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ATF -13136 Demonstration Amplifier

INTRODUCTION

This Applcations Note describas @ one atage low noise
amplifier designed using Hewlett-Fackard's ATF-13136, Tre
armplifier dernonatratas the capebilities of this 1.2 dB noise
figure Gafs FET as a fremt end device for Ku band Direct
Broadcast Satellive (BRS) television systemns.

AMPLIFIER DESIGHN AND PERFORMANCE

Tre ampifier iz designed from the cateleg 5 and nose
paramaters of tha ATF-13138. The lopology se'edted uses a
sharted siub luning elament to establish the inpel nodse rmatch
and cpen stub tuning elamenis for the output gain masch, A
schamatic lor tha amplifier is shown in Figurs 1
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Flgure 1. ATF-13135 Demonsiration Amplitier

The ampliier & budt on 20 mil thick AT'Duroid 5850, Ths
substrate is used lor its kow loss, and baczuss 50 Ohm trans
mission lines on this board are of @ wdih close 1o that of the
rassister kads, Figure 2 shows g sealed doawing of the lay-
aul

Tabéz 1 kst the perormance of an ampiies ouil: using ths
cesian. Trie data shows amgliker pedormance from 11.3 10
12,3 GHz in 0.1 GHz steps, giving Balh the noise figure in dB
and the cormesponding noise lemperalume it K The assoec-
aled gain al rgeze hgure and tetal cursent draw are also isted.

The dala shows thal typical perlerrance usng inis amplifier
casgn ks 1.7 d8 (140 K] noize igure acress 11 7t 122 GHz,
with 8 di assecialed gain. This should corredale o8 ypical
waveguide launcheo syslem noise figure performance ol
about 1.54 dB (123 Kj—sea SYSTEM NOISE FIGURE,
bolow, Mose performance is quita flat, with slightly better par-
{ormange or the hand eages than is seen michand, There is
approximaely 0.5 d8 gain roll off on the =igh end ol the Band,

Table 1. ATF-13136 Demonstration Amplifier
Typicial Performance

FiGHz) MF {dB} MNF (K} Ga (dB)
1.3 1.6E 131 EAdT
11.4 162 1 E4E
11.5 1 EE 135 B.4d
e 167 TG g4z
11,7 169 ~ 36 G40
11.8 1.70 739 8,44
11.9 1.62 i) 8.4%
12.0 169 138 k]
12.4 1 &k 135 .20
12.2 164 133 8.05
12.3 14 1533 T.HE

Bias with Wy = 410V Vo = =5V |3 =« 17.07 MA

Although the original design rangs is 11.7 1o 12.2 GHz. the
malch 45 reasonably broadband. and good perfarmance is
s2En across gt easl 113 0 123 Gz

BIAS

Twi extenal power supolias are reduwined Lo tias the amphlie:
a+10V supply for the drain and a =5 W suppiy for the gate, The
gate fead is on the same s of the amglifer as the RF inout;
the drain jead = on the same side ag the AF culpat 2nd
gresand lug.

To turn the ampilion g

1. Firat apply =5 V' to the gate terminal *G
2. Thenapply +10.0 % e drain lerminal “0F

Alen g the vollage appisd to the drain terminal wl change
e bias poenl by adusting Bain W, 2nd |, To repeat the faclory
dada, this vollkge shoukd e exactly 100 Y. Caly very small
adjustmanis 1o Bias can be accomplished Dy changing the
voltage applied 1o the gate terminal pecause of the aclive beas
SEhRrme used.

The nomiral fransistar bins 9oint wsed 100 the demoe sirtice
ampifier 2 2.5V, 175 ma& Recznt i@sting has shown that Lhis
bras qgives sightly supericr nose perfarmance e the dala
shigd characterizaban bias of 3%, 20 mA, The improvemsant
waries lrarn water an tocsater iun, and is onihe eoder of 0.1 3
reduction in nocse Bgure, (Mole: & Bias af 2.5 W, 20 mi piesds
perfarmance that is typically less thar 05 g hghee in soise,
bat .5 dB higher i gain than what is achieved at 2.3 V,
175 md. Analysis o the noise measurs of the padiculas
systam baing designed & ceedad 10 gstermine which of these
wo bias poinls is oreferable ) The 5 ang nolse parameler
characterzations a1 3 V. 20 m A can sl bo wsed lor dosign, as
the small bias changes ascussed hare do not appreciaoly
aller gey o charactpnzation

The deronsiration arrgifier incarporetes en active bias cincuit
& establish the operating point of the FET. For deails on <he
constraction andg funslion of this béas circuit, see HP's Aopl-
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cations Mole AN-AGOZ Design of a 4 GHz LNA for a TVRO
Systamn, Bias is oritical 1o performance. The wvariability in
pinchaff veltage from device to devica does not allow for @
passhe two Supply bias with fieed voltages to be successful
in production, |naddition, the two supply bias wil notmentan
a stabin hiss poirt over temparature; ah active bies will

If Irer gl is 10 obtain absalutely the kwest noise LNE poss-
ke with the ATF-13138, each lirst stage FET should be
individually et 1o its empirically deterrinegd oplimum bas [V,
between 20 ang 3.0 ¥, |, betwaen 10 and 25 mAl The
improvemant m noise Foure drom the nominal bias (2.5 Y,
17.5 mé&j 1o the trua catimum Bias far any giver ATF-131 36 is
Typieally 0.1 dB.

RF MATCHING AND TUMING

“Tabs —apen slubg, typically 020-in. wide and up 1o . 100-k.
long—czn be used le wne the amplifier. Sui off pieces ol
iransisior laad work wel for (e purpose.

The small stut al the gate of the denvice i the mosl critical
tuning elemenl, and has a sireng efect on bol gain and ne e
figure. This element helps mosl 2l the lower requency end ol
the band: 1o large & stup will destroy high frequancy noiss
pertormancg, Decasionzlly a ab placed cpposite the shorted
stuotuner (551) on the mout cireuit will imorove hign Irgquancy
gan and noise performance. (Note: zdding a stub Bere elfos-
tiwely adjusts the lengih of the 551 A small tak on the output
raaar [he Backing capacitor will ueually improva the midband
gain, bl can algo roll off the high frecuency gain.

SYSTEM NOISE FIGURE

For conveniance of tesling, thi: cemonstration ampilier uses
SMA connectors inatead of the waveguids lzunch found in
most preduction systema. The measured Ioss of a oair of
these connecioss (plus a length of 50 ohm transmigsicn ling
equal to he entire gircuit lengih] is 0.50 dB 2t 12 GHz. Thus
jhe demonsiration amplifer Ras at least 0.20 dB of noise
zonlrBuban from the inout connector, The conneciarized
amplifier alsa sequires an input blocking capacitor 1o prevent
Ime generator impedance from alfecting the gate bias voltage
appleed to the Gats FET, This componant, sven thaugh
high 2, contributes an additional @10 ¢F to e noise figure of
tre demanstealion amplifier due 1o it associated ss.

Male trat the amplifier exnibite in-basd noise performasce s
low as 1.85 d8. Gorrecting 0.20 dB for the mput connestor,

0,10 4B far the blocking capaciter, Allawing .05 dB less for
the input parton of the pe matching stucture and 010 dB
degradaton in raise perdeemancs dus to broadand mateh-
iny), WE arrve Bt @ mirimum device nose figura of 1.20 48,
Tris agreas with the 1.2 dB typical, 1.4 d8 maximum noise
spacilication of the ATF-137138.

I an actual LMB. 1he chsended noise figure should be baler
Iman what |8 cisplayed by e demonstration ampldies, &
waveguide launch with approsimalély 005 dB foss will
repdzce the inpul concectar, and 2llow e removal of the input
hlgcking capacitar Irem Lhe design. Although there will Be an
addilional noise contributicn from the latter stages of fhe
system, Tor a second stege with a 1.5 0B maximum naise fig
ureand B¢ of gan, and assuming an 8 dB naise figurs for the
miEer. this noise contobution is calculated G be 9.24 B, Tne
lessas for the po board reman asout 0.07 dB. Thus syslems
with noige figures zround 1.54 9B [123 K) can be achigved
uging the ATF-13136in1he 11.7 10 12.2 GHe band. Moiss per-
‘ormance lor e 10,95 o 11.7 GHz Euwsopean DBS band is
wypically 0.1 dB better due 16 the lewsr irequency of oporalicn.
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Figura 2. ATF-13136 12 GHz Demonstration Amglitier
2% Scale Drawing
PC Board 20 mil AT/Durakd (s = 2.5]
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