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NOISE PARAMETERS OF NRAO 1.5 GHz GASFET AMPLIFIERS

S. Weinreb

I. Introduction

It is common practice in the low-noise microwave amplifier field to only
partially specify the amplifier noise performance. The noise parameter which
is usually reported is T, the noise temperature of the amplifier when driven
from a particular source impedance, which is usually 50 ohms for coaxial input
lines. In order to analyze the performance of a system in which the amplifier
is driven from some other source impedance, a set of four noise parameters of
the amplifier must be known. There are many sets of noise parameters; six sets
and the transformations between them are described in [1]. The most common set
of parameters are the minimum (vs. source impedance) noise temperature, Tpip
the impedance, Zopt’ which gives this minimum, and a sensitivity parameter, Gy .
The particular set of parameters most convenient for the work described here is
the noise wave model described by Penfield [2] and Meys [3] and shown in Figure 1lc.

*
The noise parameters, with the exception of a phase angle, for the 1.5 GHz

low-noise amplifier reported in [4] will be described in this report. Approximately

The missing phase angle is the phase of the wave correlation coefficient which
is used to determine the phase of the optimum source reflection coefficient, Fopt'
Data sufficient to determine this angle was collected but the accuracy of the

data is not adequate to determine the angle accurately, especially when Iroptl is

small. The angle may be the subject of some future work but was not considered as

a necessity for our present study.



ninety of these amplifiers are under construction by NRAO for use as cooled
receiver front-ends and as I.F. amplifiers for cooled Schottky-diode and super-
conducting tunnel junction millimeter-wave mixer receivers. Questions regarding
the effect of mixer-I.F. mismatch have arisen and this is the prime motivation
for the measurements. It is also very useful to know the difference between

TA and Thin ~ i.e., how much improvement in noise temperature can be obtained

by redesign of the input network.

II. Measurement Method

The measurement configuration and analysis models are shown in Figure 1.

When T is a 50-ohm resistor at known temperature, the Apple computer program
NOISEl tabulates and plots Tp, the amplifier noise temperature at Iy = 0, using
values of noise diode excess temperature and source noise temperature with diode
off, TOFF’ all referred to the amplifier input connector at 15K. These calibration
values have been determined by applying hot and cold noise temperature

standards [5] at reference plane A and measuring the A to B loss.

After the measurement of Ty, the 50-ohm resistor is replaced by a sliding
short, Topp is changed in the program, and noise measurements are made for several
positions of the sliding short. An appropriate value of Topp is the noise
temperature delivered to a noiseless 50 ohm load replacing the amplifier input;
i.e., Tp(l - IFSIZ) where Tp is the physical temperature of the lossy part of Tg.
If this is done, NOISEl tabulates and plots a quantity which we will call the
amplifier noise wave temperature,‘Tﬂ = Tn(l - |FS|2), where T is the amplifier
noise temperature. Both T and T, are functions of I'g but as |FS| > 1, T, is
well behaved and T, > ». Typical plots of Tﬁ versus frequency for three different
amplifiers and two different short positions as produced by NOISEl are shown in

Figure 2.
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Fig. 1: The measurement physical configuration is shown in (a) where Tg
is either a 50-ohm resistor at 15K or a sliding short at 300K.
The Apple-computer output is then the noise-wave temperature, Tﬁ,
shown in (b). This is then used to find parameters of the noise-
wave model shown in (c).
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Noise wave temperature, T



The noise wave temperature, T.

ns 1s only of intermediate interest. It is

easily measured and is related to the noise wave model of the amplifier shown

in Figure lc by,

2
Th =Ty + Tg|T | + 2 VT, T, Re(oly) (1)

where TA and TB are the ingoing and outgoing noise wave temperatures and p is
the complex correlation coefficient between Ty and Tg. These noise parameters
are préperties of the amplifier (i.e., independent of FS) and can be transformed
to other parameters.

The value of Typp = Tp(l - |PS|2) is difficult to determine accurately.
An initial estimate was first used in the NOISEl program and the resulting Tﬁ
was then corrected to give a value of Tg which agreed with a separate direct
measurement of Tg. This direct measurement was performed by connecting the
amplifier input port to a receiver which has been calibrated with hot and cold
termination. The outgoing noise from the amplifier input, Toyr is approximately
Tg for a low value of amplifier input reflection coefficient, IFnl (which is
< .1 at band center) and incident outgoing receiver noise, TISO’ comparable to
Ig- The results of this measurement for an amplifier at 300K and 15K are shown

in Figure 3. The resulting value of Topp is 26K. Assuming T = 300K, this

P
gives |FS| = ,955 or .393 dB return loss (.196 dB one-way loss) for a Maury
1929-2 éliding short, a 20 dB coupler, and a dewar transition.

It should be remarked that some difficulty was experienced with three
different Maury 1929 sliding shorts which were utilized. Two of the shorts

gave erratic results due to dirty contacts and loose bits of metal in the

short; much improvement was noted after disassembly and cleaning. The interior



surfaces of the coaxial lines appear to be brass and better results may be
obtained if they were gold-plated. A 4K difference in noise temperature was
measured between short positions spaced A/2 apart at 1.5 GHz; this gives a one-way
loss of .003 dB/cm. The final data taken on the cooled amplifier was repeated wit
two different sliding shorts with fairly good agreement; i.e., for |Fopt| results

were within .05 from 1.3 to 1.6 GHz and within .20 at all frequencies.

ITI. Results

An Apple sub-program, SS2 PLOT, used as part of a LADDER main program
(which provides plotting and utility functions), was written to analyze Tj(f)
data versus sliding short position; the program is listed in Appendix II,
Equation (1), written for four values of Iy is inverted to give T, Tp, and p
magnitude and phase. The measurement at I'g = 0 gives directly Ty and measure-—
ments at IPS| = .955 and three values of phase can be fitted to a sinusoidal
function as shown in Figure 4. The resulting three noise parameters for
amplifier #169 at 15K and 300K and frequencies of 1.2 to 1.9 GHz are given in
the first three columns of Table I. The last three columns give the

quantities, T Tps and Fopt’ which are convenient for describing the amplifier

min?

noise temperature, T,, vs. source reflection coefficient, T, as:

2
TDlrs - 1-'optl

Tp = Thin 2 (2)
1 - |rgf
where
Tp = Tnin + Tp (4)
ITopel = [o]* ———N;ﬂﬂ (5)

D

Note that when lpl = 0 then |ropt| = 0 and Tpip = Tp -
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Fig. 3: Noise out of amplifier input terminals with amplifier at 300K (top
two curves) and 15K. T1s0 is the noise temperature out of the
measuring receiver, incident and partially reflected by the amplifi
At 1.5 GHz the amplifier outgoing noise wave, Tg, is found to be
43K with the amplifier at 300K and 8K with the amplifier at 15K.
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Fig. 4: Noise wave temperature, T, of amplifier #169 at 15K and 1.5 GHz as
a function of sliding short position (inches). The dotted line is
an exact fit to the left 3 points. The right 2 points show effect
of additional loss as the short was extended.
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, the minimum

Examination of (2) shows that, for a given value of IPSI

of T, with respect to phase of T'g, occurs at [PS - Poptl = IFSI - lroptl and
maximum at |FS| + |roptl‘ Thus the range of T, can be plotted vs. ]FS] for
typical midband values of noise parameters. This is shown in Figure 5 along
with the T, vs. IPS] curve assuming an ideal isolator between source and
amplifier. Note that at 300K the isolator always increases T, but at 15K this

is not true.
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Ranges of noise temperature vs. source reflection coefficient
magnitude with and without isolators for amplifiers at 300K (

and 15K. Typical values of Iroptl =.1, T
300K and Iroptl

min

= 60, Tp = 120
= .3, Tpin = 8, Tp = 18 at 15K are assumed.
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TABLE I - Noise Parameters of Amplifier #169 at
15K (top) and 300K (bottom)

Noise Waves

See Egqs. (2)-(5)

F T, Ta o] Toin T, |Popt|
GHZ °K °K °K °K

1.2 22.1 20.8 .75 15.0 35.7 .45
1.3 14.1 12.9 .70 10.3 23.2 .40
1.4 9.8 6.8 .64 7.9 14.7 .36
1.5 9.8 8.9 .46 8.8 17.7 .24
1.6 9.1 8.7 .59 7.4 16.0 .33
1.7 10.0 7.1 47 9.0 16.1 .25
1.8 8.7 7.6 .10 8.7 16.2 .05
1.9 15.7 8.8 .76 11.9 20.7 .43
1.2 109 72 .68 85 157 .38
1.3 81 61 .43 74 135 .23
1.4 61 51 .21 60 110 .11
1.5 66 47 11 66 113 .05
1.6 63 52 .18 62 114 .09
1.7 65 56 .08 65 121 .04
1.8 68 63 .19 67 130 .10
1.9 106 63 .59 91 153 .31
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APPENDIX I - Quick Use of Sliding Short to
Determine Noise Parameters

A setup such as Figure la, with either a computer or noise figure meter
to indicate noise temperature, can be used to quickly give noise parameters
less the phase angle. With I'y a matched load the noise temperature measured
in the usual way is Tp. The matched load is then replaced by a sliding short
and TOFF within the computer is replaced by 300(1 - |PSS|2) where |Pss| applies
to the sliding short; alternatively 300 x |I‘SSI2 can be substracted from the
indicated T,. The sliding short is then moved to find the high, Ty, and low,

Ty, extremes. Ty and |p| are then computed as:

Tg = [(Tg + Tp)/2 - TA]/|rssl2 (6)

T, - T
lo| = £ L )

4 x lrss | “VvTATB

Other parameters are then computed by equations (3)-(5).
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APPENDIX II - SS2 Plot Subprogram

188 REM SLIOING SHORT AMALYSIS.DECEMBER 21,1920

181 UTHB (213

185 INPUT "L1.,LZ.L3.L4,RH0 LR CINCHES) 7 ":L1.L2.L3:4:L5

iae GO = .44

114 G5 = EXP ¢ — 11513 * G0 REM COUPLER+SLIDING SHORT LOSS
112 GOTO 115

113 F = 1.5:Tad = 18.4:T1 = 46,.68:T2 = 48,.7:T3 = 28.8:T4 = 38.2:7T5
= 48,3 B(0TO 117

115 INPUT "FOGHZ 12 THT1 »TZ2T3.T4,.T57 WaFLTALT1 . T2:.T3,.T4.T5

117 ¥L = - .5@:¥H = 4.5:¥L = @@0:YH = 280: GOSUB 16280
113 ¥P = L1:YP = Ti: GOSUR 18408

119 ¥P = L2:¥P = T2: GOSUB 18480 \ PLeT™ _

128 ¥P = L3:¥YP = T3: GOSUR 198480 ( TumReuTINT
121 XP = L4:YP = T4: GOSUB 16468

122 XP = L5:¥YP = T5: GOSUB 1a4@@

124 REM SET UP INTERMEDIATE PQRRHETEPS

125 BB = 53.19776E - 2 * F:PI = 2.14159

136 A1 = BB % L2 — L1:H2 = BB * (L3 - L1D

133 A3 = BB * (L2 + L12:A4 = BB * (L3 + L1>

148 G2 = (T2 - T1» # SIH (A2 » (T3 - T1> *# SIN (A1
1453 N2 = 4:.M = 14

158 EM = 1E1@:P1 = @:P2 = PI:PF3 = P2 ~ M2

155 REM SOLUE FOR P BY ITERATION

168 FOR 1 =1 TO M

165 FOR P = P1 TO P2 STEF P3

178 EZ2 = G2 ¥ SIH (A4 + Py — SIHN CA3 + P

175 IF HABS (EZ2» < EM THEN EM = MBS (EZ):PM = P:iEY
186 HEXET P

133 P1 = PH - P3:P2 = PM + P2:P3 = P3 » N2

198 NEXT

195 REM P=PM IS5 NOMW KHOWN, FIND TP AND TU NEXT
2068 TP = {T1 - T2 » (2 * SIN (A1 ¥ SIN (A3 + PH)
280 IF TP < @ THEN TP = - TP:PM = PM - PI
TU=T1 - TP * C0OS (2 *x BB *# F * L{1) + PH>

REM FIND HOQISE WAUE PRRAMETERS.TAH.TB.AND RHM,
TA = T&
TB={TU-TRA -8 ¥ {1 - G5 ~ 23 » 55 ~ 2

IF TE < @ THEN TE = .8#1
RH =TF « (2 > S0OR (TH * TB» * G52

REM FIND NOISE PARAMETERS THIN.GOPT.GRARG. AND TO
TC = RH * SOR <TH * TB)
288 T =685« (TR + TBE + SOR C{TR + TB?» ~ 2 - &4 ¥ TC ~ 233
250 THIN = TO — TR:GOPT = TC ~ TO:GARG = 3.14159 - PM
2608 RH = INT <188 * RH + .5)> ~ 1863
265 DEF FN RI{¥)> = INT {188 * ¥ + 5) - 1@
2 DEF FH R3(KXy = INT <1@ABE * X + .52 - 16688
279 PRINT

238 PRINT Fi"MHZ THIN="; FN RI(TMINI:" TR="; FN R1{TR;:" TR=";
FN RICTBY:" TO="; FN R1<TD):" GAMMA OPT="; FN R3(GOPT»:"."; FN RS
RHO="3 FH R3I(RH:"-"; FN RI(PMI:" TU="; FN RI(TU»;
A@E 0L = 18 ~ 254

]
m
i~

Fagt T3 Pt Pl P o
ad T P s et
Do I

(LS
£l

o
ﬁHDLﬂGJUI

a FOR ¥P = - .5 T 4.5 STEP DL

26 9P = TU + TP # 00OS (2 % BE % XP + PH2
338 XT =08 # BP + D9:¥T =06 * YP + 07
332 IF BT < X8 THEH XT = K&

333 IF BT > X3 THEN KT = %9

334 IF YT < Y9 THEN ¥T = ¥9

335 IF ¥T > ¥28 THEN ¥T = v&
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3236 HPLOT HT.YT

348 YT = 06 * T8 + 0O7: HPLOT =XT.¥T

345 HNERT HP

258 GET 22¢%: GOTO 115

q¥Wd  REH TN LIMITS US REFLECTION COEF.

g5 TH = 8:TO = 23:F = .8

218 XL = B:¥H = 1:¥L = d:¥H = SA: GOSUR 16208
828 FOR § =@ T0 .95 STEP .85

825 T = TH + TD % (3 + P) £ (S + P) # (1 - §
830 TN = TH + TD # (S — P» # (S - P) ~ {1 -5 *
8235 R = 23.688 ¥ LOG (5 + Q8@

48 WI = 8:01 = 2

847 ¥ = S: BOSUR 11080 )

844 X = RL: GOSUE 1198@@A ‘-,. Foron AT

248 ¥ = T¥: GOSUE 11000 i UG R B L
848 ¥ = TH: GOSUE 11@8G6 _J

2358 PRINT

255 HP = S:¥YP = TH: B0OSUB 104268

B668 XF = S:¥P = T¥: GOSUE 1046

255 HEXT S: ENO

gl x;)"l

1)
: 2



