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K - Suwbility Factor 
Gafmax}- Maximum Available Power Gain 
s - Source Reflection Coefficient for Ga(max) 
L - Load Reflection Coefficient for Ga(max] 
Fin - Minimum Noise Figure 
My - Minimurm Noise Measure 

  

COLLECTOR CURRENT AT 4 GHz Ga - - ~Amosisted Gainat Fyy 
APPENDIX C — AN ACTIVE D.C. BIASING NETWORK ~ 1n  ~ Eduivalent Noie Resistance 
APPENDIX D — PARAMETERS AT VARIOUS BIAS ZNE == Bt lopadinol ol 

CONDITIONS AT 4 GHz o - Optimum Sourcs Reflection Cosffcisnt for Fram 
L - Load Reflection Coeffiient for Fyun 

SYMBOLS Pigg - Power Output at 1 ¢B gain compression 
B e Puin sl S el e 

£ Al ot Sywhara ] samiet.2 nc - Collector RF to DCPower Efficiency at 108 
15ij® - Power Ratio of Sij where i, | equals 1,2 gain compression 

Sy - Input Reflection Cosfficient Ts - Source Reflection Cosfficint for Prag 
Si2 - Reverse Transmission Gain Tpe - Load Reflection Cosffcient for Py 

INTRODUCTION 

Asignificant improvement in the producibilty, consistency, 
noise figure and associated gain of low noise microwave bi- 
polar transistors has been reatized with Howlett-Packard!'s de- 
velopment of a fully ion implanted device with sub-micron 
emitter widths. State-of the-srt noise parformance is obtain- 
edwiththe chip mountedinthe HPAC-70GT package (HXTR- 
6101). 

The purpose of this application note is to describe in detail 
the design of a single-stage state-of-the-art low noise ampli- 
fier at 4 GHz. The design and construction of both the input 
and output matching networks of a microstrip amplifier will 
be described. The amplifier's 4 GHz performance is excellent, 
with a noise figure of 2.6 8, an associated gain of 10.8 48 
and a 4.5 dBm power output at 1 dB gain compression. The.



third order intercept point is +17 4Bm with an output VSWR 
of 1.29. An active biasing netwrk is used for good tempera- 
ture parformance. Noise Figure and gain on the amplifier is 
presented over the temperature range of ~55°C to +110°C. 
Although the design of theamplifier was for 4.0 GHz, the per- 
formance over the 3.7 to 4.2 GHz telecommunication band 
is very good. 
‘The initial design goals are 
® Amplifier noise figure loss than 3.0 d8 
® Associated gain greater than 8B 
® Noise measure less than 3.4 dB. 
® Output VSWR of less than 1.5:1 

HPAC-70GT PACKAGE 
The HXTR-6101 is supplied in the HPAC-70GT, 3 rugged 
cofired alumina/kovar hermetic package. The unique fea- 
twre of this patented package is that the closest extarnal emit: 
ter connection on the package is the kovar 1op cap. The re- 
ductioninemitter inductance sa factor of two improvements 
‘over the HPAC-100, The typical value of emitter inductance 
to the kovar 1op cap is 0.09nH. This reduced inductance i 
creases the high frequency performance of the packaged de- 

The HXTR-6101 worst case thermal impedance is 250°C/. 
with the emitter top cap connectad to a large heat sink. Use 
is made of the emitter top cap for both thermal and R.F. 
grounding. 

DESIGN DATA 
Plottedin Figure 1is the typical noise figure, noise measure™ 
and associated gain of the HXTR-6101 product as a func- 
tion of collector current at 4 GHz. 
From Figure 1, it can be seen that the minimum noise mea- 
sure of the device is obtained at a collector current of 310 4 
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Figure 1. Typical Noiss Figure and Associated Gain vs. 
Gotloctor Current. 

“The system aoise figure of an infinite cascaded chain of dentical 
amiier stages. For further explanation, sea Hewlett-Packard ap- 
plication bulletin 59, 
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mA. However, the associated gain at noise figure is 
4mA, therefore a bias point of Ve = 10 volts and g 
is chosen for low noise measure operation. At thesa bias con- 
ditions, the scattering, gaini1) and noisef2) parameters for the 
particular device used in this amplifier are; 

igher at 
    

Scattering Parameters Gain Parameters 
511 = 0.522/169° k=1.012     
Siz - 0.049/23° Gafmax) = 14.7 d8 

1.681/26° s = .914/-154° 
0.839/-67° 979170     

Noise Parameters 
Fai = 2.5d8 
Tp - .475/166° 
Rn = 350hms 

  

Using the Gain and Noise Parameters above, the available 
power gain and noise contours are plotted in Figure 2. The 
contours are mapped onto the source impedance plane(2), 
  

  

  

Figurs 2. Impedance Coordinates 

Taking a closer look at the Noise Contours, it is seen that the 
optimum source reflection cosfficient (o) for minimum 
noise figure (Fysyy) is not very sensitive to matching error 
The diameter of the first noise contour corresponds 10 a 
change in reflection coefficient magnitude of .37 with a noise 
figure increase of 0.1dB. This characteristic of the HXTR. 
6101 is very advantagoous to circuit designers tryingto match 
for minimum noise figure. From the two sets of contours, it 

  

appears that the associated gain at minimum noise figure will 
be approximately 11 dB with the oUtpUt seeing a conjugate 
match. 

Since the design goal i to construct  low noise amplifier the 
optimum noise measure bias condition is selectad. There is 
also an optimum bias condition for maximum gain and an- 
other for autput power. Even at the optimum noise mea-



  

sure bias there are trade-offs between noise figure, gain and 
power output due to source and load impedance. 
‘Atthe optimum noise measure bias of Ve = 10 volts and I 
= 4mA, the source and load refiection coefficients for low- 
est noise figure, maximurm gain and greatest power are tabu- 
lated and plotted in Figure 3. Figure 3 is plotted for the 
particular device used in this amplifier design. The source and 
load reflection coefficients are mapped onto the source or 
load impedance plane. 
  

  

  

Figure 3. Impedance Coordinates. 

INPUT MATCHING NETWORK 
The main purpose of the input matching network is to pro- 
vide the optimum source impedance for minimum noise fig- 
ure. The basic design philosophy in realizing this netwerk is: 

  

1) Convert the optimum source reflection coeffic 
to impedance. 

2) From this impedance determine the equivalent admit- 

tance. 
3) The susceptance component is realized with a short cir- 

cuited eighth-wave (3) length stub. 
4) The conductance component is relized with a quartar- 

wave (5) length impedance transformer. 

nt (o) 

The realization and Smith Chart mapping for this input 
matching network is described below and shown in Figure 4. 
1) The impedance Zy, corresponding to T = 476/166° is: 

{1-1l/2) 50 142100l SIN [Ip) 50 
THITo2 -2 1Tp|Cos g 1+ 1Tal2-2 Tl Cos T 
Znr =180+i5.35 

20 Vg = 2 =00810- 00152 

Znr 

  

3) A short circuited stub less than a quar ter-wave length long 
ookslike a shunt inductor of impedance Z = Zo tan §¢. 

Hence a short circuited stub that is an eighth-wave length 
lang looks like a shunt inductor of impedance 2o where 
Zo is the characteristic impedance of the stub. Hence 
et e 

4) Since the driving source impedance is 50S2, 3 quarter-wave 
transformer of characteristic impedance: 
2 =/(50) (19.6) =31.312 
completes the input matching network. 

  

  

  

  

Figure 4. Impedance Coordinates. 

‘OUTPUT MATCHING NETWORK 

With one of the design goals being an output VSWR of less 
than 1.5:1, the output matching network is designed to pro- 
vide a conigate match with the source impedance, Zyr. The 
basic design procadure is: 
1) Calculste S, the output raflection cosfficient with the 

source reflection coefficient being . 
2) Provide a conjugate match for the output with a load re- 

flection coefficient equal to 577", (L = §22°) 
3) The matching section could be realized with a shunt stub 

and a series transformer similar to the input network. 
However, in order to increase the tuning capabilities of 
the network, an extra section of matching is used. 

 



‘The realization and Smith Chart mapping of this output net- 
‘work is described below and shown in Figure 5. 
1) From the S-Parameters on the device, S22 can be calcu- 

ated as follows: 
e SnSi2lo 
R T 

8% =846 (17 
Now, providing a conjugate match to S22 for a good out- 

  

Put VSWR, the load reflection coefficient (I, ) should be: 
Iy - .846{72° 

2) A problem with the output is the relatively high Q. This 
aan cause problems in suplying 2 conjugats Ioad match 
o obtain a good output VSWR because of sensitivity to 
smal imensional changes. Cateulating this output O 
gives us, Q (Sl =565 
With this dominant Q, the calculated 3 d8 bandwidth 
(B.W.) is: 

B . oy 
o ~dlsm 

This bandwidth equals 720 MHz with a center frequency 

To) of 4 GHz. 
3) A 0.61 om (2¢ = 56°) equivalent air length of Zg =502 

transmision line was added to the output to provide an 
output soldering area. The rotated output reflection co- 
efficient is: 

   =18% 

846/-131° 
The corresponding impedance, Z1, is 

(1-1r,12) 50 1121011 /17)50 
T+10y2-2Iy[Cos [Ty 1+I14[2-2IFy{Cos [T 

    

Zi= 

2y =503-j226 

SRR 7, = 935x10%+j0422 

4) A short circuited stub an eighth-wave length long looks 
fike a shunt inductor of admittance, -] Yp. The purpose 
of this shuat stub is to tune out most of the susceptance 
component in the admittance Y. A tuning section will 
be added to further match the output. 
A convenient characteristic admittance, Yo = 0.0345 13 
is used for the shunt stub. 

Y1 

  

Y2 = 9.35x 103 +] 0422 -}.0345 = 8.35x 10 +].0077 
1 . 2y= g =637-j525 2% 75 J 

6) The next element is a transformer to obtain an admit- 
tance with real part matched to the 50 ahm load. This is 
accomplished with an 80 ohm fine 1.35 em long. (e=1) 
(2= 64.8°) 

2,2 202 +iZouns0) 
3" TZotiZpwn i 

Z3= 3912+4j211 

Y3= 215 = .02-j 0107 

6) Anopen stub is chosen to provide some tuning capability. 
An open circuited stub less than a quarter-wave length 
fong looks like 3 shunt admittance Y = j Yo tan %, An 
open circuited stub of characteristic admittance Yo 
0392 and length 0.4 om (e, = 1) (30 = 19.2°) is added. 
1ts susceptance is .039 tan 19.2° = 0136 15 
Ya=.02-.0107 +] 0136 = 02+ 0020 

  

2=y, =50-i7.0 

7) Now 2, s matched with a transformer with 2 character- 
isic impedance of 80 2 and length of .19 cm fer = 1) 
5=12") 

_ Z0{Za+iZotan gy _ 
25" g+ Zatan 001 500 
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Figure 5. Impedance Coordinates. 

The output tuning section as described has the flexibility 
for tuning in four areas: 

® Adjusting the length of the series ling. 
® Changing the width or characteristi 

of the open circuited shunt stub 
® Modifying the length of the shunt stub 
® Varying the length of the final series line 

ipedance   

This completes the design of the output matching network.



COMPUTER SIMULATION 
With the S-Parameters for the particular device used, the in- 
put and output matching networks were modeled as simula- 
ted on a circuit analysis program. The results of this simu- 
lation yield the following results 

  

Si1 = 620/51.2° Input VSWR = 4.26 
Sp1=1104d8/-1138° Gain - 11.04dB 
S12=-19.67d8/-116.8" Isolation = ~19.67d8 
522=.089"/-87.3 Output VSWR = 1.20* 

“The output VSWR is not 1.00 because of round off error in 
design. 

PERFORMANCE 

Anamplifier was constructed using the design derived above. 
A comparison of the computer simulation with measured 
amplifier performance at 4 GHz is shown betow. 

  

“Device Noisa Figurs is 25 48 

Although the design of the amplifies was for low noise per- 
formance at 4.0 GHz, the performance over the 3.7 to 4.2 
GHz telecommunication band is very good. 
Figuros 6, 7 and 8 show the room temperatur performance. 
of the amplifer. 
Phase Linearity - Phase linearity is 5° over the entire 500 

MHz band width. 
Isolation - Isolation is better than -24 dB over the entire 3.7 

10 4.2 GHz band. 
AM to PN Conversion - With an output power level of - 13 

dBm, the input power level is referenced. At this input 
referance lavel, the input power is varied + 10dBm. Over 
the 3.710 4.2 GHz band, the AM to PM conversion is less 
than 0.13°/¢B. 

Third Order Intercepts - With two fundamental signas in- 
ected into the input at 3.95 and 4.05 GHz, the output 
power level for each fundamental signal i set at 0 d3m. 
The third order intermodulation products are both -34 
B below the two fundamentals at the output. Therefore, 
the third order intercept point is + 17 dBm. 

Spurious Outpats ~ With a 4 GHz, 0 dBm iaput signal in- 
Jected into the amplifier, no spurious signals were detect- 
ad above -60 dBm over the 210 6 GHz band. 

Group Delay - The group delay over the entire 500 MHz 
bandwidth is less than .53 n sec. 

Wideband gain performance is plotted in Figure 9. 
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Figue 6. Noise and Gain Parformance. 

  

  

Figure 7. 
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Figure 8. Widsband Gain Performance. 
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Figure 10. Tamparaturs Porformance at 4 GHa. 

Plotted in Figure 10 is the gain and noise figure performance 
of the amplifier at 4 GHz over the temperature range of -5 
Cio+110°C. 

CONSTRUCTION 
The board material is 031" RT/Duroid 120061, with 1 0z 
‘copper clad on two sides. The relative dielectric constant (er) 
is 2.23. Duroid was chosen because of its low lass tangent. 
The thickness of .031" was chosen 5o the amittar top cap 
could be soldered to the RF ground, thereby taking advan- 
tage of the low emitter inductance. 
To minimize transition interactions between the series trans- 
mission fines and shunt stubs, the shunt stubs were balanced 
along the sexies transrission lines. 
Some tuning an the output matching network was required. 
The final raalization of this circuit on duroid is shown in 
Figure 11, The RF board size is 2 inches by 0.9 inches. 
The active biasing network is described in Appendix C. A 
schematic of the complete amplifier and biasing circuit can 
e seen in Figure 12. 

    

Pictures of the assembled amplifier can be seen in Figures 
13 and 14. The amplifier draws 4.4mA from a 16 volt D.C. 
power supply. 

  

        

  

  

Figure 11. R.F. Board Layout. 
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Figure 12. Complete Amplifie Schematic. 

Figure 14. Amplifier — Bottorm View. 

   



APPENDIX A 

SCATTERING PARAMETERS VERSUS 
COLLECTOR CURRENT AT 4 GHz. 

APPENDIX B 

NOISE PARAMETERS VERSUS COLLECTOR 
CURRENT AT 4 GHz. 
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Flgure A1. 11 — Input Reflection Coetficient 
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Figure A2, S12 - Reverse Transmission Gain. 
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Figure A3, 521 — Forward Transmission Gain. 
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Figure Ad. S22 ~ Output Retlsction Coefficient. 
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Figure B1. Fyy — Minimum Noiss Figure. 
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Figure B3. Ry ~ Equivalent Noise Resistance.



APPENDIX C 
AN ACTIVE D.C. BIASING NETWORK 
The purpose of a bias circuit is 1o hold the quiescent point 
constant. A resistor network could be used with good re- 
sufts over a moderate temperature range. For this particular 
amplifier an active biasing network was used to maintain a 

ly constant quiescent point over a temperature range 
of ~85°C to +110°C. The noise figure and gain of the con- 
structed amplifier was measured over this temperature range 
(Figure 10). 
Witha power supply voltage of +15volts chosen for the am- 
pifier, the active biasing network i shown below along with 
the components used: 

  

  

  

   
           

  

  

  

volrs 

# 
Ts 

Fguwe c1 

Element Value 
A 100 KE4W 
2 200 K22 1W, potentiometer 
fs 5K0, 1W, porentiometer 
Ay 261K, KW 
o O14F, 100v, disc 
o 0024, 250v,dis. 
c OIF, 100y, disc 
U 2turas #36 enameled wire on 1" 

corefar) 
L 21urns 36 enameled wire on .1 

core air] 
o Hee 375, fr 3150 M, BVceo > 

30V, 1 nan <50MA, Py 300 i, 
PNP Silicon, Plastic. 

The quiescent point isadjusted by B and Ry, R is adjusted 
10 provide the proper Ve voltage and Ry is adjusted to 
supply the correct collector current (1) 
Further explanation on this active biasing network may be 
found in Hewlett-Packards Application Note 949-1, Page 5. 

    

APPENDIX D 
PARAMETERS AT VARIOUS BIAS 
CONDITIONS AT 4 GHz 
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Fiaura D1. Noisa Figure va. Collsctor — Ermiter Voltage. 
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Figure D2. Power Output ot 1 4B Gal Compression vs. 
Collsctor — Emitter Vohage, 
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