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ABSTRACT e

This thesis is one of Appcications to digital signal processing (DSP), include which
utilizes digital signal processing algorithms for parametric equalizer. The microprocesser was
controled DSP starter kit (DSK) board and communicated with the user. The microprocesser
calulated the parameter,given by user it is impulse responce as implement of filter and written
to memory of the DSK board . The DSK board implementing finite impulse responce (FIR)
digital filter,with the form of parametric equalizer, The microprocesser send impulse responce
to the DSK board and then the output showing on graphic LCD display. The DSK board can

applies to several digital signal processing applications.
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Address Register

Unit Symbol Function
Accumulator ACC(32) ACC luwa 32 i Uszneuans 2 dau fie
ACCH(16) | ACCH uas ACCL Idtfusmmadnsves ALU
ACCL(16)
aAa saq Yo g v a
Acumulator ACCB(32) {ustamesnlsdinsnuawes uenfaya
Buffer [@nesva 32 In
Arithmeyic Logic ALU Wuseamesunan 32 i 15lunisvia 2 ey
Unit Wa
I's v 3 -1 d a a
il 2 49w Ao wesmounm 32 in
HAZNBIMEOMNT 32 1N
g P . a 9/ ° 9/ d’r
Auxiliary ARAU B 16 On Irlunsamau Ialunsy
Register fumds wazlanlSeviney '
Arnthmetic Unit ™
Auxiliary ARCR(16) HussaaesnldlumsnlToumou Tnsas
Register
Compare
Auxiliary AUXREGS Hu3tamesninAy Audliary Register 114719
Register 16 10 8 @2 fis ARO- AR7 198 M5Y data .
File Address Pointer INUAQMMIING® HATINYEA
ARAU
Auxiliary ARB(3) Husdamesving 3 in dmsuiua ARP
. a dy od Y
Register Tasdintigmiau1alu sT1
Buffer
e oty 4 a b4 s dyd
Auxiliary ARP(3) Wustmmesvuia 3 dn Mndudmaen
b4
Register Pointer Auxiliary Register Tintignifiueglu STO
Block Move BMAR(16) Hustamesuuia 16 dnadinwdmsuaum

Block Move %30 gaillanfIyaiamnes
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Unit Symbol Function
da 4 a de¥
Block Repeat BRAF(1) Huuansdames 1 inn laiaas Block
. ad Yo o A F
Active Flag Repeat Iavdnaizm Inglymds RPTB Avey
o A /A da o P 4
MOUUAZIABYSIISaIADS BRCR INNUU
] = dy = 1 s L4
11310 Taslindigninveglusames
PMST
aa o °
Block Repeat PAER(16) WusTeanes uss 9 Memory Map Tagnmua
9 '
Address End YOIUATHYAYDIA IV DITHANTUAY
Register-
Block Repeat PASR (16) Husaames Memory Map 1agfinua
Address Strat YO ULUAS UAUY BT IUV OIS AT UAU
Register
. aa & ar b4 @
Block Repeat BRCR(16) (151005970 Memory Map 1ailuda
Counter Register ' MUUARUAULIAI1UBY Block Repeat
Bus Interface BIM (Aw Buffer Interface l‘lsfllﬁ‘ij‘lafﬂyja‘i N8
Module Tuaz Tdlsunsuye
Bus Request BR iludausnadoyaitn Ais Map uaz Map 319
Avunlaesadines GREG
Carry Q hisiamesiduamaveuenfiiyaiamnes
a t-:iy a 3 .
Tagiinigninuegu ST1
Central ) CALU dlunguuss ALU, s, uenfiyaiaines
Arithmetic Logic wag Faou
Unit
Circular Buffer | CBCR(S) {Hu5Teunos 8 11 14 Enable / Disable U84
Control Register 5§81 Buffer LaZATMUA Auxiliary Register
Circular Buffer | CBER (16) dustaines 16 0 2 67 udAgAILTOL
End Register CBCRI (16) Buffer 148% Address GBERI 1 GREB2 111y

CBCR2 (16)

AUBNIITOUVDI Buffer 1 uag 2
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Register

Unit Symbol Function
Circular Buffer | CBSR (16) WusTaaes 16 1n 2 @ uﬁmqm‘éué’ma
Strat Register | CBSRI (16) 58U Buffer 1tas Address GBER] Ilaz GREB2
CBSR2 (16) Hud1wena9s0 V0 Buffer 1 Haz 2
Compare of COMPARE WuresovvesmsiToumsuai PC iy
Program Address PAER Esll’l BRAF uanny
Configure RAM CNF udnians RAM Block 484 Map Program
Tngazeglu ST1
Data Bus DATA (¥4 Bus vu1a 16 10
Data Memory DATA MEMORY | 131 Block data Memory ‘1‘;1151uﬂ‘15 MUUA
ginseisoesy
Data Memory DATA ADDRESS | 154 Data Memory Address U1 16 n
Address Bus
Data Memory | dma(7) Wussamesvuin 7100 lumseruenasd
Address
Immediate
Register
Data Memory | DP(9) {fhusTamesun 9 dnussyweneaiasa 9
Page Pointer N9
Data RAM Map | RAM(1) NG N Map 4839 RAM 1% Data Space
Bit
Direct Data DRB(16) flvua 16 O 15lunsouemnsduas Data
Memory Memory
Address Bus
Dynamic Bit DBMR(16) (1144 16 Y93 Memory Map 53atao3 19 Mark
Manipulation guNN PLU
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Unit Symbol Function
Dynamic Bit TREG2(4) {Hus3aaes 4 in 1%§i)ynémic daeda
Pointer BITT
Dynamic Shit | TREG1(5) 1HuSTennes 5 Tvidlu Shift Counter ¥4
Count Yoya dBUNN
External Flag XF(1) iHudindmsuduv External Flag uazog iy
ST1
Global Memory | GREG(S) (3114 8 Y89 Memory Map S3aA0S 4115 USpec
Allocation size
Register
Hold Mode HM(1) Ehufineglu ST1 sznenile HALD sgjlu Pull
) down
Index Register | INDX(16) (5% 16 499 Memory Map 331A97 spec 1l
' Buannni T uasl9aiunnunaousd
Index Register ~ | NDX(1) Suinfismuanmsiuvse @Weu ARO Heu
Enable laléis NDX 1az ARCR ﬁﬂf:ag:‘lu%'%ma%'
PMST
Interrupt Flag IFR(16) {usTamosudan 16 Inluans Actie Low
Register interrupt “
IFR
Interrupt Mask | INTM(1) 114 Interrup Mask 113© Enable Interrupt e
Bit ﬂuﬂﬁwfi’agﬂu ST1
Interrupt Number | INT#(4) Hudavveans Interrupt g4 CPU lush
#1INTR
Interrupt Pointer | IPTR(5) 5 S iflusas 2 K e Interrupt Vector 8¢ 144

a dy 1 a 4
seuy dniegiusvaines PMST
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Unit Symbol Function
sa o =3 a v
Interrupt Mask | IMR(16) Wussaaasunan 16 U 14 Mark Interrupt -
Register
Microcall Stack | MCS(15-0) (T4 fusnvedauAn AZIAUAIRINYES PFC
a q¥ Y < a v
Sulylumsesuden , guuenflyiaines
HAZANT N 81U 1EY
9
MicroProcesser / | MP/MC Uﬂﬁﬂtflui%ﬁ in85 PMST Uang Map V93
Microcomputer RAM 1u Program Address Spac
Mode -
Multiplexer MUX 1§34 Bus Multiplex 1180nuna9v83 operand
AMSVUA execuition
Multiplier MULTIPLIER W 16 *16 1n parallel Multiplex
'
Overflow Flag ov(1) Ny lu STO iazianl Overflow i ALU
k4
Overflow Mode | OVM(1) Unieylu STO uazuaas Overflow 1w ALU
AELL L]
}
Overlay To Data | OVLY(1) Unieglusiaines PMST uazfimuaniag
Space. AUFT M DIOAATE
Parallel Logic PLU 16 1 Logic Unit
Unit
Prefetch Counter | PFC(15-0) Hruniines vne 16 0 19 Prefetch fda
| PFC U559A28 LOAATAUBIAF PFC
mmsn’l%’é’mmmmmm Program Memory
dmFumsioudsn(BLPD) MsguLenfIya
o
GILEE
Prescaler Count | COUNT(4) {hi3Tmmesunin 4 Infesdmsumsi
. . 4 Ada 7 d v Aq Y
Register Prescaling (UDIEADT uan s lunas

. e, o’dy 3 3 ¥
Scaling 9EIABIHIZTIING Ivanfia1n lawd

a

un -
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Unit Symbol Function .

Product Register | PREG(32) Hu5Samed Product vner32 1in 19lums
Multiple Product

Program Bus PROG DATA Wutfaunn 16 Snlalunsrimdafiiiv qu
N30 19501 (MAC ilaz MACD)

Program Cé)unter PC(16) Husanes e Program Memory

Program Memory | PROGRAM HusImnes ?i‘l%"lumsé’n Program Memory

MEMORY uaz i muam

Programm PROG ADDRESS | ifu5oainn? 16 1 1 19819/umis Program

Memory Address Memory

Bus

Prescaling Shifter | PRESCALER lunsidoudeyaun 16 in Tavezvims
o lilnsdneile

Postscalling | POST-SCALER | WWlunsidevdeyaving & in Tasld

Shifter " Poscale 'fx'ﬂ:ga

Product Shifter- | P-SCALER Wlumsifendoyavun 4 in Taginuingos
vitneTien 11 1915 A IR Fixed -
Point

Product Shiftre | PM(2) (513 2 07 1911415 A MUA Product Shifter

Mode Mode 881u STI

Repeat Counter | RPTC(16) s 16 Sl lumsaaugumsauseulu
AN

Sign Extension | SXM(1) Wudniieglu STI Waruqunissham iy

Mode AITAIIN

Stack STACK

ciq ¥
(¥4 Stack M 1MAY Program counter YHIA § *

16 1n
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e 15
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Y193dua
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| nmzm.nwm'qnmnnzm ang,

Unit Symbol Function
Temporary TREGO (16) S35ain0d 16 in 119U0n Temporary V64
Multiplicand Mgl
Temporary TRM (1) Shudndismuna LTA,DP,S) ilums Tnaa
Register Enable TREG (0,1,2)
Test Counter TC(L) ﬁwf:eg:’lu ST1 uswes ALU Lpe PLU iiu
Flager . - INNATDUMTNINIU

o Y ° 1
ATTNN 2.1 AHINNITNINTUAN ¢ Y TMS320C50

Croprocesser Memory Mapped Register

Name Address Description
‘C5x(Dec) | ‘C5x(HEX)
- 0-3 0-3 Reverved
MR | 4 | 4 Interrupt Mask Register
GREG 5 5 Global Memory allocation register
IFR 6 6 Interrupt Flag register
PMST 7 7 Processor Mode status register
RPTC 8 3 Repeat Counter register ‘
BRCR 9 9 Block Repeat Counter register
PASR . 10 A Block Repeat Program Address start register
PAER 11 B Block Repeat Program Address end register
TREGO 12 C Temporary register For Multiplicand

1546
021309
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Name Addréss Description
‘C5x(Dec) | ‘C5x(HEX)
TREGI1 13 D Temporary register For Dynamic Shift Count
TREG2 14 E Temporary register use as bit Pointer in
Dynamic bit Test
DBMR 15 F Dynamic Bit manipulation register
ARO 16 10 Auxiliary register zero
AR1 17 11 Auxiliary register one
AR2 18 12 Auxiliary register two
AR3 19 13 Auxiliary register tree
AR4 20 14 Auxiliary register four
AR5 21 15 Auxiliary register five
AR6 22 16 Auxiliary register six
AR7 23 17 Auxiliary register seven
INDX 24 18 index register
ARCR 25 19 Auxiliary register compear register
CBSR1 |26 1A Circular Buffer 1 Strat Address Register
CBER1 27 1B Circular Buffer 1 end Address Register
CBSR2 |28 Ic Circular Buffer 2 Strat Address Register
CBER2 29 1D Circular Buffer 2 end Address Register
CBCR 30 IE Circular Buffer Control register
BMAR 31 1F Block Move Address register
- 32-79 20 - 4F Memory Mapped peripheral register
80-95 50 -5F Memory Map IO Port

A1519% 2.2 Core Processor Memory - Map Register U893 TMS320C50
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2.6 nguinsui/asdsyaiol (Data Acquistion and Conversion)
Yy L4 14 v ¥ y '
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o e
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[~ 4 ! ¢ Y t Y o aa ¢
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» aa < o o aa iy
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ANALOG
SIGNAL | MULTIPLEX _{~ SAITCF))L'?S & |1 ADC A
CONDITIONER ; —/
| i 570D | -
| L/ DIGITAL
e () PROCES
TRANSDUCER SOR
PHYSICAL ANALOG s <,i
PROCESS ACTUATOR \—

P o Y aa
E’JT]Q.:; 55U1J713Jﬂ']51|5SIJ']aNa‘U@EaTI'Nﬂﬂﬂ@ﬁ
v v 1 4 v
a P st o £~
nngdvwau ansseiuielafemsnfasuutainameamiudnuuzla q o
' =Y o g3 $ ¥ o
A0 (Physical Process) (¥4 Mgl anudu anwss szgaulfonlninidudygyia
} 4

H = Qy 'd‘d o @ w
T vewrdenTagnsuaaures NI YuUUIMINTAUAYENE ML INNIA8UY

e Y og o 1| : ;
goyanamalivh fezgnilsulueglugluvvuasvinaiminzaunoulay Analog Signal
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) 1 ¥y 1 4 v ¥
Conditioner ¥4  2993veienienesnseedyans uan  Tuszuuveyafineems

b4 ]

Ussinanalunadorfuiinatwveya uaiiosn ADC yanslaganessluduiuaes
1y ADC Maw q @7 tnezlyTEuana (Time Sharing) Taola3s Multiplexing 2993
wruaeua lean fﬂ:fiwmmmf?’munpmauﬁaﬂmiﬂmzﬁmw‘[aaﬂ'ﬁnumunmfu"l;
$rvmzitelnlisudunssly ADC %mﬁvmlyﬂ:gaﬁ%ma%:gﬂﬁaéa“lﬂﬁqﬂ'mmszun 4
ﬁﬂﬂsmmma{%zv‘nms1Jszmawamyayauz;'uﬂﬁﬂwyagaNaé'w{nﬁuuuﬁammnﬁ%

ATIUNWMYAIRUDITSULY TagrIuAINTEIINNNG (Analog Actuator)

(] v

2.6.1 NYHHUBINIYNVBYA (Sampling)

. v 3 o a ' v . " 0
Tumsquueyariudyauomnasnesgnauilussozasil  nquueadaguiiqu
¥

d 4 a o e o ¢ Y :Jl
TUNUAWYANUIIYS °]Nlﬂﬂ%Tﬂﬂ'liﬂﬂﬂﬂ?fﬂjﬂg'lm@u'lﬂﬂﬂﬂ?ﬂiﬁﬂzlja'lﬂuau HAUO

! Y d A N o IU L4 d 4 i
MIguAAIsT ssmileudumsguuiudyyiuariudyg aeniasn Fa9z la

o { ¢ v ‘v o g a 1
Foywnadl uegian (Modulate) ssMINvUINWasiUdygIMoIGN Awaatlugui 2.4

L4
o @

¥ (u dl ' v v [
wazomnsiims leaadyaadigulanols ises ladygnudgi 2.4

v v

Ve
o s

' . . . ' . ¥
sanmsqudaana wiennuiveansqudyanunlsziaumlaiiveyaiiqu
o

v g v

be

=) o

Yy v . 3 v [
lasivsiiudumuiifvesdygraaoiioniy  MasuastusgiuauddyyIusuIaen
ez 9INNGEEUIMIqN (Nyquist Theorem) na13 1321 Mdgyanamaisfiiinmd

‘ [ ' L) i as ar - 1 [ '
g15 1ufln (Hamonic Frequency) 1uifiu f uaddygnadenaiszannsonfdsunduuusy

. v Y ' '
fin Tae'ly qauusvazida niermiion 1y mdannsguunnni 2f

[
4 L
2.6.2 ngqumanTulaw (Qantizing Theorem)
[ ‘ = o =] ‘y ¥ aa ~ o
myniulag Wuuumsinlasdyaaendonmiuveyamditasaiududa
! [ o o ’ ' LY =4 Y L3 ¢ C; ¥
auiudamaewndon wu sglugvessialuud iluau masnineusmynitla
[ Y ¢ s =] = < Y [ /
vnmeniuley  uarvuavesdyanaerdenudoudunsl  fezlansaiilas
L4 L2 [
ns s IWInFu (Quantize Transfer Function) muam”lug,ﬂﬁ 2.5
¢ Y Yy J LA
gadidgueamsniulaaiulaun $lagdu (Resolution) vosdaniulasy Fewx
ansafimualanniuaninveunmynsiadliaoa nSesans gl 2.5 Afteau

y vy '
ATULEIANIUAINUBATH T Jamaunuueuiues
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. FoygrufignTsndly

¥

51U 2.4 MIqUAI881990YA (Sampling)

y ¥ b y

mmmnmwm‘ﬁuﬁu"lﬂﬁ%:mmsnf‘hmm"lmm
Q=FSR/2"

v ' v v
Tagh Q : sAnunvedtu U lanatnuueu

FSR : ¥NIANAINAUVOITYQN00UIADA (Full Scale Rang)

t
n. dggrudurm
t
v. ﬁnéﬁ]{uwﬂé‘q
hY "!
el LIRS i NSRBI L AREaED) ]
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0 $1WIUINveITHAAYIRDa

QUANTIZED OUTPUT ]

»X

ANALOG INPUT VOLTAGE

v

: g I, - H g
NAUMIA (1) iU iedmandnnaiu vuaves Q vzaaad uazom

. o g o o ¢ g ' A dn Y o ‘
smihdyenaewidenla @ wimsaiulawszmuudeuewad lavinmsaiulas

v

P o @ o o g ' a a a4 ] = !
nniﬁﬂlﬂﬂUUﬂUﬁfyﬁJTmﬂuTaaﬂuuuaj AIZHUNIUMIAANATIAUNAYY  FUTUTIAN

ANuAANaIAA Y 1A% (Quantizing Error) Aduaaalugii 2.5
a 14 a o ! . v v ¥ [
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ERKKK *%x

;* PROGRAME CONTROL DIGITAL EQUALIZER*
;* FOR MCS-5 1 TO CONTROL TMS320C25 *

RKEAKK

;**PROGRAMER ** Mr. PAISAN PUNDEE *
SEEEEETEERERARR ED.ENGINEER 16 *

SREEEEREEREARRR 01/07/95 *

~REEFRERRKERRKRKRKERERRERERRRKRREEERERRERE
’

CEREEEEREAE KRR KR RERRK KK RRE R KRR E R RR K
0

;tt**tt****Prototype Scction********

: ERRRERR EERRERREEEERERER
s INIT_LCD : use to initial LCD and clear SCREEN

; INIT_PAGE : use initial page

; : (ACC=disp status:R7=line:R6=column:R5=start line)

; CLEAR_PAGE: use clear PAGE LCD (only PAGE)

; GOTOXY_P : use goto point in screen

; : (R7=row:R6=column:R5=on/off dot)

; GOTOXY_L : use goto line and column : use write character to led

; : @NPUT > R7=row:R6=column:DPTR=ADDRESS STORE DATA:R2=INVERT/DIRC
; : RO = OLD DATA IR5=OVER/MIX: R3=AMOUNT OF DATA IN 1 character)

H : (OUTPUT -> RO=data in old point)

; READ_OLD : use read data form LCD

; : outpat store in RO

; : CAUTION set old column after read data

; FIND_COL : Fine to set column (input colunm in R6:rettirn data_control in R6)

; BUSY : wait BUSY to LCD reay

3 SCAN_KEY : Use scan key (return value in Acc)

RAM:

cHRERTERERERRRRRB R LI RN R AN KRR RN KR
+

;¥*** ADDRESS VARIABLE SECTION *****

SEERREEEREERARRERARRE AR ERRERA AT X

;(intenal ram)

; ADDRESS 08h,09h > use to index address data to write lcd

; ADDRESS 0Ah > use to index freq menu

: ADDRESS 0BH,0CH > USE STORE DATA OF DRAW BAR (0BH=ROW:0CH=COLUMN)
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; ADDRESS 0DH,0EH,0FH,10H > USE STORE DATA OF BAR GAIN

; ADDRESS 11H,12H,13H > USE TO STORE DATA OF GAIN NUMBER

; ADDERSS 14H,15H,16H,17H,18H > USE TO STORE FREQUANCY MENU

; ADDRESS 19H > INDEX TO ADDRESS STORE DATA (ADJ FORM CENTER FREQ_MENU)
; ADDRESS 1AH > USE INDEX ADDRESS STORE DATA IN GRAPH MENU

; BIT  00H > USE BY KEY FIND

L T ]

o wm

R ]

.BIT 01H > USE BY KEY Q

; BIT 03H > USE TO STATUS INITIAL CLEAR

; BIT 04H > USE BY KEY GRAPH

;****t*******DEPmE LCD*************

ORG  0000H
SING BIT O5H
PORTA EQU  OEOEOH
PORTB EQU  OEOE1H
PORTC EQU  OEOE2H
CPORT EQU  OEOE3H
LCDCTRLI EQU  OE080H
LCDCTRL2 EQU  OE081H
LCDDATAL EQU  0EO082H
LCDDATA2  EQU  OEO83H
LCDREAD1 EQU  OE084H
LCDREAD2 EQU  0E085H
LCDRDATI EQU  OE086H
LCDRDAT2  EQU  OE087H
DISPON EQU 3FH
DISPOFF EQU 3EH
STARTLNO EQU  0COH
LINE1 EQU  OBSH
LINE2 EQU OBSH
LINE3 EQU O0BAH
LINE4 EQU OBBH
LINES EQU 0BCH
LINE6 EQU OBDH
LINE7 EQU OBEH
LINES EQU  OBFH
STARTCLO EQU  40H
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;*t**t***POWER ON DELAY*************

ERERERREERERRER KRR R KRR R KRR KRR Rk
’

DELO1:
DELO2:

MOV  SP#0H
MOV  RO#00H

MOV  A#0OH
DEC A
JNZ DELO2

DINZ RO,DELO1

;***********************************

;**********RLIN RUN RUN*************

o A A A A R e 2 2 o SR O R Ok Rk R R R KOk Rk Rk kR K
i

MAIN:

JUMMAINO:

JUMMO:

JUMMAINTI:
JUMMI1:

MAIN_L:

LCALL CHECK_RAM
LCALL INIT_LCD
LCALL LCDOFF
LCALL INITOLDGNUM
LCALL DRAWMAIN
LCALL DRAWBAR
LCALL DRAWFREQ
LCALL LINS6
LCALL LCDON
LCALL INITOLDGAIN
LCALL INIFREQl
MOV  19H#0CH
MOV  0CH,#0DH
LCALL INI_OG
MOV  ODH,A
LCALL D_READY
LCALL KEY_TRAN
LCALL SCAN_KEY
LCALL WORK.

SIMP MAIN_L

*3e

KRR EERERERREERRK
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:**tt**** ROU’I"INE WORK kkRERRKRRKRRE

EREERAERXR R RRERE

WORK: MOV  C,04H
ORL C,01H
JNC  WORKO

LCALL INIT_LCD
LCALL INITOLDGNUM
LCALL DRAWMAIN
LCALL DRAWBAR
LCALL DRAWFREQ
LCALL INITOLDGAIN
LCALL INIFREQl
LCALL LINS6
CLR  00H
LCALL D_READY
MOV 19H,#0CH
MOV  OCH#0DH
LCALL INI_OG
MOV  ODHA
CLR  01H
CLR O04H
WAIT_B1: LCALL SCAN
INZ  WAIT_B1
RET

WORKO: CINE A#01H,WORK1 ;KEY =>
LCALL WRITE_RAM
LCALL MOVML
LCALL LINS6
LCALL NUMGAIN
MOV  A#HO050H
LCALL DELAY K

WORK1: CINE A#02HWORK2 JKEY <=
LCALL WRITE_RAM
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>

WORK2:

WORK3:

WORKA4:

WAIT_K4:

JUMPWA40:

&3

LCALL MOVMR
LCALL LINS6
LCALL NUMGAIN
MOV  A#050H
LCALL DELAY_K

RET
CINE A#03H,WORK3 ;KEY UP
LCALL UP

LCALL WRITE_RAM

LCALL NUMGAIN

CINE A,#04H,WORK4 ;KEY DOWN
LCALL DOWN

LCALL WRITE_RAM

LCALL NUMGAIN

CINE A#05H,WORKS ;KEY FIND

JB 00H,JUMPW40

SETB  00H -
LCALL D_CLER

LCALL D_ADJ

LCALL MOVIAQO

LCALL NUMGAIN

LCALL LIN56
LCALL SCAN ;Now wait for all key to go up
INZ WAIT_K4 ;Wait if any key is push

SIMP ENDW4
CLR 00H

LCALL LINFQ
LCALL D_CLER
LCALL D_READY

LCALL INITOLDGNUM
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WAIT_K41:

ENDW4:

WORKS:

WORK_KS50:

ENDWS5:

WORKE6:

WORK7:

ENDW7:

84

LCALL DRAWFREQ

LCALL DRAWBAR

LCALL INITOLDGAIN

LCALL INIFREQ1

LCALL LINS6

MOV  OCH,#0DH

MOV  19H#0CH ;ADDRESS EXTERNAL RAM
LCALL INI_OG

MOV  ODHA

LCALL NUMGAIN

LCALL SCAN ;Now wait for all key to go up
INZ WAIT_K41 ;Wait if any key is push

RET

CINE A #06H,WORKS6 ;KEY TRANSFER

LCALL KEY_TRAN
LCALL SCAN

JNZ  WORK_KS0
RET

CINE A #07H,WORK7 ;KEY CLEAR
LCALL CLEAR_W
RET

CINE A#0SHENDW7 ;GRAPH
JB  O0HENDWY

LCALL D_FREQ

LCALL D_GRAPH

LCALL BRINK_G

SETB 04H

RET
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;= Subrutine :Calculate coeffients and

= :transfer program form Bord msc51 to Bord DSK

KEY_TRAN:
PUSH ACC
PUSH DPL
PUSH DPH
PUSH 00H
PUSH 01H
PUSH 02H
PUSH 03H
PUSH 04H
PUSH 05H
PUSH 06H.
PUSH 07H
LCALL D_CLER
JLCALL D_WAIT
LCALL CALCU
LCALL "W_PRG
LCALL TRANSFER -
B 00H,TX_FIND
LCALL D_READY
SIMP NEX_TX
TX_FIND: LCALL D_ADJ
NEX_TX: POP O7H
POP  06H
POP O5H
POP  04H
POP  03H
POP 02H
POP 01H
POP  00H
POP DPH
POP  DPL
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POP ACC

i ;=Subroutine Calculate coeffients =

)

CALCU: CLR  SING ;SET BIT SING TO POSITIVE
i MOV  DPTR,#COS0 JINDEX TABLE FUNCTION COS

MOV R4#21 ;LOOP FOR 41 COEFFICIENTS
: MOV  R1#54H ;INDEX ADDRESS TO HOLD RESULE
CONVAO: PUSH DPH
v PUSH DPL
MOV  R6#00H ;HOLD LOOK_COS
MOV  RO#04H JINDEX GAIN
MOV 30H,#00H ;HOLD DATA FOR SUMETION

MOV  31H#00H ;
i MOV  R3,#38 ;LOOP 38 GAIN FOR CONVALUTION
CONVA: PUSH DPH
PUSH DPL
MOV  DPTR#UP_COS
LCALL LOOK_COS

‘ POP - DPL
; POP  DPH
LCALL SMULS ;ROUTINE MULTIPLICATION
LCALL SADDI6 ;ROUTINE ADDITION,
INC RO
INC RO

DINZ R3,CONVA

MOV  RO#4EH

MOV  R3#38

MOV  R6,#00H

LCALL INC_DPTR
CONVAL: PUSH DPH

PUSH DPL

MOV  DPTRH#REV_COS
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MIROR:

NX_MIROR:

87T

LCALL LOOK_COS
POP DPL

POP DPH

LCALL SMULS
LCALL SADD16
DEC RO

DEC RO

DINZ R3,CONVAl
MOV  A30H
MOV  P2#00H
MOVX @R1,A
INC Rl

MOV  A31H
MOV  P2#00H

MOVX @RI1.A
INC Rl

POP  DPL
POP DPH

LCALL NEX_LOOP
DINZ R4,CONVAO
LCALL MIROR
RET

MOV DPTR#007EH
MOV RO #7AH

MOV  P2,#00H
MOVX A,@RO
MOVX @DPTRA
INC DPTR

INC RO

MOV P2 #00H
MOVX A,@RO
MOVX @DPTRA
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INC DPIR
MOV  ARO
CLR C

SUBB A#03H
MOV  ROA
CINE RO#52HNX_MIROR

RET

NEX_LOOP:
MOV  A#41H
ADD A82H
MOV  82HA
MOV AS83H
ADDC A #01H
MOV  83HA
RET

INC_DPTR: .

' MOV A#0A1H

ADD  A82H
MOV ~ $2HA
MOV  A83H It
ADDC A #00H
MOV 83HA
RET

LOOK_COS:
MOV ARG
MOVC A.@A+DPTR
INC R6
RET

UP_COS:

DB 4,8,13,17,21,25,29,33.37.42,46
DB 50,54,58,63,67,71,75,79,84,88,92,96
DB 100,104.109,113,117,121,125,130,134,138
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DB 142,146,150,155,159

REV_COS:
DB 1,5,10,14,18,22,26,30,35,39,43,47
DB 51,56,60,64,68,72,76,81,85,89,93,97
DB 102,106,110,114,118,123,127,131,135
DB 139,143,147,152,156
SADD16: ADD  AJ30H
MOV  30H,A
MOV AB
ADDC  A31H
MOV  31H.A
RET
SMULS: PUSH ACC
MOV P2#00H
MOVX A,@RO
INB  ACC.7,NEX_Cl
CLR ACC7
SETB SING
NEX_C1: CINE A #08HNEX_OV
NEX_OV: JC  NEX_OK
MOV  A#08H
NEX_OK: MOV  BA
POP ACC
MOVC  A,@A+DPTR
JNB  ACC.7,NEX_C2
CPL A
ADD  A#OIH
CPL  SING
NEX_C2: MUL AB

IJNB  SING,NEX_C3
CPL A
ADD A#01



NEX_C3:
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PUSH ACC
MOV AB
CPL A

ADDC A#00H

MOV BA
POP ACC
CLR SING
RET

* LA 2 2

R

24 e 3 3 o ok ok ek ok kR L L 21 3

;=Subroutine transfer program form ROMext to RAMext=

’

W_PRG:

NEXPGI:

MOV Rl #00H

MOV  DPTRH#TMS ;Address store Program

MOV  RO,#00H ;

MOV  A#O00H

MOVC -A,@A+DPTR

MOV  P2#01H ;Distination to hold program (0100H)
MOVX @RO,A

INC RO

INC DPTR

DINZ Rl,NEXPé

MOV  R1#86H

MOV  A#00H

MOVC A,@A+DPTR

MOV  P2#02H

MOVX @ROA

INC RO

INC DPTR

DINZ RI1,NEXPGI

MOV  RO#04H ;ADDRESS STORE COEFFICIENTS
MOV  DPTR#0216H  ;ADRESS HOLD COEFFICIENTS
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W_COEFFIC:
LW_COE:

MOV
LCALL
MOV
LCALL
MOV
LCALL
MOV
LCALL
MOV
LCALL
MOV
MOV
LCALL

91

R1,#10H ;LOOP FOR 16 COEFFICENTS
W_COEFFIC

DPTR#022BH  ;ADRESS HOLD COEFFICIENTS
W_COEFFIC

DPTR#0240H  ;ADRESS HOLD COEFFICIENTS
W_COEFFIC

DPTR#0255H  ;ADRESS HOLD COEFFICIENTS
W_COEFFIC

DPTR#026AH  ;ADRESS HOLD COEFFICIENTS
W_COEFFIC

DPTR#027FH  ;ADRESS HOLD COEFFICIENTS
R1,#02H

W_COEFFIC

PUSH O01H

MOV P2,#00H

MOVX
MOVX

A,@RO
@DPTR,A

INC DPTR

INC RO

DINZ R1,LW_COE

POP
RET

O01H

;= Subroutine transfer program form board mcs51 to board dsk

TRANSFER:

LCALL DELAY ;INITALIZE

LCALL DELAY3

MOV
MOV
MOV
MOV
MOV
MOV
MOV

TMOD,#20H
SCON #0DAH
TCON #69H
PCON,#30H
TH1 #0FDH
TL1,#0FDH
DP’I‘R,#‘CPORT



MOV  A#80H

MOVX @DPTRA
MOV  DPTR#PORTC
MOVX @DPTRA
MOV  A#00H

MOV  DPTR#PORTC
MOVX @DPTRA
LCALL DELAY
LCALL DELAY3
MOV A #0FFH

MOV  DPTR#PORTC
MOVX @DPTRA
LCALL DELAY
LCALL DELAY3
MOV  A#00H

MOV  DPTR#PORTC
MOVX @DPTR.A
LCALL DELAY

‘LCALL DELAY3

SETB TR1
LCALL _RLO
RET

;to use

RLO: MOV  A#80H
LCALL XMT
LCALL DELAY2
LCALL READ
MOV  ARBUFF
CINE A#BHRLO
MOV  DPTR,#100H
MOV  R3#01H

SLO: MOV  RO0,#00H

LCALL DSK31
DINZ R3,SLO

92

;START WORD TO DSK51(80H)

;SEND PRO § RUN TO DSK51
;RO=LENGTH ROW
;R2=LENGTH COLUM



]

MOV  RO,#85H
LCALL DSK51
LCALL DELAY2
MOV  A#05H
LCALL XMT
LCALL DELAY2
MOV A #0AH
LCALL XMT
LCALL DELAY2
MOV A #00H
LCALL XMT
LCALL DELAY2
MOV  A#30H
LCALL XMT
LCALL DELAY

AH

;SEND EXEC PRO BIT(50H)

;SEND START ADDRESS BIT(0AOOH)

;SEND RUN BIT(80H)

NOP
RET

XMT: INB TLS
CLR TI
MOV  SBUFA
RET

READ: JNB  RLREAD
CLR RI
MOV  RBUFFSBUF
RET

DSK51: MOV"  A#0OH

MOVX A.@DPTR

LCALL XMT
LCALL DELAY2
LCALL READ

;TRANSMITTER SERIAL PORT(RS232)

;RECEIVER SERIAL PROT(RS232)

;SEND PROGRAM § DATA TO DSK51
;BY SERIAL PORT(RS232)

CINE = ARBUFF,DSK51

INC  DPIR



DINZ RO,DSK51
RET

DELAY:

DLY:

DELAY1:

DLY1:

DELAY?2:

DLY2:

DELAY3:

MOV R6,#00H

MOV R7#00H
NOP

NOP

DINZ R7,$
DINZ R6,DLY
RET

MOV R6,#01H

MOV R7,4#0H

NOP

NoprP -~
DINZ R7.$
DINZ R6,DLY1
RET

MOV R6,#02H

MOV R7#00H
NOP

NOP

DINZ R7,$
DINZ R6,DLY2
RET

94
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MOV Ré6 #0FOH
DLY3:
MOV R7,#00H
NOP
NOP
DINZ R7,$
DINZ R6,DLY3
RET
D_FREQ: MOV R7#04H iline
MOV  RO#01H
LCALL D_BLACK
MOV  R7#04H
MOV R6,#105 ;col
MOV RS #00H ;over write
MOV  R3#17 ;arount of data
MOV  R2,#01 ANV
MOV -DPTR#TB_FREQ
LCALL SETIND ;SAVE ADDRESS FORM DPTR
LCALL GOTOXY_L
RET
TB_FREQ: DB 82H,0EAH,0EAH,0FEH,82H,0EAH,96H,0FEH
DB 82H,0AAH,0AAH,0FEH,0C6H,0AAH,9AH ,86H,0BEH

CRRERERRRER KKK RE RKNK *k
'

*xxxx DRAW GRAPH  *+**erxsss
SRRRERERRRA KRR AR AR AR EREE
D_GRAPH: PUSH 83H

PUSH 82H

PUSH OEOH

PUSH 00H

PUSH 0Ol1H
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LCALL CLEAR_G

LCALL D_AGRAP

LCALL D_GGRAP

POP
POP
POP
POP
POP
RET

01H
00H
OEOH
82H
83H

;****#tt DRAW I‘INE GRAPH ARk RREEKE

D_GGRAP:

COL_BK:
JUM_DGRA:

DOT_40:

PUSH
PUSH

" PUSH

MOV
MOV
MOV

82H
83H
06H

R2,#25H ;AMOUNT OF DOT GRAPH
R6,#12 :COLUMN START LINE GRAPH

DPTR, #04H

LCALL COL_BK

LCALL DOT_40

POP
POP
PQP
RET

MOV

O06H
83H
82H

R5,#01 sMIX

MOVX A,@DPTR

MOV

RLA

LCALL CONVER_G

INC
INC

DPTR
DPTR

MOVX A,@DPTR

LCALL D_SUBG

DINZ R2,JUM_DGRA

RET

MOVX = A,@DPTR



BRINK_G:

BBK:

BBK1:

NEX_BBKO:

BBK2:
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LCALL CONVER_G
LCALL D_SBEQG

MOV  DPTR.#04H

MOV  R6,#13

MOV  14H#0DH :INITIAL FREQUENCY
MOV  15H,#0DH

MOV  16H,#02H

MOV  17TH#05H

MOV  18H,#00H

LCALL FREQ_GRA

- LCALL LINE_BK

LCALL CON_FINDG

LCALL SCAN_KEY

MOV  DPH#00H ;<<
CINE = A#01HNEX_BBKO
CINE R6,#13,BBK1

SIMP BBK

LCALL NI',INE_BK
DEC R6

DEC R6

LCALL LINE_BK
DEC 8H

DEC 82H

LCALL FINDLA0O
LCALL FREQ_GRA
LCALL CON_FINDG
SIMP BBK

CINE A#02HNEX BBK1 ;>>
CINE  R6,#87BBK2

SIMP  BBK

LCALL NLINE_BK



NEX_BBK1:

NEX_BBK2:

NEX_BBK3:

NEX_BBK4:

CLEAR_LG:

INC R6

INC R6

LCALL LINE_BK
INC DPIR

INC DPIR

LCALL FINDR400
LCALL FREQ_GRA
LCALL CON_FINDG
SIMP BBK

CINE A#O03HNEX_BBK2
MOVX A,@DPTR

_LCALL WRITE_GUP

LCALL CLEAR_LG
LCALL CON_FINDG
LCALL LINE_BK
SIMP . BBK

‘CINE A, #04H NEX_BBK3

MOVX ~A@DPTR
LCALL WRITE_GDN
LCALL CLEAR_LG
LCALL CON_FINDG
LCALL LINE_BK
SIMP  BBK

CINE A#06HNEX_BBK4
LCALL KEY_TRAN

SIMP BBK

RET

PUSH 83H

" PUSH 82H

PUSH 0O6H
MOV ARS6
CLR C

98

; DOWN



-

-

C_LGO:

C_LG1:

C_LG2:

SUBB.

MOV
MOV
MOV
MOV
MOV
MOV
MOV
MOV
MOV

LCALL SETIND
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A#O3H

R7#01H ;line
R1#05H
DPTR,#D_CGRAP

R4 #02H

RO #06

R6.A

R5,#00H ;over write
R3,#01 ;amount of data
R2,#01 ;dirc

;SAVE ADDRESS FORM DPTR

LCALL GOTOXY_L

. INC

DINZ
INC

DINZ

MOV
MOV

‘ MOV

DINZ
MOV
MOV
MOV
MOV
MOV
MOV
MOV

LCALL SETIND

R6
R0O,C_LG1
R7
R1,C_LGO
R1,#01H
R7 #06

DPTR #D_CGRAP+1

R4,C_LGO
RO,#06H
R7,#00H - ;line
R5,#00H ;OVER
R2,#01 ;dirc
R6,A ;col
R3,#1 ;amount

DPTR #TB_LIN1
:SAVE ADDRESS FORM DPTR

LCALL GOTOXY_L

INC

R6

DINZ RO,C_LG2

POP
POP
POP
RET

06H
82H
83H



WRITE_GUP:

NEX_GUPO:

NEX_GUP1:

NEX_GUP2:
RET_WGUP:

WRITE_GDN:

NEX_GDNO:

NEX_GDNI:

NEX_GDN2:
RET_WGDN:

FREQ_GRA:
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B ACC.7NEX_GUP1
CINE A,#BHNEX_GUPO
SIMP RE'I"_WGUP

INC A

SIMP RET_WGUP

CINE A#1HNEX_GUP2
MOV  A#O0OH

SIMP RET_WGUP

DEC A

MOVX @DPTRA

RET

JB ACC.7,NEX_GDN1
CINE A #00H,NEX_GDNO
MOV  A#81H

SIMP  RET_WGDN

DEC A

SIMP RET_WGDN
‘"CINE A #8BH,NEX_GDN2
SIMP RET_WGDN

me A

MOVX @DPTRA

RET

PUSH O07H

PUSH O06H

PUSH O05H

PUSH O03H

PUSH O02H

PUSH 82H

PUSH 83H

MOV  R2,#01H

MOV  R7#05H ;LINE
MOV  Ré6,#101 ;column

MOV R5#00H ;over write



- me

CON_FINDG:

NUM_GRAPH:

CONVER_NG:

NEX_NUGO:

NEX_NUGI:

TB_NUMG:

LINE_BK:

101

MOV  R3#5 ;amount of data

LCALL SET_DRAW

POP 83H
POP 82H
POP  02H
POP O3H
POP 05H
POP O06H
POP O7H
RET

PUSH 82H
PUSH B83H

LCALL D_GGRAP
LCALL NUM_GRAPH

POP  83H
POP  82H
RET

MOVX A,@DPTR
LCALL CONVER_NG
LCALL SOWNUMG
RET

MOV  DPIR#TB_NUMG
JB ACC.7,NEX_NUGO
SIMP NEX_NUGI1

CLR ACC7

ADD  A#ll

MOVC A@A+DPTR
RET

DB 31,29,27,25,23,21,19,17,15,13,11,09
DB 33,35,37,39,41,43,45,47,49,51,53

MOV  RS5.#01 ;ON DOT



NLINE_BK:

TO_LINE_BK:

BK_GI1:

D_SUBG:

D_SUBGO:

D_SUBGI1:

E_DSUBG:

CON_TO_RE:

NEX_SGO:
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ACALL TO_LINE_BK
RET

MOV  R5,#00 ;OFF DOT
ACALL TO_LINE_BK

RET

MOV  R1#26 ;LOOP FOR DRAW X AXIS
MOV  R7#54 ;ROW

LCALL GOTOXY_P ;DRAW POINT

DEC R7 ;DECREMENT ROW

DEC R7

DINZ R1,BK_Gl1
RET

PUSH OEOH

LCALL CON_TO_RE
CINE  A,01H,D_SUBGO
POP  OEOH

LCALL D_SBEQG
SIMP E_DSUBG

JE  D_SUBGL  ;0lH>A
POP  OEOH

LCALL D_SBGLT
SIMP E_DSUBG

POP  OEOH

LCALL D_SBGMS
RET

B ACC.7,NEX_SGO
SETB ACC.T

SIMP NEX_SGl1
PUSH 00H

CLR ACC7

LCALL CONVER_G

MOV  ARO



NEX_S8Gi1:

NEX_SG2:

NEX_SG3:

D_SBEQG:

D_SBGMS:

NEX_DMS:

D_SBGLT:
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POP  0OOH
XCH ARl

JB ACC.7,NEX_SG2
SETB ACC.7

SIMP  NEX_SG3
PUSH 0CH

CLR ACC7

LCALL CONVER_G

MOV  ARO
POP  OCH
XCH ARl
RET

LCALL D_SBGEQ

INC RO
DEC R6
DEC Ré6

LCALL D_SBGEQ
RET

PUSH O0OH
LCALL CONVER_G

MOV ARO
INC A
POP  OOH

LCALL D_SBGEQ

DEC Ré6
DEC Ré
INC RO

CINE A,00H,NEX_DMS

INC R6
INC R6
RET

LCALL D_SBEQG
PUSH 0OH



- e

NEX_DLT:

D_SBGEQ:

D_GEQ:

CONVER_G:

NEX_CNGO:

NEX_CNG1:

104

LCALL CONVER_G
POP OEOH
LCALL D_SBGEQ

DEC Ré6
DEC Ré6
INC RO

CINE A,00HNEX_DLT
RET

MOV  R7,00H ;ROW
MOV  R5#01H

MOV  R1# :LOOP FOR DRAW Y AXIS
LCALL GOTOXY_P :DRAW POINT
INC Ré6 INCREMENT COLUMN

DINZ R1,D_GEQ
RET

PUSH 83H ;RETURN VALUE OF LINE IN R0
PUSH 82H

MOV  DPTR#TB_GRAPH

1B ACC.7,NEX_CNGO

SIMP  NEX_CNG1

CLR ACCT

ADD  A#l1

MOVC A@A+DPTR

MOV  ROA
POP 82H
POP 83H
RET

:t**t******* DRAW "GRAPH" KREREERE

D_AGRAP:

LCALL D_AGRAP1
LCALL D_AGRAP2
LCALL D_AGRAP3
RET



Wow m omem w

D_AGRAPI1:

D_AGRAP2:

D_AGRAP3:

D_AGRAP4:

MOV
MOV
MOV
MOV
MOV
MOV
MOV
LCALL

MOV
MOV
MOV
MOV
LCALL

MOV
MOV
MOV
MOV
MOV

LCALL

LCALL
LCALL
INC
DINZ
RET
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R1,#103
DPTR#D_CGRAP ;DRAW BACK

R7#07TH ;line

R6,#04 ;col

R5,#00H ;over write
R3,#01 ;amount of data
R2,#01 ;DIRECT
D_AGRAP4

DPTR #D_CGRAP
R1,#95

R6,#04

R2,#00
D_AGRAP4

DPTR #AGRAPH

-R1,#01H

R6,#33
R3,#24H
R2,#00
D_AGRAP4

SETIND ;SAVE ADDRESS FORM DPTR

GOTOXY_L

R6

R1,D_AGRAP4
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;eessxxesxsx CLEAR BLOCK IN SCREEN

CLEAR_G: PUSH 83H
PUSH 82H
PUSH 06H
MOV  R7#01H ;line
MOV  R1#05H
MOV  DPTR#D_CGRAP
MOV  R4#02H
C_LINEO: MOV  RO#85
MOV R6,#10 ;col
MOV R5,#00H ;over write
MOV  R34#01 ;amount of data
MOV  R2,#01 ;dire &
C_LINEl: LCALL SETIND ;SAVE ADDRESS FORM DPTR
LCALL GOTOXY_L
INC R6
DINZ RO,C_LINE1
INC R7
DINZ R1,C_LINEO
MOV  RI1,#01H
MOV  R7#06
MOV  DPTR#D_CGRAP+1
DINZ R4,C_LINEQ
LCALL LIN1
POP  06H
POP  82H
POP  83H
RET
D_CGRAP: DB 00H,30H

FT T %]

*

’

;¥¥xxxxx CLEAR DATA AND PARAMETER **

X%

CLEAR_W:

*

LCALL D_CLER -



WK61:

WK62:

WKGE3:

WKG6CONTI:

LCALL D_WAIT
LCALL CLR_RAM
MOV  A0AH
MOV  R2,#00H
CINE A #00H,WK61
MOV  R6,#04
LCALL BLACKFRE
MOV  R2401H
LCALL INIFREQI
LCALL FRE50
SIMP  WK6CONTI
CINF A #OLHWK62
MOV  R6#28
LCALL BLACKFRE
MOV - R2#01H
LCALL INIFREQ2
LCALL FREIK
SIMP  WK6CONTI
CINE A #02H,WK63
MOV R6#51
LCALL BLACKFRE
MOV R2#01H
LCALL INIFREQ3
LCALL FRE4K
SIMP  WK6CONTI
MOV  R6#74
LCALL BLACKFRE
MOV  R2,#01H
LCALL INIFREQ4
LCALL FRE10K
LCALL INITGNUM
LCALL DRAWBAR
LCALL DRAWFREQ
LCALL INITGAIN
LCALL INIFREQI
LCALL LIN56

107

;DRAW WAIT

;CLEAR DATA IN RAMext

;Set scale frequency to normal

;INITIAL PARAMETER



WK64:

LIN1:

LN1:

TB_LIN1:

LINS6:
LNO:

LN561:
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MOV  19H,#0CH ;Set index RAMext
MOV  0CH,#0DH

LCALL INI_OG

MOV  O0DHA

LCALL NUMGAIN

LCALL SCAN ;Check push key
JNZ WK64
MOV  A#0FFH :Delay to show "WAIT"

LCALL DELAY_ K

MOV  A#OFFH

LCALL DELAY_K

LCALL D_CLER ;draw "READY"
LCALL D_READY

RET

MOV R1,#93

MOV  R7#00H ;line

MOV R5#00H ;OVER
. MOV  R2,4#01 “dirc

MOV  R6#5 ;col

MOV  -R3#1 ;amount

MOV  DPTR#TB_LIN1
LCALL SETIND ;SAVE ADDRESS FORM DPTR
LCALL GOTOXY_L

INC R6

DINZ RI1,LN1

RET

DB 02H

MOV  R7.#56 ;ROW

MOV  R1,#95 ;LOOP FOR DRAW Y AXIS
MOV  R6#4 ;COLUMN

MOV  R5,#00

LCALL GOTOXY_P ;DRAW POINT

INC  R6 ; INCREMENT COLUMN



-

— v— —

DINZ R1,LN561
RET

. xEEE
'
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;*¥*x* WRITE DATA TO RAM EXTERNAL ***

-HEK kkkkkE *Rk¥

WRITE_RAM: PUSH OEOH
PUSH O01H
PUSH O0H
MOV  A,0AH
CINE A,#00H,WR1
MOV  A,0DH
LCALL SWR_RAM
SIMP ENDWR

WRI1: CINE A #01H,WR2
MOV  A,0EH
LCALL SWR_RAM
‘SIMP  ENDWR

WR2: CINE A#02H,WR3
MOV A, 0FH
LCALL SWR_RAM
SIMP  ENDWR

WR3: MOV  A10H
LCALL SWR_RAM

ENDWR: POP OOH
POP O1H
POP  OEOH
RET

sxsxsx WRITE RAM
SWR_RAM: MOV  RO,#09H
MOV  R1#1

;LEVEL OF BAR



110

SWRO: CINE A,00H,SWR1
MOV  DPH,#00H
MOV  DPL,1SH
MOV ARl
MOVX @DPIRA
SIMP ENDSWR
SWRI: INC RO
INC RO
DEC Rl
CINE RO,#33,SWRO ;LEVEL -1
MOV  R1#81H
SWR2: CINE A, 00H,SWR3
MOV  DPH#00H
MOV  DPL,19H
MOV ARl
MOVX @DPTRA
SIMP ENDSWR .

SWR3: INC RO
JINC RO
INC RI1

CINE RO,#55,SWR2

ENDSWR: RET

sxxxxsrrkxxx SUBROUTINE FOR SHOW NUMBER
SOWJUMPO: PUSH 03H
SOWIJUMP1: CINE A,00H,SOWJUMP2

DEC Rl
MOV  13H\R1 X?
MOV  R1#0FFH ;SUCCESS IN FIND

SIMP  ENDSOWIJ1
SOWJUMP2: MOV  R311H

CINE R3.#0DH,NEGATIVE

INC RO .

INC RO

SIMP  SOWIUMP3
NEGATIVE: ~ DEC RO



o

- ww wm
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DEC RO
SOWIUMP3: DINZ R1,SOWJUMP1
ENDSOWT1: POP O3H

RET

CEEEEFRREKRERERRERRERRRERRAER KRR EENE
’

:*SUB ROTINE FOR SHOW NUMBER ***#***

EREEERERRK KRR KRR KRR KK RKK R KRR RRR KR
O

SOWNUMG: PUSH O01H

PUSH 0OH

MOV  11H,#0DH HE

MOV  12H#01H ;1o

MOV  RO,#09 ;LEVEL +11 (LINE9)
MOV  R1.#02

LCALL SOWJUMPO

CINE R1#0FFH,SOW_FUO

SIMP  ENDSOW
SOW_FU: MOV 12H#00H

MOV R1#10

LCALL SOWJUMPO

CINE RI#0FFH,SOW_FUL

SIMP ENDSOW
SOW_FUL: MOV 11H#0CH

MOV 12H#01H

MOV  RO#53

MOV  R1#02

LCALL SOWIUMPO

CINE R1#0FFH,SOW_FU2

SIMP ENDSOW
SOW_FU2: MOV 12H.#00H

MOV  R1#10

LCALL SOWIUMPO

CINE RI#0FFH,SOW_FU1
ENDSOW: LCALL GAINUM

POP  00H

POP  OlH
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RET

. xRk kkK ek kR K
’

;ROUTINE SHOW NUMBER FOR GAIN FACTOR

NUMGAIN: PUSH 0EOH

MOV A, 0CH

CINE A#DH,NUMGI1

MOV A, 0DH

SIMP ENDNUMG
NUMGI1: CINE A #4HNUMG2

MOV  A,0EH

SIMP ENDNUMG
NUMG2: CINE A #3BH,NUMG3

MOV A 0FH

SIMP- ENDNUMG
NUMG3: MOV  A,10H
ENDNUMG: LCALL SOWNUMG

POP OEOH

RET

*%

;#sxxsxs ROUTINE DOWN FACTOR ***=#xx

DOWN: PUSH OECH
LCALL DOWNBARG
MOV  A#10
LCALL DELAY_K
POP  OEOH
LCALL COLO_1_2

RET

<EXK KERE
’

;*ROUTINE DOWN BAR FOR FACTOR GAIN *



CEEEEEREEREERRRKERE R R RRERRR KK KRNI
’

DOWNBARG:

DCONTIO:

DNEXTI1:

DCONTI1:

DNEXT2:

DCONTI2:

DNEXT3:

DCONTI3:

MOV  R5#00H
MOV  A0CH

CINE  A#ODH,DNEXT1
MOV  A0DH

CINE A #53DCONTIO
SIMP ENDDOWN
MOV  0BH,0DH
LCALL BAR

INC ODH

INC  ODH

SIMP  ENDDOWN
CINE A,#24H DNEXT2
MOV A0EH

CINE  A#53,DCONTIL
SIMP ENDDOWN
MOV O0BH,0EH
LCALL BAR

"INC  OEH

INC  OEH

SIMP  ENDDOWN
CINE = A#3BHDNEXT3
MOV  AOFH

CINE  A,#53,DCONTI2
STMP ENDDOWN
MOV  OBH,0FH
LCALL BAR

INC OFH

INC  OFH

SIMP  ENDDOWN
MOV  A,I0H

CINE A#53DCONTI3
SIMP ENDDOWN
MOV  0BH,10H
LCALL BAR

INC 10H

113



xon

INC
ENDDOWN: RET
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10H

’

*

;Qtt*t** ROUTINE UP FACI‘OR REEEEKRE

CERRERFRERRRRRRERERKRRKRERRRREKEREEEE
»

UP: PUSH OEOH

LCALL UPBARG

MOV

A#10

LCALL DELAY_K

POP

OEOH

LCALL COLO_1.2

RET

AR AR KRR R KKK
'

KEkE

;* ROUTINE UP BAR FOR GAIN FACTOR **

UPBARG: MOV
‘MOV
CINE
DEC
DEC
MOV

MOV
UCONTIO: MOV
SIMP
UNEXT]1:
DEC
DEC

MOV

MOV
UCONTI1: MOV
SIMP

AR AR KR ERR R KRR AR RER

R5#01H

A,0CH

A #0DH,UNEXT1
ODH

ODH

A, 0DH
A#07TH,UCONTIO
ODH,#09H
0BH,0DH
ENDUP

A #24H,UNEXT2
OEH

OEH

A, 0EH
A#OTH,UCONTI1
OEH,#09H
0BH,0EH
ENDUP

A#3BH,UNEXT3
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DEC OFH
DEC OFH
MOV  AOFH

CINE A #07H,UCONTI2
MOV  OFH#09H

UCONTI2: MOV  0BH,0FH
SIMP ENDUP

UNEXTS3: DEC 10H .
DEC 10H
MOV  AJI0H

CINE A #07H,UCONTI3
MOV  10H#09H

UCONTI3: MOV  0BH,10H
ENDUP: LCALL BAR
RET

<RI R RN e e e e Aok koK Sk AR ek K A Rk K kK
’

;*t*t MAIN MOVE LEFI‘ FakFkd KRR R KRR

~EEXEK LR 2 2 L bt ] * *
’

MOVML: B 00H,MOVMLO
LCALL MOVL
SIMP ENDMOL
MOVMLO: LCALL MOVLMF
ENDMOL: RET

SEEEETRRRRRR ROk R KRR KRR KRR IR R R Rk kR R
’

;**%*3x ROUTINE DOWN STEP FREQ ******

.* ok * FRAAAREREAR
FINDLA0O: MOV  Al7TH
CLR C

SUBB A#0SH
IJNC  JUMPFLO

ANL  A#OFH
CLR C
SUBB  A#06H

MOV 17THA



MOV

MOV
MOV

MOV
MOV
STMP
JUMPFL1:
MOV
SIMP
JJPLI: MOV
SIMP
JUMPFL2: DEC
MOV
SIMP
JUMPFLO: MOV
MOV
CLR
SUBB
MOV

ENDFL: RET

116

A,16H
A #00H,JJPL1
16H,#07TH
A,15H
A #00H,JUMPFL1
15H,#05H
14H,#0DH
ENDFL
A#01H,JUMPFL2
15H,#0DH
ENDFL
16H,#02H
ENDFL
A
15HA
ENDFL
17THA
A,16H
C
A#02H

"16H,A

© 30300 30 3 00 30 2 3 3 3 0 0 30 3 TR e e e e o e e o e e e e ke ok e ok
’

;#*** MOVE LEFT DECREMENT 400 Hz **

~ Sk e e e e e e e ok o ok e ke s ek e ke e ok ok ok Kk Rk Rk Kok K
s

MOVLAQO: LCALL
MOV
MOVL2K: CINE
MOV
LCALL
LCALL
LCALL
LCALL
LCALL

MOV

LINFQ

R1,0AH

R1,400H,MOVL6K
19H, #0CH
CREATBAR
INIFREQ1
FINDLA0O
CREATF1
INIFREQ!

19H#0CH
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L]

MOVL6K:

MOVLI10K:

MOV  OCH#0DH
LCALL - INI_OG
MOV  ODHA
LCALL NUMGAIN
SIMP ENDMOILAGO

CINE RI#01H,MOVL10K
MOV  19H#20H
LCALL CREATBAR
LCALL INIFREQ2

- LCALL FINDLAOO

LCALL CREATFI
LCALL INIFREQ2
MOV 19H,#20H
MOV OCH#24H
LCALL INL_OG
MOV  ODHA
LCALL NUMGAIN
MOV OCH,#0DH
SIMP ENDMOLA0O

CINE = R1,#02HMOVL14K
MOV  1SH#34H
LCALL CREATBAR
LCALL INIFREQ3
LCALL FINDLA400
LCALL CREATF1
LCALL INIFREQ3
MOV  19H#34H
MOV  OCH,#3BH
LCALL INI_OG
MOV  ODHA
LCALL NUMGAIN
MOV  O0CH#0DH
SIMP  ENDMOLA400
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MOVLI14K:

ENDMOLAQ0:

CREATBAR:

LINFQ:

MOV 19H,#48H
LCALL CREATBAR
LCALL INIFREQ4
LCALL FINDLA0O
LCALL CREATF1
LCALL INIFREQ4
MOV  19H#48H
MOV OCH#40H
LCALL INI_OG
MOV  ODHA
LCALL NUMGAIN
MOV OCH,#0DH
MOV  OAH#00H

LCALL DRAWBARI
INC 19H

INC  19H

LCALL DRAWBAR2
INC 19H

INC  19H

LCALL DRAWBAR3
INC 19H

INC  19H

LCALL DRAWBAR4
RET

PUSH 02H

PUSH 06H

MOV  R2,#00H
MOV  R6#04
LCALL BLACKFRE
MOV  R6,#28
LCALL BLACKFRE
MOV  R6.#51
LCALL BLACKFRE
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MOV  R6#74
LCALL BLACKFRE

POP  02H
POP  O6H
RET

‘o B AR AR A sk e oo 3 N e R e e R R KR KKk e ok Rk K
L]

;rxxxsxR OUTINE TO MOVE CURSER TO*;
;***‘ LEFT IN— SCALE FREQ kR khkRRE

: S —
MOVL: MOV  RI1,0AH
CINE  R1,#00H,NEXML1
MOV R1#04H
NEXML1: DEC Rl
CINE R1#00H,NEXML2 f
MOV 19H#0EH
STMP . ENDMVL
NEXML?2: CINE  RL#01H,NEXML3
MOV 19H,#22H
SIMP ENDMVL
NEXML3: CINE Rl #02H NEXMLA
MOV  19H#36H
SIMP ~ ENDMVL

NEXMI 4: MOV  19H,#4AH

ENDMVL: LCALL MOVLMF
RET

MOVLMF: MOV  R1,0AH

CINE R1#00HDEC_MFRE ;IF FREQ = 10K
JB 00H,MOVDECL
MOV  RI1,#03H ;FREQ = 250
SIMP  MOVDEC
MOVDECL: DEC 19H
DEC 19H
LCALL CREATEFL



n e o e amm

-

DEC_MFRE:
MOVDEC:

MOVDECL:

120

RET
DEC R1 INDEX NEXT FREQ
MOV  R2#00H INVERT

CINE R1#00HMOVDEC1
MOV  R6,#28

LCALL BLACKFRE

MOV  R2,#01H

LCALL FREIK

MOV  R6#04

MOV  R2,#01H

LCALL BLACKFRE

MOV  R2#00H JINVERT
LCALL IFREQ1

LCALL FRE50

MOV  0CH#0DH

DEC 19H ;ADDRESS EXTERNAL RAM

DEC 19H
LCALL INI_OG
MOV  ODHA
LIMP FNLML

CINE R1,#01HMOVDEC2
MOV  R6,#51
LCALL BLACKFRE
MOV  R2#01H
LCALL FRE4K
MOV  R6,#28
MOV  R2,#01H
LCALL BLACKFRE
MOV  R2,#00H
LCALL IFREQ2
LCALL FREIK
MOV  0CH,#24H
DEC I19H

DEC 19H

LCALL INI_OG



MOVDEC2:

MOVDEC3:
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MOV  0EHA
SIMP  FNLML

CINE R1#02HMOVDEC3
MOV  R6#74
LCALL BLACKFRE
MOV  R2#01H
LCALL FREI0K
MOV  R6#51
MOV  R2,#01H
LCALL BLACKFRE
MOV  R2,#00H
LCALL IFREQ3
LCALL FRE4K
MOV  OCH#3BH
DEC  19H

DEC 19H
LCALL INI_OG
MOV OFH.A
SIMP  FNLML

MOV  R6#04
LCALL BLACKFRE
MOV  R2#01
LCALL IFREQL
LCALL FRES0
MOV  R6#74
MOV  R2#01
LCALL BLACKFRE
MOV  R2,#00H
LCALL IFREQ4
LCALL FREIOK
MOV  OCH#52H
DEC 19H

DEC 19H
LCALL INI_OG
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—— —

CREATEFL:

NEXCREAL:

IFREQ1:

NEXTF1:

122

MOV  10HA
MOV  0AH,R1

RET
PUSH OEOH
MOV  A,19H

CINE A #02H,NEXCREAL
MOV  19H#04H

POP  OEOH
RET
PUSH 19H

LCALL CREATBAR
LCALL FINDLA0OO
PUSH 14H

PUSH 15H

PUSH 16H

PU§H . 17H

PUSH 18H

LCALL FINDLAGO
LCALL CREATFRE

POP 18H
POP 17H
POP 16H
POP 15H
POP 14H
POP 1SH

MOV  0CH#0DH
LCALL INI_OG
MOV  ODHA
POP  OEOH

RET

IB 00H,NEXTF1
LCALL INIFREQI1
RET

LCALL FINDLA400
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IFREQ2: B 00H,NEXTF2
LCALL INIFREQ2

RET

NEXTF2: LCALL FINDLAOO
RET

IFREQ3: B 00H,NEXTF3

LCALL INIFREQ3

RET

NEXTF3: LCALL FINDLAOO
RET

IFREQ4: B O00H,NEXTF4

LCALL INIFREQ4
RET

NEXTF4: LCALL FINDLAOO
RET

XX KKEERKKK *%
B

.xsxxrerer MAIN MOVE RIGHT **#xssxss
AR RREEE AR RTCRRRRRET
MOVMR: B 00H,MOVMRO ;KEY FIND
LCALL MOVR
SIMP ENDMOR
MOVMRO: LCALL MOVRMF
ENDMOR: RET

. *KXK

;****tt* ROU’I’]NE UP S'I'EP FREQ EERERK

HEERRRERRERKERK

FINDR400: MOV  A\lTH
CINE A#05H,JUMPFR1
MOV  17H,#00H
MOV  A,I6H



JIPR1:

JIPR3:

JIPR4:

JUMPFR1:

ENDFR:

MOV
SIMP
MOV

MOV

MOV
SIMP

MOV
MOV
SIMP

INC

SIMP
MOV
MOV

MOV
RET
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A#02H,JJPR1
16H,#05H

ENDFR
16H,#00H
A1SH

A.#ODH,.JIPR3
15H#01H

ENDFR

A #09H,JJPR4
15H#00H
14H#01H

ENDFR

15H

ENDFR
17H,#05H
A,16H
A #02H
16H,A

. 22 2
’

*k

EERKKEK

;¥x*xxx:xROUTINE TO MOVE CURSER TO**

;***‘ RIGHT ]N SCALE FREQ kERREERKE

*k

MOVR:

NEXMRI1:

NEXMRS:

NEXMR2:

NEXMR3:

*%k

MOV
CINE
MOV
SIMP
INC

CINE
MOV
SIMP

MOV
SIMP

R1,0AH
R1,#03H,NEXMR1
R1,#00H
NEXMRS
R1
R1,#00H,NEXMR2
19H.#0AH
ENDMVR
R1,#01H,NEXMR3
19H#EH
ENDMVR
R1,#02H,NEXMR4



et v

NEXMRA4:
ENDMVR:

MOV  19H#32H
SIMP ENDMVR
MOV  19H,#46H
LCALL MOVRMF

RET

FIITTIEIIIIS TS LSS LS S L S bt it d
s

MOVRMF:

MOVINCR:

INC_MFRE:
MOVINC:

MOV  R1,0AH

125

CINE RI1#03HINC_MFRE IF FREQ = 10K

B 00H,MOVINCR

MOV  R1,#00H
SIMP MOVINC

INC 19H

INC 19H

LCALL CREATEFR
MOV  0AH,#03H
RET

INC R1
MOV  R2#00H

;FREQ = 50

;INDEX NEXT FREQ
;DIREC

CINE R1,#00H,MOVINC1

MOV  Ré6,#74

LCALL BLACKFRE

MOV  R2#01H
LCALL FREIOK
MOV  Ré6#

MOV  R27#01H

LCALL BLACKFRE

MOV  R2,#00H
LCALL IRéQl
LCALL FRES50
MOV  0OCH#0DH
INC 19H

INC 19H
LCALL INI_OG

;INVERT



MOVINCI:

MOVINC2:
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MOV  O0DHA
LIMP FNLMR

CINE R1#01H,MOVINC2
MOV  R6#04

LCALL BLACKFRE
MOV  R2,#01H

LCALL FRE50

MOV  R6,#28

MOV  R2#01H

LCALL BLACKFRE
MOV R2#00H

LCALL IREQ2

LCALL FREIK

MOV OCH#24H
INC  19H
INC  19H

o

LCALL INI_OG

‘MOV  OEH,A

SIMP FNLMR
CINE  R1#02HMOVINC3
MOV  Ré6,#28
LCALL BLACKFRE
MOV  R2#01H
LCALL FREIK
MOV  R6#51
MOV  R2,#01H
LCALL BLACKFRE
MOV  R2,#00H
LCALL IREQ3
LCALL FRE4K
MOV  0CH,#3BH
INC 19H

INC 15H

LCALL INI_OG



ewn w mn e mm =

PR

MOVINC3:

FNLMR:

CREATEFR:

NEXCREAR:

127

MOV (OFHA
SIMP FNLMR
MOV  Ré6#51

LCALL BLACKFRE
MOV  R2,#01
LCALL FRE4K
MOV  R6#74
MOV  R2#01H
LCALL BLACKFRE
MOV  R2,#00H
LCALL IREQ4

LCALL FRE10K

MOV  OCH#52H
INC  19M

INC  19H
LCALL INI_OG
MOV  10HA
MOV 0AHR1

RET
PUSH  OEOH
MOV  AI9H

CINE A #80,NEXCREAR
MOV  19H#78
POP  (OEOH

PUSH 19H

MOV  AI9H

CLR C

SUBB A#06H
MOV  1SHA
LCALL CREATBAR
LCALL FINDLA0O
LCALL FINDLA40O

LCALL FINDLA400



IREQ1:

NEXRF1:

IREQ2:

NEXRF2:

IREQ3:

NEXRF3:

IREQ4:

NEXRF4:

LCALL CREATFRE
MOV OCH#52H
POP 19H

LCALL INI_OG

MOV 10HA
POP  OEOH
RET

JB 00H,NEXRF1
LCALL INIFREQ1
RET
LCALL FINDR400
RET

JB  O0H,NEXRF2
LCALL INIFREQ2
RET
LCALL FINDR400
RET

JB  O00H,NEXRF3
LCALL INIFREQ3
RET
LCALL FINDR400
RET

JB  OOH,NEXRF4
LCALL INIFREQ4
RET
LCALL FINDR400
RET

’

* L E 22 X2 24

;+=*2 BLACK GROUND OF FREQ ***x*sx=*

. * k%
>

BLACKFRE:

ETT 3

MOV  R7#07TH

L2 3 REKKE

;line

128

by

™
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MOV  RS5#00H ;over write
MOV R3#24 ;arpount of data

MOV  DPTR#BLACK  ;dptr index to address of black picture

LCALL SETIND :SAVE ADDRESS FORM DPTR
LCALL GOTOXY_L ;draw picture
RET

2332 TR I L L L Ll ALttt
s

;t*t*ttt RU'I'LN’E DRAW BAR wkkKK KRR EER
AEEEER RSB REREKRR KRR RN
DRAWBAR: PUSH OEOH
MOV  19H#0CH
LCALL DRAWBARI
MOV 19H#20H
LCALL DRAWBAR2
MOV 19H#34H
LCALL DRAWBAR3
MOV 19H,#48H
LCALL DRAWBAR4
POP  OEOH
RET

DRAWBARI: MOV OCH#0DH ;COLUMN

LCALL MAINBARO

DRAWBAR2: MOV  OCH,#24H
LCALL MAINBARO

DRAWBAR3: MOV  0CH,#BH
LCALL MAINBARO

LCALL COLO_1_2 ;DEBUG WHEN CONVERT PAGE

DRAWBAR4: MOV  OCH,#52H



% e owm
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LCALL MAINBARO

RET '
e SUB ROUTINE DRAW BAR 3
MAINBARO: PUSH 00H

PUSH OIH

MOV  R5,#01 ;ON POINT

LCALL FIND_BAR

MOV  ARO

LCALL CHA_LEBA

MOV  ARO

MOV  R5#01 ;ON POINT
MAINBAR2: LCALL BAR

DEC 0BH

DEC OBH

DINZ ROMAINBAR2

POP 01H
POP  OOH
RET

SRR 5 3¢ 4 sk ®
’

:*ROUTINE TO DRAW BAR FORM OLD DATA* °
sexxresars [N RAM EXTERNAL **##sxssx
B
FIND_BAR: PUSH O0OEOCH

MOV  DPH,#00H

MOV  DPL,19H

LCALL FIND_BARI
ENDFI_BAR: POP  OEOH

RET

P SUB ROUTINE DRAW OLD DATA
FIND_BARI: MOVX A,@DPTR

B ACC.7,JUM_FIB1

ADD A2

SIMP ENDF_B



S mew
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DRAWBAR4: MOV  OCH,#52H
LCALL MAINBARO
RET

= ** **SUB ROUTINE DRAW BAR
MAINBARO: PUSH OOH

PUSH O1H

MOV  R5,#01 ;ON POINT

LCALL FIND_BAR

MOV  ARO

LCALL CHA_LEBA

MOV ~ ARO

MOV  R5#01 :ON POINT
MAINBAR?2: LCALL BAR

DEC OBH

DEC 0BH

DINZ ROMAINBAR2

POP  O1H
POP"  00H
RET

cRBREERERERRRE XA KRR ERIORE KKK RRKKE
v

;*ROUTINE TO DRAW BAR FORM OLD DATA*
s#xxrxerrs [N RAM EXTERNAL #**xssxes

;*1 * FEEREREK L2 22

FIND_BAR: PUSH OEOH
MOV  DPH,#00H
MOV  DPL,1ISH
LCALL FIND_BARI1
ENDFI_BAR: POP OEOH

RET

jesxxsxxsrsxxsxarxs SUB ROUTINE DRAW OLD DATA
FIND_BARLI: MOVX A@DPIR
JB ACC7JUM_FIB1

ADD  A#12



JUM_FIB1:

ENDF_B:

ERRI1:

ERR3:
ENDERR:

SIMP ENDF_B

CLR ACC7

CLR C

MOV  ROA

MOV  A#2

SUBB ARO

CINE A#24,ERRI1

C ERR2

SIMP ERR3

CINE A#00,ENDERR

MOV  A#12
MOV  ROA
RET

RIZSZZIIIII I LILLELL LIS L L L 22222 23
»

;*t**t**** CHECK LEVEL BAR RERXKELRE

CHA_LEBA:

JUM_CHA1:

NEX_LEBI1:

JUM_CHA2:

LEE 2L ST 2 3

PUSH  OEOH

PUSH OEOH

CINE A, #20,JUM_CHAL
JC  NEX_LEBI

MOV  RO#05H
LCALL LPCHBA

MOV  RO#01H
LCALL LPCLRBA

POP  OEOH

MOV  RO#19

CLR C

SUBG ARO

MOV  O0BH#15

SIMP ENDCHABI1
CINE A#16JUM_CHA2
JC  NEX_LEB2

MOV  RO#04H
LCALL LPCHBA

MOV  RO#02H

LCALL LPCLRBA

132

Y



ENDCHABI:

NEX_LEBS:

NEX_LL1:

ENDCHABA:

LPCLRBA:

LPCHBA:
LPC1:

DRLBAR:

MOV  RO#3
CLlR C
SUBB ARO

MOV  O0BH,#47
MOV  ROA

SIMP ENDCHABA
PUSH OOH

MOV  RO#05H
LCALL LPCLRBA
MOV  RO#04H
MOV  0BH,#53
MOV  05H,#00H

LCALL BAR
DEC 0OBH
DEC 0BH

DINZ RONEX_LL1
POP  0OH
POP- OEOH

MOV OBH#53

POP  OECH
RET N

MOV  R1,00H

MOV  DPIR#CBAR
ACALL DRLBAR
DINZ RO,LPCLRBA
RET

MOV  R1,#06H
MOV  DPTR#LBAR
ACALL DRLBAR
DEC Rl

DINZ RO,LPC1

RET

MOV  R7,01H

133

;dptr index to address of text ' '

;dptr index to address of text 'l

;line



-

MOV
MOV
MOV
MOV

LCALL SETIND

134

R6,0CH ;column

R5 #00H ;over write
R3,#09 ;amount of data
R2,#01 ;dirc

LCALL GOTOXY_L ;draw text

RET

RERERERERKKEERKRERRKERK R KRR EERRERER
’

;*****t*t* DRAW BAR EREEEKRKKXRERERESR

;83***#*****************************

BAR:

BAR_LO:
BAR_LO1:

PUSH O7H

PUSH 06H

PUSH OIH

PUSH ~ 00H

MOV R7,0BH

MOV ~ R6,0CH

MOV  RO#2

MOV R149 ;LOOP FOR DRAW Y AXIS
LCALL GOTOXY_P  ;DRAW POINT

INC R6 JINCREMENT COLUMN
DINZ R1,BAR_LOL ;
INC R7

MOV  R6,0CH

DINZ ROBAR_LO

POP  00H

POP  OIH

POP  O6H

POP  O7H

xx

;SAVE ADDRESS FORM DPTR



-
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COLO_1_2: PUSH 00
PUSH 01
PUSH 05
PUSH 06
PUSH 07
MOV  R6,#00

MOV  RO#04

LCALL CR.X
POP 07
POP 06
POP 05
POP 01
POP 00
RET
CR_X: MOV R1,#60 ;LOOP FOR DRAW X AXIS
MOV R7#63 ;ROW
'MOV R5,#00 ;OFF DOT
CR_L3: LCALL GOTOXY_P ;DRAW POINT
DEC R7 ;DECREMENT ROW

DINZ R1,CR_L3
INC R6

DINZ RO,CR_X
MOV  RO#01H
LCALL LOMY
MOV  RO#01H
LCALL LOMX
RET

;*t*tt#**t####*##*#********t********

jexxassxrax DRAW FREQUENCY #*#***#sx

R e ]

DRAWFREQ: MOV  0AH#00H ;INITIAL MENU FREQ

CREATFRE: MOV  0CH#0DH INITIAL COLUNM BAR
MOV - A 0AH



CREATFI1:

NEXDRAWI1:

NEXDRW?2:
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CINE A#00H NEXDRAW1

MOV
MOV
LCALL
MOV
LCALL
LCALL
LCALL
MOV
LCALL
LCALL
RET
MOV

" MOV

LCALL
MOV

LCALL
LCALL
LCALL
MOV

LCALL
LCALL

MOV

LCALL
MOV
LCALL

LCALL

R2,#01H
R6,#04
BLACKFRE
R2,#00
IREQ1
FRE50
NEXDRW?2
R2,#01
IREQ4
FRE10k

R2,401H
R6. 474
BLACKFRE
R6,#04H
IREQ1
FRES0
NEXDRW?2
R2,#00

“IREQ4
FRE10k

R2,401
IREQ2
FRElk
R2,#01
IREQ3

FRE4k

;INVERT

;DIRC

+DIRC

;DIRC

;DIRC



;#t*****#*******#***FRESO

FRES50: MOV  R7#07H
MOV  R6#7
MOV  R5#00H
MOV  R3#5

LCALL SETDRAW1

RET

;t#*t*t***‘#**’*****FREIk

FRE1lk: MOV  R7#07H
MOV  Ré6,#27
MOV  RS5#00H
MOV  R3#5

LCALL SET_DRAW

RET

ERERERKXKKR *x %k
; £ 23 t**FREA,k

FRE4K: MOV  R7#07H
MOV  R6,#52
MOV  RS5#00H
MOV  R3,#5

LCALL SET_DRAW

RET

;‘******************FRE].O!(

FRE10K: MOV - R7,#07TH
MOV  R6,#76
MOV  R5#00H
MOV  R3#5

LCALL SET_DRAW

RET

* * SET AND DRAW

SET_DRAW: LCALL INIFEQI

LCALL SET_DRW

SETDRAW1: LCALL INIFEQ2

137

;line
;column
;over write

;amount of data

;line

;31 ;column

;over write

;amount of data

;line
;column

;over write

:arpount of data

;line
;column

;over write

;amount of data



SETDRAW2:

LCALL

"LCALL

LCALL
LCALL
LCALL
LCALL
LCALL
RET
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SET_DRW ;save address form dpl
INIFEQ3

SET_DRW

INIFEQ4

SET_DRW

INIFEQS

SET_DRW

;*t*‘*t*********** SIJB SE’r AN'D DRAW

SET_DRW:

LCALL SETIND ;save address form dpl

LCALL GOTOXY_L ;draw text

LCALL MICOL

RET

ERRERREIRRRREREETRRRRRERREREREERRE R
’

;* ROUTINE MOVE COLUMN FOR NUMBER **

FT 13

’

MICOL:

AR6
A#04
R6,A

CEBREEERKRK KKK K RRRRRERRREREREER KRR
’

;t******** FmD m’DEX N‘U’MBER EE 2 22 12

;*R1=>NUMBER { RETURN INDEX IN DPTR*

*

FINDEXN:

FINDEXN1:

FINDEXN2:

FINDEXN3:

CINE
MOV
SIMP
CINE
MOV
SIMP

MOV
SIMP

RERERREX

A #0H,FINDEXN1
DPTR,#ZERO

FINALIND

A #1H,FINDEXN2
DPIR.#ONE

FINALIND

A#2H FINDEXN3
DPTR#TWO

FINALIND

A #3H FINDEXN4



R

N L

FINDEXN4:

FINDEXNS:

FINDEXNG6:

FINDEXNT7:

FINDEXNS:

FINDEXNGO:

FINDEXNA:

FINDEXNB:

FINDEXNC:

FINDEXND:

FINALIND:

MOV-
SIMP

MOV
SIMP

MOV
SIMP

MOV
SIMP

MOV
SIMP

CINE

MOV
SIMP

MOV

SIMP

MOV
SIMP

MOV
SIMP
CINE
MOV

SIMP

MOV

DPTR #THREE

FINALIND

A #4H FINDEXNS
DPTR,#FOUR

FINALIND

A#5SH,FINDEXN6
DPTR #FIVE

FINALIND

A #6H,FINDEXN7
DPTR #SIX

FINALIND
AH#TH,FINDEXNS
DPTRA#SEVEN

FINALIND

A #8H,FINDEXN9
DPTR #EIGHT

FINALIND

A#9H FINDEXNA
DPTR #NINE

FINALIND

A #0AH FINDEXNB
DPTR #KILO

FINALIND

A #BH,FINDEXNC
DPTR#POINT
FINALIND

A #OCH,FINDEXND
DPTR #MINUS
FINALIND

A #ODH,FINALIND

DPTR #WITHE

’

FRERERERK KK

;tt#t*t DRAW WAN SCREEN KRKKKERKERX

kK

*

139



-

DRAWMAIN:

LOMNO:

LOMNI:

LOMZX:
LOMN2:

LOMNS3:
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;Draw Y axis
MOV  RO,#02H
MOV  R7i#1 ;ROW
MOV  R1,#95 ;LOOP FOR DRAW- Y AXIS
MOV  Ré6,#4 ;COLUMN
MOV  R5#01 MIX
LCALL GOTOXY_P ;DRAW POINT
INC Ré6 ;INCREMENT COLUMN
DINZ R1,LOMNI1
MOV  R7#55 ;ROW
DINZ RO,LOMNO
;Draw X axis

MOV  RO,#02H
MOV  Ré6#4 / ;COLUMN
MOV R1#54 ;LOOP FOR DRAW X AXIS
MOV  R7.#55 ;ROW
MOV R5#01 MIX
LCALL GOTOXY_P ;DRAW POINT
DEC R7 ;DECREMENT ROW
DINZ R1,LOMN3
MOV  R6,#98
DINZ RO,LOMN2

;DRAW INITIAL NUMBER
LCALL GAINUM

;Draw Hz
LCALL D_Hz

;DRAW BLACK
LCALL D_BACKM

;DRAW "GAIN"
LCALL D_GAIN



D_BACKM:

D_BLACK:

D_GAIN:

D_STA:

LCALL

MOV
MOV
MOV
MOV
MOV
MOV
MOV
LCALL
LCALL
INC
INC
DINZ
RET

MOV
MOV
MOV
MOV
MOV
MOV
LCALL
LCALL
RET

MOV
MOV

MOV
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;DRAW "STATUS"
D_STA

;DRAW BLACK GROUND

RO,#02H ;#03H loop for 3 line

R7#00H ;line

R6,#99 ;column

R5,#00H ;over write

R3,#28 ;amount of data

R2,#01 ;dire

DPTR#BLACK  ;dptr index to address of blatk picture
SETIND ;SAVE ADDRESS FORM DPTR
GOTOXY_L ;draw picture

R7 ;increment to newline
R7
RO,D_BLACK
;Draw GAIN

R7 #00H Jline

R6,#105 ;column

R5 #00H ;over write

R3,#16 ;aroount of data

R2,#01 ;dire

DPTR #GAIN ;dptr index to address of text 'GAIN'
SETIND ;SAVE ADDRESS FORM DPTR
GOTOXY_L ;draw text

;Draw STATUS

R7,#02H :#04H line

R6,#102 1#102 col

R5,#00H ;over write



GAINUM:

MOV
MOV
MOV
LCALL
LCALL

MOV
MOV
MOV
MOV
MOV
MOV
LCALL
LCALL

PUSH
PUSH
PUSH
PUSH
PUSH
MOV
MoV
MOV
MOV
MOV
LCALL
LCALL

LCALL

MOV
MOV
LCALL
LCALL
LCALL
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R3.#23 ;amount of data
R2,#01 ;dirc
DPTR#STATUS
SETIND :SAVE ADDRESS FORM DPTR
GOTOXY_L
R7#07TH ;line
R6,#99 ;col
RS, #01H ;MIX
R3,#07 ;amount
R2#01 ;dire
DPTR #Hz
SETIND ;SAVE ADDRESS FORM DPTR
GOTOXY_L
07H
06H
05H
03H
02H
R7 #01H ;line
R6,#104 ;column
R5,#00H ;over write
R3,43 ;:amount of data
R2,#01 ;dire
INITNUM1 ;
SETIND ;SAVE ADDRESS FORM DPTR
GOTOXY_L ;draw text
R6,#107 ;column
R3.#5 ;amount of data
INITNUM2 :
SETIND ;SAVE ADDRESS FORM DPTR

GOTOXY_L ;draw text



D_WAIT:

D_STD:

MOV
LCALL
LCALL
LCALL
POP
POP
POP
POP
POP
RET

MOV
MOV
LCALL
MoV
LCALL
LCALL
RET

MOV
MOV
LCALL
MOV
LCALL
LCALL

MOV
MOV
LCALL
MOV
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R6,#111 scoluran
INITNUM3 H
SETIND ;SAVE ADDRESS FORM DPTR

GOTOXY_L ;draw text
02H
03H
05H
06H
07H

;Draw Wait

R6,#105 scol

R3,#16 ;amount

D_INIT

DPTR #Wait

SETIND ;SAVE ADDRESS FORM DPTR
GOTOXY_L

:DRAW Adj

R6,#105 :col

R3#16 ;amount

D_INIT

DPTR #find

SETIND :SAVE ADDRESS FORM DPTR
GOTOXY_L

;Draw Std

R6,#105 ;col
R3,#16 ;amount
D_INIT

DPTR #STD



D_READY:

D_CLER:

D_INIT:
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LCALL SETIND

LCALL GOTOXY_L

RET

:DRAW READY
MOV  R6,#103 ;col
MOV  R3#19 ;amount
LCALL D_INIT

MOV  DPTR#READY

LCALL SETIND

LCALL GOTOXY_L

RET

;CLEAR STATUS
MOV  R6,#103 ;col
MOV  R3,#20 ;amount
LCALL D_INIT
MOV  DPTR#WITHE

LCALL SETIND

;SAVE ADDRESS FORM DPTR

LCALL GOTOXY_L

RET

MOV
MOV
MOV

R7 #03H ;hine
RS, #00H MIX
R2,#01 ;dirc

’

*

;t****t*t SCAN KEY (FOR 9 KEY) *RXENX v

;t******* RETURN VA.].:UE IN’ ACC REXEER

SCAN_KEY:

LCALL SCAN

*x

;TO check push key

o
-
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Iz SCAN_KEY ;if key not push goto scan_key

LCALL CONVERT ;Convert key to data return in acc
MOV 1FH,A ;Save data in address 20h

MOV  A#30 ;Wait 20 ms

LCALL DELAY_K ;Delay 1.54 ms

LCALL SCAN

JZ SCAN_KEY

LCALL CONVERT

CINE A,1FH,SCAN_KEY ;Original key found
RET

. KERKERKEEKKERKR]K
’

;¥exsx: DELAY TO BYPASS BOUNCE *****

© AR AR AR T 2T R R R K R R R R R R R Rk
’

DELAY_K: MOV RO#00H i

DELAY_K1: NOP ; Delay 1.54 ms
NOP ; T = (C*12)/Crystal Frequency
NOP ; C=M.CYCLE
NOP >1

DINZ RODELAY_K1 - ;¥#**x**
DINZ ACCDELAY_K
RET

« 30390 2 e 3 e o e 3 0 ok 3 e e ol e e K ek i oKk oKk KKK Rk K R Kk R K
’

;¥*xx2% SUBROUTINE OF SCAN KEY ****xx
.sxxxxsxxx TO CHECK PUSH KEY ***#3+*

. *
’

SCAN: MOV  P1,#0FFH ;init P1

WAITK: MOV APl ;move data to ACC
INC A ;increment ACC to check key
RET

;¥**** SUBROUTINE OF SCAN KEY **=**
;¥¥¢*3* CONVERT KEY TO DATA #****#*x



-

CONVERT:

NXT1:

NXT3:

NXT4:

NXTS5:

NXT6:

DONE:

MOV
CINE
CLR
SIMP
CLR
MOV

SIMP
INC

SIMP
INC

SIMP
INC

SIMP
INC

SIMP
INC

SIMP
INC

SIMP
INC

ERAERKKE

APl

A#00111111B NXT1 ;if key 9 (bit 6 and 7) not push goto NXT1

A
DONE
c .
A#01H
P1.0,NXT2
DONE

P1.1,NXT3
DONE
A
P1.2,NXT4
DONE
A
P1.3,NXT5
DONE
A
P1.4NXT6
i)ONE
A
P1.5,NXT7
DONE
A
P1.6,NXT8
DONE
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;move data to check key

;ACC=0

;it's key 9 goto done to ret

;Acc =1
;if key 1 not push goto NXT2
;it's key 1 goto done to ret
;Acc =2
;if key 2 not push goto NXT3
;it's key 2 .Then RET

JAcc =73

;if key 3 not push goto NXT4
;it's key 3 .Then RET
JAcc =4
;if key 4 not push goto NXTS5
;it's key 4 Then RET
;Acc =15
;if key 5 not push goto NXT6
;it's key 5 .Then RET
;Acc =6
;if key 6 not push goto NXT7
;it's key 6 .Then RET
JAcc =7
;if key 7 not push goto NXT8
;it's key 7 .Then RET

:Acc = 8 it's key 8

KEREEKKRER

;¥***INIT_LCD (A=ON/OFF:R7=ROW)*****

;+*%3x5(R6=COL:R5=START_LINE)******=

;*t‘#******#*(DPTR:PAGE)***t********

0 e 2 e e o ok KKK R
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INIT_LCD: MOV  DPTIR#LCDCTRL1 ;DPTR index to PAGE
MOV  RO#02 ;LOOP FOR PAGE
INIT_LCDL: MOV  A#DISPON ;ON_SCREEN
MOV  R7#LINE1 ;ROW 1
MOV  R6H#STARTCLO ;COL1
MOV  RS5#STARTLNO ;START LINE_1
LCALL INIT_PAGE ;SET PAGE
LCALL CLEAR_PAGE ;CLEAR SCREEN LCD
INC DPTR
DINZ ROJINIT_LCDL
RET

CREREXBEEEREKRRREKRR KR RRFRERE KRR K ERK
1

;¥*¥***INIT_PAGE1] and INIT_PAGE2*****

SR % Hookk ok REXE
'

INIT_PAGE: PUSH. 00H

PUSH OEOH
MOV  RO#07TH ;RO index to R7,R6,R5
INIT_LP1: LCALL INIT_DEL ;Write data to port control lcd

MOV "A@RO  :;mov data form RO (col,cow and start_line) to A
DEC = RO
CINE RO,#03H,INIT_LP1

POP  OEOH
POP O0H
RET

INIT_DEL: LCALL BUSY ;routine check busy flag
MOVX @DPIRA ;write data to control port
RET

CEEEEERREKERERERKRRK RN LR RRKR KRRk
’

;***tt****t**CLEAR—-PAGE*****#****t#*

- % REREK
’

CLEAR_PAGE: PUSH 82H



o

CLS_LPO:

CLS_LPL:
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PUSH 83H

PUSH OOH

PUSH 01H

PUSH O0EOH

PUSH 0O6H

PUSH O7H

MOV  R7#LINE1 ;
MOV  AR7 ; SET LINE 1 OF LCD
MOVX @DPTRA ;
MOV  R6#STARTCLO
MOV  AR6

MOVX @DPTR.A

LCALL BUSY

MOV  RO#8 ;RO STORE LOOP OF LINE

MOV  Rl1#64 ;R1 STORE LOOP OF COLUMN

INC DPIR

INC  DPTR

MOV A #00H ;A STORE DATA TO CLEAR LCD SCREEN

MOVX @DPTRA

LCALL BUSY
DINZ  R1,CLS_LP1

INC R7 ;INCREMENT LINE

MOV = AR7

DEC 82H ;DECREMENT DPTL TO CONTROL PORT
DEC  82H ‘
MOVX @DPTR,A ;SET NEWLINE

LCALL BUSY

MOV  R6#STARTCLO
MOV  ARS6

MOVX @DPTRA
LCALL BUSY

DINZ RO,CLS_LPO

POP O7H
POP 0O6H
POP  OEOH

POP  O1H



POP
POP
POP
RET
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00H
83H
82H

CHEEREERERRKKERREE LR KR KRERRRERERRERREE
2

;****t*t***GOTOXY—POINT*************

XX HAKEEKKKEK K RE

’

GOTOXY_P:

PUSH
PUSH
PUSH
PUSH
PUSH
PUSH
PUSH
PUSH

LCALL

OEOH
00H
01H
82H
83H
06H
07H
05H.

FIND_COL

;******?********CHECK Im'E

TEST_LIN:

SET_LIN:

MOV
MOV
MOV
PUSH
CLR
SUBB
JNC
INC
POP
ADD
DINZ
POP
XCH
LCALL
MOVX
LCALL
LCALL

RO,#08H ;RO STORE LOOP OF LINE
'R1,4LINE1 ;R1 STORE CONTROLLINE DATA
AH#OTH ;ACC STORE HIGH LIMIT POINT IN LINE
OEOH ;STORE ACC TO STACK POINTER
C
AR7 ;SUB ACC WITH R7 TO CHECK NUMBER LINE
SET_LIN ;JF POINT IN THIS LINE JUMP SET_LIN
R1 ;INCREMENT TO NEW LINE
OEOH ;MOVE VALUE ACC FROM STACK TO ACC
A#O8H ;SUM ACC TO HIGHLIMIT POINT OF NEW LINE
RO, TEST_LIN
00H ;KEEP LETTER
ARl :EXCHANGE DATA ACC AND R1:R1 STORE POINTDATA
BUSY .
@DPTRA ;SET LINE
BUSY ;CHECK BUSY

READ_OLD ;ROUTINE USE TO READ OLD DATA IN POINT



-

o

150

MOV  AR6 ;SET Y ADDRESS TO OLD ADDRESS
LCALL BUSY
MOVX @DPIRA ;SET COLUMN
LCALL BUSY
B PLOT POINT

CINE RI1#00HPLOT_P1 ;IF PLOTTING != [X(7),Y] GOTO PLOT_P1

SIMP PLOT_P2 ;JUMP PLOT_P2 BECAUSE PLOTTING IN {X(7),Y]
PLOT_P1: MOV  A#30H ;INITIAL DATA TO MAKE DATA OF POINT
INIT_PLOT: RR A ;ROTATE RIGHT ACC TO FIND POINT

DINZ RLINIT_PLOT ;R1 STORE LOOP OF POINTDATA

SIMP PLOT

PLOT_P2: MOV  A#80H ;POINT IS [X(7).Y]

PLOT: INC DPTR ;INCREMENT DPTR INDEX PORT CONTROLLCD
INC DPTR

CINE RS5#01H.ERA_P

ORL  A,RO ;OR NEW POINT(IN ACC) WITH OLD POINT (RO)
LCALL BUSY
MOVX: @DPTR.A ;WRITE POINT TO LCD

LCALL BUSY ;DELAY BUSY
SIMP TURN_GP

ERA_P: CPL A
ANL  ARO
LCALL BUSY

MOVX @DPTRA

LCALL BUSY
TURN_GP: POP  O5H
POP 07H
POP 0O6H
POP  83H
POP 82H
POP O1H
POP  OCH
POP OEOH

RET

SRR TR AR NN ROK RN KK KKK K KRR R
’



-
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;#**= Routine GOTOXY in LINE *******
;***RETURN DATA IN OLD LINE > RO)**
{(RETURN R4 WITH ADDRESS PORT CRTL)*

: * -
;x**x=*ROUTINE WRITE DATA TO LCD*****
;*DPTR INDEX TO ADDRESS STORE DATA**
;**R0 STORE OLD DATA : RS OVER/MIX**
;#** R3=AMOUNT OF DATA IN 1 LINE****

;¥*e**#3R4 STORE ADJ JUMP DATA TBL****

*
’

* L2 21 23

GOTOXY_L: PUSH 83H
PUSH &2H
PUSH 07H
PUSH 06H
PUSH 05H
PUSH. 04H
PUSH 03H
PUSH O1H
PUSH O00H
PUSH OEOH

LCALL FIND_COL ;RETURN R6>DATACONTROL COL

MOV  AR7

ADD  A#LINEL

LCALL BUSY

MOVX @DPTRA

LCALL BUSY

PUSH 82H

MOV  R4,#00H
WR_DATA: MOV  AR4

MOV  82H,08H

MOV  83H,09H

MOVC A.@A:!—DPTR

MOV Rl1A

INC R4

CINE R5#01H,OVER_WRT



OVER_WRT:

INVERT:
WR_DIRC:

WR_CONTI:

POP 82H
MOV  83H#0EOH
LCALL READ_OLD
MOV  AR6
LCALL BUSY
MOVX @DPTRA
LCALL BUSY
PUSH 82H

MOV ARl

ORL ARO

SIMP MIX

POP 82H

PUSH 82H

MOV ARl

INC 82H

INC  82H

MOV 83H#0EOH
CINE R2#01H,INVERT
SIMP WR_DIRC
CPL A

LCALL -BUSY
MOVX @DPTR,A
LCALL BUSY
INC R6

CINE R6,#30H,WR_CONTI

MOV  R6,#64
POP 82H

LCALL FIND_COL ;RETURN R6>DATACONTROL COL

MOV AR7

ADD  A#LINE1
LCALL BUSY
MOVX @DPTRA
LCALL BUSY

PUSH 382H

DINZ R3,WR_DATA
POP  82H

152
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POP  OEOH
POP OCH
POP 0O1H
POP O3H
POP 04H
POP 05H
POP  06H
POP (O7H
POP 82H
POP  83H
RET

CERRERBRRERRKER R RK KRR KRR
»

;tt**Rouﬁne.ﬁnd column**x¥*kkxkkkxx

;***(return R6 = DATACONTROL)*#***+%

© B0 2R T e o 000 0 R O o N e O o e K e Rk
+

FIND_COL:
PAGE2:

PAGE2

PAGEL:
SET_COL:

CINE  R6,#64,PAGE2 ;CHECK COLUMN IN PAGE ?
JC PAGE1 ;IT'S PAGE 1 (JUMP PAGEL)
MOV  DPTR#LCDCIRL2 ;SAY NO.DPTR STORE PORT CONTROLLCD

MOV ARG :ACC STORE COLUMN

&R, &

SUBB A#64 :SUB ACC WITH COLUMN (MAX VALUE/PAGE)
MOV  R6A

SIMP SET_COL
MOV  DPTR#LCDCTRL1 :DPTR STORE PORT CONTROL LCD PGAEl1

MOV  A#STARTCLO ;ACC STORE VALUE OF START COLUMN (COL 0)
CLR C

ADD ARG ;SUM ACC WITH FIRST COLUMN

MOV R6A ;STORE DATA OF CONTROL COLUMN TO Ré6

LCALL BUSY

MOVX @DPTR,A ;SET COLUMN

LCALL BUSY ;CHECK BUSY

RET



*%
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;*** SUBROUTINE TO READ OLD DATA ***

~REEEERRKEK (OUT >> RO) KEERKKEEERRRR

»

READ_OLD:

READ_PDA:

READ_PCL:

PUSH
PUSH
PUSH
MOV
CLR
SUBB
JNC
CLR

- MOV

ADD
SIMP
MOV

ADD

MOV

OEOH

82H

83H

A82H
C

A#82H
READ_PDA
C

A82H

A #O6H
READ_PCL

A82H

A#04H

82H,A

MOVX A,@DPIR

LCALL "BUSY

MOVX A@DPTR

MOV
POP
POP
POP
RET

ROA
83H
82H
OEOH

KKK¥
»

:** ROUTINE TO CHECK RAM s***xsxsxxs

REARRKKK

;MOV ADDRESS IN DPTL TO ACC BECAUSE
;DPTR STORE ADDRESS LOW BYTE OF PORT
;SUB ADDRESS LOW BYTE WITH 82h TO
;CHECK IT'S DATA OR CONTROL PORT
;IF DATA PORT SUM ACC WITH 6 IF
;CONTROL PORT SUM ACC WITH 4
;SUM ACC TO PORT READ DATA

;SUM ACC TO PORT READ DATA

;READ DATA IN LCD TO ACC

;READ DATA IN LCD TO ACC
;STORE DATA IN LCD TO RO

;** WHAT IS STORE IN RAM(EXTERNAL)**

* KK

*K

MOV

MOV  DPTR,#00H
MOVX A@DPTR

RO#02H

CINE  A#00H,CLR_RAM



CLR_RAM:

ENDCHRAM:
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CINE A#00H,CLR_RAM
INC DPIR

MOVX A,@DPTR

CINE A #0FFH,CLR_RAM
INC DPIR

DINZ RO,JUMP_RAM
SETB 03H

SIMP ENDCHRAM
LCALL CLR_RAMEX

CLR 03H
CLR 00H
CLR O1H
CLR  04H
RET

R RREEERRRRERREERRRERKRK KKK KRR KREE
»

;¥** ROUTINE CLEAR RAM (EXTERNAL)***

~
AR EEER KRR REREKEREERRRRRRRKRRRTRRERSE
M v

CLR_RAMEX: MOV  RO0#93

JUMPCLRI1:

MOV  DPTR,#0004H
MOV  -A#04H
MOVX @DPIR,A
INC  DPTIR

DINZ RO,JUMPCLR1
MOV  DPTR,#0H
MOV  A#00H
MOVX @DPTRA
INC DPIR

CPL A

MOVX @DPTRA
INC DPTR

CPL A

MOVX @DPIRA
INC DPIR

CPL A

MOVX @DPTRA
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LCALL INITGNUM
LCALL INITGAIN
RET

S 22 2 HEXAK EREKE

;¥**+* ROUTINE FOR INITIAL VALUE ***

;t*t‘t OF GAm(BAR) kR RERERRERRKERR

, - — .
INITGAIN: MOV  ODH.#31 : BAR 1
MOV  OEH#31 : BAR 2
MOV OFH#31 : BAR 3
MOV 10H#31 . BAR 4

RET

(wewsx+s ROUTINE FOR INITIAL VALUE *
;s#xsxsx OF GAIN(BAR) FROM RAM EXT *
S
INITOLDGAIN: PUSH  OEOH

PUSH 19H

MOV  1SH#0CH

LCALL INI_OG

MOV ODHA

MOV 19H#20H

LCALL INI_OG

MOV  OEHA

MOV  19H#34H

LCALL INI_OG

MOV  OFHA

MOV  1SH#52H

LCALL INI_OG

MOV  10HA
POP 19H
POP OEOH

RET

ey



Ll
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;rxsxexaxxss SUB FOR ROUTINE INITOLDGAIN

INI_OG: PUSH 00H

MOV  DPL,I9H

MOV  DPH#00H

MOVX A,@DPTR

CLR
RLC
MOV
MOV
Ic
SUBB
SIMP
JUM_IOG1: ADD
ENDINI_OG: POP
RET

A
ROA
A#31
JUM_IOG1
ARO
ENDINI_OG
A RO
00H

. KoKk
’

*

sxxxxxx ROUTINE FOR SOTORE VALUE ***

;8*##** OF FREQUENCY EREEKRKRKERREEE

XXX
’

INIFREQ1: MOV
MOV
MOV
MOV
MOV
RET

INIFREQ2: MOV
MOV
MOV
MOV
MOV

INIFREQ3: MOV

14H #0DH
15H,#1H
16H,#2H
17H,#5H
18H,#0H

14H,#0DH
15H,#3H
16H,47H
17H#5H
18H.#0H

14H#0DH



- = o
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MOV  15H#6H
MOV  16H,#2H
MOV  17H#5H
MOV  18H#0H

INIFREQ4: MOV  14H#0DH
MOV  15H#8H
MOV  16H#7H
MOV  17H#5H
MOV  18H#0H
RET

. E2 23 KKK
+

;¥***x2x ROUTINE FOR INITIAL VALUE *
ssxxxsxs OF GAINNNUMBER) ***##ssxass

INITGNUM: MOV  11H#0DH i1

MOV  12H#00H ;0
MOV  13H,#00H ;8
RET

;#**+* ROUTINE FOR INITIAL VALUE ***
;#***» OF GAIN(NUMBAR) OLD DATA ****

;3&**# FORM RAM EXI‘ERNAL EhRRREREREKE

INITOLDGNUM: PUSH OEOH
MOV  19H,#CH
LCALL INITON

POP OEOH
RET
INITON: MOV  DPL,19H

MOV  DPH,#00H
MOVX A,@DPTR
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JNB ACC.7,JUM_GN1

MOV 11H#0CH ;- (NEGATIVE)

SIMP JUM_GN2
JUM_GNI: MOV  11H#0DH
JUM_GN2: CLR ACC7

CINE A#0AHJUM_GN3
TUM_GN3: JIC  JUM_GN4

MOV 12H#0IH 1
CLR C
SUBB A#0AH

SIMP JUM_GN5

JUM_GN4: MOV  12H,#00H
JUM_GNS5: MOV 13HA X
RET

: Fk KRRk EE £ 22 2 £ 20
;** SUBROTINE FOR. CHANGE NUBER ***#
;* TO ADDRESS INDEX DATA FOR NUBER *

;** RETURN> ADDRESS FOR INDEX DATA *

;tt*ttt*** m DP’I’R Ak KRR R KRR K KRR

xX% *¥% *%

INITNUMI: MOV  A\llH
LCALL FINDEXN
RET

INITNUM2: MOV  A12H
LCALL FINDEXN
RET

INITNUM3: MOV  Al3H
LCALL FINDEXN
RET

jEeEEsas initial frequency

INIFEQ1: MOV  A14H

LCALL FINDEXN



INIFEQ?2: MOV  A5H

LCALL FINDEXN

INIFEQ3: MOV  A,l16H
LCALL FINDEXN

INIFEQ4: MOV  A,17H
LCALL FINDEXN

INIFEQS: MOV  A,I8H
LCALL FINDEXN
RET

. A e ok ok *x
’

;#t##t SET INDEX SCREEN***********#‘

SETIND: MOV  08H,82H
MOV  09H,83H
RET

KERR KRR

;:8*‘* RU’I’IN’E DISPLAY OFF LEL S L2 2 22

*
*

LCDOFF: PUSH OEOH
PUSH B83H
PUSH 82H
MOV  A#DISPOFF

MOV  DPTR#LCDCTRL1

MOVX @DPTRA
INC DPTR

MOVX @DPTRA

160
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POP  82H
POP  83H
POP  OEOH
RET

kK kR Kk REEKEEKKE

;*t*** RUTINE DISPLAY ON KEFRKEKEEK

LR L 43

LCDON:

PUSH OEOH

PUSH 83H

PUSH 82H

MOV A #DISPON

MOV  DPTR#LCDCTRL1
MOVX @DPTR,A

INC DPTIR

MOVX  @DPTRA

POP  82H
POP - 83H
POP  OEOH
-RET
L 22 2] *

;***tt***WAI'I‘ BUSY TO READY**#******

xxxxxx FT T3 *®

’

BUSY:

BUSY_NX:

BUSY_NX1:

PUSH 82H

PUSH 83H

PUSH OEOH

PUSH 00H

MOV RO,82H ;RO index to DPL
CINE RO#B6HBUSY_NX

JC BUSY_NX1

DEC DPL
‘DEC DPL
SIMP BUL

CINE RO#81HJINCDPTO It is control port ?
SIMP  INCDPT1



INCDPTO:
INCDPT1:

INCDPT2:

BUL:

TB_GRAPH:

BLACK:

GAIN:

BW:

STATUS:
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JNC INCDPT2 ;No,It is data port. Jump to incdpt2
INC DPIR ;Yes,It is control port incrernent control-
INC DPTR ; port to read port.

INC DPTR ;increment data port to read port
INC DPTR

MOVX A,@DPIR ;read status of busy flag

JB ACC.7BUL ;lcd ready 7. No. Jump to bul.

POP 00H ; (busy (ACC.7)=1)

POP .0EOH

POP 83H

POP 82H

RET

DB OFFH,OFFH.OFFH.OFFH,OFFH,OFFH,OFFH,OFH{,O?FH

DB 00H,00H,00H,00H,00H,00H,00H,00H,00H

DB
DB

DB

DB
DB
DB
DB

00H,1CH,3EH,63H,41H,49H,7BH,7BH
00H,7FH,7FH,09H,09H,79H,76H
00H,7CH,7EH,09H,09H,7EH,7CH
00H,7FH,7FH,09H,09H,09H,06H
00H;7FH,7FH,08H,08H,7FH,7FH
27,24,21,18,15,12,11,9,7,6,5,4
30,33,36,39,42,44,46,48,50,51,52

DB OFEH,0FEH,0FEH,0FEH,0FEH,0FEH,0FEH

DB OFEH,0FEH,0FEH,0FEH,0FEH, 0FEH,0FEH

DB OFEH,0FEH,0FEH,0FEH,0FEH,0FEH,0FEH

DB OFEH,0FEH,0FEH,0FEH,0FEH,0FEH,0FEH

DB 0C6H,0BAH,0AAH,8AH,0FEH,9EH,0AEH

DB 0CEH,0BEH,0FEH,08AH,0FEH,0EEH 9EH

DB OEEH,8EH

DB 82H,0AAH,0AAH,0D6H,0FEH,0BEH,0FEH

DB 0C2H,0BEH,0CEH,0BEH,0C2H,0FEH, 0BEH

DB 0B6H,0AAH,0DAH,0FEH,0F6H,82H,0B6H

DB OFEH,9EH,0AEH,0CEH,0BEH,0F6H,82H

DB 0B6H,0FEH,8EH,0BEH 8EH,0FEH,0BEH

DB 8EH,0EEH



Wait:

Adj:

Std:

READY:

four:
five:
six:
seven:
eight:
nine:

point:

minus:

] withe:

find:

COS80:
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DB 78H,80H,78H,80H,78H,00H,0C0H,0A0H
DB 60H,80H,00H,0E8H,00H,10H,0F8H,90H
DB 00H,00H,00H,0F0H,28H,28H,0FOH, 00H-
DB 0COH,0A0H,0F8H,00H,30H,80H,0E8H,00H
DB 00H,00H,00H,90H,0A8H,48H,00H,10H
DB 0F8H,90H,00H,0C0H,0A0H,0F8H,00H,00H
DB 0F8H,28H,0D0H,00H
DB OF8H,0A8H,88H,00H
DB 0F0H,28H,0F0H,00H
DB OF8H,88H,70H,00H
DB 38H,0E0H,38H
DB 0F8H,20H,0F8H,00H,0D0H,0D0H,0B0H

. DB 30H,28H,3EH,00H,3EH,2AH,14H
DB 00H,07CH,44H,7CH,00H
DB 00H,48H,07CH,40H,00H
DB 00H,074H,054H,05CH,00H
DB’ 00H,054H,054H,07CH,00H
DB 00H,1CH,10H,07CH,00H
DB 00H,05CH,054H,074H,00H
DB 00H,07CH,054H,074H,00H
DB 00H,04H,04H,07CH,00H
DB 00H,07CH,054H,07CH,00H
DB 00H,05CH,054H,07CH,00H
DB 00H,40H,00H
DB 00H,7CH,10H,6CH,00H
DB 10H,10H,10H
DB 00H,00H,00H,00H,00H,00H,00H,00H
DB 00H,00H,00H,00H,00H,00H,00H,00H
DB 00H,00H,00H,00H
DB 00H,07EH,0AH,02H,00H,74H,00H,10H
DB 60H,10H,70H,00H,60H,50H,7EH,00H

DB 66H,5EH,48H,27H,00H,0DAH,0B9H,0A3H,9AH,0A2H,0B7H
DB 0D8H,0FFH,25H,46H,5DH,66H,5FH ,49H,29H,02H,0DCH
DB 0BAH,0A3H,9AH,0A1H,0B6H,0D6H,0FDH,23H,45H,5CH,66H
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DB 5FH,4BH,2BH,04H,0DEH,0BCH,0A4H 9BH,0A0H,0B5H,0D5H
DB 0FBH,21H,44H,5BH,65H,60H,4CH,2CH,06H,0E0H,0BDH

DB 0A5H,9BH,0A0H,0B3H,0D3H,0F9H,1FH.42H,5BH,65H,61H
DB 4DH,2EH,08H,0E2H,0BFH,0A6H,9BH,9FH,082H,0D1H,0F7TH
DB 1EH,40H,5AH,65H,61H,4FH,30H,0AH,0E3H,0C0H,0A7H

DB 9BH,9FH,0B1H,0CFH,0F5H,1CH,3FH,59H,65H,62H,50H

DB 32H,0CH,0E5H,0C214,0A8H,9BH,9EH,0B0H,0CDH,0F3H,1AH
DB 3DH,58H,65H,62H,51H,33H,0EH,0E7H,0C3H,0A9H,9CH

DB 9DH,0AEH,0CCH,0F1H,18H,3CH,57H,64H,63H,52H,35H

DB 10H,0E9H,0C5H,0AAH,9CH,9DH,0ADH,0CAH,0EFH,16H,3AH
DB 56H,64H,63H,53H,37H,12H,0EBH,0C7H,0ABH,9CH ,9DH

DB 0ACH,0C8H,0EDH,14H,38H,54H,64H,64H,54H,38H,14H

DB 0EDH,0C8H,0ACH,9DH,9CH,0ABH,0C7H,0EBH,12H,37H,53H
DB 63I~.I,64H,56H,3AH.16H,OEFH,OCAH,OADH,9DH,9CH,OAAH
DB 0C5H,0E9H,10H,35H,52H,63H,64H,57H,3CH,18H,0F1H

DB 0CCH,0AEH,9DH,9CH,0A9H,0C3H,0E7H,0EH,33H,51H,62H
DB 65H,58H,3DH,1AH,0F3H,0CDH,0BOH,9EH,9BH,0A8H,0C2H
DB 0ESH,0CH,32H,50H,62H,65H,59H,3FH,1CH,0F5H,0CFH

DB 0B1H,9FH,9BH,0A7H,0COH,0E3H,0AH,30H 4FH,61H,65H

DB 5AH,40H,1EH,0F7H,0D1H,0B2H,9FH,9BH,0A6H,0BFH,0E2H
DB 08H,2EH,4DH,61H,65H,5BH,42H,1FH,0F9H,0D3H,0B3H

DB 0AOH,9BH,0A5H,0BDH,0E0H,06H,2CH 4CH,60H,65H,5BH
DB 44H,21H,0FBH,0D5H,0B5H,0A0H,9BH,0A4H,0BCH ,0DEH,04H
DB 2BH,4BH,5FH,66H,5CH,45H,23H,0FDH,0D6H,0B6H,0A1H

DB 9AH,0A3H,0BAH,0DCH,02H,29H,49H,5FH,66H,5DH,46H

DB 25H,0FFH,0D8H,0B7H,0A2H,9AH,0A3H,0B9H,0DAH,00H,27H
DB 48H,5EH

DB 66H,5FH,4BH,2CH,08H.0E3H,0C2H,0A9H,9CH,9DH,0ABH

DB 0CSH,0E7H,0CH,30H,4DH,60H,66H,5DH,48H,29H,04H

DB 0EOH,0BFH,0A7H,9BH,9DH,0ADH,0C8H,0EBH,10H,33H.50H
DB 61H,65H,5BH,45H,25H,00H,0DCH,0BCH,0ASH,9BH,9FH

DB 0BOH,0CCH,0EFH,14H,37H,52H,62H,65H,5AH,42H,21H

DB OFDH,0D8H,0B9H,0A3H,9BH,0A0H,0B2H,0CFH,0F3H,18H,3AH
DB 54H,63H,64H,58H,3FH,1EH,0F9H,0D5H,0B6H,0A2H,9AH
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DB 0A1H,0B5H,0D3H,0F7H,1CH,3DH,57H,64H,64H,56H,3CH

DB 1AH,0F5H,0D1H,0B3H,0A0H,9AH,0A3H,0B7H,0D6H,0FBH,1FH
DB 40H,59H,65H,63H,53H,38H,16H,0F1H,0CDH,0B1H,9FH

DB 9BH,0A4H,0BAH,0DAH,0FFH,23H,44H,5BH,65H,62H,51H

DB 35H,12H,0EDH,0CAH,0AEH,9EH ,9BH,0A6H,0BDH,0DEH,02H
DB 27H,46H,5CH,65H,61H,4FH,32H,0EH,0E9H,0C7H,0ACH

DB 9DH,9CH,0A8H ,0C0H,0E2H,06H,2BH,49H,5EH,66H,5FH

DB 4CH,2EH,0AH,0E5H,0C3H,0AAH,9CH,9CH,0AAH,0C3H,0ESH
DB 0AH,2EH 4CH,5FH,66H,5EH,49H,2BH,06H ,0E2H,0C0H

DB 0A8H,9CH,9DH,0ACH,0C7H,0ESH,0EH,32H,4FH,61H,65H

DB 5CH,46H,27H,02H,0DEH,0BDH,0A 6H,9BH,9EH,0AEH,0CAH
DB OEDH,12H,35H,51H,62H,65H,5BH,44H,23H,0FFH,0DAH

DB 0BAH,0A4H,9BH,9FH,0B1H,0CDH,0F1H,16H,38H,53H,63H
DB 65H,59H,40H,1FH,0FBH,0D6H,0B7H,0A3H,9AH,0A0H,0B3H
DB 0D1H,0F5H,1AH,3CH,56H,64H,64H,57H,3DH,1CH,0F7H

DB 0D3H,0B5H,0A1H;9AH,0A2H,0B6H,0D5H,0F9H,1EH,3FH,58H
DB 64H,63H,54H,3AH,18H,0F3H,0CFH,0B2H,0A0H,9BH,0A3H
DB 0B9H,0D8H,0FDH,21H,42H,5AH,65H,62H,52H,37H,14H

DB 0EFH,0CCH,0BOH,9FH,9BH,0A5H,0BCH,0DCH,00H,25H,45H
DB 5BH,65H,61H,50H,33H,10H,0EBH,0C8H,0ADH,9DH,9BH

DB 0A7H.0BFH,0i30H,04H,29H,48H,5DH,66H.60H,4DH,30H

DB 0CH,0E7H,0C5H,0ABH,9DH,9CH,0A9H,0C2H,0E3H,08H,2CH
DB 4BH,SFH

.

DB 66H,5FH,4DH.32H,10H,0EDH,0CCH,0B1H,0A0H,9AH,0A2H
DB 0B5H,0D1H,0F3H,16H,37H,51H,61H,65H,5DH,49H,2CH

DB 0AH,0E7H,0C7H,0ADH,9EH,9BH,0A4H,0B9H,0D6H,0F9H,1CH
DB 3CH,54H,63H,65H,5BH,45H,27H,04H,0E2H,0C2H,0AAH

DB 9DH,9CH,0A7H,0BDH,0DCH,0FFH,21H,40H,58H,64H,64H

DB 58H,40H,21H,0FFH,0DCH,0BDH,0A7H,9CH,9DH,0AAH,0C2H
DB 0E2H,04H,27H,45H,5BH,65H,63H,54H,3CH,1CH,0F9H

DB 0D6H,0B9H,0A4H,9BH,9EH,0ADH,0C7H,0E7H,0AH,2CH,49H
DB 5DH,65H,61H,51H,37H,16H,0F3H,0D1H,0B5H,0A2H,9AH

DB 0AOH.0B1H,0CCH,0EDH,10H,32H,4DH,5FH,66H,5FH,4DR

DB 32H,10H,0EDH,0CCH,0B1H,0A0H,9AH,0A2H,0B5H,0D1H,0F3H
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DB 16H,37H,51H,61H,65H,5DH,49H,2CH,0AH,0E7H,0C7TH

DB 0ADH,9EH,9BH,0A4H,0B9H,0D6H,0F9H,1CH,3CH,54H,63H
DB 65H,5BH ,45H,27H,04H,0E2H,0C2H,0AAH 9DH,9CH,0A7TH

DB 0BDH,0DCH,0FFH,21H,40H,58H,64H,64H,58H,40H,21H

DB OFFH,0DCH,0BDH,0A7H,9CH,9DH,0AAH,0C2H,0E2H,04H,27H
DB 45H,5BH,65H,63H,54H,3CH,1CH,0F9H,0D6H,0B9H,0A4H

DB 9BH,9EH,O'ADH.OC7H.0E7H,0AH,2CH,49H,5DH,65H,6lH

DB 51H,37H,16H,0F3H,0D1H,0B5H,0A2H,9AH,0A0H,0B1H,0CCH
DB 0EDH,10H,32H,4DH,5FH,66H,5FH,4DH,32H,10H,0EDH

DB 0CCH,0B1H,0A0H,9AH,0A2H,0B5H,0D1H,0F3H,16H,37H,51H
DB 61H,65H,5DH,49H,2CH,0AH ,0E7H,0C7H,0ADH,9EH,9BH

DB 0A4H,0B9H,0D6H,0F9H,1CH,3CH,54H,63H,65H,5BH,45H

DB 27H,04H,0E2H,0C2H,0AAH,9DH,9CH,0A7H,0BDH,0DCH,0FFH
DB 21H,40H,58H,64H,64H,58H,40H,21H,0FFH,0DCH,0BDH

DB 0A7H,9CH,9DH,0AAH,0C2H,0E2H,04H,27H,45H,5BH, 65H

DB 63H,54H,3CH,1CH,0F9H,0D6H,0B9H,0A4H,9BH,9EH,0ADH
DB 0C7H,01:£7H,OAH,2CH,49H,5DH,65H,61H,51H,37H,16H

DB OF3H,0DiH,OBSH,OAZHSAH,OAOH,OB 1H,0CCH,OEDH,10H..32H
DB 4DH,5FH

DB 66H,60H,50H,37H,18H,0F7H,0D6H,0BAH,0A6H,9CH,9CH

DB 0A8H,0BDH,0DAH,0FBH,1CH,3AH,52H,61H,66H,5FH,4DH
DB 33H,14H,0F3H,0D3H,0B7H,0A4H,9BH,9DH,0AAH,0COH,0DEH
DB OFFH,1FH,3DH,54H,62H,65H,5DH,4BH,30H,10H,0EFH

DB 0CFH,0B5H,0A3H,9BH,9EH,0ACH,0C3H,0E2H,02H,23H,40H
DB 57H,63H,65H,5BH,48H,2CH,0CH,0EBH,0CCH,0B2H,0A1H

DB 9AH,9FH,0AEH,0C7H,0ESH,06H,27H,44H,59H,64H,64H

DB 5AH,45H,29H,08H,0E7H,0C8H,0BOH,0A0H,9AH,0A0H,0B1H
DB 0CAH,0E9H.0AH,2BH ,46H,5BH,65H,64H,58H,42H,25H

DB 04H,0E3H,0C5H,0ADH 9FH,9BH,0A2H ,0B3H.0CDH,0EDH,0EH
DB 2EH,49H,5CH,65H,63H,56H,3FH,21H,00H,0E0H,0C2H

DB 0ABH,9DH,9BH,0A3H,0B6H,0D1H,0F1H,12H,32H,4CH,5EH
DB 65H,62H,53H,3CH,1EH,0FDH,0DCH,0BFH,0A9H,SDH,9BH

DB 0A5H,0B9H,0D5H,0F5H,16H,35H,4FH,5FH.66H,61H,51H

DB 38H.1AH,0F9H,0D8H,0BCH,0A7H,9CH,9CH,0A7H,0BCH,0D8H
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DB 0F9H,1AH,38H,51H,61H,66H,5FH,4FH,35H,16H,0F5H

DB 0D5H,0B9H,0A5H,9BH,9DH,0A9H,0BFH,0DCH,0FDH,1EH,3CH
DB 53H,62H,65H,5EH,4CH,32H,12H,0F1H,0D1H,0B6H,0A3H

DB 9BH,9DH,0ABH,0C2H,0E0H,00H,21H,3FH,56H,63H,65H

DB 5CH,49H,2EH,0EH,0EDH,0CDH,0B3H,0A2H,9BH,9FH,0ADH
DB 0C5H,0E3H,04H,25H,42H,58H,64H,65H,5BH,46H,2BH

DB 0AH,0E9H,0CAH,0B1H,0A0H,9AH,0A0H,0BOH,0C8H,0E7H,08H
DB 29H,45H,5AH,64H,64H,59H,44H,27H,06H,0ESH,0C7H

DB O0AEH,9FH,9AH,0A1H,0B2H,0CCH,0EBH,0CH,2CH,48H,5BH
DB 65H,63H,57H,40H,23H,02H,0E2H,0C3H,0ACH,9EH,9BH

DB 0A3H,0B5H,0CFH,0EFH,10H,30H,4BH,5DH,65H,62H,54H

DB 3DH,1FH,0FFH,0DEH,0C0H,0AAH ,9DH,9BH,0A4H,0B7H,0D3H
DB 0F3H,14H,33H,4DH,5FH,66H,61H,52H,3AH,1CH,0FBH

DB 0DAH,0BDH,0A8H,9CH,9CH,0A6H,0BAH,0D6H,0F7H,18H,37H
DB 50H,60H

DB 66H,61H,52H,3CH,1FH,00H,0E2H,0C5H,0AEH,0A0H,9AH

DB 9FH;0ADH,0C3H,OEOH,OFFH,IEH.E}AH,S1H,60H.66H,61H

DB 53H,3DH,21H,02H,0E3H,0C7H,0B0H,0A0H,9AH,9FH,0ACH
DB 0C2H,0DEH,0FDH,1CH,38H,50H,5FH,66H,62H,54H,3FH

DB 23H,04H,0E5H,0C8H,0B1H,0A1H,9BH,9EH,0ABH,0COH,0DCH
DB 0FBH,1AH,37H,4FH,5FH,65H,62H,56H,40H,25H,06H

DB 0E7H,0CAH,0B2H,0A2H,9BH,9DH,0AAH,0BFH,0DAH,0F9H,18H
DB 35H,4DH,5EH,65H,63H,57H,42H,27H,08H,0E9H,0CCH

DB 0B3H,0A3H,9BH,9DH,0A9H,0BDH,0D8H,0F7H,16H,33H,4CH
DB 5DH,65H,63H,58H,44H,29H,0AH,0EBH,0CDH,0B5H,0A3H

DB 9BH,9DH,0A8H,0BCH,0D6H,0F5H,14H,32H,4BH,5CH,65H

DB 64H,59H,45H,2BH,0CH,0EDH,0CFH,0B6H,0A4H,9BH,9CH
DB 0A7H.0BAH,0D5H,0F3H,12H,30H,49H,5BH,65H,64H,5AH

DB 46H,2CH,0EH,0EFH,0D1H,0B7H,0A5H,9CH,9CH,0A6H,0B9H
DB 0D3H,0F1H,10H,2EH,48H,5BH,64H,64H,5BH,48H,2EH

. DB 10H,0F1H,0D3H,0B9H,0A6H,9CH,9CH,0A5H,0B7H,0D1H,0EFH

DB 0EH,2CH,46H,5AH,64H,65H,5BH 49H,30H,12H,0F3H
DB 0D5H,0BAH,0A7H,9CH,9BH,0A4H,0B6H,0CFH,0EDH,0CH,2BH
DB 45H,59H,64H.65H,5CH,4BH,32H,14H,0F5H,0D6H,0BCH
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DB 0A8H,9DH,9BH,0A3H,0B5H,0CDH,0EBH,0AH,29H,44H,58H
DB 63H,65H,5DH,4CH,33H,16H,0F7H,0D8H,0BDH,0A%H,9DH

DB 9BH,0A3H,0B3H,0CCH,0E9H,08H,27H,42H,57H,63H,65H

DB 5EH,4DH,35H,18H,0F9H,0DAH,0BFH,0AAH,9DH SBH,0A2H
DB 0B2H,0CAH,0E7H,06H,25H,40H,56H,62H,65H,5SFH 4FH

DB 37H,1AH,0FBH,0DCH,0COH,0ABH,9EH,9BH,0A1H,0B1H,0C8H
DB 0E5H,04H,23H,3FH,54H,62H,66H,5FH,50H,38H,1CH

DB 0FDH,0DEH,0C2H,0ACH,9FH,9AH,0A0H,0B0H,0C7H,0E3H,02H
DB 21H,3DH,53H,61H,66H,60H,51H,3AH,1EH,0FFH,0EOH

DB 0C3H,0ADH,9FH,9AH,0A0H,0AEH,0C5H,0E2H,00H,1FH,3CH
DB 52H,61H

DB 66ﬁ.61H,54H,40H.27H,0AH,0EDH,ODIH,OB9H,OA7H,9DH

DB 9BH,0A2H,0B1H,0C7H,0E2H,0FFH,1CH,37H,4DH.5DH,65H

DB 64H,5BH,49H,32H,16H,0F9H,0DCH,0C2H,0ADH,0A0H,9AH

DB 9EH,OAAH,OBDH,ODGH.OFBH,10H,2CH.45H,58H,63H,65H

DB 5FH;51H,3CH,21H,04H,0E7H,0CCH,0B5H,0A4H,9CH,9CH

DB 0A4H,0B5H,0CCH,0E7H,04H,21H,3CH,51H,5FH,65H,63H

DB 58H,45H,2CH,10H,0F3H,0D6H,0BDH,0AAH,9EH 9AH,0A0H

DB 0ADH,0C2H,ObCH.0F9H,16H.32H,49H,5BH.64H.65H,5DH

DB 4DH,37H,1CH,0FFH,0E2H,0C7H,0B1H,0A2H,9BH,9DH,0A7H

DB 0B9H,0D1H,0EDH,0AH,27H,40H.54H,61H,66H,61H,54H

DB 40H,27H,0AH,0EDH,0D1H,0B9H,0A7H,9DH,9BH,0A2H,0B1H

DB 0C7H,0E2H,0FFH,1CH,37H 4DH,5DH,65H,64H,5BH 45H

DB 32H,16H,0F9H,015CH,0C2H,OADH,0AQH,9AH.9EH,0AAH.0BDH
DB 0D6H,0F3H,10H,2CH,45H,58H,63H,65H,5FH,51H,3CH

DB 21H,04H,0E7H,0CCH,0B5H,0A4H,9CH,9CH,0A4H,0B5H,0CCH
DB 0E7H,04H,21H,3CH,51H,5FH,65H,63H,58H,45H,2CH

DB 10H.0F3H,0D6H,0BDH,0AAH,9EH,9AH,0A0H,0ADH,0C2H,0DCH
DB 0F9H,16H,32H,49H,5BH,64H,65H,5DH ,4DH,37H,1CH

DB OFFH,0E2H,0C7H,0B1H,0A2H,9BH,9DH,0A7H,0B9H,0D1H,0EDH
DB 0AH,27H,40H,54H,61H,66H,61H,54H ,40H,27H,0AH

DB 0EDH,0D1H,0B9H,0A7H,9DH,9BH,0A2H,0B1H,0C7H,0E2H.0FFH
DB 1CH,37H,4DH,5DH,65H,64H,5BH;49H,32H,16H,0F9H

DB ODCH,0C2H.0ADH,0ACH,9AH,9EH,0AAH,0BDH,0D6H,0F3H.10H
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DB 2CH,45H,58H,63H,65H,5FH,51H,3CH,21H,04H,0E7H

DB 0CCH,0B5H,0A4H,9CH,9CH,0A4H,0B5H,0CCH,0E7H,04H,21H
DB 3CH,51H,5FH,65H,63H,58H,45H,2CH,10H,0F3H,0D6H

DB 0BDH,0AAH,9EH,9AH,0A0H,0ADH,0C2H,0DCH,0F9H,16H,32H
DB 49H,5BH,64H,65H,5DH,4DH,37H,1CH,OFFH.OEZH,O.C7H

DB 0B1H,0A2H,9BH,9DH,0A7H,0B9H,0D1H,0EDH,0AH,27H,40H
DB 54H,61H

DB 66H,62H,57H,45H,2EH,14H,0F9H,0DEH,0C5H,0B1H,0A3H

DB 9BH,9CH,0A3H,0B2H,0C7H,0E0H,0FBH, 16H,30H,46H,58H

DB 62H,66H,61H,56H,44H,2CH,12H,0F7H,0DCH,0C3H,0B0OH

DB 0A2H,9BH,9CH,0A4H,0B3H,0C8H,0E2H,0FDH,18H,32H,48H
DB 59H,63H,66H,61H,54H,42H,2BH,10H,0F5H,0DAH,0C2H

DB 0AEH,0A1H,9BH,9CH,0A5H,0BSH,0CAH,0E3H,0FFH,1AH,33H
DB 49H,5AH,63H,65H,60H,53H,40H,29H,0EH ,0F3H,0D8H

DB 0CO0H,0ADH,0A0H,9BH,9DH,0A6H,0B6H,0CCH,0ESH,00H,1CH
DB 35H,4BH,5BH,64H,65H,5FH,52H,3FH,27H,0CH,0F1H

DB OD61.'{,0BFH,OACH,OAOH,9BH.9DH,0A7H,0B7H,OCDH,OE7H.02H
DB 1EH,37H,4CH,5BH,64H,65H,5FH,51H,3DH,25H,0AH

DB 0EFH,0D5H,0BDH,0ABH,9FH,9AH,9DH,0A8H,0B9H,0CFH,0E9H
DB 04H,1FH,38H,4DH,5CH,64H,65H,5EH,50H,3CH,23H

DB 08H,0EDH,0D3H,0BCH,0AAH,9FH,9AH,9EH,0A%H,0BAH,0D1H
DB OEBH,06H,21H,3AH,4Fi-I,5DH.65H,65H,5DH,4FH,3AH

DB 21H,06H,0EBH,0D1H,0BAH,0A9H,9EH 9A H,9FH,0AAH,0BCH
DB 0D3H,0EDH,08H,23H,3CH,50H,5EH,65H,64H,5CH,4DH

DB 38H,1FH,04H,0E9H,0CFH,0B9H,0A8H,9DH,9AH,9FH,0ABH

DB 0BDH,0D5H,0EFH,0AH,25H,3DH,51H,5FH,65H,64H,5BH

DB 4CH,37H,1EH,02H,0E7H,0CDH,0B7H,0A7H,9DH,9BH,0A0H

DB 0ACH,0BFH,0D6H,0F1H,0CH,27H,3FH.52H,5FH,65H,64H

DB 5BH.4BH,35H,1CH,00H,0ESH,0CCH,0B6H,0A6H,9DH,OBH

DB 0AOH,0ADH,0COH,0D8H,0F3H,0EH,29H,40H,53H,60H,65H

DB 63H,5AH,49H,33H,1AH,0FFH,0E3H,0CAH,0B5H,0A5H,9CH

DB 9BH,0AlH.OAEH.OCZH,ODAH,OFSH.l0H;2BH,42H,54H,61H

DB 66H,63H,59H,48H,32H,18H.0FDH,0E2H,0C8H,0B3H,0A4H

DB 9CH,9BH,0A2H,0B0H,0C3H,0DCH,0F7H,12H,2CH,44H,56H
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DB 61H,66H,62H,58H,46H,30H,16H,0FBH,0E0H,0C7H,0B2H
DB 0A3H,9CH,9BH,0A3H,0B1H,0C5H,0DEH,0F9H, 14H,2EH,45H
DB 57H,62H

DB 66H,62H,59H,49H,35H,1EH,04H,0EBH,0D3H,0BDH,0ACH

DB 0AOH.9BH.9CH,0A3§-I,0B 1H,0C3H,0DAH,0F3H,0CH,25H,3CH
DB 4FH,5CH,64H,65H,60H,54H,44H,2EH,16H,0FDH,0E3H

DB 0CCH,0B7H,0A8H,9EH,9AH,9DH,0A7H,0B6H,0CAH,0E2H,0FBH
DB 14H,2CH,42H,53H,5FH,65H,64H,5DH,50H,3DH,27H

DB OEH,OFSH,ODCH,OCSH,9B2H,0A4H,9CH,9BH,OAOH,OABH,OBCH
DB 0D1H,0E9H,02H,1CH,33H,48H,58H,62H,66H,63H,5AH

DB 4BH,37H,1FH,06H,0EDH,0D5H,0BFH,0ADH,0A1H,9BH,9CH

DB 0A3H,0B0H,0C2H,0D8H,0F1H,0AH,23H,3AH 4DH,5BH,64H

DB 65H,61H,56H,45H,30H,18H,0FFH,0ESH,0CDH,0BSH,0A9H

DB 9FH,9AH,9DH,0A6H,0B5H,0C8H,0E0H,0F9H,12H,2BH,40H

DB 52H,5FH,65H,65H,5EH,51H,3FH,29H,10H,0F7H,0DEH

DB 0C7H,0B3H,0A5H,9DH,9BH,9FH,0AAH,0BAH,0CFH,0E7H,00H
DB 1AH,32H,46H,57H,61H,66H,63H,5BH,4CH,38H,21H

DB 08H,0EFH,0D6H,0C0H,0AEH,0A2H,9BH,9BH,0A2H,0AEH,0COH
DB 0D6H,0EFH,08H,21H,38H,4CH,5BH,63H,66H,61H,57H

DB 46H,32H,1AH,00H,0E7H,0CFH,0BAH,0AAH,9FH,9BH,9DH

DB 0A5H,0B3H,0C7H,0DEH,0F7H,10H,294,3FH,51H,5EH,65H

DB 65H,5FH,52H,40H,2BH,12H,0F9H,0E0H,0C8H,0B5H,0A6H

DB 9DH,9AH,9FH,0A9H,0B9H,0CDH,0E5H,0FFH,18H,30H,45H

DB 56H,61H,65H,64H,5BH,4DH,3AH,23H,0AH,0F1H,0D8H

DB 0C2H,0BOH,0A3H.9CH,9BH,0A1H,0ADH,0BFH,0D5H,0EDH,06H
DB 1FH,37H,4BH,5AH,63H,66H,62H,58H 48H,33H,1CH

DB 02H,0E9H,0D1H,0BCH,0ABH,0A0H,9BH,9CH,0A4H,0B2H,0C5H
DB 0DCH,0F5H,0EH,27H,3DH,50H,5DH,64H,65H,5FH,53H

DB 42H,2CH,14H,0FBH,0E2H,0CAH,0B6H,0A7H,9DH,9AH 9EH

DB 0A8H,0B7H,0CCH,0E3H,0FDH,16H,2EH,44H,54H,60H.65H

DB 64H,5CH,4FH,3CH,25H,0CH,0F3H,0DAH,0C3H,0B1H,0A3H

DB 9CH,9BH,0A0H,0ACH,0BDH,0D3H,0EBH,04H,1EH,35H,49H

DB 59H,62H
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DB 66H,63H,5BH,4DH,3CH,27H,10H,0F9H,0E2H,0CCH,0B9H

DB 0AAH,0A0H,9BH,9CH,0A2H,0ADH,0BDH,0D1H,0E7H,0FFH,16H
DB 2CH,40H,51H,5DH,64H,65H,61H,58H,49H,37H,21H

DB 0AH,0F3H,0DCH,0C7H,0B5H,0A7H,9EH,9AH,9DH,0A4H,0B1H
DB 0C2H,0D6H,0EDH,04H,1CH,32H,45H,54H,5FH,65H,65H

DB 5FH,54H,45H,32H,1CH,04H,0EDH,0D6H,0C2H,0B1H,0A4H

DB 9DH,9AH,9EH,0A7H,0B5H,0C7H,0DCH,0F3H,0AH,21H,37H

DB 49H,58H,61H,65H,64H,5DH,51H,40H,2CH,16H,0FFH

DB 0E7H,0D1H,0BDH,0ADH,0A2H,9CH,9BH,0A0H,0AAH,0BSH,0CCH

DB 0E2H,0F9H,10H,27H,3CH,4DH,5BH,63H,66H,63H,5BH

DB 4DH,3CH,27H,10H,0F9H,0E2H,0CCH,0B9H,0AAH,0A0H,9BH
DB 9CH,0A2H,0ADH,0BDH,0D1H,0E7H,0FFH,16H,2CH,40H,51H
DB 5DH,64H,65H,61H,58H,49H,37H,21H,0AH,0F3H,0DCH

DB 0C7H,0B5H,0A7H,9EH,9AH,9DH,0A4H,0B1H,0C2H,0D6H,0EDH
DB 04H,1CH,32H,45H,54H,5FH.65H,65H,5FH,54H,45H

DB 32H,1CH,04H,0EDH,0D6H,0C2H,0B1H,0A4H,9DH,9AH,9EH

DB 0A7H,0B5H,0C7H,0DCH,0F3H,0AH,21H,37H,49H,58H,61H

DB 65H,64H,5DH,51H,40H,2CH,16H,0FFH,0E7H,0D1H,0BDH

DB 0ADH,0A2H,9CH,9BH,0A0H,0AAH,0B9H,0CCH,0E2H,0F9H,10H
DB 27H,3CH,4DH,5BH,63H,66H,63H,5BH,4DH,3CH,27H

DB 10H,0F9H,0E2H,0CCH,0B9H,0AAH,0A0H,9BH,9CH,0A2H,0ADH
DB 0BDH,0D1H,0E7H,0FFH,16H,2CH,40H,51H,5DH,64H,65H

DB 61H,58H,49H,37H,21H,0AH,0F3H,0DCH,0C7H,0B5H,0A7H

DB 9EH,9AH,9DH,0A4H,0B1H,0C2H,0D6H,0EDH,04H,1CH,32H

DB 45H,54H,5FH,65H,65H,5FH,54H,45H,32H,1CH,04H

DB 0EDH,0D6H,0C2H,0B1H,044H,9DH,9AH,9EH,0A7H,0B5H,0C7H
DB 0DCH,0F3H,0AH,21H,37H,49H,58H,61H,65H,64H,5DH )
DB 51H,40H,2CH,16H,0FFH,0E7H,0D1H,0BDH,0ADH,0A2H,.9CH '
DB 9BH,0A0H,0AAH,0B9H,0CCH,0E2H,0F9H,10H,27H,3CH 4DH
DB 5BH,63H

DB 66H,63H,5CH,51H,42H,30H,1CH,06H,0F1H,0DCH,0C8H
DB 0B7H,0AAH,0A0H,9BH,9BH,9FH.0A8H,0B5H,0C5H,0D8H,0EDH
DB 02H,18H,2CH,3FH,4FH,5BH,62H,66H,64H,5EH,53H
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DB 45H,33H,1FH,0AH,0F5H,0E0H,0CCH,0BAH 0ACH,0A2H,9CH
DB 9BH,9EH.0A6H,0B2H,0C2H,0D5H,OE9H,0FFH,£4H,29H,3CH

DB 4CH,59H,61H,65H,65H,5FH,56H,48H,37H,23H,0EH

DB 0F9H,0E3H,0CFH,0BDH,0AEH,0A3H,9DH,9AH,9DH,0A4H,0B0H
DB 0BFH,0D1H,0ESH,0FBH,10H,25H,38H,49H,57H,60H,65H

DB 65H,61H,58H,4BH,3AH,27H,12H,0FDH,0E7H,0D3H,0C0H

DB 0B1H,0A5H,9DH,9AH,9CH,0A3H,0ADH,0BCH,0CDH,0E2H,0F7H
DB 0CH,21H,35H,46H,54H,5FH,64H,65H,62H,5AH,4DH

DB 3DH,2BH,16H,00H,0EBH,0D6H,0C3H,0B3H,0A7H,9FH,9BH

DB 9CH,0A1H,0ABH,0B9H,0CAH,0DEH,0F3H,08H,1EH,32H,44H

DB 52H,5DH,64H,66H,63H,5BH,50H,40H,2EH,1AH,04H

DB 0EFH,0DAH,0C7H,0B6H,0A9H,0A0H 9BH,9BH,0A0H,0A9H,0B6H
DB 0C7H,0DAH,0EFH,04H,1AH,2EH,40H,50H,5BH,63H,66H

DB 64H,5DH,52H,44H,32H,1EH,08H,0F3H,0DEH,0CAH,OB9H

DB 0ABH,0A1H,9CH,9BH,9FH.0A7H,0B3H,0C3H,0D6H,0EBH,00H
DB 16H,2BH,3DH 4DH,5AH,62H,65H,64H,5FH,54H,46H

DB 35H,21H,0CH,0F7H,0E2H,0CDH,0BCH,0ADH,0A3H,9CH,9AH
DB 9DH,0A5H,0B1H,0C0H,0D3H,0E7H,0FDH,12H,27H,3AH,4BH

DB 58H,61H,65H,65H,60H,57H,49H,38H,25H,10H,0FBH

DB OE5H,0D1H,0BFH,0B0H,0A4H,9DH,9AH,9DH,0A3H,0AEH,0BDH
DB 0CFH,0E3H,0F9H,0EH,23H,37H,48H,56H,5FH,65H,65H

DB 61H,59H,4CH,3CH,29H,14H,0FFH,0E9H,0D5H ,0C2H,0B2H

DB 0A6H,9EH,9BH,9CH,0A2H,0ACH,0BAH,0CCH,0E0H ,0F5H,0AH
DB 1FH,33H,45H,53H,5EH,64H,66H,62H,5BH,4FH,3FH

DB 2CH,18H,02H,0EDH,0D8H,0C5H,0B5H,0A 8H,9FH,9BH,9BH

DB 0AOH,0AAH,0B7H,0C8H,0DCH,0F1H,06H,1CH,30H,42H,51H

DB 5CH,63H

DB 66H,64H,5EH,54H,48H,38H,27H,14H,00H,0EDH,0DAH

DB 0C8H,0B9H,0ACH,0A3H,9DH,9AH,9CH,0A2H,0ABH,0B7H,0C7H
DB 0D8H,0EBH,0FFH,12H,25H,37H,46H,53H,5DH,63H,66H

DB 64H,5FH,56H,49H,3AH,29H,16H,02H,0EFH, 0DCH,0CAH

DB 0BAH,0ADH,0A3H,9DH,9AH,9CH,0A1H,0AAH,0B6H,0C5H,0D6H
DB OE9H,0FDH,10H,23H,35H,45H,52H,5CH,63H,66H,64H

DB 5FH,57H,4BH,3CH,2BH,18H,04H,0F1H,0DEH,0CCH,0BCH
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DB 0AEH,0A4H,9DH,9BH,9CH,0A0H,0A9H,0B5H,0C3H,0D5H,0E7H
DB 0FBH,0EH,21H,33H,44H,51H,5BH,62H,65H,65H,60H

DB 58H,4CH,3DH,2CH,1AH,06H,0F3H,0E0H,0CDH,0BDH,0B0H
DB 0A5H,9EH,9BH,9BH,0A0H,0A8H,0B3H,0C2H,0D3H,0E5H,0F9H
DB 0CH,1FH,32H,42H,50H,5BH,62H,65H,65H,61H,59H

DB 4DH,3FH,2EH,1CH,08H,0F5H,0E2H,0CFH,0BFH,0B1H,0A6H
DB 9FH,9BH,9BH,9FH,0A7H,0B2H,0C0H,0D1H,0E3H,0F7H,0AH
DB 1EH,30H,40H,4FH,5AH,61H,65H,65H,61H,5AH 4FH

DB 40H,30H,1EH,0AH,0F7H,0E3H,0D1H,0C0H,0B2H,0A7H,9FH
DB 9BH,9BH,9FH,0A6H,081H,0BFH,0CFH,0E2H,0F5H,08H,1CH
DB 2EH,3FH,4DH,59H,61H,65H,65H,62H,5BH,50H ,42H

DB 32H,1FH,0CH,0F9H,0E5H,0D3H,0C2H,0B3H,0A8H,0A0H,9BH
DB 9BH,9EH,0A5H,0B0OH,0BDH,0CDH,0E0H,0F3H,06H,1AH,2CH
DB 3DH ,4CH,58H,60H,65H,65H,62H,5BH,51H,44H,33H

DB 21H,0EH,0FBH,0E7H,0D5H,0C3H,0B5H,0A9H,0A0H,9CH,9BH
DB 9DH,0A4H,0AEH,0BCH,0CCH,0DEH,0F1H,04H,18H,2BH,3CH
DB ‘fBH.57H,5FH,64H,66H,63H,5CH,52H,45H.35H,23H

DB 10H,0FDH,0ESH,0D6H,0C5H,0B6H, 0AAH,0A 1H,9CH,9AH,9DH
DB 0A3H,0ADH,0BAH,0CAH,0DCH,0EFH,02H,16H,29H,3AH ,49H
DB 56H,5FH,64H,66H,63H,5DH,53H,46H,37H,25H,12H

DB 0FFH,0EBH,0D8H,0C7H,0B7H,0ABH,0A2H,9CH,9AH,9DH,0A3H
DB 0ACH,0B9H,0C8H,0DAH,0EDH,00H,14H,27H.38H,48H.54H
DB 5EH,64H

COS11:
DB 66H,64H,5FH,58H,4DH,40H,32H,21H,10H,0FFH,0EDH
DB 0DCH,0CCH,0BDH,0B1H,0A7H,0A0H,9CH,9AH,9DH,0A2H,0AAH
DB 0B5H,0C2H,0D1H,0E2H,0F3H,04H,16H,27H,37H,45H,51H
DB 5BH,61H,65H,65H,63H,5DH,54H,49H,3CH,2CH,1CH
DB 0AH,0F9H,0E7H,0D6H,0C7H,0B9H,0ADH,0A4H,9EH,9BH,9BH
DB 9EH,0A4H,0ADH,0B9H,0C7H,0D6H,0E7H,0F9H,0AH,1CH,2CH
DB 3CH,49H,54H,5DH,63H,65H,65H,61H.5BH,51H,45H
DB 37H,27H,16H,04H,0F3H,0E2H,0D1H,0C2H,0B5H,0AAH,0A2H
DB 9DH,9AH,9CH,0A0H,0A7H,0B1H,0BDH,0CCH,0DCH,0EDH,0FFH
DB 10H,21H,32H,40H,4DH,58H,5FH,64H,66H,64H,5FH
DB 58H,4DH,40H,32H,21H,10H,0FFH,0EDH,0DCH,0CCH,0BDH
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DB 0B1H,0A7H,0A0H,9CH 9AH,9DH,0A2H,0AAH,0B5H,0C2H,0D1H
DB OE2H,0F3H,04H,16H,27H,37H 45H,51H,5BH,61H,65H

DB 65H,63H,5DH,54H,49H,3CH,2CH,1CH,0AH,0F9H,0E7H

DB 0D6H,0C7H,0B9H,0ADH,0A4H,9EH 9BH,9BH,9EH,0A4H,0ADH
DB 0B9H,0C7H,0D6H,0E7H,0F9H,0AH,1CH,2CH,3CH,49H,54H

DB 5DH,63H,65H,65H,61H,5BH,51H,45H,37H,27H,16H

DB 04H,0F3H,0E2H,0D1H,0C2H,0B5H,0AAH,0A2H 9DH,9AH,9CH
DB 0AOH,0A7H,0B1H,0BDH,0CCH,0DCH,0EDH,0FFH,10H,21H,32H
DB 40H,4DH,58H,5FH,64H,66H,64H,5FH,58H,4DH,40H

DB 32H,21H,10H,0FFH,0EDH,0DCH,0CCH,0BDH,0B1H,0A7H,0AOH
DB 9CH,9AH,9DH,0A2H,0AAH,0B5H,0C2H,0D1H,0E2H,0F3H,04H
DB 16H,27H,37H,45H,51H,5BH,61H,65H,65H,63H,5DH '

DB 54H,49H,3CH,2CH, 1CH,0AH,0F9H,0E7H 0D6H,0C7H,0B9H

DB 0ADH,0A4H 9EH 9BH,9BH 9EH,0A4H,0ADH,0B9H,0C7H,0D6H
DB OE7H,0F9H,0AH,1CH.2CH,3CH,49H 54H,5DH,63H,65H

DB 65H,61H,5BH,51H 45H,37H,27H.16H,04H 0F3H,0E2H

DB 0D1H,0C2H,0B5H,0AAH,0A2H,9DH 9AH,9CH, 0A0H,0A7H,0B1H
DB 0BDH,0CCH,0DCH,0EDH,0FFH, 10K 21H,32H 40H 4DH,58H

DB 5FH,64H

DB 66H,64H,61H,5BH,52H,48H,3CH,2EH,1FH,10H,00H

DB 0F1H,0E2H,0D3H,0C5H,0B9H,0AEH,0A6H,0A0H,9CH,9AH,9CH
DB 9FH,0AS5H,0ADH,0B7H,0C3H,0D1H,0E0H,0EFH,0FFH,0EH,1EH
DB 2CH,3AH,46H,51H,5AH,60H,64H,66H,65H,61H,5BH

DB 53H,49H,3DH,30H,21H,12H,02H,0F3H,0E3H,0D5H,0C7H

DB 0BAH,0BOH,0A7H,0A0H,9CH,9AH,9BH,9FH,0A4H,0ACH,0B6H
DB 0C2H,0CFH,0DEH,0EDH,0FDH,0CH,1CH,2BH,38H,45H,50H
DB 59H,5FH,64H,66H,65H,62H,5CH,54H 4BH,3FH,32H

DB 23H,14H,04H,0F5H,0E5H,0D6H,0C8H,0BCH,0B1H,0A8H,0A1H
DB 9DH,9BH,9BH,9EH,0A3H,0ABH,0B5H,0C0H,0CDH,0DCH,0EBH
DB 0FBH,0AH,1AH,29H,37H 44H,4FH,58H,5FH,63H,65H

DB 65H,62H,5DH,56H,4CH,40H,33H,25H,16H,06H,0F7H

DB 0E7H,0D8H,0CAH,0BDH,0B2H,0A9H,0A2H,9DH,9BH,9BH.9DH
DB 0A3H,0AAH,0B3H,0BFH,0CCH,0DAH,0ESH,0F9H,08H,18H,27H
DB 35H,42H.4DH,57H.5EH.63H,65H,65H,63H.5EH,57H
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DB 4DH,42H,35H,27H,18H,08H,0F9H,0E9H,0DAH,0CCH,0BFH

DB 0B3H,0AAH,0A3H,9DH,9BH,9BH,9DH,0A2H,0A9H,0B2H,0BDH
DB 0CAH,0D8H,0E7H,0F7H,06H,16H,25H,33H,40H,4CH,56H

DB 5DH,62H,65H,65H,63H,5FH,58H,4FH,44H,37H,29H

DB 1AH,0AH,0FBH,0EBH,0DCH,0CDH,0C0H,0B5H,0ABH,0A3H,9EH
DB 9BH,9BH,9DH,0A1H,0A8H,0B1H,0BCH,0C8H,0D6H,0ESH,0F5H
DB 04H,14H,23H,32H,3FH,4BH,54H,5CH,62H,65H,66H

DB 64H,5FH,59H,50H,45H,38H,2BH,1CH,0CH,0FDH,0EDH

DB 0DEH,0CFH,0C2H,0B6H,0ACH,0A4H,9FH,9BH,9AH,9CH,0A0H
DB 0A7H,0B0H,0BAH,0C7H,0D5H,0E3H,0F3H,02H,12H,21H,30H
DB 3DH,49H,53H,5BH,61H,65H,66H,64H,60H,5AH,51H

DB 46H,3AH,2CH,1EH,0EH,0FFH,0EFH,0E0H,0D1H,0C3H,0B7H
DB 0ADH,0A5H,9FH,9CH,9AH,9CH,0A0H,0A6H,0AEH,0B9H,0C5H
DB 0D3H,0E2H,0F1H,00H,10H,1FH,2EH,3CH,48H,52H,5BH

DB 61H,64H

DB 66H,65H,62H,5DH,57H,4FH,45H,3AH,2EH,21H,14H

DB 06H,0FSH,0EBH,0DEH,0D1H,0C5H,0BAH,0B1H,0A9H,0A3H,9EH
DB 9BH,9AH,9CH,9FH,0A3H,0AAH,0B2H,0BCH,0C7H,0D3H,0E0H
DB 0EDH,0FBH,08H,16H,23H,30H,3CH,46H,50H,58H,5EH

DB 62H,65H,66H,64H,61H,5CH,56H,4DH,44H,38H,2CH

DB 1FH,12H,04H,0F7H,0E9H,0DCH,0CFH,0C3H,0B9H ,0B0H,0A8H
DB 0A2H,9DH,9BH,9AH,9CH,9FH,0A4H,0ABH,0B3H,0BDH,0C8H
DB 0D5H,0E2H,0EFH,0FDH,0AH,18H,25H,32H,3DH,48H,51H

DB 59H,5FH,63H,65H,66H,64H,61H,5BH,54H,4CH,42H

DB 37H,2BH,1EH,10H,02H,0F5H,0E7H,0DAH,0CDH,0C2H,0B7H
DB 0AEH,0A7H,0A1H,9DH,9BH,9BH,9CH,0A0H,0A5H,0ACH,0B5H
DB 0BFH,0CAH,0D6H,0E3H,0F1H,0FFH,0CH,1AH,27H,33H,3FH

DB 49H,52H,5AH,5FH,63H,65H,65H,64H,60H,5BH,53H

DB 4BH,40H,35H,29H,1CH,0EH,00H,0F3H,0E5H,0D8H,0CCH

DB 0COH,0B6H,0ADH,0A6H,0A0H,9DH,9BH,9BH,9DH,0A0H,0A6H
DB 0ADH,0B6H,0C0H,0CCH,0D8H,0ESH,0F3H.00H,0EH,1CH,29H
DB 35H,40H,4BH,53H,5BH,60H,64H,65H,65H,63H,5FH

DB 5AH,52H,49H,5FH,33H,27H,1AH,0CH,0FFH,0F1H,0E3H

DB 0D6H,0CAH,0BFH,0B5H,0ACH,0A5H,0A0H,9CH,9BH,9BH.9DH
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DB OA1H,OA7H,0AEH,0B7H,0C2H.OCl?H,ODAH.OE?H,OFSH.OZH,IOH
DB 1EH,2BH,37H,42H,4CH,54H,5BH,6iH,64H.66H,65H

DB 63H,5FH,59H,51H ,48H,3DH,32H,25H,18H,0AH,0FDH

DB 0EFH,0E2H,0D5H,0C8H,0BDH,0B3H,0ABH,0A4H,9FH,9CH,9AH
DB 9BH,9DH,0A2H,0A8H,0B0H,0B9H,0C3H,0CFH,0DCH,0ESH,0F7TH
DB 04H,12H,1FH,2CH,38H,44H,4DH,56H,5CH,61H,64H

DB 66H,65H,62H,5EH,58H,50H ,46H,3CH,30H,23H,16H

DB 08H,0FBH,0EDH,0E0H,0D3H,0C7H,0BCH,0B2H,0AAH ,0A3H,9FH
DB 9CH,9AH,9BH,%EH,0A3H,0A9H,0B1H,0BAH,0C5H,0D1H,0DEH
DB 0EBH,0F9H,06H,14H,21H,2EH,3AH,45H ,4FH,57H,5DH

DB 62H,65H

DB 661—&,65H.63H.5FH.5BH,54H,4DH,45H'3CH,32H,27H

DB 1CH,10H,04H,0F9H,0EDH,0E2H,0D6H,0CCH,0C2H,0B9H,0B1H
DB 0AAH,0A4H,0A0H,9DH,9BH,9AH,9CH,9EH,0A2H,0A7H,0ADH
DB OBSH,OBDH.OC7H.0151H,ODCH.0E7H.0F3H,OFFH,0AH.16H,21H
DB 2CH,37H,40H,49H,51H,58H,5DH,61H,64H,65H,65H

DB 64H,61H,5DH,58H,51H,49H,40H,37H,2CH,21H,16H

DB 0AH,0FFH,0F3H,0E7H,0DCH,0D1H,0C7H,0BDH,0B5H,0ADH,0A7H
DB 0A2H 9EH,9CH,9AH,9BH,9DH,0A0H,0A4H,0AAH, 0B1H,0B9H

DB O@H‘OCCH,OD6H‘0E2H,0EDH.0F9H,O4H,10H.1CH,27H,32H

DB 3CH,45H,4DH,54H,5BH,5FH,63H,65H,66H,65H,63H

DB 5FH,5BH,54H,4DH,45H,3CH,32H,27H,1CH,10H,04H

DB OF9H,0EDH,0E2H,0D6H,0CCH,0C2H,0B9H,0B1H,0AAH,0A4H,0A0H
DB 9DH,9BH,9AH,9CH,9EH,0A2H,0A7H,0ADH,0B5H,0BDH,0C7H
DB 0D1H,0DCH,0E7H,0F3H,0FFH,0AH,16H,21H,2CH,37H,40H

DB 49H,51H,58H,5DH,61H,64H,65H,65H,64H,61H,5DH

DB 58H,51H,49H,40H,37H,2CH,21H,16H,0AH ,0FFH,0F3H

DB 0E7H,0DCH,0D1H,0C7H,0BDH,0B5H,0ADH, 0A7H, 0A2H,9EH, 9CH
DB SAH,9BH,9DH,0A0H,0A4H,0AAH,0B1H,0B9H,0C2H,0CCH,0D6H
DB 0E2H,0EDH,0F9H,04H,10H,1CH,27H,32H,3CH,45H,4DH

DB 54H,5BH,5FH,63H,65H,66H,65H,63H,5FH,5BH,54H

DB 4DH,45H,3CH,32H,27H,1CH,10H,04H,0F9H,0EDH,0E2H

DB 0D6H,0CCH,0C2H,0B9H,0B1H,0AAH,0A4H,0A0H,9DH,9BH,9AH
DB 9CH,9EH,0A2H,0A7H,0ADH,0B5H,0BDH.0C7H,0D1H,0DCH,0E7H
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DB 0F3H,0FFH,0AH,16H,21H,2CH,37H ,40H,49H,51H,58H

DB 5DH,61H,64H,65H,65H,64H,61H,5DH,58H,51H,49H

DB 40H,37H,2CH,21H,16H,0AH,0FFH,0F3H,0E7H,0DCH,0D1H

DB 0C7H,0BDH,0B5H,0ADH,0A7H,0A2H,9EH,9CH,9AH,9BH,9DH .
DB 0AOH,0A4H,0AAH,0B1H,0B9H,0C2H,0CCH,0D6H,0E2H,0EDH,0FSH
DB 04H,10H,1CH,27H,32H,3CH,45H 4DH,54H,5BH,5FH

DB 63H,65H

DB 66H,65H,64H,61H,5EH,5AH,54H,4FH 48H ,40H,38H

DB 30H,27H,1EH,14H,0AH,00H,0F7H,0EDH,0E3H,0DAH,0D1H

DB 0C8H,0C0H,0B9H,0B2H,0ACH,0A7H,0A3H,9FH,5DH,9BH,9AH

DB 9BH,9CH,9FH,0A2H,0A6H,0ABH,0B1H,0B7H,0BFH,0C7H,0CFH

DB ODéH,OEZH,OEBH,OFSH,OFFH.O8H,12H,1CH,’25H,2EH,37H

DB 3FH,46H,4DH,53H,59H,5DH,61H,63H,65H,66H,65H

DB 64H,62H,5FH,5BH,56H,50H,49H 42H,3AH,32H,29H

DB IFH.16H,0CH,O2H,0F§H,OEH-I.OE§H.ODCH,OD3H.0CAH,OC2H

DB 0BAH,0B3H,0ADH,0A8H,0A3H,0A0H,9DH,9BH,9AH,9BH,9CH -
DB 9EH;0A1H,0A5H,0AAH,0B0H,0B6H,0BDH,0C5H,0CDH,0D6H,0EOH
DB OE9H,0F3H,0FDH,06H,10H,1AH,23H,2CH,35H,3DH,45H

DB 4CH,52H,58H:5CH,60H,63H,65H.66H,65H,64H,62H

DB SP"'H,SBH,57H,51H,4BH,44H,3CH,33H,2BH,21H,18H

DB 0EH,04H,0FBH,0F1H,0E7H,0DEH,0D5H,0CCH,0C3H,0BCH,0B5H
DB 0AEH,0A%H,0A4H,0A0H,9DH,9CH,9BH,9BH,9CH,9DH,0ACH

DB 0A4H,0A9H,0AEH,0B5H,0BCH,0C3H,0CCH,0D5H,0DEH,0E7H ,0F1H
DB 0FBH,04H,0EH,18H,21H,2BH,33H,3CH,44H,4BH,51H

DB 57H,5BH,5FH,62H,64H,65H,66H,65H,63H,60H,5CH

DB 58H,52H,4CH,45H,3DH,35H,2CH,23H,1AH,10H,06H

DB 0FDH,0F3H,0E9H,0E0H,0D6H,0CDH,0C5H,0BDH,0B6H,0BOH,0AAH
DB 0ASH,0A1H,9EH,9CH,9BH,9AH.9BH,9DH,0A0H,0A3H,0A8H

DB 0ADH,0B3H,0BAH,0C2H,0CAH,0D3H,0DCH,0E5H,0EFH,0F9H,02H
DB 0CH,16H,1FH,29H,32H,3AH,42H,49H,50H,56H,5BH

DB 5FH,62H,64H,65H,66H,65H,63H,61H,5DH,59H,53H

DB 4DH,46H,3FH,37H,2EH,25H,1CH,12H,08H,0FFH,0F5H

DB 0EBH,0E2H,0D8H,0CFH,0C7H,0BFH,0B7H,0B1H,0ABH,0A6H.0A2H
DB 9FH,9CH,9BH,9AH,9BH 9DH,9FH,0A3H,0A7H,0ACH,0B2H
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DB 0B9H,0C0H,0C8H,0D1H,0DAH,0E3H,0EDH,0F7H,00H,0AH, 14H
DB 1EH,27H,30H,38H,40H,48H,4FH,54H,5AH,5EH,61H
DB 64H,65H '

DB 66H,65H,64H,63H,61H,5EH,5BH,57H,52H,4DH,48H

DB 42H,3CH,35H,2EH,27H,1FH,18H,10H,08H,00H,0F9H

DB 0F1H,0E9H,0E2H,0DAH,0D3H,0CCH,0C5H,0BFH,0B9H,0B3H,0AEH
DB 0AAH,0A6H,0A3H,0A0H,9DH,9CH,9BH,9AH,9BH,9CH,SDH

DB 9FH,0A2H,0A5H,0A9H,0ADH,0B2H,0B7H,0BDH,0C3H,0CAH,0D1H
DB 0D8H,0EO0H,0E7H,0EFH,0F7H,0FFH,06H,0EH,16H,1EH,25H

DB 2CH,33H,3AH,40H ,46H,4CH,51H,56H,5AH,5DH,60H

DB 62H,64H,65H,66H,65H,65H,63H,61H,5FH,5BH,58H

DB 53H,4FH,49H,44H,3DH,37H,30H,29H,21H,1AH,12H

DB 0AH,02H,0FBH,0F3H,0EBH,0E3H,0DCH,0D5H,0CDH,0C7H,0COH
DB 0BAH,0B5H,0BOH,0ABH,0A7H,0A3H,0A0H,9EH,9CH,9BH,9AH

DB 9BH,9BH,9DH,9FH,0A1H,0A4H,0A8H,0ACH,0B1H,0B6H,0BCH

DB 0C2H,0C8H,0CFH,0D6H,0DEH,0E5H,0EDH 0F5H,0FDH,04H,0CH
DB 14H,1CH,23H,2BH,32H,38H,3FH,45H,4BH,50H,54H

DB 59H,5CH.5FH,62H,64H,65H.66H.66H,65H.64H,62H

DB 5FH,5CH,59H,54H,50H,4BH,45H,3FH,38H,32H,2BH

DB 23H,1CH,14H,0CH,04H,0FDH,0F5H,0EDH,0ESH,0DEH,0D6H

DB 0CFH,0C8H,0C2H,0BCH,0B6H,0B1H,0ACH,0A8H,0A4H,0A1H,9FH
DB 9DH,9BH,9BH,9AH,9BH,9CH,9EH,0A0H,0A3H,0A7H,0ABH

DB 0BOH,0B5H,0BAH,0C0H,0C7H,0CDH,0D5H,0DCH,0E3H,0EBH,0F3H
DB 0FBH,02H,0AH,12H,1AH,21H,29H,30H,37H,3DH,44H

DB 49H,4FH,53H,58H,5BH,5FH,61H,63H,65H,65H,66H

DB 65H,64H,62H,60H,5DH,5AH,56H,51H,4CH,46H,40H

DB 3AH,33H,2CH,25H,1EH,16H,0EH,06H,0FFH ,0F7H,0EFH

DB 0E7H,0E0H,0D8H,0D1H,0CAH,0C3H,0BDH,0B7H,0B2H,0ADH,0A9H
DB 0A5H,0A2H,9FH,9DH,9CH,9BH,9AH,9BH,9CH,9DH,0A0H

DB 0A3H,0A6H,0AAH,0AEH.0B3H,0B%H,0BFH,0C5H,0CCH.0D3H,0DAH
DB 0E2H,0E9H,0F1H,0F9H,00H,08H,10H,18H,1FH.27H,2EH

DB 35H,3CH,42H,48H,4DH,52H,57H,5BH,5EH,61H,65H

DB 64H,65H
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DB 0A1H,0A7H,0AEH,0B7H,0C2H,0CDH,0DAH,0E7H,0F5H,02H,10H
DB 1EH,2BH,37H,42H,4CH,54H,5BH,61H,64H,66H,65H

DB 63H,5FH,59H,51H,48H,3DH,32H,25H,18H,0AH,0FDH

DB 0EFH,0E2H,0D5H,0C8H,0BDH,0B3H,0ABH,0A4H,9FH,9CH,9AH
DB 9BH,9DH,0A2H,0A8H,0B0H,0B9H,0C3H,0CFH,0DCH,0ESH,0F7TH
DB 04H,12H,1FH,2CH,38H,44H,4DH,56H,5CH,61H,64H

DB 66H,65H,62H,5EH,58H,50H,46H,3CH,30H,23H,16H

DB 08H,0FBH,0EDH,0E0H,0D3H,0C7H,0BCH,0B2H,0AAH ,0A3H,9FH
DB 9CH,9AH,9BH,9EH,0A3H,0A9H,0B1H,0BAH,0C5H,0D1H,0DEH
DB OEBH,0F9H,06H,14H,21H,2EH,3AH,45H,4FH,57H,5SDH

DB 62H,65H

DB 66H,65H,63H,5FH.5i3H,54H,4DH.45H,3CH,32H,27H

DB 1CH,10H,04H,0F9H,0EDH,0E2H,0D6H,0CCH,0C2H,0BSH,0B1H
DB 0AAH,0A4H,0A0H,9DH,9BH,9AH,9CH,9EH,0A2H,0A7H,0ADH
DB OB5H,0Bbfi.OCﬂ-I,OD1H,ODCH,OE7H,OF3H,OFFH,OAH,16H,21H
DB 2CH,37H,40H,49H,51H,58H,5DH,61H,64H,65H,65H

DB 64H,61H,5DH,58H.51H,49H.40H,37H,2CH.21H,16H

DB 0AH,0FFH,0F3H,0E7H,0DCH,0D1H,0C7H,0BDH,0B5H,0ADH,0A7TH
DB 0A2H,9EH,9CH,9AH,9BH,9DH,0A0H,0A4H,0AAH,0B1H,0B9H
DB 0C2H,0CCH,0D6H,0E2H,0EDH,0F9H,04H,10H,1CH,27H,32H

DB 3CH 45H,4DH,54H,5BH,5FH,63H,65H,66H,65H,63H

DB 5FH,5BH,54H,4DH,45H,3CH,32H,27H,1CH,10H,04H

DB 0F9H,0EDH,0E2H,0D6H,0CCH,0C2H,0B9H,0B1H,0AAH,0A4H,0A0H
DB 9DH,9BH,9AH,9CH,9EH,0A2H,0A7H,0ADH,0B5H,0BDH,0C7H
DB 0D1H,0DCH,0E7H,0F3H,0FFH,0AH,16H,21H,2CH,37H,40H

DB 49H,51H,58H,5DH,61H,64H,65H,65H,64H,61H,5DH

DB 58H,51H,49H,40H,37H,2CH,21H,16H,0AH,0FFH,0F3H

DB 0E7H,0DCH,0D1H,0C7H,0BDH.0B5H,0ADH,0A7H,0A2H,9EH,9CH
DB 9AH,9BH,9DH,0A0H,0A4H,0AAH,0B1H,0B9H,0C2H,0CCH,0D6H
DB 0E2H,0EDH,0F9H,04H,10H,1CH,27H,32H,3CH 45H,4DH

DB 54H,5BH,5FH,63H,65H,66H,65H,63H,5FH,5SBH,54H

DB 4DH,45H,3CH,32H,27H,1CH,10H,04H,0F9H,0EDH,0E2H

DB 0D6H,0CCH,0C2H,0B9H,0B1H,0AAH,0A4H,0A0H,9DH,9BH,9AH
DB 9CH,9EH,0A2H,0A7H,0ADH.0B5H,0BDH,0C7H,0D1H,0DCH,0E7H
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DB 0F3H,0FFH,0AH,16H,21H,2CH,37H,40H,49H,51H,58H

DB 5DH,61H,64H,65H,65H,64H,61H,5DH,58H,51H,49H

DB 40H,37H,2CH,21H,16H,0AH ,0FFH,0F3H,0E7H,0DCH,0D1H

DB 0C7H,0BDH,0B5H,0ADH,0A7H,0A2H 9EH,9CH,9AH,9BH,9DH

DB 0AOH.0A4H.0AAH,0B1H,0B9H,0C2H,OCCH,ODéH,OEZH,OEDH.0F9H
DB 04H.1OH,1CH.27H,32H.3CH'.45H.4DH.54H,5BH,SFH

DB 63H,65H

DB 66H,65H,64H,61H,5EH.5AH,54I:I.4FH,48H.40H,38H

DB 30H,27H.1EH,14H,0AH,00H,0F7H,0EDH,0E3H,0DAH,0D1H

DB 0C8H,OCOH,0B9H,OBZH,0ACH,.0A7H.0A3H.9FH,9DH,9BH,9AH

DB 9BH,9CH,9FH,0A2H,0A6H,0ABH,0B1H,0B7H,0BFH,0C7H,0CFH
DB 0D8H,0E2H,0EBH,0F5H,0FFH,08H,12H,1CH,25H,2EH,37H

DB 3FH,46H,4DH,53H,59H,5DH,61H,63H,65H,66H,65H

DB 64H,62H,5FH,5BH,56H,50H,49H,42H,3AH,32H,29H

DB lFH,16H,0CH,02H,0F§H.05F!—I,OE5H,0DCH,0D3H,OCAH,OC2H

DB 0BAH,0B3H,0ADH,0A8H,0A3H,0A0H,9DH,9BH,9AH,9BH,9CH

DB 9EH,0A1H,0A5H,0AAH,0BOH,0B6H,0BDH,0C5H,0CDH,0D6H,0E0H
DB OE9H.0F3H,0FDH,06H,10H,1AH,23H,2CH,35H,3DH 45H

DB 4CH,52H,58H,gCH,GOH,63H,65H.66H,65H,64H.62H

DB 5FH,5BH,57H,51H,4BH,44H,3CH,35H,2BH,21H,18H

DB 0EH,04H,0FBH,0F1H,0E7H,0DEH,0D5H,0CCH,0C3H;0BCH,0B5H
DB 0AEH,0A9H,0A4H,0A0H,9DH,9CH,9BH,9BH,9CH,9DH,0A0H

DB 0A4H,0A9H,0AEH,0B5H,0BCH,0C3H,0CCH,0D5H,0DEH,0E7H,0F1H
DB 0FBH,04H,0EH,18H,21H,2BH,33H,3CH,44H,4BH,51H

DB 57H,5BH,5FH,62H,64H,65H,66H,65H,63H,60H,5CH

DB 58H,52H,4CH,45H,3DH,35H,2CH,23H,1AH,10H,06H

DB 0FDH,0F3H,0E9H,0E0H,0D6H,0CDH,0C5H,0BDH,0B6H,0BOH,0AAH
DB 0A5H,0A1H,9EH,9CH,9BH,9AH.9BH,9DH,0A0H,0A3H,0A8H

DB 0ADH,0B3H,0BAH,0C2H,0CAH,0D3H,0DCH,0E5H,0EFH,0F9H,02H
DB 0CH,16H,1FH,29H,32H,3AH,42H,49H,50H,56H,5BH

DB 5FH,62H,64H,65H,66H,65H,63H,61H,5DH,59H,53H

DB 4DH,46H,3FH,37H,2EH,25H,1CH,12H,08H,0FFH,0F5H

DB OEBH,0E2H,0D8H,0CFH,0C7H,0BFH,0B7H,0B1H,0ABH,0A6H,0A2H
DB 9FH,9CH,9BH,9AH,9BH,9DH.9FH,0A3H,0A7H,0ACH.0B2H
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DB 0B9H,0C0H,0C8H,0D1H,0DAH,0E3H,0EDH,0F7H,00H,0AH,14H
DB 1EH,27H,30H,38H,40H,48H 4FH,54H,5AH,5EH,61H
DB 64H,65H

DB 66H,65H,64H,63H,61H,5EH,5BH,57H,52H,4DH,48H

DB 42H,3CH,35H,2EH,27H,1FH,18H,10H,08H,00H,0FSH

DB 0F1H,0E9H,0E2H,0DAH,0D3H,0CCH,0C5H,0BFH,0B9H,0B3H,0AEH
DB 0AAH,0A6H,0A3H,0A0H,9DH,9CH,9BH,9AH,9BH,9CH,9DH

DB 9FH.0A2H,0A5H.0A9H,0ADH,0B2H.0B7H,0BD§I,OC3H,OCAH.ODlH
DB 0D8H,0E0H,0E7H,0EFH,0F7H,0FFH,06H,0EH,16H,1EH,25H

DB 2CH,33H,3AH,40H,46H,4CH,51H,56H,5AH,5DH,60H

DB 62H,64H,65H,66H,65H,65H,63H,61H,5FH,5BH,58H

DB 53H,4FH,49H,44H,3DH,37H,30H.29H,21H.1AH,12H

DB 0AH,02H,0FBH,0F3H,0EBH,0E3H,0DCH,0D5H,0CDH,0C7H,0COH
DB 0BAH,0B5H,0B0H,0ABH,0A7H,0A3H,0A0H,9EH,9CH,9BH,9AH

DB 9BH,9BH,9DH,9FH,OA1H,0A4H.0A8H,OACH,OBlH ,0B6H,0BCH

DB 0C’2H,0C8H,0CFH.0D6H,0DEI:I.OESH,OEDH,OFSH,OFDH,MH,OCH
DB 14H,1CH,23H,2BH,32H,38H,3FH,45H,4BH,50H,54H

DB 59H,5CH,5FH,62H,64H,65H,66H,66H,65H,64H,62H

DB 5FH,5CH,59H,54H,50H 4BH 45H,3FH,38H,32H,2BH

DB 23H,1CH,14H,0CH,04H,0FDH,0F5H,0EDH,0E5H,0DEH,0D6H
DB_0CFH,0C8H,0C2H,0BCH,0B6H,0B1H,0ACH,0A8H,0A4H,0A1H,9FH
DB 9DH,9BH,9BH,9AH,9BH,9CH,9EH,0A0H,0A3H,0A7H,0ABH

DB 0BOH,0B5H,0BAH,0C0H,0C7H,0CDH,0D5H,0DCH,0E3H,0EBH,0F3H
DB 0FBH,02H,0AH,12H,1AH,21H 29H,30H,37H,3DH,44H

DB 49H,4FH,53H,58H,5BH,5FH,61H,63H,65H,65H,66H

DB 65H,64H,62H,60H,5DH,5AH,56H.51H,4CH,46H,40H

DB 3AH,33H,2CH,25H,1EH,16H,0EH,06H,0FFH,0F7H,0EFH

DB 0E7H,0EOH,0D8H,0D1H,0CAH,0C3H,0BDH,0B7H,0B2H,0ADH,0A9H
DB 0A5H,0A2H,9FH,9DH,9CH.9BH.9AH,9BH,9CH,9DH,0A0H

DB 0A3H,0A6H,0AAH,0AEH,0B3H,0B9H,0BFH,0C5H,0CCH,0D3H,0DAH
DB 0E2H,0E9H,0F1H,0F9H,00H,08H,10H,18H,1FH,27H,2EH

DB 35H,3CH,42H,48H,4DH,52H,57H,5BH,5EH,61H,63H

DB 64H,65H
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DB 66H,65H,65H,64H,63H,61H,5FH,5DH,5BH,58H,54H

DB 51H,4DH,49H,45H,40H,3CH,37H,32H,2CH,27H,21H

DB 1CH,16H,10H,0AH,04H,0FFH,0F9H,0F3H,0EDH,0E7H,0E2H

DB 0DCH,0D6H,0D1H,0CCH,0C7H,0C2H,0BDH,0B9H,0B5H,0B1H,0ADH
DB 0AAH,0A7H,0A4H,0A2H,0A0H,9EH,9DH,9CH,9BH,9AH 9AH

DB 9BH,9CH,9DH,9EH,0A0H,0A2H,0A4H,0A7H,0AAH,0ADH,0B1H

DB 0B5H,0B9H,0BDH,0C2H,0C7H,0CCH,0D1H,0D6H,0DCH,0E2H,0E7H
DB OEDH,0F3H,0F9H,0FFH,04H,0AH,10H,16H,1CH,21H,27H

DB 2CH,32H,37H,3CH,40H,45H,49H,4DH,51H,54H,58H

DB 5BH,5DH,5FH,61H,63H,64H,65H,65H,66H,65H,65H

DB 64H,63H,61H,5FH,5DH,5BH,58H,54H,51H,4DH,49H

DB 45H,40H,3CH,37H,32H,2CH,27H,21H,1CH,16H,10H

DB 0AH,04H,0FFH,0F9H,0F3H,0EDH,0E7H,0E2H,0DCH,0D6H,0D1H

DB 0CCH,0C7H,0C2H,0BDH,0B9H,0B5H,0B1H,0ADH,0AAH,0A7H,0A4H
DB 0A2H,0A0H,9EH,9DH,9CH,9BH 9AH.9AH,9BH,9CH 9DH

DB 9EH.OA'OH,dAZH,0A4H.0A7H.OAAH,OADH,OB1H,0B5H.0B9H,0BDH
DB 0C2H,0C7H,0CCH,0D1H,0D6H,0DCH,0E2H,0E7H,0EDH,0F3H,0F9H
DB OFFﬁ,MH‘OAH,IOH,IGH,lCH.21H,27H.2CH,32H,37H

DB 3CH,40H,45H,49H,4DH,51H,54H,58H,5BH,5DH,5FH

DB 61H,63H,64H,65H,65H,66H,65H,65H,64H,63H,61H

DB 5FH,5DH,5BH,58H,54H,51H,4DH,49H,45H,40H,3CH

DB 37H,32H,2CH,27H,21H,1CH,16H,10H,0AH,04H,0FFH

DB OF9H,0F3H,0EDH,0E7H,0E2H,0DCH,0D6H,0D1H,0CCH,0C7H,0C2H
DB 0BDH,0B9H,0B5H,0B1H,0ADH,0AAH,0A7H,0A4H,0A2H,0A0H,9EH
DB 9DH,9CH,9BH,9AH,9AH,9BH,9CH,9DH,9EH,0A0H,0A2H

DB 0A4H,0A7H,0AAH,0ADH,0B1H,0B5H,0B9H,0BDH,0C2H,0C7H,0CCH
DB 0D1H,0D6H,0DCH,0E2H,0E7H,0EDH,0F3H,0FSH,0FFH,04H,0AH

DB 10H,16H,1CH,21H,27H,2CH,32H,37H,3CH,40H,45H

DB 49H,4DH,51H,54H,58H,5BH,5DH,5FH,61H,63H,64H

DB 65H,65H

>

DB 66H,66H,65H,65H,64H,64H,63H,62H,61H,5FH,5EH
DB 5CH,5BH,59H,57H,54H,52H,50H ,4DH 4BH 48H,45H
DB 42H,3FH,3CH,38H,35H,52H,2EH,2BH,27H,23H,1FH
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DB 1CH,18H,14H,10H,0CH,08H,04H,00H,0FDH,0F9H,0F5H

DB 0F1H,0EDH,0E9H,0E5H,0E2H,0DEH,0DAH,0D6H,0D3H,0CFH,0CCH
DB 0C8H,0C5H,0C2H,0BFH,0BCH,0B9H,0B6H,0B3H,0B1H.0AEH,0ACH
DB 0AAH,0A8H,0A6H,0A4H,0A3H,0A1H,0A0H,9FH,9DH,9DH,9CH

DB 9BH,9BH,9BH,9AH,9AH,9BH,9BH,9CH,9CH,9DH,9EH

DB 9FH,0A0H,0A2H,0A3H,0A5H,0A7H,0A9H,0ABH,0ADH,0B0H,0B2H
DB 0B5H,0B7H,0BAH,0BDH,0C0H,0C3H,0C7H,0CAH,0CDH,0D1H,0D5H
DB 0D8H,0DCH,0E0H,0E3H,0E7H,0EBH,0EFH,0F3H,0F7H,0FBH,0FFH
DB 02H,06H,0AH,0EH,12H,16H,1AH,1EH,21H,25H,29H

DB 2CH,30H,33H,37H,3AH,3DH ,40H,44H,46H ,49H 4CH

DB 4FH,51H,53H,56H,58H,5AH,5BH,5DH,5FH,60H,61H

DB 62H,63H,64H,65H,65H,65H,66H,66H,65H,65H,65H

DB 64H,63H,62H,61H,60H.5FH,5DH.5BH,5AH.58H,56H

DB 53H,51H,4FH,4CH 49H,46H,44H,40H,3DH,3AH,37H

DB 33H,30H,2CH,29H,25H,21H,1EH,1AH,16H,12H,0EH

DB 0AH,06H,02H,0FFH,0FBH,0F7H,0F3H,0EFH,0EBH,0E7H,0E3H

DB 0EOH,0DCH,0D8H,0D5H,0D1H,0CDH,0CAH,0C7H,0C3H,0C0H,0BDH
DB 0BAH,0B7H,0B5H,0B2H,0B0H,0ADH,0ABH,0A9H,0A7H,0A5H,0A3H
DB 0A2H,0A0H,9FH,9EH,9DH 9CH,9CH,9BH,9BH,9AH,9AH

DB 9BH,9BH,9BH,9CH,9DH,9DH,9FH,0A0H,0A1H,0A3H,0A4H

DB 0A6H,0A8H,0AAH,0ACH,0AEH,0B1H,0B3H,0B6H,0B9H,0BCH,0BFH
DB 0C2H,0C5H,0C8H,0CCH,0CFH,0D3H,0D6H,0DAH,0DEH, 0E2H,0E5H
DB OESH,0EDH,0F1H,0F5H,0F9H,0FDH,00H,04H,08H,0CH,10H

DB 14H,18H,1CH,1FH,23H,27H 2BH,2EH,32H,35H,38H

DB 3CH,3FH ,42H,45H,48H,4BH,4DH,50H,52H,54H,57H

DB 59H,5BH,5CH,5EH,5FH,61H,62H,63H,64H,64H,65H

DB 65H,66H

DB 66H,66H,66H,65H,65H,65H,65H,65H,64H,64H,64H
DB 63H,63H,62H,62H,61H,61H,60H,5FH,5FH,5EH,5DH
DB 5CH,5BH,5BH,5AH,59H,58H,57H,56H,54H,53H,52H
DB 51H,50H,4FH,4DH.4CH,4BH 49H 48H,46H,45H ,44H
DB 42H,40H,3FH,3DH,3CH,3AH,38H,37H,35H,33H,32H
DB 30H,2EH,2CH,2BH,294,27H,25H,23H,21H,1FH,1EH
DB 1CH,1AH,18H,16H,14H,12H,10H,0EH,06CH,0AH,08H
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DB 06H,04H,02H,00H,0FFH ,0FDH,0FBH,0F9H,0F7H,0F5H,0F3H

DB 0F1H,0EFH,0EDH,0EBH,0E9H,0E7H,0ESH,0E3H,0E2H,0E0H , 0DEH
DB 0DCH,0DAH,0D8H,0D6H,0D5H,0D3H,0D1H,0CFH,0CDH,0CCH,0CAH
DB 0C8H,0C7H,0C5H,0C3H,0C2H,0C0H,0BFH,0BDH,0BCH,0BAH,0BSH
DB 0B7H,0B6H,0B5H,0B3H,0B2H,0B1l—!,OBOH.OAEH,OADH,OACH,OA’BH
DB 0AAH,0A9H,0A8H,0A7H,0A6H,0A5H,0A4H,0A3H,0A3H,0A2H,0A1H
DB 0A0H,0A0H,9FH,9FH,9EH,9DH,9DH,9DH,9CH,9CH,9CH

DB 9BH,9BH,§BH.9BH,9BH,9AH,9AH,9AH,9AH,9BH,9BH

DB 9BH,9BH,9BH,9CH,9CH,9CH,9DH,9DH,9DH 9EH,9FH

DB 9FH,0A0H,0A0H,0A1H,0A2H,0A3H,0A3H,0A4H,0A5H,0A6H,0A7H
DB 0A8H,0A9H,0AAH,0ABH,0ACH,0ADH,0AEH,0B0OH,0B1H,0B2H,0B3H
DB 0B5H,0B6H,0B7H,0B9H,0BAH,0BCH,0BDH,0BFH,0C0H,0C2H,0C3H
DB 0CS5H,0C7H.0C8H,0CAH,0CCH,0CDH,0CFH,0D1H,0D3H,0D5H,0D6H
DB 0D8H,0DAH,0DCH,0DEH,0E0H,0E2H,0E3H,0E5H,0E7H,0E9H,0EBH
DB O0EDH,0EFH,0F1H,0F3H,0F5H,0F7H,0F9H,0FBH,0FDH,0FFH,00H

DB 02H,04H,06H,08H,0AH,0CH,0EH,10H,12H,14H,16H

DB 18H,1AH;1CH,1EH,1FH,21H 23H,25H,27H,29H,2BH

DB 2CH,2EH,30H,32H,33H,35H,37H,38H,3AH,3CH,3DH

DB 3FH,;10H,42H,44H,45H,46H.48H,49H,4BH,4CH,4DH

DB 4FH,50H,51H,52H,53H,54H.56H,57H,58H,59H,5AH

DB 5BH,5BH,5CH,5DH,5EH,SFH,5FH,60H,61H,61H,62H

DB 62H,63H,63H,64H,64H,64H,65H,65H,65H,65H,65H

DB 66H,66H

DB 66H,66H,66H,66H,66H,66H,66H,66H,66H,66H,66H
DB 66H,66H,66H,66H,66H,66H,66H,66H,66H,66H,66H
DB 66H,66H,66H,66H,66H,66H,66H,66H,66H,66H,66H
DB 66H,66H,66H,66H,66H,66H,66H,66H,66H,66H,66H
DB 66H,66H,66H.66H,66H,66H,66H.66H,66H,66H,66H
DB 66H,66H,66H,66H,66H,66H,66H,66H,66H,66H,66H
DB 66H,66H,66H,66H.66H,66H,66H,66H,66H,66H,66H
DB 66H.,66H,66H,66H,66H,66H,66H,66H,66H,66H,66H
DB 66H,66H,66H,66H,66H,66H,66H,66H,66H,66H,66H
DB 66H,66H,66H,66H,66H,66H,66H,66H,66H,66H,66H
DB 66H,66H,66H,66H,66H,66H,66H,66H,66H,66H,66H
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Electrical Specifications

This appendix contains data sheet information on the TMS320C5x digital sig-
nal processors family, including the following devices:

0 TMS320C50
(] TMS320C51
(] TMS320Cs3

Figure A~ shows the pinout of the 'C5x devices in a 132-pin quad flat pack;
the pin assignments are given in Table A-1. This appendix also contains the
electrical characteristics of the 'C5x devices and the mechanical data of the
132-pin quad ilat pack.
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Pincut and Signal Descriptions

A.1 Pinout and Signal Descriptions

Figure A—1. TMS320C5x Pinout

132-Pin
Quad Flat Pack Package? o
(Top View) Q “%
- ' 28 3 S5 x3r2vzo
8a O_Nn,mgﬁakg da,8 XE¥ 325 552 2
9999885550553 %9 Ess%&@msbgseggazg
Y Vi T Y i U o Lo L Yo s T T U o o { (o Lo Lo T [ [ o T o o
716 15 14 1D 12 11 10 9 & 7 8 5 4 3 2 1 132131130 129 128 127 126 125 124 123 122 123 120 118 113 117
NC{] 18 8 M NG
NC(] s O 1ns ::]]NC
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Vssi(] 2 13 1] Voora
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o1} = 105 [] TFSX/TFAM
oo(] = 14 |7 FSX
™S a 1 [ ctrmoz
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Veos(] = 191 1] Vssia
TCK(] % 10 [ T0O
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Vass] = %8 [ Voou
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CLKMD

T See Fin Assignments, Table A—1 {page A-3) for location and description of all pins. The 'C50, 'C51, and
'CS3 zre packaged in 132-pin plastic QFP in production. See Figure A-20 for mechanical data.
Note: NC = No cannect. (These pins are reserved.)
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Pinout and Signal Descriptions

Table A—1.TMS320C5x Pin Assignments

Pin Name Type Dascription

1 |7-Yo} orZ Instruction Acquisition

2 TRST | JTAG Test Reset

3 Vss Supply Ground

4 Vss Supply Ground

5 MP/MT | Microprocessor/Microcomputer
] D15 (MS8) Yorz Parallel Data Port, High-Byte (8 pins)
7 D14 1orZ ’

8 D13 forZ

9 D12 OfZ

10 D11 11012

11 010 llelra

12 Ds I/OrZ

13 08 WOIZ

14 Voo Supply +5V

15 Voo Supply +5V

16 NCt Reserved

17 NCt Reserved

18 NCt Reserved

19 NC? Resarved

20 Vss Supply Ground -
21 Vss Supply Ground

22 NCt Reserved

23 o7 lle]r4 parallel Data Port, Low-Byte (8 pins)
24 D6 ifOrZ

25 05 vorz

26 D4 oz

27 03 orZ

28 D2 1orz

29 01 1Oz

30 00 {LS8) I/10rZ

31 T™MS | JTAG Test Mode

32 Voo Supply +5V

33 Voo Supply +#5V

34 TCK ! JTAG Test Clock

T NC = No connsct
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Pinout and Slgnal Descriptions

Table A—-1. TMS320C5x Pin Assignments (Continued)

Pin Name Type Description
3s Vss Supply Ground
36 Vss Supply Ground
37 NCt Reserved
38 INTT l Interrupt #1
39 INT2 ! Interrupt #2
40 INT3 I Interrupt #3
41 INT4 i Interrupt #4
42 NMI I ‘Nonmaskable Interrupt
43 OR | Serial Port 1 Data Receive
44 TOR 1 Serial Port 2 Data Recsive
45 FSR | Serial Port 1 Receiver Frame Sync
46 CLKR | Serial Port 1 Receiver Clock
47 Voo Supply +5V
48 Voo Supply +5V
49 NCt Reserved
50 NCt Reserved
51 NCt Reserved
52 NCt Reserved
53 ‘Vss Supply Ground
54 Vss Supply Ground
s5 AQ (LSB) 1orZ Parallel Port Address Bus
58 Al Worz (10 pins)
57 A2 YO/Z
§8 A3 [llelr4
59 A4 0z
60 AS l{e]74
61 A6 Yorz
82 A7 Yoz
63 A8 WYOIZ
64 A9 o7
" 65 Voo Supply BV
66 Voo Supply +5V
67 TDI | JTAG Scan Input

T NC = No connect
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Table A-1. TMS320C5x Pin Assignments (Continued)

Pin Name Type Description

35 Vss Supply Ground

36 Vss Supply Ground

37 NCt Reserved

38 WNIT i Interrupt #1

39 INTZ | Interrupt #2

40 INT3 | interrupt #3

41 INTE | Interrupt #4

42 NI | Nonmaskable Iinterrupt

43 OR | Serial Port 1 Data Receive
44 TOR | Serial Port 2 Data Receive
45 FSR ! Serial Port 1 Receiver Frame Sync
46 CLKR | Serial Port 1 Receiver Clock
47 Voo Supply +5V

48 Voo Supply 5V

49 NCt Reserved

50 NCt Reserved

51 NCt Ressrved

52 NCt Resarved

53 Vss Supply Ground

54 Vss Supply Ground

55 AQ (LS8) 1orz Parallel Port Address Bus
56 Al orz (10 pins)

57 A2 forZ

58 A3 Vorz

59 A4 Yoz

60 A5 o1z

61 A8 1oz

62 A7 orz

63 A8 forz

64 AS Yoz

65 Voo Supply +5V

66 Voo Supply +5V

67 TOI | JTAG Scan lnput

T NC = No connect
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Table A—1. TMS320C5x Pin Assignments (Continued)

Pin Name Type Description

68 Vss Supply Ground

69 Vss Supply Ground

70 NCt Reserved

71 CLKMD1 1 Clock Mode Pin 1

72 Al0 fofZ Parallel Port Address Bus
73 A1 OrZ (6 pins)

74 A2 iorz ‘

75 A13 1OfZ

76 A4 1orZ

77 AlS yorZ

78 NCt Reserved

79 NC? Reserved

80 Voo Supply +5V

81 Voo Supply +5V

82 RO o1z Read Enable

83 WE (0]74 Write Enable

84 NCt Reserved L e
85 NC? Reserved

86 Vss Supply Ground

87 Vss Supply Ground

88 NCt Reserved

89 0S5 oz Data Space Select

90 i1 oz /O Space Select

91 FS orz Program Spacs Select

92 RW l1orz Read/Write

93 STRB 1012 Extemal Paralie! Access Active
94 BR WOrZ Bus Reqguest

95 CLKIN2 | Divide-by-One Clock Input
96 X2/CLKIN l Divide-by-Two Clock Input
97 X1 o Oscillater Output

98 Voo Supply Y

99 Voo Supply +SV

100 TDO o]74 JTAG Scan Output

t NC = No connect
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Table A—1. TMS320C5x Pins (Concluded)

Pin Name Type Description
101 Vss Supply Ground
102 Vss Supply Ground
103 CLKMD2 | Clock Mode Pin 2
104 FSX l{e]r4 Serial Port 1 Transmitter Frame Sync
105 TFSX/TFAM l{e]r4 Serial Port 2 Transmitter Frame Sync
106 DX orZ Serial Port 1 Transmitter Output
107 TOX 0]74 Serial Port 2 Transmitter Qutput
108 HOUDA orZz Hold Acknowledge
109 XF orZ External Flag
110 CLKOUT! 0174 Machine Clock Qutput
n .NCs Reserved
112 [ACR orz Interrupt Acknowledge
113 Voo Supply +5V
114 Voo Supply +5V
115 NCt Reserved
116 NCt Resarved
17 NCt A Reserved .
118 EMUO WorZz Emutatorintecrupt 0
119 EMU1/OFF l{e]74 Emulator Interrupt 1
120 Vss Supply Ground
121 Vss Supply Ground
122 TOUT OrZ Timer Output
123 TCLKX orzZ Serial Port 2 Transmitter Clock
124 CLKX 1orZ Serial Port 1 Transmittar Clock
125 TESR/TADO forz Serial Port 2 Receive Frame/Address
126 TCLKR | Serial Port 2 Receiver Clock
" 127 RS ! Device Reset
128 READY | External Access Ready to Complete
129 HOUD I Request Access of Local Memory
130 BIO | 8it /O Pin
131 Voo Supply +5V
132 Voo Supply +5V

* NC = No connect
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A.2 Electrical Characteristics and Operating Conditions

Table A—2.Absolute Maximum Ratings Over Specified Temperature Range (Unless

Otherwise Noted)t
Supply voltage range, Voo § « oo v v veeemniiiiieiii e —0.3Vto7V
INPUt VOIBGO FANGE ..\ttt et r et —03Vto7V
Output voItage range .......vveeeerrereneiraneananeenanens e -03Vto7V
Operating case temperature FaNge ...........oveeesereeetenerernaresate i e 0° to 85°C
Storage temperature raNgE ... .....oeeeentunenieneraenaansnsnonan s eneeorcecs -55°t0 150°C

t Stresses bayond those listed under “Absolute Maximum Ratings” may cause damagse to the device. This is a stress raling only,
and functional operation of the devica atthese or any other conditions beyond thosa indicated in the “Recommended Operating
Conditions" sections of this spacification is notimplied. Exposure to absolute-maximum-rated conditions for extended pericds
may affect reliability.

: All voltage values are with respect to Vss.

Table A-3.Recommended Operating Conditions

Parameter Min Nom Max Unit
Voo Supply voltage 4.75 5 5.25 \
Vss Supply voltage 0 \'%
Vi High-level input voltagse CLKIN, CLKIN2 3.0 Vpp+0.3 A
CUICK,CLKR, TCLKX, TCLKR 25 Vpo+0.3
All others 2.0 Voo+0-3.
ViL Low-level input voltage -0.3 0.8 \
lon High-level output current -300f pA
loL Low-level output current 2 mA
T Operating case temperature Y 85 °C

T This gy may be exceeded when using a 1-kQ pull-down resistor on the TDM serial pot TADO output, however, this output still
meets Vgy specifications under these conditions.
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Table A—4.Electrical Characteristics Over Specified Free-Air Temperature Range (Unless

Otherwise Noted)
Parameter Test Conditions Min  Typt Max |Unit
YoH  High-lavel output voltage § lon=Max 2.4 3 \Y;
Vor  Low-level output voltage § lg =Max 0.3 06 V
Iz Three-state current BH —400 t 20| pA
(Vpo = Max) . Al other three-state -20 t 20
h Input current THST pin (with internal pulidown) -10 b4 800 | wA
Mi=Vss to Vpp) TMS, TCK, TDI pins (with internal pullups) —400 b4 10
X2/CLKIN pin —50 t +30 | pA
All other input-only pins -10 t 10
lopc  Supply current, core CPU Operating Ta=25°C, Vpp=5.25V, {xt=40.96 MHz 60 mA
lopp  Supply current, pins Operating Ta=25°C, Vpp=5.25 V, {,=40.96 MHz 40 mA
oo Supply current, standby IDLE?2, clocks shut off 5 A
G Input capacitance 15 pF
C, Qutput capacitance 15 pF

T All typical nominal values are at Vgp=5 V, Ta=25°C.

* These values are not spacified, pending detailed characterization.

$ Allinput and output voltage levels are TTL-compatibla. Figure A-2 shows the test load circuit and Figure A-3 shows the voltage
reference lavels.

Figure A-2. Test Load Circuit

'
|
f
Tester Pin |
; Electronics I

l Output

Vioap ,—-——ol Under
| Test

Where: lo = 2.0 mA {all outputs)
lou = 300 pA (all outputs)
Vicap = 1.8V
Cr = 80 pF typical load circuit capacitance.

TTL output levels are driven to a minimum logic-high level of 2.4 volts and to
amaximum logic-low level of 0.6 voit. Figure A—=3 shows the TTL-leve! outputs.
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Figure A-3. TTL-Level Outputs

TTL-output transition times are specified as follows:

O For a high-to-low transition, the level at which the output is said to be no
longer high is 2.0 volts, and the level at which the output is said to be low

is 1.0 volt.

() For a low-to-high transition, the level at which the output is said to be no
longer low is 1.0 volt, and the level at which the output is said to be high

is 2.0 volts.

Figure A—4 shows the TTL-level inputs.

Figure A—4. TTL-Level Inputs

TTL-compatible input transition times are specified as follows:

g ‘Fora high-to-low transition on an input signal, the level at which the input
is said to be no longer high is 2.0 volts, and the level at which the input is

said to be low is 0.8 valt.

(] Fora low-to-high transition on an input signal, the level at which the input
is said to be no longer low is 0.8 volt, and the level at which the inputis said
to be high is 2.0 volts. :
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A.3 Clock Characteristics and Timing

The 'CSx can use either its internal oscillator or an external frequency source
for a clock. The clock mode is determined by the CLKMD1 (pin 71) and
CLKMD2 (pin 103) clock mode pins. The following table outlines the selection
of the clock mode by these pins.

CLKMD1 CLKMD2 Clock Source
1 Q External divide-by-one clock option.
0 1 Reserved for test purposes.

External divide-by-two option or internal divide-by-two clock option
with an external crystal.

0 0 External divide-by-two option with the internal oscillator disabled.

1 1

A.3.1 Internal Divide-by-Two Clock Option With External Crystal

The internal oscillator is enabled by connecting a crystal across X1 and
X2/CLKIN. The frequency of CLKOUTT is one-half the crystal's oscillating fre-
quency. The crystal should be in either fundamental or overtone operation and
parallel resonant, with an effective series resistance of 30 ohms and a power
dissipation of 1 mW; it should be specified ataload capacitance of 20 pF. Note
that overtone crystals require an additional tuned-LC circuit. Figure-A-4 shows
an external crystal (fundamental frequency) connected to the on-chip oscilla-
tor.

Table A-5.Recommended Operating Conditions

Parameter Min Nom Max Unit

. | TMS320C5%-40 or 40.96 MHz
X nput clock frequency TMS320C5x-57° ot 57.14 MHz
C1,C2 10 pF

t This device utilizes a fully static design and therefore can operate with te(cy @pproaching =. The device is characterized at fre-
quencies approaching 0 Hz but is tested 2t a minimum of 3.3 MHz to meet device test time requirements.
* Othaer timings for the 57-MHz CLKIN devices are the same as those for the 40- MHz CLKIN devices, except where otherwise

indicated.
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Figure A-5. Internal Clock Option

X1 X2/CLKIN

A.3.2 External Divide-by-Two Clock Option

An external frequency source can be used by injecting the frequency directly
into X2/CLKIN, with X1 left unconnected, CLKMD1 set high, and CLKMD2 set
high. This external frequency is divided by two to generate the internal ma-

chine cycle.

The external frequency injected must conform to specificationsisted in the
timing requirements table.

Table A—6.Switching Characteristics Over Recommended Operating Conditions

(H = 0.5 tco))

Parameter Min Typ Max Unit
o TMS320C5x-40 48.8 2te(cn T ns
tqco) ~ CLKOUTI cycle time T L] - e : —
ty(cti-co) CLKIN high to CLKOUTH highflow 3 11 20 ns
tco) CLKOUT1 fall time S ns
ticoy CLKQUTI rise time 5 ns.
twicoy CLKOUTI low pulse duration H-2 H H+2 ns
twicor CLKOUTI high pulse duration H-2 H H+2 ns

1 This device utilizes a fully static design and therefore can operate with tyc)) ap

proaching =. The device is characterized at fre-

quencies approaching 0 Hz but is tested at a minimum of 3.35 MHz to meet device test time requiremeants.
% Other timings for the 57-MHz CLKIN devices are the same as those for the 40-MHz CLKIN devices, except whare otherwise

indicated.
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Table A~7.Timing Requirements Over Recommended Operating Conditions
(H = 0.5 o) .

Parameter Min Max Unit
. TMS320C5x-40 24.4 H ns
tep  CLKIN cycle time TMS320C5x-567% 7.5 g ns
t((c() CLKIN fall time t 5 ns
tcy CLKIN rise time T 5 ns
) TMS320C5x-40 11 § ns
twciy  CLKIN low pulse duration TIS320C50 57T 5 3 oS
. . TMS320C5x-40 11 § ns
twiciy  CLKIN high pulse duration TMS320C5x57F 5 3 s

1 Values derived from characterization data and not tested.
¢ Other timings for the 57-MHz CLKIN devices are the same as those for the 40-MHz CLKIN devices, except where otherwise

indicated.
§ This device utilizes a fully static design and therefore can operate with te(cy approaching =. The device is characterized at
frequencies approaching 0 Hz, but is tested at a minimum of 6.7 MHz to meet device test time requirements.

Figure A-6. External Divide-by-Two Clock Timing

[+ e
bt -
M tcy — A —rt— tuciy || | r_ fc
CLKIN | A I |
{ . 4 r‘ tco)
A L b t(co) ":: J L

[ Yicirco)  Wicow)
CLKOUT1 |

—_

Tl

A.3.3 External Divide-by-One Clock Option

An external frequency source can be used by injecting the frequency directly
into CLKIN2, with X1 left unconnected and X2 connected to Vgp. This external
frequency is divided by one to generate the internal machine cycle. The divide-
by-one option is used when the CLKMD1 pin is strapped high and CLKMDZ2
is strapped low.

The external irequency injected must conform to specifications listed in the
timing requirements table.



199

Clock Characteristics and Timing

Table A-8.Switching Characteristics Over Recommended Operating Conditions
(H=0.5t(co))

Paramster Min Typ Max Unit
v . TMS320C5x-40 48.8 te(cn 758 ns
<(CO) cycie ime TMS320C5%-57¢ 3/ e 7858 ns
Wc-co)  CLKINZ high to CLKOUT high : 2 9 16 ns
tico) CLKOUT1 fall time 5 ns
t(coy CLKOUT 1 rise time 5 ns
twicoy CLKOUT1 low pulse duration H-2 H H+2 ns
tw(COH) CLKOUT1 high pulse duration H-2 H H+2 ns
" e T tooot | eyt

¥ Values derived from characterization data and not tested. .
3 Other timings for the 57-MHz CLKIN devices are the same as those for the 40-MHz CLKIN devices, except where otherwise

indicated.
§ Clocks can be stopped only while the device executes IDLE2 when using the extemal divide-by-one clock option.
1 Values guaranteed by design and not tested.

Table A-9. Timing Requirements Over Recommended Operating Conditions
(H = 0.5 kcop)

Parameter Min Max Unlt
) TMS320C5x-40 48.8 758 ns
wen  CRPNEOQIY THMS320C5%-57F 3s 7858 ns_
ten CLKIN2 fall time T 5 ..ns
te(ch CLKIN2 rise time ! g 5 ns
| TMS320C5%-40 15 60 ns

twiciy) CLKINZ low pulse duration TMS320CEx57F 1 vy o
: . TMS320CSx-40 15 60 ns

twciHy  CLKINZ high pulse dur.atlon TMS320C5x57F P ” -

¥ Values derived from charact'erization data and not tested.

% Other timings for the 57-MHz CLKIN devices are the same as those for the 40-MHz CLKIN devices, except where indicated
otherwise.

$ Clocks can be stopped only while the device executes IDLE2 when using the external divide-by-one clock option. Note that ty
(the transitory phase) will occur when restarting clock from IDLE2 in this mode.

Figure A-7. External Divide-by-One Clock Timing
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A.3.4 Memory and Parallel I/O Interface Read Timing

Table A-10. Switching Characteristics Over Recommended Operating Conditions
(H = 0.5tcq))

Parameter Min Max Unit

Lu(AR Setup time, address valid before AU low H -~ 101 ns
thealR Hold time, address valid after RD high T ot ns
LRy HD low puise duration H-2 H+2 s
Lw(RH) RO high pulse duration * H-2 ns
tarw) Delay time, FD high to WE low 2H-5 ns

¥ A15-A0,P5, U3, IS, and BH timings are all included in timings referenced as address.

* 5THB and RD rising and falling edges track and are 04 and = 2 ns, respectively, from CLKOUT1 edges on reads, following the
cycle after reset, which is always 7 wait states; thus, tolerance of resulting pulsewidths is = 2 ns, not = 4 ns. See Appendix B.

# values derived from charactarization data and are not tested.

1 See Figure A-9 for address bus timing variation with load capacitance.

Table A—11.Timing Requirements Over Recommended Operating Conditions
(H = 0.5t(co))

Parameter Min Max Unit
; TMS320C5x-40 2H - 18t ns
ta(A) Read data access from address valid
TMS320C5x-57% 2H - 15t ns
tauIR Read data setup time before RD high 10 1 ns
oA Read data hold time after KD high Q ns
ta(my Read data access time after RU low H-10 ns

T See Figure A-9 for address bus timing variation with load capacitance.
¢ Other timings for 5§7-MHz CLKIN davices are the same as for the 40-MHz devices, except where indicated otherwise.

A.3.5 Memory and Parallel I/O Interface Write Timing

Table A—12. Switching Characteristics Over Recommended Operating Conditions
(H = 0.5%co))

Parameter \ Min Max Unit

tau(AIW Setup time, address valid before WE low T H-5* ns
thiaw Hold time, address valid after W& high T H-10* ns
L) WE low pulsa duration 1 2H-2 2H +2 s
Yo (WH) WE high pulss duration #1 2H-2 ns
tapwr) Delay time, WE high to AD low 2H-10 ns
LuDiw Setup time, write data valid before WE high * 2H-20 oH1¢ ns
thow Hold time, write data valid after WE nigh * H-5 H+10! ns
tanOW Enable time, WE to data bus driven -51 ' ns

¥ A15-A0,P3, U5, IS, R/W, and BH timings are all included in timings referenced as adcress.

¥ STHB and WE edges are 0—4 ns from CLKOUT1 edges on writes. Rising and falling ecges of these signals track each other,
. tolerancs of resulting pulsewidths is = 2 nis, not = 4 ns. See Appendix B for logical device interface timings.
Valuss derived from characterization data and are not tested.

£ This value holds true for zero or ona wait state only.
! See Figure A-9 for address bus timing variation with load capacitance.
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Figure A-8. Memory and Parallel l/O Interface Read and Write Timing
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: All timings are for O wait states. However, external writes always require two cycles to prevent external bus conflicts.
The above diagram illustrates a one-cycle read and a two-cycle write and is not drawn to scale. All external writes
immediately preceded by an external read or immediately followed by an external read require three machine cycles.
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Figure A—9.Address Bus Timing Variation With Load Capacitance
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A.3.6 Ready Timing for Externally Generated Wait States

Table A-13. Timing Requirements Over Recommended Operating Conditions

Parameter Min Max Unit
Lau(R-CO) READY setup time before CLKOUT1 rises 10 " ns
thico-R READY hold time after CLKOUT 1 rises 0 ns
tauRia READY setup time before RU falls 10 ns
thmn READY hold time after RD falis 5 ns
tvimw READY valid after WE falls H~15 ns
tremywy RAEADY hold aftec WE falls H+5 ns

Note: The external READY input is sampled only aiter the internal software wait states are completed.

Figure A-10.
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Figure A—11. Ready Timing for Externally Generated Wait States During an External Write

Cycle
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A.3.7 Reset, Interrupt, and BIO Timings

Table A—14. Timing Requirements Over Recommended Operating Conditions

(H = 0.5%(co)) ™~ .

Parameter ‘ Min Max | Unit

LN TNT1_INT4, NMI, A5 setup time before CLKOUT 1 low ! 15 ns
thany TNTI—INT3, NMI, RS hold time after CLKOUTT low ! 0 ns
tuNLs INTT-INT4, NMT low pulse duration, synchronous 4H+15¥ ns
Lw(INH)8 INTT-INT3, NMI high pulse ducration, synchronous 2H+15% ns
LyNUa TNTT_INT4, NMT low pulse duration, asynchronous # 6H+15¢ ns
LvNH)a TNTIi—INT3, NMT high pulse duration, asynchronous * 4H+157 ns
tau(R) RS set up time before X2/CLKIN low 10 ns
tw(RSY HS low pulse duration 12H ns
taex RS high to resst vector fetch . 34H ns
tw(sns BIO low pulse duration, synchronous 15 ns
tw(Bna 810 low pulse duration, asynchronaus * - Hets - ns
(B BIO sstup before CLKOUT1 low 15 ns
ey BIO hold time after CLKOUT1 low 0 ns

T These paramsters must be met to use the synchronous timings. Both reset and the interrupts can gperate asynchronously. The
pulse widths require an extra half-cycle to guarantes internal synchronization.

* It in IDLEZ2, add 4H to these timings.

# Values derived from characterization data and are not tested.
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Figure A—12. Reset, Interrupt, and BIO Timings
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A.3.8 Instruction Acquisition (TAQ), Interrupt Acknowledge (TACK), External
Flag (XF), and TOUT Timings
Table A—15. Switching Characteristics Over Recommended Operating Conditions
(H = 0.5k (cqo))
Paramaeter Min Max Unit
Lu(AllAQ Setup time, address valid before TAQ low T H-12! ns
thiAlAQ Hold time, address valid atter [AQ low H-10! ns
te(iAQU) TAT low pulse duration H-— 10! ns
t4roun Delay time, CLKOUT 1 falling to TOUT -6 8§ ns
Lay(ANACK Setup time, address valid bafore TACK low * H-12! ns
th{ANIACK Hold time, address valid aiter TACK high + H-10! ns
twiACI) TACK low puisa duration H-10! ‘s
tw(roun TOUT pulse width 2H-12 ns
Lxe) Delay time, XF valid after CLKOUT1 0 12 ns

T TAT goes low during an instruction acquisition. 1t goes low only on the first cycle of the read when wait states are used. The
falling edge should be used to latch the valid address. .The AVIS bit in the PMST register must be set to zero for the address
to be valid when the instruction being addressed resides in on-chip memory.

* TACK goes low during the fetch of the first word of the interrupt vector. It goes low oaly on the first cycle of the read when wait
states are usad. Address pins Al — A4 can be decoded at the falling edge to identify the interrupt being acknowledged. The
AVIS bit in the PMST register must be set to zero for the address to be valid when the vectors reside in on-chip memory.

1 Valid only if the external address reflects the current instruction activity (that is, cade is executing on chip with no external bus
cycles and AVIS is on or code is executing off-chip).
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Figure A~13. TAQ, TACR, and XF Timings Example With Two External'Wait Slates
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A.3.9 External DMA Timing

Table A—-16. Switching Characteristics Over Recommended Operating Conditions
(H = 0.5k(c0))

Parameter Min Max Unit
ta(H-HA) Delay time, FHOUD low to HOUDA low 4H § ns
taHH-HA) Delay time, HOUD high befare HOUDA high 2H as |
ta(M—HA) Address three-state before HCLDA low 1 H- 15! ns
ton(HA-M) Enable time, HOLDA high to address driven H-5! ns
te-n Delay time, XBH low to AT low 4H! 6H1 ns
ty(aH—) Delay time, XBH high to TAQ high 2H! 4H!1 ns
YO)X] Delay time, read data valid atter XSTHB low . 40 ns
thD)XR Read data hold time after XSTRB high 0 ns
tan(-0) Enable time, TAQ low to read data driven ¥ of 2H1 ns
trow) XR/W low to data three-state ot 151 ns
tz(1-0) TAQ high to data three-state H ns
tanlDIAW Enable time, data from XR/W going high 4 ns

7 This parameter includes all memory control lines.

* This parameter refers to the delay between the time the candition (TAQ = 0 and XR/W = 1) is satisfied and the time that the 'C5x
data lines become valid.

§ HOLD is not acknowledged until current extemal access request is complete.

! Values derived from characterization data and are not tested.

Note: X preceding a name refers to extemnal drive of the signal.

Table A-17. Timing Requirements Over Recommended Operating Conditions

Parameter Min Max Unit

ty(HA-5) Delay time, HOUDA low to XBR low T~ ot ns
t4-xs) Delay time, [AQT low to XSTRE low T of ns
Lauixa) Setup time, Xaddress valid before XSTHB low 1 ns
Lau(xO\W Setup time, Xdata valid before XSTRE low 15 ns
taowo)w Hold time, Xdata haold after XSTHE low 15 ns
thexayw Hold time, Write Xaddress hold after XSTHB low 18 ns
twixsy) Width XSTHE low pulse 45 ns
LwiXSH) Width XSTRE high pulse 45 ns
teu(XSIAW Setup time, R valid befcre XSTHS low 20 : ns
theeaR Hold time, read Xaddress after XSTRB high 0 ns

¥ XBH, XR/W, and XSTRB lines should be pulled up with a 10-kQ resistor to assure that they ara in an inactive high state during
the transition period between the TMS320CSx driving them and the extarnal circuit driving them.

1 Values derived from characterization data and are not tested.

Note: X preceding a name refers t¢ extemal drive cf the signal,
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Figure A—14. External DMA Timing
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A.3.10 Serlal Port Recelve Timing

Table A-18. Timing Requirements Over Recommended Operating Conditions
(H = 0.5k (cq))

Parameter Min Max Unit
tesci Serial port clock cycle time 5.2H : ns |
tsc Serial port clock fall time gt ns
tscx Serial port clock rise time 8! ns
bw(SCK) Serial port clock lowshigh pulse duration 2.1H ns
Lau(FS) FSR setup time before CLKR falling edge 10 ns
hFs) FSR hold time after CLKR falling edge 10 ns
tsu(OR) DR setup time before CLKR falling edge 10 ns
thiDR) DR hold time after CLKR failing edge 10 ns

* The serial port design is fully static and therefora can operate with tsck) approaching =. It is characterized approaching an
input frequancy of 0 Hz but tested at a much higher frequency to minimize test time.
1 Values derived from characterization data and are not tested.

Figure A—15. Serial Port Receive Timing
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A.3.11 Serial Port Transmit Timing of External Clocks and External Frames
(see Note)

Table A—19. Switching Characteristics Over Recommended Operating Caonditions
(S = 0.5t(sck)

Parametar Min Max Unit
Loxy Delay time, OX valid after CUKX rising 25 ns
tisox) Disable time, DX after CLKX rising 40 ns
thox) Hold time, DX valid aiter CLXX rising -5
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Table A—20. Timing Requirements Over Recommended Operating Conditions
(H = 0.5tcq))

Parameter Min Max Unit

tesc Serial port clock cycle time §.2H ¥ ns
scro Serial port clock fall time g1 ns
SCK Serial port clock rise time g1 ns
tw(SCK) Serial port clock low/high pulse duration 2.1H ns
t(Fs) FSX delay time after CLKX rising edge 2H-8 ns
th(Fs) FSX hold time after CLKX falling edge 10 ns
ty(ESIH FSX hold time after CLKX rising edge 2H-8 ¢ ns

T If the FSX pulse does not meet this specification, the first bit of serial data wiil be driven on the DX pin until the falling edge of
FSX. After the falling edge of FSX, data will be shifted out on the DX pin. The transmit buffer empty interrupt will be generated
when the ty(rs) end th(FS)H specification is met.

* The senial port design is fuily static and therefore can operate with tescrg approaching =. 't is characterized approaching an
input frequency of 0 Hz but tested at a much higher frequency to minimize test time.

1 valyes derived from characterization data and are not tested.

Note: Internal clock with external FSX and vice versa are also allowable. However, FSX timings to CLKX are always defined
depending on the source of FSX, and CLKX timings are always dependent upon the source of CLKX. Sgecifically, the
relationship of FSX to CLKX is independant of the source of CLKX. Table A-20 shows external FSX and external CLKX
timings; Table A—21 shows internal FSX and internal CLKX timings.

Figure A—16. Sérial Port Transmit Timing of External Clocks and External Frames
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A.3.12 Serial Port Transmit Timing of Internal Clocks and Internal Frames

(see Note)

Table A-21. Switching Characteristics Over Recommended Operating Conditions

(H = 0.5t(co), S = 0.5scK))

Parameter Min Typ Max Unit
t4(es) Delay time, CLKX rising to FSX 25 ns
tox) Delay time, CLKX rising to OX 25 ns
tis(DX) Disable time, CLKX rising to DX 40 ns
tescr Serial port clock cycle time 8H ns |
tuscky Serial port clock fall time 5 ns
tscx Serial port clock rise time 3 ns
tw(SCK) Serial port clock low/high pulse duration 4H - 20 ns
thiDX) Hoid time, DX valid after CLKX rising -5 ns

Note:

Internal clock with external FSX and vice versa are alsa allowable, However, FSX timings to CLKX are always defined
depending on the source of FSX, and CLKX timings are always dependent upon the source of CLKX. Specifically, the
retationship of FSX to CLKX is independent of the source of CLKX. Table A—-20 shows external FSX and external CLKX
timings; Table A~21 shows internal FSX and internal CLKX timings.

Figure A—17. Serial Port Transmit Timing of Internal Clocks and Internal Frames®
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Claock Characteristics and Timing

A.3.13 Serlal Port Receive Timing In TDM Mode

Table A-22.- Timing Requirements Over Recommended Operating Conditions
(H = 0.5k co))

Parameter Min Max Unit

tscry Serial port clock cycle time 5.2H § ns
tsc Serial port clock fall time gt ns
t(scK Serial port clock rise time 8# ns
twisck Serial part clock low/high pulse duration 2.1H ns
tyuqs) TDAT/TADO sstup time before TCLK rising 30 ns
th(Ls) TOAT/TADO hold time after TCLK rising -5 ns
tau(sa) TOAT/TADO satup time before TCLK rising T 25 ns
th(ss) TODAT/TADG hold time after TCLK rising T 0 ns
tau(Fs) TRFM setup time before TCLK rising edge + . 10 ns
thiFs) TRFM hold time after TCLK rising edge * 10 ns

t These parameters apply only to the first bits in the serial bit string.

¥ TFRM timing and waveforms shown in Figure A—18 are for external TFRM. TFRM can also be configured as internal. The TFRM
internal case is illustrated in the transmit timing diagram in Figure A—-19.

§ The serial port design is fully static and thersfore can operate with tyscig approaching =. Itis characterized approaching an
input frequency of 0 Hz but tested at a much higher frequency to minimize test time.

# vajues derived from characterization data and are not tested.

Figure A—18. Serial Port Receive Timing in TDM Mode
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A.3.14 Serial Port Transmit Timing in TOM Mode

Table A-23. Switching Characteristics Over Recommended Operating Conditions
(S = 0.5scw)

Parameter Min Typ Max Unit |
th(A0) Hold time, TODAT/TADD valid after TCLK rising -2 ns
l4(Fs) Delay time, TFRM valid after TCLK rising ¥ H 3H+10 ns
Ly(AD) Delay time, TCLK to valid TOAT/TADO 25 ns

t These parameters apply only to the first bits in the serial bit string.
* TFRM timing and waveforms shown in Figure A—19 are for internal TFRM. TFRM can also be configured as external, and the

TFRM extarnal cass is illustrated in the recsive timing diagram in Figure A~18,

Table A—24. Timing Requirements Over Recommended Operating Conditions
(H = 0.5t(c0))

Parameter Min Typ Max Unlt

tescr Serial port clock cycle time 5.2H 8HT : ns
tscK Serial port clock fall time 8* ns.
tiscx Serial port clock rise time 8* ns
twiSCIO Serial port clock low/high pulse duration 2.1H ns

T When SCK is generated internally.

* The serial port design is fully static and therafore can operate with tc(scx) approaching =. It is characterized approaching an
input frequency of 0 Hz but tested at a much higher frequency to minimize test time.

* Values derived from characterization data and are not tested.

Figure A~19. Serial Port Transmit Timing in TOM Mode
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External Interface Timings

This appendix discusses functional timing operations on the external memory
interface bus. Detailed timing specifications for all ‘C5x signals are contained
in Appendix A, Electrical Specifications.

The 'C5x memory is organized into four selectable spaces: program, local
data, global data, and I/O space. These spaces are multiplexed through a 16-
bit data bus and a 16-bit address bus. Each space is selgzted by its corre-
sponding select signal: data select (DS), program select (PS), and 1/O space
select (IS). Global data memory accesses are distinguished by the bus re-
quest (BR) pin. The read and write diagrams shown apply to accesses to all
spaces.
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B.1 Read/Write Timings

All bus cycles comprise integral numbers of CLKOUT1 cycles. One CLKOUT1
cycleis defined to be from one falling edge of CLKOUT 1 to the next falling edge
of CLKOUT. For full-speed, zero-wait state operation, reads require one
cycle and writes require two cycles. A write immediately preceded by a read
or immediately followed by a read requires three bus cycles.

For read cycles, STRB goes low and ADDRESS becomes valid with the falling
edge of CLKOUT1. The RD signal then goes low with the rising edge of
CLKOUT1 and goes high again at the next falling edge of CLKOUT1 (for zero
walit-states read cycles). For one more wait state (multicycle) read, RD stays
low but goes high again with the falling edge of CLKOUT1 before the next
cycle, even if the cycles are contiguous. Read data is sampled at the rising
edge of RD.

The R/W signal goes high at least one half CLKOUT1 cycle before any read
cycle; for contiguous read cycles, STRB stays low. At the end of a read cycle
or sequence of reads, STRB goes high along with RD on the falling edge of
CLKOUTH. '

Write cycles always have at least one inactive (pad) cycle of CLKOUT 1 before
and after the actual write operation, including contiguous writes. This allows
a smooth transition between the write and any adjacent bus operations as well
as other writes. For this pad cycle, STRB and WE are always high. The R/W
signal always changes state on the rising edge of CLKOUT1 during the pad
cycle before and after a write or sequence of writes. This prevents bus conten-
tion when making the transition between read and write operations. Note that
for a sequence of contiguous writes, R/W stays low.

N

Timing of valid addresses for writes differs, depending on what activities occur
before and after the write; between writes, and for the first and last write in a
series, valid ADDRESS occurs on the rising edge of CLKOUTT. If a read im-
mediately follows a write or series of writes, valid ADDRESS for that read cycle
occurs one half CLKOUT1 cycle early —that s, on the rising edge, rather than
on the falling edge, of CLKOUT1. Note that this is an exception to the usual
read cycle address timing.

For the actual write operation, STRB and WE both go low on the falling edge
of CLKOUT1 and stay low until the next falling edge of CLKOUT1 (for zero
wait-state write cycles). For one or more wait-state (multicycle) writes, STRB
and WE remain low but go high again on the falling edge of CLKOUT1 at the
beginning of the pad cycle. Write data is driven approximately at the falling
edge of STRB and WE and is held for approximately one half cycle of
CLKQOUT1 after STRB and WE go high (see Appendix A for actual timing spec-
ifications).

Note that transitions on the external parallel interface control outputs
(CLKOUT1, STRB, WE, and RD) are all initizted by the same two internal
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clocks. Since these signals also use the same output buifer circuitry, they all
switch within close tolerances of each other, as specified in Appendix A.

Transitions on the address bus and other related outputs (IS, PS, DS, R/W, and
BR) are initiated by the same internal signals that cause transitions on the con-
trol outputs; however, the internal device logic used to generate these outputs
differs somewhat from the circuitry used for the control outputs. Because of
this, transitions on the address bus and related outputs typically occur some-
what later than control-line transitions.

Timings of control outputs with respect to CLKOUTT are specified in Appendix
A; address timing with respectto CLKOUT1 can be derived from timings pro-
vided for address with respect to control signals and control signal timing with
respect to CLKOUT . Therefore, for example, the delay from CLKOUT1 falling
to address bus valid at the begininng of a read cycle is calculated as [H -
tsu(ajrl + maximum positive AD to CLKOUT1 skew (refer to Appendix A for
specific timing values). Other interface timings with respect to CLKOUT1 can
be calculated in the same manner.

The following timing diagrams illustrate the varieties of logical timings for both
read and write cycles in various orders.

Figure B—1.Memory Interface Operation for Read-Read-Write (0 Wait States)
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Figure B—-2.Memory Interface Operation for Write-Write-Read (0 Wait States)
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Figure B-3. Memory Interface Operation for Read-Write (1 Wait State)
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TLC32040 Analog Interface Circuit
_ Data Sheet

Appendix Bis the TLC32040 data sheet. This data sheetprovides all specifica
tions of the analog interface circuit used by the DSK starter kit.
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TLC32040C, TLC320401, TLC32041C, TLC32041
TLC32042C, TLC32042!
ANALOG INTERFACE CIRCUITS

SLAS0140 - 02964, SEPTEMBER 1987 - REVISED MAY 1991

® Advanced LinCMOS™ Silicon-Gate Process N PACKAGE
Technology (TOP VIEW)
® 14-Bit Dynamic Range ADC and DAC
oV 'blyADC doics ing Rate U ——NEE’U”]NU
aria go N arll ampling Rate Up RESET( 2 2711 NU
to 19,2 amples per Second £008( 3 26{] IN+
e Switched-Capacitor Antialiasing input Filter FSA[ 4 25[} IN~
and Output-Reconstruction Filter oRl} s 24{] AUX IN+
® Serial Port for Direct interface to TMS32011, MSTR CLK({] & 23[] AUX IN~
TMS320C17, TMS32020, and TMS320C25 Vooll 7 22{] OUT +
Digital Signal Process REF(] 8 21 (] OUT~
® Synchronous or Asynchronous ADC and DGTL CLKY 9 20[]Veg,
DAC Conversion Rate With Programmable SHIFTCLK 10 19[] veeo
Incrementat ADC and DAC Conversion EOOX{] 11 18[] ANLG GNO
Timing Adjustments ) ox[l 12 17{] ANLG GND
e Serial Port Interface to SN74299 WORO/BYTE( 13 18I NU
Serial-to-Parallel Shift Register for Parallel Fsx(] 1« 1s{inu
Interface to TMS32010, TMS320C15, or
Other Digital Processors FN PACKAGE
e 500-Mil Wide N Package (Cy_to Cy) (]
o i
PART caln +
NUBEER DESCRIPTION lﬁﬁ M222 2
TLC32040 Analoginterface circuit with intemal reference. (g [ e e ]
Also a plug-in reptacement for TLC32041. oR :I s 4.3 2 t 2827 262.5E IN—
okl [AsahefiiecRny dted AT MSTRCLK [] 6 24[] AUX IN+
> ; Vool 7 23[AUXIN-
identical to TLC32040, but has a slightty wider
TLC32042 bandpass filter bandwidth REF ] 8 ZZC ouT+ -
p — DGTLGND ] ¢ 21 oUT-
The TLC32040, TLC32041, and TLC32042 are S60X o 1 8}9E Vee-
complete analog-to-digital and digital-to-analog ,13433—’%;%1%—71}1
input/output systems, each on a single monolithic Xjups 2 2QaQ
CMOS chip. This device integrates a bandpass ié W0 Ez 5 (Z_')
switched-capacitor  antialiasing input filter, a Qg
a  14-bit-resolution A/D  converter,  four ol zz
microprocessor-compatible serial port modes, a 2

14-bit-resolution D/A converter, and a low-

pass switched-capacitor output-reconstruction

filter. The device offers numerous combinations NU - Nonusable: no extemal connection should be made to
of master clock input frequencies and thesa pins.

conversion/sampling rates, which can be changed

via digital processor control.

Typical applications for this integrated circuit include modems (7.2-, 8-, 9.6-, 14.4-, and 19.2-kHz sampling rate),
analog intertace for digital signal processors (DSPs), speech recognition/storage systems, industrial process
control, biomedical instrumentation, acoustical signal processing, spectral analysis, data acquisition, and
instrumentation recorders. Four serial modes, which allow direct interface to the TMS32011, TMS320C17,
TMS32020, and TMS320C25 digital signal processars, are provided. Also, when the transmit and receive

Advanced LINCMOS™ is a trademark of Texas Instruments Incorporated

PROOUCTION DATA lnformaton la current as of pucticeton cate. Copyright @ 1991, Taxas instruments incorporated

mmimmummu.amm Q’
SRS e e TEXAS
INSTRUMENTS

POST OFFICE BOX 655303 ® OALLAS, TEXAS 75265 8-3



220

TLC32040C, TLC320401, TLC32041C, TLC32041]
TLC32042C, TLC32042i
ANALOG INTERFACE CIRCUITS

SLASQ140 — D2964, SEPTEMBER 1987 ~ REVISED MAY 1991

description (continued)

sections of the analog interface circuit {AIC) are operating synchronously, it will interface to two SN74299
serial-to-parallel shift registers. These serial-to-parallel shift registers can then interface in parallel to the
TMS32010, TMS320C15, other digital signal processors, or external FIFO circuitry. Output data pulses are
emitted to inform the processor that data transmission is complete or to allow the DSP to differentiate between
two transmitted bytes. A flexible control scheme is provided so that the functions of this integrated circuit can
be selected and adjusted coincidentally with signal processing via software control.

The antialiasing input filter comprises seventh-order and fourth-order CC-type (Chebyshev/elliptic transitional)
low-pass and high-pass filters, respectively and a fourth-order equalizer. The input filter is implemented in
switched-capacitor technology and is preceded by a continuous time filter to eliminate any possibility of aliasing
caused by samgpled data filtering. When no filtering is desired, the entire composite filter can be switched out
of the signal path. A selectable, auxiliary, differential analog input is provided for applications where more than
one analog input is required.

The A/D and D/A converters each have 14 bits of resolution. The A/D and D/A architectures ensure no missing
codes and monatonic operation. An internal voltage reference is provided on the TLC32040 and TLC32042 to
ease the design task and to pravide complete control over the performance of this integrated circuit. The internal
voltage reference is brought out to a pin and is available to the designer. Separate analog and digital voltage
supplies and grounds are provided to minimize noise and ensure a wide dynamic range. Also, the analog circuit
path contains only differential circuitry to keep noise to an absolute minimum. The only exception is the DAC
sample and hold, which utilizes pseudo-differential circuitry.

The output-reconstruction filter is a-seventh-order CC-type (Chebyshev/elliptic transitional low-pass filter
followed by a fourth-order equalizer) and is implemented in switched-capacitor technology. This filter is followed
by a continuous-time filter to eliminate images of the digitally encoded signal.

The TLC32040C, TLC32041C, and TLC32042C are characterized for operation from 0°C to 70°C, and the
TLC32040I, TLC32041! and TLC32042! are characterized for operation from —~40°C to 85°C.

a
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TLC32040C, TLC320401, TLC32041C, TLC320411
TLC32042C, TLC32042!
ANALOG INTERFACE CIRCUITS

SLASO140 — D2964. SEPTEMBER 1987 ~ REVISED MAY 1991

functional block diagram
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analog input

Two sets of analog inputs are provided. Normaily, the IN+ and IN=input set is used; however, the auxiliary input
set, AUX IN+and AUX IN=, can be used if a second input is required. Each input set can be operated in either
differential or single-ended modes, since sufficient common-mode range and rejection are provided. Fhe,gain
for the IN+, IN—=, AUX IN+, and AUX IN— inputs can be programmed to be sither 1, 2, or 4 (see Table 2). Either
input circuit can be selected via software control. !t is imporiant to note that a wide dynamic range is assured
by the differentiai internal analog architecture and by the separate analog and digital voltage supplies and
grounds.

A/D bandpass filter, A/D bandpass filter clocking, and A/D conversion timing

The A/D bandpass filter can be selected or bypassed via software control. The frequency response of this filter
is presented in the following pages. This response results when the switched-capacitor filter clock frequency
is 288 kHz. Several possible options can be used to attain a 288-kHz switched-capacitor filter clock. When the
filter clock frequency is not 288 kHz, the filter transfer function is frequency scaled by the ratio of the actual clock
{requency to 288 kHz. The low-irequency roli-off of the high-pass section is 300 Hz. However, the high-pass
section low-frequency roli-ofi is tess steep for the TLC32042 than for the TLC32040 and TLC32041.

The internal timing configuration and AIC DX data word format sections of this data sheet indicate the many
options for attaining a 288-kHz bandpass switched-capacitor filter clock. These sections indicate that the RX

Counter A can be programmed to give a 288-kHz bandpass switched-capacitor filter clock for several master
clock input frequencies.

The A/D conversion rate is then attained by frequency dividing the 288-kHz bandpass switched-capacitor filter
clock with the RX Counter B. Thus, unwanted afiasing is prevented because the A/D conversion rate is an
integral submultiple of the bandpass switched-capacitor filter sampling rate, and the two rates are
synchronously locked.

-
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TLC32040C, TLC320401, TLC32041C, TLC32041]
TLC32042C, TLC320421
ANALOG INTERFACE CIRCUITS

SLASQ140 - 02964, SEPTEMBER 1987 - REVISEO MAY 1981

AJD converter performance specifications

Fundamental performance specifications for the A/D converter circuitry are presented in the AJD converter
operating characteristics section of this data sheet. The realization of the A/D converter circuitry with
switched-capacitor techniques provides an inherent sample-and-hold.

analog output

The analog output circuitry is an analog output power amgplifier. Both noninverting and inverting amplifier outputs
are brought out of this integrated circuit. This amplifier can drive transformer hybrids or low-impedance loads
directly in either a differential or single-ended configuration.

D/A low-pass filter, D/A low-pass filter clocking, and D/A conversion timing

The frequency response of this filter is presented in the following pages. This response results when the
low-pass switched-capacitor fitter clock frequency is 288 kHz. Like the A/D filter, the transier function of this filter
is frequency scaled when the clock frequency is not 288 kHz. A continuous-time filter is provided on the output
on the output of the D/A low-pass filter to greatly attenuate any switched-capacitor clock feedthrough.

The D/A conversion rate is then attained by frequency dividing the 288-kHz switched-capacitor filter clock with
TX Counter 8. Thus, unwanted aliasing is prevented because the D/A conversion rate is an integral submultiple
of the switched-capacitor low-pass filter sampling rate, and the two rates are synchronously locked.

‘ -
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TLC32040C, TLC320401, TLC32041C, TLC32044
TLC32042C, TLC320421
ANALOG INTERFACE CIRCUITS

SLASO1240 ~ 02964, SEPTEMBER 1587 — REVISED MAY 1991

PRINCIPILES OF OPERATION

asynchronous versus synchronous operation

If the transmit section of the AIC (low-pass filter and DAC) and receive section (bandpass filter and ADC) are
operated asynchronously, the low-pass and band-pass filter clocks are independently generated from the
master clock signal. Also, the D/A and A/D conversion rates are independently determined. If the transmit and
receive sections are operated synchronously, the low-pass filter clock drives both low-pass and bandpass filters.
In synchronous operation, the A/D conversion timing is derived from, and is equai to, the O/A conversion timing.
(See description of the WORD/BYTE pin in the Terminal Functions table.)

D/A converter performance specifications

Fundamental performance speciiications for the D/A converter circuitry are presented in the D/A converter
operating characteristics section of the data sheet. The D/A converter has a sample-and-hold that is realized
with a switched-capacitor ladder.

system frequency response correction

The sin x/x correction circuitry is performed in the digital processor software. The system frequency response
can be corrected.via DSP software to +£0.1-dB accuracy to band edge of 3000 Hz for all sampling rates. This
correction is accomplished with a first-order digital correction filter, which requires only seven TMS320
instruction cycles. With a 200-ns instruction cycle, seven instructions representan overhead factorof only 1.1%
and 1.3% for sampling rates of 8 and 9.6 kHz, respectively (see the sin x/x correction section for more details).

serial port

The serial port has four possible modes that are described in detailin the Terminal Functions table. These modes
are briefly described below and in the description for pin 13, WORD/BYTE. ™

1. The transmit and receive sections are operated asynchronously, and the serial port interfaces directly
with the TMS32011 and TMS320C17.

2. The transmit and receive sections are operated asynchronously, and the serial port interfaces directly
with the TMS32020 and the TMS320C25.

3. The transmit and receive sections are operated synchronously, and the sarial port interfaces directly
with the TMS32011 and TMS320C17.

4. The transmit and receive sections are operated synchronously, and the serial port interfaces directly
with the TMS32020, TMS320C25, or two SN74299 serial-to-parallel shift registers, which can then
interface in paralle! to the TMS320C 10, TMS32015, to any other digital signal processor, or to external
FIFQ circuitry.

operation of TLC32040 or TLC32042 with internal voltage reference

The internal reference of the TLC32040 and TLC32042 eliminates the need for an external voltage reference
and provides overall circuit cost reduction. Thus, the internal reference eases the design task and provides
complete control over the performance of this integrated circuit. The intémal reference is brought out to a pin
and is available to the designer. To keep the amount of noise on the reference signal to a minimum, an external
capacitor may be connected between REF and ANLG GND.

TEXAS ‘E{’
INSTRUMENTS
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TLC32040C, TLC32040l, TLC32041C, TLC32041!

TLC32042C, TLC32042f

ANALOG INTERFACE CIRCUITS

SLAS0140 - 02964, SEPTEMBER 1987 - REVISZD MAY 15991

PRINCIPLES OF OPERATION

operation of TLC32040, TLC32041, or TL.C32042 with external voitage reference

The REF pin may be driven from an extemnal reference circuit if so desired. This extemal circuit must be capable
of supplying 250 uA and must be adequately protected from noise such as crosstalk from the analog input.

reset

A reset function is provided to initiate serial communications between the AIC and DSP and aliow fast,
cost-effective testing during manufacturing. The reset functional will initialize afl AIC registers, including the
control register. After a negative-going puise on the RESET pin, the AIC will be initizlized. This initialization
allows normal serial port communications activity to occur between AIC and DSP (see AIC DX data word farmat
section).

loopback

This feature allows the user to test the circuit remotely. In loopback, the OUT + and OUT— pins are internally
connectedto the IN+ and the IN- pins. Thus, the DAC bits (d15 to d2), which are transmitted to the DXpin, can
be compared with the ADC bits (d15 to d2), which are received from the DR pin. An ideal comparison would be
that the bits on the DR pin equal the bits on the DX pin. However, in practice there will be some difference in
these bits due to the ADC and DAC output offsets.

Inloopback, if the IN + and the IN —pins are enabled, the external signals on the IN + and the IN— pins are ignored.
If the AUX IN+ and AUX IN—pins are enabled, the external signals on these pins are added to the QUT + and
OUT - signals in loopback aperation.

The loopback feature is implemented with digital signal processor control by transmitting the appropriate serial

port bit to the control register (see AIC DX data word format section).

Terminal Functions

PIN
NAME

NO.

Q.

DESCRIPTION

ANLG GNOD

17,18

Analog ground retum for all internal analog circuits. Not intemalty connected to DGTL GND.

AUX IN+

24

Noninvering auxiliary analog input state. This input can be swiiched into tne bandpass filter and A/O
convenar path via software control. if the appropriate bit in ine convot register is a 1, the auxiliary inputs
will reptace the IN+ and IN~ inputs. If the bitis a 0, the IN+ and IN— inputs vill be used (see the AIC DX
data word format section),

AUX IN—

Inverung auxiliary analog input (sse the above AUX IN+ sin cescription)

DGTLGND

Digital ground for all intemal logic circuits. Not intemally connected to ANLG GND.

DR

This pin is used to transmit the ADC output bits from the AIC !0 the TMS320 serial port. This transmission
of bits from the AIC to the TMS320 serial port is synchronized with the SHIFT CLK signal.

This pin is used to receive the DAC input bits and timing and controt informaton from the TMS320. This
senal transmission from the TMS320 serial port to the AIC is synchromized with the SHIET CLK signal.

End of cata receive. See the WORD/BYTE pin description and the Serial Port Timing diagrams. During the
word-moce lming, this signal is a low-going pulse that cccurs immediataly afer the 16 bits of A/D
informadon have been transmitied from the AIC to the TMS220 seriz! port. This signal can be used to
interrupt a microprocessor upon completion of seral communications. Also, this signal can be used to
strobe and enable external serial-to-parallel shiit registers. latcnes, or external FIFQ RAM. and to facilitate
parallel data bus communications between the AIC and the serial-io-parellet shift registers. During the
byte-mode timing, this signal goes low after the firstbyte has been transmittad from the AIC to the TMS320
senal port and is kept low until the second byte has been transmitted. The TMS32011 or TMS320G17 can
use this low-gaing signal to diiferentiate ceiween the two byies as to which is first and which is second.
EOOR do=s not cccur alter secondary communication.

8-8
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Terminal Functions (continued)

PIN
NAME

NO.

l]e}

DESCRIPTION

EOQOX

1

£nd of data transmit. Sea the WORD/BYTE pin description and the Serial Port Timing ciagram. During the
word-mode timing, this signal is a low-going pulse that occurs immediately after the 16 bits of O/A converter
and control or register information have been transmitted from the TMS320 serial partto the AIC. This signal
can be used to interrupt a microprocessor upon the completion of seral communicagans. Also, this signal
can be used ‘o strobe and enable extermnal serial-to-parallel shift registers, latches. or an external FIFOQ
RAM, and 1o facilitate paraltel data-bus communications between the AIC and the serial-to-paraltel shift
registers. During the byte-made timing, this signal goes low after the first byte has been transmitted trom
the TMS320 sarial port to the AIC and is kept fow until the second byte has been transmiced. The TMS32011
or TMS320C 1 7 can use this low-going signal to differentiate between the two bytes 2s 10 which is first and
which is second. .

|

il
[}
20

Frame sync receive. In the serial transmission modes, which are descrbed in the WORO/BYTE pin
description, the 73R pin is held low during bit transmission. When the SR pin goes low, the TMS320 serial
portwill begin recewing bits trom the AIC via the DR pin of the AlC. The most significant DR bit will be present
onthe OR pin cetore FSA gaes low. (See Serial Port Timing 2nd intema! Timing Configuraton diagrams.)
FSR does not occur after secondary communication.

FSX

Frame Sync Transmit. When this pin goes low, the TMS320 sedal pont will begin transmiding bits to the AIC
via the DX pin of the AIC. In all serial transmission modes, which are cescribea in the WORD/BYTE pin
description, the £5X pin is held low during bit transmission (see the Senal Port Timing a2nd Internal Timing
Configuration aiagrams).

IN+

26

Noninverting inout to analog input amplifier stage

25

Inventing input to analog input amplifier stage

MSTRCLK

The master clock signal is used to derive all the key logic signals of the AIC. such &s the shift clock. the
switched-capacitor filter clocks, and the A/D and O/A timing signals. The.lntemal Timing Configuration
diagram shows how these key signals are derived. The frequencies of these key signals are synchronaus
submultiples of the Master Clock frequency to eliminate unwanted afiasing when e sampled analog
signals are transterred between the switched-capacitor filters and the A/D and O/A converters (see the
Intarnal Timing Configuration).

22

Noninverting output of analog output power amplifier. Can drive transformer hyorids or high-impedance
loads directly in either a differential cr a single-ended configuration.

21

InGerting cutput of anaiog output power ampiifier. Functionally ideatical with and comalementary to QUT +.

o]

For the TLC32040 and TLC32042, the intermal voltage reference is brougnt out on this pin. For the
TLC32020, TLC32041, and TLC32042, an external voltage reference can be aopliec to this pin.

Areset functionis orovided to initialize the TA, TA', TB, RA, RA', A8, and controt registers. This raset function
initiates serial communications between the AIC and OSP. The reset function wil inivauze all AIC registers
including the control register. Alter a negative-going pulse on the RESET pin. the AIC registers will be
initialized to provide an 8-kHz data conversion rate for a 5.184-MHz master clock input signal. The
conversion rate adjust registers, TA and RA', will be reset to 1. The contrel regisier bits will be reset as
follows (see AIC DX data word tormat section):

d7=1,d6=1,d5=1,d4=0,d3=0,62=1

This initiafization zliows normal serial-port communication to occur between AlC ana DSP.

SHIFT CLK

The shift clock signal is obtzined by dividing the master clock signat frequency by four. This signal is used
lo clock the sarial data transters of the AIC, described in the WORO/BYTE pin dascagtion below (see the
Serial Port Timing and Intema! Timing Configuration diagrams).

Voo

Digital supply voitage, 5 V £5%

Vees

Positive analog suppty veitage, 5V =5% .

Ve

Negative analog suoply voltage, -5 V £5%

B’
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[INSTRUMENTS

POST OFFICE 30X 655303 * CALLAS, TEXAS 752¢5 8-9



226

P

TLC32040C, TLC320401, TLC32041C, TLC32041l

TLC32042C, TLC32042l

ANALOG INTERFACE CIRCUITS

SLASQ140 - 02964, SEPTEMBER 1987 ~ REVISED MAY 1991

Terminal Functions (continued)

PIN
NAME

NO.

[I{e]

DESCRIPTION

WOROD/BYTE

13

This pin, in conjunction with a bit in the control register, is used to establish one of four seral modes. These
four serial modes are dascribed below.

AlC transmit and receive sections are operated asynchronously.

The following description applies when the AIC is configured to have asynchronaus transmit and receive
sections. If the appropriate data bit in the control register is a 0 (see the AIC DX data word {ormat section),
the transmit and recsive sactions will be asynchronous.

L Serial port directly interfaces with the serial port of the TMS32011 or TMS320C17 and
communicates in two 8-bit bytes. The operation sequence is as follows (see Serdal Port Timing
giagrams).

1. The FSX or FSR pin is brought low.

2. One 8-bit byte is transmitted or cne 8-bit byta is raceived.
3. The £O0X or EQOR pin is brought low.
4

. The FSX or FSR pin emits a positive frame-sync pulsa that is four shift clock cycles wide.
5. One 8-bit byte s transmitted or one 8-bit byte is received.
6. The EQOX or EODR pin is brought high.
7. The FSX or FSR pin is brought high.

H  Serial port directly interfaces with the seral port of the TMS32020, TMS320C25. or TMS320C30
and communicates in one 16-bit word. The operation sequence is as {ollows (see Serial Port
Timing diagrams):

1. The F5X or FSA pin is brought low. >

2. One 16-bit word is transmitted or one 16-bit word is raceived.

3. The FSX or FSR pin is brought high.

4. The EOOX or EODR pin emits a low-going pulse.
AlC transmit and receive sections are operated synchronously.
If the appropriate data bit in the control registeris a 1, the transmit and receive sections will be configured
to be synchronous. In this case, the bandpass switched-capacitor filter and the A/D conversion timing will
be derived lrom the TX Counter A, TX Counter 8, and TA, TA', and TB registers. rether than the RX Counter
A, RX Counter 8, and RA, RA, and RB registers. In this case, the AIC FSX and FSA timing will be identical
during prmary data communication; however, FSR will not be asserted during sacondary data
communication since there is no new A/D conversion result. The synchronous ogeration sequences are as
follows (see Serial Port Timing diagrams).

L Senral port directly interfaces with the serial port of the TMS32011 or TMS320C 17 and
communicates In two 8-bit bytes. The operation sequence is as follows (see Serial Port Timing
diagrams):

1. The FSX and F3R pins are brought low.

2. One 8-bit byte is transmitted and one 8-bit byte is receivea.

3. The EODX and EODA pin are brought low.

4, The FSX and FSA pins emit positive frame-sync pulses that are four Shift Clock cycles wide
5. One 8-tit byts is transmitted and one 8-bit byte is received.

6. The EQDX and EQOR pins are brought high.

7. The FSX and FSA pins are brought high.

H  Serial port directly interfaces with the serial port of the TMS32020, TMS320C25, or TMS320C30
and communicates in one 16-bit word. The operadon sequencs is 25 follows (see Sedat Port
Timing clagrams):

1. The FSX and F3R pins are brought low.

2. One 16-bit word is transmitted and one 16-bit word is recerved.

3. The FSX and FSR pins are brought high.

4. Tne EQOOX or EQOR pins emit low-going puises.
Since the transmit and receive sections of the AIC are now synchronous, tha AIC serial port with additionat
NOR and AND gates will interface to two SN74299 serizl-to-parallel shift regisiars. Interiacing the AIC 0
the SN74299 shift register zllows the AIC lo interdace to an extemal FIFO RAM and facilitates parallel data
bus communicatons between the AIC and the digital signal processor. The operadon sequence is the same
as the above sequence (see Serial Port Timing diagrams).

TEXAS ‘i'?
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INTERNAL TIMING CONFIGURATION

[ ——————— ————————————
MSTR CLK " | SHIFT CLK
saBaMHz(1) | [ [ Divide by 4 Ir 1 > {296 MHz (1)
10368 MHz (2) L ———————— ——————— 4 2.592 MHz (2)
20.736 MHz (1) J Y —
41.472 MHz (2) {' _ “;
XTAL | TMS320 TA Register TA’ Register
osc "1 osp | s b‘;‘,s) (6 bits) ‘
{ (2's compl) Low-Pass/ %
| | D / : Switched
. - Y v
: Optional External Clreuitry | RN\ . Divide by 2 Cap Fiiter !
for Full-Duplex Modems | Adder/ > CLK= 288-kHz |
‘__.____..._:}." _______ = Subtractor { Square Wave {
] 153.6 -kHz | | ! (6 bits) i —
| v (orige S0k M [ commerctal |1 | ‘ T8 ;!;g;ster |
l — by 135 P External I l N8l (6 bits) l
i FrontEnd || | [ |
[ Full-Duplex [ | | Y \ |
Split-Band ] dg, dq = 0,0 dg, d1=0,1 8 |
{ Filterst | { do,dy=11% y do, dy=1,0% Y Cegprel |
(TB =40; 72kHz |
b e e — e —— 41 TX Counter A B =36 8.0 kHz O/A
(T ! —» Conversion |
Ly 1 mA=9(1) = (TB=30; 86khz [~
Iy [TA = 18 (2)] B =20; 14.4kHz requency |
| . 576-kHz |
} | (6 bits) Pulses {TB =15; 19.2kHz |
i == ]
| RA Register oA Heglster |
h (6 bits)
i (5 bits) \ |
(2's compl) I
| - - T Band-Pass
[ Yy v Y Switched |
] Adder/ Divide by 2 &—)- Cap Filter !
| Subtractor ] CLK= 288kHz |
l (6 bits) ! Square Wave l
| R8 Register I
| l (6 bits) {
l Q T
1
' Y M ‘
dg, d1=0,0 dg, dy = 0,1 |
oo 9 g RX Counter B
| dg, dy =1,1* v do.dy =1,0* a |
| : [RB = 40; 7.2 kHz A0 |
RX Counter A RB = 36; 3.0 kHz Conversion
| L .
| (RA=9(1)] > [RB = 30; 9.6 kHz Frequency |
l [gg: 18 (2)] s76-kHz | (RB=20; 14.4 kHz ]
| (6 bits) Pulses (RB=15; 19.2kHz [
N —_ RS, d
SCF Clock Fraquency = Master Clock Frequency

2 x Contents of Countar A

NOTE: Frequency 1,20.736 MHz is used to show now 153.6 kHz (for commercially available modem split-band filter clock), poputar speech and
modem sampling signal frequencies. and an intemal 288-kHz switched-capaciior filter clock can be derived synchronousty and as
submultiples of the crystal oscillator frequency. Since these derived frequencies sre synchronous submuiticles of the crystal fraquency,
aliasing does abt occur as the sampled analog signal passes between the analog converter and switched-capacitor filter stages.
Frequency 2,41.472 MHz is used to snow that the AIC can work with high-frequency signals, which are used by high-speed digital signal
rOCessors.

t Sciit-band filtering can altematively be periormed after the analog input function via software in the TMS320.

* These control bits ara described in the AIG OX data word format section.
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explanation of internal timing configuration

All of the internal timing of the AIC is derived from the high-frequency clock signal that drives the MSTR CLK
input pin. The SHIFT CLK signal, which strobes the serial port data between the AIC and DSP, is derived by
dividing the master clock input signal frequency by four.

Master Cl Frequénc:
2 x Contents of Counter A

CFE Clock Frequenc:
Contents of Counter B

Magter Clock Frequency
4

SCF Clock Frequency =

Hi

Conversion Frequency

Shift Clock Frequency

TX Counter A and TX Counter 8, which are driven by the MSTR CLK signal, deterrnine the D/A conversion
timing. Similarly, RX Counter A and RX Counter B determine the A/D conversion timing. In order for the
switched-capacitor low-pass and band pass filters to meet their transfer function specifications, the frequency
of the clock inputs of the switched-capacitor filters must be 288 kHz. If the frequencies of the clock inputs are
not 288 kHz, the filter transfer function frequencies are scaled by the ratios of the clock frequencies to 288 kHz.
Thus, to obtain the specified filter responses, the combination of master clock frequency and TX Counter A and
RX Counter A values must yield 288-kHz switched-capacitor clock signais. These 288-kHz clock signals can
then be divided by the TX Counter 8 and RX Counter B to establish the D/A and A/D conversion timings.

TX Counter A and TX Counter 8 are reloaded every D/A conversion period, while RX Counter A atd RX Counter
B are reloaded every A/D conversion period. The TX Counter 8 and RX Counter B are loaded with the values
in the TB and RB Registers, respectively. Via software control, the TX Counter A can be loaded with either the
TA Register, the TA Register less the TA' Register, or the TA Register plus the TA’ Register. By selecting the
TA Register less the TA' Register option, the upcoming conversion timing will occur earlier by an amount of time
that equals TA' times the signal period of the Master Clock. By selecting the TA Register plus the TA' Register
option, the upcoming conversion timing will occur later by an amount of time that equals TA' times the signal
period of the master clock. Thus, the D/A conversion timing can be advanced or retarded. An identical ability
to alter the A/D conversion timing is provided. In this case, however, the RX Counter A can be programmed via

software controt with the RA Register, the RA Register less the RA' Register, or the RA Register plus the RA’
Register.

The ability to advance or retard conversion timing is particularly useful for modem applications. This feature
allows controlled changes in the A/D and D/A conversion timing. This feature can be used to enhance

signal-to-noise performance, to periorm frequency-tracking functions, and to generate nonstandard modem
frequencies.

If the transmit and receive sections are configured to be synchronous (see WORD/BYTE pin description), then
both the low-pass and bandpass switched-capacitor filter clocks are derived from TX Counter A. Also, both the
O/A and A/D conversion timing are derived from the TX Counter A and TX Counter 8. When the transmit and

réceive sections are configured to be synchronous, the RX Counter A, RX Counter B, RA Register, RA' Register,
and R8 Registers are not usad.

1
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TLC32040C, TLC320401, TLC32041 C, TLC320411
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ANALOG INTERFACE CIRCUITS
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AlC DR or DX word bit pattern

AJD or D/A MSB,
1st bit sent
|

1st bit sent of 2nd byte

!
b 4

A/D or D/A LSB
i

h 4
[(o15] 014] 013] D12] D11 [ 010] D9 | 08 |

p7 | o6 [ Ds | pa | 03]

AlIC DX data word format section

szLmloo]

d15 | d14 [d13 [d12 [d11 [d10 [do [d8 [a7 [as Jas [aa Ja3 [z [a1 [co

COMMENTS

primary DX serial communication protocot

+—d135 (MSB) through d2 go to the D/A
converter register

The TX and RX Counter As are loaded with the TA
and RA register values. The TX and RX Counter Bs
are loaged with TB and RB register values.

+—d15 {(MS3) through d2 go o the D/A
converter register

The TX and RX Counter A's are loaded with the TA
+ TA and RA + RA register values. The TX and RX
Counter Bs are loaded with T8 and R8 register val-
ues. NOTE: d1 =0, d0 =1 will cause the next D/A and
AJD conversion periods to be changed by the addition
of TA" and RA’ master clack cycles, in which TA' and
R/A’ can be positive or negative or zero, Please refer
to Table 1.

«—d15 (MSB8) through d2 go io the O/A
converter register

-]o o
-+ {0 1
-¢I1 0

The TX and RX Couriter As zre loaded with the TA ~
TA' and RA - RA’ register values. The TX and AX
Counter Bs are loaded with T3 and R8 register val.
ues. NOTE: d1 = 1, d0 =0 will cause the next O/A and
AJO conversion perods to te changed by the sub-
traction of TA’ and RA’ master clock cycles, in which
TA' and R/A’ can be positive or negative or zero,
Please referto Table 1.

«~d15 (MSB) through d2 go to the D/A
converter register

I

The TX and RX Counter As are loaded with the TA
and RA register values. The TX and RX Counter Bs
are loaded with the TB and A8 register values. After
a delay ot four shift clock cycles, a secondary trans-
mission will immediatety follow to program the AIC to
ooerate in the desired configuration.

NOTE: Seting the twa least significant bits 0 1 in the nomnal transmission of DAC information (grdimary communications) to the AIC will initiate
secondary communications upon completion of the primary communications.

Upon completion of the primary communication, FSX will remain high for lour SHIFT CLK cycies and will then go low and initiate the
secondary communication, The timing soecificztions for the primary and secondary communications are idendcal. In this manner, the
secondary communication, if initiated, is interdeaved between successive primary communicatdons. This interleaving prevents the
secondary communication from interfering with the primary communications and DAC timing, thus preventing the AIC from skipping a DAC
output. it is important to note that in the synchronous mode, FSA will not be asserted during secondary communications.

POST CFFICE BOX 855303 ® DALLAS, TEXAS 75255
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secondary DX serial communication protocol

XxietoTAegister +1x x| «to RAregister =1 0 0 |d13and d6 are MSBs (unsigned binary)

d14 and d7 are 2's complement sign bits

x| to TA register = | x| —to RA'register —1 0
1
1

1
x!et0 TB register — 1 x| « o RB register — | 0 | d14 and d7 are MS8s {unsigned binary)
X X X XX X x x d7 d6 d5 d4 d3 a2 1
Control d2 = 0/1 deletesfinserts the bandpass filter
}4—— Register —){ d3 =0/1 disables/enables ihe loopback function

d4 = 0/1 disables/enables the AUX IN+ and AUX IN- pins
dS = 0/1 asynchronous/synchronous transmit receive sections
d6 =0/1 gain control bits {see gain control section)

d7 = 0/1 gain control bits (sae gain control saction)

reset function

A reset function is provided to initiate serial communications between the AIC and DSP. The reset function will
initialize all AIC registers, including the control register. After power has been applied to the AIC, a
negative-going pulse on the RESET pin will initialize the AIC registers to provide an 8-kHz A/D and D/A
conversion rate fora 5.184-MHz master clock input signal. The AIC, except the control register, will be initialized
as follows (see AIC DX data word format section):

INITIALIZED
REGISTER
BEGISTER VALUE (HEX)
TA 9
TA 1
T 24
AA 9
RA 1
.~ R8 24

The control register bits will be reset as follows (see AIC DX data word format section):
d7=1,d6=1,d5=1,d4=0,d3=0,d2 =1

This initialization allows normal sarial port communications to occur between AIC and DSP. If the transmit and
receive sections are configured to operate synchronously and the user wishes to program different conversion
rates, only the TA, TA', and TB register need to be programmed, since both transmit and receive timing are
synchronously derived from these registers (see the pin descriptions zand AIC DX word format sections).

The circuit shown below will provide a reset on power up when power is applied in the sequence given under
power-up sequence. The circuit depends on the power supplies reaching their recommended values a minimum
of 800 ns before the capacitor charges to 0.8 V above DGTL GND.

TLC32040/
TLC32041/
TLC32042

Vees

—®—svVv

g 200 kQ
RESET[—¢

0.5 uF
Ve~ | o— _5v

B8-14
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power-up sequence

To ensure proper operation of the AIC, and as a safeguard against latch-up, it is recommended that a Schottky
diode with a forward voltage less than or equal to 0.4 V be connected from Voo —to ANLG GND (see Figure 17).
Inthe absence of such a diode, power should be applied in the following sequence: ANLG GND and DGTL GND,
Ve - then Ve, and Vpp. Also, no input signal should be applied until after power up.

AIC responses to improper conditions

The AIC has provisions for responding to improper conditions. These improper conditions and the response of
the AIC to these conditions are presented in Table 1 below.

AIC register constraints

The following constraints are placed on the contents of the AIC registers:

1. TA register must be 2 4 in word mode (WORD/BYTE = high).
2. TA register must be 2 S in byte mode (WORD/BYTE = low).
3. TA' register can be either positive, negative, or zero.

4. RA register must be 2 4 in word mode (WORD/BYTE = high).
5. RA register must be 2 S in byte mode (WORD/BYTE = low).
6. RA' register can be either positive, negative, or zero.

7. (TA register £ TA' register) must be > 1.

8. (RA register + RA' register) must be > 1.

9. T8 register must be > 1.

Table 1. AIC Responses To Improper Conditions

IMPROPER CONDITIONS AIC RESPONSE

TA register + TA' registar = Oor 1 Reprogram TX Counter A with TA register value

TA recister — TA' register = 0 or 1

TA register + TA' register <0 , MOOBULQ 64 arithmetic is used to ensure that 2 positive value is loaded into the TX
Counter A, i.e., TA register + TA’ register + 40 HEX is loaded into TX Counter A.

RA register + RA' register=00r 1 Reprogram RX Counter A with RA register value

RA register - RA' register =0 or 1

RA register + RA' register=0o0r 1 MODULO 64 arithmetic is used o ensure that a positive value is loaded into RX Counter
A, i.e.. RA register + RA' register + 40 HEX is loaged into RX Ccunter A,

TA register=0or 1 The AIC is shut down,

RA register=0 or 1

TA register < 4 in word mode The AIC serial port no longer operates.

TA ragister <35 in byte mode

RA reqister < 4 in word mode

RA register < 5 in byte mode

TB register = Q or+ Raprogram T8 register with 24 HEX

A8 register=0o0r 1 Reprogram RB register with 24 HEX

AlC and DSP cannot communicate Hold tast DAC outeut

improper operation due to conversion times being too close together

If the difference between two successive D/A conversion frame syncs is less than 1/19.2 kHz, the AIC operates
improperly. In this situation, the second D/A conversion frame sync occurs too quickly and there is not enough
time for the ongoing conversion to be completed. This situation can occurif the A and B registers are improperly
programmed or if the A + A’ register or A — A’ register result is too small. When incrementally adjusting the
conversion period via the A + A’ register options, the designer should be very careful not to violate this
requirement (see following diagram).
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t t
Frame ! 1, ‘, 2
FSX ; |

or — Ongoing —n

==R i
FSR Conversion
tz -ty = 11192 kHz

asynchronous operation — more than one receive frame sync occurring between two transmit
frame syncs

-
bad

“n
)

When incrementaily adjusting the conversion period via the A + A’ or A — A’ ragister options, a specific protocol
is followed. The command to use the incremental conversion period adjust option is sent to the AIC during a
F5X frame sync. The ongoing conversion period is then adjusted. However, either receive conversion period
A or B may be adjusted. For both transmit and receive conversion periods, the incremental conversion period
adjustment is performed near the end of the conversion period. Therefore, if there is sufficient time between t1
and t2, the receive conversion period adjustment will be performed during receive conversion period A.
Otherwise, the adjustment will be performed during receive conversion period 8. The adjustment command only
adjusts one transmit conversion period and one receive conversion period. To adjust another pair of transmit

and receive conversion periods, another command must be issued during a subsequent FSX frame (see figure
below).

Y

:1—-——————-———- Transmit Conversion Period ———————-’s
t2

[

:'4— Receive Conv, —b’~<—— Receive Conv. —b{

Period A ¢ Period B
’

asynchronous operation — more than one receive frame sync occurring between two receive
frame syncs

When incrementally adjusting the conversion period via the A + A" or A — A’ register options, a specific protocol
is followed. For both transmit and receive conversion periods, the incremental conversion period adjustment
is performed near the end of the conversion period. The command to use the incremental conversion period
adjust options is sent to the AIC during a FSX frame sync. The ongoing transmit conversion period is then
adjusted. However, three possibilities exist for the receive conversion period adjustment in the diagram as
shown in the following figure. If the adjustment command is issued during transmit conversion period A, receive
conversion period A will be adjusted if there is sufficient time between t1 and t2. Or, ii there is not sufficient time
between t1 and 12, receive conversion period B will be adjusted. Or, the receive portion of an adjustment
command may be ignorad if the adjustment command is sent during a receive conversion period, which is
already being or will be adjusted due to a prior adjustment command. For example, if adjustment commands
are issued during transmit conversion periods A, 8, and C, the first two commands may cause receive
conversion periods A and B to be adjusted, while the third receive adjustment command is ignored. The third
adjustment command is ignored since it was issued during receive conversion period 8, which already will be
adjusted via the transmit conversion period B adjustment command.

3-16
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TLC32040C, TLC32040!, TLC32041C, TLC32041]
TLC32042C, TLC32042!
ANALOG INTERFACE CIRCUITS

SLAS0140 - 02964, SEPTEMBER 1987 - REVISED MAY 1991

| my

i i |
l4— Transmit Conv. —’|4— Transmit Conv., —ﬁ*— Transmit Conv. —)I
Perlod A Period B8 Period C

t2

FSR —|

{ h
1 i
(& Receive Conversion Period A ———'ﬁ*——‘— Receive Conversion Period B ——'ll

asynchronous operation — more than one set of primary and secondary DX serial communication
occurring between two receive frame sync (see AIC DX data word format section)

The TA, TA', TB, and control register information that is transmitted in the sacondary communications is always
accepted and is applied during the ongoing transmit conversion period. If there is sufficient time between t1 and
2, the TA, RA', and RB register information, which is sent during transmit conversion period A, will be applied
to raceive conversion periad A. Otherwise, this information will be applied during receive conversion period 8.
If RA, RA', and RB register information has already been received and is being applied during an ongoing
conversion period, any subsequent RA, RA', or RB information that is received during this receive conversion
period will be disregarded (see diagram below).

M
4
Primary Secondary Primary Secondary Primary Secondary ~. -
FSX l i
; Transmit 1 Transmit [ Transmit i
4———— Coaversion = Conversion P Conversion —————p
Period A Period B8 Period C
t2

FSR

| ;
“— Receive Conversion —»¢———— Recelve Conversion Period 8 ——————*®
Period A

absolute maximum ratings over operating free-air temperature (uniess otherwise noted)

Supply voltage range, Vog e (seeNote 1) .oo.ieevn i -03VtwoisVv
Supply vOIRAGE rANGE, VOO « ¢ o vvvrenrtntnean ettt -03VtoisSV
Output VOIEGE faNGE, VO -ttt ett it ia et a et aan i enaaaaenns -03Vto 15V
INDUL VORAGE FEAGE, V| ottt ittt ittt -03Vto 15V
Digital ground VORRAGE raNGE . ...ttt ittt i e e -0.3Vtwois5V
Operating free-air temperature range:  TLC32040C, TLC32041C, TLC32042C  ........... 0°C to 70°C
TLC320401, TLC320411, TLC32042t ............. —40°C to 85°C

tOrage temPeralure fANGE ...t vetvueeetoneeoreanneroneeeeannnnoaaeentomanns .. =—-40°Cto 125°C
Case tamperature for 10 seconds: FN PACKEGE . ... it iitiir i iiii i iis e 260°C
L=ad temperature 1,6 mm (1/16 inch) from case for 10 seconds: N package ..................... 260°C

NOTE 1: Voitage values for maximum ratings are with respect o Vo —.

TEXAS ‘&’?
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TLC32040C, TLC32040l, TLC32041C, TLC32041
TLC32042C, TLC320421
ANALOG INTERFACE CIRCUITS

SLASO140 ~ 02964, SEPTEMBER 1987 - REVISED MAY 1991

recommended operating conditions

MIN NOM  MAX | UNIT
Supply voltage, Vo + (see Note 2) 4,75 5 5.25 v
Supply voltage, VoG - (see Note 2) ~4,75 -5 =525 v
Oigital supply voltage, Vpp (see Note 2) 4.75 s 5.25 v
Digital ground voltage with respect to ANLG GND, DGTL GNO 0 Y
Reterence input voitage, Vre((ext) (see Nota 2) 2 4 \%
High-level input voltage, Vi 2 Vppo+0.3 v
Low-level input voltage, Vyi_ (see Note 3) ~0.3 0.8 v
Load resistance at OUT + and/or OUT -, Ry, 300 Q
Lcad capacitance at OUT + and/or OUT =, Cy_ 100 pF
MSTR CLK frequency (see Note 4} 0.073 5 10.3863 MHz
Analog input amplifier common mode input veitage (sag Nota 5) =1.5 v
A/D or O/A conversion rate 20 kHz
4 TLC32040C, TLC32041C, TLC32042C 0 70
Operating free-air temperature, Ta °C
TLC320408, TLC320411, TLC32042! -40 85

NOTES: 2. Voltages atanalog inputs and outputs, REF, VGG 4. and VCC -, are with respectto the ANLG GND terminal. Voltages atdigitalinputs

and outputs and Vpp are with respect to the DGTL GNO terminal.

3. The algebraic convention, in which the least positive (most negative) value is designated minimum, is used in this data sheet for

logic voltage levels and temperature only.

4. The bandpass low-pass switched-capacitor filter response specifications apply only when the switched-capacitor clock frequency
is 288 kHz. For switched-capacitor filtar clocks at frequencies other than 288 kHz, the filter response is shifted by the ratio of

switched-capacitor filter clock frequency to 288 kHz.
S. This range applies when {IN+ ~ IN-) or (AUX IN+ - AUX IN-) equals & 6 V.

Texas WP
INSTRUMENTS
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TLC32040C, TLC32040!, TLC32041C, TLC32041I
TLC32042C, TLC32042|
ANALOG INTERFACE CIRGUITS

SLAS0140 ~ 02964, SEPTEMBER 1987 — REVISED MAY 1991

electrical characteristics over recommended operating free-air temperature range, Veg, =5 V,
Yeoo-=-5V, Vpp =5V (unless otherwise noted)

total device, MSTR CLK frequency = 5.184 MHz, outputs not loaded

PARAMETER TEST CONDITIONS MIN TYPt MAX| UNIT
VOoH High-level output voltage Vpp =475V, I0H = -300 uA 2.4 \
Vou Low-leve! output voltage Vpp =4.75 V, loL =2mA 0.4 v
{ Suppl at from V, TLEROTS 38 mA
CC+ upply current from VCC TLC3204_( 20
, Supol t frorm B TLC3204_C -35 A
- & m
cc upply current from Voo T(Caz04 i ~e0
oo Supply current from Vpp fMSTR CLK = 5.184 MHz 7] mA
Viet Internal reference output voltage 3 3.3 v
o<\/raf Temperature coefficient of intemal refsrence valtage 200 ppm/~C
‘o Qutput resistance at REF 100 kQ
receive amplifier input
PARAMETER TEST CONDITIONS MIN TYPT MAX| UNIT
A/D converter offset ecror (filters bypassed) 25 83 mV
A/D converter oftset error (filters in) 25 85 mV
Common-mode rejection ratio at N+, IN—, =
CMRR of AUX N+, AUX IN~— See Note 6 55 d8
Input resistance at IN +, IN~,
1 or AUX IN+, AUX IN=, REF 100 kaQ
transmit filter output
PARAMETER TEST CONDITIONS MIN  TYPT MAX| uNIT
Output offset voltage at OUT +, OUT —,
VOO  (single-ended relative to ANG GNO) 1575 mv
v Maximum peak output voltage swing across Ry 2300 Q. -3 v
oM R at OUT+ or QUT —, (single endeq) Ofiset voltage = Q -
Maximum peak output voitage swing between N .
Vou A at OUT + and QUT -, {differentdal output) R 2800 & v

T All typical values are at Ty = 25°C.
NOTE 8: The test condition is a2 0-dBm, 1-kHz input signal with.an 8-kHz conversicn rate.
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TLC32040C, TLC32040l, TLC32041C, TLC320411
TLC32042C, TLC32042!
ANALOG INTERFACE CIRCUITS

SLASO140 - 02964, SEPTEMBER 1987 - REVISED MAY 1891

electrical characteristics over recommended operating free-air temperature range, Vgc. =5V,
Vee-=-5V, Vpp = 5 V (unless otherwise noted) (continued)

system distortion specifications, SCF clock frequency = 288 kHz

PARAMETER TEST CONDITIONS MIN TYPT MAX| UNIT
Attenuation of second harmonic of Single ended | Vi, = -0.5 dB to —24 dB retered to Vg, 70 @
AJD input signal Differental See Note 7 82 70
Attenuation of third and higher Singte ended Vin = —0.5 d8 to =24 dB refermed to Veef, 65 a8
harmonics of A/D input signal Differential See Note 7 37 63
Atienuation of second harmonic of Singte ended Vin = -0 dB to ~24 dB referred to Ve, 70 a8
O/A input signal Ditferential See Note 7 82 70
Attenuation of third and higher Singte ended | Vip = -0 dB to -24 d8 referred to Va, 83 a8
harmonics of O/A input signal Diferential See Note 7 57 85
A/D channel signal-to-distortion ratio
TEST CONDITIONS Ay = 1% Ay =23 Ay = 4%
PARAMETER (see note 7) MN MAX| MIN MAx| min max| UNT
Vin=-6d81l0o—0.1d8 53 >589 >58%
Vin=-12d8to-6d8 58 58 >389
Vin=-18dBto-12dB 56 58 58
Viq =—24 dB to -18d8 50 58 58
A/D channel signal-to-distortion ratio Vin = ~30 dB8 to —24 d8 44 50 56 d8
Vi =36 dB to —30 d8 38 44 50._
Vin = =42 dB to -36 d8 32 38 42
Vin =—-48dBto-42d8 26 32 38
Vin = -34 dBto -48 d8 20 25 32
D/A channel signal-to-distortion ratio
PARAMETER ! ES(Z ;onh:?gl;;:ms MIN  MAX | UNIT
. Vin=-6dB 10 0d8 58
D Vin =—12 dB to 6 8 58
Vin=~18 dBt0o-12¢8 56
Vin=—24dBto—-18d8 30
O/A channet signal-to-distortion ratio Vin = -30dB to -24 a8 4 d8
Vin=-36adBt0-30d8 38
Vip = —42 a8 to —36 dB 32
Vin = —48 dB 1o 22 d8 26
Vin =-54 dB o -48 dB 20

T All typical values are at T = 25°C.
* Ay is the programmable gain of the input ampfifier.
S Avalue >38is overrange and signal clipping occurs.

NOTE 7: The testcondition Vi is a 1-kHz input signal with an 8-kHz conversion rate (0 4B relative to Vrgf). The toad impedance for the DAC is
8§00

-
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TLC32040C, TLC32040l, TLC32041C, TLC32041

TLC32042C, TLC32042l

ANALOG INTERFACE CIRCUITS

SLAS0140 - D2964, SEPTEMBER 1987 - REVISED MAY 1591

electrical characteristics

gain and dynamic range

(continued)

PARAMETER TEST CONDITIONS MIN TYPt MAX]| uniT
Absolute transmit gain tracking error while transmitting -48-dB to 0-d8B signal range, .
. +0.05 £0.15 d8
into 600 Q see Note 8
Absolute receive gain tracking error ~48-dB to 0-d8 signal range, =0.05 *0.15 a8
ses Note 8
Absalute gain of the A/D channel Srgrakiagyl SWeQ.S-d8, 0.2 8
i-kHz sinewave
Absalute gain of the D/A channel Fgpalinputis 2 0-5 -03 a8
1-«kHz sinewave
NOTE 8: Gain tracking is relative to the absolute gain at 1 kHz and 0 dB (0 d8 relative o Vygi).
power supply rejection and crosstalk attenuation
PARAMETER TEST CONDITIONS MIN  TYPT MAX| UNIT
VGG + 0f Voo - supply voltage | =010 30 kHz Idle channel, supply signal at 200 mV p-p 30 a8
rajection ratio, receive channel f = 30 kHz to 50 kMz measured at DR (ADC output) 25
VCC  0of VCC - supply voltage | = 0 to 30 kHz , 30
V p-
rejecdon ratio, transmit channel % chan:elt. (53‘5'? Pyt RS TR das
(single ended) f=30kHzto S0kHz |Mmeasureda R 45
Crosswalk attenuation, transmit-to-receive (single ended) 80 [s15]
T Al typical values are at Ty, = 25°C.
5 [
=
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TLC32040C, TLC320401, TLC32041C, TLC320411
TLC32042C, TLC32042|
ANALOG INTERFACE CIRCUITS

SLAS0140 - D2964. SEPTEMBER 1987 ~ REVISED MAY 1991

delay distortion, SCF clock frequency = 288 kHz £2%, input (IN+ ~ IN-) is +3-V sinewave

Please refer to filter response graphs for delay distortion specifications.

TLC32040 and TLC32041 bandpass filter transfer function (see curves), SCF clock
frequency = 288 kHz, £2%, input (IN+ - IN-) is a £3-V sinewave (see Note 9)

PARAMETER TEST CONDITIONS FREQUENCY RANGE MIN MAX | UNIT
f=100 Hz T
. . f=170 Hz ~25
(S':’l;ij f:‘; o Input signal reference is 0d8 | 300 Hz < [ £ 3.4 kHz Y 05| d8
f=4 KHz T
766 KHZ ~58

TLC32042 bandpass filter transfer function (see curves), SCF clock
frequency = 288 kHz £2%, input (IN+ - IN-) is a £3-V sinewave (see Note 9)

PARAMETER TEST CONDITIONS FREQUENCY RANGE MIN MAX | UNIT
f=100 Hz -27
’ f=170 Hz . -2
(;:letel\:og‘z:r: 0) Input signal reference is 0 d8 300 Hz St £ 3.4 kHz -0.35 0.5 ds8
f=4 kHz -16
f24.6 kHz -58

low-pass filter transfer function, SCF clock frequency = 288 kHz £2% (see Note 9)

PARAMETER TEST COND(TIONS FREQUENCY RANGE MIN MAX | UNIT
f < 3.4 kM2 -0.5 0.5
(s:':‘:;:': a) Qutput signat reference is 0 d8 : : 3'6,(::2 _;; dB8
f24.4 kHz ~58
serial port
PARAMETER TEST CONDITIONS MIN TYPT MAX| uUNIT
VoH  High-level output voltage ’ 1oH = 300 yA 24 v
Vour Low-level output voltage loL=2mA 0.4 v
Iy input cucrent =10 HA
Ci Input capacitance 15 pF
Co OQutput capacitance 15 pF

T All typical values are at Tp = 25°C.

NOTES: 9. The above filter specifications are for 2 switched-capacitor filter clock range of 288 kHz 22%. For switched-capacitor filter clocks
at trequencies other than 288 kHz =2%, the fiter response is shifted by the rario of switched-capacitor filter clock frequency to 2688
kHz.

10. The filter gain outside of the passband is measured with respect to the gain at 1 kHz. Tha filter gain within the passband is measured
with respect to the average gain within the passband. The passbands are 300 to 3400 Hzand O to 3400 Hz for the bandpass and
low-pass filters respectively. :

-9
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[LUSZU4UL, 1LU320401, TLUS20410, 1LUS20411
TLC32042C, TLC320421
ANALOG INTERFACE CIRCUITS

SLASQ140 ~ 02964, SEPTEMBER 1987 — REVISED MAY 1991

operating characteristics over recommended operating free-air temperature range, Voc, =5V,
Vee-=-5V,Vpp=5V

noise (measurement includes low-pass and bandpass switched-capacitor filters)

PARAMETER TEST CONDITIONS Tyt MAX] UNIT

Singte ended 200 pV s

Transmit noise . DX input = 00000000000000, constant input code 300 S00 | uV s
Difterential

20 d8mcO

300 © 475
Receive noise (see Note 11) Inputs grounded, gain =1 5 | kY ms
20 d8rncO

timing requirements

serial port recommended input signals

MIN MAX | UNIT

(MCLK) Master clock cycle time 95 ns
t(MCLK) Master clock rise ime 10 ns
iHMCLK) Master clock tall time 10 ns

Master clock duty cycle 42% 58%

RESET pulse duration (see Note 12) 300 ns
tsy(DX)  OX setup time before SCLKL 20 ns
thOX) OX hold time after SCLKL l{SCLKY4 ns

NOTES: 11. The noise is relfered to the input with a buffer gain of one. if the bufter gain is two or four, the ncise figure will be correspondingty
reduced: The noise is computed by statisticalty evaluating the digital output of the A/D converter,

12. RESET pulse duration is the amount of time that the reset pin is held below 0.8 V alter the power supplies have reached their
recommended values,

serial port — AIC output signals, Ci_ = 30 pF for SHIFT CLK output, C_ = 15 pF for all other outputs

MIN  TYPT  MAX | UNIT
te(SCLK) Shift clock (SCLK) cycle ime 280 ns
tiscik)  Shift clock (SCLK) fall time 3 8 ns
t(scuKy  Shift clock (SCLK) rise time 3 ns

Shift clock (SCLK) duty cycle a3 5| %
g(cH-FL) Delay from SCLKT to FSA/FSX/FSOL 30 ns
t4(CH-FH) Oelay from SCLKT to FSA/FSX/FS0T 35 90| ns
t4(cH-0R) OR valid aiter SCLKT El) ns
taw(CH-EL) Delay from SCLKT to EODX/EGDRY in word mode 0| ns
tew(CH-EH)Delay from SCLKT to EODX/EODRT in word mode 90| ns
t((éoox) EQOX fall time . ‘ 2 8| ns
YEQDR) EODR fall ime 2 8| ns
tan(CH-EL) Delay from SCLKT to EODX/ECOR! in byte mode 0| ns
teb(CH-EH) Delay from SCLKT to EODX/ECORT in byte mode . 20| ns
t(MH-SL)  Delay from MSTR CLKT to SCLKXL &5 170 ns
td(MH-SH)y Delay from MSTR CLKT to SCLKT 85 170 ns

T Typcal velues are at Tg, = 25°C,

TeExAS ‘t’}
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[ LUSZU4UL, 1LUSZUAUL, | LUIZU410, |LUSZU4 11
TLC32042C, TLC320421
ANALOG INTERFACE CIRCUITS

SLAS0140 ~ 02964, SEPTEMBER 1987 — REVISED MAY 1891

timing requirements (continued)

serial port — AIC output signals

TEST CONDITIONS MIN TYPT MAX | UNIT
le(scLky Shift clock (SCLK) cycle ume 380 ns
tscLK)  Shift clock (SCLK) fail time 50 ns
t(SCLK)  Shift clock (SCLK) rise time 50 ns

Shitt clock {SCLK) duty cycle 45 35 %
tq(CH-FL) Delay from SCLKT to FSA/FSX L C =30 pF 52| ns
ta(CH-FH) Delay from SCLKT to FSA/FSX T CL =50 pF 52| ns
CH-DR) DR valid atter SCLKT 90 ns
taw(CH-£L) Delay from SCLKT to EOOX/ECORL in word mode 90| ns
tdw(CH-EH)Detay-from SCLKT to EODX/ECDAT in word mede 90| ns
t(goox) COOKX fall time 15| ns
(go0R) EODA fall time 15] ns
tdn(CH-EL) Detay from SCLKT to EODX/ECOR! in byte mode 100} ons
tdh(CH-EH) Delay from SCLKT to EOOX/EQDRT in byte mode 100 ns
tg(MH-S) Delay from MSTR CLKT to SCLX! 65 as
td(MH-SH) Oetay from MSTA CLKT to SCLKT 65 ns

T Typical values are at Ty = 25°C.

Table 2. Gain Control Table Analog Input Signal Required for Full-Scale A/D Conversion

bty cBurcur TN CONTROL REGISTER BITS b0 edr A/D CONVERSION
a6 a7 J RESULT
1 i
Ditterential configuration 5 5 =6V Full scale
Analoginput =IN+ ~ N~ =
= AUX IN+ = AUX IN—~ 1 0 =3V Full scale
. Q 1 1.5V Full scale
1 1
Singte-ended configuration 3 o =3V Half scale
Analog input = IN+ —~ ANLG GND
= AUX IN + — ANLG GNO ! § s3IV Full scale
Q 1 =15V Full scale
7 In this example. Vet is assumed to be 3 V. In crcer 0 minimize distortion, it is recommended that the analog input not exceed 0.1 d8 below
full scale.
Rep Rip
2 | L A |
IN+ —AN—— S ——— AUX IN+ —AN—— & —
To MUX To MUX
IN- —VWVN\——1— —— AUX IN~ ——VN\——— ———
R + - l
Rfb Rtb
Rfp=Riord6=1,d7=1 Ry =Rford6=1,d7=1
d6=0,d7=0 d6=0,d7=0
Rip =2Rford6=1,d7=0 Rip=2Rford6=1,d7=0
Rip =4Rferc6=0,¢7=1 Rip = 4R ford6=0,d7 =1
Figure 1. IN+ and IN- Gain Figure 2. AUX IN+ znd AUX IN~-
Controt Clrcuitry Gain Control Circuitry
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TLC32040C, TLC320401, TLC32041C, TLC320411

TLC32042C, TLC320421
ANALOG INTERFACE CIRCUITS

SLASQ140 - 02964. SEPTEMBER 1987 - REVISEO MAY 1991

sin x/x correction section

The AIC does not have sin x/x correction circuitry after the digital-to-analog converter.The sin x/x correction
can be accomplished easily and eificiently in digital signal processor {DSP) software. Excellent correction
accuracy can be achieved to a band edge of 3000 Hz by using a first-order digital correction filter. The resuits,
which are shown below, are typical of the numerical correction accuracy that can be achieved for sample rates
of interest. The filter requires only seven instruction cycles per sample on the TMS320 DSPs. With a 200-ns
instruction cycle, nine instructions per sample represents an overhead factor of 1.4% and 1.7% for sampling
rates of 8000 Hz and 9600 Hz, respectively. This correction will add a slight amount of group delay at the upper

edge of the 300—3000-Hz band.

sin x/x roll-off for a.zero-order hold function

The sin x/x roll-off for the AIC DAC zero-order hold function at a band-edge frequency of 3000 Hz for the various

sampling rates is shown in the table below.

Table 3. sin x/x Roli-Off

20log SAEMS z z:
ts (Hz) (f = 3000 Hz)
(¢B)
7200 ~2.64
8000 -2.1
9600 -1.44
14400 -0.63
19200 ~0.35

Note thatthe actual AlC sin x/x roll-off will be slightly less than the above figures, because the AIC has less than

a 100% duty cycle hold interval.

correction filter

To compensate for the sin x/x roll-off of the AIC, a first-order correction filter shown below, is recommended.

+

Ui+ 1) Z

+

(1-p1iP2 (:) =1

p1

N

The difference equation for this correction filter is:

yi+1=p2(1—01) (Ui 1) +p1vi

where the constant p1 determnines the pole locations.
The resulting squared megnitude transier function is:

IR = p2(1 — p17

1 — 2pt cos(2 x i/f) + pi1?

> Y+ 1)
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1 LUILUSUL, | LUOLUHUL TLLOLUR LU, 1LUOLUH i
TLC32042C TLC320421
ANALOG INTERFACE CIRCUITS

SLAS0140 — 02964, SEPTEMBER 1987 — REVISED MAY 1991

F

¢orrection resuits

Table 4 below shows the optimum p values and the corresponding correction resulits for 8000-Hz and $600-Hz
sampling rates.

' Table 4.
. ERROR (dB) ERROR (dB)
(D) | mimlgn 2007
p2 = 0.2888 p2 = 0.9951
; 300 -0.099 ~0.043
8§00 -0.068 ~0.043
900 -0.054 0
i 1200 |. -0.002 0
1500 0.041 (8]
1800 0.079 0.043
2100 0.100 0.043
E 2400 0.091 0.043
2700 -0.043 0
3000 -0.102 -0.043

TMS320 software requirements

The digital correction fitter equation can be written in state variable form as follows:
Y =k1Y + k2U

where k1 equals p1 (from the preceding page), k2 equals (1 -~ p1) p2 (from the preceding page), Y is the filter
state, and U is the next /O sample. The coefiicients k1 and k2 must be represented as 16-bitintegers. The SACH
instruction (with the proper shift) will yield the correct result. With the assumption that the TMS320 processor
page pointer and memory coniiguration are properly initialized, the equation can be executed in seven
instructions or seven cycles with the following program:

ZAC

LT K2

MPY U

LTA K1

MPY Y

APAC

SACH (dmay), (shift) ’

TEXAS "{’f
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TLC32040C, TLC320401, TLC32041C, TLC32041!
TLC32042C, TLC320421
ANALOG INTERFACE CIRCUITS

SLASQ140D - 02964, SEPTEMBER 1987 ~ AEVISED MAY 1591

byte-mode timing

-l ‘4- ‘f(SCLK) <- t(SCLK) '*—Jl- te(SCLK)
Losv | | osv I | H
'(CH-FL) Ml | ta(CH-FH) X | e td(CH-FL) - bg— td(CH-FH) M (¢
FSR F5X \o8V | I. Vav PR « /v
l | l . i I
} » ‘4- td(CH-DR) : :
| | . ]
DR 013 X D3 X 08 { 07 X 06 X 02 \ D1 00,
::)-C XBeX . XOTX3 i
lsu(DX) ¥ H— , I
ox ——-@@-@ X XX
_h -~ {
th(Dx) - = tan(cH-EL) tdb(CH-EH) M 44—
EOOR, EODX i Nosv i 2v
word-maode timing
N—h— te{scLK)
SHIFT CLK 1% & 25
vf| | 0.8V 08V | |
-*”*td(CH ! t(CH-FH) ™ [ |
FSX,FSR  gsvl ! I o~
l -’1 +ld(CH -DR) | {
DR >< 2\ 00‘ |
tsu(DX) -ﬂ <— ‘
Don t Care
ox mmcmcm oﬁ
— th(DX) taw(CH-ELPY | - "! *" tdw(CH-EH)
EGDOR, EO0X N 0.8 v\L--—-/2 v

shift-clock timing

! !

"IL ;*-td(MH-SH) o tgmHsy

SHIFT CLK /‘E \L

Figure 3. Serial Port Timing
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TLC32040C, TLC320401, TLC32041C, TLC320411
TLC32042C, TLC32042|
ANALOG INTERFACE CIRCUITS

SLAS0120 - 02984, SEPTEMBER 1987 - REVISED MAY 1991

TMS32010 Q 20 ¢ FSX
c2 <g—
« SN74LS299
st o ox
bE a2 TLC32040/
e
U SoCLK TLC32041/
AQ/PAO A oS bs-015 \ Gl 1 | TLc32042
A1/PA1 8 N - __CE-‘_'
A2/PA2 c < 7 SHIFT CLK
SN74LS138 SN74L.5299
> o ‘
B G2 4
t R | "G: SNT4LST4 |
, \_D0-D15 \ 00D7__| o a1 -
00-015{__ N | A {AH SR < Q 10[—+DR
WE .
CLKOUT + MSTR CLK
. \J EGOX

Figure 4. TMS32010-TLC32040/TLC32041/TLC32042 Interface Circuit

in instruction timing

CLKOUT l

DE }
. I
— [
S0, G1 !
[]
DO~D15 ~« valid )
out instruction timing
CLK ouT I
— ]
WE 1
t
!
SN74LS138 Y1 !
i
SN74LS299 CLK
1
DG-D15 \ Valid )

Figure 5. TMS32010-TLC32040/TLC32041/TLC32042 Interface Timing
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TLC32040C, TLC32040l, TLC32041C, TLC320411
TLC32042C, TLC32042!
ANALOG INTERFACE CIRCUITS

SLAS0140 ~ 02964, SEPTSMBER 1987 — REVISED MAY 1991

TYPICAL CHARACTERISTICS

AIC TRANSMIT CHANNEL FILTER

10 : 0.3
Magnitude

0 0.25

~10 0.2
Group Delay \ @
-20 Q.15 N
fea] >
° =30 - 01 3
P See Note B / \ e
‘g -40 0.05 ‘g‘
= 1 &
—1—$AN= AN B I :
S =30 . Y o
B T A L
-60 = T 0.05 %
/ v | | T SeeNoteA \ <

-70 T T Y 0.1

[ See NoteC
~80 [ l 0.15
-90 0.2
Q 1 2 3 4 S
SCF clock frequency

Normalized Frequency — kHz x
288 kHz
NOTES: A. Maximum relative delay (0 Hz to 600 Hz) = 125 us
8. Maximum relative delay (600 Hz to 3000 Hz) = = 50 ps
C. Absolute delay (600 Hz to 3000 Hz) = 700 us
D. Testconditions are VGG +. VGG — and Vpg within recommended operating conditions, SCF clock f = 288 kHz =2% input = =3.v
sinewave, and Tp =25°C.

Figure 6
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TLC32040C, TLC320401, TLC32041C, TLC32041l
TLC32042C, TLC32042! .
ANALOG INTERFACE CIRCUITS '

SLASO120 — 02964, SEPTEMBER 1987 ~ REVISED MAY 1991

TYPICAL CHARACTERISTICS

TLC32040 AND TLC32041
RECEIVE CHANNEL FILTER

10Tz ; : 0.35
t—-— See Note A Magnitude
of : \ 0.3
=10 Q.25
| 2
-20 \ 02 T
a >
T -3 0.15 &
) \ a
R 0.1 §'
:? Leg | —E'oup Delay \ 0.05 CZ
: AT A A \ £
-60 l ; o ";:
AU VT i i
£ SeeNote B \ Y \
-80 N : 0.1
| See Note C — \
-90 - 0.15
9 1 2 3 4 3

SCF clock {requency

Normalized Frequency — kHz x -
288 kHz.

NOTES: A. Maximum relative delay (200 Hz to 600 Hz) = 3350 s

8. Maximum relative dstay (600 Hz to 3000 Hz) =+ 50 us

C. Absolute delay (600 Hz to 3000 Hz) = 1230 us

D. Test conditions are VGG 4. VGG — 2nd Vo within recommended operating conditions, SCF clock f =288 kHz £2%, input =%3-V
sinewave, and Tp =25°C. P

-, -~
Figure 7
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TLC32040C, TLC32040!, TLC32041C, TLC32041]
TLC32042C, TLC32042]
ANALOG INTERFACE CIRCUITS

SLAS0140 ~ 02964, SEPTEMBESR 1987 - REVISED MAY 1991

NOTES: A.

cowm

TYPICAL CHARACTERISTICS

TLC32042
RECEIVE CHANNEL FILTER
10 X i
| Magnitude
1]
-10 ! L ;

2 ,—F See Note A \
/ H
3 0h-
1 i ‘

.o :

3 —aop- Group Delay

2 G -VE \

2 _sg Y L Ve,

e AN S YA
- 80 See rlote 8 \
c30 ‘L

See Note C — Y
-80,
-90
(s} 1 2 3 4

Normalized Frequency ~ kHz x
288 kHz

Maximum relative delay (200 Hz to 600 Hz) = 3350 us
Maximum relative delay (600 Hz to 3000 Hz) = £ SO us

Absolute delay (600 Hz to

3000 Hz) = 1080 ps

5

SCF clock fequency

0.3
0.25
0.2
0.15
0.1

0.08

0.05

0.1

0.15

0.2

Relative Group Delay — ms

Test conditions are V@ 4. VoG — 2nd Voo within recommended operating conditions, SCF clock | = 288 kHz £2%, input = £3-V

sinewave, and Tp = 25°C.

Figure 8
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TLC32040C, TLC320401, TLC32041C, TLC32041!

248

TLC32042C, TLC32042!
ANALOG INTERFACE CIRCUITS

SLAS0140 - 02964, SEPTEMBER 1987 — REVISED MAY 1991

Signal-to-Distortion Ratlo ~ dB3

Signal-to-Distorilon Rallo - d8

TYPICAL CHARACTERISTICS

A/D SIGNAL-TO-DISTORTION RATIO
vs
INPUT SIGNAL

80

] i [
1-kHz input Signal With an
0k 8-kHz Conversion Rate

1 '
Gain = 4X |

1 R
60 l Gain = 1X
- 4//
30 5

/ |
10 2 i
30 ;
!
20 |
1
0 ]
{
0
-50 -40 -30 -20 -10 O 10

input Signal Relative to Vg ~ dB

Figure 9

DIA CONVERTER SIGNAL-TO-DISTORTION RATIO

vs
INPUT SIGNAL
1co T [ T 7 I
o 1-kHz tnput Signal into 600 Q
801~ g.kHz Conversion Rate
30
70

50 /'
50 /
20

=50 ~40 -30 -20 -10 0 10
Input Signal Ralative ta Vet - dB

Figure 11

Galn Tracking ~ d8

Galn Tracking — dB

A/D GAIN TRACKING
(GAIN RELATIVE TO GAIN
AT 0-dB INPUT SIGNAL)

0.5 T T 7
1-kHz Input Signal
0.4~ 8.kHz Conversion Rate
0.3
0.2
0.1 i
0 P — | i
-0.1
-0.2
-0.3
-0.4
-0.5
-50 -40 -30 -20 -10 0 10
Input Signal Relative to Vet — dB
Figure 10
D/A GIAN TRACKING™
vs . .
(GAIN RELATIVE TO GAIN
AT 0 0dB INPUT SIGNAL)
1.0 T i T i
1-kHz Input Signal into €00 Q
0.8~ g.xHz Conversion Rate
!
0.6
!
0.4 l
0.2 T
0 i
-0.2
-0.4
-0.6
-0.8
-1
-50 -4g -30 -20 -10 Q 10

Ingut Signal Aelative to Vet~ dB
Figure 12

NOTE: Test conditions are VCC + VCC — VDD 2nd within recommended operating canditfons set clock { = 288 kHz £2%, and Tp = 25°C.
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LUSZU4UC, | LUS2U4UL, iLu:izumu, rLig2041i
' TLC32042C, TLC32042!
ANALOG INTERFACE CIRCUITS

SLAS0140 — 02964, SEPTEMBER 1987 — REVISED MAY 1991

ATTENUATION OF SECOND HARMONIC OF A/D INPUT

TYPICAL CHARACTERISTICS

ATTENUATION OF THIRD HARMONIC OF A/D INPUT

vs vs
INPUT SIGNAL INPUT SIGNAL
100 100 T n T
/\ ‘ 1-kHz Input Signal |
@ 90 / N i 90}— 8-kHz Conversion Rate
o] !
T e AN ] T g0 ‘ ‘
g 70 i € 70 A d
- i Qo 0 H ] \
s //—1 £ /\/ i : i
z ® ; £ AN | 3 i
= ; ° : . i i
5 30 £ s : -
g ! = i i |
%) i - > i
hid 4 -
5 0 ; (RS i i
g ] o i !
2 30 - - 30
2 | g T~ |
2 < i :
s 2 i 2 20 i , i
2 L 1xHzinputsignal i I o i i !
8-kHz Conversion Rate i [ i |
o ] ! i i 0 : i i
-50 - -40 =30 -20 -10 0 10 =350 -40 =30 -20 -10 [ 10

ATTENUATION OF SECOND HARMONIC OF D/A INPUT

Input Signal Relative to Vi~ dB

Figure 13

Input Signal Relative to Vet~ dB

Figure 14

ATTENUATION OF THIRD HARMONIC OF D/A INPUT

Vs vs
INPUT SIGNAL INPUT SIGNAL
100 T 1 P 100 ; 7 i i !
1-xHz Input Signal into 600 Q o 1-kHz Input Signatl into 600 Q 1
o 90 8-kHz Canversion Rate 901~ 3.xHz Conversicn Rate l
:lz [ = 80 i ! 1 |
Q 80 : | ! i 1 i '
R ' S T 0 ; f | '
€ | Q . /_/7 ;
E | e ; =0 I : i : |
: o 7 | = R
< t T i H
S so 7 £ s
- | s e
S 40 I - i
Q
5 5 ' : ;
3 | E: | l |
5 20 2 20 v
2 I 2 | I |
16 10
; | L 1
-50 -40 =30 ~20 ~10 0 10 -50 ~40 30 -20 -10 ] 10

Ingut Signal Relative to Vpat —~d8

Figure 15

Input Slgnat Relative ta Vpgt —dB

Figure 16

NOTE: Test conditions are VeG .. VoG — and Ypp within recommended operating conditions set clock f = 288 kHz £2%. and Ty = 25°C.
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TLC32040C, TLC320401, TLC32041C, TLC320471
TLC32042C, TLC32042!
ANALOG INTERFACE CIRCUITS

SLAS0140 - 02964, SEPTEMBER 1987 - REVISED MAY 1991

TYPICAL APPLICATION INFORMATION

TMS32020/G25 TLC22040/TLC32041/TLCI2042
CLKOUT +— MSTR CLK vees ——sv
FSX <—| FSX REF ’_1(—1 L
c “T™¢
DX »—1 DX ANLG GND [—a——+——¢-
FSR |——<——| FSA ‘A BAT 42"$ c
DR 4 OR Veo- 5V
CLKR __]= <—— SHIFT CLK Voo — 5y
CLKX 7=
DGTL GND 5 opF

]
{
vV ¥
C = 0.2 uF, Ceramic

Figure 17. AIC Interface to the TMS32020/C25 Showing Decoupling Capacitors and Schottky Diodet

Vee

=
\ 500 Q ‘
% | 0.01

TL4Z1 A =<uF == 0.1uF Ceraminc

é 2500 Q2

3V Qutput

°-

For: Veg=12V,R=7200Q
Yec =10V, R=5600Q
Vec=5V, R=1600Q

Figure 18. External Reference Circuit For TLC32045

t Thomson Semiconductors
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