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ABSTRACT _

Now digital signal Processing is necessary for many applications and
development in technology such as communication, medical, signal analysis and industrials
etc.

So this project is basic stud/y of digital signal processing for developing to
complex signal processing such as speed signal , image analysis etc.

This project is a comparative study to digital filter using any window function

with difference amplitude response. The comparision between digital filter high order and

low order is also studied.
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UNi (Introduction)

Signal #® Information fie19eglugUiLAN 9 Au Wy afuingfiaannms
TandnAdygnassiinudoumiadlifunm luFendamans aunsanarmdyyia
dhitenduveana nasziifudunlsdase (ndependent Variable)

Contineous-time Signal Aodggariimantileinasana dyanasziauauenn
320781 ({10110 1WU1AYBY Contineous - time Signal MMABARLIIA swelnihuicuiing
({0 uA Discrete-time signal iudggnuiifinuiuyie q Fygrasziauameney
nawmiy Funlsdasznm wimlunedes finnnILU9gA (Discrete) Ynfued
Discrete-time signal %zﬂéIﬂiﬂﬂﬂi Sequence YDA u'ja'ummm Discrete-time signal
178 Discrete-time Sequence farlammzinemmniu Aenanaazyuie fin Discrete
wisend ﬂgﬂﬂﬂlﬁ”h Digital Signal M5 Contineous-time Contineous amplitude signal 8%
36171 Analog Signal

1.1 Digital signal Processing (DSP)

ﬁanszmun15lxﬂaqﬁmm1m§$ﬁaaﬁﬁautﬁ1u1 “ln’ﬂgi'luzﬂ‘?immzaumm"u
11511191 Information ﬁaé“luf‘ftmmtfuuﬂ; wieAemsulas nput Sequence Tauly
Numerical Procedure 130 Algorithm ‘UNE)U'NiYh?;’ Output Sequence ﬁﬁflﬁlﬂuﬁaﬁﬁﬂ’h
iy {i Noise anag

input x(n) 5 Y(n); output
sequence DSP sequence

iﬂﬁ 1.1 DSP nldvy Input Sequence x(n) Tl Output Sequence y(n)

dmsu Input Sequcncc uuaw"lﬂumﬂmiqu (Sampling) ﬁq;fgm Analog
nn q Frnamil yanaiGenn Samplmg Period t waﬁ’ﬂgnpm Analog qmmumu

x(®) ﬂ'l‘lltN Discrete Time Sequence ﬁzum

x(nT,) = x(t) t=nT, (L.1)
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({84910 Sampling Period simAsiidmiuanmii Ssarunsodasenlyle
1A892UNY Discrete-time Sequence a0 x(n)

A3 Sampling ﬁﬂ‘anmﬂﬁuuﬁqmm Analog 'lﬁtﬂuﬁa;apm Digital Foila
Tasgunsaifiizenm A/D converter dlonsamannlas Output Sequence 'h;nﬁmﬂuﬁtytym
Analog 1‘; D/A converter

xt)—) AD DSP DIA —>y(t)

11 1.2 msifdoul1hnsena1e Analog Signal M Digital Signal

1.2 Overview of Digital Signal Processing

2
wu:mnquﬁum Digital Signal Processing fi® Theorie of discrete-time linear

[ ] y Yy
time invariant system Tasuansauuessy 2 a1 laun Digital Filter 82 Spectrum

b4

t 4
analysis NINATY Digital Filter faunelanuyiiaves Filter An Finite Impulse Response
(FIR) filter #a2 Infinite Impulse Response (IIR) filter Tuatuni Spectrum Analysis 11N

»
AMATMIAUIUM Spectrum un1sAua Taoly Discrete Fourier Tranform (DFT) uay
Tae3snmismeada wulunsdives random Signal

] 4 ¥
Fast Fourier Transform (FFT) 11y algorithm 711¥lun15v1 DFT lassnsiada

q a U [ = <4 &' 4 [ 4 . . (4 ’d
vkndngNNd Ty Spectrum analysis 9INNQURANUFIUNGINY Discrete-time 1]

v ¥y

& . . . . 4 ’o av
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t 4 t 4 s yy
2.1.1 Sequence MMAIIN Analog Signal x() uausIIMsqudyyIUiialY

0 a . o Q1 [ t ] » [ A
¥29901 T 3u1#i (Sampling Interval) imiu lagaasa dah 1ane 11ilezion11 Sequence #1
t 4

WoUINUABAUNS

x(t) = x(nt) = x(t) | - .10

(n) QAAUAIVEIININN Analog Signal x(t) ARV oT WA

\ ~/6’qm~nmnmqumu

1 e & ] y . % . (& [ A
110 2.1 v laninmsquarenaifinduastiies

4 a g
2.1.2 Digital Impulse Fatienlaiu

I;n=0
é(n)= 2.2)
O;n#0

2.13 Digital Impulse fivuaaan 1yl k Jundi fiowladu

I;n=k

O:n#k @3)

5(n- k)={
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2.1.4 Unit step Sequence finw

1 ;n20
u(n) = 2.4
@) 0 ;n(0

y [
&1 Unit step Sequence HowWsueglugliunvewauIn Digital
L 4
Impulse lafie
x(n) = [x(0),x(1),x(2),......... X(m)]

2 x(m)é(n-m) (2.5)

m=--a

2.2 nqsﬁmsq'uihotiu
p1nanlam FyonalusssunAanann wu dyanades dygudu
azifiouvesituTan aduiale nie asutlsaTluesgamgil el udnyas s
arduiustunmninGonly uie nén'lg’hxﬂuﬁagqnm Analog msmf‘(q;fgmma'n‘?v
Nszuanaludnuazvea Digital n30 Discrete Signal Processing 1a swanalyszums
Yszananadsgilii 2.2

y(t)
X040 1F [ sH 4 aD DSP DIA

] 1 4
31U 2.2 syuumsdszuianadyanal Analog lauly DSP

P : Ly 4 a* .
Fewgy 2093 SH Wuvsquuazasmdgyga s elnaes AD himsuasdygna
o a4
910 Analog (iu Digital 8ndinila
»

Tumsudasdgyana Analog ludeygnar Digital Anudlumsgquniuszasann
] [] t 4 ¥ []
wonez lu ndygraqoy@oveyafidiig
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a . . t K] £ a
NQYHNIIYU (Sampling Theory) Y93 Shannon pan1an el Analog
a' . a < A (e on
Signal x(t) fnmnsuyas Fourier 138 Power Spectrum 'umﬁmmwulmnmmnﬂgumm
' o Y ° ' o ' 1 a v a' 4 d'
miy £, ua1 szansahmsqulaeidyona luggduiemndiignasiienanualy
Msqu £, TAunannasunvenId £, u3e

f = 2, 2.6

[ 4 »
Q4R

) v E 4 ] v ]
Tao liseegualoniwd £, = 2f, wed AIANDTEISENI Nyquist Frequency talu
awva 4 o o * a Y ’ 2 o Y ot ' ala
malfiaendndosms luuFuauvesmge mdainlynud lumsquiiliannnn
- 2 ' e PBIN o '

171 Nyquist Frequency #u Tl uazarud lumsquit Iniuusgdudosazan Tudmua
T v | 4 . 1 1 4 ¥ v vy v v
veutvafiuuueu Anfunmsqudygnaies lakagnasaiu s1ssassgtouanudlfinau

y £
voadgana Aniulumsdszunanadygeis191892 1y Low Pass Filter iludaimua
] (] ] Y ¢
uouad lumsfiRouvesdygrunsundygnaesviges SH
2.3 Linear Time Invariant System
- ; o 3 = 3 o 4

Tastlnduadlumistssuianadgyona ssuuiunnsn Yuasuls uie

o i’ wa 0 Vv W o & ﬂ 4 o <
aszuaumsilylumsulasqaandAvesdiudygnasunis hidudnsunile 51

a Yo
ansalouIRun N lasall

x(n) J Tix(n)} y(n)E

i o (d Py a e
717 2.3 MaunuuBndamanTyedssuy
o e’l’ I o o Jw
AYYIUMADIUANUTURUTAURTUTUAT
y(@) = T{x(m)} @7

4 v e a - 4 '
9 T(.} MwDa AIRUTUMT (Operater) A lsumutuasuIBuuuaR q F1e19eyluguuy

voaTlsunsy 2993 'H?f)NﬂUﬁﬂiZ"')NIﬂﬂlﬂiMllﬂ:’)iﬁi



2.4 AVTUAYOY Time Invariant System

a 1 a t 4 P ]
241 aowidwiBaay  seuy T() oy ssvwSuay Linear System) fine
& i 4 o w Y t 4 E 4
e MU@AUNT x,(n) UAT x,(n) Az In

X,(n) > y,@) %38 T(x,@m} = y,@
uay
. ) > @) nie T(xm ) = y,®
Antundygneuvuiy
ax,(n) + bx,(n)  ------ > ay,(m) + by,(n)
nis
T{ ax,(n) +bx,(n) } = ay,(n) + by,(n) (2.8)

Taof a uaz b iuninedila q

4 y o

MNmNe qmauﬁﬁﬁm;nuﬂw’wmuﬂamiﬁqumnﬁa qmauﬁ'ﬁmunﬁnmﬂ;auﬁu
BIMY o) o | v

(Superposition Principle) ¥11ana121911 smnliszuy v3e 295 1asane fignaszqu
doyaal put wmae q deyaa Tﬂuﬁudazﬁfymmnsmfuﬁmsqmﬁmﬁ'i‘lﬂ 9 agi,f;'w
mwauauawmszuummsnm‘lvﬁnunwmmanauaum*?inﬁnmﬂmstwnmwfuﬁaz
Input ﬁqmﬁ;'wfhmﬁmsmﬁu nﬁnmse;auﬁuﬁafj 2 unimsniiuina1ate fe.-

2.4.1.1 quauianisuIn (Additivity) 0 a, Haz azlﬂuﬂ'ﬂﬂ q uazln
a =a,=1 fufunn

T( x,@) 5,0 ) = TEx@ )+ Tl ) =y, +y,0) @9

' 14

24.1.2 ﬂmauﬁﬁnmﬂumﬂﬁuq (Homogeneity) 121371 01 a, % 0 QY
a,=0 NﬂﬂﬂUﬂNﬂ\!‘Uﬂ\ﬁSUUﬁZlﬂu

T{a, x,(n) } = aT{ x,(n) } =ay,(n) (2.10)

242 Ay Time Ivariant 520 T(.} 92154 Time Invariant finetile
x(@) > y(m) %38 T{x@) )} = y(n)

x(n-ng) > y(n-ng) %38 T{ x(n-ny) | = y(n-n) @.11)
damdunn 9 Y04 k
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y v ] v ]
uautAvelinungnuN HARBUALBIVBITSUY 2 lunjasunlaagy
[ s ¥ t 4 T
s lawnailoudyganssqu A 2.4

T{} ™ - T{Y
x(n) v(n) ]x(n) y(n)
t i v t Ny t : ; o U t
(a) L1381 n=@ (b) 1R n=Ng,
31 2.4 nansnuaniAnnihy Time Invariant of system
2.5 CONVOLUTION SUM

t 4 E 4
INfuaJAYeq Time Invariant system 25111 x(n) tag ym) Wudau

Input (42 &1@Y Output YBITSUY T{.} AWEIRY DINANAT

x(n) = Zolo x(m)J (n— m) 2.12)

m=—x

»
2 lananolAUBvBIILUL D

o) = Tx@) = T{ % xms@-m) @.13)

m=-—o

v y v
Y

A a 14 [ [}
oannsmeimsgransuausivesszuy Anfuninsanin xm) Tuunazvaziium

] N
AN azEuaUMI 1aN

ym) = % x(md(n-m) @.14)

m=—o
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i 4 E 4
01l h(n) 1y Impulse Response v8esUY U380

h(n) = T{S(n)) @.15)
s®earums Iy ey
y(n) = Ex(m).h(n—m)
k)
y(n) = Eh(m).x(n—m) (2.16)

aun3ii3ena Convolution Sum ﬂumsﬁ’izﬁﬂszTﬂw'mn‘lumsﬂszqnal‘l;qm'luszuu
DSP fln

sziitulanileanndoygia mput x() wudiduiign h@  mmsuas
szuite iy y(n) é’ufuawﬁiﬂ'lf:'h h(n) "30 Impulse Response HuAIRMUA
AuanAves Time Invaciant system 380190811107 MIBBAKLLSUIL 97 le

o aray o 2 d’ - ’IS & A
Tasmsimuagauaninved hm) aumsluvisauileziiou ladnuuunitiie

y(@) = x(n)* hm) @.17)

@ o M

Tavfidgydnya * unums Convolution
#0019 2.1 UAAINIIAMAY Linear Convolution
o lnd ey h(n) =[4,3,2,1,0 ] hazdau x(n)=[4,4,4,2,0]1'ﬂ’
fMUIUMHAYDY Linear Convolution vosdiduaealil

Qs o A Y ' ' o !
I5i  ieannveyalisy 5 a1 @auls n Jaulsarnn o,.......4 taz
4
y(n) = X x(m).h(n—m)
m=-4

AITNWM y(o) = [y(0), y(1), y(2), y(3) , y(4) , s »¥(8) ]
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y(0) = x(0).h(0)

y(1) = x(0).h(1) + x(1).h(0)

¥(2) = x(0).h(2) + x(1).h(1) + x(2).h(0)

y(3) = x(0).h(3) + x(1).h(2) + x(2).h(1) + x(3).h(0)

y(4) = x(0).h(4) + x(1).h(3) + x(2).h(2) + x(3).h(1) + x(4).h(0)

y(7) = x(3).h(4) + x(4).h(3)
y(8) = x(4)-h(4)
Fuilounuswesddy x@ ey h@ 90 lendildlg
y0) =16 ; y(1)=28 ;y(2)=36 ;y(3)=32 ;y@ =18 ;
yé)=14 ; y(6)=4 ;y(N=0 ;y@®) =0
uazHaANTaNNTaN N plot graph TAdaTIM

h(n)ﬁx X(n) &
4 41
2..\ * 71
I\ =) /.
0' 1 2.3 4 —n 02 223/ n

(a) RWY x(n) * hin)

Y(n)

50
32
2
16

(b) waNwiINNITITERNTa A Gy

311 2.5 #aM3 Convolution YBsd U IuGI8614
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ANIANINAI0ON FaA I TAMINIZNE INTINTITEUIHUAININY
» y
dautuasumsamau ladegiie

SR1 x(0) |x(1) |x(2) [x(3) | x(4)

e

ha) h) lhe hay Il 0 f o | 0 Lo | o | sR2

717 2.6 unUA M3 Convolution
2.6 Stable and Causal of System
AaauAsn 2 Yivms Adufeulvlunisuennannsailandsaula
f10 103NN (Stability) UAZ (MANAIN (Causality) YBITTU Fremsousniiorsanlan

‘oA
2.6.1 Time Invariant System wWIAYs ﬁﬁﬂlm) WA3YYB Impulse Response

v t 4 v ] P

YDITTUVITABIUBUNNADUUA UTD

Eh(n) ( © 2.13)

m=-<

Pl a ’Ql y ¥ o @ o w ' £ 4 '
N mmmquwﬁlﬁmﬁ ausstavaved iy x@m) lulviivineunnn M
1 4 4

y v .
wisln x@ < M dwmsuynmves n umr ezlam

y(n) = §h(m).x(n—m) 2.19)
m=-wo
iHae
m=-o

t 4 14 s
o </

t 4
° o o A a
Wufle drAudy e Ouput y(n) vzliviadidanis exdeulyluaumsviausse
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262 Linear Time Invariant System 321U ULIUY Causality #30 gunsow
Tasalsanlaluszuunans ﬁémﬁamsf‘hmmmﬁmmm Output y(n) ez'lfuaéf'fu
18U x(n) 1AL y(n) foounda i n?a'tfuaéﬁ'u x(n) 4AE y() ile n < n, Tavi n,
dhinafifdsdnaaey 1fufifte Real Time System 1511ﬁa1u1sn€éwﬁﬂ;m1mé'nm:ﬂn

] L J L

#788191%M Convolution Sum of Real Time (8¢ Causality System 8181%tulalaoln
a

n,=0 n3e

y(n) = gh(n)*x(n—m) ’ (2.21)
m=0

el 2 s;aﬁ’ﬁmmﬁﬁmoiaszuuﬂs:maﬂaf‘fmmm'mmqﬂﬁﬁmn
2.7 Fourier series and Fourier transform
2.7.1 Fourier Series aln x(t) xﬂuﬁ’quw;mﬁ‘m'lu Time Domain TagW2
Tﬂﬁmmwﬁ’mmﬂuﬂ?mmm dnolih  nszuelh v ﬂszq‘lvlﬂ? 01 x(0)
nuautAdufanduny Adaudu T, nanfle x@+Ty) = x0) ABYNATYBAIAT 137

a a NP = aa A
annsonszneniedoulnegluzives eynsuaTinaia s

x(t) = ag+ E {a, cos(n@,t) + b, sin(n@,t ) } 2.22)
n=1

=h.

Tay
T
[ x(t) cos(nayt)dt
0

-aIN

2 To
= Ix x(t)sin(nayyt)dt
To

n

Tavh a, uaz b, 153UTBAN Fourier Coefficients 1IN5804 Fourier Series weilueau
y 2 o A ' a P
Usznevlumiasndyanavesfinyuauyeds disnawll T 3 Taoi

1 J
T=20/®, Nnaumsisrannsadonlalugliuuyes Phaser Ao
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[ o]
x(t) = ag+ 2 d cos (n®gt- () @.23)
n=]
"4 H -
dulse@ng a, uaz b, srqunuiiddu 4, waz ¢, Taod
a, = d cos ¢n
b, = d,sin ¢,

L4 . ’y
I TOUTAINNNFUNUSYDQ Phaser U1ag Coefficients 1adagy

2]
3

[V 0

2

x(t)

zﬂﬁ 2.8 Square Wave

v
%1ﬂ§l| 1319¥M1 Fourier Series 483 Square Wave 11!11] inﬂiﬂﬂz‘ﬂ a

uag

2. TR
a,=—| [Lsin(nawyt)dt+ }(—1).cos(nw0t)dt ]=0
T o 'y

and

b 2[ M dt+ | d R
=—| ILsin(neyt)dt+ I(-1). tdt | =
oo 0 (next) T/§ )-cos(nay?) ] 4/nm for odd n

0
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15192 1@ Fourier Series Y84 Square wave fig

x(t) = E——L—sm{ k- Dyt } (2.24)
1Qk-Dr ¢ '

3 v : o TN
1nauMs 15782091 1A Square wave WU IRA9IANAIINYEI Sine wave TUAIDAN 9
¥ | 4 .
#3930 1A Square wave 1UIAAIINHATIY Hamonic Y0 Sine wave WWIBY LA

] P : v
Fygnaiidufinsuanmndinie ssuaasdsgili 2.9

120

A a) TTT] 1200
10\ / LA Loy ah
v Y v
| f
! ‘ i i 1
asoH 060 all 060
| i AV
' i | P
NEN
000, = a 0BT E ¥ B :
2 -
(a) (&) - (e}

zﬂﬁ 2.9 Convergence of the Fourier Series of square wave (a) Three terms
(b) Five terms (c) ten terms

2.7.2 EXPONENTIAL FORM OF FOURIER SERIES 131¢ W58 Fourier

y o 4 ] ¥ v
Series Taomslyndnns Euler twoilauuIneglugilves Exponential la 910

cos(nay,t) = exp(ne,t) +zexp(—j ) (2.25)
Sinnayt) = exp(jna,t) —2exp(—jnwot) 2.26)

. ] v y
(5192117 Tunun1 I Fourier Series MiiousglugyaiTnuiia swla

l -]
x(t) =2, +;Z[(an ~jb_Yexp(inwgt) + (a, +jb, Y exp(-jnat) | (2.27)

n=1

14 . 1 4
mennsofsugdaums lalny Tastmualn
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Co=3p
(a, - jby)
c, = _n_2___n_.
_ (a, +jby)
L 4 - 2
wla
x(t) = Z ¢, exp(jnayt) (2.28)
a=—c0
] 1 4
(M1 ¢, 1a9n
1 .
Co =75 §X(t) exp(~jnayt)dt (2.29)

x(1)

':H];‘D

T

1M 2.10 Rectangular Pulses

v < 1 . .
AU Rectangular Pulses Favua A uag duration A i)'lﬂiﬂ 911 Fourier Series 91

1
Cp= T x(t) exp(—jnao,t)dt
E4
wila

<}
|

L[ Aexp-inagd
n = Tl .exp(—jna,t)dt

= 1P g exotcinantd
= Tl .exp{—jnwyt)dt

A . .
= _jnon[ exp(-jnmgA / 2)— exp(jnwgA / 2)]
AA sin(nwyA/2)

2T nawpyA/2

b 4 ¥ v
NNAUMTHILUNTANAMIID n = 0 921
AA

“=aT



-16 -

i ¢, Tumulueums

N x(t) = Z C, exp(jnmyt)
vy =
w2la
AA O AA sin(nwyA/2)
O =37 % ; 2T napp/z @Y 2.30)
»
sithmualn
) sinéd
sinc==—g 231)
Sa_ni
]
10 NI T
R AN
; 1M
|
' ‘ :
O] G
! o i
[ 0} g s. ‘ YY) T
-y ’/\ " AY 6
00k~ XA \/ ‘ l d
1 i 1 \/ | 1\'[ l i
03 ! i A 42t F] i
210- 00 10=

31/ 2.11 plot of the sinc function

ummmﬁﬂ‘ﬁugmﬁ’ﬁﬁajmn“lumﬁmﬂzn'izummsﬁlﬁﬂmaﬁnﬁ'
mswuan'l;{'hﬁ'amm'lu Time Domain x(t) mmsauﬂam?aﬁuuﬂszmu'lﬂ’aq"lu111
ﬂaqﬁmnpm'lu Frequency Domain Iﬂﬂﬁ’mﬂﬁﬂﬂu Frequency Domain ﬂzﬂi:‘,ﬂﬂ"lj‘f:u
ﬁ”wﬁmfmﬂlﬁﬁﬂ’l’mélﬂuf‘h Mutiples ¥93 Fundamental Frequency w36 f, = 1/T, URITRIT
eilumAYENS LAY ioAnuazAIN19zEoY Fundamental Frequency Tugiveanad

v
Vv W

(Fan @, = 2706, AU
x(t)= 2.C,(@)exp(inayt) 2.32)
n=-—wo
ag

1
Cu@ =[x ei-inanpi @3
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Tavi C,0) duinnuFseunazifetonn dumszneuminaduvesdyaa
x(t) TMAINE nopdMIUATE n2258n7uily Hamonic Frequency voadygal
2.7.3 EVEN AND ODD FUNCTION x(t) sl Even Function \1ﬁ’tﬁﬂ

x(t) = x() Uazezdu 0dd Function latile x@ = x(1) G;'Jumqﬂ’ Wansuitiewumuny
¥39 aunsaifou1aluzUHauINYEY Even and 0dd Function Ao

x(t)=%{ x() +x(-t) }+13{ (1) - x(-t) } (2.34)

(317491 Fourier Series ¥udouuny x( fiftdnyashuduniudy
desnlugl () 1aTay imdmuasawes ¢ S Taell 0<t< ;'ro ualyaunisves
Fourier Series (Souitnuluyaadi m'nz'lﬂ’f‘ftuium'lmj'?';tﬂu;ﬂuuwmﬂm(#uﬂm Aegl
(b) $usrFouuMuRIY Fourier Series 1u¥20w83 0<t < a Hafilado 519e Tatenduny
il T,=a deg) ©)

Fed
r : /.—f——
-a 9 l \/ 2a X

(¢

r'\\"\\

v \ O ‘ Ll T %
-a a 2a

(d»

= o

1 2.12 (2) Mrenalandu xq) Hiidnvazludunu g ©) Goumugy )
Taolsmmumeluay T,=a 3 © Yo T,= 2a nasImduendus

' da 4 4
awmgd (@) umsvnsuuumitaludadu
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t 4 a ;;’ [ ;‘u‘ ] o
e egumniAveatandug uasiandun Tashmsves xq)
y L) . Pl ) i 4
Wiy 2T, vazdeniandulusznane T, 8 21, dhuiandug wieln x© = x(y

. y 5 g a ¢ 'S A
mzﬂ (c) ua1 Fourier Series YBININTULVLHIZUIRWMIZNIU cosine IMUU D

A a0
x(t)=—2+ ) A, cos(nnt/Ty) 2.35)
2 n=1
Taon
1
A, = 7 f" x(t).cos(nzt / Ty)dt . (2.36)
0

} 4 ) [ [
Tudnyazierdy ousudenvers x@ eondulanduf x@ = x¢tp Tu¥n T 84 2T

s y d‘d o . 3 -
fNilJ @ lﬂ%z‘ﬂ Fourier Series NUIRNIZWIU sine INMUU £1D

x(t)= 2 B, sin(nnt /Ty) 237)
n=1
Taof
B, = f x(t).sin(nzt / T,)dt (2.38)

SEnsveraaes RGN 6NN Half - wave expansion laofioynsuluiandug
z_q'nam x(1) vugasila 0<ts<T, uazaunsu'luﬂm%u?{ %zénﬁm x(t) vusuile
0<t<T, iy t=0uaz =T, aumsvetandud nz@:wywmqnﬁqnmq o 9a'lune

e augl @) fomgue
2.7.4 Fourier Tranforms f:1ns1ﬁu1u x(t) Saumfuian U Ty . Ty)
is 3y

a Yy A A4 > a o A . . 9
llazuﬂ1n1"u“]1u 2T0 ’ﬂ‘lﬁﬂu 9 inﬂuuulﬂuu‘nuﬁ\lﬂ“uuﬂ'JU Fourier Series LagNIAg

a y ] [ N | 4 A
Ao ln T-> 00 s T imgann M inATeanuNuNauInsWesa (Summation Sign)

ar 3
naoily Integral AMIY
1
x(t) = py. [:X(a)) exp(jot)dw (2:39)

iuag

X(@)= | x(tyexp(~ jarydt 20



aumsusn X(®) 3oty Fourier Integral 130 Fourier Transform

' " A o 4 Y 3
amaumsaauiy mverse Fourier Transform oy ludmsy x@isedl x(@) 1a vivfe

[kl < o @41

¥ a 14 t A y ] . r ¥
llﬁzizﬂﬂ\llﬂuﬂi‘l x(t) ﬂsﬂﬂiﬂﬂﬁﬂaﬂiﬂ’]uuau‘ﬂﬁ"ﬂ ﬂ'mmmﬂmﬂﬂﬂngnnm x(t)

da 4 vy g dnto v
@ ANnyATitiauAsIies uATQUGYATNNG N & YAl luaeiiiss dmTuguesnisilas

[ 4
FENI x() 1Az x(@) erweuuny lailu

x(t) & X(@)

X(@) = F{x()};x(t) = F' {X(@)} (2.42)

T F(} unumsialas Fourier ag F~' (.} imun1suaad Inverse Fourier

¥
2.7.5 CONVOLUTION (5131671 Convolution 1391 g(t) = x(t) * h(t) 484
Wandy x() uae h() lay

g(d)= on(t).h(,l— t) (2.43)

¥
uazt'i'qmmquw"lmw

F{x(t)*h(1)} = X (). H(w) (2.44)

aumsiuaaanemnly  Time Domain Whumsihdygradesdygnaumims
Convolution 41U Frequency Domain ﬂznﬂumsqmﬁwmmﬂnﬁi"wmuéaxﬁ'mtgm u
nndufy 01l Time Domain fumsgaifuvesdy e anlnnsuilassidums
Convolution vesatnaTuveuaasdaya wieaunsaidonlan

x(t)*h(t) © X(w).H(®)
g

x(t).h(t) © X(@)*H(w)
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L 4 v J:‘ ] A
2.7.6 Discrete Fourier Transform : DFT alv xp(t) tﬂuﬂmwnmumuazﬁ
] . ¥
quaniaduny Taeiiimaudu T viedoulan

xp(t) =%, (t+mT,) (2.45)

' a a P (.l’ 1 4 vy
Taeft m uswudula q luSndamaanfensunuiisndisuuny 1Ay Fourier
v, 7
Series 1AM

Xp(t) = Zx,, ®exp(adyt) @4

Taodi £, = 1/ T, #utly Fundamental Frequency ua'"minmutmuu1ﬂuvsﬁmsu‘lumq
0< t <T, arudanlssAndyes Fouries X, () szmlann

1
X, ()= f" X, (£).cxp(- Ryt (2.47)
p

:;mmmv‘hmstiuﬁfgtymunuémﬁaumznﬂumu X (1) msfiezihms
qu‘lﬁuuﬂtytmm ﬂaqi‘umumm‘t‘iﬂﬁﬁﬁnuﬁuﬁuau sehmsimuakauaud
g1 Sl Tasn1sounu Low Pass Filier oruouansiavgiaed ¢, wioln

X, =0 ; K>k 2.43)
Taodt k1 Wunomiiula o Aminanudiusvesnnudih

k,.fo=1 (2.49)

! 4 ° ¥ w dd a o .
wienaonlunilanfe Wit wmualvanlnasuussnnuaiinum £, in1 Amplitude i 0

mAEveIdy U R8N aéwqﬁeuﬁqmzv{’wﬂu 2 1M veLOY
anudlfiReu vie Tunsdifinsamdy 2, é\"«fuinnmﬁuﬁ'zadn T ’r’i'h:‘lumsfiu
é’hathﬁmtmmﬂy finumey
t=1/2f; =1/2k fo=Tp/ 2K,
uaz mh«‘lunuqmmjmf?qgtymnf(ﬂmnmtﬂu N ¥20 aaefrilnlan 2k, =
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- 4 ‘e ! 4 '+ -
duludgygne X @ Megluyno< t <T, diegnauesniu N ¥2ail aunsadiou

t 4
aunsunu lauly
N-1

x(t/T)= 2 x,(t/T).5((t/ T)-n) 2.50)
n=0

o 3 a -
Taudi yT iflu Normalized Time ¥1ilomluy90< ¢ <T, 78 0< ¢T<N wieenin
R ' e v @ oo
dygna x@T) Wudygpauuuinsusyuny aniudanamdnlssansvesdggu
y
lafie

X(K) = (1/N) t:x(t IT).expi(= 22k / N).U/ TY}(L/T)  @5D)

‘ ] 4
waziilsunuat x@/T) adlugums sla

1 N=1
X(k) = (1/N)f’ "y x,(t/ T).8(t/ T)—~n)exp{(—=j2ak / N).(t/T)}d(t / T)
n=0

(2.52)
1‘x (t)
P
T ,/"
N /
AN /
\\ 7
\ /
\ /
\ /
\ /
AY 7/
N L7
T 'I: 2 T‘/Z Tr ;
P / P P
A Xp(k)
PO S | l l | l \ \ ‘ l [ | l l | S S T >
- - -+
fol fo T/t £

dunnsuze e dunanfuny x, (t)
(a)
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A
X(k)

\ ¢

-_Jllll]lo J‘Ilkl

. f
(b)

710 2.13 usmannaiuvesdygpanifiiouauiugianuinng ) Fyanaudunu
@) Wusnnaduvsadyga ) anlnasuilesatannudlfidn

HazNNAUANTAYD 5(t,) Flowm

]:f(t IT)8(t/ T)-n)d(t/ T) = f(n) (2.53)
mazanfiinla
N-1
X'(k) = (1/N) 2, x,(n).exp(~27kn/N) (2.54)

k=0

oA ¢ i [ ‘oo @ i ! ' @ :
uaz TaoaaiueSanan gaimsgqudyene dyanafiqun xm@) Saumny x, o) Aniu
N-1

X'(k) = (1/N) ), x(n).exp(~2zkn/ N) @2.55)
k=0
ualaoiiowia1uiv
N-1
X(k) = (1/N) Y, x(n).exp(~j27kn/ N) (2.56)
k=0

1 4 .
AMSTIF0N Discrete Time Fourier (DFT) veidAudggnal x(n) wazdm3iy Inverse

t A
Discrete Time Fourier (IDFT) selan

*(n) = (1/N)NZ_5X(k).exp( 27kn/N) @.57)
k=0
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Tasiidduvesdygnanasdrduanlnniudesiquaniinuiiumuds nie

x(m) = x(n+mN) 110 N dlusmanudnla q

X(k) = X(k+mN) tifs N Suwauiula q
gaauiamuiiunuvedssdy x@) Tu m'amfmqﬁpunauusnﬁmﬁwmsduﬁmﬁumﬁ
dumy doquamnidanuduny  x@  dusmnenh  dygnaifigngudetian
anlnaiuveaiudinnudusiudae

x(n)

|

| I ' ||

;: | lll |I. 1: !}:
T

~1/2 0 /2.
0 N/2 N n

N-1
X(k)=(1/N) D, x(n).exp(-27kn/ N)
k=0

11l 2.14 (2) uamsdganaiimsquandyanuderiion

A
X(k)
I |
li ll
|ll t [| | l
III(I 1 |!
lHllll i l .ll"
bl , L ] -
0 fs/2 fs £
0 N/2 N k

N-1
x(n) = (1/N) _X(k).exp(j27kn/ N)
k=0

3t 2.14 ®) anlnasuyeszyl ()
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2.8 juiuywsamsinias Fourier
. t 4 ] 7,
sziimsinlaq Fourier 8 4 gUuvuaeiy uaazguluuuiidse Tesulums
N’ P ' o y o - y ' o o
Uszgnalsnudiuanmeiusenty uazlaoinnlumslymuinszinervesegiu daunls
] » £, o 1 4
A t uazdaalsanud £ Aniuszuaanduiusly Domain Mideail
y 9
281 maladuiinda  msudasgluuuiilsdudygsly Time Domain
R 4 - ¢ .
dludggpuiineiies uaziimuilueiua -00 <t < 0 @3l Frequency Domain fifi

v % ' A a o 7
anﬂwzlﬁuﬂmmnamm ua::ummﬂui)uunmu mMsuias Fourier x(t) 'umf?'tutuw x(t)

i

X)) = [1 x(t) exp(—j2ait)dt (2.58)
aumsudamniuithy
x(t) = JiX(f )exp(j2»ft)df 259

ar (Q" L4 4 ’U l='
Pnudgautinduvesnm uazwamsutasveniulanaaslafazlin 2.15

1Lx(t)

-—O‘b

b X ()

- f 0 f

4 a (Q oo oW N A < L4 v
77 2.15 nanswansudaafSwessufinfavesdygadfineriowazinuilueiun
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na uazamsdiivaveiau 81 uaneriua Antumsuasifuminsames lyfudyga
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fimstivwa luvaauay 9 mniu maemssuiniailalasae

$x(t)
\\ /”
. ’
\ I'd
\ ’
\ V4
v R
\\\ /,/
-t ~1/2 0 12 Tt
dX(t)
VT
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17 2.16 urasalnasusnmslszyna lyeynsy Fourier Mudyguasiiounziiumy

1 4 V. [P
2.8.2 Fourier Series  guuuiifinislyialy Tashlylumsudasdmiy

o

© 4 o " .
Fyapaszinnidluauiazaeiiealy Time Domain auanATulU Frequency Domain
r-1

L. 4

N ) v EY » .
fiansas ludunn vaz dulandudumuas ousln x@ unudygrandunnazas
A [ =4

y (& 4 ) . )
diesiunar Smudu T, nagIntinanisuylas Fourier tluandudumuioiuniug vis

t 4 y
x(f,) auiwsansasunsuasladv

2
X(f )= [r; i x(Yexp(—j2xf, hdt (2.60)
|4
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arsutasnnRuniy

x()=(1/T) 2 X(f Jexp(2af ddt @61

FX] a ' o ' t ’v . ]
283 WanduiSaquireon msulasuuyiilsdudaygelu Time Domain #
] PX ] v [} -
hunuyludua wesufenduduming niedsunde xt) Tumamsudaveuiuee

(.n’ ) A i 4 ]
dutansunuuasifiewaztumunis@oununuats x@ Tagh

X(f) = O x(nT)exp(-j2af) 2.62)
Hae .

n
()= (175 [ X(henp(i2a, ) e
Taofimsduiinsadumsmarlusemuves X uaz;ﬂﬁnumwmﬂqné’uﬁmm‘ln
warmaTadagulii 2.17

Xx(t)

1/

Il o [~
l......llll|l ‘ |||lllla““11.A._
1

4 X(f)

o= fs/z fs/z fs f

1 2.17 namdggauyadlesaiazalnasy
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2.8.4 Discrete Time Fourier Tranform msuﬂmtmufi’"l;ﬁuﬁnumzﬁmtym‘lu

Time Domain fluensunw uazihuensudimuas  @3ul Frequency Domain
anloasuseidnvazdumunezdulindudimiasvesnid oln x(t) unutgyon
M Time Domain 1 X(f,) ualnasiuednd nIaouaEuTITYe]
dygnaiilady

X(f,) = E:::X(tn)exp(— 2t t 1 N) ee |

-1
X(t,) = (1/N) ]:_0 X(£, )exp(j2af, t, /N) (265
4 4 B A 4
TaefaTeanuesauesa luaumsusn Wumsma luniamuyedgana xt,) uazinies
& A 4 A v 1
winemsswesea luaumssaudumsfiramm lunilannees X uasmanvalu

. o [] o L4 A y
msquasondyane fs = UT g lauaasnmwiedunsnSowiioundudwans
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S I .‘lll|'
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1 . L
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|l'l 'l:lll
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=1Jil:.{:11|| Illllnilil:l1:!>
~fg/2 fe/2 b f
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sfinarnlaaplfqudnvazvssmanlants 4 uwy fivewdunadn 3 dszms Ao
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1. oans W Tanumilatiqaeui@nnzduay s luTanmvewamsulag
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siinuaniathulinduiumiiy vie andulaquiton
[y v ¥ 2 o ‘Y a ' o '
2. lumasaduiy o lu Tasumidaudsdhutinsunuudqudess vams
g A e
mlnafsziiquauianzdluay
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3. mvoanulu Tawunile ssmfugiunduvesmssesniveshAudygaly
- 4
on lanunii
2.9 Z - TRANSFORM
v v v . L)
uniismvesmsudaiiza  puvuvesdyepamsgudeediiinanlaly

L 4 4

-
VNAUAD

x(t) = ix(t)& (t—nT) (2.66)

n=—00

t 4 s ] Vs 4 -i ] e 14
m &(t-nT) Uaniugue sanui t=oT sxliaudu 1 x@ sunsadouunuads x@T)
» 1] [ [] v E 4 L J ]
0 x(t) ABITIBad t = nT 0us 1M x@) = 0 ; t<0 1TudEUeIMy taTuudly
x(t) = 2_x(nT)8 (t - nT)

n=0
i 4
1319871015109 Laplace Tranform ¢ laaumsiilu

X(s) = TZx(nT)é'(t —nT)e “dt

0 n=0
=Y x(aT) I 5(t-nT)e "dt
n=0 0

%1ﬂf]ﬂlﬂuﬁﬁ1lm Delta - Function

t x(tg) 5t (tplt,
x(t)o(t—ty)dt = ) (2.67)
o 0 ;otherwise
e laaumsitu
o0
X(s)= 2 x(aT)e ™" 2.68)
y v n=0
fmualndunls@wou z
sT

zZ =2¢ (2.69)
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y
el

X(z) = )_x(nT)e™ . 2.70)
n=0

°

o S da a ¥ * 4 a ve
autls s Hufde SwauFeunminn widoulan
s=0+jw
o' T joT
wudou z lalmutu z=¢"" ¢’
F 4 v
mIeastiusulouvuIaves z 1alae
5T
|z| = e
v o N a A a' " o Y a
Fuhusieglarmeenileasd s - plane fin 030 szfimumdy |z )1 wazngwile
] (] A ¥ t 4 z ; .
do 0<0 wilmimdy |z (1 wedulan  mameiienanuavea s-plane Aewud
4 " 2 4 4 "
NNAUNTIINUILYOR z-plane UAZNNYNITBYBI s-plane  ABRUTUBNWNANNHINUILYDA

i 4 ]
z-plane 1AWTAUTAIAMT s VU z-plane TAAIgUN 2.19

S-Plane

;%2////0///;: Right-half 2:plane
/// /,//,% 7% .
N 7 o

zﬂﬁ 2.19 MIAINIU s -plane T Z-plane
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2.10 Delay Operator \/
Delay Operator tﬂuifupunn?mswn‘luszun Digital 1% Discrete Time
¥y n’unﬁﬁuﬁtqapm x(@T) #ign Delay 1At K Sample periods Wouoglugilveq
z-domain laqUlagaives X() iy 2 mmmmﬁqau"h;mn

X(z)= D x(nD)z " @.71)

n=0
¥ 9
$18U x(@T-KT) oglugaveq z-Transform 92 laly

¢[(x(nT-KT)] = ix(nT-— KTy ™
n=0
M m=0nKla

@D

C[(x@T-KT)] = Y ox(mT ™X

m=—K
[ ¢ A [
x(mT) seiinuugue o m < 0 (19zla
¢[(x@T-KD)] = D x(mT ™ @)
m=0
A
nis
¢[(x(nT-KT)] = ¥ z:x(mT)z—m =7 *X(z) @T3)
m=0
o Bed 3
T WTOUAAINTNYDY Sequence NN delay Tk sample periods ladail
x{nT)
Ty - l x(37)
x(0)
IX(?-T) ' l o ®
N A N - \
0\ N N 3 4\ "
\ \ \ \ \
\ \ \ \
- N\ \ \ \
xaT —KT) N \\ \ N \
\ \ \ \ N
\ \ \ \ :
\\ \ \ N\ \‘~
N\ \
\ \\ K(T)\ \ xG1)
\ . )
\\ *@ \ \\ w21 A lx(ﬂ')
. ] )
K K+1 K+2 K+3 K+4

jﬂﬁ 2.20 LLAAININYBY Sequence ﬁqn delay Wk sample periods
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Tn33a710v09 TMS820C50 Starter Kit (50'DSK)
3.1 Snvarihiveesa
- W hinymwesiues TMS320C50
- ﬂ'w"h'l;nmﬂismm 50 nS (instruction cycle time)
- 32 K-byte PROM
- mmsn'l;ﬁm?a)anm'lwiwmw?ilﬁm TRERMMY TLC32040 (A/D,D/A)
- 13 RCA noumames dmiy UTABNBUNM AT (DTN elnamnsone
wiwluTas Triu uas dlnalaomse
- TunsRanefuntsnIugy SaeumaAes XDSS10 ArneiuneuiianeIms
nesABYNIY
- awnsavee [0 BUS Ta elydmiumseeniuumeusn
31#t 3.1 uamsudenlaszunsuvesussa SulszneyTunae Tsasumesnla ,
euraendumesld Az BymIuNeIN inlnansaAnaedy 73aTaoimma Rs232
uBNNTIGTT PROM ¥31R 32 Kbytes ﬁ'lﬁﬁuma{uua'(ﬂsunsuﬁﬂm%’ummm
AIUYDIOUIRBNBUIABSING (Analog Interface) 1% TLC32040 Faufhurens

o ¢ [ 4' ¢ o

dumosiva AYYIUDUINDN (Analog Interface Circuit : AIC) i RCA ABUIMAIAGS 2 A2
a 4

MU dUNM waz 1IN

Expansion [
Connector | «
< TNS320C50 RCA Jack
Control Serial Port »{ Analog > Analog Out
DO-D15 eriairort 17 Interface
TDM Port TLC32040 RCA Jack
32Kx8 | — AO-A15 [+~ Analog In
PROM - JTAG
Bootcode <+ Emulation Port

A

XDS510 Port
14-Pin Header

317 3.1 ydenlaesunsuves TMS320CSX DSK
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yngU# 3.1 navhanuiSumulaen1syaTanines (Bootloader) $9T3qUN PROM
Bootloader ¥31R 32 Kbytes (105 27P256FM wwihmsyavesa ilumsidaniisudu
dmiu T™s Falniudinines (Debugger) Y84 DSK
dommsiidadunuiiduoni 000l Taoviida uie BR suiuannzit gow)
inlnSsnmesmaTilsunsy (Kernel program) Taolyw BIO e XF vos T™S Tums
Aanedl PC M RS232
TumsAnaetile BIO hiannizd tow) sziilumsuaasniSudnnedy Rs232 #1
suntsdmundaduay dmiunsdnna Taedud 1 Saduaus 7 ﬁm’eqa uaams
716 8 92 1ABATIEA (Baud Rate)irasInd1de NOP
311 ‘Nﬁiﬂ"’)‘“ CPU TMS320C50
¥1 MP/MC %81 TMS320C50 dansnﬂftﬁal}t’aé'lu'[uua'lu'[ns-
fouf e luaIuveIBuInes N INTT - INTA ttay NMI szueniinluaannizd dow)
apalimamumeneidyMiEoe 1 Aruveansaaneiy RS232 vxae BIO uay XF 4am
ﬁwmuﬁnwaqszumzh;ﬂ?manwm 40 Mbz AW CLKIN lugauves
CLKOUT! szaelW§ TLC32040,
nsAaRefUMIIeA L9 IxloAIT AT AO - A1S szoIUALITEY
Taosmuadivy R/W, RD , WE uaz STRB lumsdasersy TLC32040 dhunisAnasian
oynsy lasiiv1 DR ﬁm%”u%’w’aqauazm DX ﬁms‘ué«;’eqﬂﬁuﬁmuaﬁmmmﬁ CLKR
uay CLX umsAnneszanneiiumsy Tasdmuamsudt FSR tay FsX fmua
sulumssunasmsu luntsasaud iy
31.2 293aUNIRANERY RS232
MsAARBITY PC HIUNNNOIABYNTH RS232 Fuasdaglit 32

T T e tine ]
RS232 Line C50 DSP

| |
i / >B:ffers BIO I
|

PC/AT TX (XMIT) i3 |
Host |TR(RCV) |2 —Oq_ XF |
Async |DTR(RS) |4 |
Port } I
I GND | |

| I

117 3.2 uanin1AaAssTNIe BT DSP Az PC TAHINSIN RS232
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3.1.3 2eIaNMRANGITY TLCI2040
A lANEINNAI MIARRBIZMIIY TMS320C50 A TLC32040 92
HIHTINEIABYNSY Tavwiilyszalu DX,DR ,SFR une CLK dggnauinves
TLC32040 92 A31970 TMS320C50 M4 TOUT
ﬁmmmsﬁaéaﬁuﬁmmmamaannwuamzl;wmn AIN+ %30
AUXIN+ 1% AUXIN- 19183 TLC32040 'lumsé«:aqaamaan $L98BAMI OUT
OUT-
TLC32040 vuvesaseiidavaizdsiiae I¥lumsilas AD uaz D/A
W 14 fin aunsenffeumsusuiiusmivnayes AD , D/A uazaTwERames A
3.1.4 2esTIMRRRsiUMEEAIIG
(ile491nV03AT PROM 1183 27PC256 éuﬁuuahﬂmas"l'; tazaI
vesmsAnABezlNUBAIRTE AD - Ald uazﬁa'lraqa D0 - D7 lumsenlsu1 RD ua OF
Tasn1sidendui CF na BR
Turnuves RAM Ay 9:lymolu TMS320C50 199 3aiivig 9 K
dmiumuasaui Tuszunsy uas 9 K thm“unu"wﬂﬂm’nraga Fuluunasusansdd
zqﬂﬁ\nun'n q amgili 3.3
3.1.5 nesrwidnuarfnevsoyeia

upsaanlaTasly i £5 v Taesadn (reéfiﬁer)'lﬂl‘ll’]m 9 VeI
wusutaslumsinusedunsiiosly 1c LM7805 dwmiuInan uasly IC LM7905
dmsuMay munsvnsuesanieaufirnnsanesumenenlassiias 5 au (JP1-
1P5) Fuilumsasduvives TMS320C50 tay TLC32040 Yavaa

3.2 msanlilsunsiunely¥iy DSK

y ¢ )
1. fmsasaIandn (source file) AmsuTysunsy w4 exam.asm

4 o v (A 0o @ & y
2. wlaalandn (source file) Iaoly DSK uemsues Faildrdadsil

dskSa exam.asm

A v [} o ¢ ¥ Pl
3. ieAvaMs RUN Tilsunsuihmsusciauiuesuaisenniaemmn

]
o

a.e <
HATAIAIU



Program Data
0000h
Bootloader Memory Map
(On-Chip) Registers
ROM 0060h
Reserved
by Kernel
0800 0080h B2
Interrupt Reserved
Vectors
0840h 0100h
: (B0]
Debugger 0300h
Kernel B1
Program 0500h
0980h Reserved
. 0800h
User's Reserved
Program by Debugger
. Kernel
0980h
2C00h X
External User's
Space Space
2C00h
FEOOh External
(BO] Space
FFFFh FFFFh

31N 3.3 uamanuasanusinielu ¢’so DSK

dsk51 exam cf1,2]

b4 ) » [] P} .
TmidennezInesnit COM1 n5e COM2 amunesafitsine
1 . A ’d - P . v 9

4. vinasamisasasun 1y TusunsuTasly@inines A lalaslsTusunsy

1 4

du’’ o
dskSd.exe ¥4 lalnufdvuesauad
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assembler

executable ,
file v i { debugger l

< >
DsK

target
system

[ y t 4
JUN 3.4 uaasvuasumsasnlilsunsy

3.3 TMS320C50 hililmlilnwmeafivnanay DSP (Digital Signal

Processing) 39A550a TMS320 9ziloguattiues 1%y TMS320C50 , TMS320C51 as
TMS320C53 JaffumsrineraanTaenssuvea ‘25 mﬂ%"uﬂiah;ﬁifu Mamand
HDZANNALAINDY
331 Qﬂlﬁ;‘u‘l&! TMS320C50
1. isuunuesa 10K 33n
2. valaida A0 30 - 50 oS menitiii
3. amuumy ‘C1X uas ‘c2x 1a
4, :‘iusuﬁmi"ulﬂiuﬂsw’agawm 9K x 16 1in
5. UsouvUIA 2K x 16 1A ﬂm%"umsqmam?m:u
6. nsoRsMILANS NN 1ATe 224K x 16 i Fatlszneuann
mueanwidmiuiu Tusunsy 6k uu"wmmiuﬁml’aga 64K
&3y 10 uazdu q 9n 64K
7.8 ALU (Arithmetic Logic Unit) ACC (Accumulator) 11a% ACCB
(Accumulator Buffer) Yu1a 32 1in

8. 3 PLU (Parallel Logic Unit) Y414 16 1A
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9. fimdalumsqa 16 Ua v 1 laifia
10. {i38emaes 8 M lumsdamazfium
11. § atudn (Stack)
Ao u o« 4 o . l’l N )
12. Umhdadmsumsiaouda (shift) AdA 0 - 16 1R
1 4 ¢ v g 1 4 ¢ v, ¢
13. DNUBMATHUVVIFBIRAT (circular) TasmsIwvesgarsinives
(circular buffer)
[ 3 v - .’ - ‘ Y
14. Imhddmiumaih laemmsdmsuninatsussuionnislu
M duRen
A & 1 A » E 4 . [} . t v R
15. Ifdundsussyeyaszn MR IVBAIT MUIBANE
Tilsunsu
16. linesaeynsuauuuagman (full duplex) dmiy ‘cso Augunsel
A
2 q
Inezunsuyey TMS320C50 utasAsgli 3.5
17. i TDM (Time division multiple) ¥BINBIABYATY
18. ansndmuadyguuiini laslyInuwes (Timer) , inunes
(Counter)
AN\ TR’ 2 -
19. aunsalygesniasdalana nya (Stop) , (51 (Start) uae Ti¥n
(Reset)
Pl 14 a . [ o 9y )
20. inesa 1O 1ade 64 K uael 16 Aumud dmsumsividmuly
A
21. oy lthMav pipetine)
- a a [ i 4
22. awnsendndggannim Tasmsmisdyganniniinieiv cpu
v s y ’
23. lymaTuTabves Fuea (CMOS) uazlyI@sanos 5 Than
) 1 4 A o y
aanlasnssuYes TMS320C50 asn¥unueanus lumsHeauaIs DSP
A y [ 3 o 'J ' L. J o Ld
waztie lumsmauveaia luduaedu SsuoauiaTusunsy program bus) way 1
y & @ y L3 [ Q'l ¢
voya (Data bus) 88n91niU Tasta Tusunsussdumemvessiamds uae Tenles-
¢ R [J . " v A ] v v o ‘; 1 4 t 4 o
usuAYeIRIdY aafaveyaziwoune lagasessnnanuasn i luiuveyaduies
. A v ° Y lﬂl’
MIMNUUTZUIARA 19U ALU 1ag ARO - AR7 $4IA5905NMI SIS AFNIAT L

[ ’0 Y o ' A o v -\
dandnmslmhnuaisdsz@nnim u madeutia (shifty Mmsga uas Mdamaasin
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3

e ’]‘[- INTM fo| MR Jo[ PR ]

[ PR |
)

UMT;MC CNF

PC(16) o
*l  Compare PAER 4 k2 X X
L Program Memory j
(8 x186) BROR :
e
MUX
} y
[ Muttipiier j
PREG(32)
LOVM- l SXM 1 m
v ¥
ALU(32) 4 P-Scaler
ACCB@2) ACCTD
o Sefd T C

16

v b
CBER NDX ARCR | N [Cesr )
= : ! DX CBSR
v _ |"AUXREGS
MUX (8x 16)
v
[—— CBCR MUX

; MUX

U

XF

1t 3.5 vdenlaszunsuves TMS320C50

3.3.2 MUNMIYMASHHTIMTTNNUYE: TMS S20C50

] Yy . ’
AUV UASHUINNITINNIUYE TMS320C50 UAAIRIATT NN 3.1
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v ] t N}
A7 3.1 HTAIAMMIAVIASHUIMATINNUYE: TMS320C50

dyga | 1| a0 MINNN
miuﬁ’mmmmuunzﬁ’a;oga

A15MSB) | 77 | 10z | dhiSauunvuiuParaliel Address Bus)lsthmiuddumiues
Al4 |76 mi'wﬂ11u€w’aqauaznﬁwﬂ'nuéﬂﬂmnm s /O Mo
A13 |75 uen tiiseglu Taan Tnun (hold mode) wiuufuauags
A2 |74 (high impedance) Faygraumariiluiudunn dmiu DMA
All |73 Meuenvesun18lY (on-chip single access RAM) dasziily
Al0 |72 Sunn 1ile HOLDA way BR gndu (drive) Tiihumramizdy
A9 64 (low)
A8 |63
AT |62
A6 |61
AS 60
A4 |59
A3 58
A2 |57
Al 56

AO(LSB) | 55

D15MSB) | 6 | 1oz | lutiaweryatuuvui (paraliel data bus) "l;a'm'nu;aqa
D14 |7 zniw%ﬁquanﬂ"nnﬁwmmé"nl’a:ga/miunwﬂwuan 3o
D13 8 gUnsa 1O sﬂa'lu'ﬁmmlvmﬁ'ﬂgtmmmﬁwﬁ"ﬂ:tﬂuSuﬁuﬂuqqu
pI2 |9 vfuilon RS e HOLD eyluannizdn (Active low) uag
DIl |10 w1 OFF ihidoizdr wenenfigalydmiy DMA mousn
D10 11 U3U (single access RAM)
D9 12
D8 13
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dygu | ¥ | aome I
D7 23
D6 24
D5 25
D4 26
D3 27
D2 28
D1 29
DO 30
miui’qqmmquﬁwmwh
DS 89 | oz lﬁannu"wﬂ11u‘311:eua/11]sunsuuaz 10 Undfiaamzgaun
Ps |9 dorturanizdezidumsfanemouenilo OFF agly
s 90 ﬁnmzé'n"aé'luﬁmuzSuﬁuaum'qq
READY | 128 I ﬂﬂjﬂﬁﬂl‘llﬂllﬁWiﬂU(Data ready input) 'l'mﬂmmaqﬂnsmmu
uaﬂﬂwagmwm’auu;a uag mamnmu'lumn(READ-O)
aeiinsse 1 lafa (wait 1 cycle) AzIFAY1 READY nnfa
Tuannzindvn READY sehnundsnniiidena BR
RW | 92| Loz ﬁmqnmmu/muu(read/wme signal) iudaygnanIuquns
muua‘vmwmga 82 n‘}uﬂmuzaumquq ilooylulaan
Tnun Qj}h"l'u DMA 931530 0uen tilo HOLDA 18z IAQ
ogluannizd 'l;uamﬁfmmmﬁm’agaﬂms"u DMA 81y
(read ogluTRIMSGONATOU (write eglunouzd)
STRB | 93 | 1oz | dygaaTasu(strob signal) Unddineglumomzga szidy

.' A ' o = ] ¢ ¢
gomsAnilenveniameuenilusufiuauage ulsan

4 2 o
Inuaiiis HOLDA uay 1AQ uenfindyguiee lxdenms

v
WIINUIEA LS




LETRTRL

)

L1110} P

MIMNY

82

O/Z

a ! - A '
fyg) 108N B IY(read select) VMM MIBLMIOM 92
. - P 1 4 vy
nolasasiy OF vougnsameuen dggnraiisslylunms

[} ] 1 4

pmamusas lksunsuveya uaz 1/0 moven iy
a ‘4 ’
duunusgaiienylulaanlnun

=

83

0)72

foygaulou (write enable) selydmivmsdounilunuie
L 4 »
anusilbsunsumeya uaz o mousnianua udui-

4 A . L4
uausguiosylulaanTnua

nquiggnaniaAllawad

HOLD

129

ﬁqqpmkan (hold inpu) xﬂuﬁ'mqlmn'lsmuuﬂﬁmmmu
maRanefutiadiumua ntwmga oz Taaiuay dlegn
ABUSY (acknowledge) TRg ‘C5X vzaq'luam'zznummmqa

HOLDA

108

074

L4 [4
d’mmmaoumﬁmqmﬂaaﬂ (hold acknowledge signal) YN
A4 (3 * @ = LY 4 -, ¢
vadmumuiaveya uastigaluguegluanizsuiuauega

1/o/Z

ﬁtymmmwal;ﬁﬁ(bus request signal) naAilelinsAnne
ﬁunﬁwﬂ'nm‘n:aga tftuapmammﬁ"l;f‘i'unﬁ'wmmiw
voyainla 32 K Gsaillev) HOLDA oglumamizda
ﬁiuapmmmﬁ"l;ﬁ'n DMA vs3usumouen BR iy

a0 mmanananuummuunn

1AQ

0/Z

t’(q;sumi’nﬁﬁq (instruction acquistion signal)3SiUAAINT

;4 e v 0’
aomem Welimsinddieguuueamsava lyiu DMA

4 : N
YousuUNYUBNIND® HOLDA 0Q1ﬂﬂﬂ1utﬂ1

BIO

130

L4 1 4 ]
A5 IUAIURUUIIUE (brance control input) autluaamed
’° o '1’ [] A o 1 4 o
seifums imidrdaiiduitonly dygraiissrhaudledios

i (fetch) iiduidonly

109

Oo/Z

dygnuRanen1ousn (external flag output) grida lmity

anmzganenaruzi lasmdafimmTeTaoTnaanly
aa ¢ A Y

manIveIRes (ST1) e Si¥a nilvziduaeuzga
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dgygna | v | aoue My
LACK |112| oz |dygansufudunesing Gaterrupt acknowledge signal)
urasnuiiesumdunes mauas Tilsunsunnines aim
BuABIINALINIADY (interrupt vector) Saiunlan A5 -A0
nmduiuTan,Bumesinn unsidsiidn
INT4 | 4t I ﬁqmmEmnm'i'm"nm;‘l;mounn (external user interrupt
INT3 | 40 input) ﬁmuﬁTnu‘iiﬁma{n’mquﬁums’fm‘ (interrupt
INT2 | 39 mask register) HQZTADUIADT INA THUA (interrupt mode bit)
INT! 38 ANSeS RIS ne s UBNBLIRDI TN (interrupt flag
register)
NMI | 42 I | dygaiueu-nsmeiliad umeIIna (non maskable interrupt)
Wudumesinanouen 'lﬁmmsnmnqu'las INTM 38
MR tifo NMI Mnamseiinssruans ina
MC/MP | 5 1 | vufonInualuTas Tuswawes/luTnsnoufinnes
(microprocessor / microcomputer mode select pin) n’nﬂu
aomzd (microcomputer mode) vzﬁﬂu’h]sunsumumu'lu
gl Tsunsy (program memory space) 1
Tnualulns Tswases
&’qapmoaﬁmnmas‘ﬁm;mas‘ ttaz CLKIN1/2
CLKOUTI'| 110| O/Z ﬁmapmmﬁmf}man (master clock output signal nie
CLKIN? frequency) e lyRamdusasuusd loida
(machine cycle) ¥ Uﬁﬁq
CLKMD1 | 71 I CLKMDI  CLKMD?2

0 0 dygraninmouendludygie
WIS X2/CLKIN vl
poAFAIRIADY (oscilator) Moy Ay
PLL disable

0 1 dmfuasisaoy
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foygu

n

{3101

AN

1 0 ludygrannknduna dnput clock)
dmiy CKIN2 hlvsendamines
melungamiauuas PLLYMWIMY

1 1 dudygrannfimdugadmsivn
X2/CLKINT ¥hineendamnnsnie
Tuhamiaz PLL metuTinha

X2/CLKIN

- o - ¢
wounadmiuesaFaiamesnitelu (input pin to interal
t 4 - Ps ) L 4
oscillator from crystal) s18eaFaiameInielulugnly
) - [ ¢ 4’ -
dygrannimszsdudumdmsuglassmniiuyiu-
a 4 4 o
ToRamoludunTanilavedns cLk

X1

* o - [y a e y 'a
iuvuemnavesesadaamesneludmivasoda orluly

a ‘e 'a — -
Uﬂﬂ"alalﬂﬂiﬂ“ﬂu‘z1”“ﬂ15ﬂ0ﬂu1ﬂu

CLKIN2

95

Wuvidumdmivdggauudmdmivivsasuusiu
(machine rate)

TOUT

122

¢ ¢ ¢ dl' y v ‘4
e Inuines (timer output) ¥1it lndgygaiamiio

¢ 4 o y ™ v o
Tnuiosnielu (on-chip timer) U1 0 ANUANINaTIMIAY
CLKOUT 1 lsifia

&’tquﬂos‘mqmu

e

CLKR
CLKRT

46
126

aw o 24 4 o ¥ o
Wuviiudyapenninmemviueniedimualnnisiy
v »* ¥
voya (DR/TPR) 1 1AM RSR (serial port recive shift
[ 4 | ] o [

1 4
register) #0111 I lyerunsoiez lnduvduynves INo
t 4
¥4 SPC/TSPC 33maesla

CLKX

124

o724

o = ’ 3. q
unifinaasdgygranineinuaenmedimualy
v ¥ ] 4
DR/TDR aeveyalilfi DX/TDX CLKX suiiludunno
MCM iin fimsarugqunesaeynsu inutu o uazerwesdy
E S T

- & Y 1
Ay 1/4 CLKOUTI tife McM «ilw 1 o1v1ii1ule
aunsefiseriuiubunnvesiin IN1ves SPC/TSPC S3anes
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dyga | ¥1 | aowe M3

DR 43 I tﬂumﬁni’uﬂmmm’aua Fudesmnuarsaifiu1ii RsR

TDR 44 I (serial port receive shift register)

px |106| oz |duvuRessdygnaveyn Faveyaszaenin XsR

TDX 107 (serial port transmit shift register)

FSR 45 1| uanedggnamansenveansy Frame synchronization)
TFSR/ | 125| vorz | Sudoggnaidunm TESR suiulais duwnpemmm
TADD (TADD) tﬂawas}aqnsuaéluhua “TDM

FSX 104 | 1072 uamﬁtutummsm’ouwuﬂw (frame synchronization)

TESX/TRRM | 105 | 107z | dmiudsdygnaviisuidonaTaovesmins suiy
oy iife T™s grisatmidu 1

TCK |34 1 |dggrauimasisgey JTAG (TAG test clock) i1y

doygrennAnuuunisuil (free running) Falimaa leda
(duty cycle 50 %) M5IAEYU TAP (test access port) Jaitly
SunndgyaaRMezAIunY TAP Semaosfds
(instruction register) n?mﬁannunaam‘??amaﬁaua (data
register) HVOLYUYDY TCK Tumsuldeu TAP suily
dygauemyn sz1lingfivevuiasyes TCK

TDI 67 | I n'juﬁ’a;ﬂpmmﬁnuﬁ‘atﬁanﬁiﬁmm"limawnfmm TCK

TDO * |100| OfZ 1ﬂumsnﬂaaumgtfvm{u'auﬂwamnawm TCK

TMS 31 1 | dumsifenTuuanamey ITAG uaziudygnanitm

8ﬂuﬂﬁmaauwa{nmnasunﬁun"uﬁq (test access port
(TAP)) azﬁmui‘iuamn'fwm TCK

TRST | 2 1| negounisTidasuluaamsge

EMUO |118| 1oz | ndyames 1/ VIMGAMITITUYEUBININN (emulator
EMUI/OFF | 119 pin 1/disable all output) 9zMMRHTR ML




3.3.3 NISANHILAININTNBY TMSS20C50

TMS320C50 izﬁmsmmiu'wﬂ11u€1sﬂumwommummi1

v y
Tsunsuuazmuieanudiveya awgyl 3.6

Hex
0000

002F
0030

07FF
0800

ce

2BFF
'+ 2€00

FDEF
FEQO

14333

Program

Interrupts and
Reserved
(External)

Exterrial

On-Chip SARAM
(RAM=1)
External
(RAM=0)

External

On Ch DARAM

(CNF= F)
External {CNF=0)

MP, =1
(Microprocessor Mode)

Hex
0000

002F
0030

O7FF
0800

2BFF
2C00

FDFF
FEO0O

FFFF

Program
Interrupts and
Reserved

058
(On-Chip)
On-Chip

ROM

On-Chip SARAM
(RAM=1)

External
(RAM=0)

External

MP/MC =0 ]
(Microcomputer Mode)™

Hex
0000

005F
0060

007F
0080

O00FF
0100

02FF
0300

04FF
0500

07FF
0800

2BBF
2C00

FFFF

* »
311 3.6 ueraINsIdIMUIBANS Y8 TMS320C50

Data

Memory-Mapped
Registers

On-Chlg
DARAM B2

Reserved

On-Chi g DARAM BO
NF=0)
Reserved (CNF=1)

On-Chi
DARAM B1

Reserved

On-Chip SARAM
(OVLY=1)
External (OVLY=0)

External
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3.4 2o intadunannden TLCS2040
TLC32040 iunduen (CMOS Chip) #lwidounedy TMS320C50 Tuns
ymnlszuianameniy DSP
3.4.1 dnwardiieyves TLCS2040 Hdail
- 1ymaTuTaBmsnan Advanced LinCMOS
- AWALIBAYBY ADC uaz DAC iy 14 Tia
- mmsmﬂauuonmwuﬂnwm ADC 1ia DAC Yata 19,200
adaAuh
- 1} Switdhed Capacitor Antialiasing Input Filter (a¥ Output
Reconstruction Filter
- finesnoynsudmsuAane Tnonsedy TMS3211 , TMS320C17
TMS320C20 tiag TMS320C25 DSP
_ rnsadfudanmsilasves ADC wag DAC 1n Taslyvosvias
AR
Wandulaozunsunaasiagd 3.7

Band-Pass Filter
M -t ’
I__/—_L N | serial > FSR
IN+ > U 3 ) Port FSR
IN- ——- > " l i DR
| ufe P
AUX IN + ——» _ﬂ p— . » EGBR
AUX IN - —— > ' I T internat | |
| Voltage | MSTR CLK
| | Reterence | | .
[ | TLo32042 | | WORD/BYTE
I only) I ORD/BYTE
. Low-Pass Filter L——ﬁ——'—'-’ DX
OUT+ < - » FSX
ouT.. <] ’( : <l e AN D DIA L
< | | » EODX
Transmit Section
Vcc¢ Vcc- ANLG DTGL Vpp REF RESET

GND GND. (DIG)

1 3.7 uaasfansulaszunsuves TLC32040
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3.4.2 AMMUIVUAIHHITINMIM NIV UINASY

) ) E 2 | .
ﬂ]ﬂﬂﬁ_u HAAIA MUV A MU AT TININYDIURDS

A
¥8

nywoay

I/O

AL A TR0

ANLG GND

17,18

s - I“
ATIRBUIADN (LENAUATIIAAIRDA)

AUX IN+

24

- J. -~
HOUBUIBIAIBBNENITDU WM(noninverting auxilary

input)

AUX IN-

23

DGTL GND

- (Q - - - .
BUIIBITAY BBNFATOUNN (inverting auxilary input)

JM
NITIAAIADD

DR

4 W 0 P2
lydmudusmyn ADC 910 AIC (analog interface
y 4 y a ‘e
circuit) 11183 ‘c50 HUMINBIABYNATU(ABIFIANY
SHIFT CLK)

DX

12

¥y ]
Tydmiuiudunn DAC nisfidamniuguen ‘cso
LI } P4 v

4 a ‘o
FINTTIHTUNNNBIADYATUITADININANY SHIFT CLK

EODR

t'fa,;apmnqni"w’aga (Bnd of data recive) Tun13iinne
nunesaoynsi i Tnuafisa (word mode) Faygas
EODR seoglumauzaniudidle 16 Savousmym AD
Yagndan ALC TWld ‘Cso Feomnsoladgygnaiily
n15'a‘umaslﬁ'wn('luTﬂs'[ﬂswmwas"lu’mm'z'ﬁ’u'qams
Aaneuad vielyalasy ung 11;?§amai'150u11’agaaan
(enable external serial to parallel shift register) f“ﬂ, m;t:“l
whuTnanlua byte mode) Foyayre FODR vzegly
oz ndennluausnlaaede ‘cso uaa uazdang
fmnamuzisunseiluaficeslam v‘;”’qﬁ’ﬁlﬁa"lu’{

L] 4 ld'
Myausnnieluanasesnly

EODX

11

s ¥ v

Aoy IuMgATIveN (End of data transmit) AAIWAY
— 4 v . - [} -
EODR Jszuenlunsunnisaansein ‘Cs50 1Uds AlC
s a Y 2 a’ ‘g Y o
duassuas MluTnuadise uaz Tnualua Aaaedu
EODR
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Huwloy

f1951U10

FSR

4

- ¢ o« - N
Aoy g UFIANITY (Frame sync receive) 1UN15AANS
4 — 3 L]
nuNeBsABYNSY FSR swilaotuzdimasaniseanin AIC
3 [ 4

" vt & o P

1181 ‘c50 (Tasaanivt DR) ¥aiiisnfiessaanss
t 4 .y . emm—

N3828YNV1 DR NBY FSR 9% LOW

FSX

14

ﬁqqm%fffmé« (Frame sync transmit) tﬁoﬁqqmﬁ'
eglugnizd wesaeynIu ‘C50 szaaiinluda AlC
Tasstaniin) DX TumsRaneernsamnTnun FSR el
donzAINABANIIH

26

- 'ﬂ - - .
UBUBUIIBIAY DUNN (Noninverting input)

25

-~ I. -y
BUIIBIAY BUNN (Inverting input)

Fo 010U IRNAIABS (master clock) vz'!;msm'uqu
'qm'huma'lu AIC 'h;'a'nztﬂuﬁ'ﬂgmmuﬁnnﬁﬂu
(shift clock) , ﬁﬂmmmﬁmmuqnﬂmﬂa{ (switched
capacitor filter clock) , A/D taz D/A Inuii

OoUT+

22

& s L4
HBUDUITDIAY (BIMWN (Noninverting output)

OUT-

21

o I- v
BUNBIAL LOIMWM  (Inverting output)

REF

dmdu TLC32040 uae TLC32042 usaduondamely
szqnarsoenuniinil umanie TLC32040 , TLC32041
18z TLC32042 usﬁuéﬁﬁnmnwuan%z;mqm{mﬁ
At

RESET

F1¥merin3Aam TA,TA' TB,RA.RA’ RB 1as38anes
1 4 . . i 4 1 4 ] ¢
muguindumiuay sanfimsdanemanesaeynsy

FENIN AIC Uiag DSP

SHIFT CLK

10

- '
dygrauinudeusinmsmsanudvesdygiu

a P2 J 4 [ 4 v a .
wNMAeIAY 4 Fadggnaiive ¥ lumsAanen

L4
NOIABYNTY

i@B12993A%%0a (Digital supply voltage) 5V 5%
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wuiuay

I/O

o -
105U

Vee+

20

y »
ifsassenmenauLin 5v +5%

Vee-

19

[ 4 o
Iidearesseuaenmuay -5v +5%

WORD/BYTE

13

d’ * v aa ! A > -
vilsieuswiivmaesatuguie Iy lumsiden
- ' - v
Tnuﬂm'mﬂnﬂa'qnm %W 4 (1YVUAU.-

L]
g < L 4
el

s —
1u]uualun (WORD/BYTE = low)
’ a ' o & a " =
NesABYNINITARAS IAATINY 'CS50 azecAnasiiay
NN/ N
8 1in 2 ATY FalivuaounTIUANT
1. FSX w30 FSR oglugaiuzm

] 1 4
. 8 Tiausngnasesn i) niefuwmn

. EODX w3s EODR aglugaiuzi

- N

. FSX 39 FSR high 1521 4 daygnaniim
4 7. \W 3
eunmdngluamuzm

o ] PR} . = L 4
5. iansan (luafiaey) Qnﬂm%’ammm

6. EODX %38 EODR 8yudnugqy

7. FSX w38 FSR ayluaoiusg

lulnuaiise

4 ’ ¢
NBITADYNITISATATINUNDTABYNIUYDY ‘C50 uazdl

=~ '~ .g = = A d: o o ‘!’
MIARRDATUAYY 16 1A FallTunsumshnuAl
1. FSX n3e FSR oyluaaiuzi

] ¥y

2. 16 iAgneanTasuvIN

3. FSX w30 FSR sgluanuzqq

4. EODX %30 EODR ogluaousd

WORD/BYTE

13

’
- a o

ad e ‘ .
Tunsdiil uuuame Raiwes (bandpass filter) (ALSATT
I'4 4
m3ulas AD szgnimuanIa TX (AABT A, TX
4 ¢ 1]
INUIADS B 1AL TA, TA’ iag TB uny aulums

[] f 4 '
AnnelivursumilounuMIARasuUUszF Tns e
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3.4.3 MINUYes TLC32040

3.43.1 SUNNBUIABN (analog input) BUTABABUNNI 2 Aqu fie IN+ ,
IN- uag AUX IN+, AUX IN- ?qmmsmﬁsn'l;nq'u'lanq'um‘fﬂamz'l;‘lu I3
aviveisuiFoa (differential) 30 Fudaeun (single ended) wazaunad dmsy IN+ , IN-
AUX IN+ a2 AUX IN- awsoleTlsunsudanla @1 3 1 Al 1, 2 uaz 4) mridenly
nziuﬁuvm'lnsztﬁonhuqa;ﬂxns'ﬂ'mqu

3.4.3.2 A/D bandpass filter , A/D bandpass filter clocking Uas A/D
conversion timing mnsafszdenlauieluile TaolyvesnuasnivguaIniGues
ﬁ'igﬂpmuﬁﬂmduquﬂama{ (filter clock) seiugadmuansnaesWendu (ranfer
function) YERAIABS Taue:ﬁaé’m11'}'nmnﬂ'Jm?;ﬁa;tummﬁmﬂmﬂuﬂama{ 28 kHz
Farddisuisnasdunndgeussiinouiiu 300 Bz sasnswlas D/A fim
191N TARMIS 228 KEz 470 RX IA01A03 B

3.43.3 (SMANBUABA (analog output) suaeneINezinIes
wowlaa (power amplifier) ﬁmm'nquuuu UBUBUNBIA (noninverting) 1% WY
Su85AY (inverting) n‘fminnﬁuamJE'Ma'v‘iﬂn’mm'mmmim}'ummﬂei(maslvﬁﬁ
19135@ (transformer hybrid) 138 Tuassuiitauadila Taolsmuuuaniesuidea nioe
Fuhaioun

3.43.4 2950309ANUBYBY D/A , 2995ATOINIMBUVULIUAN YD
D/A , dyauIimaIugy JsnTeInIE ez Sasmautlaadyaudiasaniy
gu1a9n (D/A lowpass filter , D/A lowpass filter clocking 11a¥ D/A conversion timing)
Wuidefu AD Ranes '[mmﬂuMasvhmm'umﬂamasqnmnummanﬂmumj
a7d 28 kHz nagdasimautlas D/A munsamlaninaIni 228 kiz M15A28 TX
iAIAeS B

yy ¥

3435 MAondy (loopback) sz lnnlyasieasueslas OUT+ uae
OUT- sempinmeolufu IN+ uag IN- dufuiln DAC (15 - d2) szgnaalaléa DX uas
wW3eufieusuiia ADC #5uinenu DR eTavilnAszaseinumiiu Qumalfiidenly
whf‘fuﬁ'la’) umsasieaeumlyn IN+ ez IN- ﬁmtymmauanﬁéaﬁu IN+ , IN- 9%
fuiina uanly AUX IN+ , AUX IN- dggnumeuenszgniiufy OUT+ uag OUT-

o ! ¥ Ll : ‘ o ¢
Amsumsnuguasrendy wh lasmsdanivamesaiungy



INTERNAL TIMING CONFIGURATION

r |
MSTR CLK 1 . SHIFT CLK
5.184 MHz (1) | Divide by 4 % 1.206 MHz (1)
10.368 MHz (2) & 4 2.592 MHz (2)
20.736 MHz (1) )
41.472 MHz (2) -
XTAL TMS320 A’ Register
osc > DsP TA(;‘ f,?,f;e' (6 bits)
(2's compi) Low-Pasg/
Yf * Switched
Optional External Circuitry | Divide by 2 Cap Fiiter
for Full-Duplex Modems | Adder/ CLK= 288-kHz
' P = Subtractor Square Wave
| 153.6 -kHz | (6 bits) -
|'Y [Oivide Clock (™ Commercial | | U ::Igti:m
| —Joy1ss > Extemat ] Qe
] FrontEnd (] |
| Full-Duplex |1 Y A
I Split-Band l I do, d1 =00 dOy d‘l =0,1 TX Counter B
+ dg,dy=1,1% ,dy =1,0%
| iy ||| %% Y (do.d1igd [TB=40; 72kHz i
[ d | TX Counter A (TB =36; B8O kHz D/A
i [TA=9(1)] % “1B=30; 9.5kHz [P Conversion |
! (A=18] | oo, |(B=20; 144kz |  Frequency
; (6 bits) Pl [TB = 15; 19.2 kHz ~.
| :
| RA Register RA' Register |
; (6 bits)
| &7 (2's compl) =
| ’ . Band-Pass
1 v Switched |
| Subtractor CLK= 288-kHz |
| (6 bits) Square Wave |
| RB Reglster |
| | (6 bits) :
] Qo
| v \ 4 I
| | dg,dy=00 do, dy = 0,1 |
'] dodi=11% v do,dy=1,04 RX Counter B |
i [RB = 40; 7.2kHz AD |
l RX Counter A | | [RB=36; 8.0kHz Conversion |
| [RA=9(1)] > [RB = 30; 9.6kHz Frequency |
[RA =18 (2)] [RB = 207144 kHz
| 576-kHz 2 |
i (6 bits) Pulses | IRE=15; 19.2KkHz I
[ Ny S P ————d
Master Clock Frequency . "
SCF Clock Frequency 2xContents of Counter A~ .« | -+~

717 3.8 uaasInusiemislu TLC32040



unn 4

¢
mieenuuuNaneI¥iia FIR (Finite impulse response)

d v L4
41 nseenuuaonsafiaineiianlyeynsaunfiiues (Fourier series)
L 4 4 - 14 . ¢
fansedluleunduiigunsodou lanwaumivesoynsufiwes (Fourier
P ° g ! ‘S o w Ye” oW
series) e lumsdnnaeziiunanusnvestameniudivanly x@ Wushdudyga

t 4 1 4 o o ] ‘ Uv y
w1 e ya@) duddudygrasen maunsa@ousumsnanfuiiedladail

M
>.C, . x(n-k)

k=—M

y(n)

k=-1

-M M
Cyx(n)+ D,Cy-x(n=k)+ D Cy.x(n—k)
k=1

M
= Cox(m)+ 2 {C.p-x(n+k)+Cpx(n-k)} @)
k=1

. AL il ‘o 4
Mnmsudasgansiunesumelsunsnunesansu

M M
H(iz) = G +Z{C_kzk +Ckz-k} E Z{Ckz"‘} 4.2)
k=1 k=—M
or
M M A
H@) = Co+2{Ce™ +Cie™™}= Y| @4
k=1 k=M
fnsaFInTBLIANIATY N8 C, =C_
M .
H@) = Co+),Cple™™ +e™/™)
k=1
M _ .
= Cy+ 2ZC,t {e"’* +e—’“’k} /2 (4.4)
k=1
M
H@) = ag+ Zak cos(awk) 4.5

k=1

] v
Tasnidmualn a,=Cyand a,=2C, and k)0
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[T X s & [ J
wan lannaumsezitiu landnssawy lndeunduduavyiiamunasgiu
- K Y T ¢ o Y -~ 4 ¢ ¢
aunsaloueiuelalasly eynsuSiwss Mlszneuatedulszansinmzneu Tnlyy
'z - o o . 0 - £y ’
miu wasmdulseanivoeyniuyioes a, sifumdulsz@nsvesdnsesnds Tu
t 4 .y '
MussdmfunnuaalandmivdinssslueunduFuavuuugmunasg aunse
- ¢ o da 02 ‘. L4
HeuunuaiseynsuyTiesimmensy ey mmiu uasmdulsz@ndesduinou
Suanwiaue
1 4 | 4 ]
Taodnduaanisesnuuudlnsssdggraniu nszilasmaimidsznam

Y o a duw’s Y4 o . a o g4
1nn'Jniamaemmuuﬂanima’umﬂ'nun'lﬂ"lﬂammwnanauaumqauﬂn mzﬂ‘n 4.1
vy T

mnniiga

Hd(w)lg

~We/2 Well

51 4.1 nanBUAUBNBUNAYAGANAA"

[

Tasamgyl @c ifunATiNdAR (cut off frequency) INHARBLAUBINIIND

a ¥y P 4

gANAA HA(®) eusanszaiwlneglunauveslawmnm (Time domain) Taomsiizyna
vy a ¢

lymsulasyfsises

Hi o) = X h (ke 4.6)

k=0

QW

Tasfiouad hyk) n1lain

12
hy (k) = (1/ 2z ) f;, 173 H, (w)ejm”dw @7



-53-

1 4 v

T [ v
9']ﬂmJﬂ15‘llNﬂ1JNﬁﬂi)UﬂNB\lﬂ'J'IUﬁ‘lliNﬁ”Jﬂ?ﬂ\!1Uﬂ0uﬂﬁﬂl‘l~llﬁ‘llﬁﬂ'llﬂu

M
Ho) = Y.Ce’™ 4.8)
k=—M

eztﬁu'la’a'mana'uaum1114ﬂ1111?1'11mﬁ'fmsa»1vz'lnayt?wqﬁnwaneuaummaqmﬂﬁ fine
(il M = o0 ualuma§iaid lllaen RahmsdalmeeynsufSiwes nmemit
suiu uazdaln

C, =h, (k) 9)

' [ ?, t 4 o ¢ y
A200290 4.1 weenuuuRames laslyeynsunfSives Taslumnanouaues

anudidudegli 4.1 fnnadee o, =2 /2
acd o

21
hi(k) = (1/27) Ker(a))ej"*dw

(1/27) flzzl.e’""’dw

!

/2
- /2

(1/27:).(1/jn).[,exp(‘jmr /2) - exp(—-jmr /2)]
hy(k) = (1/kaj)sin(k /2)

(1y27).(1/ jn).e"

»
¥ @& o Y

v 9
anudulseansvesdanses lulounduiFuavly

C, =h,(k)

' a o a ' {
mduszdnFuesdinsewmanseylumsnd 4.1
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. L] s
A1 1A 4.1 mdulssanivsadinies

| x| C, =h,(k)
0.5

— O

0.3183

-0.1061

0.06

-0.05

Y= - R e - T . T ¥ B
(=]

0.04

N o1 . N ., D1 4 -l 5
-6 -6 -4 | -2 2[4 et8 K

{ a o o ' 4
’j,llﬁ 4.2 LAAIHARD VA UDIBDUNAAUBIAIOYIN 4.1

dinlsz@nTrenees TuteunduSuavdmiy M = o lauanelalumsied 4.1 uazwa
nmmuaqﬁuﬁ'aﬂ“lf;uam‘l'huzﬂ?i 42 dunandansesiiiadesd eewinnancy
auaqﬁuﬁai{ﬁfhn;flna’qua( ile N wilnameitua

3t 43 ‘lﬂ’uﬂmﬂaﬂﬂuﬂumuﬂuﬂagﬂ(Amplitude) WenSouifisunsd

[ 4 L X v ) t 4
M=3,5, 10 awdAy nngiamuszdunalan o1 M uie N flaunn fsailv
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1. HOABUNUBIUBNNARA (Amplitude) ﬁf;ﬂm;lﬁomnnauaumqauﬂﬁmm’fu

2. snaugnadu Ripple) 1ndu Taofinuvesgnaduanag

3. HAABUTUBANBUNAYA (Amplitude) fanumsnniu nie uouwou
ANULUAVN

v [ 4 ) ]
111 4.3 HamouaUBINENNAYA (Amplitude) mFuAINTBe linJoundunindaseed 4.1
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ﬂsmgmsm'?iu?nmqmﬂ%uummmuwﬁ‘a (Amplitude) wiluilugue dnd
qnﬂau Ripple) (3136071 Gibb’s phenomena Naummnnmsnwaanuuumqanmqmmu
maaunsmjswas (Fourier senes) $1UUSINA %muwmqmmumuwmmﬂqnw
aTuamsunI N IRan ammmu'lumumamanm"s'mﬂuumtﬂmﬂumﬂ;
mun15nﬂaaauﬁum'louatmﬂnmum'hjquununnu'la unidaiiuouniisurosdy

nmﬂ-'namuﬁuam11unqmmnqmmumuwmmmmmmmmm Hiﬂ

M
Hw) = 2.Cfcoslka)-jsin(ka)] .10

k=M

<4 4 . . v v :

#1 H(w) Yiznoufunndayoe Sine 18z Cosine $1MIUINANITMAU AINDTIAYON
. o2 A . 4 g
dygnasuiu Mo aniudygalulamuna (Tine domain) $33001 T, quiluyn

[ . b 4 [}
nafidygaszalasladnigasedy
1

g W )/ A2 4.11

| M. 1
4 a 'Y ol 4 = o '3 o
Fziiuner M innndu wouidsuaausissuauas Tasia lunisesnuuudanses
+ ¥ t 4
udeunduisiasenis

vy ]

1. ammmqnﬂau(npple)'lnuaunqﬁ
2. 1?1mmumjmmmﬂauuamuvuﬂu

vy

uarrreevedl Wainsarh lansentu Ae maﬁmmuqmau (ripple) tnun/Asuaaius
aEnNEY muummqmanmamﬂﬂammm dwsumseeniuuiinseslieundu
mtaﬂﬂmﬁwuuaqnsudswas awaqﬂtﬂuwmu’lﬂmu

1 muuananauaumqnuﬁﬂmaqms Tasnsfimuamanuine (Cut off
frequency)

2. v‘nmsﬁuﬁmsnnamuaumqauﬂﬁw‘mﬂ1 SfuRanBA0IBIRaT hy(K)

3. nﬁanh;r’f”uﬂszﬁnilck = hy(k)

4.2 m3eenuulasly3ulaa (Window methods)
50ENN H, () (INUARABLTUBIATINAQANAR uaTHaABL AU

4

- ¢ ‘e 7 L4
ANNIBOUIMUAIEYNITUNT DT (Fourier series) H1IMIUOIUA 1AAD
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Hi o) = Dhme ™ @4.12)
Taof by @) w1lasin
hym) = (1/27) IHd(a))ej‘“’Tda) @.13)
or
o,/ )
b = (Vo,) J}Hd(a))e”““da) (4.14)

-,/2

Tasit o, Huanudlumsquateons lumsesnuuuiimususezifiadywey 2 sz

-1
fio
y d
dszmsusn 5wzAsaMIAAlaIEBYRITUIIUIUNIUNING )
(N-1)/2 %
Hy(o) = hy(m)e” ™ 4.15)
n=(N-1)/2

Naﬁwﬁ'ﬁﬁaﬁﬂnyxﬁﬁ ripple UUHAABUTUB amplitude
azmisiiaes 1ﬁaﬁﬂﬂawaqniuugfm s U sonla wsizea
ABUTUBIBUWAY (Impulse response) SunndwuR o = -N-1)2 Faluszuunaesa Ty
?mninﬁi’Na"ﬁuﬁnmtﬂuaﬂ; sisamnsunlylaoms nuamaneyausBuNar

(Impulse response) ponluTasisuna n = 0 nie

(N=1)2 .
H (o) = hy(n)e T (4.16)

n=0

] v P LY - ‘da P ° A Y
‘l]3l“u1ﬂ'J1ﬂ157|l‘51ﬂﬂ1]ﬁ11811?Nﬂl{ﬂilldﬂﬂﬂs 111;:10] ﬂ'ﬁ’ﬂﬁ'l’ﬂ']ﬂ']il'ﬁﬂﬂ‘lﬂ

h ;0 N-1
h(n)= { alm) 0sns< “.17)

0 ;otherwise
& d’ ¥ a ' o d4 o o w o '
Fraumsil avmndousyluglvesaunisialinfe maiuerddy hy(n) nguium

L.

° o @ A
A1RUNINA w(n) 13D

h(n) = hy(n).w(n) (4.18)
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[ Pl ) [ [ 4
Taoft wa) unudrduveaduTaauuan q dmsuaumsiauniy Wuiuy Rectangular

v y
window & WY w(n) Haieuidiion ety
1 ;0snsN-1

;otherwise
4 ' a wa 4
Fane T nzefunoinuauniAvewanouausInI N (Frequency response) U84

Rectangular windows

ds v
421 uladimdsy (Rectangular window) @131 Rectangular window
pwiio Taona Tty
1 ;lnls(N-1)/2
wo(n)= 4.20)
r(0) N[/, (
£l i LG e -
wansuaueInavesdu Taauuuiinmlalasmsiszgnaly sanisutausa winy
E 4 . ] vy d. A & . 4
aums wahmsimumln z=e " dissagtaunising szla
(N-1)/2
Wy (@) = e e

n=—(N-1)/2
{ eja)(N—l)TIZ Y = jm(N+l)T/2}

-]

{*e JaNTI2 _ = ijT/Z}

y {e JoTr2_ e—ij/Z}

_ sin(aNT/2)

 sin(@T/2)

Wy, (W)

N
Twamin

' |

: ; Tautng

' ]

: : f\s/!_—q
e\ ' AN

N~ NSalN\J T
.ws/N NS/N

310 4.4 HOABUAUBIABUNAYAYD Rectangular window
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- 4 v R
9INFUUARIHIABUAUDIUBUNAFAYB Rectangular window g lanfiguauladai -
4 [] .
1. A7IUN219YBY Main lobe A1 4TUN taslinwnau N

A ' : t 4
2. 118 N #A1nYUAIUNI1YE8S Main lobe aRRI

1 ] P [} ]
3. Side lobe HN151N2 TASHILYALUEYA 4 MANNA 27UN uazTiviiaaaadlyl
| 4

A L] ¢ ‘ A
398 9 1132 Wo() = 0 % AAIND 0=ma,/N U0 m ium + uaz - ¥01 1.2,...... il

4 .

P » o v v J
wiu'laa1 01 N $a1m7n Side lobe 215U lnanud =0 mindu
t 4 a 1 4 ¢
4. 911 MNIU Ripple ratio w30 RR (ilu

Maximum side lobe
RR = @21)

Maximum main  lobe

mMsRisNINe i UAABUAUBIBURAT (impulse response) 1RUAUAALYDS
Sula7 (window) %‘uﬂumsﬂﬁﬁﬁmﬂu Time domain 1#§8A%1321 1M Frequency domain
ﬁw;1f'1"mﬂumsﬁ1mmanauﬂumﬂ'Jm?iqmﬂﬁmﬁmﬁ Convolution 1} Frequency
response ‘llt)ﬁufﬁ’;}ﬁﬂ

H@) = (1/2n) [ He" Wee' o “422)

MW Convolution i1 31w lagaurunWlugUR 45 Fovzriulasan

1. MANUFUYBI Main lobe ¥89aNATIUYOY window sinlmauoundou
ADTULYB4 Frequency response NG 12 iy o1 N nn SeoiTiounlfouranuag

2. Ripple 1M Frequency response 11Na1191n Side lobe voaaninaiuves
window #9740 130N N AN Side lobe aziaouualnanId o=0 windu hunailn

14
ripple YUUBAYDN Frequency response WU

1 4 4
o

} 4 y
aronanaaedlsznsil 13199A09M1 Window M0 AAN1AL Rectangular window
A ’d wa A
e Inlinuauia Ao

¥ )
1. 1 Main lobe 484 Frequency response LAY AN Main lobe @11150

| 4 Yy v ¥
L g & A
aseuRquIdIIUYBdaniinua la nlanniiga
1 4

1 4 ) .
2. n Frequency response U8 window {iNYUIAYDI Side lobe UBY LATUAY
* d A a 4 4
VUTIAAANIBYNIT ALY ll.lﬂilﬂ’l'lllﬂﬂ“l'u



g Hatw)
>
w
*
AW,,um
5N Vo VU YINIRK I,
\/ v \/ YU

UM 4.5 uaraamsiian1591 Window 1 Frequency Domain
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4.2.2 suazusndle Julad (Hann and Hamming window)

Hann window L18¢ Hamming window mmsmi‘mulﬂuﬁumwmmﬁu

+ )cos( 2”“) o < (N-1)/2

a+(l-a)eosf —| -

Wy(n) = N-1 @23
0

; otherwise
Tﬁﬂ‘?i Hann window a =05 Ua¢ Hamming window a =054 hlzﬂ‘?; 4.6 uaaInsnlioy
Foufussnaanaasunuause Rectangular window , Hann window /a2 Hamming
window asziiu lasataun Rectangular window wisn lugauauiuennaumdn
(Main lobe) fiogann a3 unLL Haon Une Hamming window i Tamern Ty
Tvaundn (Main lobe) 181 99 %

§ Ww)
T12

= -
.\ /Lmuﬁtmau

AU U LR L LENHN

T~ + "'_4 » @ rad/sec

11.]'71 4.6 gulnasuyes Rectangular , Hann #1a¥ Hamming window A58 N=11
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4.2.3 nudnunidula) (Blackman window)

In|<(N-1)/2
“24)

2nx 4nx
‘1042405 — |+ 0.08cos| — ;
Wg(n) = N-1 N-1
0

; otherwise

¥ ]
<4

] (] L 4
window fiiR@auTATANIWY Hann 1Az Hamming fie aunsonwdsanu iy
> Y < e ! ! 4
Traundn (Main lobe) lamnnm mszagUguauiAves window uuuat 9 teduns -
» v
afFoudionT lumsnn 4.2

A1318H 4.2 AINUTAUAUTAYSN window HLVAN 9

YUARYO Main Lobe Ripple ratio % Peak-Amp of | Min-stopband

Window Width N=31 Side Lobe att (dB)
Rectangular 20 /N 21.80 -13 -21
Hann 40N 2.61 31 -44
Hamming 40 /N 0.82 -41 -53
Blackman 600 /N 0.12 -57 -74

g

4 v . i A o * o
AT 4.3 MINUAAIATUTAYBY window HUUAW.} HEHBUAVANAY

Ripple ratio %
Window
N=11 N=21 N=31
Rectangular 22.34 21.89 21.80
Hann 2.62 2.67 2.67
Hamming 147 0.93 0.82
Blackman 0.08 0.12 0.12

Teofi @, Aeaywidqu (=270)
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4.2.4 MIBONIVY Low pass, High pass, Bandpass 12> Stopband filters
33mseenuuulagly window U Time Domain frequency response Y83

Low pass filter gaund sziifudazilii 4.7 (a) uie

| S <o,
H{e™) = el s @ “25)
0 ; o <lol<o,/2

o« ’ W 4
NMIMIANUTUNUTYDL Frequency response Y84 filter 11 Impulse response Y84 filter M1
Taen5e1fBMINTZ910¥83 Fourier series 1D

H(e™)= Yh(nne"" (4.26)
and

,12 JjoT  jnaT
h(nT)=(1/ @) f; > H(e™™ )e' do 4270

‘ s ] ~ ¥
luaunuﬂ‘n‘]ﬂﬂuﬂ'ﬁﬂﬂﬂﬂﬂﬂ“ﬂﬁﬂ'ﬂ”ﬁﬂﬁ"ﬂﬂ '(Nhnlﬂuﬂ'ﬁ ﬂs‘ﬂ
KTy = (/) [ " do

=(—l—j{sin(nwcT)} (4.28)

nr

v vy
(1t UiRP] ﬁ‘ﬂﬁlﬂu Impulse responce 483 Low pass filter

MNAUMNS

H(em)= > h(n)e™ T (4.29)
b e E 4
vimsiaeulnegluzues Z-Transform Tagunu z= < 9:'la

H(Z)= ih(hl’)z-" (4.30)

n=~w
b 4 L4
~

[ d' * y o wa Iy o W L4 '] o

ﬂiﬂﬂﬁ’l’lﬂ'mﬁ’ﬂﬂﬂ“ﬂgﬂﬂ filter U Impulse response Y1NA MINTICASUUITIMNITAR
b 4

1/a 9 Fourier series Taoln

h(nT)=0 ;|2 (N-1)/2 (4.31)
1Y
s lagumsidu

(N=1)/2
H(Z) = h(0)+ 23 {b(-nT)Z" + h(aT)Z ™} 4.32)

=1

v A y ’v ¥y " A o t
uatiisannisasath lndansesdiidudanseangnin (Causal) ¥ lalasmsgaaums
v P 1 4 t 4 d' L 4
Ay Z- N2 yazorin H(2Z) W filter 1A M3



H(Z) = Z7™V?2 H(Z) 4.33)

Py 2N J

. vy [ ¢ . . t 4
myguansuiint iz b lnwareuaues Amplinde nasulasunssnla uamlv

a wva d 4 y
Phase response Y81 filter uﬂﬂlﬂuﬂﬂu‘ju linear Y1AYU WUBNITUNUTUNIT “31ﬂ

(N-1)/2
H'(z)=z'(""”2{ 2 h(nT)(z“+Z'“)} (4.34) .

n=0

* [ o é 4 Y o
Tushueuierdu smieunsdadly Frequency response w84 filter 1 laninmsdaaw

E 4 v
Fourier series 1aoly Window function 'i:‘,‘lﬂ

(N-1)/2 .
H'(z)=z“"“”2{ 2 w(nT)h(nT)(z“+Z"")}

n=0

= 7-(N-D2 {(N_zl)‘/z(an /2)(Z“ + Z'“)} (4.35)

n=0

b 4 t 4 Pl ]
TasmsiSeudeuaumansaeslaoiy a_ iluduilszaniues Non-recursive filter

v P ] a' a
ADINITHIWSUAT AD

a, = w(0).h(0) (4.36)
and
= 2.w(nT).h(nT) (437)

P a o ¢ a ~
Taon w(nT) llﬂ'ﬂﬂﬂﬂﬂﬂﬂuﬂiﬂUWﬁﬁ’Uﬂ‘nuTﬂ’Jll'U‘lJﬂN 9

H(w)

[
!
£y

(a) Nﬂmuﬂuaumuwﬁgmmﬁ"m 7El~1ﬂ1’lﬂaﬂ.‘lﬂ1UQﬂNﬂa
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H(w)# WURLWREY
0 ¥ wugu
WY wrRnuan

-20 - .
~-40 4
_60 o
- 80

0 0. 02 03 04 T ow

(b uanauﬁuaquawﬁﬁﬂaa'li”m‘fm'fumﬁw 1

" 1 l’n P .
Ul 47 waasuausinwdveams I¥dulauuuan q
g1 4.7 uanawansyauseunayadMsunsdl O, = 2 red/s , M, = 10 red/s 1Az N=2

TaofinansuausBuNAgAlaUMAY

(4.38)

N-1)/2
M(w) = r ian cos(nat)

n=0

a a P T y [] 4 1 4
(IeTuaANansUaYBHAYAvesIU Tauua 9 Tlugdil 47 @) ssmiulaninms
a ' A a A ¢ A : 4 a !
nfSsumoun maumsmmmunmuqnﬂaﬂuunumuﬂ'nun N3 UaUHIU (Passband)

v a P 1
waAm ll?lﬂ'\ﬂﬂﬂﬂuiullﬂﬂ“f!ﬂllﬁzuﬂulﬂaﬂuaﬂ’]u:“m“ﬁ‘lu

#200140 42 FIR lowpass filter Ineonuuy Lowpass filter of order 11 Tag1u Cut off
frequency = 1 kHz uazfinausieuiilu 10 kHz



Hd
-0.2 0.2
Iﬂ'ﬁ' 4.8 Normalize frequency
ad ¢
C,= [ H,0)costamr Yoy
da sin(nzy) |¥
nz [0
_ sin(02n7)
. v & nw
Taom y milaen y =£ /£, =2f /£, =2(10%)/10* =02
sin(0.2nx)
C,=——— n=l...,N
nrx
Cy=02
C, = 0.1870978
wwla
hy=C_g=Cs=0

h, =C_, = C, = 0.0467744
,=C_;=C,; =01009102

h, = C_, =C, = 01513653

h, =C_, =C, = 0.1870978

5=02

Tasi  nh=C,, and C_=C,

=24
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4 ' s
NSOBNUYY filter LILUBY ) (¥UW Bandpass , Highpass L1a¥ Bandstop HU

»
° A
aunsei laludeu lvue lowpass nauns
c - sin[ (2f, / £, )n] (4.39)

n
nr
o ' 1 4 A y L J 9
1519SUNAIBBNNITAIT N Bandpass filter FAUIINIWITNATI Bandpass filter 1ﬂTﬂﬂﬂ‘liﬁi‘N
[ . t 4 t 4
Lowpass filter nas em\qut‘nna Upper cutoff frequency HARIAIN Lowpass filter
[ L 4 [ 4 4 L 4
ATM0929 Lower cutoff frequency 151192 1A Bandpass filter A1fineams ¥aglavin

7 49

[ Ha ()

0 foo f
[Hy () |

0 feq f
[ Ha(f) |

0 fCT ch f

317 4.9 AMUAAINITNT Bandpass filter
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1159MAT C, Y89 Bandpass filter 1A lagmnimidinlsz@n® ¢, o9 Lowpass filter

L4 . v 9y
Marsaumhnsaudu srensaloudumImInIng C, Y8 Bandpass filter 1AAH
c - sin(2f,, /£,)nx] sinf(2f,, /£, )nr]

(4.40)

nr nrx
] 4
as'l1lfis15a11n1588AULY Highpass filter (T7¢115088ALUY Highpass filter 10910

L] A ® o ! <
Lowpass filter TﬂUN'INOu'l‘II'UD\I Lowpass filter YIhNIaUAUAINITNYBIRAABLAUBALOY

- =& <
nagn Fuaalugn 4.10

v

0 f
{HL() |

0 f f
| Hu(f) |

0 f f

1A 4.10 AMUAAINITMY Highpass filter
¥ ] »
1% Time domain 5192 lamiAsiveNareuauseUNndgAIy 5(n) AaTusiendou

[ 14 ¥
quAIINIAT C, Y03 Highpass filter AR
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in{ 2f_/f,
= 5(,,)__3_'“[(_:‘7'.2@ @41)

C

4

Tumsasi Bandstop filter fansamlaludtidedy Taoitununmilaomsaa
Lowpass filter 1la® Highpass filter 11; Lowpass filter cutoff 1u§14 Lower cutoff frequency
ua-'h; Highpass filter cutoff 'lm'm Upper cutoff frequency ll’(;’JﬁW"N filter vfmmmnu
ﬂ'llli'lﬂil"‘ﬂ Bandstop filter ﬂ'm'lmmmsmmmummmm filter ll‘lJlJﬂ'N 9 5ol
Y113y Window function 14 9 Tammuln

4.2.5 Twesinlaa (Kaiser window)

wada

g, 4 f- Pl -
Yauresiulal (Kaiser window) thudu TaafignWannIndiguauiang
4’ 2 ) t 4 A t 4 g y v ("’
$u amnsolfua e saznisesnuuuannsei ladussuumnniu Taeslaly Wandi
¥ » . (] ] ’d L 4
NIINDIUNTINAMIUYN (protate spheroidal function) ¥nhmstlszunand wafi lande la
a o o H o ' o
ulanilguauiAuann/dsu 331719 AVUNIAYE Main lobe AUYUIRYDN Side lobe TAY
= a d @ ! A L7 3 * A a X
fimniines a WumnuguatielfumyuIAved Side lobe snlFoumona1viIAYea
t X b 4 o JA . ) ¥
Main lobe 1ATIUAINAINYEY Main lobe Nindiounuiulasoy q fis Uiumlalasms
' % ¢y Yo o ' '
@donan N lamesiulariienidonlan dnumniAifeumneauiige sowlsnanm
‘g ’ v Dl AN S 3 A . ’
Wandunsenaonsananuuuyn dudinduilugdnduialy sazduhmsfmaalann

P L4 ¥
a5 e laNainasumssenuuLTUI

14

“ 48 otn ‘e v
drrvvedlawesuTameglugdvsatinsunseinaensananuuuen

flo
. (aT) = {Io(ﬂ)/lo(a) bls-v2
; otherwise
Taodt @ dhumsiiressassiiduiusfumaiines g lau
p = a.y1-(@2n/(N-1)? ey

Y A d e w ‘4 o Y o w
uwae I (x) lﬂunJﬂwa'ﬂm‘mwﬂnnumuﬂuquu 'nmmmmmm1ﬁ1ﬁu1saqﬂiumm

o - ST
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(x)’ x/2*| |x/2)°¢| [x/2)?®
=1+ ‘2‘ + (2')2 + (3')2 + (4!)2 Foreenne (4.44)

t 4 . t 4
Tumslyaumia lianuaziBea lumsfuuauaunts Power series 191#iea 15 83 25
‘ e ¢ : ' anty (ﬂ 'A
weufiisane (ST o fillnanegumniaves lnwesiulaaNnsanidia =0
o ¥e ’ v a Yea * <4 v A 0o o
seitu e meuimnaz e uveaums u Taanauthunils 1iude W, @n) swiwui
t 4 1 4
Rectangular window uazquw"lmw 0 o =054414 183 W, (uT) 8¢ Inqaienididy
E 4 . an ; a P t 4 .J . [
Hamming window 91 @ {AUANIIAYY Main lobe ¥8371 TAI9TNINVU AIUMVUIAVO
] v ¥ & » o 4
Side Iobe 3ziinTanas 9ann1sAnITanil ety lan new e mwselwdumniines
oo “a %a " ¥ y . 'Y .
muquaauAveslawesiuTaalni ripple w8801 Blackman window USRI ripple
v »
mny Rectangular window a
v ‘a v ICY < v
anlpasuves lawesiulaim lalasmsnlssgnanamisuas Z Avaumsves
% s L4 4
Tnwesiula uazln 2= lanailu

(N=1)/2
W, (e’)=W,(0)+2. 2 w, (nT)cos(nat) (4.45)
n=1
Fyrunsouaaslan
W, (0)= ( } ” (4.46)
I (@) \/ L.

.

Taoi o, = =a/ruas £ =(N-DT/2 W0z o Wumddinuatuandedumsuanyoudy
t 4

$TMA1AUAIIVB Main lobe FUATYEY Side lobe IMAUAITITIAWITAMIAMINATN

t 4 t 4

v93 Main lobe ‘Iﬂumimn’umm‘nﬁﬂn (jw)=0 ﬂ%"ausnumqmmum 2 Yauiluna

2
4
C, =2w, 1+(—) (4.47)
a
[ v . 1 .

Taofinn C, ABAINA21IUB Main lobe HATIINAUMTITIANNTONIAT W(jo) NAWNUI
< o ¢ ¢ 3 Yy - ‘q Yy ! v
fimoyRusves W(jw)veiluguoniwrnuaniilfadunleniduaium weo) sslam

831 ripple 1y
0218a

*sin{ (@)

1NAT NN 4.3 UARINIVDIAUMTAITHIA C, uag RR Taousm a BYITNIN 4 fla 9

100 (4.48)

4" o ¥ 2 v - . 2 Lw e
Fim o Ay lasna Tezoiulan RR mlsenm 3.2% 89 0.048% sariuTaeia lihin
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L N [ 1] 1 » 0
191 @ 521219 4 83 9 aauluans i 4.4 1AUARINIVIIABEA-11-88A (peak to peak )
o 4 ' 2 ea’a . d.a v g
voalnaundn Familidunarilvifia ripple HuTaagnlunoiiisaves Frequency response
g w4 a' X . a
seiulandie o inundu s ln Tnaundniivuinanas
4 y [y [ Y ' 4 . ¢
A319 4.4 ANUNIYEd Inaundn nazdATE@UGARAU (Ripple ratio) ¥o4lnIFos-
a e A t 4 3 .
ulad weln o, =1 waznlosum a

P mmm’mlaq Main lobe Ripple ratio
4 2.54 © 3.19%

5 2.36 1.47%

6 2.26 0.648%

7 2.19 0.278%

8 2.15 0.117%
9 2.12 0.0483%

] ] [] E4
A13 1M 45 MYoR-0-U8A (peak to peak) Y0 ripple AdumaanvinTnavvi (side lobe)

voslnmesdulas
o AUDA-9-88A(peak to peak) 4iJ1-% Y04 Ripple
0.0  17898%
50° 0.329%
6.0 0.140%
6.5 0.083%
7.0 0.050%
1.5 0.029%
8.0 0.017%
8.5 0.010%




unil 5
MINABADTNEMINANG]
5.1 minaasaiesnihy 2 ﬁm‘lnq‘ q AL
5.1.1 MINAAB Finite impulse response (FIR) filters 11 order,15 order,21
order Q% 41 order teTMINSoURsUHAMINATEY TasRnsanTasn Amplitude
response FeszmsniToudion filter W1 4 uu Ao
1. Lowpass Filter
2. Highpass Filter
3. Bandpass Filter
4. Stopband Filter
5.1.2 M3NAASY FIR filter Ta01¥MI500ALLY Window HULAI 9 Yaun
- Rectangular window
- Hanning window
- Hamming Window
- Blackman window ‘
MIIANANIINATBINS TR Amplitude response (0S Phase response MM 51/581-
eurantsnaans lasRu131910 Amplitude response HiiBenna@MNTaRNMITEN A0
5.2 A3fIHI Coefficient TM¥uMINATBIL

] t 4
INANMS Convolution N 1¥8TU8 FIR filter

N .
y(n)= D h(k)x(n-k) .1)

k=0

o 3 o w’s o
coefficient ¥893SUVAG h(k) 4INITUINNVOI A(k) YilaTasiuoa Fourier

series

5.2.1 Finite impulse response (FIR) lowpass filter #1 21 order , cut off

frequency 1 kHz , sampling frequency fs = 8 kHz

auns
. sl(fe/ fne] 52
" nx
fa=f5/2 (5.3
= s'm[(2 fel/ fs)nrr] (5.4)
nr

unum sla



_ sin[025nx]

nzx
=025

sinf025n7x]
" nr ’

-73 -

¢y = 025x2" =2000H

sm[0.25:t]

n
sm[O.25(2)7r]
2z
_ sinf025(3)x]

kY 1

2=

3=

‘4 2 4r

e 531[025(5)”] <215

Sn
_ sin[025(6)]

L 6r

sm[o 25(7);:]
n

A\, 8n

Co =
9
Oz

Cin =
10 107

where hi=cg
h0=c,, =413H

hl =cy =333H
h2=cy =0H
h3=c, = FBE3H
hd=c, = F936H
h5=c; = FA3DH
h6=c, =0H

~ sin[025(4)x] ol5

_ 5in[025(8)7] L o15
_ sin[025(9)7] 15

_ sin[025(10)x]

=1CCFH

=145FH

%2 = 99 41

=0H

= FA3DH

x2" = FO36 H

= FBE3H

=0H

=333H

and c_,

x2 = 413H

=C,

n
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K1 =c, =994H

h8=c, = 145FH

K9 =c, =1CCFH

h10 = ¢, = 2000H

hil =c_, =1CCFH

h12=c_, =145FH

h3=c_,=994H

hi4=c_ , =0H

h15=c_ = FA3DH

h6=c_ = F936H

h7=c_, = FBE3H

h18=c_g=0H

K9 =c, =333H

h20=c_,,=413H
§1m1 Coefficient A lafi s T@ouasuu File fifluana . asm ety
Coefficient Y8IM 314 Program filter ﬁqmmmﬂiwaztﬁm'lﬂ’“lu HUIN N

5.2.2 Finite impulse response (FIR) highpass filter ﬁ 21 order , cut off
Frequency 1 kHz , sampling frequency fs = 8 kHz
aums

sin[ (fe/ ﬁz)n;r] (5.5)

nrx

¢, =0(n)~
v »
unum v la

n

. sin{025n7]

nx

h0=c,, =1 H-413H = FBEEH
hl =c, =1 H-333H = FCCEH

h20=c_, =1 H-413H = FBEEH
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5.2.3 Finite impulse response (FIR) bandpass filter ﬁ 21 order , cut off
frequency fc1=500 Hz, fc2 = 1 kHz, sampling frequency fs = 8 kHz
auns
.= sin[(fc2/ fn)mr] _ sin[(ﬁ:l / fn)mr] (5.6)

, v nrw nr
inum wla

sin[025nz] sin[0.125nx]
c, = -

nx nr

h0 = ¢, = 413H - FD1 FH = 6FAH
hl = ¢y = 333H— FE45H = AEEH

h20 = c_, = 413H~ FD1 FH = 6F4H

5.2.4 Finite impulse response (FIR) stopband fiiter #1 21 order , cut off

frequency fc1=500 Hz, fc2 = 1 kHz , sampling frequency fs = 8 kHz

aums
I sin](fe2/ fynr] - sinf(fel / fn)mr]J S
L nrx nrx
i vzln ,
o1 _- sin[025n7] . sig[&TiSmr] :l
nw nr

h0=c,,=1H-6F4H = F9ODH
hl =cy =1 H-4EEH = FBI3H

h20=c_,=1H-6F4H= FO0DH
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5.3 M3RMIE Coefficient Tazniseenuuulanly window
S hufiszuanansm Coefficient 1AUNITOONUYY window VB4 lowpass
filter Tagordismsinraiinnuarluived 521 Fuiumsdnnaludovas
rectangular window NINUIUNT Coefficient Y94 window lllJllﬂ"N 9
5.3.1 Hanning window
aums
Wi (n) = wp(m[05+05cosnr /(N -1))] ; W<(N-1)/2 (58
wgr(n) = coefficient  rectangular window
Tageziimsm Coefficient Y93 FIR lowpass filter '7! 21 order ,cut off frequency 1 kHz ,
sampling frequency fs = § kHz
mua agla

hO=c,, < —Sin{of(f%)”]xz” x[0.5+05c0s(2(10) / (21 - 1))
=1043x[0.5+0.5cos 7]
h0=c,,=0H
Al =c, = i.m[()%fr(g)—”]—xzu x[0.5+05c0s(2(9)z /(21 -1)]
=819x[05+05cos(187 / 20)]
= 819 0.02447
h9=cy = 14H
h20=c_, = ————Sinloff(();w)”] x2"% x[05+05cos(2(~10)z /(21 ~1)]
=1043x[05+05cos(~)|
=819x0
h20=c_,=0H
5.3.2 Hamming window
auns
Wy (1) = wyp (n)[054 +0.46cos(2nz / (N -1 N 5 ks(v-1)12  G9)

wgr(n) = coefficient  rectangular window
. Y 4 a o ?
m3sfas lvdeu lvidsasuve 5.3.1 -



-T1 -

vy
wla

in0.25(10
ho=c, =ﬂ1—0—()—”]x2'5 x[054+046cos(2(10)x /(21 ~1)]
T

=1043x0.08
K= c,g=S3H

Bl =c,= szu x[0.54+0.46cos(2(9)x / (21 -1)]
V3

=819x0.1025
W9 =c, =54H

_ sinf025(-10)x]

h20=c_, T

x2"> x[054+046c0s(2(~10)7 / (21 —1)]

=819x0.08
h20=c_,, =53H
5.3.2 Blackman window
auns
Wy (n) = wy (n)[042+05cos(2nz /(N - 1)) +0.08cos(dnz / (N-1)]; IM<s(N-1)/2 (5.10)
wg(n) = coefficient  rectangular ~window
nsdnnalydenludoaduve 53,1

sela
in0.25(10 N
ho=c,, = ux215[0.42+05005(2(10)7r 1(21=1))+0.08cos(4(10) / (21~ 1)|
T
=1043x0
=0H
in0.25(9
hl=c, = EETQ_”_X 2"°[042+05c0s(2(9)7 / (21~ 1)) +0.08cos(4(9)x / (21~ 1))]
T
=819x0.00919
=TH
C sin025(-10)r
h20=c_, = —T—xz [042+05cos(2(-10)7 / (21~ 1)) + 0.08cos(4(~10)z / (21~ 1))]
—=iur
=1043x§
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5.4 Flowchart diagram ¥831131n33 FIR filter

( START |

UM Coefficient 910
File"..... ASM"

y(n)=h(k)x(n-k)
and

N

N=k-1

Send data output
y(n)

UM 5.1 Flowchart diagram we411sunsy FIR filter
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] t ]
Tuauveamssuveyadayga input x(n) HaMIAIVEYAT

v t 4
@11130100U Flowchart uammsﬁmu'laﬁqﬁ.-

START

Set data pointer = 6

DRR = ACC

ACC = x(n)

STOP

i

t 4
Tavninmimiuial output y(n)

iﬂﬁ 5.2 uaRq Flowchart diagram MIFUAT input x(n)

START

-

ACC

= y(n)
ACCH = MI

MI =

ACCL

ACCL -—-> DXR

( STOP )

Iﬂﬁ 5.3 1A Flowchart diagram N130IAN output y(n)
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910 Flowchart diagram 'lu;ﬂ?i 5.1 munsaedeladeil Taodunnauusnesimsium
Coefficient 910 file ... . asm” 31 Coefficient ?is“un;’mnmﬂuﬁwa«mpu 16 vuA
16 1 uazfisaunuFuen ho §a N e N A8 Order Y04 Filter swazx‘éaaq‘l;ﬂn
RUIR, IMTHIEAMUAm input x(n) ﬂam?'uﬁ”uIJtﬂuquu'ﬁauﬁizﬁnm’mﬁ input 934
N , famuam register ﬁ'l;'lunﬁmmmh;lﬂuunda'lﬂess’mh input x(n)

- 910 DXR (Data receive register) , fMUART k = N i N A8 order Y04 filter (1az1in13
Annam y(@) INHARUYBI Coefficient h(k) fum Input x(n-k) SwaveamIfmiaey
fud p register (Product register) HazMsTIMA P register fuAT ACC (Accumulater)
warify 1R Acc (Accumulater) yimfhnsas k aenda 1 tazas9Tem

k = 0 wiedama iy 0 ndu i am y@) Iy Tao'lasin Coefficient m v

¥ e
o

uag x(n) aluy nan‘lmmmsﬂm'mmwu1‘hJs'mmma'n‘lm1ﬂmsmmmmmmum

FamsswnmannnisinnaludnvasiBonn Accumulate wieonm msfraiuy
graum uaziemmsAnamIun k = 0 4a2 Aezinsannasansfiueenyl
HETAINA Inwumumsmmq‘lﬂm;ﬂn 53 msﬂqmaa'lﬂuﬂmwmummqmmnma
swaudavesninuas D/A Failvun 14 B dnfusnshnsaem unmamuqq
ACCH w83 ACC Bﬂfﬂﬂ cwmsmmﬁzmmumq Data transmit register DXR lllt)iNm
output y(n) o8n Wluaafes Tdusum input x(n) 3 TnurieshinsAn e lides A
ezm'nswzmmsuqﬂms RUN program Tﬁtlmiﬂﬂlju Esc Y83 key board computer
5I8AIBYAYDA program q‘lr;snﬂ HUIN

5.5 IBNINARBMALHENINARSY

nﬁnﬂamv‘n‘la’humséaﬁmmmﬁm serial port RS232 wifuvesa

TMS320C50 , 9;?)11‘ AC 9 volt l‘ll’mﬂiiﬁ TMS320C50 Jauﬁtyqnm input random noise
azia output i amplitude response {{Q% phase response Iﬂtﬂ; 35665A Dynamic signal
analyzer Y84UTHN Hewlett packard éanm{aua{mﬁaﬁwmsnﬂaamﬂmﬁqﬂﬁ 5.4
FushmsitunmaninnsTanu file ﬁﬁmuﬂqmﬂu dat il Ruweeamg
lﬂ?i)\l printer Iﬂﬂ; program hp é«ﬂu program ﬁm%’un‘ﬁﬁuwl'u’ﬂqmm 35665A
Dynamic signal analyzer

&'qmmaamf:ﬁzqﬂéﬁﬂfﬁﬂﬂu?{i’iﬁ'au'ln’ﬁu B3R TMS320C50 tifeasna

1 4
Y93 Bandpass Filter Input i8¢ Lowpass Filter Output Al
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Input Filter : bandpass f, =300 Hz , f, =3.4 kHz
Output Filter : lowpass f, =0 Hz , f, = 3.4 kHz
14 [ 4 [ 4 l!’ N
Fnnnvesitail fluminﬂaamﬁqﬂaummniwm 300 Hz - 3.5 kHz

Task Setup
( ' Ty A
s @ 2050
R ¥
< - T
St LT\ DT AL
A/ ND
N SR N pen gl il
. : Y 1) L098 | AR aY/AW))
: ——4——CHAN 1
U E== 0o [ o‘” CHAN 2
SOURCE L i o

2

11111 5.4 UARING ﬂil'UBi A TMS320C50 iU 35665A Dynamlc signal analyzer

mn;ﬂn 5.4 Tue2uv84 Device-under-test 92 Qmmumuuasa TMS320C50

: ™ Device-under-test E%[Dh—
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AHANIINAADY
fA X 1876 Y -2.71267
1.41793 —""\-—-'“-../—"\’ VLA~ T
dB ............... ........... :... ........ ' ...... : ...... . ......

Magnitude
(dB)

Freq Resp

Phase

-188

lﬁu p&ss filfer 41 order

zﬂﬁ 5.5 Amplitude response @& Phase response lowpass filter 41 order fc=1kHz



Magnitude
(dB)

Phase

-180

¥ -3.37915

-83 -

3508 Hz

308 (Log) low pass filter 21 order

iﬂﬁ 5.6 Amplitude response 122 Phase response lowpass filter 21 order fc=1kHz



fi .
2.11776
dB

Magnitude
(dB)

Phase

-186

iﬂﬁ 5.7 Amplitude response i@ Phase response lowpass filter 15 order fc=1kHz

X 988

-84 -

588 (Log) 1ow pass filter 15 order
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o
8.825854
dB

Freq Resp

Magnitude
(dB)

Phase

(Tog) low pass filter 11 order

iﬂﬁ 5.8 Amplitude response LY Phase-résponse lowpass filter 11 order fc=1kHz



Z.47581

Magnitude
(dB)

Phase

- 86 -

Freq Resp

..................................................................

.....................................................................

.....................................................................

.....................................................................

.....................................................................

Freq Resp

\

r 41 order ' 3588 fiz

iﬂﬁ 5.9 Amplitude response 118 Phase response highpass filter 41 order fc=1kHz
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Magnitude
(dB)

-54.6868

180
deg 1

Phase

-188

388 (Log) high pass Filter 15 order 3568 Hz

iﬂﬁ 5.11 Amplitude response 1 Phase response highpass filter 15 order fc=1kHz
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Freq Resp

1.14194

Magnitude
(dB)

-54.7487

aB |- ........... .......... ........ ...... ...... ..... g

388
B X 308

186 |
deg e

Phase

-180

Y 166.869

Freq Resp

368

(Log)

high ﬁass.fiiter 11 order

3588 Hz

iﬂﬁ 5.12 Amplitude response L4@¥ Phase response highpass filter 11 order fc=1kHz



Magnitude
(dB)

Freq Resp

i

Phase

180 | | A TS N B e AT 5 1B L) LI
8 (Log) band pass filter 41 order 32088 Hz

gﬂﬁ 5.13 Amplitude response LI0i¢ Phase response bardpass filter 41 order
fc1=500 Hz, fc2=1kHz
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1.76544 = : O : : - DV
dB . ............... ........ ' o 2 ..é.. ............... ' ........ ‘ ...... : ..... . LOLTETPEIRE.

............................

A X 536 Y -3.28479 Freq Resp

.................................

......................................................

........................................................................

Magnitude : : : : : oo
(dB) e ............... N ...... RE

...................................

...............................................

188

B Xxa Freq Resp
deg

Phase

-188 | | PN
8 (Log) band pass f

ilter 21 order 3200 Hz

iﬂﬁ 5.14 Amplitude response {la¢ Phase response bandpass filter 21 order
fc1=500 Hz, fc2=1kHz
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fi X 564 Y -2.99884

-8.634614 [~

Magnitude
(dB)

Freq Resp

Phase

188 i

Freq Resp

N

8 (Log) band pass filter 15 order |

iﬂﬁ 5.15 Amplitude response UdS Phase response bandpass filter 15 order

fc1=500 Hz,fé2=1kHz

3200 Hz
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A X 688 ¥ -3.54353 Freq Resp

Magnitude
(dB)

............................................
I P L LT LT T PR PP PR e

..........................................

Freq Resp

Phase

180 | - S LR AT o
8 (Log) band pass filter 11 order

3200 Wz

;ﬂ‘?l 5.16 Amplitude response 11aS Phase response bandpass filter 11 order
fc1=500 Hz, fc2=1kHz



A
1.45854

Magnitude
(dB)

Phase

188 i

-904 -

X 48 Y -3.58823
7 T

13

3200 Hz

g (Log) _stop band filter 41 order

Iﬂﬁ 5.17 Amplitude response (2% Phase response stopband filter 41 order

fc1=500 Hz, fc2=1kHz
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A -3.41679
2.15535 : T T
Magnitude
(dB)
51.8288 | F
3208 Hz
B X8 Y 188 Freq Resp
183 . 2 H o W 7/ 00 . o : A % :
Phase
188 || e TG T A\ &Y :
8 (Log) stop band filter 21 order 3288 Hz

iﬂﬁ 5.18 Amplitude response (@3¢ Phase response stopband filter 21 order
fc1=500 Hz, fc2=1kHz
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8 (Log) stop band filter 15 order
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11]‘71 5.19 Amplitude response 1182 Phase response stopband filter 15 order
fc1=500 Hz, fc2=1kHz
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fi X 368 ¥ -3.59922 Freq Resp
2-74528 . M . - : H . S
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...................................................................

Freq Resp
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188 | & VAR TN A J1 8 N 1
8 (Log) stop band filter 11 order 32688 Hz

zlJ‘n 5.20 Amplitude response 4iq Phase response stopband filter 11 order
fc1=500 Hz, fc2=1kHz
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(Log) rectangular window 1p 21
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;ﬂﬁ 5.21 Amplitude response {La& Phase response lowpass filter 21 order

rectangular window fc=1kHz--
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A X 1084 Y -3.22828 Freq Resp
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Magnitude
(dB)

Phase

388 (Log) hamming window Ip Z1 order 3560 Hz

Iﬂﬁ 5.23 Amplitude response ((9¢ Phasé response lowpass filter 21 order

hamming window fc=1kHz
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Freq Resp
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(Log) biackﬁan ﬁin&ou 1p 21 order

3508 Hz

iﬂﬁ 5.24 Amplitude response Lta& Phase response lowpass filter 21 order

blackman window fc=1kHz
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gl 6.1 ugiuaamantsaounuBuBNNTYAVLI lowpass filter il cut off

frequency 1 kHz # 41,21,15 a2 11 order i/Fguiiiouny Tyl 62 dugiiaaiwanoy

ﬁumuauw?\gmm highpass filter 11 cut off frequency 1 kHz # 41,21,15 uag 11 order

aFoudendy  Wgli 63 lugluaawaneudueueNNAYAYEY bandpass filter il

el = 500 Hz, fe2 = 1 kHz # 41.21,15 uag 11 order nfFvudioudu lugilii 6.4 tlugl

(IAINAADLAUBIBNNAAYDS stopband filter A fel = 500 Hz, fe2 = 1 kHz ¥ 4121,15

ae 11 order WSouounY
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71/ 6.1 wampUTUBUBNNAYAYEY lowpass filter 1l 41,21,15 UA 11 order fc = 1kHz
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308 (Log) high pass filter 41 order ' 3500 Hz
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iﬂﬁ 6.2 Namuaumueuwﬁgmm highpass filter 1 41,21,15 a2 11 order fc = 1kHz
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T1sunsy DIGITAL FILTER 41 ORDER “FIR_41.asm

; DIGITAL FILTER USED TMS320C50
; DIGITAL SIGNAL PROCESSING
; FINITE IMPULSE RESPONSE (FIR)

; 41 ORDER

; Select type only

.mmregs
;.include "lp_41.asm" : LOW-PASS FILTER Fc =1 KHz

;.include "hp_41.asm" ; HIGH-PASS FILTER Fc = 1 KHz

- .include "bp _41.asm" - BAND-PASS FILTER Fc1=500Hz,Fc2=1KHz

include "sb_41.asm" : STOP-BAND FILTER Fc1=500Hz,Fc2=1KHz
ds  340h

X0 .word  0000h
X1 .word  0000h
X2 .word 0000h
X3 .word  0000h
X4 .évord 0000h
X5 .word  0000h
X6 .word 0000h
X7 .word 0000h
X8 .word  000Ch
X9 .word 0000h
X10 .word 0000h
Xi11 .word 0000h
X12 word  0000h
X13 .word  000Oh



X14
X15
X16
X17
X18
X19
X20
X21
X22
X23
X24

X26 -

X28
X29
X30
X31
X32
X33
X34
X35
X36
X37
X38
X39
X40
M1

TA

.word

.word
.word
word

.word

.word
.word
.word

word

.word

.word

.word

word

.word

.word

.word

.word

.word

.word
.word
.word
.word

.word

.word

.word
.word

.word

word

0000h

0000h
0000h

0000h

0000h

0000h

0000h
0000h
0000h
0000h
0000h
0000h
0000h
0000h
0000h
0000h
0000h
0000h
0000h
0000h
0000h
0000h
0000h
0000h

ds  0f00h

.word

18

; Solutions Register

; Fcut = 8 KHz



RA word 18 : Fcut = 8 KHz

TAp word 31 ;
RAp word 31 ;
B .word 36 ; Fs = 2*Fcut
RB word 36 ; Fs = 2*Fcut

AIC_CTR .word 90h

ACC_lo .word O ;
ACC_hi .word O ;
STAT0 .word 0 ; STATO storage
STAT1 .word O ; STATI1 storage
TEMP .word O ;' location of TEMPorary storage
TEMP1 .word 0 3
*% oo e e e o oo sl e o e e e sk e ok ok ok ek seafecie e sk e oo e sl s e ke ok e e ke ok ok e ok ke
* Set up the ISR vector W

*********#******************************************************

.ps  080ah
rintt B RECEIVE :0A; Serial prot receive interrupt RINT.
xint: B TRANSMIT :0C; Serial port transmit interrupt XINT.

******************************************************************

* TMS32C05X INITIALIZATION *

L *

**********************************#*********#*********************

.ps 0a00h
.entry
B START
START: SETC INTM ; Disable interrupts
LDP #0 ; Set data page pointer

OPL  #0834h,PMST



LACC #0

SAMM CWSR
SAMM PDWSR

.
*

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

SPLK

#022h,]MR . Using XINT syn TX & RX
CALL AICINIT

; Set software wait state to 0

: initialize AIC and enable interrupts

* This routine enables serial port rx interrupts & configures

* TLC32040 for the frame sync. When RINT is triggered, read a

oo de sk Xk * ek kR

* dummy data word from the AIC then generate a sine wave to

* send out.

L

*

e e e e ke

ook otk sk ek deok ok ek ok ke ek ok e ok deokokok sk sk sk sk ekl e ke e ok ke ok ok e dokokeok ok

CLRC
SPM

SPLK
SETC
CLRC
CLRC

WAIT NOP
NOP
NOP
B

oM ;OVM =0
0 ;PM=0
#012h,IMR

CNF

OVLY

INTM ; enable

: wait for a transmit or receive

WAIT

; RECIEVER INTERRUPT SERVICE ROUTINE

s



RECEIVE:
LDP

LAMM DRR

#6

SACL X0

ZAP

LT
MPY

LTD

X40

HO

X39
H1

X38
H2

X37
H3

X36
H4

X35
HS5

X34
H6

X33
H7

; SET ACC = 0 & P REGISTER =0

; LD X40 IN P REGISTER

; HO*X40

:MOVE X39 TO X40 ; ADD IN ACC ; LD X39 IN P REGISTER



LTD

LTD
MPY

LTD

X32
H8

X31
H9

H10

X29
Hi1

X28
H12

X27
H13

X26
H14

X25
H15

X24
H16

X23
H17



LTD

-LTD
MPY

X22
H18

X21
H19

X20
H20

X19
H21

X18
H22

X17
H23

X16
H24

X15
H25

X14

H26

X13
H27



LTD

LTD

MPY

LTD

X12
H28

X11
H29

X10
H30

X9

X8

H32

X7
H33

X6
H34

X5
H35

X4

H36

X3
H37



MPY H38

LTD Xl

MPY H39

LTD X0

MPY H40 .
APAC

00: SACH IMIL1
--LACC IML15
AND  #0FFFCh,15

RPT #14
SFR

SAMM DXR
RETE

; TRANSMIT INTERRUPT SERVICE ROUTINE

TRANSMIT:

*

******************************************************************

* DESCRIPTION: This routine initializes the TLC320C40 for *

* a 8Khz sample rate with a gain setting of 1 *

******************************************************************
* ajic initialization data

%



AICINIT: SPLK  #20h,TCR ; To generate 10 MHz from Tout
SPLK #01h,PRD ; for AIC master clock

MAR *AR0

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 TA9 ; Initialized TA and RA register
ADD RA2 ;

CALL AIC_2ND ;

LDP #TB

LACC TB)9 ; Initialized TB and RB register
ADD RB,2 ;

ADD  #02h :

CALL AIC_2ND

LDP #AIC_CTR
LACC AIC_CTR,2 ; Initialized control register
ADD  #03h ;

CALL AIC_2ND

’



RET

AIC_2ND:

LDP #0

SACH
CLRC
IDLE

SACH
IDLE
SACL
IDLE
SACL
IDLE
SETC
RET

.end

DXR

#6h,15
DXR

DXR

DXR

INTM

; 0000 0000 0000 0011 XXXX XXXX XXXX XXXX b

k4

.
*

; make sure the word got sent



File “lp_4l.asm” Coefficient ¥89 lowpass Filter 41 Order
ds  300h

HO .word 00000h
H1 .word 00184h
H2 word 00243h
H3 .word 001blh
H4 .word 00000h
H5 .word 0Ofel5h
H6 word 0fd17h
H7 .word 0fdcSh
H8 .word 00000h
H9 .word 0029¢h
H10  .word 00413h
Hil .word 00333h
H12 .word 00000h
H13 .word Ofbe3h
H14 .word 0f936h
H15 .word Ofa3dh
H16 word  00000h
H17 .word 0099ah
H18 .word  0145fh
H19 .word Olccfh
H20 .word 02000h
H21 .word Olccth
H22 word 0145th
H23 word 0099ah
H24 .word 00000h
H25 .word 0fa3dh
H26 .word 0f936h
H27 word Ofbe3h
H28 .word  00000h



H29

H31
H32
H33
H34
H35
H36
H37
H38
H39
H40

.word
.word
.word
.word
.word
.word
.word
.word
.word
-word
-word
.word

00333h
00413h
0029¢h
00000h
0fdcSh
0fd17h
Ofel5h
00000h
001blh
00243h
00184h
00000h



File “hp_41.asm” Coefficient 0 Highpass Filter 41 Order
ds  300h

HO .word 00000h
H1 .word Ofe7ch
H2 .word Ofdbdh
H3 .word Ofedfh
H4 .word 00000h
H5 .word 00lebh
H6 .word 002eSh
H7 .word 00237h
H8 .word  00000h
H9 .word 0fd62h
H10 .word Ofbedh
Hi11 .word Ofccdh
H12 .word  00000h
H13 .word 0014dh
H14 .word 006cah
H15 word 005c3h
Hi6 .word  00000h
H17 .word 0f666h
H18 .word Oebalh
H19 .word 0e331h
H20 .word 06000h
H21 .word 0e331h
H22 .word Oebalh
H23 word 0f666h
H24 .word 00000h
H25 word 005c3h
H26 .word 006cah
H27 word 0041dh
H28 .word 00000h



H29
H30
H31
H32
H33
H34
H35
H36
H37
H38
H39
H40

.word
.word
.word
.word
-word
.word
.word
.word
.word
.word
.word

.word

Ofccdh

0fd62h
00000h
00237h
002eSh
001ebh
00000h
Ofe4fh

0fdbdh
Ofe7ch

00000h



File “bp__4l.asm” Coefficient ¥89 Bandpass Filter 41 Order
ds  300h

HO word O0fdf7h
H1 .word Off8%h
H2 .word 000a%h
H3 .word 000c7h
H4 .word 00000h
H5 word Offifh
H6 -word Off26h
H7 .word 000adh
HS8 .word 00365h
H9 .word 0060ah
H10 .word  006f4h
Hil .word 004ech
Hi2 .word 00000h
H13 .word  0f9aSh
H14 .word 0f46%h
H15 .word 0f2b6h
H16 .word  0f5d1h
H17 .word 0fdOfh
H18 .word 005f7h
H19 .word 00d37h
H20 .word 01000h
H21 .word 00d37h
H22 .word 005f7h
H23 .word 0fdOfh
H24 word 0f5d1lh
H25 .word 0f2b6h
H26 .word 0f46%h
H27 word 0f9a%h
H28 .word 00000h



H29
H30
H31
H32
H33

H35

H37
H38
H39
H40

.word
.word
-word
.word
.word
.word
.word
.word
.word
.word
.word
.word

004ech
006£4h

00365h
000adh
0ff26h
Off1fh

000c7h
000a%h
0ff89h
0fdf7h



File  sb_41.asm.” Coefficient 404 Stopband Filter 41 Order
ds  300h

HO .word (00209h
H1 word 00077h
H2 .word Off57h
H3 .word 0ff3%h
H4 .word 00000h
H5 .word 000c1h
H6 .word 000dah
H7 .word Off53h
H8 .word 0fc96h
H9 .word 0f9f6h
H10 .word  0f9%0ch
H11 .word 0fbl2h
H12 .word 00000h
H13 word 00657h
H14 .word 00b97h
H15 .word 00d4ah
H16 .word  00a2fh
H17 .word 002flh
H18 .word  0fa0%h
H19 word 0f2cSh
H20 .word 07000h
H21 word  0f2¢9h
H22 .word 0fa0%h
H23 .word 002flh
H24 .word 00a2fh
H25 .word 00dcah
H26 word 00b97h
H27 .word 00657h
H28 -word 00000h



H29
H30
H31
H32
H33
H34
H35
H36
H37
H38
H39
He0

.word
.word
.word
-word
-word
.word
-word
.word
.word
.word
.word

.word

0fb12h
0f90ch
0f9f6h
0fc96h
0ff53h

000e1h

0ff39h
Off57h
00077h
0020%h



Tusunsu DIGITAL FILTER 21 ORDER “ FIR_21.asm”

; DIGITAL FILTER USED TMS320C50
; DIGITAL SIGNAL PROCESSING

; FINITE IMPULSE RESPONSE (FIR)

; 21 ORDER

; Select typy only

.mmregs

include "hp_21.asm” ; HIGH-PASS FILTER Fc=1KHz

;include "Ip_2l.asm" ; LOW-PASS FILTER Fc=1KHz

.include "bp_2l.asm" ; BAND-PASS FILTER Fc1=500 HzFc2 = 1 KHz

;include "sb_21.asm" ;STOP-BAND FILTER Fc1=500 Hz,Fc2 = 1 KHz

ds  340h
X0 .word  0000h
X1 .word  0000h
X2 .word  0000h
X3 .word 0000h
X4 .word  0000h
X5 .word  0000h
X6 .word  0000h
X7 .word  0000h
X8 .word 0000h
X9 .word  0000h
X10 -word  0000h
X1 word  0000h
X12 .word  0000h



X13
X14
X15
X16
X17
X18
X19
X20

AIC_CTR .word 90h

ACC_lo
ACC_hi
STATO
STAT1
TEMP
TEMP1

.word
-wefd
.word
.word
.word

.word

.word 0000h
.word  0000h
.word 0000h
.word 0000h
.word  0000h
.word  0000h
.word  0000h
word 0000h
.word  000Ch
ds  Of0OCh
.word 18
word 18
word 31
word 31
word 31
word 31

o O o o o

0

; Solutions Register

; Feut = 8 KHz
; Fcut = 8 KHz
; Fs = 2*Fcut

: Fs = 2*Fcut

; STATO storage
; STAT]1 storage

; location of TEMPorary storage

k]

e e e o e 3 e e e e 3 e e o e e 2 3 2 S e e 4 e e e o b 3l e ks e e sk 3 e e e s s o e ke o e ol e e s o o e e e e o o o ol e e e ke

* Set up the ISR vector

*

e o o e e e e e ke e e o o o 3 s 3 s o o s e e b s sk ol s o o s s e e e e b ok ke e e e e e e o s e e e ol s s o o s o o o o e

.ps  080ah



rmt: B RECEIVE ;0A; Serial prot receive interrupt RINT.

xint: B TRANSMIT ;0C; Serial port transmit interrupt XINT.

* REERBEkeBREEkEhRrE e 2 e 2 e s e aie s 2Bk s s she gk ok 3k -

* TMS32C05X INITIALIZATION *
* *

.ps 0a00h

.entry

B START
START: SETC INTM ; Disable interrupts

LDP #0 ; Set data page pointer

OPL  #0834h,PMST

LACC #0

SAMM CWSR ; Set software wait state to 0

SAMM PDWSR

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

SPLK  #022h,IMR ; Using XINT syn TX & RX
CALL AICINIT ; initialize AIC and enable interrupts

e 3k e o e 38 ok 2 2 20 2 e s e e e e e e e e o e 2 o e sk e ke s e Sk a3 2 ke 2o 3 dbe 2 2 e 26 e e e de e e o e o e e o ok o 3k e ol e ke o e ke ek

* This routine enables serial port rx interrupts & configures  *
* TLC32040 for the frame sync. When RINT is triggered, reada  *

* dummy data word from the AIC then generate a sine wave to *

* send out, *

****##***********************‘************************#************



CLRC OVM ;OVM =0
SPM 0 ;i PM =0
SPLK  #012h,JMR

SETC CNF
CLRC OVLY
CLRC INTM ; enable
WAIT NOP ; wait for a transmit or receive
NOP
NOP
B WAIT

;-—--— end of main program ----------;
; RECIEVER INTERRUPT SERVICE ROUTINE
RECEIVE:
LDP #6
LAMM DRR
SACL X0
ZAP ; SET ACC = 0 & P REGISTER =0

LT X20 ; LD X20 IN P REGISTER
MPY HO ; HO*X20

LTD X19 ;MOVE X19 TO X20 ; ADD IN ACC ; LD X19 IN PREGISTER
MPY Hil

LTD X18
MPY H2

LTD X17
MPY H3



X16
H4

X15
H5

X14
H6

X13
H7

X12
H8

X11
H9

X10
H10

X9
Hi1

X8
H12

X7
H13



00:

LTD X6
MPY Hil4

LTD X5

MPY HI15

LTD X4
MPY Hi6

LTD X3
MPY HI17

MPY HI18

LTD X1
MPY HI19

; LTD X0
; MPY HO

LTD XO

MPY H20

APAC

SACH IMI1
LACC IMIL15
AND  #OFFFCh,15
RPT #14

SFR

SAMM DXR



RETE
; TRANSMIT INTERRUPT SERVICE ROUTINE

* DESCRIPTION: This routine initializes the TLC320C40 for *
* a 8Khz sample rate with a gain setting of 1 *

FxkkBddkdokkiodkkkkkkidtkidodkdoikdkododoloodokdok okt gk sk ke do sk de s de ke oo oo e e ke ok o

* aic initialization data

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 ; Initialized TA and RA register



ADD RA;2 ;
CALL AIC_2ND ;

LDP #TB

LACC TB)9 ; Initialized TB and RB register
ADD RB;2 ;

ADD  #02h ;

CALL AIC_2ND ;

LDP #AIC_CIR

LACC AIC_CIR2 ; Initialized control register
ADD  #03h ;

CALL AIC_2ND 3

RET :
AIC_2ND:
LDP #0
SACH DXR :
CLRC INTM
IDLE
ADD #6h,15 ; 0000 0000 0000 0011 XXXX XXXX XXXX XXXX b
SACH DXR ;
IDLE
SACL DXR ;
IDLE
LACL #0 ;
SACL DXR ; make sure the word got sent
IDLE

SETC INTM



SETC INTM
RET ;
.end
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File Ip_21.asm Coefficient ¥9% Lowpass Filter 21 Order

ds  300h
HO .word 00413h
H1 .word 00333h
H2 .word 00000h
H3 .word Ofbe3h
H4 .word 0f936h
H5 .word 0Ofa3dh
H6 .word 00000h
H7 .word  0099ah
H8 word 0145fh
H9 .word Olccfh
H10 .word 02000h
H11 .word Olccfh
Hi2 word 0145fh
H13 .word 0099ah
H14 .word 00000h
H15 word Ofa3dh
H16 .word 0f936h
H17 .word Ofbe3h
H18 .word 00000h
H19 .word 00333h
H20 .word 00413h



File "hp_21.asm" Coefficient 483 Highpass Filter 21 Order

ds  300h

HO .word Ofbedh

H1 -word Ofccdh

H2 .word 00000h
H3 word 0041dh
H4 .word (006cah
HS5 word 005c3h
Hé6 .word 00000h
H7 .word  0f666h

H8 .word Oebalh
H9 .word 0e331h
H10 .word  06000h
H11 .word 0e331h
Hi12 .word Oebalh
H13 .word 0f666h
H14 .word 00000h
Hi15 .word  005c3h
H16 .word 006cah
H17 .word 0041dh
H18 .word 00000h
H19 .word Ofccdh

H20 .word Ofbedh



File “bp__21.asm” Coefficient Y93 Bandpass Filter 21 Order

ds  300h
HO .word 006f4h
H1 .word 004ech
H2 .word 00000h
H3 .word 0f9a%
H4 .word 0f46%h
H5 -word 0f2b6h
H6 .word 0f5d1lh
H7 .word 0fdOfh
H8 .word 005f7h
H9 .word 00d37h
H10 .word 01000h
Hi11 .word 00d37h
H12 .word 005f7h
H13 .word  0fdOfh
H14 .word 0f5d1h
H15 .word 0f2b6h
H16 .word 0f46%h
H17 .word 0f9a%h
H18 .word 00000h
H19 .word 004ech
H20 .word 006f4h



File “sb_21.asm” Coefficient 484 Stopband Filter 21 Order

ds  300h
HO .word 0f90ch
H1 .word Ofbl2h
H2 .word 00000h
H3 .word 00657h
H4 .word 00b97h
HS5 .word 00d4ah
H6 .word 00Oa2fh
H7 .word 002flh
H8 .word Ofa0%h
H9 .word  0f2cSh
H10 .word (7000h
Hi1l .word 0f2cSh
H12  .word O0faQ%h
H13 .word 002flh
H14 .word 00a2fh
H15 -word 00d4ah
H16 .word 00b97h
H17 .word 00657h
H18  .word 00000h
H19 .word 0fbl2h
H20 .word 0f9%ch



File “lphn_21.asm” Coefficient ¥99 Hanning Window Lowpass Filter 21 Order

ds  300h
HO .word 00000h
H1 .word 00014h
H2 .word 00000h
H3 .word Off27h
H4 -word 0Ofda8h
HS5 .word Ofdlfh
H6 .word 0000Ch
H7 word 0079fh
H8 .word 0126dh
H9 .word Olclah
H10 .word  02000h
Hil .word Olclah
H12 -word 0126dh
H13 .word 0079fh
H14 .word 00000h
H15 .word Ofdifh
H16 .word 0Ofda8h
H17 .word Off27h
H18 .word 00000h
H19 .word 00014h
H20 .word 00000h

YANENE, MINAABY Hanning , Hamming Blackman Window 13T1sunsu
« » e A o« »
FIR_21.asm” naaes Taonfaey include File iu¥s “Iphn_21.asm”,

“Iphm_21.asm” 1@z “Ipbm_21.asm” AWHAL



File “iphm_21.asm” Coefficient 489 Hamming Window Lowpass Filter 21 Order

ds  300h
HO .word 00053h
H1 .word 00054h
H2 .word 00000h

H4 -word 0fd4dh

H5 .word Ofcesh

H6 .word 00000h
H7 .word 007c8h
H8 .word 01295h
H9 -word 01c2%h
H10 .word 02000h
H11 .word 01c2%h
H12 -word 01295h
H13 .word 007c8h
H14 .word  00000h
H15 .word Ofce4h

H16 .word 0fd4dh

H17 .word Ofee4h

H18 .word (00000h
H19 word 00054h
H20  .word 00053h



File “Ipbm_21.asm” Coefficient ¥84 Blackman Window Lowpass Filter 21 Order

ds  300h

HO .word 00000h
H1 .word 00007h
H2 .word 00000h
H3 .word O0ff96h
H4 .word Ofea3h
H5 .word OfeObh .
H6 .word 00000h
H7 .word 0069¢ch
H8 word 0114ch
H9 .word Olbaah
H10 .word  02000h
H11 -word Olbaah
H12 .word  0114ch
H13 .word  0069¢h
H14 .word 00000h
H15 .word  OfeObh
H16 .word Ofea3h
H17 .word Off96h
H18 .word 00000h
H19 .word 00007h
H20 .word 00000h



j Appendix A

DSK Circuit Board Dimensions
and Schematic Diagrams

This appendix contains the circuit board dimensions and the schematic
diagrams for the TMS320C5x DSP Starter Kit.
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Circuit Board Dimensions

Figure A-1. TMS320C5x DSP Starter Kit (DSK) Circuit Board Dimensions
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, Schematic Diagrams
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Appendix B

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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TLC32040C, TLC320401, TLC32041C, TLC32041I
TLC32042C TLC32042|

ANALOG INTERFACE CIRCUITS
SLAS014D - D2964, SEPTEMBER 1987 ~ REVISED MAY 1991
¢ Advanced LInCMOS™ Silicon-Gate Process ‘N PACKAGE
Technology (TOP VIEW)
® 14-Bit Dynamic Range ADC and DAC NUE ) s NU
® Variable ADC and DAC Sampling Rate Up . L
to 19,200 Samples per Second RESET2  27[INU
© 19,200 Samples per Secon EGBA[ls 2] IN+
¢ Switched-Capacitor Antialiasing Input Fiiter FSR[] 4 2s[] IN-
and Output-Reconstruction Filter DR[l s 24[] AUX IN+
® Serial Port for Direct interface to TMS32011, MSTR CLK[] & 23[] AUX IN-
TMS320C17, TMS32020, and TMS320C25 Vpoll 7 22[] OUT+
Digital Signal Process REF[] 8 21f] out-
¢ Synchronous or Asynchronous ADC and DGTLCLK[| 8 . 20[} veg,
DAC Conversion Rate With Programmable . SHIFT CLK[} 10 - 19[J vee_
Incremental ADC and DAC Conversion EODX[| 11 18[] ANLG GND
Timing Adjustments px[j 12 17]] ANLG GND
® Serial Port Interface to SN74299 WORD/BYTE[] 13 16[] NU
Serial-to-Parallel Shift Register for Parallel FSX[j14  15NU
Interface to TMS32010, TMS320C15, or
Other Digital Processors FN PACKAGE
® 600-Mil Wide N Package (Cy to Cp) (TOP VIEW)
m LIEY
B Syfopenc lﬁE@% ggz
Analog interface circuit with intemnal reference. / ILITITIOILITT
TLC32040 | Ajco a phug-n raplacement for TLC3Z041. prfjs® 321 BB
Tucszoer | SARICTNRS TOTERNEY) el MSTRCLK ] 6 24[] AUX IN+
: Voo 7 Rl 23[J AUX IN—
T e e © afJour-
- DGTLGND[] 9 21[JouT-
description SHIFT CLK [] 10 20[] Vec.
The TLC32040, TLC32041, and TLC32042 are EODX 1] 11 . o[} Voc-
compiete analog-to-digital and digital-to-analog 11—2111—131’—"1:1—5n—§r1-;:1-8|
input/output systems, each on a single monolithic X | ,5 >on0o0
CMOS chip. This device integrates a- ‘bandpass . '5_- T o % 5
switched-capacitor  antialiasing input filter, S 89
a 14-bit-resolution A/D  converter, four 8 § <Z:
microprocessor-compatible serial port modes, a 3

14-bit-resolution D/A converter, and a_ low-

pass switched-capacitor output-reconstruction )

filter. The device offers numerous combinations’ NU — Nonusable; no extemal connection should be made 1o
of master clock input frequencies and these pins.

conversion/sampling rates, which can be changed

vna digital processor control. -~ -,

Typical applications for this integrated circuitinclude modems (7.2-, 8-, 9.6-, 14.4-, and 19.2-kHz samplingrate),
analog interface for dic::a! signal processors (DSPs), speech recognition/storage systems, industrial process
control, biomedical instrumentation, acoustical signal processing, spectral analysis, data acquisition, and
instrumentation recorders. Four serial mo modes, which allow direct interface to the TMS32011, TMS320C17,
TMS32020, and TMS320C25 digital signal processors are provided. Also, when the transmit and receive

Cpe oY

Advanced LInCMOS™ is a trademark of Texas Instruments incorporated

s of_publicstion Copyright © 1991, Texas instruments incorporated

POST OFFICE BOX 855303 ® DALLAS, TEXAS 75265 . B-3

e



TLC32040C, TLC320401, TLC32041C, TLC32041|
TLC32042C, TLC32042!
ANALOG INTERFACE CIRCUITS

SLAS014D — D2964, SEPTEMBER 1987 - REVISED MAY 1991

tunctional block diagram

analog input

Band-Pass Filter
VARG > F5R
IN+ >
IN- > M ¥ DR
U e
AUX IN + ——» _"_I -» EGDR
AUXIN - — MSTR CLK
- SHIFT CLK
— WORD/BYTE
Low-Pass Filter — DX
OUT + ¢ < Se 4 » FSX
oUT-<¢ < S -» EODX
’ Transmit Section . :
Vcc+ Voc- ANLG DTGL Vpp REF RESET

GND GND. (DIG)

SRR

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-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 intemal analog architecture and by the separate analog and digital voltage supplies and
grounds.

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

The A/D bandpass filter can be selected or bypassed via software control. The frequency response of this filter
is presented in'the following pages. This response results when the switched-capacitor filter clock frequency
is 288 kHz. Several possible options can be used to attain a 288-kHz switched-capacitor filter clock. When the
filter clock frequency is not 288 kHz, the filter transfer function is frequency scaled by the ratio of the actual clock
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 intemal 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 submuiltiple of the bandpass switched-capacitor filter sampling rate, and the two rates are
synchronously locked.




TLC32040C, TLC320401, TLC32041C, TLC32041

TLC32042C, TLC32042

ANALOG INTERFACE CIRCUITS

SLAS014D - D2964, SEPTEMBER 1987 - REVISED MAY 1991

PRINCIPLES OF OPERATION

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

The REF pin may be driven from an extermal reterence circuit if so desired. This extemal 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 all AIC registers, including the
control register. After a negative-going pulse on the RESET pin, the AIC will be initialized. This initialization
allows normal serial port communications activity to occur between AIC and DSP (see AIC DX data word format
section).

loopback

This feature allows the user to test the circuit remotely. In loopback, the OUT+ and OUT- pins are intemally
connected to the IN+ and the IN— pins. Thus, the DAC bits (d15 to d2), which are transmitted to the DX pin, can
be 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 enabied, the external signals on the IN+ and the IN—pins are ignored.
If the AUX IN+ and AUX IN—pins are enabled, the external signals on these pins are added to the OUT+ and
OUT- signals in loopback operation.

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

Terminal Functions

PIN 73] DESCRIPTION
NAME NO.
ANLG GND 17,18 Analog ground retum for all internal analog circuits. Not internally connected to DGTL GND.
AUX IN+ 24 | Noninverting auxiliary analog input state. This input can be switched into the bandpass filter and A/D

converter path via software control. If the appropriate bit in the control register is a 1, the auxiliary inputs
will replace the IN+ and IN- inputs. If the bit is a 0, the IN+ and IN= inputs will be used (see the AIC DX

data word format section).

AUX IN~ 23 | inverting auxiliary analog input (see the above AUX IN + pin description)

DGTL GND 9 Digital ground for ali intemal logic circuits. Not internally connected to ANLG GND.

DR 5 O | This pin is used to transmit the ADC output bits from the AIC to the TMS320 serial port. This transmission
of bits from the AIC to the TMS320 serial port is synchronized with the SHIFT CLK signal.

DX 12 | 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 synchronized 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
Iinformation 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-paraliet shift registers, latches, or extemnal FIFO RAM, and to facilitate
parallel data bus communications between the AIC and the serial-to-parallel shift registers. During the
byte-mode 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 signal to differentiate between the two bytes as to which is first and which is second.
EODR does not occur after secondary communication.

+




TLC32040C, TLC320401, TLC32041C, TLC320411
TLC32042C, TLC320421
ANALOG INTERFACE CIRCUITS

SLAS014D — D2664, SEPTEMBER 1687 — REVISED MAY 1991

Terminal Functions (continued)

NAME

78]

DESCRIPTION

EODX

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 puise that occurs immediately after the 16 bits of D/A converter
and control or register information have been transmitted from the TMS320 serial portto the AIC. This signal
can be usad 1o interrupt a microprocessor upon the completion of serial communications. Also, this signal
can be used to strobe and enable external serial-to-parallel shift registers, latches, or an extemal FIFO
RAM, and to facifitate paraliel data-bus communications between the AIC and the serial-to-paraliel shift
registers. During the byte-mode timing, this signal goes low after the first byte has been transmitted from
mems&ouwmnmmcwbummmmmmmmmmmd.Themsszou
or TMS320C17 can use this low-going signal to differentiate between the two bytes as to which is first and
which is second.

Frame sync receive. In the serial transmission modes, which are described in the WORD/BYTE pin
description, the FSR pin is held low during bit transmission. When the FSR pin goes low, the TMS320 serial
port will begin receiving bits from the AIC via the DR pin of the AIC. The most significant DR bit will be present
on the DR pin betore FSR goes low. (See Serial Port Timing and Intemal Timing Configuration diagrams.)
FSR does not occur aftsr secondary communication.

4

Frame Sync Transmit. When this pin goas low, the TMS320 serial port will begin transmitting bits to the AIC
vuathoDXplnonheAlc In all serial transmission modes, which are described in the WORD/BYTE pin
description, the FSX pin is held low during bit transmission (see the Serial Port Timing and intemna! Timing
Configuration diagrams).

Noninverting input to analog input amplifier stage

Inverting input to analog input amplifier stage

oIR8

The master clock signal is used to derive all the key logic signals of the AIC, such as the shift clock, the
switched-capacitor filter clocks, and the A/D and D/A timing signals.*The Intemal Timing Configuration
diagram shows how these key signals are derived. The frequencies of these key signals are synchronous
submuitiples 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 converters (see the
Internal Timing Configuration).

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

ouUT-

21

(o]

Inverting output of analog output power amplifier. Functionally identical with and complementary to OUT +.

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

Aresetfunction is provided to initiatize the TA, TA', TB, RA, RA’, RB, and control registers. This reset function
initiates serial communications between the AIC and DSP. The reset function will initialize ail AIC registers
including the control register. After a negative-going pulse on the RESET pin, the AIC registers will be
initialized to provide an 8-kHz data conversion rate for a 5.184-MHz master clock input signal. The
conversion rate adjust registers, TA' and RA', will be reset to 1. The control register bits will be reset as
follows (see AIC DX data word format section):

d7=1,06=1,d5=1,04=0,d3=0,d2=1

This initialization allows normal serial-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/BYTE pin description below (see the
Serial Port Timing and Intemal Timing Configuration diagrams).

Vop

Digital suppty voitage, 5 V £5%

Vee+

20

Positive analog supply voltage, 5 V £5%

Vee-

19

Negative analog supply voltage, -5 V +5%
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ANALOG INTERFACE CIRCUITS
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Terminal Functions (continued)

NO.

DESCRIPTION

WORD/BYTE

13

This pin, in conjunction with a bit in the control register, isusodtoestabhshoneoffourserialmodes These
four serial modes are described below.

AIC transmit and receive sections are operated
Thetdbwhgdesaipbmnpp&uwhenheMCiswnﬁgumdevaasyndwamusﬂmmﬁandmm
sections. if the appropriate data bit in the control registeris a 0 (see the AIC DX data word format section),
the transmit and receive sections will be asynchronous. .

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

1. The FSX or FSR pin is brought fow.

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

3. The EODX or EODR pin is brought low.

4. TheFSXorFSRphemnsaposlﬁveﬁnme-syncpuisema(istourshmdockcydeswide.
5. One 8-bit byte is transmitted or one 8-bit byte is received.

6. The EODX or EODR 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 communicatas in one 16-bit word. The operation sequence is as follows (see Serial Port
Timing diagrams):

1. The FSX or FSR pin is brought fow.

2. One 16-bit word is transmitted 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.
It 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 and the A/D conversion timing will
be derived from the TX Counter A, TX Counter B, and TA, TA', and TB registers, rather than the RX Counter
A, RX Counter B, and RA, RA', and RB registers. in this case, the AICFSX and FSR timing will be identical
during primary data communication; however, FSR will not be assened during secondary data
communication since there is no new A/D conversion resutt, The synchronous operation sequences are as
follows (see Serial Port Timing diagrams).

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

1. The FSX and F5R pins are brought low.

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

3. The EGDX 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. OneB-bnbytelsnansmmadandoneB-bnbytelsraoebved

6. The EODX and EODR pins are brought high.

7. The FSX and FSR pins are brought high.

H  Serial port directly interfaces with the serial port of the TMS32020, TMS320C25, or TMS320C30
and communicates in one 16-bit word. The operation sequence is as foliows (see Seria! 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 FSR pins are brought high.

4. The EODX or EODR pins emit low-going pulses.
Since the transmit and receive sections of the AIC are now synchronous, the AIC serial port with additional
NOR and AND gates will interface to two SN74299 serial-to-paraliel shift registers. Interfacing the AIC to
the SN74289 shift register aliows the AIC 1o interface to an extemal FIFO RAM and facilitates paraliel 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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INTERNAL TIMING CONFIGURATION

MSTRCLK } K . SHIFT CLK
5184 MHz (1), Divide by 4 } P 1296 Mz (1)
10.368 MHz (2) & 4 2.582 MHz (2)
20.736 MHz (1)
41.472 MHz (2) r A gt 1
XTAL »| TMS320 TA Registe s d
osc pSp e (6 bits) !
(2's compl) . Low-Pass/
. Switched
"
Optionasl Externat Circultry A { + [ Dividoby2 | Cap Filter
tor Full-Duplex Modems Adder/ CLK=208-kHz
i Srrpetern _i | Sl(lgt;actm)or Square Wave
. |
1Y [Divias | #°* D Commerctat | | e
| S by 135 > External | { ) |
| Front-End |
| Full-Duplex || Y 4
| - Split-Band | dg, dy =0,0 dg, dy=0,1 TX Counter B Wl
= * - %
lL FiltersT I dg, d1=1,1 dg, dp = 1,0% [TB=40; 7.2KkHz
J TX Counter A | | TB=35; gokz | DA
[TA=9 (1)) S [TB=30; 96kiz [~ Conversion i
[TA =18 (2)] 576kHz | [TB=20; 14.4kHz requency
I (6 bits) Puises | (TB=15; 19.2kHz 15 =
. 3 S
RA Register RA’ Register |
s (6 bits)
. (2's compl)
Band-Pass
| v v Switched
T B BT e
B cior CLK= 288-kHz |
(6 bits) Square Wave |
RB Register
i (6 bits)
d do, d1 = 0,1 7 )
0, dq = 0,0 0,dt =0,
dg, dy = 114 do. dy =1,0¢ RX Counter B
[RB =40; 7.2 kHz AD
v\, RX Counter A || [RB=36; 8.0kHz |, Conversion
| [RA=9(1)) > [RB =30; 9.6 kKz Frequency
RA=18¢2)] [~ [RB = 20; 14.4 kHz
| (6 bits) S76-kHz | EB <15 19.2 kHz
| Puiges [RB = 15;
| 5
L, het
SCF Clock Frequency = . Master Clock Frequency e € ?
fequUency = ZxContents of Counter A R

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

t Split-band filtering can alternatively be performed after the analog input function via software in the TMS320.

4 These control bits are described in the AIC DX data word format section.
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' Pinouts and Signal Descriptions

M

The 'C5x DSPs are available in a 132-pin quad flat pack (QFP) package and
have identical pin-to-signal relationship. The QFP package conforms to
JEDEC specifications for electrical/electronic components. Electrical specifi-
cations and mechanical data for the ‘C5x DSPs are in Appendix A.

This chapter presents a simple layout of a 132-pin QFP package, with pin and
signal callouts, and a table of signal definitions, in the following sections:

Topic Page
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Pinout

2.1 Pinout

The 'Cx devices are packaged in a 132-

pin quad fiat pack package (QFP) and

have the same pin-to-signal relationship. Figure 2—1 shows the pin/signal call-

outs for this package.

Figure 2-1. Signal Assignments for 'C5x 132-Pin QFP
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Signal Descriptions

Signal Descriptions

The signals for the 'C5x device are described in this section. Table 2-1 lists
each signal, its pin location, function, and operating mode(s), i.e., input (1), out-
put (O), high-impedance (Z) or supply (S) state. The signals are grouped ac-
cording to their functional purpose.

le 2—1. TMS320C5x Signal Descriptions

Signal | Pin I State [ Description
Address and Data Buses

A15 (MSB) 77 110/Z Parallel address bus A15 (MSB) through A0 (LSB). Multi-

Al4 76 plexed to address external data/program memory or I/O.

A13 75 Ptaced in high-impedance state in hold mode. These signals

A12 74 also go into high impedance when UFF is active low. These

ﬁ}“o ;’g signals are used as inputs for external OMA access of the

A9 64 on-chip single-access RAM. They become inputs while

A8 63 ROUDA is active low if the B pin is extemally driven iow.
i A7 62

A6 81

A5 60

Ad 59

A3 58

A2 57
! At 56

A0 (LSB) 55

D15 (MSB) 6 VorZ Paralle| data bus D15 (MSB) through DO (LSB). Multiplexed
' D14 7 to transfer data between the core CPU and external data/
‘ 013 8 program memory or /O devices. Placed in high-impedance
X 012 9 state when not outputting or when RS or HOLD is assertad.
; 8::) 1? They also go into high impedance when OFF is active iow.

09 12 These signals are also used in external DMA access of the

D8 13 on-chip single-access RAM.

D7 23

Dé 24

D5 25

D4 26

D3 27

D2 2

D1 “

DO  (LSB) 30

Note:  Allinput pins that are unused should be connected to Vpp or an extemal pull-up resistor. The BR pinhas
an internal pull-up for performing DMA to the on-chip RAM. For emulation, TRST has an internal puli-
down, and TMS, TCK, and TDI have internal pull-ups. EMUO and EMU1 require external pull-ups to
support emuiation.



Signal Descriptions

Table 2-1.

TMS320C5x Signal Descriptions (Continued)

Signal

1 Pin ] State

l Description

Memory Control Signale

US
Ps
s

89
91
90

0)74

Data, Program, and /O space select signals. Always high
uniess low level asserted for communicating to a particular
external space. Placed into a high-impedance stats in hold
mode. These signals also go into high-impadance when
OFF is active low.

READY

128

Data ready input. Indicates that an external device is pre-
pared for the bus transaction to be completed. If the device
is not ready (READY is low), the processor walts one cycle
and checks READY again. READY also indicates a bus
grant to an external device after a BR (bus request) signal.

92

1oz

Read/Wirite signal. Indicates transfer direction during com-
munication to an external device. Normally in read mode
(high), unless low level asserted for performing a write oper-
ation. Placed in high-impedance state in hold mode. This sig-
nal also goes into high impedance when OFF is active low,
and it is used in external DMA access of the 9K RAM ceil.
While HOLDA and TAQ are active low, this signal is used to
indicate the direction of the data bus for DMA reads (high)
and writes (low).

93

1/OfZ

Strobe signal. Always high unless asserted low to indicate
an extenal bus cycle. Placed in high-impedance state in the
hold mode. This signal also goes into high impedance when
OFF is active low, and it is used in external DMA access of
the on-chip single-access RAM. While HOLDA and TAQ are
active low, this signal is used to select the memory access.

82

0174

Read selectindicates an active, external read cycie and may
connect directly to the output enable (OE) of external de-
vices. This signal is active on all external program, data, and
/O reads. Placed Into high-impedance state in hold mode.
This signal also goes into high impedance when OFF is ac-
tive low.

0z

Wirite enable. The falling edge of this signal indicates that the
device is driving the external data bus (D15-D0). Data may
be latched by an external device on the rising edge of WE.
This signal is active on all external program, data, and 1/0
writes. Placed into high-impedance state in hold mode. This
signal aiso goes into high impedance when UFF is active
low.




Signal Descriptions

Table 2-1. TMS320C5x Signal Descriptions (Continued)

Signai

I Pin

l State

l Description

Muitiprocessing Signals

ROLD

129

Hold input. This signal is asserted to request control of the
address, data, and control lines. When acknowledged by the
'CSx, these lines go to the high-impedance state.

108

0/74

Hold acknowledge signal. Indicates to the external circuitry
that the processor is in a hold state and that the address,
data, and memory control lines are in a high-impedance
state sothat they are available to the external circuitry for ac-
cess of local memory. This signal aiso goes into high imped-
ance when OFF is active low.

94

[[e)74

Bus requast signal. Asserted during access of external glob-
al data memory space. READY is asserted to the device
when the global data memory is available for the bus trans-
action. BF can be used to extend the data memory address
space by up to 32K words. It goes into high impedance when
OFF is active low. BH is used in external DMA access of the
on-chip single-access RAM. While HOLDA is active low, BR
is externally driven low to request access to the on-chip
single-access RAM.

0/74

Instruction acquisition signal. This signal is asserted (active
low) whenthere is an instruction address on the address bus
and goes into high impedance when OFF is active low. [AT
is alsousedin external DMA access of the on-chip single-ac-
cess RAM. While ROLDA is active low, TAQ acknowledges
the BH request for access of the on-chip single-access RAM
and stops indicating instruction acquisition.

130

Branch control input. Samples as the BIO condition. If low,
the device executes the conditional instruction. This signal
must be active during the fetch of the conditional instruction.

XF

0174

External flag output (latched software-programmable sig-
nal). This signal is set high or low by specific instruction or
by loading status register 1 (ST1). Used for signaling other
processors in multiprocessor configurations or as a generai-
purpose output pin. This signal also goes into high imped-
ance when UFF is active low. This pin is set high at reset.

112

0)74

Interrupt  «nowledge signal. Indicates receipt of an inter-
rupt and .hat the program counter is fetching the interrupt
vactor location designated by A15-A0. This signal also goes
into high impedance when OFF is active low.




Signal Descriptions

Table 2-1. TMS320C5x Signal Descriptions (Continued)

Signal

| Pin

[ State

] Description

Inltialization, interrupt, and Resst Operations

41
40
39
38

External user interrupt inputs. Prioritized and magkabie by the interrupt mask

register and interrupt mode bit. Can be polied and reset via the interrupt flag
register.

42

Nonmaskable interrupt. External interrupt that cannot be masked via the
INTMorthe IMR. When NMT s activated, the processor traps to the appropri-
ate vector location.

127

Ressat input. Causes the device to terminate execution and forces the pro-
gram counter to zero. When RS is brought to a high level, execution begins

atlocation zero of program memory. RS affects various registers and status
bits.

MP/MT

Microprocessor/Microcomputer mode select pin. If active low at reset {micro-
computer mode), the pin causas the intemal program ROM to be mapped
into program memory space. In the microprocessor mode, all program
memory is mapped externally. This pin is sampled only during reset, and the
mode that is set at reset can be overridden via the software control bit MP/
MT in the PMST register.

Osclilator/Timer Signais CLKIN1/2

CLKOUT1

110

Oz

Master clock output signal (or CLKIN2 frequency). This signal cycles at the
machine-cycle rate of the CPU. The internal machine cycle is bounded by
the rising edges of this signal. This signal also goes into high impedance
when OFF is active low.

CLKMD1
CLKMD2

Al
103

CLKMD1 CLKMD2  Clock Mode

0 0 External clock with divide-by-two option. input
clock provided to X2/CLKIN1 pin, Internal oscilla-
tor and PLL disabled.

0 1 Reserved for test purposes.

1 0 External divide-by-one option. Input clock pro-
vided to CLKIN2. Intemnal oscillator disabled.
Internal PLL enabled.

1 1 Internal or external divide-by-two option. Input
clock provided to X2/CLKIN1 pin. Internal oscilla-
tor enabled. Internal PLL disabled.

X2/CLKIN1

Input pin to internal oscillator from the crystal. if the internal oscillator is not
being used, a clock may be input to the device on this pin. The internal ma-
chine cycle is half this clock rate.

X1

97

Output pin from the internal oscillator for the crystal. If the intemnal oscillator
is not used, this pin should be left unconnected. This signal does not go into
high impedance when UFF is active low.




Signal Descriptions

Table 2-1. TMS320C5x Signal Descriptions (Continued)

Signal l Pin ] State l Description
Osclliator/Timer Signals (Concluded)

CLKINZ2 95 | Divide-by-1 input clock for driving the internal machine
rate.

TOUT 122 (o] Timer output. This pin gignals a pulse when the on-chip tim-
er counts down past zero. The pulse is a CLKOUT1 cycle
wide.

Supply Pins

Vb1 14 S Power supply for data bﬁs.

Vop2 15 S Power supply for data bus.

Vopa 32 S Power supply for data bus.

Vops 33 S Power supply for data bus.

Voos 47 S Power supply for address bus.

Vops 48 S Power supply for address bus.

Voor 65 S Power supply for inputs and internal logic.

Voos 66 S Power supply for inputs and intemnal logic.

Vope 80 S Power supply for address bus.

Vopio 81 S Power supply for address bus,

Vopit 98 S Power supply for memory control signals.

Vop12 99 S Power supply for memory control signals.

Vopia 113 S Power supply for inputs and internal logic.

Vbpis 114 S Power supply for inputs and internal logic.

Vopis 131 S Power supply for memory control signals.

Vpoie 132 S Power supply for memory control signals.

Vssi 3 S Ground for memory control signals.

Vss2 4 S Ground for memory control signals.

" Vssa 20 S Ground for data bus.

Vss4 21 S Ground for data bus.

Vsss 35 3 Ground for data bus.

Vsss 36 S Ground for data bus.

Vss? §3 S Ground for address bus.

Vsss 54 S Ground for address bus.

Vsse 68 S Ground for address bus.

Vssio 69 S Ground for address bus.

Vssi1 86 S Ground for memory control signals.

Vssi12 87 S Ground for memory control signals,

Vssi13 101 S Ground for inputs and intemat logic.
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Table 2-1.

TMS320C5x Signal Descriptions (Continued)

[ Pin 1 State

l Description

Supply Pins (Concluded)

Vssi4

102

S

Ground for inputs and internal logic.

Vssis

120

S

Ground for inputs and internal logic.

Vssie

121

S

Ground for inputs and internal logic.

Serial Port Signals

CLKR
TCLKR

Receive clock inputs. External clock signal for clocking
data from the DR/TDR (data receive) pins into the RSR
(serial port receive shift register). Must be present during
serial port transfers. |f the serial port is not being used,
these pins can be sampled as an input via the INO bit of the
SPC/TSPC registers.

CLKX
TCLKX

124
123

oz
oz

Transmit clock. Clock signal for clocking data from the DR/
TDR (data receive register) to the DX/TDX (data transmit
pin). The CLKX can be an input if the MCM bit in the serial
port control register is set to 0. t may also be driven by the
device at 1/4 the CLKOUT1 frequency when the MCM bit
is set to 1. If the serial port is not being used, this pin can
be sampled as an input via the IN1 bit of the SPC/TSPC
register. This signal goes into high impedance when OFF
is active low.

DR
TDR

Serial data receive inputs. Serial data is received in the
RSR (serial port receive shift register) via the DR/TDR pin.

DX
TOX

106
107

0)74

Serial port transmit outputs. Serial data transmitted from
the XSR (serial port transmit shift register) via the DX/TDX
pin. Placed in high-impadance state when not transmitting
and aiso when OFF is active low.

FSR
TFSR/TADD

45
125

1101z

Frame synchronization puise for receive input. The falling
edge of the FSR/TFSR pulse initiates the data receive pro-
cess, beginning the clocking of the RSR. TFSR becomes
an input/output (TADD) pin when the serial port is operat-
ing in TDM mode (TDM bit = 1). in TDM mode, this pin is
used to output/input the address of the port. This signal
goes into high impedance when DFF is active low.

FSX
TFSX/TFRM

104
105

I/O/Z
1/0/Z

Frame synchronization pulse for transmitinput/output. The
falling edge of the FSX/TFSX pulse initiates the data trans-
mit process, beginning the clocking of the XSR. Following
reset, the default operating condition of FSX/TFSXis an in-
put. This pin may be selected by software to be an output
when the TXM bit in the serial contro! register is setto 1.
This signal goes into high impadance when DFF is active
jow. When operating in TDM mode (TDM bit = 1), the TFSX
pin becomes TFRM, the TDM frame synch.
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Table 2-1. TMS320C5x Signal Descriptions (Continued)

Signal

J Pin

] State

] Description

Test Signals

TCK

34

JTAG test clock. This is normally a free-running clock sig-
nal with a 50% duty cycle. The changes on TAP (test ac-
cess port) input signals (TMS and TDI) are clocked into the
TAP controller, instruction register, or selected test data
register on the rising edge of TCK. Changes at the TAP out-
put signal (TDO) occur on the falling edge of TCK.

TDI

67

JTAG test data input. TDI is clocked into the selected regis-
ter (instruction or data) on a rising edge of TCK.

TDO

100

0)74

JTAG test data output. The contents of the selected regis-
ter (instruction or data) is shifted out of TDO on the falling
edge of TCK. TDO is in high-impedance state except when
scanning of data is in progress. This signal also goes into
high impeda e when OFF is active low.

31

JTAG test m:.de select. This serial control input is clocked
into the test access port (TAP) controller on the rising edge
of TCK.

JTAG test reset. This signal, when active high, gives the
JTAG scan system control of the operations of the device.
It this signal is not connected or driven low, the device will
operate in its functiona! mode, and the JTAG signals are ig-
nored. ’

EMUO

118

oz

Emulator pin 0. When THST is driven low , this pin must be
high for activation of the DFF condition (see pin 119).
When TRST is driven high, this pin is used as an interrupt
to or from the emulator system and is defined as input/out-
put via JTAG scan.
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Table 2-1. TMS320C5x Signal Descriptions (Concluded)

Signai | Pin L State ] Description
Test Signals (Concluded)

EMU1/OFF 119 /02 Emulator pin 1/disable all outputs. When THST is driven
high, this pin is used as an interrupt to or from the emulator
system and is defined as input/output via JTAG scan.
When TRST is driven low, this pin is configured as DFF.
The EMU1/ OFF signal, when active low, puts all output
drivers into the high-impedance state. Note that UFF is
used exclusively for testing and emulation purposes (not
for multiprocessing applications). Thus, for OFF condition,
the following conditions appty:

THST=low,
EMUO=high
EMU1 /UFF:'OW
RESERVED 16 N/C Resaerved pin. These pins are reserved for future ‘C5x de-
1; vices. These pins should be left unconnected.
- 19
2
37
49
50
51
52
70
78
79
84
85
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