
  

  

INTRODUCTION 
The Gads fed tect Wansistor s establishing s 
Tocanar Gesigna. Even 3t roquncies sslow as 1GH e 
Gaas FET can be uasd wih non-conventionalstablizs- 
Hion Eicuity . Tha GaAs FET is a unique device with Pimerous sppleations. for example. ampifiers, o3l 
fors s, moduisars. parametc-ampifier epiace 
ments. and AF swches 
The Howltt-Packsrd HFET-1101 s 8 dovice designed for 
3003 naie. Gan 47 power outp.A Charcrarsncs wher 
Caad s an amliar. The purpose of thi applicaton note 
1o hghignt some of e design aceolts when using & 
Gaks FET. The examole s sn amplifierfor useintra 5910 
6.4 Gz talcommunication band. The ampifiers per- 
Tormancs ove e band ' excolent wilh 4 maximum 

imum associated ain o 109 
. 8 lsiness f +0.4 46 320 s 45 GBm minimum power 
ulputa 135 gain comsression. Tha maximum nputand 
Ot SWR are 2671 3nd 1301 respactiely. 
DESIGN TRADE-OFFS 
The fist cnoice tacing  Gesigner is bissing. In 
omparison 1o con sipcars, GaAs FETs require more 
Clrrent at 8 lower voage, Wi 6 et esul being sbout 
na same power Gasipason Powsr supply requirements 
o et i chasacienstc 
Wi any sngle stage smpifer desgn, there are three 
Sias satings 

  

  

  

  

  

  

  

1. Minmum nose igure 

  

2. Linear power output 

3. Masimum Gin 
Vos = 40 Vols los = 100% foss 

   For tne hree critical biss settings above, the input and 
et matenng dats are svaiabs ram the scatering 
nosa 3, power and gain  parameters. T ear pows 
bias point o Vos = 0 Vs and 05 = 0% s orovides s G004 compromse between mimmum noise gure and 
Takimum gain. AL tis 0as 5ot the scaienng. ntse 

  

  

  

  

powsr and gain parametars cen be measured by ariovs 
Known techniques Typical aramerers at & Grz for the 
HEET 101 e 

Seattaring Paramters 
S = 0BT 
512 - 00871163" 
S0 = 2088285° 
Sa-osm2iesr 

Gain Parameters 
k=150 
Galmax) = 1138 08 
Fus = 07621713 
T - 0718/1030" 

Noise Parameters 
Fun =29 48 
B = 9.42 ohms 
fo = 054214 
    o = 07281087 

T - 0480101 
Even o tis compromisa biss point, th input matching notwork has four perlormance Wade-ots tha can ba 
Jugaiec. They sre: noise fgure: svalable power gain 
Powsroutout anc input SWR.Tabiel gves thecondlions When tne nput impadanc is chosen for. respectiely 
lowsst noiss fgure, Mghest svaianle powsr gai. 4   

  

  

Greatest i sower o.tput 
TABLE | 
Noise Figure Gain_ Power Ouput 
To= 0S4IAT" Tua=07621773"  Trs0T20186" 
IL=0STS0AS" R0TIBA025" T =0468/101" 
Flan-2908 £~ 44408 Fassan 
Gi0330B Gy (max)=1136 0B G-a2c8 

34 08m     P 

  

Winen 10 input impadance is crosen for e<rer lowest 
noise or maximum gain. e outpul is assumes 10 be 
Conjugatsly matehed. Tha ncise figre an gain o the 
hvae Condtions shown sbove are caicusied from e 
parameters guen. whie ne power outoul (Pias 
Perlormanc is xpermantaly messurea S ¢ 
The Goa for the power output wastaten atan input crve 
vl of 53 0B As we approach arge na concilons. 
.5 dBm or Greser, 1 ecomes cficult 1o sredict 
Compromisas between ncise. gan and noul SWR.Since 

  

  

  

   



olse and gain are small signal parameters anc are not 
Tunciions of nput s leve s possile o precct iput 
SWR trends over s wide Gynamic range. 
Sinca most low noise recevers wark in a small sgnal 
enironment. e design enginee ¢ typcally concerned 
Wih compromis.ng gain and nput SW o oise figure. 
To demonstrae tis To and s, the source reflection 
Zoaficina or lowsst rolse 197 anc ghest aaiah s 
gain are plotad on & Smith Ghart n Figure 1. 

  

ng values or noie, gain and input SWR. 

  

  

  

  

  

  

TABLE I 
0 AR 
e o | | S | S 

s w [vn e Lo 
S 2w [rao o [ 
s v [0 (2 e 
o [owre| 35 [e |1 [ 

T s [erwe | oo s [ [ mn                   
From Table I a very good compromise ingut match 
condition '8 Ts. = 0814/160" and the correspondng 
ulut Conjugate mateh canditon ‘s TL-0627 106" In 
Comparison 1 the minimum N0ss match conditons the 
noiss igure is increased by 024 dB but he associated 
gain Is incressed by 1.22 98 and the input. SWR s 
improved by 40% 0 2 28,1 Of course,other compromises 
can aiso 5o chosen. For example, the optimum bas for 
s figure may bo cnosen and ine source impedance 
Compromised between minmum nose fgure and 
maximom gain attha ias. Values of nise figureandgain 
may be Cakcuiated and compared for each of tse 
compromises. 
Withthe Groice o T's and 1 discussed above, i 1 now 
Possible 1o synihesizs the input &nd oUIBUt matching 
Petworks. 

INPUT MATCHING NETWORK 
1. The impadance Zs. cormesponding fo T = 0614/160° 

e     

  

4 Sinca the crving source Impedance ' 500, a quarter- 
wave ransformer o Characiensue impedance 

([l 
ompletss the input matching netwrk. 
   

  

OUTPUT MATCHING NETWORK 
1. Tre impedance 2L corresponding ta T\ = 06271106 

n-nms 1001 5o/ 1 
e e Ty e e Ty   

  

  Sp—— 
2 vogt-con-pem 
2 The output matching network s simiar o the input 
matching network A% e circuled b hat s hrse- 
signing wavelengt 10ng looks ke 3 shunt nductor of 
Samitance ¥ Hence 

  

4 Since e loac impedance s 500, & auarter-weve 
raratormer o craractorisc impedince 

   



PERFORMANCE 
An amplifia was consrueted using tha cesign cerived. 
hove. A comparison of the computar smuation win 
easures ampiiie performance st6 GHz s shown below. 
  

  

  

  

  

  

Massured | Computer 
Paramoter | periormance | Simuation 

Gan Tis0c8 Tosson 
input S 2671 2281 
Output SWR 1507 o0 
Tsolation 308 | 0s0a8 
NoseFigue | 52108 I           

The performance of the ampifer was messured over the 
53106 4 Gz band. Figu1es2.3,4.5.ana8showthe com 

mperature pertomance.   

  

  

  

  

  

  

  

  

  

  

  

  

  

                              

Figure 2. Gain parormance. 
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Flurs & nput-Outut SWR Prtormance. 

  

  

  

  

  

  

  

                              

Flaure 5. Pome Output Peiomance 

Isolaton  solation is Seter than 23 48 over tha entire 
591064 Gz band. 
Phasa Linearlty — Phase ineariy is £6° over the entire 
500 Wi bandwict 
AN 10 P Gonversion — With an outout power el 13 
B, the nput power lov s eferences. At i input 
refarenca avel.the nput powsr s varied <108 Over the 
5910 6.8 iz band, he average AN 1o PM corverson s 
o0s5°/c6. 
T Ordor Intercepis — Wi two fundamental sgnals 
injeced into the input at §95 an 605 Gz, the output 
power eve or wach fundamental signal s set for 0 G 
T third rder ntermoduiaton products e ooth 445 
below he two funcamantas i the output. Threfors, e 
hied oder intercept point 5 +22 6B 
The widsband. gain performance s plotied o1 the 
following page. 

  

  

 



  

  

  

      
  

  

    
    
                
  

Figus & Widtand Gan Patrmance. 

CONSTRUCTION 
The board materal s 0.031" RT/Durold 120-061 (DS680) 
(Manufactured by Roger Corp.in Grandler AZ) wn 1oz 
Copper ciac an two sces. The relatve deiectic consant 
{en's 223, Durold was ehosen because of s ow oss 
tangent. The ickness of 031" was chosen s0 e source 
105 c#p could be sakdered to the R ground, Hereby 
king dvantage of the ow source incuctance. 

  

  

    

  

T s o i corwold oy R M. M s 
e 1o e o Vs o 3 s e o 

Schamatic | Conpite Amsitar 

Yo minimize transiton Ineractons the shun stubs were 
alanced long the seres uansmisson lines. The bias 
twors s fod 8 he quarter-wavelengih pointof & hal- 
waveiengih open circuted st 

  

Two ciferent fypes of biasing netwrks were used with 
e sare resut A schematicof the complete ampiie 3nd 
Dlasing creuitcan oa seeninine agram irat lows, The 
ferences between the iasing networks are 
3. Schamatic | s an sctve network which requires adual 

poarty spply wih an ACive puiss ecovry 100p 
2. Schamatic 1  slt-basing network which requires 

very good source oy-passing cagactor. i has  lower 
Camsanent count with & single Supply ecuirement i 
1 howeve. more subject 10 oscilaons. 

bl o 

  

  

  

  

T cteans g i corvrtes by 7y Al Ay i 
e 1o o h o Vs a0 . Sdores o 
i o s i ot 155 

Schemute I Complele Ampltr 
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