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REAL TIME IMPLEMENTATION OF VECTOR QUANTIZER USING
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ABSTRACT

KLAWTHANONG
THONGCHAI
KANYARAT
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SOMHA
THONGRA-AR

Digital transmittion of speech signal must be used speech coding for transmittion

signal at lower bit-rate and increse of chanel. Speech coding have many of algorithms and

vector quantization (VQ) is one of many algorithms which can use to application to speech

coding.

This thesis presents the algorithms of standard vector quantization (SVQ) for speech

coding and presents the code book design. It’s implement at real-time by using digital signal

processor (DSP) TMS320CS50. In designing bit-rate is set 9.6 Kbps. The result of this was

calculate signal to noise ratio of the output signal of standard vector quantization and the

result was satisfied.
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15. Smsmusdefidusidunon uaznusvia Tusunsuniedeyaiiuudon

KLY

1
1

v =] ' °

16. imsdams TusunsunSedeyal 1A lundennissanudnana
17. TinesaoynsuuuuIEdInIz (Synchronous) 2 M4 (Full Duplex) dmiuAnde

o ¢ o e

funesaeynsuugnsaioug

= ¢ a o a’:’ r-1 4 L] 4” .:'
18. In0TAdUNA 01N LUVVIUTRINNA 64 K uasll 16 wesa ogluiiuf

HUWAMUI
19. fi Tsunsy Wait-state 1ito 14 1un15@ndefuginsal n3eniionaud,

MousANNIIUF NN
20. Ut unuw 4 118y (Pipe Line)

b4
21. THUAM3I 8 ToYANUUBAUNUY (Index-addressing)
22. iddwiadyauiRnine Iugw
9y

23. 1#ima Tuladuuy cmos 1¥1vides s Trad

24,1 13291

273 aaifaunssuues TMS320C50 $w DSP Tagiald

Taseadadudinues TMS320C50 DSP Usenoudioduddy 3 d1ufie

1. 1dwlszunananait (CPU)

2. HU2BAIUIT (Memory)

3. 2esdumesiarfugnsainouen

TMS320C50 W Tsames A iddmivlumsssnanadyauasaea Feuz
fidnyaurnsitnuadond iy TMS320C25 uazldaorilagnssudoaiu fe
anilasnssuiuy “arsnda” Tasezutalnssadnvsmisonnudieonitiu 2 druusn
andu fs M Tlsunsy  nazmiwanusifoya Fewzilinsieusg

y
Aulddreanudige uonnmiudaunsaminsleudedoyasznieiuld
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1 4

Tumsdmnanuadamansiiu szimsdnnalaslfasuy yroundiuud
Taeld ALU Sailuniisnssimuadamansiazasin s l¥insevhvuia 16 damisa

azioARIYAIABI YLIA 32 Un

2.7.4 Mszuananaid

msRaUiulse CPU *Csx Saneinuwesalfa (Source Code) 1didnriuld
My Clx, 'C2x wvasfinsUsudyaussous naznuazainlunisldou lums
Y5115 Suendaymines Tvlives 32 fin uasfiunisaseaouiidrdalmiluns
dumoesina qﬂﬂsﬂfnwuaﬂﬁmé"ué"i%'mﬂ%u

fiflaf 9 (Function) ATUAUBATTYBINUIWADINUUBYUIM (PLU : Parallel logic
Unit ) dm5umsUfUidaunuuyadu (Boolean) Uaz 16in (Set) S3eAvs (Register)
ﬂammﬂa‘%wf( Contaxt - Switch Register ) Tumsimua Zero - latency 514;0 Contaxt -
Switch @11150911M3 IHUSASAWNUINITBUINDTINA (Interrupt)

TMS320C50 ﬁ‘ﬂ1iwﬂmm‘i1ﬁ1‘§xﬁnﬁagaw§'aﬁnmﬁq (Register) vW1A 1 ud

moludng d1uau 28 @ A2l

AUIYIUS
¥o 'C50 'C50 A9311
Dec Hex
; 0-3 0-3 | dundanaesld
IMR 4 4 | SSamosuaaa o UL UMD SHA
-9 r's 1 [} Q'I

GREG 5 5 | SRamesuiavanus iyl
IFR 6 6 |S3awmesoumesuvan
PMST 7 7 | 53amesuansaaiusimilssuiana
RPTC 8 8 | 53maes dnduniu
BRCR 9 9 | 3Famesvuniunuuuden

A5 197 2.1 S9amesmelu *Cs0



21

AU
¥o 'C50 | °C50 f1e511e
Dec Hex )
Aa- 4 a Vv
PASR 10 A | S3awesniuneaasaisuduTdsunsuuuy
g
UA9N
PAER 11 B |Siawmesmunsainsadugaldsunsy uuy
=3
UABN
TREGO 12 Cc |Semeesdinsdmsumsgu
N sMa o’u'.f o o a a 4 r'd
TREGI 13 D | S3amestinsidmsulauriin Seany
TREG2 14 E |53awmes¥ansndmiutia luiianaaeu
Taursin
DBMR 15 F | 53awmesdeiialauniin
ARO 16 10 |53amesyae 0
ARI 17 11 |53amesein 1
AR2 18 12 | S3amesee 2
AR3 19 13 | S3mwmesee 3
AR4 20 14 | S3amesve 4
AR5 21 15 | S3awesye 5
AR6 22 16 | S3aaesv 6
AR7 23 17 | 53amesHe 7
INDX 24 18 | S3anesoumndg
ARCR 25 19 | S3awmesifSouiiou Sanesy
CBSRI | 26 1A | S¥amesuoaasaSudu tiesvyuau 1
CBERI | 27 1B |3Semmesuomasaduga tviiesvyuiu |
CBSR2 | 28 1c | SeamesuoamsaiTudu tiinesuyuau 2
CBER2 | 29 ID | F3mmesuonnsaduga driosuyuou 2

A1319% 2.1 S3aaes nelu cso (d.)
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AUNU
o 'C50 | ’Cs0 Aefuy
Dec Hex
aa s LY o
CBCR 30 1E | S9amesniugu tWiesvyuiu
BMAR 31 IF | S3awmesindoudonquioaasa
- 3279 | 20-4F | S3smesdmiumidennud

M3 2.1 S9amesnalu 'Cs0 (ao)

#1Y TMS320C50 Tidnuasiien samndmitsanudisen RoM) nwlu
e 2k x 16 Ua asaTysunsuld EProM) iumizsanus lFlunisya (Boot)
wiauaus1seuaInawuen A2e Tusunsuanus agefisgaiolu nSein SRAM
MOUDN AWISNADNIITN (Reset) MuwaNuI1souldlaensldvi MP/MC Tamaz

ﬁ‘Ju Low

2.7.5 vivgaua1eyan1ly (On - Chip Data Ram )
v
TMS320C50 Tinaeanusioyanioluiaiuavuia 1056 x 16 Ta @150
msidhdedoyauuy Twice Per Machine Cycle (Dual - access RAM) ¥Av8INUW
o a d ¥ d 1y ' 3 8 o o WY 1w g
anusuaunezlFlumsifuadoya uaamsaldlumsinudidadddmgdumany
¥ 4 3 1 ° o ] [} °
foya Feeunsousnlnseadnlumizennuildidu 2 ne e Mnvnanisanud
1 4
@ a <] ' ° Y a
Foyaranua 1056 x 16 Ia lunmivanuiweyafivuanhiy s44x 16 Ta uaniu
wiwanus Isunsuving s12x 16 Oa Amualdlas 1980 ONF Tuanne 53mnes
STI

2.7.6 wihganusildsunsay miraaus1veya 2wl (On - Ship Program/Data

RAM)
TMS320C50 Hnveanusmsumeluviin 9 k x 16 da usmiumilsanus

v
s

frda niemizsanuideya Tavaunsofiezya ldanmiranudineuen Iy
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2.7.7 FoWAIIS TA1IZNINBE (Software Wait State)

AuTsunsuannzn1sneeasin (Soft Wait State Logic) U93815AIITAIUUBN
fimdenaaiu TMS320C50 Fanissanusinolu uazqunsaldunaodyaesd
anudaind FedlFaunsaTusunswedld lumsUfidou el o,1,2,3 nie 7

Wait State

2.7.8 WOIADUNA (DIAVA ULLVUIY (Parallel I/ O Port)

Q

TMS320C50 fiNosn DUNA - PWHAULUYUIY YR 64k 16 TmIsa Tums
Y 2y v o 4 a ' v 1 o A o =)
Wit feyadudidalan ifedvunazdwdayalumissanusidie 1s fanraxiy

Low

2.7.9 WOINBUNA (DIANA UULBYNIN (Serial 1/0 Port)
T¥dnuazmsdedoyaluy TDM (Time Division Multiple Access) 11un1s

Uszynd l¥ilssuranandouq dunand

2.7.10 ¥1U¥23 TMS320C50 DSP

[ aa L4

o L o t
Fwiszuadaanudsaeaues TMs 320¢50 sxlidnuazniiuuiiame Tvideg

L]
w

A 1 v a ar
132 91 SOUUNAINGYIAAA U (Quad Flat Pack Package : QFP) Bauaazviiinnudunusiu

ar

aqgUn 2.5

2.7.11 M3t umuItoya
TMS320Csx  a@unsasmiteanui llsunsuld 64 Aladsa uazdraniae
o ¥ a ad o = t o ¥ A e v A

anusoya 96 Alaiisa JlInuamsdudmuzsnnudidoya 8 Tnua Tnuandrdgl
Trnuafo

1. M38 AWMU TABATI (Direct addressing mode)

2. M3d1dmndalaedou (Indirect addressing mode)

3. MIBNAUMNUAIVUTIUH (Immediate addressing mode)

4. MIBAMMUG YRS (Dedicated register addressing mode)
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5. M5B NA MM U IMUI8ANUI3A1A035 (Memory-mapped register addressing
mode)

6. MIBIA UM HAULLLLAN (Circular addressing mode)

2.7.12 namugumstteyainuazaeen (Peripheral Control)

Ty °C50 TinoummaesiFoudeiu cPU 1AuA wosnoynsy, wesavuIL TDM,
Inifiwed, vedduas TUsunsuaaiuznisaoy Buna-loananesa, n1snis Tagld
ﬁ’ngapmmﬁmﬂﬁagﬂ (Device by One Clock) laz¥1 XF AU BIO Tﬂﬂqﬂﬂinft'?;anda

] ay aa /& o ] ° i 4
l'ﬂaTu’s’f'lll'15ﬂﬂ'J‘Uprvlmﬂﬂﬂix‘ﬁ]'lﬂi%ﬁlﬂﬂiﬂlﬂUN\‘lﬂu'Jﬂﬂ'J'llﬁnlﬂ'll11
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Pinout and Signal Descriptions

A.1 Pinout and Signal Descriptions

Figure A-1. TMS320C5x Pinout

132-Pin
Quad Flat Pack Package! a
(Top View) - E
'] 0O n s
85 o,wnvmgaag g8 E §§ Cc2253
2299885555003 99EESSR : £3e88833
ﬁﬁﬁﬁﬁﬂr‘lﬁﬁmﬁﬁﬁf‘lﬁﬁﬁﬂﬁﬁmﬁﬁﬂﬁhﬁﬂr—lﬁr’\ﬁ
776 15 14 131211 10 9 8 7 6 8 4 3 2 1 132131 10 129 129 127 128 125 126 123 122 121 120 178 118 117
NC[] u 118
NC(] 1o O 118 %:g
Vssa] = ™ 1 Voors
Vssd] 21 1 Voosa
NC([] 2 nz [ TACR
o7} = m [ ne
D8] 10 [7 CLKOUT!
o5(] = 10 [ xg
D4(] = 18 1 ROUDA
03] z» 107 [ Tox
D2(] == 108 [ px
01(] = 18 [ TFSX/TFRM
Do} » 104 [ FSX
T™S(] a1 13 [ CLKMD2
Vooa(] = 12 [7 Vasra
Voos(] © 101 [ Vggya
TCK[] = 10 [ TDO
Vsss{] » % 17 Vooiz
Vsse(] = % [ Voon
Ne( w 7 1] X1
W[ = % [ X2/CLKIN
RT2(] » % [ cLiiNg
N3] » » {]BH
wra(] « w [} sTRE
RRI(] «< 2 W
DR{] o n []PS
TOR(] « © ]l
FSA(] « ® oS
CLKR(] » 8 IJNC
Voos(] « & ] Vssi2
Voos(] « ® §] Vssi
NC(] » s []NC
NC(] = 4 [JNC
SRS ATBNNNQRBYSSTRINTIRANTBITIAD 0 28

uuuuuuuuuuuuuuuuuuuuuuuuuuuuuuul_xu

e 5 mmnmmhm-‘moo—o—wnvmooaog
333<Q9< <<<<88e$5z°'22<2<<z 8 I[""
2F S8 Jo § >9

o

t SeePin Assignments, Table A-1 (page A-3).for location and description of all pins. The 'C50, 'C51, and
'C53 are packaged in 132-pin plastic QFP in production. See Figure A—-20 for mechanical data.
Note: NC = Nd connect. (These pins are reserved.)

314 2.5 dnyazIneuBNUBY TMS320C50
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2.7.13 MIVAHHWANNN

Tuda TMS320C50 Tmisamnuinnudigevina 1,056 (35 Tavfudazisa
fvuin 16 Ia uasliseunmoluvuia 256 135a aunsasdmtwaNusIvUen Jand
224 niansﬂ uumﬂunmﬂmmawaua wieanud ldsunsy waznvleanud
UNA L‘B‘lﬂ‘Wﬂ athear 64 Aladsa ueniudn 32 Aladia dminidaniin Tdw
ALU , ueafiaylaines wazueafyamestiwiesiiving 32 ia flannsogauavuiin
32 Saldmolu 1 nueBulada Wedlilennd ALU finsesgauuy 16 x 16 Ta uuiu

BUNA 16 UYUIUA 1DIANA 16 UFULIUD NITAARBNUIWANNITIY (Globaldata Memory

Interface)
Program Program Data
Hex Hex Hex
0000 Interrupts and 0000 Interrupts and 0000 Memory-Maped
Reserved External Reserved On Chip Registers
o o o Y
9939 External 9930 ROM 9990 | On-chip DARAM B
0800 On-Chip SARAM 0800 On-Chip SARAM 0030 R d
(RAM=1) (RAM=1) . eserve
External (EX:E)I) On-chip DARAM '0
2BFF (RAM=0) 2BFF Reserved 'l
2C00 2€00 02FF
0300 On-chip DARAM B
n-chip
Extemal Extemal 8§g§
Reserved
FDFF FDFF
FE00 FE00 O7FF e
On-Chip DARAM 0800 | On-chip SARAM'1'
BO(CNF=1) %g(%: Esternal ‘0’
External(CNF=0)
FFFF FFFF FFFF Extemnal
MP/MC = 1 MP/MC =0
Microprocessor Microprocessor
Mode Mode

311 2.6 MsTanIwANE IV TMS320C50

&1 TMS320C50 g1ursons 1FauimeduaeIms sasas I uININAUNaI9d)

4 ' o
ﬁfs’umnﬂui £U1 Multi-Processor System nla




27

TumslFnusumileanudimeusn lihezaiudnseunseson mdnesviau
@nn 3918 I I nuiuwumetudwiiuiifu Tusuasumu Tumsidau
a1l Inaa TUsunsuoinuisanusimeuenuuduludn  udResuldsunsuiau
Tao TMS320C50 'Idifudnde “Block Transfer fil9luns Tnaadoyasinmiioanud

A d ¥ d a aa a y o 1
AMYUDNUINALUADN lla')n‘]lﬂuvl'ﬂulliu‘UﬂQ‘lfw 'Jﬁfnsu‘l]3‘1‘331?‘ﬂ15ﬂ1\11u153ﬂu

2.7.14 aplaailagnssu Taaial
Y o aa Aa = o
TMS320C50 1Hudnlszunanadyanuniatnsaniiaussausgaunn 3laeia
1&g neonuuuldii Inssadramioudy *cax nadmIaseas e lgima TuTaduyy
« s
“g151359”
-1 t o s o ]
fiaussouzlumsyszuanagega  Tasugnmidssanudesnnniu  11umuae
° 1 °o ¥ o 4 aa o @ Y o
anui ldsunsy uazmidsanudeya dmsumsiondfdiidelddiennusigege
frdaarsessumsdedoyaseninassszozinm
TMS320C50 1HUfuiamsA Uy 2°s Complement vuia 32 iia vaamiae
Aurnuuadiamansiazasdn uazueniiyames
7 o 9 o ' o a a ad 1 °
ALU gatszasdiia hlisiflumissdnaiivuacie da 35 :inniisanui
o o § a [~ a a va 4 s
Taseadnsrda nTonavosnisguunia 32 Ia umsmumsuiaawfeddy
a J o Y a wa a Y o a o o o o
adiarans vl ALU awnsodfidaunuuyaduld Taslueafiyawmesiiuduny
o 4 ('3 o a as
Hadws N Idenmsiuaaves ALU naziiludunaldiy ALU 8ndae
a a ' o o a 4 a
uenfayatmesiiunig 32 Oa wieenitfuludssduge (Uan 31 B9 Oa 16)
° ] 4 v o a <2 a ° o o 9/ ] &
uasdwmidludsediud da 15 4 G 0) Mddumsinudeyaszegmelutonly
o g { o t o v ' ° a
dmfumspuiidumissduganiossaui lumissanudweendngames Tums
Pudeyatinsnveeniyamesazlueafnamesvina 32 da

533M5U2AU89 ALU 9eiiMileansnuuutuin PLU ssilludasanmsifeadulda

finnuSigaun  uasi iWhiisowedududen  lunmsimuaiia  msnaceuanu

Foamslumeniugu uazmsfidmsvediiamosanius
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a

AMIAATUMIVBIAIQUTYUIA 16 x 16 UA UV 2’s Complement HAUBINITH

1 4
= « o =)

azivuin 32 da Adudorlunilelfa dguiugueciieg 3 41 Ao

1. Multiplier Array

2. PREG (Product Register)

3. TREGO (Temporary Register)

Multiplier Array (U IgUUVDUSE

TREGO (Temporary Register) 13 saiassiftunagasns funa 16 i
PREG (Product Register) 1u3vaiaes ¥ lunsifunagaiivuia 32 {a _Faf

yoadagainnnnuileanuddeya uasinnanmiisanud lusunsy dgumely

} 4
o

a g o a a [y a wa 4 o
Froflanusann i ldilszAniamlumsdams msUfidaniiduiledeiugm

9

¥99 DSP 1B Msnyudu asifeaiuiy uazmsvenIdfmdmisTusunsy Tdoya

A & Ao
HIOTANIN ﬂ']l]Nﬂuvl‘Uﬂﬂ'lﬂuﬂ
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A990NUVVUAZNITAS N

Tuniseanuuy uasmsaduns senlouladnames nina1ese Tasly
v d ' ' i d ] P Pl
T™MS320C50 1auUanseonuuuitiy 2 g9 daun 1 szitiumseenuuuNIAIugIsalIs
P Y] P4 P P4 ¢
Fesznoulidrensesnuuy UesA (Board) Aleuladinines Upsadnsauawuen
a ' 4 2
uazvesaswmesiie ludud 2 sutunmsesnuuuniduaendns Falszaeuly

v ° o o Pd
fremsoenuuyTusunsuduiu IRatn uaz Tusunsunugumsaleu ladg

3.1 HENMSPDNUUVIIIAUIS
4 (dy o o r'd r'd
luniseonuuungsaus s Usznaulidae vesaateuladiinines vesa
1 S a P & f o Vo M & P
SWseUNIEUDN LAz Vs A uINeS Iie Fauwazuss avssaesudiulunsosnroulad

finawsalasld TMs320050 Tau@owTudams o Iddeguin 3.1

UDSA INTERFACE Uesa DSK
Pre Mic.
9

WoIR
RS 232

™S

320C

50

Power Amp.
AO - A12 DO-D7

9 Vac

2764

DI ADNTDUNTUDN

U7 3.1 Mamsianuveunseeneuladamesinainialayly TMs320c50
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d d d
3.1.1 vasamayulngiInnes
P P ¢ A ya P & a v o &
vaianlew ladiaawesiaenlddn DSP wes TMS320C50 Falimsdanuiluge
o s A& o ' < LA ¢ ‘ <
saulluvesa FUSunduesa DSP Starter Kit N3oUDTA DSK JUsawuenvevesa

DSK taadfagii 3.2

our | A/D.D/A TLC32040

Udn RCA | N No5A RS232

udn AC9 V.
TMS 320C50

51 3.2 dnyuzvesvesa DSK

v
a o

q' 1 1 o & o o
TugUil 3.2 azuaasdiuyssnoudeg vesuesa DSK i luvesiaesaiu giunsal
1 1 a : a Y 1 a L4 s s a o d ')
Tasd 1 Mg asdadQuuAIMINIveWH NI HUR Tagussa DSK aefligniiduwale
a ' s A td! [~f ! o a [ aa
ndne oy 2 47 Ain TMS320C50 @utlu DSP Tusiaiwes uarFnulasdyarueinadnea
aa =) =] a v
Thueurdenuazuewdeniduftnoaiuey TLC32040CFN Hineutiinmesyiia D duiy
.ﬂ' d' ] (v =Y d 4 9 o qu
el lumsiyenasdunsuiuaes Hiumawesnoynsy RS232C 1 3 msldwesaiide
v b4 [ Vv
funouRaes vrasluvasiddaianuviniu Wenansmesatiszlddmiums
v 1 v v ]
Sudsdyanussnnunsesnou ladiideinsandedu dmsudanedndmiiaweuesa
g o Y o 1 o o a )
DSK 9 13f RCA dmiumssy uardedyaruuewaonnngasumesiva &
audnvuzTao l)vesuesalinal
1. inui5ade 40 MHz.
2. imdaeanudwsy (RAM) Tudn 10 Alaisa
3. Uszunanadoya ldgeda 28 Sudidaeiuii
v
4. DFnuourdendumesiiaiued TLC 32040 vuia 14 fia (Juria A/D uaz D/A -
o g g d o.a s o o
5. luda RCA 2 udn ifluniadunauaziordya Taseusasuuazdidaaialy
sefuaen (Line) 1A Tagasa

6. inesaoynsy RS 232 dmuserunouiunes
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7. 1FUNawIWw 9 Vae
=y d s (v
8. JyuIAannNsENASA
s a d o

Tuueda DSK TEnwaumesinausurdon e TLC 32040 11U A/D uaz D/A Tu
™ ° Y d0 o d a a [ [ [y Aaa '
d1 imhnsudyaaouidenniduyaiisodin uduasdeyams adneadly
UszurananoNidnw DSP Avazidoaveanmsutasdyauivaea sslivuia 14 Ua

. . 2 2 e aw X oaa
ansaimuasasusulaldgega 19,200 uwuilds Tu 1 3 daluadinnuazain

Y 4 Asa 4 o o o o <’
TumsiFauvesa DSK f#li%w DSP TMS320C50 Fuiluraleddyuesuesallsyulana

1 4
[ =, 1 [ [

d o o
doyy 1 ¥W DSP szitludanIunuMsTUaRd YN SAUTINTZVIUMIVINITAIU o
£ 4
rua
o ) ] o d' 8 [V 1 [ 1 A'l
s unisaoaio AoUINALADS N 19 TuA1TTUAIdUYIUTTNINUAT 04

L4 A'I o tﬂ'
aoulad aouniouaaediagli 3.3

X TR
TR X
GND GND

517 3.3 Msaoay AOMIUAINDS YoUATDIADU T

U

= o ' A 4 7o a % ' o
514 3.4 Wumsaainsownlow ladhameifuneuiumesszninmsiau Tag
- v )
Fouseuoiareass nawesa RS 232 diowau Tusunsuadeuds svideyaluiuiin
° 1w & ° o
aqUUBNIOU (EPROM) Uiaziit ansoulideruys DSK duihldya DSK ansavim

1&f1uauios Taghidsaldnoufiunes uaaedagUh 3.5
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veiA INTERFACE voin DSK.

Pre Mic.

weia
23 232>

[ =1

-
{BM Compatible
Power Amp.

9 Vac.

517 3.4 mssensoaniou ladiames funouRmes sernams e

vein L) voin voia
INTERFACE DSK DSK INTERFACE
CONNECTOR
[@( Pre Mic. i& B E B Pre Mic. 9
Power Amgl i Powar Amp
l 9Vac.

3U7 3.5 uenIMsI¥ouABs 1319 DSK 2 4R

3.1.2 YaSABWIBNNTHUDN
1 4 13
lumsauige DSK WueziFouasuAouiIIAes IAUA KBS AOYNTY RS 232
wazlioann Tusunsuauysaludlvzdosussy Tsunsuasludnsouniouen iiiosein
Y o

P 1aa a vy ¢ o 4
UaIn DSKL1””0W§ﬂuﬂﬂ5u53q1ﬂ5uﬂ5uqﬂ ﬂjTﬂﬂﬂQﬂﬂﬂ“UUUﬂiﬂa“iﬂ”ﬂTUﬂﬂﬂﬂu

4! o W ar t:‘
1 FadnyuzAIgla 3.6
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A0 -Al12 DO - D7

U 1

2764

UDIADNTOUNIBUDN

517 3.6 vesABHTBUNBUBN

A a s s o Y s q ¥y A
HJ’E)'Ui5"11Tﬂillﬂilm']ﬂﬂﬂlJW'Jm'ﬂiﬁﬂUuUﬂiﬂﬂWiﬂﬁﬂTUuﬂﬂuﬁ? ﬂzﬂ']cl'ﬁlﬂi'ﬂ\?

¢ s ! o VY w 1o o W ' o a 7
ﬂ')ﬂuvlﬂ‘lfnﬂlﬂﬂiuﬂ']u'ﬁﬂﬂ%31’]1\1114‘11?1?!')0?1')13\1 TﬂU‘th%TLﬂuﬂﬂQﬂaﬂUﬂﬂn‘W'llﬂﬂﬁ

P = ° 1 =]
snde 'l Feesunadife vildwesaoynsu RS 232 vsavesa DSK 119 Gaazgnlfilu

o H o 1

windidyanusznihuniesniou ladinnes 2 nsedld

ATV VBIBNTOUNOUBN UAAIAITUN 3.7

To DSK Board
DO - 07

To DSK Board Fff",\n

A0 - A12

35 CE
- OE
2 56
To DSK Board 1 VPP

5UM 3.7 195NSBUMEUDN

' v .
fioe9nluvesa DSK 93 Boot PROM molu duiu e'lulv Boot PROM
1 4
3 -3 o é
1 Fesuiudeadalidesled Boot PROM 890 Faluveia DsK vl lediuas

" ¥
27PC256FM 34 1Widusfou 2 vo'led 27PC256FM
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d a d
3.1.3 yesaoumesineg

S a o ° Y A g v o ' ) o
yosadumesivassiminituadumesiasening HandSet AUUSA DSK

o <

4 1 [ [l ') 2 [} H @
1199910310059 DSK 9z ulasdaduaaueuiaonssavainy ¥ liifivanefiessy

v v

v v

Foynadunniulas iy vieddygandoseenlidud i neddTagnse uaziiteid
a [y 5 L4 ad s o &
mstiuanudasassldivuesa DSK Tuns@ifi Tnaanae1dyadai9es (Short) 34019

° Y 7 & a ' Y = Y,
axviIuesa DsK FelisimAeudraunadonislq
S a o dyd [y d' Y a [V dyd
Tumsesnuuuuesasuimesmadilindnmsfivsdesinisandsiife
a o a
1. Tnaummiodd
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#include <stdio.h>

#include <conio.h>

main(argc,argv)
int arggc;
char *argv[];
{
FILE *Inputfile,*Qutfile;
char i,j,0ch,Ich[80],filename[10];
int line;
clrser();
if(arge<2)
{
printf("\n Usage : Converse File .dsk to .h\n DSKHEX.EXE(file.dsk]");
exit();
}
/*Open input file*/
if((Inputfile=fopen(argv{1],"rt"))==NULL)
{
printf("Error in input File:");
exit(1);
}
sprintf(filename,"%s",argv[1]);
for(i=0;filename[i]!="";i++);
filename[++i] = 'H';
filename[++i] = ";

filename[++i] =";
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/*Open Output file*/ )
if((Outfile=fopen(filename,"w+"))==NULL)
{
printf("Error in output File:");
exit(1);
}
line = 1;
rewind(Inputfile);
fgets(Ich,80,Inputfile);
fgets(Ich,80,Inputfile);
fprintf(Outfile,"80\n");
do{
Och = fgetc(Inputfile);
if(Och==""[|Och==EQOF) break;
if(Och=="9")Ich{0]='0";

else

printf("Input file error:");
fclose(Inputfile);
fclose(Qutfile);
remove(filename);
exit(1);
}
for(i=0;i<4;i++) Ich[i+2] = fgetc(Inputfile);
=0;
for(;;)

{
Och = fgetc(Inputfile);
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if(Och=="T'|j>10) break;
if(Och=="B") {j++;Ich[1]="3";}
else if(Och=M") {j++:Ich[1]="2";}
else {
printf("Input file error:");
fclose(Inputfile);
fclose(Outfile);
remove(filename);
exit(1);
}
for(i=0;i<4;i++)
{
[ch[i+(j*4)+6] = fgetc(Inputfile);
}
}
if(j==0) { line--; }
else {  for(i=6;i<9;i++) Ich{i] ='0";
Ich[9] = 48+j-1;
for(i=0;i<(j*4+10);i++) fputc(Ich(i],Outfile);
fprintf(Outfile,"\n");
} .
fgets(Ich,80,Inputfile);
gotoxy(2,2);
printf(" Lodeing.. Line: %d",line++);
}while(!feof(Inputfile));
fclose(Inputfile);
fclose(Qutfile);
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/****************************************

* This HHEXS51 uses to convers *

* file .h to .hex(MCS51)  *

****************************************/

#include <stdio.h>
#include <conio.h>
#include <ctype.h>
#include <stdlib.h>

#include <string.h>

FILE *Infile,*Outfile;
char IOch([80],file_name[10],Baddr[4]={'1"0','0",'0'};
int i,j,p,sum_totel,sum,line;
char conv(char code)
{
if(isxdigit(code))
{
if(isdigit(code))

{
code -=48;

else {
if(isupper(code))
{ code -= 55;
}
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else code -= 87,

}
}

else {
printf("\n error Input.");
remove(file_name);
exit(1);
}

return code;

char hex_to_dec( char jj)
{
if(i7>9) jj = jj+55;
else
ij = jj+48;

return jj;

main(argc,argv)
int argc;

char *argv[];

clrser();
if(arge <2) {
* printf("\n Usage : Converse File .dsk to .n\n HEXHS51.EXE {[file.h] [startadd]");

exit(1);
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/* Open File input */
if((Infile=fopen(argv(1],"rt"))==NULL)
{
printf("\n Error in input File:"),
exit(1);
}
sprintf(file_name,"%s",argv{1]);
for(i=0;file_name[i]!="";i++) ; /*change .h to .hex */
file_name[++i] ='H’;
file_name[++i] ='E";

file_name[++i] ='X’;

/*Open File Output */

if((Outfile=fopen(file_name,"w+"))==NULL)
{
printf("\n Error in output File:");
exit(1);
}

printf("\n Start Address: ");

gets(Baddr);

printf("\n");

strupr(Baddr);

line=1;

rewind(Infile);

do{ /*get char in file to I0ch(32)*/

sum_totel = 0;

for(i=9;i<41;i+=2) {
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I0ch([i] = fgetc(Infile);
if(10ch(i]==EOF) break;
if(10ch[i]==0x0d || IOch{i]==0x0a)
{
i-=2;
continue;
}
sum = conv(IOch[i])<<4;
[Och[i+1] = fgetc(Infile);

sum_totel += (sum | conv(IOch[i+1]));

p=i
i=(i-9)/2;
sum_totel = (sum_totel+i+(conv(Baddr[0])<<4)+conv(Baddr[1]));
sum_totel = (0 - (sum_totel+(conv(Baddr[2])<<4)+conv(Baddr(3]))) & Oxff;
I0ch[p] = sum_totel>>4;
[Och[p] = hex_to_dec(IOch[p]);
IOch{p+1] = sum_totel&0xf;
[Och[p+1] = hex_to_dec(IOch[p+1]);
[Och[0] ="";
[Och[1] = i>>4;
[Och[1] = hex_to_dec(IOch[1]);
I0ch(2] = i&0xf;
IOch[2] = hex_to_dec(IOch[2]);
for(j=3;j<7;j++)
10ch[j] = Baddr(j-3];
j = ((conv(Baddr{0])<<1 2)|(conv(B;1ddr[ 1])<<8)|(conv(Baddr{2])<<4));
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/*  if(j5>0xffef) {
printf("\n Out of address ?");
exit(1);

Il

j +=0x10;
Baddr(2] = ((j>>4)&0xf);
Baddr{2] = hex_to_dec(Baddr{2]);
Baddr{1] = ((j>>8)&0xf);
Baddr[1] = hex_to_dec(Baddr[1]);
Baddr[0] = ((>>12)&0xf);
Baddr[0] = hex_to_dec(Baddr([0]);
[Och[7] ="0";
[Och[8] ="0";
for(j=0;j<(i*2+11);j++) fputc(IOch[j],Outfile);
fprintf(Outfile,"\n");
printf("\r Lodeing... Line : %d",line++);
}while(!feof(Infile));
fclose(Infile);
fclose(Outfile);
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* Real time quantize vector (recieve)

.mmregs
BUF1 .SET 300h
BUF2 .SET 305h
BUF3 .SET 310h
BUF4 .SET 320h
lo .set 5
CB SET 1500h
MCB .SET 1700h
L1 SET 3
L2 SET 63
ACL .SET 330h
BITLEN SET 081h
BITLEN2 SET 020h

.ps  0806h

.ps  080ah
b int2

.ps  0a00h

.entry
lar ar0,#0h
lar ar0,#0h

start: Ildp #0 ; Set data page pointer

CLRC SXM
clrc IPTR
OPL  #800h,PMST ;9K on-chip RAM as Data, No ROM



*
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splk  #830h,PMST

lacl #0 ; Set Wait State Control Regester
samm CWSR ; for 0 waits in pgm & data memory
samm PDWSR ;

* initalize and reset serial port

*

splk  #20h,TCR

splk  #1,PRD

mar * ARO

lacl #08h ; set FSM bit for FSX/FSR per frame
samm spc ; Configure for 16 bit mode with
lacl #0C8h ; external CLKX, reset tx and rx
samm  Spc

lamm drr ; clear first int

lacc #0080h

sach dxr ; clear first int

sacl GREG ; Pulse AIC reset by setting it low

lar ARO,#0FFFFFh

rpt  #10000 ; and taking it high after 1000 cycles
lacc *,0,AR0 ; (.5ms at 50ns)

sach GREG

setc  SXM

setc OVM

splk  #0ffffh,IFR
splk  #10h,IMR



loopl:

end

CLRC
call
lar
LAR
LAR
mar

splk

idle
b
b

81

INTM

setch ;set code book
ar(,#lo

ARL#BUF1

ARS, #BUF4

* arl

#0h,*,arl

loopl

end

« 3 3 e 2 3 3k 3k 3k e e e 2k e 3¢ e 3k ok vk ok e e 3 ok ok e e e 3k ke ok ok ok ke
H

int2:

call
call
splk

rete

reads
dcadd
#0ffffth,IFR

o 3 e e 3 3 e 3¢ 3k e e ke e e ok e 2k ok ok 3k e 3 3 ke ok ok ke o o e e ke ok ke
’

rrint:

setc
lamm
mar
add
sacl
mar
clre

splk

intm
drr

* arl
*0,arl
*0,ar0
*. ar(
intm

#0ffefh,IFR
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ret

« 2 3 e 2k o ok o ok ok ok o o ok ok ke ok ok ok o ok ok ok ok ok o o ok ok ok ok ok ok
b}

setcb:
lar - ar0,#CB
lar arl,#L2
lar ar3,AMCB
setcbh2:
lar ar2,#L1
mar * ar()
lacc  *+
setcbl:

add *+.0,ar2
banz setcbl,*-,ar0
mar * ar3

sacl *+0,arl
banz setcbh2,*-,ar2

ret

« 36 3 3 e ok ok 2 ok 3 3 2 2k ok 3 ok 3ok 2 o ok Aok 3k 3 ok ok 3 3 ok 3 o ok 3 3k ok k.
I

fadd:
lar ar0,#lo
lar ar2,#BUF2
lar ar3,#BUF3
lar ar4, #MCB
lar ar6,#62
mar  *arl
lacc * 0,arl

splk  #0h,*,ar2
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sacl * 0,ar4

sub *+0,ar2

abs

sacb
faddl:

mar * ar2

lacc * 0,ar4

sub *+0,ar6

abs

crit

banz fadd2,*-,ar6

b fadd3,*,ar3
fadd2:

bend  faddl,nc

sar ar4,ar3

b faddl,*,ar2
fadd3:

lacc  *-

lacc  ar3

sub  #1700h,0
setc  intm

call xmtbyte
clrc  intm

ret

« 3k 3k o 3k a3k o ok 3k ok e 2 3k 3 2 e 2 b ok 2 2k o e e e ofe ok ofe o e o e ok ok e ok ok sk ok
3

dcadd:
LAR ARI!#BUF4

mar ¥ arl
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sacl *
It *
mpy #5
lacc  #1500h
apac
sacl  arl
xt:
LAR AR7#4

mar  *arl

XT1l: lacc  *+l,ar7
samm dxr
BANZ XTI1,*-,AR1

XT2: ret

« 3k 3k 3 2 2 e ok ok e ok 2% ok ok e sie 3 ok 3 3 ke 3k 3 o e ok ok ok e o ok ke ok ok ek ok kK
b

xmtbyte:
clrcc ; startbit=0
lar ar5,#8 ; counter: | startbit+ 8 databits (+ 2 stopbits)
nextbit] bend snd0,nc ; if c=1 send 1 else send 0
sndl setc xf ; send one
b snd

snd0  clrc xf
snd rpt #BITLEN ; send one bit
mar *,ar5
ror ; Isb(accu) -> carrybit
banz nextbitl,*- ; repeat for entire word (10 bits)
setc xf
rpt #BITLEN
nop

rpt #BITLEN
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nop
ret
;**************************************
reads:
rpt  #BITLEN
nop

wait Bcndd STOK,bio ;wait for start bit

lar ARS#7
lacl #0
B  wait ;

STOK rpt #BITLEN2 ;BITLEN is scaled and

nop
mar * AR5 ;number of bits - 1
WTBIT sfr

rpt  #BITLEN ;decremented by 8/3 for
nop ;BITLEN/2 wait
bend ZEROBT,bio
add #80h
ZEROBT BANZ WTBIT,*- ;lastbit?
RET ;ACC = read value
e
Jistoff
.include "codeb.asm"

Jiston
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-1006:000008001A0079800843BE3A8B0O0BE3A8B00B3
-10001000BE3ASBO0BE3A8B0079800874BE3A8B00D4
-1000Z000000000000000000079800843000000008C
-1001300000000000000000000000000000000000C0
:1000-+00000000000000000000000000000000000B0
:1000<00000000000000000000000000000000000A0
:100650000000000000000000000000000000000090
-100~0000000000000000000000000000000000080
:100(,3000B000B000BCO0BE46BESC5D070800AE0715
:10000000830B900882A8828 AE260020AE25000145
:1000.A0008B88B9088822B9C888220820BF800080C0
:1000300098219005BFO8FFFFBEC42710108898053F
:1000000BE47BE43 AEO6FFFFAE040010BE407A80BE
:10000000885B005SBF090300BF0D03208B89AE89D9
:1000=0000000BE227980086F798008727A8008DF6C
:100070007A8008BCAE06FFFFBE3ABE4108208B895D
:1001+000208990888B98BE40AEO6FFEFEF00BF08B5
:100120001500B13FBF0B1700B2038B8810A020AAB7
:100120007B98088D8B8B90A97BIA088AEF00B0058D
:1001-200BF0A0305BF0B03 10BF0C1700B63E8B8927
:1001+0001089AE8A0000908C30AABEOOBEIESB8A39
:10015000108C30AEBEOOBE 1C7B9EO8AE798B08B3FF
:10015000E30108A58413798A08A510901013BFA095
:1001~0001700BE417A8008CCBE40EF00BF090320C3
1001 ¥0008B8990807380C005BF801500BE049011DC
:1001 #000B70411AF88217B9908C7EFO0BE4EBS08A0
:1001.4000E30108D3BE4D798008D4BE4CBB818B8D52
1001 3000BEOD7B9008CEBE4DBB818B00BB818B00FA
:1001 ~O00EF00BB818B00F00008E7B507B90079802C
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:1001D0000SE1 BB208B008BSDBEOABBS18B00E00049

:1001E00008FOB38807B9008EAEF008B008B008B0086
:1001F0008B008B008B008B008B008B008B008B0086
:100200008B008B008B008B008B008B008B008B0086
:100210008B008B008B008B008B00SB008B008B0086
:100220008B008B008B008B008B008B008B008B0076
:100230008B008B008B008B008B008B008B008B0066
:100240008B008B008B008B008B008B008B008B0056
: 10_02500088_008BOO8BOO8BOOSBOO8BOOSBOO8BOO46
:1 002600685008B008BOO8BOO8BOO8BOO8BOO8B0036
:100270008B008B008B008B008B008B003B008B0026
:100280008B008B008B008B008B008B008B008B0016
:100290008B008B008B008B008B008B008B008B0006
:1002A0008B008B008B008B008B008B008B008B00F6
:1002B0008B008B008B008B008B008B008BO0SBOOES
:1002C0008B008B008B008B008B008B008B008B00D6
:1002D0008B008B00SB008B008B008B008B008B0O0CS
:1002E0008B008B008B008B008B008B008B008B00B6
:1002F0008B008B008B008B008B008B008B008B00A6
:100300008B008B008B008B008B008B008B008B009S
:100310008B008B008B008B008B008B008B008B008S
:100320008B008B008B008B008B008B008B008B0075
:100330008B008B008B008B008B008BU08B008BO06S
:100340008B008B008B008B008B008B008B008B005S5
:100350008B008B008B008B008B008B008B008B0045
: l00360008BO08BOQ8BOO8B008B008B008BOO8B0035
:100370008B008B008B008B008B008B008B008B0025
:100380008B008B008B008B008B008B008B008BO015
:100390008B008B008B008B008B008B008B008B000S

i
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-1003A0008B008B008B008B008B00SBO08BO0SBOOFS
:1003B0008B008B008B008B008B008B008BO0OSBOOES
:1003C0008B008B008B008B008B008B008B008BO0ODS
-1003D0008B008B008B008B008B008B008B008BOOCS
:1003E0008B008B008B008B008B008B008B008BO0BS
:1003F0008B008B008B008B008B008B0O0SBO0SBO0AS
:100400008B008B008B008B008B008B008B008B00%4
:100410008B008B008B008B008B008B008B008B0034
:100420008B008B008B008B008B008B008B008B0074
:100430008B008B008B008B008B008B008B008B0064
:100440008B008B008B008B008B008B008B008B0054
:100450008B008B008B008B008B008B008B008B0044
:100460008B008B008B008B008B008B008B008B0034
:100470008B008B008B008B008B008B008B008B0024
:100480008B008B008B008B008B008B008B008B0014
:100490008B008B008B008B008B008B008B008B0004
:1004A0008B008B008B008B008B008B008B00SBOOF4
:1004B0008B008B008B008B008B008B008B00SBOOE4
:1004C0008B008B008B008B008B008B008B008B00D4
:1004D0008B008B00SB00SB00SB00SB00SB00SB00C4A
:1004E0008B008B008B008B008B008B008B008B00B4
:1004F0008B008B008B008B008B008B008B008B00A4
:100500008B008B008B008B008B008B008B008B0093
:100510008B008B00SB00SB008B00SB00SB00SB0083
:100520008B003B008B008B008B003B008B008B0073
:100530008B008B008B008B008B008B008B008B0063
:100540008B008B008B008B008B008B008B008B00S3
:100550008B008B008B008B008B008B008B008B0043
:100560008B008B008B008B008B008B008B008B0033
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:100570008B008B008B008B008B008B008B008B0023
:100580008B008B008B008B008B008B008B008B0013
:100590008B008B008B003B008B008B008B008B0003
:1005A0008B008B008B008B008B008B008B008BO0F3
:1005B0008B008B008B008B008B008B008B008BOOE3
:1005C0008B008B008B008B008B008B008B008B00D3
:1005D0008B008B008B008B008B008B008B008B00C3
:1005E0008B008B008B008B008B008B008B008B00B3
:1005F0008B008B008B008B008B008B008BO0SB0O0A3
:1 00600QOSBOOSBOO8BOO8800880088008800880092
:100610008B008B008B008B008B008B008B008B0082
:100620008B008B008B008B008B008B008B008B0072
:100630008B008B008B008B008B008B008B008B0062
:100640008B008B008B008B008B008B008B008B0052
:100650008B008B008B008B008B308B008B008B0042
:100660008B008B008B008B008B008B008B008B0032
:100670008B008B008B008B008B008B008B008B0022
:100680008B008B008B008B008B008B008B008B0012
:100690008B008B008B008B008B008B008B008B0002
:1006A0008B008B008B008B008B008B008B008BOOF2
:1006B0008B008B008B008B008B008B008B008BO0E2
:1006C0008B008B008B008B008B008B008B008B0O0D2
:1006D0008B008B008B008B008B008B008B008B00C2
:1006E0008B008B008B008B008B008B008B008B00B2
:1006F0008B008B008B00SB008BO08B00SBO0SBO0A2
:100700008B008B008B008B008B008B008B008B00I1
:100710008B008B008B008B008B008B008B008B0081
:100720008B008B008B008B008B008B008B008B0071
:100730008B008B008B008B008B008B008B008B0061
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:100740008B008B008B008B008B008B008B008B00S51
:100750008B008B008B008B008B008B008B008B0041
:100760008B008B008B008B008B008B008B008B003 1
:100770008B008B008B008B008B008B008B008B0021
:100780008B008B008B00SB008B008B008B008BO01 1
:100790008B008B008B008B008B008B008B008B000]
:1007A0008B008B008B008B008B008B008B008SBOOF 1
:1007B0008B008B008B008B008B008B008B00SBOOE]
K 1007C000SB008B008BOb$B008BOO8BOOSB008BOOD1
: 1007D0008B008B008B068B008BOO8BOOSB008800C1
:1007E0008B008B008B008B008B008B008B008B0O0BI
:1007F0008B008B008B008B008B008B00SB00SBO0A
:100800008B008B008B008B008B008B008B008B0090
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*  Real time Quantivector (transmit)

.mmregs

BUF1
BUF2
BUF3
BUF4
lo

CB
MCB
L1

L2
ACL

SET
SET
SET
SET
.set

SET
SET
SET
SET
SET

BITLEN

BITLEN2

.ps
.ps

.ps

300h
305h
310h
320h

1500h

1700h

3

63

330h

SET 081lh
SET 020h

0806h

080ah

b

rint

083Eh

.entry

start:

lar
lar

Idp

ar0,#0h
ar0,#0h

#0 ; Set data page pointer

CLRC SXM

clre

OPL

IPTR
#800h,PMST  ; 9K on-chip RAM as Data, No ROM -
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splk #834h,PMST

lacl #0 ; Set Wait State Control Regester
samm CWSR ; for 0 waits in pgm & data memory
samm PDWSR ;

*

* initalize and reset serial port

*

splk  #20h,TCR

splk #1,PRD

mar *,ARO

lacl #08h ; set FSM bit for FSX/FSR per frame
samm spc ; Configure for 16 bit mode with
lacl #0C8h ; external CLKX, reset tx and rx
samm  spc

lamm drr ; clear first int

lacc #0080h

sach dxr ; clear first int

sacl GREG ; Pulse AIC reset by setting it low

lar ARO#0FFFFFh

rpt  #10000 ; and taking it high after 1000 cycles
lacc  *,0,AR0 ; (.5ms at 50ns)

sach GREG

setc SXM

setc OVM

splk  #Offffh,IFR
splk  #10h,IMR



loopl:

end

CLRC INTM
call setch
lar ar0,#lo

LAR AR, #BUF!
LAR ARS,#BUF4
mar * arl

splk  #0h,*arl

idle

banz loopl,*,ARO
call fadd,*,ar!
lar ar0,#lo

LAR AR #BUFI
mar *arl

splk  #0h,* arl

B loopl

b end
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;set code book

o 36 2 2k 3k 2 2k 2k ok 2 2 2 3k 3 2 2 e 2 ok 2 2k s sl 3k e 3 e ok ke ol ke ke sk ke
’

int2:

call dcadd

ret

- 30 35 2 ok 3 2 3 3k e 3 3k 3k 3k e 3k 2 3 3k 3k ke 3k 3 ok ke 3k ok sk ok ok e ke o ke
H

rint:

setc intm
lamm drr
SAMM DXR

mar * arl

add * 0,arl



sacl
mar
clre
splk

rete
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*0,ar0
*.ar0
intm

#0fftth,IFR

. s o o o o e o o 0 o o oo ok ok ok ook ok ok ok o ok ok ok sk ok ok ok
1

setch:

setcb2:

setcbl:

lar
lar

far

lar
ntar

lacc

add’
banz
mar
sacl
banz

ret

ar0,#CB
arl #L2
ar3,#MCB

ar2 #L.1
* ar0

*+

*+,0,ar2
setcbl,*-,ar0
* ar3
*+0,arl

setcb2,*-,ar2

+ 3k 3k ok 3 2k ok ok 3 3k 3 o ok e 3 3 o6 3 ok ok 3k ok 2k ok B 2k e ok e ok ok de ke ok ok ok ok ok k-
’

fadd:

lar
lar
lar

lar

ar2 #BUF2
ar3,#BUF3
ard #MCB
ar6,#62



mar
lacc
sacl
sub
abs
sach

faddl:
mar
lacce
sub
abs
crit

banz

fadd2:
bend

sar

fadd3:
lacce
lace
sub
setc
call
clrc

ret
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* arl
* 0,ar2
* 0,ar4

*+,0,ar2

*ar2
* 0,ar4

*+.0,ar6

fadd2,*-,ar6
fadd3,*,ar3

faddi,nc
ar4,ar3

faddl,*,ar2

*

ar3
#1700h,0
intm
xmtbyte

intm

+ ok 3 2k e sfe e ok sk 3k 3k ok 2k ke ok 3 ok 3 ok ok o ok o 3k ok ok ok ok e o e e o e o ok ok ok
’

dcadd:
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LAR ARS#BUF4

mar *arS
sacl *

It *
mpy #5

lacc  #1500h

(
apac ..
t

sacl  ar5
Xt:
LAR AI/Z7,#4
XT1l: lacc ;+, 1,ar7
samm drxr
BANZ XTI1,*-,AR5
ret

« 3k 3k 3% 3k 3k ke 3 3 3k sk ok e ok o e 3k 3K ok o ko 3k ok o ok ok ke ok 3k 3k 3 3k ok ok 3k ok ok ok
s

xmtbyte:
clrcc ; startbit=0
lar ar5,#8 ; counter: 1 startbit+ 8 databits (+ 2 stopbits)
nextbitl bend snd0,nc . if c=1 send 1 else send 0
sndl  setc xf ; send one
b snd

snd0 clrc xf

snd rpt #BITLEN ; send one bit
mar *,ar$
ror ; Isb(accu) -> carrybit
banz nextbitl,*- ; repeat for entire word (10 bits)
setc xf
rpt #BITLEN

nop
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rpt #BITLEN
nop
ret

kR kkkkk ok kkk kR Rk kR Kk kR R Rk kR
s .

reads:
rpt #BITLEN
nop .
wait Bendd STOK,bio ;wait for start bit
lar ARS5,#7
lacl #0
B wait ;STOK  rpt  #BITLEN2
nop
mar * ARS ;number of bits - 1
WTBIT sfr
rpt #BITLEN  ;decremented by 8/3 for
nop ;BITLEN/2 wait
bend ZEROBT,bio
add #80h
ZEROBT BANZ WTBIT,*- ;lastbit?
RET ;ACC =read value
SRR REE R R
. listoff
.include "codeb.asm"

Jiston

;BITLEN is scaled and



Tsunsy

aunumsda lugiiuy HEX Inla
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:1000000008001A0079800843BE3A8B00BE3A8B00B3
:10001000BE3A8B0OBE3A8B007980088 1 BE3A8B00D4
:10002000000000000000000079800843000000008C
:1000300000000000000000000000000000000000C0
:1000400000000000000000000000000000000000B0
:1000500000000000000000000000000000000000A0
:100060000000000000000000000000000000000090
:100070000000000000000000000000000000000080
:10008000B000B000BCO0BE46BESCSD070800AE0715
:100090000834B900882A 8828 AE260020AE25000141
:1000A0008B88B9088822B9C888220820BF800080C0
:1000B00098219005BFO8FFFFBEC42710108898053F
:1000C000BE47BE43AEO06FFFFAE040010BE407A80BE
:1000D000088AB005SBF090300BFO0D03208B89AE89D4
:1000E0000000BE227B88086F 7A89089AB005SBF0994
:1000F00003008B89AE8900007980086F7980087CC5
:100100007A8008BEEF00082088218B89208990889A
:100110008B98AEO6FFFFBE3ABF081500B13FBFOB7C
:100120001700B2038B8810A020AA7B9808928B8BB3
:1001300090A97B9A08SFEF00BF0A0305BF0B03103D
:10014000BFOC1700B63E8B89108A908C30AABE0077
:10015000BE1E8B8A108C30AEBE0OBE1C7BSE08BOCB
:10016000798B08BSE30108A78413798A08A7109052
:100170001013BFA01700BE417A8008CEBE40EF002A
:10018000BF0D03208B8D90807380C005BF8015004C
:10019000BE049015B70411AF88217B9D08COEF00FC
:1001A000BE4EBS508E30108DSBE4D798008D6BE4CD9
:1001B000BB818B8DBEOD7B9008 DOBE4DBB818B006B
:1001C000BB818BOOEF00BB818B00F00008E9B50715
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:1001D000B900798008E3BB208B008B8DBEOABB8100
:1001E0008B00E0Q0008F2B8807B9008ECEF008B0086
:1001FO00EF008B008B008B008B008B008B008B0086
:100200008B008B008B008B008B008B008B008B0086
:100210008B008B008B008B008B008B008B008B0086
:100220008B008B008B008B008B003B008B008B0076
:100230008B008B008B008B008B008B008B008B0066
:100240008B008B008B008B00SB008B008B008B00S6
:100250008B008B008B008B008B008B008B008B0046
:100260008B008B008B008B008B008B008B008B0036
:100270008B008B008B008B008B008B008B008B0026
:100280008B008B008B008B008B008B008B008B0O016
:100290008B008B008B008B008B008B008B008B0006
:1002A0008B008B008B008B008B008B008B008BOOF6
:1002B0008B008B008B008B008B008B008B008BO0OEG
:1002C0008B008B008B008B008B008B008B008B0OOD6
:1002D0008B008B008B008B008B008B008BO0SBO0OCH
:1002E0008B008B008B008B008B008B008B008B00B6
:1002F0008B008B008B008B008B008B008B008B0O0A6
:100300008B008B008B008B008B008B008B008B0095
:100310008B008B008B008B008B008B008B008B008S
:100320008B008B008B008B008B008B008B008B0075
:100330008B008B008B008B008B008B008B008B006S
:100340008B008B008B008B008B008B008B008B0O0SS
:100350008B008B008B008B008B008B008B008B0045
:100360008B008B008B008B008B008B008B008B0035
:1003 70008BOO8BOO8BOO8B‘OO8B008BOOSBOO8BOOZS
:100380008B008B008B008B008B008B008B008B001S
:100390008B008B008B008B008B008B008B008B000S
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:1003A0008B008B008B008B003B008B008B0O0SBOOFS
:1003B0008B008B008B008B008B008B008B008BOOES
:1003C0008B008B008B008B008B008B008B008BO0DS
:1003D0008B008B008B008B008B008B008B008BOOCS
:1003E0008B008B008B008B008B008B008B008B00BS
:1003F0008B008B008B008B008B008B008B008BO0AS
:100400008B008B008B008B008B008B008B008B0094
:100410008B008B008B008B008B008B008B008B0084
:100420008B008B008B008B008B008B008B008B0074
:100430008B008B008B008B008B008B008B008B0064
:100440008B008B008B008B008B008B008B008B0054
:100450008B008B008B008B008B008B008B008B0044
:100460008B008B008B008B008B008B008B008B0034
:100470008B008B008B008B008B008B008B008B0024
:100480008B008B008B008B008B008B008B008B00 14
:100490008B008B008B008B008B008B008B008B0004
:1004A0008B008B008B008B008B008B008B008B0O0F4
:1004B0008B008B008B008B008B008B008B00SBO0E4
:1004C0008B008B008B008B008B008B008B008B00D4
:1004D0008B008B008B008B008B008B008B008B00C4
:1004E0008B008B008B008B008B008B008B008B00B4
:1004F0008B008B008B008B008B008B008B008B00A4
:100500008B008B008B008B008B008B008B008B0093
:100510008B008B008B008B008B008B008B008B0083
:100520008B008B008B008B008B008B008B008B0073
:100530008B008B008B008B008B008B0038B008B0063
:100540008B008B008B008B008B008B008B008B0053 .
:100550008B008B008B008B008B008B008B008B0043
:100560008B008B008B008B008B008B008B008B0033
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:100570008B008B008B008B008B008B008B008B0023
:100580008B008B008B008B008B008B008B008B0013
:100590008B008B008B008B008B008B008B008B0003
21005A0008B008B008B008B00SB00SBO0SBO0SBOOF3
:1005B0008B008B008B008B008B008B008B008BOOE3
:1005C0008B008B008B008B008B008B008B008BO0D3
:1005D0008B008B008B008B008B008B008B008B0O0C3
:1005E0008B008B008B008B008B008B008B008B00B3
:1005F0008B008B008B008B008B008B008BO08BO0A3
:100600008B008B008B008B008B008B008B008B0092
:100610008B008B008B008B008B008B008B008B0082
:100620008B008B008B008B008B008B008B008B0072
:100630008B008B008B008B008B008B008B008B0062
:100640008B008B008B008B008B008B008B008B0052
:100650008B008B008B008B008B008B008B008B0042
:100660008B008B008B008B008B008B008B008B0032
:100670008B008B008B008B008B008B008B008B0022
:100680008B008B008B008B008B008B008B008B0012
:100650008B008B008B008B008B008B008B008B0002
:1006A0008B008B008B008B008B008B008B008BO0F2
:1006B0008B008B008B008B008B008B008B008BOOE2
:1006C0008B008B008B008B008B008B008B008B00D2
:1006D0008B008B008B008B008B008B008B008B0O0C2
:1006E0008B008B008B008B008B008B008B008B00B2
:1006F0008B008B008B008B008B008B008B008B00A2
:100700008B008B008B008B008B008B008B008B0091
:100710008B008B008B008B008B008B008B008B0081
:100720008B008B008B008B008B008B008B008B0071
:100730008B008B008B008B008B008B008B008B0061
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:100740008B008B008B008B00SB008B008B008B005 |
:100750008B008B008B008B008B008B008B008B0041
:100760008B008B008B008B008B008B008B008B003 1
:100770008B008B008B008B008B008B008B008B0021
:100780008B008B008B008B008B00SB0O0SB0O08BOO1 |
:100790008B008B008B008B008B008B008B008B000!
:1007A0008B008B008B008B008B003B008B008BOOF 1
:1007B0008B008B008B008B008B008B008BO0SBOOE]
11 OO7COOOSBOO$BOOSBOOSBOO8B008B0088008BOOD1
: 1007D0008BOO8BOOSB002;BOOSBOOSBOO8B008BO0Cl
:1007E0008B008B008B008B008B008B008B008B00B1
:1007F0008B008B008B008B008B008B008B00SBO0A 1
:100800008B008B008B008B008B008B008B008B0090
:100810008B008B008B008B008B008B008B008B0080
:100820008B008B008B008B008B008B008B008B0070
:100830008B008B008B008B003B008B008B008B0060
:100840008B008B008B008B0038B008B008B008B0050
:100850008B008B008B008B008B008B003B008B0040
<100860008B008B008B008B008B008B008B008B0030
:100870008B008B008B008B0038B008B008B008B0020
:100880008B008B008B008B008B008B008B008B0010
:100890008B008B008B008B008B008B008B008B0000
:1008A0008B008B008B008B008B008B008B008BO0OFO
:1008B0008B008B008B003B008B008B008B008BOOED
:1008C0008B008B008B008B008B008B008B008B00D0
:1008D0008B008B008B008B008B008B008B008B00CO
:1008E0008B008B008B008B008B008B008B008B00B0
:1008F0008B008B008B008B008B008B008B00SBO0AD
:100900008B008B008B008B008B008B008B003BO08F
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:100910008B008B008B008B008B008B008B008BO07F
:100920008B008B008B008B008B008B008B0O08BO06F
:100930008B008B008B008B008B008B008B008BO0OSF
:100940008B008B008B008B008B008B008B008B0O04F
:100950008B008B008B008B008B008B00SB0O0BB003F
:100960008B008B008B008B008B008B008BO08BO02F
:100970008B008B008B008B008B008B008B008BO01F
:100980008B008B008B008B008B008B008B008BO00OF
:100990008B008B008B008B008B008B008B00SBOOFF
:1009A0008B008B008B008B008B008B008B008BOOEF
:1009B0008B008B008B008B008B008B008B008BOODF
:1009C0008B008B008B008B008B008B008B008BOOCF
:1009D0008B008B008B008B008B008B008B008BOOBF
:1009E0008B008B008B008B008B008B008BO08BO0AF
:1009F0008B008B008B008B008B008B008B008BO0IF
:100A00008B008B008B008B008B008B008BO0SBO0OSE
:100A10008B008B008B008B008B008B008B008BO07E
:100A20008B008B008B008B008B008B008B00SBO0GE
:100A30008B008B008B008B008B008B008B00SBO0SE
:100A40008B008B008B008B008B008B008B008BO04E
:100A50008B008B008B008B008B008B008B008BO03E
:100A60008B008B008B008B008B008B008B008B0O02E
:100A70008B008B008B008B008B008B008B0O0SBO0IE
:100A80008B008B008B008B008B008B008B008BO0OE
:100A90008B008B008B008B008B008B008B008BOOFE
:100AA0008B008B008B008B008B008B008B008BOOEE
:100AB0008B008B008B008B008B008B008B008BOODE
:100AC0008B008B008B008B008B008B008B008BO0OCE
:100AD0008B008B008B008B008B008B008B008BOOBE
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:100AE0008B008B008B008B008B008B003B00SBO0AE
:100AF0008B008B0038B008B008B008B008B008BO0IE
:100B00008B003B008B008B008B008B008B008B003D
:100B10008B008B008B008B008B008B008B008B0O07D
:100B20008B008B008B008B008B008B008B008B006D
:100B30008B008B008B008B008B008§B008B008B005SD
:100B40008B008B008B008B008B008B008B008B004D
:100B50008B008B008B008B008B008B008B008B0O03D
:100B60008B008B008B008B008§B008B008B008B002D
:100B70008B008B008B008B008B008B008B008B0O0ID
:100B80008B008B008B008B008B008B008B008B0O00OD
:100B90008B008B008B008B008B008B008B00SBOOFD
:100BA0008B008B008B008B008B008B008B00SBOOED
:100BB0008B008B008B008B008B008B008B008BO0ODD
:100BC0008B008B008B008B008B008B008B008BOOCD
:100BD0008B008B008B008B008B008B008B008BOOBD
:100BE0008B008B008B008B008B008B008B00SBO0AD
:100BF0008B008B008B008B008B008B008B008B009D
:100C00008B008B008B008B008B008B008B008B0O0SC
:100C10008B008B008B008B008B008B008B008B007C
:100C20008B008B008B008B008B008B008B008B006C
:100C30008B008B008B008B008B008B008B008B00SC
:100C40008B008B008B008B008B008B008B008B004C
:100C50008B008B008B008B008B008B008B00SB003C
:100C60008B008B008B008B008B008B008B008B002C
:100C70008B008B008B008B008B008B008B008B001C
:100C80008B008B008B008B008B008B00§B00SB0O00OC
:100C90008B008B008B008B008B008B008B00SBOOFC
:100CA0008B008B008B008B008B008B008B00SBOOEC
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:100CB0008B008B008B008B008B008B008B008BOODC
:100CC0008B008B008B008B008B008B008B008BO0CC
:100CD0008B008B008B008B008B008B008B008BO0BC
:100CE0008B008B008B008B008B008B008B00SBO0AC
:100CF0008B008B008B008B008B008B008B008B009C
:100D00008B008B008B008B008B008B008B008B008B
:100D10008B008B008B008B008B008B008B008B007B
:100D20008B008B008B008B008B008B008B008B006B
:100D30008B008B008B008B008B008B008B008B00SB
:100D40008B008B008B003B008B008B008B008B004B
:100D50008B008B003B008B008B008B008B008B003B
:100D60008B008B008B008B008B008B008B008B002B
:100D70008B008B008B008B00SB0O0SB00SB00SBO01B
:100D80008B008B008B008B008B008B008B008B000B
:100D90008B008B008B008B008B008B008B008BOOFB
:100DA0008B008B008B008B008B008B00SB00SBOOEB
:100DB0008B008B008B008B008B008B008B008BO0DB
:100DC0008B008B008B008B008B008B008B00SBOOCB
:100DD0008B008B008B008B008B008B008B00SB0OBB
:100DE0008B008B008B008B008B008B008B008B00AB
' :100DF0008B008B008B008B008B008B008B008B009B
:100E00008B008B008B008B008B008B008B008B00SA
:100E10008B008B008B008B008B008B008B008B007A
:100E20008B008B008B008B008B008B008B00SB0O0SA
:100E30008B008B008B008B008B008B008B008B0O05SA
:100E40008B008B008B008B008B008B008B008B004A
:100E50008B008B008B008B008B008B008B008BO03A
:100E60008B008B008B008B008B008B008B008B002A
:100E70008B008B008B008B008B008B008B008B001 A
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:100E80008B008B008B008B008B008B008B00SBO00A
:100E90008B008B008B008B008B008B008B008BOOFA
:lOOEAOOO8BO0SBOOSBOOSBOOSBOOSBOOSBOOSBOOEA
:100EB0008B008B008B008B008B008B008B00SBOODA
:100EC0008B008B008B008B008B008B008B00SBO0CA
:100ED0008B008B008B008B008B008B00SB00SBOOBA
:100EE0008B008B008B008B008B008B008B00SBO0AA
:100EF0008B008B008B008B008B008B008B008B0O09A
:100FOOO08BOOSBOOS8008800880088608800880089
:100F10008B008B008B008B008B008B008B008B0079
:100F20008B008B008B008B008B008B008B008B0069
:100F30008B008B008B008B008B008B008B008B0059
:100F40008B008B008B008B008B008B008B008B0049
:100F50008B008B008B00SB00SB00SB00SB00SB0039 |
:100F60008B008B008B008B008B008B008B008B0029
:100F70008B008B008B008B008B008B008B008B0019
:100F80008B008B008B008B008B008B008B008B0009
:100F90008B008B008B008B008B008B008B008BOOF9
:100FA0008B008B008B008B008B008B008B008BOOEY
:100FB0008B008B008B008B008B008B008B008B0O0DY
:100FC0008B008B008B008B008B008B008B008BOOCY °
:100FD0008B008B008B008B008B008B008B008B0O0BY
:100FE0008B008B008B008B008B008B008B008BO0AS
:100FF0008B008B008B008B008B008B008B008B0099
:101000008B008B008B008B008B008B008B008B008S
:101010008B008B008B008B008B008B00SB008B0078
:101020008B008B008B008B008B008B008B008B0068
:101030008B008B008B008B008B008B008B008B0058
:101040008B008B008B008B008B008B00SB00SB0048
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:101050008B008B008B008B008B008B008B008B0038
:101060008B008B008B008B008B008B008B008B0028
:101070008B008B008B008B008B008B008B008B00138
:101080008B008B008B008B008B008B00SB008B000S
:101090008B008B008B008B008B008B0038B00SBO0F8
:1010A0008B008B008B008B008B008B008BO08SBOOES
:1010B0008B008B008B008B008B008B00SB00SB0O0DS
:1010C0008B008B008B008B008B008B008B00SBO0OCS
:1010D0008B008B008B008B008B008B008B008BO0OBS
:1010E0008B008B008B008B008B008B008B00SB0O0AS
:101 0F0008BOO8BOO8BOO8B0088608B008BOO8B0098
:101100008B008B008B008B008B008B00SB008B0087
:101110008B008B008B008B008B008B008B008B0077
:101120008B008B008B008B008B008B008B008B0067
:101130008B008B008B008B008B008B008B008B0057
:101140008B008B008B008B008B008B008B008B0047
:101150008B008B008B008B008B008B008B008B0037
:101160008B008B008B008B008B008B008B008B0027
:101170008B008B008B008B008B008B008B008B0017
:101180008B008B008B008B008B008B00SB008B0007
:101190008B008B008B008B008B008B008BO0SBOOF7
:1011A0008B008B008B008B008B008B008B00SBOOE7
:1011B0008B008B008B008B008B008B008B00SBO0D7
:1011C0008B008B008B008B008B00SB008B008BO0CT
:1011D0008B008B008B008B008B008B008BO08BO0OB7
:1011E0008B008B008B008B008B008B008B0O0SBO0AT
:1011F0008B008B008B008B008B008B008B008B0097
:101200008B008B008B008B008B008B008B008B0086
:101210008B008B008B008B008B008B008B008B0076
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:101220008B008B008B008B008B008B008B008B0066
:101230008B008B008B008B008B008B008B008B0056
:101240008B008B008B008B008B008B008B008B0046
+101250008B008B008B008B008B008B008B008B0036
:101260008B008B008B008B008B008B008B008B0026
:101270008B008B008B008B008B008B008B008B0016
:101280008B008B008B008B008B008B008B008B0006
:101290008B008B008B008B008B008B008B008BO0F6
:1012A0008B008B008B008B008B008B008B008BO0ES
:1012B0008B008B008B008B008B008B008B008B00D6
:1012C0008B008B008B008B008B008B008B008B00CE
:1012D0008B008B008B008B008B0O0SB00SBO0SBO0BG
:1012E0008B008B008B008B008B008B008B008B00A6
:1012F0008B008B008B008B008B008B008B008B0096
:101300008B008B008B008B008B008B008B008B008S
:101310008B008B008B008B008B008B008B008B0075
:101320008B008B008B008B008B008B008B008B0065
:101330008B008B008B008B008B008B008B008B00SS
:101340008B008B008B008B008B008B008B008B0045
:101350008B008B008B008B008B008B008B008B0035
:101360008B008B008B008B008B008B008B008B0025
:101370008B008B008B008B008B008B008B008B0015
:101380008B008B008B008B008B008B008B008B000S
:101390008B008B008B008B008B008B008B008BOOFS
:1013A0008B008B008B008B008B008B008SBO08BO0ES
:1013B0008B008B008B008B008B008B008B008B00DS
:1013C0008B008B008B008B008B008B008B008B0O0CS
:1013D0008B008B008B008B008B008B008B008BO0BS
:1013E0008B008B008B008B008B008B008B0O0SBO0AS
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:1013F0008B008B008B008B008B008B008B00§B009S
:101400008B008B008B008B008B008B008B008B0084
:101410008B008B008B008B008B008B008B008B0074
:101420008B008B008B008B008B008B008B008B0064
:101430008B008B008B008B008B008B008B008B0054
:101440008B008B008B008B008B008B008B008B0044
:101450008B008B008B008B008B008B008B008B0034
:101460008B008B008B008B008B008B008B008B0024
:101470008B008B008B008B008B008B008B008B0014
:101480008B008B008B008B008B008B00SB00SB0004
:101490008B008B008B008B008B008B008B008B0O0F4
:1014A0008B008B008B008B008B008B008B008BO0E4
:1014B0008B008B008B008B008B0038B008B008B00D4
:1014C0008B008B008B008B008B008B008B008B00C4
:1014D0008B008B008B008B008B008B008B008B00B4
:1014E0008B008B008B008B008B008B008B008B00A4
:1014F0008B008B008B008B008B008B008B008B0094
:101500008B008B008B008B008B008B008B008B0083
:101510008B008B008B008B008B008B008B008B0073
:101520008B008B008B008B008B008B008B008B0063
:101530008B008B008B008B008B008B008B008B0053
:101540008B008B008B008B008B008B008B008B0043
:101550008B008B008B008B008B008B008B008B0033
:101560008B008B008B008B008B008B008B008B0023
:101570008B008B008B008B008B008B008B008B0013
:101580008B008B008B008B008B008B008B008B0003
:101590008B008B008B008B008B008B008B008BO0OF3
:1015A0008B008B008B008B008B008B008B00SBOOE3
:1015B0008B008B008B008B008B008B008B003B0O0OD3
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:101 5C00088008BOO8B008B008BOOSB(OOSBOO8BO0C3
:1015D0008B008B008B008B008B008B008B008B0O0B3
:1015E0008B008B008B008B008B00SB008B00SBO0A3
:1015F0008B008B003B008B008B008B008B008B0093
:101600008B008B008B008B008B008B008B008B0082
:101610008B008B008B008B008B008B008B008B0072
:101620008B008B008B008B008B008B008B008B0062
:101630008B008B008B008B008B008B008B008B0052
:101640008B008B008B008B008B008B008B008B0042
:101650008B008B008B008B008B008B008B008B0032
:101660008B008B008B008B008B008B008B008B0022
:101670008B008B008B008B00SB008B008B008B0012
:101680008B008B008B008B008B008B008B008B0002
:101690008B008B008B008B008B008B008B008BO0F2
:1016A0008B008B008B00SB008B00SB00SBO0SBOOE2
:1016B0008B008B008B008B008B008B008B008B00D2
:1016C0008B008B008B008B008B008B008B008B0O0C2
:1016D0008B008B008B008B008B008B008B0O0SB00B2
:1016E0008B008B008B008B008B008BO0SB0O0SB0O0A2
:1016F0008B008B008B008B008B008B008B008B0092
:101700008B008B008B008B008B008B008B008B008]
:101710008B008B008B008B008B008B008B008B0071
:101720008B008B008B008B008B008B008B008B006]
:101730008B008B008B008B008B008B008B008B0051
:101740008B008B008B008B008B008B008B008B0041
:101750008B008B008B008B008B008B008B008B0031
:101760008B008B008B00SB008B003B008B008B0021
:101770008B008B008B008B008B008B008B008BO011
:101780008B008B008B008B008B008B008B008B0001
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:101790008B008B008B008B008B008B008B008BO0F 1
:1017A0008B008B008B008B008B008B008B00SBO0E 1
:1017B0008B008B008B008B008B008B008B008BO0D 1
:1017C0008B008B008B008B008B008B008B008B0O0CI
:1017D0008B008B008B008B008B008B008B008B00B 1
:1017E0008B008B008B008B008B008B008B008B0O0A
:1017F0008B008B008B008B008B008B008B008B0091
:101800008B008B008B008B008B0038B008B008B0080
:101810008B008B008B008B008B008B008B008B0070
:101 8200088008B0088008B008B008B008B008BdO60
:101830008B008B008B008B008B008B008B008B0050
:101840008B008B008B008B008B008B008B008B0040
:101850008B008B008B008B008B008B008B008B0030
:101860008B008B008B0038B008B008B008B008B0020
:101870008B008B008B008B008B008B008B008B0010
:101880008B008B008B008B008B008B008B008B0000
:101890008B008B008B008B008B008B008B008BO0F0
:1018A0008B008B008B008B008B008B008B00SBOOED
:1018B0008B008B008B008B008B008B008B008B00D0
:1018C0008B008B008B008B008B008B008B.008B00CO
:1018D0008B008B008B008B008B008B008B008B00BO
:1018E0008B008B008B008B008B008B00SB008B0O0AD
:1018F0008B008B008B008B008B008B008B008B0090
:101900008B008B008B008B008B008B008B008B0O07F
:101910008B008B008B008B008B008B008B008SB006F
:101920008B008B008B008B008B008B008B008BO0SF
:101930008B008B008B008B008B008B008B008B004F
:101940008B008B008B008B008B008B008B008B003F
:101950008B008B008B008B008B008B008B008B002F
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:101960008B008B008B008B008B008B008B00SBO0IF
:101970008B008B008B008B008B008B008B008B0O00F
:101980008B008B008B008B008B008B008B008BOOFF
:101990008B008B008B008B008B008B008B008BOOEF
:1019A0008B008B008B008B008B008B008B008BOODF
:1019B0008B008B008B008B008B008B008B008BOOCF
:1019C0008B008B008B008B008B008B00SB008BO0OBF
:1019D0008B008B008B008B008B008B008B00SBOOAF
:1019E0008B008B008B008B008B008B008B008B0O0IF
:1019F0008B008B008B008B008B008B008B008BO0SF
:101A00008B008B0014B71E561B5314510B4014B798
:101A10001E561B5214500B40FC160F7C13C21A5654
:101A200017B50CSFOEFS0EBS0FCDOCE10A0A 138342
:101A3000111D0CAF043109BCOD1EQE7DOB2F07F6D6
:101A40000A3FOCBBOBB308FE05D607510A140B1353
:101A500009030673043207A1096E094408ED064F 15
:101A6000064F08A60727061D052D0673071906ED64
:101A700005B2042605EE06E006270584051205AE2C
:101A800005BE05380467040404FE053604F304ADFE
:101A900003C0045004EA04B8043603C0044B0466CF
:101AA0000442039303BE0411040103980372033C30
:101AB000037E03860386034A025B037503470344E0
:101AC00002BD024B02F002BB02C20294026D028B05
:101AD0000240024C02220251021801B801CCO1E27C
:101AE00001D7020701980183012800EF012D016F42
:101AF00001C60159011F00F4010301100115010085
:101B000000D800D600BF00BA005D006300BD00CF62
:101B100000D2009F005E004D00560076003B00336F
:101B2000003800380025FFFCFFFOEFEAFFED000C4C
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:101B3000FFCCFFASFFAAFFAEFFB8FF6BFF62FF5309
:101B4000FF7DFF78EDS0ESBDE470DDESE7AFED8074
:101BSO00ESBDE470DDESETAFEF8SEADCE6BIE3F97C
:101 B6000F49FEF85EADCE6BIE3FOF49FEEBOEBD 140
:101B7000E598EBCBFA19EEBOEBD1ES98EBCBFAI197F
:101B8000F27FF03BED44EF5DF06FF27FF03BED4410
:101B9000EFSDF06FF49FF 1D3F019F0AAF2DBF6627B
:101BA000F3D6F 16BF039F 157F7F2F445FODAEFBAOA
:101BB000F426F64CF451FOE2F 131F81AF481F10F09
:101BCO00F2E7F629FA1CF8COFSEDF427F42FF4FB40
:101BD000F57BF43BF4F2F69BFIE6F 688F4E6F59F24
:101BEO0OF758FAOEFFO4FED6FF 13FF 1FFF3FFEF962
:101BFOOOFEBSFE84FE66FEBTFD7EFDE1FDCCFESBEC
:101C0000FFB5SFES6FDFOFDA6FDBSFDCOFE40FDABE7
:101C1000FDO9FCF8FD33FD8AFCFBFCDIFD04FCBD8D
:101C2000FD96FCSFFCI 1FC54FC85FBSDI:"B26FBDB99
:101C3000FC66FD6AFATFF935F94FF9ACFAFIFACA90
:101C4000F9DBF9DEFA73FBSDFB6BFB54FB66FA967E
:101C5000FA2CFB2AFBOIFB21FBBSFC79F863F6713A
:101C6000F752F776F83DF925F786F754F826F8ABE2
:101C7000F8F2F743F843F90CFA38FADOF98FF93053
:041C8000F892F84A94

:01FFFF008180
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#include <stdio.h>
#include <dos.h>

#include <conio.h>

void wait(int port,char ch);
void sport(int port,char ch);
char rport(int port);

char check_stat(int port);

void port_init(int port,char code);

main(int argc,char *argv[])

{

int port,ch,c;

char *fname;
FILE *fp;
port=1;
clrser();
printf(" %s ",argv[1]);
if(!(fp=fopen(argv[1],"rb"))) {
printf("cannot open input file \n");
exit(1);
}
port_init(port,0xe7);
ch = 0x80;
do{
sport(port,ch);
}while(rport(port)-!=0xlb);
¢=0;ch=0;
do{
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¢ = getc(fp);
if(c=0x0d)
{
¢ = gete(fp);
c = getc(fp); °
}
¢ = conv(c)<<4;
ch = getc(fp);
ch = conv(ch);
ch=(ch|c);
if(feof(fp)) break;
printf("\t%X",ch);
sport(port,ch);
delay(20);
if(kbhit()) exit(1);
printf(":%X",rport(port)&0x0£f);
delay(10);
}while(!feof(fp));
ch = 0x05;
sport(poﬁ,ch);
printf("\n:% X", rport(port)&0x0£f);
ch = 0x0A;
delay(10);
sport(port,ch);
printf(":%X" rport(port)&0x0£f);
h = 0x00;
delay(10);
sport(port,ch);

printf(":%X" rport(port)&0x0ff);
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ch = 0x80;
delay(10);
sport(port,ch);

DRINL("INM\LS# ¥ E#F XX REXARRE XS (Y REXEERRRERRSL LR RERLL AR "),
delay(30);

do{

printf("\t%X",rport(port)&0x0ff);
}while('kbhit());
}

conv(int ch)

{
ch = toupper(ch);
if(ch>=65) {
ch = ((ch - 65) + 10);
}
else {
ch=ch-48;
}
}

void wait(int port,char ch)
{
delay(10);
printf(":%X" rport(port)& &0x0£f);

/* if(rport(port)!=ch) {
printf("communication error\n");

exit(1);
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void sport(int port,char ch)
{
union REGS r;
r.x.dx = port;
r.h.al =ch;
r.hah=1;
int86(0x14,&r,&r);
if(r.h.ah & 128) {

printf("send error detected in serial port...I");

exit(1);
}
}
char rport(int port)
{
union REGS r;

/* while(!(check_stat(port)&256))
if(kbhit()) {
getch();
exit(1);
¥
r.x.dx = port;
rh.ah=2;
int86(0x14,§cr,&r);

/* if(r.h.ah & 128)
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printf("read error detected in serial port...!");*/

return r.h.al;

}

char check_stat(int port)

{
union REGS r;
r.x.dx = port;
r.h.ah = 3;
int86(0x14,&r,&r);
return r.x.ax;

}

void port_init(int port,char code)

{
union REGS r;
r.x.dx = port;
r.h.ah = 0;

r.h.al = code;

int86(0x 14,&r,&r);
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#include <stdio.h>
#include <dos.h>
#include <stdlib.h>
#include <fcntl.h>
#include <io.h>
#include <graphics.h>

#include <math.h>

int xx[1050], C[512], buf[1000], win[200], win1[200];
char fname [20];
int handle, GraphDriver=3, GraphMode=1, maxx, maxy,

CodebookSize, CodebookDimension, *VectorPointer, Codeindex,

Frame, color, id, cd, handle2, handle3;

char c;

long pl, fsize, fl, index, p2, p3, ct;

float Volt, resl, res2, Stepsize, Theshould, snr, res3, res4;
double Average[128], Error, ErrorO1d=9.9E+10, s;

float Codebook[10][512], Newbook[10]{512], New[10];
float xn[500], xnd[500];

FILE *record_file; /* File to accept record-data */
int close_ret; /* */

int write_ret = 0, /*%

main()

{

unsigned int a,b,d,e,f, g h,i, mx, my;



/#

136

clrser ();
handle = _open ("spl.bin", FA_ARCH); /* Open file */
if (handle<0)
exit (1);
_read (handle, Codebook, 512*10*4),
_c;.lose (handle);
handle2 = creat ("d.tim", FA_ARCH); /* Open file */
if (handle<0)
exit (1);
p2=0;
handle3 = creat ("e.tim", FA_ARCH); /* Open file */
if (handle<0)
exit (1);
p3=0;
printf (" Welcome to Codebook design for Vector Quantization.\n");
printf ("\n\n\n");
printf ("Enter Speech file name (Hyper Signal format) : ); scanf ("%s", fname);
printf ("Codebook dimension (1-10) : ); scanf ("%d", &CodebookDimension);
printf ("Codebook size (1-512) : "); scanf ("%d", &CodebookSize);
handle = _open (fname, O_RDONLY); /* Open file */
if (handle<0)
exit (1);

_read (handle, xx, 20);

_write (handle2, xx, 20);
p1=20; Set file pointer skip header */
if (registerbgidriver(EGAVGA_driver) < 0) exit (1); /* Initialized BGI Dpi;'er */
initgraph (&GraphDriver, &GraphMode, "");  /* Initialized graphic */
maxx= getmaxx (); /* Get MAX X */
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maxy= getmaxy (); /* Get MAX_Y */
setfillstyle (SOLID_FILL, 0);

setcolor (11);

rectangle (0, 0, maxx, 12);

rectangle (0, 0, maxx, maxy/2);

rectangle (maxx/2, maxy/2, maxx, maxy);

etcolor (12);

outtextxy (0, 2, " Vector quantizer application to speech coding.");

fl=filelength (handle);

f1-=20;

d=b=ct=0;
Frame=fl/(CodebookDimension*2);

moveto (0, maxy/2-60-12);

for (a=0; a<Frame; a++)

{
VectorPointer=xx;
GetFrameVector (VectorPointer, (long)a);
res1=(float)(maxx+1)/(float)Frame;
d=(float)res1*a;

for (b=0; b<CodebookDimension; b++)

res2=(Average[b)/(float)(a+1));
lineto (d, maxy/2-60-12-xx[b]/400);

}
for (a=0; a<128; a++)

Average[a]=0;
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for (a=0; a<500; a++)

)

{
xn[a]=0;
xnd[a]=0;
d=0;
snr=0;

setcolor (15);

moveto (0, maxy/2-60-12);

id=cd=i=0;

for (a=0; a<Frame; a++)

{
VectorPointer=xx;
GetFrameVector (VectorPointer, (long)a);
res1=0;
g=0;

for (b=0; b<CodebookDimension; b++, cd++)

buf[g]=0;
g+t
buffg]=xx[b];
gt
res1=(float)xx[b];
xn[id]+=res1*resl;
}
Iseek (handle3, p3, 0);
_write (handle3, buf, CodebookDimension*4);
p3+=CodebookDimension*4;

res|=(float)(maxx+1)/(float)Frame;
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d=(float)resi*a;
f=Minimize (CodebookSize);
res1=0;
g=0;
setcolor (15);
for (b=0; b<CodebookDimension; b++)
{
win[i]=xx[b];
win1[i]=(int)Codebook[b][f];
i++;
buf[g]=0;
g+
buf{g]=(int)Codebook[b][f];
gtt;
e=(int)Codebook[b][f]/400;
lineto (d, maxy/2-60-12-¢);
res1=(float)xx[b];
res1-=Codebook[b][f];
xnd[id]+=res | *resl;
}
Iseek (handle2, p2, 0);
_write (handle2, buf, CodebookDimension*4);
p2+=CodebookDimension*4;
gotoxy (1, 15);
printf ("Analysis Frame : %d \n",a);
printf ("Error : %f Index :%d ",res2.f);
if (cd>=127)
{

bar (maxx/2+1, maxy/2+1, maxx-1, maxy-1);
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setcolor (11);
line (maxx/2, (maxy/4)*3, maxx, (maxy/4)*3);
mx=getx ();
my=gety ();
moveto (maxx/2, (maxy/4)*3);
g=maxx/2;
setcolor (12);
for (h=0; h<128; h++, g+=2)
lineto (g, (maxy/4)*3-win(h}/200);
moveto (maxx/2, (maxy/4)*3);
g=maxx/2;
setcolor (15);
for (h=0; h<128; h++, g+=2)
lineto (g, (maxy/4)*3-win1[h}/200);
moveto (mx, my);
res3=0;
res1=0;
res2=0;
resd=0;
for (h=0; h<128; h++)
{
res |=(float)(win[h]-win1[h]);
resl=resl *resl;
res3+=resl;
res2=(float)win[h];
res2=res2*res2;
res4+=res2;

}

res4/=res3;
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res|=10*log10 (res4);
gotoxy (45, 25);
printf ("  SNR (block) : %f ", resl);
res2=xn[id]/xnd[id];
res|=10*log10 (res2);
cd=0;
if (res1>1)
{
id++;
snr+=resl;
}
gotoxy (1, 17);
printf ("SNR (frame) : %f \n", resl);
if (snri=0)
printf ("SNR (total) : %f \n", snr/id );

i=0;

2

if (kbhit()!=0)

{

c=getch ();

if (c==27)

{
_close (handle);
closegraph ();
exit (0);

}

else

getch ();
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}
_close (handle3);

_close (handle2);
_close (handle);

getch (;

closegraph ();

/*
GetFrameVector

*/

GetFrameVector (int *p, long a)
{
int b

long pt;

pt=20+(long)(a*CodebookDimension*2);
Iseek (handle, pt, 0);
b=_read (handle, p, CodebookDimension*2);
pt+=b;
if (b<=0)
{

closegraph ();

printf ("Read Error.");

getch ();

exit (1);
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[
Minimize
*/ .
Minimize (int Count)
{
int a,b,x;
float x1, x2;
res2=9E+10;
for (a=0; a<Count; a++)
{
res1=0;
for (b=0; b<CodebookDimension; b++)
{
x1=(float)xx[b];
x2=Codebook[b][a}];
resl+=x1-x2;
}
res1=fabs ((double)resl);
if (resli<res2)
{
res2=resl;

X=a;

}

return (x);
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#include <stdio.h>

#include <dos.h>

#include <stdlib.h>

#include <fcntl.h>

#include <io.h>

#include <graphics.h>

#include <math.h>

int xx[1050], C[512];

char fname [20];

int handle, GraphDriver=3, GraphMode=1, maxXx, maxy,
CodebookSize, CodebookDimension, *VectorPointer, Codeindex,
Frame, color, Met;

char c;

long pl, fsize, fl, index;

float Volt, resi, res2, Stepsize, Theshould;

float Average[128], Error, ErrorOld=9.9E+6, s;

float Codebook[10]{512], Newbook[10][512], New[10];

FILE *record_file; /* File to accept record-data */

int close_ret; 1* */

int write_ret = 0; /**/

main()

{

unsigned int a,b,d,f;

clrser ();

printf (" Welcome to Codebook design for Vector Quantization.\n");
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printf ("\n\n\n");
printf ("Enter Speech file name (Hyper Signal format) : "); scanf ("%s", fname);
printf ("Codebook dimension (1-10) : "); scanf ("%d", &CodebookDimension);
printf ("Codebook size (1-512) : "); scanf ("%d", &CodebookSize);
printf ("Step size (0.1-100.0) : "); scanf ("%f", &Stepsize);
printf ("Theshould (0.00001-100.0) : "); scanf ("%f", & Theshould);

handle = _open (fname, O_RDONLY); /* Open file */

if (handle<0)

exit (1);

p1=20; /* Set file pointer skip header */

if (registerbgidriver(EGAVGA_driver) < 0) exit (1); /* Initialized BGI Driver */

initgraph (&GraphDriver, &GraphMode, "");  /* Initialized graphic */

maxx= getmaxx (); /* Get MAX_X */

maxy= getmaxy (); /* Get MAX_Y */

setcolor (11);

rectangle (0, 0, maxx, 12);

rectangle (0, 0, maxx, maxy/2);

setcolor (12);

outtextxy (0, 2, " Vector quantizer application to speech coding.");

fl=filelength (handle);

f1-=20;

d=b=0;
Frame=fl/(CodebookDimension*2);

moveto (0, maxy/2-60-12);

for (a=0; a<Frame; a++)

{

VectorPointer=xx;
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GetFrameVector (VectorPointer, (long)a);
res1=(float)(maxx+1)/(float)Frame;,
d=(float)res1*a;
for (b=0; b<CodebookDimension; b++)
{

res2=(Average[b]/(float)(a+1));

lineto (d, maxy/2-60-12-xx[b}/400);

for (a=0; a<128; at++)

Average[a]=0;

d=0;

setcolor (15);

moveto (0, maxy/2-60-12);

for (a=0; a<Frame; a++)

{

VectorPointer=xx;
GetFrameVector (VectorPointer, (long)a);
gotoxy (1, 15);
printf ("Analysis Frame : %d \n",a);
res |=(float)(maxx+1)/(float)Frame;
d=(float)res1*a;
for (b=0; b<CodebookDimension; b++)
{
Average[b]+=(float)xx[b];
res2=(Average([b}/(float)(a+1 )();
lineto (d, maxy/2-60-12-xx[b}/400);
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/* gotoxy (1, 16);
for (b=0; b<CodebookDimension; b++)
printf ("AVX : %f ",Average[b]);
printf ("\nAV : %f ", res2); */

if (kbhit()!=0)
{
c=getch ();
if (c==27)
{
_close (handle);
closegraph ();
exit (0);

else

getch ();

gotoxy (1, 25);
printf (" S->Skip loop Space bar->Pause Esc->Exit");

for (a=0; a<CodebookDimension; a++)
Codebook[a][0]=Average[a]/(float)Frame;

b=1;

color=12;

while (b<=CodebookSize/2)
{
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Spliting (b);
b¥=2;
ErrorOld=9E+9;
Error=1.0;
while (Theshould < Error)
{
setcolor (color);
color*=0x0003;
gotoxy (1, 15);
printf ("Error:%If Theshould:%f Codebook size:%d  \n",
Error, Theshould, b);
f=Minimize (b);
if (==27||f==100)
break;
}
if (F==27)
break;
}
getch ();

_close (handle);

if((record_file = fopen("spl.txt","wb")) == NULL)

{
printf("\n\t\t\tDisk is full\n"); /* Open file; else exit */

exit(1);

/* SYNCHRONIZE TO DSP */
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handle = _creat ("spl.s30", FA_ARCH); /* Open file */
for (a=0; a<b; a++)
{
for (d=0; d<CodebookDimension; d++)
{
write_ret = fprintf (record_file, "%0.02f ", Codebook[d]{a]);
s=Codebook[d][a];
Iseek (handle, 0, 2);
_write (handle, &s, 4);
}
fprintf (record_file, "\n");
}
_close (handle);
handle = creat ("spl.bin", FA_ARCH ); /* Open file */
_write (handle, Codebook, 512*10*4);
_close (handle);

closegraph ();

/ *
GetFrameVector

*/

GetFrameVector (int *p, long a)

{
int b;

long pt;
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pF20+(long)(a"‘CodebookDimension*25;
Iseek (handle, pt, 0);
b=_read (handle, P CodebookDimension*2);
pt+=b;
if (b<=0)
{

closegraph ();

printf ("Read Error.");

getch ();

exit (1);

/*
Spliting Codebook

*/

Spliting (int Index)
{
int a,b,c;
c=0;
for (2=0; a<Index; a++)
{
for (b=0; b<CodebookDimension; b++)
Newbook[b][c]=(Codebook[b][a]+Stepsize);
ctt;
for (b=0; b<CodebookDimension; b++)

Newbook[b][c]=(Codebook[b][a]-Stepsize);
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ct+t;
}
for (a=0; a<c; a++)
for (b=0; b<CodebookDimension; b++)
Codebook[b][a]=Newbook[b][a];

/*
Minimize

*/

Minimize (int Count)
{
int a,b,c,d,x;
char z;

float xI, x2;

Error=0;
for (a=0; a<512; a++)
C[a]=0;
for (a=0; a<512; a++)
for (b=0; b<10; b++)
Newbook[b][a]=0;
moveto (0, maxy/2-60-12);
) for (c=0; c<Frame; c++)
{

VectorPointer=xx;

GetFrameVector (VectorPointer, (long)c);
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gotoxy (1, 12);
printf ("Analysis Frame : %d  \n",c);

res1=(float)(maxx+1)/(float)(Frame);

d=(float)res1*c;

res2=(Average[b]/(float)(a+1));

for (b=0; b<CodebookDimension; b++)
lineto (d, maxy/2-60-12-xx[b]/400);

res2=9.9E+10;

for (a=0; a<Count; a++)

{

res1=0;
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*/

for (b=0; b<CodebookDimension; b++)

A
x1=(float)xx[b];
x2=Codebook[b][a];
resl+=(float)(x1-x2);
}
resl=fabs (idouble)res 1);
if (resl<res2)

{

for (b=0; b<CodebookDimension; b++)

{
x1=(float)xx[b];
New[b]=x1;

}

res2=resl;

X=a;
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}

Error+=res2;
for (b=0; b<CodebookDimension; b++)
Newbook[b][x]+=New/[b];

Clx]+;

if (kbhit ()!=0)
{
z=getch ();
if (z==27)
return ((int)27);
if (z==32)
getch ();
if (z=='s'|z=='S")

return ((int)100);

}
gotoxy (1,16);
for (a=0; a<8; a++)

printf (" \n");
gotoxy (1,16);
for (a=0; a<Count; a++)
{

if (C[a]!=0)

{

for (b=0; b<CodebookDimension; b++)

{
x1=(float)C[a];



155

x2=Newbook[b][a];

x2/=xl;

Newbook[b][a]=x2;
Codebook[b]{a]=Newbook[b][a];

}

else
printf ("D:%d ", a);
}
s=sErrorOld-Error;
if (s!'=0)
{
s=fabs (s);
ErrorOld=Error;
Error=s/Error;
}
else
Error=ErrorOld=0;

return ((int)0);
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* CODEBOOK *

ds  1500h

codebook: int 5303, 7766, 6995, 5201, 2880
.int 5303, 7766, 6994, 5200, 2880
int -1002, 3964, 5058, 6742, 6069
int 3167, 3829, 3769, 4045, 3297
int 2570, 4995, 4381, 3247, 1073
int 2492, 3358, 3709, 2863, 2038
int  2623,3259, 2995, 2302, 1494
“.int 1873, 2580, 2835, 2307, 1651
int 1074, 1953, 2414, 2372, 2285
int 1615, 1615,2214, 1831, 1565
int 1325, 1651, 1817, 1773, 1458
int 1062, 1518, 1760, 1575, 1412
int 1298, 1454, 1470, 1336, 1127
int 1028, 1278, 1334, 1267, 1197
int 960, 1104, 1258, 1208, 1078
int 960, 1099, 1126, 1090, 915
int 958, 1041, 1025, 920, 882
int 828, 894, 902, 902, 842
.int 603, 885, 839, 836, 701
int 587,752, 699, 706, 660
int 621,651, 576, 588, 546
int 593, 536, 440, 460, 482
int 471,519, 408, 387, 296
int 239,301, 367, 454, 345
int 287,244, 259,272,277



.int
.int
.int
.int
.int
.int
.int
.int
.int
.int
.int
.int
.int
.int
.int
.int
.int
.int
.int
.int
.int
.int
.int
.int
.int
.nt
.int

.int
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256,216, 214, 191, 186
93,99, 189,207,210
159, 94, 77, 86, 118

59, 51, 56, 56, 37

-4,-7,-22,-19, 12
-52,-88, -86, -82, -72

-149, -158, -173, -131, -136
-4736, -5955, -7056, -8728, -6225
-4736, -5955, 7056, -8728, -6225

4219, -5412, -6471, -7175, -2913

-4219, -5412,-6471,-7175, -2913
-4432,-5167, -6760, -5173, -1511
-4432, -5167, -6760, -5173, -1511
-3457, -4037, -4796, -4259, -3985
-3457, -4037, -4796, -4259, -3985
-2913, -3629, -4071, -3926, -3365
-2462, -3114, -3733, -4039, -3753,
-2062, -3003, -3878, -4166, -3034
-2484, -2991, -3870, -3791, -2022-
-2943, -3825, -3353, -2519, -1508
-1856, -2579, -3033, -3025, -2321
-2693, -3013, -2830, -2405, -1562
-2424, -2842, -2657, -2216, -1522
-252,-298, -237, -225, -193

-263, -331, -380, -410, -329

-642, -543, -564, -373, -75

-426, -528, -602, -587, -576

-448, -597, -759, -776, -717



.int
.int
.int
.int
.int
.int
.int
.int
.int
.int

.int
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-630, -773, -807, -764, -835
-618, -929, -1007, -940, -891
-1187, -1242, -1061, -922, -662
-1409, -1739, -1713, -1620, -1287
-1334, -1573, -1570, - 1421, -1187
-1173, -1196, -1178, -1386, -1492
-1238, -1279, -1247, -1099, -903
-1949, -2447, -2222, -2186, -1987
-1755, -2170, -2220, -2010, -1877
-1806, -2237, -1981, -1780, -1480
-1328, -1649, -1744, -1902, -1974
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Pinout and Slgnal Descriptions

'A.1 Pinout and Signal Descriptions

H

Figure A-1. TMS320C5x Pinout

132-Pin
Quad Flat Pack Package! a
(Top View) . g E
© w > © w3
oo§§mme=se:2§§§E FAE 255355333,
2255886680000 3255 ReoR cBRPEoRRLLETZ
oV o o Yo e Lo e o o (e [ [ o T [
771018 14 B 12 1 10 9 8 T 8 5 #-3 2 1 122190 130 128 128 127 128 125 124 123 122 121 120 119 114 117
NC(] 1 ' n N
NC(] © s %Ng
Vssa(] =, " M Voore
Vesd] 2t 3 [ Vopra
NC(] 2 n2 [ ACR
o7l » m MNC
o8] 19 1 CLKouTt
o05(] = 1% 1 xF
04} 108 ] FODA
o3 z# 17 [ Tox
02(] = 18 5 ox
o1(] » 108 [] TFSX/TFAM
Do[] = 14 [ FSX
T™S(] 2 11 [ cLkmD2
Vooa[] = 102 [ Vesqa
Voos(] » 101 1 Vsgy3
TCK(] » 1 [ TDO
Vsse(] % % |7 Voorz
Veso| % , % |7 Voou
Ne(] m 7 [ X1
R = ® [] X2/CLKIN
RT2({ » . % [] cuxinz
WTI[ » » [ BR
RTZ[] o w [] STRB
RA1[] « e [JRW
OR(] « » []FS
TOR(] u w[s
FSR{] « w []OS
CLKR(] « @ [JNC
Voos(] « 7 [] Vsst2
Voos([]| « & [] Vssn
NC(] » s [JNC
NC(] = s [JNC
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3 >

t §eo Pin Assignments, Table A~1 (page A-3) for location and description of all pins. The 'C50, ‘C51, and
C53 are packaged in 132-pin plastic QFP in production. See Figure A-20 for mechanical data.
Note: NC & No connect. (These pins are reserved.)
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Pinout and Slgnal Descriptions

Table A-1.TMS320C5x Pin Assignments

Pin Name | Type Description

1 A | oz instruction Acguisition
2 TAST ! JTAG Test Reset

3 . Vss Supply Ground

4 " Ves |  Supply Ground

5 MP/MCT [ Microprocesser/Microcomputer
6 D15 (MS3) Worz Parallel Data Port, High-Syte (8 pins)
7 D14 /012

8 013 1012

9 D12 oz

10 D11 | worz

11 D10 l{e]74

12 c9 110rZ

13 D8 oz

14 Voo Supply +5V

15 Voo Supply +5V

16 NCt Reserved

17 NCt Reserved

18 NCr Reserved

19 NCt Reserved

20 Vss Supply Ground

21 Vss Supply Ground

2 NC? Reserved

23 D7 [{e]74 Parallel Data Port, Low-Byte (8 pins)
24 o]} Vo

25 Ds 1/orz

26 D4 /{0174

27 D3 l[el74

28 D2 orz

29 Dt oz

30 DO (LSB) yorZ

3 T™MS I JTAG Test Mode

32 Voo Supply +5V

33 Voo Supply +5V

34 TCK | JTAG Test Clock

t NC = No connect
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Pinout and Signal Descriptions

Table A—1. TMS320C5x Pin Assignments (Continued)

Pin Name Type Description

35 Vss Supply Ground

36 Vss Supply ’ Ground

37 NCt Reserved

28 INTT ! Interrupt #1

39 INTZ2 ! Interrupt #2

40 INT3 l Interrupt #3

41 INTZ I Interrupt #4

42 NMI i Nonmaskable Interrupt

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

48 Voo Supply +5V

49 NC! Reserved

50 NC! Reserved

51 NCt Reserved

52 NCt Reserved

53 Vss Supply Ground

54 Vss Supply Ground

55 AgQ (LSB) f{e]r4 Parallei Port Address Bus
56 Al Io]r4 (10 pins)

57 A2 oz

58 A3 oz

59 A4 /(o] 4

60 AS VorZ

61 A6 orZ

62 A7 WorZ

63 A8 I1orZ

64 A9 l[e]74

65 Voo Supply +5V

66 Voo Supply +5V

67 ) TO! I JTAG Scan Input

t NC = No connect
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Pinout and Signal Descriptions

Table A~1. TMS320C5x Pin Assignments (Continued)

Pln Name Type Description
68 Vesg Supply Ground
" 69 Vss Suoply " Ground
70 NC* Reserved
7 CLKMD1 ! Clock Moda Pin 1
72 | A10 1oz Parallel Port Address Bus
73 A1 1oz (6 pins)
74 A12 oz -
75 A13 1oz
76 . Al4 1oz
7 Al5 oz
78 NC? Reserved
79 NC? Reserved
80 Voo Supply +5V
81 Voo Supply +5V
82 RO oz Read Enable
83 WE oz Write Enable
84 NC? Reserved
85 NC? Reserved
86 Vgs Supply Ground
87 Vss Supply Ground )
a8 NCt Reserved
89 o8 oz Data Space Select
30 s oz 1/O Space Select
91 P oz Program Space Select
92 RW orz Read/Write
93 STRB f{olr4 External Paraliel Access Aciive
94 BR vorz Bus Requaest
95 CLKIN2 ! Divide-by-One Clock Input
96 X2/CLKIN | Divide-by-Two Clock Input -
97 X1 o Oscillator Qutput
98 Voo Supply +5V
99 Voo Supply +5V
100 TOO 0774 JTAG Scan Output o

T NC = No connect
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Pinout and Signal Descriptions

Table A—1. TMS320C5x Pins (Concluded)

Pln Name | Type Description
101 Vsg Sueply Ground
102 Vss Suoply Ground
103 CL<MD2 | Clock Mode Pin 2
104 FsX oz Serial Port 1 Transmitter Frame Sync
105 TFSX/TFRM VorZ Serial Port 2 Transmitter Frame Sync
106 ¥ | OX OrZ Serial Port 1 Transmitter Qutput
107 TOX 0174 Seriai Port 2 Transmitter Qutput
108 ROLDA (6774 Hold Acknowiedge
109 XF oZ External Flag
110 CLXOUT1 orZ Machine Clock Qutput
111 NC: Reserved
112 TACR oz Interrupt Acknowledge
13 Voo Supply +5V
114 Voo Supply +5V
115 NCt Reserved
116 NCt Reserved
117 NCt Reserved
118 EMUO VorZ . Emulator Interrupt 0
119 EMU1/CFF l]e74 Emulator interrupt 1
120 Vss Supply Ground !
121 Vss Supply Ground
122 TOUT oz Timer Output
123 TCLKX oz Serial Port 2 Transmitter Clock
124 CLKX l{e]74 Serial Port 1 Transmitter Clock
125 TFSA/TADD ¥orZ - Serial Port 2 Receive Frame/Address
126 TCLKR } Serial Port 2 Receiver Ciock
127 AS ! Device Reset
128 READY ! External Access Ready to Complete
129 HOD 1 Request Access of Local Memory
130 BIO 1 Bit I/O Pin
131 Voo Supply +5V
132 Voo Suoply +5V

T NC = No connect
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Electrical Characteristics and Operating Conditions

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 £ ««vvvvevnrnannns s e ..=03Vto7V
[ aToT0a QAN To] 1 = To (=8 =1 oo [ X P ve...=03Vto7V
Output voitage range ......... e e et et en e e -03Vto7V
Operating case temperature range ........ Ceerereeenaaaaes e tie e 0°t0 85°C
Storage temperature range ....... et ieraeaan et eeieer i .....—55°t0 150°C

1 Stressas heyond those listed undar “Absolute Max:mu'n Ratings” may cause damagse to the davice. This is a stress rating only,
and functional operation of the device at these or any other conditions beyond those indicated in the "Recommended Oparating
Conditions” sections of this spacification is not implied. Exposure to absolute-maximum-rated conditions for extended periods
may affect refiability.

* All voltage values are with respect to Vgs.

Table A—3.Recommended Operating Conditions

Parametar Min Nom Max Unit
Voo Supply voltage 4.75 S 5.25 Y
Vsg Suppiy voltage 0 M
Vi High-level input voitage CLKIN, CLKIN2 3.0 Vpop+0.3 v
CLKX,CLKR, TCLKX, TCLKR 25 Vpo+0.3
All others 2.0 Vop+0.3
ViL Low-lavel input voltage -0.3 0.8 v
1o High-isvel utput current —300T | pA
loL Low-iavel output current 2 mA
T Operating case temoerature g 85 *C

T This Ion may be exceeded when using a 1-kQ pull-down resistor on the TDM serial port TADD output, however, this output stifl
mests Vop specifications under these conditions.
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. National
Semiconductor
Corporation

LM389 Low Voltage Audio Power Amplifier

with NPN Transistor Array
General Description

The LM359 is an array of three NPN transistcrs cn the same
sucstrate mth an aucio power amclifier similar ¢ the
L24386.

The amotifier incuts are greund referenced wnile the outout
is automaticarly biased to cne haif the suoply voitage. The
gan s intematly set at 20 to minimize extamal carnts. but the
addition of an extemal resistcr and capacitor Setween pins
4 ang 12 wiil increass the gain to any vaue uo 10 200.
The three transistors have hign gan ang excetlent maiching
charactenstics. They are wail suiteqa to a wice variety of ap-
plicatons in OC througn VHF systams.

Features

Amplifier

M Bartery operation

» Minimum extemal parns

® Wide suoply voitage range

8 Low quiescent current crain

R Voltage gains from 20 to 200

® Ground referenced inout

B Seit-centenng outut Guiescent voitage
B Low distortion ..

Transistors X

8 Cceranon from 1 pA to 25 mA

# Frecuency range from CC to 100 MHz
® Excetlent matcning

Applications

B AM-FM racgios

8 Portable tape reccrders
% Intercoms

u Toys and games

u Walkie-taikies .

m Portable phonographs
u Power converters

Equivalent Schematic and Connection Diagrams

1rrags O—yq
oo
‘ " 13 A T A i "
| A (R ] )
- vt ) « oY
L] [ 1] 121 s "4; . _i :E-
X %% Sz s
! | £ -
Duakin-Line Package

3
e 23 - “

R b kL]

)

'f

v-l: ‘lvl l"[-l- lA': -[.‘

[
) [1] n o TL/H/7847-2

Order Number LM3ISON

See NS Package

Number N18A

TL/H/ 7847 4

60ENT
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Absolute Maximum Ratings

It Military/Aerospace specified devices are required,
contact the Natlonal Semiconductor Sales Offics/
Distributors {or availabllity and specifications.

. Lead Temperature (Soldering, 10 sec.)
Collector to Emitter Voltage, Vczo
Collector to Base Voltage, Vezo

Supply Voitage 15V Collector to Substrate Voitage, Ve
Package Dissipadon (Note 1) 1.89W (Note 2)
Input Voltage 20.4V Colleczor Cumrent. lg

Storage Temperature
Cgeratng Temperature

Junction Temperature

Electrical Characteristics 14 =« 25'C

—-€5'Clo +150°C Emitter Current. Ig
0"Cia +70°C Base Current, Iy
150°C

250°C
122v
15V

15V
25 mA
25 mA
5mA

Power Dissipation (Each Transistor) To < +70°C 150 mw

Symbot I Parameter Conditions l Min l Typ | Max | Units
AMPLIFIER i
Vs Coerating Suoply Voitage 4 12 ' v
la Quiescent Current Vg = 6V, Vjny = OV 6 12 mA
Pout Qutput Power (Note 3) THD = 10% Vg = 6V, AL = 8 250 | 325 - mw
* Vg = 9V, R = 160 50 | © | mw
Ay Voitage Gain < Vg = 6V, 1= 1kHz 23 | 26.| 30 |. @8
10 uF from Pins 4 to 12 48 - d8
8w Bandwidth Vg = 6V, Pins 4 and 12 Open 250 kHz
THD Total Harmonic Distorton Vg = 6V, R = 80, Pour = 125 mW, S A a0 " %
: t = 1 kHz, Pins 4 and 12 Cpen, . - N ‘
PSRR "~ -~| Power Supply Rejection Ratio - Vg = 6V, f = 1 kHz, ngpAsé = 10 uF, 50'— —5;)-- - a8
. @ - Pins 4 and 12 Open, Referred to Qutput - . -
RAin Input Resistance 10 50 kNl
laias Inout Bias Current Vs = 6V, Pins § and 16 Open 250 nA
TRANSISTORS
Vecego Collector to Emitter ic=1mA,ilg=0 12 20 v
Breakdown Voltage
Veso Collectorto Base * s lc=10pA lg =0 15 40 v
N Breakdown Voltage -
Veio Collector to Substrate loc=10pAlg=lg=0 15 40 v
Breakdown Voltage - )
Vezo Emitter to Base lg = 10pAlc=0
Breakdown Voitage 6.4 74 7.8 v
Hee Static Ferward Current Ic = 10 pA 100
Transter Ratio (Static Seta) Ic = 1mA 100 | 275
lc = 10mA 275
hoe Open-Circuit Output Admmtance | Ic = 1mA, Vg = SV.f = 1.0kHz 20 pmno
Vee Base to Emitter Voitage fg = 1.mA 0.7 0.85 v
IVgg1~Vaesl | Base to Emitter Voltage CHiset lg = 1mA - 1 5 mv
Veesar Collector to Emitter Ic = 10mA,|g = 1 mA
Saturation Voltage 0.15 0.5 v
Cez Emitter to Base Capacitance Vegg = 3V 1.5 pF
Ces’ Collector to Base Capacttance Veg = 3V 2 pF
Ca Collector to Substrate Vor = 3V ) a5 -
Capacitance - P
hie High Frequency Cumrent Gain Ic = 10mA, Vog = 5V, f = 100 MHz ] 1.5 5.5
Note 1:For in amoient tamp w3 ancve 25°C. the Gewce must be derated besed cna 150°C o vanda
of 868°C/W juncoon to ambient. . .
Note 2 The ot each sk d from the & wmwwmm.mmwmnmwmwm

pin 17 at all imes.

Hets X: If osciabton sxsts uncer some loaa conditiona, add 2.701 ang 0.05 17 senes network from pin 1 1o ground.
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Typical Amplifier Performance Characteristics

Quiescent Supply Current
vs Supply Yoitage
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Typical Transistor Performance Characteristics -

Forward Current Transfer Ratio Saturation Voitage vs
- vs Collectar Current Collector Current
S W T T bl ey '
= B LALLY
] || ”li L i s IH&J ﬂ | ﬂﬂ
O AT A0 R I L AL
H ! 2 i 1
§ = u,.."l = e
E [ {11 /mf]’lt”]' H. i "{ h
= =gfiD smxcu.i = l 4 i
E e T 11 { l H”" 5 4 !“f lL /1 II”I
: T : Lt 1A
E ' I I“l‘h ' I [ I l”lh' s ! ‘l
e in 1 10 (23] 1 8 1 ]
COLLECTIA CURRENT (ma) COLLECTOR CUARENT (md)
n Nolse Voitage vs Frequency Nolse Current vs Frequency
e AT A E
= [T [ -
LAV R ; g
5 e ,l i 1 i 2
2 \v ] [l 14 =
'=' . I\] zm PP U ]
E s 1IN ] '}‘_:“__ﬂ g
S o R T T 2 =
U T T —H"ﬂ"'ﬁ"f'i e T
. uml_1 LTy w IR
1" 109 " 16 1] 108 n 0
. FREQUENCY (Wed FREQUENCY int
- Goe 2nd Cyq vs Collector Goe and Cqq v Collector
Current Current
2 100 " - m n
3 100 w i 138 "
2 ' 3 i > 1"
H o " g g : ’/’,/‘ “
g m . T w s 2o “Z,Z 1
2 ye : 2 2 1 A At 10
3 (™ 2 8
e 4 s 2 c un ¢
5 | T = - /
Y N VAR T NSNS I B . 2
T I/ [ ! € g, “ /1 T
3 = n i 1
) I ' l | q 4 ] ! ! L]
L] H 4 [} L 19 12 [} 1 4 1 [ ] " 12

¢ = COLLECTOR CURRENT (mA) le = COLLECTOR CURRERT [ma}

£49) JINVEIDVEVI IRILND - =2

OPENM CIRCLNT DUTPUT ADMITIANCE L.mbo)

Open Circuit Output Admittance
vs Collectar Current

:t-\ln.:;:l
NN 1T [

" L] uli_gﬁﬂm

(R ‘/"'L:‘Li ST
N TV BT T
—
T3 1 IS DNt SR SR RN
o LN T T
2.0 u e 18
Cﬂll_lﬂll:llllllﬂ-n
R TU/HITS4T=4
High Frequency Current Gain
" vs Collector Current
'_vc'.-s'v L1 ]
'. tetonimn | ]
o g
F -
g e
-
< ]
2
1
H
1
L]
t 2 ¢ ¢ 3 18 12 N
lg = COLLECTOR CURRENT (mAl
Contours of Constant Noise
Flgure ~
|-
n 748 N
T g (Yo Y T =
z LR il =
£ o [Lotem LR N
2 2¢8) \ ]
§ e ‘
2 e =
a5 N i I AN
P AL A
< saps =L A T
- Nl ~L. | | I 'EH'
n (83 1.4 1s ta

le = COLLECTUR CURRENT {ma}
TL/H/ 78475




171

TLC32040C, TLC320401, TLC32041C, TLC32041

TLC32042C, TLC32042!
ANALOG INTERFACE CIRCUITS

SLAS0140 - D2¢64, SEPTEMBER 1987 = REVISED MAY 1591

e Advanced LinCMOS™ Silicon-Gate Process
Technology

e 14-8it Dynamic Range ADC and DAC

e Variable ADC and DAC Sampling Rate Up
to 19,200 Samples per Second

e Switched-Capacitor Antialiasing Input Fiiter
and Output-Reconstruction Filter

o Serial Port for Direct Interface to TMS32011,
TMS320C17, TMS32020, and TMS320C25
Digital Signal Process

e Synchronous or Asynchronous ADC and
DAC Conversion Rate With Programmable
Incremental ADC and DAC Conversion
Timing Adjustments

e Serial Port Interface to SN74299
Serial-to-Parallel Shift Register for Parallel
Interface to TMS32010, TMS320C15, or
Other Digital Processors

® 500-Mil Wide N Package (Cy_to Cy)

PART
NUMBER DESCRIPTION

Analog interface circuit with intema reference.

TLC32040 | A0 a plug-in replacement for TLC32041.

Analog interface circut without intemal

TLCaz2041 reference

TLC32042 Identical to TLC32040, but has a stightty wider

bandpass filter bandwidth

description

The TLC32040, TLC32041, and TLC32042 are
complete analog-to-digital and digital-to-analog
input/output systems, each on a single monolithic
CMOS chip. This device integrates a bandpass
switched-capacitor antiafiasing input filter,

a  {4-bit-resolution A/D  converer, four

microprocessor-compatible serial port modes, a

14-bit-resclution D/A converter. and a low-

pass switched-capacitor output-reconstruction
filter. The device offers numerous combinations
of master clock input frequencies and
conversion/sampling rates, which can be changed
via digital processor contro!.

N PACKAGE .
(TOP VIEW)
null s~ 2 1 NU
RESEilz  27{]NU
EODRI}3  26(]IN+
FSA[je  2s[JIN-
OR{ls  24[J AUXIN+
MSTR CLK(] 6 23{] AUX IN=
vppli7  22(ouT+
per{ls 21 ouTt-
peTLCk(]e  20{Ivee.
SHIFTCLK{j 10 18] Veeo
Eoox( 1 18] ANLGGND
ox{] 12 17[JANLG GND
WORD/BYTE( 13 BN
ESX({] 14 15 ] NU

FN PACKAGE
(TOP VIEW)

DR{]s 25{] IN—
MSTRCLK([] & 24[] AUX IN+
Vool 7 23{] AUX IN-
REF(] 8 22{louT+
DGTLGND[] 9 21[j ouT-~
SHIFT CLK {] 10 20{] Voo -
EODX ] 19C Vee-

—_
@

-
rS

oX [15 =
WORDIBYTE DZ;
]
NU ]z
NU{ls

ANLG GND []3
ANLG GND []

F8%

NU - Nonusatte: no extemal connection should be made to
these pins.

Typical applications for this integrated circuitinclude modems (7.2-, 8-, 9.6+, 14.4-, and 19.2-kHz sampling rate),

analog interface 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 processors, are provided. Also, when the transmit and receive

Advanced LInCMOS™ is a trademark of Texas Instruments Incorporated
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description (continued)

sections of the analog interface circuit (AlC) are operating synchronousty, it will interface to two SN74289
serial-to-parallel shift registers. These seral-to-parallel shift registers can then interface in parailef to the
TMS32010, TMS320C15, other digital signal processors, or extemal FIFQ circuitry. Output data pulses ara _
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, respeciively and a fourth-order equalizer. The input filter is implemented in
switched-capacitor technology and is prececed by a continuous time filter to efiminate any possibility of aliasing
caused by sampled data filtering. When no filtering is desired, the entire composite filter can be switched out
of the signal path. A selec:able, auxiliary, differential analog input is previded 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 monotonic operation. An intemal voitage reference is provided on the TLC32040 and TLC32042 to
ease the design task and to provide complete control over the performance of this integrated circuit. The intemal
voltage reference is brought out to a pin and is available to the designer. Separate anaiog and digital voitage
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
TLC320401, TLC32041! and TLC32042! are characterized for operation from —40°C to 85°C.
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functional block diagram

Band-Pass Filter

- A Jp—
l _/—\_ . | a0 - S;rial »FS
I ort
INe > r r
IN=- > : —ﬂ 1 T » DR
AUX IN + —— > _ﬂ i"“""""""“i » EGDR
- Internal
AUXIN =~ >
| Voltage | MSTR CLK
| | Reterence | . -
1 |crcazosar| | » SHIFT CLK
l TLC32042 l WORD/BYTE
{ only) |
Low-Pass Filter L—'——v———"' ox
» FSX
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EQDX
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Q
>

v

&
s <

Transmit Section

A A A A A A A
I | | | ! v I
REF RESET

Vece VYoo- ANLG OTGL Vpp
GND GND (DIG)

analog input

Two sets of analog inputs are provided. Normally, 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 setcan be operated in either
differential or single-ended modes, since suificient common-mode range and rejection are provided. The gain
for the IN+, IN=, AUX IN+, and AUX IN—inputs can be programmed to be either 1, 2, or 4 (see Table 2). Either
input circuit can be selected via soitware control. It is important to note that a wide dynamic range is assured
by the differential intemal analog architecture and by the separate analog and digital voitage 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 resuits when the switched-capacitor filter clock frequency
is 288 kHz. Severai possible options can de 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
frequency to 288 kHz. The low-irequency roll-off of the high-pass section is 300 Hz. However, the high-pass
section low-frequency roll-off is less 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 fiiter 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 aliasing is prevented because the A/D conversion rate is an
integral submultipie of the bandpass switched-capacitor filter sampling rate, and the two rates are
synchronously locked.
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A/D converter performance specifications

Fundamental performance specifications for the A/D convener circuitry are presented in the A/D cenverter
operating charageristics section of this data sheet. The realization of the A/D converter circuitry with
witched-capacitor techniques provices an innerent sample-and-hoid.

analog output

The analog output circuitry is an analog output power amplifier. Both noninverting and inverting ampiifier outputs
are brought out of this integrated circuit. This amplifier can drive transformer hybrids or low-impedarice loads
directly in either a differential or singie-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 filter clock frequency is 288 kHz. Like the A/D fiiter, the transfer 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 submuitiple
of the switched-capacitor fow-pass filter sampling rate, and the two rates are synchronously locked.
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PRINCIPLES OF OPERATION

operation of TL032040, TLC32041, or TLC32042 with external voltage reference

The REF pin may be driven frem an extemnal reference circuit if so desired. This external circuit must be capable
of supplying 250 pA and must be zdequately protec:ed from noise such as crosstalk from the analog input.

reset

A reset function is provided fo initiate serial communications between the AIC and DSP and allow fast,
cost-affective testing during manufacturing. The reset functional will initialize all AIC registers. including the
control register. After a negative-going pulse on the RESET pin, the AIC will benitialized. This initialization
allows normal serial port communications activity to occur between AIC and DSP (see AIC DX data word format

section).

loopback

This feature allows the user to tést the circuit remotely. In loopback, the OUT+ and QUT - pins are intemally
connected to the IN+ and the IN—pins. Thus, the DAC bits (d15 to d2), which are transmitted to the DX pin, can
be cornpared 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, ifthe IN+andthe 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 OUT+ and
QUT - signals in loopback pperatlon.

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).

P

Terminal Functions

PIN Vo ‘DESCRIPTION
NAME NO.
ANLG GND 17.18 Analog grouna retum for all intemal analog circuits. Not internally connectea to OGTL GNO.

AUX ‘IN+ 23 1 Nonitverting auxiliary analog input state. This input can be swilched into the bandpass {iter ana A/O

. conventer path via software control. If the appropriate bit in the controf register is a 1, the auxiliary inputs
wiil reptace the IN+ and IN~ inputs. If the bit is a 0, the IN+ and IN— inputs will be used (see the AIC DX
data word format secdon).

AUX IN- 23 { Inverting auxiiiary anaiog inout (see the above AUX IN+ pin descriction)

DGTL GND Digual grouria for ait intemal logic circuits., Not intemally connected to ANLG GND.

oR [o] This pin is used to transmit the ADC outout bits from the AIC to the TMS320 serial port. This transmission
of bits from the AIC o the TMS320 serial port is synchronized with the SHIFT CLK signal.

DX 12 | This pin is used to receve the DAC input bits and timing and control informaton {rom the TMS320. This
serial transmission from the TMS320 senat port to the AIC is syncnronizea with the SHIFT CLK signal

EODR 3 O | Endof cata receive. See the WORD/BVTE pin description and the Serial Port Timing diagrams. During the

word-mode timing, this signal is a low-going puise that occurs immediately after the 16 bits of AD
informaton have beén transmitted {rom the AIC to the TMS320 serial port. This signat can be used to
interrupt a microorocessor uoon completion of serial communications. Also, this signal can be used to
strobe and enaole external serial-io-paraliel shift registers, latches, or extemnal FIFO RAM, and to {acilitate
parailel data tus commur:cations between the AIC and the eriaj-lp-paraliel shitt registers. During the
byte-mode timing, this signal goes low aiter the first byte has been transmntea from the AIC to the TMS320
serial port and is kept low until the secand byte has been transmitted. The TMS32011 or TMS320C17 can
use this low-going signal to ailferentiate between the two bytes as to which is first and which is second.
EODR does not cccur after secondary communication.

=l
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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 fiiters.
In synchronous operation, the A/D conversion timing is derived from, and is equal to, the D/A conversion timing.
(See description of the WORD/BYT & pin in the Terminal Functions table.)

D/A converter performance specifications

Fundamental performance specifications for the D/A converter circuitry are presented in the D/A converter
ooerating characteristics section of the data sheet. The D/A converter has a sampie-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 represent an overhead factor of only 1.1%
and 1.3% for sampling rates of 8 and 9.6 kHz, respectively (see the sin x/x correcticn section for more details).

seriai port

The serial port has four possible modes that are described in detail in 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 serial 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 parallel to the TMS320C 10, TMS32015, to any other digital signal processor, or to extemnal
FIFO circuitry. .

operation of TLC32040 or TLC32042 with internal voitage reference

The intemal reference of the TLC32040 and TLC32042 eliminates the need for an extemal voltage reference
and provides overall circuit cost reauction. Thus, the internal reference eases the design task and provides
complete control over the performance of this integrated circuit. The intemal reference is brought out to a pin
and is available to the designer. To keep the amount of noise on the reference signal toa minimum, an external
capacitor may be connected between REF and ANLG GND.
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A.3.4 Memory and Parallel |/O Interface Read Timing
Table A-10. Switching Characteristics Over Recommended Operating Conditions

(H = 0.5k co))
Parameter . Min } Max Unit
taurAIR Setup time, address valid before U low ' H-10! ns
thealR Hold time, address vatid after RD high 7 ot ns
LwRL AD fow pulse duraticn ¥ H-2 H+2 ns
tutAH) RD high pulse duration ** H=-2 ns
Laern Delay time, HD high to WE iow 2H-5 ns

T A15-A0,P5, U5, IS, and BR timings are all inciuded in timings referenced as address.

* STRE and RU rising and falling edges track and are 0—4 and = 2 ns, respectively, from CLKOUT1 edges on reads, following the
cycle after reset, which is always 7 wait states; thus, ‘clerance of resuiting 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. 77rriin’g Réqufremen."s Over Recommended Operating Conditions

(H=0.5kcq))
Parameter Min Max Unit

. TMS320C5x-40 2H - 18t ns

ta(a) Read data access from address valid
TMS320C5x-57% 2H - 187 ns
tau(O)R Read data setup time before AD high 10 ns
thio)R Read data hold time after RD high 0 ns
_t,_m) Read data access time after AD low H-10 ns

T Ses Figure A~9 for addrass bus timing variation with load capacitance.
¥ Other timings for 57-MHz CLKIN devices are the same as for the 40-MHz devices, except whera indicated otherwise.

A.3.5 Memory and Parallel |/O Interface Write Timing
Table A-12. Switching Characteristics Over Recommended Operating Conditions

(H = 0.5¢c0)) ,
Parameter Min Max Unit
taurAIW Setup tims, address valid before WE iow ' H-5* ns
thiaw | Hold time, address valid after WE high T H-~-10" ns’
twevy WE low pulss duration 31 2H-2 2H+2 ns
LwtwH) WE high pulse duration 31 2H~2 ns
tawr Delay time, WE high to AD low 2H-10 ns
Layoiw Setup time, write data valid before WE high * 2H - 20 2HYS ns
thow Hold tims, write data valid after WE high * H~5 H+101 ns
tan(OIW Enable time, WE to data bus driven -5T ns -

t A15-A0,P5, DT, IS, A/W, and BN timings are all included in timings referenced as address.

*STRBand WE sdges are 0—4 ns from CLKOUT1 edges on writes. Rising and falling edges of thess signals track each other:
toleranca of resuiting pulsewidths is = 2 ns, not = 4 ns. See Appendix 8 for logical device interfaca timings.

T Values derived from characterization data and are nat tested.

$ This value holds true for zero or one 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 /O Interface Read and Write Timing
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.

Note: All timings ars for 0 wait states. However, extemnal writes always require two cycles to prevent external bus conflicts.
The above diagram illustrates a one-cycle read and a two-cycie writs and is not drawn to scale. All external writes

immediately preceded by an external read or immediataly followed by an extemal read require three machine cycles.

Figure A-9. Address Bus Timing Variation With Load Capacitance

2.00 :
178 7 //r
1.50 —

125 L~

1.00 A,

075

0.50 —

Pl

Change In Address Bus Timing, ns

1o15mzsaoas¢ousosssoas7o7saossooesm
Change in Load Capacitance, pF



179

C.ocx Characrenstics ana Timing

A.3.6 Ready Timing for Externally Generated Wait States

Table A-13. Timing Requirements Over Recommended Operating Conditions

Parameter Min Max Unit

tyu(R—CO READY setup time bafore CLKOUT ! rises 10 ns
thico-= READY hold time after CLKOUT1 rises 0 ns
tauiAa AEADY setup time before RD fails 10 ns
tyRIR READY hold time after RD faiis 5 ns
LRW READY vaiid after WE falls H-15 ns
tmw READY hold after WE falls H+5 ns

Note: The external READY input is sampled only after the internal software wait states ars compisted.

Figure A—~10.  Ready.Timing for Externally Generated Wait States During an External
Read Cycle ~
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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 Rez;ﬁirements Over Recommended Operating Conditions
(H = 0.5c0))

Parameter Min Max | Unit
teudNy TNT1-INT4, NMI, S setup time before CLKOUT1 low 1 15 ns
thiin TNTI-INT4, NMI, AS hold time after CLKOUT? low 7 0 ns
twiiNUs INT1-INT4, NMi low puise duration, synchronous 4H+15% ns
twilNHIs INT1-NT4, NMI high' puise duration, synchronous 2H+15% ns
twilNUa TNTI-INT4, NMI low pulse duration, asynchronous # 6H+15% ns
tw(INHIa TNTI-INT4, NMI high pulse duration, asynchronous * 4H+15F ns
tau(R) HS set up time bafore X2/CLKIN low 10 ns !
twiasy FS low puise duration 12H ns
taiex HS high to resset vector fetch 34H ns
tw(Bhs BIO low pulse duration, synchronous 15 ns
twiBha BIO iow pulse duration, asynchronous # H+15 ns
teu(en) BIU setup before CLKOUT1 low 15 ns
thean BIO hold time aftar CLKOUT1 low 0 ns

t These paramaters must be met to use tha synchronous timings. Both reset and the interrupts can operate asynchronously. Tha
puise widths require an extra hatf-cycle to guarantee intemal synchronization.

% It in IDLE2, add 4H to these timings.

# Values darived from characterization data and ars not tested.
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A.3:10 Serial Port Receive Timing

Table A-18. Timing Requirements Over Recommended Operating Conditions
(H = 0.5(co))

Parameter Min Max Unit
t8CK) Serial port clock cycle time 5.2H . ¥ ns
tyscro Serial port clock fall ime gt ns
te(sCr Serial port clock rise time gt ns
twisCx Serial port clock lowrhigh pulse duration 2.1H ns
tyuiF3) FSA setup time beiore CLKR falling edge 10 ns
thirs) FSR hold time after CLXR failing edge 10 ns
LyyiOR) DR setup time before CLKR failing edge 10 ns
taipR) DR hold timé after CLKR falling eage 10 ns

% The sarial port design is fully static and thersefore can operate with tesci approaching =. It is characterized approaching an
input frequency of 0 Hz but tested at & much higher frequency to minimize test time.
1 Vajues 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 Conditions
(S = 0.5 scx) i

Parameter ) Min Max Unit
taoxy - Delay time, OX valid after CLKX rising 25 ns
taisi0x) Disable time, DX after CLKX rising 40 ns
thox) Hold time, DX vaiid after CLKX rising -5
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Table A~20. Timing Requirements Over Recommended Operating Conditions

(H = 0.5kco))

Parameter Min Max Unit

tuscK Senal port clock cycle time . 5.2H ¢ ns
tyscia Serial port clock fall ime g1 ns
tiscrg Sarial port clock risa time gt ns
twiscr Sarial port clock lowshigh pulse duration 2.1H ns
t4(Fs) FSX delay time after CLKX rising edge 2H-8 ns
thrsy FSX hold time after CLKX failing edge 10 ns
thiFSIH FSX hold time after CLKX rising edge 2H-8 1 ns

T If the FSX pulse does not meet this specificalion, the first bit of serial data will be driven on the OX pin until the falling ecge 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 tyrs) and th(Fs)H Specification is met. ‘

# The serial port design is fully static and therefore can operate with tysciq approaching . itis characterized approaching an
input frequency of 0 Hz but testéd at a much higher frequency to minimize test time.

1 Values derived from characterization data and are nat tested.

Note: Internal clock with extermal 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. Specifically, the
relationship of FSX to CLKX is independent of the source of CLKX. Table A~20 shows extemal FSX and extemnal CLKX
timings; Tabla A-21 shows internal FSX and internal CUCX timings.

Figure A-16. Serial 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 = 0.5tico), S = 0.5t(scx)

Paramater Min Typ Max Unit

tars Delay time, CLKX rising to FSX 25 ns
tyox Delay time, CLKX rising to OX 25 ns
tais(Ox Disable time, CLKX rising to OX 40 ns
terscro Serial port clock cycle time 8H ns
tiscr Serial port clock fall time ns
tscio Sernial port clock rise time ns
luisCi Serial port clock low/high puise duration 4H -~ 20 ns
thio Hold time, DX valid aiter CLKX rising =5 ns

Note: Internal clock with external FSX and vica versa are also allowable. However, FSX timings to CLKX are always defined
depending on the source of FSX, and CLXX timings are always dependent upon the sourca of CLKX. Specifically, the
relationship of FSX to CLKX is independant of the source of CLKX. Table A—20 shows external FSX and extermal CLKX
timings; Table A—21 shows intamal FSX and intemal CLKX timings.

Figure A-17. Serial Port Transmit Timing of Internal Clocks and Internal Frames
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A.3.13 Serial Port Receive Timing In TDM Mode

Table A-22. Timing Requirements Over Recommended Operating Conditions
(H = 0.5k (o))

Parameter ) Min Max Unit
tescr Serial port clock cycle time 5.2H $ ns
tuscxy Serial port clock fail time g” ns
tiscx Serial port clock rise time a” ns
twiscia Serial port clock low/high puise duration 2.1H ns
teuiiey TDAT/TADD setup time betore TCLK rising 30 ns
thiLs) TDAT/TADD hold time after TCLK rising -5 - ns
teutsBe) TDAT/TADD setup time before TCLK rising ¥ 25 ns
th(ss) - TDAT/TADD hold time after TCLK rising * 0 ns
tauiFS) TRFM setup time before TCLK rising eage * 10 ns
thiFs) TRFM hold time aftar TCLX rising edge * 10 ns

t Thesa parameters apply only to the first bits in the serial bit string.

% TERM timing and waveforms shown in Figure A—~18 are for external TFRM. TFRM can also be configured as internal. The TFAM
intemnal casa is illustrated in the transmit timing diagram in Figure A-19.

% The serial port design is {ully static and theretore can operate with t(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—18. Serial Port Receive Timing in TDM Mode
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A.3.14 Serial Port Transmit Timing in TDM Mode

Table A—23. Switching Characteristics Over Recommended Operating Conditions
(S = 0.5k(scK))

Parameter . Min Typ Max Unit

th{AD) Hoid time. TOAT/TADO vaiid after TC' K rising -2 ns
LiFs) Delay time, TFAM valid after TCLK rising * H 3H+10 ns
titany Delay time, TCLX to valid TDAT/TADD 25 ns

t These parameters apply oniy to the first bits in the serial bit string.
* TFRM timing and waveforms shown in Figure A—19 are for internal TFRM.
TERM external case is illustrated in the receive timing diagram in Figure A—18.

TFRM can also be configured as external, and the

Table A-24. Timing Requirements Over Recommended Operating Conditions
(H = 0.5k(co))

Parameter Min Typ Max Unit

tescr Sarial port clock cycle tima 5.2H 8HT ¢ ns
tscK Serial port clock fall time 8* ns
tiscx Serial port clock rise time g* ns
tw(SCIO Sarial port clock lowrhigh pulse duracon ) 2.1H ns

t When SCK is generated intarnally.
% The serial port design is fully static and therefore can operats with tesck approaching «. Itis characterized approaching an

input frequency of 0 Hz but tested ata much higher frequency to minimize test time.
¥ Values derived from characterization data and are not tested.

Figure A—19. Serial Port Transmit Timing in TDM Mode
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TLC32040C, TLC320401, TLC32041C, TLC32041!

TLC32042C, TLC320421

ANALOG INTERFACE CIRCUITS

SLAS0140 — 02954, SEPTEMBER 1987 - SEVISED MAY 1991

Terminal Functions (continued)

PIN
NAME

NO.

vo

DESCRIPTION !

WCRC/BY T

13

This pin, in conjuncson with a titin the control register, is used to estaplish one of four senas moges. These
four senal mcces are descnted below.

AIC ransmit and raceive seccons arg operated asynchronousfy.

The following cescription agplies wnen the AIC is configured to have asynchronous transmit and receive
sections. If the acpropriate caa bit in the control register is a O (see the AIC DX data woro format secuon),
the transmit ana receive seccons will te asynchronous.

L Seriat pon 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 Senal Port Timing
diagrams).

1. The FSX or F3A pin is brought low.
. One 8-bit byte is transmitted or one B-bit byte is received.
. The ECDX cr EQDR pin is brought low.

2
3
* 4 The F5X or FSR pin emits a positive frame-sync pulse that is four shift clock cycles wide.
5.
3
7

. One 8-bit byte is transmitted or one 8-bit byta is received.
. The EODX or EODR pin is brought high.
. The FSX or FSA pin is brought high.

H  Senai port cirectly intesfacas with the serial port of the TMS32020, TMS320C25, or TMS320C30
and communicates in one 16-bit word. The operation sequenca is as follows (see Serial Port
Timing diagrams):

1. The FSX or FSA pin is brought low.

2. One 16-bit word is transmitted or one 16-bit word is received.
- 3. The FSX or FSA pin is brought high.

4, The ECDX or ECDR pin emits a low-going pulse.
AIC transmit and receive secdons are operated synchronously.
It the appropriate data bit in the control register is a 1, the transmit and receive sectons will be configured
to be synchronous. [n this casa, the bandpass switched-capacitor filter and the A/D conversion timing will
be derived from the TX Courter A, TX Counter 8, and TA, TA", and TB registars, rather than the RX Countar
A. RX Counter B, and RA, RA', and RB registers. In this case, the AIC FSX and F5R timing will be identical
during primary data communication; however, FSR will not be asserted during secondary data
communication since thers is no new A/D conversion result, The synchronous operation sequencss are as
follows (see Serial Pont Timing giagrams).

L  Seral port directly interfaces with the serial part of the TMS32011 or TMS320C17 and
communicates in two 8-bit bytes. The operation sequence is as follows (see Serial Port Timing
ciagrams):

1. The FSX and FSR pins are brought low.

2. One 8-bit byte is transmitted and one 8-bit byte is received.

3. The EQDX and EQDR pin are brought low.

4. The T5X ana FSR pins emn positiva frame-sync puises that are four Shiit Clock cycles wide
5. One 8-bit byte is transmitted and one 8-bit byte is received.

6. The EODX ana EOOR pins are brought high.

7. The FSX ang FSR pins are brought high.

H Senal port directy imtertaces with the senal port of the TMS32020. TMS320C25. or TMS320C30
and communicates in one 16-bit word. The operation sequence is as follows (see Serfal Port
Timing diagrams):

1. The FSX and FSR pins are brought low.

2. One 16-bit word is transmitted and one 16-bit word is received.

3. The FSX and FSH pins are brought high.

4. The EODX or ECDR pins emit low-going pulses.
Since the transmit and receive sections of the AIC are now synchronous, the AIC serfal port with additional
NOR ana AND gates will interface to two SN74299 seriai-{o-parallel shilt registers. Interfacing the AIC to
the SN74299 shift reqister atiows the AIC o interface to an extemal FIFO RAM and faclitates paraliel data
bus communicatons berween the AIC andthedigital signal processor. The operation sequencea is the same
as the above sequenca (see Serial Port Timing diagrams).
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1.C32uauC, 'LC320401, TLC3cun . oy . ~Lu208T
TLC32042C, TLC32042]
ANALOG INTERFACE CIRCUITS

SLAS0140 - 02964, SEPTEMBER 1287 - REVISED MAY 1991

Terminal Functions (continued)

PIN

NAME

NO.

8]

DESCRIPTION

Iy
O
X

1

=na of cata transmit. See the WORD/BYTE pin descripuon ana the Serial Port Timing ciagram. During the
word-mode timing, this signal is a low-going pulse that occurs immedqiately after the 1 6 bits of D/A converter
and control or register informatcn have been transmitted from the TMS320 serial portto the AIC. This signal
can be used {o interrupt a microorocessor upon the comple(fon of serilal communications. Also, this sngﬁal
can be used to strebe and enacle extemal serial-to-paratlel shift registers. latches. or an extemal FIFO
RAM, and to faciiitate parailei 2ata-bus communications between the AIC and the senai-to-paraflei shiit
registers. During the byte-moce timing, this signal goes low after the first byte has been transmittea from
the TMS320 serial portto the AIC and is keptlow until the second byte has been transmitted. The TMS32011
or TMS320C17 can uss this low-going signal to differentiate between the two bytes as to which is firstand
which is second.

I

m
)
p o)

Frame sync recewe. In the senal transmission modes, which are described in the WORD/BYTE pin
description, tha FSA pin is held low during bit transmission. When the FSA pin goes fow. the TMS320 serial
portwill begin receiving bits from the AlC via the DR pin cfthe AIC. The most significant DR bitwillbe present
orrthe DR pin befora FSA goes low. (See Serial Port Timing and Intemal Timing Configuraton diagrams.)
ESH doas not oceur after secondary communication.

Frame Sync Transmit. When this pin goes low, the TMS320 senal port will begin transmitting bits to the AIC
via the OX pin of the AIC. In all serial transmission modes, wnich are described in the WOROD/BYTE pin
description, the F5X pin is held low during bit transmission (see the Serial Part Timing and Intemai Timing
Caonfiguration diagrams).

IN+

26

Noninverting input to analog input amplifier stage

IN-

25

Inverting input to analog input amplifier stage

MSTR CLK

The master clock signal is used to derive all the key logic signals of the AIC, such as the shift clock, the
switched-caoacitor filter clocks. and the A/D and O/A timing signals. The Intemail Timing Configuradon
diagram shows how these key signals are derived. Tha frequencies of these kay signals are synchronous
submuitiples of the Master Ciock frequency to eliminate unwanted aliasing when the sampled anaiog
signals are transferred between the switched-capagcitor fiiters and the A/D and D/A converters (see the
Intemal Timing Canfiguraton).

OuT+

Noninverting output of analog output powar amplifier. Can drive transformer hybrids or high-impedance
loads directly in either a differentai or a single-ended configuration. g

ouT-

21

Inventing output of analog oumut powar amplifier. Functionally identical with and complemerntary to OUT +. !

REF

o

For the TLC32040 and TLC32042. the intamal voltage reference is brought out on this pin. For the
TLC22040, TLC32041, and TLC32042, an external voltage reference can be applied to this pin. \

RESET

Arasstfunction is provided toinitialize the TA, TA, TB, RA, RA', RB, and control registers. This resetfunction '
initiates serial communicatons between the AIC and DSP. The reset function will initialize all AIC registers
including the controf register. After a negative-going pulse on the RESET pin, the AlC registers will be
initializea 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 resat to 1. The control register bits wiil be reset as
follows (sea AIC DX data wora format section):

d7=1,d6=1,d5=1,d4=0.¢3=0,d2=1

This initialization aliows normal serial-port communication to occur between AIC and DSP.

SHIFT CLK

10

Tha shift clock signal is obtained by dividing the master clock signai frequency by four. This signal is used !
to clock the serial data transters of the AIC, described in the WORD/BYTE pin description below (see the

Sarial Port Timing and Intemat Timing Configuration diagrams). d

Voo

Digital suoply voitage, 5V £5%

Vee

20

Positive analog supply voltage, 5V £5%

Ve -

Negative anatog supply voitage. -5 V 5%
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