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ABSTRACT

This thesis presents the method to extend the range of the output state characteristic of
the three-states phase-frequency detector which has a cyele slip within  +27r radians. This is
achicved by using a three-states phase-frequency detector which is capable of detecting the input
signals occurring. simultancously and it is connected with the two cycle slip detectors. The
bidirectional shift register (BSR) is driven by the output of the two cycle slip detectors when the
cycle slip is occurred in the  three-states phase-frequency detector so that the output state
characteristic of this circuit will be extended to more states. Consequently the six-states phase-
frequency detcetor can be realized and it can detect the phase error which extend to £57 radians.
This circuit is designed and implement by microcontroller MCS-51. The circuit operation is

confirmed by the experimental results and simulation with PSpice.
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MARHIN V.

Tsunsumsiauveesasiumauazauduuy 6-aan (6-state Phase/Frequency

Detector) A20 lu1nsnou Insaians MCS-51 1as 8031

« 3 3 ok o o o o o o ok ok o ok ok a6 o o ok ok o ko ok ok o ok o ok o ok o ok o o o ok ok ok ok ok o oK o L
. .

:PROGRAM MONITOR FOR
:EXTENDED CHARRACTERISTIC RANGE OF
:DIGITAL PHASE DETECTOR
‘BASEED ON MCS-51 (8031)

06 o o o o o o o o o e o ko o kol o ol o e o o ok o o o o o o o o o ook o oo ok

:FILENAME . 6SPFD.ASM

‘HARDWARE “MCS-51 MODEL 8031, DMC164 LCD, 4X4 MATRIX

:ASSEMBLER 1 SXAS1

:START-DATE “02/11/01 (UPDATE)

:SOFTWARE ENG. *MR.THANA PORNWISANUKUL (KMIT* L CONTROL ENGINEER)

+ 3 o o o ke ok sk ok ko o o ol o ok o o s ook ok kK R 3 0 ok ok ke ok 3k e o sk ok o o ol ok ok ok
. .

PARAMETER

= s e o o o o o o o ook ok ok ok o o ok ool ok o ook ok R e ok R o ot ok ok o o o o ok oK o el o o
s N

PORT_A EQU OFCOO0H LCD DATA (PAO-PAT)
PORT_B EQU OFCOTH :LCD CONTROL (PB0O-PB2)
PORT_C EQU OFCO2H " ;PORTC(LOWER):SCAN KEY ROW

:PORTC (UPPER) :SCAN KEY COLUMN
CONT_W EQU OFCO3H :CONTROL PORT 8255 PPI U3

SET PORTA B.C (LOWER) AS AN OUTPUT

PORT

:SET PORTC (UPPER) AS AN INPUT PORT

« 3k o o e ok o o o ok o ok ok o ko o ok o o ok 3 o o o ok 2 o o o ok o ko o ok o ok o ook o ok O o o ok L
. .

INTERNAL RAM
e e L L
KBRD EQU 30H :KEYBORD SET
G_KEY EQU 31H :GET KEY PRESSED
R_CODE EQU 32H . :DECODE ROW KEY

84



C_CODE
K_CODE
KEY_P

BUTTON 0
BUTTON_|
BUTTON 2
BUTTON 3
BUTTON 4
BUTTON 5
BUTTON 6
BUTTON 7
BUTTON_8
BUTTON_9
BUTTON_ENTER
BUTTON_ESC
BUTTON_PLUS
BUTTON_MINUS
BUTTON DEL
BUTTON_RST

EQU
EQU
EQU

EQU
EQU
EQU
EQU
EQU
EQU
EQU
EQU
EQU
EQU
EQU
EQU
EQU
EQU
EQU
EQU

33H :DECODE COLUM KEY
34H :DECODE KEY PRESSED
35H :KEEP KEY PRASSED

02H :ASSIGN KEY CONSTANT
ODH
OEH
OFH
09H
0AH
OBH
05H
06H
07H
03H
OCH
08H
04H
O1H
10H

v*‘it#ttitt**t*‘*tt***‘#i*t*#“**t‘#l*i*i**&ti#.t

MAIN PROGRAM

= e e ok ol oo o o o ke ok ok ok ok s sk s ol R o ok ol kol S 363 ok ok ok oK o ok o ok ok ook ok ok R R R L
- .

ORG
LIMP

ORG
LIMP

ORG
LIMP

0000H

INITIAL :SKIP ADDRESS VECTOR
000BH :TFO VECTOR INTERRUPT
REF_INTO iREFERANCE FREQUENCY
001BH :TF1 VECTOR INTERRUPT
IN2_INTI {GET INPUT2

+ 0 3 o o o o ke ok o o o o ok ok 3 ok ok 3 o ok 3 o ol o ok i ok ok o ok o8 o o e o o ol o o ok ok ok ok o o ok
. .

START OF MAIN PROGRAM SECTION

-‘*#t**t**H*ltt***#t*“!*ﬁ*l#t‘titlttt*‘t'*it*'*t-

ORG

0040H
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INITIAL:

MAIN:

MAINI:

MOV
MOV
MOVX
MOV

MOV
LCALL

MOV
LCALL
MOV
LCALL
MOV
HCALL
MOV
LCALL
MOV
LCAEL
MOV
LCALL

MOV
MOV
CLR
CLR
MOV
MOV

MOV
LCALL
LCALL
JZ
SIMP

DPTR#CONT W
A #88H
@DPTR,A
KBRD#0111111B

R2,#4
LCD_DELAY

A#00111000B
LCD_WI

A #00010000B
LCD_WI

A #00001100B
LCD-WI

A #00000001B
LCD_Wi

A 000001 10B
LCD Wi
R2.#2
LCD_DELAY

TMOD#01100110B
P1,#00H

P1.0

PL.}

IE#10001010B
IP#00001010B

DPTR #MASSAGEI
LCD_LD
KEY_SCAN
MAIN2

MAIN3

86

SET 8255 CONTROL PORT U3

JANITIAL KEYBORD SET

JANITIAL DELAY

(¥EEX INITIALIZE DMC 164 ***+
:FUNCTION SET

.+CURSOR/DISPLAY

:DISPLAY CONTROL

:CLEAR

:MODE SET

:DELAY TIME

:SET TIMER MODE CONTROL

VI=LOW,V2=LOW V3=LOW (OUTPUT BSR)

JCLEAR /VD
i{CLEAR) VU

:ENABLE TO.T| & GLOBAL INTERRUPT
:POOLING INTERRUPT PRIORITY

:PTO=1 HIGHER PRIORITY LEVEL

:PTI=1 HIGHER PRIORITY LEVEL

;PAGE |

:CALL SCAN KEYBORD SUB.



MAIN2:

MAIN3:

CHK_KEY:

MASSAGEI:

MASSAGE2:

MASSAGE3:

MOV
LCALL
LCALL
1Z

MOV
LCALL
MOV
SETB
CLR
MOV
MOV
MOV
MOV
MOV
LCALL
CINE
CLR
CLR
AJMP

DB
DB
DB
DB

DB
DB
DB
DB

DB
DB
DB
DB

DPTR #MASSAGE2
LCD_LD
KEY_SCAN

MAIN|

DPTR #MASSAGE3
LCD_LD

P1 #00H

P10

PI.1

TLO#OFFH
THO#0FFH
TL1#0FFH
THI#0FFH
TCON.#01010000B
KEY_SCAN

87

JPAGE 2

:CALL SCAN KEYBORD SUB.

:PAGE 3

JINITIAL OUTPUT 3-STATE PFD
/VD=HIGH,VU=LOW

:AUTO RELOAD MODE 2 FOR T0

:AUTO RELOAD MODE 2 FOR T

:START UP TIMER(O/TIMERI
‘WAIT INTERRUPT FOR T0 & T1

A#BUTTON_ESC.CHK _KEY

TRO
TR
MAIN

"<< EXTEND PD. >>"
" by KMITL"

" System Ready!! "

" Press Any Key. "

"<< EXTEND PD. >>"
" by KMITL"

" System Ready!! "

" "

"<-6 STATE PD ->"

" Frequency Range"”

" 100 Hz-20 kHz. "
"ESC'KEY-->RESET",

:STOP COUNT OF TIMERO
:STOP COUNT OF TIMER |
\RESET SYSTEM FOR INITIAL START UP

« e e o o o ok ok o TABLE ke e s ook e ok ook,
N .
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+ 0 ke o oo o o o o e ke ok ok ok o o ok ok ko ok ok sk ok ol ok o ok ok o ke ok ok ok o sk ok 3k ok ok ok ok koK
. .

INTERRUPT SERVICE ROUTINE FOR TIMERO

« e ok o o o o o ke e ke ok ok ok o o ol ok ok o o sk ok ok ok o o ol ok ok o ook ok ok o o ok 8 SOk o e ok ok
» .

REF_INTO:

SLIP_UPI:

SLIP_UP2:

SLIP_UP3:

NORMAL_VU:

END_TFO:

STATE_I:

STOP_TFI:

JB
INB
JB
SETB
RETI

SETB
RETI

SETB
RETI

B
SETB
RETI

SETB
RETI

IBC
B
SETB
CLR
RETI

TF1,STATE_|

P1.1,NORMAL_VU

P1.2.SLIP_UP2
P1.2

P1.3,SLIP_UP3
P1.3

Pl.4

P1.0,END_TF0
P10

PI.1
P1.1.STOP TFI
PI.1.STOP TFI
P10

TFI

;SIMULTANEOUS R & V

:DETECT STATE CHANGE

2*** CHECK SLIP FOR 6-STATE PFD ***
1" SLIp

2" SLIP

;#*%*% END OF THE SLIP **#**

:CREATE /VD SIGNAL

{CREATE VU SIGNAL

{CHECK VU=HIGH?

« 3 ok o o ko 3 ok e ok ol o sl ok ke ok ok kol sk ok e e ok ok sk o ol ok obe ok ke ok ok ok o e ok ok ke o e ok ok ok ok ok ok

JINTERRUPT SERVICE ROUTINE FOR

;TIMER1 (RECIVE INPUT2 FOR COMPARE

« 3 0 3 e 2k o ok 3 e ok e ok e ok o e e ke o ol ol ok ke ok ok ook ok okl ol ok o ok ol ok ok ok ke ol ok ok kR R kK L
v .

\PHASE/FREQUENCY

IN2_INTI: PUSH
MOV
JB

IP
IP.#00001000B

P1.OONORMAL_VD

:PT1=1 HIGHER PRIORITY LEVEL
:CHECK /VD=LOW-->SLIP DOWN



SLIP_DNI: B P1.4,SLIP_DN3 :#%% CHECK SLIP FOR 6-STATE PFD.***
B P1.3,SLIP_DN2
CLR P1.2 _;1st SLIP DOWN
POP P
RETI
SLIP_DN2: CLR P1.3 :2nd SLIP DOWN
POP P
RETI
SLIP_DN3: CLR P14 :3nd SLIP DOWN
POP P jexxxs END OF SLIP ****+
RETI
NORMAL VD:  JBC PI.1,END _TF1
CLR P10
END_TFI POP P
RETI

o o e ke o ok o o ke o o oK ke ko e ok o ok o o o ol o ol o ok o o o ol K ok
. »

LCD DELAY SUB.
L L S it bk b
N =R2
:REG = R2,R3.R4 H

3 o s ok o ke o o ok ok o ool o ok ok o o o o o o o ok 8 o ok o ok o ke o ok e o R R O R RO K R
. 2

LCD_DELAY: MOV R3.#0

LCD_DELAY1: MOV R4#0 .
DINZ R4S
DINZ R3,LCD_DELAY |
DINZ R2,LCD_DELAY
RET

ke o ke ke o o ke ok o o o ok ok o k3 ok o o o o ok R o o ko e ok o ol o ke ok oK R ok o ROR OR ok
N .

WRITE ADDR. TO LCD-MODULE SUB.
R R R R
:IN = DPTR DATA BLOCK
:REG = A.R2.DPTR

e ok o ok o o o o o e ke ok o ok ke ok ok o o ok i e o o ke o ok o ok ok kol ko ke oo sk e ke ok ok ok ol koK -
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LCD_LD:

MOV
LCALL
MOV
LCALL
MOV
LCALL
MOV
LCALL
RET

A HS0H
LCD_LDS
AH0COH
LCD_LDS
A #90H
LCD_LDS
A #0DOH
LCD_LDS

90

:SET ADDRESS LINE |

:SET ADDRESS LINE 2

:SET ADDRESS LINE 3

:SET ADDRESS LINE 4

+ 3 3 o o o ok ok ok ok o ok o ok o ok ok 8 3K ok s 3K ok ok ok i ok ok o ok ok ok ok o ok o ok ok ok o ok ko ok

WRITE DATA TO LCD-MODULE SUB,

b

« 30 ok e ke o ok ok ok o ke ok ok ok ke ok s e o o e ke s ok ke e ke ok o s o ke ke ok o ol e 3 o oK o KK ok sk ok L
B -

N =DPTR

:REG = A.R2.DPTR

-!***i*i*lﬁ********#**i#lﬁ****#*4****#****#‘*##**#‘*.
. .

LCD_LDS:

LCDLDSI:

PUSH
PUSH
LCALL
POP
POP
MOV

CLR
MOVC
PUSH
PUSH
LCALL
POP
POP
INC
DINZ
RET

DPH
DPL
LCD Wi
DPL
DPH

R2.#16

A
A @A+DPTR
DPH

DPL
LCD_WD
DPL

DPH

DPTR
R2,LCDLDSI

;LOAD SUB.

;WRITE ADDRESS

;16 CHAR.

‘MOVC FOR CODE/MOVX FOR DATA

‘WRITE DATA
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ok 3 e o o ok o ok ok ke ok e ok ok ok ok ok ok ke ok ok ok ok ok ke ok ok ok ok ok ok o ok ok ok ok ok ok ke ok ok ok ok ok ok ok ok
. .

LCD WRITE INSTRUCTION (RS=0)

« o o e ke ok ok ok e e e ok ok o sk ok i o ol e ok ok o ke ok o ke ok o ol ol ol e ok ol e R R R R

AN = A

:REG = ALDPTR

.

+ 36 o o e ke ok ok ok ke ke ok ok e ok ok sk ok ok ok ke ok ok ok ke o ke ke ok o ok ok ok ke ke ok ok ok ke ok ke ok ok ok ok ok ok ok kL

LCD_WI: MOV
MOVX
MOV
MOVX
CLR
CLR
CLR
MOVX
SETB
MOVX
CLR
MOVX
MOV

LCDWII: DEC
INZ
RET

DPTR#PORT_A :DATA TO PORT_A
@DPTR,A

DPTR#PORT B ' :PORT B READ MODIFY WRITE
A @DPTR

ACC.0 RS=0

ACC.| RIW=0

ACC.2 .ENBLE=0
@DPTR,A

ACC.2 {ENBLE=1
@DPTR.A

ACC.2 .ENBLE=0
@DPTR.A

A #O ‘DELAY

A

LCDWI I

+ 2 ke ok e ok ok ok ok ok ke o ok ok ok 5ok 3k ok o dc ok o ok ke sk ok ok ok ok ok ok o ok ok e 3 ok 3k e ok of ke ok e ke

LCD WRITE INSTRUCTION (RS=1)

« 0 e 2 e 0 ol o e ok ok ok ok ok ok ok ok ok ok ke ool o ok o ol ol o ol o ol ol o ok o ok o kol ool ok k.
. .

N = A
:REG=ADPTR

« 3k 3 e 2k e o o ok ok ok ok ok ok ok ke ok ke ok ke ok ok ok ok ok ok ok ok ok ok ok ok e ok ok ok e ok ok ok ok ok ok ok ook ok ok
. s

LCD_WD: MOV
MOVX
MOV,
MOVX
SETB
CLR
CLR

DPTR#PORT_A :DATA TO PORT_A
@DPTR.A

DPTR#PORT_B " :PORT_B READ MODIFY WRITE

A, @DPTR
ACC.0 :RS=1
ACC.I :RIW=0

ACC.2 :ENBLE=0



MOVX  @DPTR.A
SETB ACC.2 -ENBLE=1
MOVX  @DPTR.A
CLR ACC.2 :ENBLE=0
MOVX  @DPTR.A

MOV A#O :DELAY
LCDWDI: DEC A

INZ LCDWDI

RET

-*l*l*i*t*#*ﬂ*t*t**it‘***lk**#*ﬁ**t*##!****l*‘*‘#*.
’ .

:SCAN KEYBOARD 4X4 MATRIX
ANITIAL SCAN KEYBOARD SUB.
:REG = KBRD.K_CODE.G_KEY.ACC

< e e ook ol ok o ok ok o ok o o oK o ok ok o o oK ok ok ok i3 o ok ko o ok o Ok o o o ok ok ok o o o ok

KEY_SCAN: MOV AKBRD :SCAN ROW
RL A
MOV KBRD,A
CINE AH#OEFH,K SCANI * :FINISH SCAN ROW
MOV KBRD #7FH 'SET INITIAL ROW
MOV AH00
RET

KEY_SCANI: LCALL < SCAN_KEYBRD
iz OUT KEY :NOT PRESS KEY
MOV G_KEY.A :ACC=0

LCALL  KEY_DELAY
LCALL  SCAN KEYBRD
CINE A.G_KEY,OUT KEY
LCALL S _ROW

LCALL  S_COLUMN

LCALL  S_KCODE

MOV DPTR#TABLE_KEY
MOV A.K_CODE

MOVC  A@A+DPTR

MOV KEY P.A
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OUT_KEY:

TABLE_KEY:

+ o o o ke e ok ok ok ok o ok o ok ke ok oK ok o o ok ok ok ok o ke ok o o o ke ok oK oK o o ok ok ok o ook ok oK koK L

RET

MOV
SIMP
DB
DB

A H#00
KEY_SCAN

10H,01H,02H,03H,04H,05H,06H,07TH,08 H 09H,0AH,0BH

OCH,0DH,0EH,0FH

:SCAN ROW KEYBORAD MATRIX 4X4

:IF NOT PRESS SET ZERO FLAG

+ ok o o o ke ook ok sk ok o ok ok ok ok o o o o ok ok ok o o ok O o oKk ok ok KR ek R R R R R K
. .

N = KBRD
OUT=A
:REG = KBRD,A

= 3 e o ke e o o o o sk ok s ok ok ok K oK ok S ok o o ool ok o o oo o oK o R R ok ok Kk kR K
v .

SCAN_KEYBRD:

= 3 2 b ok ok o ok o o ok ok o ok ok ok ok ok ke sk ok o ok e ke e o ke o ke ke o ke o ke ok e ok 3 o o o ok ok ok KOK
s .

PUSH
PUSH
MOV
MOV
MOVX
MOVX
ORL
CPL
POP
POP

RET

DPH

DPL
DPTRH#PORT, C
AKBRD
@DPTR,A
A@DPTR

A #OFH

A

DPL

DPH

:KEYBORD DELAY 10ms SUBROUTINE

ANITAL R2,R3 = #40H FOR 10ms

:REG = R2,R3

« ok o ok ke e af ke ok e ke sk ok e s ok sk ok o ok ok ok o ok ok ok o ok ok ke o o ok ok ok ok ok ok o o ok sk ok KR ok ok
s .

KEY_DELAY:

KEY_DELAYI:

MOV
MOV
DINZ
DINZ

R2,#40H
R3,#40H

R2.$

R3,KEY DELAY!

.CALL PORT C

:SCAN A ROW
{GET KEYBRD COLUMN DATA
;HIGH LOW-NIBBLE AND BIT MSB
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RET

+ 36 o o o o ok e o o o o ok o ok ok ko ok ke o o o e sk ok K oK R o o o o o ok o ok o ok ok ok ok ok o ok L
s N

:FIND ROW FOR KEY PRESSED
:R_CODE KEEP CODE SCAN ROW
:KBRD KEEP ROW KEY PRESSED
:*"l#l*l*i*#*i#t&i*#ttttt*i*tt*t*i**ﬂt!*t*ttttt*:
JIN = KBRD

:OUT = R_CODE

:REG = KBRD.R_CODE,ACC

+ M oo s o ook ok ok ok o ol ko o e oo ok o o ok K o Ok R K o kR
] N

S ROW: PUSH ACC ACCSP
MOV AKBRD " READROW.OF KBRD REG.
CLR 0 :CLEAR CARRY FLAG
cPL A :CODE COMPLEMENT
MOV R_CODE.#00 JINITIAL OF ROW
RT_RLP: RRC A :ROTATE RIGHT THROLIGH CARRY
ic OUT_SR :CARRY NOT EQUAL | INC ROW
INC R_CODE ANCREMENT ROW
SIMP RT_RLP
OUT _SR: POP ACC SPRPACC
RET

= ke ok ko o o o o o ok o s o ook ok o o ok ook ok ol e o o ok o ok ko 3 o ok ok ok ok oK kR kR ok L
. .

;FIND COLUMN FOR KEY PRESSED ;

:G_KEY KEEP CODE SCAN COLUMN

:C_CODE KEEP COL. KEY PRESSED

T T DSOS

JIN =G_KEY

:OUT = C_CODE

:REG = A.G_KEY.C_CODE

:*t‘t##.*i*i*tt‘***“#it!‘*t#iti**t*‘*ittt*l*#it*:

S_COLUMN: PUSH ACC :READ COLUMN KEY PRESSED
MOV A.G_KEY :GET BIT MSB
SWAP A " .CLEAR CARRY FLAG
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RT_CLP:

OUT_SC:

CLR
MOV
RRC
IC
INC
SIMP
POP
RET

95

c INITIAL OF COLUMN
C_CODE #00 :ROTATE RIGHT THROUGH CARRY
A :CARRY NOT EQUAL | INC COLUMN
OUT SC " .INCREMENT COLUMN

C_CODE

RT CLP

ACC

+ o o ol ol o o ok ol okl o ok ol e ok ol o ok ok ok ke ok ok ok ok ok ok o ook o oK ok ok oK ok ok ok ok ok ok o ok ok ok ok L
a .

:CREATE KEYCODE FOR INDEX TABLE

:R_CODE KEEP ROW KEY PRESSED

:C_CODE KEEP COLUMN KEY PRESSED

+ 0 o o s o o o ook ook oo o ook ok ok ok ook ok ok ok R R R R R ke sk ok Rk R R kR

JIN =R_CODE.C_CODE

;0UT = K_CODE

:REG = K_CODER_CODE( CODE.A

< ok o o o ol ok ook ok o o o ke ok ok o o ok o o K R R o o o o ok kR R
. -

S_KCODE:

END.

PUSH
MOV
RL
RL
ORL
MOV
POP
RET

ACC

A.R_CODE

A :SLIP TWO BIT

A

A.C_CODE ;ARRANGE COLUMN TOEND.
K_CODE.A

ACC
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