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2.6) nanmsveveidummeiloNafimang uas wadie
dya e FM STEREO MULTIPLEX 132heudiy

o a

2.6.1 YYIUTIM ( Composite Signal ) 130 FyanauFvauuyuly Wty FM

=y

ﬁssnmwaqhmqmmnm 9 TRUsTIUAINE 0-15 Kz msmﬂmmmuaan"lﬂxwa‘lmﬂmqm M

ﬁﬁ"il.lﬂ'lff'm'liflillﬂdvlﬂ wuwﬂummﬁnwuﬁ "lﬂ’)'l L+R

@

2.6.2 dyaaid1594 ( Sub Signal ) w30 drygramads dudyanaiimduth i1y
mﬂmmaﬂsnmmasTa“huﬂsaasumuuﬂ'nuﬁuwuﬁ'"lﬁ'ﬂ L-R ﬁmmmuymnnuamam'lus:uu AM fip
M -(LR) uag +(L-R) o Wdundessy mdessusrinnisaoasia mwa‘ummmammmmm
Bouduamuduiudldwd

262.1(Lr )+ (L-R) = 2L (Fygadmdio)

2622(L+R)-(L-R) = 2R( Foyanaduun)

dognoluszuy AM sxfiflgmilumsdedyan mie aagtymﬁymum:ﬁmtfﬂugﬂ
WU FM asiuszuy AM finn 9oz uuy AM DOUBLE SIDE BAND SUPPRESSED CARRIER
( AM - DSBSC ) Favzdannuinmzdovend AN ML ( SUB CARRIER ) iy 38 kHz A4
fozilusunaumsds mawmimwmﬂ'anfavag‘lmm 23 - 53 kHz (38 +15 kHz, 38-15 kHz)

263 ﬂmm1mw1( Pilot Signal ) mnummuqu'lmﬂsmsuuavmimmmqmmmu '
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Teyoy 1ot Pilot w190 lumsasasa

2.6.4 AYYUOTFID ( SCA Signal ) xfluﬁiynunm?imﬁum?mrf'wammﬁ?nq M lad
Tddaveneimealindeudunisesnornimessionisnd Tﬂuﬂmsﬁ’amﬁ'[mﬁananﬁmmmudm’h"lﬂ

AR SCA 920y 11934 60 70 kHz TA6T Center Frequency ogfi 67 kiz ¥NTNOYITNIN +7 kHz

i -7kHz
32UV FM MONO 555ua1 733945517313 75 kHz Deviation 100%
I¥UU FM STEREO MULTIPLEX @398Y5EMI1 67.5 kHz Deviation 90 %

¥UU FM STEREO MULTIPLEX & SCA 3484521114 60 kHz Deviation 80 %
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70 70
67.5 .
60 60
50 50
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s0] 1R LR R 0] 1R N
20 I 20 ! SCA
10 ' 10 \
X o (kHz) \ . (kHz)
5192 38 3 15 1523 IR 36067 147%™
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3.2.1) mslfidadengulumsdunnzinnd
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fo=Nfi
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; 3.2.1.4) Madenguuuunimnaaeslugdir (Dual Modulus Prescaler)
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3.2.1.6) madenguuuuiinglugy
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ei(s) = Phase input
Oe(s) = Phase error
Bo(s) = Output Phase
G(s) = Forward Gain
H(s) = Feedback Gain

nandifigylumseenuuy PLL  wdndidyezegiinislfimaiinues Laplace Tranform

'Jms1mmmmswauauawaw VY F(t) 1u§ﬂﬂllﬂ'lil‘lﬂ‘lfﬂu F(S) Tﬂum‘maumawms"um 23N

ﬁmmﬂu Transient (¥290739) 1ALHNANTILAW (Steady State) Tﬂtm Laplace tranform vz 14fiusq

nafiuuan #a pLL -ﬂzaaﬂﬁtyq’nm"lﬁ'ﬁq Linear 1a¢ Non Linear A3/

mnsalmansvanuduius iy
Oes)=1/[1+ G)H(s) | XBits) (1)
Bo) =G/ [1+ GEE] X Bit) (@

M1 Parameter 19 9 fillnrmduiusiy PLL Auraelugid 3.9
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34.1) ﬂ'ﬁﬂwmﬂ (Error Constants)
Oe(s) fio MAnwmaveantasznadygytaduym Oi(s) Audya i Feedvack Oo(syN
1319111 Oe(s) w1HINITATIEHMIA  Steady State Transient 1at1d Laplace Tranform vimsdinsier
MIMHANAINYDITSUVIN

lim [Oe(t)] = lim [SOe(s)]

Be(s)=1/ [1+ G(s)H(s)] xBis)
uazdeyayas input Oi(s) (Fu Step function
9i(t)=Cp ;>0
Bi(s) = Cp/s
o cp flo vurAveadyg I Step function
uazfidoygraduyniiu Lamp Function w3edendauuuh Step Velocity
Qi) =Cvxt ;t>0
Bi(s) = cvss’
o cv fio wwwaaém1f'hujumm-:uJ?;ouqmﬂalunﬁamsnﬁuueia"iuﬁchﬁﬁamm
I uanANIEnINANLEB UM UANEn VO dafu cv Aemnnuumnsavesnude i
Amames
uazﬁ ”igfmmﬁuwmﬂu Parabolic Function %38 Step Acceleration
Bi=Ccaxé ;t>0
Bi(s) = 2c/s’
e ca fie vinavesdandunIndinAsualimhusRouseduni fesen
Loop G(s)H(s)
Type 1.
G(s)H(s) = K/S(S+a)
' Type 2.
G(s)H(s) = K(S+a)/s’
Type 3. -
G($)H(s) = K(S+a)(S+b)/S’
f1 Final Value 484 Phase error dmFuuuu®i 1. (Type 1) Taotlou Step position 7
suynla Bics) = cprs 1214
r Oe(s) = [1/{1+K/S(S+a)} ][Cp/s]
: = (S+a)Cp/(S"+aS+K)

Oe(t>0) =1im$S Oe(s)
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= lim S(S+a)Cp/(S*+aS+K)
20
vziitu ¥ Steady State anoosisosay s ( =0)
uatdgyguduyndiu step Velocity
Bi(s) = Cw/s?
Oe(s) = [1/{1+1/5(S+a)}JCV/sY
Oe(s) = (S+a)Cv/S(S*+aS+K)
Be(t—>00 ) = lim S(S+a)Cv/S(S+aS+K)
=aCviK = ﬂ"lﬂsl‘?;
wazthdygnaduymiiu Step Acceleration
Bi(s) = 2cass®
Oe(s) = 2(S+a)Ca/[S*(SH+aS+K)]
Be(t—>00) = lim S*2(S+a)Ca/[S¥(s +a5+K)]
= lim 2(S+a)Ca/[S(S*+aS+K)]

=
SEERPRINCORTEEER
duwn Type 1 Type 2 Type 3
Step Position 0 0 0
Step Velocity Constant 0 0
Step Acceleration O Constant o0

ATNN 3.1 Steady State Error for Various System Type
I ' ¥
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3.522) toas-nSnmesinafinames wie Waurasumadmames (Edge-Triggered Phase
Detector)
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3.5.2.3 ) Phase Frequency Detectors
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- P4 4
NosuannNNgenFuszun PLL Eunwuiees veo ( Voltage Control Oscillator ) ¥4
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4.2 ) NSOONIVUINGS VCO
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4.2.1) UENTRVONIUIAIND DS MV 2104

nndeyaguanidves s e i tuning ratio i 2.5 f4 | Tﬂum‘lnummmﬂw#h
Uszanm 6 pF 14 17 pF nusmu"lmﬁnauuﬂuﬂauuuﬂmusaﬂuausmm 230V
e Cr = 8n5 18 mv0e 10 Fuau (Capacitance Ratio)
Cv min = fhmmw‘hqmamwﬂmes'
Cv max = MANNYAAVBIIUTAADT
p = fuend InnvesrnnhGuauy
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L Micro metal Toroidal Core # T30-12,
6 turns of No.22 copper wire

0.1uF r
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207 4.3 2005 10
vz 1daumsie
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NnguaNIRveRUIANeS T IT e MV 2104 n"umﬂ'xmmﬂauuuﬂawus NI

sz 6 pF 83 26 pF tiie 14 4 Az ldmanugsaszue 24 pF 114 104 pF ( fusadus 0.1 &4 30
Taan) usifius e 2 8 9 Taasi v ldmanugTdssinm 34.806 pF 34 69.6 pF

Amualyl i £= 100MHz, C varactor = 48 pF (i Vdc =3 V)
910 fo =127 [L( Cd + C5)]"*
L

(2Tf)  (Cd+Cs)

0l

1/(27TX 100X 10%%(48+6)X 10

X 469nH = 47nH

fi £ =88 MHz
C=1/2mf)*L)
= 1/Q2TUXE8X 10" (47X 10"
= 69.59 pF
fi £ =100 MHz

(@]
I

1A2TC)X(L)

/2TtX100%10%%47%10”)
=46.2 pF
2o 188 191 L sz 47 nH funsamod "lwmmmwammma"lﬂﬂsaunau"lﬂnaaﬂmu
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4.3) MIDONUUVMNIINITBINNND G

o d o 4 qve
1IN993A331) dAi9esnseanfiduny doubled-ended phase detector 41

fiyn
Suymit ldomsesnfSsudoumashuwy OR uas Oy auTiuse e

.5k 24k 4700pF
445,
241500pr <= VVv '(

Ce +12V

R172 RI22
b p O~ M-8, -

by o AR YA s

Ce
24k
I 4700pF

Eﬂﬁ 4.4 Low Pass Filter

fimuasi damping factor = 0,707
Cl =0.01 uF
A4 fr =10kHz

useau 1¥iunees phase detector VDD = +5V .

VINHAMINAABIIGT VCO 9z Idgaiaunid e

] ] *

hnud 88 MHz s sduii iy veo Ay 1.9 Tay

72130 100 MHz s A hdu veo whiy 4.9 Toan

MINAUATS Wn = [ (KDKveo)( N*C *R )"
1 damping factor , C = (Wn*R,*C,)2
e kD = vpDm

= 5/2T¢

=0.79577 V/Rad

Wn = 27C(/50
= 2TT*10*10/50
=1,256.63706 Rad/Sec
Kveo =270 Afveo/AVveo
= 2T0*( 108-88 )/( 4.9-1.9)

=31,415,926.5359 Rad /Sec
ANutIALYee VCO

(108 MHz + 88 MHz )2

98 MHz
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yofusa N fldns - fo/fr
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=9,800 ’
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R,=2C /WnC,

= 2*0.707/[ 1256.63706*10*10%]
=112,522.54 k)
4.4) MI2ONNUVVINDT Stereo Multiplex
2993 Stereo Multiplex 19 IC 18§ 4066 tag 4001 dhiladmandnSndiazniani
38 kHz awdny Taudananindrouas synvrgminiwmauihudyane (L4R) tay (L-R) wiousy
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4.5 Waunsumvgunisidienning

Tﬂsuﬂmmmumuqnmsmanﬂ'nun'luTﬂsmuuh’ﬂu'[ﬂsaau'[mmas 89C51
nNmmuaunu'lnTﬂsﬂauTmmasm"ﬂa MCS51 1 q"lﬂTﬂumzmmiszumﬂ11un~uu"1¢’1'ﬁa.
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4.6)N1300NVVN93 RF Amplifier
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X, =( Ry X)X,
TﬂUR las X xﬂummmmumuummsuammumuamaaumu R, unz X » lﬂummmmu

'n1uua°msuammumnam'umu Und m‘uuuﬂﬂuauwuﬁ'umﬂmuwxmuﬂusﬂmu‘mmmau %A

j SRerde Tﬂuumwumuuﬁmnausoﬂuuavn?uﬁmaml'cmu 90 DaF

d
AL

|
|
a i l... /0
B | I8iiman3in
Bllmaniion | :
O O
fm—
(n)
Rs
t
= Xp
i
Xs

(v)

a a o o a
245 msunumswdomnes Taoudendmaey

4.6.2) M3LUNAFS 'luﬂ1srfqmuﬂmm1ms~mnomunwuﬂmmmmnuauwuﬂuﬂu
munsaunso lunyae sﬂn 4.6 lﬂu'mmummmmﬁn‘lmwa'mu“lumsmanwuﬂum?nmm LHUMT
AUIUAIYDIQUNT IR ‘l‘mmwaumnmﬂ

ﬂwm X,, Aomanudumumienady Gusnuaumn) ‘uanwiuuwwammﬂm 6 (N) 09 4.6
G) ﬂ:mwumnmmmumu R, fofudufiiviszy uazezanaamndotudamisoni dmsulugl (1)
e X, vzgnimua lasmvesdienunurinaesandy R, uazf X, vzgnfmualaomisuenuauvii

Aoagfiv R, ﬂwmmemmunmmsnmenﬂmﬂuﬂwmmmuﬂs:q nieduniivnihlé Tauldgas
Al

_\ L= X, /(27T)
C=1127UX,
as el o . Xu=0R, R, = R,(1+ Q%)
Rl _L R2 2 2
1 ] 'l
DUNLAUIA i X,

(n)

51N 4.6 uaaenesuundn 19 lunsusuduiuaud

«



romen

37

B=R(1+0%
Q2
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5.1) MInAaBIes manadengy

5.1.1) Indy0mA188198999401A Phase Lock Loop I8Rag1/7i 5.1

Tek SR 1GS/s 12 Acgs
Ch1 Freq
10.24MHz2
Ch1 Pk-Pk
3.46 V
Ch1 RMS
1.183 v
7 Boatl W2 o I AR IR AW RL W o (X
MK 500mvA M 50ns” ChT 7 70m
18 Mar 1998
19:04:14
1U7 5.1 dyandnede 1024 Ma:
5.1.2) Indgygranupaimnanes ldnugii 5.2
Tek SR 1MS/s 191 Acgs
I I =" 1
i
Chi Freq
10kHz2
~ - Ch1 Pk-Pk
.- R I - S.16V
m’:{x;:::{i},iifx{??2::!55:;?:%5554;:..:?!i‘ Ch]RMS
: : S 2.431V
: S ; 1
| Secwnd hoeed 0D haprytend ,.—"\J«YW‘-
ST DU DU VU SUU. SO IO U TN T
[Chij VA M 3OS ChT 7 =220mv
H 18 Mar 1998
19:08:30

1 5.2 dygantumnSmnames



39

5.1.3)indygnanindninveodie Tusunsuprescaler Mlidmshdy 65 1ARa31/f 5.3

Tek BT 200MS/s 33 Acgs
i T.

Ch1 Freq
1.507MH2z

Ch1 Pk-Pk
2.78 v

1 5.3 a1mBean veo ifemsday 65

5.1.4) Ia ”ﬂJ@Wﬂﬂ:JﬁMﬂVCO;ﬁ@TﬂsunsuPrescaler MWiimsoiisy 6418z

Tek SI™H 200MS/s 31 Acgs
[ - L
L

Ch1 Freq
1.S3MH2z

Ch1 pPk~pk
2,78 V
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5.1.5) ¥A11 Damping Factor ¥83m35i/auun21ua01n 93Muz 4 98MHz 1Ana31/# 5.5

Tek BB 20kS/s 42 Acgs
I. I T.

Ch1 +0Over
34.1%

4

Ch1 High
3.34\'(7,

Ch1 Rise
509us
Low signal
amplitude

[ 500mv M2.5ms ChT 7~ 3027V
18 Mar 1998
210308

31is 5 in Damping Factor 40am31ftun211i@iein 93 ‘) 08 Mz

5.LeYiadygnandudion veo 18daf s.e

Tek Ht:YiE 1GS/s 11-Acqs
I I

Ch1 Freq
98.02MHz

Ch1 Pk—-Pk
3298.9mv

Ch1 RMS
109.8mv
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5.17) Indgygnuninibiondees veo enmnssiueud Téiagui 5.7

Tek Run: 1GS/s

Sample
I

Ch1 Pk—-Pk
747.6my

Ch1 RMS
257.9mv

Ch | e+ e She CAT 7~ 24m
13 1 A N
1N 5.7 Avdenn veo ernfTuewd

5.2) MINATRUMA Modulate TanvhmsTadygraneqaaiinauiidieg uasia Toanuiinies

b 4
Svmnsosul@itiugail

s.2.)uiefloudyga veganfinud 100 Bz
Tek SXEH 10kS/s 21 Acqgs
" ol

i |
{ L] i
L B S St e B T LA M AL A e

L]

Demod
signal

Ch1 Freq
100 Hz

Ch1 Pk-Pk
1.68 V

Ch2 Freq
101.4 Hz
Low sighal
amplitude

Ch2 Pk—~Pk
11.6mv

Mod
signal

| I PP P BN I
T S00RVA ~—ThZ
18 Mar 1998
19:39:16
7U" 5.8 Houdnygranos 100 He
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Tek EIGYE 50kS/s 575 Acqs
j - T

i
LIS SRS BRSNS S e s o e a2 T

U0 5.9 doudyanauitos 500 e
5.2.3) iodloudygo veqmadinnnd 1kHz

Tek EXYE 50kS/s 12 Acqs
[ b ot

- : : : : T : X X : ]
o . . . . 4,. . . . .

TSI R PUUTE S ST I DT NUTE T
ICh 1| 1TVAN~"Th? SmVN M Tms CRI f‘mvj

31 5.10 Houdyanaufos 1kuz

Demod
signal

Ch1 Freq
500 Hz

Ch1 Pk-Pk
2.52vV

Ch2 Freq
503.8 Hz
Low signal
amplitude

Ch2 Pk-Pk
12.2mv

Demod

signal

Ch1 Freq
TkH2

Low signal
amplitude

ch1 Pk—Pk
1.6V

Ch2 Freq
1kHz
Low signal
amplitude

Ch2 Pk-Pk
11.2mv

Mod
signal

42
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Tek HEIR 1MS/s

1

=

T T T T

T

.........

..............

PRI

;;;;;;

Chige

IOOmV'\; Ch2

B TT\7i v e YT

ST

317 5.11 Houdaygnauiios 10 kiz

4 L 4L
s.2.5)defloudygia veganfina1ud 15kHz

Tek S3iEH 2MS/s

33 Acgs
T

PR EEY

Ch i

IOOmV'\e Ch2

UMV WM 25Hs CRT

sﬂ'n 5.12 Houdy

i
7

3oy

'lilllﬂtN 15 kHz
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Demod
signal

Ch1 Freq
10kH2

Ch1 Pk-Pk
308mv

Ch2 Freq
10kH2
Low signal
amplitude

Ch2 Pk-Pk
12mv

Mod

1 signal

"] Demod
{ signal

Ch1 Freq
15.09kH2
Low signal
amplitude

Ch1 Pk-Pk
200myv

Ch2 Freq
15.04kHz
Low signal
amplitude

Ch2 Pk—Pk
11.6mv

Mod

Esignal

r 1998

—t
o0
u
S5
S



s.2.6)iindloudynyn voguaniinand 20kuz

Tek EIXeT 2Ms/s

-

R AR A B o e

xxxxxxxxx

] Demod
1 signal

Ch1t Freq
4 20.3kH2z

Ch1 Pk-Pk
138mv

Ch2 Freq
20.14kHz
Low signal
amplitude

Ch2 Pk-Pk
11.9mv

1 Mod
1 signal

[Ch | T\ v o v

53 Iadyun21ud Sub Carrer 38 kKHz LAy

wang Iddagaiis. 14
Tek ST SMS/s

VoM BhE ChT

23V

117 5.13 Hloudoyananios 20 k2
5.3)MINAasInInmans Toadnwsny

T Lant o T Ty LI e 5
[} i i i

Ch1 Freq
19.01kHz
Low signal
amplitude

Chi1 Pk-Pk
9.6 V

Ch2 Freq
38.02kHz
Low signal
amplitude

Ch2 Pk~Pk
9.4V

JUN 5.14

oy

10 A2149 Sub Pilot 38 kHz

29 Apr 1998
00:36:29
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5.3.2) Ity 101 Composite ie luidloudygaduyn

Tek B3R 2MS/s 13 Acqs
b [ T ] 1
T T T T T Ty T
h1 Freq
9.09kH2
Ch1 Pk-Pk
296my
Ch1 RMS
112.9mv
~SORVA, ; M 2505 ChT 753wy
28 Apr 1998
23:34:39
z’dﬁ 5.15 llﬂ’ﬂG’cTEUﬂJ']OllE)'WI'V]T]‘UENMﬂ’cTME)SIEIHJOVIIJJJB'LW!YI
5.3. 3)’JﬂtTEUﬂJ'liNﬂ’J]Jf]lJ'NS)ilJ?mmﬁf]‘b’iT‘JYl‘lf
Tek T8 2ms/s 10 Acgs
& I. : X 1 }
1 L ¥ J 7 i
M\ Ty W T DT T T
Ch1 Freq
19.05kHz
Low signal
amplitude

Ch1 Pk-pPk
8.6V

Ch2 Freq
19.07kHz
Low signal
amplitude

Ch2 Pk-Pk
8.6V

28 Apr 1998
23:41:06
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534)1mamvgmfammmmaﬂauamwanmmaﬂau YW Sunn 1 kN

Y
vy LALER
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dyyrnvoslaveamitauacnvomite litloy

Tek BXTN 200ks/s
L.

Ch1 fFreq
18.99kH2
Low res

Ch1 Pk-pPk
816mv

Ch2 Freq
1.003kH2
Low signal
amplitude

Ch2 Pk~pk
soomv

'...4',..,'....',..".,.."',..A.x:..413,..x:.. ,
%11 LI TNz v e/ T S M2500s ChT 7wy
28 Apr 1998
23:47:32

57 dygrnemiynidiotloudum 1,

53s)aﬂmmwmmmﬂmmeiIanamwanmmaﬂauﬂmmm SUW'VI 2 kHz

Tyauvoalavoniluay amramua"lu{lnu
Tek 53R 200kS/s 33 Acqs
I I

Y=
U109

Ch1 Freq
22.93kHz
Low res

Ch1 Pk-Pk
760myv

Ch2 Freq
2.041kHz

Ch2 Pk~Pk
792mv

—'3 2my

28 Apr 1998
23:52:47
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536)5ﬂ101ﬁwmammmma?'faﬁaﬁmﬁncﬁﬁaﬂauﬁuwn IkHz uaz 2kHz 1$heeq
Tygradudouazynmudiyidieg 5.0

Tek EIME 200ksS/s 9 Acgs

‘1l ‘I Ch1 Freq
Mg 24.74kHz
i Low res

ll ch1 pk—pk
! 800myv

| I ll | ! "*'*”‘** i | i ‘ " ' Ch1 RMS
|1| 4 i 254.2mv

Ch | S LT\

28 Apr 1998
U 5.19 teninyvesmnes Teiedloudunm tktiz iay 2z

o 9 A o
5:3.7) Indggnammziigauegaamaeidn 1dfgl 5.20

Tek SR 500kS/s
[

.......................

Ch1 Freq
1.007kH2z
Low signal
amplitude

: ¥ : : : : :Ch1Pk—Pk
e e ————r? | 1 ChIPk

,,,,,,,, Ch2 Pk—Pk
. . . L . . . . 4 106mv

Ch2 RMS
44.12mv
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5.4) MINAIBIIANUITIAU VCO LRI RRENF F2ty

MINT 5.1 uaARusiu VCo finddiaiag iy

T (MHz) HIQU (V)
87.5 1.98
88 2.02
88.5 2.08
89 2.12
89.5 2.18
90 2.24
90.5 2.30
91 2.36
91.5 2.43
92 2.50
92.5 2.57
93 2.65
93.5 2.73
94 2.82
94.5 2.91
95 3.00
95.5 3.10
96 3.21
96.5 3.32
97 3.43
97.5 3.55
98 3.68
98.5 3.82
99 3.96
99.5 4.12
100 4.28

100.5 4.45
101 4.63
101.5 4.82
102 5.02
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5.21

P (MHz) U3IAU (V)
102.5 5.24
103 5.46
103.5 5.70
104 5.96
104.5 6.23
105 6.52
105.5 6.82
106 7.14
106.5 7.48
107 7.85
107.5 8.23
108 8.64

M13197 5.1 (D)
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TE e oeew

MAIN PROGRAM

SCANKEY

INPUT KEY

No

4

KEY=INC

/ v INC PORT&FREQ

No

y

KEY? Yes DEC PORT&FREQ

1UA 7 uaAd Flow Chart Tylsunsumdn




INCREMENT FREQUENCY PROGRAM

INC PORT&FREQ

INCREMENT
PORT=PORT+1

INCREMENT
BUFFER_LCD=BUFFER_LCD+1

DISBLAY BUFFER

RETURN

U7 8 utAd Flow Chart Tusunsuiiunnd
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DECREMENT FREQUENCY PROGRAM

DEC PORT&FREQ

-

INCREMENT
PORT=PORT-1

INCREMENT
BUFFER_LCD=BUFFER_LCD-1

-

-

DISPLAY BUFFER

RETURN

31 9 uama Flow Chart Tsunsyaannud
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; <<<<Program Control Frequency>>>>

ORG  000OH
COMMAND EQU OEOCOH
READBUSY EQU  OEOC1H
WRITEDATA EQU  OEOC2H
READDATA _EQU  OEOC3H
PORTA  EQU OEOEOH ; COUNT A
PORTN  EQU OEOE1H ; COUNT N(B)
PORTC ~ EQU OEOE2H ; KEY IN
PORT_CON EQU  OEOE3H

BUF_A EQU 30H

BUF_N EQU 31H

BUF D1 EQU 320 *
BUF_D2 EQU 334
nUF_p3 EQU 3411

BUF_LCD1  EQU 35H
BUF_LCD2  EQU 36H
BUF_LCD3  EQU 37H
BUF_LCD4  EQU 38H
BUF_LCD5 EQU 39H
BUF_LCD6  EQU 3AH
BUF_HEX1  EQU 3BH
BUF_HEX2 EQU 3CH
BUF_HEX3  EQU 3DH
;<<<<< START PROGRAM >>>>>>>
LCALL DELAY

START: LCALL INIT_PORT
MAIN: LCALL INTRO

MAIN1: LCALL INIT_SYS
MAINZ2: LIJMP KEY IN

; K<< END MAIN >555>>>>>

jmmm———e LCD DISPLAY ~----
DISP: LCALL INIT LCD
ACALL DISP1
ACALL DISP2
RET
;**%* DISPLAY LINE#1 *#*%*
DISP1: MOV RO, #10H
ST1: CLR A
MOVC A, @A+DPTR
LCALL WRITE_CHR
INC  DPTR
DJNZ RO, ST1
MOV A, #90H
LCALL GOTOXY
MOV RO, #04H
ST2: CLR A
MOVC A, @A+DPTR’
LCALL- WRITE_CHR

INC DPTR

DJNZ RO, ST2

RET
;%**** DISPLAY LINE#2 ****
DISP2: MOV A, #40H

LCALL GOTOXY

MOV RO, #10H
ST3: CLR A

MOVC A, @A+DPTR

LCALL WRITE_CHR
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INC
DJINZ
MOV

DPTR
RO, ST3
A, #0DOH

LCALL GOTOXY

MOV
ST4: CLR
MOovC

RO, #04H
A
A, @A+DPTR

LCALL WRITE_CHR

INC
DJNZ
RET

DPTR
RO, ST4

INIT_LCD:PUSH DPL

PUSH
MOV
MOV
MOVX

DPH

DPTR, #COMMAND
A, #38H
@DPTR,A

LCALL WATTBF

MOV
MOVX

A, #0CH
@DPTR,A

LCALL WAITBF

MOV
MOVX

A, #06H
@DPTR, A

LCALL WAITBF

MOV
MOVX

A, #01H
@DPTR, A

LCALL WAITBF

POP
20)3
RET

DPH
DPL

i***WRITE ASCII TO LCD***
WRITE CHR:PUSH DPL

PUSH DPH

MOV  DPTR, #WRITEDATA

MOVX @DPTR, A

LCALL WAITBF

POP  DPH

POP  DPL

RET
;*** WAIT FOR READY,CHECK BUSY flag ***
WAITBF: PUSH DPL

PUSH DPH

MOV DPTR, #READBUSY
RDY1l: MOVX A, @DPTR

JB ACC.7,RDY1

POP  DPH

POP  DPL

RET
;*** GO TO ADDRESS OF LCD #%+
GOTOXY: PUSH DPL

PUSH DPH

MOV  DPTR, #COMMAND

SETB ACC.7

MOVX @DPTR, A

LCALL WAITRBF

POP  DPH

POP  DPL

RET
DELAY: MOV  R7, #04H
S_DELAY:MOV R6, #00H
LOOP1; MOV RS, #00H
LOOP2: DJNZ R5, LOOP2




v

DJNZ R6,LOOP1
DINZ R7,S_DELAY
RET

pmm——- DISPLAY INC&DEC--==-----

CHAGE: MOV A, #48H
LCALL GOTOXY
MOV RO, #BUF_LCD1
MOV RS, #06H

CHG: MOV  A,@RO
LCALL WRITE_CHR

INC RO
DJINZ R5,CHG
RET

;i ---TRANFER DECIMAL TO BUF_LCD---
TRAN: MOV R%, (0211

MOV  R1, #BUF_D2

MOV RO, #BUF_LCD2

TRAN1: MOV R4, #02H
MOV A, @R1
TRAN2: SWAP A
PUSH ACC
CLR ACC.7
CLR ACC.6
SETB ACC.5
SETB ACC.4
MOV  @RO,A
INC RO
POP  ACC
DINZ R4, TRAN2
INC RO
INC Rl

DJNZ RS, TRAN1

MOV  BUF_LCD4, #2EH

MOV  BUF_LCD1, #31H

MOV  A,BUF D1

CJNE A, #00H, TRAN3

MOV  BUF_LCD1, #90H
TRAN3: ACALL CHAGE

jmmm——- KEY IN------
KEY_IN: MOV R4, #08H
KEY: MOV  DPTR, #PORTC
KEYl: MOVX A,@DPTR

CLR C
ORL C,ACC.0 JINC FRIEEQ
Jc KEY2

LCALL INC_PORT
ACALL -DELAY K
KEY2: MOVX A, @DPTR

CLR c
ORL C,ACC.1 ;i DEC FREQ
Jc KEY3 :

LCALL DEC_PORT
KEY3: DJNZ R4,KEY
KEY_END: SJMP KEY_IN

DELAY_K:MOV RS, #40H
Kl: MOV  R6,#00H
K2: DJNZ R6,K2



DJNZ R5,Kl
RET
jm————— INCREMENT PORT -------
INC_PORT:CLR c
MOV RO, #BUF A
MOV R1, #BUF_N
MOV A, @RO
ADD A, #19H
ORL C,ACC.6
JNC  INC_L1
CLR  ACC.6
INC_L1: MOV  @RO,A
MOV A, @Rl
JNC  INC L2
TNC N
INC_L2: MOV @R1,A
CIJNE @R1, #0A9H, INC_L3
CJINE @RO, #09H, INC_L3
MOV @R1, #88H
MOV @RO, #2EH
INC_L3: LCALL OUT_PORT
ACALL INC_DAA
RET
jmmm——— INC DACIMAL-~=---
INC_DAA:CLR C
MOV  A,BUF_HEX3
ADD A, #25H
DA A
MOV  BUF_HEX3,A
CJINE A, #00H, INC1
MOV  BUF_HEX3, $00H
INC  BUF_HEX2
INC1: MOV  A,BUF_HEX2
DA A
MOV ~ BUF_HEX2,A
CINE A, #08H,INC2
MOV A, BUF_HEX3
CJNE A, #25H, INC2
MOV  BUF_HEX1, #00H
MOV  BUF_HEX2, #87H
MOV  BUF_HEX3, #50H
INC2: MOV A, BUF_HEX2
CJINE A, #00H, INC3 -
MOV BUF_HEX1, #Q1
MOV BUF_HEX2#{00l
INC3: MOV  BUF_DI;BUF_HEX1
MOV BUF_D2,BUF HEX2
MOV  BUF_D3,BUF_HEX3
LCALL TRAN
C_KEY: MOV  DPTR, #PORTC
- MOVX A, @DPTR
CLR C
ORL  C,ACC.0
JNC  C_KEY
RET

4
DEC_PORT:CLR

C

;START INC
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MOV RO, #BUF_A
MOV R1, #BUF N
MOV A, @RO
SUBB A, #19H
JNC  DEC_L1
ANL A, #3FH

DEC  @R1
DEC_L1: MOV  @RO,A
DEC_L2: CINE @RI, #88H, DEC_L3

CINE @RO, #15H, DEC_L3
MOV @R1, #0A8H
MOV @RO, #30H

DEC_L3: LCALL OUT_PORT

ACALL DEC_DAA
RET

——————— DECRI:ZMI‘JN'I'_IJ/\CI MAL=~= e o

DEC_DAA:CLR C

DEC1:

DEC2:

DEC3:

DEC4:

DEC5:

DEC6:

KEY D:

MOV A, BUF_HEX3
MOV R1, #BUF_HEX3
MOV RO, #BUF_HEX2
ORL  C,ACC.5

Jc DEC1
CLR C

SUBB A, #31H

SJMP  DEC2

CLR C

SUBB A, #25H

DA A

JNC  DEC3

DEC  @RO ;BUF HEX2
SETB ACC.6

CLR  ACC.7

MOV BUF_HEX3,A
CJINE @RO, #0FFH, DEC4
MOV @RO, #99H
MOV BUF HEX1, #00H
CJNE @RO, #8FH, DEC5
MOV @RO, #89H
MOV BUF HEX1, #00H
CINE @RO, #87H, DEC6
CJNE @R1, #25H, DEC6
MOV @RO, #08H
MOV @R1, #00H
INC BUF HEX1
MOV BUF D1, BUF HEX1
MOV uuv:uz)UUbLnuxz
MOV BUF_D3, BUF_HEX3
CJIJNE X, #00H, DEC1
LCALL TRAN

CLR C
MoV DPTR, #PORTC
MOVX A, @DPTR
CLR C,
ORL C,ACC.1
JNC KEY D
RET

MOV DPTR, #TABLE1
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LCALL :DISP

MOV R7, #1BH
LCALL S_DELAY

MOV DPTR, #TABLE2
LCALL DISP

LCALL DELAY

MOV DPTR, #TABLE3
LCALL DISP

LCALL DELAY

MOV DPTR, #TABLE(4
LCALL DISP

LCALL DELAY

RET

INIT_SYS:MOV
LCALL DISP
MOV N 1on
MOV  BUF_A,A
MOV A, #9CH
MOV  BUF_N,A
ACALL OUT_PORT
ACALL DELAY
MOV ~ BUF_HEX1, #01H
MOV BUF_HEX2, #00H
MOV  BUF_HEX3, #00H
RET
jemmme————— OUT PORT ====--=-—==e
INIT_PORT:MOV DPTR, #PORT_CON
MOV A, #81H
MOVX @DPTR,A
RET
OUT_PORT : MOV DPTR, #PORTA
MOV  A,BUF A
MOVX @DPTR,A
INC  DPTR ; PORTN
MOV  A,BUF_N
MOVX @DPTR,A

DPTR, #TABLES

RET
TABLEl: DB ' FM STEREO MULTIPLEX'
DB ' TRANSMITTER \
TABLE2: DB ' DIRECTOR !
DB ! BY !
TABLE3: DB ' << MR.PEERAWAT >>

DB ' << MR.CHUTIKAN >> '
TABLE4: DB ' TELECOMUNICATION !

DB ' ENGINEER <CONTI> !
TABLEbD: DB ' *CHANNEL=-TRANSMLTED* "

DB '*FREQ : 100.000 MHz*'
END

|
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&National Semiconductor

CD4066BM/CD4066BC Quad Bilateral Switch

General Description

The CD4066BM/CD4066BC is a quad bilateral switch in
tended for the transmission or multiplexing of analog or digi
tal signals. It Is pin-for-pin compatible with CD40168M/
CD40168C, but has a much lower “ON" resistance, and
“ON" resistance is relatively constant over the input-signa
range.

Features
|1 W Wide supply voltage range 3V 1o 15V
R High noise immunity 0.45 Vpp (typ.)
m Wide range of digital and +7.5 Vpeak
analog switching
m “ON" resistance for 15V operation 80n

® Matched "ON" resistance
over 15V signal input

m “ON" resistance flat over peak-to-peak signal range

m High “ON"/“QFF” 65 dB (typ.)

output voltage ratio @ fig=10 kHz, R =10 k2

High dogroo linoarity 0.1% distortion (typ.)

High degree lnearity @ fig=1kHz, Vig=56Vp.p,

High degree flinearity Vpp—Vsg =10V, R =10 k2

ARon=50 (typ.)

June 1992

= Extremely low “OFF" 0.1 nA (typ.)
swilch leakage @ Vpp~Vgs =10V, Tp=25°C
= Extremely high control input impedance 10120 (typ.)
m Low crosstalk ~50 dB (typ.)
between swilches @ fig=0.9 MHz, R =1 k)
m Frequency response, switch “ON" 40 MHz (typ.)

Applications
® Analog signal switching/multiplexing
¢ Signal gating
¢ Squelch control
* Chopper
* Modulator/Demodulator
¢ Commutating switch
m Digital signal switching/muitiplexing
m CMOS logic implementation
B Analog-to-digital/digital-to-analog conversion
m Digital control of frequency, impedance, phase, and an-
alog-signal-gain

Al

Schematic and Connection Diagrams

CONTROL ——D

Order Number CD4066B
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Absolute Maximum Ratings otes 1 &2
i Military/Aerospace specified devices are required,

please contact the National Semiconductor Sales

Recommended Operating

Conditions (note 2)

Gttice/Distributors for avallability and specifications, IS”pp'\’; \;""agev(VDD) oo 18v
%up Ply Voltage (Vop) ~0.8Vio +18v gg::at;:lga?:r:\;;:r)ature Range (Ta) iV
3 N A
Input Voltage (Vi) 0.5v .to Voo +o.?v CD40668M ~58°C lo +125°C
%torage Temperature Range (Tg) —65°Cto +150°C CD4066BC —40°C to +85°C
Power Dissipation (Pp)
Dual-in-Line 700 mw
Small Outline 500 mwW
Lead Temperature (T)
(Soldering, 10 seconds) 300°C
’
DC Electrical Characteristics cososssm ot 2)
[
Symbol Parameter Condltlons - 85°C +25C +i28°¢ Units
Min | Max { Min Typ Max | Min | Max
noui Quiescent Device Current | Vpp =5V 0.25 0.01 | 0.25 75 | uA
Vpp= 10V 0.5 0.01 | 05 15 | pA
: Vpp= 15V 1.0 0.01 1.0 30 nA
SIGNAL INPUTS AND QUTPUTS
Rok | "ON"Resistance AL=10kn 1o 00=VSs
Ve =Vpp, Vis=Vss to Vpp
Vop=5V 800 270 | 1050 1300 | 0
§ Vop= 10V 310 120 | 400 550 | 0
. Vpp =15V 200 80 | 240 320 | 0
Vpp =V
ARdN | A"ON" Resistance RL=10k0 to -DD—*ss
Between any 2 of Ve =Vpp, Vis=Vgs to Vpp
4 Switches Vpp= 10V 10 o
Vpp =15V 5 Q
Iis Input or Output Leakage | Ve=0 £50 +0.1 | £50 +500 | nA
Switch “OFF" Vis =15V and 0V,
Vos=0Vand 15V
CONTROL INPUTS |
[4
V"_q Low Level Input Voltage | vjg= Vss and Vpp
Vos=Vpp and Vg
lis=£10 pA
Vop=5V 15 225 | 15 1.5 v
Vpp = 10V 3.0 4.5 3.0 3.0 v
Vpp= 15V 4.0 8.75 4.0 4.0 )
Vine High Level Input Voltage | Vpp =5V 35 3.5 275 35 v
' Vpp = 10V (see note 6) 7.0 7.0 5.5 7.0 v
' Vpp= 15V 11.0 11.0 8.25 11.0 \
I f fnput Current Vpp—Vss =15V £0.1 £10-5 | £0.1 +10 | pA
Vop2Vig2Vss
Vop2Vg2Vss L 1
§
DC Electrical Characteristics coosesc {Note 2)
Symbol Parameter Conditions —40C +25°C +85°C Units
f Min Max Min Typ Max Min Max
loo, Quiescent Device Current | Vpp=5v 1.0 00t | 1.0 75 A
Vpp= 10V 2.0 0.01 2.0 15 RA
Vpp =15V 4.0 0.01 4.0 30 RA
' 2

e e
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DC Electrical Characteristics (Continued) CD40868C (Note 2)

Symbol Parameter Conditions —40cC +25°C +85°c Units
Min | Max [ Min [ Typ | Max | Min | Max
SIGNAL INPUTS AND QUTPUTS
Vpp—V .
Ron “ON" Resistance R =10k to DD— 7SS
Vc=Vop, Vss to Vpp
Vop=5V 850 270 1050 1200 [}
Vpp=10V 330 120 400 520 n
Vpo =15V 210 80 240 300 n
Vpp—V
ARoN A"ON” Resistance RL=10kN 1020 7SS
Betwaen Any 2 of Vee=Vpn. Vis=Vss to Vpp
4 Swilchos Vpp ~ 10V 10 (1)
Vop= 15V 5 a
lis Input or Qutput Leakage | Vg=0 150 0.1 +£50 +200] nA
Switch “OFF”
CONTROL INPUTS
ViLe Low Level Input Voltage | Vig=Vgs and Vpo
Vos =Vpp and Vgg
lig=10pA
Vpp =5V 1.5 2.25 1.5 1.5 v
Vpp= 10V 3.0 - 4.5 3.0 3.0 v
Vop= 15V 4.0 6.75 4.0 4.0 \%
ViHe High Level Input Voltage | Vpp =5V 3.5 3.5 275 3.5 v
Vop = 10V (Sea note 6) 7.0 7.0 55 7.0 v
Vop= 15V 11.0 11.0| 825 11.0 v
Iin Input Current Vpp—Vgg =15V +0.3 +10-5| +0.3 1.0 [ pA
VopzVig2Vss
Vpp2Vg2Vss
AC Electrical Characteristics* Ta=25°C, t,=1t=20 ns and Vgg = OV unless otherwise noted
Symbot Parameter Conditions Min Typ Max Units
tpHL tPLH Propagation Detay Time Signal Ve =Vpp, CL =50 pF, (Figure 1)
Input to Signat Output Ry =200k
Vpp=5V 25 55 ns
Vpp=10V 15 35 ns
Vpp=15V 10 25 ns
tpzms tPzL Propagation Delay Time RL=1.0kQ, Cy =50 pF, (Figures 2 and 3)
Controf input to Signal Vpp=5V 125 ns
Output High Impedance to Vpp=10V 60 ns
Logical Level Vpp =15\~ 50 hs
tpHz. oLz Propagation Delay Time RL=1 0 k2, Cr =50 pF, (Figures 2 and 3)
Control Input to Signal Vpp =5V 125 ns
Output Logical Level to Vpp = 10V 60 ns
High Impedance Vpp =18V 50 ns
Sine Wave Distortion Vo=Vpp=5V, Vgg= —5V 0.1 %
RL =10k, Vig=5Vp.p, f=1kHz,
(Figure 4)
Frequency Response-Switch Vec=Vpp=5V, Vgg= ~5V, 40 MHz
“ON" (Frequency at ~3 dB) R =1k, Vig= 5Vp.p,
20 Logyp Vos/Vos (1 kHz) - dB,
(Figure 4)




QC Electrical Characteristics* (Cgntinued) Tp = 26°C, t,=t;=20 ns and Vgg = OV unless otherwise noted

Symbol Parameter Conditions Min Typ Max Unlts
' Feedthrough — Switch “OFF” Vpp=5.0V, Voo =Vgg = ~5.0V, 1.25
(Frequency at —50 dB) Ry =1k, Vig= 5.0Vp.p, 20 Logyo,
Vos/Vis = —50 dB, (Figure 4)
Crosstalk Between Any Two Vbp = Vg =5.0V; Vgg = Vee) = 5.0V, 0.9 MHz
Switches (Frequency at —50 dB) RL1 kY, Vig(a)=5.0 Vp-p, 20 Logye,
VOé(B)/VIS(A) = —50 dB (Figure 5)
{, Crosstalk; Contro! Input to Vop =10V, R =10k, Riy=1.0kQ2, 150 mVpp
Signal Output Vod = 10V Square Wave, C| = 50 pF
(Figure 6)
\ Maximum Control Input Ri=1.0 k1, C, =50 pF, (Figure 7)
Vosn = Y2 Vos(1.0 kHz)
. Vpp=5.0V 6.0 MHz
Vpp=10V 8.0 MHz
Vpp= 15V 8.5 MHz
Cig Signal Inpul Capacllanco 8.0 pF
Cos Signat Output Capacitance Vpp= 10V 8.0 pF
Clés Feedthrough Capacitance Vo=0V 0.5 pF
Cuﬂ . Control Input Capacitance 5.0 7.5 pF
*AC Pi are g d by DC co d testing.

Note 1: “Absolute Maximum Ratings™ are those values beyond which the salely of the device cannot be guaranised. They are not meant to imply that the device
shbuld be operated at these limits. The tables of “Recommended Operating Conditions” and “Elactrical Characteristics” provide conditions for actual device

oparation.
No,po 2: Vgg =0V unlass otherwise specified,

Note 3: These devices should not be connected to circuits with the power “"ON",
Note 4: In git cases, there Is approximately 5 pF of probe and jig capacitance in the output, however, this capacliance is included in C wherever it Is specified.
Hote §: Vig e the voliage at the in/out pin and Vos is the vollage &l the out/in pin. Vg Is the voltage at the cantrol Input.
Nots 6: Conditions for Viiic: &) Vig= Vpp. los = standard B serlos qu b) Vig =0V, Igy = standard B series Ig;.

AC Test Circuits and Switching Time Waveforms
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AC Test Circuits and Switching Time Waveforms (Continued)

v
Ve
25v
CONTROL  vgp
Vg OV —a — /
vig——tinour _10F8 ourny v .
Is wTCHES b L
v p -2s¢ mm—
3 " )
—
l V= Vpp for distortion and frequency response tests
-5V = ok ‘Vc'-Vss for feedihrough test
L Al ) i ks
FIGURE 4. Sine Wave Distortlon, | ['oqu9_qcy Response and Feedthrough
8 >
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Ve © Voo Y
CONTROL  vpg
Visty) ———{in/out 9:'%“‘“ outaN Vosin
Vss R .
l W
sy = 28V ————
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113 ¥
|| NS el
CONTROL  vpp
Vig - 8V mrout (4 OE L - ouran vos)
Ves a
l i
= -5V —
FIGURE 5. Crosstalk Between Any Two Switches
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'fypical Performance Characteristics

“ON” Resistance vs Signal
Voltage for Tp = 25°C

20 [1Vop - Vsg - 5V

150 £ 11 Voo - Vs - 1ov |
N |

-
-

CHANNEL ~ON" RESISTANCE (Rgy) )
H
N
o

Voo - Vsg = 18V

0 e ol I e Y
-t -8 -4 -2 0 2 ¢« 8
SIGNAL VOLTAGE (Vyg) (V)

—

“ON" Resistance as a FunFtlon
of Temperature for
Vpp—Vgs= 10V

400
R
308
28
w0
150
180

[{
" Tpe-06°C
0 FEm

-0 -8 -4 -7 0 2 4 & 3
SIGHAL VOLYAGE (Vi) (V)

Tpe o126 LA

}

1
| Tp 025

CHARNEL “DN™ RESISTANCE {(Row! Bs2)

Special Considerations \
In applications where separate power sources are uséd lo
drive Vpp and the signal input, the Vpp current capability
should exceed Vpp/Ry (R = clfective external load of the 4
CD4066BM/CD4066BC bilateral swilches). This provision
avoids any permanent current flow or clamp action of the
Voo supply when power is applied or removed from
CD4066BM/CD40668C.

In certain applications, the external load-resistor current
may include both Vpp and signal-line components. To avoid

“ON" Resistance as a Function
of Temperature for
Vpp—Vgg= 15V

158 £y, . h25%C =

Tp v 125°C

CHAMNEL “DN" RESISTANCE (Roy) (2]
~

Ta® -65°C
-4 -0 -4 -2 0 2 4 b 8
SIGNAL VOLTABE (Vig) (V)

“ON" Reslstance as a Function
of Temperature for

Vpp—Vgs=5V
= 408
i: 58 A l l l l l
£ A | Tasvi2stc
8 300 ”
§ 5 \ ot
3 m AT
o150 Ta=-55°C
°
2 Im 7
=
3 %
H

¢
-4 -4 4 -2 0 2 4 ¢ 8

SUPPLY VOLTAGE (vig) (V)
TL/F/5665-4

drawing Vpp current when switch current flows into termi-
nals 1, 4, 8 or 11, the voltage drop across the bidirectionat
switch must not exceed 0.6V al To<25°C, or 0.4V at
Ta>25°C (calculated from Ry values shown).

No Vpp current wiil flow through R if the switch current
flows into terminals 2, 3, 9 or 10.
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Physical Dimensions inches {millimeters)
' ! 0.705
(195%)
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25 W] [ [} (W [is) (3] 3}
“‘::f.’ 8220 nap
: (6.588~7.824)
E
' DO OO TG
9.290-0,320 0085 0.208
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{2.540 £0.25¢) ﬂ_!ﬁ
MIN 14AREY Oy
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Order Number CD4066BMJ or CD4066BCJ
t NS Package Number J14A
: 005030
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H 13 2 u 1] L]
A
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[
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0000 ~0.010 e [X 09140020 1y
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LIFE SUPPORT POLICY

NATIONAL'S PRODUCTS ARE NOT AUTHO’RIZED FOR USE AS CRITICAL COMPONENTS IN LIFE SUPPORT
DEVICES OR SYSTEMS WITHOUT THE EXPRESS WRITTEN APPROVAL OF THE PRESIDENT OF NATIONAL
SEMICONDUCTOR CORPORATION. As used herein:=

1. Life support devices or syslems/ar'é/ devices or 2. A critical component is any component of a life

sysloms which, (a) aro intondod.for surgical implant
Into the body, or (b) support or-sustaln life, and whose
failure to perform, when properly used in accordance
with instructions for use provided in the labeling, can
be reagonably expected to result in a significant injury
1o the user.

1

support device or system whose failure to porform can
be reasonably expecled to cause the failure ol tha fife
support device or system, or to affect its safety or
effectiveness.

Nailenal $emiconductor
Corporation

1111 West Bardin Road
Atington, TX 76017

Tek 1(800) 272.9959
Fax: 1(800) 737-7018

Nationa! Somlco}lduclar
Europe
Fax: (4 40) 0-130.530 85 88
Emalli; cnjwpo @tevm2.nsc.com
Deutsch Tel: {+48) 0-180-630 85 85
English  Tel: (+40) 0-180-532 78 32
Frangais Te!: (+49) 0-180-532 93 58
tallano  Tel: (+49) 0-180-534 16 80

"

&

Nationst Semiconductor
Hong Kong Ltd.

13ih Fioor, Straight Block,
Ocoan Conlre, 5 Canton g,
Tsimshalsul, Kowloon

National Semiconductor
Japan Lid.

Tol' 81.043-209.2309
Fax: 81-043-299-2408

Kong
Tel: (852) 2737-1600
Fax: (852) 2736-9960
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General Description

These quad gates are monolithic complementary MOS
(CMOS) integrated circuits constructed with N- and P-chan-
nel enhancamant modu translsiory. Thoy have oqual sourco
and sink current capabilities and conform to standard B se-
ries output drive. The devices also have buffered outputs
which improve transfer characteristics by providing very
high gain.

All inputs are protaected against static discharge with diodes
10 Vpp and Vgs. !

&National Semiconductor

March 1988

CD4001BM/CD4001BC Quad 2-Input
NOR Buffered B Series Gate
CD4011BM/CD4011BC Quad 2-Input
NAND Buffered B Series Gate

Features
® Low power TTL Fan out of 2 driving 74L
compatibility or 1 driving 74LS

® 5V-10V-15V parametric ratings

 Symmetrical output characteristics

B Maximum input leakage 1 pA at 15V over fuli tempera-
ture range

¥

Schematic Diagrams
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CD4001BC/BM
Voo
Y4 of device shown
J=KF8 <
Logical “1"* = High
Logical “0” = Low
Vss
TL/F/5939-2
*Alt inputs protected by standard
CMOS protection circult.
CD4011BC/BM
Voo

Y of device shown

- AVH
Logical “1” = High
togical 0™ ~ | ow

Vs
TLIF/5939-6

*AN inputs protected by standard
CMOS protection circuit.
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Absolute Maximum Ratings (otes 1and 2)

please contact the National Semiconductor Sales

If Military/Aerospace specified devices are required,

Ql!lceIMstrlbutora for availability and specifications.

Voitage at any Pin

Power Dissipation (Pp)
Dual-In-Line
Small Outline

Vpp Range
Storaga Temperaturs (Tg)

Lead Tempoerature (T|)
(Sotdering, 10 seconds)
3

—0.5Vto Vpp +0.5v

700 mw
500 mw

=0.5Vpgto +18 Vpg
-65°Cto +150°C

260°C

Operating Conditions

Operating Range (Vph)

Operating Temperature Range
CD4001BM, CD4011BM
CD40018C, CD40118C

I}C Electrical Characteristics CD4001BM, CD40118M (Note 2)

3Vpc 1o 15 Vpo

—-55°Cto +125°C
—40*Cto +85'C

8ymbhol Paramotor Conditions —85°C +25°C +125°C Units
Min Max Min Typ Max Min Max
lop Quiescent Device Vop = 5V, Vi = Vpp or Vsg 0.25 0.004 0.25 7.5 RA
Current Vpp = 10V, Viy = Vpp or Vsg 0.50 0.005 | 0.50 15 | pA
. Vop = 15V, Vin = Vpp or Vgg 1.0 0.006 1.0 30 pA
VoL Low Level Vpp = 5V : 0.05 0 0.05 0.05| Vv
Output Voltage [ Vpp = 10V ¢ fio| < 1 pA 0.05 0 0.05 005 v
! Vpp = 15V 0.05 0 0.05 005 | Vv
Vo High Level Vpp = 5V 495 4.95 5 495 v
Output Voltage [ Vpp = 10V ¢ [lo} < 1 uA 9.95 9.95 10 9.95 v
¥ Vop = 15V 14.95 14.95 15 14.95 \4
Vi Low Level Vpp = §V, Vg = 4.5V ' 1.5 2 1.5 1.5 v
Input Voltage Vbp = 10V, Vp = g.0v 3.0 4 3.0 3.0 \
Vpp = 15V, Vg = 13.5V 4.0 6 4.0 40 | Vv
Vi High Level Vpp = 5V, Vg = 0.5V 3.5 3.5 3 3.5 v
Input Voltage Vpp = 10V, Vg = 1.0V 7.0 7.0 6 7.0 v
Vpp = 15V, Vg = 1.5V 11.0 11.0 9 11.0 v
loL Low Level Qutput | Vpp = 5V, Vo = 0.4V 0.64 0.51 0.88 0.36 mA
Current Vop = 10V, Vg = 0.5V 1.6 A 2.25 0.9 mA
(Note 3) Vpp = 15V, Vg = 1.5V 4.2 3.4 8.8 2.4 mA
lon High Level Output | Vpg = 5V, Vo = 4.6V —0.64 ~0.51 —0.88 ~0.36 mA
' Current Vpo = 10V, Vg = 9.5v ~1.6 -13 | ~225 -0.9 mA
{Note 3) Vpp = 15V, Vg = 13.5V -4.2 -34 | -88 —-2.4 mA
w ;| Input Current Vpp = 15V, Vjy = OV -0.10 -10~5| ~0,10 -1.0| pA
4 Vpp = 15V, Vi = 15V 0.10 10-5 | 0.10 1.0 | pA
Connection Diagrams
CD4001BC/CD4001BM CD4011BC/CD4011BM
Dual-In-Line Package Dual-In-Line Package
& Yoo Voo
l“ 13 Iu '“ lm I9 s ] Iu lu ’u Iu ll 1
e
A .
" 1 F) 3 4 s ] '
, N N
1 [ 2 Is |4 ]s s ? TL/F/5930-4
Vg Top View
' TUF/s3-3 Order Number CD40018 or CD40118
/ Top View
i
v 2
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DC Electrical Characteristics CD40018C, CD4011BC (Note 2)

Symbol Parameter Conditions » T40°C +25c +8s'c Units
Min Max Min Typ Max Min | Max
oo Quiescent Device | Vpp = 5V, ViN = Vpp or Vgg 1 0.004 1 7.5 rA
Current Vpp = 10V, Viy = Vpp or Vgg 2 0.005 2 15 BA
Vpo = 15V, Vify = Vpp or Vss 4 0.006 4 30 nA
Vou Low Level Vpp = 5V 0.05 0 0.05 0.05 v
OutputVoltage | Vpp = 10V  flo] < 1 pA 0.05 0 0.05 005 Vv
Vpp = 15V 0.05 0 0.05 0.05 \
Vor High Level Vpp = 5V 4.95 4.95 5 4.95 v
Output Voltage Voo = 10V ¢ |ig| < 1pA 9.95 9.95 10 9.95 v
Vop = 15V J 14.95 14.95 15 14.95 \%
ViL Low Level Voo = 5V,Vp = 4.5V 15 2 1.5 16 | v
Input Vollago Vpp = 10V, Vg = 9.0V 3.0 4 3.0 3.0 "
Vop = 16V, Vg = 13,5V 4.0 6 4.0 4.0 v
ViH High Level Vpp = 5V, Vg = 0.5V 35 3.5 3 35 v
Input Voltage Vpp = 10V, Vg = 1.0v 7.0 7.0 6 7.0 \
Vop = 15V, Vg = 1.5V 11.0 11.0 9 11.0 v
oL Low Level Output | Vpp = 5V, Vg = 0.4V 0.52 0.44 | 0.88 0.36 mA
Currant Vpp = 10V, Vo'= 0.5V 1.3 1.1 2.25 0.9 mA
(Note 3) Vpp = 15V, Vo= 1.5V 3.6 3.0 8.8 24 - mA
lon High Level Output | Vpp = 5V, Vg = 4.6V -0.52 —0.44 | —0.88 -0.36 mA
Current Vop = 10V, Vg = 9.5V -1.3 —11 ] -225 -0.9 mA
(Note 3) Vop = 15V, Vg '= 13.5V -3.6 -3.0( -88 —~24 mA
[ Input Current Voo = 15V, V.= OV -0.30 -10-5| —0.30 =10 pA
Vop = 15V, Vjy = 15V 0.30 10-5 | 0.30 1.0 pA
AC Electrical Characteristics* cp0015c, co40018M
Ta = 25°C, Input t;; t; = 20 ns. CL = 50 pF, R_ = 200k. Typical temperature cosfficient is 0.3%7°C,
Symbol Parameter Conditions Typ Max Units
tPHL Propagation Delay Tifme, Vpp = 5V 120 250 As
High-to-Low Level Vpp = 10V 50 100 ns
Vop = 15V 35 70 ns
tpLH Propagation Delay Time, Vpor= 5V 110 250 ns
Low-to-High Level Vpp = 10V 50 100 ns
Vpp = 15V 35 70 ns
THL Tk Transition Time Vop = 5V 90 200 ns
Vpp = 10V 50 100 ns
. Vpp = 15V 40 80 ns
Cin Average Input Capacitance Any Input 5 245 pF
Cep Power Dissipation Capacity Any Gate 14 pF

*AC Paramelers are guarantesd by DC correlated testing.

Note 1: “Absolute Maximum Ratings™ are thoss values beyond which the safety of the device cannot be
they are not meant to imply that the devices should be

apsation,

Note 2: Al voltages measured with respect 10 Vgg unless otherwise spacified.

Note 3: g, and Ioy are tested one output at a time.

operaled at lhese limils. The table of “Electric
T

guaranteed. Except for “Opaeraling Temperature Range"”
al Characteristics” provides conditions for actual device
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AC Electrical Characteristics* CD4011BC, CD4011BM

Ta = 25°C, Input t;; t; = 20 ns. CL = 50 pF, R =
4

200k. Typical Temperature Coefficient is 0.3% /°C.

TL/F/5939-10

' FIGURE §

FIGURE 6

Symbol Parameter Conditions Typ ) Max Units
{PHL Propagation Delay, Vpp = 5V 120 250 ns
High-to-Low Leve! Vpp = 10V 50 100 ns
Vpp = 15V 35 70 ns
[=%Y] Propagation Delay, Vpp = 5V 85 250 ns
Low-to-High Level Vpp = 10V 40 100 ns
Vop = 15V 30 70 ns
tYHL tred Transition Time 90 200 ns
§ 50 100 ns
40 80 ns
Cin Avaorago Input Capachtanco 'Ar;y Input . 5 7.5 pF
Cpp Power Dissipation Capacity ' Any Gate 14 pF
*AC P are d by DC testing. =
Typical Performance Characteristics
Typical Typical Typical
Transfer Characteristics Transfer Characteristics Transfer Characteristics
» Co40118 2 G » C040018
T,225% T,=25% Ty=25%C
Yoo @ 15Y = Yy = 15V] = Ypo © 15V
‘E 15 s { g‘ Yk { o [ A f
= Yoo = Yo 5 oo
g 1o L= 10¥ w | 8 o Pz 10¥ T - | L \
Voo =8V el 3 Voo = 5V v 3 Voo= 5V al
P ”é‘_q LS v — > P ol i o TR
0 | ; l " J
[] 5 10 15 20 0 S 10 15 20 0 5 10 15 20
V)~ INPUT VOLTAGE (V) ¥~ NPUT VOLTAGE (v) ¥ = KPUT VOLTAGE (v)
ONE INPUT ONLY BOTH INPUTS ONE INPUT ONLY
TLIF/5039-7 TL/F/5839-8 TL/F/5830-0
Typical
Transfer Characteristics
20 aty ] T
ﬁoioz%‘o% z cossers H A,
s Vpp = 15V | £ ! YA~ 2°C e l c‘-u .
a 2 ] £ CL =69 pF £ om £
g . 23 | i1 \
-t -
§ 10 Vop = 10V, l' | =§ % 55 0
E " £z \ | £z \
i "o [
S s “Be ;n por N oL 8 tpLy Fa wl :
= K3 = 'mx
’ Voo = 5V ' £ ; l
0 ]
oo 5 10 15 70 s § "» " n . 5 1" 15 n
Vpp ~ SUPPLY VOLTAGE (V) Voo - SUPPLY VOLTAGE (V)
V)= INPUT VOLTAGE (v)
BOTH INPUTS TL/F/5030-11 TL/F/5039~12
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ipyg = TYPICAL HIGH = T0 - LOW LEVEL
PROPAGATION DELAY TWE {ns)

tpy = TYPICAL LOW = 10 - HIGH LEVEL
PROPAGATION DELAY TME (ns)

Typical Performance Characteristics (Continued)
0 (0016 200 o508 ™ eio0rTe
1,225% 5 71,2259 S 5 T,=25%
150 3 g 150 & 150
x -l
Voo =5V _—1 v E Voo =5V 1 3 E
- L 2 g "] o voo=5v,_—"]
e + 8 100 100 -
g . 25 —
Vw=|5V’___, Vop =10V =
s0 D 3 8 s0 ; e 3 3 50 e Vpo = 10V)
= ul ES P ES —
- Voo=|DV [ Vm=|5v [N -t v
- Voo = 1
[} '; 0 ; 0 ad
0 2 %0 5 100 [ 25 50 100 0 2 %0 s 100
Gy~ LOAD CAPACITANCE (pF) | €)= LOAD CAPACITANCE (pF) €)= LOAD CAPACHTANCE (pF)
TL/F/5939-12 | TL/F/5939-14 TLIFI5930-15
FIGURE 7 FIGURE 8 FIGURE 9
[‘
200 o =
040118 & 20 £ 150 [coatorn
T,=25% £ t,=4=20n3 gy |C040118
150 =} Ty =25 8 A
VDD=SV o E = 150
Py 15 2 "
§ & -
o b CD4001B 2 10 pd
b} CD40118 g
Vpp = 10V g2 (S“P"'. "u N;tohAN)-SO 5 - ’
0D S \ ropagation Delay
) pee—t—""| 3 ) prd
L B B 5 N T 50
—‘1 Vo 5 15V % 05 3 4 — 1"
Ioo N F e
0 £ 2 10
0 2 %0 75 100 ..g o £ oo . " . Lo
C; = LOAD CAPACITANCE (pF) 4 0 2 4 6 31012141618 20 = L
€}~ LOAD CAPACITANCE (pF
TL/F/593-18 Voo~ POWER SUPPLY (V) ! TRsom b
FIGURE 10 TL/F/5030-17 FIGURE 12
FIGURE 11
. 3s[coivore T 2 1=
£ 5 coe0118 553 : Voo =5V
E % Vop = ISV g 10 /
P = pdi
g 26 L 3 L
2| A g 18 Voo = 10V =+
¥ / D )
a 1 / L {Vpo= 10V 3 pd T
3 14 3 2 74
e N RS g
B FVpp=5V 1 s
2 / 11 S ) e
0 2 4 6 8 1012 14 16 18 20 201816 14 1210 8 6 4 2 0
Vour (¥) Yoo = Vour (V)
TL/F15939-18 TL/F75939~20
FIGURE 13 FIGURE 14




.Gate- ..

les

Input NOR Buffered B Series Gate
nput NAND Buffered B.Ser

Quad. 2]

1BC Quad 2-
C

11B

- -

BM/CD40

CD4001BM/CD400

CD4011

-

Physical Dimensions inches (millimeters)

s
r 19838

MAX
[W]_f3) [ (@ fie] () [3)

-]

0.024
{0838}

a0 4220 8J1e
1508-1278)
W LT TG or oy
0290320 o o200
{2.368-2.120) o1 GLASS  agensommy B
o KMANT Gnastan) MAX |y o0 boss
2 \ — - ey
wsn) !
5 T §
a100-0012 H f
13100410 8203030 o
Fatciean oo _ _l L_ ® Ssi2-02m
(2488} D.175-5.80)
AX §OTH ENDS 1080018 otio
sy B30
L] Sy

Ceramic Dual-in-Line Package (J)
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Molded Dual-In-Line Package (N)
Order Number CD4001BMN, CD4001BCN, CD4011BMN or CD4011BCN
NS Package Number N14A

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 OF NATIONAL
SEMICONDUCTOR CORPORATION, As used’ herein:

1. Life support devices or systems are devices or
systems which, (a) are intended for surgigal implant
into the body, or (b) support or sustain life, rnd whose
lalluro o perform, whon proporly usod In Accordoanco
with Instructions for use provided In the lapeling, can
be reasonably expected to result in a significant injury
to the user,

“2. A critical component is any component of a life
support device or system whose failure to perform can
be reasonably expected 1o cause the failure of the life
supporl dovice or systom, or (o affuct ils safoty or
ellectiveness.

National Semlconductor
Corporation

1111 Wesl Bardin Road
Aringlon, TX 76017

Tek: 1(800) 272.0059
Fax: 1{800) 737-7018

o

Natlonal Semiconductor
Europe I
Fax: (+49) 0-180-530 85 86
Emall: cnjwge@tovm2.nsc.com
Deutsch TYel: (+49) 0.180-530 85 85
Engfish  Tel: (+49) 0-180-532 78 32
Frangals Tek (+'48) 0-180-632 93 58
lafleno  Tel: { 149) 0-180-534 16 80

Natlonal Semiconductior
Hong Kong Ltd.

13th Floor, Siraight Block,
Oceen Centre, & Canlon Rd.
Taimshatsul, Kowloon

Hong Kong

Tet: (862) 2737-1600

Fax! (852) 27306.9060

Nationat
Japan Lt
Tel: 81-043.-299-2309
Fax: 81-043-299-2408
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MOTO ROLA Order this document
SEMICONDUCTOR TECHNICAL DATA by MC1648/D

Voltage Controlled Oscillator '
Consider MC12148 for New Designs MC1648 :

The MC1648 requires an external parallel tank circuit consisting of the
inductor (L) and capacitor (C). For Maximum Performance QL 2100 at
Frequéncy of Operation.

A varactor diode may be incorporated into the tank circuit to provide a
voltagé variable input for the oscillator (VCO). The MC1648 was

designed for use in the Motorola Phase-Locked Loop shown in Figure 9. VOLTAGE
This device may also be used in many other applications requiring a fixed CONTROLLED
or varl§ble frequency clock source of high spectral purity. (See Figure 2)
The.MC1648 may be operatad from a +5.0Vdc supply or a -5.2Vdc OSCILLATOR ;

supply, depending upon system requirements.
NOTE: The MC1648 is NOT useable as a'crystal oscillator.

—

Pinout: 14-Lead Package (Top View) L SUFFIX

P SUFFIX
PLASTIC PACKAGE
CASE 646-06

P

- ,
“ i CERAMIC PACKAGE
. Vec NC TANK NC BIAS NG Vgp { CASE 632-08
1] [1s] [re] [i1] [o] [o] [o] oK
14 :i;%
1

U ] TsT o] 5] o] [

Voc NC OUT NC AGC NC vgp

D SUFFIX
8 @ PLASTIC SOIC PACKAGE
1

Supply Voltage GND Pins Supply Pins CASE 751-05

+5.0Vde 7.8 1,14

-5.2Vdc 1,14 78
MC1648 NON-STANDARD PIN CONVERSION DATA Png 'S,xgzi‘GE
Package | TANK | Vee | Vec | OUT [AGC [ Vee | Vee | BiAs o o CASE 77502
8D 1 2 3 4 5 6 7_+ 8
14L,p 12 | 14 1 3 s | 7. | s 10
20FN 18 | 20 2 4 8 10 { 12 [ 14

*NOTE - All unused pins are not connected.

LOGIC DIAGRAM

® Input Capacitance = 6.0pF (TYp)

® Maximum Series Resistance for L (External Inductance) = 500 (TYP)
® Power Dissipation = 150mW (TYP)Pkg (+5.0Vde Supply)

® Maximum Output Frequency = 225MHz (T YP)

Vcet =Pind
; Veco =Pin 14
AGC VEg=Pin7
Ty
194
(M) mororoLa
) Motorola, Inc. 1994 REV 1 A
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Vc101

Q2

an

;‘—l Q10

Q4

7\

<A

P @ Test
Temperature

i
-30°C
+25°C
+85°C

#

@ O—

5 54 5 6
7 10 12 5
VEET BIAS  TANK VEE  AGC
POINT
Figure 1. Circuit Schematic
TEST VOLTAGE/CURRENT VALUES
(Volts) mAde
ViHmax ViLmin Vee L
MC1648
+2.0 +1.5 5.0 -5.0
+1.85 +1.35 5.0 -5.0
+1.7 +1.2 5.0 -5.0

Note: SOIC “D” package guaranteed —30°C to +70°C only

ELECTRICAL CHARACTERISTICS (Supply V:oltage = +5.0V)

~-30°C +25°C +85°C

Symbol Characteristic Min Max Min Max Min Max | Unit Condition

g * | Power Supply Drain Current - - - 41 - - mAde | Inputs and outputs open
VoH . Logic “1” Output Voltage 3.955 | 4.185 4.04 4.25 4.1 4.36 | Vdc | Viiminto Pin 12,1 @ Pin 3 _
VoL | Logic “0" Output Voltage 3.16 3.4 3.2 3.43 3.22 | 3.475 | Vdc | ViHmaxto Pin 12,1 @ Pin 3
FVB,AS1 Bias Voltage 1.6 1.9 145 | 175 1.3 1.6 | vde | ViLmin to Pin 12

. Min Typ Max | Min | Typ | Max | Min | Typ | Max | Unit Condition

Vp_p Peak~to—Peak Tank Voltage - - - ~ | 400 | - - - - mV | See Figure 3

Vde Output Duty Cycle - - - - 50 - - - - %

Fmagﬂ, Oscillation Frequency - J2os | - [200 225 [ = | = [225 | = | mrz

| This méasurement guarantees the dc potential at the bias point for purposes of incorporating a varactor tuning diode at this point.
2 Frequency variation over temperature is a direct function of the AC/A Temperature and AL/A Temperature.

¥

MOTOROLA
2
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BW. = 10 kHz

Center Frequency = 100 MHz
Scan Width = 50 kHz/div
Vertical Scale = 10 dB/div

MC1648

L: Micro Metal torroid #720-22, 8 turns #30 Enameled Copper wire.
C=23.0-35pF

10uF

SIGNAL
UNDER
TEST

0.1pF
T

s
*The 1200 ohm resistor and the scope termination impedance constitute a 25:1

altenuator probe. Coax shall be CT-075-50 or equivalent,

Figure 2. Spectral Purity of Signal Output for 200MHz Testing

=40nH
C=10pF
+5.0Vde

. TEST VOLTAGE/CURRENT VALUES
. @ Test (Volts) mAdc
Temperature ViHmax ViLmin l Vee I
MC1648
-30°C -3.2 -3.7 -5.2 -5.0
v +25°C -3.35 -3.85 -5.2 -5.0
+85°C -3.5 -4.0 ~5.2 -5.0
Note: SOIC “D” package guaranteed —30°C to +70°C only
ELECTRICAL CHARACTERISTICS (Supply Voltage = —-5.2V)
' ~30°C +25°C +85°C
Symbol Characteristic Min Max Min Max Min Max | Unit Condition
e Power Supply Drain Current - - - 41 - - mAdc | Inputs and outputs open
VoH & | Logic “1” Output Voltage —1.045 | -0.815 { -0.96 | -0.75 | -0.89 | -0.64 Vde | Vi minto Pin 12, I @ Pin 3
T/OL , Logic “0" Output Voltage —-1.89 | ~165 | —1.85 | —1.62 | ~1.83 | -1 575 | Vdc | Vigmax to Pin 12, IL @ Pin3
Vpias! | Bias Voltage ~3.6 -33 | -3.75 | -3.45 -3.9 =-3.6 | Vdc | ViLmin to Pin 12
B ' Min | Typ | Max | Min Typ | Max | Min | Typ | Max | Unit Condition
Ve_p N Peak-to~Peak Tank Voltage - - - - | 400 | - - - - mV | See Figure 3
Vdc Output Duty Cycle - - - - 50 - - - - %
fmaxz Oscillation Frequency - 225 - 200 | 225 - - | 225 - | MHz

This measurement guarantees the dc potential at the bias point for

purposes of incorporating a varactor tuning diode at this point.

- Frequency variation over temperature Is a direct function of the AC/A Temperature and AL/A Temperature.

-MOTOROLA

3
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MC1648

* Use high impedance probe (>1.0 Megohm must be used).

** The 1200 ohm resistor and the scope termination impedance constitute
a25:1 attenuator probe. Coax shall be CT-070-50 or equivalent,

*** Bypass only that supply opposite ground.

PRF = 1.0MHz 1
Duty Cycle (Vdc) - l—a
b

‘Figure 3. Test Circuit and Waveforms

OPERATING CHARACTERISTICS

Figure 1 illustrates the circuit schematic for the MC1648.
The oscillator incorporates positive feedback by coupling the
base of transistor Q6 to the collector of Q7. An automatic gain
control (AGC) is incorporated to limit the current through the
emitter—coupled pair of transistors (Q7 and Q6) and allow
optimum frequency response of the oscillator.

In order to maintain the high Q of the ‘oscillator, and
provide high spectral purity at the output, transistor Q4 is
used lo lranslate the oscillator signal to the output differential
pair Q2 and Q3. Q2 and Q3, in conjunction with output
transistor Q1, provides a highly buffered output which
produces a square wave. Transistors Q9 and Q11 provide
the bias drive for the oscillator and output buffer. Figure 2
indicates the high spectral purity of the oscillator output
(pin 3).

When operating the oscillator in the voltage controlled
mode (Figure 4), it should be noted that the cathode of the
varactor diode (D) should be biased at least “2" VBE above

£ 100 —
z Vee =5 Vde i
3! =T
< 1T
g 10 bt
(5] 3
] . i
1 10 100

"

f, OPERATING FREQUENCY (MHz)

VEE (=1.4V for positive supply operation).

When the MC1648 is used with a constant dc voltage to
the varactor diode, the output frequency will vary slightly
because of internal noise. This variation is plotted versus
operating frequency in Figure 5.

Figure 4. The MC1648 Operating in the
Voltage Controlled Mode

Osclllator Tank Components
(Circuit of Figure 4)

f L
MHz D uH
1.0-10 MV2115 100
10-60 MvV2116 2.3
60-100 MV2106 0.15

Signal Generator

20kHz above MC1648 Frequency ———| 300mV
\

HP608 or Equiv

20kHz BW=1.0kHz Frequency Voltmeter RMS

Meter HP5210A or Equiv HP3400A or Equiv

M01’648 10mV Product
Undef Test Atenuator MC1648 Detector
f Frequency (f)

Frequency Deviation =

(HPS210A output voltage) (Full Scale Frequency)

1.0Volt

: Figure 5. Noise Deviation Test Circuit and Waveform

MOTOROLA
4

v
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MC1648

64 L: Micro Metal Toroidal Core #T44-10,
- 4 turns of No. 22 copper wire,
= 5l
g Vin
= L=0.13uH
2 48f+
% 3 //
w /
3 40 —
: 7 1.0k
5 @ /’
3 uf //
3 i Pe MV1401 12 5
t 5.0uF " 0.1uF
. — T Vecr - Voce = Js0vdc T
OE 2 n 6 8 10 = EE1=VEE2= =
r PUT v GE (VOLTS * The 1200 ohm resistor and the scope lermination impedance consti-
Vin. INPUT VOLTAGE (vOLTS) tute & 25:1 attenualor probe. Coax shall be CT-070-50 or equivalent,
; Figure 6 NOT used in normal operation,
** Input resistor and cap are for test only. They are NOT necessary for
\ normal operation,
18 - L: Micro Metal Toroidal Core #T44-10,
4 20 turns of No. 22 copper wire.
g 18 : Vin QL 2100
> t . C = 500pF
§ 14 o el
" / —RAMAD /AL AT — P ST B I 1]
¢ V4 1.0k 1200
i v
5 12 fout
510 ! ' MV1401 12 5
- . 5.0uF =< ** 0.1uF b
7 ' I Vet = Vog2 = +5.0Vde I
8 = VEE1 = VEE2 = GND -
0 2 4 6 8 10 " - .
* The 1200 ohm resistor and the scope termination impedance consti-
Vin, INPUT VOLTAGE (voLTs) tute a 25:1 attenuator probe. Coax shall be CT-070-50 or equivalent,
4 Figure 7 NOT used in norma operation,
™ Input resistor and cap are for test only. They are NOT necessary for
i . normal operation,
' L: Micro Metal Toroidal Core #730-12,
6 tums of No. 22 copper wire.
190 3
- QL2100
m 170 =
g '/
25 150 // _____
g < 1200°
3 130 i
out
£ 10} V4 ’
' /]
§ 90 | /
A /] Veet =Veeo = +5.0Vde 0.1puF
2, VEE1 = VEE2 = GND T
50 _ o " The 1200 ohm resistor and the scope termination impedance consti-
0’ 2 4 6 8 10 ute a25:1 attenuator probe. Coax shall be CT-070-50 or equivalent,
Vin, INPUT VOLTAGE (VOLTS) NOT used in normal operation.
** Input resistor and cap are for tes! only. They are NOT necessary for
Figure 8 normal operation.
MOTOROLA
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MC1648

Typical transfer characteristics for the oscillator in the
voltage tontrolled mode are shown in Figure 6, Figure 7 and
Figure 8, Figure 6 and Figure 8 show transfer characteristics
employing only the capacitance of the varactor diode {plus
the input capacitance of the osciliator, 6.0pF typical).
Figure 7 illustrates the oscillator operating in a voltage
controlled mode with the output frequency range limited. This
is achieved by adding a capacitor in parallel with the tank
circuit as shown. The 1.0kQ resistor in Figure 6 ahd Figure 7
is used to protect the varactor diode during testing. It is not
necessary as long as the dc input voltage does not cause the
diode to become forward biased. The larger—valued resistor
(51kQ) in Figure 8 is required to provide isolation for the
high-impedance junctions of the two varactor diodes.

The tuning range of the osclllator in the voltage controlled
mode may be calculated as:

f max _ Y Cp(min) + Cg
fmin  /Cp(min) + Cg

1
2r/ L(Cp(max) + Cg)
CS = shunt capacitance (input plus external capacitance)
CD = varactor capacitance as a function of bias voltage

where fmin =

Good RF and low-frequency bypassing is necessary on
the power supply pins. (See Figure 2)
t

Capacitors (C1 and C2 of Figure 4) should be used. to.
bypass the AGC point and the VCO input (varactor diode);’
guaranteeing only dc levels at these points.

For output frequency operation between 1.0MHz and-
50MHz a 0.1uF capacitor is sufficient for C1 and C2. At!
higher frequencies, smatler values of capacitance should-be-
used; at lower frequencies, larger values of capacitance. At.’
high frequencies the value of bypass capacitors depends:
directly upon the physical layout of the system. All bypassing:
should be as close to the package pins as possible-to
minimize unwanted lead inductance.

The peak—~to—peak swing of the tank circuit is set internally:
by the AGC circuitry. Since voltage swing of the tank circuit
provides the drive for the output buffer, the AGC potentil
directly affects the output waveform. if it is desired to have a
sine wave at the output of the MC1648, a series resistor is
tied from the AGC point to the most negative power potential.
(ground if +5.0 volt supply is used, -5.2 volts if a negative
supply is used) as shown in Figure 10,

At frequencies above 100 MHz typ, it may be desirable to-
increase the tank circuit peak—to—-peak voltage in order to.:
shape the signal at the output of the MC1648. This is-
accomplished by tying a series resistor (1.0kQ minimum).*
from the AGC to the most positive power potential (+5.0 volts
if a +5.0 volt supply is used, ground if a —5.2 volt supply is
used). Figure 11 illustrates this principle.

APPLICATIONS INFORMATION

The phase locked loop shown in Figure 9 illustrates the
- use of the MC1648 as a voltage controlled oscillator. The
figure illustrates a frequency synthesizer useful in tuners for
FM broadcast, general aviation, maritime and landmobile
communications, amateur and CB receivers. The system
operates from a single +5.0Vdc supply, and requires no
internal translations, since all components are compatible.

Frequency generation of this type offers the advantages of
single crystal operation, simple channel sele¢tion, and
elimination of special circuitry to prevent harmonic lockup.
Additional features include dc digital switching (preferable
over RF swilching wilh a multiple crystal syster), and a
broad range of tuning (up to 150MHz, the range being set by
the varactor diode).

The output frequency of the synthesizer loop is
determingd by the reference frequency and the number
programmed at the programmable counter; foyt = Nfyef. The
channel spacing is equal to frequency (f;ef).

For additional information on applications and designs for
phase locked-loops and digital frequency synthesizers, see

Motorola Brochure BRS504/D, Electronic Tuning Address
Systems, (ETAS).

Figure 10 shows the MC1648 in the variable frequency
mode operating from a +5.0Vdc supply. To obtain a sine wave
at the output, a resistor is added from the AGC circuit (pin 5)
to VEE.

Figure 11 shows the MC1648 in the variable frequency
mode operating from a +5.0Vdc supply. To extend the useful
range of the device (maintain a square wave output above
175Mhz), a resistor is added to the AGC circuit at pin 5 (1.0
kohm minimum).

Figure 12 shows the MC1648 operating from +5.0Vdc and
+9.0Vdc power supplies. This permits a higher voltage swing
and higher output power than is possible from the MEGL
output (pin 3). Plots of output power versus total collector
load resistance at pin 1 are given in Figure 13 and Figure 14
for 100MHz and 10MHz operation. The tota! collector load
includes R in parallel with Rp of L1 and C1 at resonance. The
optimum value for R at 100MHz is approximately 850 ohms.

MOTOROLA
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Phase Voitage Controlled
Detector Lo;v_‘:’ass Oscillalor
MC4044 e MC1648

[
Modulus Enable Line |
Counter Control MC12012
Logic P +(P+1
MC12014 *h+{P4)
‘ t
Zero Detect Line
flout Ny L‘ +A
Programmable > Programmable
| Counter MC4016 Counter MC4016
N 1 Counter Reset Line f
N= Np eP+A
Figure 9. Typical Frequency Synthesizer Application
+5.0Vdc

-

10

w

12 5

1
V4 8

1
4
T

1

—O Output

ure 10. Method of Obtaining a Sine~Wave Output

[=-]

10
e E
S 12
7
o)
i

> fout

-MC1648

'out = Nfref where

N-‘-Np'P‘i‘A

Output”
1.0k min

|

of the MC1648 (Square Wave Output)

Figure 11. Method of Extending the Useful Range
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+5.0V

Figure 12. Circuit Used for Collector Output Operation

MC1648
4
3
P
H
i
i
%
i
i
7
3
6 k
@ TN
g 5 H\
z \
E ' N\
£ ‘
/
D 3~
=t y
2 N
g : A ‘
14 b
0 |
10 100 1000 10,000
: TOTAL COLLECTOR LOAD (OHMS)
Seo test circult, Flgure 12, { = 100MHz
C3 = 3.0-35pF
Collector Tank
L1 =0.22uH C1=1.0-7.0pF

[ 4

¢ R=500-10kQ

RpofL1and C1 =11kQ @ 100MHz Res¢nance

Oscitlator Tank
L2 = 4 turns #20 AWG 3/16" ID
C2 =1.0~7.0pF

Figure 13. Power Output versus Collector Load

14 u\
12
s il
£ e
5 8 > \
o 1
= d
o 6
g il
4
e \
2
0
10 100 1000 10,000

TOTAL COLLECTOR LOAD (OHMS)

See lest circuit, Figure 12, { = 10MHz
C3 =470pF
Collector Tank
L1=2.7uH C1 =24-200pF
R = 50Q-10kQ
Rp of L1 and C1 = 6.8kQ2 @ 10MHz Resonance
Oscillator Tank
L2 =27pH
C2 = 16-150pF

Figure 14. Power Output versus Collector Load
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Dual Modulus Prescaler

The MC12015, MC12016 and MC12017 are dual modu!

which will drive divide by 32 and 33,

respectjvely. An internal regulator is provided to allow these

40 and 41, and

us prescalers
64 and 65,
devices to be

used over a wide range of power—supply voltages. The devices may be

operated by applying a supply voltage of 5.0Vdc +10%
applying an unregulated voltage source from 5.5Vdc to9

* 225MHz Toggle Frequency
* Low-Power 7.5mA Maximum at 6.8V

at Pin 7, or by
.5Vdc to Pin 8.

¢ Conttol Input and Output Are Compatible With Standard CMOS
* Connecting Pins 2 and 3 Allows Driving One TTL Load

. SupplyIVoItage 4.5V to 9.5V

MAXIMUM RATINGS :
Symbol Characteristic . Range Unit
Vreg . | Regulated Voitage, Pin 7 8:0 Vdc
Vcc * | Power Supply Voltags, Pin 8 | 10.0 Vdc
Ta Operating Temperature Range —40 t0 +85 °C
Tstg Storage Temperature Range —65to +175 °C

MC12015
MC12016
MC12017

MECL PLL COMPONENTS

DUAL MODULUS
PRESCALER

P SUFFIX
PLASTIC PACKAGE
CASE 626~05

o

D SUFFIX
PLASTIC SOIC PACKAGE 8@
CASE 751-05 i

3

ELECTRICAL CHARACTERISTICS (Vcc=5.5109.5V; Vieg=4.510
5.5V, Ta = =40 to +85°C)

Symbol ° Characteristic Min Typ Max Unit
fmax Toggle Frequency 225 MHz
fmin (Sine Wave Input) as
lcc ' Supply Current 6.0 7.8 mA
ViH Controf Input HIGH 2.0 \%
(+32, 40 or 64)
VIL Control tnput LOW 0.8 v
(+383, 41 or 65)
VOH Oulput Voltage HIGH1 2.5 v
. (Isource = 501tA)
VoL Output Voltage LOW1 0.5 Vv
(Isink = 2MA)
Vin Input Voltage Sensitivity mVpp
35MHz | 400 800
50-225MHz | o0 800
tPLL PLL Response Time tout-70 ns
(Notes 2 and 3)
1. Pin 2 connected to Pin 3

2. tpy =the period of time the PLL has from the prescaler rising output tranistion
(50%) to the modulus control input edge transition (50%) to ensure proper

modulus selection
3. toyt = period of output waveform

7193

PRESCALER BLOCK DIAGRAM

Control

Signal 0.001pF |

Input O—l &?T

6|

Signal _* Output
GND |3
0.001pF |
I
|

Vigg|

7
0.1uuF

IIH

[
[
|
vee |
B

0.1uF
To— J

Voltage
Regulator

1. Vrgq at Pin 7 is not guaranteed to be between 4.5 and
5.5V when Ve is being apptied to Pin 8

2. Pin7is notto be used as a source of regulated output
voltage

) Motorola, Inc. 1996
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t
MC12015

OUTLINE DIMENSIONS
P SUFFIX
JU gL g PLASTIC PACKAGE
{ Fa . CASE 626-05 NOTES:
ISSUE K 1. DIMENSION L TO CENTER OF LEAD WHEN
k D B-] FORMED PARALLEL,
2. PACKAGE CONTOUR OPTIONAL (ROUND OR
N SQUARE CORNERS).
O 4 3. DIMENSIONING AND TOLERANCING PER ANSI
h; Lu_j L”J : Y14.5M, 1982,
‘Fl WILLIMETERS | INCHES
; DM | MIN | MAX | WIN | MAX
A | 940 | 10,16 | 0.370 | 0.400
NOTE 2 B_| 610 | 660 | 0.040 0260
e | ——»] C_| 394 | 445 [ 0.155 | 0.175
D .38 051 { 0015 ] 0.020
. F_ | 1.02 | 178 ] 0.040 | 0670
[ \ Yoo/ \ G| 25485 | 0100B5C ]
| c H | 076 | 127 | 0030 | 0.050
\_ J Y J .20 0.30 .008 012
1) A J K 92 | 343 | 0115 [ 0135
} i L 7.62 BSC 0.300 BSC
SEATING N ! W = 0 =11
PLANE —1 N_| 0.6 | 101 | 0,030 | 0.040
' -—»l ]-c— D L K M ‘4
f He—1—G
]2 0.130.005@[T[ A® [ 8@ |
X D SUFFIX
, PLASTIC SOIC PACKAGE
3 NOTES:
CASE 751-05 1. DIMENSIONING AND TOLERANCING PER
ISSUEM ANS| Y14.5M, 1962,
2. CONTROLLING DIMENSION: MILLIMETER,
_f 3. DIMENSIONS A AND B DO NOT INCLUDE
MOLD PROTRUSION.
y: 4. MAXIMUM MOLD PROTRUSION 0.15 {0.006)
rE PER SIDE.
I $| 0.25 (0.010)@[ 8 ® | 5. DIMENSION D DOES NOT INCLUDE DAMBAR
i PROTRUSION. ALLOWABLE DAMBAR
PROTRUSION SHALL BE 0.127 (0.005) TOTAL
IN EXCESS OF THE D DIMENSION AT
t MAXIMUM MATERIAL CONDITION,

! WILLIMETERS INCHES N
DIM | MIN_] MAX | MIN | MAX
R x4s° _J F L_ A | 480 | 500 | 0.189 [ 0196
C _'l r— B | 380 [ 400 | 0.150] 0.157
" € | 135 | 125 | 0054 | 0.068
sall i k: 1 0 | 035 | 049 | 0014 ] 0019
[ SEATING F_] 040 | 125 | 0.016 | 0.049
' 4 PLANE | 4 G 127B5C | 0050BSC
ex D _JL_ M 4 | 018 ] 025 | 00071 0,009
K | 010 | 025 | 0.004 | 0,009
|@] 0250010)@]T[B ®[AB)] T L B
R ogj 0 | 0016 [ 0m9

3

Motorola reserves the right to make changes without further notice to any products herein. Motorola makes no warranty, representation or guarantee regarding
the suitability of its products for any particular purpose, nor does Motorola assume any liability arising out of the application or use of any product or circuit,
andspecilically discluims any and all llability, Including without limitation consequontial or Incldental damagos. “Typical® parameters can and do vary in different
applications. All operating parameters, including “Typicals" must be validated for each customer application by customer's technical experts. Motorola does
not convey any license under its patent rights nor the rights of others. Motorola products are not designed, intended, or authorized for use as components in
systems intended for surgical implant into the body, or other applications intended to support or sustain life, or for any other application in which the failure of
the Motorola product could create a situation where personal injury or death may occur. Should Buyer purchase or use Motorola products for any such
unintended or unauthorized application, Buyer shall indemnify and hold Motorola and its officers, employees, subsidiaries, affiliates, and distributors harmless
apainst all claims, costs, damages, and expenses, and reasonable attorney fees arising out of, directly or indirectly, any claim of personal injury or death
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Motorola and @ are registered trademarks of Motorola, Inc. Motorola, Inc. is an Equal Opportunity/Affirmative Action Employer.

Literature Distribution Centers:

USA: Molorola Literature Distribution; P.O. Box 20912; Phoenix, Arizona 85036.
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Parallel-Input PLL Frequency
Synthesizer
Interfaces with Single~Modulus Prescalers

The MC145151--2 is programmed by 14 parallel-input data lines for the
N counter and three input lines for the R counter, The device features consist of
a reference 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
perlormance have improved.

» Operating Temperature Range: — 40 to 85°C

* Low Power Consumption Through Use of CMOS Technology

¢ 30 o 9.0 V Supply Range

* On- or Off~Chip Reference Oscillator Operation

. Loclg Detect Signal

* + N Counter Output Available

» Single Modulus/Parallel Programming

* 8 User-Selectable + R Values: 8, 128, 256, 512, 1024, 2048, 2410, 8192
* +NRange =310 16383

* "Lingarized” Digital Phase Detector Enhances Transfer Function Linearity
¢ Two gEror Signal Options: Single-Ended (Three~State) or Double-Ended

» Chip Complexity: 8000 FETs or 2000 Equivalent Gates
[

|

o

-

R A A Il
-

o vz

REV 1
8/95

MC145151-2

P SUFFIX
PLASTIC DIP -
CASE 710

DW SUFFIX
SOG PACKAGE:.
CASE 751F

ORDERING INFORMATION

MC145151P2 Plastic DIP
MC145151DW2 SOG Package

1

PIN ASSIGNMENT
inl1e 28 LD
Vg 2 27 {1 0SCipy
vpp(l 3 26 [] OSCqy
PDout [ 4 25 I N11
RA0(] 5 24 {IN10
RAtl] 6 23 I Nt3
Ra2[ 7 22 [IN12
opll 8 2t 1 TR
vl 9 20 I N9
fvl] 10 19 [1 Ng
No ] 11 18 P N7
N1 12 17 I N6
N2l 13 16 J N5
N3l 14 15 J N4

© Motorota, Inc. 1995
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'MC145152-2 BLOCK DIAGRAM
RA2 —»]
RAf — 12 x 8 ROM REFERENCE DECODER
0SCoyt * RAO—" :
4 12
y
ook |, o
0SCin - 12-8IT + R COUNTER DETECT
A
MC
t
. CONTROL "| pHAsE |— ¢v

’ 1in L 4
d Y

LOGIC __‘ DETECTOR |— oR

/

6-BIT -+ A COUNTER =

T T T
AS A3 A2 AD

NOTE: NO ~ N9, AO - A5, and RAO ~ RA2 have pull-up resi

PIN DESCRIPTIONS
INPUT PINS

fin
Frequency 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 into the device. For larger amplitude signals
(standaEd CMOS logic levels) dc coupling may be used.

»

RAQ, RA1, RA2
Refererice Address Inputs (Pins 4, 5, 6)

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

Reference Address Code Togal
Divide
RA2 RA1 RAO Value
0 0 0 8
0 0 1 64
b 1 0 128
o} 1 1 256
¢ 4q 0 0 512
i ! 1 1024
1 1 0 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 résistors en-
sure thaf inputs left open remain at a logic 1 and require only
a SPST switch to alter data to the zero state.

A0 - A5t
A Counter Programming Inputs
(Pins 23y 21, 22, 24, 25, 10)
The A inputs define the number of clock cycles of fin that
require a logic 0 on the MC output (see Dual-Modulus

10-BIT -+ N COUNTER

P DT T
No N2 NAN5S N7 N9

stors that are not shown.

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

OSCin, 0SCout
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 OSCijn to ground and OSCq to ground.
OSCip may also serve as the input for an externally-gener-
ated reference signal. This signal is typically ac coupled to
OSCip, but for larger amplitude signals (standard CMOS
logic levels) dc coupling may also be used. In the external
reference mode, no connection is required to OSCqyt.

OUTPUT PINS

¢R, ¢V
Phase Detector B Outputs (Pins 7, 8)

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

If the frequency fy is greater than fg 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, lhen error information is provided by ¢R pulsing low.
¢y remains essentially high.

If the frequency 6f fy = fR and both are in phase, then both
¢v and ¢R remain high except for a small minimum time
period when both pulse low in phase.

MC
Dual-Modulus Prescale Control Output (Pin 9)

Signal generated by the on-chip control 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 until 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

MC145151-2 through MC145158-2
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i
portion of the cycle). MC'is then‘set back low; fhe counters
preset to their respective programrhed 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 Detector Output (Pin 28)
Essentially a high level when loop is locked (fR, fyy of same
phase and frequency). Pulses low when loop js out of lock.

L]

¥,
y

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 Vgg.

Vss
Negative Power Supply (Pin 2)

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

: TYPICAL APPLICATIONS
NO CONNECTS
$
-1' “Hyn Hqn
il L : ! ——* LOCK DETECT SIGNAL 150~ 175 MHz
[ 10.24 Mz T § kHz STEPS
NOTE 1 = A2 C
—
0SCout RA2 RA] RAO LD R1
0SCin %R \
N Ri / Veo
+
: L MC145152-2 - ':,%3?;?
- MC
1 +V— Vpp
; Vs L e il
= | Now NO A5 <———— AQ B
I\IIIIIIIIIIIIIIJIT ! i
Y_Js
CHANNEL PROGRAMMING MC12017
. +64/65 PRESCALER
NOTES:

[ 1. Off—chip oscillator optional.

2. The ¢R and ¢y outputs are fed to an external combiner/loop filter. See the Phase-Locked Loop — Low-Pass Filter
1 Design page for additional information. The $R and ¢y outputs swing rail-to-rail. Therefore, the user should be careful
not to 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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RECEIVER 2ND L.O.

REF. OSC.
NO CONNECTS
bl 30.720 MHz
| oN-CHIPOSC.{ | xp e e RECEIVER FIRST L.O.
OPTIONAL) L > LOCK DETECT SIGNAL 825.030 — 844.980 MHz
d ] L l I R C {30 kHz STEPS)
0SCot  RA2 RAl RA0 LD A1 l L
1 osciy I . X4
, Y / veo NOTE 6
SV MC145152-2 NOTE 7
Y :DD NOTE § MC R2
Vs
= fin T ¢ TRANSMITTER X4
% = MODULATION [ ] NOTE 6
I Ng= NO A5 = A0 = . A
\
RRARRRRRARNINN, o |
¢ + 64/65 PRESCALER TRANSMITTER SIGNAL
' CHANNEL PROGRAMMING NOTE 6 825.030 — 844,980 MHz
NOTES: (30 kHz STEPS)

1. Receiver 1st I.F. = 45 MHz, low side injection; Receiver 2nd L.F. = 11.7 MHz, low side injection.
. Duplex operation with 45 MHz receiver/transmit separation.

3.fr = 7.5 kHz; + R = 2048.

4. Niotal =N « 64 + A = 27501 t0 28166; N = 429 10 440; A = 0 to 63.

5. MC145158-2 may be used where serial data entry is desired.

8. High frequency prescalers (e.g., MC12018 [520 MHz] and MC12022 [1 GHz]) may be used for higher frequency VCO and fygf

« Implementations,

7. The ¢R and ¢y outputs are fed to an external combiner/loop filter. See the Phase~Locked Loop — Low-Pass Filter Design page for
addltional Information. The ¢R and ¢y outputs swing raii~to-rail. Therefore, the user should be careful not 1o exceed the common mode
input range of the op amp used in the combiner/loop filter.

i Figure 2. 666—-Channel, Computer-Controlled, Mobile Radiotelephone Synthesizer
for 800 MHz Cellular Radio Systems

MC145151-2 through MC145158-2 MOTOROLA
8. - :
He



MOTOROLA
SEMICONDUCTOR TECHNICAL DATA

Order this document

hy MRF4427/D

The RF Line
NPN Silicon
RF Low Power Transistor

Designed for amplifier, frequency multiplier, or oscillator applications |
industrial equipment constructed with surface mount components. Suitable fo
use as output driver or pre—driver stages in VHF and UHF equipment.

* Low Cost SORF Plastic Surface Mount Package
* Guaranteed RF Specification — [S51[2

+ S-Parameter Characterization

* Low Voltage Version of MRF3866

» Tape and Reel Packaging Available.
R2 suffix = 2,500 units per reel

MRF4427R2

1.0 W, 175 MHz
HIGH-FREQUENCY
TRANSISTOR
NPN SILICON

CASE 751-05, STYLE 1

SORF
(SO-8)
¥
MAXIMUM RATINGS
. Rating Symbol Value Unit
Collector-Emitter Voltage : VGEO 20 Vde
Collector-Base Voltage Veso 40 Vde
Emitfer~Base Voltage VEBO 2.0 Vde
Colléctor Current — Continuous Ic 400 mAdc
Total Device Dissipation @ Tc=75C Pp 1.67 Watts
Derate above 75°C 22.2 mwW/C
Operating Junction and Storage Temperature Range Ty Tstg -65t0 +150 °C
THERMAL CHARACTERISTICS
Characteristic Symbol Max Unit
Thermal Resistance, Junction to Case Regc 45 °C/w
DEVICE MARKING
| MRF4427 = 4427 ]
ELECTRICAL CHARACTERISTICS (TA = 25°C unless otherwise noted)
L Characteristic . l Symbol ] Min Typ Max l Unit j
OFF CHARACTERISTICS
Collector-Emitter Sustaining Voltage V(BR)CEO 20 — - Vde
(Ic = 5.0 mAdc, Ig = 0)
Collector-Emitter Breakdown Voltage V(BR)CER 40 — — Vde
(Ic = 5.0 mAdc, Rgg = 10 ohms)
Emitter—Base Breakdown Voltage (Ig = 100 pAdc) V(BR)EBO 2.0 — — Vdc_
?ollector Cutoff Current (Vgg = 12 Vde, g =0} Iceo — — 20 HAdc
NOTE: (continued)

1.Case temperature measured on cqllector lead immediately adjacent to body of package

i
REV §
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ELECTRICAL CHARACTERISTICS — continued (T = 25°C unless otherwise noted)

L i Characteristic . | Symbol | Min | Typ Max Unit
ON CHARACTERISTICS
DC Current Gain hrg -
(Ic = 100 mAdc, VcE = 5.0 Vdc) 10 50 200
(Ic = 360 mAdc, VCE = 5.0 Vdc) 5.0 - —
Collector—Emitter Saturation Voltage VCE(sat) — 60 — mVde

(Ic =100 mAdc, Ig = 20 mAdc)

DYNAMIC CHARACTERISTICS

Current—Gain — Bandwidth Product T — 1600 — MHz

(Ic’=50 mAdc, Vcg = 12 Vdc, f = 200 MHz2)
Output Capacitance Cob — - 3.0 pF

(Vég =12 Vvde, Ig = 0, f = 1.0 MHz)

FUNCTIONAL TESTS '

Common—-Emitter Amplifier Power Gain Gpe —_ 18 — dB8

(Pin = 15 mW, Vce = 12 Vde, f = 175 MHz)
Collector Efficiency (Figure 1) n — 60 — %

(Pout = 1.0W, Vi = 12 Vdc, f = 175 MHz)
Insertion Gain iSoq12

(VCE = 12 Vde, I = 50 mA, f = 200 MHz) i NN - 8

. C3 L2
(.
C
; %04 C5 -
C1 =
= RFC2
l C1, C2 — 5.5-18 pF Erie ceramic trimmer
I €9 ©3—1000 pF ATC 100 mil chip cap.
. 1 C4 — 9.0-835 pF Erie ceramic trimmer

C5 — Arco 405 mica trimmer
C6, C8, C10, C14 — 0.1 F Erie blue cap.
RFC4 C7, C9 — 470 pF ATC 100 mil chip cap.
C11, C13, C15 — 1.0 uF Erie blue cap, non—-polar
C12 — 1000 pF feedthru
C16 — 10 uF, 25 V tantalum
Cis D1— 1N4148 or 1N914
—| L1 — 6T #20 AWG on #2 drill bit
L2 — 4T #20 AWG on #4 drill bit
= R1 — 4.7 kQ 1/8 watt carbon
R2 — 100 Q 1/8 Watt carbon
RFC1-4 — 10 uH molded choke

P o

Figure 1. 175 MHz RF Amplifier Circuit for Functional Tests
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: TYPPICAL CHARACTERISTICS
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Figure 2. Collector-Base Capacitance Figure 3. Gain Bandwidth Product versus
versus Voltage Collector Current
¥
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1100 Pjn=15mW : 1100 e
" i Vec=125V Pip=15mwW
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' Figure 4. Output Power versus Voltage Figure 5. Output Power versus Frequency
L
i
&
]
f ]
E ’
1
i
Mij'OROLA RF DEVICE DATA MRF4427R2

3



VeE Ic £ 511 S21 S12 S22
(Volts) (mA) (MHz) 1S141 Zo 1S211 £Zé 1S12l* Zé S22l Z¢
5.0 5.0 50 0.82 -104 10.3 125 0.05 38 0.68 -34
100 0.83 -141 6.1 103 0.06 26 0.51 ~40
200 0.81 -165 3.2 85 0.07 21 0.44 ~46
500 0.80 169 1.3 57 0.07 32 0.49 -73
750 0.79 156 0.8 42 0.08 49 0.58 ~94
1000 0.76 144 0.6 30 0.11 61 0.65 -114
25 50 0.77 -151 19 107 0.02 36 0.35 ~75
100 0.79 -168 9.9 94 0.03 37 0.21 ~87
200 0.79 -180 5.0 82 0.04 49 0.16 ~97
500 0.78 163 2.0 61" 0.07 62 0.22 -106
750 0.77 152 1.3 48 0.10 66 0.31 ~-115
1000 0.74 141 0.9 36 0.13 66 0.37 ~127
50 50 0.77 ~163 21.1 103 0.02 37 0.29 ~98
100 0.79 -174 10.7 92 0.02 50 0.19 ~-119
200 0.79 177 5.4 82 0.03 62 0.16 |, -134
500 0.78 162 2.2 62 0.07 67 0.20 -131
750 0.77 151 1.4 50 0.10, 69 0.26 ~130
1000 0.74 140 1.1 38 0.13 67 0.32 -139
12 5.0 50 0.83 ~97 11 129 0.04 46 0.76 -26
100 0.82 '-135 6.8 107 0.05 29 0.61 -29
200 0.81 1—-162 3.6 88 0.05 24 0.54 -34
500 0.79 171 1.4 60 0.06 37 0.47 -57
R 750 0.78 157 0.9 44 0.07 55 0.64 -76
1000 0.75 145 0.7 32 0.09 68 0.70 -95
25 50, 0.73 ~143 22.1 111 0.02 38 0.43 -52
100 0.76 -164 1.7 96 0.02 39 0.29 ~52
200 0.77 177 6.0 84 0.03 48 0.22 -53
500 0.76 165 2.4 63 0.06 64 0.27 -69
750 0.75 154 1.6 49 0.08 67 0.35 -84
1000 0.72 143 1.1 38 0.11 69 0.42 -98
50 50 0.73 ~156 255 106 0.02 41 0.32 -67
i 100 0.75 ~171 13.1 94 0.02 49 0.20 -69
200 0.76 59 6.6 83 0.03 60 0.15 -71
500 0.75 164 26 64 0.06 69 0.20 ~81
750 0.74 153 1.7 51 0.09 70 0.27 -92
1000 0.71 142 1.2 38 0.12 70 0.34 ~104
Table 1. Common Emitter S—-Parameters
Freq. Pin Pout Vce Zin ZoL'
(MHz) (mw) {mw) (Volts) (Ohms) (Ohms)
136 15 S 12.5 6.2~11.6 —
175 15 . 12.5 4.6-j10.4 —
136 — 1000 12.5 — 47.7 +j41.7
175 — 1000 12.5 — 47.4-]34.4
136 30 —_ 7.5 5.65-]12.6 -
175 30 — 7.5 6.25-j12.2 —
136 — 650 7.5 — 27.6-j32.4
175 —_ 650 7.5 — 27.9-j27.6
136 30 — 5.0 6.1-j13.3 —
"175 30 — 5.0 5.9-j12.22 —
136 - i 450 5.0 — 24.8-j22.8
175 — 450 5.0 — 28.3~j29.3

oL = ¢onjugate of the optimum load impedance intg which the device output operates at a given output power, voltage an
4

!

i

3

Table 2. Series Input/Output Impedances

d frequency

MRF4427R2
4
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