U T " S oy r c e L 3 an d C 3 = " , L < 3 ) , C ap < 3 > 
P R I N T " D e- s i g n f r e- q u e n c y = " ; F 
FOR K-i "10 N 

Ls=L<K> 
C s = C ap '■ K > 
GOSUB Fet 
C ft L L N t i .^n s '• ft < * :< f 1 > 
C ft L L M t r an s < A < *;•, 1 > 
R o = S Q R < A ( 6 , 1 • ••■' A < 6, 2 > > 
X 1 = A x 6 , 4 + R o • A ( 6 , 1 ) 
R 1 ~ s L i R v 1 - ■ X 1 2 ) 
K 1 = A ( 6 , 3 > * R o A < 6 , 1 ■' 
T hi i r iL-J *'d't1 y * A6 j 1 .j * K 1 + R1) •••■' R o 
S 1. i , 1 > * A C 1 , 3 > + A C 1 , 2 > * A < 1 , 4 > > / R o 
S 2 - ? '• Fl t. 3 , 1 > * A ( 3 , 3 > + A < 3 , 2 > * A ( 3 , 4 > > * R o 
T 1 = P '• 1 , i > * A < 3 , 3 > + A < 1 , 2 > * A ( 3, 4 ■' + A <■. 1 , 3 ) * ft (. 3 , 1 > + A < 1 , 4 > * A >■. 3 , 2 > 
T2-A C1,2)*A(3,3 >-A <1, 1> *A <3,4 >+A <1,4 > *A <3, 1>-A <1,3 > *A(3,2 ) 
K f = S i * S ^; - T 2 2 
K :!'•= 1 
IF (Kf<0) OR (T1 <: 0 > THEN Ks = -i 
IF Ks>O THEN 6645 
PR INT "K< 1 S i mu 1 t aneus mat ch i s not po =.s i bl e " 
G 0 T 0 6 6 7 5 
R 2 = S Q R C y 1 * S 2 - T 2 2 >S 2 

G m ax --1 (. T 1 + S l-! R S 1 * S 2 *■ T 2 2 ) ) 
A= < S 1 +S2-2*K 1 * < T 1 - 1 > +2*X 1 *T2> •-•2-4* < S 1 *S2-< T 1 - 1 > 2-T2'-• 2 > * C 1 -K1 *2-X 1 •"■2 > 
D= T i - 1 ~K 1*S2> •-•2+ ( T2 + X 1*S2> *2 
R >! — s i - y u R A •' * ( T 1 - 1 - K 1 * S 2 ) - 2 * (K 1 * T 2 + X 1 * ( T 1 - 1 ) ) * ( T 2 + X i * S 2) ) ( 2 * D) 
X S c.' -si - s Q R A :< ^ T 2 + X 1 * S 2 ) + 2 * K 1 * T 2 + X 1 * ( T 1 - i ) > * ( T 1 - 1 - K 1 * S 2) •••'' ( 2 * D) 
PRINT "St age #";K;TAB< 30>;"Source L1 =";Ls;TAE(60 >;"Source C l =";Cs 
G a ^ d. R 1 S ii! * R 1 • '•• ii! + X1 •"• ii! + ii' * R 1 * T 1 + X1 * T 2 ? + S 1 ) 
P R I N T T ft E < 1 0 > ; " M i n i m u n n o i s e 2= " ; D R 0 U N D • : R 1 * R o , 6 > ; D R 0 U N D C i^i 1 * R o , 6 > ; 
PRINT "Tmi ns" ; DROUNDCTmi n, 6) ; "Ga = " ; DROUNIK 10*LGT Ga) , 6 
IF K-i<8 THEN 6795 
T a= T rn i n + ii! 9 0 * ft >'■. 6 f 1 ) * ( ( R 2 - R 1 2 + ( X 2 - X1 ) • 2 ) ( R 2 * R o ) 
PR I NT TAB < 10); " Max i mun gain 2= " ; D ROUND ( R2*Ro, 6 ) ; DROUND '■ X2*Ro , 6 >; 
PRINT "Ta =";DR0UNDCTaj6>;"Gmax=";DROUND(10*LGT<Gmax> , 6> 
T :d. — T m i i n ■>" i.- ! 9 O * ft 'i. 6 j 1 ^ <. '■ R y — R 1 ) ••■•• 2 + X 3 — X 1 ) •' '• 2 !•' ■••■' ( R o * R 3 ) 
G a3 ii! * R :: ■ y ii! * t. R y '• 2 + X 3 2 ) + 2 * ( R 3 * T 1 + X 3 + T 2 ) + S 1 ) 
PR I NT Tftr' ( 1 0 ; " M i n . N . Measure 2= " ; DROUND < R3*Ro , 6 > ; DROUND < X3^Ro , 6 > ; 
P R I N T " T a =" ; D R 0 U N D < T a, 6 > ; " G a = " ; D R 0 U N D ( 1 0 * L G T G a > , 6 > 
PRINT 



b y t 

6 S •: 
6 S 
6 'r* I 
69 
•5 91 
69- 
69' 
69! 
6 91 
69' 
6 9! 
69' 
70i 
70 
70; 
70: 
70- 
70' 
701 
7 0 
70; 
70' 
7 i I 
71 
71; 
71: 
71 
71' 
7 11 
71 
7 11 
71 
7 2'i 

r kii 
■ cL 

r'd 
i* c' 
i'* o 

r' z* 
i'" -• 
r 
r' -z* 
r* 
r' J 
r' z* 
74 
74 
74 
74 
74 
74 
74 
74 
74 
74 
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:e 1 ec t t he opt i mun ■=■ our c e i rriped-anc 6- des i r ed , us i ng K , R 1, R2. 
t.-R3 

XoptX3 
U fl L L. Z i o H * .> , R o p t * R o f X o p t * R o <■ 0 < 0 ^ 0 n 0 , R , X , 1 j 
U R L L. b arii fn .a 2 — l , ij , D , R o p t * R o ^ o p t * R o ) 
Y 5 * K — 4 1 — Z o * o u R 1 — u 1 + IJ 
W5 * K - 4 :> — u 1 ani 
Y •: 5*K-3 ' • - Z o 
W 5*K-3 .> - < 1-D/180 >*Q1 am 
U H L L. L a 1:1 m az - 1 , U ,11^!, X) 
Y *. 5 •* K - 2 > = Z o 
W '■ 5 * K - 2 > - '• 1 + D •' 1 S 0 * Q 1 am 
Y 5 * K — 1 =Z o * U R ( ( 1 — C ) •■■■' ( 1 + C ) ) 
N < 5 * K Q 1 aru 
IF K=N THEN 7035 
! I n s e i-1 h €• !'■■ e- t e p h i ■=■ i c -a 1 1 e n g t h o f t h e 1 i n e b e t w e e n t h is ■=■ t ag e 
! and the next one 
I N PUT " T r o m b o n e 1 i n e f o 1 1 o w i n g t h is s t -ag e- ? " , W ( 5 * K > 
Y 1. 5 * K ) ~ Z o 

NEXT K 
FOR K-1 TO 5*N-1 

PRINT "Li ne number ";K;" Zo=";DRGUND<Y<K>,£>, "Lenqth=";DR0UND<W(K),6) 
NEXT K 
FOR F=F1 TO F2 STEP Df 

FOR K=1 TO N 
L = = L (. K > 
C s — C ap '• K > 
G 0 S U B C i r c u i t 
IF K=N THEN 7155 
CRLL 1 r 1 i ne < B < * ) , Y < 5*K ) , l«K 5*tO , 1 ) 
C R L L f: as '• fl ( * > , B < * > > 
IF \ THEN 7185 
CRLL L a s '• C '■ * >, R < * > > 
GOTO 7195 
MRT C = R 

NEXT K 
CRLL S aMec kt< C <* > , 4 , 4 , - 1 > 
C R L L N fj e r f o r m an c e '• C '• *>,0,5 0 , 0 , 5 0 , 0 , G , 1 > 

NEXT F 
GRAPHICS ! GGGGGGGG 
SCALE Fi,F2,-30,0 
C:= 4 •••'' c:t ' ! G H 2 111 m 
D = 3 0 •••" 1 6 2.5 ! d E ••••' m m 
LINK TYPF. 3 
R X E 3 1 , 2 , F o , - 1 0 
R X E S 1 , 1 0, F o , - 2 0 
LINE TYPE'S 
FOR K. = 1 TO Count 

P L 0 T D at < K , 1 > , 1 0 * L G T <. D at '• K , 2 > '• 2 + D -at, < K , 3 > 2 > ! S 1 1 i s d o t - d as h e d 
NEXT K 
PENUP 
LINE T'r'PE 3 
F U R K - 1 T1 j C o u n t 

P L 0 T D at < K , 1 > , Ii at K , 1 4 > 20 - 3 0 ! n o i s e i s d ash e d 
NEXT K 
PEN! IP 
LINE TYPE 1 
FOR K=1 TO Count 

P L 0 T Ii .at ( K , 1) , 1 0 * L G T ( D at ( K , 6 ) 2 + D at < K . 7 > 2 > - 3 0 ! S 2 1 is s o 1 i d 
NEXT K 
PENUP 
LINE TYPE 7 
F 0 R K - 1 T 0 C o u n t 
P L 0 T D at < K, 1 > , 1 0 * L G T < D at ( K, 8 ) 2 + D at ( K , 9 > 2 > ! S.2 2 is d b 1 e d o t d a 
NEXT K 
LORG 1 
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:=1 
-Ihe TVPt i 

, -OR F = F 1 TO F2 STEP 2 
7535 IF F<F2 THEN 7565 
7545 G = - • 1 
7555 LORG 7 
7 5 6 5 M 0 V E F + G * C , D - 3 0 
7575 LABEL USING "K";F 
7535 NEXT F 
7595 L D I R 9 ti 
7605 FOR G=-20 TO 0 STEP 10 
7615 f'1 U V E". F 2 - U , L — D 
7625 LREEL USING "K";G 
7 65 M U V E F o • ■ C , L - - D 
7645 LfiBEL USING " K";20*<G + 30> 
7655 NEXT G 
7665 L U R i j 4 
7675 MOVE F2-5*CJ-15 
7685 LflBEL USING "K";"IRG" 
7695 MOVE Fo-5^C:,-15 
7705 LRBEL USING "K";"NOISE" 
7715 LORG 6 
7725 MOVE Fl-r5*C,-15 
7735 LRBEL USING "K";"GfiIN" 
7 74 5 L 0 R G 9 
c' i '15 b F U R i J - 2 0 f U O S T E P 1 0 
7765 MOVE F1+C,G-D 
7775 LRBEL USING "K" ;G + 30 
7 i'' t' N E f 'J 
7795 LDIR 0 
7805 FRRME 
7815 PAUSE 
7825 GOTO 7235 
7835 SUBEDIT 
7 8 4 5 C i r c u i % : ! 
7855 GOSU e Ft t 
7 y 6 5 CALL Tl- 1 i ne ( B C * > , V < 5 * K - 3 > , W ( 5 * K - 3 > , 1 ; 
7875 CALL C as (B ( * ) , A ( * ) > 
i''" 8 y 5 C ALL Tr 1 i ne ( A ( *) , Y '• 5 * K - 2 > , W <. 5 * K - 2 > » 1 > 
7895 CALL Cas B ( * > , A >■. * > > 
7 9 0 5 CALL Tr 1 i ne < A ( * ) , Y < 5 * K - 4 > , W ( 5 * K - 4 > , 1 •• 
7915 CALL Cas A ( * > , B ( * > > 
7 y 2 5 CALL Tr'l i ne < B < * >,Y< 5*K-1>,W<5*K-1> , 1 > 
7935 CALL Cas < R < * > , B ( * ) > 
7945 RETURN 
7 5 5 Fet : ! NE-l o r* Model at 300K 01 ii! r* cl 
7 9 6 0 MSP "Analy zi n g t he c kt m odel . . . . FREQ =";F 
7965 CALL R 1 c (R < *>,"S",0,0,.036,"S",0) ! C2 
7 9 7 0 C A L L S o u r-- c e < B «: * > , "V" , "C" , 45. 6, 1E7, 400.9,1,28) ! grn, R4, T 
7 9 7 5 CALL P ar- < B * > , A < * > > 
7 9 8 0 CALL R 1 c R < *>,"S",0,0,.270,"P",0) ! C1 
7985 CALL C as < fl < * ]•' . B '•! * !•' 
7 9 9 0 CALL R 1 o < B ( *::• , "S" , 0, 0, . 132, "P" , 0> ! C 3 
7995 CALL Cas C R < * ) , B ) 
3000 CALL R 1 c < B < *>,"S",4.4,.106,0,"P",0 j ! R 2 , L 2 
8 0 0 5 CALL b "=• f' (B < * > , R < * > > 
801 0 CALL R 1 c (R < *::• , "S" , 6. 99, . 081 , 0, " S " , 0) ! R 1 , L 1 
8015 CALL L- -ri. £ A < * ) , B ( * ) ■' 
8020 CALL R1 c B < * >,"S",4, .090,0,"S",0> ! R 3, L 3 
8025 CALL Cas < A < * • B '•! * !•' !•' 
8030 CALL R 1 c < B ( * > , " S " , 0 , 0 , . 0 1 , " P " , 0 > ! C4 
8 0 3 5 CALL C as < B < * > , fl < * > > ! NE 13700 
8040 T m i n •= 1 82 * F 15' 
8045 R o p t 6. 6 4*1 5 •••■' F 
8 0 5 0 X o p t — , ■3 3 15 F 
8055 La Tl2 6.5* F 1 5 > 2 
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-• n 6 y U H L L N 1 c ad '• E * ) , 4 , T rn i n , R o p t , X o p t , G n) ! N o i s e- ni o d •=■ 1 
5065 CRLL R1 c , "S", 0, . 350, 0, "S", 6) ! P-ackagi ng L '' ■=■ 
z> 01'' f L R L L. L' -zt s B ft * ) .) 
j075 CRLL Ca?. C ft < * > , B < * > > 
=:0?6 CALL. R1 c <£<*>, " S 0, 0, . 150P0 > (Packaging C " 
3 0 7 7 CRLL C as ( R < * > , B ( * > > 
3 0 7 8 C R L L C as. ( B '■ * > , R (. * > > 
-• ti CRL.L R 1 c (R < * > , " P " , 0, Ls, C£•, " P", 0 > ! Source L-C 
3080 CRLL Se-r ^ ft < * > , B < * > > 
3084 CRLL Tr1i ne < B C * >,120,.196,1> !Bi as line 
3085 CRLL R i t D < * > , " P " , 50, 0, 1, " P " , 0 > 
3090 CRLL Cas •:! B •' * > , B C * > > 
3 0 9 5 C R L L B r an c h < B < * > , " P " > 
3100 CRLL Ca*1: R B-.:*) > 
3105 CRLL Cas'-'BO) , > 
i 1 J 5 L" R L L 1 r 1 i n e R * ) , 3 8, . 0 8 5,1. 8 ) ! 0 u t p L41 c o p 1 i 
3140 CRLL B r ari ■: fi ( R * > , " S " > 
3145 CRLL C as <B< * >,R(* >) 

1 5 y C R L L T r l i n e ( R ( * ) , 3 8 , .085, 1 . 8 ■' ! I n p u t c o u p 1 i r" 
3155 CRLL B r- c h < R < * , " S " ) 
316 0 C R L L C as '• ft < * > , B < * > > 
3165 lUSP 
317 0 RET U R t -i 
3175 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 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. 

Hinp#2 as of 9 ■•24. 81 

H rii fj # 2 as- o t' 9 ••• 2 4 .••• y 1 
S o i.4 r c f edba'.: (• FET # i L =■= . 0 
S o i-4 r c p feedback FET # Ls= . O 3 
S O L4 f - C 6' feedback FET # J Ls= . O 3 
LINE # 1 7 :• = 13 L e n >3 k = 1 967 
LINE # d j = 50 L e n g k = 053 
LINE # o z :> = 50 L e fi q k = 092 
L I H E # 4 ;i = 12 L e n g k - 1967 
LINE # C .J = 50 L e ri g k = 171 
LINE # 6 :.= 13 L e n g k = 196 
LINE # i* z ;■ = SO L e n g = 0 52 
LINE # 8 z :i = 50 L e ri g k = O 9 2 
L I N E # "7 :.= 12 L e n g k = 196 
LINE # 1 M "7 :.= 50 L e- n q k = .171 
L INE # 1 I z ;,= 13 L e n g k = 1 9 6 
L I HE 1 2 7 :i = 50 L e n g f" = .052 
L INE i 3 ;,= 50 L e ri g k = 092 
LINE # 14 7 j = 12 L "=• n g k = 196 
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C k t an -i! y s i s < J < * >, 
NT L I N1 2 >; T A E < 1 0 >; 
r 0 h EASE 1 

62 1 0 C 0 M H c q o, Z o F , C o L4 n t , S 
6215 DIM R ( G,4 >jB(6,4 >,C(6 
6220 STANDARD 
6225 C o u n t - N o g o = 0 ! 
6230 Z o = 5 0 
6235 DEG 
6240 N = 3 
6241 Uption = 0 
6245 F o = 1 5 
6 2 5 0 F 1 = i 4 
6255 F 2 = 1 6 
626 0 N f = 21 
6 2 6 5 D f = < F 2 - F1 :• •••• (Nf-l 
6270 DIM Fe (3,21,12) 
6 2 7 5 L! 1 a Hi — 1 1 . y U 2 •652? 4 * F 0 
6 2 8 0 INPUT "SoIJrce LI and 
6285 IF N= 1 THEN 6305 
6 2 9 0 INPUT "Source L2 and 
6295 IF N = 2 THEN 6305 
6 3 0 0 INPUT ''Source L3 and 
6 3 0 5 FOR 1 = 1 TO Nf 
6 3 1 0 F=Fl+<1-1)*Df 
6315 FOR K =1 TO N 
6320 Ls "-L (K . • 
6325 C "£■ -C ap(K> 
6330 GO SUE Fet 
6 3 3 5 CALL Ntrans< A < *), 
6 3 4 0 FO R J-1 TO 4 
6345 F e (K, I, J > = A < 1, J 
6 3 5 0 F' e (k, I, J + 4 ? = A ( 3 
6355 F e ( K , I , J + 8 > = A ( 6 
6 3 6 0 HE XT S 
6 3 6 5 NEXT K 
6 3 7 0 NEXT I 
6 3 7 5 RESTORE 
6 3 8 0 FOR K = 1 T 0 5 * N - 1 
6 3 8 5 READ Y ( K , W ( K > 
6 3 9 0 NEXT K 
6 3 9 5 W5=N<5 > 
6 4 0 0 N 10 - N < 1 0 > 
6 4 0 5 L' o u n t - 0 
64 1 0 W<5>=W 5 - W ( 3 ) - W ( 7 ) 
6415 W < 1 0 > = W10-W<8>-W<12) 
6425 IF Opt i on"0 THEN 6435 
6 4 3 0 I 1 = I N T ( ( Nf -i 1 > •••'2 > 
6435 FOR 1 = 1 TO Nf 

HORT Dat. (51, 1 S > ! [UHl ] HOLDS FREQ, CKT 
, 4 > , D ( 6 , 4 > , Y < 15), U ( 1 5 > , L ( 3 > , C' ap < 3 > 

#FREQS CURRENTLY STORED IN DfiTfl ERSE 

!DEFAULT FOR TRIG FUNCTIONS IS DEGF 

= " , L< U , Cap-:: 1 > 

=", L < 2 , C ap < 2 

= " , L < 3 , C ap < 3 > 

6448 IF Optional THEN 1=11 
6445 F = F1 + <I-1> *Df 
6450 FOR K=1 TO N 
6455 G0S U E C i r cu i t 
6460 IF K:"H THEN 6475 
6465 CALL T r 1 i n e '■ E ( * ) , Y < 5 * K > , N ( 5 * K > , 1 > 
6470 CALL Cas< AO ), E <*) > 
6475 IF K =1 THEN 6490 
6 4 8 0 C A L... L C as (C < * ) , A (. * > ) 
6 4 8 5 G 0T 0 6495 
6490 MAT C-A 
6495 NEXT K 
6 5 0 0 CALL S ay e c k t- >■. C < * ) , 4, 4 , ~ 1 > 
6505 CL L N p t r- f o r- m an c e < C ( * > , 3 , 5 0 , 0 , 5 0, 0 , G , 1 > 
6510 IF 0pti on=1 THEN I=Nf 
6515 NEXT 1 
6520 IF 0pt i on = 0 THEN 6560 
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b C' i 
6535 
65 40 
6541 
6545 
6546 
6547 
6548 
6550 
6555 
6560 
6565 
6570 
6575 
6580 
6585 
659 0 
6595 
6 6 0 0 
6 6 0 5 
6610 
66 1 5 
6620 
6625 
6 6 ■ J U 
.••-20- 
6635 
6640 
6645 
6650 
6 6 5 5 
6660 
6665 
6670 
6675 
6 6 8 0 
6685 
6690 
6695 
6700 
6705 
6710 
6715 
6720 
6725 
6730 
6 7 3 5 
6 f 4 y 
6745 
6750 
6755 
6760 
6765 
6770 
lT -? -? cr. D i i 
6780 
6785 
6790 
6 7 9 5 
6 8 0 0 
6 8 0 5 
681 0 
6815 
6820 

!GGGGGGGGG 

! GHz •••' m rn 
! d B •••'' n i ni 

! S11 is dot-dashed 

= 1 0 * L G T < D at '•! 1, 2 > 2 + D at < 1 , 3 > 2 ) 
= 1 0 * L G T '• D at < 1, 6 > 2 + D at (1,7 > •••• 2 > 

_ _ = 10 * L G T < D at < 1, 8) 2 + D at < 1,9) 2) 
T •=■ m - D at. < 1 , 1 4 ) 
PR I NT DROUND < S1 1 , 6 > ; DROUND S2 1, 6 > ; DROUND < S22 , 6 > ; DROUND < Tern, 4 ) 
PR I NT w < 2 >; w < 3); w < 5 >; w <: 7 >; w <: 8 >; w < 10 >; w (12); w c 13 > 
INPUT " ? " ,J1,J2 
IF J1 — 0 THEN Opt i on = 0 
IF J1=0 THEN 6405 
IF J 1 < 0 THEN V < FIBS ( J 1 > >=J2 
IF J1>0 THEN M(J1> =W<J1> +J2 
GOTO 6405 
GRAPHICS 
S C R L E F1 , F 2, - 3 0 , 0 
C = 4 ■■■" 236. 2 
D = 30 162.5 
LINE TYPE 3 
AXES 1,2,FoJ-10 
AXES 1,10,Fo,-20 
LINE TYPE 5 
FOR K=1 T 0 C o un t 

PLOT D at K, 1 > , 10* L GT i D at ( K, 2 ■' 2 + Dat K, 3 > A 2 > 
NEXT K 
PENUP 
LINE TYPE 3 
F 0 R K =1 7 0 Co un t 

PLOT B at '■ K, 1 >, (Ii at (K, 14 > + 3 0 0 * '• (D at (K, 8 >A 2 + D at < K, 9) 2 !■' •••" 10 (D at (. K, 15 > /10 > > 
36 Incise is dashed 

NEXT K 
PENUP 
LINE TYPE 1 
FOR K =1 TO Count 

P L 0 T D at '■ K , 1 > , 10 * L G T ( B at ( K , 6 > 2 + B at < K , 7 ) 2 > - 3 0 ! S 2 1 i s sol i d 
NEXT h: 
PENUP 
LINE TYPE 7 
FOR K=1 TO Count 
PLOT B at K , 1 > , 10 * L G T '■ B at ( K , 8 > 2 + B at < K, 9 > 2 > ! S 2 2 is d b 1 e d o t d as h 
NEXT K 
LORG 1 
G= 1 
LINE TYPE 1 
FOR F=F1 TO F2 STEP 2 

IF F < F 2 THEN 6725 
G - -• 1 
LORG 7 

MOVE F+G*C,B-30 
LABEL USING "K"; F 

NEXT F 
LB IP 90 
FOR G--20 TO 0 STEP 10 

MOVE F2-C,G-B 
LABEL USING "K" ;G 
MOVE Fo-CjG-B 
LABEL USING " K";20*< G + 30> 

NEXT G 
LORG 4 
MOVE F2-5*C,-15 
LRBEl USING "K";"IRG" 
MOVE Fo-5*C,- 1 5 
LABEL USING " K " ; " NO I SE 11 

L 0 R G 6 
MOVE F1+5*C,-15 
LABEL USING "K";"GAIN" 
LORG 9 
FOR G = -20 TO 0 STEP 10 
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V E F 1 + C , G - Ii 
iBEL USING "K";G + 30 

6835 Nt,--, T G 
6840 LDIR 0 
6845 FRAME 
6850 PAUSE 
6 a55 IN P U T "Do yo u want to pr i nt this s o1ution?",A $ 
6 8 5 6 INP U T "0 pt i on =",0 p ti o n 
6860 IF "N' THEN 6900 
6865 FOR K=1 TO N 
6 8 7 0 P R I N 7 !i S o u r c e f e e d b ac k F E T # " ; K, " L s = " ; L ( K > , " C s = " ; C ap < K 
6875 NEXT K 
6880 FOR TO 5*N-1 
6 88 5 PRINT "LIN E #";K, "Z o=";Y C K),"L en qh =";W <K> 
6890 NEXT K 
6895 PAUSE 
6900 ! GCLEAR 
6901 EXIT GRAPHICS 
6902 IF 0ption=l THEN 6405 
6 9 0 5 GOT 0 637 5 
6910 SUBEXIT 
6 915 C i r c u it; ! 
6920 F0R J = 1 TO 4 
6925 A <1,J>-Fe(K,I,J> 
6930 J 1 = 4 * ( J. 2-1 H T < J 2 > >-l+J 
6 9 35 A < 2, J i > = < - 1 > J 1 * A ( 1 , J > 
6940 A <3,J)= Fe <K, I,J + 4 > 
6945 A ( 4 , J 1 > = < - 1 > • -•. J i * A 3, J > 
6950 A < 6 , J - Fe ( K , I , J + 8 > 
6955 A '■ 5, 1 ) -- A (. 5 , 2 > = 1 
6960 NEXT J 
6965 CALL T r 1 i n e '■ B < * J Y ,:' 5 * K - 3 > , W ( 5 * K - 3 > , 1 > 
6 9 7 0 CALL C as '■ B * > , A < *) •' 
6975 CALL T r 1 i n e ( A '• * ) j 'i'i:' 5*K-2 , W<5*K-2> , 1 > 
6 9 8 0 CALL Cas '■ E '■ * , A *) ) 
6 9 8 5 CALL T r-1 i n e < A ( * > j V 5*K-4),W<5*K-4>,1> 
6 9 9 y CALL C as A < * > , B * !•' !■' 
6 9 9 5 CALL Tr] i ne ( B '■ * > j ''l', ':' 5 * K - 1 > , N 5 * K - 1 > , 1 > 
7 0 0 0 CALL Cas <A<*>,B * !•' !■' 
7 0 0 5 RET 1J RH 
7010 Fet : ! HE-137 Model at 3 0 0 K 01 / 2 7 •••■' 8 2 
7015 H ISP "finalyz i ng t h t' ckt model .... FREQ =";F 
7 0 2 0 CALL R1 c < A < * >, "S " ,0 ,0,.036,"S",0> ! C2 
7025 CALL S o u i- c e ( B ( * . h ii «i * " , " C " ,45.6, 1E7,400.9,1.28 > !gm,R4,T 
7 0 3 0 CALL P ar < B ( * , A ( 1? ^i ) 
7035 CALL R 1 c '■ A ( * > , " S " ,0 , 0, . 270, "P" , 0::' ! C 1 
7040 CALL C as A < * ) , E '• * ]■' ) 
7045 CALL R 1 c r; B " S " j 0 ,0,.132,"P",0) ! C 3 
7 0 5 0 CALL C as < At* > , B '■ *)) 
7055 CALL R 1 r C B < * , " S " ? 4 .4,.106,0,"P",0) ! R 2 , L 2 
7 0 6 0 CALL Ser '• B C *) , A< + y ) 
7 0 6 5 CALL R1 c (' A < * > , " S " , 6 .99,.081,0,"S",0> ! R 1 , L 1 
7070 CALL C as '• A < * > , B t ie ) | i 
7075 CALL R l ~ ( B ( * ) , " S " j 4 ,.090,0, "S" , 0 > ! R 3, L 3 
7 0 8 0 CALL 'J as A , B ( ■jt j ) 
7085 CALL R 1 c < B C * ) , " S " j 0 , 0 , . 0 1 , " P " , 0 ! C4 
7090 CALL L a i B , A J J ! HE 13700 in 
7095 T m i n ~ 1 8 2 * F 1 5 
7100 R o p t = 6 . 64*15 F 
7105 Xopt = 2 7 . 3 3*15 •• • " F 
7110 i j n = k: 6. 5 * F ' 1 5 > • 2 
7115 CALL N 1 o ad B , 4, T ri i i n , R o p t , X o p t , G n ) ! N o i s e m o d e 1 
7120 CALL R 1 c < A < * > , " S " , 0 , . 350, 0, "S" , 0;:. 'Packaging L 
7125 CALL C as < B ( * ) , A < *) ) 
7 1 30 CALL C as A '■ * > , B < *) ) 
7131 CALL R 1 c < B < * > , " S " 5 0 ,0,.150,"P",0) !Pac k ag i ng 
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CflLL 
:HLL 
RLL 
ALL 
RLL 
ALL 
RLL 
ALL 
RLL 
RLL 
RLL 
RLL 
RLL 
RLL 
RLL 

:RLL 
DISP 

RETURN 

as R < * >, B < * > 
as < B < * >, ft < * > > 
I «: < R < * > , " P " , 0 , Ls , Cs , " P " , 0 > 
er< R <*),B< *>> 

T r 1 i n e '■ B < * > , 120, . 196, 1 > 
R 1 c ' . L < * " P 11 , 5 0 ,0,1," P " , 0 
C as < B * > , D < * > > 
B r an c h ( E * ) , " P " > 
C as (' R '• * > , B < * > > 
C as ( B '■! * ) , R (. * ) ) 
T r1 ine < R < * >,38, .085,1.8 > 
Br anc h <. fl (* >, " S" > 
C as '• B < * >, R < * ) > 
T r1i n e<fl < *),3 8, .085,1.8 > 
B r an c ki (. fl * > , " S " > 
C a s '■ fl < * > , E ( * > > 

! S o u r c e L - C 

!B i as line 

! Output coupli 

! Input couplin 

DATA 18, • 1967 ! L i ne- # 1 
DATA 50, . 0530 

! FET # 1 
! L i r. e # 2 

DATA 50, 0 9 2 ! Li ne # 3 
DATA IZJ 1967 ! L i n e # 4 
DATA 50, 315 ! L i n e # 5 i n t e r - s t 
DATA 1 8, 1 96 ! Li ne # 6 
BflTfl 50, 052 

i FET # 2 
! L i n e # 7 

DflTfl 50, 092 ! L i n e # 8 
DRTR 12, . 196 ! L i n e # 9 
DRTH 50, .315 ! Li ne #10 i n t e r - s t 
DRTR 18, 1 96 ! L i n e #11 
DRTR 50, 052 

! FET # 3 
! L i n e #12 

DRTR 50, 092 ! Li ne # 1 3 
DRTR 12, 196 ! L in e #14 
SUBEND 


