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ABSTRACT

InBrazil,thedemandforinterconnectingvariouspointsoverthelarge

national Territory, led TELEBRAS ( The Federal Governntent Company for

Teleconnnunications) towards the formulation of a Fesearch and Deveiopment

programme aiming at the reari.zation of a Telephony and r.v- signal Transmission-

Receprion Earth starion for satellite communications. various universities and

1ocal industries are taking part in the Programe'

The Hybrid Integrated circuit Division at the Microelectronics I'afora-

tory, Escola Polit6cnicarUniversity of Sio Paulo, is mainly concerned r^rith the

design and development of the micrbvrave circuits for the Receivct(3-7 to4'2 GHz

- Low-Noise Amplifier and Dorrn-Converter) and tne Tx'o'rUnti't't'e'\ (5'9 to 6'4 GHz -

Up-Converter and Medium Power Antplifier) '

Ttre microwave modules described in this paper have been asseabled together

wi-th other components, resulting in a complete Earth station' which has been

under test, operating successfurry since t{ay 19gt for TV signal r'eception' The

protor.ypes are under optirnization in order to be industrialized in the near

future -



T - TNTR,OOUCTTON

In 1976, with the installation of a Satellite Communication
System in Brazil, the TELEBMS decided to formulate a Research and
Development Programme in this fie1d, comprising two basic projects:

The ERTV Project, airning at the development of a T.V.
reception station; and

The ETP Project, aining at the development of a Telephony
station.

The main objetive of this Programme is to prelrare qualified
personnel, responsible for applied research and production of
laboratory and industrial prototypes for the Satellite Earth
Stat ions .

The development of these devices would fifl the demand for
expanding the National Telecommunication Systen,operating at present
with the Intelsat M, ES well as for preparing it to operate with
the Domestic Satellite to be launched in 1985. A relative autonomy
in the field is expected to be reached.

The implementation of this'Programme combinesl the
of several institutions. (Fig. 1).

fig. | - Diagram of the R & D. activities on teleconrnunications in Brazil
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- TEtEBRAS - CPqD - Research and Developrnent Centre, re-

sponsible for the planning , coordination' management'

preparationofprojectSpecifications,testingand
technical evaluation of the system'

- UNI UERSIf I ES - The rnain f unction of the Universities,

within this programme, is to create expertise on the

field of Satellite Communication Systems. Groups of

qualified professionals ale built up,in order to conduct

research and development activities, airning at the pro

duction of laboratory prototypes for the overall System'

Some public and private universities havebeencontacted

by TELEBRAS, and research contracts have been estab-

lished under this objective

- INDUSTR1 ES - Run in large scale manufacturing of the

sytem modules and equiprnent. At the moment, 1ocal in-

dustries cannot easily absorb recent advances,but they

are being prepared to assune the task in a near future '

Ett{BRAf Et - A branch company of TELEBRAS, has the

butions of inplanting' expanding, oPerating and

taining the Microwave Terrestrial Links as well

Satellite Earth Stations'

Hybr id Inte gratedAt the UniversitY of S5o Paulo' -the

Circuit Division, composed basically of eight

has been taking part in this Programme since

with the development of microlt'aV€ Subsystems,

in thi s rvork .

17 - EARTH STATION CONFlGURATlON

research engineers,
1 978, contributing
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rig. 2 simplified Block Diagram of 4/6 GHz Earth Station

The earth station down-converter receives the 4 GHz signal

f rorn a 1ow-noise amplif ier, selects a single 36 MHz thannel at

the time for reception,and do.yn-converts it into an outprlt signal

level suitable for demodulation at a remote side

The up-converter translates the 70 MHz baseband signal

to any of the 12 channels within the 5.9 to 6.4 GHz up-link band'

In subsequent sections of this paper the various earth

station sub-systems whish have already been developled by our group are presented.

ITT - LOW. NO lSE A,t{Pt IFIER AN' OOWN- CONYERTER PESCRlPTION

The receiver ,.n"*" adopted is based upon the Ilrtelsat IV

earth station configuration. The down-converter uses double fre-

quency convers ion and ac-cepts any FM carrier between 3700 and

42A0 IlHz translati.ng it to an I.F. frequency of 70 l'lHz'

Figure i shows a block diagram of the microwave signal

processing section with a Spare LNA aS used for Some stations'

The dashed contour detaches the circuits under the Hybrid

I . C. Division resPonsib j-1itY.

DOWN -COI'JVERTER
LOW NOISE

AM PLIFIER

H IGH POWER

AMPLI FI ER
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3 - Detailed bl'ock diagram of the receiver

ll| - I - Low-Noite AmPLL[Len

The antenna mounted low-noise anplifier shown in Fig' 4

dB gain and 1 - 5 dB noise figure) '
(1 3 dB gain/each seParated bY

is conposed 

]t*".r"*uide ro =,triprine- transition integrated to an

isolator.
a 1ow-noise stage (13

tlro high gain modules

- ferrite isolators '

TRIPLATE ISOLATOR LO,V-NOISE STAGE (single )

17-42GHr

59-6.4 GHz

Fig-
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This approach permitted the noise figure and the gain

flatness -to be' optirnized for each amplifier without compromising

the input and outPut matches

In order to ninimize losses, the first rnodules (transition,
isolator, 1ow-noise amplifier followed by another isolator) were

inplemented in air dielectric stripline technique.

The design of input and output rnatching circuits was based

upon the noise and S-paraneters of the NEC GaAs FET transistor;

NE 388-83 (1ow-noise stage)

- NE 244-83 (high-gain stages)

Both high nodules were r"r.ri".tured by using thin
microstrip lines on quartz substrate (7059 Corning Glass) - Figure 5

shows the final circuit of the first module comprising two stages'

presenting 22 dB gain and 3 dB noise figure. The last module a

singlestage amplifier also manufactured on quartz substrate' pres-

sented 13 dB flat gain and maximurn noise figure of 3 dB- Figure 6

shows the photograph of one the high anplifier and Figure 7

illustrates the various modulest of the overall L.N.A. in a compact

housing, measuring aPproximately 200 x 125 x 70 llllll.

film

i

I
i

I

IThe Perfornance of the

47 : 0.4 dB gain over the 3-7 to
tenperature less than 1500K (Fig-

either at the waveguide inPut or

overall comPonent cornbines

4.2 GHz f requencY band, wi-th noise

8) and V.S.W.R. less than 1.?,0

the N-type connector outPut.
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NE 24483 MESFETS
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i
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I NPUT MATCHING CIRq..|IT INTERSTAGE OUTPUT MATCHING CIRCUIT

Fig. 5 - Photomask the high gain module

Fig. 6 - Photograph of 2 - sta8e high gain anplifier withcover removed
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III-2-?owutd,Lvidut

The 4 way Power divider
cel1s in a single structure as

Noisc figurc
(dBl

4.2 FreqIGHz)

figure of the L.N.A.

consists of three sP1 it tee divi
shorrn in Fig. 9.

(a ) Pho t oma sk

dJTPUT

rio- 9 - Power Divider

(b) Photograph



It was manufactured using conventional printed circuit

technorogy on soft substrate (Di clad szzr-Keene corporation) ' The

bridging resistors placed betrveen the output ports of each split

tee divider are tantalum nitride chip resistors (r00 a)- The input

and output connectors are N female type adapted for microstrip line'

The unit presents 6 dB power split with insertion loss less than

0.5,1 0.2 dB arnplitude unbalance,24 dB ninimum isolation between

outputDorts and 1 50 phase unbalance over the frequenryband (3.7 to 4'2 Glz) '

IlI - 3 - FnequLncA Convznteu

Singlebalancedconfigurationforthemjxercircuitswerecon-
sidered to meet the requirements of cost and perforrnance. The struc

ture uses "lrti1ey" type hybrid, selected f or its large bandwith anC

easy to manuf acture in thin-f i1m technique. rve employed,as the nix-

ins elements,beam lead Schottky diodes [H'P' 5082-2229)'

- Oown-Conv enten l'lLxen-PnzampLLdiztt 1

Thephotonaskandphotographyofthe4GHzmixerpreampli'
fier is shown in Fig. 10. The I.F. and o.L. traps were designed based

upon a notch filter and 1ow pass filter schemes respectively'

Thel.F.signalsgeneratedateachdiode(1.112,5I'FIz)'l{ere
added 'bY means of
lation is obtained between the diodes and I'F' impedance match-

ing becomes easier. The D.C. return was made by using a 1 mil gold

wire lumPed choke '

Thel.F.outputfromthemixerisfedintoatwostage
preamplifier (1,112.5 ir{Hz). The first one,a balanced stage'provides

alowV.S.W.R.attheinput,minirnizingmismatchingeffectsatthe
mixer-preanp interf ace. The overall a:nplifier presented z2 dB gain

and ?..5 dB noise f igure. Both circuits were built rvith bipolar

transistors in chip f orm (Hp-HXTR 200'r ) , suitable biased f or 1ow

noise and high dynamic range achievements. The perfornance charac-

teristics of this module are listed below:

.Z GHz

.3 GHz

1 za N{Hz

dB

R.. F. band:

- L.0. band:
I. F. band, '

Conversion Gain:

3.7
4.8
1,11

415 :

to4
to5
7.5
0.5
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Flatness:
(over any 40 MHZ segrnent)

Noise Figure (SSB):

Output Power:
(at 1 dB comPression)
V.S.W.R. (a11 ports)
Isolation (L-R)

: 0.1 dB

tr.0 dB

+ 16 dBn

$
'!

1.5
13 dB

t-

lrrcr
O o"\

EIEI

photomask of'the Hixer-Preamplifier - I

t
tr

I

I

o
d

fig. 10 - Photography and



Doum - Convuvtzn lLixei-Pte-a'np6dien II

Figure I 1 shows the 1 .1 GHz mixer-preamp circuit phota-

rnask and photograph. The rnixer beats the 1 ,112 ' 5 MHz I 'F' carrier

with a L.o. in order to produce the 70 MHz baseband signal-The L-o-

and -I.F. traps were accomplished by neans of 900 open-ended and

short ended stubs, resPectivelY'

The assembly includes a three-stage preamplifier with 30 dB

gain and 4 dB noise f igure. The transistor chips (HP FX[R-2001) were

ernployed in a resistive f eedback conf iguration, envisaging wide band

amplification.

RF TRAP

IF

rluoJ I

IF-DC RETURN BIAS BIAS

Fig. 11 photography and photonask of the Dcr^n-converter

Mixer PreanPlifier II

OIODES CHIP
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The performance of this rnixer-preamplifier II are listed

bel ow:

III - 4 - Lo cal 0t ciLl-ato trt

The 1ocal oscillators used in the reception and transmission

systems comprise a Voltage Controlled oscillator in the L-band, phase-

-locked to a crystal reference signal '

In the first up-converter (70 MHz to 1r112.5 l'IHz) as well

as in the second down-converter J1,112.5 MHz to 70 l'{Hz, the voltage

controlled oscillator (V.C.O. I) is directly tuned to the 1oca1

oscillator f requency (l ,182 - 5 lr{Hz) '
I

The 1ocal oscillator tuning band (4.80 toS.32GHz) required

for the second up-converter and the first down-converter is obtained,

nultiplying by four the signal generated by the voltage controlled

oscillator (v.c.o. II) which operates over the band 1.20 to 1.33 GHz

(Fig. 12) .

FrequencY:
L.O. FrequencY:
Lo.O. Power:

Conversion Gain:

Gain Flatness:
Noise Figure (SSB)

Frequency range:
Tuning voltage range:
Spurious output suPression
. harmonic:
- non-harmonic:

1 ,112.5 I Z0 MHz

1 ,1 82.5 MHz

+ 10 dBm

20 dB

0. 05 dB

11 dB

In the v.c.o's design, we employed a HP (HXTR-2001)

bipolar transistor witli inductive series feedback in the
chip

base,

provided by a short-ended microstrip 1ine. A varactor chip (l{A

45104) is used as a tunable resonator coupled to the emitter- In or-

der to improve load isolation a 3 dB rrTrr attenuator is integrated to

the circuit. A coupled signal is extracted from the resonant circuit

to a11ow phase lock loop syncronism. This subsystem has the following

spec ification:

900 ro 1500 l'IHz

0to28V

Z0 dBc

60 dBc



Frequency drif t over ternperature:
S: S. B. FM noise
(10 KHz from the carrier in 1 KFIz B.tI.)

200 ppm/ oC

55 dBc

v.co. L- EANOr t2O-t33 GHrR.E
AM PLIFIER

AE C.

PHASE DETECTOR

LOW- PASS
FILTER

EXTERNAL
REFERENTE TNPUT
vcxo
( roo MHz)

Fig. 12 - Functional diagram of the phase-Locked-oscilraror

El''=F::6,j:(-4 .9-lI

TRANSISTORS

---.------ OUTPUT
( t3 dBm)

Phoiomask of the V.C.O.

-oo-J.J

4.8O-532 GHz

l3 dBm

The vbltage controlled, named V.C.O. I,iscascaded with an
unbalancedbipolartransistor amplifier generating + 13 dBn output power (Fig.13).

r

FEAS=

CHIPS

\ar

OSCILLATOR

HARMON IC

G E NERATOR



f ol1or''ed by

generat ing

the other hand

balanced chip
20 dBm output

On

a

+

the oscillator ca1led V.C.0. II is
bipolar transistor ampl if ier (lffTR-2001),

power (Fig. 14).

L---ttt o..o'--L---lur!.rrrER 
-- 

J
I

r-l-- B rAs

ffi E3l

OUTPUT
(2o dBm)

\ ,r..r ERDiGrrArED
COUPLER

Fig. 14 - Photograph and photonask on the V.C.O. II

IV - UP-C0NvERTER Atu, l,lEDIUl,t P0{t)ER. Al',lPLIFIER tESC RIPTI0N

The transmit chain receives the 7 0 l'IHz I . F. f rorn the based-

bi,nd equipment and translates it into the 5,925 - 6,425 buz link band,
through a double convertion. The output. power 1eve1 (-2 dBm) is
sufficient to drive the rnedium power amplifier located near the H.P.A.

A block diagram of the up-converter and the high power amplifier
shown in the Fig. 15, where the dashed lines indicate the circuits
designed by our group. It should be noticed that the first anq the
second mixer-preamplifiers as well as the VCO's are located in the
same rack which contains the down-converter.

The local oscillators'wi1l not be described inthissection,
since the circuits have already been commented in the last iten.

------_l

ffi_l
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5.9-64 GHz

-LOCK OSCILLATORS

MEDIUM POWER

AMPLIFIER

M IXER - AMP t.12,5 MH:

lr
UP-CONVERTER

H. P. A.

Fig. l5 Transmitter block diagram

Iv-l - MLxen I

.This mixer converts the i0 IlHz signal into the 1 ,112l5 I'lHz

I.F. The R.F. and o.L. traps were implemented by using the satne stub

structures as those employed in the second rnixer dor"n-converter ' In

order to improve L-R isolation, a 900 microstrip line was added at

one of the coupled ports of the "lrliley" hybrid to forrn a 180 ohybrid -

The wide band matching required at the I.F. port (75pJis provided by

a series chip resistor. Fig. 16 shotrs the photornask 'and photography

of this circuit.

The performance characteristics of the first mixer aIe

given below:

R.F. band: 1,112.5 J 20 MHz

L.O. frequency: 11182.5 l'{Hz

70 I 20 l"lHz

- l;l;"lill; loss: e.5 dB

Third order intercept point: + 18 dBrn

- l:l:-:;:'?;:;: p.r,, L: Xl,u'

-101-
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Fig. 16 - PhotograPhY of the Mixer I

1V-2 - l,kxen-PneanPU-diu II

This module amplifies,"r,d converts the I,112'5 l'{Hz I'F'

into--the transmission frequency band, (5:9 to 6.4 GHz) ' The prean-

plifier increases the carrier 1evel (-30 dBm) so that nominal 1evel

at the up-converter input rnay be attained (-8 dBm) ' It also employs

two stages (22 dB total gain) as the preamp used jn the down-converter.

Apart from the L.O. traps and low-pass filters ' now tuned to their

respective frequency bands, the mixer circuit lltras built in the sane

structure uSed in the down-converter mixer.

This subsystem features the following characteristics:

R. F . band:
L.0. band:
I.F. band:
Conversion Gain:

Flatness:
Noise Figure:
Output power:
(at 1 dB compression)

Diodes Chips
RF Trop

L,- R elurn

5,925 6,425 l'lHz

4,800 5,300 lulHz

1 ,1 1 2.5 MHz

1s.0 I 0.s dB

I o.'r dB

3.7 dB

0.0 dBm

!

:
I

F

-
5
E-i
JT
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Fig. 17 Mixer-PreamPl ii ier II

IV-3 - I'lediun Pouut tuPUdien

Amediumpoweramplifierwasdevelopedinordertodrivea
standard bought- in Ttvr power arnpr if ier. The I{pA employs c band llsc

power GaAs FET's and was made on alumina substrate, using thin film

technology. The input and output ports include integrated ferrite

isolators. The photograph and a schenatic of the -2, stage anrplifier with

cover and bias removed are shown in Fig. 18'

The main characteristics presented by this System are:

5,925 to 6,425 itlHz

24.5 1 0.7 dB

22-dBm

+ 33 dBm

.0,80/dB
<8 dB

.1 ,Z

- FrequencY range:

Power Gain:
Output Power

(at 1 dB cornPression):

- Third Order IntercePt Point:

- ,a"\{/Pi\I Conversion (at 22 dBn)

- Noise Figure
V. S .l{ . R. in/out

-10 3-
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'---G-+ -+-+-+--_-oYt/t/t'/thA
Fig.18 Photograph and schematic os 3 stage amplifier

with cover and bias removed.

v - caNcrusl0N

The earth station for TV signal reception (3.7to4.2GHz)
and transrnission (5.9 to 6.4 GHz) has been assembled and tested
r:si.ng 1oca11y designed and constructed subsy'stems. It has been

operating since 1981 presenting a good performance. At pre s ent ,

the li{icrowave Group at Escola PolitEcnica is r,rainly concerned with
the optimization of the microwave modules, aiming at
utilization in a Front-End system for telephony.

The main goals to be reached in the near
depicted as follows:

Low noise anplifier: Noise temperature
1000K over the reception frequenc)' band

l'iedium Power r\mplifier: Otuput poh'er in the order of
5 watts, so that the nodule will be able to replace
TIJTs in some terrestrial l ini'rs, as i^'e11 as used in

the ir

future are

I orver than

-10 4-



Iow capacity t.ransmrssLon systems (SCPC)

VCOs: Lower phase noise. To obtain this characteristic

new VCOs are being designed employing coaxial
cavities.

Mixers: tli-gh isol at ion betrveen ports and f latter
frequency response are desired for telephony signals-
The usage of broadband baluns and double balanced

structures are being investigated'

-i05-


