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LOW-NOISE. 1.25 GHz. COOLED. HEMT AMPLIFIER 

Changlong Xu 

April 6, 1989 

1. Introduction 

This report describes the design and measurement results of a cryogenic 
cooled L-band HEMT amplifier. The three-stage amplifier exhibits an average 
noise temperature of 2.1 K across the 1.0 to 1.5 GHz band with an associated 
gain of 34.8 ± 0.7 dB and minimum return loss of 10 dB. 

2. Circuit Description 

The MGF-4303-650 HEMT, model number 79AH, is used in the first stage. In 
order to obtain the real part of the optimum source impedance, the HEMT was 
mounted in a single-stage amplifier and the noise temperature measured for five 
different values of source resistance, at five different values of drain current, 
at both room and cryogenic temperature. The results ar shown in Figures 1 and 
2. A computer program has been written which uses a set of measured noise 
temperature data to compute the noise parameter of a two-port network. The 
program, given in the appendix, computes the noise parameter by minimizing the 
mean square error between the calculated and measured noise temperature. 

The function used by the program is: 

ToGn 
Tn = T^ +   (R - Ropt) 

2 

X = Xopt is assumed to be satisfied. 

The noise parameters resulting from measured data by the program for 
different values of drain current are given in Table 1 and Table 2 on the 
following page. 

Using the function and data in Tables 1 and 2 we can calculate the noise 
temperature that the least square error fits to the measured data. The curves 
and data points in Figure 1 and Figure 2 are related to the calculated and 
measured noise temperature, respectively. 

It can be seen that the optimum drain currents for 300 K and 15 K are 9.0 
mA and 4.5 mA, respectively.  But the Ropt is near 50 O at both 300 K and 15 K. 

Based on the above experimental result, the input circuit of the amplifier 
consists of a 50 0 transmission line and an additional shunt quarter-wave line 
which is designed to increase the bandwidth. 

The input circuit is constructed on high dielectric constant material, 
DUR0ID 6010.5.  The thickness of the substrate is 0.025 inch. 



TABLE 1 

Noise Parameters at 300 K 

(V = 2.5 V) 

Noise 
Parameter 

ID (mA) 

3.0 4.5 6.0 7.5 9.0 

Tmin » 
26.58 23.86 22.49 21.51 21.40 

V m 45.41 51.00 52.45 53.53 52.85 

TABLE 2 

Noise Parameters at 15 K 

(VD = 2.5 V) 

Noise 
ID (mA) 

Parameter 
2.1 3.0 3.9 4.5 6.0 

Tmin (K) 
0.78 0.53 0.53 0.49 0.95 

Ropt <"> 
47.06 46.70 47.06 48.47 48.31 



The schematic diagram of the three-stage amplifier is shown in Figure 3. 

3. Amplifier Performance 

The measured noise and gain performance of the amplifier is given in Figure 
4. The minimum noise temperature is 1.5 K.  A noise temperature variation of 
less than 1 K over a 400 MHz bandwidth is achieved. 

The amplifier input return loss vs. frequency at 15 K is shown in Figure 
5. 

4.   Tuning 

The amplifier input return loss should be tested first using a network 
analyzer. Then the noise temperature and gain are measured with the noise test 
setup. 

1. Drain-bias voltage is initially set at 3.0 V and drain 
currents for stages 1, 2 and 3 are set at 4.5 mA, 9.0 
mA, 9.0 mA, respectively. 

2. The amplifier input return loss, noise temperature and 
gain depend on the tuning of inductor Lj^. The length 
of L! needs to be trimmed little by little to minimize 
the noise temperature and maximize the input return loss 
at the designed frequency. 

3. The frequency offset between minimum noise temperature 
frequency Fn and optimum input match frequency Fm is a 
noticeable problem. Several papers [1], [6]-[10] 
demonstrated that an acceptable compromise on Fn and Fm 
would be reached by using inductive series feedback. 
The Fn and Fm may close to each other by proper adjust¬ 
ment of the source lead inductance of the HEMT. The way 
of mounting the source lead is shown in Figure 6. 

It is easy to change source lead inductance by moving 
the grounding shim. Using dielectric film, we can 
change the distributive capacitance to ground of source 
lead to improve the input return loss at high frequency. 
Finally, both noise temperature and input return loss 
are acceptable. However, it should be mentioned that 
not only Fn, and Fn but also the gain and stability 
factor will be changed by reactive feedback. Therefore, 
special attention should be given to stability of the 
amplifier. 
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Figure  1.     Noise Temperature vs.  Source 
Resistance at 300 Kelvin 
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Figure 7. Photograph of Low-Noise, 1.25 GHz, Cooled, HEMT Amplifier, 



APPENDIX 

Program for Extracting Noise Parameters from 
Measured Noise Temperature Data. 

dimension  TnC5>,Rs<5> 
real    Ids 
pr i nt   * 
print *, 'Input Te, F' 
re3id<*,*)Te ,F 
wr i t e < *,19 > Te,F 
print * 
print *, 'Input Vds, Ids' 
read<*,*>Uds,Ids 
wri t9<*,50)Uds,Ids 
print * 
print *, "Input Tl,T2,T3,T4,75' 
resid<*,*>Tl .T2,T3,T4,T5 
data R,T,G,A,3,C,D,Tr,7Q,Pr,Rg,Gg/12*6.9/ 
data R1,R2,R3,R4,R5/2G.0,33.6,40.0,58.0.68.«/ 
pr i nt * 
wri te<*,198>Rl,R2,R3,R4,P5 
wr i te<:*,158)Tl ,72,73,74,75 

13 -format < ix , 'Te   (Ke ) v i n)   =   ' , -f 5.1 ,13x , • "   < GHz >   =   ' , t^ . 2) 
58 -formatdXj'Uds   (Volt)   =   ' .-f 4.1 , IZx , - id=.   (mA)   =   ', + 4.1) 
1 88 +"orma t < 1 x ,' R   < Ohm>' , Sx , 3^ 7 .1) 
1 58 tormat f1x.'7   < Ke1vi n)',5x,5t7.2) 
28 9 R=R+ R1+R2+R3+ R4+ R5 

7=7+71+72+73+74+75 
6=6+1.8/R1+1.8/R2+1.8/R3+1.8/R4+1.8/R5 
A=A+R1**2+R2**2+R3**2+R4**2+R5**2 
B=B+ 1 . 0/"< Rl **2) + 1 . 8/< R2**2) + 1 . v3/< R3**2> + 1 . 3/ ( R4**2) + 1 . 8/< R5**2) 
C=C+71*R1+72*R2+73*R3+74*R4+75*R5 
r,=0+71/Rl+72x/R2+73/R3+74/R4+75/R5 
Rg=R*G-25.0 
Rr=R*R-5.8*A 
6«^=6*G-5.0*B 
Tr=T*R-5.0*C 
Tg=7*G-5.8*D 
Rop t= = qr t < < Rr *7g-Rg*7r )/ (. Gg*7r-RQ*7g> > 
6n=< i .8/298 . 0)*<Gg*7r—Rg*7g>/< Gg*Rr-f?g-*Rg) 
7m i n=l . 8/3 . 8*<T-2?8 . 8*Gn*< R-l 8 . 8*Roo t + f\op t**2*6) ) 
da t a Rs < 1 •• , Rs < 2 > , Rs < 3) , R =• < 4') , Rs ( 5) /28 . 0 , 38 .8,48.8,58 .8 , 68 .8/ 
do 218 j=l,5 
Tr. < j ) =7^ i n + 298 . 9 *Gri*< ~:oo t -R s< j > > **2x'": = < j > 

218     con t i nue 
wr « t * '. - , 228 > < 7n < j ) , j = t , 3 ) 

228     T orm a t < 1 x ,' 7n < k e 1 M i n • ' , 5x , 5 f 7 . 2) 
prin* * 
v'jr I t e»! ♦ , 238"' Rep t , Gn , 7m i n 



258     -formate Ix,'Ropt <Ohm) = ' ,f 6.2,5x , 'Gn <l/Ohm> = ',-f7.5,5x, 
1  '7min <Kelyin) = ',+6.2) 

openCI,t i\e='+2.data',status='unknown') 
wri te<l,32e)7e,F 
wri tea ,386)Mds,Ids 
wri ted ,388) 

388     -format<lx,i 5) 
wri tea,4e8)Rl,R2,R3,R4,R5 
wri tea,588)71,72,T3,T4,T5 
wri te<l,528)(Tn<J),j=l,5) 

328 +ormatax,'Te   <Ke1vin)   =   ',+5.1,18x,'F   (GHz)   =   ',+4.2) 
388 +ormat<lx,'Vds   <Vo1t)   =   ',+4.1,12x,'Ids   <mA)   =   ',+4.1) 
488 +ormatax,'R   <Ohm) ' ,8x ,5+7.1 ) 
588 +ormatax,'T   (Kel v i n) ' ,5x ,5+7.2) 
528 +ormat<lx,'Tn<Kelvin)',5x,5+7.2) 

wri te<l,558) 
558 +ormat<lx,i5) 

wr i ted ,688)Ropt ,Gn ,Tmi n 
688 +ormatax,'Ropt   <Ohm)   =   ' ,+6.2,5x ,'Gn   a/Ohm)   =   ', + 7.5,5x, 

1      '7min   (Kelvin)   =   ',+6.2) 
end 


