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ABSTRACT
This project concerns about VHF transceiver design and implementation, with 200
transmitted and received channels and transition range is 10 kHz. It is a simplex transceiver. The

maximum power of transmitter is 100 mW. Its uscs FM modulation tcchnique and its frequency

deviation *5kHz.
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3.2 Mseenuuule9siatusadientdvhames Tagld S wisfines

1. ‘uanamqq mnmm‘zm (data sheet )ﬁﬂﬁﬂ?]ﬂ‘ﬁﬁlﬂﬂimﬂs BFG 540W ‘V]ﬂ Tlllﬂ 144

’ ¥
MHz 81um ldaatl

Su = 0.65/-51
Su = 5.0/149°
S = 0.02/64°

Sn = 0.65/-30°

2. 1181 Ds 9I0auMS
Ds =555, =825,

3. MIA1 K ( Stabiltity factor ) 1INAUATS

K ={1+|Dg[ s, I )12, s
= (1+0.154 - 0.423  0.423)/2x 5x 0.2
=0.308/2

= 1.54

12

4.1 MAG ( 8n51MIUUGATA ) NANAT

MAG = ISZ',( )

, 12‘
= 2(154—J1_y7—)

=92.21=19.64dB

5. @enl¥dnsimsveiy (Gr)=17dB

Q

- 5, =25

6. MyAgUENaVeLINaNainIdan

=GC; n+G{s,[ -|Dy[* )
c =S, ~D,S"
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=(0.363 - j0.325)-(0.2548 £ ~163)
=0.319-;0.253
= 0.407£ —38.42°

7. miietiveannauluainmsnen
i

-k

$,2S2[G)+58,/ 62|
1+C,G

o

_l-@*154*0.1*2) + 0.01* 4]

=0.424
1+2(0.4225-0.154)
8.1 NNANAILUATNNITN
0. Bond1 EL  finnandasivens 17 a8 14
£, =0.11£60°
wazidenan & ninueudinines lAa (noise figure cycle ) 'Id
£, = 0.45.£60°

G :[|S21|2(1—IQIZXl—]éLIZ)J
’ ll“é:(Nfslzll“Szzé:Lr

6[1\[ =S~“ + S12S21§L
I—Szzé:t.

aariuezld Gt=15.8dB

&, =0.11£60°=1.1+j0.2

Z, =50(1.1+ j0.2)

& =0.45£60° =1.07 + j1.03

Z, =50(1.07 + j1.03) = 53.5+ j51.5 = 74.26 £43.91°
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3.3 N150ONULUINDINTBIAING

3.3.1 M1900AUULIN9INTBINIINERINIY (Low Pass Filters: LPF)
d' e' ] dy 8 o dad 1 o Y wa
29930503 NUDAMINT IFULUTRIRBTIIT 5 ( Butterworth ) sonuuy lngaan Talnliguautians
) . v 1 4
ANufepuauoINuGey Taudionsal Q weruads ammsgadsluiessasesnamduuuiin ldany

M (3.1)
4bd =10log]l + (0/ 0. )] G.1)

lagi @ avwdidesmsnawamsguisvesduyanu

< o

(K]
oo

wc : Anudfiyadavesnuiinouausslasfind -3 dB
n o Swududawesuazahdines
TunesnsesnuiunTanef37s diovinsuesialasi( normalize ) ﬁéﬁmﬂﬁaummﬁmmu 1
; .
Tori oz A, =2sin[(2k -1}z /2n]
ko swoudusnmesuazai 1 Sines
Ax  : A1UDSSUBALANT ( reactance ) RLAAZAYBA k

1 o a
AUBI Ar M1 IAGIA15 199 3.1
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[ J J 3 J .
MINN 3.1 traailetmdudnuausnasadines e Rs=Re =1 Tovin Tnglts0smned

s
n C L. G Ls Cs Ls G
2 1.414 1414
1 2 1
4 0.765 1.848 1.848 0.765
5 0.618 1.648 2 1.618 0.618
6 0.518 1.618 1.932 1.932 1.414 v 0.518
7
n

WoAved Rs#R. doaldmlumsian 3.2
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: o d 4 &
ATTHT 32 uaaetived L uaz C ¥89339 5N ame suvuinmedd imile R~AR.

a RL/RS c1 1z 3 L4
2 Lt 1.035 LE3S
128 0.849 212
L 0.697 2439
1.667 0.566 2828
2 0.448 3346
25 032 4.098
3333 0245 s3p
s 0156 A
10 0.074 14.814
LAM 0707
3 09 0.308 1.633 1599
0s 0.844 1384 1926
a7 0.915 1165 2217
. 0.6 108 0925 2.702
0s 1181 0779 3.261
04 1425 0.604 4064
03 L538 0.u4 5.363
0.2 2669 Q.284 191
ol 5.167 0.138 15.455
L5 1313 0s
1 L1 0466 1592 1744 1.469
125 asss 1695 151 1811
1429 0325 1362 1.291 2178
1.667 0269 2103 1.082 2613
2 ons 2452 0.5% s1n
25 0169 2985 0.691 4009
3333 o124 350 0.507 538
s 008 5.684 0331 7.4
10 am9 11054 0162 15,642
1531 1577 1082 038
a RLARS L c2 L3 c4
. AN~ Y Y\ Y YY)

ey
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1 d
Tumsnaaeail Tdimsdmuamld RS = RL =50 Q uasdoamssonuuy 1905 Tafwaitame {1

fc =145 MHz
YUADUMTOOAUVY
1. Mmsuedalad ( Normalized ) 921871
Ry =R, =1
R
i 2P |
RS

2. 91AM31eA 3.1 1@0nAT o =7 ¥1m C uag L 1aa1nnees
. | 7=0.445

L3=1.802 |  (s=t1802 . .

.o !__f' Y e Y Y Y e Y Y e T N

R - R

RS=1 :_: ....... l

. . ‘! ...... . . . . . . {,
l 'C2=1.247. = (C4=2.000 - 'C8=1.247 < RL=1
AN
) S O P
RS IS PRI SRR

JUN 3.11 esnsesnnuddiuimadng ameg

3. wdassrlmnzaufuanud 145 MHz Aideems Taeldgasmaulasm

p=tay
kf

Taon
km = 50
kf = 2mf=2m*145%10

4. s¢lAvesfiouyseidagy

m



........ L1=24:422nH . L3=98.8H. . | 5=988%nH . LT=24422nH . . . .

Ui 3.12 uaAesesaNyIlveINRINTEININAMIKIY
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3.3.2 290505034 9AINDHIM ( Band Pass Filter : BPF)
° g
yimseenuuuesuuuariatames Tasld 2 - s Tommesiuudniafames ( 2-

resonator Band Pass Filter) dnwaigaesvziiiudag

U7 3.12 uransesnuudmaiames Ny
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3.4 29033003 ( Mixer )
o a '8 Y 4 4
dnvaizveesinireseziiusaunaudueqianes ( Ring Balance Modulator )

dnwazesildanuzidiudegali 3.13

from lpcal. . . .
pscillaler . . . .

1113.13 20sfiniwed
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35 amsdunnzinnudlnelfidadengilyaenand 144 MHz
wsFuns i Taoldmadongy Ideenuun Tasldms mnaaeswes Tugdt ( dual

-t o L3 4"!{’4
modulus prescaler ) Iﬁﬂ‘nﬁ")uﬂizﬂﬂuﬂﬂﬁ?ﬁ“iﬁﬂﬂﬂzﬂﬂ?'ﬂmuﬂﬂ

L 15 hawsaou Insaesadaianss (voltage control oscillator )

2. 209ns anataeaee Tugdd (dual modulus prescaler) Tngl¥loFues MC 12017
7o loFwes MC12033

3. - 2eeada@maass (phase detector) agludiuvaslefiues MC145152-2

4. 2591fare? (loop filter) sanuuuldulfleFeeusuilives LM741

noa udmvenees TameaouInsassadaawmes 1dna1a luiaded 3.1

s mnawaeiany Tuada

- o i o '
leFwed MC12017 Wudmi awnameintaud Idmslaolddms 6465 aunsoms

Ad 145 225 MH; Tasfiuden laszunsuuaasdagy

7N 3.4 woasvdenlaszunsuvesled MC12017



lodiwes MC 12033 dudms anawedisudu udamsansniwd1dds 2.0GHz 1982
11332733 w3 64/65 lavvmsiaadadain 3 vedled Kol

- doens 19dams 3233 Waadad bhdulad (o)

- Aoams19@ams 64/65 iFaadadiidlelend (1) Fellureesit

Tavfigussnarevldled Mc12033 fudsgy

§U7 3.15 uamslsesnATeY MC12033  ~
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e afmamesuas Ilsunsumsanud

- 4 : o a 4 - o o
Todwes MC145152-2 awsaldlusunsumsarnd 14 16 Snupuvumlaoh 10 90 dmiy
famsTao Nianimes (10- bit /N counter) uaz 6 Indmiudamslav Annliaes (6-bit /A counter)
wosmeluinesils sufeurs (phase detector) dludnRunfurnesaFaianesduseniouen

uaziilugdaneuTnsa (modolus control) uazdenAma (lock detect) Tauled MC 1451522 fiufen

o
Tassunsudatl
. RA1 .‘]2'BROM.REEER£‘NCE.DECOOER.J............
DSCout
A U e b2
. DSCin. : '%....12—5:1/.'ﬂc01m1m..i_i11m’cﬂ._'{x.dﬁ

N LR

SR S T i D IR S
A5 A4 AZ AD . NOD N2 NA N6 NENOS . . . . .. ..

31 3.17 umasudenlaezunssves MC 1451522
] v
Taslunis Tsunsumsnisaaud A lddsi fie
g T : Y 4
1199910 A1Aun laneaseadaiaiaes (local oscillator frequency) fo
A1 NN VO WART FBITRYYIU ( channel spacing) f
mnadsnlulalsan
ABATIAIUNIINTS IUAIUvBIRAULAQY (total division ratio in feedback loop)
Mouiuauns N=NP +A
-t a s ' u’ J
Taofi N Ap A211sunsy Ne- No = 10 Ui sdaua 3- 1023 N
L4
A 79 TUTUNTY Ao- As=6 1N MITAAO- 63
S Y -t 4
P AB AamsvemSainaasd n1s 64

AUVAN f = 150 MHz ; .= 10 kHz

o 1S0MHz 500
f. 10kHz
Nt=NP4+ 4

15,000 = N*64+A
234 waaihuaguass 0011101010

o
P
bt
=
Z
fl

A =24 waudumvgumes 011000

o M ! o ¢ o P
WJBU'N‘Uﬂ»iﬂ'lﬁ'Jlﬂillﬂill No- Ns LD Ao - As AIRNITNN 4.3



P o 1 o At
MINN33 llﬁ'ﬂ\iﬂ'ﬁﬂ\‘lﬂ'ﬁﬂﬂlﬂﬁuﬂj'ﬁ'lﬁuﬁzﬂ'.]'luﬂﬂ']\?‘]

A (MHz) NoNsN/NeNsNaNsN2NiNo | AsAsAsAzA1A0
135 0011010010 111100
136 0011010100 [100000
137 0011010110 [000100
138 0011010111 101000
139 0011011001 001100
140 0011011010 110000
141 0011011100 010100
142 0011011101 111000
143 0011011111 011100
144 0011100001 000000

Taoludmvesnuidadeezl¥nSanen 10,240 MHz wazauIsamsaaacn Tasdmuas
RAO, RAL, RA2 ¢ Tudui S muadiu 1 0 1 muddy Sarhduasms 1024 ( Joyaluadidm)
dnfuez ldanuddisensludled fo 1024 MHZ24 = 10 iz (f FeozinmlFoudoususdldon
mMsTUsunTuAD fuNt Fe0ziy 10 KHz ( £) 19U IN512A1 Nt FUSAUAT S ADNE (RUIYIAL "1"

1A freo MUY 10 KBz (AD2979989%04 ) 19U

150MHz
15000

=10kHz

299591 ames (Loop Filter)

TavonuuuTasldlefives LM741 duledestuonildFwnameyaier nasfontueudlnieln
" a  eda - ¢ o o o o
1#7 Tagezldlefwestidudinvenissgiiamed Tasmseonuuuuazdnadei

Amuald  (awduuzinluamdidnvesTulalsar)

fi = 150 MHz (local oscillator frequency )
ff =10 LkHz (channel spating )

i = 0.01f ( loop bandwidth )

¢ =1 (loop damping factor)
Voo= 5V (PLL supply voltage )

C = 0.1 lulnsvhia  (active integrator component )

KD =Y_Di
27
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TRosnuuulasiflodiues LM741 duleFeetueuilddmawyaiu uaziiontuenda

» ﬂ’
W 1d2 Tavszfledeitidudriuvennaesguilamed laimssenuuuuasdnradsdl

duald (awduusiluadimveslnlalsd)

fo = 150 MHz (local oscillator frequency )
f. =10 kHz { channel spacing.)
f =001f (loop bandwidth )

) =1 (loop damping factor)
Vo= 5V (PLL supply voltage )

C = 01lulasvhia  (active integrator component )

v,
Kb=-22
27
v ' ' .S
ndanunuawdae1dh Kp= o= 0.795V / RAD
/4
K _ 2WVC0
yco —
Tae Yico. AemaruFureans marwdifioufuus sfuniuguues VCo
Ico

921491 Keco=2%3.14%4.05%10M=25440000 Rad/V

2 -
o, = 7 ' ( Natural Frequency)
\/2§2+1+ (24’2+1)°+1_
UNUAT
27*0.01*10*10°

=253.11

o V207 +1+ 2o +1f +1]

(Nt =Total Division Ratio in Feedback Loop)

R__K¢Klt‘0
T CN?
1Y,

n

3
fs
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wdnnunuawdogan K¢ = -2—5— =0.795V / RAD
_ 21y

T
veo =
AV o

- A s
Taoh M

AofIAITUYeInT IMANNDIToUA LI IAUAILRUYDS VCO
yco

921871 Kveo= 2*3.14%4.05*10M=25440000 Rad/V

V2et 14282 +1) +1]
unum
27%0.01%10*10°

=253.11

o, =
V207 +1+r 1 1] 1

( Nt =Total.Division Ratio in Feedback Loop)

_ KéKyeo ' _

R ==

N, =_wta)n .

fs
* *109%
wnusiezldh R, = 0.795%25.44710 - =210.46xQ = 200«
0.1*107° *15000 * (253.11)

R, = 2

- o,C

n>1

ununnz1dn

*
= 2 79,01 = T5KO
253.11%0.1¥10

2
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|u'r2 )

- 0,001 uF

Hanemg Tunsaifil¥MC12033 (dual modulus presealer ) unyu MC12017

I/D r(veohgoopr'1 "/'F' _'m' B 1000cF. | . |

MC

o MoO¢A ﬁerﬁuci:i..iﬁ S

MC 12033

1319 umansesFunnvrinnnd lasldiviadengy
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3.6 e mnleed (IF) iazAnegiaines( Demodulator )

d' d’ P ‘& t ¥ - -
29sn1nloev (IF ) uiidild leFwes MC 3357 Fedsznoudediudeg Aensanoaseadan

¢ - 4 - 4 ) L4 4 A ~ (dv ° (Y [
107, UNITDI, WITAUAIADT, NITANDLAINDT LATTINIAY Iﬂun"lwmasuaanunummm:nmu

nv e o [y N { & H
1{ianoUII93%U ( double- conversion ) aﬂymmwim*}’f'ﬂmﬂztﬂumgﬂﬁ 3.14

muRfats
CFu
4550

9 Vog + 40 vge

lolu'

e—y

100 né# Al £
20# 100t
W 119 1

aTn
— 1
SR 10 pf
RN Y
— T
]

I,:!n 2¢% M»:f—- u

.

R 50 of
I'z?‘a ‘—;
it T ,k__‘
F2.1
2 I

BEENND

Mc 3357

thout
10.7 MHg

o=@ Og.Amg Jutoul

0k 5

L‘.

Y Lp-10mn

11 cpe000F
\M.,J | Ap-100Rn
4

Low
Al 0 Eilter In

8.2x
Audto Out

R 0.01uf
-

JUN3.20 uananesmnleiel (IF).

-
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MOTOROLA

SEMICONDUCTOR TECHNICAL DATA

PLL Frequency Synthesizer

Family
CMOS

The devices described in this cocument are typically used as low—power,
shase—locked loop frequency synthesizers. When combined with an extemal
low—pass filter and voltage—centrolled oscillator, these devices can provide all
the remaining functions lor a PLL frequency synthesizer operating up to the
cevice's [requency limit. For higher VCO frequency operation, a down mixer or
a prescaler can be used between the VCO and the synthesizer IC.

These {requency synthesizer chips can be lound in the following and other

MC145151-2
MC145152-2
MC145155-2
MC145156-2
MC145157-2
MC145158-2

applications:
CATV TV Tuning .
AM/FM Radios Scanning Receivers
Two-Way Radios Amateur Radio
0sC +R
Cmcreemaond
CONTROLLOGIC ¢
p———ped
3
+A +N .
+PP .1 veo e
L cuiAT
FRECUSNCY
CONTENTS
DEVICE DETAIL SHEETS
MC145151-2 Parallelnput, Single—Modulus ... ..o i ettt

MC145152-2 Parallel~input, Duai-Modulus ...
MC145155-2 Senal-input, Single—Modulus . ...
MC145156-2 Serial-input, Duat-Modulus . ... ..

MC145157-2 Seral-input, Single-Modulus ..........
MC145158-2 Seral-Input, Dual-Modulus ... .. Crieeissnesitetensaiasanes ettt it . 2-647

FAMILY CHARACTERISTICS

DC Electrical Charactenstics
AC Electrical Characteristics

Timing Requirements ..............leeuens
Frequency Characteristics ...........cccoveunns

Phase Detector/lock Detector Qutput Waveforms
DESIGN CONSIDERATIONS

REV 1
895

MC145151-2 through MC145158-2
2-628

MOTOROLA
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MOTOROLA
SEMICONDUCTOR TECHNICAL DATA

Parallel-Input PLL Frequency

Synthesizer
Interfaces with Dual-Modulus Prescalers

The MC145152-2 is programmed by sixteen parallel inputs for the N and A
counters and three input lines for the R counter. The device features consist of
a reference oscillator, selectable—relerence divider, two—output phase detector,
10-bit programmable divide-by-N counter, and 6-bit programmable « A
counter. )

The MC145152-2 is an improved-perdomance drop~in replacement for the
MC145152-1. Power consumption has decreased and ESD and latch-up
pedomance have improved.

» Operating Temperature Range: — 40 to 85°C

» Low Power Consumption Through Use of CMOS Technology
¢ 3.0!09.0 V Supply Range

¢ On-or Olf—Chip Reference Oscillator Operation

» Lock Detect Signal

MC145152-2"

ze\:~\~ 0““_

1

ORDERING INFORMATION

MC145152P2 Plassc DIP
MC1451520W2 SOG Package

P SUFFIX
PLASTIC DIP
CASE 710 .

A DWSUFFIX
SOG PACKAGE
CASE 751F

PIN ASSIGNMENT

» Dual Modulus/Parallel Programming tal 1o s fw
Ot e, 525,512 124 1, 20 D R
» Chip Complexity: 8000 FETs or 2000 Equivalent Gates V03 26 1 OSCour
» See Application Note AN980 asodl ¢ 250 as
ra1ls 1A
B razfl s nflao
, g7 2 (a2
. w(s 2 5A1
vcle 00
asfle 19 I N8
e n 18 {J n7
N2 17 ns
. w13 whe
) U RE 150 m
- - - T e el
. : - G el
e — e t—— e o en s -._._.._... - - :..“ -.i..._...? . = e .‘: ]
REvY (T e - R S
ans o e ma tbsam o o b s emesmewmee o s o e
MC145151-2 through MC145158~2 MOTOROLA

2-632
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MC145152-2 BLOCK DIAGRAM

PA2 —
RAT = 121 8 ROM REFERENCE CECODER
CSCou ke ”
12 .
. LCCK
CSCn 12-81T + RCOUNTEA — psrect [ 0
’ 1w
vA'A -
CONTROL PHASE [— W
DETECTOR | o
tn Dc l
&-5IT + ACCUNTER 10-8iT+ NCCUNTER
FTT 10T TTTTTTTTTI

A5 A3 A2 A

N N2

N4 N5 N7 N9

NOTE: NO = N9, A0 ~ AS, and RAQ ~ RA2 have pull-up resistors that ars not shown.

PIN DESCRIPTIONS
INPUT PINS o

fin
Frequency Input (Pin 1)

Irput to the positive edge triggered ~ N and « A counters. )

tq is typically derived from a dual-medulus prescaler and is
ac coupled into the device. For larger amplitude signals
(standard CMOS logic levels) dc coupling may be used.

RAOQ, RA1, RA2
Reference Address Inputs (Pins 4, 5, 6)

These three inputs establish a coce defining one of eight
scssible divide values for the total relerence divider. The
ictal reference.divide values are as follows:

Reference Address Code Total
e Divide
RA2 RA1 RAQO Value
0 1] 0 8
0 [ 1 2
0 1° 0 128
0 1 1 258
1 0 [¢] 512
1 [} 1 1024
1 1 [} 1160
1 1 1 ‘2048

NO - N9
N Counter Programming Inputs (Pins 11 - 20)

The N inputs provide the data that is preset into the « N
counter when it reaches the count of 0. NO 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
3 SPST switch to alter data to the zero state. .

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

‘it 0ROV

Prescaling section). Thé A inputs ail have intemal puil~up
resistors that ensure that inpuls lelt open will remain at a

logic 1.

0SCin, 0SCout
Reference Oscillator Input/Output (Pins 27, 26)

These pins form an on—chip reference oscillator when con-
nected to terminals of an extemal paralie! resonant crystal.
Frequency setting capacitors of appropriate value must be
connected from OSCip to ground and OSCqyt to ground.
OSCjn may also serve as the input for an extemally-gener-
ated reference signal. This signal is typically ac coupled to
OSCiq, but lor larger ampiitude signals (standard CMOS
logic levels) dc coupling may also be used. In the extemal
reference mode, no connection 1s required 1o OSCoy.

QUTPUT PINS

Phase Detector B Outputs (Pins 7, 8)

These phase detector outputs van te combined extemally
for a loop—error signal. .

It the Irequency fy is greater than IR or if the phase of fy is
leading, then error information is provided by oy pulsing low.
o[ remains essentially high.

It the frequency ly is less than g or if the phase of fy is
lagging, then error information is provided by oR puising low.
¢y remains essentiatly high.

If the frequency of ty = Iq and both are in phase, then both
dv and ¢R remain high except for a small minimum time
period when both puise low in phase.

MC
Dual-Modulus Prescale Control Output (Pin 9)

Signal generated by the on—chip coatrol logic circuitry for
controlling an external dual-modulus prescaler. The MC
level will be low at the beginning of a count cycle and will
remain low untll the « A counter has counted down from its
programmed value. 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 additional counts
since both + N and + A are counting down during the first

MOTOROLA

MC145151>2 through MC145158-2
2633



poriion of the cycle). MC is then set back low, the counters .. POWER SUPPLY

preset to their respective programmed values, and the above

sequence repeated. This provides for a total programmable- - Vpp

divice value (NT) =N« P + Awhere Pand P + 1 represent the - Positive Power Supply (Pin 3)
Cual-modulus prescaler divide values respectively lor high
and low MC levels, N the number programmed into the « N
counter, and A the number programmed into the + A counter.

The positive power supply potential. This pin may range
Irom + 3 1o + 9 V with respect to Vgs.

LD Vss .
Lock Detector Output (Pin 28) Negative Power Supply (Pin 2)
Essentiaily a high level when loop is locked (Ig, fy of same The most negalive supply potential. This pin is usually
phase and Irequency). Puises low when loop is out of lock. ground. .
TYPICAL APPLICATIONS
NO CCHNECTS
L—‘———_L o
= LOCK DETECT SIGNAL 150- 175 MHz
1 1026 iz T SkHz STEPS
KOTE ¢ = R ¢
OSCout RA2 RAI RAO LD A1
R 2
0SC:
oL - SCin Rt | vCo
W
1 MC33171
= MC145152-2 2 P
+V—1Vpp MC NOTE 2 .
—1Vss fn ¢ T T .
= ne NO AS A0 l =
HllllllllIHlI/T . Ji
~— —~—
CHANNEL PROGRAMMING . MC12017
~ 6465 PRESCALER

NOTES:
1. Ofi—chip oscillator optional. f .
2. The oR and ¢y outputs are fed to an externat combinerAcop filter, See the Phase—Locked Loop — Low—Pass Fiter
Design page for additfonal informaton. The og and oy outputs swing rail-io-rail. Therelore, the user should be carefut
not to excaed the common mode input range cf the op amp used in the combinerAcop Siter.

-t

Figure 1. Synthesizer for Land Mobile Radio VHF Bands

MC145151-2 through MC145158~2 MOTOROLA
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implementations.

™~

. Receiver 1st.F, = 45 MHz, low sida injection; Receiver 2nd 1.F. = 11.7 MHz, low side injection.
Duplex operation with 45 MHz receiverAransmit separation.
IR=7.5kHz; + R= 2048,

Niotal = N + 64 + A = 27501 10 28166; N = 429 t0 440; A= 0 t0 63.
MC145153-2 may be used where senai data entry is desired. .
High Irequency prescalers (e.g., MC12018 (520 MHz} and MC12022 (1 GHz]) may ba used for higher frequency VCO and fraf

The oR and ¢y outouts are fed 10 an extemal combinerdoop filter. See the Phase-Locked Loop - Low—Pass Filter Design page for

adcitional informaton. The &R and dy outputs swing rail-to—vail. Therefors, the user shoukd be careful not 1o exceed the cammon mode
input range cf the op 2mp used in the combinerAoop filter.

Figure 2. 666—Channef, Computer—Controlled, Mobile Radiotelephone Synthesizer
for 800 MHz Cellular Radio Systems
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FEATURES

+ High power gain
» Low noise figure
+ High transition frequency

» Gold metallizztion ensures
excellent relizbility.

APPLICATIONS

They are intended for appliczticns in
the RF front end, in wideband
applications inthe GHz range such as
znelog and digital cellular teiephones,
¢: Zizss telephones (CT2, CT3,
PCN, DECT, etc.), radar detectors,
pagers, sztallite television tuners
(SATV), MATV/CATV amplifiers and
repeater amplifiers in fibre-optic

W/X; BFG540W/XR

BFG540W

_—

MARKING
TYPE NUMBER CODE
BFG540W N9
BFG540W/X | N7
BFG540W/XR | N8

PINNING

PIN DESCRIPTION

BFG540W (se= Fig.1)

3=

LS5014

Tep view

Fig.1 SOT343.

1 collecter
2 bese

3 emitier
4 emitier

BFGS540W/X (ses Fig.1)

systems. 1 collector
2 emitter !
DESCRIPTION 3 lbese ) i
NPN silicon planar epitaxial 4 |emiter ] !
transisters in plastic, 4-pin | BEG540W/XR (sez Fig.2) [j 2 ;
d':;a:emi‘der SOT343 eand SOT242 1 = collecs=r
packages. { 5 emitier Tep view 2185325
, 3 ibase Fig.2 SOT343R. ,
| 4 emitter ]
QUICK REFERENCE DATA
SYMBOL PARAMETER CONDITIONS z MIN. | TYP. | MAX. J UNIT |
Veso collector-base voltage open emiter - - 20 |V |
Veego collector-emitier voliage ! cpen.base - - 15 v %
Ic coliector current (DC) - - 120 [mA |
Piot total power dissipation upto Tg=60°C - |= |s00 |mw |
heg DC current gain Hlo=40mA; Vee =€ V 60 (120 |250 j
Ce feedback capacitance le=0;Veg=8V;i=1MHz i- “los |- pF
'ty transition frequency ilc=40mA; Vg =€ Vif{=10HZ Ty =25°C |~ 8 |- GHz |
Guu maximum unilateral flc = 40 mA; Vg = £ V: 1 = 800 MHZ; Tymn = 25 °C | - 16 |- a8
pov-er gain Pl = 40mA: Veg = € V2 1= 2 GHz: Tams = 25 °C 10 |- d8
Ispq12 insertion power gain lc=40mA; Vg =& V; 1 =800 MHZ; Tamp =25°C |14 |15 |- B |
F noise figure Mg =Topt: lc=10mA: Vee =6 Vi 1=2 GHz - 21 |- B |




NPN 9 GHz wideband transistor

T vl o wien -

P o L

- ——he o et

BFG540W

BFG540W/X; BFG540W/XR

CHARACTERISTICS
Tj = 25 °C (unless otherwise specified).

SYMBOL PARAMETER CONDITIONS MIN. | TYP. | MAX. | UNIT t
Vierjcso | collector-base breakdown open emitter; Ic=10pA; lg=0 - - 20 v
voltage f
Vigriczo | collecior-emitter breakdown open base; Ic =100 pA; lg=0 - - 15 \
voltage
Vigrjzso | emitter-base breakdown open collector; Il =10 pA; Ic=0 - - 2.5 v
voltage
fezo collector cut-ofi current open emitter; Veg =8 V; lg=0 - - 50 nA
hee DC current gain lc=40mA; Veg=8V 60 120 250
fr transition frequency lc=40mA; Vce=8V;f=1GHz; |- 9 - GHz
Temy=25°C
Cc collector capacitance-= lge=ie=0;Vgg=8V.f=1MHz - |- 0.9 - pF
Ce emitter capacitance lc=ic=0;Vgg=05V;{=1MHz |~ 2 - pF
Cre feedback capzcitance lc=0;Vcg=8V.f=1MHz - - 0.5 - pF
Cum maximum unileterz! power lc =40 MA;Veg =8V;{=200 MHz; |- _ 16 - dB
gain; note 1 Tamp=25°C
l¢=40mA;ch=8V;f=2GHz; - 10 - dB
Tamb=25°C
lspy12 insertion power gain Ic = 40 mA; Vcg = 8 V; =200 MHz; | 14 15 - . |dB
Tamp=25°C
' F noise ficure Fs=Ton lc=10mMA; Vce =8V, - 1.3 1.8 dB
! {=900 MHz ~
! [e=Top; lc= 40 mA; Vg =8V |- 19 |24 |dB
R f = 200 MiH2z
Ts=Tos lc=10mMA; Vce =8 V; - 2.1 - dB
f=2GHz IS -
Pi4 output power at 1 dB gain lc =40 MA; Vg = € V;f =200 MHz; | - 21 - dBm
compression R =50Q; T:mp=25°C
17O i third order intercept point note 2 - 34 - dBm
Ve { output voltage note 3 - 500 |- mV
d; | second order intermodulation | note 4 - -50 |- dB
! distortion
Not
o ISZ“,Z dB.

1. Guu is the maximum unilateral power gain, assuming s,z is zero. G,;, = 10 log

2. lc=40mA; Vce =8 V; R =50 Q; Tamp =25 °C;
{, = 900 MHz; fg = 902 MHz; measured at f(2p - q) = 898 MH2z and {(3q . ) = 904 MHz.
3. dm=-60dB (DIN45004B); Vp = Vo; Vg = Vo -6 dB; V=V, -6 dB; Ry = 75 Q; Vcg = 8 Vi Ic = 40 mA;
fa = 795.25 MHz; {; = 803.25 MHz; f, = 805.25 MHz; measured &t {(p, q- = 793.25 MHz.

Ia

lc=40mA; Ve =8V, Vo=275mV; B =75Q; Tamp =25°C;

1o = 250 MH2: 1, = 560 MHz: measured at {i, .y = 810 MH>

(1- is“lz) (1 —|522]2)
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NPN 9 GHz wideband transistor

MARATSO

"”_. DY

0.4

0.2

12

VCB V)

0.1=1KHz.

Fig.5 Feedback capacitance as a function of

collector-base voltage; lypical values.
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NPN 9.GHz wideband transistor

i

RPN ELS

BFG540W

BFG540W/X; BFG540W/XR
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Fig.7 Gain as & function of collector current;
typiczal velues,

f=2GHz; VCE=8V.

typical valuss.
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Fig.2 Gainas a function of frequency;
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NPN 9 GHz wideband transistor
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BFG540W
BFG540W/X: BEG540W/XR
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' Fig.11 Intermodulation distortion as a function
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Fig.12 Second order intermoduiation distortion as a

of collector current; typical values. function of collector current; typical values.
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NPN S GHz wideband transistor BFGS540W/X: BEG540W/XR
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2n3903 siicon) SR
an3904

NPN silicon annular transistors, designed for gen-
eral -purpose switching and amplifier applications,
N\ features one-piece, injection-molded plastic package
\ for high reliability. The 2N3903 and 2N3904 are com-
\

CASE 29(T1) \\\ plementary with PNP types 2N3905 and 2N3906, re-
(10-92) spectively .

MAXIMUM RATINGS

Rating Symbol Value Unit
Collector-Emitter Voltage VCEO 40 Vdc
Collector-Base Voltage : VCB 60 Vde
Emitter-Base Voltage VEB - 6.0 Vdc
Collector Current IC 200 mAdc
Total Device Dissipation € T, = 25°C Ph 350 mW

Derate above 25°C 2.73 ___| mw/C
Operating and Storage Junction TJ, 'I‘St =55 to +150 °C
Temperature Range § ~
THERMAL CHARACTERISTICS
Characteristic Symbol Max Unit
Thermal Resistance, Junctionto -- - GJA 0.357 °C/mW
Ambient - - .- - S .




2N3903, 2N3904 (continued)

ELECTRICAL CHARACTERISTICS (Ta » 25°C unless otherwise noted)

{ Quractwistic Fg.Mo. | Symbol | Min | Max | Ut |
OFF CHARACTERISTICS

Collector- Rase Breakdows Vollage 'VCDO veée
. = 10 pAce, [y O} (7] .
c
Coliector - Lmitter Brrakdows Voluge® lvc‘:o- Yde
0 s Lo mAde, 1y + 0 10 .
Emiger-Base Breardowa Yoltage lV:w Vac
g+ 10 1hce, Lo+ 0) 6.0 B
Collector Cutolf Current lc’:x aAde
Vep * 30 Vee. Vyg o * 3.0 Vee) . 0
Base CutoX Curremt l“_ aAdc
(Veg * 30 Vée, Vpp o ® 3.0 vee) . 1]
ON CHARACTERISTICS
OC Carreat Cata* 1+ l,.:' -
(o« @1 mace, Vop = 1.0 Vo) 2N39a3 20 .
- IN3904 0 .
(I * 1.0 mAde, Ve, * 1.0 Vdc) 233303 38 .
4 ce INI904 10 -
0 = 10 @uhde, Vg = 1.0 Vie) 2N3903 50 130
IN390A 100 300
(Il * 30 mAde, Vg, * 1.0 Vdc) 233803 30 -
o cF N ©w -
* 100 mAde, Voo « 1.0 Vde) ~24¥903 1 -
e 'eE 23904 0 -
Collecer-Tmittar Samuration Voltage® 16, 11 \/ . Yée
O + 10 mAde, 1y » 1.0 made) Crisan | 0.2
0l = 30 mAdz, 1y = 5.0 @A) . 0.3
Base-Eamttier Saturadon Yoitage* 17 v!tlud' Yae
O * 10 mAde, 1y« 1.0 mAde) 0.8 0.3
@ « 30 ke, 1y + 5.0 mAde) . 88
SMALL-SIGNAL CHARACTERISTICS
Current-Gata— Bandwidth Product Ll‘ MHz
Ce * 10 mAde, Vg + 20 Vac, { « 100 Miz) 233903 30 .
~ 283904 200 -
Outzut Capaciance 3 Con I oF
(Vog 3.0 Vde, Ly o §, ¢ = 100 kHz) . . v |
Lanat Capacitance 3 S oF ~
¥y # 0.3 Vée, 1o+ 0, (= 100 kita) - 8.0
taput tapedance 13 N, | % oams
Ug = 120 mAce, Vep = 10 Vdc, [« 1.0 KHz) 2N3963 2.3 | 1.0
INI904 1.0 10
VYolage Freddbacs Ratio 14 LT ! X 10+4
Q.+ LOmAGE, Ve ¢ 10 Ve, {4 1.0 RNE) aN903 0.1 5.0 g
282904 0.3 1.0
Small-Sigaal Current Gua 11 h" -
fle = 1.0 mAde, Vg * 10 Ve, £+ 10 Kit) 1N1903 ' 50 200
~ = 21304 100 400
Outoat Admittance u [T l mnos
-+ 1.0 MAde, Vg # 10 Vac, £« 1.0 ¥H) o ~ 1,0 10
Nose Ficre v, 10 Nr R a0
Q. = 100 wAde, Vip +8.0 Ve, Ry « 1.0k ohana, aN39a3 - 5.0
{710 Hx to 15,7 XH2) Lt : 5.0
SWITCHING CHARACTERISTICS
Delay Tiae (Vcc » 3.0 Vac, vlt(dﬁ +0.8 Vac, 1,8 l t‘ - 33 (7]
Rise ime | o "I mALL Iy, ¢ 1.CmAd) 13,6 ', - 1 . )
Swrige Time wcc_‘.ov“.lc.l’o“' :;:m . 2,1 N : * xlg as . ..
FulTine | o1 7 lpz RO mAK) e Yy . 50 - L
* Palse Testz Paise Wida © 300 s, Duty Crcle = 2.0% N . L. . O e wre amm R
FIGURE 1 — DELAY AND RISE YIME EQUIVALENT TEST CIRCUIT FIGURE 2 — STORAGE AND FALL TIME EQUIVALENT TEST CIRCUIT -
. P
300 23 eey [ +30V 10<t, <0 us—e 4 b '
OUTY CTCLE = 2% =106V - I - 2% [ +103¥
e P
oSy : e )
=0 !
i, <dnpF
< Lo mJ L— :‘?:
. i —pr T T

*Total shunt capadhnge of test jig and connectors




2N3903, 2N3904 (continued)

TRANSIENT CHARACTERISTICS ?

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

TRANSIENT CHARACTERISTICS ?

~—T,=25'C «--T,=125°C
FIGURE 3 — CAPACITANCE FIGURE 4 — CHARGE DATA
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2N3903, 2N3904 (continued)

AUDIO SMALL SIGNAL CHARACTERISTICS
NOISE FIGURE YARIATIONS
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MOTOROLA
SEMICONDUCTOR TECHNICAL DATA

2.0GHz Low Voltage Dual
Modulus Prescaler

The MC12033 is a h.gn frequency lew voltage dual modulus prescaler
used in phase-iockad icop (PLL) applicavons. A high frequency inout
signal up {0 2.0GHz is croviced for cordless and celiutar communication
services such as CECT, PHS, and PCS. The MC12033 can be operated
cown to a minimum supply veitage of 2.7V required for batery operataed
perable systems.

The MC12033A can be used vith CMOS synthesizer requiring positive
edgas 1o irigger interral counters such as Motorola's MC145XXX series
in a PLL to provica tuning signal up to 2.0GHz in programmable

frecuency steps. The MC120233 can be used with CMOS

r2cuiring nagative edges o trigger intemal counters.
A Divice Rato Control (SW) permiis selecton of a 32/33 or 64/65

v e - —— ~dvidRaativas-caesied. . . ... . ..
T T ThyMazutus Cenrrot {MIC) selects the-preper divide number al

has teen miased !¢ satect the Cesired civide-ravo.
~NQOTE: The “8" Version Is Not Recommended for New Designs

* 2 L3ns Tiggie Fracuency

¢ Zuopiy Voltage 2.7V 10 5.0vcc

¢ Low Power 10.0mA Typicat ai Vo = 2.7V

e Jzeravrg Temperaiure Range of 10 10 <285°C

* The 14C12233 .15 Pin Compatble “With the MC12022
* Srort Seiuo Time iga:) 8ns Tycical at 2.0GHz

o Mcdulus Control I~cut Lavel is Compatbla With Standard CMCS and

|

L

Pinout: 3-Lead Plastic 170 View)
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MAXIMULY RATINGS

synthesizers

erSW. T

MC12033A
MC1203358

+32/33, +64/65
LOW VOLTAGE

MECL PLL COMPONENTS

DUAL MODULUS PRESCALER

&t

P SUFFIX -
8-LEAD PLASTIC PACKAGE ™
CASE 625-05

&

D SUFFIX
ZAC PLASTIC SCIC PACKAGE

CASE 73123

FUNCTION TABLE
sw | mc Divide Ratio
N H R
H L 23
- - 54
Lo L 85

Pt SV HY ‘no. . m C2EN

NC. H 2220 Y0 Le GND o 0.4y

Symbol Parameter Vaiue Unit
vee Power Sucply Verasge, Pin 2 0.5t 7.0 vee
Ta Coparatng Tamzerature Range 1015 35 c
Tsig Siorage Tamperature Range " 5510 »150 'C
MC Moculus Control irsut. P10 5 0.5 +6.3 Vée
) | saeximum Cutput Current Pina 10.0 mA
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ELECTRICAL CHARACTERISTICS (Vcc=27105.0v: Ta = =<0 to +85°C)
Symbol Parameter Min Tya Max Unit
] Teg;le Fraquency (Sine Wave) 0.5 < 20 GHz
ice Suoply Current Output (Pin 2) Veg=2TV 1.0 123 mA
Vee as.0v 13.0 16.0
ViH1 Modulus Controt Input HIGH (MC) 2.0 Vee v
ViLs Moculus Control Input LOW (MC) GNO 0.8 v
ViHg Oivide Ravo Centrol Inout HIGH (S'W) vee vee vVee v
Vi Oiwnce Ratio Centrof Input LOW (Sw) OPEN OPEN OPEN —_
VouTt Output Voltage Swing (Note 1) Cy = 8pF; A = 60002 0.8 1.2 Vpp
tset Modulus Setup Time MC ‘o OUT @ 2000MHz 3 10 ns
Vin Input Voitage Sengitvity 500-2000MHz 100 1200 mVpp
o Outout Current {Nate 2) Vg = 2.7V. Ci_ = BoF, Ry = 60012 2.4 4. mA
—— - Ve =5.0v. Ci_ w 8sF, Ry = 1.5kn e 2.4 49 R

1. Vaud over vortags range 2.7 :0 5.0
2. Drwvide rado of ~32733 2 2.0GHz

ViR = 60002 Voo = 2.7V: Ry =150 3 Voo =50V « —mm -
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Figure 2. Modulus Setup Time
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Figure 3. AC Test Clrcuit
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EXTEANAL COMPCNENTS

C1 =C2 = 1000pF

Cla 0.‘}J.F

C=3pF (Incluairg Scope
and jig cagactancs)

Ai 28000 © Voo =27V

Reat

3kQ @ Voo =30V
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Figure 4. Input Signa! Amplitude versus Input Frequency
Divide Ratio = 64; Vo = 5.0V; TA = 25°C
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Figure 5. Output Amplitude versus Input Frequency RN
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