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ABSTRACT

This Thasis explain the designing and construction
of Robotic contﬁolled by microprocessor with radio wave that
radiation in VHF region.This project .congsists of three part.

microcomputer part.data’communipatibn part and robotic part,

-

The microcomputer part,whiEh operate about
program that control robotic, D/A, A/D. This program
comtrolled by microcomputer IBM-PC which seht data in
serail. This data wiil be modulate with radio wave to
radiation to robotic that control by CPU B031,

The communication part operate about transm?b and
recevie data which oberate at 1200 b/s at VHF regiénrData'-

1200b/s modulated in FSK by Frequency Synthesiszer and Phasse

Lock Loop (PLL) methode.

The RobBtiq and control system will describe abuot

construction,design robotic cjrauit'conthol positionscircuit
drive DC motor by closed loops and circuit drive stepping -

motor by open loop.
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SYMBOL NAME ADDRESS
4 ACC ACCUMULATOR OEOH
+B B REGISTOR OFOH
+ Psw PROGRAM STATUS WORD ODOH
Sp STACK POINTER 81H
DPTR DATA TOINTER (CONSIST OF DPH,PPL). 8zH
DPL 82H
4 PO PORT 0 Bl
i Pl PORT 1 QOH'
+ P2 PORT 2 DAOH
% p2 "TORT 3 OBOH
4+ 1P INTERUPT PIORITY CONTROL OB&H
+ 1E INTERUPT ENABLE CONTROL 0A8H
THOD TIMER/COUNTER 'MODE CONTROL 89H
14T200N TIMER/COUNTER CONTROL OC&H
TCON TIMER/COUNTER 2 CONTROL £aH
THO "/ " 0 (HIGH BYTE) aCH
T1.0 " X "0 0w BYTE) AAH
TH1 "/t ARG BYTE) Bl
TLI N 7 "1 (1OW BYTE) 81H
+THZ " /" .2 (HIGH BYTE) OCIH
+ TL2 "y "2 (1OW BYTE) OCCH
i RCAPZH "y 2 CAPTURE REG (H1) OCHH
s RCAP2) "y " 2 CAPTURE REG (LOW) 0CAH
4 SCON * SERTAL CONTROL SeH
SBUF, SFRIAL DATA BUFF 35H
POON POWFR (CONTROL,

. Eand
HTH

pemomm e e e e
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SFRs ﬁﬁ1ﬂ%oqwuﬁuuanuﬁmqﬁﬂﬁogﬂu 8032/8052 tN1liu .

A

s1var ) Juavousad aoffinmiihfif ey

ACCUMULATOR

Acc 10uiendainiaoiniodidiaod A 1ufiouiv z8o

B _REGISTOR

FAdieod B 1 lueFeamuaenrs daulueniedudunin

18 1 wliouiividdiaodia 9 Tunrimaiintions

&

PROGRAM STATUS WORD

PSW UTznoudauinvazt Suadieduivii 2

(MSB) 4 ({LSB)

SYMBOL POSITION NAME AND SIGNIFICANCE

cy PSK. 7 CARRY}lAcé

AC PSW. 6 AUNTLLARY CARRY FLAG
(FOR BCD OPERATION) '

Fn IS, 5 FLAG 0 (FOR GENERAL PURPOSFES)

RS 1Sk, A KEGISTOR BANK SELECT CONTROL BITS 1 & O
SET/CLEARED BY SOLFWARE TO DETERMINE

RSO PSW. = WORKING REGISTOR BANK (SEE NOTE)

oV PSW. OVERFLOW FLAG

- PSW. 1 (RESERVED)

U 2. PSW : PROGRAM STATUS WORD -



P PSW.0  PARITY FLAG.
SE1/CLEARED BY HARDWAKE EACH INSTRUCTION 10O
TNDICATE AN OPD/EVEN NUMBER OF "ONE" DITS I::
THE ACCUMULATOR., ie. EVEN PARITY.

NOTE - TIE CONSISTS OF (RS1, RSO) ENALLE THE WORKING REGISTOR DANKS|

AS FOLLOVS.

(0.0) - BAXK 0 (OOH-0TH)

.1, - BANK 1 (08H-OFH)
(1.0) - BANK 2 (10H-17H)
i1.1) - BANK 2 (18H-1FH)

1-5
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CALL SP stﬁuﬁuﬁauﬁﬂstﬁuﬁogﬂuﬁaudmxa1ﬂ 89 STACK: azoyfi luufl
18Tuminwen A (RAM)  UM8031  NIYWENNNT  RESET uAGMAzunoyf

07H UUAD udeNaz13uf 80H

~ DATA POINTER s
Datr UJzNoudiny DPH WAy DPL Yeaviiniiui Guiiq
1@9TUuIa 16 UnpaLEafe DPTR dwnaana 1éfiviuy 16 Gn.uas 8 Un
winfives  DPTR  finlduuy 16 On qanhuﬁﬂﬁtﬁuﬁqﬁﬁogﬂﬁagquwuqu

AINIINIYUDN . .

PORT 0-3
£ [4 ) [ [ 4
WoJe 0, wodm 1, wola 2. unwzwoie 3 10u SFR ¥
niefigun st foya lédnun1nle) Dudunnwoia  uset Saiwnwodaléfie

3 Woim

SERIAL DATA BUFFER

wUv i JuF3d1 aoftni o lun edeuastni no$luniesu

Liofinnadetoyaniuuflii sBUF toyascondeuni IniWoilunede 7ide

Aeflfmmadetogaounin  (madebounli  SBUF a1 Ounti Fuduntds

§7y) waziindutoyaadn SBUF Hoymazpnouann ininodlunnedu

TIMER REGISTORS

FAR1004¢  (THO, TLO) wuRx (TH1, TL1) 1 Tuk%u

LIRMAEENIVIUNe 16 Un Andniiivaz) Suaniunky
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53/ 1 a0 intinfif dy 1P, 1E, TMOD, TCON, T2CON,

SCON uaz PCONUTznouivinauguuasindniuzdm¥uizuuniadul aod
</ (4 s
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.
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8031 ¥ I1/0 woie 09'4 nofa Tavueaznoinazi Juwoieuuy
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awmouen  Tun1ld 8031 Sedoiiuminuainusnivuen woda o Ay
1ﬁ15ﬁﬁﬂnlﬁu Loﬁ BYTE 0041061 ATHYOIUIIYAIIMAINIUHDNIAL ALY
N17 MULTIPLEX Hufionafiazi fuunieou @jUde po a1 Jufie ADDRESS
WRz  DATA diukeda 2 azliueeretdlufige (MSB) voumtnvAITNAn

Muuon  vivoswoia 3 fivwwefiuBn 2 Onvbenoda 1 (80s52) Aznnenu

wauning S41vaz Sualugui 3

?

4 P1.0 T2-  (TIMER/COUNTER 2 EXTERNAL INPUT)
* P1.1 - TZEX (TIMER/COUNTER 2 CAPTURE/RELOAD TRIGGER)
P2.0 RXD (SERIAL INPUT PORT)
P3.1  TXD (SERIAL OUTPUT PORT)
P3.2 INTO (EXTERNAL INTERUPT)
P%.3 . INT1 (EXTERNAL INTERUPT) .
3.4 TTO  (ATIMER/COUNTER O EXTERNAL INRUT) .
Ps.5 T1  (TIMER/COUNTFR 1 EXTERNAL INPUT)
pae WR (EXTERNAL DATA MEMORY WRITE STROBE)
P3.7 RD (EX'I“ER'\.!AL DATA MEMORY READ STROBE)
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Wi 3. udedTerediteved  1/0 vosndazwofansndu
vounoiauaasld D-FLIP FLOP ﬁqqs%uﬁagauqﬁﬁnﬁﬁnﬂUﬂuﬁmbﬁmmﬁm "
WRITE TO LATCH" ¥ou CPU %1 Q uou D-FLIP FLOP\QOQRUOuﬂﬁUWUﬁ
Uanvului HomouduosdeRuan  "READ LATCH" A7 CPU 1§0 CPU #ov
N1TOUHD 6 ﬁﬁuﬁmmﬂmﬁUﬁnquuonuoqwaimﬁsgnmowﬁﬁnﬂﬁogﬂnﬂuﬂu A
vnedaniuueniinzgnomTovaouduosdekann  "READ PIN"  @4drumn
M CPU - AMRNUIIAENAE8IUNDF 6 TOUS AN "READLATCH " (97U 3.
Uteneu) dueniedu 9 sxéuldfiain "READ PIN" @i1vaki Suaanil

fisnutioynann READ LATCH Tujufi 4.

ANL (LOGIC AND, e.g., ANL P1, A)

ORL (LOGIC OR, e.g., ORL P2, A) ¢

XRL (LOGIC EX-OR e.g., XRL P3, A)

JBC (JUMP IF BIT = 1 AND CLEAR BIT, e.gs,.JBC.P].l, LABEL
CPL (COMPLEMENT BIT, e.g®, CPL P2.0) |

INC (INCREMENT, e.g., INC P2)

DEC (DECREMENT, e.g., DEC P2)

DJINZ (DECREMENT AND JUMP IF NOT ZERO, e.é., DINZ Pz, LABEL.
MOV I'X.Y,C (MOVE CARRY BIT TO BIT Y OF PORT X)

CLR PX.Y (CLEAR BIT Y OF PORT X)

SET PXx.Y (SET BIT Y OF PORT X»

A 4. anfufiguain  READ PIN
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SERIAL PORT CONTROL REGISTER
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10 1 then BE walt not be activated it the received 9tk data b3t (RBS) is 0. In minde 1,1/ $M2 = |

then Ri wiil not be acinated if a valid stop bit was net received. In mode 0, SM2 should bhe 0,
18Nee Tuhle 9) .

RLN SCON 3 Set/Clenrad by softwire 1o Lnable/Dyp chle 1eceg tion.
B8 SCON. 3 The Otk bu that will be transmitied 11 modes 2 & 3 Se1/Cleased by softwarc.

RBg SCON 2 Inmdoy 2 & 3. i the 9:h dota bit that was recerved. In mode 1, if SM2 = 0, RBE s the stop b
that was secened e made 0, RBX v mot osed. S
Tt - SCON.! Tronsosf astesrupt fiag Set by hardware st the end of the 8th bil s in mode 0, or at the
brinning of the s it the ottier modes Must be cleared by software.
R1 SCON. 0 Recene intertup: flap - Set by Easdware ot the end of the Sth bit umg 1 mode 0, or halivay
throcph the stop bit time in the other mades (eacept sce SMT). Must be cleared by software.
NOTE 1:
Syo SM1 Mode Description .Baud Rate
0 0 0 EHIFT RECISTER Fosc./12
C 1 1 8-B:: UART Variable
1 ] 2 S-B.t UART Fosc.764 OR
Fosc./52
1 1 3 S-Bn UART Vatiabte ’

91101710 5721UN17dY (BAUD RATES)
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12
Tulvue 2 ﬂ1ﬁu1%ﬂqunq1ﬁ4ﬁu0@ﬁu sMop Feoylu PcoN fin
o . 5 ﬂ. L4
SMOD = 0 AINITIREINAY 1764 yosAIuTioodBaialeod fin sSMoD
= 1 e Ty 1732 vovenufiooddataleod
a1t T Tun g WTune 2 e léangaéefi

L d

MODE?2 BAUD RATE = 25Smod 5 (QSCILLATOR

FREQUENCY )
Tuue 1 wacTvue 2 ﬂﬁﬁut%qﬂunﬁ1ﬁqgnnhnumeuﬁm1ﬁuoq OVERFLOW

Y04 TIMER 1
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MODE 1,3 BAUD RATE = 2SMOD y (TiMER 1
OVERFLOW RATE) ‘lunn11d TiMER 1 1 Jutinmuueani $2lunradeto
yatiazéioy lyonTiiin14dui sodiwisow TIMER 1 A8n1378 TIMER 1 10U
Ganrnfieann 320 Teunin W73 80l TIMER 1/COUNTER 18u TIMER
wavogluTvwue 2 89 TIMER uwnae 2 finn AuTo-RELOAD 16 (18nlun
. Py - o o o
g9vod TMOD = 0010B) ‘lunifiiarnan Jrazeuan iz ingas
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FREQUENCY) Taufien TH1 aztOuanTudou RELOAD t04G17147 2

BAUD RATE f0SC SMOD TIMER 1

C/T | MODE |REIOAD VALUE

| MODE O MAX : 1MIZ 12¥Hz X X X X

| wove 2 wax < oarsr | iemm| 1 X X X

MODE 1,2 : 62.5K 12Hz 1 0 2 FFH

19.2K |.11.059¥4z 1 0 1 2 FDH

9.6K | 11.059¥Hz 0 0 2 FDH

4.8K 11.059¥Hz 0 0 v * FAH

2.4K | 11.058¥Hz 0 0 2 F4H

1.2K | 11.056¥Hz 0 G 2 EgH

137.5 11.059'Hz 0 0 2 1DH

110 6}Hz 0 0 2 72H

110 12¥Hz o 0 1 FEEBH
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#include <bios,h>

#include <{conioh>

#define COM1 0
#define DATA_READY 0x100

#define SETTINGS (0x02i10x80) /#* 8 bits, 2400 b/s, 1 stop, no parity */

main(
{
int register in, out, status;
int i=0,x=1-5,y=‘2;
char bufferf10];
bioscom(0, SETTINGS, COM1);
clrserl); C ey

textattr(Ox1 B); clrecr();

cprintf(",,,FJROGRAM ROBOTIC CONTROLLED BY MICROCOMPUTER WITH RADIO WAVE .'..\n“);
gotoxyll,2) ' .
printf("JOINT I ")

got-:uiy(iﬁ); .

;;rintf("JomT m oy

gotoxyll,4);

printf("JOINT III ");

gotoxy(l,5);

printf("JOINT IV ")

gntoxyll,8);

printf("JOINT V ")

for (i=1;i<=10;i+4H)

{ ¢
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gotoxy(x,y)buiferlil=ge tchO;puteh(butferlid);
buffer(i+ll=getch();putchibufferli+ll);

I

s 2
s Ty -

L)

for (i=1;1,i4=10;i+4) -

{ : -
status = bigscom(3,0,COM1);

- if (status & DATA_READY)

if( (out = binscom(2,0,COM1) & 0x7F) !=0)
puteh{out); ’

bi:::écom(},buﬁer[ i1,COM1);
bivsgom(l,bufferli+11,COM1Y;

1++;



;*#*#********#******#******t*****Y*****#*#**##*******¢*
- cm~

i
; THIS PROGRAM COMTROL ROBOT

CPU  "B051,TBLf
HOF  "BINg"
;
;1********#*********************‘**1‘:**********#********1
; :
{MCS-51 INTERNAL REGISTERS
;
B EQU  OFOH  ;BREGISTER
ACC:  EQU  OEOH  ;ACCUMULATOR
PSW: EQU  ODOH  ;PROGRAM STATUS WORD
P EQU  OBSH  ;INTERRUPT PRIORITY
P3  EQU  OBOH  ;FORT3
IEC:  EQU  OASH ;INTERRUPT ENABLE
P2:  EQU  OAOH  ;PORT '
SBUF: EQU  99H  ;SEND BUFFER
SCON: EQU  83H  jSERIAL CONTROL
PLi- EQU  80H  ;PORT1
THi: EQU  8DH  {TIMER ! HIGH
THO. EQU- 8CH  TIMER 0 HIGH
TL1: EQU  8BH  TIMER 1 LOW
TLO: EQU  BAH  ;TIMER 0 LOW
TMOD: EQU  8%R  ;TIMER MODE
TCON:  EQU - 88H  ;TIMER CONTROL



PCON:

DFH:
DFL:
SPi
PO:

EQU

EQU
EQU
EQU
EQU

87H
33H
82H

31H
80H

;POWER CONTROL REGISTER
;DATA POINTER HIGH

;DATA POINTER LOW

iSTACK POINTER

;PORT 0

;MCS-51 INTERNAL BIT ADDRESSES .

i

CY:
AC:
FO:!
RS1:
‘RS0:
(DA
P
PS:
PT1:
PX1:
PTO:

PX0:

EA:
ES:

EQU
'EQU
EQU |

EQU
EQU
EQU

EQU
EQU
EQU

EQU
EQU
EQU
EQU
EQU
EQU
EQU
EQU
.EGE .
EQU

EQU

OD7H
ODBH
OD5H
OD4H
‘0D3H
0D2H
0DOH
0BCH
OBBH

OBAH.

0BSH
0OB3SH
OAEH
VACH
OABH
0AAH
0ASH
0A3H
09FH
098&

iCARRY FLAG
iAUXILIARY-CARRY FLAG
;USER FLAG 0
REGISTER SELECT MSB
{REGISTER SELECT LSB
;OVERFLOW FLAG
;P’ARITY FLAG
iPRIORITY SERIAL FORT

;PRIORITY TIMER 1

~ iPRIORITY EXTERNAL 1

; PRIORITY TIMER 0
;PRIDRITY EXTER&AL 0
;ENABLE ALL INTERRUPT
EMABLE SERIAL INTERRUPT ;
;ENABLE TIMER 1 INTERRUPT
;ENABLE EXTERNAL 1 INTERR
;ENABLE TIMER 0 INTERRUPT
;ENABLE EXTERNAL 0 INTERR
;SERIAL MODE 0

;SERIAL MODE 1

- v
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sM2: EQU  09PH  ;SERIAL MODE2

REM: EQU  0SCH ;SEREA!. RECEPTION EMABLE
TBs: EQU  09BH  ;TRANSMITTBITS -

RE3: EQU  0SAH ;RECEIVEBITS

Th  EQU  098H  ;TRANSMIT INTERRUFT FLAG
RI  EQU  093H ;RECEIVE INTERRUPT FLAG
TFi: EQU  0&FH ;TIMEé 1 OVERFLOW FLAG
TR1: EQU  O02EH ;TIMER 1 RUN CONTROL BIT
TFO:  EQU 08DH ,iTIMER 0 OVERFLOW FLAG
TRO: EQU  03CH ;TIMER 0 RUN CONTROL BIT
[El: EQU  O08BH ;ENT INTERR,.1 EDGE FLAG
ITi: EQU  03AH ;EXT INTERR, ! TYFE FLAG
IE0: EQU  089H EXT INTERR, 0 EDGE FLAG
ITO:  EQU ﬂoe:m ;EXT IMTERR, 0 TYPE FLAG®
;****#**#*****t*************#**t*****#**#*****###******

CHECK_COUNT; EQU  30H

jRECIVE EQU 31H —3AH ¥*+# BUFFER MEMORY FROM RECIEVING

M_JOINT1: EQU 4iH

M_JOINTZ  EQU  42H

M_JOINT3: EQU 43H

M_JOINT4  BQU  44H

M_JOINTS: EQU  45H

CHECK_READY: EQU  46H

A_JOINTI: EQU OF032H ' -
A_JOINT2: EQU  OF030H

A_JOINT3: EQU OFO28H

A_JOINT4:  EQU  OF02Z0H

1-3¢



A_JOINTS: EQU OFO15H
ORG  0000H
LJMP START

. ORG ©O022H

CLR ES
LIMP LOOF
ORG  0200H

START, MOV TMOD,#20H
MOV TCON,#50H
MOV  SCOM,#50H
MOV PCON,H00
MOV  TH1,H0E2H
MOV TL1,HOE3H
MOV  RO,#CHECK_COUNT
MOV RR0,H#0AH
MOV  RO,#CHECK_READY
MOV @R0,H00H
CLR TI
CLR RI
SETB EA
SETB ES

STAND_BY: MOV RO,#CHECK_READY

CJHNE @RO,#94H,STAMD_BY

,

CLR ES -
LCALL CONVERT

;CONVERT ASCII TO HEX



MOV RO, #M_JOINTI
MOV DPTR,#A._JOINTI

MOV A,aR0

S_MOTOR1: MOV RO,A ;- ROUNTIME 1

-

MOV A,#33H EERRREERE R R RR AR RS ER RS
MOV  R1,#01H ¥
MOV  RZ,#01H ;# CONTROL STEPPING

MOV  R3,#01H  #

MOV ¥ @.DPTR,A i*****=k**lt******t***##*****

" RR A

MOV R4,#40H .
MOV  R5,#OFFH
NOP

DJNZ R5,L21

DIMZ  R4,L11

DJINZ  R3,Tdl
DJNZ  RZ,T31
DJNZ R1,T21
DJINZ R0,T11

MOV  RO,#M_JOINTZ
MOV DPTR,HA_JOINT2
MOV  A,&RO



Ld

S_MOTOR2: MOV RO,A. :  ROUNTINE 2

' MOV  A,#33H JHEREREAEERRER LR PR AL
o MOV R1,#OLH  #
T22! MOV  R2,#01H  ;* CONTROL STEFFING
Taz: MOV R3,HOIH ¥ '
T42: MOVX @.DPTR'A ;*:t*****ﬁ:**:k****#:r-*****az*t

RR A

MOV R4,#40H
er: MOV RS,H#0FFH
L22v HMOP

DINZ RS5,L2%

DJINZ R4,L12

DJNZ R3,T42

DJINZ  R2,T32

DJMZ R1,T22

DJNZ  RO,Ti2

MOV RO, HM_JOINT2
MOV DPTR,#A_JOINT3

MOV A,@R0
s_MbToma:' MOV  RO,A ; 'ROUNTINE 3
MOV A'#33H i*#:Htt*##*****#**:&**#*#***3
T13: MOV  R1,#01H ¥

T2 MOV RZ,HOLH ;¥ CONTROL STEPPING
KK MOV  R3,#01H i*

1-47
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a

T43: MOVX  &DPTR,A FEERREERRER R ER R R 1743
RR A '
MOV R4,H#40H
L13: MOV, RE,H#OFFH
L23: NOF
DINZ R5,L23
DINZ R4,L13
DJINZ "R3,T43
DINZ  R2,T33
DINZ R1,T23
DINZ  RO,T13

MOV  RO,#M_JOINT4
MOV DPTR,#A_JOINT4

MOV A8RO
S_MOTOR4: MOV RO,A i ROUMTIME 4
MOV  A,#33H CEREERESRERE LR R RS AR
T14: MOV R1,BOLH e
5
Tz4: MOV . R2,#01H ¥ CONTROL STEFPING
T34 MOV R3,H#01IH  ;#
Td4: MOVX @DPTR,A SEREEEFERRR R R R R
RR A

MOV  R4,#40H
L14: MOV RS5,HOFFH

La4: NOP



DJNZ
DINZ
DINZ
DJNZ
DJNZ
DINZ

R5,L24
R4,L14
R3,Td4
R2,T34
R1,T24
RO, T14

DC_MOTOR: MOV RO,#M_JOINTS ~ ; ROUNTINE 5

LOOP:

MOV
MOV

DPTR,#A_JOINTS ;**'u:u**tn*mw***m****

A,@RD *

MOVX @DPTR,A ;¥ CONTROL DE€ MOTOR

MOV
MOV

SETB
LIMP

; FETEEIIELEAEE LI RIEL 2 EE L3

RO,#CHECK_READY ;SET TO READY FOR RECIEVING

aR0,#00H ¢ RO !

ES
STAND_BY

MOV A,SBUF

JNB  RL% )

CLR
MOV
MOV
MOV

MOV

RI

R7,A

RO,#CHECK _COUNT
A,@R0

R2,A



DEC- &R0
ADD  A,RO
MOV RO,A
MOV  A,R?7
MOV  @RO,A
DINZ R2,HOB

-

INIT: MOV RO JHCHECK _COUNT

MOV @RO,H#0AH

MOV RO,HCHECK_READY

MOV @R0,#99H

HOB: SETB EA
SETB ES
RETI

CONVERT: MOV  RO,#3AH
MOV R7,H0AH
AGAIN: MOV  a,8R0
CLk €
SUEB A, #S5H
JNC- ALPHABET
NUMERIC: CLR C
MOV A,@RD
" ANL  A,#OFH
MOV  &RO,A

;LOAD ADDRESS START BUFFER

b5



x "

SIMF  FULL
ALPHABET: CLR C . i

MOV  A,&R0O
ADD  A,#O9H
ANL  A,#0FH
MOV  @RO,A

FULL: DEC RO
DINZ  R7,AGAIN

MOV R1,#41H  ;LOAD ADDRESS START M_uJOINT
ADJUST_V: MOY ~ RO,#33H  ;ADJUST LOW ORDER NIBELE : .

MOV  R7,#05H
LOOP_N: MOV  A,&R0 .

RL A

RL - A

RL A

RL A

INC RO

ORL A,@R0 :CONLUDE HIGH-LOW ORDER, MIBELE

MOV @R1,A :

DEC RO

DEC RO

DEC RO

INC Ri

DINZ R7,LOOP_HN

RET

END -
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RaraenanTzuuluguii 1 B uguiinume

Ru3TU(Elementary loop) UvUiznoudtyu PD iWafinaldod, auia

1897 uar vCo aIwdaarxfiatuandunTeEu

SRR

B B
:

A wga

Lo

-FILTER -

~ Fs) |-

b -

TUR 1 uﬁmq701qﬂ%ﬁqu0q1zuutwﬁﬁongu

duuduwn - Hidd

Auydiinrzuueyludnincion

1 (t) ulz VCo 19MniiMd o (t)

(Locked) ,PD  fnianaeaunuul 89t du

(Linner) uay PD fiownni Sulladufiuannunensivuosi vadunniivaoy

oy

vd = Kd (€1-60)
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- < ' - - ¢ o
L0 Kd ﬁi) INUIHALODT (Gain Factor) W39 ADUL 10T U

\NU (Conversion Gain) Fearut JuTaanest 118uu (V/rad)

netiu vd‘ﬁsgnﬂalmoiihugdﬂﬂtmoﬁ HuwnuniunazdaulTy
nouuoqﬁmmﬁmﬁxﬁuﬂQﬁuﬁqq wonnieoonly  Aataodaz Judianuue
QuANUS  NIINRANEATYO9RU  (Dynamic Performance) NIAuiWofiHaTy
vovqunmualey F (s)enwfi veo nhuumﬁﬁnu1Q6uﬂ1UQuﬁﬁuwn ve MM
UianfiiGui vu(Deviation) WUQﬂnﬂdﬂuﬁquénﬂﬁQWUéquuuﬁm =W
-Kév, 1f0 Kov, @oinuudai@ofuos veoo Herdu 191 fivuaoTufico
Tran  (red/sec/V) IﬁOd?ﬂﬂﬂ?ﬁNﬁlﬁuﬂqﬁuﬁ (Derivative) UYDJIWA

NIINNAUNM veo  913RRNINN 139N d o/dt = Ko Ve TaulE55a U0

N

NI urIoNdl: 1899
L.
L{dPo(e)|= s0o (s) =Ko Ve (s) .......c...0ov... (2)
dt oL
-
ey -

8o(s) = Ko Vc(s)

iHRgoNRuyIn ownyoy  veo  Azfienaniniiud 1 §e1 &uliudu
finfavouniviuervan (ve) TevliAianuattninudtond 1 dufiuay1é
Vd(s) = Rd(®i(s)-8o(s)).................. (3)

Ve(s) = "F(s) vd(s)......... e e (4)

2-2.



INANNITT 1 fiv 5 Az ldidduniaiiugauvoqu o

Bi(s)-8o(s) = Bels) = s = 1-B(s) ....... (7) -
8i(s) 871 (S) seKekdFes)

Ve(s) = sKdF(s)Bi(s) = s8i(s) B(s) ...(8)

s+KoKdF(s) Ko

aznanafivguial e384 Susianwueansutsi 8 uwsadadvoets
vunoufiaghianann - naneuboegues v - RateodfilEiinunchivgou 3

nuuao

'PD

o, s T\ ; ‘
Ry

;9
PD 2 veo b

]’C
_ @ '

-

R C

2
, — c
Ry I
PD O—WA -A O VCO
AR -

JUfl 2 wAaqaURA L 6OT



F(s) = _1_

sCR1+1
F(s) = _sCR2+1 = sT2+1
- sC(R1+R2)+1 sT1+1

.

Tl = (R1+R2)C , T2 = R2C

¢ F(s) = _~-A(sCR2+1)

sCR2+1+(1+A) (sCR1)

8210 A ﬁnuﬂalumuﬁhq

F(s) % -sCR2+1 = -s5T2+1

sCR1 sT1

T2 = R2C, T1 = R1C

FmTuratiAa L g0 isloR 2 AxTinTui woTHeBuvosguleds

pl(s) = _KoKd(sT2+1) /T1

--------------

‘9 . ~
s + s(1+KoKdT2/0/T1+KoKd/T1

FwFuilonfilenaniuiWgroy  2937vvaY. A uf1 Az 18n1u

1N0%ﬁe3uu0q§UUm ah)

P2(s) = KoRd(sT1+1)/T1  ......... (10)
_S+s(KoKdT2/T1)+KoKd/T1

n1 o dilvBufiedos @01 Tuuluqy

Pi(s) = s(ZB Wn—ngKoKd) SWIE e ..(11)

2 2
s+2%Wn s +wn

2-1



B2(s) = 2% W s ¢ Wo (12)

2
4 2\5 Wn s +Wn

dunnafii, 12 1 Buuluglvevifenvaudouniy  (Feedback
Control)lovitSun wn 11074l 70818vovgU (Natural Frequency)

naein wendeunniaoiyodqy (Damping Factor)

N}
<l T A
VRGEY - A weRm™ |\ - ¢
. B .
Wn = [Kokd|"'’? wn = |Kokd{'’?®
T1 T1
S = 3|kokd|*/*|T2+_ 13 5 = t2{Kokd|'’" = T2wn
2| T Kokd -| | 2} Cir 2
T1 = (R14R2)C PTEATT
T2 = R2C T2 = R2C
( 13 )

——— —— - —




AWM e IHITY  Azafnuiuinn 7 1/Kokd << T2

Tunifivewrdll  nazAdnuM AN Eegeqarog du fo 2 Ay A4 Fum Oy

QUBUBY 2 (Second Order) AIMMMUTYDITLUUAIUANNUY (Type) VDN
Uz i NNiuI g YoM INOTIHADUT I NTIeDF  (Perfect Integrator)

nulugy Seliursuu  PLL qmqaﬂﬂQﬁouﬁﬁmﬁQslﬁu@duuuﬁ1 (Type I)
1Hi09a1n *veo 1 3utwodiHaBuL N1 st uasfingURaL aofUTENoUEYI Wo
iNedufiinTiaoi®n 1 v guilazi unuufi 2(Type 11) &aliu PLL Bubu
2 fifiuoafiMiaiaot  fifiold4n JugUuuufi 2 TeuRaiaed SusnduiinT

teoifi i Tusnefi PLL Aifinna@ila eot1 Sugunuuii 1

NTEDUANDNAINNTIYONAUINUAY  (High-Galn 1oop.wuﬁuﬁq§d

fi KokdT2 >> 1 @ WTUHIATH nax :A:T1 »>> T2 g wmiunoafivRaiaod)

| Fonendeunataodt Uuulu uﬂmqqugﬂﬁ 3 Azl HudafiEnuie L Suladnnd

Aniaod mewlavt Haduwnyouqy

+8 \, T
<
{ 4-0.5
+4 T= 00T (& 8 0B/t iave
‘; ==SSNVEEN
= 5.0
-2 N \hi\\\“’};_ ;
P . -
€ - NN { =20} !
?-’.—6 \ \\g-’\o
-
s _, NN
= D
£-10 \ 'r\\ ]
R-12 A \F T
-12 YENE
NANI
o NORRT
~18 <
-20 \ :
o1 02 03 0405 07 10 2 3 4 5 7. 10

Fum.:nc; wIAJ.
-

Frequency response of u high-gain secopd-order loop.

Ui 3 NAOIWANDUANDIAITvONgY  (BuBUADY, 1 nuda).
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2-7
WREIDUUNUAUDNGOAIINAGOWAIG (Error response) U0gUdNEudoainu
f9 @0

Bo(s) = S i (14)

2
6i(s). sa+ 29 Wns + wn

voiefiuoeui nuen &o

*Bo(s) = _s(s_+ Wn/KoKd) _ = _s[s + 1/T11 ..(15)

2 2 2
8i (s.) & + 28 WnS + Wn S + 2% wns + Wn

WARDUAUDIADAIWHANARIOI TUING  udavluquii 4 @ wiugy

inugefl 2 0.707 axiiwinfianants Julowads fo AURINNTINEaaIN
. b

_(track) ~ au it UavunUaeanfien we g NN Tadiaann 11 Uvu
A
nuavANdige 1§ _ ’ g
< !
0 |
»
il 1
-10 /‘
g /
33 /| |
s —=20
: /
) /
- 30 // .
. .
i
=40 ol 02 Gs 10 20 ) 10

frequency w/jw,

Ervor responae of Ligh-gain loop, § = 0.707,

>

TUA 4 “AGOUINURLDONAIINRANATA | 91 HAYOIAUI NUEY



: 2
nuudiayeuqy nhmumeuﬂﬁ|B(jw)l= 0.5 WRLUIAT w DN

Al Q A
i1 W3dB - wn (2% + 1 +/(2-§’+ 12+ 1™

0. i 2 A 3 5 !
Bonwing. ¢
“Threedecibel bundwidib of a secowd-order Loop.

——

30ﬁ 5 WUUHINYONAUTURY 2

QUlﬂN (Loop gain)

NI HodieEuaU 1 Javes PLL nawmuesnn:

G(s) = KoKdF(s) ............. o (16)

S

n1ﬂulwo%ﬂq3u§Uﬂm NIMUBIIN -
B(s) = _“G(s) . (17)
1 + G(’s)

nac®TULnunIMUesIN



Kv = KoKdF(0)

fivuna Juanufi  (dimension of frequenmcy) 1718YuG0d
unfignaubAvosquiiidiounr kv fifisunalng F(s) voeilatmodi Sureiy
A7 INYE (rationpl function)

F(s) =_g(s ~ Z1) (s - Z2)..... (s —Zm) .

(s - P1) (s - P2) (s - P3)....(s - Pn1)
WU PLL Sufiufi o Asieodacinnuiy o 1§ leanninan
UM n-1f7 m = n - 1 (nIfNUUoYly PLL ) atiu g = F(oc)
* 1 fionTeany F(s) i Juidudauvou (partial traction)

1NUYogUL Daazt Tuu léin : .

n-1 '
G(s) = klamp al + 1l................ . (18)
Ko y
1=1 s = P}

auadiBunia¥aerdmng Ina  (pole) 1 01811 0aTwo
(simple pole)fua11881 (residue) at + 1 137un x 421 Juguinu
(loop gain) alaziOugUOH m HOUA4Y - 1 WAz a1 104 1 1 m =n
- 1 ‘lunnveonnuuazuu PLLINRenMuaH a1 = 1 1Hudo ﬁhuﬁﬁTNﬂQs
ATIUBTH iR a0 T PLL suubudu 2 Rl8Ra1 aod Dugfionadn uin

-8 (passivelag - lead filter) (?Uﬁ 2 b) YRy

F(s) = ST2 + 1

ST2 -+ 1

G(s) = KoKdT2 (1 + 1/T2-1/T1) = K (1 +_a2 )

T1S s + 1/T1 N S + 1/T1



K = KoKdT2 ; al = 1 ; a2 =-1 - 1

T1 T2 Ti1

- Ty uonfiniai aod
F(s) = ST2 + 1

ST 1

‘G(s) = KoKdT2 (1 + 1_ ) =K (1 + a2 )
" ST1 ST2 s S

K.= KoKdT1 ; al = 1 ;a2 =, 1

T1 T2

Wn-/K a2;-l’1§
2y a2 .

WL NMUTNAADAIIMI VDI THAUMABN I WAN L WAY  (complex plan)
Traaz i URouemumia T Soau i Uiion. pas - @ wn1nd 1 aanen 166 uAs

NINLEUYDITIIN(Root-1ocus plot) NITF1ATERTLUU PLL HedIN170nM

16¢ryioTuanAen(Bode plot) 1dufiu

Quetulif L o vHunnaruniu

PLL ﬁﬁuw1nﬁan11ﬁuﬁmmﬁw1un1uqhunuuﬁnWﬁaaﬂqﬁﬁqﬁmmﬁm1unﬁuﬂﬂn
nuuonguuaz - Hygrnauniuniuugy nnadtesneii Joviyyinauniuiinn s
nday  TovaziSualuunfi 3 vow (2] uasunfi 4 vod (1] @wiuunfi 2
vou (7)1 1Tumatarnesuginaunauii furtesiuniaie et

WQUlQwﬁzﬂﬁu%uﬁmmﬁh1unququ@Unhuu@ﬁquﬁouﬁ HUUGAN



2-1
00
B = JIH(§2ME) 1 dt (Hz) wovnrsrnonennnnn . (19)
ﬁﬁﬁgwnuoeﬁmmﬂm1unduxﬂuYQﬁﬁoué INAYOY VCO AzONIUNIu

Tliuniedvoune . ’

82 no= 2NoBl1 = WiBl rad?2

Vs2 Ps

Tov No &o. @munuunudivaaiutng Gvrvevlaniovd  (v2
/Hz)
vs @D vunagegavoeiuyndunn €1 (v)
Ps @0 ndvvosiunan (w)
Wi 60 enauuIuud L Uaa uuoanIReligud (W/Hz)

Qﬁjﬂuﬁ 1 udaviipuduuidinyovgudiinaiey) (k Foguini)

loop Description Noise Bandwidth , B (Hz)

First order ) 174 K
Second ordery

Simple layg filter' 174 K

Passsive lag-leed filler | 1/4K K + a2 + 1/T1

N

K 4+ 1/T1
. >1/74KC1 + a2/KYif K>>1/T1
and a2 >> 1/Ti1

Active lkag-lead filter 1 K1 + ea2)oriWn(% + 1)
4 K 2 4
Third order:
/ |
) Two zeros;ell open-loop "1 K 82 K 4+ 822 - a3
pole at origin 4 a2 K - a3

83718f1 1 udalioudivudinyoequdliasnivn



foniqud (Lock  range) 1ﬁuﬂﬁuﬂ1ﬂuﬁﬁ0@Uﬁﬂuﬂ1ﬂﬁm

aIuNTIURuUIUAN A Dsowduyn  nilvBounvidauenaiFundn  unanfia

17u4 (tracking range)n70T0a-Bu17ud (Hold-in range) NIAHNINY

VindiugUazoyTudpiigion rmuasINEdauine kv Tay

W = Wv = KdKoF(o) (rad/s)

FeldduogiunrrfiiaefvosRaiaod ov1elafiann Flo) vouwnn

ABHRRI60T &0 1 uazvowuoaiinAaiaoddo A aziduin Asiaod (Dud

iNT16009)  uvuvneaiivaz1l w n49enda nazernfanaat 891 e (phase

error) TunIzANUlY(steady state) fiounin Taufin aruRenane 8y
_\Hddo

S + KoKdF(s)

IMMNUfAIganioy  (frisal value theorem of laplace

trans -forms)

Iim Y(t) = 1im S Y(s)

.................... (23)
t— & S0

1im  Be(t) = Iim s2_®i(s)  ..... (24)

t —>es

S—0 S + XoKdF(s)

finRiR 70NN IzdIvY NIz UUIL ToNa 71 URuuuUasBuwn DudBieiiu

(step) n1I% 01 uuﬁuuidﬁquuuﬁm Ap  ’WRENIURTISNRUOIBUNNAL

10u 81(s) = Ao/s unuénTu (24) a=l1§40

2-19



lim ee(t) = 1im s As. = 0
t—> 00 S—>0 'S + KoKdF(s)
%

(mmualif F(o) > o ) n1ﬁﬁQuwuﬁﬁ1unﬁqnquﬁuﬁ11suu5u
Gu 2 wuu 2 Az ldfikavovernnfananaluniisdiu  (steady-state
error) | Hovan 1 HaBun 1 URuW I Tusnunz 1 Sufuiiniansnnainufianane
Tuninpdeu lﬁOQQﬂﬂﬂﬁTlUﬁﬂunUﬂQﬂﬁﬁuﬁﬁuﬂna Oudiv - @wsune A w
xNﬁupqﬁmmﬁmﬁuwnwsnuﬁuuWUuuut3Qﬂﬂa (ramp) 1(t) = Awys?
unudn 1 lu (24) [z 1§41
Vo= lim e(t) = lim Aw - Aw .+ (25)

t — o0 S —0 S +KoKdF(s) KoKdF (o)

Ty KokdF (o) L Funint Juanasiiaani 31 (velocity

constant) Ky 4 o -

Bv] | =cAw /Aty Al .0, HOIAIAIOION ¢ (26)

M (26)  A=WUAIT AW TUIeL GudhunoafiHRa 1 eodR: i
YUNATDNAINNAANANA 1 B 1 WA TunIeReuliouninnuunTddn - Grvenuoe A

1N1 eliv 59 PD Aziin1aBu 1 URDenagiiouningn F(s) 1 Ounvunoafin

*

1au1 941 7ud (capture range, $487313unin. f[on-

duraud  TuniiaBounvian) finananni Jusanuzvosazuui fioodlunncfion
druraviaodi it Sudnuenoufiteuuasion  Teunnufiv  @1ufidunnoy
In&and veo  18Tn&uunalwunoufi guazdmnanfonld 1aviaodiaud

we Azl fvatosiuniiafiieod vouRatasdéivlavamiu uan-3efiat aodax

Uasunn

A



UALIOPTIHARL 6D

We = WL (R2/R1) ... e e e (28)

» =

uwaﬂ%qthﬁuQsmoquqqq1ﬁlﬂUNﬁdquxﬁaqﬁwsuuﬁﬁuq1ntﬁq@
naefon 1dTaulinnTndnafiviivi Soe uniefiv, navia941 944 uazi9RTiay
tendanluunii 45 VoY (2] Tevaz1Bua

lﬂﬁﬁlﬂﬂ‘l(ﬂi){ {Phase Detector)"

iWaEi et eodi JuavaaBelitioniyni Suuaediu - (ouaaon) wio
aanivvoditad  (§3a0a).  FaiTuBarnfinuatiuennertunenen e Havos -
Auyrndunn - Hiedos 1 HEEINa1 60T Duduvrznoumdinyo eIz uu HeReagy ¢

MITTRWAITINWINTR I WZE L a1 o5 18 &0 . ' .

fived (Mixers )

finidoiniolafinaivioot (Multipliers) ‘181 8uqiWading

¢ ey >
@93 lurvateunent Hafoagy fin1iBunnyovaer1iOu 81 = A1 Sin wol
W TyuL vy Hafivdygndaede 8- = Ar sin (Wo t +¢) 1HediTu

A2INEIN BNy INTiNEDY 1 9 MHnyoaliniYod fe Fo

.

®c .= 618r - ASAr K Cosp- ALAr K Cos (2Wo t +§) ....(29)
2 : 2 |

1ok 10wy (Gain) veulinigod inoafidoeroNdNnIT (1) Azonia



9-15

1e9doon W Hueiiu

e_e-LM?rK-Cos¢..... ............ (30)
2 .

AINANNIT (30) 10 WiHNuouRnI YoFaz: Dugud 1 fop= T/2 By
wwe it 81 waz Or @dviddiiu 90 ovan 19fint 904 i oy Su
qui  nazasliionfiwngeda i fio 0 uay Or FiWd ¢ ovAn uAz 180 ovdn
wiiuiuonaningy  1o1inAzIYIeNENNG . (Amplitude) voeHURAN

Qunnéng 19T IR 16un v 8 udlini Y69 (Balance Mixers)

»/
nguUANEINa1a9% (Sampling Detector)

]
FIREINNTONYUNAINAIN UYL HA YD 9B oo By 16

Tovmwua Ity indr1ede Or 1 Dufyyraiad@efinaul1an (Period) ﬂeﬁ

g (sampling) Hugndunn 61 &1wgaeinaniung (p)- Hivauic 7

Gr(*:; X l
)\ |
: . L
-(2T+P) -T 0 P T T+P 2T  2T+P
v 4
JUfe



2-1b

- s

T(p)

B8i(t) o
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¢ = N .¢ e \rpet 4 )R (58)

(m+2) (V+f)

ﬁ = Impurity Exponent
C = Capacitance per Unit Area

AN (5) TINONANE1N] 1 Taduhiu Tu Cp 1713z 1é

1fio ¢ 10w audnmEetesdiaiuauaud 9e1 Suilefurot avdnn
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Passband ripple(dB) CI(F) C2(F) C3(F)
) - ¥
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| 10ANNTING0OHYDNINITINAIYU 1 rad
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(Reference Fre.quency Oscillator)

WITHRGUTE 19D

1937094341 a1 aoFrlianvandrvaidaon

Controlled Oscillator) @108 Tinvarudaar udidnedeldorn

(Cystal

6)

LEovannfiguanl Jov afivainawiivizusuuasizuzunidnon  19rdnyad

vovaddaoandasiugy

2 -5




2-57

L R1 C4
r__r-rvv\.__/\,
o— Co o
1{_
[A%

Y

CRYSTR. -
o—{[Jl—o

UL 41. 29 TRNRDYBNATAADY
QQQ10én1u Ll,Ri.Cl %q1ﬁuﬁQQ1ﬁ%Tﬁuuuﬁuuuoqn1unnu
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fo = Mf = N ., ....... L € -2 78 R (94)

LU ANMINRA Yot uIMAAE L Oy M 1HIBoY £ 18U £ 1hn
fiu 10 KHz WAz M ARV 5 ueAZNdUINAYEATHALTiannuning 50 KHz
§ON1T1 URYUEIMNT N wiivedy fndoenialfarnunstrovudunuasara i du

5 KHz DHovaamufivos 1 anidu 1 kHz FesemViguliquautiaias
e fiviGute1BuroviSnidina drutofforzainninafioninoTianui

5wid1 nafinnaiaun  tReufiludourniseTaun1linaauinvueda Tughd

(Dual-Modulus)

s 2m nmniettm



7- 67

- ~ .~ }
Control logic’ -
lus Contro
Counter
/N,
3
1 ual ho?.ﬂus
> Frescaler
MM+ |
vCo
rogramet e 2
Conter —
; /N
TO PO

Ui 45 wdaeiFwIIAEBRULUEER TugKA

908 TugRAalEIMIT 2 @160 M+1 URs M (1811/10.21/20)

TevUnd Nmc WAr Npc AziUua43IW785ialiuay (Down Counter) 188
Nmc WAzNpe On@eEm1iianlen aeatasmenutiell 1 fonear liudu »
wnan veo ‘Turouuan g8aTugRdaenna £1 §1vu M+1 1071innd 1§z dou
Vife- Nmc uAr Npclfio Nme Hiusvauiiveuy ﬁQzTﬁﬁmmwmﬂququ1U1Uﬁvu
G lugdnTugid i Oy MuaznmTtivao Tuaunazie Npe fan1 Jugudiiag '
Vi £2 wiviad  aniiuaesafzedioniOu Me1  uda Sannenu
@R19ToUE Tn

mMTzmdniuTEninge 2 uae £1 [emwuali T1 10
1ﬁﬂﬂﬁ@ﬁﬂTN@ﬁﬁqﬂﬂunﬁ1ﬁu1u1ouu1ﬁ uaz T2 19u1289f Nme U8z Npc
Hudown aunieiieldiionfinn 12 wiiaiad

T1 = (M+1) Nmc

fi



2= 63
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284 ORDER VCVS FILTER

2nd order LPF g W L Ju voltage control voltage

source (VCVS) ¥ 1937847V

c2
M |
i
R1 R2 \7
AN AANA— 3+\\\76 .
2 741
al1 ; RA
== G\ RB

Funupfiei w9 RR1 @0 dMUU  SALLEND AND KEY 1y swduieath
aufidaood annvua ey

fc o 1 (7"1)
. 2T (RyR5C;Cy)

finvanvuelii Ry = Ry & C; . Cy @MNIT (7-1) Aznaiut Ou

fe = ' 1 & (7-2)

2f RC
F9n1Junin " equal-component” VCVS LPF pass band gain
ONNIMUAEIYENT }.586 (+4 dB) @w¥u 204 order

Butterworth response A1Nfl cut off AvGiovoyhiiefindnufinouduoy
10w 3 dB fioundn passband galn UON +4dB %30 +1dB w4
RIMNONINT  cut  of f NITAOUAUDIAERAATUTATIY 12dB Joctave W30

20 dB /decade
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Geliu filter ANNY opamp. ‘luIniia noninverting @3uéNu

NU  feedback (Rg) Avandudiowidu 0.586 1n7vevarudiunau

input  (Ry) @MU Voltage gain = 1.586 TovlEE6runu
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NITONNVUNIA OSCILATOR _(VCO) Wiy FM MODULATION
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437 osc 7181 Tun931TesRint N1 Bias FET Av074y Data sheet

11798 FET 1uot 2ns486 W vpy =12 V. ,vpg =10 V. ,V

GS(off) =-4 V. .Vgs = -1 V. Ip = 10 mA. A3zl Rg .

=Vgs / Ip = 1/10 mA =100

Ry = (12 - Vgs - Vps)/Ip = (12-10-1)/10mA = '100

U4 <

anniafitdu osc wuuTaafing acfiguniaiinlude £ = 1/2 LC uas
Ay 16
L = 1/W2Cp T4 Cp = Cy + Cqy

NI6A1I108 VARICAB  1uod MV 2107 # Bats 4 v azldén C =

22 F azhulglien cy = 11.89 _F
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Tovun&vru  VHE. d@waomIiveatalidan Q@ 81nndn 300- 400 167eu

-

1 vearaunuoniafifin fudnguinaneug 9 18u seved 18 swe AT

afinnawuIn



'
439 FM _MODULATOR

R1 12v
l ] 1
n 1004 9; c ;; < ,
MV2107x3
L o grn |
» N

=4 s ¢ }

o 1pF F }{ >

N o= L _I_s.»r

H

PO

mm\l/

v RS

L)l . VU, i

19718 VARICAB  1UD% MV2107 Humie 1&2%0 bias 157 4 v

n T 16an
Cr = 16.89 F uRnndnginadn  Modem fifienanf = 1 RHz 187
¥ mod TeunuuasaeedaxdiiGudivy  TeunIUSu Amplitude vovHNy

UINIIN Modem \

K, Annaialdinafiv 1.1 MHz/v.  wioundiu 6, 9x100
(rad/s)/v’ UW1A1 "Natural frequency (wg) unuatIuguniT | )

uduAduNII¥NAN LPF

v 1 ' f/ .
awld ara.nv s mJ'm'\m LPF

»

v



' 2-7,

NNI09NNUUNTIN RF AMP URLA4IVNIA POWER AMP
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hee YoN 2N3563 = 30/200
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IT08NIUY modem HIUdY WR¥INITUTENOU

19718 XRr2206 vwlinfiOd FSK Generater

shift Tudea77 1200 b/s
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R .

N R R luF

304 A 20K
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FSK Modulator
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F, . bit rate
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INUAITNYINYONUTU UPPER ARM 31N36 O N6 A
UNUATTINYITYONUYY, LOWER ARM 9070 A ﬁdém B
ANUATIINYIIYONNYY GRIPPER A7M3@ B 1 uéiu'ly
UNUNIAYOY UPPER ARM

INUNIAYDY LOWER ARM

WNUNIAYDOY GRIPPER

unuIzwenINanie o (o) 1U6eye oM vo9 UPPER ARM
UNUTZYENINAINAG A (19) 1UH9R60 CM DY LOWER ARM
unuTzyenIeaniye B ( U) 1JBeae oM vov GRIPPER

(%4

unuyufi UPPER ARM n1iju uunTsiu
unuyufl LOWER ARM nMfiu uuaighiv
UnuUNNT GRIPPER NMfiu 1u1I£6Y

L4 UNUAIINYIYON TaunTUdIuTaND L a0 TuAY BALANCE

NYNNT take moment ﬁ?@ (o)

Tl =

o
PA
=Ce
x

Take

Take

mlig(rlcos01)+ m2g(r2cos02 + Llcos01)
+m3g(r3cos03+L2cos02+L1icos01)
+Mg (L3cos03+L2cos02+L1icos01)
M1 Govfl torque FIUUIO TI VRoununa M Avanuiiolilg
moment ﬁ?ﬂ A
T2 = m2g(r2cos02) + m3g(r3cos03+L2cos02)

+ Mg(L3cos03 + L2cos02)

iAo fine A Azl Torque = T2

moment ﬁ?ﬂ B : )
T3 = m3gr3cos03 +MgL3cos03

Geliufiae B Ax6iowll Torque = T3
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N1ININIUED19RT (ONTROL DC. MOTOR

AIN9AT  ICla §i0% High Impedance 1UM Buffer §
Gatn = 1 ifowAniBuemisoliuTuaeTavate fin Potentiometer 09y
mﬁuuﬁeﬁéué Awfiowll Voltage 1MfiuguoaTee) 1 guiiuasdiownniauiu

Voltage 141 TJugudfi VR1 gain vo4 1c1b A Mrunavownae adou o-
10 V. *

IC2b lﬁulnve;ter %4 Feedback &oltage 1utie ADC.
tJuvan D1 azlosiunterefoutountiufiaen e fndy 1022 i Ju
Comparato; 1UFuui ivufiu Feedback Voltage 71 IC2b ﬁumﬁuwﬁuﬁ
¢ovun193 1URIN  Computer  N1HY DAc.xﬁu'vO1t;ge guaniilEznnaa

Wivuifivu 10y Error Voltage Tdﬁqgm Summing Y04 IC3a ﬁqqaﬁ
natdouniivann L1292 . laufunieaniudiauniu. 510 #u29RT
_IntegratorA0IC3bu18436 Summing \Bul Gunfiui Fodui fan1Telusae
fi error Voltage 1§71 nfqudnaenivinfoufivonaan 1c3a 1UbeL292

Ta1 w1 dfioutin Power Transconductance amplifier NYINMue He

i
o
o

NN IMNUINTUOYiuNIT  Summing T¥WiIN  Error Voltage AU W

tedoufiaion a.a.n. 510

NNIaMUIN 1,292

A: Data -motorcharacteristic : Lm = 5.3 mH
Rm = 13

Lm/em = 4.08 mSEC.

-Voltage and current characteristics:

Vg = 28V. I, = -2A

Vimax = 10 V.

~closed loop bﬁndwfdth : 3 KHz
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5-21
:Calculation-From relationship(4)rQﬂﬂ@ﬁﬂﬁﬁvlﬁN

Ry = 0.044 / Im = 0.25

and from (1) : @INONoHvIaN

Gmo = 2Vg / RV, = 0.538
~RC = 1msec [from expression(2)]

~Assuming = 1 /M2 . from (7) follows:

=~1/2= 400c¢c

-The cut off frequency is
*.4-3
Fy = 143"1073 / Rrgcy

= 3. KHz

Summaising ~RC = 1-10_3 sec
= 1000C / R¢Cyg
= RgCy = 47 uF
C = 47 uF
R = 9k
Re= 510

Cg=_100uF
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ADC0808/ADC0809

Electrical Characteristics (continues) - , T o
Digital Levels and DC Specifications: ADCOB08CJ 45V<Vccos55V, —55°CSTA< +125°C unless otherwise moted
ADCO0808CCJ, ADCOBOBCCN, ADC0808CCV, ADCOBOSCCN and ADCOBOSCCYV, 4.75<Vpe<5.25V, ~40°C<Ta< +85C un-
less otherwise noted ’ ’ .

Symbol | Parameter ' l Conditions l Min I Typ [ Max _Units
CONTROL INPUTS ‘
Vingm Logical 1" Input Voltage Veg—1.5 v
Vine) Logical “0" Input Voltage 15 v
hiNet) Logical "1 Input Current V=15V . 1.0 pA
{The Control Inputs) .
Ny Logical 0" input Current V=0 -1.0 . pA
i {The Control Inputs) -

lc Supply Current fax=640 kHz 0.3 30 mA
DATA OUTPUTS AND EOC (INTERRUPT) '

Vourq) Logical 1" Outpit Vottage lo= —360 pA Voo—0.4 v
Voutm) Logical “0" Output Voltage b=16mA ' 0.45 v
Voute) Logical 0" Output Vottage EOC b=12mA , 045 | . V
lout TRI-STATE Output Current Vo=5V ' . 3 PA

Vo=0 -3 pA

Electrical Characteristics
Timing Speclfications Voo =VRer(+)™ 5V, VREF(~)™ GND, §= ;=20 ns and Ty =25°C unless otherw}_se noted.

Symbol Parameter Conditions Min Typ Max Units
tws Minimum Start Pulse Width (Figure 5) 100 200 ns
WALE Minimum ALE Pulse Width (Figure 5) 3 100 200 ns
1 Minimum Address Set-Up Time | (Figure 5 25 50 | ns
4y Minimum Address Hold Time . | (Figure 5) 25 50 ns
o Analog MUX Delay Time Rg= 0N fFizwre 5) 1 25 prS
From ALE A i
tHi. 40 OE Control to Q Logic State Cy =50 pF, Py = 10k (Fagure 6) 125 250 ns
tH. ton OE Control to Hi-Z Cy =10 pF, Ay = 10k (Figurs 8) 125 250 ns
te Conversion Tine {c = 640 X2, Figure 5) (Note 7) .80 100 116 ns
f. | ClockFrequency o 10 | e40 1280 KHz
teoc EOC Delay Time (Figure 8} 0 8+2pS Clock
. Periods
Cin Input Capaci!ance' At Controf frguts 10 15 pF )
Cout TRI-STATE Output AL TRI-STATE Outputs, (Note 12) 10 15 PF,
Capacitance
Note 1: Absotute Maximum Ratings Indk frnits beyond which demep :NW!ﬁnym.DCundAColocMspodﬁclﬂomdomllpp’ythﬂng
the device beyond its specified operating conditions.
Note 2 All voitages are d with respect to GND, uniess othewss scacthed.

Note X A zener diode sxists, intematly, rom Ve to GND and has 8 typcal eskdown volage of 7 Vpc.

Note & Two on-chip diodes are tied to each analog Input which wil Sorwant eanduct for anslog input voitages one diode drop below ground or one diade drop
greater than the Voen supply. The spec allows 100 mV forward blas of etter dads. This means that as long es the analog Viy does not excoed the supply voltage
by more than 100 mV, the output code wil be comect To schieve an abecute Sépc 1o 5Vpc Inpat voliage range will therefore requice & minimum supply waltage of
4.900 Vpc pvet temp tions, niel and loading

Note & Tota! unadjusted error inciudes oftset, full-scale, Insertty, and treficiear orTors. See Fipurs 3. None of these A/Ds requires a rero of full-ecele adjust.
However, #f an all 210 code Is desired for an analog input other than 0.0V, erlla narTow hul-ecale span exists (for example: 0.5V to 4.5V full-scals) the ssierence
voltages can be adiusted 1o achieve this Ses Fpure 13,

Nots & Comparstor input current is a bias cxrvent into or oxt of the chage d o ‘The bias current varies directly with clock frequency and has
itie temperature dependence (Figure 6). Ses paragraph 4.0,
Noht:Thooulp\mofmodAqulumwdntodmdoc'iqdobﬂ:nﬁmoddeOC.

Nots & Human body modsl, 100 pF discharped through 8 1.5 k) resstr
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Functional Description

Multiplexer. The device contains an 8-channe! singe-end-
od analog signal multiplexer. A particular input channel is
| selected by using the address decoder. Table | shows the
input states for the address lines to select any chanrel. The
address is latched into the decoder on the low-to-hagh tran-
stion of the address laich enabie signal.

g0 TABLE| :
. SELECTED ADDRESS LINE
. | ANALOG CHANNEL c B A
' INO L L L
IN1 L L H
IN2 L H L
IN3 L H H
IN4 .1 B L L
INS H L H
INB H H L
IN7 H H H
CONVERTER CHARACTERISTICS

The Converter

- The heart of this single chip data acquisition systemn ks its 8-
bt enalog-to-digital converter. The converter is designed

to give fast, accurate, and repeatable’ conversions over a
wide range of temperatures. The converter is partitioned
into 3 major sections: the 256R ladder network, the succes-
sive approximation register, and the comparator. The con-
verter's digital outputs are positive true.

The 256R ladder network approach (Figure 1) was chosen
over the conventional R/2R ladder because of its inherent
monotonicity, which guarantees no missing digital codes.
Monotonicity is particularly important in closed loop teed-
back control systems. A non-monotonic relationship can
cause oscillations that will be catastrophic for the system.
Additionally, the 256R network does not cause load varia-
tions on the reference voitagse.

The bottom resistor and the top resistor of the ladder net-
work in Figure 1 are not the same value as the remainder of
the network. The ditference in these resistors causes the
output characteristic to be symmetrical with the zero and
full-scale points of the transfer curve. The first output tran-
sition occurs when the analog signal has reached + Y4 LSB
and succeeding output transitions occur every 1 LSB later
up to full-scale.

The succéssive approximation register (SAR) performs B it-
erations to approximate the Iinput voltage. For any SAR type
converter, n-terations are required for an n-bit converter.
Figure 2 shows & typical example of a 3-bit converter. In the
ADC0808, ADC0808, the approximation technique is ex-
tended to 6'bits using the 256R network.

CONTROLS FROMSAR.
[{

REF({+) O

A

E ]
AA sl AANA o
vTvvv'rvvv
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FIGURE 1. Res!stor Ladder and Switch Tree
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ADC0808/ADC0809

Functional Description (continued)

The A/D converter's successive approxirhation register
(SAR) Is reset on the positive edge of the start conversion
(SC) pulse. The conversion is begun on the falling edge of
the start conversion pulse. A conversion In process will be
interrupted by receipt of & new start conversion pulsa, Con-
tinuous conversion may be accomplished by tying the end-

of-conversion (EOC) output to the SC input. I used in this

mode, an external start conversion pulse should be applied
after power up. End-of-conversion will go low between 0
and 8 clock pulses afier the rising edge of start conversion.
The most Important section of the A/D converter Is the
comparator. 1 Is this section which is responsible for the
ultimate accuracy of the entire converter. It Is also the

m '
FULLSCALE
" IDEAL CURVE ERROR = 1/2153
-
5]
190
§ BONLUISEARITY » 1/2 L33
m
WONLINEARITY » ~1/2 138
' | IS
= |- ZERD ERROR = ~1A LE3
op L - Vin
MmN M BN
Viy AS FRACTION OF FULLSCALE

FIGURE 2. 3-Bit A/D Transfer Curve

QUANTIZING
ERROR

IRPUT OV
VOLYAGE

41

.

E B0 o :v::'!
comparator drift which has the greatest influence on the
repeatsbility of the device. A chopper-stabilized comparator
provides the most effective method of satisfying all the con-
verter requirernents.

The chopper-stabllized comparator converts the DC input
signal Into an AC signal. This signal Is then fed throught a
high gain AC amplifier and has the DC level restored. This
technique fimits the drift component of the amplifier since
the drift Is a DC component which is not passed by the AC
emplifier. This makes the entire A/D converter extremely
Insensttive to temperature, long term drift and Input ofiset
errors.

Frgure 4 shows 8 typical error curve for the ADC080B as
easured using the procedures outlined in AN-179.

3
H
H

s . INFINITE RESOLUTION
m T PERFECT CONVERTER
m L IDEAL 3-B1T CONVERTER
w TOTAL 2
€ 191 | URADAUSTED
RROA .
"w . ; ~113
ABSOLUTE
2 m ACCURACY
Em -172 138 : . .
t QUANTIZATION % '
L2 ERROA
" Vin.
ViR 233043 3 48 8
Vi AS FRACTION OF FULLSCALE
FIGURE 3. 3-Bit A/D Absolute Accuracy Curve
i
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FIGURE 4. Typical Error Curve
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. Connection Diagrams T
I
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! < o O .
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ADC0808/ADC0809

Typlcal Performance Characteristics ; a i) i
L
13 : K .
fo> 1280 ki To=85°C
1
Y A ]A/ g Tae25C
3 ' =
E ‘e 1o $40 kHz e WL NG
W74 AN
e o '
l : Taeae [ 1.
-1 | fo= 1208 kK l )
-1 l ' : 5
] 1260 28w s $ s i3 25 am '
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FIGURE 8. Comparator Iy vs Viy FIGURE 7. Multiplexer Roy vs Vi |
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Applications Information
OPERATION

10RATIOMETRIC CONVERSION®

The ADG0BOB, ADC0809 is designed as a complete Data
Acquisition System (DAS) for ratiometric conversion sys-
tems. In ratiometric systems, the physical variable being
measured is expressed as a percentage of full-scale which
&8 not necessarily related 1o an absolute stahdard. The volit-
8p0 inpt to the ADCOBOS is expressed by the equation

Vo _ Dx
Vis—Vz Dumax—Dmin
Vin=input voltags into the ADC0808
Vi =Full-scale voltage
Vz=Zero voltage
Dx=Data point being measured
Dpax™= Maximum data limit
D™ Minimum data limit

(]

Agood example of a ratiometric transducer is a potentiome-
W used as a position sensor. The position of the wiper is
drectly proportional to the output voltage which is a ratio of
®e full-scale voltage across it. Since the data is represent-
od as a proportion of full-scale, reference requirements ase
greatly reduced, eliminating a large source of emor and cost
fr many applications. A major advantage of the ADC0808,
ADC0808 is that the Input voltage range is equgl to the sup-
ply range s0 the transducers can be connected directly
xross fhe supply and thekr outputs connecled directly into
e muliplexer inputs, (Figure 9).

Ratiometric transducers such as potentiomaters, . siraln
gsuges, thermistor bridges, pressure transducers, etc., are
suitable for measuring proportional relationships; however,
many types of measurements must be referred to an abso-
late standard such as voltage or current. This means a sys-
tem reference must be used which relates the full-scale
voitage to the standard volt. For example, I
Vec = VRer =5.12V, then the full-scale range is divided into
256 standard steps. The smallest standard step is 1 LSB
which-is then 20 mV.

20 RESISTOR LADDER LIMITATIONS

The voltages from the resistor ladder are compared to the
selected into 8 times in & conversion. These voltages are
coupled to the comparator via an analog switch tree which
is referenced to the supply. The voltages at the top, center
and bottom of the ladder must be controlled to maintain
proper operation.

The top of the ladder, Ref{+), should not be more positive
than the supply, and the bottom of the ladder, Ref{-),
should not be more negative than ground. The center of the
tadder voltage must also be near the center of the supply
because the analog switch tree changes from N-channel
switches to P-channel switches, These limitations are auto-
matically sgjisfied in ratiomstric systems and can be easily
met in ground referenced sysiems.

: Fgurs 10 shows a ground referented system with a sepa-

rate supply and reference. In this system, the supply must
be trimmed to match the reference voltags. For instange, H
4 5.12V Is used, the supply shouid be adjusted to the same
voltage within 0.1V,

' 3

I——- REF(-)
=

o i
st :
"DIGITAL
ouTPUT
Opyr PROPORTIONAL R
Y0 ANALOG
INPUT
ViN _ ViN
s Qoyre - o N
- OUT® Vaer ~ Voo
473V Voo = VRer 5525V

ADCSED

* Ratiorhetric transducers
TUH/5672-7

FIGURE $. Ratlometric Conversion System
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z

Applications Information (continued)

The ADCO808 needs less than a milliamp of supply current
80 developing the supply from the reference s readily ac- -
complished. In Figure 11 & ground referenced system is
shown which generates the supply from the reference. The
butfer shown can be an op amp of sufficient drive to supply
the milliamp of supply current end the desired bus drive, or it
a capacitive bus Is driven by the outputs a large capacitor
will supply the trénsient supply current as seen in Figure 12.
The LM301 is overcompensated to insure stability when
loaded by the 10 uF output capacitor.

™

A .Y
The top and bottom ladder voltages cannot exceed Vog
and ground, respactively, but they can be symmetrically less
than Vg and greater than ground. The center of the ladder
voltage should elways be near the center of the supply. The
sensitivity of the converter can be increased, (l.e., size of
the LSB steps decreased) by using 8 symmetrical reference
system, in Figure 13, a 2.5V reference is symmetrically cen-
tered about Voc/2 since the same currént flows in identical
resistors. This system with a 2.6V reference allows the LSB"
bit to be halt the size of a 5V reference system.

vee .
SurPLY Vee
mse
i o~
v Yarr REF{s) DIGITAL
% OUTPUT
1 REFERENCED
O—{ly [ 10 . ?
in o_“ s, BROUKB "
7 O— Eﬂ . L >
REF(-) 18 - o

l % -.(_v_-_ . -
&——1 GAD Vs 4 A
ADCSI0S 476V € Voo = Vagr £ B2V ;4
FIGURE 10. Ground Referenced . C o
Conversion System Using fdmmog:l Sipply i . B

I \er
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. I BIGITALSUTPUT,
Vatr. & 22 b Negyg REFERERCED 10
VREF(+) O——{ ly3 GROUND
Vin § O— 5
. s Vin
I REFI-) Lse " Vner
@1 GND 475V < Vg = VRer < 625V

ADCotN

FIGURE 11: Grourid Referenced Conversion System with
Reference Generating Vec Supply
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9.0 CONVERTER EQUATIONS 4.0 ANALOG COMPARATOR INPUTS
The transition between adjacent codes N and N+ 1 is given The dynamic comperator input cument is caused by the peri-
by odic swiiching of on-chip etray capacances. These are
! [ N ] v } % connected allernalely to the output of the resistor ladder/
V- {N“‘"’v“"“” 258 b1z ) TVTVE | *VReR() @ swilch treé network and to the compsrator input as part of
The center of an output code N is given by: - the operation of the chopper steblized comparator.
N ] The everage value of the comparmtor Input current varies
V"["""""""‘"'"['z?u *V"‘] +Vagri-) @ “directly with clock frequency and with Vg s shown in Fig-
The output code N for an erbitrary input uetholmegen ure 6.
within the range: it no filter capaciiors are used at the nmlog inputs and the
~VreE ) signal source Impedances are low, the comparalor input
vne,(,)_uv:m T, ¥BB0 2 Absobae Acouracy Rl current should not introduce converter errors, &s the tran-
- tof | sient created by the capacitance discharge will die out be-
: Vi Voltage st comparator Input fore the comparator output is strobed.
VREFH)- Voitage at Ref(+) : If input filter capacitors are desired for noise reduction and
; vm( y=Voitage at Ref(~) P "

signal conditioning they will tend to average out the dynamic
!, Vug = Total unadjusted error voltage (typically comparator input current. it will then take on the character-

,ar..vng;(+,+'512) istics of a DC bias current whose effect can be predicted
. conventionaly.

608000V/808020V
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ADC0808/ADC0809

Typical Application

KBDRIS
DEToDE
(AD4~ADIS)

svsuriy t 1

cLx
VRAEF(+)
VREF(-) .
- ow :  wse
STARY . rip——>b 088
ALE e e 2110
> ou
ADD~—4A -8 p=—=—a>p- 023
AD1e—qB :gm -t —=pom2
At2=—C 27 p——=pp D33
2 ——dors 5
Vee haf—Vins
r (1,44 ° ] “
- -5
p . ARALDG

IRPUT RANGE

L] r-—.Vm 1

*Addrees laiches nesded for 8085 and SC/MP Interiicing the ADC0808 10 & microprocessor

MICROPROCESSOR INTERFACE TABLE

INTERRUPT

g
asaEe e,

AT el 2 AT 2

PROCESSOR " READ WRITE , INTERRUPT (COMMENT) 4
8080 WMEMR WENW INTR (Thrw RST Circult)
8085 RD WR INTR (Thru RST Circuit)
280, RD WR INT (Thru RST Clrcuit, Mode 0) L.
. | scrvp NRDS NWDS SA (Thru Sense A) R
6800 VMA®$2eR/W | VMAedeR/W | TROA or IROB (Thru PIA). !
- : .
Ordering Information J
TEMPERATURE RANGE —40°C to +85°C —55"Cto +125¢C |
Eror |LY2LSB Unadjusted | ADCOB0BCCN ADCOBOSCCY ADC0B08CCY ADC0B08CJ
4 11SB Unadjusted | ADCOB0BCCN ADCOB09CCY
Package Outline N28A Moldad DIP | V2BA Molded Chip Carrier | J28A CeramicDIP | J28A Ceramic DIP
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ADCO0808, ADC0809 8-Bit uP Compatible A/D Converters

with 8-Channel Multiplexer

General Description

The ADC0808, ADC0B08 data acquisition component Is a
monolithic CMOS device with-an 8-bit analog-to-digital con-
verter, B-channel multiplexer and microprocessor compati-
ble controt logic. The B-bit A/D convertes uses successive
approximation as the conversion technigue. The converter
features a high impedance chopper stabized comparator, &
256R voltage divider with analog switch fee and a succes-
sive approximation register. The 8-chamme! multiplexer can
directly access any of 8-single-ended anslog signals.

The device eliminates the need for extemal 2ero and full-
scale adjustments. Easy interlacing to microprocessors is

Y l.
Features .
u Easy Interface to all microprocessors

B Operates ratiometrically or with § Vpc or analog _span
adjusted voltage reference

8 No zero or futl-scale ad]ust required

u B-channel muitiplexer with address logic

® OV to 5V input range with single 5V power supply
8 Outputs mest TTL voltage favel specifications

® Standard hermetic or molded 28-pin DIR package
& 28-pin molded chip carrler package

¥

provided by the latched and decoded multiplexer addess €Y SPQC'flcations = A
Inputa end latched TTL TRI-STATE® cugputs. ® Resolution 8 Bits
The design of the ADCOB08, ADCOB0S dms been optimized B Total Unadjusted Emror t%1SBand 21158
‘by Incorporating the most desirable aspects of several A/D  ® Single Supply . 5Vpc
conversion techniques. The ADC0808, ADCOBOS oHlershigh = Low Power 1 15 mW
spéed, high accuracy, minimal tempemture dependence, = Conversion Time & 1 100 ps
excellent long-term accuracy and repestability, and con-
sumes minimal power. These features make this device
ideally suited to applications from process and machine -
control to consumer and automotive sppfications. For 16-
‘channel multiplexer with common outpit gsample/hold port)
see ADCO816 data sheet. (See AN-247 for more informa- i
tion.) ! . ’
Block Diagram ’ .
- stant etors :
o~ me | EaDoF
Ot | CONTADL 8 TMINE 0 axtenaurn
] )
e— N | | :
o—] 1emamneys | i
S ANALDS INPUTS — had HT !
o—1" gmicnis LAR {
— | 1 o
|cununn 1 ™ :g
° . | st L o sato N
[ o—] I Tnee [ [Hom
| t BUFFER :g
g | |
. 'L SWITEH TREE !
o— !
It ADD.IBS Ot ADDRERE L___ ¥ :
] e } T
wtoaste O oecooen
LATEH ENABLE P . 3R REESTON LADDL | See Ordering
1 . 1 l l' | Information
| A L——-—-- — S
Voo exs merg AR OVTRVT
s
TUH/B872-1

I



Absolute Maximum Ratings motes 12 2)

H Military/Aerospace specified devices are required,

contact the Natlona! Semiconductor Sales Office/

bistributors for availability and specifications.

Supply Voltage (Vcc) (Nots 3) * esv

Voltage at Any Pin =0.3V1io (Vce+0.3V)
Except Control Inputs

Voltage at Control Inputs ~0.3Vto +15V
(START, OE, CLOCK, ALE, ADD A, ADD B, ADD C)

Storage Temperaturé Range —65'Cto +150°C
Package Dissipation at Ty =25°C 875 mW
Lead Temp. (Soldering, 10 seconds)
Dual-In-Line Package (plastic) 260°C
Dual-In-Line Package (ceramic) 300°C
Molded Chip Carrier Package
Vapor Phase (60 seconds) 215°C
-~ Infrared (15 seconds) 220°C
- ESD Susceptibility (Note 11) © 400V

Electrical Characteristics

Operating Conditions (Notes 1 & 2)

Temperature Range (Note 1) TMINSTAS Tmax
- ADC0808CY —55°C<TaL +125°C
-‘ADC0808CCJ, ADCOBOSCCN,
ADCO809CCN —40°C<Ta<L +85C
ADC0808CCV, ADCOB09CCV —40°C < Tp <-+85°C
Rapg_e of Vog (Note 1) 4.5Vpc106.0Vpe

Converter Specifications: Vcc=5 Vpc=Vrer+, VREF(-)=GND, TMinSTASTimax 8nd foix =640 kHz unless othérwise

stated. »
Symbo! Parameter Conditions Min Typ Max Unlts
_| apcosos
b Total Unadjusted Error 25°C F372 LSB
(Note 5) TN 10 Tax 3, LSB
ADCD808 »
Total Unadjusted Error 0"Cto 70°C S . #1 LS8
' “(Note 5) T 10 Tax : 1Y, LS8
Input Resistance From Ref(+) to Ref(—~) 1.0 25 kQ
Analog Input Voltage Renge | (Note 4) V(+) or V(—) GND-0.10 Vo +0.10 Vo
VRer(+) Vottage, Top of Ladder Measured st Ref(+) ‘ Vee Veo+0.1 v
Vi +VREF(— .
-ﬁ(ﬂ;—ﬂgﬂ—l Voitage, Center of Ladder Vec/20.1 | Voof2 | Vec/2401 | ¥
VREF(-) Voitage, Bottomof Ladder | Measured at Ref() -0 3 v
™ Comparator Input Current {840 kMz, (Note 6) -2 105 2 pA

“Electrical Characteristics

Digltal Leveis and DC Specifications: ADCOB08CJ 4.5V<Voc<5.5V, —55°C<Tpo<+125'C uniess otherwise noted
ADC0B08CCJ, ADC0808CCN, ADC0808CCY, ADCOB0SCCN and ADCOBO9CCYV, 4.755Vc£5.25V, —40°C<To< +85°C un-

. less otherwise noted

Symbol l Parameter 1 Conditions l " Min l Typ l Max l Units
ANALOG MULTIPLEXER
loFF(+) OFF Channe! Leakage Current Vo= 5V, Vin=5V, 4
Ta=25'C 1 10 200 © nA
) T 10 Tiax 1.0 pA
oFF(-) OFF Channel! Leakage Current Vo= 5V, Vin=0,
Ta=25C —-200 -10 nA
' Tain 10 Tiax o 10 pA

608004Y/808030Y
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DS8629 120 MHz Divide-by-g100 Prescaler .

General Description

The DS8629 is a fixed ratio counter combining ECL and Low
Power Schottky technology on a single monolithic sub-
strate. This provides high frequency capabilily ad TTL
compatbility. A single 5.2V £10% supply is needed.

The device can ba cparated in a single-ended or differential
input mode, with the signal source typically capacitively cou-
pled to the input An input amplifier is included to allow use
of exwemely small ampiitude, high frequency signals. The
output of the device is a square wave of frequency foyt =
f1/100 for the DS8629. The output is standard Low Power

Features .

® High Frequency, do—120 MHz—small input amplitude
® Sine wave input 30 MHz < hy < 120 MHz

B TTL compatible outpt «

B May be used with TTL input

‘® Single supply operaion 52V +10%

® Single ended or ditlarential input modes
B Positive or negative-edge triggered
& Count down sequencs avoids broadcast FM IF harmonics

$aah

] Schottky. 4 L8]
Logic and Connection Diagrams 4
i BUFFER/ M s M cccem
AMPLIFIER o] couwteRr L § TRANSUATOR
Ty = —> . > .
3
atsTie | “N ST
052629 15 » 1106 €] counten - §€ COUNTER | mo: psacny
t U783
Duakin-Line Package

d

MU Ve — e Vo tcusurFER)
outrur —4 L
i IREGATIVE-£DGE TRIGGERED)
=l LENEG 1)
(rruene y (POSITIVECEDGE TRISEERED
GNOY_ 4 8/
(ECLBUFFER “] 7 VIAS
. 3 TWFnsIe-2
Order Number DS8629N
‘See NS Package Number NOSE
Typical Applications
High Frequency—Slngl_e-Ended input
sav
¢ . o
3] L
[ | .
1 ]
. he ,'-—‘ ? 3
s osae2e 1> four:
I - s 3 ‘. -
*TERM I I
N ! -I'nm..; I”'“' _l_
- - - - TUF7538-3

3y

e

l

,r
i et

b d

v
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Absolute Maximum Rating% {Note 1)

Operating Conditions

specifications for Military/Aerospace products are not Min Max Units
contained in this datasheet. Refer to the associated Supply Voltage (Vcc) 4.58 5.72 \'4
reliability electrical test specifications document. Temperature (Ta) . 0 +70 C
Supply Voltage  * v
Input Voltage R -1
Output Voitage 5.5v
Storage Temperature Range -65°Cto +150°C
Lead Temperature (Soldering, 10 sec.) 300*C
Electrical Characteristics (votes2and3)
,Sy';nbol " Parameter Condltions Mine| Typ | Max | Unlts
Vintio-0) | lnput Voltage (Peak-To-Peak) Single-Ended 3’;20 MH2z 200 1000 | mv
Vinaipos | Input Voltage (Peak-To-Peak) | Ditferential @ 123 MHz 100 1000 | mv
IsiNE Input Frequency with Sine Wave | Vipy = 600 mV3 20 120 | MHz
m Input Frequency with TTU Input > % 0 120 | MHz ,
&~ Minimum Slew Rate of Vin = 600 mV3-p
Vv
Square Wave lnput 4 100 Ips
Vou Logical “1” Output Voltage Veg = Min, by = —10 pA 2.9 v
Ve = Min,low = —400 pA 24 [ v
. Vec = Min, i = —1.6 mA 2.0 A
s Outeyt Shopt-Circuit Current- .| Ve = Max -1w0] . | -] ma
Vou Legical "0” Qutput Vditage Vee = Min lo. = 8 mA DS8629 { 05 | v
e Supply Current ? Ve = Max DS2s29 %0 | 435 | ma
N input Impedance VinN = 0.1 Vg o et V”‘
: abs Freq - 120 M!‘!Z 100 200 350 N

Nots 1; Abwhuuwmu\gs nmvmmwmmwda‘mwawuxmMuomtmﬂwmmlmm
mumwumumm:ﬁm‘i“" } Char prowces 13 107 SCuA! CewiCa ODeraboN,

Nenzuuoummmmmmmnu”tk"wuWlmuﬂun = 25°C ena Ve = S2V.
l‘on):ummomwmamn C51 0f OOnCe Dwns ~egamve. Al vON2Qe felerencea 10 ound uniess Othe: wss notec. AR vaaws Shown as  *

< /C//:g'/..f 00//[ s /7

( MC Rors—717)
— /‘. 2.
¢ é{ﬁ QJ/VA/ 4 ho Wé’

/fé 5/, 85014, 847
E(J/ ‘-“42
(Me Lozrs )
Q{Q’Q - /[{/ /(Z

_ *ng/ N } w11 H,
g0 Ll

¥203

§90% . o

8-21
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Application Hints
OPERATING NOTES

Two ground and two Vee connections are provided separat-
ing the ECL and butfer/amplifier stages from the TTL sec-
8on, isolating the noise transients inheren( in the TTL struc-
bwe. in most cases, shorting the two grounds extemally to a
good ground plane and the Vce's to a wide Vg bus will

provide sulficient isolation. All crmponents used in the cir-

cuit layout should be suitable for the frequencies involved
and leads should be kept short to minimize stray induc-
tance. A well by-passed voltage source should be used.

The signal source s usually capacitively coupled to°the in-

put. At higher frequencies a 0.01 pF input capacitor (C1) is |

usually sufficient, with larger values used at the lower fre-
quencies. !f the input signal is likely to be interrupted, # may
be desirable to connect a 100 kN resistor between one in-
put and ground to stabilize the device. In the single-ended
mods, it is preferable 1o connect the resistor to the unused
input. In the citferential mode, the resistor can b connected
to sither input. The addition of the 100 kMl pull-down resistor
causes a loss of input sensitivity, but prevents circuit osclla-
Yions under no signal (open circuit) conditions. In addition, in
the single ended mode, a capacitor,of 0.01 #F (C2) should

R Input Configuration

H 1
LR b v
1127 4 | INPUT [PCSITIVEEDGE TRIGGEAED)

4 o 1A

i nas

SmA
T/F7539-4

. .

be connected between the unused input and the groung
plane to provide a good high frequency bypass. The Capag.
tor should be made larger for lower frequencies. b
The input waveform may be sinusoidal, but below about 2
MHz the operation of the circuit becomes dependent on the
slew rate of the input rather than amplitude. A square waye
input with a slew rate of greater than 100 V/p's witl permit”
correct operation down to lower frequencies, provided the
proper input coupling capacitor is provided. If it is desireq )
use a TTL input signal source, the unused input should have
a 10 kN resistor added to ground and the "input
capacitor should be eliminated with the TTL source de co
pled to the input. ’ .

The device can be usad in phase-locked loop applicatons

o

such as FM radio or other communications bands to pre- .}

scale the input frequency down 5 a more usable level, A
digital frequency display system can also be derived sepa-
fately or in conjunction with a phase-locked loop, and it can
extend the usetul range of many ihexpensive frequency
counters 10 160 MHz (typically).‘

Output Configuration

Vee

8-22
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HIGH PERFORMANCE
OPERATIORAL AMPLIFIER HAMI

LINEAR IXTEGRAWED CIRCUITS l
DESCRIPTION PIN CONFIGURATIONS
The sA741 is 8 high per 2 \phitier with
high apen loop gain, interne? compensation, high APACKAGE |
mode sange n0 exceptional tempwature stabulity The . Tap Verw)
PAYEY b shonicircult prowciad and eltows for nulleng of
ottt . NG
voltage. ': 3“ 2. NC
FEATURES o] - gty
® INTERNAL FAEQUENCY COMPENSATION a 5. B Nontm tagwn
® SHORT CIRCUILT PAOTECTION - v
© OFFSET VOLTAGE MULL CAPABILITY 0 3. . we
© EXCELLENT TEMPERATURE STABILITY F;>—L 8 e
® HIOH INPUT VOLTAGE RANGE 0 D~ [ beming
2 0 LATCH-UP i . . " ove
2 NC
ABSOLUTE MAXIMUM RATINGS E e e
sANIC sAML L b
w va eV mv hi ORDER PRAT MO. pAYSICA
Internel Power W PACKAGE
Dimsipation (Nots 1) 00w SO0W
Diftarential Input Voltsge 20V 20V [ . O
inpwt Voltage (Note 2} 6V 218V 2. Sewerting dnpnt
Vohags betwes Otht A Ciciertemisiing Lagt
Dol ment V' . sV 205V & :‘__‘ e 4
mT-vnuuv__. : :2'"'
Ronge 'Cw0°C 45°Co +125°C, o wc
Srorage Tompersturs 05°Cro0 s 1°C ~65°C 10 350°C ORDER PART ROE $AYAVT/UAIAICT
fangs P VIACKAGE
Lasd Yomberstiwe
(Sokte, 00 sc) w00°C 200°C . 5] 1. Ot beus
Ouwapat Short Carcult trdelaite tataliuns T En 82 ; :;::‘w
Durstion (Nots 3) lb—\_ ov
a . 28% 5 . .C } 8 Offem boun
%e e e e Ve ‘g’ 8 M
3 Pe .Twn——u—m'v.u—-..m LY
et o s ne

10

Fig. 1-2 xAT41 high-periormance
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LINEAR INTEGRATED CIRCUITS & uA74Y
ELECTRICAL CHARACTERISTICS Vg = 1BV, T 4 = 70°Cuniess otrsrwine specified}
. — [
PARAMET R LY e T v e | win ILET CONDITIONS .
—— PR o R —a e = :
gt Ottan Votrage 20 80 | mv [ B cvans

it Ofhum Curram x» 200 LYY

ot Bage Cosrromet [ ”» [

Srgus A emtance 03 20 un

tnpor Capactiarae [ 2] o =

Ottass Voluge Adiusnrment Rerge 28 E

. bogut Voitmgs Rongs 02 3 v s

Common biode Agection Amio » | .8 Ry & ) N

Buspdy Vohags Repsction Agss "0 ne VIV Mg & VRO .\

Lergedagnat Vonage Gen 20,000 200,000 B> N0, Vg, =10V 3

Cuapst Vormgs Swing 212 2 v R > 1xD

0 213 v " > N0 “

O ” n .

Ovagt Bran Coowit Conroms » . -A

D ) . e, 20 -A

Po=o - 0 L 3 -

Transiont Rempones lunity pain} Vi " 20mV, R - A C, < vo0pP
Pitarong 3 ”» - -
Ownrahwot 0 L 3 -

o o LY Vige #>nn -+

Toe! -

L ST, g N'E .

taput O%oon Voltage 2% -

“drgman Owm Corvant 08 A i FEA

Sapis Blos Curreny L wA "

* LageBipnet Vatiage Gotn 4,000 S ona.vy,ct0v H
Cpn Vo by 0 Fat) v ‘.‘ >an N
. padel % [

Saput Oftant Votuge 0 (%] -y b B wan ,-

1agn Ordwen Curvont » 200 A T

Jogut Bum Cuvvens. ~ g0 jox 3 a

Sy oemn * T “a R

e ) . L
Ot Yt Sfiucaart Rowgs £ 4] -y ‘
Vottugs Gusn 80,000 200,000 - B 2ROV, 2NV Y

Owpnr » a8 " -

Oune: St Cormalt Cowvumnt » - @A > -

i d 14 8 )

Doy 8 @ ‘e

* Teerier) Mot Lally g5 Vo =204V, A =20, C € WopP
Besenbon a3 r
Overwupat .0 [
Do Aot | (Y] Vi B >2a
Thea (il e lilons orcty )
o 85 C LT, € 2126°C "
aput Oftads Voltage . w a8 - < W0n
Syt Offem Carramt b2 E d LY Ty NB'C
t 08 [ -—04"C
St Bas Ciorvomt ow. |- as | s heoim'e
(%] L7 3 ey ,V: » (4

dagut Veruge Rege %2 73 v - “

Crmen tawds Rgormes »” " - Ry € SN

Tapry’ Vermg Adecuon Asrio » L L VIV ng e mn

Lavps-Bagral Vabtaps Catw 8,000

” Ovignst Volage 0 38 v
] 0w v
Swagry Currew . E2 3 A 2
. 173 33 § =
Pons Connongiivn b - » -
. L) w0 -
. v - .
Courtesy Signetics Cornp. |
operstional amplifier.
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LINEAR INTEGRATED CIRCUITS » uA741

YYPICAL CHARACTERISTIC CURVES

AV 940 Bt o g % s e So

OUTPUT VOLTAGE SuneeG NFUT COMMON MODE POWER CONIUMITION
AZ A FUNCTION OF VOLYAGE RANGE AS AS A FUNCTION OF
SUPPLY VOLTAGL A FUNCTION OF SUPPLY YOLTAGE SUPFLY VOLTAGE

-ryet, ey *[arvaresrmn 1

oo raa ' oy
/] )
¥ ; vi 3
! /1 - LT ’
4 l i
L N
” V4
& - = - - -
B, v o Mo v BT VR o AR VIR et 4 -
r
SMPUT BIAS CURRENT INPUT RESISTANCE SrUT OFFBET cunnsin’
AS A FUNCTION DF . AS A FUNCTION OF AS A FLNCTION OF

AMBIENT TEMPERATURE TEMPERATURE hel BUPPLY VOLTAGE
1T R T i
~ -

X S
1
1 E 1

—

-

=

- - . - WAV S A - -

Wty K T S v o Aaee o

SHPUT OF FSET CURRENT . * POWER CONSUMPTION OUTPUT YOLYAGE SWiNG
A3 A FUNCTION OF AS A FUNCTION OF AB A FUNCTION OF

AMBIENT TEMPERATURE AMBIENT TEMPERATURE LOAD RESISTANCE

LI Y »)
o - S .}
- by -
; i
' ottt
/
‘NN"""-—'--‘_.. Vi
- -- » - - - -- - - -3 s 8 & - -~ 2]
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LINEAR INTEGRATED CIRCUITS » xA741 Lot
s |
TYPICAL CHARACTERISTIC CURVES 1Cant'e)
N -
- Iy
OUTPUT SHMOAT-CIRCUIT CURRENT BPUT NOE VOLTAGR NFUT NOISE CURRENT
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Inductance of 8 single-layer coil

28

The inductance of a single-layer coil of length at Jeast equalto™

its rad:us is given by

L=

A

where r = radius of. coil (in)

1 = lengih of coil (in)

S

N = number of turns
This applies 10 both close-wound and spaced-turn eoils. Cor-
respondingly, the number of turns for a given inductance is

N-L‘/W

9r + 10!

.t

uH

-e

« L 25swg

2

16

14

Ve rvmespmams &

)12

tnduclance (nH)

A

- 10swg -

N

g
7z
o

100:

\
N;Qk SN

80

s

50

40

.

30

4 S

[

Turns

7

©°
8
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The Inductance of 0-3751in lmernol diameter colls with turns

Inductance (nH)

spaced one dismeter apart

|

1000 ! 1 * 25 swg l
80O i 2 P3|
. = TEIRT
600
Bl [ p
500 pAaY « 14
A A ' .125
400 : ' e
\ ¥ oA & A
100 - Y i P !
A
200 14 - °
L oAV, / l
/{//
100 e 1
r'd 1 T
80 / T
60 /'l !
50 J
1 2 3 a4 s 6 7 & 9 110
Turns

The Inductance of D-5in Interns! dlameter colls, whh tumns l

spaced one diameter apart

Inductances

ES

Self inductance of a striight wire
At radio frequencics, the self inductance of a ura\gh! round

wire is given by

.

L = 0-0021 (2-303. lng,. -1)uH
where ] = length in centimetres
d = dia in centimetres
1000 v s o
8OO 1] 4 : :
| 4 i ]
£00 4 i1
500 ! swg
400 : L 5
.
25
300 1] e
271 4 L [O:23nen
T (e
200 - 18 | Grame
- H ' : 14
I e /f/[,'j%:tz
= 1 1A | (J:%’-U_zs D123 snch
Y900 - ] intenal
< p” . 21 ameter
< 804— AV = =
3 Y O 3 7 V= 2/ A il B e
g ‘60 H Ay P e .
£ A7 A Tl i
s04— v/ = -
4017 + G -
rd 1 .
3
0 4 :
V 7 L7 i
204 ¢
rd
10
2 3 4 5 8 2?2 ® ‘8 w0
Turns

+0

The Inductance of 0-25In Interns! dlameter eolla with turng

spsced one dlameter apart
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. - SILICON EPICAP DIODES

. . . Bevigned in the popular PLASTIC PACKAGE for hgh velumre
recuirerents of FM Racio ard TV turing an2 AFC] general Irequensy
control and tuning apolications: providing 1olid-state reliability in
replacerment of mechanical tuning methods.

® Migh Qwith Guaranteed Minimum Valves

® Controlied and Unilerm Tut;;ng Ratio

® ‘Standard Capacitance Tolersnce—10%

® Complete Typical Devign Curves
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'FAV2101 thru MV2115

w

ELECTRICAL CHARACTERISTICS (T4 = 25°Cuntess otherwise nowd)

Cherecterntic=AN Types Symbot M Tve Moy Unit

Reverse Brestdown Voltage . 8vg 30 - - Ve
iy * 10 LAdC) . . :

Reverse Voltage Leslage Current n - - 010 vhoe
IVR * 25 Vde, Ta = 25°C)

Series Inguciance P Ls - 6.0 - )
e 250 MMz Lesd Lengt™ o= V/167) -

" Cow Capacrience Ce - 018 - of >

tfe 1.00M>2 Lead Lenpih == 1,16

Dwwoe Copszniance Tempersture Corthicient TC¢ - 280 200 T omroC
tvg « 40 Ve, { = 1.0 Me7)

o e -

€. Diode Copscitones O, F wpumol Mot TR, Tuning Retio
VR 74.0 vec, 1 = 1.0 00 Vp a8 vde, T Cy/Cap

. “ - ®f fesamu; 10 1.0 MHy }
Device WMan ‘Nom~ Mow "o Mon Tvp e
“ MV2100 €. 68 X 230 P 22 32
MYI02 ; 7.4 e.2 an a0 2s 28 32
¥V210) 9.0 10.0 1.0 ax b 5 . 29 32
S >epvin . 1. odom - - %20 132 a0 25 2.9 32
MV210S 135 . 150 16.% £30 25 - 2.8 .32
MV2106 16.2 15.0_ 19.6 xo0 I . 2° 22
* omv2107 - 10.8 . ‘120 2¢.2 . ;0 25 2¢ 22
v. WV2108 . f. 2e3 2.0 °0.7 =0 25 30 22
. omvan9 . 299 330 - 5.3 200 25 30 12
V2110 351 39.0 2.9 |5 . 30 33
EVIVTTY) 1 423" 470 " §- s5v.7 50 2.4 30 32

MVZII2 - - S04 .85.0 €ve 10 26 ac 33 -
V2313 61.2 65.0 k23 3 150 26 ETY 33
- NVZ14 738 82.0. o2 00 26 . 3o 33
MY2118 920 00 -{ 310.0 w 26 30 33
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n-channel JF
desigried. for

& VHF/UHF Ampiifiers
B NMixers

R Oscillators

& Anclog Swifches

Drain-Gate Voltage . B T
Source Gate Vohage ....... ' R
OreinCurrent....:..... 7 T
Fonward Gste Cutrent. . ... ... - :

Total Device Dissipation @25°C.. ... ...
Derzte 2bove 25°C . oov e vuvin ...
Operzting Junction Tempernture Fange .-
Storage Temperzture Range
Lead Temperature
(1/16" from case for 30 seconds) .

...... o0 ae

ETs

[ <

* ABSOLUTE MAXIMUM RATINGS (25°C)

teesee. 10mMA
ceeeea.s 360 MW
+..3.27 mWIrPC
.~—6510 +135°C
. ..-65 10 4150°C

..

ceeeeae....260°C
"ELECTRICAL CHARACTE RISTICS {25°C unless otherwise noted)

Perormanrce Curves NH
See’ Sc—f'non a

BENEFMS
® Low Cost

® Completely Specified fof 400 MHz
Operation
® Low Error Anslog Switch
Very Little Charge Coupling
2 Cies < 1.0pF
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: e o Moers NF « 3 dB Typwcs! € 400 MN:
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* TYPE PACKAGE PRINCIPAL DELVICES

| - Single 1072 INIBEE, INALIE-16A° INIBY
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PERFORMANCE CURVES (25°C unless otherwise noted)
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|INEAR INTEGRATED CIRCUITS -

SWITCHMODE DRIVER FOR DC MOTORS

The L292 is a monolithic LSI circuit in 15- lead Multlwatt® package. It is intended for use. tonether
with L290 and L291 aca eamnlote 2 Akl ~A . L

et aee Ly pUAb eSS,

The L290/1/2 system can be dlrectly controlied by a microprocessor. The outstanding characteristics

b eaee

of the L292 are: .
— Driving capability: 2A, 36V, 30 KHz ! ... Single, power supply (18 10-36V).

-2 Logic chip enable.: -~ -~ / — — Input signal symmetric to ground.
~ External loop gain adjustment. — Thermal protection.

ABSOLUTE MAXIMUM RATINGS

\A Power supply : : . 36

v, Input voltage -15to +V;
Vienwit  Inhibit voltage Oto V,

lo Output current . 2.5

Pyot Total power dissipation (T, = 75°C) . .25

Trg Storage and junction temperature -40 to +150 °
ORDERING NUMBER: 1292

> :\'/; . - -3 Py S

MECHANICAL DATA "~ Dimensions in mm
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THERMAL DATA -

——

Ry j-caser | hermal resistance junction-case . ' max 3 °C/W

e

ELECTRICAL CHARACTERISTICS (Tamp= 25°C; fo,c= 20 KHz unless otherwise -specified)

f Parpmeter l Test conditions I Min. ] Typ. I Max. ] Unit ’
!! A Supply voltage 18 36 \
Ig Quiescent drain current Vg = 20V (offset null) 30 50 mA
’ Vos input offset-voltage (pin 6) V¢ =36V e dp=0 - - \ . +350 mv
Vinn, | Inhibit low fevel (pin 12, 13) 2 Y
Inhibit high level {pin 12, 13) . 99 (= b v
Hnn. Low voltage condition Vinn, (L}= 0.4V 4 —:100 .y
High voltage conditions Vinn, (H}=3.2v .10 pA
I Input current (pin (6) V,=-88V . '—1 8 mA
V| =483V : 05 | mA
v, fnput voltage (pin 6) ; lo= 2A 9.1 v
: R,l-_R,fO.Zﬂ -
lo= -2A 91 | - v
S Qutput current Vi=29BV R =R,e 0.20| 22 A
Vo. Tota!l drop out voltage {intuding o™ 2A . 1% 5 A
sensing: .
resistors) ° o= 1A i 35 Y
Vas Sensing resistor voltage drop T)=150°C lo=2A 0.44 Y
flo_ > Transconductsnce . Rgy= Ro= 020 . 1 205 1 220 "¢ 235 |maApV
v ,
1LY )
Ry~ Ryp= 040 - 120 mANV
L ')
fosc Frequency range (pin 10) . W | 30 KHz
| o -+
TRUTH TABLE
———
Vinhibit Output stage
Pin 12 Pin 13 condition
P — .
L L Disabled
L H Normal operation
H -L Disabled
H H Disabled
\
\

4 ahiee

2




SYSTEM DESCRIPTION :

The L1290, L291 and "L292 are intended to be used as a 3-chip microprocessor controlled positioning
system These dévices ‘may be used separately - particularly the L282 motor driver - but since they wilj
usually be used together, a description of a typical L280/1/2 system follows.

MICROPROCESSOR

F=t---4---1%-
1

1

1

N A

1 I A
i

1 ! @ :

' TacHD ’

)

L

-

L1292

CONY.
1290 e

1 oPto. E
ENC.
: . . $-417)

The system operates in two modes to achieve high-speed, high-accuracy positioning. *

.Speed commangds for the system originate in_the microprocessor.. It,i is pontmuousty .updated on the
motor position by means of pulses from the 1.290 tachometer chip, which in turn gets its information
from the optical encoder. From this basic input, the microprocessor computes a 5-bit control word
that sets the systemn speed dependent on the distance to travel.

When the motor is stopped and the microprocessor orders it 1o a new position, the system operates

initially in an open-loop configuration as there is no feedback from the tachometer generator. Therefore
maximum current is fed to the motor. As maximum speed is reached, the tachometer chip output backs
off the processor signal thus reducing accelerating torque.

The motor continues to run at top speed but under closed-loop control.

As the target position is approached, the microprocessor lowers the value of the speed-demand wort.
this reduces the voltage at the main summing point, in effect braking the motor. The braking is applie?
progressively until the motor is running at minimum speed.

At that tirme, the microprocessor orders a switch 1o the position mode, [strobe signal at pin 8 of 129%
and within 3 to 4 ms the L292 drives the motor to a null position, where it is held by electronk
“’detenting”’.
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SYSTEM DESCRIPTION (continued)

The mechanical/electrical interface consists of an optical encoder which generates two sinusoidal signals

90° out of phase (leading or lagging according to the motor direction) and proportional in frequency to.

the speed of rotation. The optical encoder also provides an output at oné position ori the disk which is
- used to set the initial position.
The opto. encoder signals, FTA and FTB are filtered by the networks R, Cz and R3 C3 (referring to

v
.

1he main tuncuion ot the L2YU 1s 10 xmplemem tne tollowing expression:

dVas . _FTA  dVaa . FTB

ignal (TACHD) =
Output signal (TACHD) dt ]FTA] dt |FTB|

Thus the mean value of TACHO is propomonal to the rotauon speed and its polanty indicates the
direction of rotation.

The above function is performed by ampllfymg the input signals in A, and Az to obtain Va4 and
Vag (typ. 7 Vy). From Va and Vg the external differentiator RC networks Rg Cg and R4C, give
the signals VMA and Vg which are fed to the multipliers.

The second input to each multiplier consists of the sign of the first input of the other multiplier before
differentiation, these are obtained using the comparators Cs; and Cg,. The multiplier outputs, Csa and
Csg. are summed by Aj3 to give the final output signal TACHO. The peak-to-peak ripple signal of the
TACHO can be found from the following expression:

Viipple pp = %(\/—i" 1) * Vinaco De
The max value of TACHO is:

Viacho max:"{- V' 2 ° Vinao DC

Using the comparators C, and C, another two sngnals from Vaa and VAB are derived - the logic signals
STA and STB.

These signals are used by the.microprocessor to deterniine the position by counting thie pulses.

The 1290 internal reference voltage is also derived from Va4 and Vg™ ~ 7~ -

This reference is used by the D/A converter in the L291 to compensate for variations in input levels,
temperature changes and ageing.

The "one pulse per rotation’ opto encoder output is connected to pin 12 of the L290 {FTF) where I'( is
squzred to give the STF logic output for the microprocessor.

The TACHO signal and V4 are sent to the'.291 via filter networks Rz Cg Rg and Rg C; R, respectively.
Pin 12 of this chip is the main summing point of the system where TACHO and the D/A convener out-
put are compared. .

The input to the D/A converter consists of 5 bit word plus a sign bit supplied by the microprocessor.
The sign bit represents the direction of motor rotation. The {analogue) output of the D/A converter -
DAC/QUT - is compared with the TACHO signal and ‘the resulting error signal is amplified by the error
amplifier, and-subsequently appears on pin 1. -

3C
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SYSTEM DESCRIPTION (continued)

The ERRV signal {fro pin' 1, L291) is fed to pin 6 of the final chip, the 1.292 H-bridge motor-driver,

This input signal js bidirectional so it must be converted fo a positive signal because the 1292 uses a

generated 8V reference.

This same ref_erenceyoltage supplies the triangle wave oscillator whose frequency is fixed by the externg
RC network (R, C17 - Pins 11 and 10) where:

fos = sre {with R > 8.2 Kq)
.. The oscillator determines the switching frequency of the Gutpuit Stage and should be in the range 1 to3p

Motor current is regulated by 2n internal loop in the 1292 which is performed by the resistors R 18+ Ryq
and the differential current sense amplifier, the output of which is filtered by an‘external RC network
and fed back to the error amiplifier,

The choice of the external components in these RC network (pins 5,7, 9) is determined by the r'notbs_'
type and the bandwidth requirements. The values shown in the diagram are for a 55, 5 mH motor.

"(See L292 Transfer Function Calculation in Application Information).

The interval between one side of the bridge switching off and the other switchingon, 7 , js programmed:
by C,; in conjunction with an internal resistor R,.

This can be found from:
T=R,- Coin 10- (Cy; in the diagram)
Since R, is approximately 1.5 Ko and the recommended 7 to avoid simultaneous conduction is 2.5 r

Coin 10 should be around 1.5 nF. /
The current sense resistors.Rm and R,g should be high precision, types (maximum tolerance +2%) and

the recommended value js given by:

-

Rmax * 1o max < 0.44V

AR A N TY R RIY RPN

Fig.2 . L292

10 1

5-¢17¢43 I
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Finally, two enéble inputs are provided on the L292 (pins 12 and 13-active low and high respectively).
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SYSTEM DESCRIPTION (continued)

" Thus the output stage may be inhibited by taking pin-12 high or by taking pin 13 low. The output will

also be inhibited if the supply voltage falls below 18V.

The enzble inputs were implemented in this way because they are intended to be driven directly by a i
microprocessor. Currently available microprocessors may generates spikes as high as 1.5V during power-
up. These inputs may be used for a variety of applications such as" motor inhibit during reset of the

logical system and power-on reset (see fig. 3).

Fig. 3

' L292 .
(<L S L P e
LTI YTy Tid, : - 3ty

Fig. 4 - Application circuit
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APPLICATION INFORMATION

This. section has been added in order to help the designer for the best choise of the values of externa)
components. *

_Fig. 5 - L292 block diagram

b= et d e mem bt smrmmmacr st c e m e

»

" The schematic diagram used for the Lapla-ce analysis of the system is shown in fig. 6.

3 7 *
Fig.6 . AN B SN e __S_A )
JLEVEL SWIFTER, | EPROR AMPLIFIER ! 1PWN anc Moter! -
: o\ 4 i :
o—1 L7 oF d fy ¥l f. Gme 1! .
.- Y [ T - A3 - ! Lu fu
- . : ] X Ve Ey,
& . T o d hem mm e = e e e e e " .. . d
o=t - e
. d e |
L 5 | - .,
' ] ‘
i N * CURRENT
' '+ SENSING ¢
T FILYER * ¢ AMPLIFIER
$-atr8n Low e om o= (] e e e e e

Rgy = ﬁsz = Rg (sensing resistors)
?1— = 2,5+ 10”3 Q (current sensing amplifier transconductance)
4

Ly = Motor inductance
Ry = Motor resistance
im = Motor current

I . , _ = :
Gmo= VM s=0 (DC transfer function from the input of the comparator (V1) to the motor o
TH - S
rent (1.,)).
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APPLICATION INFORMATION (continued)

Neglecting the Vg oy Of the bridge transistors and the Vgg 'of the diodes:

Gmo = __F; 2VVS where: V; = supply voltage 1)
Mo TR . - Vr= 8V (reference voltage)
. .
DC transfer function
In order to be sure that the current loop is stable the following condition is imposed:.
1+sRC = 1+ s Re | (pole cancellation) (2)
M . .
from which RC = —:"v"— (Note that in practice R must be greater than 5.6 Kn)
M . .
The transfer function is then,
N .
. lM 'Rz' R4 1+ sRrCr
= =G . >
Vi T RRs O™ Gro R 7 SReC+ st ReCrRC “
In DC condition, this is reduced to
In _ RyRg 1 _ 0044 _ A
vl (o) — R) 83 4 Rs R‘ [ V ] (4)
Open-loop gain and stability criterion .
"For RC= Lpu/Ru. the open loop gain is: y .
.. 1\\ R, Re ___ _Gmg By 1
BE e ABr “SReC ° Gemo Ry 1+SRECF~ ° RaC - s{1*sReCg) ) -

In order to achieve-good stability, the phase marg?n must be greater than 45° when JA 8| = 1.
That means that at.fe = —,——-—1-—.——— .mustbe |A B1< 1 (see fia. 7), that is .

Gmo B,  ReCp
lA I = Mo __ s FYF <1 (6
Bl v TRe VT (6)
2n RgCf

Fig. 7 - Open-loop frequency response
1A pI
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APPLICATION INFORMATION {continued)

Closed-loop systern step response

a) Small-signals analysis. ~

Fig. 8 - Small signal step

“ The transfer function (3) can be written as follows: response (normalized ampli- i

s . tude vs. t/RgCg) o %
oo 0 Ve ]
Vi R i, 2, O e LT
- wy we . = T s . ; gl t
/ GmoR = p 4 . p
where: w, = R4CmR°FCj= ts the cutoff frequency o / T y
5 / R
R4C - :
= is the dumping factor I} ‘
£ = VIR 6uR, ol [ r

By choosing the § value, it is possible to determine the system
response to an input step signal. Examples:
. Fig. 9 ~Motor current and pin 7 voltage

waveforms {application of fig. 5).Small

Y/l signal response
¢=1 fomwhich e

ov }

1
= .0.044 T ZRgCr t "
Iy ()= {1-e 0+ zret v
{where V| is the amplitude of the input step).
2)E=—1/.5 from which
|
.. 0044 _ t LIV
(=g -cos p Wi 25N, = 200mvidiv.
" Iy = 100mA/div.
t = 100us/div.

with V; =15 Vp.

From fig. 8, it is possible to verify that the 1292 works in “closed-loop’ conditions during the entire
motor current rise-time: the voltage a1 pin 7 (inverting input of the error smplifier) is locked to the
reference voltage V, present at the non-inverting input of the same amplifier.

The previous linear analysis is correct for this example.

Decreasing the £ value, the rise~time of the current decreases. But for a good stability, from relationship
(6), the minimum vatue of { is:

LR S

‘+ _ 1

frhace marnin = 4KR%)

3



APPLICATION INFORMATION (continued)

) Large signal response
The large step signal response is limited by slew-rate and inductive load.
In this case, during the rise-time of the motor current, the L292 works-in open-loop condition,.as
can be seen from the photograph of fig. 10.

i"g. 10 - Motor current and pin 7 voltage waveforms.
{mpplicatjon of fig. 5) Large signal response.

1V/div.
05A/div.
500us/div.

nau

Y
le
Tt

The voltage at pin 7 (inverting input of the error amplifier) departs from the reference voltage Vr
aresent at the non-inverting input and the feedback loop is open.
The fedback loop is on when the motor current reaches its steady-state value {2A).

- ° N : - « 1 B e e e

.
LY
€losed loop system bandwidth =
Im (s) = 0.044 1+sReCe (8).
v, Ry 1+ 25 ReCr + 252 Rp2Cy?
“Fhe module of the transfer function is: )
w0044 , 2 v 1+0? Re2 G2 : o)
v, R, VIO +2wReCel2+ 1] * [(1-2wRECe)? + 1]
The cutof = 0.044
cutoff frequency is derived by the expression {9} by putting | |=0.707 - (- 3 dB),
trom which: Rg
= .._(_)_9__ fe = 09

- - -~

3t
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APPLICATION INFORMATION {continued)
Example: \
a) Data — Motor characteristics = Ly, =5 mH
’ RM =5n
™ " Lu/Bpm = 1 msec
— Voltage and currenmt characteristics:
V, = 20V Iw = 2A V,= 9.1V
— Closed loop bandwidth: 3 kHz!
b) Calculation — From relationship {4):
R, =224y = 020
Im
and from (1):
: 2V 3 ( n
D %) I
— RC =1 msec [ from expression (2) ].
— Assuming  §= 1A/2 from (7} follows:
ol ~4000K -
. 2 4 RFCF 5 02
— The cutoff frequency is: ¥
; = 143-103 _
=gt = 3khz
c) Summatising — RC = 1 -0 s C= 47nF
_ 1o00C _ »

'_.RFCF‘ 2= 47 ps

For Rg= 5109 =+ C¢ = 92nF




PUSH-P

® [INHIB

connectio

pins to co

ULL FOUR CHANNEL DRIVERS

 OUTPUT CURRENT 1A PER CHANNEL
® PEAK OUTPUT CURRENT 2A PER CHANNEL (NON REPETITIVE)

IT FACILITY

# HIGH NOISE IMMUNITY ) .
® SEPARATE LOGIC SUPPLY’ e
® OVERTEMPERATURE PROTECTION

The 1293 and L293E are quad push-pull drivers capable of delivering output currents to.1A per channel.
Each channel is controlled by a TTL-compatible logic input and each pair of drivers (a full bridge) is
equipped with an inhibit input which turns.off all four transistors. A separate supply input is provided
for the logic so that it may be run off a lower voltage to reduce dissipation.

Additionally, the 1.293E has external connections to the lower emitter of each driver, permitting the

n of sensing resistors, for switchmode control.

nduct heat to’ the printed circuit board

ABSQLUTE MAXIMUM RATINGS

PRELIMINARY DATA

.

The 1293 and L293E are packaged in 16 and 20-pin plastic DIPs respectively; both use the four center

Vi Supply voltage 36 v

! Ve Logic supply voltage 36 \Y
v Input voltage 7 v
Vinn Inhibit voltage 7 \Y
*lon . Peak output current {non-repetitive t = 5ms) 2 A
Peot Total power dissipation at Tgoung-pins= 80°C . . 5 w
Tag T) Storage and junction temperature -401t0 1506- °C

ORDERING .NUMBERS:

L2938 (16 leads)
L293E (20 leads)

\715:“‘
H “: gLmee
(o 117 St 5 3'
% — Lo
[085+160 ,z;q T 95 150 ‘
_.1 10854160 sl
Vil 1778 . ? R e 228
= i .y 26 63™°

S l&L&"' .
e onndooon goaonaononn
s B ; ' D
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oggoouu
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pA

b — PS——

>

- gmem——

38



59

40 vmﬂmxmqommq ‘T _Auenuep ta3eg -
v .
AJY LEQUINN JUawNDoQg[ 8z T mm\ ZHHEE wwn
. 1
3 /Nwom D
i
VO-
1 \._\..\ os T_
. hh\ 5 -
23354 PF JPW _ _ : uTy Nmzxn:
T F b 8 L 9 ¢ H ¢ T 27 t| " im0 u:«.JH
- v\
phor AR ] ot vy T %1 bl g N oL B e F
T REE DY 48 6] i : '
w ] = I
V\Sb J”
’ AS

4t

N 1340
o

AT

YIS

00}

A3l

2 X LOVIAN




h ’ b9LZ WOUdI 43I TN TLO8 — v .

NI J4aqunN  juawnooglazT

. » <91 g4
. 12008
axy 2 Td F—
oT . 5
axl 9 Td Fo—
mm 47378 S Tdp5—
g Nasd b1d2—
M “7d }-2—
b9sz 224 oL &4 21 3
ddh Tdl=—
HOd s “ez] 4.2 0'Td ($————{Jo30W 39 JoI5>
30 & ~82lg.
e T )5 b b
: YA 4 . vT
AL £4Zd TINI p2i—
119 -5 NN E£LESTIbL kel z-2d OINI PE-
01% T2 I 08 bIT zz| §.&d
b2 oF T T2
By |2 | 1353y
— 20 ° luls L PR *0d |
ns g S SE 26 ox
S0 b I g .
“ £ vo by (-2 Silvo  pa 2l “ v vrod -
210 20 £y (=2 Pleo 2als o—32214 2+ 0d
=221 20 zy : zo  za Z°0d X
5 8 5 -, A B
£ 7o T -2 2 To Talf —£21 10 0d
<1 0o oY [-&5 23— 0o 0d & —=221 0'0d dAsy3
' N AL 2 {1l
e
; .




z_Jo r___ 3994950661 ‘61 JaquUBAON _ 15320

7 6UTPODAP O/I Y3TM TE08 v
AT . JagqunN. jusawndoqglazTs

8051k L

. f w3 . :
8 .
e 80SbL -

o6ThN

T

(31 v;lmikﬂil\lml.

N}l“)(rﬂ’ t

L]

[sy}

A ]
T£08
e axy Lo Td
1%%1 ax 1 8- Td
—o] 473w S*°Td
—0%q Nasd b Td
S um £°1d
2+ a Z°1d
] N\ 2 zd 614
— , N—2F 5:54
’ . \ §51s:2d TL
ﬁ T m.mm qhw%
& -N
mwnm4¢M frtllllllmm 259 TINT
T o A
: B8ETSIHL 20 Py T2] 0 2d 1353y
——q 2A 82D P =120 29 T 55 £°0d
—5-4 9X  ©zd pg— 6ll9e 9a 8] 2 ERL
G103 _JPPT> : Sd'sA 1o R — 211 se  sq |- ZX1 50d zx
5704 _JPPY 21 vx slibe  va Lt —2£1 v 0d
0Z04 JPPY 11d sx chieo gafk 25l g od
5201 JPPY > c1d za o | —S—2o zapd 2% 1z 0d TX
0¢0d4 _JPPY Fh TA 8- —Z=— 1% 1d¢ §517:0d
BE04 JPPY’ 219 ox Y £ . -5 0® od & —S%1 004 dA/Y3
5TN zh T

-~




X

15545108677 AJERUER

& Jo t :d31e(
G Jojow BuTddals jduod YiTM TEOB d
A3y JBQUNN jUBWND0Qg 3Z TS
[ ]
~ < BE04_JPPY]
v0SIvL v0SIbL
£LE5TbL £LE5T0L
D - 5
. 30 pH— < ¥ 20
=1 ¢° 2afg ugn . — 25 ca
97| 22 29 ST 90 94
S 54 [-& 21 lso  sa
—SH b0 va [ -5+ b ®a
[IIrJosooo—-sso gal& [TA 951005 g6 £Q
: z® 24 ; z6 .zq
. . 19 T4 . T6 T4
5 5— 00 00 [-F—] IG5 0% 04
N )
t
",,
. i
. | $0STIbL
£2557 ]
5 8204 JPPY]
50 T A T 7 <
=71 Lo 9tEr vt - 5207 UPPY
1ige 9qf2L
211 ge  sa eI
—SIibe  ba 2L
Do s> 58 2915 o i ra
‘. 21715 TaE -4 ax1 9°Td-
CIITIoY00 5 >—2— 06 00 [H—\ 1| 473w $°7d
T ~Lid Nasd br1d f-i——
57 UM e°Td 5
—57 vno'lm N 2°Td B
T°7d o
L°zd 0" Td |-%
8¢19-2d b
’ £ls2d T1 =
- ke
£L851b2 -1, m—— £2£5Tb2 AN OINT PEL-
59 bIT FARSS T T oo BIT zz] §.gd
o — o7 T T2 . 353y
Lo ia ven H 20 2@ L 0d 6
& BT\ 87158 59 [8T z5] 5.94
9T 25 29 2N 9L ce sa Ll —F £2] ¢-gg z
5T bT N ST b vel2.909 X et
3T FD BA S b0 va |2 YE{ v 0d
[T Jo3oW s>~ €0 £d m ) ¢ €2 £40 m > 351 £70d
A -8 1% za & lzo za =4 z°0d TX s
=210 TaRE —2— 7o Taf& A &1 7 0d BT
EINI 0® 04 |&—\ ~$— 0 Da £ . = 51 07 0d /YT e
Zn Ay in
Y




43

¥ Jo ] 312245/ 066T 67 JdqWaAON, :a3e(
v X 8080 JYQ PU®R T£08 S 3I2aloud Y
AIY JBQUINN  JUawunDoglazTs

¥YA HOLSISIY N
R £ \

AGT==88A

AT+ <%< Al
L 2

AZT—"

9
HUA ¥OLSISIY
[ 2]

8080294
1noI ey

IE
O
n
T
(ea]{a)m}ig] (al}
I

i

dHoD 1Y
yoiIowdsp [5T
X
1

+

14

>
Ny
-

|
o
>

Iy

—

Y

ADT=4BUA * .

HYA MO LSISI
A

g 8104 JPPY

N T1£508
axy 2°1d
Imw.oxh 9 7d (-2
'@llh\ul_G m.qn_lw\‘l
954 N3Sd viTd [2—
. Tor| 4 Eld—
| grdE—
T'Td £
. L'2d 0°Td
BZ] 5-24 T
—££15:2d TL e
. nwm%.m“mm 4»m% b
£¢ESAbe ¥eiz-2d OINI pEI-
257 zz] .24
T 20 pr— —£&l0°2d
‘ i 13S3Y =
= 20 0|5 >z ¢ 0d _

&1 190 9q 81 5 P ERL k
pobsL \” ST] 38 Eofh 7 3 ZX g7
EL zr| b2 Parex Z sg) 2.0

6 5 5¢ £

= EE ] e L o e
. —Z— o® 00& W mm 0'od NCE =
zh T
. hage

£L£50b2

/[/‘
1 =
non-
FGC
o
[aYala)

x
444

D)
50 pH

5y 7

A

w: v®  ba -2 “
1€ €4 w A

zZe za

2 170 71al& /}
S t /

&



-

£n

& J0 v 353950661 671 J5GWIAON __153E€q
g 6080 5QY Pue T£0B b 3dafoud e
AF i JAQUNN 1UWNDO0QI9Z TG
g g J004-B004 SSOUPPE £ 2
' ﬁ 0104 _JPPY T1£008
- o1 axy N..”.—.l En
EOS 5 .Z0S7bL . T g 2 dE=
.. [ wvan Y¥bTN 9] H534 o ide—
P § A Y g 1d -2—
i o1 Y . b
. ! < g 2°7d &
ot A . laE—
R 608000Y R R Srdre
] +— 003 . —$§ 9:2d i
e s 30 3 |y 551 5:2d TL
T SR A = -t ST B Y
~ 0% A 2Y b=s ELESTVL btz zd OINI pEi-
57 733 1Y b N S bt A :
4 T3 +33Y oY <=5 20 pg— $510°2d
’ a . 1353y -
i INT La -2 c2q ."0d
. u_ —2 oNT 90 S\ ellgp aq 8l ¢l 904
. b SR 5 T v 551 2.
’ SNI sq o 1 58 . sq ! 5°0d zx
£ 1 yNI va Fei-J sllbe pal-EL 7 bEly.og 57
00A FA A 81 __N FA S e1 ST .
£NT £a |8 £e  £4 _ = | ¢-0d
1_12ZNT za 8 : 6 lzo zall —— 221704 1 3'q
il |
: 924 TNT Ta I . 2110 TalE o—£LE 1 T 10d g
<353 Ui} £2! ONI 00 A~ . S— 06 040 L% % 851004 . dA/YE e
EA zh ; T
’ _ bbZSINL
T S—— Y
%13 o7
. N /
< T£08 N1} <
. o i i /
o — N 2lizuz  ZAZ |3 4
. el Yyz  TAZ
1
: i N 1T 9T bAT - /]
N— 81 gUT  2AT [ /]
Q 2 {287 ZAT |
E1Te1  TAT |2






