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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. 1In 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, Tpins
the impedance, Zopt’ which gives this minimum, and a sensitivity parameter, Gj.
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 lc.

*
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 [Fopt[ 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.

I1. Measurement Method
The measurement configuration and analysis models are shown in Figure 1.
When I'y is a 50-ohm resistor at known temperature, the Apple computer program
NOISEl tabulates and plots Ty, the amplifier noise temperature at T = 0, using
values of noise diode excess temperature and source noise temperature with diode

off, T P all referred to the amplifier input connector at 15K. These calibration

OF
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 T,, 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 Tgopp is the noise
temperature delivered to a noiseless 50 ohm load replacing the amplifier input;

i.e., Tp(l - ITSIZ) where T, is the physical temperature of the lossy part of Tg.

p
If this is done, NOISEl tabulates and plots a quantity which we will call the
amplifier noise wave temperature,‘T& = Tn(l - Irslz), where T, is the amplifier
noise temperature. Both T}, and T, are functions of I'g but as IFS| +~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, Th»
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, Tj, at sliding short positions separated by

5.08 cm for 3 different amplifiers at 15K.

The main point is that

the amplifiers are very similar; detailed analysis was performed

only on one amplifier #169 (middle plot).



The noise wave temperature, Tﬁ, is 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 e
Tj = Ty + Tg|Tg|™ + 2 VT, T Re(oTg) (1)

where T, and T are the ingoing and outgoing noise wave temperatures and p is
the complex correlation coefficient between Tp 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 - lrslz) 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 Tp 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, Toyy is approximately
Ty for a low value of amplifier input reflection coefficient, anl (which is
< .1 at band center) and incident outgoing receiver noise, TISO’ comparable to
Tg- The results of this measurement for an amplifier at 300K and 15K are shown

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

p
gives lFsl = ,955 or .393 dB return loss (.196 dB one-way loss) for a Maury
1929-2 sliding 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 \/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 with
two different sliding shorts with fairly good agreement; i.e., for Iroptl results

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

III. 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 T} (f)
data versus sliding short position; the program is listed in Appendix II.
Equation (1), written for four values of I'y is inverted to give Ty, Ty, and p
magnitude and phase. The measurement at I'g = 0 gives directly T, and measure-
ments at IFSI = .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, Iy, as:

2
+ TDIFS - I|optl

Th = Thin 1 - IFSIZ (2)
where
{
Thin = %__Eli +‘/&_T%E§jl2 - TATB|p|2 (3
Tp = Tuin * T (4)
ITopel = lel- —————x:ﬁg (5)

Note that when !pl = 0 then |Topt| = 0 and Ty, = Ty -
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Fig. 3: Noise out of amplifier input terminals with amplifier at 300K (top
two curves) and 15K. T1g50 is the noise temperature out of the
measuring receiver, incident and partially reflected by the amplifier.
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, Tﬁ, 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 |PS|,

of T, with respect to phase of T'g, occurs at IFS - Poptl = IFS[ - lToptl and

for

. Thus the range of T, can be plotted vs. IPSI

maximum at IPS| + ]ropt
typical midband values of noise parameters., This is shown in Figure 5 along
with the T, vs. |FS| 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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TABLE I - Noise Parameters of Amplifier #169 at
15K (top) and 300K (bottom)

Noise Waves

See Egs. (2)-(5)

F T, Ty o] in T, |Topt|
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'gj a matched load the noise temperature measured
in the usual way is Tp. The matched load is then replaced by a sliding short
and Topp within the computer is replaced by 300(1 - ]FSSIZ) where Irssl applies
to the sliding short; alternatively 300 x lrsslz can be substracted from the
indicated T,. The sliding short is then moved to find the high, Ty, and low,

Ty, extremes. Tp and Ipl are then computed as:

Ty = [(Tg + T0)/2 - T41/|Tgg|? (6)

T. - T
lo| = 2L 7

4 X IFSS | VTATB

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

REM  SLIDING SHORT ANALYSIS.DECEMBER 21.193@
UTAE (213
INPUT "L1.02,L3,L4,AND LS (INCHES) 7 ";L1.L2.L3,L4.L5
G0 = .46 |
G5 = EWP ¢ - .11513 # G00: REM  COUPLER+SLIDING SHORT LOSS
GOTO 115
Fo=1,5:T8 = 18.4:T1 = 46.6:T2 = 48.7:7T3 = 28.5:T4 = 38.2:75
48.3: GOTO 117
INPUT “FCBHZ 2, T@.T1.72,T3,T4,T57 ©

fad o) 5 T 0 e

5 FF .!TB:T}. \'TE!T_":.-T{" FTE'
7 XL = - .S@:¥H = 4.5:¥L = @@GA:¥H = 28a: GOSUR 16288
S ¥MP = Li:¥P = Ti: GOSUR 18488

g #P = LZ2:¥P = TZ2: GOSUBR 168484 L PLeT

B M¥MP = L3:¥YP = T3: GOSHR 18408 f ST RSWTINT

1 ¥P = Ld4:¥P = Td: GOSUR 18400 1

2 ¥P = L5:¥P = TS: GOSUR 1846a :

4 REHM SET UF IHTERHEDIQTE PAROMETERS

S BR = 53.19778E - 2 ¥ F:PI = 3.14159

A 01 = BRE ¥ Lz - LinRZ = EE # (L3 - Lizs

SAI =8B ¥ (L2 + Li»xAd =B * (L3 + Li1>

8 G7F = (T2 — Tir»® SIH (A2 7 (T3 — Tix» ® SIM (A1
S HZ = 4: M = 18

B EM = 1Ei6:F] = G:P2 = PIL:PE = P2 ~ M2

S REHM SOLUE FOR P BY ITEROTION

B OFOR 1 =1 7O UM

5 FOR P =PI TO P2 STEP P3

B EZ =0GRZ2 % SIH{A4 + Py — SIH (A3 + P2

S IF HBS (EF> < EM THEN EM = 8BS {(EZwPM = PiEY = EZ
H HEXT F

S P = P - P3:P2 = PH O+ P3P = P A N7

B HEXT J

5 REH F=PM IS5 HOW KHOHN, FIND TP AQNDO TU HEXT

A TP =4(71 - T2 » €2 % SIH A1y % SIH (HI + PH2

5 IF TR < @ THEM TP = - TP:PM = PM - PI

8T =T1 -TF % COS{zZ*BR *F * L{13 + PH:

5 REH FIMD HOISE HAUE PRAROMETERS.TO.TR.AMO RHO,
874 =748

S TBE = {Til — T — & = 61 - (3 ~ 23y S B8 ~ 7

IF TE < & THEN TE LBE1

33 RH = TP ~ (2 * 3SOR 'TH £ TRY * BS»

REHM FIHD NOISE PARAMETERS THIN.GOPT.GARG. AND TO
TC = RH ¥ SR (T ® TH?
Th = #8,.5S = {Te + TBE + SOR {{TH + TEBY ~ & - =2
THIN = TO — TH:GOPT = TC ~ TO:60RG = 2.141589 — PH

1]
A e I R

RH = INT {18806 * RH + .52 7 1684
OEF FH Rid¥>x> = IHT {18 = ¥ + .53 # 18
OFEF FHM R3ICHE» = IWNT (1888 + ¥ ;
PRINT
PRIMT F:"MHZ THIM=":; FH RICTHINI:" TE=": FH RI(TH:® TB=":

RICTE:™ TO=": FH R1(TOO:" GAMMA OPT="; FH RIC(GOPT »:"."; FH RICGHRG

O=": FH RICRHIz"."; FH RI(PHMI:" Tu="; FH Ri{Tu>;
0 iE ~ 250
FOR 5P = - .5 T 4.5 STEFP 0L
VF T + TF = (05 ff * BE % ¥P + PHD
4 02 % %P + D9:¥T = 08 * ¥YP + O7

II 1 Z.'-U

IF ¥T < ¥E THEHN X7 = x8
IF %7 > X9 THEN ¥T = XS
IF ¥T < ¥3 THEH ¥T = ¥4
IF ¥7T = ¥3 THEW ¥T = ¥3

CH
N
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HPLOT HBT.YT
YT = 08 # T8 + O7: HPLOT XT.YT

MEXT =P

GET Z22%: GOTO 115

REM  TH LIMITS US REFLECTION COEF.
23:P = .8

:¥L = O:¥YH = 58
a8 7O .95 STEP @5

GOSUR 18708

0o -4
o
non

*
WI = 8:01 = 2 -~
¥ = 5: GOSUBR 11060 J
¥ = RL: GOSUR 11068 [ ForoaAT™
¥ = THé: BOSUER 11088 OB GO T N T
= i i

TH: GOSUR 16
TH#: GOSUE 18486



