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ABSTRACT

This thesis was studied about the circuits desigr{,lmplementatlon and mesurementation
of tranceiver which use camer signal on UHF{Low band) principles of Superhsterodyne to
design in part of Up/Cown converter.

Transmitter, When voice signal was modulated amplitude modulation(AM). The signal
pass out of moduiation will bring to shift frequency of IF canter with up-converter which
frequency in use come from local oscillator 340 MHz and it will amplified by high frequency
ampiifter before sent to antenna for propagation.

Receiver,Signal from antenna will amplify with RF amp.lt has been to .down-conversion
with frequency of local oscillator 340 MHz which used principles of superhetercdyne Which RF
singal will changed trequency be I+ 27 MHz and [+ signal will demodulated with demodulator tor
separated to return to the voice signal.
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2 1.414 1.414
3 1.000 2.000° 1.000
4 0.765 1.848 1.848 0.765
5 0.618 1.618 2.000 1.618 0.618
"6 0.518 1.414 1.932 1932 1.414 0.518
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'1.'429 o 0.697 2.439
1.667 0.566 2.828
2.000 0.448 3.2456
2.500 0.342 4.095
3.333 0.245 5.313
3.000 0.156 7.707
10.000 0.074 . 14,814
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R¢/Ry C, L, Cs L,
0.900 0.808 1.633 1.599
0.800 0.344 1.384 1.926
0.700 0.915 1.165 2.277
0.600 1.023 0.925 2.702
0.500 1.181 0.779 3.261
0.400 1.425 0.604 4.064
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5.000 0.080 5.684 0.331 7.940
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o 1.331 - 1.577 1.082 0.383
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TuUuan9nT BPF ﬁuuuuﬁqnuﬂmu'mnqmrLPF
C,=0.446/(2TC*50*4*10')=0.36pF
L, =(50%4*10°)/(27*(366.9782*10) *0.445)=0.631nH
C,=4*10"/(27L*(366.9782*10) *1.247*50)=0.07580F
L,=(60%1.247)/(2T0*4710")=2.4uH
C,=1.802/270*60%4*10")=1.4nF
L,=50%4*10/(27T*(366.9782*10°) *1.802)=0.131nH
C,=4*10/(27*(366.9782*10 ) *2*50)=0.0472pF

L,=50*2/(270*4*10')=3.978uH
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MITSUBISHI RF POWER MODULE

MS87704 SERIES

. 335~512MHz, 12.5V, 13W, FM
: FOR MOBILE RADIO APPLICATION

D4 is » thick tllm RF powsr imodule specifically de- OUTLINE DRAWING Dimenuans I mm
d tor 336 ~ 512MHz, 10W FM mobils ratios. - 66+ 1
il . . 6011
KFEATURES R210.5 43 ‘
Hd\poworgnm Gp = 18.1dB, P = 13W - v N E
k% @Vee =125V, Pip = 0.2W - ) _‘1
#wuqmdm; Ability to withstand more than 20:1 S .:_;3._ __(i:__ 2
d VSWR when operated st Ve = 16.2V, Po = 14W, ] ) g
e (3108 ON Operation case tsmperature. ® @ -
collent stability from low power to high power level - ‘ f
igh to tha glass AB operation of 1st stage. i Toasl]
T a5t 6.5 1 Ost lZ:\luS:l
.@AT!ON
3 stage of 10 watts output moblle radio sets (FM) in 5“ 2
U
ﬁl;Mﬂz HF band. . , — 21 )
WENQY ITEMS : : .
DA EL, 335 ~ 360MHz . . 4]0 a a a a
0 } 360 ~ 380MHz 4 :
‘ yL 380 ~ 400MHz X PIN.
400 ~ 420MHz ~ @ INPUT TERMINAL
- 430 ~ 460MHz - 4 @) 151 STAGE DC SUPPLY TERMINAL
- . (3, 204 STAGE DC SUPPLY TERMINAL
4 i3 460~ 470MHz . (@ FINAL STAGE DC SUPPLY TERMINAL
D m’ 470~490MHz > (%) OUTPUT JERMINAL
& FIN (GROUND)-
ly‘AG’ENT' CIRCUIT : )
Lo L 15t STAGE 2nd STAGE FINAL STAGE
: 0C SUPPLY DC SUPPLY DC SUPPLY
/Z\(ch 1 : ) G\(VCQ‘ /‘\ch:!'




. -~ ,l'
ABSOLUTE MAXIMUM RAT'NGS (Te=25T  unless otherwise specitied ) - :: i
. Symbo i Ratings Canditions , " Ratings :
Vee Supply voltage L ' n A 160
. . L2
ice Total current ) ' ‘ $ S
Pk Input power 20m=2 =50Q, Vg1 12,5V - 0.4 o
Po Outout power Zg=2Z_ =50Q N 20 N o
Toop) Operation case temperature T30=+110" ,:, i
Tsg Storage temoerature , . . —80~+110 v 4
" o - RS
N - v .‘5“. ;
ELECTR'CAL CHARACTER'ST'CS (Tc=25T  unless otherwise soecified ) '; TN
. e . ; . : v
’ ) ) < Limits Rab
Symbol Charscreristics 4 . Test condinons R
. 4 Min " ¢ Tve Max N
.. Po Output power  + ! 13 18 N 1'“:
L2 d Total efficiency 3 g . 35 . .q sy T N
- 2nd Hermonic p Veo= 12.5V, Pin =0.2w, . ~30 | sE
= 3d Haemonic : Zo=2ZL =500 {Note 11 . =30 | gl
. Pin tnout VSWR i B -2 S 2.8 |58
Pout | Oumut VSWR o : 5 2 o
- Load VSWR toferance Voo=15.2V, Po=14W_ Zgo=500Q 2011+
T=§se0, {Note 1} N )
Noth 1. Test irequency condition o i % v,
L M577045L:'.3357$0MH:
" M57704SL ;" 360 ~ 380MH2 .
M57704UL: 380 ~ 400MH;z 1 E :
M57704L : 400 ~ 420MH:
M57704M : 430 ~ 450MH, ol
MS7704H : 450 ~ 470MMz
MS7704UH: 470 ~ 490MHz, |
Msm@« 490 ~512MHz © - / .
‘ s | 4
TEST DIAGRAM g2 e
. S i
VECTOR sPECTRUM
! VOLTMETER ® ANALYZER
DR D DO _:L .
. ATTE- cou- - ’ cou- ATTE- /| |oowen
.6 NUATERI™] pien pugn [ Muaren— ETTER
Zg=509Q ;E; B;QIC Z =500
. 5001 TER .
R  INFUT MINATION :

@ 15t STAGE-DC SUPPLY (vcey)

Q 20d STAGE DC SUPPLY (V)
@ FINAL STAGE DE'SUPPLY (V)
® outPutr

® GROUND (FIN)

I

S®
DC POWER
SUPPLY

. 2
C: CONDENCER (33000F, 10,F INPARALLELY
L: 10T, 4D, 0.4 mm ENAMELED WIRE

L}
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PICAL PERFORMANCE DATA

. OUTPUT POWER TOTAL EFFICIENCY
. INPUT VSWR vs. FREQUENCY (M57704L.) _

FREQUENCY | (MHZz)

FREQUENCY { (MHz)

VS. INPUT POWER (M57704M)

' 20 —
To=25C
L Vee =12.5v1
4 P
~ 18 e Pin =0.2w
z -
€
c 12 T 50
. g ~Sp22psa 40
] .
‘.8 10
: §
1 B
APin
: 2
0 g i
400 410 420.

OUTPUT POWER TOTAL EFFICIENCY

50
40
30

i’ INPUT VSWR VS. FREQUENCY (M57704H)
22 u To 35T
—Vee £ 12.5V
. '“Q\ P‘.:: =0.2W
: €7

12 y
8

4

Ain|
: jthN
450 460 470

N \
OUTPUT POWER TOTAL EFFICIENCY

INPUT 'rqugn Pin (W)

et

O ozast L]
{ =440MHz - --f. -
Vée =12.5V Pg 1
80
r -
= 80
AW
. 40
4
o
Y
y —120
/ »
[
- 9
0’ - 0.05 &1 0as 02 0.2

INPUT VSWR #P,q TOTAL EFFICIENCY 71 (%) INPUT VSWR Pin TOTAL EFFICIENCY 7y (%

TOTAL EFFICIENCY D7 (%)

OUTPUT POWER TOTAL EFFICIENCY

INPUT VSWR VS, FREQUENCY (M57704M)A
20 To=25€C
PR S Vee=12.5V
] Pol_ | | Pr=0.2w |
El il
(=] _Y——
Ly b
« 12 7y 1 —+ T S0
H o ""--‘r +——~140
Y — r-{30
: 3
2 * |
° . - 3
Pin
2
0 1
420 - 430 a4q 4s0-

QUTPUT POWER Po (W)

OUTPUT POWER Po (W)

OUTPUT POWER TOTAL EFFICIENCY

20

FREQUENCY f (MH2)

VS, INPUT POWER (M57704L)

T———— 100
Tec 25T
I (= 410MHz
—
Vee 12,5V Po 80
]
v /,
/ ]
T '
[, - -odoewd P
T, 1=
‘ &
Py ‘
4 20
K 4RE s
/
74
0
Q 0.05 0.1 0.15 0.2 0.25.

INPUT POWER Pin (W)

QUTPUT POWER TOTAL EFFICIENCY
VS. INPUT POWEB(M57?O4H)

1

20— 100"
HNrc=2s% .
f = 460MH2 -
Voo = 12,5V PO | oot
16 Tt > 80
.
Z
12 = 60
/i AL
Lan wae : 4
3 /- 0
»
4 ,‘4 20
I'
P4
[} 0
) '6.05 0.1 0.15 0.2° 0.2§

INPUT PONER. Pin (W)

TOTAL EFFICIENCY 77 (%)

TOTAL EFFICIENCY By (96)

INPUT VSWR Py, TOTAL EFFICIENCY Nt (%

e



OUTPUT POWER Po (W)

OUTPUT POWER VS. DC SUPPLY
VOLTAGE (M57704L)

OUTPUT POWER VS. DC SUPPLY

.

OUTPUT POWER Po (W)

OUTPUT POWER Po (W)

VOLTAGE {M57704M)
- T T ' 1 T -
To=25TC Te=25C |.
30 pf:JIOMHz L’;nl—o_ SW GO'I:QIOMHz - Pin=0.25W
pd - . o
A8 aw z ) i
-
/// 5 \sw £ // 0.15W
L v Y « 20 7
A @ - 7%
. éc //0 w § .
vz LA 5 L L0, 1W
10 /// - § 10— ——
Va 3 A
e 1505w : £5 05w
0 b I o""‘*:‘i—_—
8 10 12 14 16 18 8 10 12 14 16 18
DC SUPPLY VOLTAGE ‘Vee (V) DC SUPPLY VOLTAGE Vge (V)
OUTPUT POWER VS. DC SUPPLY OUTPUT POWER VS, 1st AND 2nd
VOLTAGE (M57704H) STAGE VOLTAGE (M57704L) i
Te I==25’!: R | _ IO 45W 100 -To'=.25't T - > ".
30} f= 480MH2 Ll - 1= 810MH2 .
- Voos=12.5V. af
2w - in==0.25W . e
A/A E L0, 2W '
7 0.15w o 10 c—-—"‘h_‘sw
7] o = et 0, 1W,
20 v >
A // & /141
/'/// ,/tf W § 2 L 0.05W
4/,- | S . , p //
10 v 13 yd - :
f L1 3 = A
4/ _'J;——/ 0.05wW > yd
0 : 0 1-/
8 10 12 14 16 18 Tq 6 ] 10 12 1 L
OC supPLY VOLTAGE Ve (V) Ist 'AN.D 2nd STAGE VOLTAGE Vegi=Vgez (V) Tt
It
OUTPUT POWER VS. 13t AND 2nd OUTPUT POWER VS. 15t AND 2nd
STAGE VOLTAGE (M57704M) STAGE VOLTAGE (M57704H)

100 T 7 100 T T T <
Te=25T L Te=25¢C b
f=440MHz = 460MH2 v
voga=12.5v Pin=0,25W = p Voga=12.5v Pin=0.35W $

0. 2W z 0.2W
10 0, 15w, ~ 10k 0.15w
=0, 1W e ! o.rlw
g - — 505w
L —4—7170.05w & 1 - h
! — 3 y o
= — .‘3
v 3 n= I
y4 ‘ \ 3
7 Cd
0.1 0.1 Y
[ 10 12 4 4 5 5 10 12 14

Ist AND 2nd STAGE VOLTAGE Veci=Veez (V)

Tst AND 2nd STAGE VOLTAGE Vogy=Vogz (V) -




INPUT IMPEDANCE OUTPUT IMPEDANCE
{M57704L)

INPUT IMPEDANCE OUTPUT IMPEDANCE

Te=25C "o - (M57704M)
veec=125v
Pin=0.2W
2o =50Q
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MITSUBISHI RF POWER TRANSISTOR

i , 2SC1966
o NPN EPITAXIAL PLANAR TYPE
6EschPTION '

25C1988 Is # silicon NPN epitaxial planar type transistor designed
fpr RF power amplifiers on UHF band mobile radio applications.

V7 T

-fEATURES
.l Hl'dl power gain: Gpg 2 7.8dB

. chc = 13.5V,Pg = 3W, f = 470MHz
. jmh:ur ballasted construction and gold metallization for high

whulny and good performancu

‘"W thermal resistanca ceramic package with flange

OUTLINE DRAWING

. Dimensions in mm

4.0+0.5

C1.5MAX

Cl1.5MA X

LIMAX
144 0.4

crsmax! | A 3 @

L‘¢AT|ON :"; : ! 7.6MIN
g;; watts output power amphflers in UHF band mobile radio "":';i‘::‘
- 8.5MAX .
Q oa_o 02 IMAX -
- Ty — -
- : <
; +—1 |2 .
2, 8 ‘ I L
- § 11N |-
" w
- £ I -
O COLLECTOR
‘@ EMITTER {FLANGE)
5 QD gase
' j @ EMITTER (FLANGE)
" _;UTE MAXIMUM RATINGS (Tc=28" Cunlmom«w:uspocmnd) ‘f
4 ot Paramater “ Conditions Ratings Unit )
c80. 4 | Collector to base voltags - ’ 15 Y
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SEMICONDUCTOR resmesmsm
.TECHNwALDAIA ' IN3866

2N3866A

The RF Line

1.0 W - 400 MHz

HIGH FREQUENCY
TRANSISTOR

NPN SILICON HIGH FREQUENCY TRANSISTOR NPN SILICON

.. . designed for amplifier and oscillator applications in military and
industrial equipment. Suitable for use as output, driver or pre-driver

stages in VHF and UHF cquipment.

® Specitied 400 MHz, 28 Vdc Characteristics -
Output Power = 1.0 Wart
Minimum Gain = 10 dB
Efficiency = 45%

® Large Signal Series Equivalent Impedances =]
ge Sign ‘ R . j
{ i | | € amg
® S-Parameter Characterization EJ : ' . -H oL ’ e
E : E 4 K O x
st b ﬁ 1
L RLIL il DN
i Basi

1conicron ¥ ¢ RN
B, i
et s
M\ \< /,

AOTES

1 DIMENSIONING AND TOLERANCING PTA ARG
vk )
CONTROULING DIMENSION INCH
OWE NSRS & MEASURL D FROM DIMENSION A
MAXIGyM
OMENSION B Siazs NOT VARY MORE THaN 0 26
Q€22 1N ZONE B "hiS TONE CONTAOLLED FOR

-

*MAXIMUM RATINGS AUTOMANC NANDLWG
3 § MINSON § APPLES B TWEEN DIMENSION P
Rating Symbol Valus -} Unk ANDL DIMEAS.ON 3 APRLS BETWEEN
Collector-Emitter Voltage Vceo 0 Vdc DVENSION T AND © MAMUV 1{A DAMETER
, S UNCTATRDLIED A JMENSON » AND
Cotiector-Base Voltage Veso 55 Vdc SEYONT DIMESSON L MM
Emitter-Base Voitage VeEso 35 Vde . :
Collector Current  Continuous ic 0.4 Adc
Totat Device Disnpstion @ T = 259C ) 5.0 Watts
Derate Above 25°C 28.6 mw/oC
Starage Temoerature Range Tug -65 to +200 °c

*Indicates JEDEC Registered Data
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2N3866, 2N3866A

*ELECTRICAL CHARACTERISTICS (Tc = 25°C uniess otherwise noted).

[ Charscteristic ‘ | Symbot | Mo | max | umt |
OFF CHARACTERISTICS
Collector-Emitter Sustaining Voltage VCEO(sus) 30 —_ Vde
{ic = 6.0 mAdc,lg = 0)
C -Base Sustaining Voltage VCER(sus) 55 —_ Vde
{ic = 6.0 mAdc, Rgg = 10 Q) -
Emitter-Base Breskdown Voltage V(BRIEBO 35 -— Vde
(tg = 100 uAde, ic = 0}
Coliector Cutof! Current Iceo - 0.02 mAdc
(VCg =~ 28 Vdce, lg = 0)
Emitter Cutoff Current ’ [13:Te) -— 0.1 mAdc
(Vpgg - 3.5 Vde, ic = 0) X
Collector Cutoff Current ICEX mAdc
{(Veg = 30 Vdc, Vgg = - 1.5 Vde (Rev.), T¢ = 200°C) - 5.0
(Veg = 55 Vdc, Vgg = - 1.5 Vdc (Rev.) -~ 0.1
ON CHARACTERISTICS
DC Current Gain hFE —_
{ic = 360 mAdc, Vcg = 5.0 Vde) Both 5.0 -
{Ic = 50 mAdc, Vcg = 5.0 Vde) 2N3866 10 200
. 2N3866A 25 200
Coltector-Emitter Seturstion Voltage VCE(sat) - 1.0 Vde
{Ic = 100 mAdc. lg = 20 mAdc)
OYNAMIC CHARACTERISTICS
Cutrent-Gain — Bandwidth Product T MHz
ic - S0 mAdc, VCg = 15 Vde. f = 200 MHz)  2N3866 500 -
2N3866A 800 R
Output Capascitance Cob - 3.0 pF
(Ve = 28Vdc, Ig = 0,1 = 1.0 MHz}
FUNCTIONAL TESTS
l Common-Emitter Amplifier Power Gain Gpg 10 - d8
(Vee = 28 Vac, Poyy = 1.0W, { = 400 MH2)
Collector Efficiency n 45 - %
(Ve = 28 Vde, Poyg = 1.0 W, f = 400 MHz)

*indicates JEDEC Regitered Data,
FIGURE 1 - 400 MHz TEST CIRCUIT SCHEMATIC

ouT cs L8
2 AT v o ( RFE
RE N o~ Al 4(}/\ 2 N Qutputs
tnputs 7~ Ui
(R ] La cs 7!
H - L2 Le a~ ca

cr '

C1: 3.0-38 pF —
C2.C8: 8.0-60 oF L3} ::

C3. 12 pF 1 ca
Ca- 1000 pF .

§ <
C6 0.9-7.0 pF 28 Vde
L1 Two turns £18 Wire, )
174" 1D, 1/8" long -

L2: FEARITE AF Choke,
One Turn, 2 = 450 Ohms
LI.,Lé. AF Choke, 0.1 pH
L8: 2-3/4 Turns, #18 Wire,

1/4°° 10, /16" long
R1: 5.6 Ohms

MOTOROLA RFDEVICE DATA



2N3866, 2N3866A

Pout. OUTPUT POWER (WATTS)

Paur. OUTPUT POWLI (WATTS)

FIGURE 2 -~ POWER OUTPUT versus
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2N3866, 2N3866A

FIGURE 8 — LARGE-SIGNAL SERIES EQUIVALENT
IMPEDANCES FIGURE S — Sy1 AND $23 versus FREQUENCY
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MOTOROLULA .RF DEVICE DATA





