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AMATEUR TELEVISION TRANSMITTER(922.25 MHz)

MR.DAWISAI MAHONGKUM
MR.THEERADET DOWKRACHAI

MR.SUTEP KANJANA
ADVISOR

MR.U-THAI SRITEERAVIROJ
1996 ~

ABSTRACT
This Transmitter broad will accept an PAL video signal and will generate a
corresponding RF signal'modulate with this information as well as a standard 5.5 MHz sound
subcarrier, in the 902 to 928 MHz band. A small size (1.75"x 2.75") is comparable to many
small PC board cameras and is small enough for R/C application in which a video HT, using
one of a packet TV receiver. Operation is.possible from nominal 10 to 14 V power supplies,
with minor adjustment in video drive. Lead acid, nicad, or alkaline power packs may be
adjustment. Less tpan 9 or more than 15 volt is not recommended. Power output will be
typically from 0.2 to 0.7 watts over this range. A crystal is supplies for 922.25 MHz, but
operation over 900-940 MHZ is possible with a crystal change. Power output may be slightly
less at the higher frequeilcies. The transmitter can easily be returned for 4.5 MHz sound
subcarrier used by the NTSC system. The video input requirement is standard 1 Vp-p, 75 €,
negative sync. The video amplifier and modulator is DC coupling but a capacitor can be install
in series with the input if AC coupling is desired. Audio inputs from 5 mV to 1 V can be
accommodated. Operation of this transmitter on commercial TV frequencies is illegal in the
USA  and for other nations, check local laws. It is intended for amateur use by legally licensed

amateurs and for no other purpose.
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Number of lines picture
Interlace

Aspe;:t

Line frequency

Field frequency

Colour subcarrier frequency
Video bandwidth

Sound subcarrier frequency
Channel bandwidth

Upper sideband width
Lower sideband width
Vision carrier modulation
Sound caiﬁer modulation

Modulation
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1.25 MHz
Amplitude (AM)
Frequency (FM)
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VHF low band 2 54-60 58.25 59.75 207.6 10.5
3 60-66 61.25 65.15 187.5 9.5
4 66-72 6125 7175 171.2 8.7
5 76-82 77.25 81.75 149.5 7.6
6 82-88 83.25 87.75 139.0 7.1
High band 7 | 174-180 175.25 179.75 66.73 3.39
8 | 180-186 181.25 185.75 64.54 3.28
o | 186-192 187.25 191.75 62.49 3.18
10 | 192-198 193.25 197.75 60.58 3.08
11| 198-204 199.25 203.75 58.76 299
12 | 204-210 205.25 209.75 57.06 2.90
13 | 210-216 211.25 21575 55.45 2.82
AT 2.8 MINITAIMUEMIAAITEIN FCC O VHE
1 newmand - 454 i ABUM (carrier)
1 (channel) (Frequency) fygumn Fognantus
Mitz (Video : MHz) (Audio : MHz)
L VHF low band 2 47-54 48.25 53.75
' 3 54-61 55.25 60.75
- 4 61-68 62.25 6115
High band .5 174-181 175.25 180.75
6 181-188 182.25 187.75
7 188-195 188.25 194.75
8 195-202 196.25 201.75
{ 9 202-209 203.25 208.75
10 209-216 210.25 215.75
11 216-223 217.25 222.75
i 12 223-230 224.25 229.75
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Rl ’R'ZO’R'ZK
RpR iRy
R]’RIZ’RIG
R,R7Ry
R,Rq

R,

RyRy,
RyoRys

13

Rwas

RpRy
R‘IS
R29
Ry

fumnlszy

Gy

33,000 ohms

10,000 ohms

330 obms

100 ohms

2,200 ohms

10 ohms

33 ohms

220 obms

3,300 ohms

1,000 ohms (poteniometer,thunbwheel type, PC mount)
82 ohms

680 ohms

1,000 ohms

100,000 ohms

4,700 obms

100,000 ohms poteniometer,thunbwheel type PC mount
15 ohms

56 pE,NPO
39 pF,NPQ

2.2 pE.NPO

18 pF,NPO

0.01 uF disk, GMV
33 pF,NPO

470 pF,GMV



G,
CIZ’CIJ'CH

CIO’CU

CioCirCinCa

3.9 pR,NPO

2-10 pF trimmer

1 pF,NPO

100 pF,surface-mount type

4.7 or 5.0 pE,NPO surface-mount 861 laeg1anils

CI&

C10Co 1.5-5 pF trimmer

C, 120 pF,NPO %38 SM

G, 68 pF,NPO

G,y 0.0022 uF,50 V,Mylar

C. 2-18 pF trimmer

C,oCpoCpy  0.47 %30 1.0 uF ;35 V tantalum electrolytic
'S 10 uF ,16 volt electrolytic
C 1 pE,NPO

C,Cqy 10 pF,NPO surface-mount
CGs 3 pF,NPO

./ 30 pF,NPO

Cyr 6.8 pF,NPO

Cy 10 uFR,16 volt surface-mount
Aunilynh

LML, Z4.L,, anawed 22
LgLoLopl oLl \daomues 22

Ferite slug ,blue YUIA 8/32 § OU

Teroid 1 84

o = 2 o o
gunaseiyliaesmiani

D,
b,

1N4007 rectifier

MV2112 varactor
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Q% Q
Q0
Q

Qs

<,

Q

Q

)
gunsaiou
57703125 MHz crystal(923.25 MHz)

X1

1IN754 zeper diode 6.2 V

2N3563 transister

MPS3866 transister

MRFS59 transister

2N3904 transister

2N3906 transister

MIJE130 video amplifier modulator
2N3565 transister

MPF102 JFET

ATUAUTNN 2 1

8/32 WAL6/32 screw (MM TUNY coil)
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R, 100 ohms
R, R, R.R,c 100,000 ohms
RS 150 ohms
R, 180 ohms
R, 470 ohms

ReR, R 5 2,200 ohms

R, 390 ohms

R, 5,600 ohms

R,.Rs 330 ohms

R, 4,700 ohms

R, 10,000 ohms (potentiometer)
Rg 1,500 ohms

ETLINIEED)

C..C,.C 1-5 pf trimmer

C5iCheCsap 1-5 pf trimmer
C5C,iC4€; 100 pf
C,,C.CnC,; 100 pf

®\CE 100 pf
.0 22 pf
Cys 470 pf

C7:Cs0Cyy 0.0 mf

CpeCos 0.01 mf
C,5:Cyy 10 mf 25 v
C 56 pf
Cus 1 pf
aanilgni

3/ o
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an3903 (siucon)
an3904

\ NPN silicon annular transistors, designed for gen-

eral -purpose switching and amplifier applications,
\\ {eatures one-piece, injection-molded plastic package
\\ for high reliability, The 2N3903 and 2N3904 are com-

CASE 29(1) plementary with PNP types 2N3905 ‘and 2N3906, re-
(10-92) spectively.

MAXIMUM RATINGS

Rating Symbol Value Unit
Collector-Emitter Voltage VCEO 40 Vde
Collector-Base Voltage VCB 60 Vde
4 JEmitter-Base Voltage ! VB ] 6.0 ) Vde )
Collector Current IC 200 mAdc
Total Device Dissipalion @ T, =25°C Pp 350 mW
Derate above 25°C 2.73 mW/°C
Operating and Storage Junction TJ, T -55 to +150 °C
stg
Temperature Range
THERMAL CHARACTERISTICS
Characteristic Symbol Max Unit
Thermal Resistance, Junction to 85a 0.3517 °C/mw
Ambient




300 ns -y
DUTY CYCLE = 2%

2N3903, 2N3904 (continued)

ELECTRICAL CHARACTERISTICS (Ta = 259C unless otherwise noted)

| Quractaristic [ rgHo. | symbol | Min | Mac | um |
OFF CHARACTERISTICS
Collector-Base Breakdewr Voltage BVCBO Ve
(lc * 10 pAde, lt = 0) 60 -
Collector-Ecutter RBreakdime Vollage® BVCEO- Ve
(I « 1.0 =Ad, 1y = 0} 40 -
Emittec-Base Breaddowe Voltage BV:BO Vée
(l: v 10 LAde, lc »0) 6.0 -
Collector Cucotf Current 'CBX nAde
(Vep * 36 ¥ée, Vpg o+ 2.0 V) - 50
Base Cuwo?Z Current IBL nAde
(VCE » 30 Vac, vtb(dn = 3.0 Vde) - S0
ON CHARACTERISTICS
DC Current Cawn® 1$ L .
(g = 0.1 mAd, Ve = 1.5 V) 2IN3I90) 20 .
INIPOL 40 .
(ln s CoAde, V. o1.CV&) INY903 35 -
< cE INIPO04 i -
(lc = 10 mAd. VCE 1. Vde) 283903 S0 1350
2NIP04 100 300
(I * 50 mAde, V__ » 1. Vée) 283903 30 -
¢ cE 283904 s -
“C » 100 A&, “Ct « 1,0 Vde) 2NJ903 18 .
INI04 30 -
Collector-Erzitier Satratoe Voitage® 16, 17 vc:( “' Ve
e » 16 c A%, 1g 0 1,0 EAL) -2 . 0.2
(o = 30 =Ade, 1y =+ 5.C zAd) . 0.3
Base-Erutter Saturause Valuage* 1 v - Véc
Ulg = 10 A, 15 1.0 eAd) BE(sat) 0.65 0.88
(lc * 30 AL, l. «5.0mAk) . 0.9%
SMALL-SIGNAL CHARACTEPISTICS
Current-Gain=Bandwidih Praduct "r MH2
"C + 10 mAs, VC! * 3 Ve, {100 MHz) 2N3903 %0 -
AINIPO4 300 -
Output Cagasiiance 3 cuh oF
'(f\’c’-'hc‘-'&. '(: %, T 1004t -~ 4.0
Input Capacitance 3 C"’ #F
(Vpg + 0.8 Ve, 1o # 0 £+ 10C ¥Hz) . 8.0
Input Impecance 13 k ohms
(g » 1.0 =A%, Yoy 1 Ve [+ 1.0kH2) 183903 = 0.8 8.0
253904 1.0 10
Voltage Feedmzk Ratio 14 H X to-4
(lc v 1.0 mAL, "CE s 10 Ve, {r 1.0 XKz) 2N1I903 4 0.1 3.0
INIBOA 0.5 6.0
Small-Signal Current Gur 1t L% -
(lc = 1,0 mAae, VCE o 10 Voo, [ = 1.0 kHz) 283903 50 200
INIFH 100 400
Output Admitance b 12 h umhos.
flg v 1.0mA% Vep 10V, £ 1.0 kHz) O 1.0 40
Noise Figare # 10 NF d8
(lc + 100 LA, ‘.CI'. »5.¢ Vee, Rs = 1.C k chms, 2N3903 - 6.0
1410 He te 35,7 KH2) N9t - 5.0
SWITCHING CHARACTERISTICS
Delay Time —{ (Veg " HOVE ¥op ot 0.5 Vée, 1.8 'Y - FH as
Rise Time | Ig " 10 mAX Iy, = 1.0 mAc) L3, ' . 3s as
Storage e | v Lgcv . 251903 2,7 t - 175 as
“cc 3.0 Va, 'C 10 mAdc, 253904 . . 200
Fall Time | 's1 " 'p2 * 1 mA) 2.8 Yy - 50 ~

* Pulse Test Pulse Wid2 « 3X s, Dty Cycle » 2.0%.

+30V

= +106Y

-0sv

< 10 npeem -

FIGURE 1 — DELAY AND RIST TIME EQUIVALENT TEST CIRCUIT

FIGURE 2 — STORAGE AKD FALL TIME EQUIVALENT TEST CIRCUIT
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2aN3903, 2N3904 (continued)

TRANSIENT CHARACTERISTICS

—T,=25C
FIGURE 3 — CAPACITANCE
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2N3903, 2N3904 (continued)

AUDIO SMALL SIGNAL CHARACTERISTICS
NOISE FIGURE VARIATIONS
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2N3903, 2N3904 (continued)

STATIC CHARACTERISTICS

FIGURE 15 — NORMALIZED CURRENT GAIN
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an3905 siicon
2N3906_

PNP silicon annular transistors, designed for gen-
AN eral purpose switching and amplifier applications

‘-..._‘\ features one-piece, injection-molded plastic package

CASE 29 (1) AN for high reliability. The 2N3905 and 2N3906 are com-

10.92) plementary with NPN types 2N3903 and 2N3904, re-
Spectively .

MAXIMUM RATINGS

Rating Symbol Value Unit
Collector-Emitter Voltage VCEO 40 Vde
Collector-Base Voltage VCB 40 Vdc

| Emitter-Base Voltage ) VE-B | 5.0 ) Vde
Collector Current IC 200 mAdc
Total Device Dissipation @ T, =25°C Py 350 mW
Derate above 25°C 2.73 mW/°C
Operating and Storage Junction TJ, Tst -55 to +150 °C
Temperature Range &

THERMAL CHARACTERISTICS

Characteristic Symbol Max Unit

Thermal Resistance, Junction to ] 0.357 °C/mwW
. JA
Ambient




2N3905, 2ZN3%06 (continued)

ELECTRICAL CHARACTERISTICS (Tc = 25°C unless otherwise noted}

| Characteristic Fig No. | Symbol | Min | Max | Ut |
OFF CHARACTERISTICS
Collector-Bane Breakdown Yoltage 'VCBO Ve
Uig = 10 phde, Ig « ) [0 -
Collector-Trmitter Breakdown Voltage {3 BY va
(lc s Lo mAde, Iy - 0} cEo 0 .
Emitler-Base Breskdown Vollage v Véc
(1, » 10 juAde, 1 = 0) EBO 5.0 .
E c
Collectar Cutoff Current ICIZX 0 aAde
(Veg * 30 Ve, Vpp gy * 3.0 V&) -
Base Culod Curreat IBL s aAde
Vo * 30 Vde, Yy i * 3.0 V) -
ON CHARACTERISTICS
DC Current Gain {1} hT‘l -
(1c « 0.1 mAde, Ve » 1.0 V) 2N3903 13 % -
INI906 [ .
(1.« 1.0mAd, V., = 1.0 Ydc) INI00S 40 .
< cx N3508 7] .
1.+ 10 mAdc, V.. » 1.0 Vdc) 283908 50 150
e cr 283908 100 300
(1. = 50 mAdc, V., o 1.0 Véc) INI00Y 30 -
¢ cr N3908 0 -
(1. » 100 mAdc, Yoo * 1.0 Véc) IN3IN0S 15 -
¢ ce 2M3906 30 -
Collector -Emittar Saturation Voltage {1} 18, 17 Vc:(-n) Va
Qg * 10mAde, L= 1.0 mAd) - .28
{1 = 50 mAde, Iy - 5.0 mAde) - o4
Base-Emitter Saturation Voltage {1} " v, Vée
(o + W0 mA, I + 1.0 mAx) BE{sat) 0.05 .88
Qi * 80 mAde, L - 3,0 mAd) - 0.9
SMALL.SIGNAL CHARACTERISTICS
Current-Gatn— Bandwidth Product lT Mis
(I * 10 mhde, Vep =30 Véc, f = 100 MH2) 1N3905 200 -
1N3908 250 -
Output Capmeitance 3 Coa . p?
(Ve " 5:0Vec, I = 0, 1+ 100 kNg) - 4
“| Input Tapasince - K] " Lo b N ¥ 1
Vg * 05 Vée, Lo = 0, 1+ 100 kiz)
Inpul lmpedance 13 b, X cbms
(I « 1.0 mAde, Vop + 10V, £ 1.0 kH1) 2M3905 1 0.8 [X]
ININ0S 2.0 u
Voltage Feedback Ratio " [ x 104
(g = 1.0 mAde, Vo = 10 Véc, 1« 1.0XHz) 283005 0.1 5.0
2908 1.0 10
$mall-8igral Currest Gain 11 h“ -
(g * 3.0 mAde, Vo o 10 Vec,  + 1.0 ki) 2NIN05 30 300
IHI908 100 w00
Oulput Admalttance 3 43 h“ pmboe
(g = 1.0 mAdc, Vo = 10 Véc, { - 1.0kH1) N3OS 1.0 1}
IN3IS08 1.0 [
Noise Figure e, 10 NY B
(i, = 100 phdc, Vg = 5.0 Ve, Ry « 1.0 oha, 2N3905 5.0
¢ s IN3908 o
f 10 Mz 10 13,7 kHz)
SWITCHING CHARACTERISTICS
. E - (1)
Delay Time  [(Vi = 3.0 Ve, Vo, 0 = 0.5 Vée, 1.3 4 »
Rive TimeJ1c " 19 =A%, 1, = 1.0 mAd) 13,8 . - ) -
Swrage Time . ININOS 1,1 t - 200 L1
e (Ve * -0V, Lo « 10 mAce, 283006 s N 218
Fall Time | 'p1 " " -0 @AK) N30 1.0 Y - w -
IN3IPOS - T

U Pulse Test; Pulse Width » 300 jm, Duty Cycle = 2.0%.
FIBURE 1 — DELAY AXD RISE TIME EQUIYALEXT TEST CIRCUIT
-30v 451y

<l0m 275
+0.5 Vn‘l

]
< 0pf i
h 10 <ty < 500 s

b-<10m

-0V o 300 M
DUTY CYCLE ~ 2%

povorar~2% < b
*Tolal shunt capacitance of test jig and connectors

;:-IO.QV

-0V

-

FIGURE 2 — STORAGE AND FALL TIME EQUIVALENT TEST CIRCUMT

as

;gf" < 4opf*



2N3905, 2N3906 (continued)

TRANSIENT CHARACTERISTICS
— T, =25°C -—-T, = 125°C

FIGURE 3 — CAPACITANCE FIGURE 4 — CHARGE DATA
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2N3905, 2ZN3906 (continued)

AUDIO SMALL SIGNAL CHARACTERISTICS

NOISE FISURE vmmoxs
Va = 5.0 Vde, T, = 25
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2N3905, 2N3906 (continued)

STATIC CHARACTERISTICS

FIGURE 15 — NORMALIZED CURRENT GAIN
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MOTOROLA 1.5KE6.8, A thru 1.5KE250, A

= S EMICO N D U CTO R SRR R Y R A R )
TECHNICAL DATA See Page 4-59
500-MILLIWATT HERMETICALLY SEALED 1N746 thru 1N759

GLASS SILICON ZENER DIODES

& Complete Voltage Range — 2.4 1o 110 Volis 1 N957A thru 1 N986A
® DO-35 Package — Smaller than Conventional DO-7 Package 1 N43 70 th ru 1 N43 72

¢ Double Slug Type Construction
¢ Metallurgically Bonded Cons:ruction
® Oxide Passivated Die

Designer’s Dats for *“Worst Case” Conditions

The Designer's Data sheets permit the design of most circuits

entirely from the informatior: presented. Limit curves ~ representing GLASS ZENER DIODES
boundaries on device characteristics — are given 1o facilitate 500 MILLIWATTS
"worst case’” design. s 2.4-110 VOLTS

MAXIMUM RATINGS

RAating Symbol Value Unit
DC Power Dissipstion @ Ty < 50°C, Pp
Lead Length = 3/8"
*JEDEC Registration 400 mwW
*Derste above Ty = 50°C 3.2 mw/°c
Motorols Device Ratings 500 mw
Derate above T = 50°C 333 mw/°C
Operating and Storage Junction T3 Tag °c
Temperature Range N
*JEDEC Repistration -65t0+175
Motorola Device Ratings -65 ta + 200
*Indicates JEDEC Registered Data. 4

MECHANICAL CHARACTERISTICS

MAXIMUM LEAD TEMPERATURE FOR SOLDERING PURPOSES: 230°C, 116
fromcase for 10 seconds

FINISH: All external surfaces sre corrosion resistant with readi'y so'derable leads.

POLARITY: Cathode indicated by color band, When operated in zene- mode, cathode
will be positive with respect 10 s-ode. '

MOUNTING POSITION: Any P, Y 7 A,

AND B HEAT SLUGS, IF ARY, SHALL BE
INCLUDED WITHIN THIS CYLINDER, BUT

o E POV T RBEARNIG NOT SUBJECT TO THE MINIMUM LIMIT
= 01 T T T of »
2 wiat -1 2 tLAD OIAMETEA NOT COATROLLED 1N
5 o5 LM g ZONEF 10 ALLOW FOR TLASH, LEAD
g f—— MOTOR0LA i - FINISH BUILDUP AXD MINDA IRAEGU
5 pivices LARITIES OTHER THAN HEAT SLUGS
A | [N H = 3 POLARITY DENDTED BY CATHOOT BAND
3 P (S e ¢ DIMENSIONING AND YOUEAANCING PER
3 1 ~J —hor—pei—
€ 0 — ANSIYIES, 1872,
S | mou NN, . .
- RLEISTAALION TN mamerens]  vcues
g 03 |\ ~N DIMI MmN | MAX | MIN | MAX
3 - 0y | 500 _| 0170|0700 |
ENY: I ™ 321 779 Tooeo [0ose
H N IS % o Tocwfoon
< ~ N —_1inl - Toowe |
= 0 T540 ] 3e 10 | o0 | + 500
.‘?. \ \]\w AN JEDEC dumenwons and notes spply.

0
CASE 299-02
4 1 1 14 1 ]
0 2 40 0 8 100 120 140 163 100 200 D0-2048M

by LEAD TEWPLRATURL 1°C) GLASS




1N746 thru 1N759, 1N957A thru 1N986A, 1N4370 thru 1N4372

ELECTRICAL CHARACTERISTICS (T4 = 25°C, Vg = 15V msx 21200 mA for »fl types)

Nomins! *Maximum Maximum Reverse Laakage Current
Zener Vohage Test Marimum Zener Impedence DC Zener Current
Type vzelizy Current 2zr @127 Izm Ta~25°C Ta =150°C
Number (Note 2] fzr {Note 3) {Note 4} IR@VR=1V lR®vpelyv
iNote 1) Vol mA Ohms mA »A uA
1N42370 2.4 20 o 150 190 100 200
NI 27 20 J0 135 165 7% 150
1INE372 2o 20 29 120 150 50 100
1N746 a3 20 8 1o 135 10 30
INTa? 36 a1 2 100 125 10 30
1N748 39 20 23 95 1s 10 30
1N749 a3 20 v 22 es 105 2 30
1IN750 47 20 19 7% o5 2 30
1IN75Y 5.1 20 17 70 85 1 20
IN752 56 20 " 65 80 ! 20
1N753 6.2 20 7 60 70 0.1 20
INT54 (X 2 5 55 65 0.1 2
1N755 7.5 20 6 50 60 04 20
1N756 8.2 20 8 45 55 0.1 20
1N757 9.1 20 10 40 50 0.1 20
1N758 10 20 17 35 45 0.1 20
IN753 12 20 30 30 35 0.} 20
Nominal Maximum Zener impedance *Maximum
Zener Voltage | Test [Note 3} DC Zenet Current Maximum Reverse Current
Type Vz Current Izm
Number (Note 2) Izt 2727 @127 | 22k @ V2 fzx {Note 4} IR Maximum Tost Voltage Vde
{Nose 1} Volts mA Ohmy Ohmy mA mA nA 5% Vp 0%
INOGSTA 6.8 18.5 4.5 700 1.0 47 61 150 5.2 49
1IN9SBA 1.5 16.5 8.5 700 0% a2 $5 % 5.7 54
1IN9S9A 8.2 15 6.5 700 0.5 38 50 50 6.2 5.9
1N960A Q.1 14 1.5 700 0.5 35 45 25 6.9 6.6
IN961A 10 125 8.5 700 0.25 32 4 10 7.6 7.2
1N962A k2] 118 9.5 700 0.25 28 37 5 8.4 8.0
IN963A 12 105 1.8 700 0.25 % 24 5 9.1 86
1N964A 13 9.5 13 700 0.25 24 32 5 9.9 94
INS65SA 15 85 16 700 0.25 i 27 5 11.4 10.8
IN9GEA 16 7.8 1? 700 0.25 19 37 5 122 1S
IN967A 18 7.0 2 750 0.25 17 23 S 13.7 13.0
1N96BA 2 6.2 25 750 0,25 15 20 S 15.2 14.4
1N96SA 22 56 2 750 0.25 14 18 S 16.7 158
1NS70A 24 5.2 33 750 0.25 2 17 5 18.2 173
INST1A 27 46 43 750 0.25 " 15 5 206 194
] 1N972A | 30 4? 49 1000 0.25 10 13 5 228 26
1N973A 33 s 8 1000 0.2% 9.2 T2 - 4 -/n 8
1NS74A 36 3.4 70 1000 0.25 8.5 1" 5 214 259
1IN97SA a9 3.2 80 1000 0.25 7.8 10 5 29.7 28
IN9TEA 43 3.0 93 1500 0.25 70 96 5 327 30
1N977A 47 27 105 1500 0.25 6.4 88 5 35.8 338
1N97BA 51 2.5 125 1500 0.25 5.9 8.1 ) 388 36.7
1N979A 56 22 150 2000 0.25 5.4 2.4 5 426 403
1N980A 62 20 185 2000 0.25 4.9 6.7 5 470 LZR ]
IN9B1A 68 18 230 2000 0.25 45 61 5 51.7 49.0
1N982A 75 1.7 270 2000 0.25 1.0 5.5 5 56.0 54.0
1IN9B3A 82 1.5 330 3000 0.25 7 5.0 5 62.2 59.0
1N9BZA 91 1.4 400 3000 0.25 33 4.5 5 §9.2 65.5
1N98SA 100 1.3 500 3000 0.25 3.0 45 5 76 72
1N9E6A 110 1.1 750 4000 0.25 2.7 4.1 5 83.6 79.2

NOTE

Tolerance Designation

1. TOLERANCE AND VOLTAGE DESIGNATION

The type numbers shown have tolerance designations

as follows:

1N4370 series: = 10%, suffix A for =5% units,
C for =2%, D for = 1%.
1N746 series: = 10%, suffix A for = 5% units,
C for = 2%, D for = 1%.
1NGS7 series: = 10%, sutfix A for = 10% units,
C for = 2%, D for = 1%,

suffix B for =5%

units,

C for =2%, D for =1%.




1N746 thru 1N759, 1IN957A thru 1N986A, 1N4370 thru 1N4372

NOTE 2. ZENER VOLTAGE {Vz) MEASUREMENT

Nominal zener voltage is measured with the device
junction in thermal equilibrium at the fead temnperature
of 30°C $19C and 3,3" lead length.

NOTE 3. ZENER IMPEDANCE (Zz) DERIVATION

22T and Zzy are measured by dividing the ac voltage
drop across the device by the ac current applied. The
specified limits are for Iz{ac) = 0.1 Iz{dc) with the ac
frequency = 60 Hz.

NOTE 4. MAXIMUM ZENER
CURRENT RATINGS (Izp)

Maximum 2ener current ratings are based on the
maximum voltage of a 10% 1N746 type unit or a 20%
1NG57 type uhit. For closer tolerance units {10% or 5%)
or units where the actual zener voltage (Vz} is known at
the operating point, the maximum zener current may be
increased and is limited by the derating curve,

APPLICATION NOTE

Since the actual voltage available from a given zener
diode is temperature dependent, it is necessary to
determine junction temperature under any set of
operating conditions in order to calculate its value. The
following procedure is recommended:

Lead Temperature, T{, should be determined from:

L =YLAPD T A

Oy A is the lead-to-ambient thermal resistance (OC/W)

and Pp is the power dissipation. The value for 0 A

will vary and depends on the device mounting method.

8 A is generally 30-40°CW for the various clips and

iie points in common use and for printed cirgcuit

bosrd wiring.

The temperature of the lead can also be measured using
@ thermocouple placed on the lead as close as possible
to the tie point, The thermal mass connected to the tie
point is normally large enough so that it will not signi-
ficantly respond 1o heat surges generated in the diode as
8 result of pulsed operation once steady-state conditions
are achieved. Using the measured value of T, the
junction temperature may be determined by:
Ty=TL+aTn
£Tj is the increase in junction temperature above
the lead temperature and may be found from Figure 1
for dc power,
ATy =05PD
For worst-case design, using expected limits of 1z,
limits of Pp and the extremes ol Tj(ATy) may be esti-
mated. Changes in voltage, Vz, can then be found from:
AV = 0yzATy
O0vz. the zener voltage temperature coefficient, is
found from Figures 3 and 4,

Under high power-puise operation, the zener voltage
will vary with time and may also be alffected signifi-
cantly by the zener resistance. For best regulation,“keep
current excursions as low as possible. .

Surge limitations are given in Figure 6. They ave 3
lower than would be expected by considering only
junction temperature, as current crowding effects cause
temperatures to be extremely high in small spots, ,
resulting in device degradation should the limits of
Figure 6 be exceeded. o
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1N746 thru 1N759, 1N957A thru 1N986A, 1N4370 thru 1N4372

#Vy, TEMPERATURE COEFFICIENT ImV/OC) aVy, TEMPERATURE COEFFICIENT {mVv/oC)
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FIGURE 3 — TEMPERATURE COEFFICIENTS
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1N746 thru 1N759, 1N957A thru 1NS86A, 1N4370 thru 1N4372

FIGURE 7 — EFFECT OF ZENER CURRENT
ON ZENER IMPEDANCE
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FIGURE 9 — TYPICAL NOISE DENSITY
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FIGURE B — EFFECT OF ZENER VOLTAGE
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FIGURE 10 — NOISE DENSITY MEASUREMENT METHOD
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DC Power teq (= 1.0kMz | Vour | oy
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8W = 2.0 kM2
- O
Noise Density Vour J

{Volits Per Square Root Bandwidth) m

Where: BW = Filier Bangwidth (Hz)
Vguy = Output Noise {Volts AMS)

The input voltage and load resistance are high so that the zener
diode is driven from 2 constant current source. The amplifier is
fow noise so that the amplifier noise is negligible compared to
that of the test zener, The filier bandpass is known 10 that the
noise density can be calculated {rom the formuls shown.

FIGURE 11 — TYPICAL FORWARD CHARACTERISTICS
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1N746 thru 1N759, 1N957A thru 1N986A, 1N4370 thru 1N4372

FIGURE 12 — 2ZENER VOLTAGE versus ZENER CURRENT — Vz = 1 THRU 16 VOLTS
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= SEMICONDUCTOR

MOTOROLA
TECHNICAL DATA

—_—
PNP

MJE170 thru MIE17;
NPN
MJE180 thru MIE18

——

COMPLEMENTARY PLASTIC SI
POWER TRANSISTORS

speed switching applications.

® Collector-Emitter Sustaining Voltage —
VCEO(sus) = 40 Vdc — MJE 170, MJE 180
=60 Vdc - MJE171, MJE181
B = 80 Vdc ~ MJE172, MJE 182

® DC Current Gain —

LICON

.. . designed for low power audio amplifier and low current, high

—

3 AMPERE

POWER TRANSISTORS
COMPLEMENTARY SILICON

40-60-80 VOLTS
12.5 WATTS

1, TEMPERATURE (9C)

hgg = 30 (Min) @ Ic = 0.5 Adc
=12 (Min) @ Ic = 1.5 Adc
® Current-Gain — Bandwidth Product ~
f1 = 50 MHz (Min) @ Ig = 100 mAdc @
® Annular Construction for Low Leakages —
IcgO = 100 nA (Max) @ Rated Vg
MAXIMUM RATINGS
MJET170| MJE171] MJE172
Rating Symbol| MJE180| MJE1B1| MJE182 Unit
Coliector-Base Voltage Vee 60 80 100 Vde
Collector-E mitter Voltage Veeo 40 60 80 Vdc
Emitter-Base Voliage Ves 7.0 Vde !
]
Collector Current ~ Continuous Ic 3.0 Adc l q v % 1 “"FT" H
Peak 6.0 a LV f ! |
T iYi M
Base Current r 1.0 Adc i b ()]
Total Power Dissipation @ Ta = 25°C Po 1.5 Watts i Vg ¥ '
Derate above 25°C 0.012 wiec sr:i : EMTTER
Total Power Dissipation ® Tg = 25°C Pp 12.5 Watts ".] 1 COULLECTOR
Derate above 25°C 0.1 w:°C X 3. BAsE
Operating and Storage Junction Ty Tsg| =———-6510 4150 —] °C h 1
Temperature Range
THERMAL CHARACTERISTICS iy -1’
Chasacteristic Symbol Max Unit = G =
Therma: Resistance, Junction to Case 03¢ 10 ocw I s &w& :
Therma! Resistance, Junction to 0)a 8.4 oc/w ~dl=-D1n {3702 0010, © (A8 88 .
Ambient NOTES: .
1 DIMENSIONING AND TOLERANCING PER ANS! '
YIU5M, 1982, :
FIGURE 1t - POWER DERATING 1 SONTROLLSG DREsion sk !
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MJE170, MJ3171, MJE172, PNP, MJE180, MJE181, MJE182, NPN

ELECTRICAL CHARACTERISTICS (T¢ = 25°C untess otherwise noted}

Characteristic l Symbol J Min J Max ] Unit '
OFF CHARACTERISTICS
Collector-E mitter Sustaining Voltage VCEOlsus) Vdc
lic = 10 mAdc, 15 = 0) MJE 170, MJE 180 40 -
MJE171, MJE1B1 60 -
MJE172, MIE182 80 .-
S
Coitector Cutoff Current Iceo nAdc
Vg * 60 Vde, Ig = 0) MJE 170, MJE 180 - 0.1
(Veg = 80 Vde, g = 0) MJETT1, MJE 181 - 0.1
{Vcg = 100 Vde, Ig = 0) MJE 172, MJE 182 - 0.1
tveg = 60 Vde, Ig = 0, T = 150°C) MJE170, MJE 180 - 0.1 mAdc
fVcg=BOVde, Ig =0, Tg = 150°C) MJE 171, MJE181 - 0.1
(Vgp = 100 Vdc, Ig = 0, T = 150°C) MJE172, MJE1B2 - 0.1
Emitter Cutoff Current 'ego sAdc
(Vgg = 7.0 Vde, I = 0} - 0.1
ON CHARACTERISTICS
OC Current Gain hee -
(I = 100 mAde, Vg = 1.0 Vdc) 50 250
{1c = 500 mAdc, Vcg = 1.0 Vde) 30 -
{tc = 1.5 Adc, Vg = 1.0 Vdc) 12 -
Collector-Emitter Saturation Voltage VCE (sat) Vde
{1 = 500 mAdc, g = 50 mAdc) - 0.3
{Ic = 1.5 Adc, g = 150 mAdc) - 0.9
ig = 3.0 Adc, |g = 600 mAdc) - 1.7
Base-Emitter Saturation Voltage VBE (sat) Vdc
{ic = 1.5 Ade, Ig » 150 mAdc) = 1.5
{ic = 3.0 Adc, Ig = 600 mAdc] — 20
Base-Emitter On Voltage VBE {on} Vde y
¢ =BV0 mAoe, Veg *11:0°Vdc) - 1.2
OYNAMIC CHARACTERISTICS
Current-Gain — Bandwidth Product (1) i MH2
lic = 100 mAde, Vg = 10 Vdc, fyegq = 10 MH2) 50 4
Output Capacitance Cob oF
{Veg = 10 Vde, Ig = 0, { = 0.1 MHz2) MIE170/MIE172 - 60
MJE 1BO/MJE 182 - 49
ey = |hpe | @ freq
FIGURE 2 ~ SWITCHING TIME TEST CIRCUIT FIGURE 3 - TURN-ON TIME
vee 14
*V 500 i ;_H VG -0V
25,8 300 k=1
I l Re 200 4 Vaz o = 40V y.
T
" VJ'— . SCOPE 100 LS s habia
o . S
90V £x ” RN
51 04 H x hJ T
, ) [BERE )
Lu=itn = =
OUTY CYCLE » 1.0% = -4y - S——— H—— -
Ry snd Rg VARIED TO OBTAIN DESIRED CURRENT LEVELS H :;;‘::JJE“’;'&";:____ =
D) MUST BE FAST RECOVERY TYPE, op- (LT T
H805300 USEQ ABOVE 1g =100 mA 001 007003005 01 0203 €5 1 213 § 10

MSDE100 USED SELOW ig =100 mA
For PNP tast circuit, reverse oll polaritian,

Ic. COLLECTOR CURRENT 1AMPS)



MJE170, MJ3171, MJE172, PNP, MJE180, MJE181, MJE182, NPN

FIGURE 4 - THERMAL RESPONSE
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Ve, COLLECTOR-EMITTER VOLTAGE (VOLTS)

There are two limitauions on the power handling ability of s
transistor — average junction temperature and second breakdown.
Safe operating ares curves indicate Ic ~ Vg limits of the tran-
sistor that must be observed for reliable operation; i.e., the transistor
must not be subjected to greater dissipation than the curvey indicate.

The data of Figures 5 and 6 is based on T j(pk) = 150°C: T is

FIGURE 7 — TURN-OFF TIME
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Ve, COLLECTOR ENITTER VOLTAGE {voLTs}

variable depending on conditions. Second breakdown pulse limets
are valid for duty cycles 1o 10% provided Tyipk) < 150°C. Typt
may be calcutated fromthe data in Figure 4. At high s tempe’?
ture, thermat limitations will reduce the power that can be hanged
10 values less than the limitations imposed by second brestdows

FIGURE 8 — CAPACITANCE
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hfg DC CUARENT GAn

v, voutane fvou s

My, TEMPERATURE COCFTICIENTS (mV/"C)

MJE170, MJ3171, MJE172, PNP, MJE180, MJE181, MJE182, NPN
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MJE170, MJE171, MJE172 .. MJE180, MJE 181, MJE 182
FIGURE 9 - DC CURRENT GAIN
208 [ vee 10V e e L] veEs 10V
+ 1500¢ ) ¥ <
L1y)
e
160 T\ £ 10 20¢ -
n : e ‘E 0
+ =z
50— § g w0 -85°C — <
2 y
. P |-ssee =] N § m ~\‘ 3
K ; -y \ w \ \
x AN 20
N
0 10
583 GOS 607 01 07 03 .05 07 1D 76 30 €03 005007 0.4 07 63 05 0J 1D 20 30

1¢. COLLECTOR CURRENT (AMP) 1g, COLLECTCR CURRENT (AMP}

FIGURE 10 — “ON" VOLTAGES
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MOTOROLA
SEMICONDUCTOR
TECHNICAL DATA

MMBV2101 thru
MMBV2109
MV2101 thru MV2115

vvec —Pie—

e & o o

SILICON EPICAP DIODES

. designed in the popular PLASTIC PACKAGE for high volume
requirements of FM Radio and TV tuning and AFC, general fre-
quency contro! and tuning applications; providing solid-state re-
liability in rep'azement of mechanical tuning methods.

Also availabie in Surface Mount package up to 33 pF.

High Q with Guaranteed Minimum Values
Controlled and Uniform Tuning Ratio
Standard Capzzitance Tolerance — 10%
Complete Typical Design Curves

MAXIMUM RATINGS

MV2101 MMBVZ2101
thry thru
MV2115 MMBVZ2109
Rating Symbol Value Unit
Reverse Voitage VR 30 Volts
Forward Current 3 200 mA
Device Dissipation @ T4 = 25°C Pp 280 200 mw
Derate above 25°C 28 20 mwWrC
Junction Temperature L] +125 *C
Storage Temperature Rza~ge Tsig -5510 4150 °c

DEVICE MARKING

MMBV2101 = 4G
MMBV2109 = &J
MMBV2102 = 4Y
MMBV2103 = ¢H
MMBV2104 = 42
MMBV2105 ~ 4U
MMEBEV2106 = 4V
MMBV2107 = &w
MMBV2108 = 4X

VOLTAGE-VARIABLE
CAPACITANCE DIODES
6.8-100 pF
30 VOLTS
CASE 31805
CASE 18202 TO-236AA
SOT-23
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MMBV2101 thru MMBV2109 ¢ MV2101 thru MV2115

ELECTRICAL CHARACTERISTICS (T o = 25°C unless otherwise noted)

Characteristic~All Types Symbol Min Typ Max Unit
Reverse Breskdown Voltage V(BRIR 30 - - Vdc
{Ig = 10 uAGc)
Reverse Voltage Leakage Current . Ig - - 0.10 uAde
(VR * 25 Vde, Tp = 25°C)
Diode Capazitance Temperature Coelficient TC¢ - ; 280 - pomIOC
(VR = 4.0 Vde, f = 1 0 MHz) i
Ct, Diods Capacitance Q, Figure of Merit TR, Tuning Rstio
VR = 4.0 Vde, = 1.0 MHz VR = 4.0 Vde, Ca/C3g
pF f=50MHz f=1.0MH2
Device Min Nom Max Typ Min Typ Max
MMBVv2101 ‘MV2101 6.1 6.8 1.5 450 25 2.7 32
MMBV2102 MV2102 7.4 8.2 9.0 450 2.5 28 3.2
MMB8V2103 /Mv2103 9.0 10.0 1.0 400 25 23 3.2
MMBV2104 ‘MV2104 10.8 12.0 13.2 400 25 2.9 3.2
MMBV2105 ‘MV2105 13.5 15.0 16.5 400 25 2.9 32
MMBVZ2106 ‘MV2106 16.2 18.0 19.8 350 25 2.9 3.2
MMBV2107 MV2107 19.8 22.0 24,2 350 2.5 29 3.2
MMBVZ108 ‘MV2108 243 21.0 29.7 300 2.5 a.0 3.2
MMBV2109 /MV2109 2.7 3.0 *3 200 2.5 3.0 3.2
MV2110 351 3.0 429 150 2.5 3.0 3.2
Mv2111 423 47.0 51.7 150 25 3.0 3.2
Mv2112 50.4 56.0 61.6 150 26 3.c 33
MvV2113 61.2 68.0 148 150 26 30 a3
MV2114 73.8 82.0 0.2 100 26 o a3
MV2115 90.0 100.0 110.0 100 2.6 0 a3

PARAMETER TEST METHODS

. Cr. DIODE CAPACITANCE
(Cy = Cc + Cyl Cr is measured at 1.0 MHz using s capscitance
bridge {8oonton Electronicy Model 75A or equivalent).

&, TCc, OIODE CAPACITANCE TEMPERATURE COEFFICIENT
TCg is pusranteed by comparing Cy 81 VR = 4.0 Vde, £ = 1.0
MHz, Ty o —65°C with CT st VR = 4.0 Ve, 1 = 1.OMML, Tp =
+859C in the 1ollow ng equation which defines TCG:

2 TR, TUNING RATIO
TR is the ratio of C1 messured 01 2.0 Vdc divided by CT messured TCe
1 30 Vde.

Cyt-85°CH ~ Cy1-65°C) 108
85 + 65 " Ciz59C)

Accurscy limited by Fessurement of CT to 2 0 1 pF.

3. Q.FIGURE OF MERIT
Q is calculated by taking the G and C readings of an sadminance
bridge st the specihied freauency and substituting in the following
equations:

2r1C
Qe

{Boonton Electronics Mogel 33AS8), Use Lesd Length == 1/16",




MMBV2101 thru MMBV2109 e MV2101 thru MV2115

TYPICAL DEVICE PERFORMANCE

FIGURE 1 - DIODE CAPACITANCE versus REVERSE VOLTAGE
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B The RF Line

NPN SILICON HIGH FREQUENCY TRANSISTOR
... designed for UHF linear and large-signal amplifier applications,
@ Specified 12.5 Voli, 870 MHz Characteristics —

Output Power = 0.5 Watts

Minimum Gain = 8.0 dB

Efficiency = 50%

® S Parameter Data From 250 MHz to 1.5 GHz
® 1.0dB Compression > +20 dBm Typ
@ Ideally Suited for Broadband, Class A, Low-Noise Applications

® Recommended As Driver for MHWBOS and MHW820,
806-870 MHz Power Modules

0.5W—870 MH; ™

HIGH FREQUENCY
TRANSISTOR

NPN SILICON

MAXIMUM RATINGS

Rating Symbol Value Unit
Collector-Emitter Voltage VeeQ 16 Vde
Coliector-Base Voltage Veeo 36 Vde
Emitter.Base Voltage VesQ 30 Vdc
1_Totlector-Current — Continuous ] e © 150 ] made
Total Device Dissipation @ Tg = 50°C Po 20 Watts
Derate above 50°C 20 mW/eC
Storage Temperature Range JL ~65 10 +150 FC

POWER DISSIPATION

n
w

~
o

»

OISSIPATION (WATTS}

Pg MAX, MAXIMUM POWER

ol
w

0 50 100 150 200
Tc. CASE TEMPERATUAE {°C)
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lCm'CAL CHARACTERISTICS (T = 25°C unless otherwise noted)

) Characteristic I Symbol l Min l Typ l Max l Unit j
20" ¢HARACTERISTICS
"Mm' _Emitter Breakdown Voltage V(BRICEO 16 _ _ Vde
o+ SO mAK. I~ O)

",,,,.,, “pase Breakdown Voitage - V{BRICBO 16 — — Ve

g 100 pAdc. lg= 0} .
',1.,,, Base Breakdown Voltage ViBRIEBO 3.0 - - Vde
11 - 100 pAde. Ic 2 O

‘ces - —_ 1.0 mAdc

. wpztat Cutoft Current
gt 15 Vde, VBg * 0)

i(m CHARACTERISTICS

‘oz Cotment Gain o
T mAde. Veg = 10 Vde)

' pTNAMIC CHARACTERISTICS

' wrent-Gain — Bandwidth Product = — 3550 —~ v
? i1 100 meAdz, VCE = 10 Vdc, = 200 MH2)

0 %0 200 _

! .. po1 Capacitance Cob - 2.0 2.5 pF
iy 125Vde, 1= 0. 1= 1.0MHa)
l-,-NC'ﬂONAl TESTS
! .o mor-Emitter Amplifier Power Gain 1= 870 MH2 Gpe 8.0 95 - a8
; v, g* 12.5 Vde, Pout = 0.5W) 12512 MHz — 13 -
"....:-cp- Cfficiency f: 870 MHz n 50 65 - %
Apgs 125 VOC. Poyy = 0.5 W) 1= 512 MHz - 60 L
1 - ™
YHCAL FERFORMANCE @ Vo= 75V
.'.'«--mon-Emi:le.' Amplifier Power Gain 1= 870 MHz Gpg —_ 65 — d8
| weer 5 Vde Poyp = 0.5W) 2512 MHz N 10 -
1+ ancior Efficrency 1= 670 MHz -, ] 70 )2 %
| wpe® 7.5 Vde, Poyy = 0.5 W) 13512 MHz I 65 =
FIGURE 1 — 870-MHz TEBT-FIXTURE
vee II c? :]I ce
« —_ 23 75 26 ¥
2t .22
buT s
c2 ca
L 3 L4
(O
L2 T c3

€1, C2. C4,C5 — 1 0-10 pF Johanson 21 —~50N15cm

C3.C6 — 0.001 uF Chip Capacitor 22 —~30N25em

C7 — 10 ufF Toantulam 23 —~-50N20cm

L1, L4 —~ 4 Turns #26 AWG, 03¢m 1D, 0 4 ¢ Long 246 —-50MN12em

L2.1L3 — Ferrite Bead 25,26 — 5011 1.25cm

Microstrip Elements — ¢, = 1.0




MRF559

FIGURE 3 — OUTPUT POWER versus FRg

FIGURE 2 — OUTPUT POWER versus INPUT POWER Qe
12512 MH: Vcc=75V R
800 800 .
/ ' i e S
AL ]
B / | B
£ 500 L L £ 600 L ;
£ Ve =125V /] Vee= 15 | £ e N PAE
= > S Yn
g / e ~
= a0 4 Sl < 400 :
s L~ 5 — *He
& e =3 \\
3 ™ 28 '
o5 200 25200 |
!
I
0 ¢ o
0 20 40 60 80 100 400 425 450 a8 o,
P\n.. IKPUT POWER (mW) 1. FREQUENCY (MH1)
FIGURE 4 — OUTPUT POWER versus COLLECTOR VOLTAGE FIGURE 5 — OUTPUT POWER versus FREQUEN®
12512 MHz Veg=12.5V
800 y 800 —_
I l ; B Pazm
P = 75 mW L7 50 mw i R
£ e00 e /4. £ 600 L L
H yaa + 25 W P = B B ey
x "y e\ 3 .
g / / / — § | | |
= 400 e 2 15 mW o~ 00 EEITY
H 7/ LT ; ] e ——
£ I e = -
= tr — — 3 -
s L 1 !
L200 2200 +
\ ,
’ Lo
- — 1o
5.0 15 0 12% 15 1.5 00 25 50 s 00t
Ve, COLLECTOR VOLTAGE {V) 1, FREOUENCY {MH1)
FIGURE 6 — Zj;, AND 20y versus COLLECTOR VOLTAGE, INPUT POWEA, AND OUTPUT POWER
Zin ZoL' i
1 OHMS OHMS !
FREQUENCY
MHz Veg®7.5-12.5V vec=7.8V Vee=12.8V t
1ISmW | 25mW [ B0mw | 025w | 050w | 075w | 025w | o.s0w | 078w ;
400 43-1133]|49-j110| 57-j87 | 31-449 | 44-j38 | 42-449 ) 20-,68 | 42-j60 52-;5‘_J
440 39-88 |45-;87 | 54-j69 ) 27-j42 | 39-j30 | 40-,69 f 19-162 | 37-j54 | 49-%0 I
480 35-44 {41-65 | S0-j43 1 24-j36 | 36-j25 | 39-j90 | 18-j56 [ 33-ja8 | 47-p¢
520 3.2-j2.2 |38-ja3 | 47-p17 ] 22-j30 | 34-j20 | 37-p12 § 17-js2 | 31-jas | 47-R)

*ZoL = Conjugate of the optimum load impedance into which the device output operates at 2 given outpul power, voltage and frequend
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FIGURE 8 -~ OUTPUT POWER versus FREQUENCY

PGURE 7 — OUTPUT POWER versus INPUT POWER
{2870 MHz Veg=7.5V
800 —=
T P
e //
£ 500
I I 7 €
e vee =125V /1 w15y _L—1"| =
o w Py = 100 mW —
. .4—'[—*/ g —— w * 100 mY
i 1A ] = 400 ]
= // £ ] = 5 mw
1 =2
H -1 =4 S i
H 1 =25 mW {
A 1LA oF 200
i y .
(b ¢ :
s 30 120 150 800 830 860 850 920 €33
P.n. INPUT POWER (mW) L FREQUENCY (MH)
1GURE 9 — OUTPUT POWER varsus COLLECTOR VOLTAGE FIGURE 10 — OUTPUT POWER versus FREQUENCY
=870 MHz Vee=12.5Vv
s T T - 800 : 7
Pz 100 mW 4~ . e { l | .
i | Pnc % mw '
'} = £ 600 I ——
: | —r e L1 | : R
. s = 50 mW < E— : 287 W :
] / L/ g 4 ML“““‘\-‘—_
: / H 400 ! ] H
o 5 i i i
. / / & ' ! [ {
T iy o I T e s . L
', — o5 200 - :
* — ] .
] l b
! i |
¢ 0 : : !
50 1.5 10 125 15 115 800 830 885 £30 820 (334
V. COLLECTOR VOLTAGE (V) 1, FREQUENCY MRz
FIGURE 11 — Z;,, AND Zg¢ versus COLLECTOR VOLTAGE. INPUT POWER, AND OUTPUT POWER
'
| i, ZoL"
i f OHMS OHMS
| ‘REQUENCY
i " MHz Vee®7.5-12.5V Veg=75V Vec=125V
i‘ 25mwW | 50mw | 100mw | 0.25wW | 050w | 0.75w | o.25w l osow | o0.7sw
! 800 2.9+j2.2 | 3.B+j44 | 47465 [15.0-(36.8[22.7-(306[27.1-j226}14.6-236{17.2-,397(23¢. 27,7
i 8s0 3.2+j35 | 3.8+j5.2 | 4.8+7.4 J15.7-(35.3123.9-{28.7/27.3-j21.5[163-,408/17.6-,325[237- 35 8
900 38457 | 4.4+j7.0 | 54+;87 [16.4-j33.7/125.1-j27.0127.5-j205]17.3-,38.2|183-39.3|22¢. 360
950 41+j74 | 45488 |55+j101[17.0-322|26.3-]25 2{27.6-j19¢17.2- 136 1201 -j3e 5225 - ;25 6

702.’ Conjugate of the optimum load impedance inlo which the device output operates at a given output powe:, vo'tage andires sency
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FIGURE 12 — GAIN versut FREQUENCY
Veg = 10V, Ic = 50-100 mA
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FIGURE 13 — GAIN versus COLLECTOR CURRENT

Veg:= 10V
16
S el Outman)
- 2
J B 15211
12 Gutmar) - —-.é" p~
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FIGURE 18 — CURRENT GAIN BANDWIDTH PRODUCT
versus COLLECTOR CURRENT
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FIGURE 17 — COMMON EMITTER SCATTERING PARAMETERS

r’v’r ic U S14 S21 S12 S
i Nj"’ (mA} {MHz) 13X 1) 1521 Z8 1S12 /6 1S22 Zé
l’;a"' 10 250 0.72 -161 6.20 93 0.057 30 030 -91
i 500 0.73 179 216 76 0.069 43 0.27 -94
$- 1000 0.76 158 1.62 33 0.108 63 0.27 -118
| 1500 0.82 142 1.08 4 0.155 70 0.41 -137
i 25 250 0.70 -173 747 89 0.045 47 0.26 -123
| 500 0.70 172 263 75 0.073 60 0.20 -128
H 1000 0.74 152 1.90 54 0.134 67 0.21 -157
. 1500 0.79 136 1.32 339 0.196 66 0.32 -187
' 50 250 072 -178 7.63 89 0038 | s6 0.27 -138
i 500 0.72 170 185 77 0068 67 0.23 141
| p 1000 0.75 153 2.01 59 0.129 72 0.23 -162
i 1500 0.81 137 1.40 46 0.188 70 0.32 -164
; 100 250 0.73 179 7.34 88 0.036 61 0.26 -143
: 500 0.74 169 370 77 0067 7 0.22 -144
! 1000 0.76 153 1.94 59 0130 74 024 -166
' 1500 081 138 1.36 46 0.191 7n 0.32 -167
i 150 250 078 176 5.19 92 0.033 64 0.22 -131
H 500 0.78 167 2.76 78 0065 74 0.21 13
] 1000 0.80 151 1.48 58 0.129 77 v.24 -185
: 1500 085 135 1.05 a5 0.191 73 0.35 -161
T 10 250 0.69 -157 7.03 94 0050 33 0.34 -67
i 500 0.70. -178 359 77 0.060 46 0.32 -69
; 1000 0.74 160 1.84 55 0.094 67 0.29 -94
; 1500 0.81 142 1.20 41 0148 76 042 121
i 25 250 0.67 -168 8.30 91 0039 6 0.24 -93
i 500 068 176 4.25 77 0.060 60 0.21 -89
i 1000 0.72 158 2.19 57 0109 7 0.19 -114
! 1500 078 142 1.47 a4 0165 74 0.31 -134
i 50 250 068 -174 8.88 90 0,035 55 0.21 -110
; 500 0.68 172 4.49 7 0060 67 0.18 -104
y 1000 072 155 231 59 0.113 74 017 | -i28
! 1500 077 138 158 1 46 0169 1 74 028 | -140
: 100 250 0.68 -178 8.49 89 0.03 61 0.19 -104
' 500 0.69 170 432 76 0.06 7 0.17 -97
: 1000 0.72 153 2.25 58 0.12 76 017 -123
; 1500 0.78 137 1.53 48 0.18 75 0.28 -137
! 150 250 0.72 178 6.53 91 0.029 64 0.22 -7
i 500 0.73 169 2.37 77 0056 5 0.24 -75
! 1000 0.76 152 1.79 57 0112 80 0.22 -108
1500 0.83 137 1.22 43 0.175 79 0.34 <129




US Amateur . Transmitter Power Limits - 160 m
+80m-40m-30m-20m-17m
+15m-12m-10m-6m-2m

Radio_ Frequency .1.25m-70cm-33cm-23cm
» Higher Frequencies
_ . Page author: thogerty@arrl.orq
Allocations . Page last revised 4:45 PM ET 9/23/96

Refer to ARRL's The FCC Rule Book for more detailed information on frequency allocations for the

Amateur Radio Service dnd sharing arrangements with other radio services. Band plans can be found in The

FCC Rule Book and The ARRL Operating Manual.

For each band, only those license classes with privileges on that band are listed. Technician licensees have

. no privileges below 30 MHz.
US Amateur Transmitter Power Limits

At all times, transmitter power must be the minimum necessary to carry out the desired communications.
Unless otherwise noted, the maximum power cutput is 1500 watts PEP. All classes are limited to 200 watts
PEP in the 80, 40, and 15 meter Novice/Technician Plus subbands. Geographical power restrictions apply

to the 70 cm, 33 ¢cm and 23 cm bands; see The FCC Rule Book for details.

160 Meters

General, Advanced, Amateur Extra licensees:

1.800-2.000 MHz: CW, Phone, Image, RTTY/Data

80 Meters



Novice and Technician Plus classes:

3.675-3.725 MHz
General class:
3.525-3.750 MHz
3.850-4.000 MHz
fidvanced class:
3.525-3.750 MHz
3.775-4.000 MHz
Amateur Extra class:
3.500-3.750 MHz
3.750-4.000 MHz

40 Meters

: CW Only

:CW, RTTY/Data
: CW, Phone, Imagé

: CW, RTTY/Data

: CW, Phone, Image

: CW, RTTY/Data
: CW, Phone, Image

Novice and Technician Plus classes:

7.100-7.150 MHz
General class:
7.025-7.150 MHz
7.225-7.300 MHz
Advanced class: '
7.025-7.150 MHz
7.150-7.300 MHz
Amateur Extra class:
7.000-7.150 MHz
7.150-7.300 MHz

30 Meters

: CW Only

:CW, RTTY/Data
: CW, Phone, Image

: CW, RTTY/Data

: CW, Phone, Image

: CW, RTTY/Data
: CW, Phone, Image



Maximum power, 200 watts PEP. Amateurs must avoid interference to the fixed service outside the US.

General, Advanced, Amateur Extra classes:

10.100-10.150 MHz: CW, RTTY/Data

&

20 Meters

General class:
14.025-14.150 MHz: CW, RTTY/Data
14.225-14.350 MHz: CW, Phone, Imaée
' Advanced class:
14.025-14.150 MHz: CW, RTTY/Data
14.175-14.350 MHz: CW, Phone, Image
Amateur Extra class:
14.000-14.150 MHz: CW, RTTY/Data
14.150-14.350 MHz: CW, Phone, Image

17 Meters

General, Advanced, Amateur Extra classes:
18.068-18.110 MHz: CW, RTTY/Data
18.110-18.168 MHz: CW, Phone, Image

15 Meters

Novice and Technician Plus classes:
21.100-21.200 MHz: CW Only
General class:

21.025-21.200 MHz: CW, RTTY/Data



21.300-21.450 MHz: CW, Phone, Image
Advanced class:

21.025-21.200 MHz: CW, RTTY/Data

21.225-21.450 MHz: CW, Phone,-Image
Amateur Extra class:

21.000-21%200 MHz: CW, RTTY/Data

21.200-21.450 MHz: CW, Phone, Image

12 Meters

" General, Advanced, Amateur Extra classes:
24.890-24.930 MHz: CW, RTTY/Data
24.930-24.990 MHz: CW, Phone, Image

10 Meters

Novice and Technician Plus classes:
28.100-28.300 MHz: CW, RTTY/Data--Maximum power 200 watts PEP
28.300-28.500 MHz: CW, Phone--Maximum power 200 watts PEP
General, Advanced, Amateur Extra classes:
28.000-28.300 MHz: CW, RTTY/Data
28.300-29.700 MHz: CW, Phone, Image

6 Meters

All Amateurs except Novices:

50.0-50.1 MHz: CW Only
50.1-54.0 MHz: CW, Phone, Image, MCW, RTTY/Data



2 Meters

All Amateurs except Novices:
144.0-144.1 MHz: CW Only
'144.1-148.0 MHz: CW, Phone, Image, MCW, RTTY/Data

1.25 Meters

The FCC has allocated 219-220 MHz to amateur use on a secondary basis. This allocation is only for fixed
digital message forwarding systems operated by all licensees except Novices. Amateur operations must not
cause interference to, and must accept interference from, primary services in this and adjacent bands.
Amateur stations are limited to 50 W PEP output and 100 kHz bandwidth. Automated Maritime
Telecommunications Systems (AMTS) stations are the primary occupants in this band. Amateur stations
within 398 miles of an AMTS station must notify the station in writing at least 30 days prior to beginning
operations. Amateur stations within 50 miles of an AMTS station must get permission in writing from the
AMTS station before beginning operations. ARRL Headquarters maintains a database of AMTS stations.
The FCC requires that amateur operators provide written notification including the station's geographic
location to the ARRL for inclusion in a database at least 30 days before beginning operations. See Section

97.303(e) of the FCC Rules.

Novice (Novices are limited to 25 watts PEP output), Technician, Technician Plus, General,

Advanced, Amateur Extra classes:

222.00-225.00 MHz: CW, Phone, Image, MCW, RTTY/Data

70 Centimeters

All Amateurs except Novices:

420.0-450.0 MHz: CW, Phone, Image, MCW, RTTY/Data



33 Centiméters

All Amateurs except Novices:

902.0-928.0 MHz: CW, Phone, Image, MCW, RTTY/Data

23 Céntimeters

Novice class:
1270-1295 MHz: CW, phone, Image, MCW, RTTY/Data (maximum power, 5 watts PEP)
. All Amateurs except Novices:

1240-1300 MHz: CW, Phone,.Image, MCW, RTTY/Data
Higher Frequencies:

All modes and licensees (except Novices) are authorizéd on the following bands [FCC Rules, Part

97.301(a)]: R

2300-2310 MHz
2390-2450 MHz
3300-3500 MHz
5650-5925 MHz
10.0-10.5 GHz
24.0-24.25 GHz

* 47.0-47.2 GHz
75.5-81.0 GHz
119.98-120.02 GHz
142-149 GHz
241-250 GHz
All above 300 GHz



ARRLWeb's home page ARRLWeb search Begin or renew your n
Email ARRL HQ Email ARRLWebmaster Page copyright © 1¢




e T ]

ARNNIINUIZNA

[4 dy

Wsyaniinusiduss 1ddesvsvounariensd giv aitsz3Tse Aldnganidd

-~

aQ = ° o_ o 1 ] 1’4 Y o
HUTHN uazti‘lu*nﬂs ﬂH']1un']5‘ll']Tﬂ5~1~ﬂu1]u‘ﬂ"]lii]f;la’N nme‘miuuazﬁmmﬂumﬂ

Y t daq ¥ ] =) a ] [y o’y 9 as
madad Ka q iuildanudiomie Aadedssauau waziamgunsaldouldiuanu

TEAINATDAUN

[]
= =

HAnd ANANVIUIET Boss manager UsEm Broadcasting Network Thailand $na Al

{ & o A

; o 1 a0 P 9 4'4:' ' < ci °
AUUSHUINAUIN 7 YAAAAI q NU mumuwamu‘lé’nanm HagnanagyuIn q Ao

=Y 1 ] 4 1 o 4 ] o { .
vovouguamuBnlunguynviud dntimdi vesaustuauinaeain



unaaveya (Contact List)

THAILAND
-Radio Amateur Society of Thailand (RAST)
P.O. Box 2008 , Bangkok 10501
Tel.2779453,2431842,7227360,3928672  Fax 2757288,2434066,7227354,2403666
USA.
- North Country Radio, PO Box 53, Wykagyl Station, New Rochelle, NY 10804
Bmail : ncradio200@A OL.com
Tel. (914) 25-6611  FAX (914) 576-6051
(914) 854-9280
(ﬂm:rﬁﬂm'lﬁ'l'x’fﬁ'ﬂqnunzqﬂmuf?;unu snumasiithidnng tumshede Tu
Wyeiinudatui)
-Federul Communications Commission (FCC)
1270 Fairfield Rd. Gettysburg PA 17325-7245
1919 M Street NW Washington DC 20554
http:/fwww.fcc.gov/
(ﬁ’faqmﬁmﬁunmnﬁw miautmm'lﬁ"l‘l’f'mwﬁumi'gmnﬁm'g)
-The American Radio Relay league’s (ARRL)
http://www.arrl.org , B-mail hg@arrl.org, webmaster@arrl.org
ENGLAND
- British Amateur Television club (BATC) Tel. (076) 7317521
1. CQ-TU MAGAZINE Tel. (0788) 890365 FAX. (078) 8890365
Aonfufudring, Tawan nasunasginsoianeg
2. MEMBERSHIP Tel. (089) 428899
featumsatasauidn Tnsimiaiasau
3. Contests Tel. (096) 4362498
Aerfumsuatu
(HINUIN)) wawiay Tnsdnioted mandounda gufunasfssefu BATC Tay
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