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Abstract

In this project . the speed control system of a DC. Motor using Phase Locked Loop (PLL)
technique is studied and designed. The aim of its application is used for the running track.

In the system , we us;d computer to control the speed of the running track and display the
speed and the distance in the run.

In addition , we included the Lieart ratc measwiement circuit to measure the heart rate of

the runner and we provided database to collect and compare the heart rate in various time.
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k4
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worh ldunus luaums 2.13 ez 2.14 9218

S+2,|s+Z,[1s+ 2, it
S+P,|S +P,y|.. S+P1 ]‘
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- 9adaveduiifiy (Intersect of the Asymptotes)

A Y o v w w a k4
Wngaidumfudaduunuess midlee
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aunuasdyanadeundy Tulassauiily 1o& Phase comparator 1wes 4046 Tavanw
W T S ' [ I8 (9 1 v [
Fuiussznhaussdueiym (V,) funnwumemasznie mladyganugy (0,) uay
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LUSIAUDIINT (Vout) NULsIAUdum (Vin) Wen1dily

Vour |- 1+R,C

(3.3)
Ven Sit, &
i R,
Vin RZ
MN =

from phase I

V
comrator + out

ref is
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‘gﬂ‘ﬁ 3.2 93995 Low Pass Filter

3.13 Amplifier {19950 AveBLsRUATINMIAHE DRIUMIINTDININIIS
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” Y ad? d'l 1 v a g A &
Low Pass Filter 1Huseyuietedellidunnyea1ans Chopper Tagevsuaasnagli 3.3
17 [ ald' 9 v dy [Y] w
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msvene i AteannuszunauguuLLRYTA (Close Loop System) A18@51MI B804
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[V Y] d' Yy Y a P ~ 9
MIUTUOATINSVENeYRIsTT Y e 1T IAA WIS iR e S LN oy nnesTugli 33 4
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110300 3.11 15114
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Percent maximum overshoot = 100e = ‘"% (3.19)
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4.1.2 Low Pass Filter (LPF)
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nqufulnsnewinsames 89C2051 uazweSneunsu Rs232

lulasmeulnsamesnldlu s el WululrseuInsamesasega MCSs1 wod
A =) ~ o Q’J’ ~
892051 @9 89C2051 HuluTlnsnoulnsamed 8 in Tsmaunvione 20 91 TasiTase

adnvesdumsuaasdsgili n.l

PDIP/SOIC
\aP
RST/VPP ﬁ ] 201 vece
(RXD) P3.0 [ 2 197 1.7
(TxXp)P3.1 [} 3 1811 PL6
XTALZ=E| 4 17 ;I P1.5
XA UTTTe] § 16 [1 P14
INT03.2 [ 6 1§ jal/i2i2g
INTT3.3 [0 7 147 p12
(T0) 3.4 5 8 13 [ P1.1(AIND)
B3 AP e 12 ﬁ P1.0(AINO)
GND []10 1111 p37

3U9 n.1 Taseadredumissves 89C2051

1. paulAva3 89C2051

= v o o &
ImeauTuuuWan (Flash Memory) $712u 2 Kbyte 3eransa Talsunsuld

1000 ﬂ’i‘i
- demlutassulnide2 7 vass v
- fhewfinanidesadian 0 Bz i1 24 MHz
- Tusu (RAM) n1oluduau 128 byte
- Tiwesm Sunnaewinm 15 du
- i Timer/Counter 16 bit 2 f2

v o a (4 Y v
- Sudggwduaessyld 6 unas



- Analog Comparator ﬂgjmfﬂ,u
- Unuatseudamsineiy 2 Tnua 8 Low power Idel Mode (a2 Power down
Mode

2, ﬁﬁ’lﬁi}awndnq

- Vee 1w HiEos

-Gnd N1

- Port 1 iiluwesn 2 fimns (1O Port) 9119 8 Tn P12 §3 P17 fimswadwnely
(internal pull ups) P1.0 uazP1.1 Millyadwniely P1.0 uazpl.l w2 duuBUNNYES Analog
comparator 1a8 P1.0 (AINO) (U8 Buwn1In (positive input) P1.1 (AINT) flusduwnay
(negative input) MITBIVIHNYBA Port 1 MU1308eANIZNa1d 20 mA. Seeuisody LED ‘18
lagase fideenald port 1 Hususmnesn imezdesfoudoyaiiu Logic 1 108 port 1
fou enenfiuda Port | é’fuﬂuwa{wﬁ?ﬂ%ﬂgaTﬂsn,l,ﬂsw?ii)xmmﬂsu1ﬂé’awﬁuaﬂmui‘h
uwan (Flash Memory) A

-Port3 47 P3.0 84 P3.5 ua P3.7 fumesn 2 fiwnia (O Port) intswadwniely
(internal pull up) §IWM5U P3.6 sﬂuﬁwﬁsmﬂmwﬁwmm Analog comparator 198 Liliu1aB0Dn
WINEUBN WITN B WIHAVLS Port 3 dnsndennszuald 20 mA, uazewisndy LD 14
Taoass WuELITY Port 1 110 Logic 1 gnifion T Port 3 WinnYs Port 3 92Ty High
wiosnnmsyaswawly ez aimhnidusunmmesnld wenmniuda Port 3 S

9 A Vv =
HHUIMauon msmmiumsww N.1

= =t 1 o
A13199 .1 BaaeriAYeWw 19 lunesn 3

Port pin Alternate Functions
P3.0 RXD (serial input port)
P31 TXD (serial output port)
P3.2 INTO (external interrupt 0)
P3.3 INT1 (external interrupt 1)
P3.4 TO (timer 0 external interrupt)
P3.5 T1 (timer 1 external interrupt)




- RST iihuwisimmues 892051 Tasazgnsiamide 11 RST 1§y High ogiflunann

1312 machine cycles 196 1 machine cycles 11 12 Clock Y849 1WA BB AT IIHDS

3. mbsanuddmSudoyamely 892051 ¥4 00H 81 7FH
[ Y 91y
munsautieen aifu 3 ngude
3.1 Register bank 0 83 3 pgludumiamissnu§greduenian 00H Se 1FH
b4
wideanuezutisesniiu 4 n qanz 8 Turudagyaisondt BANK usas ludlu 1BANK
ad aa el aa 4 1 a” 1 dy =) v
WNYDYDIIIAADT 31 RO.RIR2R3,R4.R5.R6 Uag R7 Soenmosmamariiaunsasonle
v o 3 ' aaq Jd U ‘:’I dd‘i oy @
nulusgnnei ldsunsuldedwazan uagsamaosmarieziyedniulunn BANK nis
Y 2 Y Ry A P AN g aa ¢ Ain
lyamvsdesisdosSonldnuiins BANK minhu Tesnstmuahiasmass psw doins
o Q‘ a < & a
Reset MINNIMYBI 8051 921503 $uup959m1aD3 RO B9 R7 7 BANK 0 $935en805 RO

f9r7luusaz BANK Tunsdudslumizennuidmiudoyaniolu 892051 gsluais

319l n.2 ursmsddslumbennuiidmsudeyanmelu 892051994 Reg. Ro-R7

AN UINUITAINS
Seaaes
BANK 0 BANK 1 BANK 2 BANK 3
RO 0 8 10 18
R1 1 9 11 19
R2 2 A 12 1A
R3 3 B 13 1B
R4 4 & 14 1@
R5 5 D 15 1D
R6 6 E 16 IE
R7 7 F 17 1F

3.2 Bit Address Area (§Jur196a21081 US98 WML 20H B9 2FH HUIOAI DL
v
aziialugrwesmeanuidndnemuisanseaeuniossaniiy 1 uie 0 1&Taens
v v
Tilsunsununioudas Tavestoyalumizenusisreiise fsdumegey Memory

Map



3.3 Scratched pod Area (iugvvsaniasanu§dwmLe 30H 8 7FH nUBAITY

o ¥ dy ° [ - a aa . ay as [ o ¥ ay
Setiezlgdmivfudoyaialy §35aans Stack pointer  FWIBINUIBANLTFITT 02

y @ q 9 a d o 9 v o 9 o a ¥
ﬂaaszaa‘luiﬁsﬂﬂn1swauwmawegaﬂmzm'l‘nms‘nmwuaﬂﬂmﬂsnm‘wmﬂ'lﬂ

i

Byte

)

7FH

30H
2FH

2EH
2DH
2CH
2BH
2AH
29H
28H
27H
26H
25H
24H

23H
22H
21H

20H
IFH

18H
17H

10H
OFH

08H
07H

00H

— ¢ A ¥ &
1n.2 128 luduos Ram Mg

(MSB) (LSB)
Scratch Psd Area

7F B 29D e 7B 7A 79 78
77 76 75 74 73 T 71 70
6F o 6D | 6C 6B | 6A 69 638
67 66 65 64 63 62 61 61
5F 5E 5D 5C 5B SA 59 58
57 56 55 54 53 52 51 50
4F 4E | 4D | 4C | 4B | 4A 49 49
47 46 45 44 43 42 41 40
3F RE P\ 3D |/ 46h | SR 3A 39 38
37 36 35 34 33 32 31 30
2F 28 \[2W/] 36| o8 2A 29 28
27 26 25 24 23 92 21 20
IF 1E 1D 1C 1B 1A 119 18
17 16 15 14 13 12 11 10
OF GER” 1 }eB [ oC CB 0A 09 03
FCEomt) 05y B [Cm? | A0 %1 | %

RO -R7

RO - R7

RO - R7

RO-R7

VY

<

maummumammazmeé’au

a < [-d
JALABT LA
3

aa o <
IALADT (LINA
2

a o <
JITLABT LULINA
1

aa -4 <
ERUG I RIS TR
0



asa oIt 1 & aa t o - " aa g9 9
US9ADTONNGUNTIANISENT  Special Function Register (SFR) 1iu53aimns 14
WY wazdwmisyes SFR 819 il dfuniteanudude1aldiiiu Counter Register
P 4 é a o ' g ’ * o_o ’
Shift register enaﬂﬁ%ﬁﬂﬁ’l’ﬂgﬁi‘t;ﬂh;ﬂi;W‘t@ 89C2051 szusIudumiteanuiidmimis

Y

2L = v o |, [ o v
U Nﬁaﬂmium%gmmazmgmm”n Memory Map [/0 A3LLTAA L1 1NA 3‘1::!

A1519% N.3 uEReSvenees 1FNuRAY (SFR)

dyanwal Fo Fvivg
*ACC Accumulator OEOH
*B B Register OFOH
*PSW Program Status Word ODOH
Sp Stack Pointer 81H
DPTR Data Pointer

DPL Low Byte 82H
DPH High Byte 83H
*PO Port 0 80H
*P1 Port 1 §0H
*P2 Poit 2 OAOH
*P3 Port 3 OBOH
*1P Interrupt Priority Control OB8H
*[E Interrupt Enable OA8H
T™MOD Timer/Counter Mode Control 89H
*TCON Timer/Counter Control 88H
THO Timer/Counter 0 High Byte 8CH
TLO Timer/Counter 0 Low Byte 8AH
TH1 Timer/Counter 1 High Byte 8DH
TL1 Timer/Counter 1 Low Byte 8BH
*SCON Serial Control 98H
SBUF Serial Data Buffer 99H
PCON Power Control 87H

aa o $ a
« JuSTenmesnamisasseansauuunle
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1. We3A RS 232 C
a a s S ¢ S 4 o t v a

Tavn@tulnsneununes vzlinesaiidiuoynsu Sonvoiudi RS 232C oglugiu

1D9egud? nounies illnfueses sdrusu BM P SullufiszdesdiminfiSoni oxds
LY d = v
Instiaezuailines (Asyncronous Communication Adapter) Wiidey 1d
4 dvc Ao ’ P v A
woia RS 232 timihhsuuas dedeyalunuueynsuB i Universal Asynchronous
Al S ' A g a da d a 4 a
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2. A3I9HDUANUAANMIIDITRIIUNSD

3. 6191 stop bit LA parity

4. dadyguigigdhsudynnaliuda

dadfayayos
1 wWasudggnauuivuusndigaesnoosdioendiuuuueynsy
2. 1Y stop bit LA parity

A o { ¢ 4 o 4
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o d
hlsunsumeausuudnugumsinalasinsneuinsame$ 89C2051

-***************************************************************
k)

H2 EQU 30H
H1EQU 31H

HO EQU 32H

B3 EQU 33H

B2 EQU 34H

B1 EQU 35H

B0 EQU 36H

AS1 EQU 37H

AS0 EQU 38H

TT1 EQU 39H

TTO EQU 3AH

FF1 EQU 3BH

FFO EQU 3CH
INTO_FLAG EQU 0H
INTI_FLAG EQU 1H
XTI EQU 2H
SR_FLAG EQU 3H

F FLAG  EQU4H
STSP_FLAG EQU 5H
SW FLAG EQU6H
GREENBIT P15

RED BIT Pl4

ORG O
SIMP MAIN
ORG 03H
AJMP INTO RUTINE



ORG 0BH

ORG 13H

ORG 1BH

ORG 23H

ORG 40H

MAIN:

AJMP TIMERQ RUTINE

AJMF II1TT_RUTINE

AJMP TIMERI RUTINE

AJMP SR_RUTINE

MOV SP #50H
MOV TMOD #23H
MOV PCON #80H
MOV SCON #52H
MOV TH1#13
MOV TL1#-13
SETB TRI
SETBITO

SETB IT1

MOV IE #0FFH
SETB PT0

CLR GREEN
SETB TR0

CLR ETO

CLR INTO FLAG
CLR INT1 FLAG
CLR SR_FLAG
SETB SW FLAG
CLR STSP FLAG
MOV A #0AH

;timer]l mode2,timerQ mode 3

;setb smod

; determine baudrate 4800
, start timerl

; int0 transition interrupt

; int] transition interrupt

; enable all interrupt

; timer0 Jhigh priority

;disable timer(



LLFF3:

B 51

LLFF:

LIL2:

ACALL SRWR
MOV A #0DH
ACALL SRWR

JNB INTO FLAG,LLFF
MOV H1,TTI

MOV HO,TTO

ACALL HEX_TO BCD
MOV A#T

ACALL SRWR

MOV RO,#B2

MOV A,@RO

ACALL HEX_TO ASCII
MOV A,ASI

ACALL SRWR

MOV A,ASO

ACALL SRWR

INC RO

CINE RO#(B0+1),LLI
CLR INTO FLAG

JNB INT1_FLAG,LLFF1
MOV H1,FF1

MOV HO,FFO

ACALL HEX_TO BCD
MOV AH#F

ACALL SRWR

MOV RO,#B2

MOV A,@RO

ACALL HEX TO ASCII

;start of block data

;send start flag to pc



LLFFI:

LLFF2:

PASWO:

MOV A AS1

ACALL SRWR

MOV A ASO

ACALL SRWR

INC RO

CINE RO#B0+1),LL2
CLR INTI_FLAG

JNB SR_FLAG,LLFF2
SETB RSI1 ;determine register bank 2
MOV AS1,40H

MOV AS0,41H

ACALL ASCII_ TO HEX
MOV R2,A

MOV AS1,42H

MOV AS0,43H

ACALL ASCII_TC_HEX
MOV R3 A

SETB F_FLAG

CLR SR _FLAG

CLR RS1

JB P13,SWO

JB SW_FLAG,PASWO
AIMP LLFF3

CLR SW_FLAG

INB STSP FLAGSTA
CLR STSP FLAG
CLR GREEN

SETB RED



STA:

SWO:

MOV A#<
ACALL SRWR
AJMP LLFF3
SETB STSP_FLAG
CLR RED

SETB GREEN
MOV A #>'
ACALL SRWR
AJMP LLFF3
SETB SW_FLAG
AIMP LLFF3

: |

timer TLO interrupt service rutine

;use register bank?2

sreg ir2.13,r4.15,16,17

TIMERO RUTINE:

EELLI:

PUSH P3W
SETB RS

DJINZ R4,EELLI
CLR TRO

MOV TLO,RS

SETB TR0

POP PSW

RETI

CINE R4#0FFH,IE0_EXIT
CPLP1.2

INB F_FLAG,EELL2
CLR F FLAG

MOV R6,12H

MOV R7,13H



EELL2: MOV R4,16H
MOV R5,17H

IEO_EXIT: POP PSW
RETI

: timerTHO interrupt rutine-
;use register bank 1
;t1,r0:peried of heart rate
;13,r2:counter 1 s
TIMERI RUTINE: PUSH PSW
SETB RS0 ;determine register bank 1
INCRO
CINE RO#0,LLN1
INCRI1
LLNI1: INCR2
CINE R2,#0,LLN2
INCR3
LLNZ: CINE R3,#0FH,LLN3
CINE R2,#42H,LLN3
MOV FF1,R5
MOV FFOQ,R4 ;FFLFFO = frequency of motor
MOV R2#0
MOV R3#0
MOV R4,#0
MOV R5#0
SETB INT1_FLAG
LLN3: POP PSW
RETI

2 INTO intrrupt service rutine-
;use register bank 1
;REG A



INTO_RUTINE: CLR IEQ
PUSH PSW
SETR RS0
MOV TT1R1
MOV TTO,R0
MOV R0.#0
MOV R1,#0

SETBINTO FLAG

POP PSW
RETI

: INT1 interrupt service rutine-

;use register bank 1

;15.rd:count pluse

INT1_RUTINE: CLR IEI
PUSH PSW
SETB RS0
INCR4

CINE R4.#0,LLM

INCRS
LLM: POP PSW
RETI

: serial interrupt service rutine-

;use register bank?2

;regir(

SR_RUTINE: JBC TLPPL1
CLRRI
PUSH PSW
SETB RS1
PUSH ACC
MOV A SBUF

;determine register bank 1




CINE A#>'SR1 ;when mcs51 recive ">'_ it will cnable timer 10
CLR P1.0
SETB ET0
SETB STSP_FLAG
CLR RED
SETB GREEN
SIMP SR _EXIT
SR1: CINE A #<"SR2 ;when mes51 recive '<' it will disable timer t10
SETB P1.0
CLR ETO
CLR STSP_FLAG
CLR GREEN
SETB RED
SIMP SR _EXIT

SR2: CINE A #M',SRRI ;M is start of block character . Tcontrol
MOV RO#40H
SIMP SR_EXIT

SRR1: CINE A #V'.SRR2 ;V is end of block character, Tcontrol

SETB SR_FLAG

SIMP SR_EXIT
SRR2: MOV @R0,A

INC RO
SR_EXIT: POP ACC

POP PSW

RETI
PPLI: SETB XTI

RETI

AR SR hex to bed:
;input H1,HO

;output B2,B1,B0



;registers A,RO,R1,R2
HEX_TO_BCD:CLR A
MOV B2,A
MOV B1,A
MOV B0,A
MOV RO #16

ADLI: MOV A,HO
RLC A
MOV HO,A
MOV A H1
RLC A
MOV H1,A
MOV R1#B0
MOV R2 #3
ADL: MOV A,@R1
ADDC A,ACC
DA A
MOV @R1,A
DEC RI
DINZ R2,ADL
DJNZ R0,ADL]
RET

s Hex to ascii
sinput A
;output AS1,ASO
;reg A
HEX TO_ASCIIL: PUSH ACC
ANL A #0FOH

SWAP A




ACALL F_ASCII
MOV ASI,A
POP ACC

ANL A #0FH
ACALLF ASCII
MOV AS0,A
RET

F_ASCII: INC A
MOVC A,@A+PC
RET
DB '0123456789"
DB 'ABCDEF

s ascii to hex

;input AS1,ASQ

;output a

reg a

ASCII_TO _HEX: MOV A, ASI
CLR C
SUBB A #30H
ACALL F HEX
SWAP A
MOV AS1.A
MOV A,ASO
CLRC
SUBB A #30H
ACALLF HEX
ORL A,ASI
RET

F HEX: INC A



MOVC A,@A+PC

RET

DB 0,1,2,3,4,5,6,7,8.,9

DB 0,0,0,0,0,0,0

DB 0AH,0BH,0CH,0DH,0EH,0FH

k]

send data to 1s port

;input a

SRWR: JNB XTL$
CLR XTI
MOV SBUF, A
RET j

: rec data from rs port

soutput a

SRRD: JNB RL$
CLRRI
MOV A,SBUF
RET

END
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SCL4046B
SCL4446B

CMOS PHASE-LOCKED LOOPS

FEATURES

¢ Very low power consumption — 70 uW (typ)
@ fo = 10kHz, 5Vdc

¢ Operating frequency range (no offset) —
Up to 3MHz (typ) @ 10Vdc (SCL4046B)
Up to 4MHz (typ) @ 10Vdc (SCL44468B)

¢ Low frequency drift — 0.04%/°C (typ) @ 10Vdc
¢ Choice of two phase comparators:
1. Exclusive-OR network
2. Edge-controlled memory network with
. phése»pulse output for lock indication
¢ VCO Inhibit control for ON-OFF keying and
ultra-low standby power consumption
¢ High vco linearity 1% (typ)
¢ Source-follower output of VCO control input
(Demodulator Output)
¢ Zener Diode to assist Supply Regulation
¢ Balanced Output Drive Current Specifications

APPLICATIONS

FM demodulator and modulator
Frequency synthesis and multiplication
Frequency discriminator

Data synchronization
Voltage-to-frequency conversion

Tone decoding

FSK-Modems

Signal conditioning

R 2R 2R R 3R P 'Y

DESCRIPTION

The SCL40468B and SCL44468B phase-locked
loops contain two phase comparatois, a voltage-
controlled oscillator (VCO), source follower, and
zener diode. The comparators have two common
inputs. The Signal input can be used directly
couple” to iarge voltage signals, cr indirecily
coupled (with a series capaciior) to small voltage
signals. The self hias circuit adjusts small voltage
signals in the linear region of the amplifier. Phase
comparator I (an exclusive-OR gate) provides a
digital error signal PCIoyut. and maintains 90° phase
shift at the center frequency between Signal and
Comparator inputs (both at 50% duty cycle). Phase
comparator IT (with leading edge sensing logic) pro-
vides digital error signals PCIOyy¢ and Phase Pulses,
and maintains a 0° phase shift between input
signals (duty cycle is immaterial). The linear VCO
produces an output signal VCOOUI whose frequency
is determined by the voltage of input VCOjp and
the capacitor and resistors connected to pins Cla,
Clg, R1, and R2. The source follower output,
Demad Qut, with an external resistor is used where
the VCO;, signal is needed but no loading can be
tolerated. The inhibit input Inh, when high, disable_s
the VCO and source follower to minimize standby
power consumption. The zener diode can be used
10 assist in power supply regulation. :

(all packages)

CONNECTION DIAGRAM

Add suffix for package:

C  16-pin Cerdip
D  16-pin Ceramic
E 16-pin Epoxy
F  16-pin Flat

H e ohap

ZENER DEMOD OUT
SIG PC vco
Voo IN OUT g, g4 IN
| ] | | |
167™hg, T 13 12 11 10 9
SCL40468 SCL44468B
1 2 3 4 5 6 7 8
| | I I | 1
PCI VCO INH €1 C1 vgg
ouT ouT (A) (8)
PHASE  CcOMP
PULSES N

RECOMMENDED OPERATING CONDITIONS

For maximum reliability:

DC Supply Voltage Vpp - Vss g 15 Vdc
Operating Tamperature Ta
C, D, F, H Device -55 to +125 ©OC
E Device 40 to +85 ©OC
BLOCK DIAGRAM
SIG':AL (& VDD
¥
PHASE
CQMPA.F:‘AYOR CO“"R“O" I PHASE COMP I OUT
pi i -.
PHASE COMP TI OUT
PHASE
COMPARATOR
our PHASE PULSES R3
(e
cl—Cﬁ@—' YCO ™ LOw
< Q PASS
c2 FILTER
Ve~ \/“\/2 =0k D(ODUOLJ.YYC‘? T
Vssﬂw—@— vss
§=S i
INHIBIT
[l .
“s® @rewen i
vss

Fig. 1




VCO SECTION

The VCO requires one external capacitor (C1)
-and one to two external resistors (R1 orR1 and
R2). Resistor R1 and capacitor C1 determine the
frequency range of “the VCO and resistor R2 en-
ables the VCO to have 3 frequency offset if re-
quired. The high input impedance (10'2£)) of the
VCO simplifies the design of low-pass filters by
permitting the designer a wide choice of resistor-to-
capacitor ratios. In order not to load the low-pass
filter, a source-follower output of the VCO input
voltage is provided at terminal 10 (DEMODULA-

TOR OUTPUT). If this terminal is used, a load
resistor (Rg) of 50k§2 or more should be connected
from this terminal to Vss. If unused, this terminal
should be left open. The VCO can be connected
directly or through frequency dividers to the com-
parator input of the phase comparators. A fui!
CMOS logic swing s available at the output of the
VCO. A logic 0 on the INHIBIT input “enables”
the VCO and the source follower, while a logic 1
“turns off” both to minimize stand-by power
consumption.

PHASE'‘COMPARATORS

The phase-comparator signal input {terminal 14)
can be direct-coupled provided the signal swing is
within CMOS logic levels [ logic “0" < 30% (Voo
Vss), logic “1* = 70% (V5p-Vgsl]. For smaller
swings the signal must be capacitively coupled to
the self-biasing amplifier at the signal input.

Phase comparator I is an exclusive-OR network;
it operates analogously to an over-driven balanced
mixer. To maximize the- lock range, the signal and
comparator-input frequencies must have a 50%
duty cycle. With no signal or noise on the signal
input, this phase comparator has an average output
voltage equal to Vbp/2. The low-pass filter con-
nected to the output of phase comparator I supplies
the averaged voltage to the VCO input, and causes
the VCO to oscillate at the center frequency (fg).

The frequency range of input signals on which
the PLL will lock, if it was initially out of lock,
is defined as the frequency capture range (2f.).

The frequencv range of input signals on whizh
the loop will stay locked it it was initially in lock is
defined as the frequcney lock range (2f_). The
€apture range can not exceed the lock range.

With phase comparatc: I. the range of freauen
cies over which the P!t can acquire lock (capture
rsnge) is Z“ependent on the low-pass-filter character-
istics, and can be made as large as the lock range.
Phase—comparatorlenables a PLL system to remain
in lock in spite of high amounts of noise in the in-
put signal.

One characteristic of this type of phase com-
parator is that it may lock.onto input frequencies
that are close to harmonics of the VCO center-
frequency. A second characteristic is that the phase
angle between the signal and the comparator input
varies between 0° and 180°, and is 90° at the center
frequency. Figure 2 shows the (typical) triangular
phase-to-output response characteristic of phase-
comparator I. Typical waveforms for a CMOS
phase-locked-loop employing phase comparator [
in locked condition is shown in Figure 3.

>

{

w

S AVERAGE OUTPUT

5 VOLTAGE

o) Voo

>

— /\

g -
V

3 Voor2

w

(&)

Lt

E:J 1 1

X 0 S0 80

SIGMAL-TO- COMPARATOR
INPUTS P!ASE DIF FERENCE

Fig. 2 — Phase-comparator I characteristics at
low-pass filter output.

PHASE COMPARATORI
T

t
fnout State 1

|

OFS l/j@

Sig Comp
in In
PCI Out 0

—— — —

SIGNAL INPUT (TERM. 14) | l | I
VCO ouTPuT (TERM 4 )«
COMPARATOR INPUT l l I
(TERM 3)
PHASE COMPARATOR I | | | | l | |
OUTPUT (TERM. 2}
=Yoo

VCO INPUT (TERM.9)« N T
LOW-PASS FILTER
OUTPUT —Vss

Fig. 3 — Typical waveforms employing phase comparator I in locked condition
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PHASE COMPARATAOR 1L

T
Input State o
X X
Sig Comp
in In
3 State

PCITOut 9 Output Disconnected :

Phase Pulses o 1 o

PHASE 'COMPARATOR II
OUTPUT (TERM. 13)

SIGNAL INPUT (TERM.14) JL{}—IL)__J_
VCO OUTPUT (TERM 4)= -

COMPARATOR INPUT

(TERM 3)

e T

~Vss
» -V
VCO INPUT (TERM. 9) = o 3 Ty (B0
LOW-PASS FILTER “Vss
ouTPUT Z, LG
T ~Voo
PHASE PULSE (TERM, 1) m A U “Ves

NOTE: DASHED LINE IS AN OPEN-CIRCUIT CONDITION

Jh = |

Fig. 4 — Typical waveforms employing phase comparator II in locked cendition.

Phase-comparator IT is an edge-controllad digital
memory nretwork. It consists of several flip-flop
stages, control gsting, =nad a three state output
Sircuic comprising p- and n-type drivers having a
€ommon output node. When the p-MOS or n-MOS
drivers are ON, they pull the output up to Vpp or
down to Vss, respectively. This type of phase com-
parator acts only on the positive edges of the signal
and comparator inputs. The duty cycles of the
signal and comparator inputs are not important
since positive transitions control the PLL system
utilizing this type of comparator. If the signal lags
the comparator input in phase, the n-type output
driver is maintained ON for 3 time corresponding
to the phase difference. If the comparator input
lags the signal in phase, the p-type output driver is
maintained ON for a time corresponding to the
phase difference. Subsequently, the capacitor volt-
age of the low-pass filter connected to this phase
comparator is adjusted until the signal and com-
parator inputs are equal in both phase and frequen-
cy. At this stable point, both p- and n-type output

drivers remain OFF. Thus, tre ohase comparator
output becomes an open circuit and holds the volt-
age on the capacitor of the low-pass filter constant.
Moreover, the signal at the “phase pulses” output is
a high level which can be used for indicating a
locked condition. Thus, for phase comparator IT,
no phase difference exists between signal and com-
parator input over the full VCO frequency range.
Moreover, the power dissipation due to the low-
pass filter is reduced when this type of phase com-
parator is used because both the p- and n-type
output drivers are OFF for most of the signal
input cycle.

It should be noted that the PLL lock range for
this type of phase comparator is equal 1o the cap-
ture range, independent of the low-pass filter. With
no signal present at the signal input, the VCO is
adjusteC 0 its lowest frequency for phase com-
parator II. Figure 4 shows typical waveforms for
a CMOS PLL employing phase comparator Oina
locked condition.



This information
the values of

is a guide for approximating
external
SCL40468 and SCL44468 in a Phase-Locked Loop
system. The selected external components must be
withir the following ranges:

DESIGN INFORMATION

components for the

tions

R1, R2=>2k(), Rg =10k

C1215pF

In addition to the given design information refer
to Figure 5 for P !, R2, and C1 component selec-

USING PHASE COMPARATOR I

USING PHASE COMPARATOR IT

CHARACTERISTICS

VCO WITHOUT OFFSET
Ry= =

VCO WITH OFFSET

VCO WITHOUT OFFSET

VCOWITH OFFSET
Ry= =

VCO Frequency

Y02 VYoo
vCO INPUT vOLTAGE

Ypo/2

Yoo
¥CO InPUT vOLTAGE

For No Signal Input

VCO in PLL system wyill adjust to center vrequencv,lo

—_—

VCO INPUT vOL TAGE

“oo/2
V(O INPUT vOL TaGE

Y0072 Voo Yco,

Frequency Lock Range,?fL

VCO in PLL system will adpust

to lowest operating frequency, fnin

21 = {ull VCO frequency range

210 = fmax—fmin

Frequency Capture
Range, 21¢c

ovT

T1+R3C2 ICZ

2mi

1
2fc =
A7

Loop Filter
Component
Selection

For 2 1, see Ref.

T"k

Te=

Fhase Angle between
Signal and Comparaiar

90° at center frequency (fo), approximating C© and
180° at ends of lock range (260

Always 0° in lock

> (N 4 YW
Locks on Harmc-ics of k
Center Frequency L No
Signal Input Noise
High
Rejection - Loy
= Guven: fg —Given: {  and fL ~ Giveg: {cN = Given: f . & Tmax
— Use f, with FigSa to — Calculate fpin from = Calculate f from ~ Use {min with Fig 56
CGetermine R1 and C1 the equation the equation 10 determine R2andC1
fmin = fo — 1 { fmax fmax
— Use {min withFig. Sp C*) 2 — Calculate R
n
to determine R2 and C1| _ Use {5 with Fig.Sa 10 g m
fmax Oetermine R1 and C1 M i
vCco — Calculate r g e i wathiBig.5c
min
(s::l:“:c:)":m from the equation 10 determine
cti

fmax = fo+ 1L

fmin 1o - e
'max
—Use 7— with
fmin
Fig.5¢ to determine
ratio R2/R1 10 obtain
R1

-

REF.G.8, Moschytz,

“Miniaturized RC Filters Using P

ratio R2/R1 to
obtain R1

hase Locked Loop”, BSTY, May, 1565,



ELECTRICAL CHARACTERISTICS

2 ° 2
PARAMETER CONDITIONS |- Trow T2 THIGH” | yigg
Min. | Max. Typ. | Max. | Min. | Max.
QUIESCENT DEVICE
CURRENT Inhibit = Vg L 5 0.05 - | 150 |pAdc
Signal Input = - 10 0.01 - 300
Voo - 20 - 600
TOTAL POWERDISSIPATION Inh = Vgg,
\Y
VCOIN=%
fy = 10k Hz,
5| C.=15pF = v 0.07 - - | mw
10 R1 = IMQ, = | — — =
15 R2=Rg = o I & = 3
NOTES: ! Remaining Static Electrical Characteristics are listed under “SCL4000B Series Family Specifications”.
TLow =-55°C for C, D, F, H device.
= -40°C for E device.
Trign =+125°C for C, D, F, H device,
=+ 85°C for E device.
3 vco output (pin 4) and Phase Comparator Outputs (pins 2 and 13) have been designed for
balanced output drive current specifications. Consult Family Specifications.
220
PARAMETER CONDITIONS Voo ——  UNIT
Typ. ] Max.
VCO SECTION
MAXIMUM OPERATING
FREQUENCY .
SCL40468 RKRELCH
R2=e [0k 50pF| 05 08 —7 -1 MH;
VCOn = Voo 10 1.0 y s, -
15 1.3 1.9 —
Sk 50pF 5 0.6 L0 - MHz
10 1.4 2:1 -
15 1.8 27 —
2k S0pF -~ 178 - MHz
1C 29 -
15 38 —
SCL44468 R2 =00 REJCA
VCOn =Vpp | 10k 50pF 5 1.0 = MHz
10 20 -
15 28 ~
S5k 50pF 5 1.3 - MHz
10 29 -
15 3.9 —
2k 50pF 5 1.8 - MHz
10 39 -
15 5.4 ~
LINEARITY R2 = oo
VCOin =2.5%0.3V, 5 1 S %
R1210k2
VCOn =5.0£25V, 10 1 =
R12>400k
VCOn =7.545.0V, 15 1 =
R1=21MQ .




ELECTRICAL CHARACTERISTICS (Continued)

N

+25°C
~ PARAMETER CONDITIONS Voo in oo Mo ], UNIT
VCO SECTION (Continued)
== ibontinued) 11 E
TEMPERATURE.- F_
FREQUENCY
STABILITY
No Offset R2 =o 5 = 0.12-0.24 < %/°C
10 Z 0.04-0.08 =
15 - | 0.015-003 | -
With Offset R2<10X R1 5 - 0.06-0.12 = %/°C
; 10/, s 0.05-0.1 =

187 A 003006 | -
INPUT RESISTANCE R |

(vCo,,,) | 5,10, 15 = 10° - MQ

Eoeo RGNy 4 [P = OF-em._ | | SN |

OUTPUT DUTY [Au valid input combin-

CYCLE 13tions and voltages — 50 — %
B s i 2o T8 Y B S L — N |

OUTPUT TRANSITION |, Tt

TIME T T 5 100 200 |ns

50 100

40 80

PHASE COMPARATORS

INPUT RESISTANCE
Signal Input 3 - MQ
0.7 -
0.3 —
Comparator Rin l 5. 10, 15 - 108 - MQ
Input
B e —c s "V | )
AC-COUPLED INPUT Vin |
SENSITIiVITY
Signal Input , 5 — 200 400 mV
10 - 400 800
| 15 L 700 1400
i e——% N2 — AN —— 1700 | 1400 |
OUTPUT TRANSITION |
TINE
pPCI, Pco RUCAS T 5 = 100 200 ns
Outputs ! CL =50pF 10 - 50 100
! 15 — 40 80

Phase Pulses T LH, tTHL‘ 5 2 130 260 ns
Output 10 — 65 130
J 15 - 50 100 '
DEMODULATOR OUTPUT
ezt el il Sod Bt o i

OFFSET VOLTAGE

VCO -
Voewm

| Re>50k02

or i S St |
LINEARITY Rs>50kQ

VCO =2.5:0.3V
VCOn =5.0:2.5V

VCO\n =7.5:5.0v

ZENER DIODE
ZENER VOLTAGE

DYNAMIC
RESISTANCE
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Fig. 6 (a) - Typical VCcO power dissipation
at center frequency vs R1.
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Fig. 6 (b) - Typical VCO power dissipation
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Fig. 6 (c) - Typical source follower

power dissipation vs Rs.

NOTE: To obtain approximate total
power dissipation of PLL system

for no-signal input
Pp (Toral) = Po (fo) + Pp famin! + Pp (RS)
— Phase Comparator |

PD (Total) = PD (fMlN) .
— Phase Comparator []

SCLA40468B, SCL44468
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