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| “’fs APPLICATION NOTE 967
A Low Noise 4 GHz Transistor
Amplifier Using the HXTR-6101

Silicon Bipolar Transistor

refiection coefficient being I
'-!15';3: = Unloaded Cuality Factor of 5:'_-;2
Z'an - Eguivalent Impadanca of L
K - Stability Factos

Galmax]- Maximum Aveilable Power Gain

s - Source Aefiecrion Coafficient for Ga|max )
Uag - Loegd Reflaction Coefficiant for E'a#maxi
Frm = Minimum Maise Figura

Mpyw = Minimum Moise Measura

Gd = Agssacated Gain at FP.ﬂ M

Fin - Equivalent Noise Aesistance

£NF - Equivalent Impedamce af [q

I - Optimum Source Raflaction Coafficient for Fyyn
[ - Load Reflection Coefficient far Fa

P48 - Poweer Qutput at 1 dB gain compression
Poune Input Power Level when tuned far maximum

POV OUTpest

e - Collector AF o DC Power Efficiency at 148
gEin compression

ey Source Reflaction Coefficiant for Pygg

=T - Load Reflection Coetficient for Pygm

SYMBOLS

t5i; - Magnitude of 5jj where i, j aguals 1,3
SI| ,l'l."-g|:r_|FSll'.-J.-::n:i_||:-':|,.|:||g1‘_2

ﬂ”|:" - Pawer Ratio of 5 where |, | equals 1,2

511 = Input Aeflection Corfficient

S1a - Aeverse Transmisson Gain

INTRODUCTION

Asigribicant improvement in the praducibility, consistency,
noisa figure and associated gain af low noise microwase bi
polar transistars has bean raalized with Hawlett-Packard s de-
velopment of a fully ion implanted device with sub-mieran
armitter widths. Stata-ofthe-art noise perfor mance is abtain

edwith the chip mounted in the HPAC-70GT package (HXTR-

6101).

The purpose of this application nota is to describe in detail
the desgn of a sngle-stage state-of the-art low noisa ampli-
fier at 4 GHz Tha dasign and canstruction of bath the mput
and cutput matching netwarks of a microstrip a mplifiar will
b described. The amolifier’s 4 GHz performance is excellent,
with a noise figure of 2.6 dB, an associated gain of 10.8 48
and a 4.5 dBm powar outout at 1 dB gain comprassion. The



third order intercept point iz +17 dBm with an output VSWR
of 1,29, An active biasing network is used for good tempera-
ture parformance, Moisa Figurs and gain on the amplifiar i
prasented over the temperature range of -58°C 1o +110°C,
Although the design of theamplifier was for 4.0 GHaz, the par-
formance over the 3.7 to 4.2 GHz relecommunication band
% wary good.

The initial design goalks ara:

& Amplifier noise figura less than 3.0 dB
® Agsociated gain graater than B d@

#* Noise measure less than 3.4 dB

® Cutput V5WAR of lews than 1,5:1

HFAC-TOGT PACKAGE

The HXTR-6101 is supplied in the HPAC-70GT, a rugged
co-fired alumina/kovar hermetic package. The wnigque fea-
ture of this patented packaga is that the closest external emit-
ter cannection on the package is tha kovar top cap. Tha ra-
ductizninemitter inductance isa factar of b imoravements
ower the HPAC-100. The typical value of emitter inductance
oz the kowar top cap is 0.08nH. This raduced inductanss in-
creases the high frequency performance of the packaged de-
wica,

The HXTR-6101 worst case thermal impedance is 260° /W
with the emitter top cap connected to a large haat sink, Uss
is mache af the emitter op cap for both tharmal and BLF,
grownd ing.

DESIGN DATA

Plotted in Figure 15 the typical noiss figure, noise measure®
ard associated gain of the HXTR-6101 product as a fune
tion of eollaetor cwrrent at 4 GHz.

From Figure 1, it can be ssen that the minimum noise mes-
sure of the device is obtainad at 8 eallector current of 3 to 4
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Figura 1. Typical Meiss Figure and fssociated Gain v,
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*Tha swstem roise figura ol sn irdinite cascaded chain af idenzeeal
amplilief iages, For furcher explanation, see Hewletr-Packard ap-
plication bulletin =9,
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md, However, the associated gain at noise figure s higher at
Ama, tharafore a bias pointof Ve = 10 volts and I = 4 mA
i3 chosan for low noise measure operation. At thesa bias con-
ditions, the scattering, gain! 1 and noisel? paramaeters for the
particular device usad in this amplifier are;

Gain Paramatars
k=1,012
Gﬂll'l'llin:} = 14.7 dB
Mg = .947/-154"
[y = .978,/70°

Scattering Paramnters
Sy = 0.562/168°
57 = 0.045/23°
55y = 1.681/28°
Sqp = 0.E30/-67"

Moiss Parametars

Friq = 2.5d8

Iy = ,475/168"

Rp = 3.5 ohms
Lsing the Scattering &nd Maise Parameters abowve, the awail-
able powar gain and noise contours are plattad in Figure 2
Thecontours are mappad onta the source impedance plangt 2

Figure 7. Noise and Gain Contours

Taking & closar look at the Moise Contowrs, it is seen that the
optimum source reflection coefficlent (Mgl for minimum
noise figure (Fygpy) & not very sansitive to matching error,
The diameter of the first noisa contour corresponds to a
changa inreflection coafficient magnitude of .37 with a noise
fiqure increase of 0,148, This characteristic of the HXTR-
E101 is very advantageous o eircuit desigrers ryingto match
for minimum noise figure, Frosm the two sets of comEours, it
appears that the assaciatad gain at minimum noise figure will
b= approximately 11 dB with the sutput seeing a conjugate
mateh,

Since the design goal i3 w3 construct a bow naise amplifier, the
optimum noise measure bigs condition 5 selected, Thare is
alsa an optimum bigs condition for maximum gain and an-
other for output powar, Even at the optimum noisa mea-



sure bias there are trade-offs bevaween noise figure, gain and
power outpul dus to source and load impedanca,

At the optimum noise mesiure blae of Meg = 10 velts and Ig
= dmA, the source and lcad reflection coefficients for low-
est noise fiqure, maximurm gain and greatest power are Labu-
lated and plotted in Figure 3, Figure 3 is plotted for the
pearticular device wied in this amplifier design. The source and
load reflection coeffielents ara mapped arnte the sowes or
load impedanca plane,

Figure 3. Matching Traceaffs

INPUT MATCHING NETWORK

The main purpoese of the input matehing network s to pro-
wide the aptimum source impedance for minimum noise fig-
ura, The basic design philessphy in realizing this network is:

1) Convert the optimum ource reflection coefficient (Mgl
to impedande,

?| Fram this impadance determing the aguivalent admit-
tance.

3 The susceptanca component is realized with a short cir-
cuited aighth-wave !%I length stub.

4] The conductance comporent is realized with a quartar-
weve [%} length impedanee transformer,

The realization and Smith Chart mapping far thi input
miatehirg retveork i3 deseribed below and shewn in Figure 4,
1) The impedance Zyz. correspoanding to [ = 4761687 is:

(1= [Fal? 50 +J|2I!._'.;|.$INI'FHJEEI
1+ Igl* -2 Tl Cas @ 1+glR-210 E:ns@

Zys = 180+ 5.35

F=

2 Yue = E%F = 0,0510 -j 0.0152

3l A short cirguived stub lass than a quarter-wave length lang
looks like a shunt inductar of impedance £ = jZg tan B,

Hance a shart circuited stub that is an sighth-wave length
long looks like a shunt inductor of impedance jZo whers
Zn is the characterigtic impedance of the stub. Henca

1
g = e T G5.3 ohmis.

4} Since the deiving source impedance is 5082, a guartar-wavs
transformer of characteristic impedancs:

Zn =+/160] (19.68) = N30

completes the input matching network.

WITH o, = 1

i
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Figure 4. Input Macching Mitveork

OUTPUT MATCHING NETWORK

With one of tha design goals being an cutput VSWR of less
than 1.5:1, the autput maeching network (s designed to pro-
wide a conjugata match with the source impedance, Syg. The
basic design procedurs is:

1} Caleulate 555, the output reflection coafficient with the
sowrce reflection coefficient being I'g.

2) Provida a conjugate match for the cutput with a load re-
flection coefficient equal to S92, (T = 54927}

3¢ The matching section could be realized with a shunt stub
arel a serigs transformer similar to the input network,
Howeavar, In order 1o increase the tening capabilities of
tha network, an exira section of matching is used.



Therealization and Smith Chart mappirg of this cutput nat-
wark i3 described below and shown in Figura 5.
1) Fram the S-Paramaters on the davice, 532 can be calcu-
latad as follows:
; Sm 512 To

LS =848 [-72°

Mow, providing a conjugate mateh 1o S22 for 8 good out-
put WSWR, tha load reflection coafficient {["L ) should ba:

r, =.246(72°

21 A problam with the sutput is the relatively high Q. This
can zause problems in supplying a conjugate load match
1o obtain & good autput WESWR becauss of sansitivity to
small dimensional changes. Calculating this sutput O

fives us, 5
T iS%s1 =566
With this daminant O, the calculated 3 dB bandwidth

1B is:
BW, _ 100  _ge

i e 1

This bandwidth equals 720 MHz with a center frequeney
(fal of 4 GHaz,

3 A 081 em (230 = 53°) equivalent air length of Z5=5000
transmission lime was added to the cutput to provide an
outpul soldering area, The rotated eutput reflection eo-

efficiant is: .
Iy = _B46/~131
The corresponding impedance, Z4, is

< (= 12) 60 i1210 1 S /) B0
1+012 -2y Cos [Ty 1+([312-2ITy Cos [Ty

1

2, =503-j22.8

¥, -‘!l‘ = 9.36x 107 + j.0422

41 & short circuited stub an eighth-wave length long looks
like a shunt inductor of admittance, -j Yo, The pursose
of this shunt stub is to wne out most of the susceptance
component in the admittance Y. A Wwairg section will
be added to further match the output.

A convenient characteristic admittance, Yy = 00345 75

is used for the shumnt stub.

¥o=9.35x 103 +j .0422 - .0345= 9,36« 10-3 + | 0077
1 ;

i ‘Fz =037 - 525

5] The next element is a transformer to abtain an admit-
mance with raal pert macched te the 50 ohm lead. This is
apeomplishad with an 80 abm ling 1.35 em long. le=1}

(¢ - 54.8°]

Zg [Z3 + | Zg tan jE)
37 129 ) 22 tan U

Zz= 3012+

Z

Yy = z—l - .02-j 0107

&) An open stul i chosen to provide some uning capability.
An open girguited stub lass than 8 quarter-wave length
lang loaks lika a shunt admittance ¥ = j ¥y tan BU. An
open circuited stub of charactaristic admittance Yy =
039 73 and length 0.4 em (e, =1) 3 = 19.2°) is added.

It's susceptance is 038 tan 19,27 = 0138 1§
¥y = .02 -j.0107 + | 0136 = 02 +| 0029

z.‘-,}. “50-j7.1

71 Mow Z4 is matched with a transformer with a eharacter-
istic impedance of BO £! and length of .18 em fg; = 1)
[ = 8,127

Zg [Z4 + ) Zp tan pr)

§% T2 +1 24 tan Jl) i

L

Figura 5. Outpul Matehing Metwark

The output tuning section 85 deseribed has the Plexibility

 far tusing in four areas:

® Adjusting the langth of tha serias line

® Changing the width or charactaristic impadance
of the apen circuited shunt stub

® Modifying the length of the shust stub

& Yarying the length of the final serias line

This eampletes tha design of the output matching netweor k.

|
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COMPUTER SIMULATION

Viith the 5-Paramatars for 1he particular device used, the in-
put and output matching natworks were modeled as sirmula-
ted on a circult analysis program. The results of this simu-
lazian yiakd the following results;

§1 =.620/51.2° Input VSWR = 4.26
Sgp = 11.04B/~1138" . Gain = 11.04d8

S5 =-19.67d8/-116.8" lsolation = ~19.67dB
Sao = ,089%/-87.3 Output VSWR = 1.20°

*The sutput WSWHA isnot 1.00 because of round off error in
design,

FUESE FILAUHE (Wdi

PERFORMANCE £
A amplifier was constructad using the dasign derived abowve, i :.:L-. :

A comparissn of the computer simulation with messured =i : il £ i ; kgl
amplifier performance at 4 GHz is shown below. M 317 38 M 40 41 42 43

FREDUERCY [GHa]

dain i

Figura §. Moise and Gain Perfarmance.
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*Dpvice Mame Figure is 2.5 dB
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Althaugh the design of the amplifier was for low noise per- |
formance at 4.0 GHz, the performance over the 3.7 to 4.2 a0
GHz telecommunication band is very good.

Figures B, 7 and 8 show the room temperature performance
of the ampdifier, i ;s b U ade
Phase Linsarity - Phase linearity is £5° over the entire 500 il

WHz band width. PHNUNRIC Y (GHis)

Isolation - Isclation is better than -24 dB over the entire 3.7
o 4,2 GHz band,
AM ta PR Conversion - With an output power level of - 13

Figure 7. Inpul — OQutput WSWH Performance.

dBm, the input power level is referznced, At this input
refarence lavel, the input pover is varied = 10dBm, Over
the 3.7 10 4.2 GHz band, the &M 1o PM conversian is less
than 0.13"(d&,

Third Order Intercepts = With two fundamental signals in-
jected into the input at 3.95 and 4.05 GHz, the autput
power lavel for each fundamantal signal s sat at 0 ¢3m,
The third arder intermodulation produets are both -34
B balow the twa fundamentals at the output, Therefara,
the third arder intercept paint i + 17 dBm,

Spuricus Cutputs - With a 4 GHz, O dBrm input signal in-
poted into the armplifier, no spurious signals were cetact-
ed above -60 dBm ower the 2 to & GHz band. %8 37 318 38 kB &1 a2 4F

Group Delay - Tre group delay over the entire 500 MHz FAEDUENCY (k1!
bandwidth is less than .53 n @we

R ES CITRUT fRm] AT 1dB GalN DOmPRESSHOR

Wideband gain performance is plotted in Figure 9. Figuers B, Pawer Dutpal Parformance.
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Figura 10. Tempararurs Performanoe at 4 GHa.

Plotzed in Figura 10 is the gain and noise figure performanca
of the amplifier at 4 GHz ower the temperature range of -55"
Cra +110°C.

COMNSTRUCTION

The beard material is 031" RT/Durgeid 120-061 |D5EB0],
with 1 oz copper clad on fwo sides, The relative dialestrie
congtant e b is 2,23 Duroid weas chasen because of its kow
lgis tangent. Tha thickness of .031™ was chosan so the emit
tar top cap could be saldersd te the RF ground, therakby
taking advantaga of the low emitter inductance,

To minimizs transition interactions betwaen the series trang-
mission lines and shunt stubs, the shunt stubsd wera balancad
alang the senes transrmigsion linas.,

Same tuning an the output matching network was réegquired,
The final realization of this eireuit on durcid is shown in
Figure 11. The AF board size & 2 inches by 0.9 inches,

The active biasing natwoark s deseribed in Appandiz C. A
schernatic of the cormplete amplifier and biasing circuit can
Iza seen in Figure 12,

Pictures of the assembled amplifier can be seen in Figures
13 and 14. The amplifiar draws 4.4md fram a 15 velt D,.C,
poser supply,
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Figura 13, Amplifiar — Top View.

Figura 14. Ampld e — Bottom Wiew,



APPENDIX A APPENDIX B

SCATTERING PARAMETERS VERSUS NOISE PARAMETERS VERSUS COLLECTOR
COLLECTOR CURRENT AT 4 GHz. CURRENT AT 4 GHaz.
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Figure &1, S4q — Input Reflootion Coalliciant.

Figura B1. Fpjypy = Minimum Moss Figura.
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Figure A2, Sq3 — Raverss Transmission Gain,
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Figure B2, ['g — Optimum Sowce Ratlection Coefficient for Frypy.
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Figura 23. Ay = Equivalent Maiss Resistance.
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Figure &4, 533 — Output Raflection Coefficent.



APPENDIX C APPENDIX D

AN ACTIVE D.C. BIASING NETWORK PARAMETERS AT VARIOUS BIAS

The purposa of @ bias eircuit is 1o hold the quiescent paint CONDITIONS AT 4 GHz

canstant, A résstor network could be wsed with good ra-
sults over a modarate tamperature range. For this particular
amplifiar an active biasing network was used ta maintain a I
ralatively constant quiessent point aver a termperature range |

&
of =567C me #110°0, The noise figure and gain of the con- E
structed amplifier was maasured aver this temparature range E a
(Figure 10). £ _
‘With a power supply voltage of <15 wolts chosen for the amr E ' ! 1
plifier, tha activa biasing narwark is shown below aleng with 7 | —-|——- it--n -
the components used: - - - 3 s -
= COLLESTOR CURRENT jmii
H
'.ﬂ.nfrl:ls =
Figure 1. Noise Figurs vs. Collsdor — Emitter Violtaga,
TOPRINNTE
o
T
o ToFOINT A i B
E ;
(=) g 2
5
Figurs E1. L ridi 3
4 5 4 3 B "
Element Walus DOLLECTOA SURRENT (mal
Ry 100 KL W
200 KLL, 1W, potantometer
Rz i Figure DZ. Pawer Output #t 1 08 Gain Compression v
Ry 5 KL, TW, potenticmater Colleetor — Emitter Woltage.
Ra 2.81 K52, 5w
G OMuF, 100w, disc.
= D02uF, 250w, disc.
Cy DuF, 100w, dise
Ly 2 turns 236 prameled wire on 1
corg Gair|
Lz 2 turns #36 enamelad wirg an 17
care 1air]
Oz HEg #7E, by > 150 MHZ BVggn 2
30V, | g % SOMA, P 52300 mW,
PMP Silicon, Plastss,
REFEREMCES
The guiescant paint is adjusted by Rz and Ry. Ry is adjusted 1. Hawdatt-Packard Application Mote 951, “SParameter
to provide tha proper VWieg valtege and Fq is adjusted ta Technigques for faster, rmore accurate Matwork Design®,
supply the correct collector current (o), Saptember 1968, Page 12
Furthar explanation on this active Biasing network may be 2. Hewlett-Packard Application Mote 154, 5 Parameter
found in HewlettPackard's Application Mote S48-1, Page 5. Cesign™, April 1972, Pages 26 and 27.
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