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ABSTRACT
Nowadays,there are many community radio stations. Mostly these stations employ the import FM
transmitter which is highly expensive. This project thus proposes a 88 to 108 MHz FM transmitter to

reduce that cost
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1.8 MDAV NS VCO (Voltage Control Oscillator)
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3.10 Loop Filter
nespUaies (Loop Filter)
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3.12 9UNAUBNNAY (Impedance Matching)
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Zin Zout

317 3.16 29 nmBeduuaud

AMAVENBNAITI (Power Amplifier)
3.13 NI5ONUUNOSVNEMBINANND 102.25 1NLIBTAY (Power Amplifier 102.25 MHz)
AT TR

fiman 1 Aenldmiugmaoiiues 25C1946A vz 1dm

Z, =065+jl1.4
Z, =19+)075
X +j1.4
| I
L r L=
Compensate
element
500 % [] X, 0.650
4 L
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. , R
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8.713
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R
1N X, = % = 20 = 5738
0 8713
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=)
1aon Xg= X, oz X, = X,

Xg =+j5663+j1.4 = j7.063
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L = = — — = 10.99nH

27 2ax102.25%10

X, =+j5738

1
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AIIUNIA 0 = |++-1
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1.9
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0 503
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XS =+j9.557+j0.75 =) 10.307
Xs 10.307

L = = — = 15960H
24 27 x102.25x10

X, = +j9.940

1
= . = 155pF

27 x102.25x10° x9.940 .
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) da o ad o o i o
ﬂ'l‘.iE‘E)ﬂu‘.u'll'Ni]iﬂiBxiﬂ‘.l'lﬂﬂﬂ'lH'I‘l—lll‘lJ‘].liJYl!.‘l’lEli"l’Ji‘I'Ill‘l]'llﬂ'lﬁ“ﬂﬂi)'uﬂ‘lj 9 llﬁztlﬁﬂ']'lllaﬂ‘ﬂ

pov# 102.25 wnzi§iad iienseanudes lulinh 2 oon TauligileesdagUin 3.19

Input L2 L4 L6 Output

S A s A
[l I 1

g‘lh‘l 3.19 HARIIIINTBIATN A IH ITINIMBS B TNTisusY 9

Y fc = 10225 MHz

donly C= 22’}{
o
L= RL,
27f,
fin=7 mmmmmmmmﬂwmai (C) Waaii
C1 C3 Cs 1 C9
10.81 pF 47.70pF 62.26pF 47.70pF 10.81pF
iazmBugnians (L) 18a e k
L2 L4 16 L8

0.078 uH 0.146uH 0.146uH 0.078uH




69
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4.2 HAMSNADDIVBIMATUASILHAIND (Frequency Synthesizer)
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4.4 HONSNARBIVDINOIVNINAIAG (Power Amplifier)
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National Semiconductor

LM386

Low Voltage Audio Power Amplifier

General Description

The LM386 is a power amplifier designed for use in fow volt-
age consumer applications. The gain is intemally set to 20 to
keep external part count low, but the addition of an extemnal
resistor and capacitor between pins 1 and 8 will increase the

gain to any valus up to 200.

The inputs are ground referenced while the output is auto-
maltically biased to one half the supply voltage. The quies-
cent power drain is only 24 milliwatts when operating from a
6 volt supply, making the LM386 ideal for battery operation.

Features

m Battery operation

u Minimum external parts

u Wide supply voltage range:
= [ow quiescent current drain:
® Vollage gains from 20 to 200
» Ground referenced input

u Self-centering output quiescent voltage
= Low distortion

u Available in 8 pin MSCOP package

Applications

® AM-FM radio amplifiers

u Portable tape player amplifiers
Intercoms

TV sound systems

Line drivers )

Ultrasonic drivers

Bmall servo drivers

w Power converters

January 2000

4V-12V or 5V-18V
4 mA

Equivalent Schematic and Connection Diagrams

=0 Vour

3
p—C ¢ INPUT

4
" g - GND

DSOME76-1

Small Qutline,
Molded Mini Small Outline,
and Dualdn-Line Packages

] s '

GAIN — o GAIM
—INPUT -~ LEEpY
+INPUT —1: [ LI,

OND —  Vour

DSa0esTe-2
Top View

Order Number L.M386M-1, ‘
LM386MM-1, LM3B6N-1,
LM3B86N-3 or LM386N-4

See NS Package Number
MO8A, MUAQBA or NOBE

© 2000 Natlonat Semiconductor Corporation

DS00G976

www.natlonal.com
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LM386

Absolute Maximum Ratings (Note 2)

Dual-In-Line Package

H Military/herospace spectfled devices are required, Soldering (10 sec} +260°C

please contact the National Semiconductor Sales Office/ Small Oulline Package

Distributors for availability and specifications. {SOIC and MSOP)

Supply Voltage Vapor Phase (60 sec) +215°C
(LM386N-1, -3, LM386M-1) 15V Infrared (15 se_c) +220°C

Supply Vollage (LM386N-4) 20 See AN-450 “Surface Mounting Methods and Their Effect

Package Dissipation (Note 3)

on Product Reliability” for other methods of soldering

surface mount devices.

{LM38BN) 1.25W Thermal Resistance
{LM386M) 0.73W 8,c (DIP) 37°CIW
{LM386MM-1) 0.595W 0, (DIP) 107°CAW
Input Voitage 10.4V 0,c (SO Package) 35°CIW
Storage Temperature -65'C to +150°C 8, (SO Package) 172°CIW
Operating Temperature 0°C o +70°C 8,4 (MSOP) 0 CIW
Junction Temperature +150°C 8, (MSOP) 56"C/W
Soldering Information
Electrical Characteristics (Notes 1, 2)
T, = 25C
Parameter Conditions Min Typ Max Units
Operating Supply Voitage (V)
LM386N-1, -3, LM386M-1, LM386MM-1 4 12 v
LM386N-4 ) 5 18 v
Quiascent Current (15} Vg =BV, V), =0 4 8 mA
Output Power {Pour} '
LM386N-1, LM386M-1, LM386MM-1 Vg = 6V, R = 84, THD = 10% 250 325 mw
LM386N-3 Vg = 9V, R = 80, THD = 10% 500 700 mw
LM385N-4 Vg = 18V, R = 32Q, THD = 10% 700 1000 mw
Voltage Gain (Ay) Vg =8V, f=1kHz 26 dB
) 10 pF from Pin 1 to 8 46 dB
Bandwidth {(BW) ) Vg = 6V, Pins 1 and 8 Open 300 kHz
Total Harmonic Distortion (THD) Vg = 6V, R = 8Q, Poyr = 125 mW 0.2 %
f = 1 kHz, Pins 1 and 8 Open
Power Supply Rejection Ratic {PSRR) Vg = 6V, f = 1 kHzZ, Cgypass = 10 pF- 50 dB
Pins 1 and 8 Open, Referred to Output
nput Resistance (Ry) 50 k2
Input Bias Cumment (lgias) Vg = 6V, Pins 2 and 3 Open 250 nA

Note 1: All vallages are measured with respect lo the ground pin, unless otherwise specified,
Note 2: Absolute Maximum Ratings indicate limits beyond which damage lo the device may occur. Qperaling Ratings indicate conditions for which the device i func-
tional, but do not guarantee specific performance limits. Etectrical Characiarislics state DC and AC electrical specifications under particular test conditions which guar-
antee spedilic perfermance limits. This assumes that the devica is within the Operaling Ratings. Specificalions are nol guaranteed for parameters where no limit s
given, however, the typical value is a good indication of device performance.
Note 3: For operalion in ambient temperatures above 25°C, the device must ba derated based on 8 150"C maxtmum Junction temperature and 1) a tharmal resis- -

tance of 107"C/W junction to ambient for the dual-in-line package and 2) a thermal resistence of 170"C/W for the small outline package.

www.national.com




Application Hints

GAIN CONTROL

To make the LM386 a more varsatile amplifier, two pins (1
and 8) are provided for gain control. With pins 1 and 8 open
tha .35 kQ2 resistor sets the gain at 20 (26 dB). If a capacitor
is put from pin 1 to 8, bypassing the 1.35 k1 resistor, the
gain will go up o 200 (46 dB). If a resistor is placed in series
with the capacitor, the gain can be set to any velue from 20
to 200. Gain control can also be done by capacitively cou-
pling a resistor {or FET) from pin 1 to ground.

Additiona! external components ¢an be placed in parallel
with the internal feedback resistors to tailor the gain and fre-
quency response for individual applications. For example,
we can compensate poor speaker bass response by fre-
quency shaping the feedback path. This is done with a serles
RC from pin 1 to 5 (paralleling the intemal 15 kQ resistor}.
For 6 dB effective bass boost: R = 15 ke, the lowesl value
for good stable operation is R = 10 k{2 if pin 8 is open. if pins
1 and 8 are bypassed then R as low as 2 kQ can be used.
This restriction is because the amplifier is only compensated
for closed-loop gains greater than 9.

INPUT BIASING

The schematic shows that both inputs are biased to ground
with @ 50 k(2 resistor. The base cument of the input transis-
tors §s about 250 nA, so the inpuls are at about 125 mV
when left open. If Lhe dc source resislance driving the LM386
is higher than 250 kQ it will contribute very little additional
offsel {about 2.5 mY at the input, 50 mV at the output). If the
dc source resistance is less than 10 k€, then shorting the
unused input to ground will keep the offsstiow (about 2.5 mV
at the input, 50 mV at the output). For dc source resistances
between these values we can eliminate excess offset by put-
ting @& resistor from the unused input to ground, equal in
value to the dc source resislance. Of course all ofiset prob-
lems are eliminated if the input is capacitively coupled.
When using the LM386 with higher gains (bypassing the
1.35 k(2 resistor between pins 1 and 8) it is necessary to by-
pass the unused input, preventing degradation of gain and
possible instabilities. This Iis done with a 0.1 pF capacltor or
a shert to ground depending on the d¢ source resistance on
the driven input.

www._national.com
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LM386

Quiescent Supply Current
vs Supply Voltage
'
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Typical Applications

Amplifier with Gain = 20 Amplifier with Gain = 200
Minimum Parts

v 1T

||}—|
g

DS00Sg76-3

Amplifier with Gain = 50

L

ELDEMA (
cram \ S

L
W-tsmA >
8.05:F —
I#1kHe
D808H76-7

Amplifier with Bass Boost Square Wave Oscillator

Vo
X

1k

DS0085708 T=1kHz

il
=g

D5006978-2
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LM386

Typical Applications (continued)

Note 4: Twist Supply lead and supply ground very lightly.

Note 5: Twist speaker load and ground very tightty.

Note 6: Ferrite bead in Ferroxcube K5-001-001/38 with 3 tumns of wire.
Note 7; R1C{ band limits input signals.

Nots 8: All components must be spaced very closety 1o 1C.

.. Frequency Response with Bass Boost
27
26
25
2 on C
=
= 23
=1
o n / \
o
g Ll
’j‘_ 4| ,
=]
S N
19
1L}
127
20 50 189220 500 1k 2 5 10k 20k
FREQUENCY {Hz)
DS008OTS-10
AM Radio Power Amplifier
FAOM
DETECTOR
FERRITE
BEADQ
Y Y Ny
—A—S
a  _1*

m
SPEAKER

DSO085TE-11
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Physical Dimensions inches {millimeters} unless otherwise noted
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LM386

Physical Dimensions inches (millimeters) unless otherwise noted (Continued)
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8-Lead (0.118” Wide) Molded Mini Small Outline Package
Order Number LM386MM-1
NS Package Number MUAQBA
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Physical Dimensions inches (millimeters) unless otherwise noted {Continued)
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LIFE SUPPORT POLICY

NATIONAL'S PRODUCTS ARE NOT AUTHORIZED FOR USE AS CRITICAL COMPONENTS IN LIFE SUPPORT
DEVICES OR SYSTEMS WITHOUT THE EXPRESS WRITTEN APPROVAL OF THE PRESIDENT AND GENERAL
COUNSEL OF NATIONAL SEMICONDUCTOR CORPORATION. As used herein:

2. A criticai component is any component of a life
support device or system whose failure to perform
ean be reascnably expecied to cause the failure of
the lifa support device or system, or to affect its

safety or effectiveness,

1. Life support devices or systems are devices or
systems which, {a) are intended for surgical implant
into the body. or {b) support or sustain life, and
whose failure to perform when propedy used in
accordance with instructions for use provided in the
labeling, can be reasonably expecied to resull in a
significant injury to the user,

National Semiconducter Natlonal Samiconductor Nytional Semiconductor
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BA1404 FM stereo transmitter
BA1404F :

The BA1404 and BA1404F monolithicICs ~ Dimensions (Units : mm)
are slereo transmitters

BA1404 (DIP18)
Each IC consists of a stereo modulator
that creates stereo composite signais, an
FM modulator that creates FM signals,
and an RF amplifier. The stereo modulator
develops composite signals made up ot a
MAIN (L+R) signal, a SUB (L-R) signal
and a pilot (15 kHz) signal using 38 kHz
crystal oscillators.

The FM modulator has carriers on the FM
broadcast band (75 ~ 108 MHz}

The RF amplifier transmits the stereo
encoded FM signals and is also a buffer BA1404F {SOP18)

tor the FM modulator.
11.240.2

The stereo transmitter is equipped with a
constant voltage pin for a variable
capagcitor that is used to finely adjust the

7.8+0.3

~FM fraequency. d
Features ' g = y g
« available in DIP18 and SOP18 *zl 13 oushs Joow

packages
* low operating voltage range
(1o0vV-~20WV)
« low power consumption, typically
ImA
» requires few externai components
Applications

+ FM stereo transmitters
«  Wireless microphones

Audio Integrated Circuits RENM 179
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BA1404, BA1404F FM fransmitters
Block diagram -

BA1404 \-/DA140SF|
ror ey ren Lo 1Y Lon euT
ave ol awe
1 ] .
aF Bias|2
EI e
BALANGE
“QWE‘_,]' MPX E
osc ous [T} ves +——15] wee
[@_ o | | {ErER ] vt
xTaL
na BUFFER [13] P out
wear TH % oo
rr ono (A }— REF -—Em:
osc [ e 1) osc

Table 1 Pin description .

Pin no. Pin name "Desgcription
1 R-ch audio input Connects to the pre-emphasis circult
2 Input amplifier bypass Connects to the bypass capacitor
3 GND Low frequencles
4 38 kHz oscillator bypass Connects to bypass capacitor
5 38 kHz oscillator Connects to 38 kHz crystal oscillators
6 (38kHzOSC Connects to load capacitor of crystal oscitlator
7 |RF output Connects to LC resonator
8 |GND High frequency
9 RF oscillator Connects to bypass capacitor
10 [RF oscillator Connects to capacitor and LC resonator
11 |Voltage supply Connects to varable capacitor
12 [Modulation signal input Connects 1o bypass capacitor and modulated signal source
13 |Pilot signal output Connects to RC mixer circuit
14  [Multiplexer signal output Connects to RC mixer circuit
15 [Vee Power supply
16 [Multiplexer modulator balance | Connects to timpot resistor
17 [Multiplexer modulator balance  [Connects to tdmpot resistor
18 |{L-ch audio input Connects to pre-emphasis circuit
180 REBMER Audio Integrated Circuits
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FM transmitters BA1404, BA1404F

Absolute maximum ratings (T, = 25°C})

Parameter " | Symbol Limits Unit Conditions

Power supply voltage Veo 2.5 v _
Reduce power by 12.0 mW for each degree
Power BA1404 1200 above 25°C.
dissipation | o4F Pa 4 mw Reduce power by 4.5 mW for each degres
14 50 above 25°C,

Operating temperature Topr =25~ +75 G
Storage temperature Tsg | —S0- +125 °C
Recommended operating conditions (T, = 25°C}

Parameter Symbol| Min |Typical| Max Unit
Power supply voltage Vee 1 1.25 2 v
Electrical characteristics (T, = 25°C, Voo = 1.25 V)

Parameter Symbol| Min |Typical{ Max Unit Conditions
Quiescent current kq 0.5 3 5 mA
Input impedance Zin 360 540 720 Q |fy=1kHz
Input/output gain Gy 30 37 dB |Vin=05mV
Channel balance cB 2 dB  (Vjy=05mV
Multiplexer output voltage |  Voum 200 mMVpi.px | THD < 3%
Multiplexer 38 kHz .
leakage Voo 1 mVY {Ne signal
Pilot output voltage Vop 460 580 mVp.pk | NO load
Channel separation Sep 25 45 dB [With a standard demedulator
Input conversion noise
voltage VNN 1 WVms |IHF-A when 38 kHz is terminated
RF output voltage Vosc 350 600 MVims
Audio Integrated Circuits ROEMN 191
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BA1404, BA1304F FM transmitters
Figure 1 Test circuit

10

Test circuit parts data

[} [ Osciliator and RE coll,
Liandl;

Sumida part number:

FEM10C-2F6: 1-3 2 1/2t

220p 180k

Crystal osclllator=38kHz
Kyocera part number KF-38E

"MPX—-LPF-V.,SEPII

1

Ve O

Figure 2 Appiication example
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£2 : ANT COIL Sumkia par number 10C-3F6 9127 2 ST 3o
38kHz Crystal oscifslor: Kyocera KF-38E I
Uni resisionos : 0
Capaclior . uF Ve 6
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FM transmitters BA1404, BA1404F

Circuit operation

Stereo modulator

The R-channel audio is input from pin 1 and the L-channel from pin 18. Each audio signal is
amplified about 37 dB by independent ampiifiers and output to the muttiplexer.

The 38 kHz crystal oscillator, connected between pin 5 and pin 6, creates a 38 kHz subcarrier
and a 19 kHz pilot signal with the same phase but delayed by a 1/2 cycle.

The audio signals and the 38 kHz subcarrier are balanced and modulated in the multiplexer.
The L + R signal and the 38 kHz subcarrier, which are a DSB-modulated signal at L-R, are
added to create the main carrier, which is output from pin 14,

The potentiometer between pins 16 and 17 can be used to lessen the subcarrier leakage due

to unbalance in the multiplexer.

M
T Main Charnel Sub Charnat
- 754+ 90% 9049
B ernt--cey e v gy
& ; i
§ 23.78 ,
10%
7.5 o l
16 19 23 a8 53

MODULATION FREQUENCY (kHz2)

Figure 3 Modulation spectrum
of piiot tone

FM modulator

Flgure 4 FM modulator

The high-frequency oscillator is a coflector tuning-type or Collpits oscillator as shown in
Figure 4. The composite signal is input from pin 12 to the base of the transistor. By adding the
audio signal to the base, the reactance of the transistor changes. By changing the time
constant of the tuning circuit in the oscillator, the frequency is modulated.

The oscillation frequency is determined by the LC resonator that is connected between pin 10
and the V. Because this oscillator does not compensate for V¢ fluctuation and
temperature changes, the frequency changes are large, and, when the receiver is part of a
synthesizer (digital tuning) system, tuning should be separated from Vpc.

It is suggested that you use a variable capacitor (AFC) system, or an external FM modulator ‘

when frequency stability is required.

_, Audio Integrated Circuits
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BA1404, BA1404F FM transmitters

it is possible to change the oscillator frequency with the DC voltage by using the stable output
voltage on pin 11 and a variable capacitor as shown in Figure 5. Pin 11 voltage is
approximately (Vge—0.7) V.

Figure 5 Setting osclilator frequency using pin 11

L—o—

isokn  isoka 150kn 3~10pF
[ 1 [ — Tothe
——0 t0Opin
I°-°‘!F SVC321 Semo

High-frequency amplifier

The high-frequency amplifier is a single-stage amplifier with its emitter connected to ground,
as shown in Figure 4.

The RF output (on pin 7} is connected to the tuning circuit of the antenna by an open coliector.
Other application examples and operation precautions

Not operating the FM modulator Unused pins should be connected as follows:

7 Vee
8 GND
9 open
10 Veo
1t open
12 Vcc

In particular, do not leave pin 7 and pin 10 open. If this is done, the transistor may be saturated
and other components will operate poorly,

Operating monaurally Unused pins should be connected as follows:

4 open
5 GND
6 open
13 open

The other pins should be connected as shown in the application circuit in Figure 2. In
particular, do not leave pin 5 open. This will cause parasitic oscillation that will appear as noise
on pin 14. Pin 1 should be used for audio input.
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FM transmitters BA1404, BA1404F

When operating only the FM modulator Unused pins should be connected as foliows:

1 open 13 open
2 Vee 14 open
4 open 16 open
5 open 17 open
6 GND 18 open

Mhltiplexer balance

Even if tha resistor batwesen pin 16 and pin 17 is not connected, the IC has its own capability
of achieving multiplexer balance. If no resistor is connected, however, there is a decrease in
gain of approximately 1.5 dB in the input amplifier. :

Crystal oscillators

To generate the 38 kHz carrier, use crystal oscillators, The recommended-pan is Kyocera
KF-38E.

Stan-up takes some time after the 38 kHz oscillator has been powered up. With a
recommended load of 10 pF for the ¢rystal oscillator, startup time is approximately 1.5 s. When
the load is 33 pF, startup time is about 1 s. The startup time will not be reduced for loads greater
than 33 pF.

RF oscillator

The built-in RF oscillator is an LC-resonator. When an absolutely stable frequancy is required,
use an external FM modulator. For an external modulator, separation adjustment is made with
the RC tuner on pin 13.

The built-in FM modulator can be operated in the 30 — 110 MHz range.

The RF oscillator frequency drift following power-up of the power supply becomes smail when
the V¢ is low. The frequency drift after 5 s is as follows:

Vcc 4] Dritt (kHZ)

1.25 85
2 8s
3 130
Noise

Be sure to connect a 1000 pF capacitor between pin 1 and ground. Do the same for pin 18.
This prevents the S/N ratio from deteriorating due to high frequencies.
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BA1404, BA1404F FM transmitters

If beats or noise are present on the output, and the input capacitors are in place, the noise
may be due to the third or higher harmonics from the pilot signal and the subcarrier. Lock for
a 57 kHz signal. This can be removed by adding a filter as shown in Figure 6

When 15 kHz or greater signal is input, it causes a beat on the pilot signal (19 kHz). In addition,
high frequency signals are particularly large because of the pre-emphasis of high frequency
signals. Therefore excessive input of 15 kMz frequencies or more should be limited before
input to the IC.

Filgure 6 Beat frequency filter

e 1 2pin

4700pF
pomm——eay

Expanding the dynamic range of the multiplier

When the V¢ is raised, the dynamic range of this IC expands. The input amplifier and the
multiplier bias point are not set at 1/2 Ve, however.

This is why the top of the wave form is clipped beforehand. The maximum input voltage is
approximately —60 dB (1 mVppy). To make the waveform symmetrical, a resistance of 3.6 k2 is
inserted between pin 2 and ground. This increases the maximum output voltage by
approximately 6 dB. In this case, however, the voltage characteristic detariorates to 1.5 V.

Figure 7

L-oh Input

18 pin 1pin

Method for limiting input voltage _

Input control can be carried out using the preamplifier IC and the ALC of the BA3312N. Please
see the BA3312N application notes for the constant.
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FM transmitters BA1404, BA1404F

Electrical characteristic curves
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MOTOROLA .
SEMICONDUCTOR TECHNICAL DATA O C1est 51 oD

MC145151-2

PLL Frequency Synthesizer MC145152-2
Family 'MC145155-2

CMOS MC145156-2

The devices described in this document are typically used as low—power, MC1 451 57-2
phase—locked loop frequency synthesizers. When combined with an extemnal
low—pass filler and voltage~controlled oscillator, these devices can provide all Mc 1 45 1 58-2
the remaining functions for a PLL frequency synthesizer operating up to the
device's frequency limit. For higher VCO frequency operation, a down mixer or
a prescaler can be used between the VCO and the synthesizer IC.

These frequency synthesizer chips can be found in the following and olher

applications:
CATV TV Tuning
AM/FM Radios Scanning Receivers
Two—Way Radios Amateur Radio
0sC - +R
CONTROL LOGIC o
1 1
i
+ A +N
i
| PP+t [w veO [ BN
OUTPUT
FREQUENCY
CONTENTS
Page
DEVICE DETAIL SHEETS
MC145151—2 Parallgt=Input, Singia=ModUIIS . ... ..ottt ittt et 2
MC145152-2 Parallel-Input, Dual-Modulus . ... ..o ot 5
MC145155-2 Serial-Input, Single—Modulus . ... ..o e s 2]
MC145156—2 Seriak-lnput, Dual-Modulus .. ...t R R R 13
MC145157-2 Serial-fnput, Single=Modulus ... ... . i e 17
MC145158-2 Serial-input, DUal=Modulus . . ... .. oon e v.een. 20
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MOTOROLA
SEMICONDUCTOR TECHNICAL DATA

Parallel-Input PLL Frequency

Synthesizer
Interfaces with Single—-Modulus Prescalers

The MC145151-2 is programmed by 14 parallel-input data fines for the
N counter and three input lines for the R counter. The device featutes consist of
a referonce oscillator, selectable~reference divider, digital-phase detector, and
14-bit programmable divide—by-N counter.

The MC145151-2 is an improved-performance drop—in replacement for the
MC145151-1. The power consumption has decreased and ESD and latch—-up
performance have improved.

+ Operating Temperature Range: — 40 to 85°C

« Low Power Consumption Through Use of CMOS Technology

= 3.0t0 9.0 V Supply Range

+ On-or Offi-Chip Reference Oscillator Operation

» Lock Detact Signat

» + N Counter Qutput Available

Single Modutus/Parallel Programming

s 8 User-Selectable + R Values: 8, 128, 256, 512, 1024, 2048, 2410, 8192
+ + N Range =3 to 16383

» “Linearized” Digital Phase Detector Enhances Transfer Function Linearity
« Two Eror Signal Options: Singie—Ended (Three—State) or Double—Ended
« Chip Complexity: 8000 FETs or 2000 Equivalent Gales

RE¥ 1
833

MC145151-2

P SUFFIX
PLASTIC DIP
CASE 710

DW SUFFIX
SOG PACKAGE
CASE 751F

1

CORDERING INFORMATION

MC145151P2 Plastic DIP
MC145151DW2 SOG Package

PIN ASSIGNMENT

(1o 28 P
vgs(f 2 27 P osGiy
vpol} 2 26 [ 05Con
PDou [ 4 25 [ Nt
RAOKE 5 24 [IN10
ra1{] 6 23 Int3
raz] 7 22 [INt2

il 2R

evle 20 J Ng

{10 19 [I Mg

nofl 1 18 N7

N1 [ 12 17 [ N6

Nz} 13 16 [ N5

Nal] 14 15 I N4

© Motorola, Inc. 1995
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MC145151-2 BLOCK DIAGRAM

RA2—ne
RA1— 14 x B ROM REFERENGE DECODER
OSCQm RAN—|
A 14 LOCK
_ pevecT [P
05Cin 14-8IT + R COUNTER B t
—AAN— L) PHASE
DETECTOR [— PDout
B A
fin D‘: 16-8IT + N COUNTER g l
VoD PHASE | 4
% } 14 DETECTOR ¢:
™ : TRANSMIT OFFSET ADDER 8

N13 N1

ARARARAAARAN S P

NOTE: N0 - N13 inpuls and inputs RAO, RA1, and RAZ have pull-up resistors that are not shown.

PIN DESCRIPTIONS
INPUT PINS

fin
Frequency Input (Pin 1)

Input to the + N portion of the synthesizer. fiy is typically
derived from loop VCO and is ac coupled inte the device. For
larger amplitude signals (standard CMOS logic levels) dc
coupling may be used.

RAO - RA2
Reference Address Inputs (Pins 5, 6, 7)

These three inputs establish a code defining one of eight
possible divide values for the total reference divider, as
defined by the table below.

Pull-up resistors ensure that inputs left open remain at a
fogic 1 and require only a SPST switch to alter data to the
zero state.

Reference Address Code Total
Divide
RA2 RAt RAO Value
0 1] o] 8
0 0 1 128
0. 1 0 256
o] 1 1 512
1 o] 0 1024
1 0 1 2048
1 1 0 2410
1 1 1 8192
NO — N11

N Counter Programming Inputs (Pins 11 - 20, 22 - 25)
These inputs provide the data that is preset into the + N

counter when it reaches the count of zero. NO is the least sig-

nificant and N13 is the most significant. Pull-up resistors en-

sure that inputs left open remain at a logic 1 and require only
an SPST switch to alter data to the zero state.

T/R
TransmitReceive Offset Adder Input (Pin 21)

This input controls the offset added to the data provided at
the N inputs. This is normally used for offsetting the VCO
frequency by an amount equal to the IF frequency of the
transceiver, This offset is fixed at 856 when T/R is low and
gives no offset when T/R is high, A pull-up resistor ensures
that no connection will appear as a logic 1 causing no offset
addition,

OSCins OSCOL“
Reference Osclllator input/Output (Pins 27, 26)

These pins form an on—chip reference osclllator when con-
nected to terminals of an external parallel rescnant crystal,
Frequency setting capacitors of appropriate value must be
connected from QSCjp to ground and QSCgqyt to ground.
0SCj, may also serve as the input for an extemnally—gener-
ated reference signal. This signal is typically ac coupled to
OSCjn, but for farger amplitude signals (standard CMOS
logic levels) dc coupling may also be used. in the extemal
reference mode, no connection is required to OSCqut.

OUTPUT PINS

PDout
Phase Detector A Qutput {Pin 4)

Three—siate output of phase deleclor for use as loop—enor
sighal. Double—ended outputs are also avaifable for this pur-
pase (see ¢y and dR).

Frequency fy > fR or fy Leading: Negative Pulses

Frequency fy < fg or fy Lagging: Positive Pulses

Frequency fy = fR and Phase Coincidence: High—fmped-

ance State

MOTOROLA
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R, oV
Phase Detector B Outputs (Plns 8,9

These phase detector outputs can be combined exiemaliy
for a loop—error signal. A single—ended output is also avail-
able for this purpose (see PDgut).

If frequency Ry is greater than fR or if the phase of fy is
leading, then error information is provided by ¢v pulsing low.
R remains essentially high.,

If the frequency hy is less than fR or if the phase of fy is
lagging, then error information is provided by ¢r pulsing low.
¢v remains essentially high.

If the frequency of iy = fr and both are in phase, then both
¢v and o remain high except for a small minimum time
period when both pulse low in phase.

ty
N Counter Qutput {Pin 10)

This is the buffered output of the + N counter that is inter-

nally connected to the phase detector input. With this output
available, the + N counter can be used independently.

LD
Lock Detector Output (Pin 28)

Essentially a high level when loop is locked {fR, i/ of same
phase and frequency). Pulses fow when loop is out of lock.
POWER SUPPLY
Vpb
Positive Power Supply (Fin 3)

The positive power supply potential, This pin may range
from + 3 to + 9 V with respect to Vgs.
vVss
Negative Power Supply (Pin 2}

The most negative supply potential. This pin is usually
ground.

TYPICAL APPLICATIONS

2,048 MHz
l
"'":'l
0SCin 05Cqu fn RA2 RAt RAQ
VOLTAGE
MC145154-2 POy CONTROLLED -
OSCILLATOR
4

9 NB N7 N6 N5 N4 N3 N2 N1 NO 555 MHz

1]

FTITTITTTET b

104019t1100=55MHz

Figure 1. 5 MHz to 5.5 MHz Local Osgillator Channel Spacing = 1 kHz

= LOCK DETECT SIGNAL

TRANSMIT, 440.0 - 470.0 MHz

nrj " N iy RECEIVE: 418.6 - 448.6 MHz
7 | | | l CHOICE OF (25 kHz STEPS)
DETECTOR
T 05Ceut RAZ  RA1  RAD LD ty Selgﬁgfs 1
PDoyt f—
— |_| QSCip o LOOP
= ] L > =t VCO |- X6
v 32? NC145151-2 T, __}’ FILTER
rerosc. | O
wTMHz | < fin T:73.3333-78.3333 MHz
[ON-CHIP OSC. j_ T:13.0833 - 18.0833 MHz R: 69.7667 - T4.7667 MHz
OPTIONAL) _!. l | | 1111 l LT | ‘I;,Ri 9.5167 - 14.5167 MHz
RECEIVE O CHANNEL PROGRAMM'NG
& e ANSMIT + N = 2284 TO 3484
— [(ADUS 8% TO
= ~NVALUE)
X6

NOTES:

60,2500 MHz

1.fR=4.1667 kHz: + R = 2410 21.4 MHz low side injaction during recelva.
2. Frequency values shown are for the 440 — 470 MHz band. Similar implementation applies to the 406 — 440 MHz band.
For 470 — 512 MHz, consider reference osciltator frequency X9 far mixer injection signal (90.3750 MHz}.

Figure 2. Synthesizer for Land Moblle Radio UHF Bands

e e = e e E o TR TGS i
YC145151-2 Data Sheet Gantlnved:on:Page 23
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MC145152-2 BLOCK DIAGRAM

RA2 —»
RA{ — 12 x 6 ROM REFERENCE DECODER
0SCout RAD—™ .
4 12
1
LOCK
0SCin 12-BIT + R COUNTER - petECT | 1P
)
Mi
f c
. CONTROL PHASE | v
L0GIC DETECTOR |— ¢
fin
¥
6-BIT -+ A COUNTER 10-BIT + N COUNTER
LR TTTTTHPT 111
A5 AIA2  AD N9 N2 HANS N7 N9

NOTE: NO - NG, AQ — A5, and RAQ — RAZ2 have pull-up resistors that are not shown.

PIN DESCRIPTIONS
INPUT PINS

fin
Fraquency Input {Pin 1}

Input to the positive edge triggered + N and + A counters.
fin is typically derived from a dual-modulus prescaler and is
ac coupled info the device. For larger amplitude signats
(standard CMOS logic tevels) dc coupling may be used.

RAOD, RA1, RA2
Reference Address Inputs (Pins 4, §, 6)

These three inputs establish a code defining one of eight
possible divide values for the total reference divider. The
total reference divide values are as follows:

Refarence Address Code Total
Divide
RAZ RA1 RAQ Value
0 0 0 8
Q 0 1 64
1] 1 0 128
0 1 1 256
1 0 Q 512
1 0 1 1024
1 1 0 1160
1 1 1 2048
NO - N9

N Counter Programming Inputs (Pins 11 - 20)

The N inputs provide the dala thal is preset into the + N
counter when it reaches the count of 0. N0 is the least signifi-
cant digit and N9 is the most significant. Pull-up resistors en-
sure that inputs left open remain at a logic 1 and require only
a SPST switch to alter data to the zero state.

A0 - A5
A Counter Programming Inputs
(Pins 23, 21, 22, 24, 25, 10)
The A inputs define the number of clock cycles of fin thal
require a logic 0 on the MC output (see Dual-Modulus

Prescaling section). The A inputs all have internal pullup
resistors that ensure that inputs left open will remain at a
logic 1,

OSCfn, OSCout
Reference Oscillator Input/Output (Pins 27, 26)

These pins form an on—chip reference oscillator when con-
nected to terminals of an external parallel resonant crystal.
Frequency setting capacitors of appropriate value must be
connected from OSCjn to ground and OSCgqyt to ground.
OSCin, may also serve as the input for an externally—gener-
ated reference signal. This signal is typically ac coupled to
OSCin, but for larger amplitude signals (standard CMOS
logic levels) dc coupling may also be used. In the external
referenca mode, no connaction is required to OSCayt.

OUTPUT PINS

4R, PV
Phase Detector B Outputs (Pins 7, 8)

These phase detector autputs can be combined externally
for a loop—error signal.

If the frequency fy is greater than fR or if the phase of fy is
leading, then error information is provided by ¢y pulsing low,
¢R remains essentially high.

If the frequency fy is less than fr or if the phase of fy is
lagging, then error information is provided by $R puising low.
¢y remains essentially high.

If the frequency of fiy = {r and both are in phase, then both
¢y and gR remain high except for a small minimum time
pericd when both pulse low in phase.

MC
DualModulus Prescale Controi Output (Pin 9)

Signal generated by the on—chip control logic circuitry for
controlling an extemal dual-modulus prescaler. The MC
lavel will be low at the beginning of a count cycle and will
remain tow until the + A counter has counted down from its
programmed valua. At this time, MC goes high and remains
high until the + N counter has counted the rest of the way
down from its programmed value (N — A adgditional counts
singe both = N and + A are counting down during the first

MC145151-2 through MC145158-2
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portion of the cycle). MC is then set back low, the counters
preset to their respective programmed values, and the above
sequence repeated. This provides for a total programmable
divide value {NT)}=N.P + Awhere P and P + 1 represent the
dual-modulus prescaler divide values respectively for high
and low MC levels, N the number programmed into the + N
counter, and A the number programmed into the + A counter,

LD
Lock Detactor Qutput (Pin 2B)

Essentially a high level when loop is locked (fr, fiy of same
phase and frequency). Pulses low when loop is out of lock,

POWER SUPPLY
VDD
Positive Power Supply (Pin 3)

The positive power supply potential. This pin may range
from + 3 to + 9 V with respect to Vgs.

Vss
Negative Power Supply (Pin 2}

The most negative supply potential. This pin is usually
ground.

TYPICAL APPLICATIONS
NO CONNECTS
L Lo T e ockoeECTsINAL 150175 MHz
= st I 5XHz STEPS
NOTE 1 = G
. L
OSCot - RAZ RAM RAD LD w
- " \
o oy A / Vo
+
= MC145152-2 % Pf‘%?:?;i;i
+V=—1Vpp MC
Vs fin ¢ T
= | Nge————m— NOAS——— A | =
\lllllillrllllll)T ‘
—
CHANNEL PROGRAMMING oLZ01T
+ B4/85 PRESCALER
NOTES:

1. Off—chip oscillator gptional.

2. The #i and ¢y outputs are fed to an extemnal combinerfioop filter. Sea the Phase-Locked Loop -— Low—Pass Filter
Dasign page for additional information. The ¢R and ¢ outputs swing rail-te—ail. Therefore, the user should be careful
not lo exceed the common mode input range of the op amp used in the combiner/loop filter.

Figure 1. Synthesizer for Land Mobile Radio VHF Bands
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R2 ¢
LD R1 l l
R \
R1
.

REF. OSC.
15.360 MHz ]_ NO CONNECTS
{on-crip asc.| | o TN
OPTIONAL) T |1 i |1
05Cout RAZ RA1 RAD
I oscin
MC145152-2 v
A e NOTE 5 MC
L Vs
= fin
g NO A5 == A0 _l
JTTITTTTTTETTTT T
‘v—_
CHANNEL PROGRAMMING
NQTES:

RECEIVER 2ND L.O.
33.720 MHz

—=— LOCK DETECT SIGNAL

NOTE 7

R2

:[:C

1. Recslver 1st |.F. = 45 MHz, low side injection; Receiver 2nd |.F. = 11.7 MHgz, low side injecticn.
2. Duplex operation with 45 MHz receiver/transmit separation.

3. fg = 7.5 kHz; « R = 2048.

4, Niotal = N + 64 + A = 27501 t0 28166: N = 42910 440; A = D 10 63.
8.

6.

M(C 1451582 may ba used where serial data entry is desired.

RECEIVER FIRSTL.O.
825.030 — B44.980 MHz
(30 kHz STEPS)
- y o X4
veo NOTE 6
TRANSMITTER| ] X4
MODULATION NOTE §
| IR | l
MC12017
+ 64765 PRESCALER TRANSMITTER SIGNAL
NOTE & 825.030 — 844,980 MHz
(30 kHz STEPS)

High frequency prescalers {e.g., MC12018 [520 MHz] and MC12022 [1 GHz]) may be used for higher frequency VCO and fref
impiementations.
7. The ¢R and 4y outputs are fed to an extemal combinerfloop fiter. Sea the Phase—Locked Loop — Low-Pass Filter Design page for
additional information. The ég and v outputs swing rail-to—rail. Thereforg, the user should be careful not to exceed the common mode
input range of the op amp used in the combine/loop filter.

Figure 2. 665-Channel, Computer—Controlled, Mobile Radiotelephone Synthesizer

for 800 MHz Cellular Radio Systems
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MITSUBISHI RF POWER TRANSISTOR

2SC1946A

NPN EPITAXIAL PLANAR TYPE

DESCRIPTION’

25C1946A is a silicon NPN epitaxial planar type transistor de-
signed for RF power amplifiers on VHF band mobile radio

applications.

FEATURES
¢ High power gain: Gpe 2 10dB

ci

OUTLINE DRAWING

4005

SMAX

C1.5MAX

Dimensions in mm

x| -
@Vee = 13.5V, Pg = 30W, 1 = 175MHz < i
e Emittar ballasted construction and gold metallization for high - 2 b
reliability and gaod performances. 2.8+0.
® Low thermal resistance ceramic package with flange. G1.5MAX puw
e Ability of withstanding more than 20:1 load VSWR when T.6MIN
operated at Ve = 15.2V, Pg = 30W, f = 175MHz, ::-::‘::‘
e Equivalent inputfoutput impedance at rated operating con- —
ditions: Zj, =0.65 + '11 A0 9.5MAX
Zout = 1.9 +j0.7680 0.08 %008 TMAX
®
APPLICATION — , 3
25 watts output power amplifiers in VHF .band mobile radio ; : _" ~
' i
applications. . ] 26 -
+ 22495 5
] w
bl PiN ¢ -
(; COLLECTOR
@ BASE IFLANGE}
@ EMITTER
I, BASE {FLANGE)
T-31E & FIN [EMITTER)
ABSOLUTE MAXIMUM RATINGS (Tc=257C unless otherwise specified}
Symbol Pgrameter Conditions Ratings Unit
Veeo Coltector 10 base voltage R v
VEBG Emitter 10 bese valiage a v
Vgea . Collector to emitter voltage Rgg = o 17 v
Ig Collector current 7 A
Ta=25C 3 w
Pg Collector dissipation
) Te=25C 50 w
Tj Junction temperature 175 ‘c
Tsig Storage ternperature —55 10175 c
Rih-a Jurction w0 amhbient 50 ‘clw
Thermal resistance
Rin-¢ Junction w case 3 ‘c/w
Nate. Above paramaiers are guaranteed independently.
ELECTRICAL CHARACTERISTICS (Tc =257 untess otherwise specified)
Limits
Symbol Parameter Test conditions Unmil
Min Tve Max
V(grigan | Emirter to base breakdown voltage lg =10mA ig=0 4 v
Vigricen{| Collector 1o base break down vollage lg=10mA . lg=0 35 v
Viariceo | Collector 10 emitter breakdown vollage Igm™Q 1A, Rpg=x 17 v
'cpo Collector cutalf current Vep=25V., ig=0 2 mA
lego Emitter cutaff cureent Vgg =3V, Igc=0 1 mA
hrg OC forward cusrent gain * vee =10V, 1p=0.24 10 50 180 -
Pa Cuiput power . 30 35 w
Voo =135V, Pin=3W, [=176MH2
e Collecior efficiency 60 0 %
Note. &Pulse test. Pw=150p5, duly=5.
Albove paramelers, relings, ivmils and cendinons ara subpect 10 change
NOV. "97

o s




MITSUBISHI RF POWER TRANSISTOR

2SC1946A

NPN EPITAXIAL PLANAR TYPE

TEST CIRCUIT

t=170MH
TR
Zin="500Q to 30pF L V 100,1/27 Zoyt1=500Q
1 . [JLd
O P Y 00 At QO
| '\\ to 110pF
RFC
10
SOpF]
4
;f e % ;f ;.‘Eio SOpF
1o S0pF . Car
Cemz
T nr ”r wro”r ;F »r w
+Veeo
L Length 10mm Nate: Al cgils are made from 1. Smme silver plated copper wire
RFC: ©O.amm gngmeled wire 12T with Farrite Basxd Coil dimensians in milli-metsr
Cay:  2200F, 2200pF in pavatiel 0: Inner dismeter of coil
Cgp°  220pF, 22000F, VOuF in paraflel T: Turn number of coil

TYPICAL PERFORMANCE DATA

COLLECTOR DISSIPATION VS.
AMBIENT TEMPERATURE

COLLECTOR DISSIPATION Pc (W)

)
60
40 N o
G
Wiry, Sl N
I, -~
20 iy a ;zo% P Y
ar S'Wl\'\
WITHOUT HEAT m\
1 'y ' ot
O 50 100 150

200

AMBIENT TEMPERATURE T, ['C)

P Piteh of coil

COLLECTOR CURRENT VS.
COLLECTOR TO EMITTER YOLTAGE

COLLECTOR TO EMITTER BREAKDOWN
VOLTAGE VS,
BASE TO EMITTER RESISTANCE

COLLECTQR TO EMITTER BREAKDOWN VOLTAGE

Vmoajcen (V)

70

Trg=asc

Mo =100ma™
60
50
© \\

M
"-,-_-.-.

3
20 26 50 706200 500 ik 2k 5k 10k

BASE 1O EMITTER RESISTANCE Rge (9}

5 ey
To=25C PR TIYY
g e et
& / 50ma
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MITSUBISHI RF POWER TRANSISTOR

2SC1946A

NPN EPITAXIAL PLANAR TYPE

COLLECTOR OUTPUT CAPACITANCE VS.

COLLECTOR TO BASE VOLTAGE

OUTPUT POWER,

COLLECTOR EFFICIENCY

VS, INPUT POWER

ELECTRIC
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MITSUBISHI RF POWER TRANSISTOR

2SC2630

NPN EPITAXIAL PLANAR TYPE

DESCRIPTION

25C2630 is a.silicon NPN epitaxial ptanar type transistor designed QUTLINE DRAWING Dimensions in mm,
for RF power amplifiers in VHF band mebile radic epplications.
FEATURES .
® High power gain: Gpe 2 7dB S
@Vee = 12.5V, Pg = 50W, f = 175MH2 ] wl
w > o
® Emitter ballasted construction and gold metailization for high 2 b S
refiability and goad performances. . b A
& Low thermal resistance ceramic package with flangs. A UK
® Ability of withstanding more than 20:1 lcad VSWR when = {20} 1 S0} § £,
operated at Ve = 15.2V, Po = 50W, f = 175MHz, T¢ = 25°C. D El
® Equivalent input/output series impedance: 7.9+£04(7.9+04
Zin=0B+ j1.2§1 @Pg=60W, Ve = 12,5V, f = 175MHz
Zout = 1.5-0.6802 o1+ 0.05 12.9MAX%
- —0.04
;) -
APPLICATION -—13‘ 5
40 to 60 watts output power amplifiers in VHF band mobile ) : 1= 3
radio applications, ] 18,5£0.3 I o
- 25:0,6 H
PIN =
D COLLECTOR
@& EMITTER
3D Bsase
@ EMITTER
& FIN
NOQTE: ALL ELECTRODES ARE ISDLATED
T-40 FAOM FLANGE,
ABSOLUTE MAXIMUM RATINGS (Tc=25°C unless otherwnse secified )

Symbo! Parameter Conditiors Ratings Unit
Vceo Collector 10 base voltage a5 v
Veso Emitter to base vollage 4 )
VeoEo Collector ta emitter vollage RApg = oo 11 Vv
lg Cotlector rurrent 14 A

o Ta=25C 5.5
Pc Collector dissipation —_ W
Tom26'C 100

T Junciion temperature 175 C
Tsig Starage 1emperaiure N ~55 o 175 ‘C
Ath-a Juncuion 1o smbient 1.2 ‘CIW

Thermal resislance
Rth-o . Junclion 1o case 1.5 C/w
Nota. Above parametars are guaranteed independently,
ELECTRICAL CHARACTERISTICS (Tc=25°C unlas aterwise specified)
Limits
Symbol Parameter Tes! conditions Unit
Min Tvp Max

ViariEpo | Emitier 1o base bresk down voltags lg=10mA _ Ig=0 4 v
Viparcpo | Catletior ta base breskdawn voltage Ig=10ma Ig=0 kL] v
Viamyceo| Cotector to emitter breakdown valtage lg=0.1A, Rgg =9 17 v
¢80 Collector cute!f cutrent Vep=15V., Ig =0 5 mA
lepo Ermitter cuinff current Vega=131V, Jc=0 -] mA
nrE DC forward current gain® Ve =10V, 1g=0.24 10 a0 180 -
Pa Output power 50 60 w

Vee=12,.5V, Pin=10W, I=175MMH2
Ne Collecior efliciency 60 0 2
Note, #Pulse lest, Pw=150us, duty=5%.
Abgve pargmeters. ratngs, Imits and condiions are subject to change .
NOV. ' §7
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MITSUBISHI RF POWER TRANSISTOR

- 25C2630

NPN EPITAXIAL PLANAR TYPE

TEST CIRCUIT

[ VISMH2Z
TR .
Zin=50Q L I e Lz Zout=500
Ao ™ N i
RFC
to 50pF
;Elo S0pF 10 50pF ;5 = == 7.5 '5
s8pF| 68pF "’,? T0 S0pF 7]
p
F.B. 2
wr vr r ks 'ﬂ'; r v ”r nr
L, L2 L=»8mm,W=5mm, | =0.3mmcooper plate
C1,C2: 150pF, HO00pF, 4.7uF in patatiel +Veg
F.B.: Ferrite Bead -
NOTES: All coils are made from 1.5mmg silver plated copper wire
D Inner diameter of cail
T Turn number & coil
P - Pitch of coil
Dimension in reill-meter
TYPSCAL PERFORMANCE DATA
COLLECTOR DISSIPATION VS. COLLECTOR CURRENT VS.
AMBIENT TEMPERATURE COLLECTOR TO EMITTER VOLTAGE
100 - 0 v —
5 _‘_/._—_" 120mA1 TF=25'C
T T
z - |t 100mA
e W < 8 ———
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2 |~ pomee [BO M A
Lot z I
e S sh=
8 e
o N s oy m,
T 40 z 2 et |
£ g
uUJ uy S0mA—
2 1] 2 2
g ¢ 8
20 mA—|
}MTHOUT HEAT SNk N IE:O
| | 1 v i
% 30 80 120 160 200 % 4 8 12 6 20
AMBIENT TEMPERATURE Ty [\ s8] COLLECTOR TO EMITTER VOLTAGE Ve (V)
COLLECTOR TO EMITTER BREAKDOWN _
VOLTAGE VS. - DC CURRENT GAIN VS,
w BASE TO EMITTER RESISTANCE COLLECTOR CURRENT
2 100 - 200 vy
4 okt
5 Te=25C To=28'C
S fjc=100mA 180 Veg =10V
g 80 ' ¥ 160
=
a 70 Z 40
3< S 120
£5 60 il
T < 50 g w0
E g 0 % g0 .
232 . o |1
o 3 % B0 L
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s 40 Lo
O
W o1 20
-
‘ 8 [ 0
10 20 30 S0 70100 200300 500 100tk 0102 05 t 23 $7ti10 20305¢ 100
BASE TO EMITTER RESISTANCE Rge 10} COLLECTOR CURRENT Ig (A}
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MITSUBISHI RF POWER TRANSISTOR

25C2630

"NPN EPITAXIAL PLANAR TYPE

COLLECTOR OUTPUT CAPACITANCE VS,
COLLECTOR TO BASE VOLTAGE
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