INTRODUCTION

The Gass field effect transistor is establishing its
performance supericrily 1N MOost microwave low nolse
recaiver designs. Even at frequencies as low as 1GHZ the
GaAs FET can be usad with non-conventional stabilize-
tion gircuitry'!’, The GaAs FET is a unigus device with
numercus applicetions, for example: amplifiers, oscilla-
tors; mixars; madulators; parametric-amplifier replaca-
ments; and AF switchas,

Tha Hewletl-Fackerd HFET-1101 is a device dasigned for
good noise,.gain and powar output charecteristics when
used as an amplifier. The purpose of this application note
% ta highlight some of the dasign tradeotfs when using a
Gass FET, The example is an amplifiar for usae inthe 5.8 o
6.4 GHz talecammunications band. The amplifiar's per-
formance ovar this band s excellent, with & maximum
naise ligure of 3.3 dB, a minimum associated gain of 10.9
dB, a flatness of +0.4 dB and & B.5 dBm minimum power
output at 1dB gain compréssion, The maximurm inpul and
output SWH are 2.67:1 and 1.50:1 respactively.

DESIGN TRADE-OFFS

Tha first cheoice facing a designer is biasing. In
comparison to silicoen bipolars, GaAs FETs require more
currant al & lowar voltage, wilh e net resull being about
thi same power dissipation. Power supoly reguiremeanis
shaould reflact this characieristic.
With any single stage amplifier design, there are three
perfarmance parameters that require differant optimum
bias sellings
They are:
1. Minimum noise figure

Vs = 3.3 Vaolts, lps = 15% lpss
2. Linear powar auiput

Ve = 4.0 Volts, lpg = 50% lpgs
a. Maximum Gain

Vps = 4.0 Valts, Ipg = 100% loss
For the thres critical bias settings abowa, the input and
cuiput matching data are evailabla from the scattering'?,
noised, power'® and gain'® parameters. The linear powear
bias point of Vps = 4.0 Valis and log = 508 lpgs provides a
giood c:.rﬂpn;-rnixl: betwean minimum ngise ligure and
maximum gain. Af this bias point tha scattaring, noise

power and gain parameters cen be measuried by vanous
known lechniques'™ Typical parameters at 8 GHz for the
HFET=1101 ara:

Gain Parameters

K= 1.504
Ga Imax, | = 11.38 08

I'ms = 0. FG2/177.3°
M = 0.7187103.9*

Scattering Parameiars

S = 0641/-171.37
Sz = 0.057/16.3*

Sg1 = 2.068/20.5%
Szz = 0.5T2/-85.7°

Powar Paramelers [©

Moise Paramelers Pryume = 5 dBm
Fum = 2.9 dB Prge = 15.5 dBm
Ap = 3,42 chms ‘ Gp=82dB

g = 0.542/141°
M = 0.575/104.5%

I'pg = 0.729/166°
I'eL = 0.488101°

Even al thiz compromise bias paint, the input matching
network has four perlormance itrade-offs that can be
juggled. Thay are: noise figure; available power gain,
pawear output; and input SWH. Table | gives the conditions
when the inputl impedance is chosen lor, respectively:
lowast noise figure; highest available power gain, and
greatest linear power autpul.

TABLE |
Maise Flgure Gain Power Quiput
To= 0.542/1417 Mms=0.762177.3" Mps=0.7X0 1867
I'=0.575/104.5° M =0.7168/103.9° I'pL=0.488/101"
Fraipg=2.00 dB F=d44 dB F =3.88 dB
G5=9.23 dB Gy (max.=11,38 dB G=3.2 dB
F1ga=8.3 dBm Fi4p=13.4 dBm Pigg=15.6 dB

When the inpul impedance s chasen for either lowest
noise or maximum gaim, 1he oufput i§ assumed to be
conjugately matched. The noise figure and gain ai the
thrag conditions shown above are calculated trom the
parameters given, whilea 1ne power oulput [Piggl
perlarmance is experimentally measured, ' 4

The data for the power output was taken al an input drive
level of 8.3 dBm, As we approach lange signel congitions,

i.e. 5 dBm or greater, it becomas ditlicull ta predict
compromises betwesn noise, gain and input SWR. Since



noise and gain are small signal paramaters and are not
functions of input drive lavel it is possisle to prediet input
SWH trands over & wide dynamic range,

Since mast low naise receivers work in a small signal
environmant. the design enginear i§ typically concernad
with eompromising gain and input SWA Tor noise ligure.
To demonstrate this, No and Nuws, the source reflection
coefficiants lor lowast noise figure and highest available
gain are plottad on a Smith Chart in Figure 1.

Figure 1. Source Reilecilon Coetficlen! Vs. Nalse Figure.

Moving from [ toward Mg along & straight line, input
EWR improves to 1.0:1 at [ws, assuming the output to be
conjugately matched, At the same time, noise figure and
avallable gain are increasing. Table 1l ghows correspond-
ing values for nolse, gain and input 5WA.

TABLE I

s T KE | G0 | mpm | owipet

Wig/heg | Magihag | (#3] | |4E] | SWR | GwR

re— D42rian* | osesoee® | 2o | o [ 3e20 | 1o
asrange | oeories® | 297 | md | 201 | 1004
a6k150° | pEzries® | 304 | wnss | 2280 | 1000
QB7E18G" | GBETM0ST | 357 | 190 | 1eTE Lo

Vws— 076277 [ eTiaroe” | aw [ 1138 | 1oxr | 10m

Frem Table I, a very good compromise input match
condition 18 s =06814160° and the corresponding
cutput conjugate match condition is Tu=0.627,108°, In
comparison to the minimum noise match conditions the
noise figure is increased by 0.24 dB but the associated
gain is increased by 1.22 d8 and the input, SWR is
improwved by 40% to 2,281, Of course, octher compromises
can alse ba chosen. For example, the optimum bias for
noise figure mey be chosen and the source impedance
compromised batween minimum nolse figure and
maximum Jain at that bias. Values of noise figure and gain
may be calculated and compared for sach of these
compromises.

With the choice of I's and I'L discussed above, it is now

possible t¢ synthesize the input and output matching
networks.

INPUT MATCHING NETWORK

1. The impedance Zs, corresponding to s = 0814/ 160°
%
i1 - R 50 100 g | Sin /15
&g = *+]
5 1#I'gR -2 IglCosy 'y 1+|I',5|'3-2|I';|'Emf I's

Zg = 12.31 = jB.3

2. ¥gu——= 0086 - 0038
g

3, An gpen circuited stub looks like a shunt admittance
¥ = j¥p tan g Theretore, an open clrculted stub that is
threg-eights wavalangth long looks like a shuni
inductar of agmittance =Yg Hence:

e A
Yo Im [Yg]

4, Since the driving scurce impedance is 5001, & quarter-
wave frensformer of characteristic impedance

'-.II.I,"f_su [f[*?]] 23,9211

completes the input matzhing netwark.
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QUTPUT MATCHING NETWORK
1. The impedence Zi, corresponding to 'L = 0.B27/106°
is:
(1 - TR 50 100 Iy | Sind Ty

- 11
C OTANLE-IN G/l 1+NP-2WICa/

T, = 17.45 + j34.60

Z

2. ¥, === 0012- 10023
oL
3. The output matchirg network is similar to the input
matehing natwork. An open circuiled stub that isthree-
gighths wavelength long looks like a shunt inducior ol
admittance -iY.;, Hemce:
: £
-— = — = 43 4502
zn ""{_ Ie [YI'.]
4 Since the load impedance is 500), a guarier-wave
{transformer of characteristic impedance:
o &
» 55, G0
vl

completes the outpul matching netwark,
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PEAFORMAMCE

An gmplifier was constructed using the design derived
above. A comparison of the computer simulation with
measured amplifier parformance at6 GHz is shown balow.

Maasurad Computer

Parameter Perlormance Simulation

Gain 11.50 ¢B 10.55 48
Input 5WH 2671 2.281
Qutput SWR 1.80:1 1.00:1

|salation -23 dB -H060 dB
Moise Figure 3.27 dB 3.14 dB

The performance of the amplifier was measured aver the
589to6.4 GHz band. Figures 2, 3, £, 5, and & show the room
lemperalure performance.
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Figure 2. Gain Performance.
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Figure 3. Noise Performance.
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Flgure 4. Input-Cutpul SWHA Perfarmande.,
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Figure 5. Power Oulput Performance.

Isclation — Isolation |z batter than -23 dB over 1he entire
5.9 10 8.4 GHz band.

Fhase Linearlly — Phase linearity is +6° ower the entire
500 MHz bandwidth.

AM 1o PM Convergion — With an outlpul power leved of <13
dBm, the input power level (s relerenced. AL this input
raferenca level. the input power & variad =10 dB. Over the
5.0 to 6.4 GHz band, the average AM 1o PM conversion is
0.055% /'dB.

Third Ordar Intercepis — With two fundamental signals
injectad into the inpul at 5.95 and B.05 GHz, the cutpul
power level for gach fundamental signal is set for 0 dBm.
Tha third order intermadulation products are both 44 dB
below the two fundamentals at the outpul. Therefore, the
third arder intércept point is +22 dBm.

The wideband gain performance is plotted on the
following page.



B
1 \
a
[} 1 |
= = \_“ e
| ™~
=10 i 1
- :
| ]
| | | J
4 |- aa e [ 1]

FREQLERCY Hibal

Figure 6. Widaband Galn Performance.

CONSTRUCTION

The board material is 0.031" AT/Duraid 120-061 |D5EA0)
{Manufactured by Roger Corp. in Chandler, AZ|, with 1oz,
copper clad on two sides. The relative dielectric constant
{€elis 2.23. Durold wes chosen because of its low loss
tangant. The thickness ol 0.031" was chosen S0 the source
top cap could be soldered to the RF ground, thereby
taking advantage of the low source inductance.
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The quisscant paint (3 controdled by Ry and A3 Ag is ad
justed to provide the proper Vpog and A3 is sdfusted 1o
smupply the carrect drain current (ingl.

Schemalic | Complale Amplitler

Ta minimize transition intaractions the shunt stubs wara
balanced along the series transmission lines. The blas
natwork is fad at the guarter-wavelength paint of a hall-
wavelength open circuited stub

Twe different types of Blasing networks were used with
tha same result A schematic of the complete amplifier and
biasing circuit can ba seen im the dizgram inat lollows. The
differences between the bBiasing networks are:

1. Sehematic | is an aclive network which requires a dual

polarity supply with an aclive pulse recovery loop

7, Scnematic | is a self-biasing network which requires a

very good source py-passing capacitor. |1 has a lower
component count with a single supply reguirement, It
ia, howewar, mare subject to oscillations,
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The quiescemt paint is contralled by Ry and Ao R4 is ad-
justed o provide the proper Ypg and Ag s adiused to
supply the correct drain current (ing),

Schemalic [ Complels Amplitier
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