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ABSTRACT

At present, The telecommunication system measure equipment is very important to design,
experiment and testing. The spectrum analyzer use for system of frequency analyser which is well-
known in the telecommunication system

Thesis body bre,sent theory of design, construction, and testing The spectrum analysis
which operate in audio frequency range by digital signal processing analysis for display spectrum

of frequency value on micro computer.
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XN}
FREQUENCY DIGITAL 612 POINT
TRANSLATE FILTER FAST
FOURIER
X{F}
TRANSFORM
FREQUENCY DIGITAL 1824 POINT
TRANSLATE FILTER FAST
FOULER - X
TRANSFORM
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DATA

CONTROLLER
STORAGE

CONTROL

.......... porremmmmaccm e ...y

PROGRAMMABLE Xin)

SIGNAL INPUT /
PROCESSING OuTPUT

Xif

ELEMENT
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yeamnlszananaiuLy - wazmsldgadide aiemnlranauuna et Andlauld
dyradupnidhlifadddyarosaviynesnuiey  Tagqziinawmiay (Delay) viaen Feaudl
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frtpNaNTTaYeIMasTanadtyyanduet AlFin a1 el
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uauraarsasietafidedinl uoces ﬂrymﬁug'\ummw?ﬂma‘anm'a"]f': awnsowslel tneld DSP 1
&R Antivneesmsld DSP wninesewndeniie maiAeuAnATR 1eaMsLiszNIANARINNTOYN
Alneine Feasinlisanansonaaes uynmeidhul g dedenemariangariemela

el sxuu DSP axlsznausadausing fagulii 1.3

pSP
.LOWPASS AD D/A smooTHING | ANALOG

FILTER FILTER

ouT

uP uC

gﬂ*?'; 1.3 daunlsznauand DSP

ﬁtytu’lmﬂu'lﬁﬂﬂﬁu‘vgY]Q:qﬂﬂﬂuL‘fJ"\fj’NQi‘n’J‘ﬂQﬂ')'mﬁ‘l;iﬂd’]u ieTiazdnindasnna
mmﬂ’ryrmmﬁuvgwmnﬁfuﬁmm'ﬂ‘thTq sudan/Manan ABUNeTinaT (Analog to Digital Converter : A/D)
udagde s L inanadtygyrouduassiall  scunliziaanadtygroudasy fasiinienfanedtiin
agunnesiniudiaysdtynn Q'\n&uﬁﬁﬂqqu'ﬁ’ﬂqaﬁmmﬂmﬁqnuﬁ‘l'uuﬁq‘lﬁ'lv”l dau Aaman/aunden
AaUNesaeT (Digital to Analog converter : D/A) r?'v'ﬂLﬂe‘w‘ﬂuﬁtymﬂmﬂ”ﬂqanﬁu’lﬁtﬂuﬁryrmmﬂmﬁanﬁ
mmmmmqmmwwmm D/A
; anvnuﬂmmuq uenifu. FoiuedednthidieddnsaensasdydfiFen (Low Pass
Filter) L:ﬂa-‘/'iq*mmﬁrgty']mm'mnmﬁ‘lummmman‘lﬂmmamuuuummum'um DSP  usidaueed
DSP nuﬁtywmmm%uavumnmq'lﬂmnﬁtymmmmu‘lufm%‘ﬂmaﬂn iy nsfaadulndisdu
(Quant:zatlon) N3inatines (Noise), Idel channal noise, ﬂ'J’m‘luLi‘ﬂU‘nmﬁ’rgm'lmlﬂumu muﬂ'mﬁ’lﬂty
Snsfanikfiazusnsziy DSP s aansumsldenafiAesdnsnisgudioys (Sampling Rate) fanneda
'umgamnmmm’l‘m:uuﬂ?:mﬂuﬂwumﬂumqam%uua:‘mnauﬂﬁumﬂ amﬁms‘fimmgﬂumumma
naavin g ﬁﬂﬂﬁmﬁmwuﬁﬂqﬂﬁqqﬁq:'l"ﬁmu'luti'mﬂfrmﬁa;,q%u'lo'\’ Tnepunnesdnyyrudeya
flapeaniuls
1Admmndaduangus’ Aliuanledfitusinlsnaussenindmiidnumainues
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TMS320C5x

TMS320C50
TMS320C51
TMS320C53

TMS320C25
TMS320E25
TMS320C25-53
TMS320C25-50

P T A TMS320C28
F TMS320C1x > TMS320C28
TMS320C10
TMS320C10-14/-25
TMS320C14
TMS320E14/P14

nuoormz~nov—=

TMS320C15AC15
TMSI20E15/P15
TMS320C15-25
TMS320E15-25
TMS320C16
TMS320C17/L.C17 N
TMS320E17/P17

\ G

Nl L LT

GENERATION

b D e
T N, . < o 3
@ Fixed-Point Generations & Floating PO{m Generations
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ledmszga TMS320 tifludnwnurlidasTusiraafuun@wasn (Single Chip) @mnsn

wawlAndeeane uasiiaonaialumsstinanags
lefiwaf TMS 320025 aansminlMeuldatinandaandlasaniznislszunans

NN (Real time) Natlszensfldanladiues TMS320C26 uanslunnzai 1.1



GENERAL-PURPOSE DSP GRAPHICS/IMAGING INSTRUMENTATION
Digital Filtering . 3-D Rotation Spectrum Analysis
Convolution Robot Vision Function Generation
Correlation Image Transmission/ Pattern Matching

Hilbert Transforms

Fast Fourier Transforms
Adaptive Filtering
Windowing

Waveform Generation

Compression

Pattern Recognition
Image Enhancement
Homomorphic Processing
Workstations

Animation/Digital Map

Seismic Processing
Transient Analysis
Digital Filtering
Phase-Locked Loops

VOICE/SPEECH CONTROL MILITARY

Voice Mail Disk Control Secure Communication

Speech Vocoding Servo Control Radar Processing

Speech Recognition Robot Control Sonar Processing

Speaker Verification Laser Printer Contro! Image processing

Speech Enhancement Engine Control Navigation

Speech Synthesis Motor Control Missile Guidance

Text-to-Speech Redio Frequency Modems

TELECOMMUNICATIONS AUTOMOTIVE

N .

Echo Cancellation FAX Engine Control

ADPCM Transcoders Cellular Telephones Vibration Analysis

Digital PBXs Speaker Phones Antiskid Brakes

Line Repeaters Digital Speech Interpolation(DS!) Adaptive Ride Control

Channel Multiplexing X.25 Packet Switcﬁin'g Global Positioning

1200 to 19200-bps Modems Video Conferancing Navigation

Adaptive Equalizers Spread Spectrum Communication Voice Commands

DTMF Encoding/Decoding - Digital Radio

Data Encryption : Cellutar Telephones
CONSUMER ...~ INDUSTRIAL MEDICAL

Redar Detectors Robotics - ' Hearing Aids

Power Tools Numeric Control -y Patient Monitoring

Digitat Audio/TV Security Access Ultrasound Equipment

Music Synthesizer Power Line Monitors Diagnostic Tools

Toys and Games Prosthetics

Solid-state Answering Machines Fetal Monitors
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2.1 aniaanssuuas TMS320C26

Tt azflumsneafeaontinonssy  waclassainnelulaevio 1 zes

TMS320026 Seazuiilfdnlaseaframeitusiney Mldlmeaieunuaziindananugiunsorsanisinn
Tugusingg ’n’(umnafuﬁau Aa TMS320C1X a0 SelAunnisgouanaua 16x16 Tn azlfiaaminau
Fedladaien e 100 wihAuainitiu uaslumeserimioaudmeuentiu awnsodng
wansaludauzeahtanudndeys uasmisranalsunsulitie ethay 64 Alalidn wazdadl
drunumiauafaunaiiande 8 ssit dudu venaniifaliznaudaadousine Aiftodies Feandu
matdesmisenlsclamiluniativldssgndliandldatandienn sniiludaviiazlsznenlidaadou
sna] Fangavaqléil

- Tasaafslaeyialy

- aniinenssalasiiohl

) Fardundanlagzunsst (Function Block Diagram)

- NEAMINEIAINGY

- PHOLLL L GHT

- wiaganuAllsunsy

- madndamiogninen i

- nsdnsaamefrastianioemnen

- FAawnafan (Auxiliary Register)

- MUANIENUAALATATEIMUILANAN

- maaReudediayarsinmiaannidn

- wiraguinalunisAnnunadinAdanfuazaein

. munedvinmef (Scaling Shifte

- uaAARames uay ALU

- pag, Taawed T uas P

- AUALANTILIL



2.2

Taseasalaanaly

Tsunsuianimafuazauna (Program Counter and Stack)
ﬂf]‘lﬁ?lmi‘wmﬂﬁ (Pipeline)

Fum (Reset)

FRARBTA0 UL (Status Register)

UfjiFnasieiuan (Timer Operation)

o e

dpanstunisinanuzesAndaldiaan 100 i
fimiaganuardeyaniausindw (OnChip) 1R 544 AlaATA
fudasauantdsunsunslusiadin (On-Chip) 2um 4 Aladia
annrasawmizaandinludauees dayalilsunsu Tisannaun
128 MlaisA

ALU usy wapfayiained (Accumulator) aua 32 fin
msgrasiuwuumunng 16x16 Tn Haslduadnsiduay 32 fin
annsainnsgnislaslfnaniisslafiabias (100 wilu@uii)
findlunisindautihadeya Wuudanlunsdanisiudeya vie
TWsunau

-l % - d‘ 2 (3 ]
§2939u7Rn1 Timen) mMeluin elfaruauniminaumeg
H7aawmaddae (Auxiliary Registers) A7 6 69
Wnwuafaufaunalifiinguis 8 seau

HBUNY ULASIEYVIWATUNA 16 WIULUA

Tsa@auiin (Shifter) wuLTUINELIA 16 Tin

fidtyoynou Wait Statues tweduivlunisiissiafiuginsal vize wiag
AMNAINTuANIREIndn

-t e d‘ 3 © [ 4! )

fnafmaynsn e lfdmitlunisndeusia

-l or © o o

T muadtyqinuunRna (Clock) nelufadin

faanisunaang iaanmeuaniienga@an (5v.)
Wugunsafiiinisussquuy 68-Lead PLCC

Hwnalulatilunisudnuuudves



68-Pin GB PIn Grld Array
Ceramic Package (Top View)

1t 2 3 4 5 6 7 8 9 101

A( ® o & 0 o & o o o

B ® T o o 0 0 6 0 03T o
[ o o o o
(o} e o e o
El o o o o
F e o e o
G e o *
H * e e o
J o o o o
Ki @« & ¢ o o ¢ 06 ¢ ¢ & o
L e o o o :o e o o o

68-Pin FN Plastic Leaded Chip Carrier
Package and 68-Pin FZ CER-QUAD
Package (Top View)
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23  aoiimanssulasvialal

TMS320026  Wuldsgaites  AddwiLlunmsdssnanadygudaan Seasd
ANBUZNIMINUARILIARINL TMS320CTX (1Tu CPU wiafusnlunsena TMS 320) usrldannilnanssy
wuuReai Aeaoiinanssuuuy “a1nnin” lagazuiilangiveeawiarandteendy 2 dauuen
iy Ae winrrmdalsunm wasmitauddays Fesinlinasinausiney dhilifonannw
ERTIERTN uananiigeannsainmistaudinedeyassuinaiuuasiully

TumsAunnmsadinAnaniiu asimsdmnulnaifiasuuuyresmiunt Tl
ALU uazuaafyiainad daflounm 32 i ALV Fadumisanssimmnsadamanfuazasinaz i
nszvhng 16 Tnida Senanmiosannudrdeya videlfmanandalunisdnafouunyiudt lunsld
Ardalumeuanazuteaantdiily 2 dau Aa nekuiings (ACCH) uazmafauiingn (accL) defide fin
31-16 uaziin 150 mNAAL AmFunsgouaTIA 16x16 T annsnazvinneguilinialulafia
wen (Wiaan 100 whidun) lumsgouassedszneudian 3 douluni daaiide T, P FRawmed uay
Famnaneeesuasusd Tny T Faamefarlidmiuiiusammunn 16 On dou P Faamefaslfifudtes
HagUTA 32 v AlredsaguetsariiamiianNdndays visesnRImmitaamRTLsunsy
TatnslAnds MAC/MACD visa Idunannnsididnde MPYK (Multiply Immediate) melusadnaziinas
ATUINUANT AIEIA9TNITY Tmﬂm?'l'ﬁﬂﬁﬁﬁm?ﬁungm DsP dalfur nasmeulagdy (Convolution) |

ARfTadu (Correlation) uarn17Nsa (Filtering)

+5V Gnd

!

Data/Prog Data RAM
Int v \ RAM 288-Word .
. _nterrupts o 11 256-Word .- <: Data (16) >
(1568-Word
TMS320C26) 1 Multiprocessor
— Interface
4-K Words ROM/EPROM ¢ >
(TMS320C25/E25)
Multiplier LT
Serial
_l:—- 32-Bit ALU/ACC | gIntedace,
O Shifters '
T Address (16) >
Timer

717 22 uRanlaszunsnetndte 189 TMS320C26
Tudauaaanisidauiinees TMS320C26 udnviliainadsinimes  (Scaling Shifter) Tl

Aurmnne 16 Dnseagiuadeyauazieninauia 32 iin Twleeagiu ALY Tasanunsavianisinew
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finrasfesyaduwniumedeld 016 fin TaedindelidudAgysn (LSBs) azgifiusng 0 uariinisivy
A1ATYge (MSBs) @1Razgniainsiag 0 wialdiludavaenaiaiasmany
Ao a o . a 4 a2 o Y o aa a
uannildelladauafaunaiianauis 8 seau wirfizesausafifa MHlunsfuszes

Wsunsuanimas (PC) seudnaniinasueduime FFwyivisaiinnsFunldllsunsusian (Subroutine)

¢ < -3
2.4  Wanduuaenisazunsy

\
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QIR(16)
R(16)
STO(16)
ST1(16)

R R R e

APTC(8)
{FR(6)

RSA(16)
XSR(16)
DRR(16)
DXR(16)
TIM(16)
PRD(16)
IMR(8)
GREG(8)

Program Bus
2

Muitiplier

L]

PR(32)

A 4

SYNC e
B ————— ZEe
BS ————— %33
F§ - § 5%
A4y XX0OO 16
A ——] l | l PFC(16) I
ETHE — | 18
READY —>— —
o . = ol |
XF—<+1 3
RO E I 2
e ——] ¢ e ]
B’]U ——p—tg
TACR —1 :r 8 3 : 18 v‘s
MPINT 161» Address Stack
3 (8 X 16)
WT(2-0)—————— Bootload
16 Program
. 18 ) ROM
A15- (256 % 16)
instruction
{16
A 4
16 16
D15-00 3 16
R I R T TR T e
16}
g
s 16 {16 o
Ll A } 78
3 <AR10e { From IR
ARP() & AR2(16) OP(0) d
AR3(16)
ARa(: jrs | snm.r(o-w)l
13 ARS(1
$ AR6(16) [ oz
AR7(16)
FeTTE) { ¢ JRT
ARAU(16) ‘L
3 6 ux/
4 A 4 A 4 A 4 y
U UL U
18 16 16 16
DATA oatarroa || oatarroa | [ oatarroc 2
RAM (32 x 16) | |RAM (512 % 16) | | RAM (512 x 16} | { RAM (512 x 16)
Block B2 Block 83 Block 81 Block 80
/MUX\
' & 4
16
16 16 16 £ 164
) ) Data Bus
P 85 e SN RIS I S8 B R T

NOTE: Shaded areas indicate a bus.
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2.5 NSAANUILAININ

anwouznielures TMS320026 Titmualiiiusndeya (Data RAM) nelusindw (On-
] v
Chip) T 544 16 Tniafa Teludruaes 288 Afausmivazgnifihunisuanudrdaya vie wiw
L

pudalsunsy uanannilall anatalalsunsusen (Maskable Program ROM) 1wt 4 Alaidfngn
v ' :i’ - P .« d' v v - ] ° & '
gt Tudauselufiandu msefunata nsdaniafendudeyanialuln, witaanudndays, miat
pnudnlilsunsy, nisdadamiceanusn, nedntadmefasianteanudn, FRaweidin, Tuualu

nefLanATATEInEAMNAIGT MatndsuiinedayasndianiseANdn
251  wieauindaya

animsusnudadtusdayanieluiadn Yhuasiaunaavin 544 (3 %nmngﬂﬁ 2-
3 avhuiranunsnutieentdidu 3 uden Aa Bo, B1, B2 ludousatufan B0 definun 256 (in axgn
Warusauiuszndnadlumissmanudndays videmisasurnlusunsadsiudousiaanifiasnis (aanns
Ands ONFP) uazludauzeauden B1 uaz B2 definuna 258 (fa axgnifenudhunicenurindeye
winths uananfasnunsasieamiagaustneuentAEn e TVS320026 nanliinesaiiamion
armdntuenlite 64 Aladfa niotraudniiaya meh@nuasiufinisluinegnudegnasuly
souudnaciutiefitlszanm 1 Aladda %mzq‘lﬁ’mngﬂﬁ 2-4) amFudnyryros READY YhuaMidmiilu
mﬂ%auﬁiﬂﬁ’uqﬂnﬂﬁﬁﬁm'mL?Qé'i'mawmﬂﬂ'rméﬁﬁﬂﬂ 11U DRAMs

fratineaasgaAdne e ur Aads TBLW amflunisdediayaanuniosno
4'1mﬂuanLﬁ'ﬂuﬂﬁquﬁqnﬂmufiflﬁaqauaxﬁ'\eﬁ IN - azflunisdudaysannafanieuanidiunda

wiraauadayanislu



From Auxiliary

Registers
From Data Memory
Page Pointer
From Program
Counter
Y
MU
vy Y v Yy v L 2R
MU MU MU MU
i16 {' 16 16 16
Y ! !
Data Data/Prog Data/Prog Data/Prog
RAM (32 x 1€) PAM (512 x 16) | | RAM (512 x 16) | { RAM (512 x 16)
Block 82 Block B3 Block B1 Block BO
MU [MUQ\
4 5 4
’16 -
16 16 1 16 & To Program Bus

16

g1 2-4 misganudrdayanielunaas TMS320C26
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252  wingANarldsunsy

Tudauaes TMS320C26 ariimisgannuarsaunialusiadn auinsiilaifa Teasendn
“yngitlsunsy (Mask-Programmed)” Tnadlfanansoszdalilsandnaniudlisunsuludauiild dwmiy
saunelusninaceanWiiinnEndany Isunsuannmisaanuaimeuentsl nsldaumiaanudn
flavsanlviiateyaneuandudassranmadntamieanudideyaniauen lunsdadamicenud

' 5 ° (. ;Y [l © 4 3 pd' 17

seanituaudlsunsy  drdesnisaldmiansdainialuviasaainnsuanazifudougiilday
Dugivun Tnevanetien MPMC 1 TMS320C26 A thimualiian MPMC Wlusziuidyayroige
aswnety unsldminsanusiniauendn widhvualdsn MPMC WuszAudtyyiusn azwang
2 2 ° - ° o o - v
4 Whunmslfmisaacndnnieludin dmdum XF External Flag) avlilunisaduen MPMC iwalsax

v
matudmiu auniia (Enable) vite Aataidla (Disable)
253  NITEALAMUALAIINAN

nsdatiainannadazes TMS320026 i asfimauwidiurasuenmsaoanidh 3
doudnaii An misgaenudntusunsy, mitmnddays uaz 10 Fuand dagili 26 Fnesannnig
vanaznuein doyoyand PS /DS way /S (udyniidlumadentusuns | daya vde 10) #
dynynu /PS /DS IS uaz /STRB azuaaiivliilafiuaninsasnmiaamidimeanidhan

ugqursausnludadniuaztlssneudan 3 dau Aie uden BO , BT , B2 Fuuriuudn
axfinung 544 350 ludaufididhilllsunsadioya Wauen B0 1w 256 (35m) qzﬂqf'luuﬁﬂ'?; 4 U85
seadimicnanudndioya (eliouiuusudioys uazavetluueninsa > FFO0 fa > FFFF (ileldanm
duhlsunsuusn) dauuden Bl axasj’lwﬁ'r?; 6 uax 7 ﬂ'aq;i’duﬁﬁﬂoﬁﬂ;i'\il’aqa'lumtu:ﬁuﬁﬂn B2 av
atflugauras 32 Giafuuurami 0 uazdaufindenglundia 0 Tuazilssneudg medaiaaumnef
snaimiananudn 6 uasiuinehdwenesnmily WuiuiitcenBesmilitarhisnnm
i iiudeyaviteldanilan LasFausiuanase 102465535 Tuaglumtiil 8511 Yuasldidminlu

nrAafuMitgAINAINIBILeN
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ludausialazranaiaia mMadadaningAdnTUsun RN TN LIALdadn
TMS320C26 ariiluuanisninnuag 2 Tuuadaaiu Ae mualulasranRomes uarinuslulaslusia
ieFiana 2 uatiasiinsdndereanisaanslsunsylimilaufusaznannse il

Watmualinn MPMC = 1 dwualeglubmalulastnomaes it
sauneluiadw wissilumssiemisaanussnneueniaoma 64 Al

twualian MPMC = 0 Mvualieglulnunlulasaeniamed) uwmni
TMS320C26 azinuualiisaunaludadinuunn 4 fladfn waviainnsaninissaaeviatAaINsn
mauanléan Aedusiuaniasad 4096-65535 uananntiaimdeaallunsdatamisaanadn i f
dniude CNFP mngﬂ*?i 25 Lﬂumm”ﬂu“qvni':ﬂTﬂsumu'lmewﬁqmnm?'liﬁnﬁ"a CNFP %QQﬁngﬂq:
wWhudh ludansesmistanudntusunsaiumisi 6528065635 aggnlfiflulilsunsausy Safie uden
B0 tewintArudndiayaiiues Tnelisunsuusailudauilannsoasllunadutisunsuadly e

v
gqusanunauants Wsunsuusuludaudiasfiaunn 256 B5n

Program Program Data
{0000h} (0000h 000Ch
Interrupts J Interrupts ¢ ¢ On-Chip
and Reserved and Resarvad Memory-Mapped -
(001Fh) (External) (0OFF) Bootioad ROM (0005h) Registers
(0020h) (0100n) {0006h) &
ge 0
(OFFFh) Reserved (005Fh) Reserved
(o00n) ( ) On-Chip j
(007Fh) Block B2
L u'. Extornal (ocson)
" Reserved Pages 1-3
{01FFh)
(0200h)
- Doé:,;:m 4 Pages 4-7
(FOFFh) (03FeFn) §- -
{FAOOh) (FOFF) {0400h)
On-Chip (FAOOh) On-Chip Does Not Pages 8 - 11
Block BO Block B0 Exist
(FBFFh) (FBFFh) (0SFFh).
COCh) COON (o] ST
" ) On-Chip F ) On-Chip ¢ 6001'1) . Does Not . 12-15
Block B1 Block B1 . Exist Pages
(FDFFh) (FDFFh) {07FFh)
FEOOh|
( ) On-Chip (FEQOh) (0800h) K] e . st
Block B3 Block B3 ernal 2963
(FFFFh) (FFFFh) (FFFFh)
t#t MP/MT = 1 i MP/MIT = 0
{Microprocessor Mode) {Microcomputer Mode

(d) Memory Maps After a CONF 3 Instruction

UR 26 Mmedadamiiaanudmaiaanldada CNFP 189 TMS320C26
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254  NNTAATAAADTIEITIVINEAINNARY

AR 21 uansiuemasauastihiiedaamesniluie 6 favasdamion
auandeys uazuansuianinazunsuredasingisineg g 23

nns¥adfiagmefmingandensasiidnsnrnisdamitauiulumisaanuds
fiayn Buq wiazfifouniiy Ashignansnasidinnedauiitedeyaiiluuden BLKD) arfiawmes

. . Ee s
mingauIman e

REGISTER ADDRESS DEFINITION
NAME LOCATION
DRR(15-0) 0 Serial port data receive register
DXR({15-0) 1 Serial port data transmit register
TIM(15-0) 2 Timer register
PRD(15-0) 3 Period register
IMR(5-0) 4 Interrupt mask register
GREG(7-0) 5 Global memory allocation register

AT 21 N19ARTAGLADTUBATIMUL IAINAN
alon 1
255 Tadwmeian

dmfaamefinielutes TMS320026 Sl munliidwanie 8 s A ARO-
AR7 DeRRmmafogmng 16 On Feldlumsdauenmsauuumidanteanieanudiioys sield
dwrunilufifudeyadaan TaawmeRiasgniminuAfiaglu ARP (hiddamefauia 3 ) Fafldn
sz 07 asmnefe ARGAR7 e ARP uadiaaumefdosiianaariuandnananinisaenudndaya

WiaarazunanniaulafususraeAduLuiuni in
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Auxiliary Register File Data
Memory
ARO 053 7h Map
Location
: AR1 516 0h 00Ch Internal
Auxiliary 03FFh
Register 0400h
Pointer AR2 |OE 9 F Ch External
(nst®0 ==
ARP » AR3 |[0F F 3 Ahl —» oFF3An{3 1 21 h
AR4 1 03 Bh OFFFFh
AR5 |- 2 6 8 1 h
ARE 0 00 8h
AR7 8 43 Dh

21l 26 FrativtedRsmeitaidlunduenasauumidey

Faawmaddon (ARO-AR7) HUavsieagjiu Auxiiary Register Arithmetic Unit (ARAU) UARIN
qUfl 27 anguazdiuin ARO azgnaiedhiBunmuilines ARAU doudunvauazinaan AR 7ildaglu

H Y +
flaqiulaeii ARAU azimsufiRnisaaiaridudasietalil

AR(ARP) + ARO. —> AR(ARP) Wunmsisumibiiagiuzes AR Taanisandanias
qunudinunn 16 In Saufueglu AR

ARIARP) - ARD. —> AR(ARP) tﬂun'lﬁ_?ﬁmmﬂqﬁq'qﬁumm AR Tasnsausinaiay
dumudinmng 16 In Fufueglu ARO

ARIARP) + 1 —> ARIARP)  tRupngeq AR Tudn

AR(ARP) - 1 —> AR(ARP} AAANTEY AR & 1

AR(ARP) —> ARARP) hifimsulfenualag
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~»] Auxiliary Register 7 (AR7) (16)
\—»4  Auxiliary Register 6 (AR6) (16)
—1 Auxiliary Register 5 (ARS5) (16)
> ili i 4) (16
Auxflfary Reg{ster 4 (AR4) (18) Auxiliary Auxiliary
—»{ Auxiliary Register 3 (AR3} (16) ;'3 Register 3 Register
—»{  Auxiliary Register 2 (AR2) (16) [* l~8 LB Pointer T Buffer
—»1  Auxiliary Register 1 (AR1) (16) 16 or IRY (ARP) (3) (ARP) (3)
L—»{  Auxiliary Register 0 (AR0) (16) T T
16{ 16 )( 3
‘ Y | ¥ - b
16 in B Out in A " 3
Auxiliary Register Arithmetic 3
Unit (ARAU) (16)
Auxiliary Register File Bus (AFB) a6 3r
Y ) 3MSB

ey eesDatarBusH(16),
A
{18
y

. %7Da@Bus.{16);

51/71 27 Auxiliary Register File

Ynvssitarduiiuanmiialuanni] ARAU 184 TMS320026 azfimnifiRnnaiaridy
sarialili
ARIARP) + IR(7-0)—>  AR(ARP) uansitumiiezad AR tlaquiudnadtung 8 in
AR(ARP) - IR(7-0) —>  AR(ARP) QUANIMINYEY AR tlaqtiusaeAtaun 8 Tin
AR(ARP) + rcARO—>  AR(ARP) nRUDNEITURAYANATLAN ARO Al reverse-carry {rc)

AR(ARP) - cAR0 —>  AR(ARP) nduinfaTudaninisau ARO Aagl reverse-carry (rc)

dau Auxiliary Register Point Buffer (ARB) fauaaaluguifi 36 Faiu
Rawefiun 3 Dmiwsglddwiniudires ARP  lusnuziifanisdumading  vidalinneGunld

TuUsunsutiag
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TMS320C26 snansodnaueamsazesiaganudntsunsy 1vama 64 Alaida ta
douuﬁqa:qn'l%tﬂu?ﬂumﬂ'luﬁq‘fswLﬁ"a'agj'luiuum‘lu'ﬁnmauﬁmm{ uazuananniifiansodng
wanmsaraamiaeAundiayalaan. 64 ﬁ‘[aﬁ?'meﬂuamtm?a'lumuf;f-\:qn'l"ﬁtﬂuumifeqamﬂ'luﬁo
Fndoumile

lunns14 16-Bit Data Address Bus (DAB) 6’1\1uamm?Mﬂmmﬂmw«h*ﬁaqaﬁummm
lilaeliREviiasla deelil

1. Tnensld direct address bus (ORB) Fvazldluluuanisgrauamasaurilas
EX

2. Taein3 14 auxiliary register file bus (AFB) Fea 1 lutvnanisinaueninsauLL
yedeudwitiutanisdreuemasanuiy Tewlefusudaglu Pc axgnldifuueniasaly
ansgrauennsauLLinensaiuald 9 Tintes Data Memory Page Pointer (DP) usadlumtimii
wilasniianun 512 wih Feluusaswiiasianm 128 Words &L Data Memory, address (dma) ax
4 7 Dmedwshesdrdadlusadluusasmini oTQ&uuemmaﬁﬂﬁnguwﬁ DRB Avtlsznausnt
DP $1uau 9 Tinfi dma S7mu 7 Inlulamsirawenmsawmasdaatiu madanuennsdees AR
(ARP) 1 mhaauadayaasiamatiaualisn AFB snisfivamadan AR udadieys uazuamasa

spanirapnuadayaargniadeutinalag CALU uazAnaglu AR axgniadaudietinu ARAU

Instruction \
Difect Addressing | Opcode | dma | Bp
9 .
' 7 2 Operand |
instruction T
Indirect Addressing | Opcode | ARP |+

—‘—3,‘—?( AR (ARP) ]—/—154 Operand |

. Instruction
immediate Operand { Opcode | Operand | ‘_
PC — Instruction
Pgn ——p Operand

917 2:8 doursenavlumdsialilunisdraunenmsanuusingeg

037304
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257  mapdaufiedeyaszninmieanni

TMS320C26 :'l'lﬁﬁ5\1%4'1"lﬂun'1?LﬂﬁauﬁqﬂﬁﬂqaLﬂuuﬁﬂnv?'v"a'l"ﬁa'?wi"u'i’mn'ﬁﬁ’uﬁﬂqa
wiallsunsy %qﬁqn"fun'mﬂ&"ﬂuil’mﬁﬂHa{‘:’anﬂuﬂ?ﬂﬂ'miﬂdwmnﬁ'xm“uummﬂ'lu%w

ﬁﬁ“ﬁ"uﬁ’\ﬁ'ﬁi BLKD (block move from Data Memory to Data Memory) ’-'iﬂ"ﬁ'luﬂ"ni‘lﬂgﬂu
fhadayanielumicaanudndeya dauAnds BLKP (block move from Program Memory to Data Memory)
alidminlunsadeuinedeyasswinaniernudllsunsludonisanidndays e ldaengon
fusnde RPT/RPTK A1d BLKD/BLKP ansnasimanadeuinedayaamnissaudineluiienie

uandwla
258  wheguinawlunsiunnuatinadaniiazasan

wiaguinanlunsdunnadinaaniuazaadnmaly - TMS320C26 Yiuaz
Usznavldaaainadeivinaung 16 in | fgauunmiuaung 16x16 In , ALU 2ua 32 fin , ACC
quim 32 1N uazﬁmﬁ'auﬁw?;siﬂaejﬁu ACC uay Namwaneiaad (Multiplier) mnzﬂ'?; 38 ATUARMIN
vaaninazunsurssdautisznaunialusingg 189 CALU

v H k4 H 1 [ K]
fndudusine Afintuneluges CALU ndsanifinslidndainantiu ALY

1. dayasinag fifasniatlszuaanaazgniivdannusinuuiadesys

2. Hayasineg azrnundanaainaes uaz ALU thaxmianag
Uszananua

3. nadmimldannssznanaazgnihiuiueafagames Tay

Suvmdouvileras ALU aZlfinannuenfoyained daudunimdesseclaudrgnanicinefild

Wunagns (PR) seaiaAinaneiees Wisinananiadsdvinafiueinaaianionmiaeadidaye

.

*
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TR(16)
g ofh /16 16
| er Multiplier
4 SXor0 —> (0-16) 4+——0 P
] PR(32)

sx —>-| Shifter(-6, 0, 1, 4 }-+—— 0

y
ACCL(16) |<—J— 0

71 29 missguinawlunisAiuunwadndaniuazaadn



22

259  @AnaaTnmes

lumsdauiintes TMS320026 1 dnliilanadsdvinesieliduwm mna 16 Dn de
agivdadays uaziaivnauin 32 indesientiu ALY Tmﬂa’1uﬁmv’awmﬂéauﬁmmﬁﬂqﬂaum‘lﬂ
yedelld 0-16 Tin Tnedivdefittdnfoyin (LSBs) axgnidudan 0 uaziinfifiludfoyge (MSBs) anaay
QniANmag 0 i WiTudauaenartamane Tmm:%umjﬁuamu:‘?;ﬁw SXM (Sign Extension Mode) 184
Faawmefanuy ST1

uananiinelu TMS320026 faszneuufaiideuiniug Sndesiinisldaly
Aupie LW Bit Extraction | mMamunnULiiReIMsATMiuings | uatlleafumafiadiu

(Overflow) TnaRauiinmaniiavsiasgilewmmaswiadnaisiess uasiuanrayiames
2510 uapAyaIADT Uy ALU

ALU aziflumiaitnuneadadaniuazaeaniiififisounn 32 in Teaunsoin

L3
nsuanauuasinuneasanty  Tasueadayamedasiiudaviawisiauwasidadns  nainu
TDIRDANATUAAIATTNN 22 ArTumdasanudndeayaaclinssvinduiinnsumizauanmayia

wef ([fn = 15 D in = 0) dauen Zero azldnssinfudmndndingreanfoyianad

FUCTION ACCUMULATOR RESULT
ACC BITS 31 THROUGH 16 ACC BITS 15 THROUGH 0
§<OR {zero) + (ACC bits 31-16) {data memory value) + (ACC bits 15-0)
AND (zero) . {ACC bits 31-16) (data memory value) . (ACC bits 15-0)
OR {zero) + (ACC bits 31-16) {data memory value) + {(ACC bits 15-0) -

d‘ o~ r-: - - <
RA19IN 2-2 NﬁﬂWﬁﬂlﬂﬂh&llﬂﬂﬂQHlﬂlﬂﬂ?

wanAymafazdusaiuradnsees ALU Wiaaaauifiumamres ALY
wapRayiamaitiasiivung 32 in uszgnuuisaentdiu 2 dou Aa dnuu {n 31-16) uariindw ({in 15-0)

nsifuA lutinuuvideiinaannldlasAige SACH uaz SACL

anuzznImaiaAfiuweAfyIReiin - annsoglianunaniaamesiuanadn
1] ¥ ¢ v 1 ) ]
iy (0V) WiAawmaftiasandiafnadiuiuluwanfyamed Jakselanizes ov azldluniavinddsin

’ L] v H
finsiindulares DSP TAIRIFN] maHuamAIRIT WA 23




23

instruction ACCUMULATOR COMDITION TESTED
8Lz <0
BLEZ <0
BGZ >0
BGEZ >0
BNZ <>0
BZ =0

AT 23 NIATINRBUANULTEIUDARYIRIABT
2511 sagm, JAamed T uaz P

dviunisgauatuuia 16x16 fin Wuannsoasinnegaildnmellafades (o
v
100 wluAuad) lunsgauiuazlsenevildan 3 deulugjq et Ae T, P FRdmefuaviainaneaad

wafuwstilneFAamas T arlddmiudusiomua 16 In daitdawmaes P azlfiiunaguisuia 32 in
2512 lsunsuamiinesuazaunn

TWsunmuaningd (PO uavaune tussilslonflumsinnudel nsnsiandh
fawnislunisvinny, nedeulilsunsudes, midumewiazmeindnds TBLR vide TBLW @
Weun1s)

Wsunsmeniined (PC) hiddamesuun 16 in fasfudwnisreaionnaudn
tsunsuvedndesielifiazgnnasindedly PC flaziflu 0" ynafedifingSioniisn DSP dn

umqqhﬁﬁwm PC anursnulasuwlasinldlag nislddndanstian Branch Feazin
TAnaaq PC Fanieaamudninmalutilsunsa

auARiiTuIn 16 T uaziseenity 8 sxau deldimds PUSH axdinal DSP Wiusn
16 1in é’ﬁus';'mmwaﬂﬁqqmmm‘m%uuuqmamum 108) uazdrldnds POP aziflumstien 16 Tin
a8 TOS s liluuenfylained grnnanldidnds sACL udaazdunanindnaan T0s iviutihnmniay

pusndiays Judhaleslamilunisitnanuquasdunn
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{ Y

16[ PC (16) |

{16 1
To Program P A
Address Bus - v
,——»—L— Stack
(8 x 16)

a1l 2-10 Tassadrresauna warlilsunsuianiined

2.5.13 ﬂﬁ!ﬁmﬂﬂﬂ".ﬂﬁ (Pipeline Operation)
angUlit 211 wassliviudamsfewivsanisinulunsding uadnTAndiizoy
2189789 CLKOUT AR PC q"anuam {pca). twam"mmumﬁquan?umummﬂmwamé’qusn
(Execute 1) BaAn et Avded 3 (Fetch 2) Fansruoumsiauae A 1 (Execute 1 Gty

l‘ﬂULﬂﬂanﬂ'\ﬂ’\]Vl 3 (Fetch 3) Qvl?NLNﬂNn’]?nT"VI'\ﬂ'\Nﬂq&’\"ﬂ 2 (Execute 2) 1ﬂLTN'nu 'ﬂ\iquﬁﬂﬂﬂntﬂuu
navienuduiian “Pipeline-Operation”



! | |
} | | |

CLKOUTH
! | |
[ | l I
N L N+1 A N+2 ale
prefetch »< N "‘
l N-1 A N | N+1 e
decode I—: et -r b 1
I l N | l
N-2 N-1 e e
execute je— e e T |

91t 2-11 @anifmenssi HAVARD

25.14 T19m (Reset)

Fun - RS)  udugudunefimiaanniauenlaedudnyowutune ffwiaiin
ypungiada” Teainiulinng susuay TMS320026  awnsafissiinteamadenld st
FyanadualszgndlfunasinediifinstfoudaGudaeadin]

efifoynyoudnuniion RS aviinalilusunsianiinaffiduiuy “0” uaziinsulaou

- x H - -« - -1 - z 1 ]
wlaafiniuiaanefuasinans dynynduatiaziaunsiuetiien 3 dyoinufng wed
-l o ) P
nastudunnsTiangesginsal
\fia TMS320C26 FuAtynnTIRREiimsU TR NneTLauNTT Aesalil

1. #iin ONF redfaamafaniuy ST1 azgninaadan “0” Geariinaiusuviauun

-l o ' ° v
q nﬁmuﬂuumﬂm'\mwaqa

2. Wsunsnaniwefargnuaalfidu o ueansaiia A15-A0 fiaxiifnilu “0” fiay

3. tadeya 01500 azegluanmziidnfiuaudge

4. ﬁtyrgwmi’i’l'iﬂum?murqwi'm (PS /DS /IS Riw /STRB uaz /BR) Aviianiy
s “1” '

5. Kmmﬂmﬁutmﬂf'ﬁ*wvﬁiuq azgnagadialaeningain INTM Widlu “1” uay

Sumafiwiunaniaames (FR) azgniianvidu “0” Vv
6. Finanmuzsine aziladel
1 —> SXM,0 —> HM,0 —> FO,1 —> C,
uay 1 —> FSM

7. Fauane lu RPTC avgninaefiidu “o”
AR 9
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8. 21 DX (Data Transmit) azagjluanuziilusuuaudge
9. Faamef TIM azgnuanlfidudigean (FFFF uaviledtyyans RS gnudaeu

t + v 1]
ndvlagluanue “17 fiaziimsGunisinenslu TaaGuaniui 0" gadliisunsy
2515 FAdmRfANUL ( Status Register )

WFAamesanLdes Ae STO uay ST1 f-u:a_ls‘:nﬂu"lﬂﬁ’u"mﬁi"au‘lmmx‘lfuumsiw] u
Mt sfiasAsulald Tmtﬁ*aamm’amuzﬁmm?nLﬁuﬁ'whq'] A lumineimauan
fayauazamnsamandtaeninld Tuniadisudiiuiingaiussineg wintiansovinlTaanas 1A
LST/LST1 way SST/SST1

s 17 120 Uop s/ \WAHEPs~& 3 2 \\ o
ST ARP ov |ovM| 1 | INTM T pP

15 14 13 122 11 10 9 8 7 6 5 4 .3 2 1 0
ST ARB CNFO TQ SXM| C | 1 | CNF1{HM|FSM| XF | FO{TXM{ PM

21l 2112 nsdagUunuredsAanaianIuz (Status Registen

. angdil 212 uanstnisdadingine muhFRamefaonusiiaes uazangli 2412
audinfimsugndausing Tediaamed DP , ARP , ARB ssminlifiuetidaaummziiaanes
wisiflifAndA flunsuanifusmsntiadluusludouiug veaindavieriaifufianaasiinasetin
ANUTAN it aansnazveLngldail

ARB (Auxiliary Register Pointer Buffer) dlalafanufiiinsinanAndnangs ARP A
289 ARP 2xQnARABNINEN ARB anduininislAnds LsT e ARB gnivaarinusds LST1 Arftviteu
fuacgnAnaantlyds ARP

ARP (Auxiliary Register Pointer) Faftrunm 3 Inldluma@en AR Taeldluntsdna
LanIELLLNSeY ARP @1aaziinawldmulaciatnirlidndeddanisnnad deldinnsdng
LamaTaLULYNdandatA1ds LARP , MAR uaz LSP Tae ARP qan'ﬁaamﬁqwhﬁmﬁauﬁuﬁu’lu ARB

dialdA&s LST1 una@ndAad (Executed)



27

C uwmowmqunt‘nmtﬂu “v fanndndannnisuaniafifana uazazhrdaduy “o0”
SenadniiAnannissufinnsefin uenannsdifinananudn uazfamgaudannitdags
mmuan YiegavAINnsilEAdmsaL ey §114d ADDH vie SUBH fda ADDH &30
ynliRansmauasmda SUBH azirliiAanisfumiuingdana uenanniiindeiililumsdeuinie
uquﬁwﬁq:ﬁuamﬁwﬁomﬁ Wy érde SC . RC uaz LST1 uandleildynnafaniiviissgnimiy
g

CNF Tmtaslilumsaouaunsldusnudain ﬁﬂﬁwﬁqnmm “0” uRan BO agn
Amuabiidumicsannudndaya vaniiesniiugen BO azgnimmualiifhnnisgarnadalilsunsadin
CNF Sanmasiinisulasuuladldlannslifnda CNFD , CNFP uae LST1 Lmztﬂﬂﬁ&’wmﬂm?mmﬁwﬁq:
gnismtly “0”

DP (Data Memory Page Pointer) L1184 DP Fasfinuduiusiu 7 Tnmadusiaes
Afnfnds Saflesaniuudtandupluunreinisiinenmsauuulaanssauin 16 In 0P flgnaaxdl
nswlaguasldlaensldimda LST, LDP uax LDPK

FO ﬁwﬁuammﬁmgﬂmeﬁﬂﬁwﬁqm‘nmﬂu “0" FAgIMaTIaINeTYNTNATHAN LY
hifdamesauin 16 In uazlﬂaqnmmﬂu “" FAmnefneinaviiviififuuasdidayannn 8
Svlud v FO Hanaasiiniswlasuuladlitatnisldfnds FORT uaz LSTI Lﬁaﬁﬁcyty'\m‘évmﬁwﬁqz
gruaaiu “0”

FSM (Frame Synchronization Mode Bit) iiniililunisuamsilfiiAnsaemednaynsada
dryeyraursudedlag liWadaannneuen dla FSM=1" qeiimeUfjimneaudtyyruiadesansy
FoA SafluBunmuns FSXFSR uazdin FsM=0 acliaulaBuvmans FSXFSR uazmaiRimeuunedi
aynsuanitselllaglifeanamsudeivad ua;tﬂﬂﬁé’tyty'\m?vnmﬁwﬁqanL'nmﬂu “qm

HM finugnsgnaxlaasiile HM="1" 1uaun1zsne mﬂ'luﬁq"uqmﬁnﬁéq uazdn
HM="0" FL2UNITHAN"] m:ﬂgumm?mamanm‘lquwannmmﬂu «1» afifyqndion

INTM u*nu‘l'nuamamuvmmmmumaﬁww maqnvnmﬂu “0” &’tynpmnq'*'lmm
‘ﬂ'umﬁauvir'l”\ﬁwﬁqm'nmﬂu “” ﬁrurmtuﬁumfaﬁ“wwuuumatﬂmawumnqzqnmamma INTM ilaz

gnimuasinlanldifnds DINT uaz EINT uanaanilunislfeudnds LsT achifanalor sain INTM

Led
-l

i
- a o oo X T S | X
ov finuamnisiinaAiuin ov flazgadu “1” Wadadwiuiuly ALU wananil
tdeamnadefAtsine W ov imiawnsavinlalaanislifnds BV, BNV uaz LST
oM finuansanzdieaglulmuasinuiniiazfisonunily “0” lunsdiffiansen
14 H 3 . 2 .
Antuuad lunssauasiinaiiiiniieasiinds SOVM uay ROVM suaaduuenannilfngds LST f

dinalfinansulasuulaeiiini
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PM TruANIReUTeIHAR0S Eranstmifanu 00 auflunistuanddinguunag 32
i @l ALU Taelifitnsideu &1 PM=01 leWwinues PR azgnigeniimiedig 1 afariaulnandn
Wl ALY Tnefiviiidudndsin (LSBs) axqnifinsian 0 & PM=10 tawivmaas PR azgnideulivng
e 4 Dnrauazgnivasdnllu ALU Tnefinfidhiudndosn (LSBs) azgniAnda 0 uaziile PM=11 1o
annsgaiazgni@eriineeen 6 on dn PM FannsovamstuandndnluldTanldinds SPM uas
LsT1 Waiadtyaynos RS ﬁﬁwf‘:ﬂ:qmﬂﬁﬂf

SXM Timuanarienng &1 SXM=*1" Na*?;Lﬁrfmnn'\sqmq:ﬁn'wﬁmﬂ?:‘amu'm ust
E sxM="0" aclifinsAniliuedeaany fretnagu Ad ADDS dusdemsuaninglifnipies
wane uazliAniiafanazes SXM nagmienantmiannsainlalaansldids SSXM uay RSKM
yenanniigaanunsoldanda LsT1 umstuanaaldfan oin sxM azigmilu “1” daadynrodm

TC fivnasauuazmauguudan On TC factinadiafinnsGunliinda BIT | BITT
CMPR , LST1 1o NORM Tintiazigmdlu “1” fmsmageuiiv (est Bit Faudnda BIT vda BITT
i iaiflefinmaaaufasAde NORM e Excusive-ORariiu teaesdniithiuddygerecuanfa
yiamadannisulaudisuiuudauess

XM finilfuansanmenisdadia TXM==1" 11 FSX gawmefnaunsazgninvuali
haavinm Tuluuniidle DXR gninaadnazfinmsa¥radad Wiy Fsx madsazduanniian DX &1
TXM=0" 11 FSX azfianwauziuguwm iin TXM fazannsomitetonldlaanisand ST uaz
RTXM wiefidayrynndaaiin TXM Hlazdlu “o”

XF fifvfaniunsuaaianinzen Xk ddaedaluaasiwdinfidure i
XF fagansmienanidlannsld Ade SXF uas AXF viaemarinandnlatmsliinds LST1 fin

XF ilsinndtyqrofanasgnianlidu “1”

2616 UfiRnnIa
midadamitanusnzes TMS320026 fvunliEaamasinliues M) uax RiTan

(PRD) Haua 16 in Fausnaialug 220 dauneannfimmelusindna didyananfing Clock
]7n CLKOUT1

T fusefiRedygrodeahiaames TM uadiAanes PRD flazgniniiiAngean
FFEF) uazasanAauaeaniimsnaudyeyinifian aninanuniiaamesTiM uaz PRD fhaunsadi
arivanpr il lilaaldnrsllsunsumeulnsadmiu TIM ?‘ammm’uﬂwﬂmuﬁﬁaqmﬁuﬁ 2 nalinef
av@uiudign N X CLKOUT! o N=*1" Faawmef TIM HazanaauiisdniFiames PRD uazwiae
mmﬁﬁaqaﬁuﬁ 3 aziuriulagneanunnaludoulminefBumesing TINT azaiwdyanueanin

anaanant miwefduanmadluds o nmfwefimannsafiarinanddlu vl ldneldafaglu
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Faamef PRD mululafiadalivdsaniiondasuia o laluef uar Adun Iaamefaunsafiag
sfednulinelilaiavillofalafld feaunsnnmaddeyaldlnanissuianniaames Tiv
& uarflifinnsleunesunfinimannsoiiasin i TINT HRaadiaredoygafuse Swiaiaung
widiald Tngnaslddnds DINT qmilszasivialunadaanes PRD Aeldiuuiivesniouannadiieys

wazthinisldean TINT F3amed TIM uae PRD axgnldilullsunsunauiazneudyeyinisan TINT

4 PRD (16)
16
16 ]
\
Crystal
or Divide by | Clock A v A6 RS s Zero
External Four / Detect
Clock A
{16
GLKOUT1 Tint

H v
917 2-13 LABNIABIUNTNTBINIATARAUIAN

2.5.17 NMnunn WNAN131M199 ( Repeate Counter )

Ui iRanisinedgn ( RPTC ) azflursaniuauns 8 in Wefinasivandassrsata
N aziinaiianisidndAsmdadaliitgn N + 1 TagAfiaunsaimamdallda RPTK ( Repeat
Immediate ) uaTHaANENAINITNRIENTAY SAD 256 deyasing W RPTC Targninfuflnadtygu
-
TR

a ° ¥ [ -‘l’ «d ° y J a: o

ansuraeamainuuLLgn  full asfilfluArdaiifaiunisgos ( MAC / MACD ) nng
ndeudhadayaifluufan ( BLKD / BLKP ), msteudhadiayaszudna 170 (IN/OUT) uaznisaudien
#1914 ( TBLR / TBLW ) mdawmaniilunisvinaulaeninfudaaslduanelaiia uidldnaminenlu
Anwouzdn  ( REPEAT ) aviniannsavinaulilaelfifeslafiadas daatha iu Ardalunisany

< d": k2 - <A 1 37 k73 o [ ‘0’ - "i’ -‘ﬂ’ d.

aewlunmadndaadld 3 lafavizaunndn usidlinsineudneedn 4 Ml #ufiluais

d e R
annsonazinsgulilugn 4 ladfia
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2.5.18 Tuuamndasanaud

dlatinnminenlutmuamndaind TMS320026 azaglumazihifinnsulaauulas Tnasiaanns
° o -l 4‘ d' ° W a0 : d‘ J v & < « « s’i’ °
fndsiteeriailiresindsnnAviniuiess WiugUnsaiinuamndinedannd Sanunsnazm
nanszulalaanisldanda DLE Wi idyqrndasdlianmndulad Tneiidnanus HM gnian

iy “1”
mssnanivuamndanaiil wldlaanisldAda IDLE vielaenisani@ndtyeynilaasd
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=l
UNN 3

=) s ]
NOEIMIANA2289
Q

ananaa it dynnntussansiidaunn udyyinuden d’ryrmmm?@fua:tﬁﬂuﬂmﬁu
Tan Aauile vienswlsanlusegnmnl mentufhil gz usaiioriidenan vionand
Tadnthudtyoyoudeguinnu nﬁ?ﬂﬁﬁmtmml.umﬁ Tihlszunanaludnrnenisdszananadtyy i
Y Ve mstlsvananadtynoudasinioe ( Discrete Signal Processing ) lagtesldszuunns
ﬂ?:mﬂuamugﬂ?; 3.1 44 ANgU 2947 S/H Lﬂmwséuuﬂ:mﬁhﬁtyrmm‘l":’tﬁa'lﬁwqmﬂmmma“an
updnes nsulaafufanuEniidangdy sruumnlsananadynnidasududanges

szuuiagszningn A uas B Tnefidtygnnmqailifudnyn migniaaaduiomauds

fyaroudany
x() _[ FTULLTY l y()
—| LF [|S/H[A/D AD[—

i A u 8

917 3.1 smuumsiszananadiyoudguiinuiasldesnnlsranauadnyyoidasy

[l v v
aeinelafimunisuldsudygasdegiimsodudygroaduanii ludewsnsiasdinisdusinatng
fien Tepuilunnequsiaacialas i Widnygnaugoydadeyadadolu

) 1 1% ) [
e lisnanagusiaadnadigrtaaa £, = 2f wed ANt Fendn A miiuadas (
1 4
Nyquist Frequency ) UAzALILAN Tn=1/(2f) HiFendn 4nagusiaadaluelas (Interval )
TumaljiAdevaniaeaaues trngnisal ifudadu ( Nonlineariity ) finradiaaanms
o 1 - i o~ 1 ! \ i - (o -g 1
dusinadn inldanut unsguineting 2f, anndteanaiuadasiize fy, Il dauaziiann
NI URAY e ; . e
i laTuduiudnsnsanubidtinmeinwmaauueu B 01/l W 2,51, vde 5, vida 10f, 7 1
-t o Y s owr, o Y Yy a4
Framquintegusaetivees unuen thaiilddnsasdusedwdynuligniedisiedie
v v a ja e - - v A A ja e -
Facfen upum iR maesdyyiu vieyadnievil dygyinusiedivouanafuiRnuaas
vmsgasinedald foliluuneeiuieiiuladdyyiuivinnnlzanans . gnissunnsetiagn
v & . - ~ s -l o
Foe lumAusnussszuLlssnanaidafiimouas@ust  Avenainamaasiuanuien ( Low

Pass Filter ) Wifhwiarmuaunuansfufifaueesdynu duandug]
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A
Unn 4

‘v‘!@ﬂi“ (Fourier)

niisasdnsiansinssidyyndaseynaGefisannsminnliuaaedon
Wua Tmm:’lﬁaﬂ'luﬁ;ﬂmima‘ﬂuLﬂﬁtytmrugﬂﬂﬁ'u'lfnﬁ'\muﬂﬁuﬁw’hé’wﬁu siaanntiufiazdl
m?ﬁmmm?uﬂmvjG’*ﬂé’*?iv‘i'mu'luﬁnum:tﬁmﬁuuﬁq:’l’ﬁLﬂm:ﬁf’{ryty'\mﬁ‘lﬂu‘Jum'u HARWEATN
mamisvias Wiawnmdu (Spectrum) u?ﬂLmumﬁuﬁ'mmﬁrutquﬁqnﬁLﬂ?’\:ﬁﬁ'\'lﬁ%j’i']ﬁtutmm\iu

Usznpusinaanuiezlsting

4.1 aynsuyi3ad
P

Wrknyeyneu 1) udeurynnuiidng Madiuanumng T 3uh Faanunsndenlaiunesdoynno

f(t) unuldiFhaaynsuyFas nanfe

N N
flt) = a, + Z a, cos nwt + Z b, sin nwt (4.1)

n=1 n=1

e a, b, i lsrAnanaunsasmnddanannistteanail

T
a = 2T r f(t) cos nwidt (4.2)

n
-T/2

T
b = 2T f f(t) sin nwidt (4.3)
-T2

gle T duanunan uas w =2 f uasinen de Ae a, TeWiAaAevedtyyn f(t) utawaiu

v
T Anuanulsisatl

T
a, = 1T jz () ot (4.4)

-T/2

dindaing)

1.8 f) = f(-t) Warldu f@0) Lﬂuﬁqﬁ'furj azfinANdnRssaLaanila uazas iR
184 COSINE luauns (2.1)

2.0 f(y = -f(-0) Harfiu f(t) Fhuiarfua azifiasangfeameuns SINE wirthslugunas

2.1)
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3. 8 f(t+T/2) = f) luannag (2.1) ausngigamenanilata
A (EVEN HARMONICS)

4. 81 f(t+T/2) = -f(t) Tuauns (2.1) axdsngiemananiinila
A (ODD HARMONICS)

L8 ) d
4.2 unuANudAlisiaiiias (DISCRETE SPECTRUM)
aynaayFaslfumuiai@iduunea 1) Tnesazusadbiviussdlsznounenoudimanil
gouiuiiuuouanuiflisiedies InssuntsswsiszaangnimunlneAdNlsz@ns a, uaz b, vn

- - o X P v a Y . -
ﬂ’)'\&qulﬂuaqﬁﬂuﬂmﬂﬁﬂqquﬂwugqu’ﬂWl']ﬂu 1T lLﬂ:‘ﬂQQﬂ')'N“HﬂQﬂ'J']NﬂW'N"I URZLTENIT HUUR

N

51 4.1 unum R lisledles

Aaviunsdty ol

A

s 4

43~ Aretnalinuaseynsu (TYPICAL SERIES)
. 3 ¥ P Py - ° o S -

flauianuiionaasilsznavhiftaanadishe duausiuiinuuiauespuias

dl d; dl -3 * Q‘ 5 ° ar P - 4 - L dlo o e d'

anaaiToe deAnuligan (Aufsig dwithmafifug eRansauiiesanuiannuanion
naeniunisfinsiedeans

damasdnthilunnstszinanadyynadant Taaanwizlusinunis@eansiu aedndty

wsaensiinsiadeansie nastszudinlunislfuauanad (band with) lussuunsfinsiadesas dawanen

(A auovmasAnnsdazgasleruunisdeuarmsiudygainldatniUssdvinmuasdon s udn

¢

nael ﬁﬂﬁuﬁnungﬁﬂ?ﬂ'uﬁrgrmmﬁﬂmng'lu?:uum‘nh:mauaﬁryrmmt’ﬁqmmﬁvxmagﬂtmu lun

flazuampynendtyrynsanizildiunn

be

¢ v
avdilszneuaayFufdmiugUrdusinetelinsie wessansesinalasiil

1. aUARURRENANNNGT (SYMMETRICAL SQUARE WAVE)
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9171 4.2 UpPRULLLALINRS

4 ] v 1
Haean ) Reneomunmaouiy AeRovasiuiisaiiugud vidllinen DC
Anunuzwiniueud (3, = 0) uazinul f(t) = () [ Wiy uiinamnasiliianizvmante COSINE

] :l/ ' -t 1 ° 2 ar :l’
Winthd na19Ae b, = 0 dawen a, Anwanilsisall

T
a, = 2M f f(t) cos nwidt
-T2
ft) = -1 M -T2 TN -T/4
= 1 N -T/ATNT/A
=" amn - TATNTR2
) T - T T
a, = 2T{. f (-1)cosnwidt + r (1)cosnwidt + r (-1)cosnwidlt}
- ~TI4 ~T/4 ~T/4
Lo T T T
= 2T{1/nw jz cosnwidt + 1/nw f cosnwidt - 1/wn f cosnwidft}
¥ -T/4 ~T14 -T/4 .

2/nwT{sin nwT/4 - sin nwT/2 + sin nwT/4 + sin nwT/4 -sin nw1/2

]

+ sin nwT/4}

2/nwT {dsin nwT/4 - 2sin nwT/2} .

l

fasnwT = @ 0.7 = 2 Fnfusli
a, = 1/mn {4sinnT2-2sinn }
w  sinn =0 dlen=012.
iy a, = 4/ sinnl2

a = 4/ sin 2 = 42 a = 2/ sin =0

n
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a = 483 sin3 2 = 473 a =1/ sin2 =0

n n

f(1) = 4/ (coswt- 1/3 cos3wl + cos5wt...)

2, plpduAwAtwL hiaNLRS (ASYMMETRICAL SQUARE WAVE)

g1 4.3 gupduuLLbiguns

' 1 H v H v 1
Harfu ) g lr@ufinaanmsmnauaueu saiuredelsmunsadiugud inlimea a, = 0

WAz EeeRnN () = f(-1) azlfiman a, = 0 wABIEWIEWMEN b, IFesdUI

o
I

2T ’f f(t).sinnwidt

-T2

) = -1 9 -T2 N0

= 1 M OM TR
sl
) = 4/ [sinwt + 1/3sin3wt + 1/5sinSwt +..]

3. ppfusauwdtn (TRIANGULAR WAVE)
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51l 4.4 gUPRUANWMREN

qngudinaun azléidn

fit) = 841 ° (coswt+ 1/0cos3wt + 1/25cos5wt +...)

4. pUpAuuLIAN (SAWTOOTH WAVE)

ft)

iRl (0
S KA 7C

711 4.5 plARuTuLIMN

qngUdneuuassidn

fy = 24 (sinwt - 1/2sin2wt + 1/3sin3wt + ...)

4.4 g\lmaswand (COMPLEX FORM)
Fariu £ Hansadeuudae Binaseesmdng Sniauti Tz nnanyesdyeyugy
AR Faaiiin '
cosnwt = €™ +e™ 2

sinnwt = €™ +e™ )
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1 4

YNSUNLANYE cosnwt WAz sinnwt asluaynsntesyFas ezl

) = a,+ 0, a,d™ +e™p+ Y, b ™ +e™
1 n=1 -

a,+ 2 {(a,-jb)d™ 2 + (a,+jb,) €™ 12}

n=1

fvun i

C = 12(a,-jb,)
= 12 (a, +jb,)
c, = a, 1T

0

9
1l

1ne ¢_iflu Complex conjugate 184 C, ffun1sAtuanmen €, inlsilag

T
C = 1/Tj'2 f(t)[cosnwi - jsinnwi]dlt

n
-T/2

T
o g —— " f f(t)[cosnwt + jsinnwi]dlt

n
=772

T
C ' rUF f i), e™ dt

n
-1/2

.
O\ 2 T f fr). €™ ot

-n
-T/2

Tungaazls i

- T
f) = C,+ 2, C.d™+ > c.é™
n=l

1 = i c,e™

4.5 myulaafiFas (FOURIER TRANSFORM)
malirussaynsFafansofudgentdiugladuibidunuedradu gniadisien

(simple pulse) Tnens A usnavius
axudn ft) Aadudtydnsafduauazléion



39

fly = i c,e™

n=0o

T
e C o= 1T r ft). ™ dt

n
-T2

anRaulandndyononinduiadines) inlv

T—> 0 s w = 2T /T —>dw

ar

ANUU 1T = w27 —>dw/2

1 v H ] t
felundniu anfludledi n aaveynsaimGes nw asnaneidiu ndw Gefiadndiandu w e u

Pgasaamunednai (Sigma) aznanaithiaraamsngBuvisnia (Integral) faiu

Cn = dw/2 T 1‘(t).e*"”t dt

-

fit) = T dw/2 [T f(t).e™ dtje™

wosiegluedamunafioun] hunenuesaruliftvethadien it gw) Ty
. k7

gw) = T f(t).e™ dt

—0

4 g(w) FundimsudawFefuaaieiu ft) daluaunisues fit) aznanedu

fiy = 1/2717]1 g(w).e™ dw
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451 anusaldasesginasy (CONTINUOUS SPECTRUM)

Aynnauifidnyousduiadifien] aNsTaunUitENATINTBIANTSINT SuueTius

4

v o

o af d Il [ dl o oy a‘i’ o ¥ (Vs n} Yal .
YNULUBNRN g(w) N w HUNBNTAIANNTAINNNTOUNFININILSY Vrﬂﬁlmo'\mﬂnmmw'lmmomm

‘
-

4’ o v o - dl' dl [ P t % ar [ 4’ [y - ¥
diaamaen Tesseiudnaiunsdivesgdaduiitiuaunlvawneinbisedies Inaanusiudaynanu
t v v (R ]
flavegIndnumn Wtlnezdesdwssudnanaivi Ae 1/T azfidflugud dia T dlu oo
Tnevdliuda gw) umeupsnmdnd nsaunauasiaatnsmiwaasuunua g
waeftyryny fit) ;e gwyazulslmuauuas /gwy dhinuitdnewnigludas dw gnEanda
b 4 ] 1 v v ]
AunauauBia (SPECTRAL DENSITY) usidiaeann dw/2 Janfauthwile fafuiuives
1] L
Igw)ldw/2 AsiiAfenuunaed /gw)/ Suduuasndan (g
(AMPLITUDE DENSITY)
e « % .
452 m‘mﬂmﬂ‘L?ﬂﬁ'aaﬁ'mty’lm'lumaI.‘um(Dlscrete Fourier Transform)
- v 0 o o ay o o o PN 9 o | e R Y
Ay mamaluladl vinlitlaaiuiiirsesraniamefldiuatnwinia sauweg
g ° -~ ey a < < 1< o’ ] ° <
HimansAurunisulaayFeifaontsduineadhiflaniu meztgenuas@ananinliiinngda
rz o r/ ] d H ° [
T llsunsunisulasy F of iy SaTudgygrusiededanituasiosy Fafasasdinieg

(SAMPLING) Whiludtynunnunbisedisanwaimunasesusandialuldwonil

gas lumzuaaGefaasdoygnosiaitinds

G = T g(H.e® dt

gw) = T fit).e®' dt

FiaulasWiiunisulasGefresdygnnbieiieasd

N-1
G(u)=1/N D gix)e 2T

x=0

@i N Wusauumdls lumsudasiuyFafueedtyyrunlisiodss An

N-1

gix) = Y. G(u)e-27/n

x=0

sating andtyyndldsiediaalupidnaunac i N=4 Tae g (N=(2,3.4.4)

awnafuueadyusananAnnulianganisul s Fefuadygnuibisediade

3
G(O) =14 Y glx) = 1/4[g(0) +g(1) +g(2)+g(3)]

x=0



1/4[2+3+4+4]

3.25

grenisuamFefredyousodion

H(f) = T h(tle

h(t) = 127 T H(f) e dw

grenrulayGefredtynnuiiisetio

N-1
HK) =1NY. h(m)e2MN  ;k=0,1,2, ... N-1
m=0
N-1
h(m) = ) h(m) e 2N im=0,1,2, ., N1

m=0

a1N Sequence YEIRTUNITL h(m)=(2,34,4) Wi Spectrum qu’rytmm&uﬁﬂ N=4
3 3
Hk) =114y h(m)e =1/ 4 h(m)e
m=0 m=0

3
H(O) =1/4 h(m)

m=0

= 1/4 [ h(0) + h(1) + h(2) + h(3) ]
= 1/4 [2+3+4+4] = 3.25

3
H(1) =14 h(me

m=0

= 1/4 [n(0) e®+ h(1) e * + h(2) e + h(3) ™
= 1/4[2.1 43.(4) + 4.(-1) + 4 (])

= 1/4 [2-3]-4 + 4]]

= 1/4 [-2 +]]

3
"H@ =14 h(m)e™

m=0

= 1/4 [h(0) € + h(1) e *? + h(2) ™ + h(3) ™"
=14[21+3.¢-1)+4.(1)+4(-1)
=1/4[2-3+4-4]
=-0.25

§3m72

3
H@) =14 h(m)e

m=0

41
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4372 3T

= 1/4 [h(0) e® + h(1) e 2 + h(2) ™" + h(3) ™
=14{21+3.(j)+4.(-1)+4 ()]
=1/4[2+3j-4-4j]
=-1/4[2+],

Rzl Aunad Ae

/H()/ = 3.25

H = 141 (-2 + (11 = 5/4
H(@2) = 0.25/ = 0.25
IH@Y = 1141 (-2 + (1?1 = 5/4

453 msuﬂmﬂﬁﬂ‘a‘ﬂé’m‘%’q (Fast Fourier Transform)

fumeds Wie swunslunsdnunsefiidiidedond mauaniFefednada Andu
ot AT (JW. Cooley) U AT (JW. Tukey) Sal¥iaue¥luil ae. 1965 wAsaniwinlidams
Yiauiavaeis wilidsees A uas yAsslinesunddauien Nog N yifeandumuaks
Tunsgusainsanadhliie Niog,N win waRdnlsznsuilsideinlineaiansaniamsdiens
Fnuans DFT ¥lliine uazAnuandl it

mnﬁ’fn’iﬂ"v"imumuﬂmﬁqmmﬂa\ujL?ﬂ?'ﬁﬂu%’ua’rymﬂm‘lﬁﬁatﬁm Az&ang

Wrinasiidaufisdasduangn A megsnnuddindaindhussmeiisrruandon 1-2 wi
Muanninli@ananlumsdnonsslumsssassiiiuteunianandesinsdnsulamdes
ot WU N 1um 1024 90 dleld DFT acdfasgnuidnunuiBediou 1048576 usiideld FFT ez
(e 10240 windiu

<l -]

nvirdiafiudas iigrenisulaa@es Aa

~—-1
HK) = 1N hmw" >’ k = 0,1,...N-1

m=0

e

=e®™ oy j= J-1
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Lenght of DFT FFT
Transform Operations Operations
(N) (N%) NLOG,(N)
8 64 24

16 256 64

32 1024 160

64 4096 384

128 16384 896

256 65536 1024
512 262144 4096
1024 1048576 10240
2048 4194304 22528

A3 4-1 nFuWisuduIUNsRAN @ EausziN DFT iU FFT

AumRuazinAtiatesuaw Fufatnagalisil
1. amﬂuﬁmmm?uﬂawﬂﬁﬂ‘f (Motivation to search for an algorithum)
H(N/2+l) = H(N/2-) 1=1.2,...N2-1
Tae1 H(k) 1{lu Complex Conjugate 18 H(k)
2. mAtlAdmTLNNIRANTIATUIN (Key to Developing the algorithm)

_ n-1 n-2 1 0
m=m_2 +m_,2" +.+m2+m2

Tem, = 0vde 1 dav=01..n1 ltin=logN

Huaadeaig
_ n-1 n-2 1 0
k =k, 2" +k, 2" 4.4k, 2"+ 2

Tk, = 0vie 1 Wav=0,1,.,n-1 0t n=log,N

Musadeaiu
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F1sW h(m) 1 sequence asdinyiishwiniuaugusaildunu him) Tifhuaugnudy

131az g

n-1 n-2 T Al 0
h(m) = h(m_, 2" +m_,2" +..+m2'+m2")

= h(m_, +m_, +..+m+m,) (4.5)

INANNTA (2.5) a=1didn

1 1 1
S W™= 3 S h(m e m0 ) W 022
=0

m=0 m=0  m.=0

¢

siatinlungtin N=4 18 n =log,4 = 2 AWMANNITA (2) axifu

> > h(mmWE ™ =" (h(0,m0) WK™ + h(1m )W %)
m m mo

1 i
=" h(0mIWK™ + > h(1m )W
my=0

=0

=h(0,0) + h(0,1)W* + h(1,0)W™ + h(1,1) W™ (4.6)

v 1
fatiuannis (4.6) azloidn

3
>3 himmgWET =S hmw”
m m . =0

sihatianatizld g

" ¥ T - Yk
wenstl N=8 Whinugnudiswilunisefuneuuunsues FFT YuaAe

T

7
HK) = 18 Y, hmwW" Tagk=01..7 4.7)
=0
dlaw=e?"=¢'" wazisnl¥ m Jeuaglug binary Ae
m = m,2+m,2'+m2° (4.8)

INANNT (4.7) 101 8 ArURABAA s
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7
BHK) = D h(mw" (4.9)
=0

Fautasnaamnamnilanasdunis? 6 Wegluglusauguaes azléidn

11
8H(k) = Z Z z h(m, . m,m,) W K{4m2+2m14m0)
=3 20 D h(m,, mumy) W W+ W (4.10)

RINANNTIT (2.11)1371% Summation Tufigaihs M, ke

1
Mg = Z h(m, mm,) W
mz=0

usliieaenn W'=-1 uazunu k ﬁwmﬂgquﬂm@:‘lﬁ’f

1
P m [4m2+2m1+m0)
M, = z h(m,,mmy) (1),
m=0

m2{4k2+2k1]

uFLieeann (1) = 1, M, annsadendvaidu

1
M2 il z h ( m‘, : mzmo) (_1) m2[4m2+2m1+m0) (412)
my=0
pRFIN TERANNTSA (4.11) Whunasunusn m, Siae 0 way 1 SNTuANNNIN (4.13) azilsudsiih

v
NPAAD Ky, m, Uaz m st M, @endlviidu

1
M, = h(m,, mm) 1) " = b (kgm, mo) (4.13)
msz=0
' wnUANANNT (4.13) avluanunag (4.11)

1 1
BH(K) =Y > h (k. mmW* ™ W™ (4.14)
my=0 m=0
AT A TIBIANMIT (4.14) rdunFA iU M1 Tufe

1 . :
M, = z h, (k, . mmg )W*™
m=0

1
=" hy (K mmg () SO (4.15)
m=0

2T 24 4x2m1 _ 1

TRefaNaNNTgn (4.15) Tha WP = e 72 = uaznau ()

i M, deulalwsidu
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1
M, = h, (K, mm ) (4.16)

m=0

H ] v
ANANNTIA(4.16) WavinnsurlsAn M, (u 0 usz 1 fvumen M, azilusudseed k| k,

uwazm, JuABANNTT (4.16) Jananentii

M, =h, (k. m,my) (4.17)

unu (4.17) alu (4.13) a5

1
8H(K) = h, (k. mm,)W™

m=0

Tuiueadieaiu M, uas M, WaliM, ihinanieen seeda M, 1u An

1
Mo = Z h1 ( ko \ mz'mo )W(4k202k1+k0)

m=0

1
=" hy (K mymy )(14/4/2)“4 % (4.18)

m=0

wasminnsLlzAM, luudaaswdam Wharariiunes k, k, was k, Jusiasunusog

M, =h, (kg Kykg) (4.19)

v 1
FURINANNINA (4.11) szldmmauin

8H(K) =8H (k,.K,ky) =h, (k. Kykg) (4.20)

anduls@na 1.6) uaz () 142 Amailazifusinuss e? Thusanana@a (-1),(-J) uas
FHyv2 fhusn? 2.4 uazii 8 189 unity TasnazlE&ydmeniunusiag-

A, = dar=12..0ogN  (4.21)

Tnel A, aziipnuanTFAe
nmn A =w" w=e?™ (4.22a)
i A =-a) de r=12..0ogN.1=01,.2"

A=2" (4.22b)

(i) (AY? =-1 (4.22¢)
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anauns? (4.13) wandsuagluen azlidn

h, (k. mpmg) :Z h (m, .m,m,) Azko

m
o
UUAD

h, (K. mum,) = h, (0, m.mg)+h(1,mum)A"  (4.23)

ANNAIT (4.33) & astialaidhe 0 fidhu 1 azlddndn udazenlil 4 aums As

case‘?‘; 1k, =0 (4.243a)
h,(0,0.0) = h(0.0,0) + h(1,0,0) —*h,(0) =h(0) + h(4)
h,(0.0.1) = h(0.0,1) + h(1,0,1) —>h,(1) = h(1) +h(5)
h,(0,1,0) = h(0,1,0) + h(1,1,0) ~—*h,(2) =h(2) + h(6)
h,(0,1,1) =h(0,1,1) + h(1,1,1) —h,(3) =h(3) + h(7)

case 12k =1 (4.24b)
h,(1.0,0) = h(0,0.0) +A, h(1,0,0) —*h,(0) = h(0) - h(4)
h,(0,0,1) = h(0,0.1) + A,h(1,0,1) —*h,(1) = h(1) - h(5)
h,(0,1,0) = h(0,1,0) + A,n(1,1 .0) —*h,(2) =h(2) - h(6)
h,(0,1,1) =h(0,1,1) + Ah(1,1,1) —*h,(3) =h(3) -h(7)

annefi (4.16) Eiaunu () Faamex A, axlddn
h, (K, . Mymg ) =h, (ky . 0mg) +h, (K, . 1mg) A, “*

QINn"s FIXED AN kg, K, U&2iNswLls my Wusinsaarlenng 2 aunizecil A
case 1k Kk, = (0.0) _ (4.250)
h,(0.0.0) = h,(0,0,0) +h,(1,0.0—> h,(0) = h,(0) + h,(4)
h,(0,0,1) = h,(0,0,1) +h,(1,0,1) > h,(1) = h,(1) + h,(5)
case 2k k.= (0.1 (4.25b)
h,(1.0.0) = h,(0,0,0) +h,(1,1,0> h,(4) = h,(4) + h,(6)
h,(1.0.1) = h,(0.0,1) +h,(1,1,1)™>h,(5) = h,(5) + h,(7)
case 3 k. .k, = 1 (4.25¢)
h,(0.1,0) = h,(0,0,0) +h,(1 0,07 h,(2) = h,(0) - h,(2)
h,(0.1,1) = h,(0.0.1) +h,(1,0,1)™>h,(3) = h,(1) - ,(3)

case 4 K.k, = (1 1) (4.25d)
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h,(1,1,0) = h,(1,0,0) +h,(1,1.0) > h,(6) = h,(4) - Ah,(6)
h,(1,1,1) = h,(1.0,1) +h,(1,1,97—> h,(7) = h,(5) - Ah,(7)

QUNN9T (4.55.3) T (4.55.d) ({lunnsvin ITERATION adafi 2 dagiiit 1 Tnallvhvin ITERATION
A7 2 A Tuannnsi (2.21) Thies
Tuigaanns? (2.19) 127 FenAnaalsz@nd lumenwes A8 azlddn

hy (Ko ki) = hy (K Ki0) + 1 (kg g DA,

[4K2+2K1+KO]

Faarldn

case 1k,.k K= (0.0.0) (4.263a)
h,(0.0,0) = h,(0,0,0) +h,(0,0,1) '~ —* hy(0) = h,(0) + hy(1)

case 2 k,k k= (0.0.1) (4.26b)
h,(1,0.0) = h,(1,0,0) +Ah,(0,0,1) = hy(4) = h(4) + Aghy(1)

case 3K,k _k=1(0.1.0) (4.26¢)
h,(0,1,0) = h,(0,1,0) +A h,(0.1.1) ™ hy(2) = h,(2) + ASh,(3)

case 4 k .k _k=(0.1.1) (4.26d)
hy(1,1.0) = hy(1,1,0) +A h,(1.1,1) ~> hy(6) = h,(6) + A h(7)

case 5k k= (1.0.0) (4.262)

h,(0.0.1) = h,{0,0,0) +A,,(0,0,1) —* hy(1) = h,(0) - A.'h,(1)

aunsmAnI IAAITRUBIH(N/2+1)=H(N/2-1) 1Tuies RANNENANNTST (23) Hiflunavin

v 1 v H ]
iteration AN 3 ThuAe =3 Tuaunsh (17) Thies

uigeazlfin
h() = 8H(O)
hyd) = 8H(1)
h(2 = B8H(@)
h(6) = 8H()
h(1) = 8H(4)

U H(5).H(6) uazH(7) IdanaAnaaniinns COMPLEX CONJUGATE viFetidmuaniasnirin

8H(E) = hy5) = hyd)- Ah,(5)
8HB) = h3) = hy(2)- A%h,(3)
8H(7) = hy(7) = hy6)- AThy (D)

QINANNTT (20).(21) ez (23) a=180 Signal flow graph N=8 fia



ANANNIA (20).(21) ua (23) ax18idn Signal flow graph N=8 Ae

h(0) 411(0 2(0\ _h3(0)
h(1) i /h1(1\ 2(0\ 3(1)
h(2) 1(2)%2(0) 3(2)
h(3) 1(3). 2(0\ 3(3)
h(4) 1(4) h3(4)
h(5) 1(5)\/ 2(0)><\3(5)

VAN OCT

h(7)

& (him)} = {1,2,1,1,3.2,1,2} Wiv HK)

h(o) = 1 h1(0) = 4
h(1) =2 hi(1) = 4
h2) =1 h1(2) = 2
h(3) =1 h1(3) =3
h(4) = 3 h1(4) = -2
h(5) =2 h1(5) = 0
h(6) = 1 h1(6) = 0
h(7) =2

h1(7) = -1

h2(0) = 13

h2(0) = -

h2(0) = 2+

h2(0) = 2+

h2(0) = -1.293+j0.707 —>
h2(0) = -2.707-0.707 —>
h2(0) = -2.707+j0.707 —>
h2(0) = -1.293-0.707 —>

h3(6)

\m(7)/\h2(0>><h3(7)

-2

—

—

—_—

1/8H(0)
1/8H(4)
1/8H(2)
1/8H(6)
1/8H(1)
1/8H(5)
1/8H(3)
1/8H(7)

1/8—>H(0)
1/8—>H(4)
1/8—>H(2)
1/8—>H(6)
1/8—>H(1)
1/8—>H(5)
1/8—>H(3)
1/8—>H(7)
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Unn 5

n’nsﬁ’m’:muazn’\ea@nu.uumsa%‘n

5.1 NMTERNRUUNNENTALIS
Trssunendauaflildga DSK (Digital Sinal Processing Start Kit) 813150 Texas
Instruments nelutlssneaudae Wsiaiges DSP 1una 16 Tin wuu Andwessl vinewdaganad

40 MHz flgm A/D ,D/A unzgaLTansie RS-232

5.1.1 maidausia AD , D/A

medausie AD D/A T4 le?  AIC (Analog Interface Circuit) wef TLC 32040 fianw
anzavineadlldie AD uas DA Srnuazitn 14 Tn Shsumaids gegn 20 Khz nofisie
eMINAICTU  TMS 320026 Wunsfasia daya wwueynsu &y Balanda dgyoynnuduwm
gnnaen avdnfin IN+ v AIC azims wnaRawed Faanmnsounewnaldian
Wlsunsn udinns wlae AD udadedieyafiuaynsmeun DR uazpuAnnsdedioyadiae /FSR

mMadnasouanIsNgLIn 5.1

CLKouT MSTR CKL
FSX fFSX
DX DX
PROCESSOR  FSR PR icazes
TMS320C26 DR DR
CLKR i« SHIFT CLK
CLKX ———‘ .
BRDX 1 r » /RESET

21 5.1 uasnsiensinszndng TMS320C26 uas TLC32040

5.1.2 maidausia RS- 232

nedie RS-232 emsdudayaaniaiasnanfamesliéi TMS320C26 uazan TMS320C26
WiriesnanRames (PC-Host) mﬁ‘féq‘ﬁﬂuuammﬂ?mﬂﬂuﬂoLmﬂ‘? azdatLlsunsildnsuosimuLd
udn WhinnaEndAouuge DSK Taneluslinmaisef TMS320C26 axiltulsunsy Bootioader
dwiusefumsdedioys uashima ueam agnelu FufunsRnsenLgn DSK ne RS-232 dadd

mavidndtyeunou Fiom e DTR riewane wdadugnd BIO azGavinausasiudiaya uazdoyoin XF
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axhudtyounoudediasnaynauiiiasandiygnn XF aunsnnugaisiaanAdalnensg NV
svdtuuadusze TTL dhilumamnpsngiu Rs-232 ax14left 75188 usdnszauidtynoua1iled

75189 AMMFLIAAIIU RS-232 WUz AUUssU TTL

75189 75189 O 6

RS |+ ~—o<)—o<}————o 4

7
PROCESSOR B 75189 O rsem
TMS320C26 1810 l °<} O3 DB9

75188

1

2171 5.2 uananaiTansinszud N TMS320C26 wnziraslulpsraninmeimanamayny

5.1.3 natdasanafmaiinm
L
meaanuuunwemenndmilasutiRensassunantuniminuues FFT Tnendh

™S 32026 lBeenuunifianansofisednaeneauwedsls 16 wadn paLAld 16 T uasdl
dyrrosmaupmsinefdnedmnns 1S taz STRB F8LNIINIUIBINNIAILANKEAAMNIOL
dudisafunssamisnaradinsuanled 74HCT373 hinefnewiynuandiayamnn 8 in it
Wianmziawiwmidiaundnaziidieyagasaliidnan

163 74HCT138 i TATRAmmecamedn hnsasifideenuuuiinauiinefmmnuian 0 g
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HCT373

” /CE
AGA3 FAN ’
HCT138 —-|>o—

TMS320C26
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5.1.4 nTliansiantiiegAue
TMS320C26 dnunsadansiari EPROM uaz RAM Wilasildandtyoynising - Al
-16 151 uaAAIALTR (A0-A15)
-16 in mginia (DO-D15)
-/PS,/DS (Program,Data Space Select)
-R/W uaz /STRB
-READY
r-muL?fa'lum?L'h"\ﬁqmioﬂﬂfnuﬁ‘iﬂgn'ﬁﬂﬁmﬁ’mqﬂnﬂﬁumﬂmmfiﬁﬁLﬁﬂn'l‘ﬁ daantuniadi
amthnarudnsalinaTigenns TMS320C26 aranniiasynendlaglifianazaes (On Wait
State) Wmanduidnuannsdniaemtagnad i ddndesundoygannnin dthiie
Wianazaaeit TMS320C26 1&tyty1td READY ?:ﬁuﬂ’ryrmruﬁ";ﬁ fa:qnﬂ'\m'lu'ﬁwﬁamq:ﬂﬂﬂ
TMS320C26 IuivafisiFionmnhean s 2 wuy Ae Progran Space (64 Kword) UaT
Data Space (64 Kword) m?u.ﬂnuﬂ:‘a‘mdﬂthﬂmwuéqﬁmmﬁﬂﬁm’lﬁﬁmmﬂm /PS uaz /DS
Timing Diagram nsguuazifmianniuandeann Data Sheet itial Q Wusuan
goaiaan 1/4 Wateedtyoyinindng (CLKOUT1 uas CLKOUT2) uﬂ:Lﬁﬂqmnﬁtutmmmﬂmﬁ'l‘ﬁ'lu

svunnfh 40 MHz TiuAe Q=25nS

faameauwamsaiadusia il

1. mem& CLKOUTT ussiudynnasndnies wanmsariauazdoanidaniianes
e nduuL ALV (PS vida DS) Tigndiesazesninuas RW aufusindyqngaiousn
draglugannisanu :

2. /STRB qztﬂu?:ﬁué_’_tytuﬁmﬁ'ﬁ'lu‘ﬁw‘lﬁLﬁu tsu(A) = Q-12nS mﬂuﬁqmnﬁuﬂmmmﬁaﬁqn
FBe0enNT o '

3. uﬁqmn*fi'ﬂfmﬂ“?:\ﬂﬁiLﬁ%‘?iamﬁnvjtmmﬁuww READY qzqneﬁuﬁum doil READY fiavaq’
anm=1¥ (sxRudtynnigaviesn) ¥ TMS320C26 'l:Jmu‘lﬂﬁdq t(SLR)=Q-20nS M N7l /STRB
waeuiussFudtyos

4. m3libhanazmast (READY sziuidtynyin) iﬂgﬂﬁﬂdﬂﬂﬂguwwiﬁ1ﬂndw £(SC)= t(A)-
t,(A) = 2Q-23nS viiean? /STRB wlatudusatdyqnousin
faansiaieu
adumansnfietnis@aumilauiiuiugdaanisa swfuanizing mri}m?niﬁﬁ

1. RIW Q:Lﬂ&;ﬂuxﬂw:ﬁuﬁtytyﬂmﬁ’ﬁLﬁ'ﬂu'and'\Lﬂwﬂoqm?ﬁﬂu

Ud - x -~ »r : : ar Ql
2. tiadioynaziistuszannuaaideniuium /STRB widsnuthiszsiudoygyosi
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3 mdeann /STR3 wWasudhssiudynnngs asiaasdnganazBuiunudgalidling

t,(D)=Q+15nS

CLKOUT1

CLKOUT2

AD-A15,
Ds

STRB

MEMSEL

SRAM
DO-D1S

READY

CLKOUTY

CLKOUT2

AD-A15,

STRB

MEMSEL

SRAM
DO-D15

READY

READ CYCLE

WRITE CYCLE

AW g\ PR/
A AV Vs iy /4

XX
N\

AX
1L/
N/
4

(G

e N

9107 5.4 waadlmiAnIIATRINNTEUIAT dIBLTiRNA
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|. 3 o I's
5.2 N1FRANKULNEATULANNUIS
N1988NUULNINE MuganNy wIfTuarunsoutveentifu 2 advde saviuwafuululas

ARNAEaFuazIaN I FLLLIDS AT s NaHAN AR

5.2.1 mssanwuuganyiwafuuaiaslilasaauiamad
1. meaninanlvddayalilds DSK wgasfinuain
iy DSK efnuedn Lﬁﬂﬁﬁ’rytmm DTR Ayt msalUsiaaiged
TMS 326026 udasvinEndAatsuns Bootioader Aelusunsuiposiunsiudoyadl anainanen

fumaums snivan iaidunausiagl 5.5

Baud Detect Word azgnadluiiielf DSK wesfauein fAwmadiuanmminidiiuwils Wnerwunlida

fiasyn MSB saatilu 1158 1xoo000x

Status Word funaniz i DSK Lesnauesn

Interrupt Word fiTuum interrupt mask register waziualANATINININEAINAY
Program Length fivuaaNenalusungy

Program Word Hayatulsunsuiazsstnerivmnliflusianeton

CHECK SUM iagafmmunATLANAIIUASEAN check sum ot

ndleoaTidFgNHa AMTIRaLNELIMA TR azifhy FFH
SYNCHRONIZAION  #1dtyounaimeundiisndn CHECK SUM Qnsies PC-HOST
qzm-ﬁ’aqﬂmﬂunﬁﬁlﬂﬁnﬂ%ﬁwﬂ"w 00
Lﬂunﬁiéuqmmi‘mqu'Tuamﬂ%qﬁ 18 Bumsanmvanalwsle DSK_CoMM.DSK e ldRnsiariy
DSK
wafinefaldRiARe A nsaiRnea s insedesyalu Aunitiefivissridiiiald
neanivandeyaneud 2 dumsamivaningde FFT 2unn 256 e FFT256.08K 1
s uﬂawnuuz"';tﬂm’fﬂuuﬂgm 16 TupluasrnasieliansodsaentUldviuvisiasiinnanen

siauazdntiayaunsaAtdeasly WA DSK faviauacsinathadiagn 5.6
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DTR=0

LOAD
DSK_COMM

LOAD FFT
PROGRAM

L2l SN

le—

GET DATA FROM DSK

PLOT DATA

REQUEST
NEW DATA

gﬂ*?i 5.5 wasaansannilvanindnd TMS320C26
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BAUD DETECT WORD

STATUS WORD

INTERRUPT WORD

PROGRAM LENGTH

PROGRAM WORD 1 LOW

PROGRAM WORD 1 HIGH

PROGRAM WORD 2 LOW

PROGRAM WORD 2 HIGH

REPEAT

CHECK SUM LOW

. CHECK SUM HIGH

SYNCHRO DUMMY

g1 5.6 uanansdnGentaya

v < Y
2. meeanuuulUsunsuiudidayauasudnauuiATaipenianas

o

qmqﬂ?sz-fm?ﬂﬂﬂLLuu‘Eﬂmm‘uuuLﬂ‘ﬁ':mﬂﬂuﬁqLmﬂ?'ﬁmv'v"ﬂ'lﬁmu'\m

1. annsodninaninddiayaliiia DSK wasinwefaudavinnis@ndAatusunsunisyinnu

2. aursaiudiesaitld DSK weffnwada nansiuaudSanaenaisimedadiogs

3. ganson@eansuazAinuniAt dnsasneiesnsmidoyaasiddoyaaniniai
e entamusuuuansudaannsatenddumisuunsmiusaunuiuassuneld
nldidviunis@oude Borland Delphi 2.0
nedeumaingUszacd 1 fe unsdedioyal DSK wenwesalaaiiisunsu Bootioader 184
TMS320C26 sefufipsidunausil

1. Waunsafida v TMS320C26 Tusunsausniie DSK_COMM.DSK (diatuantisunssiiudn
AawanlUsunsufi FFT.DSK
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3. meSutayaciu RS-232
Sundiayafidgelunasnoynsn RS-232 Huun 8 TndioyalifinBiuas 2 Inafieniineds
dhumen Weinsteveteynuniaansfeedeyaitsdimedadiogaiiennisdediays OFFH sanll
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aynazgnaadiayaasgnaadnanmuaviamsy

4. NMSNTRANTIN
€ 3 ] o v Aﬂl -l
m?wmmnmﬂq:Lﬂuﬂumﬂumﬂmnma‘m'umﬁﬂmﬂmmwaLuawmmﬂwu‘[ﬂmn?uLﬂuuuu

00P ynltianunsoninaen w1416 penlU 43 Graph 1 fvualditiuung -40 T 40 ¥a
unu xuas y nendanns e event lineto (x.y) Tasrnviualiiunu x Fhuunuenad wasuny y
WNUILNR MInRanAn xy e real type YinldanunsnivualtinemiasAmauny x ldvany
A fheginati Wt x N8N 80 MsdeeduIgeTiRRNmEen 256 9alRAdTunnaRTIing

seausiazqagauen y AldFuazanasaadudataiumiwms x
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5.2.2 gannuasludiuaas TMS320C26
A wiuganyiuaflugouaay  TMS320C26 HAsifitusinen e usALNUAIaIMINeL ST AN

TMS320C26 Tmuutimndnusanislsznauasiiasvinnisiudeyadtynruminesannlediyie

( TLC32040 ) Fededmynyrnuddneardinunuuusynsuussid gy rounisitzinneiaes

v

TMS320026 Tneitisunsuasinnsivdiosmidinanuiulihunieanudtnsuetid Tnalusunsuazsi
a 2" $rm ar a 5 ° [ -ll dl' °

Twuslunnsiudieyatilag 1 4Bumeiimt antiussinnsdamnnunuauanteesdygraudisAmnan

° H ° z 1 = o ar o
faudafiazinnsdediayanidannisdunanluanmauueiadlulasasufiamed duandlud

< START >

y

INITIALIZE SAMPLE
FREQ & INTERRUPT
MASK

nsvinegagLn 5.7

»

4

INITIALIZE FFT
PARAMETERS

y

COMPUTE FFT

y

IN PLACE BIT
REVERSAL

>

1/0 BUFFER
No

TRANSFER DATA

U7 5.7 wansfanisvina e lusunsauu TMS320C26
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angUlil 5.7 Humannsinauazifuse]

1: YnmsfernaaSaresnedudtunyunasla. TLC32040 uasvinnerivunnisldanises
MsBume i 7 SluiiiBumeSwinnsiuddoyaeynanecednadion

2. FmesmarpaasBentuneuanasnsosuansldFue 64,128.246.512 qn
Wlulsanifld 256 qn InganidanuasBanueansiuan s aniaanuan luneAtuan
swndesing 7 WiiulihiFRames
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Reversal ) fafurisufiazvinnsmsdadiosnaedniiluiiassowinmsinefasiumiadenaudeasyinnis
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710098 50 U vy T U mauld
5. yinmssaaunddioyagaludazidianausinrieuudRdeinluiumeudaly
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6. Watayadinausinudafiasinnsdedeyatuliusnumniuriaclilasneniomed uaz

Wiadsdiaynaunsufazndulivinenlude 2

navinuaaslilsunsuuinmsaumedininisiudayaaynsi ( RINT INTERRUPT SERVICE
ROUTINE FLOW DIAGRAM )
1. 431N 5.8 Hefianstumeiulsunsuasihneiuruedanmefanm 1y

2. ynmsmsaaginfudiayadinanausnviedudsinudalildruediames AR7 Widu o
uFaRinnsAuATTAamaTanusus AN

3. thifeyadalaitia Whinnnsteugihernaan DRR ( Serial Port Data Receive Register ) lalifiu
Phanbeanudmaiiaanes ARG day

4. @susumiviedaames ARG
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< INT RECIEVED>

4

DISABLE INTERRUPT
SAVE CONTEXT

<+———Yes

No

v

INPUT NEW DATA

4

INCREMENT BUFFER
POINTER

y

ENABLE INTERRUPT

RESTORE CONTEXT
L
C RETURN >

917 5.8 damisinanueeslusunsuiEnistumefiwinsiudieyaeyns
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mavnusasidsunsuduanhaniGes
FnnavhayFesildlulusunsailfie Complex radix-2 decimation in frequency FFT Aaaciigl

wuusenmnasWaie ( Butterfly ) mugLii 5.9

X,® > X(K)

X, (k) 1 v W{N X(k+N/2)

g‘lJﬁ 5.9 uananmwainansune Complex radix-2 decimation in frequency FFT
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RTUILUVEN Stage Wil log,256=8 Stages
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{IUSUTBIMTLANNNABNINGN CADD = N log,N

CADD = 256 log,256 = 2048 ﬂ%‘"\)

URzANIBIARRAUNNRaT Twiddle Factor ) sa@unsamliann

Wn o e-zrlt/N

N
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0. Raawaf ART uas AR2 vimhidhsntlumihsanudntudousaaiinev
At Ramed AR3 duihdmwniwesivindauamesd uas 3aames AR4 usariy
ATBNIMEDTHATE

3. ArnulvidauasaTmmaiianeviaiu AR1+(2*AR0)

4. perapdrAhiFaames AR4 fAviniy guiviFelliflunansiaginlusunsavinnng
AnnnineiansasediinATLuas 33anes AR4 aztvinfusuel

5. thFaawes AR4 whﬁuquffuﬁqﬁﬁﬁusia'ld@:ﬁﬂn'mﬂgﬂum‘lu?ﬁaLmﬂa‘ ARO g
W ARO= ARO+ARO wuniividviaiten

6. meaandnAhiFdame ARO ﬁﬂ"\whﬁuquﬁu?ﬂ‘lﬂﬁﬂLﬁﬁﬁﬂ@uﬁﬁq:tﬂ?qéun'\?
Fmunnhay@ef widbivhiugudiasndulivinentudedt 3 8n

7. lunscifiriaawmes AR Tlyifugududatisunsuazaneues AR4 sanluwiniy
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antiliATRaRmeF ARS = 1+AR0 thinsuanuuuilviinesoea
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nafsan

9. mrraginA hBAIneT ARS winilgusival

10. tAnhBaawmed ARS drllyiniugulliiansgueniidanimeiianeiisn
UOMINAAUNARDT

11. dpArsumistemindauamefuassnumbinnmmaiansluduazndulyl
Aunammaanslude 8
12, withAThBAames ARS SimuiiuguiidaiiEsunlenimefiaoua:
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C FFT START )

ARO=FFT_S/2

AR1=AR2=D_base
AR3=T_base
AR4=FFT_S/2

v
TOP=AR1+2*AR0

Yes

v
ARO >> 1

ARO0=07

Yes
b 4

( FFT DONE )

=
i

Fix 1st TW addr

}

ARS=1
(DFT COUNTER)

No——»

le
<

AR5=ARS5*BR0O+AR0

New Twiddie
Top and Bottom
Data Address

1

Calculate Butterfly
Top&Bottom

add and sub

Multiply Twiddle

Yes

Twiddie addr
reinitialized
Modify Bot Pointer

h

No——»

717t 5.10 wanslaszunsumavinaueansAnuauayFes
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NMINAABAIURTUANITNARE

monasey  IAAIMIFIMSAIUIN FFT
Sanuszasd  Wamnanlumsinau FFT 1nasie 4 Lulezes DSP ueia
BngnAses 1. ARdRIANIANTL Board DSP

2.4 anadalaslrdundoyoyin D4 7 wedn #0

3. aTnaaWd FFT guefn DSP nenfintilszunsi OUT PORT ¥inWiteadammunss
d' o o O o ° 2 el o -d' © o O k74 g d' o <
FindainmsAan uasinlueadisunsirndvinsdedisyatuinmnietedlitasnoniomed

TnaAndiRudn e iddwinasinuuayFeiae

larp ARO
Ik ARO0,00
out *.00

°

wasilsunsai Lﬁ'uL'ix"\‘lﬂﬂmzw‘?‘im’ﬁaqﬂﬁﬂ']uomm?@uﬁ':’n"u‘lﬂ-?;Lﬂ‘?‘lm‘luTmﬂﬂuﬂmmaﬁa
larp ARO
Irik ARO,Oxffff
out *,00 .

4. SUALANTUTINNANNTNAREN

L]

o= : Storage Oscilloscope

I
J—
—

g -

IBM Compatibl ™. *

AF Spectrum
Analyzer
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HANNTNARBY
FFT e g
64 9n 4 mS
128 90 8.12mS
256 90 16.5mS |
51290 33mS

#51NaN15NARDY
nwigulianesadalaalay Aa welinisGudanuaclieviwnwesatu 0000H uaziile
W FFT wialiewiwn waf FFFFH aunaiiusssiuiugueinadaanainlunisAannuiivanu
© i z i I} -, o -~
aziBumueansvin FET 1an e lseanniu nsnaiifildaulugldannnsdumeiwilunisiudie
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afwiudinyauaznmeiuanmhay G duusannsaiunmnuaniiwiaialunisanuanliie
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dmiuns i lunsBumeiniiudeyaiussuznasin 4 azldvindy asiiuagjifudinnus:
BaalunisAuaninfiuvinlsuasinngunussasarlunisinnsdumeswinieniaaavindunan
nualunsBumaiwiFLdieys
NTATUINY

o

] ] v
Adan M luntsmauauaIN1BUnaTWYIRIANT

b RINT (300nS)
sstl  STAT1 (100nS)
larp AR7 (100nS)
banz more_buf,*- ARG (300nS)
lark AR7,0 (100nS)
Ist1 STAT1 (100nS)
ret (300nS)
more_buf
sacl ACCU_lo (100nS)
sach  ACCU_hi (100nS)
zah * (100nS)
sach DXR (100nS)
lac DRR . (100nS)

bit TEMPX,15 (100nS)



bbz  NO_NVRT (300nS)
neg (100nS)
NO_NVRT
sacl "+ (100nS)
lac TEMPX (100nS)
xork 1 (200nS)
sacl TEMPX (100nS)
zalh  ACCU_hi (100nS)
adds ACCU_lo (100nS)
Ist1 STAT1 (100nS)
eint (100nS)
ret (300nS)

aziiuaaealun e 1 pfeadldinaszinn
t,, = (3000nS*n)+500nS
hefdnes n AduasmasasBea duneAunng
Fathusaanronauna lunsdunnmayGdldAe

finuaziBun 64 90

allunNsAMan = 4mS-{(3000nS*64)+500nS]
=3.8075 mS

firuazidun 128 an

e lunsAI0L = 8.12mS-{(3000nS*128)+500nS]
=7.7355 mS

finuaziBen 256 90

L'm'lﬁ'l'ii‘lun'l?ﬂ"']mm = 16.5mS-[(3000nS*256)+500nS]
=15.7315mS$

finruazidun 512 ém

mm*?‘i'l"ﬂun’nﬁ’umm = 33mS-[(3000nS*512)+500nS]
=31.4635mS
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Pragram Spectrum Analyzer

YES set 1 ;

NO set 0 :

FFT_S .set 256 ;

FFT_S-1 .set 255

FFT_S/2 .set 128

(FFT_S/2)-1 .set 127

AIC_1 .set 0x0C18 ;TB=TA =6 0000110000011000=0x0C18
AIC_2 .set  0x0205 ;TA'=TA'=1  0000001000000101=0x0205
AIC_3 .set  Ox264e ;RB =TB =0x13 0010011001001110=0x264c
AIC_CMD .set  0x0003 ; COMMAND  0000000000000011=0x0083
BCMD .set OxFA10 ;JUMP CMD

BXMIT .set  OxFA12 ;JUMP XMIT

BXMIT16 .set - OxFA14 ;JUMP XMIT16

BRECV .set OxFA16 ;JUMP RECV

BRECV16 .set  OxFA18 ;JUMP RECV16

BCXMIT .set OxFA1A ;JUMP CXMIT

STAT1 .set Ox72

ACCU_lo .set Ox78

ACCU_hi .set Ox79

REAL .set Ox7a ;

IMAG set Ox7b ;

TEMPX .set Ox7c

AUXO .set 0Ox7d

AUX1 .set Ox7e

; SECONDARY VECTOR TABLE LOACTED IN B0 PROGRAM RAM




W W W W W

Jinclude "mmregs.asm” ; > USERCODE SHOULD NOT OVERWRITE DSKD <

.ps 0OxfaC0 ;

start
start
start
start

start

.ps 0Ofa0ah

B RINT

eint

ret

> VECTORS. ON LOAD, INT2 IS RESTORED <
;RS > BY DSKD, BUT TRAP IS NOT <
;INTO

;INT1

;INTZ2 > DSKD LOAD IGNORES INT2 VECTOR
TINT

;RINT Branch to receive interrupt routine

XINT XINT is only for timing, so just retum

; Begin TRAP/DSKD Kernal ;DSKD load does not restore this code!

;  APPLICATION CODE IS LOCATED ABOVE DSKD KERNAL

.ps  0xFBOO ;
.entry ;
start:  sxf
SSXM
sovm ; catch accumulator overflows
ldpk 0 ; All direct addressing is to MMRs and B2
fort 0 ; Serial port : 16 bit
rexm ; ext. FSX
sfsm ; ; burst mode
lack  0x80 ; AlC reset by pulsing /BR (Global Data)
sach DXR ; send 0 to DXR (AIC)
sacl GREG ; 256 * 100 nS /BR puise
Ik ARO,0xFFFF :
mtk 255 ; read junk from address OxFFFF
lac *,0,AR0 ;
conf 1 ; B1,B3 as DRAM fif direct bootload



4 [

; Load each AIC configuration word

; and load it into the AIC

; where INTO indicates EOC (End Of Conv)

; start FFT with ARO=FFTSize
; AR1 is the TOP BFLY address
 AR2 is the BOT BFLY address
AR3 is the TWiddle pointer
; AR4 counts DFT blocks

; complete circular buffer for TW's
; set up DFT loop with *BRO+/BANZ

; using 1 cuts *"BRO+ loop in half!

AIC_RSlack  0x20 ; Turn on XINT
sacl IMR ;
idle ;
lalk AIC_1
call AIC_2nd
falk AlIC_2 ;
call AIC_2nd ;
lalk AIC_3 ;
call AlIC_2nd :
lalk AIC_CMD )
call AIC_2nd :
lark AR7.0 ; Buffer initialy filled
lack  0x10 ; AIC RINT
sacl IMR
lark AR7,0 ; Buffer initialy filled
FFT: Ik ARO,FFT_S/2 ;
lartp ARO
new_stg Ik AR1,_D_base
frik AR2,_D_base
ik AR3,_T_base+1
Irlk AR4,FFT_S/2
b n_DFT2,* AR1 ;
DFT: mar  *BRO+,AR5
lark ARS5,1
mar  "BRO+,AR1
i AR1=Top AR2=Bottom AR3=Twiddle
BFLY: lac *14,AR2 ;(imag1+imag2)/4
add  */14,AR1 ;



sach *+1,AR2

sub 15

sach *+,1,AR1

lac - *14,AR2

add *,14,AR1

sach *+,1,AR2

sub 15

sach */1,AR5

banz OK,*BR0+,AR3

mar  *+AR2

mar  *+

mar  *0+

mar  *0+,ARt
n_DFT2: mar '_*0+

mar *0+,AR4

banz DFT,*0-,AR3

larp ARO

mar  *BRO+

banz new_stg,”

b endFFT
OK It *-,AR2

mpy "

itp *+,AR3

mpy *

its *+,AR2

mpy * ,

sach *-,1,AR2

Iitp *AR3

mpy *BR0+,AR2

apac

sach *+,1,AR2

;store TOP imag
;(imag1-imag2)/2
;store BOT imag
i(real1+real2)/4
;store TOP real
i(real1-real2)/2
;store BOT real

;If at DFT end quit early

;Clean up TW base (xxx0000+1)
;modify BOTom DATA pointer
;modify the TOP pointer

;dec DFT block count AR4 by OFFset
;if OFFset was 1, now cleared

!

;TREG=TWR  *NOTE* Twiddies are Q15
PREG=REAL*TWR
JTREG=IMAG ACCU=REAL*TWR

;PREG=IMAG*TWI AR2=R AR3=|
JTREG=TWI  ACCU=REAL*TWR-IMAG*TWI
;PREG=REAL"TWI

et

;TREG=IMAG ACCU=REAL*TWI
;PREG=IMAG*TWR
; ACCU=IMAG*TWR+REAL*TWI *

g



b BFLY,*+,AR1 ; ;

endFFT: lafp  AR2 ;Transform REAL & IMAG to log magnitude
Irik AR2,_D_base JAR3=FFT data pointer
Ik AR3,FFT_S-1 ;ARS=FFT loop counter
Irlk ARO,FFT_S

; WINDOW: Performs post FFT raised cosine windowing! ;

; This is done by using the frequency coefficients of the :

; window in a convolution filter of the spectrum. ;

:mar
more_MAG
mar
lac
subh
add
sach
mar
mar
lac
subh
add
sach
sqgra
Itp
mpy
apac
addk
lark
rptk
norm

larp

*BRO+

*BRO-
*BR0O+,15

*BRO+

*BR0-,15
IMAG

%

*BRO-
*BRO+,15
*BRO+
*BR0-,15,AR1
REAL
IMAG
REAL
REAL

0x1
AR1,22

31

AR2

; don't start at DC

i -IMAG[-1] 1-COS(nwt/N) + 1
i IMAG[-0] filter by post |
7 +IMAG[+1] convolution <—++-+-->

7 IMAG ++-5

7 REAL

; -REAL[-1]

i REAL[-0] X[-1] -2*X[0] + X[1]
i +REAL[+1]

i REAL

.
'

;IMAG & REAL can be at most Ox7fff Q15

;MPY will result (at most) in max positive
;output is positive Q30

:Set up a floor value; log(0) not legal!
;pre-scaling exponent shifts Y axis



mar  *BRO- | -REAL;dump log(f) into oldest REAL (odd addr)
sach *2 ;clr explicit 1.0 and sign bit from mant
zals ¢ ;load into ACCU_lo
sar AR1.* ;then append exponent (AR1)
addh * ;
rptk 10 ;jam result into ACCU_hi
sfl JIf needed, Use ADDH to saturate overflow
; sach " ;
; addh * ;

sach * ;
lac *
andk  Oxfffc,0 7
sacl  *BRO+ ; REAL
mar  *- ; IMAG
mar  *BR0+,AR3 s HIMAG
banz ‘more_MAG,*-,AR2 ;keep going until all done

BITREV: Ik ARQ,FFT_S ;Now perform Qutput bit reversal
Irik AR1,_D_base ;by moving the magnitude, which
Ik AR2,_D_base+1 Jis'in the REAL slots, into the
Ik AR3,FFT_S-1 ;IMAG slots of the FFT data grray

more_BR
lac *+ ;load the magnitude
mar  *+AR1 :
sacl  *BR0+,0,AR3 ;move it to an open IMAG slot,
banz more_BR,*-,AR2 ;more data to move?

MOVE_IO
larp  AR7 swait until buffer is full
banz MOVE_IO,*AR2 J{(ART is decremented by ISR)
Irlk AR3,_D_base JAR3=FFT data pointer
Ik AR4,_B_base JAR4=BUFF data pointer



;ARS5=FFT loop counter
AR6=ISR BUFF data pointer
JAR7=ISR BUFF loop counter

:Get A/D value from buffer

ACCU= log magnitude (from even address)

; BUFF clear so enable INT's

iRecover ARP from ARB by LST1 last
ARG = current buffer position

;if buffer is full RET w/o EINT

Ik ARS,FFT_S-1
Irlk ARG6,_B_base
Ik AR7,FFT_S-1
dint
zac
call DAT2HOST
larp AR2
more_lO
lar AR2,* AR3
lac *,0,AR4
sacl  *+,0,AR3 ;
rptk 7
sfr
ork 1
call DAT2HOST
larp AR3
zac "
sach. *+,0 ;IMAG=0
sar AR2,*+ AR5 :
banz  more_lO,* AR4 ;
eint
b FFT :
RINT: sst1 STAT1
larp AR7
banz  more_buf,*- ARG
lark  AR7,0 ;
Ist1 STAT1 ;

ret



more_buf

;Use NORM start val to adj Y offset

;post log convert scaling ajsts magnitude

JInverting every other input aliases the

;frequency domain, swapping OC and Nyquist!

;<<< store DRR, and point to next

;set ACCU_hi = 3 for secondary XMIT

ACCU_hi requests 2nd XMIT

/ACCU_lo sets up registers

;close command with LSB = 00

sacl ACCU_lo
sach  ACCU_hi
zath * ;Get value
sach DXR :
lac DRR ;
bit TEMPX,15
bbz NO_NVRT
neg ;

NO_NVRT ;
sacl  *+
lac TEMPX ¢
xork 1 ;
sacl  TEMPX ;
zalh  ACCU_hi ;
adds ACCU_lo :
Ist1 STAT1 ;
eint ;
ret

AIC_2nd adlk 6,15

idle ;Wait for a XINT

sach DXR ;
idle
sacl DXR ;
idle
sacl DXR,2
idle ;
eint ;
ret

DAT2HOST



sacl  ACCU_lo
sach  ACCU_hi
sar ARO0,AUXO
sar AR1,AUX1

call BXMIT
zals ACCU_lo
addh ACCU_hi

lar ARO0,AUX0
lar AR1,AUX1

ret

Jistoff ;
.ds 0x400

.include "dsk_twid.asm"
Jiston

.end

;NOTE: Twiddles are relocated to
;0x400 (B2) using CONF 1
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: MMREGS.ASM
TMS320Cxx DSP Applications :

; Contains a list of commonly used values

DRR .set 0

DXR  .set 1
TIM .set 2
PRD set 3
IMR .set 4
GREG  .set 5

B2.D .set 060h

BOD  .set 0200h

B1.D .set 0400h

B4.D set 08000

B3.D  .set 0600h

BO_P  .set OFAQCh

B1 P .set OFCO0h

B3_P  .set OFEQOh

": use a comment to end .include files ending with .set

. to avoid an ERROR. Also, comment must start in column 2
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b CMD FAT0 JUMP table to KLKRNL routines
b XMIT ;FA12
b XMIT16 - FA14
b RECV ;FA16
b RECV16 ;FA18
b CXMIT FA1A
b XMIT1 ;FAIC
KLKRNL: dint
sxf Jnitialize line
Idok 0
conf 1
zac
sacl IMR ,;
lac BITLEN,1 2 X
add BITLEN 3 x
sfr 1.5 x
subk 7 ;best BITLEN skew
sacl BITLEN ;Store adjusted BITLEN
sxf

CMD  call RECV,*,ARO .get 8 bit CMD from host

bz CMD

subk 1 ;

bz W_PS ;1 = write program space
subk 1 ;

bz R_PS ;2 = read program space
subk 1

bz W_DS ;3 = write data space
subk 1 :

bz R_DS .4 = read data space

subk 1 ;



bnz CMD .5 = Execute program at next word

call RECV16
lac WORD16
bacc

W_PS call KRNL

W_PS2 call RECV16 .copy length words to PS
sacl WORD
lac PADDR /ACCU=src address
tblw  WORD
addk 1
sacl PADDR 5
larp AR3

banz  W_PS2,*-AR2
b CMD

R_PS call KRNL
R_PS2 lac PADDR i

tblr TEMP

addk 1

sacl PADDR

lac TEMP

call XMIT16 ;
larp AR3

banz R_PS2,*-AR2  :next word
b CMD ;

» W_DS & R_DS are used to access data memory

K === ==

WS call KRNL ;
W_DS2 call RECV16 ;build data word



larp AR2
sacl *+,0,AR3 swrite the word  <<< missing shifti!!
banz  W_DS2,*- AR2 ;
b CMD :

R.DS call KRNL

R_DS2 larp AR2 .get word
lac *+,0 ;
call XMIT18,* ;
larp AR3
banz  R_DS2,*- .next word
b CMD ;

KRNL  call RECV16 .1 st word is address
lar AR2,WORD16
sar AR2,PADDR
call RECV16 ;2 nd word is length-1
lar AR3,WORD16 ;
larp AR2

; RECV returns word in bottom 8 bits of ACCL

e i e T — o et e

RECV16:call RECV ;recv LO
sacl WORD16 ;
call RECV ;recv HI
rptk 7 :
sfl ;build HI+LO
or WORD16 ;
sacl WORD16

ret ,



RECV  zac
sfr
lark
lar
farp
mar

WAIT  bioz
b

NBIT  banz
sfr
bioz

RB1 addk

RBO lar
banz
andk
bioz
ret

AR1.8
ARO,BITLEN
0

*BRO+
NBIT,* ARO
WAIT

$*-

RBO,*,AR1
0x80
ARO,BITLEN
NBIT,*- AR0
Oxff

$

’

;take 9 samples (START >> shifted out!)

;1st time wait 1/2 BITLEN extra
;wait BITLEN

;shift to new posn

Aest bit

;if 1, add new bit

Jlast bit?

;wait for STOP before RET
;ACCU = RECEIVED CHAR

XMIT16: call XMIT xmit LO
call XMIT xmit Hl
ret

XMIT  sacl TEMPx
call RECV ;Handshzake with slow host
lac TEMPx ;

CXMIT  sfl first bit is 0
lark AR1,8 .1 start, 8 DATA

SENDBIT ror JEMP = ... X XXOKXXXXs
bnc XB0,*,AR0

sxf



ret

b XB1,*.AR0
XBO xf
XB1 lar ARO,BITLEN ;timout BITLEN
banz  §*-
larp AR1
banz  SENDBIT,*- ARO ;send another bit?
sxf ;
lar ARO,BITLEN
banz  §,*
ret
XMIT1  sacl TEMPx
scall RECV ;Handshake with sfow host
. lac TEMPx
CXMITT sfl Jfirst bitis 0
lark AR1,8 ;1 start, 8 DATA
SENDBIT1 ror s TEMBSrsy X XXXXXXXXs
bnc XB01,*,AR0
sxf :
b XB11,*,AR0 ;
XBO1  mxf
XB11  lar ARO,BITLEN ;timout BITLEN
banz  $,*- :
larp AR1 ;
banz  SENDBIT1,*-,AR0;send another bit?
sxf
lar ARO,BITLEN i
banz  $,*- ;
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; MMREGS.ASM ;
TMS320Cxx DSP Applications

; Contains a list of commonly used values

’

DRR .set 0

DXR  .set 1
TIM .set 2
PRD .set 3
IMR .set 4

GREG  .set 5

B2.D  .set 060h

BO_D .set 0200h

B1.D  .set 0400h

B4D set 08000

B3.D .set 0600h

BO_P  .set OFAQOh

B1_P  .set 0FCOOh

B3_P  .set OFEOOh

' . use a comment to end .include files ending with .set

; to avoid an ERROR. Also, comment must start in column 2
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; DSK_COMM.ASM

CMD CMD 4
. . LENGTHLO CALL LO
; LENGTH HI CALL HI
; ADDR LO
; ADDR HI

DATA LO

DATA HI
YES .set 1
NO set 0
KL .set 1
TEMP .set 0x60
WORD16 .set 0x61
PADDR .set 0x62
WORD .set 0x63
TEMPx .set 0x64
SCRATCH .set 0x65
BITLEN .set 0x66  ;RS232 bitwidth in C26 clock ticks

.

Jnclude ‘mmregs.asm

.ps 0xFAQ0
B KLKRNL
B KLKRNL
B KLKRNL
B KLKRNL
B KLKRNL
ret

nop

ret

nop

B KLKRNL

;FAQO RS

FA02  INTO
FAO4  INT1
JFAO6  INT2
;FA08 TINT
;FAQA RINT
;FAOC XINT

;FACE TRAP



b CMD ;FA10 JUMP table to KLKRNL routines
b XMIT ;FA12
b XMIT16 - ;FA14
b RECV ;FA16
b RECV16 ;FA18
b CXMIT FATA
b XMIT1 ;FA1C

KLKRNL: dint
sxf ;initialize line
Idpk 0
conf 1
zac :
sacl IMR i
lac BITLEN,1 2 X
add BITLEN 13 X
sfr ;1.5 x
subk 7 ;best BITLEN skew
sacl BITLEN ;Store adjusted BITLEN
sxf

CMD  call RECV,* ARO ;get 8 bit CMD from host
bz CMD
subk 1 ;
bz W_PS ;1 = write program space
subk 1
bz R_PS ;2 = read program space
subk 1
bz W_DS ;3 = write data space
subk 1
bz R_DS ;4 = read data space

subk



bnz CMD ;5 = Execute program at next word

calf RECV16
lac WORD16
bacc

W_PS call KRNL

W_PS2 call RECV16 ;copy length words to PS
sacl WORD
lac PADDR JACCU=src address
tblw  WORD ;
addk 1 ;
sacl PADDR ;
larp AR3

banz W_PSZ,*-,ARZ
b CMD

R_.PS call KRNL ;
R_PS2 lac PADDR p

thir TEMP ;
addk 1

sacl PADDR

lac TEMP

call XMIT16 ;
larp AR3 ;

banz R_PS2,*- AR2 ;next word
b CMD ;

; s mmm=——

; W_DS & R_DS are used to access data memory

v —— =

W_DS call KRNL ;
W_DS2 call RECV16 ;build data word



R_DS «call
R_DS2 larp

AR2

*+,0,AR3
W_DS2,*- AR2
CMD

KRNL
AR2

*+,0
XMIT16,*
AR3
R_DS2,*-

KRNL  call
far
sar
call

lar

RECV16
AR2,WORD16
AR2,PADDR
RECV16
AR3,WORD16
AR2

;write the word  <<< missing shifti!!

;get word

'

:next word

;1 st word is address
;2 nd word is length-1

1

; RECV returns word in bottom 8 bits of ACCL

RECV16:call
sacl
call
rptk
sfl
or
sacl

ret

RECV
WORD16
RECV

7

WORD16
WORD16

reev LO

recv HI

:build HI+LO



RECV  zac
sfr
fark
lar
larp
mar

WAIT  bioz
b

NBIT  banz
sfr
bioz

RB1 addk

RBO lar
banz
andk
bioz

ret

AR1,8
ARO,BITLEN
0

*BRO+
NBIT,* ARO
WAIT

§.*-

RBO,*,AR1
0x80
ARO,BITLEN
NBIT,*- ARO
Oxff

$

;take 9 samples (START >> shifted out!)

;1st time wait 1/2 BITLEN extra

;wait BITLEN

;shift to new posn

;test bit

;if 1, add new bit

Jlast hit?

;wait for STOP before RET
;ACCU = RECEIVED CHAR

R

XMIT16: call AMIT xmit LO
call XMIT xmit HI
ret ;

XMIT  sacl TEMPx
call RECV .Handshake with slow host
lac TEMPx ;

CXMIT  sfl first bit is 0
lark AR1,8 ;1 start, 8 DATA

SENDBIT ror JTEMP = ... X XXOXXKXXs
bnc XBO0,*,AR0

sxf



ret

b XB1,*,AR0
XBO xf
XB1 lar ARQ,BITLEN ;timout BITLEN
banz  $*
larp AR1
banz  SENDSBIT,*-ARO ;send another bit?
sxf ;
lar ARO,BITLEN
banz  §,*
ret
XMIT1  sacl TEMPx ]
;call RECV ;Handshake with slow host
. lac TEMPx ;
CXMIT1 sfl first bit is 0
lark AR1,8 ;1 start, 8 DATA
SENDBIT1 ror TEMP = ... X XXXXXXXXs
bnc XB01,*,AR0 /
sxf
b XB11;*,AR0
XBO1  rxf
XB11  lar ARQ,BITLEN ;timout BITLEN
banz  $,*-
larp AR1 :
banz ~ SENDBIT1,*-,AR0;send another bit?
sxf :
lar ARQ,BITLEN ;
banz  $,*- ;
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unit plotter;

interface

uses
Windows, Messages, SysUtils, Classes, Graphics, Controls, Forms, Dialogs,
CMButton , ExtCtrls, StdCtrls, VSSComm32, Wordcap, SuperTimer, Graphitg,

ComCtris, Menus;

type
TForm1 = class(TForm)

Program1: TListBox;
Program2: TListBox;
SerialPort1: TVSSComm32;
MSOfficeCaption1: TMSOfficeCaption;
BufferMemo: TMemo;
Graph1: TGraphltGraph;
label1: TLabel;
label2: TLabel;
StatusBar1: TStatusBar;
Label3: TLabel,
Label4: TLabel;
Label5: TLabel,
LabelB: TLabel;
Label7: TLabel;
Label8: TLabel,
Label9: TLabel;
MainMenu1: TMainMenu;
StartMenu: TMenultem;
Setup1: TMenultem;
Start2: TMenultem;
Stop: TMenultem;
Exit: TMenultem;
TopPaneI: TPanel;
StartBtn: TCMBtn;



{$R *.DFM}
{SH+}
procedure TForm?1.StartBtnClick(Sender: TObject);
var ToRequest: String;
begin
{ initial comm && download file }
SerialPort1.StartComm;
Form2.Show;
LoadDSK_Comm;
LoadFFT;
Form2 Hide;
{ show status }

StatusBar1.Panels.ltems[0].Text :='Comm Opened';

{ Request to Data }*
ToRequest := 'D’;

SerialPort1 WriteCommData (Pchar(ToRequest),length(ToRequest));

{ Plot }

TimerForPlot.Enabled := True;

{—when being plot some button cannot use-}
PauseBtn.Enabled:= True;
PauseBtn.Visible:= True;
ContBtn.Visible:=False;

StopBtn.Enabled:= True;
SetupBtn.Enabled:=False;
Setup1.Enabled:=False;

StartBtn.Enabled := False;

{ 1
U 1

end;



procedure SetupBtnClick(Sender: TObject);
procedure COM11Click(Sender: TObject);
procedure COM21Click{Sender: TObject);
procedure COM31ClickiSender: TObject);
procedure COM41Click(Sender: TObject);
procedure N48001Click(Sender: TObject);
procedure N96001Click{Sender: TObject);
procedure N192001Click(Sender: TObject);
procedure N384001Click(Sender: TObject);
procedure N1281Click(Sender: TObject);
procedure N2561Click(Sender: TObject);
procedure N5121Click(Sender: TObject);
procedure N10241Click(Sender: TObject);
procedure About1Click(Sender; TObject);
procedure TimerForPlotTimer(Sender: TObject);
procedure ExitClick(Sender: TObject);
procedure StopClick(Sender: TObject);
procedure SerialPort1ReceiveData(Buffer: Pointer; BufferLength: Word);
procedure LoadFFT;
procedure LoadDSK_Comm;
Function CharTolnt(InChar :Char) : Integer;
private
{ Private declarations }
public
{ Public declarations }

end;

var

Form1: TForm1;

implementation

uses Unit3, Unit4, Unit2;



PauseBtn: TCMBtn;
SetupBtn: TCMBtn;
ExitBtn: TCMBtn;
ContBtn: TCMBtn;
StopBtn: TCMBtn;
About1: TMenultem;
Image1: Timage;
Label10: TLabel
Label11: TLabel;
CommPort1: TMenultem;
BaudRate1: TMenultem;
COM11: TMenultem;
COM21: TMenultem;
COM31: TMenultem;
COM41: TMenultem; .
N48001: TMenuitem;
N96001: TMenultem;
N192001: TMenultem;
N384001: TMenultem;
FFT1: TMenultem,
N1281: TMenultem;
N2561: TMenultem;
N5121: TMenultem;
N10241: TMenultem;
TimerForPlot: TSuperTimer;

Memo1: TMemo;

procedure StartBtnClick(Sender: TObject);
procedure PauseBtnClick(Sender: TObject);
procedure ContBtnClick{Sender: TObject);
procedure StopBtnClick(Sender: TObject);
procedure Graph1MouseMove(Sender: TObject);
procedure ExitBtnClick{Sender: TObject);




procedure TForm1.PauseBtnClick(Sender: TObject);
begin
PauseBtn.Visible := False;

ContBtn.Visible := True;

{ Pause to Plot }
TimerForPlot.Enabled := Faise;
StatusBar1.Panels.ltems{2].Text := 'Pause Receiving ';

end;

procedure TForm1.ContBtnClick(Sender: TObject);
begin
ContBtn.Visible := False;
PauseBtn.Visible := True;
StatusBar1.Panels.Items[2].Text := 'Receiving_ Data’;
{ Continue to Plot }
TimerForPlot.Enabled := True;

end;

procedure TForm1.StopBtnClick(Sender: TObject);
begin
{ Stop Plot}
TimerforPlot.Enabled :=False;
{ Shutdown Communication Port }
SerialPort1.StopComm;
StatusBar1.Panels.ltems[0]. Text :='Comm Closed’;
StatusBar1.Panels.ltems[2].Text :=";
StartBtn.Enabled := True;
ContBtn.Visible := False;
PauseBtn.Visible := True;
PauseBtn.Enabled := False;
StopBtn.Enabled :=False;

SetupBtn.Enabled :=True;



Setup1.Enabled:=True;

end;

procedure TForm1.Graph1MouseMove(Sender: TObject);
var Frequency : real; .
Amplitude : real;

begin
Frequency := ABS(Graph1.XMousePosition);
Amplitude := Graph1.XMousePosition;
lebel1.caption:=FloatToStr(Frequency) + ' Hz';
label2.caption:=FloatToStr(Amplitude) + ' dB';

end;

procedure TForm1.ExitBtnClick{Sender: TObject);
begin
Application.Terminate;

end;

procedure TForm1.SetupBtnClick{Sender: TObject);
begin
StartBtn.Enabled:=False;
PauseBtn.Enabled:=False;
StopBtn.Enabled:=False;
Form3.Visible:=True;

end;

procedure TForm1.COM11Click(Sender: TObject};
begin
Fom.13.Seria|Rde.ltemIndex:=0;
SerialPort1.CommPort:=Com1;
StatusBar1.Panels.ltems[4].Text:='"COM 1';
Com11.Checked:=True;
Com21.Checked:=False;



Com31.Checked:=False;
Coma41.Checked:=False;

end;

procedure TForm1.COM21Click(Sender: TObject);

begin
Form3.SerialRdGp.ltemindex:=1;
SerialPort1.CommPort:=Com2;
StatusBar1.Panels.ltems[4]. Text:='COM 2';
Com11.Checked:=False;
Com21.Checked:=True;
Com31.Checked:=False;
Com41.Checked:=False;

end;

procedure TForm1.COM31Click(Sender: TObject);

begin
Form3.SerialRdGp.ltemindex;=2;
SerialPort1.CommPort:=Com3;
StatusBar1.Panels.ltems[4]. Text:='COM 3';
Com11.Checked:=Falsg;
Com21.Checked:=False;
Com31.Checked:=True;
Com41.Checked:=False;

end;

procedure TForm1.COM41Click(Sender: TObject);
begin
Form3.SerialRdGp.ltemIndex:=3;
SerialPort1.CommPort:=Com4;
StatusBar1.Panels.ltemsl4].Text:='COM 4';
Com11.Checked:=False;
Com21.Checked:=False;



Com31.Checked:=False;
Com41.Checked:=True;

end;

procedure TForm1.N48001Click{Sender: TObject);

begin
Form3.BaudRdGp.Itemindex:=0;
SerialPort1.BaudRate:=___4800;
StatusBar1.Panels.ltems(5]. Text:='4800 bps’;
N48001.Checked:=True;
N96001.Checked:=False;
N192001.Checked:=False;
N384001.Checked:=False;

end;

procedure TForm1.N96001Click(Sender: TObject);

begin
Form3.BaudRdGp.ltemindex:=1;
SerialPort1.BaudRate:=___5600;
StatusBar1.Panels.ltemsl[5].Text:='9600 bps’;
N48001.Checked:=False;
N96001.Checked:=True;
N192001.Checked:=False;
N384001.Checked:=False;

end;

procedure TForm1.N192001Click{Sender: TObject);
begin
Form3.BaudRdGp.ltemindex:=2;
SerialPort1.BaudRate:=__19200;
StatusBar1.Panelis.ltems[5).Text:=*19200 bps';
N48001.Checked:=False;
N96001.Checked:=False;



N192001.Checked:=True;
N384001.Checked:=False;

end;

procedure TForm1.N384001Click(Sender: TObject);

begin
Form3.BaudRdGp.ltemindex:=3;
SerialPort1.BaudRate:=__38400;
StatusBar1.Panels.ltems[5]. Text:='38400 bps";
N48001.Checked:=False;
N96001.Checked:=False;
N192001.Checked:=False;
N384001.Checked:=True;

end;

procedure TForm1.N1281Click(Sender: TObject);
begin
Form3.SizeRdGp.ltemindex:=0;
StatusBar1.Panels.ltems[6].Text:="FFT : 128 points';
N1281.Checked:=True;
N2561.Checked:=False;
N5121.Checked:=False;
N10241.Checked:=False;

end;

procedure TForm1.N2561Click{Sender: TObject);
begin
Form3.SizeRdGp.ltemindex:=1;
StatusBar1.Panels.ltems{6]. Text:="FFT : 256 points';
N1281.Checked:=False;
N2561.Checked:=True;
N5121.Checked:=False;
N10241.Checked:=False;



end;

procedure TForm1.N5121Click(Sender: TObject);
begin
Form3.SizeRdGp.ltemindex:=2;
StatusBar1.Panels.ltems(6]. Text:="FFT : 512 points";
N1281.Checked:=False;
N2561.Checked:=False;
N5121.Checked:=True;
N10241.Checked:=False;

end;

procedure TForm1.N10241Click(Sender: TObject);
begin
Form3.SizeRdGp.IltemIndex:=3;
StatusBar1.Panels.ltems[6]. Text:='FFT : 1024 points';
N1281.Checked:=False;
N2561.Checked:=False;
N5121.Checked:=False;
N10241.Checked:=True;

end;

procedure TForm1.About1Click(Sender: TObject);
begin

AboutForm.show;

About1.Enabled := False;

end;

procedure TForm1.TimerForPlotTimer(Sender. TObject);
var IndexPlot : Integer;
y : real;

temp : integer;



temptrim :string;
Plot : string[255];
FFTsize :integer;
scale : real;
SendData: String;
begin
{—checked what mode FFTsize >> Scale ~}
If Form3.SizeRdGp.ltemindex=0 then
begin
scale:=80/128;
FFTsize:=128;
end;
If Form3.SizeRdGp.ltemIndex=1 then
begin
scale:=80/256;
FFTsize:=256; -
end;
If Form3.SizeRdGp.ltemIndex=2 then
begin
scela:=80/512;
FFTsize:=512;
end;
If Form3.SizeRdGp.ltemindex=3 then
begin
scale:=80/1024;
FFTsize:=1024;

end;

{.
v

—

Graph1.Reset;
Plot:=BufferMemo.Text;
{————Plot Graph————}
Graph1.Moveto(-40,-40);

for IndexPlot:=1 to Length(Plot} do



begin
y :=0rd(Plot(IndexPlot})*scale;
Graph1.LineTol({IndexPlot-1)*scale)40,y-40);
end;
Graph1.Refresh;
{
{

End of Plot Graph

}

request to data }
SendData := T
SerialPort1.WriteCommData (Pchar{Senddata),length{senddata));

end;

procedure TForm1.ExitClick(Sender: TObject);
begin
Application.Terminate;

end;

procedure TForm1.StopClick(Sender: TObject);
begin
{ Stop Plot}
TimerForPlot.Enabled :=False;
{ Shutdown Communication Port }
SerialPort1.StopComm;
StatusBar1.Panels.ltems[0].Text :='Comm Closed';
StatusBar1.Panels.ltems(2].Text :=";
StartBtn.Enabled := True;
ContBtn.Visible := False;
PauseBtn.Visible := True;
PauseBtn.Enabled := False;
StopBtn.Enabled :=False;
SetupBtn.Enabled :=True;
Setup1.Enabled:=True;

end;



procedure TForm1.SerialPort1RecaiveData(Buffer: Pointer;
Bufferlength: Word);

begin

{ ——Receiving data }
BufferMemo.Clear;
BufferMemo.lines.Add(strpas(buffer));

StatusBar1.Panels.ltems[2].Text :='"Receiving Data’;

{ ]
end;
procedure TForm1.LoadDSK_Comm:;
var
LINE : String;
DATA : String;
ENTRY : String;
CHKSUM : String;
Initial : String;'
Nextline: Boolean;
EndFile : Boolean;
ioldi  : integer;
temp1,temp?2 :integer;
WordLng : integer;
begin
Program?2.ltems.LoadFromFile{'DSK_Comm.DSK');
i=1;
SetLength(Line,4096);

LINE := Program2.ltems.Text;

While LINE[i} <> #10 do i:=i+1;
i:=i+1; {jump to new line}
If LINE(i] = '1" Then
begin
temp1:= CharTolnt{LINE[i+1))*16 + CharTolnt{LINE[i+2]);
temp2:= CharTolnt(LINE[i+3])*16 + CharTolnt(LINE{i+4]);



ENTRY:= chr{temp2)+chr{temp1);
end;
i:=i+13; {jump to new line }
{~Find wordLength-&&-CheckSum—]}
oldi:=i;
Wording:=0;
EndFile:=Faise;
Repeat
case LINEi] of
'9";
begin
i:=i+5;
end;
‘B":
begin
i:=i+5;
WordLng:=WordLng+1;
end;
7"
begin
{ CheckSum:}
temp1:= CharTolnt(LINE[i+1)*16 + CharTolnt{LINE[i+2});
temp2:= CharTolnt(LINE[i+3])*16 + CharTolnt{LINE[i+4]);

begin
EndFile:=True;
end;
end;.
until EndFile=True;

i-=oldi;



o e T T P P
,

Label1.Caption:=intToStr(Wording);
{

Send Initial Word to DSK

}
Initial: =#255+#255+#255+#255;

SerialPort1.WriteCommData(PChar{initial), Length(lnitial));
Memo1.lines.Add('Initial’);
Memo?1.lines.Add{IntToStr(Ord(Initial[ 1)));
Memo1.lines.Add(IntToStr(Ord(Initiall2]));
Memo1.lines.Add(IntToStr(Ord(lnitial(31);

Memo1.lines.Add(IntToStr(Ord(Initial{41));

{(—— Send Data Word to DSK

EndFile:=False;
Repeat
case LINE[] of
‘9"
begin
i:=i+5;
end;
‘B":
begin
temp1:= CharToInt(LINE[i+1])*16 + CharTolnt{LINE[i+2]);
temp2:= CharTolnt(LINE[+3])*16 + CharTolnt(LINE[i+4]);
DATA:= chritemp2)+chr{temp1);
SerialPort1.WriteCommData(PChar(DATA),Length(DATA));
Memo!.lines.Add('DATA DSK');
Memo1.lines.Add(IntToStr(Ord(DATA[1]));
Memot1.lines.Add(IntToStr{Ord(DATA(2))));
i:=i+5;
end;
‘7"
begin

i:=i+8;



end;

begin
EndFile:=True;
end;
end;

until EndFile=True;

{ Send—> Check Sum & Dummy

CHKSUM :=#101+#141;

SerialPort1.WriteCommData(PChar(CHKSUM),Length{(CHKSUM));
Memo?1.lines.Add('Check Sum’);
Memo1.lines.Add(IntToStr(Ord(CHKSUM[1)));
Memo1.lines.Add(IntToStr(Ord(CHKSUMI2])));

DATA:= #0; X

SerialPort1.WriteCommData(PChar(DATA), Length(DATA));
Memo1.lines.Add('Dummy');

Memo1.lines.Add{IntToStr{Ord(DATA[1])));

procedure TForm1.LoadFFT;
var
LINE : String;
ENTRY : String;

ADDR : String;
DATA : String;
CMD . String;

OneWord : String;
Nextline: Boolean;
Send,EndFile : Boolean;

i integer;



temp1,temp2 :integer;
ProgLegth linteger;
addr1,addr2:integer;
begin
Program2.Items.LoadFromFile('FFT.DSK');
i=1;
Setl.engthilLine,8192);
ProgLegth :=Length(Program?2.ltems.Text):
LINE := Program2.ltems.Text;
While LINEfi] <> #10 do i:=i+1;
=i+,
repeat
repeat
Case LINE[ilof
1"
begin
temp1:= CharTolnt(LINE[i+1])*16 + CharTolnt(LINE[i+2]);
temp2:= CharTolnt(LINE{i+3]}*16 + CharTolnt(LINEfi+4]);
ENTRY:= chr{temp2)+ chr(temp1);
Send:=False;

Nextline:=False;

EndFile:=False;
end;
7
begin
temp1:= CharTolnt{LINE[i+1))*16 + CharTolnt{LINE{i+2]);
temp2:= CharTolnt(LINE[i+3])*16 + CharTolnt(LINE[i+4]);
Send:=False;
Nextline:=False;
EndFile:=False;
end;
9"



addr1:= CharTolnt{LINE[i+1])*16 + CharTolnt(LINE[i+2]);
addr2:= CharTolnt{LINE[i+3]}*16 + CharTolnt(LINE[i+4]):
Send:=False;

NextlLine:=False;

EndFile:=False;
end;
‘B':
begin
CMD:=#01; =
temp1:= CharTolnt(LINEli+1])*16 + CharTolnt{LINE[i+2]):
temp2:= CharToInt{(LINE[i+3])*16 + CharTolnt(LINE{i+4]);
DATA:= chr{temp2)+chr{temp1);
Nextline:=False;
send:=True;
EndFile:=False;
end;
‘M
begin
CMD:=#03;
tempt:= CharTolnt{LINE[i+1])*16 + CharTolnt{LINE{i+2));
temp2:= CharTolnt(LINE[i+3])*16 + CharTolnt(LINE[i+4]});
DATA:= chr{temp2} + chritempi);
Send:=True;
Nextline:=False;
EndFile:=False;
end;
'F'z
begin
Send:=False;

NextLine:=True;
Endfile:=False;

end;



Ebegin
Send:=False;
NextLine:=True;
EndFile:=True;

end;

end;

If Send =True Then
begin
{ Send—> CMD & ADDR & Length=1 & DATA }
SerialPort1.WriteCommData(PChar(CMD),Length(CMD));
Memo1.lines.Add('CMD?);
Memo1 lines.Add(IntToStr(Ord(CMD[11));
ADDR:=chr(Addr2)+chr{Addr1);
Addr2:=Addr2+1;
SerialPort1.WriteCommData(PChar(ADDRY),Length(ADDR));

Memo1 lines.Add('Address");

Memo1.lines.Add({IntToStr(Ord(ADDRITI);

Memo1 lines.Add(intToStr{Ord(ADDRI2]));
OneWord:=#0+#0;
SerialPort1.WriteCommData(PChar(OneWord),Length{OneWord));

Memo1.lines.Add('OneWord');

Memo1.lines.Add(IntToStr{Ord(OneWord[1])));

Memo1.lines.Add(IntToStr(Ord(OneWord{2])));
SerialPort1. WriteCommData(PChar(DATA),Length(DATA));

Memo?1.lines. Add('DATA FFT);

Memo1.lines.Add{intToStr(Ord(DATA[]));

Memo1 lines.Add(IntToStr(Ord(DATA[2])));

ii=i+5;
if LINE[i}='F' Then i:=i-2;

Until NextLine= True;



Until EndFile=True; ’
{ Send Endding Code && to Execute Code at address ENTRY }

DATA:=#0;

SerialPort1. WriteCommData{PChar(DATA),Length{DATA));
Memo1.lines.Add('SYNC');
Memo?1.lines.Add(IntToStr(Ord(DATA]));

DATA:=#5;

SerialPort1 WriteCommData{PChar{DATA),Length(DATA));
Memo1.lines.Add('BRANCH');

Memo1.lines. Add{intToStr(Ord(DATA[T]));

SerialPort1 WriteCommData(PChar(ENTRY),Length(ENTRY));
Memo?1.lines. Add('ENTRY");
Memo1.lines.Add({IntToStr(Ord(ENTRY[11)));
Memo1.lines.Add(IntToStr(Ord(ENTRY{2]));

DATA:=%0;

SerialPort1 .Wri.teCommData(PChar(DATA),Length(DATA));
Memo1.lines.Add('SYNC');
Memo1.lines.Add(IntToStr{Ord{DATAIT]));

Function TForm1.CharTolnt{InChar :Char) : Integer;
begin

If (Ord(Inchar)>= 48) and (Ord{inchar)<=57) Then
CharTolnt:= StrTolnt{Inchar)

else; begin
If Inchar = ‘A’ Then CharTolnt:=10;
If Inchar = 'B' Then CharTolnt:=11;
If Inchar = 'C' Then CharTolnt:=12;
If Inchar = 'D" Then CharTolnt:=13;
If Inchar = 'E' Then CharTolnt:=14;
If Inchar = 'F' Then CharTolnt;=15;

end;



end;

end.
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TLC32040 Analog Interface Circuit
Data Sheet

Appendix B is the TLC32040 data sheet. This data sheet provides all specifica-
tions of the analog interface circuit used by the DSK starter kit.
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Advanced LinCMOS™ Sllicon-Gate Process
Technology

® 14-Bit Dynamic Range ADC and DAC
Variable ADC and DAC Samgpling Rate Up
to 19,200 Samples per Second
Switched-Capacitor Antiailasing Input Fiiter
and Output-Reconstruction Filter

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

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

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

600-Mil Wide N Package (Cy_ to C()

PART

NUMBER DESCRIPTION

Analog interface circuit with internal reference.

TLC32040 Also a plug-in replacement for TLC320-41.

Analog interface circut without intemal

TLC32041 reference

TLC32042 Identicat to TLC32040, but has a slightty 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  antialiasing input filter,
a  14-bit-resolution A/D  converter, four
microprocessor-compatible serial port modes, a
14-bit-resolution D/A converter, and a low-
pass switched-capacitor output-reconstruction
filter. The device oifers numerous combinations
of rmaster clock input frequencies and
conversion/sampling rates, which can be changed
via digital processor control.

N PACKAGE
(TOP VIEW)
U1 28l U
RESET(] 2 27{] NU
ECDR(] 3 26{] IN+
FSA[ « 25[] IN~
DRf]s 24[] AUX IN+
MSTR CLK([] & 23[] AUX IN-
VDDE 7 22 ] OuT+
REF{] 8 21[] ouT-
DGTL CLK{| 9 20{] Vee.,
SHIFT CLK[] 10 19{] veeo
EODOX[} 11 18{] ANLGGND .
ox[} 12 17[] ANLG GND
WORD/BYTE[] 13 161Ny
ESX[] 14 15 ;| NU
FN PACKAGE
(TOP VIEW)
[CC G
@
@@E%ggg
V4 S § S § SR G | S | SN | S
DR ] A 4 3 2 1 2827 2625[ IN—~
MSTRCLK{] &6 24[] AUX IN+
Voo (1 7 23[] AUX IN-
REF[] 8 22[] OUT +
DGTLGND (] o 21[JouT-
SHIFT CLK [] 10 20{] Vec+
EODX [T 11 19( Vee-
12 13 14 15 16 1718
i ¥ { o U { o § o S e |
SEp2222
2N IGNG]
3 [ORO
2

NU - Nonusable; no external 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 pracessors, are provided. Also, when the transmit and receive
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description (continued)

sections of the analog interface circuit (AIC) are operating synchronously, it will interface to two SN74269
serial-io-parallel shift registers. These serial-to-parallel shift registers can then interface in parallel to the
TMS32010, TMS320C15, other digital signal processors, or external FIFO circuitry. Qutput data pulses are
emitted to inform the processor that data transmission is complete or to allow the DSP to differentiate between
two transmitted bytes. A flexible control scheme is provided so that the functions of this integrated circuit can
be selected and adjusted coincidentally with signal processing via software contral.

The antialiasing input filter comprises seventh-order and fourth-order CC-type (Chebyshev/elliptic transitional)
low-pass and high-pass filters, respectively and a fourth-order equalizer. The input filter is implemented in
switched-capacitor technology and is preceded by a continuous time filter to eliminate any possibility of aliasing
caused by sampled data filtering. When no filtering is desired, the entire composite filter can be switched out
of the signal path. A selectable, auxiliary, differential analog input is provided for applications where more than
one analog input is required.

The A/D and D/A converters each have 14 bits of resolution. The A/D and D/A architectures ensure no missing
codes and monotonic operation. An internal voltage reference is provided on the TLC32040 and TLC32042 to
ease the desian task and to provide complete control aver the performanae of this integrated circuit. The internal
voltage reference is brought out to a pin and is available to the designer. Separate analog and digital voltage
supplies and grounds are provided to minimize noise and ensure a wide dynamic range. Also, the analog circuit
path contains only differential circuitry to keep noise to an absolute minimum. The only exception is the DAC
sample and hold, which utilizes pseudo-differential circuitry.

The output-reconstruction filter is a seventh-order CC-type (Chebyshev/elliptic transitional low-pass filter
followed by a fourth-order equalizer) and is implemented in switched-capacitor technology. This filter is followed
by a continuous-time filter to eliminate images of the digitally encoded signal.

The TLC32040C, TLC32041C, and TLC32042C are characterized for operation from 0°C to 70°C, and the
TLC320401, TLC320411 and TLC32042! are characterized for operation from ~40°C to 85°C.

B-4
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functional block diagram

8and-Pass Fiiter
A /T u
»iu AD > Serial » FSR
IN+ > X Port -
IN=—1—>= M l | I > DR
U [—e A -
AUXIN + »- > | X l i_ -3 .i » E55R
> Internal
A [ | voitage | | MSTR GLK
| Reference | -~
""""""""" -1 |(rcazosor | | > SHIFT CLK
TLC3204
l S:Iy? : = WORD/BYTE
Low-Pass Filter L——=—=".4 DX
ouT+ *-—-——-—1<——4 < < |‘ i 2 + oA , > FSX
ouT- ¢r——1 % N ! < J- > 553
Transmit Section

b

A b <[4 7R
] T i | I t
Vcec+ Vococ- ANLG OTGL Vpp
GND GND (DIG)

A

X
m
0

ET

analog input

Two sets of analog inputs are provided. Normally, the N+ and IN—input set is used; however, the auxiliary input
set, AUX IN+ and AUX IN—, can be used if a second input is required. Each input set can be operated in either
differential or single-ended modes, since sufficient common-mode range and rejection are provided. 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 software control. It is important to note that a wide dynamic range is assured
by the differential internal analog architecture and by the separate analog and digital voltage supplies and
grounds.

A/D bandpass filter, A/D bandpaws filter clocking, and A/D conversion timing

The A/D bandpass filter can be selected or bypassed via software control. The frequency response of this filter
is presented in the following pages. This response results when the switched-capacitor fitter clock frequency
is 288 kHz. Several possible options can be used to attain a 288-kHz switched-capagitor 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-frequency roll-off of the high-pass section is 300 Hz. However, the high-pass
section low-frequency roll-off is less steep for the TL.C32042 than for the TLC32040 and TLC32041.

The internal timing configuration and AIC DX data word format sections of this data sheet indicate the many
options for attaining a 288-kHz bandpass switched-capacitor filter clock. These sections indicate that the RX
Counter A can be programmed to give a 288-kHz bandpass switched-capacitor filter clock for several master
clock input frequencies.

The A/D conversion rate is then attained by frequency dividing the 288-kHz bandpass switched-capacitor filter
clock with the RX Counter B. Thus, unwanted aliasing is prevented because the A/D conversion rate is an
integral submuitiple of the bandpass switched-capacitor filter sampling rate, and the two rates are
synchronously locked.
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functional block diagram

Band-Pass Fiiter

A/

cx

» AD > Serial » FSA
IN+ > ——l r l_b‘ X Port -
IN- > > M v
ul-e S o
AUXIN + > > X | i‘ 1 “i » EODA
- > Internal
AUXIN ] Voltage | MSTR CLK
] Reference l .
——— ——— |@Lcazosor| | P SHIFT CLK
| | Ticaz04z | | —
I only) ‘ WORD/BYTE
Low-Pass Filter L———'Y'——-‘J oX
: < A % » FSX
OUT+ < :<‘ < < “\_ < 3
- = o » D/A
ouT- ¢4 It l____, ¥ U e
Transmit Section
A A A A A j A
o o WEIN 3 \1
Veoe+ Yeoc- ANLG DTGL Vpp REF RESET

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 set can be operated in either
differential or single-ended modes, since sufficient common-made 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 software control. It is important to note that a wide dynamic range is assured
by the differential internal analog architecture and by the separate analog and digital voltage suppties and
grounds.

A/D bandpass filter, A/D bandpass filter clocking, and A/D conversion timing

The A/D bandpass filter can be selected or bypassed via software control. The frequency response of this filter
is presented in the following pages. This response results when the switched-capacitor fiiter clock frequency
is 288 kHz. Several possible options can be used to attain a 288-kHz switched-capacitor filter clock. When the
filter clock frequency is not 288 kHz, the filter transfer function is frequency scaled by the ratio of the actual clock
frequency to 288 kHz. The low-frequency 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 filter clock. These sections indicate that the RX
Counter A can be programmed to give a 288-kHz bandpass switched-capacitor filter clock for several master
clock input frequencies.

The A/D conversion rate is then attained by frequency dividing the 288-kHz bandpass switched-capacitor filter
clock with the RX Counter B. Thus, unwanted aliasing is prevented because the A/D conversion rate is an
integral submuitiple 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 converter circuitry are presented in the A/D converter
operating characteristics section of this data shaet. The realizaticn of the A/D converter circuitry with
switched-capacitor techniques provides an inherent sample-and-hold. .

=,

analog output

The analog output cireuitry is an analog output power amplifier. Both noninverting and inverting amplifier outputs
are brought out of this integrated circuit. This ampiifier can drive transformer hybrids or low-impedance loads
directly in either a differential or single-ended configuration.

D/A low-pass filter, D/A low-pass filter clocking, and D/A conversion timing

The frequency response of this filter is presented in the following pages. This response resuits when the
low-pass switched-capacitor filter clock frequency is 288 kHz. Like the A/D filter, the transfer function of this filter
is frequency scaled when the clock frequency is not 288 kHz. A continugus-time filter is provided on the output
on the output of the D/A low-pass filter to greally attenuate any switched-capacitor clock feedthrough.

The D/A conversion rats is then attained oy frequency dividing the 288-kHz switched-capacitor filter clock with
TX Counter B. Thus, unwanted aliasing is prevented because the D/A conversion rate is an integral submultiple
of the switched-capacitor low-pass filter sampling rate, and the two rates are synchronously locked.
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PRINCIPILES OF OPERATION

asynchronous versus synchronous operation

If the transmit section of the AIC {low-pass filter and DAC) and receive section {pandpass 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. !f the transmit and
receive sections are operated synchronousty, the low-pass filter clock drives both low-pass and bandpass filters.
In synchronous operation, the A/D conversion timing is derived from, and is equal to, the D/A conversion timing.
(See description of the WORD/BYTE 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
operating characteristics section of the data sheet. The D/A converter has a sample-and-hold that is realized
with a switched-capacitor ladder.

system freguency 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 correction section for more details).

serial port

The serial port has four possible modes that are described in detailin the Terminal Functions table. These modes
are briefly described below and in the description for pin 13, WORD/BYTE.

1.

The transmit and receive sections are operated asynchronously, and the serial port interfaces directly
with the TMS32011 and TMS320C17.

The transmit and receive sections are operated asynchronously, and the serial port interfaces directly
with the TMS32020 and the TMS320C25.

The transmit and receive sections are operated synchronously, and the serial port interfaces directly
with the TMS32011 and TMS320C17.

The transmit and receive sections are operated synchronously, and the serial port interfaces directly
with the TMS32020, TMS320C25, or two SN74299 serial-to-paralle! shift registers, which can then
interface in parailel to the TMS320C 10, TMS32015, to any other digital signal processor, or to extemal
FIFO circuitry.

operation of TLC32040 or TLC32042 with internal voltage reference

The internal reference of the TLC32040 and TLC32042 eliminates the need for an external voltage reference
and provides overall circuit cost reduction. Thus, the internal reference eases the design task and provides
complete control over the performance of this integrated circuit. The intemal reference is brought out to a pin
and is available to the designer. To keep the amount of noise on the reference signal to a minimum, an extemnal
capacitor may be connected between REF and ANLG GND.

TEXAS {’f
INSTRUMENTS

POST OFFICE BOX 655303 @ DALLAS, TEXAS 75265 B8-7



TLC32040C, TLC320401, TLC32041C, TLC32041]
TLC32042C, TLC32042]
ANALOG INTERFACE CIRCUITS

SLAS0140 - D2964, SEPTEMBER 1987 - REVISED MAY 1991

PRINCIPLES OF OPERATION

operation of TLC32040, TLC32041, or TLC32042 with external voltage reference

The REF pinmay be driven frorn an external reference circuitif so desired. This external circuit must be capable:
of supplying 250 pA and must be adequately protected from noise such as crosstalk from the analog input.

reset

A reset function is provided to initiate serial communications between the AIC and DSP and allow fast,
cost-effective testing during manufacturing. The reset functional will initialize asi AIC registers, including the
control register. After a negative-going puise on the RESET pin, the AIC will be initidlized. This initialization
allows normal serial port communications activity to occur between AIC and DSP isee AIC DX data word format
section).

loopback

This feature allows the user to test the circuit remotely. In loopback, the OUT + and OUT - ping are internally
connecied to the IN+ and the IN— pins. Thus, the DAC bits (d15 to d2), which are ‘ransmitted to the DX pin, can
be compared with the ADC bits (d15 to d2), which are received from the DR pin. An ideal comparison would be
that the bits on the DR pin equal the bits on the DX pin. However, in practice there will be some difference in
these bits due to the ADC and DAC output offsets.

Inloopback, ifthe IN+and the IN — pins are enabled, the external signals onthe IN+andthe 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
OUT- signals in loopback operation.

The loopback feature is implemented with digital signal processor control by transmitting the appropriate serial
port bit to the control register (see AIC DX data word format section).

Terminal Functions

PIN 1o DESCRIPTION
NAME NO.
ANLG GND 17.18 Analog ground retumn for all internal analog circuits. Not intematly connected to DGTL GND.
AUX IN+ 24 | Noninverting auxiliary anaiog input state. This input can be switchea into the bandpass fiter and A/D

converter path via software control. If the appropriate bit in the control megisteris a 1, the auxiliary inputs
will reptace the IN+ and IN—inputs. If the bitis a 0, the IN + and IN— inouts will be used (see the AIC DX
data word format section).

AUX IN- 23 I Inventing auxiliary analog input (see the above AUX IN+ pin descripticn)

DGTLGND 9 Digital ground for all internal logic circuits. Not intemally connected to ANLG GND.

DR 5 (@) This pin Is used to transmit the ADC output bits from the AIC to the TMS320 serial part. This transmission
of bits from the AIC to the TMS320 serial portis synchronized with the SHIFT CLK signal,

DX 12 1 This pin is used to receive the DAC input bits and timing and control information from the TMS320. This

serial transmission from the TMS320 serial port to the AIC is synchronizad with the SHIFT CLK signal.

EODR 3 o End of data receive. See the WORD/BYTE pin description and the Serial Port Timing diagrams. During the

word-mode timing, this signal is a low-going pulse that occurs immediately after the 16 bits of A/D
information have been transmitted from the AIC to the TMS320 serial port. This signal can be used to
interrupt a microprocessor upon completion of serial communications. Also, this signal can be used to
strobe and enable external serial-to-parallel shift registers, latches, or extemal FIFQO RAM, and to facilitate
parallel data bus communications between the AIC and the serial-to-carallel shift registers. During the
byte-mods timing, this signal goes low after the first byte has been transmitted from the AIC to the TMS320
serial port and is kept low until the second byte has been transmitted, The TMS32011 or TMS320C17 can
use this low-going signat to differentiate between the two bytes as to wnich is first and which is second,
EQDR does not occur after secondary communication.
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Terminal Functions (continued)

NAME NO.

PIN

o

DESCRIPTION

EQDX

1

End of data transmit. See the WORD/BYTE pin description and the Serial Port Timing diagram. During the
word-mode timing, this signal is a low-going pulse thatoccurs immediately aiter the 16 bits of D/A converter
and control or registerinformation have been transmitted from the TMS320 senal portto the AIC. This signal
can be used to interrupt a microprocessor upon the completion of serial communications. Also, this signal
can be used to strobe and enable external serial-to-parailel shift registers, latches, or an extemal FIFO
RAM, and to facilitate parallel data-bus communications between the AIC and the serial-to-parallel shift
registers. During the byte-mode tming, this signal goes low after the first byte has been transmitted from
the TMS320 serial partto the AIC and s kept low untit the second byte has been transmitted. The TMS32011
or TMS320C17 can use this low-going signal to differentiate between the two bytes as to which is first and
which is second.

1l
20

Frame sync receive. In the serial transmission modes, which are described in the WORO/BYTE pin
description, the FSA pin is held low during bit transmission. When the FSR pin goes low, the TMS320 serial
portwill begin receiving bits from the AIC via the DR pin of the AIC. The most significant DR bit will ba present
on the DR pin before FSR goes low. (See Serial Port Timing and Internal Tirming Configuration diagrams.)
FSR does not occur after secondary communication.

Frame Sync Transmit, When this pint goes low, the TMS320 serial ortwill beqin transmitting bits to the AIC
via the DX pin of the AIC. In ail serial transmission modes. which are descabed in the WORD/BYTE pin
description, the FSX oinis held low during bit transmission (see the Serial Port Timing and Intemal Timing
Configuration diagrams).

IN+

26

Noninverting input to analog input amplifier stage

IN-

25

Inverting input to analog input amplifier stage

MSTR CLK 6

The master clock signal is used to derive all the key logic signals of the AlC. such as the shift clock, the
switched-capacitor filter clocks, and the A/D and D/A timing signals. The internal Timing Configuration
diagram shows how these key signals are derived. The frequencies of thesa key signals are synchronous
submultiples of the Master Clock frequency to eliminate unwanted aliasing when the sampled analog
signals are transferred between the switched-capacitor filters and the A/D and D/A convenrters (see the
Internal Timing Configuration).

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

21

Inverting output of analeg output power amplifier. Functionally identical with and complementary to QUT +.

o

For the TLC32040 and TLC32042, the internal voitage reference is brougnt out on this pin. For the
TLC32040, TL.C32041, and TLC32042, an external voitage reference can be applied to this pin.

*| initiates sarial communications between the AiC and DSP. The reset function will initialize ait AIC registers

Aresetfunctionis provided toinitialize the TA, TA', TB, RA, RA', RB, and control registers. This resetfunction

including the controi register. After a negative-gaing pulse on the RESET pin, the AIC registers wiil be
initialized to provide an 8-kHz data conversion rate for a 5.184-MHz master clock input signal. The
conversion rate adjust registers, TA' and RA, will be reset to 1. The control register bits will be reset as
follows (see AIC DX data word format section): .
d7=1,06=1,d5=1,d4=0,d3=0,d2=1

This initialization allows normal seriai-port communication to occur between AIC and DSP,

SHIFT CLK 10

The shift clock signal is obtained by dividing the master clock signal frequency by four. This signal is used
to clock the serial data transters of the AIC, described in the WORD/BYT E pin description below (see the
Serial Port Timing and Intemal Timing Configuration diagrams).

Voo

Digital supply voitage, 5 V £5%

Ve

20

Positive analog supply valtage, 5 V £5%

Vee-

19

Negative analog supply voltage, =5 V 5%

TEXAS "}
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TLC32040C, TL.C320401, TLC32041C, TLC320411

TLC32042C, TLC32042!

ANALOG INTERFACE CIRCUITS

SLAS0140 - 02964, SEPTEMBER 1987 - REVISED MAY 1991

"

Terminal Functions-{continued)

PIN
NAME NO.

vo

DESCRIPTION

WORD/BYTE 13

This pin, in conjunction with a bit in the control register, is used to estabiish one of four serial modes. These
four seral modes are described below.

AIC transmit and receive sections are operated asynchronously.

The following description applies when the AIC Is configured to have asynchroncus transmit and receive
sections, If the appropriate data bit in the control register is a 0 (see the AIC DX data word format section),
the transmit and receive sections will be asynchronous.

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

1. The FSX or FSR pin is brought fow.

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

3. The EODX or EQDR pin is brought low.

4, The FSX or FSR pin emits a positive frame-sync pulse that is four snift clock cycles wide.
5. One 8-bit byte is transmitted or one 8-bit byte is received.

6. The EODX or EQDR pin is brought high.

7. The FSX or FSR pin is brought high,

H  Serial port directly interfaces with the serial port of the TMS32020, TMS320C25, or TMS320C30
and communicates in one 16-bit word. The operation sequence is as {ollows (see Sertal Port
Timing diagrams):

1. The FSX or FSR pin is brought low.

2. One 16-bit word is transmilted or one 16-bit word is received.

3. The FSX or FSR pin is brought high.

4. The EODX or EODR pin emits a low-going pulse.
AIC transmit and receive sections are operated synchronously.
If the appropriate data bit in the control register is a 1, the transmit and receive sections will be configured
to be synchronous. In this case, the bandpass switched-capacitor filter 2nd the A/D conversion timing will
be derived from the TX Counter A, TX Counter B, and TA, TA, and 7B registers, rather than the RX Counter
A, RX Counter B, and RA, RA', and R8 registers. In this case, the AICFSX and FSR dming will be identical
during primary data communication; however, FSR will not be asserted curing secondary data
communication since there is no new A/D conversion result. The synchronous operaton sequences are as
follows (see Serial Port Timing diagrams).

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

1. The FSX and FSR pins are brought low.

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

3. The EODX and EODR pin are brought low.

4, The FSX and FSR pins emit positive frame-sync pulses that are four Shift Clock cycles wide
5. One 8-bit byte is transmitted and one 8-bil byte is received.

6. The EODX and EOODR pins are brought high.

7. The FSX and FSA pins are brought high.

H  Seral port directly interfaces with the serial port of the TMS32020, TMS320C25, or TMS320C30
and communicates in one 16-bit word. The operation sequencs is as fodows (see Serial 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 F3R pins are brought high.

4. The EODX or EODR pins emit low-going pulses.
Since the transmit and receive sections of the AlC are now synchronaus, the AIC sefial portwith additional
NOR and AND gates will intarface to two SN74239 serial-to-parailel shilt registers. interfacing the AIC to
the SN74299 shift register allows the AIC to intarface to an extemal FIFO RAM and faciitates parallel data
bus communications between the AIC and the digital signal processor. The operation sequence is the same
as the above sequence (see Serial Port Timing diagrams).
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TLC32040C, TLC320401, TLC32041C, TLC32041]
TLC32042C, TLC32042
ANALOG INTERFACE CIRCUITS

SLAS014D ~ D2964, SEPTEMBER 1987 - REVISED MAY 1991

INTERNAL TIMING CONFIGURATION

r .|
MSTR CLK SHIFT CLK
5.184 MHz (1) | Divide by 4 : > 1.296 MHz (1)
10.368 MHz (2) Li4—— 4 2.592 MHz (2)
20.736 MHz (1) L
41.472 MHz (2) i’ 'i
XTAL ) | TMS320 TA Register TA' Register
0sc >1 osp | (5 bis) (6 bits) '
| (2's compl) Low-Pass/ I
[ S 7 Switched
Optional External Circuitry | Y Y Divide by 2 Cap Filter |
for Full-Duplex Modems ! Adder/ [ CLK=288-kHz |
r—— — ———— Subtractor Square Wave |
I r 153.6 -kHz | {6 bits) i
| L Divide Clock (1) Commercial i i T8 ?;gtlster |
| by 135 > External I (6 bits) |
| Front-End { ] |
| Full-Duplex || | 4 + |
Split-Band 1! dg,dy=0,0 dg, dy = 0,1 3 !
| Filterst } | do, d1=1,1% 'y do,dy=1,0% xRy B |
! [TB = 40; 7.2kHz |
b - ———d | TX Counter A B=36; 8.0kHz /A
Y ! —3% Conversion |
| [TA=9(1)] > [TB =30; 9.6 kHz Frequency - |
I [TA = 18 (2)] s76-kHz | (TB=20; 14.4kHz quency - i
i (6 bits) > [TB=15; 19.2kHz |
|
| . |
| RA Register RA’ Register |
(6 bits)
I (5 bits) \ |
(2's compl)
| - - Band-Pass [
| Yy v \ 6 Switched |
| Adder/ ‘—Dlvlde by?2 Cap Filter |
| e or | CLK=288-kHz |
| (6 bits) Square Wave |
| ; RB Register |
| (6 bits) {
l j
| A 4 v |
| | da,dg=00 dg, d1 = 0,1 ! |
| | do,d1= 1,1% dg, dq = 1,08 AX Counter 8 |
| [RB = 40; 7.2 kHz A/D |
| RX Counter A | [RB =36; 8.0kHz Conversion |
| [RA =9 (1)] N {RB = 30; 9.6 kHz Frequency |
I {RA=18(2)] 576-kHz | (RB=20; 14.4kHz ]
(6 bits) [RB = 15; 19.2kHz
I Pulses |
L8l 3 - 4
SCF Clock Fraquency = Master Clock Frequency

2 x Contents of Counter A

NOTE: Frequency 1,20.736 MHz is used to show how 153.6 kHz (for commercially available modam spiit-band filter clock), poputar speech and
modem sampling signal frequencies, and an intemal 288-kHz switched-capacitor filter clock can be cerived synchronously and as
submuitiples of the crystal osciilator frequency. Since these derived frequencies sre synchronous submuitiples of the crystal frequency,
aliasing does not occur as the sampled analog signal passes between the analog converter and switched-capacitor fiter stages.
Frequency 2,41.472 MHz is used to show that the AIC can work with high-frequency signals, which are used by high-speed digital signal
processors.

T Split-band filtaring can altematively be performed after the analog input function via software in the TMS220.

 These control bits are described in the AIC DX data word format section.
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1LUS2040C, [LC320401, TLC32041C, TLC320411
TLC32042C, TLC32042]
ANALOG INTERFACE CIRCUITS

SLAS0140 - 02964, SEPTEMBER 1987 — REVISED MAY 1991

explanation of internal timing configuration

All of the internal timing of the AIC is derived from the high-frequency clock signal that drives the MSTR CLK
input pin. The SHIFT CLK signal, which strobes the serial port data between the AIC and DSP, is derived by
dividing the master clock input signai frequency by four.

Master Clock Fr n
2 x Contents of Counter A

lock Fr n
Contents of Counter B

Master Clock Frequency

4

"

SCF Clock Frequency

Conversion Frequency

Shift Clock Frequency

TX Counter A and TX Counter B, which are driven by the MSTR CLK signal, determine the D/A conversion
timing. Similarty, RX Counter A and RX Counter B determine the A/D conversion timing. In order for *he
switched-capacitor low-pass and band pass filters to meet their transfer function specifications, the frequency
of the clock inputs of the switched-capacitor filters must be 288 kHz. If the frequencies of the clock inputs are
not 288 kHz, the filter transfer function frequencies are scaled by the ratios of the cloak frequencies tc 298 kHz.
Thus, to obtain the sgecified jitter résponses, the combination of master clock frequency and TX Counter A and
RX Counter A values must yield 288-kHz switched-capacitor clock signals. These 288-kHz clock signals can
then be divided by the TX Counter B and RX Counter B to establish the D/A and A/D conversion timings.

TX Counter Aand TX Counter B are reloaded every D/A conversion period, while RX Counter A and RX Counter
B are reloaded every A/D conversion period. The TX Counter B and RX Counter B are loaded with the'values
in the TB and RB Registers, respectively, Via software control, the TX Counter A can be loaded with either the
TA Register, the TA Register less the TA' Register, or the TA Register plus the TA' Register. By selecting the
TA Register less the TA’ Register option, the upcoming conversion timing will occur earlier by an amount of time
that equals TA' times the signal period of the Master Clock. By selecting the TA Register plus the TA' Register
option, the upcoming conversion timing will occur later by an amount of time that equals TA' times the signal

software control with the RA Register, the RA Register less the RA’ Register, or the RA Register plus the RA'
Register.

The ability to advance or retard conversion timing is particularly useful for modem applications. This feature
allows controlled changes in the A/D and D/A conversion timing. This feature can be used to enhance
signal-to-noise performance, to perform frequency-tracking functions, and to generate nonstandard modem
frequencies.

If the transmit and receive sections are configured to be synchronous (see WORD/BYTE pin description), then
both the low-pass and bandpass switched-capacitor fiiter clocks are derived from TX Counter A. Also, both the
D/A and A/D conversion timing are derived from the TX Counter Aand TX Counter B. When the transmit and
receive sections are configured to be synchronous, the RX Counter A, RX Counter B, RA Register, RA' Register,
and RB Registers are not used.

B-12
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TLC32040C, TLC320401, TLC32041C, TLC32041i
TLC32042C, TLC32042
ANALOG INTERFACE CIRCUITS

SLAS0140D - D2964, SEPTEMBER 1987 - REVISED MAY 1991

AIC DR or DX word bit pattern

A/D or D/A MSB,
1st bit sent 1st bit sent of 2nd byte A/D or D/A LSB
!

—Y
| D15] 014] D13] D12 D11 ] D10[ D9 [ D8 [ D7 [ D6 | D5 | D4 | D3 | D2 | DY | DO |

AlIC DX data word format section

d15 | d14 | d13 {d12 | d11 [d10 [d9 [d8 [d7 [d6 [d5 [d4 [d3 [d2 | d1 [0 | coOMMENTS
primary DX serial communication protocol

«d15 (MSB) through d2 go to the D/A - I 0 0 |The TX and RX Counter As are loaded with the TA

converter register and RA register values. The TX and RX Counter Bs
are loaded with TB and RSB register values.

+d15 (MSB) through d2 go to the D/A - l 0 1 | The TX and RX Counter A's are loaded with the TA

converter register + TA and RA + RA’ register values. The TX and RX

Counter Bs are loaded with T8 and RB register val-
ues. NOTE:d1 =0, d0 =1 will cause the next D/A and
A/D conversion periods to baechanged by the addition
of TA and RA’ master clock cycies, in which TA and
R/A’ can be positive or negative or zero. Please refer

to Table 1.
«—d15 (MSB) through d2 go to the D/A - | 1 0 |The TXand RX Counter As are loaded with the TA -
converter register TA" and RA ~ RA' register values. The TX and RX

Counter Bs are ioaded with TB and RB register vai-
ues. NOTE: d1 = 1, d0 = 0 will cause the next D/A and
A/D conversion periods to be changed by the sub-
traction of TA' and RA' master clock cyctas, in which
TA' and R/A' can be positive or negative or zero.
Please refer to Table 1.

+—d15 (MSB) through d2 go to the D/A - |1 The TX and RX Counter As are loaded with the TA

converter register and RA register values. The TX and RX Counter Bs
are loaded with the TB and RB register values. After
adelay of four shift clock cycles, a secondary trans-
mission willimmaediately follow ta program the AIC to
operate in the desired configuration.

NOTE: Setting the two least significant bits to 1 in the normal transmission of DAC information {primary communications) to the AIC will initiate
secondary communications upon completion of the primary communications.

-

Upon completion of the primary communication, FSX will remain high for four SHIFT CLK cycles and will then go low and initiate the
secondary communication. The timing specifications for the primary and secondary communications are identlcal. in this manner, he
secondary” communication, if initiated, is intedeaved between successive primary communications. This intereaving prevents the
secondary communication from interfering with the primary communications and DAG timing, thus preventing the AIC from skippinga DAC
output. it is important to note that in the synchronous mode, FSR will not be asserted during secondary communications.

TEXAS ‘b
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TLC32040C, TLC320401, TLC32041C, TLC32041l
TLC32042C, TLC32042
ANALOG INTERFACE CIRCUITS

SLAS014D — 02964, SEPTEMBER 1987 - REVISED MAY 1991

secondary DX serial communication protocol

x x|« to TAregister—|x x| «—toRAregister »I 0 0|di3andd6are MSBs (unsigned binary)

d14 and d7 are 2's complement sign bits

x11to TBregister —1x| «to RBregister —i

x| 1o TA register = I x1 «—to RA register —1 0
1
1

X X X X X X X% d7 d6 d5 d4 d3 d2

1
0 | d14 and d7 are MSBs (unsigned binary)
1

Control d2 = 0/1 deletesfinserts the bandpass filter
‘4——- Register —P{ d3 = 0/1 disables/enables the loopback function
d4 = 0/1 disables/enables the AUX IN+ and AUX IN - pins
ds = 0/1 asynchronous/synchronous transmit receive sections
d6 = 0/1 gain control bits (see gain control section)
d7 = 0/1 gain control bits (see gain control section)

reset function

A reset function is provided to initiate serial communications between the AIC and DSP. The reset function will
initialize all AIC registers, including the contrcl register. After power has been applied tc the AIC, a
negative-going pulse on the RESET pin will initialize the AIC registers to provide an 8-kHz A/D and D/A
conversion rate for a 5.184-MHz master clock input signal. The AIC, except the control register, will be initialized
as follows (see AIC DX data word format section):

INITIALIZED
REGISTER
BEGISTER

TA 9
TA

T8 24
RA 9
RA' 1
R8 24

The control register bits will be reset as follows (see AIC DX data word format section):
d7=1,d6=1,d5=1,d4=0,d3=0,d2=1

This initialization ailows normal serial port communications to occur between AlC and DSP. If the transmit and
receive sections are configured to operate synchronously and the user wishes to program different conversion
rates, only the TA, TA, and TB register need to be programmed, since both transmit and receive timing are
synchronously derived from these registers (see the pin descriptions and AIC DX word format sections).

The circuit shown below will provide a reset on power up when power is applied in the sequence given under
power-up sequence. The circuit depends on the power supplies reaching their recommended values a minimum
of 800 ns before the capacitor charges to 0.8 V above DGTL GND.

TLC32040/
TLC32041/
TLC32042

Ve | 5V

200 kQ
il

0.5 uF
Vee-- _L 5V

B8-14
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TLC32040C, TLC320401, TLC32041C, TLC320411
TLC32042C, TLC32042I
ANALOG INTERFACE CIRCUITS

SLAS0140 ~ D2964, SEPTEMBER 1987 ~ REVISED MAY 1591

power-up sequence

To ensure proper operation of the AIC, and as a safeguard against latch-up,
diode with a forward voltage less than or equal to 0.4 V be connected from Vee-
In the absence of such a diode, power should be applied in the following sequence: ANLG
Vee - then Ve, and Vpp. Also, no input signal should be applied until after power up.

GND and DGTLGND,

AIC responses to improper conditions

The AIC has provisions for responding to improper conditions. These improper conditions and the response of
the AIC to these conditions are presented in Table 1 below.

AIC register constraints

The following constraints are placed on the contents of the AIC registers:

1. TA register must be 2 4 in word mode (WORD/BYTE = high).

2. TA register must be 2 5 in byte mode (WORD/BYTE = low).

3. TA register can be aither positive, negative, or zero.

4. RA register must be 2 4 in word mode (WORD/BYTE = high).

5. RA register must be 2 5 in byte mode (WORD/BYTE = low).

6. RA' register can be either positive, negative, or zero.

7. (TA register + TA' register) must be > 1.

8. (RA register = RA' register) must be > 1.

9. TB register must be > 1.

Table 1. AIC Responses To Improper Conditions

IMPROPER CONDITIONS AIC RESPONSE

TA register + TA' register = 0 or 1
TA register — TA' register = Qor 1

Reprogram TX Counter A with TA register value

TA register + TA' register < 0

MODULO 64 arithmetic is used to ensure that a positiva value is loaded into the X
Counter A, i.e., TA register + TA' register + 40 HEX is loaded into TX Counter A,

RA register + RA' register =0 or 1
RA register ~ RA' register =0 or 1

Reprogram RX Counter A with RA register value

RA register + RA' ragister = Q or 1

MODULO 84 arithmetic is used to ensure that a positive value is loaded into BX Counter
A, i.e., RA register + RA' register + 40 HEX is loaded inta AX Counter A.

’ TA register =0 or 1
RA register = 0 or 1

The AIC is shut down.

TA register <4 in word mode
TA ragister < 5 in byte mode
RA register < 4 in word mode
RA register < 5 in byte mode

The AIC serial port no longer operates.

TB registar =0 or 1 =

Reprogram T8 register with 24 HEX

RB register=0or 1

Reprogram RB register with 24 HEX

AIC and OSP cannot communicate

Hold tast DAC cutput

improper operation due to conversion times being too close together

itis recommended that a Schottky
to ANLG GND (see Figure 17).

If the difference between two successive D/A conversion frame syncsis less than 1/19.2 kHz, the AIC operates
improperly. In this situation, the second D/A conversion frame sync occurs too quickly and thera is not enough
time for the ongoing conversion to be completed. This situation can occurif the A and B registers are improperly
programmed or if the A + A’ register or Ay~ A’ register result is too small. When incrementally adjusting the
conversion period via the A + A’ register options, the designer should be very careful not to violate this
requirement (see following diagram).
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TLC32040C, TLC320401, TLC32041C, TLC32041
TLC32042C, TLC32042
ANALOG INTERFACE CIRCUITS

SLAS0140 - D2964, SEPTEMBER 1987 — REVISED MAY 1991

% t -
Frame —] 45 2 —
Sync
FSX |
or — Ongoing —n
FSR Conversion

ta -ty > 119.2 kHz

asynchronous operation — more than one receive frame sync occurring between two transmit
frame syncs

|

Y
(]
=

|
w
el

When incrementally adjusting the conversion period via the A + A’ or A — A’ register options, a spegific protocol
is followed. The command to use the incremental conversion period adjust option is sent to the AIC during a
FSX frame sync. The ongoing conversion period is then adjusted. However, either receive conversion period
A or B may be adjusted. For both transmit and receive conversion periods, the incremental conversion period
adjustment is performed near the end of the conversion period. Therefore, if there is sufficient time between t1
and t2, the receive conversion period adjustment will be performed during receive conversion period A.
Otherwise, the adjustment will be performed during receive conversion period B. The adjustment command only
adjusts one transmit conversion period and one receive conversion period. To adjust another pair of transmit
and receive conversion periods, another command must be issued during a subsequent FSX frame (see figure
below).

t4

}4——— Transmit Conversion Period ———bi
t2

[

l(—— Receive Conv. ——b;ﬂ— Receive Conv. —)1
Period A Period B

asynchronous operation — more than one receive frame sync occurring between two receive
frame syncs

. When incrementally adjusting the conversion period viz the A + A’ or A — A' register options, a specific protocol

is followed. For both transmit and receive conversion periods, the incremental conversion period adjustment
is performed near the end of the conversion period. The command to use the incremental conversion period
adjust options is sent to the AIC during a FSX frame sync. The ongoing transmit conversion period is then
adjusted. ‘However, three possibilities exist for the receive conversion period adjustment in the diagram as
shown in the following figure. If the adjustment command is issued during transmit conversion period A, receive
conversion period A will be adjusted if there is sufficient time between t1 and t2. Or, if there is not sufficient time
between t1 and t2, receive conversion period 8 will be adjusted. Or, the receive portion of an adjustment
command may be ignored if the adjustment command is sent during a receive conversion period, which is
already being or will be adjusted due to a prior adjustment command. For example, if adjustment commands
are issued during transmit conversion periods A, 8; and C, the first two commands may cause receive
conversion periods A and B to be adjusted, while the third receive adjustment command is ignored. The third
adjustment command is ignored since it was issued during receive conversion period B, which already will be
adjusted via the transmit conversion period 8 adjustment command.

B8-16
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TLC32040C, TLC320401, TLC32041C, TLC320411
TLC32042C, TLC32042!
ANALOG INTERFACE CIRCUITS

SLAS014D ~ D2964, SEPTEMBER 1387 ~ REVISED MAY 1591

!
{4~ Transmit Conv. —»4= Transmit Conv. —>|4— Transmit Conv. —ﬂ
Period A Period 8 . Pericd C

t2

:4‘_—— Receive Conversion Period A _’{4——— Receive Conversion Period B _JI

asynchronous operation — more than one set of primary and secondary DX serial communication
occurring between two receive frame sync (see AIC DX data word format section)

The TA, TA', TB, and control register information that is transmitted in the secondary commurications is always
accepted and is applied during the ongoing transmit conversion period. If there is sufficient time between t1 and
t2, the TA, RA', and RB register information, which is sent during transmit conversion periog A, will be applied
ta receive conversion period A. Otherwise, this information will be applied during receive ccnversion peried 3.
if RA, RA, and RB register information has already been received and is being applied curing an ongoing
conversion period, any subsequent RA, RA’, or RB information that is received during this r=ceive conversion
period will be disregarded (see diagram below).

t1
Primary Secondary Primary Secondary Primary Secondary
FSX _—I l
I[ Transmit i Transmit i Transmit ;
4———— Conversion L Conversion Pré Conversion —————n
Period A Period B Period C
t2

|
(7]
s

1] !
“4— Recelve Conversion —h4—————— Recelve Conversion Period B ﬁﬂ
Period A

absolute maximum ratings over operating free-air temperature (unless otherwise noied)

Supply voltage range, Voc . (588 NOWe 1) ..ot iiuiiee e e -03Vtoisv
Supply voltage range, Vpg ...ttt T -03Vioi5V
Output voltage range, Vg ... vuuueeinin it -03Vto15V
Input voltage range, Vi «.. v uiin it ettt e -03Vto1sV
Digital ground voltage range .. ...........cc.ooiiiiii it -03Vto 15V
Operating free-air temperature range:  TLC32040C, TLC32041 C,TLC32042C ........... 0°Cto 70°C

TLC320401, TLC320411, TLC320421 ............. —40°C to 85°C
Storage temperature range ..................o.iiiiiiiii —-40°C to 125°C
Case temperature for 10 seconds: FN PACKAgR ...\t 260°C

Lead temperature 1,6 mm (1/16 inch) from case for 10 seconds: N package

NOTE 1: Voltage values for maximum ratings are with respectto Voo~
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TLC32040C, TLC320401, TLC32041 C, TLC32041]
TLC32042C, TLC32042]
ANALOG INTERFACE CIRCUITS

SLAS014D — 02964, SEPTEMBER 1987 ~ REVISED MAY 1991

recommended operating conditions

MIN  NoM  MAX ] UNIT
Supply voltage, Vee + (see Note 2) 4.75 5 525 v
Supply voitage, Vo _ (see Note 2) -4.75 -5 =525 \4
Digital supply voltage, Vpp (see Note 2) 4.75 5 5.25 v
Digital ground voltage with respect to ANLG GND, DGTL GND 0 v
Relerencs input voltage, Vref(ext) (See Note 2) 2 4 v
High-level input voltage, Vid 2 Vpp+0.3 v
Low-level input voltage, Vi (see Note 3) -0.3 0.8 \4
Load resistance at OUT + and/or OUT-, AL 300 Q
Load capacitance at OUT + and/or QUT-, C_ 100 pF
MSTR CLK frequency (see Note 4) 0.075 5 10.368 { MHz
Analog input amplifier common mode input voltage (see Note 5) 1.5 v
A/D or D/A conversion rate 20 kHz
. TLC32040C, TLC32041C, TLC32042C 0 70
Operating free-air temperalure, Tp : °C
TLC320401, TLC32041 1, TLC32042] -40 85

NOTES: 2. Vohagesat analoginputs and outputs, REF, VecwandVeg -, are with respact to the ANLG GND terminal. Voltages at cigitat irnits
and outnuts and Yng are with respect ic the DGTL GND terminal,

3. The algebraic convention, in which the least positive (most negative) value is designated minimurm, is used in this data sheet for
logic voitage levels and temperature only.

4. The bandpass low-pass switched-capacitor filter response specifications apply only when the switched-capacitor clock frequency
is 288 kHz. For switched-capacitor fiter clocks at frequencies other than 288 kHz, the filter fesponse is shifted by the ratio of
switched-capacitor filter clock frequency to 288 kHz,

5. This range applies when (IN+ = IN-) or (AUX IN + - AUX IN-) dquais + 6 V.

ixas W
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TLC32040C, TLC320401, TLC32041C, TLC32041]

TLC32042C, TLC320421
ANALOG INTERFACE CIRCUITS

SLAS014D - D2964, SEPTEMBER 1987 ~ REVISED MAY 1991

electrical characteristics over recommended operating free-air temperature range, Voc, = 5V,
Vee-=-5V, Vpp =5V (unless otherwise noted)

total device, MSTR CLK frequency = 5.184 MHz, outputs not loaded

PARAMETER TEST CONDITIONS MIN TYPT MAX] UNIT
VOoH High-level outout voltage Vpp=4.75V, IOH = ~300 uA 2.4 v
VoL Low-level output voltage Vpp =475V, loL=2mA 0.4 v
| Suppt from V TLC3204_C 35
CC+ upply current from Voo 4 TLCa204 0 mA
| Suool L from V. TLC3204_C ~35
cC- upply current from Voo - TLC320% | % mA
Ipo Supply current from Vpp IMSTR CLK =5.184 MHz 7| maA
Veot Internal reference output voitage 3 3.3 v
=vref  Temoerature coefficient of intemai reference voltage 200 ppm°C
o Qutput resistance at REF 100 kQ
receive amplifier input
PARAMETER TEST CONDITIONS MIN TvPt  wumax ! uNniT
A/D converter offset error (filters bypassed) 25 65 mv
A/D converter offset error (filters in) 25 65 mv
Common-mode rejection ratio at IN+«, N—, , |
CMRR or AUX IN+, AUX IN— See Note 6 55 d8
Input resistance at IN+, IN—,
a or AUX IN+, AUX IN—, REF : 100 k2
transmit filter output
PARAMETER TEST CONDITIONS MIN  TYPT MAX | UNIT
Qutput offset voltage at OUT +, QUT —,
Voo (single-ended relative to ANG GND) . s omv
v Maximum peak output voitage swing across Ry 2300 Q +3 v
OM Ry_at OUT + or OUT ~, (single endea) Oftset voltage = 0 ~
Maximum peak output voltage swing between v
VoM Ry at OUT + and OUT —, (differential outout) jiL =g =8 v

T All typicat values are-at Tp = 25°C.
NOTE 6: The test condition is a 0-d8m, 1-kHz input signal with an 8-kHz conversion rate.

EXAS '&vlt‘
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TLC32040C, TLC320401, TLC32041C, TLC32041
TLC32042C, TLC32042i
ANALOG INTERFACE CIRCUITS

SLAS01:D - D2964, SEPTEMBER 1987 ~ REVISED MAY 1991

electrical characteristics over recommended operating free-air temperature range, Voo, =5V,
Vec-=-5V,Vpp = 5 V (unless otherwise noted) (continued)

system distortion specifications, SCF clock frequency = 288 kHz

PARAMETER TEST CONDITIONS MIN TYpPt MAX| UNIT
Attenuation of second harmonic of Single ended Vin =-0.5dB to ~24 dB referred to Vrgf, 70 @B
A/D inout signal Differential See Note 7 62 70
Attenuation of third and higher Single ended | Vi = ~0.5 dB to —24 4B referred to Vraf 65 @B
hamomics of A/D input signal Difterential See Note 7 57 65
Attenuation of second harmonic of Singte ended Vin = -0 dB to —24 dB referred to Vygy, 70 a8
D/A irout signal Differential See Note 7 62 70
Atteriuation of third and higher Single ended Vin =—0dB to —24 dB referred to Vygy, 65 o8
harmonics of D/A input signal Differenual See Note 7 57 65
A/D channel signal-to-distortion ratio
- TEST CONDITIONS Ay =13 Ay = 2% Ay = 4%
- PARAMETER (see note 7) MIN  MAX MIN  MAX MIN  MAX UNIT
Vin =—6 dB to —0.1 d8 58 >58% >583
Vin=-12dB to-6dB 58 58 >58¢9
Vin=-18d8to-12¢dB 56 58 58
Vin=-24dBtoc-18dB 50 56 58
A/D crannel signal-to-distortion ratio Vin =-30dB to-24 d8 44 80 36 dB
Vin=-36 dBto-30d8 a8 44 50
Vin =-42 dB to —36 dB 32 38 44
Vin = -48 dB to -42 d8 26 32 38
Vin =54 dB to -48 dB 20 26 32
D/A channel signal-to-distortion ratio
PARAMETER TES(E;O"’:,?;T;)ONS MIN  MAX ! UNIT
Vin =~6 dB to 0 a8 s8
Vin==12dBto-6d8 58
Vin=-18dBto-12¢8 5
Vin=-24dBto-18dB 30
D/A crannel signai-to-distortion ratio Vin=~-30dB to-24 d3 a4 48
Vi = ~36 dB to —30 dB 38
Vin =—42 dB t0 —36 a8 32
Vin = ~48 dB to —42 a8 26
Vin = —54 dB to —48 d8 20

T All typical values are at Tp = 25°C.

$Ayis the programmable gain of the input amplifier,

§Avalue >58is overrange and signal clipping occurs.

NOTE 7: The test condition Vi is a 1-kHz input signal with an 8-kHz conversion rate (0 dB relative to Vrat). The load impedance for the DAC is
600 Q

TEXAS “?
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TLC32040C, TLC32040l, TLC32041C, TLC32041!

TLC32042C, TLC32042!

ANALOG INTERFACE CIRCUITS

SLAS0140 ~ 02964, SEPTEMBER 1987 ~ REVISED MAY 1991

electrical characteristics (continued)

gain and dynamic range

PARAMETER TEST CONDITIONS MIN TYPT MAX| UNIT
Absolute transmit gain tracking error while transmitting —48-dB to 0-dB signal range,
intog00Q "~ see Noto 8 005 £015) d8
. N ~48-dB to 0-dB signal range, .
Absolute receive gain tracking error sea Note 8 £0.05 x0.15 a8
. Signal input is 2 -0.5-d8,
Absolute gain of the A/D channel 1-kHz sinewave 0.2 d8
Absolute gain of the D/A channel Signal input is 2 0-d8, -0.3 dB
1-kHz sinewave
NOTE 8: Gain tracking is relative to the absolute gair: at 1 kHz and 0 d8 (0 dB refative to Vrgf).
power supply rejectlon and crosstalk attenuation
PARAMETER TEST CONDITIONS MIN TYPT MAX]| UNIT

VGG + of VoG - supply voltage f=01030kHz Idle cnannel, supply signat at 200 mV p-p 30 4B

rejection ratio, receve channel t =30 kHz to 50 kHz measured at DR (ADC output) 45

Ve + of V- supply voltage |1 =0 to 30 kHz o ch ; vV o- 30

rejection ratio, transmit channel tdge ancr;elt, Cs)t%? ly signal at 200 mV p-p dB8

(single ended) f=30kHz !0 S0kHz |Measureda 5 45 ;

Crosswalk attenuation, transmit-to-receive (single ended) 80 dB
T All typical values are at Ty = 25°C.

i
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TLC32040C, TLC320401, TLC32041C, TLC32041]

TLC32042C, TLC32042!

ANALOG INTERFACE CIRCUITS

SLASQ140 - D2564, SEPTEMBER 1987 - REVISED MAY 1991

delay distortion, SCF clock frequency = 288 kHz +2%, input (IN+~IN

Please refer to filter response graphs for delay distortion specifications.

TLC32040 and TLC32041 bandpass filter transfer f

frequency = 288 kHz, =2%, input (IN+ — IN~) is a

+3-V sinewave (see Note 9)

unction (see curves), SCF clock

-) is £3-V sinewave

PARAMETER TEST CONDITIONS FREQUENCY RANGE MIN MAX | UNIT
f =100 Hz -42
" f=170 Hz -25
(s'::‘:f{:‘? ) Input signal reference is 0 dB 300 Hz 5 £ £ 3.4 kHz -0.5 0.5 d8
f=4 kHz -16
f24.6 kHz -58
TLC32042 bandpass filter transfer function (see curves), SCF clock
frequency = 288 kHz £2%, input (IN+ — IN-) is a +3-V sinewave (see Note 9)
PARAMETER TEST CONDITIONS FREQUENCY RANGE MIN MAX | UNIT
f=100 Hz -27
) =170 Hz -2
(s?:‘:f::":m Input signal reference is 0 dB | 300 HZ 21 £ 3.4 K12 ~05 05! e
f=4 kHz -16
{2 4.6 kHz -58
low-pass filter transfer function, SCF ciock frequency = 288 kHz +2% (see Note 9)
PARAMETER TEST CONDITIONS FREQUENCY RANGE MIN MAX | UNIT
f<3.4 kHz -0.5 0.5
(s?:i:'cﬁ:"; 0) Qutput signal reference is 0 dB :: Zi:}:z _;; d8
f24.4 kHz -58
serial port
PARAMETER TEST CONDITIONS MIN TYPt MAX| UNIT
VoH  High-level output voitage IQH = =300 pA 2.4
VoL Low-level output voltage loL=2mA 0.4 v
i Input current =10 HA
Cj Input capacitance 15 oF
Cqo Qutput caoacrtance 15 oF

T All typicat values are at Ty, = 25°C.

NOTES: 9. The abovs filter specifications are for a switched-ca
at frequencies other than 288 kHz =2%,

kHz.

10. The filter gain outside of the passband is measured with respectto the gain at 1 kHz. Th
with respect to the average gain within the passband. The passbands are 300 to

low-pass filters respectively.

pacitor filter clock range of 288 kHz ~2%. For switched-capacitor filter clocks
the filter responsa is shifted by the rario of switched-capacitor filter clock frequency to 288

e filter gain within the passband is measured
3400 Hz and 0 to 3400 Hz for the bandpass and
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TLC32040C, TLC320401, TLC32041C, TLC32041l
TLC32042C, TLC32042!
ANALOG INTERFACE CIRCUITS

SLAS0140 — D2964, SEPTEMBER 1987 - REVISED MAY 1991

operating characteristics over recommended operating free-air temperature range, Vg, =5V,
Veg-=-5V,Vpp=5V

noise (measurement includes low-pass and bandpass switched-capacitor filters)

PARAMETER TEST CONDITIONS TYPt MAX| uNIT

Single ended 200 RV ms

Transmit noise . OX input = 00000000000000, constant input code 300 500 | uV ms
Differential

20 a8mcO

4
Receive noise (see Note 11) Inputs grounded, gain = 1 300 75 | wV ms
20 dBmecO

timing requirements

serial port recommended input signals

MIN MAX | UNIT
le(MCLK) Master clock cycle time . 95 ns
t(MCLK) Master clock rise time 10 ns
tMCLKY  Master clock fail time 10 ns

Master clock duty cycie 42% 58%

RESET pulse duration (see Note 12} 800 ns
tsy(DX) DX setup time before SCLKL 20 ns
th(DX) DX hoid time after SCLKL te(SCLKY/A ns

NOTES: 11. The naise is reffered to the input with a buffer gain of one. It the buffer gain Is two or four, the noise figura will be correspondingly
reduced. The noise is computed by statistically evaluating the digital output of the A/D converter.

12. RESET puise duration is the amount of time that the reset pin is held below 0.8 V after the power supplies have reached their
recommended values.

serial port — AIC output signals, Cy = 30 pF for SHIFT CLK output, Ci_= 15 pF for all other outputs

MIN  TYPT  MAX] UNIT
to(SCLK)  Shift clock (SCLK) cycle time : 380 ns
f(SCLKy  Shift clock (SCLK) fall time 3 8 ns
t(SCLK)  Shift clock (SCLK) rise time 3 8 ns

Shitt clock (SCLK) duty cycle 45 55 %
t4(CH-F) Delay from SCLKT to FSR/FSX/FSDL 30 ns
l4(CH-FH) Oelay from SCLKT to FSR/FSX/FSOT - 35 80| ns
4(CH-0R) CR valid after SCLKT 80| ns
taw(CH-EL) Defay from SCLKT to ECDX/EDDRI in word mode 90| ns
tw(CH-EH)Delay from SCLKT to EODX/EODRT in word mode 9| ns
Y(EODX) EOOKX fall time 2 8| ns
tHeoOR) EOOR fafl time 2 8{ ns
tab(CH-EL) Delay from SCLKT to EODX/EQDR!L in byte mode 9| ns
tgb{CH-EH) Delay from SCLKT to EOBX/EQDRT in byte mode 901 ns
td(MH-SL) Delay from MSTR CLKT to SCLKL 65 170| ns
tg(MH-sH) Delay from MSTR CLKT to SCLKT 65 170 ns

T Typical values are at T = 25°C.
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1 LLIZU4UG, TLUSZY4UY TLCS20410, TLLC32041)
TLC32042C, TLC320421
ANALOG INTERFACE CIRCUITS

SLAS014D - D2964, SEPTEMBER 1987 — REVISED MAY 1991

timing requirements (continued)
serial port — AIC output signals

TEST CONDITIONS MIN TYPT MAX| UNIT
te{SCLK) Shift clock (SCLK) cycle time 380 ns
tSCLK)  Shift clock (SCLK) fall time 50| ns
t(SCLK)  Shift clock (SCLK) rise time 50 ns

Shift clock (SCLK) duty cycle 45 55 %
t9(CH-FL) Delay from SCLKT to FSR/FSX < Cy =50 pF 52| ns
t4(CH-FH) Detay from SCLKT to FSA/FSX T Cy =50 pF 52| ns
4{CH-DR) OR valid after SCLKT 90| ns
tw(CH-EL) Delay from SCLKT 1o EODX/EODR. in word mode 0| ns
tdw(CH-EH)Delay from SCLKT to EODX/EODRT in word mode 0| ns
tyeopx) EODX fall time 15 ons
t{EODR) EODR fall time 15] ns
tdb(CH-EL) Detay from SCLKT to EOOX/EGDRY in byte mode 100 ns
tan(CH-EH) Celay Fom SCLKT to ZODX/EODHT in byte mods 100§ ns
td(MH-sL) Delay from MSTR CLKT to SCLK{ 65 ns
la(MH-SH) Delay from MSTR CLKT to SCLKT 65 ns

T Typical values are at T5 = 25°C.
Table 2. Gain Control Table Analog Input Signal Required for Full-Scale A/D Conversion

INPUT CONFIGURATIONS CONTROL REGISTER BITS ANALOG WPUTE A/D CONVERSION
dé d7 RESULT
1 1
Ditferential configuration 0 0 6V Full scale
Analog i =IN+=IN~
B e, : 0 <3V Full scale
0 1 15V Full scale
1 1
Single-ended configuration ) 0 3V Half scale
Analog input = IN+ = ANLG GND
= AUX IN+ - ANLG GND ! 0 3V Full scale
Y 1 *1.5V Full scale

¥ in this example, Vret is assumed to be 3 V. In order to minimize distortion, it is recommended that the analag input not exceed 0.1 dS beiow
full scale.

Rtb Rib
R " R
IN+ —A- N\ AUXIN+ —AA + =
To MUX To MUX
IN= —'\/\/\/—E—‘V\/ ——- AUX INo —WA =
) »—+—] ) —«ij
Rtp Rip
Riy=Rford6=1,d7=1 Rip=Rford6=1,d7=1
d6=0,d7=0 d6=0,d7=0
RAfp=2Rford6=1,d7=0 Ath=2Rford6=1,d7=0
Rip=4Rford6=0,d7 =1 Ry = 4R for d6 = 0, d7 = 1
Figure 1. IN+ and IMN- Gain Figure 2. AUX IN+ and AUX IN~
Control Circuitry Gain Control Circuitry
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TLC32040C, TLC320401, TLC32041C, TLC32041
TLC32042C, TLC32042!
ANALOG INTERFACE CIRCUITS

SLASQ14D - D2964. SEPTEMBER 1987 ~ REVISED MAY 1991

sin x/x correction section

The AIC does not have sin x/x correction circuitry after the digital-to-analog converter.The sin x/x correction
can be accomplished easily and efficiently in digital signal processor (DSP) software. Excellent correction
accuracy can be-achieved to a band edge of 3000 Hz by using a first-order digital correction filter. The results,
which are shown below, are typical of the numerical correction accuracy that can be achieved for sample rates
of interest. The filter requires only seven instruction cyctes per sample on the TMS320 DSPs. With a 200-ns
instruction cycle, nine instructions per sample represents an overhead factor of 1.4% and 1.7% for sampling
rates of 8000 Hz and 9600 Hz, respectively. This correction will add a slight amount of group detay at the upper
edge of the 300~3000-Hz band.

sin x/x roll-off for a zero-order hold function

The sin x/x roll-off for the AIC DAC zero-order hold function at a band-edge frequency of 3000 Hz for the various
sampling rates is shown in the table below.

Table 3. sin x/x Roll-Off

20i0g S0IYs :xs
fs (Hz) {f = 3000 Hz)

(d8)

7200 —2.64

. 8000 —2.11
9600 ~1.44

14400 -0.63

19200 -0.35

Note that the actual AIC sin x/x roll-off will be slightly less than the above figures, because the AIC has less than,
a 100% duty cycle hold interval.

correction filter

To compensate for the sin x/x roll-off of the AIC, a first-order correction filter shown below, is recommended.

J —>Y(i+1)
(1-p1)P2 (; ;) 2

The difference equation for this correction filter is:

yi+1=p2(1-p1) (Uj+1) +plyi

where the constant p1 determines the pole locations.

The resulting squared magnitude transfer function is:
p22(1 — p1)?

1 ~ 2p1 cos(2 = f/f,) + p12

(i + 1)

IH{f)1Z =

TEXAS ‘!’?
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TLC32040C, TLC320401, TLC32041C, TLC32041
TLC32042C, TLC32042
ANALOG INTERFACE CIRCUITS

SLAS0140 ~ 02964, SEPTEMBER 1987 — REVISED MAY 1591

correction results -

Table 4 below shows the optimum p values and the corresponding correction resuits for 8000-Hz and 9600-Hz
sampling rates.

Table 4. e
ERROR (dB) ERROR (dB)
tea |t e | e
p2 = 0.9888 P2 = 0.9951
300 -0.099 -0.043
600 -0.089 -0.043
Q200 ~0.054 0
1200 -0.002 0
1500 0.041 0
1800 0.079 0.043
2100 0.100 0.042
2400 0.091 0.043
27C0 -0.043 Q
3000 ~-0.102 -0,043

TMS320 software requirements

The digital correction filter equation can te written in state variable form as follows:
Y =k1Y + k2U

where k1 equals p1 (from the preceding page), K2 equals (1 - p1) p2 (from the preceding page}, Y is the filter
state, and U is the next /0 sample. The coefficients k1 and k2 mustbe representedas 16-bitintegers. The SACH
instruction (with the proper shift) wiil yield the correct resuit. With the assumption that the TMS320 processor
page pointer and memory configuration are properly initialized, the equation can be executed in seven
instructions or seven cycles with the following program:

ZAC

LTK2

MPY U

LTA K1

MPY Y

APAC

SACH (dma), (shift)

TEXAS ‘!’}
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TLC32040C, TLC320401, TLC32041C, TLC32041]
TLC32042C, TLC32042!
ANALOG INTERFACE CIRCUITS

SLAS014D — D2964, SEPTEMBER 1987 ~ REVISED MAY 1091

byte-mode timing

i
= - tscug = e seuig - tescik)
SHIFT CLK 2v 2V 2V 2v 2Vjm2V 2v
|

i
8 0.8V I !
t(CH-FL) i lg— td(CH-FH) M :*"

1=

osv | | |
WCHFLple— " | td(CH-FH)
FSA,F5X aev L | /2 08— 72V
|
: » ;*' t4(CH-DR) } }
| | z.v | . |
DR D15 (013X013X D9 08 X 07 X 06 X D2\ D1 DO
T XXX EX XX EX i
tsu(DX) -9 4— !
! ! Don't Care 4
ox o7 X, 55 X B2 X X B0
—n M-y } ) I
h(DX) ¥ % tancH-eL) tdb(CH-EH) M 4—
Rl
EODR, EODX : N\ 0.8V S——1 / 2V
word-mode timing
i*—'}-‘c(scuq
sl 2v| 2V zvl 2V
| o.avi | 0.8V 0BV | |
| 1 ”I!"td(CH-FL) | { td(CH-FH)» 4 |
FSX.FS 0.8 VL : i :/ 2v|
i
I % % tqcH-DR) | }
DR D15 X D13 X D13 X D1z)<mibgoz \ D1 pol i
'su(DX) ¥ e ] ‘
; Z 4 Don't Care
ox GD CID €T TR Gl ST @D D S LI
' 1
—¥ Mty taw(CH-ELP * ¥ 4= taw(CH-EH)
L%
EODR, E00X i/ s _/2v

shift-clock timing

. . I

-bf r'td(MH-SH) M tgmnsy

]
SHIFT CLK /" \L

Figure 3. Serial Port Timing
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TLC32040C, TLC320401, TLC32041C, TLC32041l
TLC32042C, TLC320421
ANALOG INTERFACE CIRCUITS

SLAS014D —D2964. SEPTEMBER 1987 - REVISED MAY 1991

TMS32010 a 20 ) SX
c2 <t—
< SN74LS299
-— ?_1- Qy DX
DE G2 TLC32040/
<—
SoCLK TLC32041/
AO/PAC (] TLC32042
A1/PA1 3 -
A-H SR
A2/PA2 ; [O— SHIFT CLK
SN74LS299
> on
—G2
$1777 15 us G SN74LS74I
/ \\ 00-D7 ol . c1 4
po-D1s{ \\ : X A4A-H SRI———<¢——ia 10~<4-1DR
|
A |
WE [—— _Do— T T
= |
CLKOUT 5 MSTR CLK
T < £00%

Figure 4. TMS32010-TLC32040/TLC32041/TLC32042 Interface Circuit

in instruction timing

CLK OUT I

oe |
i
| |
S0, G1 ]
DO-D15 (  valid )
out instruction timing
CLK ouT |
— |
WE |
|
SN74LS138 Y1 ]
1
SN74LS299 CLK
DO-D15 — Vaid -\,

Figure 5. TMS32010-TLC32040/TLC32041/TLC32042 Interface Timing
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TLC32040C, TLC320401, TLC32041C, TLC32041
TLC32042C, TLC32042!
ANALOG INTERFACE CIRCUITS

SLAS0140D - D2964, SEPTEMBER 1987 - REVISED MAY 1991

TYPICAL CHARACTERISTICS

AIC TRANSMIT CHANNEL FILTER

10 T 0.3
Magnitude
1} 0.25
-10 0.2
Group Delay g
~-20 0.15 |
m b3
'? ~30 0.1 %
o See Note B / \ a
B 40 0.05 §
2 oL S RN | AYNIN
=) ‘ / -]
= / i 'y 2
-60 = 0.05 =2
—~ ] @
/ v \t\ Sae Nots A \\ =
=70 T T Y 0.1
h See Note C
=80 I { I 0.15
-90 ! . 0.2
0 1 2 3 4 5
Normalized Frequency — kHz xw

288 kHz
NOTES: A. Maximum relative delay (0 Hz to 600 Hz) = 125 us
. Maximum relative detay (600 Hz to 3000 Hz) = = 50 ps
. Absolute delay (600 Hz to 3000 Hz) = 700 us
. Test conditions are VCE 4, VoG- and Vpp within recommended operating conditions, SCF clock f = 288 kHz +2% input = £3-V
sinewave, and Tp = 25°C.

[oReN ]

Figure 6
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TLC32040C, TLC32040]

r

TLC32042C, TL.C32042]
LOG INTERFACE CIRCUITS

ANA
Stas

» TLC32041C, TLC32041

014D - D2064, SEPTEMBER 1987 ~ REVISED MAY 1991

NOTES: A, Maximum relative
B. Maximum relative

C. Absolute delay (6
D. Test conditions ar.
sinewave, and TA

TYPICAL CHARACTERISTICS

TLC32040 AND TLC32041
RECEIVE CHANNEL FILTER

1:: ‘)— Se‘;NoteA , MagnltLde T ::5
—HH—-
o 0.25
20 Il , I ‘ 0.2
2]
g ., 0.15
é -~ T ’ I \ e.1
g - . Grour; Delay ! I !\ 0.05
_70-1- 4 ‘, . ‘

|
—80’ ’ ZISee Note B ,T ’ I h ::5
b, See Note C —i \ ' ‘

0

1
l
1 2 3 4

0.15
5

Normalized Frequency - kHz x St dl frequency

288 kHz

delay (200 Hz to 500 Hz) = 3350 s
delay (600 Hz to 3000 Hz) =% 50 s

00 Hz to 3000 Hz) = 1230 s

eVee.. Veeo,
=25°C.

and Vpp within recommended 9perating conditions, SCF clock f = 288 kHz

Figure 7

Relative Group Delay - ms

22%, input = +3.v
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TLC32040C, TLC320401, TLC32041C, TLC320411-
TLC32042C, TLC32042(: -
ANALOG INTERFACE CIRCUITS -

SLAS0140 - D2964, SEPTEMBER 1987 — REVISED MAY 1991

TYPICAL CHARACTERISTICS
TLC32042
RECEIVE CHANNEL FILTER
103 - 0.3
Magnitude
4] } \ 0.25
-10 T 0.2
— See Note A \ g
-20 \ ] 0.15 7
@ ! >
S .30 01 3
5 | g
E - 40 Group Delay 0.05 §'
- - AN \ . &
i NI
-350 See Note B v 905
| [+
-70 ; 0.1
See Note C — Y
-80 0.15
-90 : 0.2
0 1 2 3 4 § ’
SCF clock fequency

Normalized Frequency — kHz x
288 kHz
NOTES: A. Maximum relative delay (200 Hz to 600 Hz) = 3350 us
Maximum reiative delay (600 Hz to 3000 Hz) = = 50 us
Absolute delay (600 Hz to 3000 Hz) = 1080 us
Test conditions are Vo 4. Vo C - and Vpp within recommended operating conditions, SCF clock f = 288 kHz 2%, input = 3-V
sinewave, and Tp = 25°C. ’

com

Figure 8
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TLC32040C, TLC320401, TLC32041C, TLC32041
TLC32042C, TLC32042|
ANALOG INTERFACE CIRCUITS

SLAS014D -~ D2964, SEPTEMBER 1987 - REVISED MAY 1981

TYPICAL CHARACTERISTICS
A/D SIGNAL-TO-DISTORTION RATIC A/D GAIN TRACKING
vs (GAIN RELATIVE TO GAIN
INPUT SIGNAL = AT 0-dB INPUT SIGNAL)
80 T T T 0.5 T T
1-kHz Input Signal With an 1-kHz Input Signat
70{ 8-kHz Conversion Rate 0.4~ g-kHz Conversion Rate
|
@ Gain = 4% L— N 0.3
"’ 60 < Gain = 1X
° / / o 02
s 50 A . k]
@ / oo
< o
s 4 g I
= 40 [ T —
: | g N
2 39 = ~01
2 =
':_i o -0.2
= 2C
@ -0.3
10 -0.4
|
o -05 |
-50 -40 -30 -20 -10 0 10 -50 =40 -30 -20 ~10 0 10
input Signal Relative to Vet — dB Input Signal Relative to Vet —dB
Figure 9 Figure 10
D/A GIAN TRACKING
D/A CONVERTER SIGNAL-TO-DISTORTION RATIO vs
vs (GAIN RELATIVE TO GAIN
INPUT SIGNAL AT 0 0dB INPUT SIGNAL)
100 T ] T T 1.0 | | | I
1-kHz input Signal into 500 Q 1-kHz Input Signal into 500 Q
901 g.kHz Conversion Rate 0.8t g yHz Conversion Rate
@ 80 0.6 !
-
1
o 70 0.4
LA
e 80 / & 02
L £
= 50 X 0
g / 8
0 -
a a0 g 't -02
8 s
3 30 G o4
[
2
I 20 -0.6
10 -0.8
0 -1
-50 ~40 =30 -20 -10 o] 10 -50 -40 -30 -20 -10 0 10
Input Signal Relative to Vo ~ dB Input Signal Relative to Vrat~d8
Figure 11 Figure 12

NOTE: Test conditions are Vee+ Vec— Vpp and within recommended operating conditions set clock f = 288 kHz 2%, and Ta =25°C.
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TLC32040C, TLC320401, TLC32041C, TLC320411

TLC32042C, TLC32042!
" ANALOG INTERFACE CIRCUITS

SLASQ140 — D2964, SEPTEMBER 1987 - REVISED MAY 1991

Attenuation of Second Harmonic - dB

Attenuation of Second Harmonic — dB

TYPICAL CHARACTERISTICS
ATTENUATION OF SECOND HARMONIC OF A/D INPUT ATTENUATION OF THIRD HARMONIC OF A/D INPUT
Vs vs
INPUT SIGNAL INPUT SIGNAL
100 y - 100 7 , T
/\ i | 1-kHz Input Signal
90 / 3 T 90— 8-kHz Conversion Rate
80 \ L S g
70 . ] 70 //\/
60 s 60 =
l ! e 1
50 - = 50
| ; £ : | i

4 o 4

0 g ! g !
30 : : = 30

. 2
20 £ 2
T i ! 2
1ok 1-kHz Input Signal ! 10
8-kHz Conversion Rate i
3 ' - . Q
-=50 -40 -30 -20 -10 ] 10 ~50 —40 -30 -20 -10 0 10

input Signal Relative to Vet~ dB
Figure 13

ATTENUATION OF SECOND HARMONIC OF D/A INPUT

vs
INPUT SIGNAL
100 i i | B
1-kHz Input Signal into 600 Q
90| 8-kHz Conversion Rate
| I ' 1
80 H i
D . ANV
70 /( \1./ i
60 ~1 !
50 ‘
40 ]
i
30
20
10
1]
-50 -40 -30 -20 -10 0 10

Inpu Signal Relative to Vre¢—-dB
Figure 15

Attenuation of Third Harmonic -- d8

Input Signal Relative to Vef — dB

Figure 14

ATTENUATION OF THIRD HARMONIC OF D/A INPUT

vs
INPUT SIGNAL
100 1 ! [ !
1-kHz Input Signal into 600 Q
901 g-kHz Conversion Rate
80 L
70 L
y 7.4
60
sQ
40
30
20
10
0
-50 -40 -30 -20 -10 Q 10

input Signal Relative to Veet—dB
Figure 16

NOTE: Test conditions are VCC +. VCC — and Vpp within recommended operating conditions set clock f = 288 kHz £2%, and Ta = 25°C.
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TLC32040C, TLC320401, TLC32041C, TLC32041]
TLC32042C, TLC32042]

ANALOG INTERFACE CIRCUITS

SLAS014D ~ D2964, SEPTEMBER 1987 — REVISED MAY 1991

TMS32020/C25-

TYPICAL APPLICATION INFORMATION

CLKOUT
FSX

DX

FSR

DR
CLKR
CLKX

A

4 A A Y A A

© TLC32040/TLC32041/TLC32042 -
MSTR CLK Vees AY
FSX REF ——K—C-I ~c
oX ANLG GND [ —9——o——¢
SR & Barazhl o
DR Voo -5V
SHIFT CLK Voo 5
DGTL GND 0.1 uF

V¥ \

C =0.2 uF, Ceramic

Figure 17. AIC Interface to the TMS32020/C25 Showing Decoupling Capacitors and Schottky Diodet

Vee
1

R

TLA31

—@

500Q

2500 Q

\ 4 3V Output

For:

1

[]
|

I
%

ity ,l\ 0.1 pF Ceraminc

Vee=12V,R=72000
Vec =10V, R=5600Q
Vee=5V, R=16000Q

Figure 18. External Reference Circuit For TLC32045

t Thomson Semiconductors
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