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Adaptive IIR Band-Pass Filter Using Normalized Gradient Algorithm
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ABSTRACT
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2. INTRODUCTION TO DIGITAL FILTER
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3. Z-TRANSFORM
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4. REALIZATION STRUCTURES FOR DIGITAL FILTER
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5. TYPE OF DIGITAL FILTER
Digital Filter i 19/8619n10vmauiseenitiu 2 ¥ila
1. Finite Impulse Response (FIR)
2. Infinite Impulse Response (IIR)
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y(n) = i h(k).x(n—k) : IIR Digital Filter )
k=0
n-1

y(n) = z h(k).x(n—k) : FIR Digital Filter 3)
k=0
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n-1
H(z)=Y h(k)z™* : FIR Digital Filter ©6)
k=0

6. SUMMARY OF KEY CHARACTERISTIC FEATURES OF FIR FILTER

1. Characteristic ¥84 FIR Digital Filter 9U@AA3a33

y(n) = ih(k)x(n—k) ™
k=0
n-1

H(z)=) h(k).z™ 8)

Taoft h() k=012, .01 (Hududszdnilumsnouauseds Impulse Y83 A2

NI0IN YN
H(z) (1w Transfer Function 83 Ansesdyaas
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Y h(N-1)

y(n)

71t 6 Tnsaerd19v04 FIR Digital Filter

7. SUMMARY OF THE BASIC FEATURES OF IIR FILTER

Characteristic U904 IIR Digital Filter ) ANMUAANIY Recursive Equation Al
y(m) =Y hk)x(n—k) =Y a, x(n—k)— Y b, x(n—k) )
k=0 k=0 k=1

Tagfi b 1WuMsABUANBIAS Impulse Y8 AanToadRyana Favzlivnnadiluda
a_laz b, Fudnlsz@nFueq Filter

x(n) waz y(n) I Input {18 Output YO Filter
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8. ADAPTIVE DIGITAL FILTER
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9. CONCEPTS OF ADAPTIVE DIGITAL FILTER
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/ +
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Filter A z o
xk nk A
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§ide5n00191 Object code MMIWIWaMNInIhdoyasialufiAem1dlavase Moy
[wasdues DSK Wunpuiiaunsaimua directive’ feufozimsnemanydld mldawse
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execution, breakpoint setting 1192 runtime execution halt Hudu
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TMS320C50
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vinms@ouTsunsunuenpud  udaiimsaey Ind lasusmauuass  MIAUUINN

Tusunsuansu
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swazEavesTeiuITTIIe aunsauiesneuwaziBua 1 Tauiud 1WA
wwena .DOC Fuanteddesmsanu Tlsuunsunmuemandldfiudlid wuaga
ASM

SW TMS320c50 UBIUSEN Texas Instruments 92MINsUsTZUIANITYYIYUVVIMY
@3 (Fixed-point) $ 10z deuinisudassunaitomndlusaudy neusni hhlszunane
‘?Q%Wi:uiﬂﬁ‘lfuﬂ‘m‘liﬂﬂizu’mNaﬁ"t’uuillumumn“nﬁﬁtlil(Float-point) 18nelaslidoaimsila
Hus sy

$W DSP As2a Fixed-Point Y84UTUN Texas Instruments ﬁmsv’i’mmumaws'uc?ﬂfmuﬂ
%zwﬁmﬂwqmmm“hmunu"lﬁ'TﬂtJﬂmwmmmwzmm‘l%’"lﬂﬂu Fw falmi Fernnsai
“lnn'l%ﬁnmmmﬂu ‘Binafzi iannseld dn sulni q 18hien waznit lufude w lu
AIZ0A C5x munawsummLmnmanu‘lumuﬂum Memory uusss}mnwhmahwhﬂaamn
T lFnuludnvazang fuualudiundng 11mmsmnumu‘lu%“LnuaunuTﬂU‘luTﬂsumu

92111 ¥ JU CS0 m‘l‘lmuuﬂ‘lumwamw;ﬂuunu i5un3Iu9 71 C5x

11. msiFaumly

Automotive Consumer Control

Adaptive ride control Digital radios/TVs Disk drive control
Antiskid brakes Educational toys Engine control
Celiular telephones Music synthesizers Laser printer contro}
Digital radios Power tools Motor control
Engine contro! Radar detectors Robotics controi
Giobal positioning Solid-state answering machines Servo controt
Navigation

Vibration analysis

Volce commants
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Genergl-Purpose Graphlcsfimaging Industrial

Adaptive filtering 3-D rotation Numéric control

Convolution Animation/digital map Power-line monitoring

Correlation Homomorphic processing Robotics

Digital fittering Pattem recognition Security access

Fast Foutier transforms Image enhancement

Hitbert transforms Image compression/transmission

Waveform generation Robot vision

Windowing Workstations

Instrumentation Medical Military

Digital filtering Diagnostic equipment image processing

Function generation Fetal monitoring Missile quidance

Pattem matching Hearing aids Navigation

Phase-locked toops Patient monitoring Radar processing

Seismic processing Prosthetics Radio {frequency modems

Spectrum analysis Uttrasound equipment Secure communications

Transient analysis Sonar processing
Telecommunications Voice/Speech

1200- to 19200-bps modems DTMF encoding/decoding Speech enhancement

Adaptive equalizers Echo canceliation Speech recognition

ADPCM transcoders Fax Speech synthesis

Cellular telephones Line repeaters Speaker verification

Channel muttiplexing Speaker phones Speech vocoding

Data encryption Spread spectrum communications Voice mail

Dightal PBXs Video conferencing Text-to-speech

Digital speech interpolation (DSI) X.25 Packet Switching

Personal digital assistants (PDA) Personal communications systems (PCS)

19197 1 uaraeswnisveansldan csx luduang

& ufnyay MUY Real Time tazaawannsalumslfouiivarmanild 3
wiu csx Muldednnhavncdunsudilymeng #TiM 19UV Signal-Processing 19U
A300ATHE n‘%‘amsnsaﬁq;qnm"hhﬁmwinfu“luiu Csx fapnuuITesee UMM
msmanuraweselunaudniuaie

Tusu csx dalszneuldfag cso, Cs1 uaz €53 Fummudaudiudaszauguszon
Static CMOS ﬁﬁfmﬁ]ﬂUnssumu"lua;juuﬁugmmmiu C25 AIWMIHAUATIUNUYOY

3 P 1 A o
anilaonssuFugaNIinIsuensEnINe Program - Bus (8¥ Memory — Bus fumsiugnsal
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sz Teani l9aoe lanail

Temdnlumseenuuuiiganndigegauas 1dauldae

Y ad 4 A g o

Hnma TuTadvuganomuanuzrlumsinu

fin11 Compatible ($1iu1d) Auguneuq Tidwadu cix c2x wmldansornins

Upgrade 1841w

a o o o A g ° . H ad, da

finsysudgagamdatemmusilumsiuuy Algorittm (Yunewudd) filise
14 ‘. b ed

Ansamanatusaziiunnuannsalumsmaudunndug

madauuinilunsesnuuusioiflseniamaaulunmsinunazilinsg

pszaovesnauIng lugmeuemiosas

v e’l' A4 a g ° o 4 t

¥amilasnssudugaiteiuanudilumsinasaunsaihaulanawg o

Tuna@eanu

a1s1eh 2 uaaanmsanvesnaensalugu Csx Taoueaadiandmgues On - chip

RAM 1IAZROM 914UV Serial L1a Parallel /O port , Execution Time Y03AAT Machine Cycle

s s
LAz ¥UAYDI Package AN UIUVNININUAVDY TN

TMS320 on-chip memory I/O Port Cycle | Package type
Device RAM ROM Time
Serial | Parallel (ns)
Data | Data+Prog | Prog
TMS320c50 1k 9% 2k 2 64k 50/35 | 132-pin plastic
TMS320c51 1k 1k 8k 2 64k 50/35 | 132-pin plastic
TMS320c53 1k 3k 16k 2 64k 50/35 | 132-pin plastic

M13197 2 LAAINTHT INVBINAINTATUIU C5x
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510AZ0UAVEITU C5x natae 1 3dheaedi Tnouansdnyas idigueaudaziued Tavdo
¥4 I szusaseglulrudy .

- dnanhaeumufd ey Fixed-Point @28A710157 35-50 ns

- flﬁ‘lf?\i“?; Compatible ﬁ'lj‘i:u Clx,C2x

- RAM-Based Memory Operation (C50)

- 9kX16 bit on-chip program/data RAM (C50)

- 2kX16 bit on-chip boot ROM (C50)

- 1056X16 bit dual-access on-chip data RAM

- 32 bit ALU ,32bit ACC(accumulator) {ta2 32 bit ACCB (Accumulator Buffer)

- 16 bit PLU (Parallel Logic Unit)

- 16X16 bit parallel multiplier w0174 32 bit product capability

- fanamnsalunngudasseufdaiion

- 8 Auxiliary Register

- 11 Context — switch register (shadow register) lﬁﬂtl‘i’fklu N3 Interrupt

- 0-16 bit shifter 1ta2 64 bit incremental

- 2 circular buffer @MSUMTON address WU circular ﬁﬁ‘l’ﬁ" 4 single — instruction

repeat and block repeat

- {isrda move HuY block tﬁams%ms%gaﬁﬁﬁu

- Full-Duplex Synchronous serial port (omsAeassendn Csx fugUnsalmeuen

- 11 TMD (Time Division Multiple Access) Serial port

- 64k parallel i/o port wazll 16 port "7;’:1 1150 mapped Tda memory

- 16 wait state generator AIUAUMININTUAY software

- @ourefugunsainousnuuy DMA ldazaan

- moludsenoudae 4 — deep pipeline M3V delayed branch

- index — addressing mode

- Bit—Reverse index — addressing mode #1135V radix — 2 FFT

- fianuansans lWnelu clock gRiAy?



- 1 clock generator molu Fu

- JTAG boundary scans logic (IEEE standard, 1149.1)

- 5volt static CMOS wieuaaw power-down mode 2 mode

11. @audfiggues CPU ’
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b 4 [ *
mawannTuanifiugu Csx 8114 Source Code #i Compatible g Clx uag C2x HiBlims

¥
Wani Program 399118410 Tumswaninumeg ves Csx fidaiinisa$a 32 bit accumulator buffer

(ACCB) tivuidnuduindae ieaiuayunsiamuues ACClu Control function wyulvaill PLU

[} ¥ b 4
=‘§~1LﬂuﬂﬁiﬂuﬂﬁﬁNmﬁ"m"uﬁqmmsm‘iwm"luuvuaumi Boolean vlﬁ’ﬂﬁu HazguMmIuIng

. o o 3 o =Y o o o
M3 interrupt 420 IRS S0 18§10 mssamsdeyaldlimsSuzalaeiimsldfida block

v v
move U@zl memory — mapped ‘luqu C5x U register #115UNINT mapped memory YINUA

¥
28 A2 1aedl register A1MTURINT mapped /O MAMuA 16 f2

Expansion %
connector <
< TNS320C50
Control Serial port
DO-D15
TOMport —
39K x 8 B — AO0-A1S
PROM [ JTAG
bootcode * emulation port

t

XDS510 port
14-pin header

3171 8 DSK Block Diagram

11.1 On - chip ROM

Analog
interface
TLC32040

—» Analog out

<— Analog in

b4 s
C50 ¥ 2K X 16 bit maskable programmable ROM mizgauiiilgdmiums Boot (N304

Tuasusudu lunséin ROM meueninnuda Taomsiden ROM ensoidenidluvae
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—— s ] 1 . a
Reset 37897 MP / MC lunsausniivniainis Boot (383 108 Boot ROM &N 0NILINMITAAN

a3 lfaudaon1saaunw bit 1u PMST Register

11.2 On - chip data RAM
3 1 4
gulnsafianualugu Csx 923l RAM ¥11m 1056 X 16 bit 1as RAM Tudauiinziina
1 4
amnsnlunmsinemn 185 2 aaly 1 machine cycle (dual — access RAM) TaglFdmiwnudoya

1cd < '] { A
Tromwizuana 1 I0A UProgram Tuiufid il 1ddAeans

11.3 On — chip Program / Data RAM
I y [ y
C50 5 9 K X 16 bit On — chip RAM Saitufimiisaiiidutiaunsodalasiadidiy

14

i 4 4 <
software 1M UWLH Program W30 data n30 Hunaiui program U0¢ data A la
11.4 On — chip Memory Security
csx Hszuutleaiudeyanussyegniolu On - chip Memory tiI0iM3 Set ADA Register
' a4 o ' ' o ¥ 180 & v v 4 4
AN ‘mntnnummmnu'wﬂ'n:uinua'mz'hmmmmnmuuamm"lﬂ“hmu“luwuwnmumm

114

11.5 Address — Mapped Software Wait - State Generator

MIAMUA Wait — State tipRadefumiausmiegnsel 1O aunsanseildlag
M35 Set ARegister MNUITOIAIY Software TaolisuSiufidosde Hardware i@y Tudauil
Usznowhl§107995 Wait — State Generators $THIM 16 yAda0fu MoMMIada Wait - State
0,1,23 n3e 7 lumsAadefumiianuinmousauazginsel VO szannsamruaveUIva (o

#92111015 Map AU Wait — State 18289119 16 K — word /18 1 3993

11.6 Parallel 1/0 Ports
Fn Tugu C5x 928 VO port Wanun 64 K-port Tagd 16 port 181 64 K-port #131170 Map

1118 Data Memory 14 port maniienunsafimua Address 1da1efide IN uaz OUT uaz ¥/0O
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port 71gA Map 1184 Data Memory aunsavinulddrsdidsmuazlioumissnnusuuulng

18

11.7 /O Ports

a ' 9 R < ° 4 ° 1 4

$w lugu C5x Uszneuday Serial port AMTIFITMIU 2 port Faensana1ddae
AM5I09 ¥ U89 Machine Cycle (CLKOUT1) Tatft Serial port é3113AM191MUY Synchronous
Full — Duplex uazli Buffer meludwmivmsiuuazasdatoya dau Serial port dndmitaily
(VY Full - Duplex fiannsafmuanisyiamldiduuuy synchronous #58 TDM (Time Division

Multiple Access) ﬁvlﬁ"?\l TDM ‘03‘1‘1,5’0‘111‘71"111]11&5 21U Multi — Processor

11.8 Hardware Timer
w Tugu C5x 92312995 Timing YU1A 16 bit W302d28 4 bit Pre-scalar A2 Clock 9]

1 4 1 4
BATIAIUA % R %2 99849 Machine Cycle fﬁuagﬁ'nms Program Divide-Down Ratio 2993 Timer

annsanugulingn, Gudului, Reset n3o Disable A20 Status bit Atruitdi1993 Timer

Registers Description
SPC serial port control register
DXR data transmit register
DRR data transmit register
XSR transmit shift register
RSR receive shift register

A15197 3 Serial Port Register

11.9 User-Maskable Interrupts
$w lugu C5x Tmo Extemal — Interrupt $17u 4 @udniuginsainousnudazda
amnsaniugy TMS320 18 uazgilnsaimeluszannsaniugunts Interrupt 14 5 99 970 Timer

1 %94 1Az Serial B0 4 ¥0IAWY
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11.10 JTAG Scanning Logic

¥ Tuju Csx Saamnselumsasnasumainuedwasiisufioafuiaves
qﬂnsa‘fmuuan‘?i;%awiaatjuaxmsv‘imumﬂ"lu CPU 109'1d0619R Tag JTAG sziFouroagn
2995 Scanning Logic 819 molu CPU w luaszga csx Ssamnsavhauiiunesasinaeulag

9IUA1INVIT QY8 JTAG Serial Scan a8y 181 Emulation — Dedicuted

11.11 Packages
I 1115:11 C5x Nanyue Packages Ju QFP (Quad Flat Pack Package) 132 pin Tﬂﬂfﬁ}ﬂ

13 ] [ 13
Yszaarldnununluvesalilesiiga Tasldnugnupsrdunumsesniuy w C25

12. astdnenssumelu

Tnssauaodlasnssunoluyes TMS320 DSP Usznovllioduiugiu 3 daudaw

1

Central Processing Unit (CPU)

-  Memory

- Peripheral Interfacing Circuit

3 luduind i aodasnssuuazmsiaumdnues CPU C51 ftiaauensaly

° a o ° o
ﬂ'liﬂ'N'lu‘Vl'Nﬂmﬂﬂ"lﬁﬂiﬁ’]Uﬂ']11!&%"]'(1\1 F?]"]U'dﬂ'lﬂﬂﬂﬂiiﬂﬂ'li‘Vl'N'lut!‘U‘lJﬂJll'lU‘U?Nilu

Inssainanilaonssulagsay

snlugy Csx Lflu%wﬁﬁmmmmsﬂqﬂumsv‘h\nuﬁ'w Digital Signal
Processing 1agoenuuyItiinnuadiondeiu 3w Tugu C25 Hraoriaonssumsvirauuuuien
Memory Bus 54319 Program Bus (¢ Data Bus Iiimsihauueniuananin (onuG
gagalunsian Taofidda Transfer spadumnUTIABId Y

csx aunsaldaulunisim 2 complement Iaomsld 32 bit ALU uaz
Accumulator ALU fidnvaziu General Purpose ?i’l%'wm 16bit word 91ft Data memory n3o
LY Immediate  NnfFnTofumadninamsgaluving 32 bit dromsiu@uns

e ALU il cPU ansoviAnda Boolean 1&d0
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Accumulator vziinthiiiiu w1iyn vea ALU woz Tuvazdoriuiufidhit
DUNNYO ALU A28 Accumulator Hvu1A 32 bit Taouuasly 16 bit vu (bit 31 83 bit 16 ) uaz
16 bit @19 (bit 15 84 bit 0) lugasidaues Csx fgdififudeyadansndmin  Accumulator
Zuddivie 32 bit oidu Teeldoni ACCB lumsiivanwansovea ALU fimsiin
M0 PLU sundsmmnsamiddauieaty Logic 4 Tasmsmamdoaty bie ozlidawa
nszny Ui Accumulator ALU snseldlunisTeudhe bit inlfaunsaniugu bit uazudly
bit 1deg959037 1o 191U set bit, clear bit, a2 test bit @3 status register AN 9

AISHIAY 16 bit 2 §IUIUUVY 2 - Complement Tnelinadwseonunilumy 32
bit aunsanszilénolu 1 seusids dauvesmsaaniszneulufae 3 drudriighe Multiplier
Array, PREG (Product Register) a2 TREGO (Temporary Register) Tﬂﬂﬁ TREGO H9u14 16
bit 1ag PREG Htav 32 bit 'Iumswaufiweaﬁdﬂ,mmwzﬁmwm DATA Memory, Program
Memory iiol¥fde MAC/MACD/MADSMADD w3se1uilusn  Immediate molusida
MPY# P14 ﬁ’wmsgmﬁﬁmmqaff yl¥ Dsp dmsiawitidseanSamgalunsien
(%¥UM3 Filer ¥39 Correlation

#2Uv04 Scaling Shifter Awlu C5x fidnuasfiiounossnin Data Bus Uaz
ALU TaofiBumn v11@ 16 bit Mefu Data Bus L@z 810N ¥11A 32 bit NNAU ALU
Scaling Shifter Hnwannsalunisidou bit Yoo lEdaud 0-16 bit 910 Input Data T
i i muanoly TREGH Tassmavamdaninmsiimsideu bit ué”:%gmmuﬁﬁw
mgud daus MsB aunsaldifiu o wie sign Ald Fuogfuanzued Sign-Extension
Mode bit (SXM) V03 status Register ST1 mﬂﬁummmmsn‘lums Shift ‘ﬁﬁﬂﬁ Processor
ﬁﬂ11uﬁ1u1sntﬁn?ru1uﬁ’1u Numerical-Scaling , Bit-Extraction , Extended-Arithmetic W@
Overflow-Prevention

CSx 1 Hardware Stack 8 2@ tetlosiudfoyavaiz Interrupt tazvaizhithds
Call Tavwsizdnis Interupt Register wanouldun ACC, ACCB, ARCR, INDX,
PMSTPREG, STO Wag STI TREGS 9¢Qn Push @qUM Stack s*AUUIATA Uazezgn POP

1 4 1
Juaidielins Interrupt Return M3BAAUVINAT Call
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13. Memory

mitgasmanaves S Tugu csx Hyuagega 224 K 16 - bit word Fuiilumiag
anuswiailu 4 dauﬁaf‘fﬁa ﬁuﬁ Program ﬁuﬁ Program YU19 64 K-words , Local Data YUIR
64 K-words , Global Data 411 32 K-words a2 /O Port 8n 64 K lusrmilaonssuuyuvnu oz

° ° 1 J . 2 9 °
mifgUnsalisnmsinuld 3 dou 14uA Fetch , Read Wz Write ¥4 1RSI0 LAEAITHINY

1 4
=t

= 9 o
asue'ldaail

1. Memory Space Chip

1u ¢csx figoilaonssuviaiouuy Memory Space Fearnnsonauly Bus uuy
YU avua 3 Bus A9iieafi 1 CPU amsnvieuifioaiy Program tag Data 1élunaufes
i Parallel Bus ‘V“;{Ii’f‘lilvlﬁ’ufi PAB (Program Read/Write Bus) , DAB1 (Data Read Bus) las DAB2
(Data Write Bus) (1Aaz Bus fanlufuiinisn i iuandeiy missauslu Csx wis
sentiuddiufinoniiusaszniufie dau Program , Local Data , Global Data 1402 Input/output

Port 1131150 Mapped Iognslu $n wivegdrouen 3n i ld
Program Space LR UABIR TR 91T Executed , Local Data Space 1iLfi1¥84 Data
ﬁgn“lﬁmﬁﬁ'a Global Data Space fin1wannsalums Share doyaszning Processor M30
ansoves I3 1diAediu Data Space #14 @21 VO Space vxidouso lifiginsalnieueniugy
UUVUYO? Memory Map mowenuasdiamns 1A I TuALAAY Data uvy  Bxtra 18

v
Y

2. Program memory
¥ Tugu C5x aunsodemiaons AL 18 64 K 16 bit word tiledemiiag
A anauIIIRY szl Csx fmion s ianuAfe On-Chip ROM , Single — Access
Program / Data Ram L@z Dual — Access RAM #26n1519 Software szviilfannsodannseadng
veamiwnnuiudazdulfegmelunioniouon Address Map fi14tie Map 11dla Program
Space N ‘nzﬂizmaNai’fagas‘i1f'1"ﬂatjmu°1uuauwmaqﬂuTﬂuﬁmTuﬁﬁLﬁ’a CPU #3139 Address
vonmilelnnveuua dn szldsumsihaulillszananadeyasinglnsainisuenlas

o/ 1uA



71

2.1 msdalnseaa3199e Program space

o {0 o ° 1 4 14
MAI9INTTING Reset M3va Inseadavesdoya szgnimuanlsys MC/MP M

1 4
A ¢

usaRufniie High cs1 wwdalnseairedeoyaiiiu Microprocessor tag On-Chip ROM ¢ il
} 4
mstnldugvniiiiuseaduiiu Low c51 sz$alnseadadeyaiiu Microcomputer f18 On-Chip
° ¥ v o 6’ v o »l ) ‘ﬂ . o A e Y
ROM vzgminnldan datudidesnsiin cs1 Tdlsamuiii Microcomputer IHIITUMNUATY

3 ¥ ) ' d‘
frdaun On-Chip ROM higniutiuezFumsvinuimizeanuimouenluvuzh Program
Suhauimieanuiinousnluvusf Program Suiusannsainmsa/deuunlasives
. ¥
MP/MC 1811 PMST Register Tagmsshausdadaguuaad B luyssiadieai

OPL#8,PMST ;Remove boot ROM from program space
2.2 Program Memory Address Mapped
1 d FY dy = & ‘Q’ ~
A8 Reset , Interrupt 4% Trap Vector 9¢gniny 131uiuil Program Faiwuilu
] ; * [ 4{ a ] ° P b4 at J
dwiisegluneuduveailonlumizonims) Tuvaizi Reset 9oyalu Vector Mapped 922m%
11/8a Address oh
2.3 Local Data Memory
Y11A84 Local Data Memory a1315098101A03 64 K 16 bit-word 1aglu 3w C51
4 4 a : o
athaitefivuia 1 K 13uudn c50C50 § 2K16 bit maskable programmable ROM oA
1¥dm$uMT Boot 11309 luABULSN ROM ansaidon Idluvae reset A1891 mp/me 151913130
set M3 ldden1saauny bit Tu PMST
4 ] y o o o d
RAM U1 1056X16 bit Faautioz a0 MUIUYY dual-access FMIUNY
} 4
doyauazannsaldify program Tudnillddae
. a 1 o o yﬂ 44 dvlsl
RAM 9kX16-bit on-31 nirwanusriiannsaldiuiiny program and data nla

Wait-state Generator $1U71 16%A (01110158320 wait-state TumsdAndoRumiIoAIINIINBUEN

4 ° 1 ° LY .
wazgunsel VO srAMuAYOUIANIZIIAT map AU wait-state 18

3. Local Data Memory
Y1104 Local Data Memory 131509010148 64 K 16 bit-word laglu $w
4 4 a a < ' a '
cs1 svaduiefiving 1 K o Fw dusuy SARAM 3w vianualugu Csx Hvnaveaniay

A77U%91 Dual-Access Space RAM (DARAM) YA 1056 word Tagamnsarhnda laseadnlni
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¥ Y a dqy & ' o 1 A4
& Software IWagn1olunieniouen Local Data Address Map fi14 liaigaus 1A nlgn

Map 2911 Data Space $w 9zvin15tlszuaanadeyalavegmoluveuwadidimua diimsimua

¥y ] ] } 4 '
AR ISR LYe A Processor 9xlaou T lunui Address mouen layda Tulia

Program
0000h
Bootloader
{on-chip)
ROM
0800h
{nterrupt
vectorst
0840h
Debugger
kemel
program
0980h
User's
program
2C00h
Extemnal
space
FEOOh
BO¥
FFFFR

0060h

0080h

0100h

0300h

0500h

0800h

0980h

2C00h

FFFFh

Data

Memory map
registers

Reserved
by kernel
B2

Reserved

Bo#

B1

Reserved

Reserved
by debugger
kernel

User’s
space

External
space

gﬂﬁ 9 Memory Map of the DSK
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o e g i
R
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MAR
E:}——'lv{r']

\ Mux / m—= ! —
L i ]FBTAFJ [wemTT cnF [ Ram
) Y Y . Y h 4
Slatck "l Conlpars H P}:{ER 1 l ——T— J
x50 ,
A R S a BUs DT

y {

: Yy ¥ v
jLTRee2 ]  [TReGi]

=R/

I Multiplier I

I PREG(32) ]

<

P-Scaler,

MUX / [COUNT ]
Proscaler
A v
16
” Daiafvs (Datafi s

{ DataMemory |

TN

U7 10 Block Diagram uas Inseadrnolunianuaves Csx



4. Global Memory
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AMUMSIMOIUUYY Multi-Processing oW lugu Csx Hianwannsaluns

fMuA Memory Space tielfifumrudmsudoasdoyasening Processor 1ALV

Fwaa BR 1192 Ready Global Memory i1 Memory fiSal#iin1s 1491ms2uiusz1 913 Processor

1ANIMiT e 1Fusuiuss i 18 Tngazain Global Memory Address Space gL

peniudiug fiedau Local uag Global Tuaan Local vzgnlFamlunihiindesndaszaniu

wazludau Global 92 1HiieAnde B3 UMY Processor AI8UA

5. DUWNW/ABMWY Space

i)

C5x U

14

Wufisead Uqﬂﬂ‘iﬂf /O ¥11@ 64 K 16 bit 19U Digital-to-Analog Converter (D/A)

Memory-Mapped Core Processor Registers

Name Address Description
Dec Hex
-------------- 0-3 0-3 Reserved
IMR 4 4 Interrupt Mask Register
GREG 5 5 Global Memory Alloqation Register
IFR 6 6 Interrupt Flag Register
PMST 7 7 Processor Mode Status Register
RPTC 8 8 Repeat Counter Register
BRCR 9 Block Repeat Counter Register
PASR 10 A Block Repeat Program Address Start
Register
PAER 11 B Block Repeat Program Address End
Register
TREGO 12 C Temporary Register Use for
Multiplicand
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TREG!I 13 D Temporary Register Use for Dynamic
Shift Count (5 bits only)
TREG2 14 E Temporary Register Use as Bit pointer
in Dynamic Bit Test(4 bits only)
DBMR 15 F Dynamic Bit Manipulati?n Register
ARO 16 10 Auxiliary Register :Zero
AR1 17 11 Auxiliary Register One
AR2 18 12 Auxiliary Register Two
AR3 19 13 Auxiliary Register Three
AR4 20 14 Auxiliary Register Four
ARS 21 15 Auxiliary Register Five
ARG 22 16 Auxiliary Register Six
A;U 23 17 Auxiliary Register Seven
INDX 24 18 Index Register
ARCR 25 19 Auxiliary Register Compare Register
CBSR1 26 1A Circular Buffer 1 Start Register
CBERI1 27 1B Circular Buffer 1 End Register
CBSR2 28 1C Circular Buffer 2 Start Register
CBER2 29 1D Circular Buffer 2 End Register
CBCR 30 1E Circular Buffer Control Register
BMAR 31 1F Block Move Address Register
Memory-Mapped Peripheral Registers
DRR 32 20 Data Receive Register
DXR 33 21 Data Transmit Register
SPC 34 22 Serial Port Control Register
—mmmmmmemomeee 35 23 Reserved
TIM 36 24 Timer Register




PRD 37 25 Period Register
TCR 38 26 Timer Control Register
-------------- 39 27 Reserved
PDWSR 40 28 Program/Data S/W Wait-State Register
LOWSR 41 29 I/0 S/W Wait-State Register
CWSR 42 2A S/W Wait-State Control i{egister
------------ 43-47 2B-2F Reserved
TRCV 48 30 TDM Data Receive Register
TDXR 49 31 TDM Transmit Data Register
TSPC 50 32 TDM Serial Port Control Register
TCSR 51 33 TDM Channel Select Register
TRTA 52 34 TDM Receive/Transmit Address
Register
TRAD 53 35 TDM Received Address Register
Name Address Description
Dec Hex
--------------- 54—79 36-4F Reserved
Memory-Mapped /O Ports
PAO 80 50 I/O Port 50h
PAl 81 51 I/O Port S51h
PA2 82 52 I/O Port 52h
PA3 83 53 I/O Port 53h
PA4 84 54 I/O Port 54h
PAS 85 55 I/O Port 55h
PA6 86 56 I/O Port 56h
PA7 87 57 I/O Port 57h

76
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PA8 88 58 I/O Port 58h
PA9 89 59 I/O. Port  5%h
PA10 90 S5A I/O Port 5Ah
PA1l 91 5B I/O Port 5Bh
PA12 92 5C I/O Port  5Ch
PA13 93 5D I/0O Port 5Dh
PAl4 94 SE I/O Port SEh
PA1S 95 SF I/O Port SFh

A151971 4 Memory-Mapped Register And I/O Ports

b4 []
MITNUAAABAY Parallel / Data Memory u@ufildaiuves Vo vgnuensen
b
970 Program / Data Memory #36d 99184 IS Port 4MUASIUIU 65536 Ports asariie 1éidae

'I'CN IN uaz OUT

3

14 []
16 Address 910 64 K /O Port 9390 Mapped a3Uuiufived Data Memory 11
O Port aunsasuniosulddiefide IN uaz OUT wuReatumsszuranafidaduiog
v o 1 v L a ° t . 4 o 4
mMolu Data Space fafr0613a0 11l FaoT11oa13819d MY Direct Address (WO NUIAY?

[y L4 o ]
fugunsal VO Tudumia 51h

6. Software Application

Csx Saftegalituy Source Code .1 Compatible M1 Clx uaz C2x uazdilaseadng
nwmuwutwaﬂiuﬂsqﬂi ﬂn?mw"lumiﬁmuuasﬂ15'li’f'ﬂu"lﬁn"fwu1n~?iyu gafdalu Csx a2
ﬁtﬁwumas 9331 Hardware 3 Quﬁuﬁun‘liﬁ’l Data Movement L12¢ Memory Mapped Register 393
118950950 Parallel Logic Unit (PLU) temsmaiuifeafundiamani Boolean 32 bit
Accumulator Buffer 1Q¥ register ﬁi‘]’f’ﬁ MIVUININT Interrupt u‘j‘amm On-chip DARAM

1. Processor Initialization

nouin1sdssylana Algorithm finnusudufisedoeimuamisuduae 1

N y ]
uf Processor 1aov21UMs Initialization 93N3TRMAATIMAININHAMT Reset laonaning
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Reset 1487 IPTR bit 489 PMST 990 Clear ﬁu‘fu Vector 911113 Mapping ilz‘T;vlﬂﬁ Page 0 vaqﬁ{u
fi Program Memory é’;qﬁ{uﬁﬁandniﬂﬂﬂnﬁuéﬁmiqﬁﬁ"« Branch (o3 lUdadumisves
Initialization Routine #3uluHardware 9233 Disable Interrupt TagdaTuda Inseadnues
Processor 34970 Reset 7192 A04%1015 Initialization 1vai l@UAduA Sono'li
‘ Memory-Mapped 4101¢ Peripheral Control Register

Interrupt Structure (INTM)

Mode Control (OVM,SXM,PM,AVIX,NDX,TRM)

Memory Control (RAM,OVLY,CNF)

Auxiliary Register 1182 Auxiliary Pointer (ARP)

Data Memory Page Pointer (DP)

Tﬂuﬁ OVM (Overflow Mode), Tc (Test / Control Flax), IMR (Interrupt Mask Register),
Auxiliary Register Pointer (ARP) , Auxiliary Register Pointer Buffer (ARB) Lia¢ Data Memory Page
Pointer (DP) 11iA94111017 Initial 113118391015 Reset

2. Interrupt

C5x 15zneu1UA70 External Maskable Interrupt §1U7U 4 %84 1122 Non-Maskable
Interrupt Sngoaniia 131 fuginsalmouen uazfell mterrupt awlu F'l8us Interrupt AtRADIN
Serial Port , Timer 12 Interrupt AAAIN Software Tusnda Interrupt 61’1417 INTR , TRAP oz
NMI

Csx Sammmnsolumsad Software Interrupt Taoldade INTR Fasgvinld
UNAIUIA 32 Interrupt Service Routine ¥M1MIVIN15NIT Interrupt Tagh 20 ISR gmaﬂ"ﬂﬁa
USMIUA External Interrupt , Peripheral Interrupt ttaza3u 1314 lusran dau Interrupt Vector fi
taodn 12 Location aansorily1d1dTasdiisu Program Jufnda INTR @w150879 Interrupt
1aq fildn1elu 32 Location

Context Saving 1482 Restoring Function ilzﬁ‘N‘lul.f}ﬂ Interrupt 'i'rap QN Execute
{ay 8 Deep Hardware Stack wwqnlfiffeifiud1 Address fivzdoanduamitudendsninms
USMIMS Interrupt wdeAuioudosuda fuiuvesl One Deep Stack (36 Shadow Register) it
(AUAYBIUARE Register Fane'lil

ACC Accumulator
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ACCB Accumulator Buffer

PREG Product Register

STO Status Register 0 (INTM not restoredj
ST1 Status Register 1 (XF not restored)
PMST Processor Mode Status Register
TREGO Temporary Register for Multiplier
TREGI1 Temporary Register for Shift count
TREG2 Temporary Register for Bit test
INDX Indirect Address Index Register
ARCR Auxiliary Register compare Register

Lﬁe"lﬁ'%'uﬁ'mumum Interrupt Trap Register ﬁgmumxgn Push 83Uu One-Deep Stack Qe

Shadow Register mthf'rﬂzgn Pop Lilefin1sn&u91n Interrupt &-uf1da RET1 w30 RETE

3. Software Stack

C5x 3 Hardware Stack molud1iau 8 Deep AroiuntelFlumaifiue Address
1uve1n15 Subroutine ag Interrupt
f1da PUSH uaz POP ﬁn15Lﬁummmmmmﬁﬁaﬁumsfluﬁﬁ'ﬂﬁﬁﬁn 2 M
&418un PSHD waz POPD ¥11¥ Stack @11150 Store (a2 Recover 191N Data Memory died
Stack qn‘l%'"lﬂvfmuﬂ 7 Auaziinisdoum Stack Wuaslydnnnndi 2 m Taofiaudalign
pop Sumnduilusivedesiinsveny Stack

(fieannfda Call 19 Stack lumsiiun1 Program Counter fda BACC 92l
152 Tomilunmsidrg Main Program Tawhisafludeaifinfiyeq Program Counter 1914 Memory

4. Logical and Arithmetic Operations

PLU szdaovnldmsdeiudeyadnliis Data Memory vin'ldTnulidna
nsenuAen1n1e 1l Accumulator M58 Product Register mldannsanasuion ludsdumialan
aulu Data Memory 1A Tauasaiy Source Operand

csx Usenouliliaeten luaen IiteamsaseaeuReuRissnss Taa' T
Tsunsuauquraduen 13 iou'ly Tﬂtmmsnmﬁamwiaxﬁ"au'lw?enﬂﬁauﬁau"l-us'mﬁu

14 Tasldfda cC, RETC, XC ay BCND
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Search Algorithm Zrudda CRGT §aom319s1da CRGT 1ag RPTB (51011130
ummigaganioly Data Block tazdumiayein1d n1smfiw"i1qﬂﬂ1u1sn°l%'ﬁ1é'q CRLT #Y
mlaludnyaz@oanu

5. Matrix Multiplication Using Nested Loops

Csx fifnda 3 fda fdausnfie RPT (Single-Instruction Repeat) Ao
d118 0 fide $1d1 RPTB (Repeat Block) #191uA28811471 Loop #&113n1071 BRCR Register
dufda BANZ (Branch if AR Not Zero) Sudnsdfiaunsosmuaiuam loop 18Tauld
Auxiliary Register

6. Circular Buffers

Circular Addressing Li‘luﬁ"n’faﬁﬁmﬂmgﬂﬁm‘"waq C5x MISHITUUVY
Convolution , Correlation #az FIR Filter @13 nv‘inm"lmﬂumﬂ% circular Buffer ﬂ‘ltﬂu
Memory C5x fins50adUMIRITHILLABIIBafUsZN I 2 Buffer Tauld Auxiliary Register Tay
1§ CBSR1 , CBSR2 , CBER1 ,CBER2 llag CBCR v‘im%ﬁtﬂu Memory — Mapped Register i?imu
AUN15M1UYO Circular buffer

Taofoufiorufiuasdoaling load M Address (Fuduuazgamoadlu Buffer
Register 4402 Auxiliary Register ‘v‘hnutflu Pointer 92A8a N5 Initial AR

7. Extended-Precision Arithmetic

A5 ANTIHAARY , MIAUIU Floating — Point wieomamadug e1efinnwd
Huitesdeilddauiinnnnan 32 bit tifeasn Csx i 16/32 bit Fixed - Point Processor vt
TN fuIn A0 Fun1S U bit 420 Software 11528 TUMIIIY

7.1 MIg
fidndalumsi$in 9y MAC MACD MPY asssfimihiiluntsqauaviy
16 bit uazHasNERIdTINAIA LI sxfivin 32 bit 13melu PREG (Product Register)
72 NSMS
fisndalumsidn Wy SUB SUBC dusdalumsaunasn adalag
smualdmdaazinsiisudiuuan 16 bit szfmsauTanua 16 a¥a udraummansis
vi1a 16 bit 131uA3E19999 ACC(accumulator) HAZIALSN 16 bit B3luduadaunyes ACC

] » ¥ ] .
msldids SUBC TldEonsaunanennda fdergadvunssismsgnavsunua uf
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Wavudusay  umsihimidseeuisduavimilazgadeudh llunuinlu asanves

[ s s J
ACC msmiﬁnanumumﬁquazﬁmﬁi}zé’fmuﬂuﬂumn Tﬂﬂi‘gﬁ'lﬁ\i Absolute

14. REGISTER ‘?it?ﬁﬂgﬁWﬂﬂﬁaW:ﬁﬁﬁ@h C5x

AMIHNIUYDINA TIUILYNAIMUATAY Register ¥anua 4 & fle STO, ST, CBCR
taz PMST msaldounlast msfou uazmsiivveudy13idefinsdonld subroutine vi3etilo
(AAMS interrupt 1AY Register PMST @z CBCR 9z@glu Data Memory ﬁq'tfuﬁagnns:m
Tay ALUUAT PLU

druf1lu STO uag ST1 %zqnﬁuuuazémiﬂﬂﬁﬁ'ﬁ LST awdwy liennsaiounas
s1umilou PMST #u CBCR uamida LT limnsoadmun Bit INTM e liRamuaanse

1¥81d4 SETC, cLRC ol 1 uaz o Tdawdiau

STO(status register 0) fivin 16 U

15 14 13 12 11 10 9 8 0
APR ov OVM 1 INTM DP
. . . . o o . A _q 3 Y
ARP Auxiliary Register Pointer 3 bit Hud¥ Register AR o 1¥1un13919 address

WU indirect i{BMNISIHUAYEY ARP w8 ARP (Auszgaiiulu ARB Tag
alu ARP aunsanldodldnaomialas msnlfoud (ReIFUA15919 memory
veanaofdanie fds MAR

oV Overflow Flag bit aiu 1 lﬁmﬁﬂmi Overflow 'TTuﬁ ALU ﬁ'lll‘lim“%ﬂﬁﬂﬁi]z
it 1 refda BOND w3e LST

OVM Overflow Mode bit i’]”llﬂ'u 1 923M3 check M5AA Overflow 910 Time LAY
counter @noaunsaldfda SETC CLRC uay LST wasnlaouinloas bit
718

INTM Interrupt Bit Mode lﬁﬂ bit fi’ﬁju 0 simwiy Interrupt 1tUU Non-Maskable

y ] . .
minhufensoianld uddedhi 190 q nterupt szaunsoihinuld Tao
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die¥ns  Reset bit fouifiu 1 annsodhmanaounlasmdaeida SETC,
CLRC ity bit au 9 udliaunseldsds LST AU bit & Taomaiia
Interrupt Maskable 99117 bit fiflu 0 uawidefimsfuen Interrupt Service
Routine #20fde RETE vl bit naudu 1

DP Data Memory Page Pointer fi1 9 bit luilozifiua-a 7 bit Tudrdalumsda
Memory 411 Direct 1ngIas9 bit ozl MSB Tums81aMemory B4il 16 bit

Mitausa/douaslasdida LDP vse g1ulassida LST
ST1(Status Register 1) #1410 16 Ta

1514 13 12 11 10 9 8 7 6 5 4 3 2 1

ARB CNF|TC |SXM |C {1 (1 |HM |1 |XF 1 71 PM

ARB Auxiliary Register Pointer Buffer {{lufafmuafidiseaves ARP

CNF On-chip RAM Configuration Control Bit §ufiu 0 ueraadn RAM aunsaidfuld
¥4 Program a2 Data §uffu 1 uaaedn RaM 9ifudauves Program ifissedn
@e7 aunsanseidaedide SETC,CLRC,LST#I e RESET szifuo

TC Test Control/flag Bit 1g bit ¥saiUNaYed ALU tag PLU Tuas Test bit
A5 IHYeITHeL TR oAGIBITT,CMPR,CPL,OPLNORM Az XPL TC=0
doldide CLRC TCTC=1 dlpl9Mida SETC TC

SXM Sign Extension Mode wSinadeinssamnemsnsEimndiamans SXM=1 92
fimsSamnioamnomengiamaas laefada CLRC SXM SXM= 0 93 lifilsd
nipamnonndiamanilavd1da SETC SXM

C Carry Bit Fagnmsnszimundamaniiinsts mmalumsfne c=0
Henavemsavdanstunionannmsuani hivifa carry bit Taol¥sida
CLRC C C=1 dionaveamsuaniansne nisravesnisaud hidansdula

1¥f1da SETC C
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Hold Mode BitHM=0 eldfrda CLRC HM 9znseyillu Program Memory

HM
feuunyaudImsFavimnisandedudyaranisuentidu high
impedance HM=1 (ife14f1ds SETC HM szmganseiimnednudaniinisactive
%1 hold

XF XF Pin Status Bit (uvueasgaiuzvesn XF aunsaniugugunsainiouen
XF=0 iio1dfds CLRC XF XF=1 tioldd1da SETC XFlumsnszinterrupt
ax hifimsiitumbaiils #11u interrupt Routine Smsudlusdaiioe hiflmsu
ANAUNGINIT Return HAINT interrupt

PM Product Shift Mode azfmuaidoulumsiiunamsnadanzims shitt nielidh
du 00 waguezlifing shitt duiu 01 wageezilins shift left T 1 Ga
Ju 11 waguezdinig shiftlet T 4 Saudainisunu LsB daw o duilu 11 wa
auezinng shift left 11 6 Un seiinansdiniinsiiua s Data Memory 428
annsn Woudiomda SPMuag LST#1

CBCR (Circular Buffer Control Register)
15 8 7 6 5 4 3 2 1 0
XXXX CENB2 | CAR2 CENBI1 CARI1

CBSRI fuismanivinn 16 TalfifumsumisemasaSuduyea Circular Buffer#l

CBER1 fhisfamesving 16 dalfAvumdnmiuenasagaiiovea Circular Bufferl

CBSR2 Shidsmasiuine 16 TaldfumaumisemasaSuduves Circular Buffer#2

CBER2 hidSmmedvun 16 daldifusdumisiemasagaiieyes Circular Buffer#2

CENBI1 Circular Buffer 1 a1 1 s liviadi 0

CENB2 Circular Buffer 2 %101 1 tag livhandi o

CARI Fsmaesr0diumisuenansalu Circular Buffer 1(AR0O-AR7)

CAR2 $5annidauniaeansaly Circular Buffer 2(AR0-AR7)
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a151947% Circular Buffer 11 TMS320¢50 ainsoild lasmsivuauen wsd
(] . ¥y
Sudunazimunueamsagare Sosdeaimusiimanizaeidumiwoaase (AR0 81 ART
a1 ladanily)

PMST (Processor Mode Status Register)

109 8 7 6 5 4 3 2 1 0

IPTR |[0{0]0|AVIS |[0|OVLY |RAM | MPMC |NDX | TRM | BRAF

IPTR Interrupt vector pointer pointer bits lﬁuﬁﬂﬁﬁl‘l’f’ﬁ‘mi‘vmﬂﬁﬂg Vector ﬁecjmtﬂu
uodAse program memory

AVIS lﬁuﬁﬂﬁmﬁuﬂiﬁ enable/disable  program address mﬂiuueuﬁu address pins
Avis=19¢ lifin1sudsunasvesvenasa delinsdraeamsanioly

AVIS=0 nsilasundasniuly szuaasiviemase

OVLY Ram Over Bit i9e/iimsfvua RAM dmdmiuiuTsunsyaunse
fimualadlomisn
CNF OVLY DARAM B0 DARAM B1 DARAM B2 SARAM OFF-chip
0 0 100h-2FFh 300h-4FFh 60h-7Fh 800h-FFFFh
0 1 100h-2FFh 300h-4FFh 60h-7Fh 800h- 2C00h-
2BFFh FFFFh
1 0 - 300h-4FFh . 60h-7Fh 800h-FFFFh
1 1 - 300h-4FFh 60h-7Fh 800h- 2C00h-
2BFFh FFFFh

131991 5 Local Data Memory Configure Control
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3 1 4
RAM iifefiafidiu 1 ezdmuald RAM nwlududiuvesnisifuTalsunsy druilu o

e lailé ﬁ1u15ﬂllﬂﬂiﬂ1i1§ RAM M5

OVLY RAM ON-chip SARAM CONFIGURATION
0 0 : Disabled )
0 1 Mapped into program space
1 0 Mapped into data space
1 l Mapped into both program and data space

MP/MC

NDX

TRM.

BRAF

19197 6 On-chip Single-Access RAM Configuration Control

Microprocessor/Microcomputer Bit u‘}mﬁu 0 vziimsl¥ ROM mu'lﬂﬁmﬂu 1
a2'hifin1s1# RoM moluTasezsmaomzanuiilums Reset afausanda
nmiums Reset afide e uifina

Enable Extra Index Register duihu o sz luInuamsdie Address Huv
indirect Tunfoufiuasega C2x Feinel¥lumsdnn Address uuY Indirect
UUY Indexing wiomsnfSouidiouar AR ldlmwiz ARO Wity udlums
e Csx sramnsom lénuadledmualy bit fondy 1 Tasezd o
({9 M3 Reset

Enable Multiple TREGs (1Y bit fMUAMITINUYBY TREG TRGE TREG
THianluTnueae q deddlu 0 o Tnuafimilousy c2x Faa 3
Register vzimamilouiufuidwes c2x uadudu 1 ezewnsousnld T-
Register WAnsdaiiy Pre-Scaling niol¥fusda BITT 181a0 bit dozihy o
({913 reset

Block Repeat Active Flag 11 bit 1@AIN15%19Mv8e Block repeat Fa9ziiiu 1

1 '] i 4
@elimsmanuTasiienins Reset bit Hozidu 0
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L4

15. Register éuq 'ﬁﬁ'lﬂiuu

Software wait-state Register 1ums1#a csx Aefugiinsalnmouentigunsaimeuent
Mot hmsduiees csx  uszeygnaseldiimsinusemainuvesglnsalnig
wenFiamsefmunld®ie Software TAoil Register #197 nfmuammaniideesininua 3
2 o PDWSR ( 16 BIT~) wag CWSR €5 bit) 41 PDWSR szdusadmuansuna Memory
aonitlu 4 Block atnaz 16k ‘ﬁywaq Program Memory (12 Data Memory , #7U LOWSR 92
mm}uﬁzq 16 damuvesl/o Tasuta 1/0 eendiu 16 daufleanusedl 10 #ifi Wait State
1A 16 ya dau cwsr szdludafimua Range ¥89 Wait State Taw bit Big 14 CWSR
wiludmmualasdutiu 0 szdmua Wait State wondlu port oo uaduiiu 1 ezdmua
{lu block ssWaL 8k

Tauf Range By Wait State amnsnfmualdie 7 Machine Cycle tiol¥nmsande
fugUnsainsusnauisoniugu 1@ Taosunan Ready

AT bit 14 Register vamaqaami‘lufj q iefmun Wait State  Wiedauves
Program U@¢ Data (4 PDWSR) deannsoilld 4 mueq Wait State Tavszifuses lsdoag
vnfmlu CRSR  Usznsuulu bit 0 Ay 1 szilfudaifimua  Wait State ¥9d  Program
MEMORY 9W0%98 Address 000h §4 3fffh wazduyed 1/0 aunsammuald 2 uyy i’jyuagj
fu bit Big Tt CWSR Tag#dh bit Big tu 0 ezdiudadmuald 10 port # Map (ilu
Register (1Jug 9 udd bit Big 1y 1 sxifudatmun Waitsate W fu.10 fuviadugan
(Milou memory TAYAI1YOY Wait State uAazA19zguInlu CWSR Snnds msdmuatves
Wait State tusziiummifugunsaimeuensinfus:ifinafy Memory moluudedhila

TaoRinsfmuamly CWSR  92/imsfmuafves Wait State IWfudausn q M
MW 7

Tafifwes bit A1eq szfinadorives Wait State damsnii 8 Rosgiifimualu
PDWSR tlag IOWSR 15znoudan)

Tanaan1s Reset Wait State 99 A19na101iu 7 Machine Cycle TnsAlu Bit Big 92
duo
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N (Bit Position in CWSR) SPACE
0 Program
1 Data
2 I/o (lower-haif:Port 0-Port 7 if BIG=0,0000h-7FFFh if BIG=1)
3 I/o (lower-haif:Port 8-Port F if BIG=0,8000h-0FFFFh if BIG=1)
4 BIG mode bit

151971 7 M5 1997 Bit A9 Y89 CWSR

Wait-State Field of PDWSR or | No of Wait States (CWSR Bit | No of Wait states( CWSR Bit
LOWSR (Binary Value) n=0) n=1)
00 0 0
01 1 , 1
10 2 3
11 3 7

A15190 8 ANUAUWUTYBIAT Wait State HuA11 PDWSR 1ag IOWSR

16. Register IF;EI’JFI'U Interrupt

Tumsi$nugunsaitszinn  Microprocessor  Snvaismsinuitdfggednilsients
Interrupt 13BANTIUMININNUYOINS  Interrupt msrefinnusuiuideemsdadtuneuns
POAUYY Hardware tasnisiWouTusunsy Yao C5x 3 Register M1IN15Heatuns Interrupt
egMaAFe0glu Register PMST fip IPTR #9'ldnanawudafimdodn 2 dafie IFR unz
IMR FafiswaziBoaudaziafail (Qinfmuazt’éumﬁuuﬁn"luﬁmvmmsiYﬂms Interrupt)

IFR Register (Interrupt Flag Register) YW1A 9 bit 14 Data Memory deutlu Memory

H v 4
Map Register ¥ lumsuaasaniuzues Maskable Interrupt 1A 9 A1 Taevzidiu 1 e
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1 4 .
Interrupt VU TAsaINTad Clear Interrupt seviilidhudlu 1 daTudAuazes Clear
[} 1 4
sa TudAllelimsnousmiulaesyinms Clear wiou 9 M1 CPU afndaga  Interrupt
t 4 ¥ ]
Acknowledge Tagvianumeziiu 0 Wievims Reset 1 bit AN 9 AIAITAIVANATT Interrupt

1 4 1 4
U register HozaINTaUAAIAIT

INT4 | TXINT | TRINT | XINT | RINT | TINT | INT3 | INT2 |INTI

IMR  (Interrupt Mark Register) YU 9 1u vit 14 Data Memory ﬁ'mﬂu Memory

) ¥
Map Register miloufiy IFR rﬂu register fvziludrimuanisidau Interrupt UU
Tasaunsafiounazewldivilou Data Memory #IoMmAUAGIAY  Memory Map

Register 15U SAMM

17. Register muqunwﬁmumaaqdnmﬁ%w (Peripheral Interfacing Circuit)
SPC Register (Serial Port Control Register) Y110 16 bit f11%1un1sAIVAUAITIINIMY
. a ° a 1w U4 M ]
¥8d Serial port WzimsAaRenugUnsalmeusnuuveynsulas egludauves Memory
« < o ° ' =3 o
Map Register TaslinsMiruan1siinua 9 IMUBUNY Data Memory (@ memory map
Register U 9
TCR Register(Time Control Register)
T c5x 31 Hardware Timer 4119 16 bit Tagll 4 1A pre-scalar ANSOMNUANS control HIUNN
. A . o <t ' <t o/
TCR Register Fedoidu Memory Map Register aunsaimaoumsenuasdoumieuny
Memory 'l
Tashoasimartiuseannsafmua’lalu PDR uaz PSC &1 Timer wiimsviulaniy
4 o '] o N é‘
QM9 Machine Cycle lagiiovuia o udrvzvimsadndyn el Interrupt 89 Timer YU

wdeurufumsnasuaifiv Tout Tassasimsmsniems Interrupt v2iiu

Tout = L
t, X(TDDR +1)X(PRD +1)
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SRESET

_@—GE

PRD .TDDR
& * r_ CLKOUT1
TIM < PSC TSS

__o—

Borrow Borrow
!
— » TINT

'l> » TOUT

UM 11 uaad Block Diagram A1519114%84 Timer Tu C5x

¥
Taus1 PRD zamnsoilioulu Register fi lnonsauan1voa TDDR 92i1m1si@ousm

. < a . o 4
Register TCR : 4718010UAVD Register TCR swamnsauanadlaneil

50az98AY0e Register TCR

15-12 11 10 9-6 5 4 3-0

RESERVED | SOFT | FREE |PSC | TRB | TSS | TDDR

TDDR (Timer Division Down Ratio) (Judafimuasasimisms TagseInaamein

TDDR Thfulu psc udwhinmsivaslasvaiziiv o2 limeaduarlu TDDR
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TSS (Time Slope Status bit) (HUAINMUANS start stop Y0 timer TSS=1 sziiuns

stop timer TSS=0 viHums start timer

TRB (Time reset) HUTANMINTF Reset time F9z¥iN7Ivanm9n TDDR
- Jifulu psc udrezsimsiiuing Tasuaiz 811 bit 9ziilu 0 aaea -

° o A o v 1 vy ° 9/

PSC szimsivaGes q awmsiauves cPU Taghiaunsaelddeaild

TungamsiuneuTasms1d Tss=1

18. TMS320C5x DSK Starter Kit

dvuﬁﬁnﬂuiﬂimuf’r HugarannTsunsy dmiy $w DSP asza TMS320C5x
Juffu $w Digital Processing M52QA Fixed-Point N5 AUFY FW Analog Interface (1u
vefait1#lumsnansufiafy Dsp ‘luagﬂnﬂamiivﬂsznauﬁ'm

d1uu8 Debugger #l9annTilsunsy Taoimsudluimi Computer PC (TnuAn
AofUFU Serial Port Y81 PC) deannsa udly @A Register, Run program fiaz Step (e
AHAMIUYaUBIAIAN

dnfidudnufudedyaransin RCA Jack Tnedayana Analog v‘lzmauf'mgn%ﬂ
m31Y $W Analog Interface 105 TLC 32040 #amoluysznouday Analog to Digital uag
Digital to Analog Y119 14 &1 W annsoTusunsy MnuveuiudIUNK Register 210
lulasfifufiarefiu TMS320C5x UV Serial ﬁq%”uuazﬁq%ga FamsTsunsusienag Tu
Register

duiidhiyfiqafie W DSP TM320C50 Fudwiiumihnssusuduienseii
msfmnauuan q awldsunsulaonolussiidiuues ROM waz RAM  lumsidy
Program (8% Data (ieinisidniefisiadamsizlunsyszananadoenas uuy Real Time
doaldamnuiEveegUnsalge dauueamsifiu Program uAz Data (10K ram) Hianawedmiu

Application wm'lmjmw’hu Signal Processing
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mseuldsunsu v Chip DSP

vInUniduNs1 18Mn1eaes Simulation guanisnaasalasldlisunsy Matlab

4 . y ° Y 1 o
dauninnluiniiisaseiinis@ouTsunsuaduu Chip DSP (WpgranIsasudUBIAsdyg I

9399 Hivufiu nanmInaasan 1% Computer 115 Simulation Fufuednals

1. Frequency Response of Analog Interface Chip

noufiesihnis@oulusunsy Chip teldienudiu Filer tazdiimsiinszdnisasy
auedlugunuaieg mG’l'aqmmhﬁmﬂqﬂﬁw“luddwm Digital to Analog 14 IC Analog
Interface (TLC 32040CFN) 923 Low-Pass Filter (Reconstruction Filter) Btjﬁﬂ}”f'mﬁlﬂﬂzﬁmi
ABUAUBIAIMNEYDN Filter 519z Tlsunsuasuy Chip DSP RamsRanainldaztiideusum
whshmsdnszinisasaismnuivedmiiForou Tashns@oulsunsususudin
udriinisdesen ltimolaglideaiimsmulalag welasTusunsuansauaadldds
Tsunsuii 1

Tasaid Sampling 'ﬁ5zullﬂ:tﬂéﬂuuﬂaﬂumsmaENfinz"lﬂﬁwaﬁu Low-Pass Filter
msrzszinmsdounlaunmzm Register TB,RB daez hifinafumsasvauenui
V03 Low-Pass Filter (Switch Capacitor Filter) IW512 Clock F19TudufieeanenmIms Master
Clock iuA1u Register TA,RA (§51682188AN15%197UY83 Chip Analog Interface 910 DSK Starter
Kit User Guide) mm‘i’luv‘hms%'uiﬂiuniu‘i’hqé’l'ummimﬁnfhmsmauﬁumﬁﬂ1m?§¢hq_‘] 1ada

[ 4
i1 Tat Amplitude ¥83 Input 1Ay 1.00 Toan

Frequency Volt Output
500 Hz 245 mV
1.00 Hz 245 mV
1.50 Hz 245 mV
2.00Hz 245 mV

sy
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2.50 Hz 245 mV
3.00 Hz 245 mV
3.40Hz 233 mV
3.60 Hz 330 mV
3.82 Hz 170 mV
3.90 Hz 96.3 mV
4.00 Hz 92.3 mV
420 Hz 11.7mV
4.50 Hz 244 mV

o’

4 J
#48120150 Plot Graph 1anaii

VI'IS'Nﬁ 1 AITABLAUBIAIIND
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2007
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mvV
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0 1

000 2000 3000 4000
f(Hz)

U 1 nsmlueraamsasuauesanud
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g 4 ' =
91005 IM92IMUIININD Cutoff Y89 Low-Pass Filter 30 3.82 KHz 170 1MANDINL

(R 4 B
dosngluselifunindil Snedwfemsaouausuds Phase vouiu Fannsauaaslaogl

YBINTABUAUBINAIINAAN

o o O oy N

SAVIRVIRVIRVIR VIR
A N A A

VoY 2N, Py A Fon Y

L AVIRVIRVIRVIRVIR S

VI VIV VI e

51 3 uaAsd YRy 1ol Input AT Output NAWA 1 KHz

Y1:

Y2:

TR:
PT:

dUZ:

Y1:

Y2:

TR:
PT:

duz:

500mU
oc

100mV
AC

¢ Ims

CH1AHC
0%

245mU

500mU

oc

10@mJ
AC

. blBps

CH11HC
fiyA

245mU
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3171 4 uanadeyana Input tag Output fiAA 3.82 KHz Muiluga Cutoff

Y1:

/"\//“\/*\\ """"""" 7N g
/ \\_/ \\u/ \ \T ap TR
— — PT:

duz:
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500mY
0C

100mV
AC

100ps
CH11RC

@x

176md

93 UAAIDIMIABLAUBING Amplitude (AL Phase 92MUITINT Shift Phase TUveq

U393 Output Tasmnmsnaasatfouminnudwuieelins Shift Phase lduszua 90 oeei

AdUszINUNN9 600 Hz

9 ¥ ° 9/ a ¢ 1 . 4 °
ﬂ'lﬂ"llﬂylﬁU1Qﬁﬂﬂ3"11“ﬁ1ﬂ1iﬂ')lﬂ51zﬂﬂﬁﬂ15ﬂﬂUﬁU8QllUUﬂ’N‘] Y9 Filter ﬁm%zm

1 4 v
Minaael [agndesduianis Amplitude Uaz Phase

2. IIR Band-Pass Filter

bed 1 d 3
Tuduaouiisziue1aumsves Band-Pass IR Filter ynimsidiouTdsunsuiveguants

ABLTUBIVE Transfer Function 5191015 Simulate Aounsn Tasgranisasuausaiesmilon

A o . A '
15 Simulate 159 1y

1NANNITH (6) 1UUNA 2 Time Domain ¥04 IIR Band Pass Filter

l_ao

y(k) = [ }x(k) — x(k —2)]+0, (1+0).y(k — 1) — et y(k — 2)

<
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(-4 1 " o A (4 o
Tagis19efmuan W8NS Sampling MY 15.625 KHz (‘Nti'lﬂ'l'ﬁuﬂ‘lﬁ‘il'lﬂ MINTNUA
pling

910 1 TA ,RA ,TB, RB JuTdsunsy) Tasdmuannudina1aved Filter = z/20 i ldanud

A199339 U Time Domin 1A NAUMS

4 :
FINWTONIAIUD Sampling IR0 NGRS

f, = Jmex o)
2XTAXTB
Tav £ fle A2wdlums Sampling

fucx ®  AIC Master Clock iifin 10368 MHz AIC Shift Clock ifi 2.592
MHz %50 Instruction Cycle 7.72 MHz Master Clock 11 20 MHz
%30 Instruction Cycles 20 MHz

TA #fo  $wouduiiimsznin 4 <TA < 31

TB e Swouduiifidsenin 2 <TB <63

L 4
MIERTUTINTINUMIINGAS

— fMCLK
* 2XTAXTB
f - _10MHz
f2%x16%20
f, =15.625 KHz

wazi 1518 anutna19lu Time Domain i mnsam Idenaunis

radian/sample  (A7148 1UNA Digital)

(6))

(3)
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40

radian/sec (mmﬁ“lum Analog)
0

Taon T o %2281984M15 Sampling HABTAT
N fio 9117 Sample
® fis  $1M9U Sample AD5BDY
Q fio SIUTBUABN LI
unusduds luaumsez'1d
T=2
Q
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1 _2m/IN
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N
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¥

mazesiy f, =390.625 Hz

[] 1 4
ATUAENa1 11 Time Domain HAWMIAY 390.625 Hz msizasiusield

d “« . '\ o 7[ o
Au0na1 (luna Digital) 1Ay 2 wazsnamnsaimuald

«, =cos(®,)
n
= cos(—)
(20
= 0.9876
a, = 0.92

1 4

INAUMSVO Time Domain U9 IIR Band-Pass Filter s1n1sumumang laaail
y(k) =0.04x(k) — 0.04x(k —2) +1.896y(k —1) - 0.92y(k — 2) )

1. mamlasmdnnunaiousrhmsswasluglsouny

Mnafianen ludazmendesihmsmiasdeufiveiinisi@ouas Chip ozl
wiflumiieglugivesdnauneaiioy (Floating-Point) d2ulu Chip aszga C50 axamsafI
Tugtl§wwdy  (Fix-Point) ﬁ'l‘vi‘l'tfuTﬂtﬂuﬂ‘liﬁ‘lu’Jﬂnfu%z?’l’ﬂQﬁ‘lﬂﬁﬁ‘lfi‘ll‘rli’hﬁyu‘lﬁ‘lﬂ‘liﬂm
fus AD wlaundeeregluglvessmaudiugusuudseAuusadiuly Domain 81 Analog T
wiflunmeaiioumsudiu =‘§~1‘lumsqmﬁ'mfunaaenunz‘lﬁgmf’fmmuﬂﬂm?q (NTIEMIUAMEA
Hounuimaulag Fussildiaeuiidiawioons mneasiumshmsiummaeuvents
ﬂwfuﬁ'aw‘hms Scale f1lfeglumiigndpaduiou F1ms Scale Awsansfinalugy Binary
fio asvims shitt thueaTasms shift v liuile Bit munefensmsasalugiu 10 dauns
shift $10'lulnila Bit Aeemsgaidoeslugm 10 Taolums shit henFonsmsiiusaiiudii
Bit LSB Tiunfinmsiems shift drotfuzda LSB fis nietezuealudnuinilifonsmsdas
shift ez 1dfigndesineide $1uau Bit madu LB fusrdeaiiu 0 iduiau Bit fiin
ms Shift $91u shift DSP Tagaq lihfuszil Shifter ﬁﬁmﬁﬁ‘ludauﬁatjuﬁa Fednunnagin
Tufunouvesnisfusuas Tnaam

Taslumsulaasdusz@niuse Fier IufifiazmnsudosTaodredafums

wilaussdueea AD w1eglugy Binary Nozvimafinnamswezidlumsiielums Scale finds

.
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o - o o - 1 A ] le
mstnna Taserdnsatuisanud s lumsulasmuss AD Fafifie 2 Volt ualumsuaniu
- : 1 j 1 t ' . = ° 1 4 a
seiivaduvesuanuazau Taomsulasdiuvemazmsadly 14 Bit Gzl laswazidoa

L o o A 1 y [ s o
WMnu 2 =16384 szau Feiissminy 1 lulamuvealsiau

1 4
-~

soilfannsofunamndianeg 1aa
0.04 X 16384 = 655.36
1.896 X 16384 = 31064
0.92 X 16384 = 15073

[ [) ) } 4
aunsalouaunisfi (5) funnai luniae veamiiins Scale uda lanail

y(k) = 655x(k) — 655x(k —2) + 31064 y(k —1) — 15073 y(k — 2) 6)
TavamnsaouTusunsuiNe 1% Chip DSP ¥msATIuMIsIAU Output idazvIzIAT

A P . A4 o Y 'Y
iwedaoen’lafi Digital to Analog ewmimsutasndudu Analog aunsadouTsunsuldas

Tisunsuin 2

Frequency Volt Output

50 Hz 224 mV
100 Hz 40.1 mV
200 Hz 91.1 mV
250 Hz 125 mV
300 Hz 183 mV
330 Hz 213 mV
360 Hz 241 mV
390 Hz 253 mV
420 Hz . 24lmV
450 Hz 222 mV
515Hz 176 mV
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600 Hz 134 mV
650 Hz 119 mV
700 Hz 96.6 mV
800 Hz 81.4 mV ﬁ
1 KHz 61.0 mV
2KHz 26.2 mV
3 KHz T 162mV
3.5KHz 125 mV
4 KHz 2.35mV

A15NN 2 KTAINTTABVAUDIAINAV0Q IR Band-Pass Filter

vinmsiuTsunsudndundnhnmsiloudgyaia mput anwdang udaihmsiam
MIABUAUBINI Amplitude IANBAA AT

& o -3 ] {

Faanserinn Plot Graph 14 uazenanziituiimsasuausanyudidiulian

1 ° ' . 1 14 ' . & . * 9
fifun13fef1 Amplitude find1d 390 Hz fifunafiga Tasgnauiinnuinarwazaud

y
-1

[ 4
o & ° o
Cutoff MADIATUFIA111501 11 Plot Graph 14da

300

250}
200}
Z 150}
100}

501/

0 " " N
0 1000 2000 3000 4000
Hz

.

U1 5 nauaaInIsAB U UBIAIND Y [IR Band-Pass Filter
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Y1: 5@00mU
AC

AVELEVALY/EIERT =

\ / \ /\ /\ /f_T_EHZ g;lms
/ \ / \ / \ / TR: CHIAC

NS NS NS 7 PT. O

duz: 253mJ

Y1: 5@00mU
AC

CH‘LT\ \ N4 Y2: 100mY

\V/ 0C

NINZANEVAED A e
\J \// \/ | TR: CHIAC

PT: &%

duz: 176mU

U 7 msasuausainI WD Cutoff Arum N1 296.08 Hz



= CHZ

DV RVAVAVIAVIA
JAN/ANANA AN
BN VRV

171 8 MTABUAUBINANA Cutoff AU NAWA 515.48 Hz
1 3

3. Adaptive Digital [IR Filter Ing35uasnealadinsfous

Y1:

Y2:

o D

TR:
PT:

dUz:
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500mU
AC

100mU
0C

Tms

CH11AC
riyA

176mU

#7UYBY Adaptive Digital IIR Filter lat5ussuealadinsi@oudezinmsdou

Tdsunsumegramsasvaussdemsnlasuntlasnnudvesdygna Input (Msifaous

L 4 1] .
@, (k)) Mezaudye Input 861 1s5WMIMsUNdy el Sine wave fdunrmdindn

0NNINTYYIUTUNIU

1. dumsTsunsy

guveams lsunsuszimilounuyed IR Filter Tuduusn uaselidiuved

} 4

M3Update ANAUANA1YEA Filter lunsdiftdyanal Input Imsiffounlasninudmiuivin

Asmsialudiuves uag yk) uae Bk)

Taganaun1snN1e Time Domain Y94 Digital IIR Filter asaqun13nNs Update

MANNENa1N# 1815 Simulate gn1sABUAUBIAIA1Y A Matlab uud2 lunsuusnfie

y(k) =(

l-a,

}x(k) —x(k = 2) 0, (1 + atg).y(k = 1) — 0ty y(k — 2)
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TAYIINAUAISNN Time Domain ¥4 Digital IIR Filter Hazaunisn1s Update fi1

ATANANH 19Hn15 Simulate gMITABVAUBIMANY U Matlab W ud2lursulsnfie

l-a,

y(k) = ( }x(k) —x(k—2)]+ 04, (1+ o). y(k —1) -t y(k - 2)

7
(ke +1) = 0 (k) +—— (k) (k

04k +1) = 0 () + 7 OV R)

) =1Bk=D+1-nDwET

vk)=A+o,)oy k) yk-1)+1+0,).yk~1)—a,w(k —2)

A 9/ 0‘: ; ° ° o
Fagunrsaruvulutuasuilisnziueraunis llvins@euTdsunsyasuu
Chip DSP e IMsusndegygal Sin wave #1il Noise TagimannsamsanesSivvesdayaiuse

doyaIUTUNIUYOI Noise HUY Gaussian Tumsnvashdnmuvesdyauannsafmualdnn

0.2

V2
SNR = 1010g|: }

@® V= Amplitude Y83&0yty18l Input

O = Standard deviation Y93 Gaussian Noise

doamsvavesdyanasuniu fvuald SNR = 10 dB , Amuald Amplitude

Y9Iy 10 Input =1 V

_ lo[hgv 5
TR
e lo[logl%]

V2



105

_‘ Funamunsoildfimuadudsyanivesdyanasuninlu Mty hput thly
Farfisrfmuadie SNR = 10 dB mileufufivhms Simulate msmn:q@,nmﬂ?;uuuﬂmﬂﬂn?i
AANAMANG Input 1'1ﬁmsﬁﬂmuﬁmwmﬁmmﬁvhﬂ_qdn"lsﬁnw%’anﬁyanJ?umﬁUuwainn
A1SNARBAVDL Adaptive Digital IIR Filter iV Adaptive Digital IIR Filter Tng33msuefuealad
ISR

MIMUUANTIANG

fouduTIngANFuRUTsEn1 A7WETY  Time Domain Az  Frequency

Domain (Z-Domain) fiouduildinisenwaneuaoudnnudlfesgndealaglu Transfer
Function FUMAYANS Simulate f9zinnuduiuinundmioutunisilauuy Impulse

. a4 e _ -
Invarious #¥UBYHUAINIAINTT Sampling Aruaun1sae 11l

ole

Tay #2130 1 Frequency Domain (Z-Domain)

(0]
Q mm?ﬂu Time Domain (27f)

T =fULI21N17 Sampling

a v o o ' a a ) . a ]
Tagfinnuduiuinena e 19laaluvevvaiiniwdly Time Domain Misgndinia

ilaveanud Sampling Sazhesiiimsaouausinnud lidh awiteow Tuiteonuuy'ls
fovidamsdeurtuveannd (Aliasing)

‘luﬂfuﬂauf:tsnzﬁmuﬂfhﬂ'nuﬁiuaaﬁ'tyq,nm sampling 111y 10.08 KHz fi1 Q-Factor
(@) Wiy 0.7 (mqff'if‘i'mumnn"ln"lﬁms1z%zﬁ11ﬁmsﬁﬂmmﬂ?;auuﬂmmmﬁumﬁtgm”m
Input 11 1A A MU Q Founulderh eyt hidesniseonunnn) daumved
AMuANAT a, (k) wiuduiicn 0 AemAnmAnasmileves Nyquist Rate dnlTldanudlu
Time Domain 1/583naivi1fiy 2.5 KHz) @9UA1 Step Size Parameter (1) fmua'l3i 0.0003 uag

] 1
fi1 Forgetting Factor (1) fimua'l3 0.98 daiuannsaumuaums 18y
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y(k) = 0.15[x(k) — x(k — 2) ]+ 0.y(k 1) = 0.7.y(k ~ 2)

0.003
Ky (k
B y(kyy (k)

Bk) =0.98B(k -1)+0.02[y(k)w ()}
y(k) =0y (k—-1)+1.7.y(k =1) - 0.7y (k —2)

o, (k+1) =0, (k) +

o (= a =) aa o ] Y ° ‘' A a
wituhiimewfidluguifemeniifimsquiy a, uaneiuing Update i o, (HoAa
o o o 1 ¥
adryanal Input Junseliaiuuues
A o ' 4 1 = 2 . L 0’:
Fa TR UIUMAINA1Y Tred1a99 A/D tag D/A Converter YU1A 14 Bit HA9INUY
° a A o P
51eimsideu Tlsunsunegranisnaaeda Idsunsuii 3
s s 4 . . e . b 4
2. Wamsaouauedduau ludnYULANY YBIAdaptive Digital IIR Filter Tas3tues
L4 s L4
woa ladins@ouds
¥ ¥y .
Tuduilissnass Tasmninerdyanasuniuidiuuuy Gaussian Noise 13wy
AQYQIU Sine Wave (A210N4N)
#7UAITNIITYUIMN Output ﬁzqﬁﬂywmiﬂuﬁﬂﬁmuﬂ,pmsumuuumhqq uazhdfiny
A = -=' d' o/ o -y d'
femsgmsAamunsnldouudasnnudvesdygie nput Msdpynatosnmyeanisnlaoy
wlasnsAaauanutnais

asaufinwanisnaass 1daeil
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AN
N 7
e 4 et CHZ
4 o
31 9 diedeyaunat Input (34 sin 1.21K + 0.07sin SOK , SNR =20 dB

CHT

. CHZ

4 4 o
U7 10 odqygyrat Input 1y sin 1.21K + 0.22sin 50K , SNR = 10 dB

Y1:

Y2:

TR:
PT:

dU2Z:

Y1:

Y2:

TR:
PT:

duz:
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500mU
oc

20mJ
AC

. 200ps

CH11RC
@z

42 .6mV

500mU
oC

20mJ
AC

. 200ps

CH1AC
liYA

42.6mU
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=]

_ CH2

3 4 o
71 12 disdaygyIat Input (11U sin 2.05K +0.7sin 10K , SNR =20 dB

Y1:

YZ:

TR:
PT:

duzZ:

Yi:

YZ:

TR:
PT:
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500mU
oc

20mV
AC

. 200ps

CH1AC
riyA

42 .BmU

50@mU
0c

20mV
AC

. 200ps

CH1AC
1iYA
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311 13 dfodryanat Input 15l sin 2.05K +0.22sin 10K , SNR =10 dB

CH1

/ L;_CHZ
\\// n \\// \\/

3 A o
14 14 diodryanat Input 1l sin 2.05K + 0.707sin 10K , SNR = 0 dB

Y1:

YZ:

TR:
PT:

Y1:

Y2:

TR:
PT:
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500mV
BC

20mV
AC

. 200ps

CH11AC
@x

500mV
oc

20mV
AC

: 200ps

CH11AC
liYA
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CH1 Muuu \v\zvxﬁ \QVV\PF )

| AENANEY

/N AN

| [\ \/

4 4 o
417 16 tledaygnet Input il sin 2.95K +0.22sin 50K , SN

v CHZ

CHZ

Y1:

YZ:

TR:
PT:

Y1:

Y2:

TR:
PT:
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500mU
oc

20mV
AC

. 100ps

CH1HC
iy

500mU
oc

20mV
AC

. 100ps

CH1MAC
riyA
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31/ 18 diedyayrar Input i sin 3.75K +0.07sin S0K , SNR =20 dB

Y1:

Y2Z:

TR:
PT:

Y1:

Y2:

TR:
PT:
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500mU
oc

20mJ
AC

. 10Bps

CH11RC
@

500mU
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AC

: 108ps

CH11AC
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Y1: 500mU
i /‘Aﬂ A\JA. oc

urfj \A TN ;

CH1 '\., J\/ \[U/V \M[\‘ Y2 ggmu

A . 100ps

B . -
/‘"‘_“‘“\ /-"_"" st |

TR: CH11AC

PT. @

4 A o
51 19 diodayay1at Input (4 sin 3.75K + 0.22sin 50K , SNR = 10 dB

3. mswAsunlase o, (k) adaynal Input SnyaraAe

1u1fumwnzqmstﬂﬁ'uuuﬂa«h o, (k) (MAmidina19vea Filter) Amudayayias Input Tag
Tudues Tsunsuunuiisedsdagnagaaiu Output sonuaasi Scope

esaedyaa o (k) 8NN Output tﬁ‘a@,msmuﬁumﬁ Scope 1AoM15USY Time
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Tsunsut 1 TusunsuuaainsAnaefiUVOTA NATOY Low-Pass Filter Y84 Board

* FUNCTION: Sampling an analog input signal *
* and sending it to analog output *
* with an overall gain of 1 *
* *

* DESCRIPTION: This program initializes the TMS320C50 and  *

* TLC32040 on the C5x DSK Board. *

* *

* BAND-PASS: ON *

* Low cut-off frequency: 3.906 kHz *

* High cut-off frequency: 326 Hz *

* Sampling frequency: 15.625 kHz *

* *

* OPERATING CONDITIONS: *

* *

* 30 o 2 ke 2k 3k ok e ok 2 o ke ok ok ok 3k ok ke 2k 3 s 2 ok ok ok 2ok ok ok ok ok ok o 3 ok 3 ok ok ok ok ok ok e ok ok ok ok ok K *
* * CAUTION: MAXIMUM INPUT VOLTAGE:3V * *
* o ok ok ok ok e ok ok ok ok ok 2 3k ok 2 ok ok ok ok o ok e ok ok o sk 3 of ok o 3k ok sk ok ok sk ok ok ok ok ok ok ok ok ok ok ok ok Sk ok *
* *

* ANALOG INPUT <- Function Generator *

* *

* ANALOG OUTPUT -> Oscilloscope *

* *

* *

* ASSEMBLING AND DIRECT EXECUTION: *

* *

* You must assemble and link this program with the *

* Assembler/linker provided while purchasing the DSK. *

* *

* DSKS5A AICDSKS0.ASM ->generates AICDSK50.DSK *



* DSK5L AICDSKS50.DSK *

* *

ke e 3 o ko o 2 o e 3k o o ke ok s e ke ok e ke ok o ke o o e o o ok o ke ko e ke s s 3 o e 6 ok o o ok ok o kol ok o o ok o ok o o sk ke ke o o ke ok ol ek ok koK

*

* ASSEMBLING AND EXECUTION THROUGH DEBUGGER: *
* *

* You must assemble and link this program with the *

* Assembler/linker provided while purchasing the DSK *
* . *

* DSK5A AICDSK50.ASM ->generates AICDSK50.DSK *

* DSK5D *

%* *

* Then, reset the DSK board by typing R *

* Then, load the DSK program by typing LD then AIC *
* Then, execute the DSK program by typing XR *

a3 20 2 3 o 3 ok o sk o ok ok o abe sk ke ke e e e ke o s e e o o 3k 3 ok ok 3k o o ok ok sk o ok ok 83k o0 ok ok 3k sk ool 3 ok ol ok ok ol ok ok o ok o 3 3 s s o 3k o ok ok ok ok ok o ek

.mmregs ; declaration of memory mapped registers*

e 2k o o o 3k a0 o0 o ok ok sk ol ok e b ke e e ke o o s e o o sk s ok ok sk o ok 3k ok 8 o ol 3k ok ok ok e ol o ok ok ok ok ok o ol ok ok e o ok ok ok o o o s o ok ok ok o ok o ok ok ok ok

* In this section, TA, RA, TB, RB, AIC_CTR registers are declared in data *

* memory and initialized. *

a8 ke e s 3k ok ok e sk o ol abe 3k sk sk ke o ok ok ke e o 3k sk ke ok sk sk sk e s ok ok e 3 3 ok ok e o 3k ok o e e s s s ke e e s 3k ok e ok ok ok ok ol e ok ok s sk ke o e ok afe ok ok ok ok ok ok
.ds 0f00h ; User's space data memory

TA word 16 ; Feut =3.906 KHz

RA .word 16

TB .word 20 ; Fs =15.625 kHz
RB word 20 y



AIC CTR .word 19h ; Overall gain=1, sync, loopback disabled

; band-pass filter enabled

bl 3

; Bit definition of the AIC_CTR control register ;

; | Gl GO | SY AX LB BP| Gl GO Gain
; | 1 ||| +-Band-PassFilter 0 0 1/2

; [ 1 || 4= Loopback 11 12

; O N B Aux 01 1

; Gain -+ + Synch 10 2

Bk ko k ks dkok ko sk kok bk ke sk sk akok sk sk sk ok sk sk sk sk sk ok sk sk sk sk sk sk sk sk e sk sk kb sk ok ks sk sk sk sk ks k3

* Set up the interrupt vector table in program memory and make the link *

* between the interrupt vector and its associated interrupt subroutine. *
* The interrupt vector table starts at 0800h, but location of serial *
* port receive interrupt RINT is at 080Ah since it is the 5th in the *
* ihterrupt table. *

B ok ok ok ook s ok s o oo oo sk o o s o sk s ok sk ok o o ok ook o ke s ok e o ke o s e o e sk o o koo ok ok oo ook ok sk ok ook ok o ok ok o ok 3K

.ps 080ah ; Interrupt Vectors memory
rintt B RECEIVE ; 080Ah: Serial port receive interrupt
xintt: B TRANSMIT ; 080Ch: Serial port transmit interrupt

e sl e sk e s ske o ok e 3 e ke ok ke ok ok ok ok ok e ok ok ok

* START OF MAIN PROGRAM *

o0 ol 3 ok e s o o o ok s e 3 ok o o o ol o ok ook ook sk

.ps 0a00h ; User's Program memory
entry ; entry point of the program



e e ok o o o 2 ok oo e ok o o o o e ofe o o e o e o o e o e e e ke ok

* TMS320C50 DSP Initialization *

a8 o o ke o e o ok o o ke o o o o e o o e ek o o o ok ke sl e ok ok ok

START: SETC INTM ; Disable interrupts
LDP #0 ; Set data page pointer
OPL #0834h,PMST ; Interrupt table starts at 0800h

; Program and data ON-CHIP SARAM

; (RAM=1 and OVLY=1)

; microcomputer mode MP/MC=0

; NDX=1, TRM=0 => C5X not enhanced mode
LACC #0
SAMM CWSR ; Zero wait-state access to memory
SAMM PDWSR

* Reset AIC by writing to PA2 (address >52) to DSK

SPLK #022h MR ; using XINT for synch (and INT2 for debugger)
CALL AICINIT ; call to subroutine of initialization
; of the AIC

deaofeokobe ook ook sk e ok ok skkok sk ook ook ok ok ok ok sk ok ok ok ok ok ok ok ok ok ok ok K ok ok ok ok K ook ok ok o ke ek dk ke sk ek

* After the next 4 instructions, the serial port receive interrupt is *
* enabled. When RINT is triggered, the receive interrupt subroutine *
* (RECEIVE: ) is executed: it stores the data contained in the DRR register *

* to Accumulator then stores it to the DXR register. *

2k e ook o e 2 of ok ok o ok ok o o ok o o ok e s o o e ok s e o e e o o o o o s e e e o o o s ool ok e s o o o o o o o ook ok o s ok ok ok ok ok ok ok ok ok ko ko ok ok

CLRC OVM ; OVM = 0 - Overflow mode
SPM 0 ; PM = 0 no shift after product reg.
SPLK #012h MR ; RINT only (and INT2 for debugger)

CLRC INTM ; enable interrupt



oo Ao o oo o ook o o ok ook o o o o sk oo sk ok o ok o oK ok sk ok oo R K ok ok ok ok ok ok ok

* Infinite loop - Waiting for reception of data *

* *

* NB: the RINT interrupt is enabled *

o sk sk sk sk o sk sk sk sk o sk sk sk sl ok sk o sk ol ok sk sk kool o ol o ok ke ok ok ok s o ok ok sk ok ko ok kkok
WAIT: ; wait until interrupt
B WAIT ; wait for input data

sl sk s e sk sk ofe o s ke e sk ofe sk sk ook sk ok ok ok ke

* END OF MAIN PROGRAM *

sl sk s e afe o sk sk o ke ok o ofe o sk s ke sk ok e sk ok %k

300 o e ok e ok o s sk o ok o s ok sk ok sk ok ok ok Kk

* INTERRUPT ROUTINES *

s sl o o e o o s o ke o ok o ok o o ke ok ke ok o ok

o0 e 3 o e s ke s sk e sk ke o ol o o e sk sk o o o sk ok sk ol sk sk sk sk ok sk ok sk ook ok ok

* Receive Interrupt Service Routine *

sk sl o s ke o sk s o ke o ke ke o ke sk sk sk ol sk sk ke o ke sk sk ok o ok o ok o sk sk sk ok %k

RECEIVE:
LAMM DRR ; read data from DRR
AND #0FFFCh ; 14-bit resolution of the AIC
SAMM DXR ; send data to DXR (primary communic.)
RETE

o0 3 e sk e o o 3 sk e ke o e sk o e o 3 ok o e o o e o e ol o e ok ek ok ok K ok Ok

* Transmit Interrupt Service Routine *

3 ke e o e o ok o ook o sk sk ol ke s ok sk o ke o sk o o ke s ok o sk sk ok ok ok ok ok k kK

TRANSMIT:
RETE



sk ok ok ok ook ok ok ok ok

* FUNCTIONS *

o o ok o ok o ok ok ok ok ok ok %k

s s o o e o 3k o o o o ke ok e ke s o o o o ok 3 sk e o ok ok o e o ok ke ok o o ok o ok ok ok ok ok ok ok ok ok ok o o o o s e e ok o ook s o o o ok ok s o o o o ok o ok ko

* The AICINIT routine initializes the Serial Port and the TLC320C40 AIC, *

* by the following steps: *
* Step 1: Set the Timer frequency (10.000 MHz for AIC MCLK). *
* Step 2: Configure frame synchronization signals. *
* Step 3: Initialisation of the Serial port *
* Step 4: Initialisation of the AIC *
* *

* NB: AIC Reset line is connected to the /BR (Bus Request) pin of the *
* 'C50. This pin is driven low when external global memory is *
* accessed. Therefore to reset the AIC, global memory must be *

*  defined and accessed to drive the /BR pin low for at least 800ns. *

o e 3k ok ke 3 af ok o 2 2k e 3 e 2k e 2 k2 2 ok ok ok ok s e ake ke ake ke ok ake o ok ok s ok e e ok ke e ok ok o o ok o ok ok ok ok ok e sk sk ok ke ok ok ke ok ok e o ke ok ok ke ok ok

AICINIT: SPLK  #20h,TCR ; To generate 10.000 MHz from Tout
SPLK #01h,PRD ; for AIC master clock
MAR *,ARO
LACC #0008h ; Non continuous mode, FSM=1, FSX as input
SACL SPC ; reset the serial port
LACC #00c8h ; 16 bit words
SACL SPC ; bring the serial port out of reset
LACC #080h ; init 8000h-FFFFh as global memory
SACH DXR ; Dummy word sent to clear SPC register
SACL GREG ; Store to Global Memory Alloc Reg.
LAR ARO#0FFFFh ; Use ARO to point to location FFFFh
RPT #10000 ; Access global memory 10000 times

LACC *,0,AR0 ; to drive pin low for duration



SACH GREG ; Restore GREG to 0000

e ke 3 ko ke 2 e 2 ok ok ok e i ke ke o i e ke o e o ke o ke ok e o ke s i ok e s ke o ke o sk o ok o o o o o oo ok o ok o ok ke ok ok o ok o oo o ke o o o o ok ok

* The 3 blocks of instructions below send the parameters TA, TB and AIC_CTR *
* to the AIC for a 16 kHz sample rate with a gain setting of 1, BP enabled. *

* The contents of TA and TB ands I}IC_CTR registers are each shifted 9 bits *

* left then added to 2 control bits to configure a complete 16 bit AIC DX *

* DATA word before its transmission to the AIC. *

* *

* NB: Sending such a parameter requires a "secondary communication”, hence *

* the call to the AIC_2ND subroutine. *

ke o o e 8 2 o koK ok ke ok ok ok o ok o o o ok o ok o o ok e i s b o ok ks ke s o b o ook e b o e 3 o o ok ok o ke o e e ok ok e i o e ok ok ok ok ok ok

LDP #TA ; Initialization of the data-page pointer
SETC SXM ; Set sign extension mode

LACC TA)9 ; TA is shifted left 9 bits

ADD RA;2 ; RA is shifted left 2 bits

CALL AIC_2ND ; call to AIC_2ND subroutine

LDP #TB ; Initialization of the data-page pointer
LACC TB,)9 ; TB is shifted left 9 bits

ADD RB,2 ; RB is shifted left 2 bits

ADD #02h

CALL AIC 2ND

’

LDP #AIC CTR ; Initialization of the data-page pointer
LACC AIC CTR,2 ; AIC_CTR is shifted left 2 bits.
ADD #03h

CALL AIC_2ND
. RET



ok o o o o o oo s s o s o oo o o ok ok s s e s o ok o s s o o o o s o o o ok ok o s o s o ook o o s ok ok sk ok ok

* The AIC_2ND routine initializes a secondary transmission, by the *
* following steps: *

* Step 1: enable serial port transmit interrupt *

* Step 2: send 03h to initiate a secondary transmission *

* Step 3: wait until ready for new data (idle) *

* Step 4: send AIC parameter *

* Step 5: disable serial port transmit interrupt *

* *

* NB: The lower part of the accumulator contains the contents of *

*  the AIC DX DATA configuration word. The higher part contains *

*  acontrol word which initiates secondary transmission mode *

sk af o e o o afe o s s ok e o ok ok o o o afe 3 o s af ek s ok ok afe e e ok ok ok o ok o ok o ok o e ok A ok o o e e ok ok o e ok ok e o ok ok e ok ok ok ok sk ok ok

AIC _2ND:
LDP #0
SACH DXR ; dummy word sent to clear SPC register
CLRC INTM ; enable interrupt
IDLE ; wait for transmit interrrupt
ADD  #6h,15 ; 0000 0000 0000 0011 | AIC DX DATA WORD
SACH DXR ; Send 0003h to initiate 2nd transmission
IDLE
SACL DXR ; Send AIC DX data word
IDLE
LACL #0
SACL DXR ; make sure the word got sent
IDLE
SETC INTM ; disable interrupt
RET

.end
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MMREGS

.ds  0f00h
TA .word 16
RA .word 16
TB .word 20
RB word 20
AIC_CTR .word 1%h
OUTPUT .word O

;Filter Coefficient Generator bandpass

a2 .word -655
al .word O

a0 .word 655
b2 .word -15073
bl .word 31067

;Storage deley line
YN .word 0,0
XN .word 0,0
XNL .word O

ps  0080ah

rint: B RECEIVE

; -0.04
; 0

; 0.04
; -0.92
; 1.896

xint: B TRANSMIT

.ps  0a00h
.entry 5

?

?

; This set up of AIC registers give

; a sampling freq of 15.625 Hz



SETC
LDP
OPL
LACC
SAMM
SAMM
SETC
SPLK

CALL
SPLK
CLRC
SPM

CLRC

WAIT:

RECEIVE:

LDP

CLRC

LAMM

SACL

LAR
ZAP

INTM

#0

#0834h,PMST

#0

CWSR

PDWSR

SXM ; SXM MUST BE SET

#022h,IMR ; This turns on receive interrupt only

AICINIT
#12h,]IMR
OVM

; a main program would go here

WAIT

#XN
INTM ; ENABLE INTERRUPTS

DRR ; load accumulator with word received from AIC
; Next line should be commented out if the
XN ; store the value of received word to a variable
ARO#XNL ; load ARO with address of last delay element
; ZERO ACC AND PRODUCT REGISTERS
* ARO ; ARO is the current AR register.



RPT #4 ; Repeat the next instruction 80 times through
MACD #a2 *- ; the complete coeff table.

APAC ; Accumulate last product

SACH OUTPUT,2 ; ACC -> OUTPUT. Getrid of xtra sign bit.
LACC OUTPUT ; left shift

SACL YN
AND #0fffch ; Two LSB's must be zero for AIC
SAMM DXR ; write output word to transmit register
RETE

TRANSMIT:
RETE

2020 2 o o o o o o o o ok o o o o o ok o o o o o ok ok e e e o o o o o o o o o o a3 o o o o o e e o s o o e e e e e ke ke ok ok ok o o ke ke ke

; DESCRIPTION: This routine initializes the 'C50 serial port *
; and the TLC320C40's (AIC) TA,RA,TB,RB and *

; control registers *

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

AICINIT: SPLK  #20h,TCR ; To generate 10 MHz from Tout
SPLK #01h,PRD ; for AIC master clock
MAR *,ARO
LACC #0008h ; Non continuous mode
SACL SPC ; FSX as input
LACC #00c8h ; 16 bit words
SACL SPC
LACC #080h ; Pulse AIC reset by setting it low

SACH DXR ‘



SACL GREG

LAR ARO,#0FFFFh

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

SACH GREG

LDP #TA ;
SETC SXM ;
LACC TA)9 ; Initialize TA and RA register
ADD RA;2 ;
CALL AIC 2ND ;

LDP #IB

LACC TB,9 ; Initialize TB and RB register
ADD RB,2 ;

ADD  #02h ;

CALL AIC_2ND ;

LDP #AIC_CTR
LACC AIC CTR,2 ; Initialize control register
ADD #03h ;

CALL AIC_2ND ;

RET ;
AIC_2ND:
LDP #0 ; Data page point is 0 (MM regs)
SACH DXR ; send ACChi 00
CLRC INTM ; enable interrupts

IDLE ;wait for interrupt



ADD  #6h,15 ; 0000 0000 0000 0011 XXXX XXXX

XXX XXXX b

SACH DXR ; send ACChi to initiate secondary protocol

IDLE ; wait for interrupt

SACL DXR ; send the T register data

IDLE ; wait for interrupt

LACL #0 ; clear ACCUMULATOR LOW

SACL DXR ; send another to make sure 1st word got
sent

IDLE ; wait for interrupt

SETC INTM

RET

.END



Tsunsui 3 @AY Output YB3 Adaptive IIR Band-Pass Filter Normailized Gradient
Algorithm
;SAMPLING FREQUENCY=10.08 KHz FREQUENCY CUTOFF=3.9 KHz

.MMREGS
.ds  0f0Ch ; declaration of memory mapped registers
TA .word 16
RA word 16
TB .word 31
RB word 31
AIC_CTR .word 1%h ;Overall gain=1, sync, loopback disabled,
;band-pass filter enabled
OUTPUT word 0
templ word O
temp2 .word 0
temp3 .word O
temp4 word 0

e e ke e o o o afe e e o ke ke o o ofe e o 3 afe b e o ol e ke s ok ol e sk o o i ke e ok 8 o o ok ok ok e e e ok ok e ok ok ok ke ok K

;Filter Coefficient Generator bandpass and constant*

o oK 3 ke e e o o o8 e e ok 2k e ke o a0 ok ke o ok e 3k ok ok e e ok ok ok s e ok 3k ok ok s o ke ok o ok o ok ok o ok ok ke sk e ok ok ok %k

mue word 5 ; 0.0003

alplk .word O ; (start only)

a2 word -2458 ; -0.15 -(1-alp0)/2

al word O ; O

a0 word 2458 ; 0.15 (1-alp0)/2

b2 .word -11469 ; =7

bl word O ;0 (startonly)

d word 27853 ;1.7 (1+alp0) .
gram .word 16056 ;  0.98

gram] word 328 ; 0.02

3 e e ok o0 ke o ok 2 ok e ok ke ok ke ok ke ok ok ke ok ok s ok ok ok e e ok o ke o ok ok e ok



;Storage deley line and any volue*

ok ok 3k 3 o ok 3 o o8 3 2 o ke o ok 3 o ok ok o o o ok e o o ok ok ok ok o ok ok ok ok ok K

quot word O
rem word 0
YNI .word O
YN2 word O -
XN word 0,0
XNL word O
BUF .word O
YNx, word O
PHII .word O
PHI2 word O
ban .word O
batal .word O

ak ok o o ke o o o e o ok ok o i o o o 3 3 o o o ok o o o 8 o o o o 2 o o o ok o o o ok ok o ok ok o ok ke o o o s o o o o o o o o ok o o o o o o o o o o ok ok ok ok

; Set up the interrupt vector table in program memory and make the link *

e o ok e o ke ok ok o o ke o e ok e ok 8 ok o ok o ok o s o oo ok o o b ok o o o ok o b ok o s ke oo e o 8 o o 8 o o ok e ok ok o ke ok ok ke ok o o o o ok ok ok o o o

ps 0080ah ; Interrupt Vectors memory
rint: B RECEIVE ;  Serial port receive interrupt
xintt: B TRANSMIT ;  Serial port transmit interrupt

e 2 e sk o ke ok afe o afe 3 e e afe afe o ke o ae ke afe o e afe o o o o ok ok sk

; START OF MAIN PROGRAM *

o ke ke o o ok e o o ke o ok ke o ok ke ok ke ok ok o o ke e ok o ofe ok e ok ok ok

.ps  0a00h ; User's Program memory
.entry ; entry point of the program
SETC INTM ; Disable interrupts

LDP #0 ; Set data page pointer

OPL  #0834h,PMST ; Interrupt table starts at 0800h *



; Program and data ON-CHIP SARAM
; RAM=1 and OVLY=1)
; microcomputer mode MP/MC=0
; NDX=1, TRM=0 => C5X not enh
LACC #0
SAMM CWSR ; zero wait-state access to memory

SAMM PDWSR

SETC SXM ; SXM MUST BE SET

SPLK  #022h,]IMR ; using XINT for synch

CALL AICINIT ; call to subroutine of initialization of the AIC
SPLXK  #12h,IMR ; This turns on receive interrupt only

CLRC OVM ; OVM =0 - Overflow mode

SPM 0 ; PM = 0 no shift after product reg.

CLRC INTM ; enable interrupt

LAR ARS#alplk
LAR AR3#mue ; provide AR....
LAR  AR4jtemp4

WAIT: ; wait until interrupt
B  WAIT ; wait for input data
sl sk s s e sk ake sk sk ok o e ke ke ake ok o e ok ke ok o o ke e ok ok ok 3k ok
; END OF MAIN PROGRAM *
ok 3 2 e e ke ke ok ok 2 e e ke e sk ok s e ok ke ok o e ke 3k ok ok ok ok ok
e s s s sk o s af ke ok s ol e ke ke o o ol e ke ke o o o e ke ke o o o e ke ke ok ol e e ke ke ok ol ol o s o s s s o s ok s o o e ok ok s ok ook ok o e ok o o o o ok ok ok ok
e sfe s e e ske afe afe afe s sk e ke afe afe ok s e ake afe afe afe s ke ok ke afe o e ke ok ok e o e ok sfe ok e ok
; Receive Interrupt Service Routine *
e 2 2 o 2 2 o o 2 2 e ke afe e ok 3 ofe ok ok ok ae ofe e e ke ok e ok o ok ok ok ok ok s o o ok ok
RECEIVE:
LDP #XN ‘



CLRC
PURPOSES
LAMM
SACL
LAR
"ZAP
MAR

RPT
MACD
APAC

SACH

LACC

; SACL

LACC

.

SAMM

LACC
SACL
LAR
MAR
ZAP
RPT
MACD
APAC
SACH
LACC

INTM

DRR

ARO#XNL

*,AR0

#a2 *-

OUTPUT,2

OUTPUT

*, AR5

#0fffch
DXR

YN2

YNx
AR1,#PHI2
* AR1

#2
#b2, *-

PHI1,2
PHII

; ENABLE INTERRUPTS FOR DEBUGGING DSK

; load accumulator with word received from AIC
; store the value of received word to a variable

; load ARO with address of last delay element

; ZERO ACC AND PRODUCT REGISTERS

; ARO is the current AR register.

; Repeat the next instruction 4 times through
; the complete coeff table.

; Accumulate last product

; ACC > QUTPUT. Getrid of xtra sign bit.

; display OUTPUT

; Two LSB's must be zero for AIC

; write output word to transmit register
; Adaptation section

; AR1 point to add off PHI2
; AR1 is curent auxilary register
; Zero Acc&Product register

; Repeat next instruction 2 time

; calulate PHI1

; store PHI1



AND  #0f000h ; Zero 4 bit low off PHII

SACL PHI1

LAR  AR0,#YNI1 ; calculate alp1(k+1)

MAR *,ARO ; ARO is curent AR register
ZAP

MAC  #PHI1 * ; yn*PHII1

APAC

SACH templ,2
ZAP

LAR  ARO#templ
MAR *ARO
SQRA *,AR2
APAC

SACH temp2,2
ZAP

LACC temp2
SACL ban

LAR ARO,batal

MAR  *,ARO
ZAP
RPT #1

MACD  #gram*-
APAC

SACH batal,2
LACC  batal
AND  #0f000h
SACL  batal
ZAP

LDP #0 !



LT mue
MPY  #batal
SPH  temp3,2
LACC batal

SACH batal
LACL mue
ABS
RPT #15
SUBC batal
BIT temp3,0
RETCD NTC
SACL quot
SACH rem
LACL #0
RETD
SUB  quot
SACL quot
ZAP

LAR ARO,#quot
MAR *,ARO
MAC  #templ,*
APAC

SACH temp4,2
LACC alplk
MAR *AR4

SACL alplk



MAR  *AR5

ZAP

MAC  #d* :alp1(1+alp0)
APAC

SACH bl,2 ;UPDATE COEFFICIENT
RETE

TRANSMIT:
RETE

a2 o o o ok o o ok ok ok ok ok o ok ok ok ok ok ke ok ok o ok ok ok o ok ok ok kol ok ok o ok e ke ke ok ok o o ok o o o e ke ok ok ok ok o o o o o o o o o o ok ok ok ok ok ok sk sk sk ok ok ok

; The AICINIT routine initializes the Serial Port and the TLC320C40 AIC, *

o ok o o o 2 o o 2 2 o ok ok o ok ko o ok o o oK ok 8 ok ok ok e o o o o o o o ook o ok sk o ok o o o o o o o o ok e e e ok ok ok ok ok ok o o ok ok ok ok ok ok o ok o ok o

AICINIT:
SPLK #20h,TCR ; To generate 10 MHz from Tout
SPLK #01h,PRD for AIC master clock
MAR *,ARO
LACC #0008h ; Non continuous mode
SACL SPC ; FSX as input
LACC #00c8h ; 16 bit words
SACL SPC
LACC #080h ; Pulse AIC reset by setting it low
SACH DXR
SACL GREG

LAR ARO,#0FFFFh

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

SACH GREG

LDP #TA

SETC SXM )



.LACC TAJ9
ADD RA.2
CALL AIC_2ND

LDP #TB
LACC TB9
ADD RB;2
ADD  #02h
CALL AIC_2ND

b

LDP #AIC CTR

LACC AIC_CTR;2

ADD #03h
CALL AIC 2ND
RET

AIC_2ND:

LDP #0
SACH DXR
CLRC INTM
IDLE

ADD  #6h,15

SACH DXR
IDLE

SACL DXR
IDLE

LACL #0
SACL DXR
IDLE

; Initialize TA and RA register

; Initialize TB and RB register

; Initialize control register

; Data page point is 0 (MM regs)

; send ACChi 00

; enable interrupts

; wait for interrupt

; 0000 0000 0000 0011 XXXX XXXX XXXX
XXXXb

; send ACCHhi to initiate secondary protocol

; wait for interrupt

; send the T register data

; wait for interrupt

; clear ACC=0

; sencf another to make sure 1st word got sent

; wait for interrupt



SETC INTM



Tdsunsai 4 uapansAaANdeye 1o Input Y8 Alpha 1

;SAMPLING FREQUENCY=10.08 KHz FREQUENCY CUTOFF=3.9 KHz

.MMREGS
ds  0f00h ; declaration of memory mapped registers
TA .word 16
RA .word 16
. TB word 31
RB .word 31
AIC CTR word 1%h ;Overall gain=1, sync, loopback disabled,
| ;band-pass filter enabled
OUTPUT word 0
templ word 0
temp2 .word 0
temp3 word O
temp4 word 0

ok ok ke kdk ek ok ok ook ok ke ok sk e ook o sk ook sk ok ok

;Filter Coefficient Generator bandpass and constant*

e e 3 ok ok o e afe ke o ke 3 o s afe s afe afe s of s afe af s afe s ofe af s afe s e s e afe s afe o ke afe ke ok oK ok e ok ok afe 3 o e s e s e o o

mue word 5 ; 0.0003

alplk word O ; (start only)

a2 .word -2458 ; =015 -(l-apo)/2
al word O ; 0 |
a0 word 2458 ;  0.15 (1-alp0)2
b2 .word -11469 ; =7

bl word O ; 0 (start only)
d .word 27853 ;1.7 (1+alp0)
gram word 16056 ", 098

graml word 328 ; 0.02

e sfe s e ok o e afe s of s afe s s ofe s ofe afe s ofe s ofe e s e s ok ok ok sk ok sk e sk

;Storage deley line and any volue*



s s 3 o s o o e e ol ke ke ke o o s sl o o o o o o ok ok ok o ol ok sk ok ok ook ok oK

quot word O
rem .word O
YNI1 word 0
YN2 word O
XN word 0,0
XNL .word O
BUF word O
YNx .word O
PHII word 0
PHI2 .word O
ban word O
batal .word 0

st ok o o ok oo ke o o ok o o s sk s ke s s ok o o o s s sl e ook ok ook ook ok ok oo sk sk ook sl sl ook sk e olok ok ok ok Kok ok okok ok ks ok ok

; Set up the interrupt vector table in program memory and make the link *

o o o ok ok s o ok o oo ol o o s sl sl o s s sl o o ok ol i o ook s ok ok oK oot o ok okl ke ok sk ol sk olokok ok ok ks ok ok ok kb kb ok ok

.ps 0080ah ; Interrupt Vectors memory
rintt B  RECEIVE ; Serial port receive interrupt
xint: B  TRANSMIT ; Serial port transmit interrupt

o 2k 24 2k sk sk o ok o o o 3k o o ok ok s o ke e s sk e s e s sk sk sheok ok ok

; START OF MAIN PROGRAM *

o sk o ok e ok e ok e ok ok s ko ko ko o sk sk sk sk ol sk ok sk ok o sk ok ok

ps  0a00h ; User's Program memory
.entry ; entry point of the program
SETC INTM ; Disable interrupts

LDP #0 ; Set data page pointer

OPL #0834h,PMST ; Interrupt table starts at 0800h

. ; Program and data ON-CHIP SARAM



; (RAM=1 and OVLY=1)

; microcomputer mode MP/MC=0

; NDX=1, TRM=0 => C5X not enh
LACC #0
SAMM CWSR ; Zero wait-state access to memory

SAMM PDWSR

SETC SXM ; SXM MUST BE SET

SPLK  #022h,IMR ; using XINT for synch

CALL AICINIT ; call to subroutine of initialization of the AIC
SPLK  #12h,JMR ; This turns on receive interrupt only

CLRC OVM ; OVM =0 - Overflow mode

SPM 0 ; PM = 0 no shift after product reg.

CLRC INTM ; enable interrupt

LAR  ARS#alplk
1AR  AR3,#mue ; provide AR....
LAR  AR4#temp4

WAIT: ; wait until interrupt
B  WAIT ; wait for input data
e s 3 e e 3 a3 ake afe s afe s s e e ke ke ake ok ale sk ol s s s ake ke ok ok
; END OF MAIN PROGRAM *
****‘**************************
2k afe sk ke 3 s o o 3k o e 3k sk ke sk ok ol e sk ok ke o sk sk ok sk sk sk sk e sk o ke o ok s ol ke e o sk sk sk ke b e o s e o sk o ok ke s o s sl o ok ok ke s s s ke s s ok ok sk sk ok ok
e 3 2 o ke s ke 3k o s e sk ok sk e sk ok e ake ok o ake ok o 3 ake o 3 ok o ake sk e ake sk ok ok ok ok ok
; Receive Interrupt Service Routine *
ke 3 2k o afe s ke ok ke sk e ke sk 3k sk sk sk e ake sk s sk sk e e sk e ake sk e ake sk e ake ok ok sk ok ok ok
RECEIVE:
LDP #XN



‘CLRC INTM ; ENABLE INTERRUPTS FOR DEBUGGING DSK

PURPOSES
LAMM DRR ; load accumulator with word received from AIC
SACL. XN ; store the value of received word to a variable
LAR ARO#XNL ; load ARO with address of last delay element
ZAP ; ZERO ACC AND PRODUCT REGISTERS
MAR * ARO : ARO is the current AR register.
RPT #4 ; Repeat the next instruction 4 times through
MACD  #a2,*- ; the complete coeff table.
APAC ; Accumulate last product
SACH OUTPUT,2 ; ACC -> QUTPUT. Getrid of xtra sign bit.

LACC OUTPUT

SACL YNI

MAR  * ARS ; display OUTPUT

LACC *

AND  #0fffch ; Two LSB's must be zero for AIC
SAMM DXR ; write output word to transmit register
LACC YN2 ; Adaptation section

SACL YNx

LAR  AR1#PHD ; AR point to add off PHI2
MAR *ARl ; AR is curent auxilary register
ZAP ; Zero Acc&Product register

RPT #2 ; Repeat next instruction 2 time
MACD #b2,*- ; calulate PHI1

APAC

SACH PHIIL,2 ; store PHI1

LACC PHIl s



AND
SACL
LAR
MAR
ZAP
MAC
APAC
SACH
ZAP
LAR
MAR

SQRA.

APAC
SACH
ZAP
LACC
SACL
LAR
MAR
ZAP
RPT

#0f000h
PHII1
ARO,#YNI
*,ARO

#PHI1,*

templ,2

ARO,#templ

* ARO

*,AR2

temp2,2

temp2

ban

ARO,batal

*,ARO

#1

MACD #gram,*-

APAC
SACH
LACC
AND
SACL
ZAP

LDP

batal,2
batal
#0f000h

batal

#0

; Zero 4 bit low off PHII

; calculate alpl(k+1)

; ARO is curent AR register

; yn*PHI1



LT

SPH
LACC

SACH
LACL
ABS
RPT
SUBC
BIT

mue
#batal
temp3,2

batal

batal

mue

#15
batal

temp3,0

RETCD NTC

SACL
SACH
LACL
RETD
SUB
SACL
ZAP

LAR

MAC

APAC

SACH
LACC

‘SACL

quot
rem

#0

quot

quot

ARO,#quot
*,ARO

#templ *

temp4,2
alplk

* AR4
*0
alplk



MAR *ARS

ZAP

MAC #d* ;alp1(1+alp0)
APAC

SACH bl,2 ;UPDATE COEFFICIENT
RETE

TRANSMIT:
RETE

s oo ok s ke oo e s o sl s s sk s sl ool ool ol ol o o o o ok sl o o o o o ok sl o o s s s e s kol s ok s ok s ook ookl ok sk ok ok ook ok ok

; The AICINIT routine initializes the Serial Port and the TLC320C40 AIC, *

Aok o o s s s s oo e s sk s s o sl oo sl e sk o o ok sl ok sk ok s sl ok s sl ok sk o ok ook e s sl s ok sk s ok ok ok ok ok ok ok ok ok

AICINIT:
SPLK #20h,TCR ; To generate 10 MHz from Tout
SPLK #01h,PRD for AIC master clock
MAR *ARO
LACC #0008h ; Non continuous mode
SACL SPC ; FSX as input
LACC #00c8h ; 16 bit words
SACL SPC
LACC #080h ; Pulse AIC reset by setting it low
SACH DXR
SACL GREG

LAR ARO#0FFFFh

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

SACH GREG

LDP #TA

SETC SXM



LACC TA\9
ADD RA;2
CALL AIC_2ND

LDP #TB
LACC TB,9
ADD RB;2
ADD  #02h
CALL AIC_2ND

LDP #AIC_CTR
LACC AIC_CTR,2
ADD  #03h
CALL AIC_2ND
RET

AIC_2ND:

LDP #0
SACH DXR
CLRC INTM
IDLE

ADD  #6h,15

SACH DXR

IDLE

SACL DXR
IDLE

LACL #0

; Initialize TA and RA register

; Initialize TB and RB register

; Initialize control register

; Data page pointis 0 (MM regs)

; send ACChi 00

; enable interrupts

; wait for interrupt

; 0000 0000 0000 0011 XXXX XXXX XXXX
XXXXb

; send ACChi to initiate secondary protocol

; wait for interrupt
; send the T register data
; wait for interrupt

; clear ACC=0 .



SACL DXR
IDLE

SETC INTM
RET

.END

; send another to make sure 1st word got sent

; wait for interrupt
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