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Abstract

In this dissertation, a high power amplifier has been implemented
and performed evaluation, which is operating at UHF band (470 ~ 806
MHz) for Digital TV repeater.

The theoretical consideration of 100 Watt power amplifier at UHF
band used in Digital TV repeater is studied. After extracting target
specification of each part, amplifier is designed and fabricated.

When the driving amplifier stage is flown by bias voltage of 28 V
DC and current of 900 mA, it has the gain of more than 53.5 dB, the
gain flatness of £0.5 dB and return loss of less than —-12 dB in 470
~ 806 MHz.

Also, when two signals at 2 MHz frequency interval are input port
into the driving amplifier stage with 1 Watt output, it resulted in
excellent characteristics to design specification with showing
intermodulation distortion characteristics of more than 48 dBc.

The middle amplifier stage using 85 Watt device is fabricated by
RO-4003 electric substrate which is 3.38 in dielectric constant and
32 mil-thickness. When the driving amplifier stage and the middle
amplifier stage were flown by bias voltage of 28 V DC and current of
4 A, they revealed the gain of more than 66 dB, the gain flatness of
0.2 dB and return loss of less than -16 dB.

Also, when two signals at 2 MHz frequency interval in using
frequency band is input port into the driving amplifier stage with 40
dBm of output power, it showed intermodulation distortion
characteristics of more than 38.50 dBc.

The 100 Watt unit power amplifier using temperature independent
biasing for Digital TV repeater application 1is designed and

fabricated. The DC operation point of this unit power amplifier at



temperature variation from 20 T to 100 C is fixed by active bias

circuit. The variation of current consumption in the 100 Watt unit

power amplifier has an excellent characteristics of less than 0.6 A.

The implemented unit power amplifier has the gain over 12 dB, the
gain flatness of less than £0.5 dB and return loss of less than 15
dB over the DIV repeater frequency range. This unit power amplifier

yields intermodulation distortion of more than 32 dBc at 2 MHz offset,
which satisfies the IMD at output power of 100 Watt (50 dBm).

The broadband high power 3-way combiner was designed and fabricated
for the digital TV repeater. To achieve increase of bandwidth and
high power capability, Wilkinson type power divider was adopted in
our research. First of all, Wilkinson type power divider of equal-
split and unequal-split were combined, the characteristics variation
of the same phase four port power combiner was simulated according to
the various thicknesses of dielectric substrates. As the results of
simulation, the power combiner fabricated by wusing dielectric
substrate of 120 mil-thickness has the characteristics as follows:
insertion loss of less than -6 dB, return loss of less than -13 dB,
isolation among the output ports of less than -15 dB, and phase
difference among the output ports of smaller than 13° . Therefore,
this power combiner was possible to improve the limit of microstrip
line width due to high impedance, the problems of power loss due to
interaction between strip lines in high power combiner and narrow
bandwidth simultaneously. Furthermore, since the fabricated 3-way
combiner has good characteristics of insertion loss, the return loss,
separation between ports and phase difference, making broadband and
high power could be achieved.

By using 3-way power divider and power combiner, 100 Watt unit
power amplifier stage was designed and fabricated as a type of 3-
stage balanced amplifier and to detect the final signal output power

with using of 40 dB parallel coupled-line directional coupler. The

10



fabricated 40 dB parallel couled-line directional coupler detects the
signal power emitting to the antenna, and then supplies its voltage
to the attenuator. In addition, this sets to be changed with a basic
attenuation 8 dB, according to the changing of the power amplifier’ s
temperature and 8-VSB modulator’ s input signal.

Besides, in order to measure the fabricated 100 Watt power
amplifier, the estimation technique function which makes equivalent
mask by Tektronix RFA-300A was used. As a result of the measurement,
the existence of pilot signal is confirmed and the signal transmitted
at the rated output power 100 Watt is brought out the flat feature
through 6 MHz bandwidth. And it resulted that its value was less than
-47 dB at the edge of radiation channel and less than -110 dB at more
than 6 MHz position from channel edge. Finally a positive results on

the equivalent mask has been complied with related regulations.
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Aol Fo A7) depuE ol

E 24 94 R AN e Fo 4 shehlg

Table 2-4. Main parameter of satellite and DTV broadcasting

system

sl A4 1% At 3%

- 6 MHz (VHEF /UHF
Ad oo = 27 MHz

band)

3 g% 35 % 11.5 %
Symbol A$E&= 21.3 Msymbol/sec 10.76 Msymbhol/sec
Trellis/Convolutional =
=~ R=2/3 R=7/8
RS Z= RS(207,187) T=10 RS(204,188) T=16
Payload data rate 37.275 Mbits/sec 19.28 Mbits/sec
C/N threshold 14.9 dB 8.5 dB

2.2.1 DIV 94 ¥4 A|2H

DIV W& w4 51 A getvlgel o9& DIV $4d WE A& Od
2-29} o] ZA HDIV/SDIV Q== MHE AAx®E | 7]HY AH A

RF/IF 4B A]~®  MAC(Monitor, Alarm, and Control) AH A==
RMS(Resource Management System) AH A]2=®l T A28 RUEE A

TAHE F ArHx]

a9 272 DIV 91 Wl s add UE AlaEe A dE
?l LR o] Af- AF2e DIV $AA T Fhell= Aol e $A%
of os) 22z AEHs AL 7PEE Aot
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a9 2-2. DIV 914 W Al2® A2

Fig. 2-2. A block diagram of DTV Satellite broadcasting system
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Fig. 2-3. A block diagram of DTV broadcasting system
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714 B A ~E3 A% 5= PSIP(Program and System Information

Protocol)

Mel= 914 BFe] RIS ¢ AR Ve s sk s

PSI/SI A X, EPG AKX 2 NISC ¢} SDIV ¢ HAHE S5 Ay F g+
A28 AH =& "dAsle] FAZ=0 7 AYEHEE 3},

Sk | MPEG-2 AThE3 7= 7 2-49F 7o) 19.28 Mbps o AEE&=Z &

state] ST
2-49] FEC

NE AFE F AES dh FAGME B
Zx Bl
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s Fa FA
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P53 9 8-VB MRS F

UHF(Channel 14 ~ 83) Ty}t = gk W Fxsto] HPA, d ¥ 2 ote)

s Fal

|A Pre-Equalizer &= Y ZH

N

A s Nes FEIH. o

SolA HAE = AE fFS AASE 7leS T33kaL, Pre-Corrector

HPA o] A A= WY dl=rs AASE 7lss s

2.3 A4 DIV F47] A|2H

RECEVING
ANTENNA

| TRANSMITTING
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IF QUTPUT I 510 IFINPUT
FREQUENCY 8-VSB TRANSPORT STREAM 8VSB FREQUENCY CHANNEL POWER

DOWN-CONVERTER DEMODULATION FORMAT CONVERTER MODULATION UP-CONVERTER

L

. ] ]
FILTER METER
AUTOMATIC GAIN CONTROL J
AUTOMATIC FREQUENCY CONTROL PRE-DISTORTER REFERENCE

AC LINE INPUT
——

#) 431

el
PRE-EQUALIZER DEMODULATOR

trt R R R

UNINTERRUPTED COMMUNICATION
{—s={ DC POWER SUPPLY 1 - AICRO- ]
POWER SUPPLY SYSTEM MONITGRING MICRO-COMPUTER ADAFTCR TELEMETRY

a9 2-4. A4 Digital TV 47 +A4%

Fig. 2-4. A block diagram of digital TV repeater
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Power Meter), StelU= A Eo] gt}.
2.3.1 A|xH QF J|F

HPA M B AI2RlE Bavh 28 755 7hA ok 2o

(1) 8-VSB Wrxlo = wWxw 3 UHF A9 (470 ~ 806 Miz)&E )&k
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(2) =9 d2e 4" 49 WX FA4AN7I= e
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(5) 24 T dho0 =7 A x"He] 7} Vg Aoste Vs
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2.3.2 AN&"9 A71HA 8.7 74

(1) =&F9<4 HY : 470 ~ 806 MHz

(2) $%7] class : ABH
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(4) £9 A8 3¢ A 0 A3 10 %, 83 20 & (FAAW] 7
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Ad AA FIFERE 6 Mz o] ¢ H F4 Aol i)
110 dB o] 4.
(7) Group Delay Variation : 200 ns ©]3} (Channel FilterE X33}
Re A5
(8) AM-AM conversion : 0.5 dB ©]U](TBC)
(9) AM-PM conversion : 5° ©]U](TBC)
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1% 2-5. 100 Watt HPA A B A28l AT

Fig. 2-5. A block diagram of 100 Watt HPA subsystems
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Preamplifier

Fig. 3-1. A block diagram of the driving amplifier stage
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WA TEZETS Ul 105 L e A4 gL A9
B FES HES AASAG. ALFHee Aol gl 1 dB §E
Aol S Fad stebvlest s, webd AN 1B GEH oY
F a8 elstel W7 BAMAE Adste] gzt ve o 54 e
WES dof Bk S8 ARZE/ AA 2L AL oM Aad
o ey stelEst AEdE AW 0 Fosel e mag Syl o
Bhube o] Fojshel MAlstelor drk. e} FET 4l oj@ w4
29y A5E ZRteds avte) gu Fus "ez @ Bw ol
=4 PRgols we wdo] aTATh, webd ¥ Aol A FET 2%l

AL AFsE WAE AFE 2AR FEE Fasgt

[xiil],[xiii]

TETHEGE A - AFE] SEAE WA FESIdd d¥AHem
AN dE AAFEVE AR I AASHVE o5 10.5
dB ¢l HP Ake] MSA-1105, <=4de] 0.3 dB %1 3 dB Wa4d A¥7] 1elal o5
18 dB 91 Motorola A} MHL-8118 & A}&3te] FAsIG o™, 1 Watt w9
TE7101= o5 12 dB ¢l Motorola AR} MRF-182 & o]&-38h3itt. 11 3-1
& TesFee 7S UEkd Aoy, HAsE g dA 1 Vatt T
SEGo HAA HEAE ® 3-100 YERAT.

¥ 3-1. 1 Watt 75539 AA ALY

Table 3-1. A design specification of 1 Watt driving amplifier

stage
3} = A 5 7+ ZF
= =} s 470 ~ 806 Mz
o] = 50 dB %
R R -10 dB °J3}
o) 5P EE (F35H) 1.5 dB °J3}
ojlsgu= (i) +0.1 dB ©]3}
45 Wx % 54 ~45 dB °let
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MHL 8118

Input

RF signal 1 2 3 4 5
(e, ——"0

Output

p
R1, RF signal
C1, cz, C3, C4, 2 Ohm/,
100 pT 0.1 UT 10 UT 2.2 UFI 3w

Fig. 3-2. A circuit of the preamplifier
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2
3

—n

34



25
i T —
15
1=
._I_: | -
o
om0
OC
.f,_
10—
- e
- S
A N N N N S
W0 400 &5 B0 GO0 ES0 TL0 TAD B0 BED 90 550

(a) The gain and return loss characteristics
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(b) The intermodulation distortion characteristics at the frequency

473 MHz
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(b) The intermodulation distortion characteristics at the frequency
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1% 3-3. MSA-1105 &9 FZ7]9 Al&d#Held Ay

Fig. 3-3. A result of MSA-1105 unit amplifier simulation
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RF Output Port

Network Analyzer 4E|:|:|:|:|:|:|:|:|:|:|:|:

50W
40dB MSA-1105

Attenuator

—————— 1 RF Input Port

Port 1 Port 2

fo) o

DC input

DC Power Supply

% 3-4. MEYI EA7)E AFET NSA-1105 ©¢] SE7]9 o5 =
CECIEE
Fig. 3-4. The MSA-1105 unit amplifier measuring system using network

analyzer
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-34.865 dB
31.46°
"""""" 3 0.632000 GHz
] -33.882 dB
-87.27°
5  9.807758 GHz
-34.970 dB
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6 0.56P080 GHz
-35.018 dB
71.46°

8.199750 GHz

: : : : 1? HARKER READOUT

PHASE »REF=0.00° 45.08@°/DIV FUNCTIONS

1% 3-5. MSA-1105 &9 S#7]9] o5 B 91 54

Fig. 3-5. The gain and phase characteristics of the MSA-1105 unit

amplifier
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S11 FORWARD REFLECTION CH 1 - S11
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(a) The input return loss
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(b) %2 WAl
(b) The output return loss
% 3-6. AlFHE MSA-1105 @] %719 o -8 vhAEA
Fig. 3-6. The input and output return loss of the fabricated
MSA-1105 unit amplifier
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gekoll 20 dB/10 Watt 4715 Adsidv. 54 23 243 o5 3 ¢
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Fig. 3-7. The gain and phase characteristics of the preamplifier
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S11 FORKARD REFLECTION
CH 1 - si1

REFERENCE PLANE

LOG HAGNITUDE vREF=0.900 dB 10.000 dB/DIV 8.2600 nm

PHARKER 4
0.712758 GHz
-27.844 dB

HARKER TO HMAX
HARKER TD MIN

1 0.4785088 GHz
-29.089 db

2 9.508500 GHz
-30.622 d8

3 0.632008 GHz
-39.847 dB

S  0.807750 GHz
-22.@61 dB

6  0.8600090 GHz
-27.461 dB

; : H : - - MARKER READOUT
0.199750 GHz 1.1082250 FUNCTIONS

(a) 98 WALEA

fs

(a) The input return loss

RHAR
Sil FORNARD REFLECTION CH L - 51y

REFERENCE PLANE
LOG MAGNITUDE »REF=0,800 dB 18.880 dB/DIV 0.00080 am

PHARKER 4
0.712750 GHz
-25.160 dB

WARKER TO MAX
WARKER TO MIN

1 9.4708500 GHz
-31.215 dB

2  0.5883008 GHz
-28.831 dB

3 8.632000 GHz
-28.271 dB

S 8.887750 GHz
-22.952 dB

6 0.868088 GHz
-25.369 dB

: : H : - : : WARKER READOUT
B.199750 GHz 1.182250 FUNCTIONS

a9 3-8, ARE AAFEAN Y 4-FE WAE
Fig. 3-8. The input and output return loss of the fabricated

preamplifier
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2% 3-9. Az AAFFH9 AR

Fig. 3-9. The photograph of the fabricated preamplifier

7 0.8 mm, 48 2.53 ¢ FR-4 7| H& AF&3te] A
& AR S HolFET).
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3.1.4 1 Watt &9 =Z7) A4

TEFEdo] dAdA AAGT S48t Silicon Bipolar MMIC 1 MSA-

1106 & o]&3ste] HAFZ7]o =, AANGES UF AP FAIE
(Push-Pull) %72l MHL-8118, Y¢S MOSFET <1 MRF-182 & A}-&-31%3
t}. MRF-182 & Motorola AFe] DIV $41 F3b4= (470 ~ 806 MHz)oll A

S2ske £AA AH(PEP) 30 Watt & MOSFET olth. uxd& TV F3k4= A
o 2l 8-VSB oA AAA B2 A= Hi &9
gl 3 Watt = Hd 29 Adoz AL 715sy, B =

53 E

212 o] H) -20 dBm YW %

4
2,
2
aly
-
off
ofN

1
o
o,

o

20 pF - 30 pF
p c, p!
MRF 187 24 DFI
R1 I =
. Cs,
1k ohm 18 pFI
R3, =
7.5k ohm
q
c12,
100 pF
S ci4,
100 nF
—|C—
— ) € ad
CG, R6, RS, + 016, —
100 nF 20Kohm  10kohm  ,g\, | 10uF/50V
dc O
' ) +
cs,
| 10uF/25V

3 3-10. 1 Watt @9 5Z7]9 32 % nlojoj 23| 2

Fig. 3-10. A circuit of 1 Watt unit amplifier and bias circuit
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R ST RARDY AR KAl D \Aat At R s R Sl

freq, MHz
(a) o5 % whAbed 54

(a) The gain and return loss characteristics

Marmowband Spectrum

Al
40 _|
~ 30 ma
5 20 F
®
o 104
g
5 0 md
5 -0 ¥
g
g K B
230 freq=2 000Ef
dBm(Tol_2Tdne Wout)=32|527
-0 4 detta mode O
S50
467 470 4?I3 476 474
freq, hiHz

(b) 45 Wz o3 5y

(b) The intermodulation distortion characteristics

9 3-11. 1 Watt ©@+¢] SZ7]9] A& oA Az

Fig. 3-11. A result of 1 Watt unit amplifier simulation

%) 3-10€ 1 Vatt @9 £Z7)9 32 @ vlojoj~d2E Jehi,
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MOSFET ¢1 MRF-182 & V, =28V, |, =400mA X704 ulo]ojx 3= 3
e X3l o)5o] AMSF I tigolA 14 dB o]Ae] HEH ZiFu
o] 34 S/W 21 HP AF2] Advanced Design System 1.3 & ©]&3}o] = 3}s}
Y. 2 23S a9 3-11(a)o YeER e, F3k4 336 MHz o & ol A
14 dB ©]’F¢] o]53 +2 dB ¢ ol—‘?ﬁﬂ%Ef—e— Yelider. 28 3-11(b) &
Hpolo] A~ AHS 28 V DC, AFZ 550 mA S17Fste] FA S35 473 Mz
A 2 MHz 3= 2249 F A5 15 dBn & 1 Watt @9 FZ 7)o g3t
u] 32.53 dBc 9] dm ®E fF 54 HoFa Q).

3.1.5 1 VWatt &9 FEZ7]|9] EA =H

§21 FORWARD TRANSMISSION
CH 3 - 8§21

LOG MAGNITUDE »REF=@.000 dB 18.060 dB/DIY REFERENCE PLANE
: : ; T T T H . - 0.0008 nn

HARKER 1
8.478500 GHz
-15.449 dB
~138.98°

MARKER TO MAX
MARKER TO MIN

2 8.508500 GHz
-17.928 dB
- - . : : : H : 146,09°
p.108608 GHz {.102250 |3 8.632000 GHz
- : . - . y -17.566 dB

2.78°
4 0.717500 GHz
-17.574 dB
-93.51°
5 0.887750 GHz
-16.148 dB
153.83°
6 0.860000 GHz
-15.242 dB
48.56°

: ; : : : i PHARKER RERADOUT
PHASE »REF=0.00° 45.00°/D1V |  FUNCTIONS

a9 3-12. AFE 1 Watt @9 SEH7]19] 225 o5
Fig. 3-12. A small signal gain of the fabricated 1 Watt unit

amplifier
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=8 30 dB Z471E FUEsE FHOlA S AMS o5 H Y
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S wAHE 45 Wx AT 54S Y 3155 2o AR 545
A% Asel FAo FE79 waRAe] MAE 9B ARE FH9

$21 FORWARD TRANSHISSION
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: : : H : : : H i MARKER REABOUT
PHRSE »REF-8.088° 45.88°/DIV FUNCTIONS

a9 313 ARE FEFEG £NE o5
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Fig. 3-13. A small signal gain of the fabricated driving amplifier

stage

S11 FORWRRD REFLECTION CH 1 - sit
REFERENCE PLANE
LOG MAGNITUDE »REF=0.080 dB 18.908 dB/DIV 0.0000 mm

PHARKER 4
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: : - < : : MARKER READOUT
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(a) The input return loss

(a) 8 WAk

$11 FORKARD REFLECTION
CH 1 - 811
REFERENCE PLANE
1e.000 dB/DIV 0.2000 nn

LOG MAGNITUDE »REF=0.0080 dB

PHARKER 4
0.701750 GHz
-15.167 dB

4444444 MARKER TO HARK
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Mo . OO U S AN 1 §.469750 GHz
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(b) The output return loss
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Fig. 3-14. The input and output return loss of the fabricated

driving amplifier stage

Power Meter

]

Spectrum Analyzer
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Fig. 3-15. The driving amplifier stage measuring system for IMD

Az ¢l

fol

o

using spectrum analyzer

a9 3-162 HpoJoj~ kS 28 V. DC, AF 900 mA Q17bste] &3 A
NEE
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ATTEN Z2BdB aCNT —-48. 16dB

RL 37. 8dBm 1lBd B/ -2.808 MH=z
AMKR
-2. B8 MHz
-48(16 dB
R
] | Ll |
CENTER 473. BBMHz SPAN 20. BBMHz
¥RBW 3Bk H=z ¥VBW 30k Hz SWP SB. Bms

(a) T3k 473 Mz oA 9] Fo W=z o= 54

(a) The intermodulation distortion characteristics at the frequency

473 MHz
ATTEN 208dB ACNT -58., 17dB
RL 37. @dBm 18dB~- —-Z. 88 MHz
AMK
-2, 88 Mmz
-5B}17 4B
R
i 'l | 3l
CENTER EB%. BBMHz SPAN 20. BBMHz
¥RBW 3Bk H=z ¥UBW 38k Hz SWP 5E6. Bms

(b) 3t 605 MHz A o] A5 Wx =5 54
(b) The intermodulation distortion characteristics at the frequency

605 MHz
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dn =S

ATTEN 20dB aCNT -50.80dB
RL 37. BdBm 18dBs -2. 880 MHz

aAMKR
2. 68 M

-58 1089 ¢

moN

CENTER 883. B8MHz SPAN 28. B@MHz
¥RBW 3Bk Hz ¥UBW 3Bk Hz SWP 5B. Bms

(c) 73 803 MHz el A o] A5 Wx =5 54
(c) The intermodulation distortion characteristics at the frequency

803 MHz

a9 3-16. AFE FeEEdo A Mz ¢

1
[

3

Fig. 3-16. The IMD characteristics of the fabricated driving

amplifier stage

sS4 A2, 2 Mz Ty Ao F AR -20 B & eIl
B w) A ARl 45 dBe Bth -7 48 dBe o]e] A W 9=
& dehhio
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a9 3-17. AAE FEsdde] AR

R

Fig. 3-17. The photograph of the fabricated driving amplifier stage

¥ 3-17¢ 7 0.8 mm, FAE 2.53 ¢ 7|HS ARgEe] AR
AAFEH7I¢F 1 Watt @9 SEH712 FA4E FU9 Fes3de A&
AR S Ko

3.2 F1EEu 44 2 T4
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3.2.1 F7FEHe] 74

Ericsson AF9] PTF-10049 &= 3% 3-3¢] 2.1 wke} o] DIV FA 714
o HPA Alz=®lolA] 85 Watt PEP &% UYERNE LDMOS(Laterally
Diffused Metal Oxide Semiconductor) E#MA|~EJo|t}, HEF A =¥ o]
S5 =9 Qle] +32 VDC AehS Ql7kstar A & ulolojx 3| =E FAT
13.5 dB ] tH[xix].

2% 3-19% 470 ~ 806 Mz o] FagielA FEHEY g ot
olo] AR& ¥ A= PIF-10049 2 13.5 dB 9] o]5S 7FAaL 5 Watt o 49
A7t F2et yRAow FihEo] & EH A UstA o
ATH. V=32 V, 15=800 mA XA ¢ 4.=9 ub = ¥ 349 go
W, i 32v FTIHY AA BRAE e

AN

PTF 10049
Balun 3A325 (85 Watt)

Loss=0.5 dB 3 dB Coupler
1F1304-3
12 dB Loss=0.5 dB
50 Ohm

50 OhmL
3 dB Coupler 12 dB
1F1304-3

Loss=0.5 dB Balun 3A325
Loss=0.5 dB

a9 3-19. S5 EE AR

Fig. 3-19. The block diagram of the middle power amplifier stage
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# 3-2. TSRS AA ALY
2

Table 3-2. A design specification of the 85 Watt middle amplifier
stage
6‘} = A = 3 A
= 9 F W 9 470 ~ 806 MHz
o] = 65 dB o] %t
o] & W ¥ &= +0.5 dB o]s}
Ao Wx ofs 54 35 dBc ol
g WA = A -10 dB ol3t
= 9 WAL &4 -10 dB o]a}
¥ v 9 = 50 Q
&l ot 28 V DC

¥ 3-3. PIF-100499] A}ok
Table 3-3. The operating specification of the PTF-10049

Parameter PTF-1004)

Drain-Source Voltage, Vs 65 V DC

Gate-Source Voltage, Vg +20 V DC

Total Device Dissipation, Py 225 Watts @ 25 °C

Thermal Resistance (Tfjue=70 °C), Rye 0.5 °C/W

Gate Threshold Voltage (V=10 V, I,=75 mA),

Ves(th) 2.0V

Transconductance, (Vps=10 V), Gy 2.8 Siemens @ Ip=3 A

Common Source Power Gain, 13.5 dB @ P,,=30 W,

(Vpp= 32 V, £=800 MHz) Ip=400 mA per side

Distortion (f,=800 MHz, f,=801 MHz), IMD 5 dBell Fouso W,
I=400 mA per side

Drain Efficiency (Vy= 32 V, £=800 Miz), 7p 58 % typ. € Pou=85 W,
[5p=400 mA per side

Load Mismatch Tolerance(Vyy= 32 V, =800 MHz), ¥ 5:1 @ P, =42.5 W,
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I=400 mA per side

¥ 3-4. PTF-100499] -&3 HHALA

Table 3-4. The reflection coefficients of the source and load for

PTF-10049
FREG JENCY 7 SOURCE 7 LOAD
MHz R iX R iX
470 2.41 -4.23 8.02 -0.15
500 3.08 -5.08 6.70 -0.84
550 3.88 -5.08 8.42 +1.68
600 5.16 -6.82 7.77 +1.29
650 6.38 -9.00 7.83 +0.48
700 9.85 -12.17 4.82 +0.53
750 13.00 ~7.00 4.48 -0.60
800 12.87 +0.00 3.97 -1.79
860 9.33 +5.13 2.75 -3.00
3.2.2 FFEGY AA

A oA Fo FE7E FdsteE YHeRE 54 Fa5 A4
e Agdom 34 A7)l EH4AF(Lossy Matching) ¥, =99 ¢
B2 glgdor B AlSk(Feedback) W, AEAAH -8 EAS
He Fugdd 54 dydzrt HA ke EAA S Distributed
Matching) o] Slt}.

EAAT SF7)= FET 9] AlolEe] A Hdz AAs e AFy o5
S AAA FdY 58S dv EZZA(Topology)olth. mEhA], F3h4
e Zy FZ7] o5t HF(Trade-off) Al OB 2 FET o5
S0l A Agds AdsAt gk 22y AFS B3 d¥ds 4
TS Fory FE7)9 AT FokAlE Aol AT xx]

A FF7]= FET 9] AlolEet =dlo] AFgS dAste] A5 o5&
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N
o

BN B 54 A g
2 oARd Rt FHHAW GER oSud Aol Bas

[xxi], [xxii]

A % 7] FET o stebmlel e o5 QIEHE Q1A AFHd=
S PASERE &8 WkAlEZoe] A3 o] 5o HEd EAS A8 3l
= EZEA]0] SHe=7E $etal Fde 5A4E €5 7 don,

Balun

—o

A 28vdc
R7 cis
/\/\/\/ I€
¢
1L
I X
RO | c13
1123
| c11
1L
1X -
PTF10049 r21
717
c19, c20,
2 %6 z7 z9 z11 28 28 1.8pF 1.8pF Z19 z21 225
CcL lcis I 1 T 1 c22.
co, -L— c10, - c17, Lcis, ca1,
0—Balun S1PF  1opr T 12pF T 5.6pF [L2pF [ [ 5.60F [ 51pF
z8 zZ10 z12
22 %e 714 716 218 20 722 226
) c23,
b2
s T
1X
| c12,
] 100 pF
L24
R10, | €14,
5.1 ohm*3 | 100 nF
IC
AN
VA I€
=
R8, c16,
470 // 300 ohm A | 10 UF/50 V
dc

C8,
10 uF/25 V

% 3-20. 85 Watt TXH5Hwe] 3|2 9 ulo]ox I 2
Fig. 3-20. The circuit of the 85 Watt middle amplifier stage
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FET HMOLé == vpolEer EWALE S violoj s SRHTH thdl
2L o= FET & A &zdAMe] 2EA0lE d8 = o4 &=, &
Hek wlojojx g2 AL mlo|ulaE wFH 2AE o] &3k o] &g
EWAAE 329 FAFSIL. Alo]E mpolojx 3|2 =golyl HA| Abo]
o dAdw A7 EHujr|2 FATH,

LDMOS E#dx]~Ele =<l
Fol @S 7ML =2 A

AE %l
Jo

& o
Moo

rr
o

— i

[xxiv], [xxv]. 21
e dSy A 5 A

19 3-202> Ericsson AFe] PTF-10049 & ©]-&3te] AAS 85 Watt 53t
%%Wﬂ 3|2 9 ulelojx 3|25 YERTE. A3} 2HE Ao T 3
B2 Jsiaztel B AFIRE 2Fste] AMgelen, e f4
3.38, 570 32 mil ¢l Rogers AF2] R0O-4003 7]&-& A-&-3ke] #2313 o).

MO ofk

3.2.3 IUNFEFGY 54 =3
3|z F2L PIF-10049 o +4 V DC ¢ Alo]E A3} +28 V DC =<
Zikily

Twote] =Y BAVIE o, S-HEHE SAT F o5
J o

19 3-212 PIF-10049 Z o] &3Fo] #|2Hek 85 Watt sitsE o] L2AlS
o5 9 Y EAS YvEa, 19 3-22& A FF7Y -9 W
ArEA S e, AR 2EZ2 S 470 ~ 806 MHz T3t A 12.5

7 _ w,

9 3-2200 4= -14 dB ©|3te] =8 WAL A4S YER

g, e HY PIF-10049 & AR tedds ddste] Fuba
470 ~ 806 MHz oM< 18 Aozd= of 23 A% A= s} 3 45 W
z d= 54E 5455

AZE FE79] Py AE AR ZAo = PIF-10049 & AHR S 7529
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Ve=3.6 V, V=28 V 18]3L [=3.2 A & A7}l S ul S35Z 9] Py
45 dBm & YERJ AT},

321 FORWARD TRANSMISSION CH 3 - 821

LOG HAGHITUDE »REF=-30.068 dB 19.008 dB/DIV REFERENCE PLANE
” T H T T T H - 9.0000 nn

MHARKER 6
0.720000 GHz
-17.683 dB
-136.65°

HARKER TO HAX
HARKER TO HIN
"""" 1. 0.470000 GHz
------ - -17.203 dB

-16.819 dB

9.400008 GHz #.900000 |2 ©.600000 GHz

...... o B SN - 3  8.70000@ GHz
...... i . -17.443 dB
-93.64°
O SESat. NI AOTLITITL UNE) [N SETTTER N ATTETRLE-TEREEN (O CLCLRRL S ST ELEES Sk LR 4. 8.8862508 GHz
N N e -17.182 d8B
~-18.96°
...... . B (1S p.B6888E GHz
SUUE OO FUUEVUU UUURS. YR JUUUES VUUE SUUUUURVUNE SUPIVUURAN ORI DO UUUNORORU SUON. URR SOOI OO -28.419 dB
-164.21°

: H i H : : : : HARKER RERDOUT
PHASE »REF=8.88° 45.80°/D1V FUNCTIONS

% 3-21. 85 Watt TtesEe] o5 9 914 B4

Fig. 3-21. The gain and phase characteristics of the 85 Watt

middle amplifier stage

S1!{ FORHARD REFLECTION CH 1 - s
REFERENCE PLANE
LOG HAGNITUDE vREF=9.000 dB 10.008 dB/DIV 0.0000 mn

PHARKER 4
0.758750 GHz
-15.222 dB

MARKER TO MAX
MARKER TO MIN

1 0.479500 GHz
-17.504 dB

2 9.508500 GHz
-22.389 dB

3 0.632000 GHz
-19.956 dB

S5 0.807750 GHz
-14.720 dB

6  2.850000 GHz
-17.883 dB

: : : H : : H H H WARKER RERDOUT
8.299500 GHz 0.997750 FUNCTIONS

58



<

(a) 4= WAREA

(a) The input return loss

S11 FORWARD REFLECTION CH 1 - si1
REFERENCE PLANE
LOG MAGNITUDE »REF=0.008 dB 10.000 dB/DIV 9.8080 nn

»MARKER 4
8.698508 GHz
-21.279 dB

HARKER TO HAX
HARKER TO MIN

1 B.470500 GHz
-20.153 dB

Z 9.508500 GHz
-27.5@8 dB

3 0.632000 GHz
-22.086 dB

5 8.887750 GHz
-16.562 dB

6 0.860000 GHz
-19.247 dB

: : : : H : i : : HARKER READOUT
8.199758 GHz 1.182250 |  FUNCTIONS

(b) £ wArEA

(b) The output return loss

% 3-22. 85 Watt =7F&5%d

o

-5 WAhEA

Fig. 3-22. The input and output return loss of the 85 Watt middle

amplifier stage
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ATTEN 4B8dB aMKR ~39.6BdB

RL 47. 1dBm 1Bd B~ -3, 98MHz
aMKR
-3.98 MHiz
-39]66 4B
R
f ;%
CENTER 473. B@MHz SPAN 1@. @EMHz
¥RBW 3BkHz UBW 3BkHz SWP 50. Bms

(a) T3 473 Mz ol A o] Fo W=z o= 54

(a) The intermodulation distortion characteristics at the frequency

473 MHz
ATTEN 48dE AMKR —43.33dB
RL 47. 1dBm 18dB~ 4. 82MHz
aMK
4.80F MHs
-43]33 4B
" )
CENTER BG=. BAMHz SPAN 1@. BBMHz
¥RBW 3BkH= UBMW 3BkHz SWP 58. Bms

(b) 3t 603 MHz A o] A5 Wx =5 54
(b) The intermodulation distortion characteristics at the frequency

603 MHz
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ATTEN 4@dB aMKR -38.50dB

RL 47. 1dBm 18dB~ 2. BOMHz

AMKR

2.808 MH3

-38)58 4B
" l
|H' fr

CENTER BB3. B@MH=z SPAN 18. BBMHz
¥RBW 3@k Hz VEW 3BkHz SWP 58. 8ms

(c) 73 803 MHz el A o] B35 Wx =5 54
(c) The intermodulation distortion characteristics at the frequency

803 MHz

a9 3-23. AFE 85 Watt =75 Zde] A5 WX 9

Fig. 3-23. The IMD characteristics of the fabricated 85 Watt

Jf
A

3

}01'

middle amplifier stage

a9 3-238 FETEHTI PIF-10049 & AME3 SHEEZ el wpojo] s
kS 28 VIC, A7 4 A 5 7kste] &9 d#e] 40
el 2 MHz FokE e R AsE FEsHd
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Y 3-24. AlFE 85 Watt FHEZ ko] AL
Fig. 3-24. The photograph of the fabricated 85 Watt middle amplifier

stage
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Fig. 3-25. A block diagram of the 100 Watt unit power amplifier
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100 Watt ©9] A= FZ 7)ol AFE-5 & Power Transistor & Motorola AR
MOSFET ¢1 MRF-372 AA}E Al&3te] HaAFZEr] 22 19 3-269F o]
T3k, OARRE Aol DC oHpo]o] 2R V=28 V, Vi=3.6 V,
=2 A 2 AP3E st AB w5 TFH7I= AAGNoH, 2= &

3-5+

3.38, 7 32 mil ¢! Rogers AFe] RO-4003 7]|#& AR&3&lQdt. &
AAT &9 dEFE7]9 ALYoltt,

3 3-5. 100 Watt ©9 A=HFH7]e] AAAYS
Table 3-5. The specification of 100 Watt unit power amplifier

T = 45 A

T a} T 470 ~ 806 Mz

o] = 12 dB

o] 5 3 ®@ & + 0.5 dB

Hg-=9 el -10 dB

3 Mx 9 54 32 dBc

°of 5 & 4 & +1 dB max. at 20 ~ 100 C
ek 1 3-26% 2ol E¥AHE S7HA717] fl8) MRF-372 & ™

=o

to=2x 3 dB &49]7], Balun ¥ 3 dB 2379 &4=2 A3 9]
o

a4
Zoledoy, 9492 28lg T3 dB) EolWEe & 7 Uk
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MRF 372

(180 Watt)
Loss=0.35dB |\ Z— — 0
Loss=0.3 dB {2 dB>-| A 3dem ,350.01d8m
50 Ohn | | 43.7 W) £100.24 W)
M | | O
- ' x '
12 dB>—
P __ I
12 dB 47.3 dBm
(33.7 W)
O
50 Ohrk
: 36.3 dBm 12 dB Loss=0.3 dB
Loss=0.35 dB

a9 3-26. 100 Watt @9 d=€5EH7]e &9 A=

Fig. 3-26. The output power of the 100 Watt unit power amplifier

3.3.2

cs,
10 uF/25 V

100 Watt &9 AHZEZ

719 AA

c19, c20,
Z13 715 18 1.80F

MRF372 r2y

3 SpF

c17, Leis, L L1 1 c
5.6pF TL.2pF T T T 2. 1pF

Z19 z21 g E
moF

T | 214 716 218

.

Z20 Zz22 3 E

R8,
28V
470 // 300 ohm de \j

10 uF/50 v

(a) o7& Hpolojx 3=
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(a) A passive bias circuit



MRF 372

z17
| 715 €19, c20,

z7 z9 z11 18pF1epF 219  Z21
C1, ~co, c1o, 2"21 H ci7lcigL T T ca1, [
51pF 10pF 12pF 5.6pF[1.20 T T s.spFT

z8 Z10 212 ‘H = 716 718 z20 Zz22

L6, Rc

R3 BCW69,

R1 Q1 R2

C16,
28V dcv 10 uF/50 V

(b) &5 Hpoloj~ 3=

(b) An active bias circuit

1% 3-27. MRF-372 SE¢he] njojo]~ 3| &2

Fig. 3-27. Bias circuits of the MRF-372 amplifier stage

3-27(a)2] 4% nlo]loj~(Passive bias) 3|2+ EWMA2E Y t)o]
o= F9o TEAAE AESA ¥, AT AA e}t e FE izt
a3t A AF{FE FET ol 2vjste 325 3.

A 19 3-27(b)9] T wlo]oj(Active bias) 3| ZE o]~ QHA

8 AGL AHgstel Azo A % AY EUE A5F Folw 2%
AL DA, FAEPushpull) Bele] aAolx B8 vhepy
LAl o@ olSe] 448 Zol/]l fekel VY wholojse Fuz

aH 3-27(b)°] TF whelojs SR AFdoR gasiv] PP Ed@A
2~E & AREEISITE. o] B RoA Ry 7 Ry = PNP EdA2=E 9] npelojx A
]_

(Bias point)S ZAA3I= ;ﬂfso 1l 7] (Resistive divider)e] 9&&& s},
R; &= oW H=3k vlojojx dFo| tls|A = Bleed path & wHEar, Hg

.
o
off
oL
N

Q = PNP ERA2HE] E-B Hox ko o Ay WstE
A3 Aolnt. AWt o®m Q, = Hpolojis EMAXAE S} T2 AR
PNP EWA~E 9] E-B o= AMEsH, (B H3E weste] AR

o
A
rr

%
&
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= AR I S dASA FAGE AskaAolnt, weF axpo] AFIF St
al7] Alzbetobd R, ke Heke SUhstal PNP EWAAE Q] E-B HES
Turning of f =™ MRF-372 ol &35+ wpoloj~ A} Vv #Aast. 4

MR
stel 7o) R FHe] AGAEE 0.5 ~ 1.5 Vb Hoof g},

PNP EdiX2HE= oW AT vlo]oj~(Both junctions forward
biased) & 7F E3} REoA Fxel, o] ERAAE S E-C He G
o] At sk Voo & Bub. ZHERZ V9 Vs Alolol a3k A dAgt
o= o 1V UlQelm, FF3ee 7HRAZT R & == <F 3.6
V= 3kl

BY o

(Vgs)

AV

A L R T T -

2V - -l - ————— - ———————— —————— -

1V e o o e o o o ———————————————————— -

0 4----mceeee- b St [l r-——--------- 4
0 10002 20002 30002 4000
R2 (Temperature=27 Degree)

T 3-28. ZPEAGG e Ve kel ¥t

Fig. 3-28. The variable resistor vs. Vg voltage

Z 3l oA FZ3E PNP Hlolo] A~ E WA AE ] Side effect & H}o]

A3 2 FAA] 2kgte] FAAII vl A Ao WA A|ZFo] EAEhH, o]
WAl Zke]l A7]E PNP ERX|AH 9 Al A<=(Time constants)ol] &3] 24
o xxx], [xxxi].

3|25 AlEHolAsttt. 7FHAS Ry o WsH5 ~ 400 Q) mE ¥
FAGe WMElE A EYolAde AxE 17 3-289] Yelgloen, 1§ 3-
2801 A1 & 4= o]l TP AR o] Tt whEl FE g S7tskE g

t}
AAE whelol s 329 BlgAE dS8h] S8 Pspice & ARSdHe] A
5
]
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Temperature
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Fig. 3-29. The Vi voltage over temperature
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$21 FORMARD TRANSMISSION

CH 3 - 821

LOG MAGNITUDE yREF=0.200 dB 18.900 dB/DIYV REFERENCE PLANE
- - - : - 8.0028 nn

""" »HARKER 5

...... 8.734375 GHz
-18.635 dB

~148.38°

HARKER TO MAX

MARKER TO HIN

1 @8.470@08 GHz
-17.744 dB
69.35°

2 0.486875 GHz
-17.403 dB

@.400008

27.34°
3 2.571875 GHz
-17.532 dB
-157.68°
4 8.673625 GHz
-17.832 dB
-23.99°
6  8.806258 GHz
-18.426 dB
28.84°

; H ; H : : d H ; HARKER READOUT
PHASE »REF=0.80° 45.80°/D1V FUNCTIONS

% 3-30. AFE 100 Watt @9 AHSE7]9] o5 2 A4 A

Fig. 3-30. The gain and phase characteristics of the fabricated

100 Watt unit power amplifier
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$11 FORWARD REFLECTION CH 1 - si1
REFERENCE PLANE
L0G HAGNITUDE »REF=0.008@ dB 10.800 dB/DIV 0.0000 nn

PHARKER 6
0.806250 GHz
-14.118 dB

MARKER TO MAX
MARKER TO MIN

1 2.4706800 GHz
-25.756 dB

2 0.486875 GHz
-24.226 dB

3 08.571875 GHz
-29.479 dB

4 0.673625 GHz
-26.964 dB

S 08.746250 GHz
-26.866 dB

: : : : : : : : : MARKER READOUT
8.400000 GHz 8.900080 FUNCTIONS

(a) 9 WAk

(a) The input return loss

S11 FORWARD REFLECTION CH 1 - §i1
REFERENCE PLANE
LOG MAGNITUDE »REF=0.000 dB 19.008 dB/DIV 0.0060 mn

PHARRKER 5
8.734375 GHz
-25.754 dB

MARKER T8 MAR
MARKER TO MIN

1 9.4708080 GHz
-24.916 dB

2 09.486875 GHz
-32.177 dB

3  08.5716875 GHz
-23.489 dB

4 0.673625 GHz
-48.113 dB

6  0.806250 GHz
-28.135 dB

: : : : H : : d : HARKER READOUT
0.400000 GHz 2.98800@ | FUNCTIONS

(b) &Y whAbEA

(b) The output return loss

9 3-31. AZrE 100 Watt &9 dE€ 53719 =9 vAEA
Fig. 3-31. The input and output return loss of the fabricated

100 Watt unit power amplifier
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9 3-33 FuHE 470 ~ 806 Mz thol A 2 Miz Sy 3HA 9] A%
Mz o EAo] 40 dBe ¢ AR ZEZ7)E A3t 2 MHz T35 729
T ASE AAE 100 Watt @9 A=HFH7] 4H€T o s Wx 9
549 SAARE HoFn, ALEFI d9dA 31.8 dBe oo 9
& 549 Y. 219 3-34% awjo] 94 9S dBn vy e
slo]tt.

A3 A=, 100 Watt &9 A95E7]9 AA SRS ®B7] 9
3 AT EA7] 2 HE 100 Watt &9 A
ofof grh. eyt 2 HFoA = HMAA "] dFEolgtE 9w
15%715 22 o] &3titt. weba AA e 5 &
o] HolA| gFko}t HAFH7|e EARE QA 50 dBm o] =HdH IMD
©

Mol 32 dBc A% Y& & 4 Yt}
Power Meter
——1 O
100w 30dB
Attenuator
Spectrum Power
Analyzer Sensor _[ RF Output
O
100 Watt Unit
Signal RF Input Power amplifier
Generatoro .
. Preamp DC input
[ ] sSignal 38 dB
Generatorol DC Power Supply |

foi

AHERE 100 Watt ©9 A= SH7]e] A

554 A9 3H A

a9 3-32. A¥EZ BA7)

fiju

Fig. 3-32. The 100 Watt unit power amplifier measuring system

for IMD using spectrum analyzer

AlZHE 100 Watt w9l AHSH719] Py 9 @8 SAcl= MRF-372 &
AR FEH ] Vo=3.6 V, Vg=28 V & Q17F3ISS o 100 Watt ©F9] A<
19] Pigg = 48 dBm S UrERATE

ofN
e
N
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ATTEN 1OdB aMKR ~332.68d4B
RL 57. 1dBm 18d B~ 2. BaMHz

"
i

2750 il
-33(08 dB f \ I \

I
" VLSV
L AT T

wv v

CENTER 473. 0BMHz SPAN 18. BAMHz
¥REBW 1B8BkHz ¥UBW 38k Hz SWP 58. Bms

(a) T3 473 Mz ol A o] Zo W=z o= 54

(a) The intermodulation distortion characteristics at the frequency

473 Mz
ATTEN 18dB aMKR -34.16dB
RL S7. 1dBm 18d B~ ~2. @BMHz
i
L
2B b ||| I\
-34[16 4B [ \ f wl
[

\
AT
ARV RY

wo ' Y

CENTER &53. 88MHz SPAN 18. BOMHz
¥REBW 1@BkH=z *¥UBW 38kHz SWP 58. @ms

(b) 3t 653 Mz A o] B35 W =5 54
(b) The intermodulation distortion characteristics at the frequency

653 MHz
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ATTEN 18dB aMKR -31 . 83dEBE

RL 57. 1dBm 1@d B~ 1. 98MH=z
[
\ \
?més MH1 f\ !l
-31]83 \

I
VLT
IR NIR
HFARYVAR

i

CENTER 883. BBMHz SPAN 16. BaMHz
¥RBW 1BBkH=z ¥UBW 3Bk H= SWP 58. Bms

—

(c) T3 803 MHz oA 9] 5 HZE o3 5A
(c) The intermodulation distortion characteristics at the frequency

803 MHz
19 3-33. AlAbE 100 Watt @9 AH S| Ao Mx g 54

Fig. 3-33. The IMD characteristics of the fabricated

100 Watt unit power amplifier

ATTEWN 1@dB MKR 49.77cdBm
RL E7. 1dBm 18d B 474 . BBMH=z
L
255 o0 e | || Il
49. F7 dBm / \ f \

" VLAV T
FARYVARYN

Y

CENTER 473. 0agMHz SPAN 18. BBMHz
#¥RBW 1B88kHz ¥UBW 38k Hz SWP 58. Bms

(a) T3 473 MHz Al Ae] ===
(a) The output power at the frequency 473 MHz
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ATTEN 16@dB MKR 58. 18dBm

RL 57. 1ldBm 18d B~ 654 . B3MHz
A i
\
EEE 83 IfiHz } \ } K
5@. 18 diBm

CENTER B53. B8MHz SPAN 18. BBMHz
¥RBW 108kH=z ¥UBW 3@kHz SWP 58. Bms

(b) %35 653 Wiz A ¢] 22

(b) The output power at the frequency 653 MHz

ATTEM 1@dB MKR 49.93dBm
RL 57. 1dBm 1l8dB~ 804 . B2MH=z
)
MKR
884 (B2 MH=z
49. 93 dBm i ‘ j\

l\ / \ J\
VL AN TR T T

w -

CENTER 883. B8MHz SPAN 18. BBMHz
¥REW 108kH=z ¥UBW 3B8kHz SWP 5@. Bms

(¢) F3 803 MHz A1) &8 A

(c) The output power at the frequency 803 MHz
9 3-34. AFE 100 Watt @9 A€ 5E7]1o &5 1™

Fig. 3-34. The output power of the fabricated 100 Watt unit power

amplifier
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—&— Active Bias

~
18]

—*—Passive Bias

Current (A)
~

(9]
U

6
20 40 60 80 100
Temperature(degree)
23 3-35. AFE 100 Watt @9 A€ SEH7]9] 2k ©E AFEe
1 3}

Fig. 3-35. A current consumption of the fabricated 100 Watt

unit power amplifier over temperature

A2t 100 Watt w9l AHSH7|e] ke wE HAFe] Wsks F
Ly

7b eEhgtel weh =9l

WA =B 9] Ve 7F 250
7kl wet AlClE Ashs W

= T 5 Hololx B E
Hpoloj o] B2 e DC A& Twddie o 25k wE dFavE =

shlth.

3.4 A3 &4

75



UHF(470 ~ 806 MHz)-&

shlth.

1
R

Al71ell - AFE-5

=
K3

Ao A= Digital TV

%%

2}
2}

A - A

AE 2.53, 54 0.8 mm 7]|HE AL

719}

fol Ax 5%

S

oF

ol Sw 470 ~ 806 MHz <

S

Hlolo] 2~ AerS 28 V DC, AFE 900 mA <17}

-12 dB

S5HeE 9
1 Watt o]x

336 MHz ol 53.5 dB ©]/e] o]%, £0.5 dB 2] ©]

o

o)

AT el 2 Mz Fo 714

o 48 dBc ©]/F9]

AT

e 2

[e)
C‘]'é‘

EX
=

Hr

N
Eadl

ol

9o GHE 3.38, F7 32 mil ¢! Rogers AF¢] RO-4003

i

85 Watt =7+=

2w 470 ~ 806 MHz 2] 336 MHz th<dolA 66

3|

28 VDC, AFE 4 A Q17}

23} o 38.50 dBc ©]4e

T Wz A 54 YERIT.

100 Watt <

+0.5 dB ¢ ©]

=1
=

—_
o

70
_Z:I
i
Eanl
o)

<

Fol 2 MHz

J

g g

Cad

FIth. 40 dBe ¢ A X

S

T& Holojx e R 7Y

e8|
o]
~

<0

0

100 Watt o+

SE

T
7 Al

Fsh5 17 el

A

% 20 C ~ 100 C7HA] 2H]

ol

w9
A7 0.6 A2 W

hul

3k 100 Watt

5 ol

3=

<l

Xé‘

= = =
AFE =

HK

A Ed ol

=1
=

]

)

2
Hr

to] zhzt A7)

S

Z7)o o

W
%/

J

_(H

v

12131 100 Watt

Fol 100 Watt ¢ =2 o]

7% ol g5

B

7} EE 100 Watt AH=

76



Al 4 7 100 Watt AHFF719 +4 R B7}

DIV SA47]€ 100 Watt 8=

1
R

ol A

2

il

B
No
T
X

183 100 Watt €

%7} 100 Watt

B
Njo

M

o

Jlo

0
_ZTﬁ

™
X

g]

Wilkinson

HZ 100 Watt A8 3Z7]

]
~
Ny
!
T
X

3

oF
oy

A

TR

100 Watt =99

1
JE

el bHvE AEE

1ol 100 Watt

7 s

3
=

100 Watt

71E

tod 100 Watt A==

S

g °&

47]

Eds

K

~
Ay
T
i

ol&@ A Faw 100 Watt AHFZE7]9]

o 4=
sto] B7}stoleh.

L
E

el
o7

E

Dy

g A8Ed7]

i
™

»AO

\

4.1 3-Way &9

YA TV 5471

Al o] &=m Wilkinson ¥

Z
=

o5

o ARS =

9]

A= A,

A
sk

URER =)

9]

FEHOo =24 1960 17 E. Wilkinson ol <

2 rlolaRsEY MR
ol =3t 27]%=

=

3

&

HEE

gl o2

s

Fol A7

g5

=
=

gAg TV FA718 Fg9 100 Watt

v
-
S|

kA =l A

i
Njo

7EA17171 4l

Sk

1= Wilkinson & Ej<]

=]
=

A A

R EE

A

vl 7]/ %

i=]
-

77



shlth.

L (

4.1.1 AZAF7 3NA [xxxiiil

@ 100 Ohm

(a) 3 dB M= EH)7]

(a) 3 dB power divider

/V
A/4
e V22,

2Z

\/EZO Z

(b) 57 AFA= 3=

(b) Equivalent transmission line circuit

19 4-1. Wilkinson 2 &uj7]

Fig. 4-1. Wilkinson power divider
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Magic-Tee, Rat-Race A3%7]9 F+ZF+= 4 79 50 @ A2¢ dyd A~ A
TS 9s N/4 dolE 71K 70.7 Q o 2R FAE] gtk 70.7 Q 9
AV HAE 717 N/2 dolo HAEE 3% wrake] Frgtozi kA

A F on, JYFES \/2 Ho]e] XE Apojox 20 dB Y E
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Fig. 4- 2. The Wilkinson power divider circuit in normalized and

symmetric form
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(a) The circuit for even—mode excition
4\, Port2 1
2
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(b) SRE o7& H3 =%

(b) The circuit for odd-mode excition

9 4-3. Wilkinson 57Fd%3 2ol tdt o] 3=
Fig. 4-3. Bisection of the circuit of Wilkinson equivalent
transmission

line circuit
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Fig. 4-5. Schematic of unequal power split coupler
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Fig. 4-16. The input and output return loss of the diode attenuator
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Fig. 4-17. The attenuation characteristics of the diode attenuator
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Fig. 4-19. The photograph of the fabricated 100 Watt power amplifier
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Channel Spectrum
Pilot Frequency
0

Flat Noise “Like” Spectrum

view: Spectrum of 8-VSB signal occupying 6
MHz bandwidth
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Out of Channel Spectrum

Fig. 4-26. Out-of- Channel spectrum
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¥ 4-1. 57} vpaz

Table 4-1. Equivalence mask

Equive .ence

FCC lask Filter Mask Frequen y MHz
Ma k
Amplitude
(dB) Amplitude (dB) | Amplitude (dB) | Frequency (MHz)
0 0 0 Fot3 MHz
0 0 0 Fy-3 MHz
-47 -2 -45 Fot3.5 MHz
-47 -2 -45 Fy-3.5 MHz
-110 -32 -78 Fot6.0 MHz
-110 -32 -78 Fy-6.0 MHz
-110 =70 -40 Fot10.0 MHz
-110 =70 -40 Fot10.0 MHz
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