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ABSTRACT

This project presents the adaptive signal analysis and its application which is designed
and controlled by Texas Instrument’s DSP board TMDS3200031 starter kit .The chip C3x DSK is
used in this DSP board for floating-point processors at sampling frequency 20 kHz and this DSP
board is applied for simulation Spectrum Analyzer by using FFT at length'df transform (N) 512
points which will be programmed for analyzing signal. Input signals are changed from time
domain to frequency domain and display the results via the monitor to illustrate signals in range
at 100 Hz-20 kHz. This processing operates in a real time and display spectrum of three signals.
namely. sine wave. triangular wave. and rectangular wave. The results corresponds with theory.

therefore this DSP board can be used to analyze signal by the digital signal analysis. effectively.
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3. ;ﬂﬂﬁuammﬁau (triangular wave)
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4. yuaauuilan (sawtooth wave)
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2.4.5 ﬂ?iLLﬂﬁQﬂﬁUﬁ (Fourier Transform)
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9 o 4 3 4 a a o (% :
TunganToanuIonaTIN (sigma) 920 AT0IMIIUBUTNS D (Integral) Fa1T4

do W
&; =§_£f(f)-e “dr

) (Id (74 :
fr)= JE%[ [Faye drjer (2.17)

a A v o a = " A A a g <
L'V]'i)ll'ﬂagiulﬂiaﬂﬁu‘]ﬂﬂ’]llﬂu l'l]u“’lE’Jll"UfJQﬂ'JWNGLWU\?EJU'NLQU'JWQ‘IT’TUJU g(a)) lay

2(@)= j_/‘(z).e""” di (2.18)

=

& P= ' =3 J (q’/’ [ z 3
¥ g(w) 13oAN MsuasyiFedvesilendu fit) Aeriuaun1sves fit) wxnatoily
| 1) Sy
ft)y=— _[g(a)).e dw (2.19)
2r -

e ANNABINODINUAATY (continuous spectrum)

o Ao v da = 3 a

Fygraunidnvaunduiamaesg ausadouunudlnasiuvesnuanie
o @ e’c.’: dy 4 =) < = a a ay o 9 '
NWIUBHUATITITBNIN g(w) T o Wumenvesnnud namssufinsniieyiildigh

v a Y ' d‘ =& @ 3 [ = d‘ = g o Y v o
aansuitldinnudeiomaea Gwseiudwiunsdivesstaduiduauildmansud
oo 4 a q' ' Y o 2 g ' ' g ' Aia
hisioitios TasnanweSaudamnanuie aglndfumn  sefimsizroainssndrannuiniy

& =0 g s A <
Ao /T agiinulugudiie T 1y «
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oo luuda g(o) Aumeuneumdnd Tasfivwnauazmaannsaiwmseasiy

y ]
A A

wourwvesdyn ) vua|g(w)| szuls ldaumuuag |g(@)| duiuiildnsmme
b4 '

luds do gnSend aulnafamudd (spectral density) uiiiosnn dw/27z fidudeudiu

A oy g A A 2 a ad

M Aniufiuives lg(0)] dw /27 Tefidufivsvunaves |g(@)] Fuiuueudgaauda

(Amplitude density)

o mulasySedvesdaygiulideiios (Discrete fourier transform)

L e

dyanaderiiesiisziuasdeySeddesdimagy (Sampling) 1¥ifudaqrad iy
1 4' ‘:Il o L/ [ dy
Aottlounoiiuewnvoasuda lUf il

A o o ' A A
gaslumsulasySedvesdaanudeioie

G(t)= [gt)e” dt (2.20)
g@)= | f()e " dr , (221)

womladidunisulasiS udvesdyn i lideiioss 18

N-l _j2nux

Gu)=—=> g(x)e ¥ 8=0,12, o.M (2.22)
x=0

n
N

s ~

3 v '
do N fudwouueuda lumsudasnduSedues ey ludedios fie

«
J2mux

N-l Jj2mux
gx)=3 Gaye ¥ ;x=012.......N-1 (2.23)
u=0

Aede nndyanalddediosTugidunue 1 N = 4 Tao o) = 2344} LouRILEYDS

5

o @ ' . ) s o o oy o A A
ﬁm}t}ﬁmﬂdﬂm’smulm‘lﬂmﬂq{sﬁﬂﬁLLﬂﬁQﬂwﬁﬂﬁ‘U@dﬁmiyﬁmﬂ lnﬂﬁ)m@d D



G(u) = Zg(X) = —[g(O) +g(1)+g(2)+g(3)]

x—O
=Z[2+3 +4+4]
=323

d s 1 A
gasmsulasiSodvesdyanudetiiog

H(f)= T/z(t).e-fz’y"dt

h(t) = % [H(f)e"™ do

ﬁﬁsmmﬂmﬂﬁﬂmm mw"luﬁamm

jZ;dbn

H(k)= e Zh(m)e 0

m=0

J2km

h(m) = Af h(m)e VN

nNdADYB Ay him) = {2,344} Hmuauaudvesdayaa

J2rdm

k= 04,2,
;m= 0,12,....

o @

HUU AD N =

Jkm

H{(k)™ Zh(m)e & T —Zh(m)e ”~

m 0 m 0

H{0) = ZZh(nz)

= 110y + B+ h(2) + 1(3)]

FoN

:%[2+3+4+4]:3.25

14



H(l)=— Zoh(m)e 3
4[h(0)e"’° + h(l)e = hQ2)e™™ + h(3)e J;”]
= 120+ 3)+ 41+ 40)
%[2 3j-4+4)]
- 241

H(2)= %23: h(m)e™™
m=0
= V@)™ + e + W(2)e ™ + h(3)e "]

2()+ 3= +41) +4(-1)]

Jj3mm

#HE3) = li:/’z(m)e =

.13” Jj9r

[h(O)e“’O +h(De 2 +h(2Q)e ™™ +h(3e ? ]
[2(1) + 3()) + 4(=1) + 4(- )]

243/ -4-4/]

4>|~4>1-4>

:—2[21“]]

i5



WINZRZUU WOUANDAB

|H(0)|=3.25

1 > > 3
O =27 + @) :g
|H(2)|=|-0.25|=0.25
HOI= @ 0 =§

s < ¢ 5

24.6  nsuUasiseaee1957 (Fast Fourier Transform)

;«j ad A o w ° 24 9 Yd ad o ' a  d 3

dunsuITnIBm UM IumsMwuyised 195 0%eEunnsudasyiSudediasa
s v oo e b 4 vy vq = o o e
Aafu 1Ay AA8 (J.W. Cooley) AUAY (J.W.Tukey) a4 Idtaun 1310l a.a. 1965 nasnmiuh

a [ ad a ' ad ad ad o a =

THiAamsianitna1uitua luitvesgiduasnadsslinmsfutsudadoudios NiogN

' aa =L A o tig Y & ° ° Y
N1 Nﬁﬂﬂﬂﬂizﬂﬁﬁu\‘lﬂﬂﬂﬂﬂ‘ﬁﬂ]iﬁi'N'N%imW'l%LW@ﬂﬁﬂ'lu’Jm DFT ‘Yﬂcl‘}’i\ﬂﬂ Lo

¥
=

o Y a3
R LTN GTE LTI,

@

v Y P = = o o @ [N A < Y
nndeniuaasninsulasseddmiudyga lidoties wrdanaldie
=<

o

a ~ o : ) = ¢ o g a )
TdunsAesiiwind q e msguardiiudarou Faindumunsiouanuaziden 1-2

'
= 1 =

VW o = ° v 2 Sl o 9
w1 Auni ividenarlumsdiman daluaisuaasldiiudeswiuianauideinis 19ms
AU Q7 : . A qw v o a y '
ulaaSodednasd wu N au1a 1024 39 Wald DFT szdosguswauiFadou 1048576 un
& Y] A A >
Wold FFT 9maniies 10240 1119y

O A

nnadenudus ldgasmsutasySod fie

A |
H(k)=—17Zh(m)Wk”' ck=12....N-1]

m=0

o—"

AN



Vit K

ey

At ‘\ﬂm‘"-'hy Mmayavmq}ﬁr’\"\hﬂﬁm%mm,‘,q
of %

SEYFEY I LS N

Shsad i \N—AJJ."LJ

&_, Y‘

M1519 2.1 WSsuifsuiuaumsguangadeusend1e DFT Ay FET

Length of Transform (N) DFT Operations (N°) FFT Operations N log,(N)
8 64 24

16 256 64

32 1024 160

64 4096 384

128 16384 896

256 65536 2048

512 262144 4608

1024 1048576 10240

2048 4194304 22528

¥
a @

va a 1 =) d 1 [~ =
AuaulALazmataggulaisuaoius WAl

wva a Jd
1. ﬂmauummmmﬂaaﬁﬁaﬁ (Motivation to search for an algorithm)

N =N,
H(?-*-/)—H(?—/)

Taeh E(k)vﬂu Complex Conjugate Y99 ﬁ(k)

4=P.2 S2-1

2. MAUATIUIUNIAANITAIUIN (Key to Developing the algorithm)

m=m

Taen

MIUDUABIND

k=k,

-
m =013 v=0.1.....n

7nl

n-l=

-1 ey n= log, N

+m, 2"+ m,

(
2+ m, 2"



Tagh k =050 1Wov=0.1...n-1 1A8 n=log,N
.y o w o o < ~ y a
gus i hm) Hu Srdvvestoyaidusidunygmassilduny him) Hiluevgiudus

22181

h(m)=h_(m 2 e m 2"+ o+ m 2 +my2%)
n=2 1 0

n=1<

= h(m”_l Bl qynsrs TPy 0T ) (2.24)

NANNITN 2.24 32 14N

Nl

o N y :
h ka him \\[ /4 m Wk[m,,_,2""«/::,,_:2”"« wmy 2 em, 2 )
n-1 n-2 0

m=0 my, =0my =0 m, =0

@ ' ~ad A [ o’: c; <
A20019 1UNSBN N=4 130 n = log, 4=2 ATUTUNI5N 2 ]y

I A s
A(7m My ) km,, k(2+m,)
E Bl T . E {h(0.m )W ™" + h(1.m,)W )
my,  ny m,

g )
- Zh (0. my W " + Zh(l.mn Yo7 KLz

m, =0 i, =0

= 1(0.0) + hODW* + h(1LOW ™ + h(Lyw (2.25)

FaluaunIsn 2.25 318N

zl: ZIZ Z(m,.m“ e Z h(m)W ™"

ny,ooony m=0

v
=}

' - v &
d10813n135111 11 s uens@fi N = 8 iuiuguiosaulumsesursvuiunisves FFT

v

=
HAD

e

st .
H(k):—Zh(m)W“” (2.26)

m=0

lay k=0.1.....7



: 2z 2=
Wo W=e 3 =e *  uaus1lim @vueglugtinvgiumes fie

m=m,2> +m 2" +m,2°

1INAUNTT 2.26 191 8 o AnoAe 18

8H (k)= i h(m)w*™

m=0

2 A = 3L\ ¢ Yt
Wewlaunenmeynievesaunisd 6 Ideglugilvesavgiuass 9zl

W T 1=
BH(K)= D> > h(m,,m,,my yw*lm*2mm]

{ y I~ Y
MINAUNsi 2.29 15119 M3z wwaLIn (Summation) ugaifu m, 1fude

1
poe 7 kdnm,
M, E E h(m,,m,,m, )W

my =0

v oA 4 4 s/
LALUBNN W =-1 Laginu k mmamgmﬁawﬂﬂ

.
M, = Z:h(mz,ml,m0 Y A (ke 2k vk )

ny =0

udogan (=)™l 21 v gansa@euTnaidiu

1oy 22
- = Z/z(mz,ml,mO IS ikl i

n, =0

19

(2.27)

(2.28)

(2.29)
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' ¥ '
MSSINAUINYBITUNIH 2.30 (Wunsunud m, 20 0 uag 1 Fariuaunmsi 230 WM

' ¥
wdsiiluinsiwsiifie ky, m,. uag m, Fafu M, ol 18y

K -
M, = Zh(mz.m,_,m0 )(=1)" ke 2hivka] h(ky,m,.m,)

ms =0

UNUMEUMT 2.31 a9 luauns 2.29

| sl
8H(k)= Z Zh, (kom,.my W 2 gy ko

My my =0

. ¥
a a < <
MsswRALINgA luve UM 232 srauy@ldidu M, Tude

ME
Z b (kyom, . m, )W 2

ny=

. __
Zh Y4 177| n70 )( /)( 2ky kg 1

my=

, : ” _/1,72
lagnoinaunsh 233800 W =e ! =—/  uazmou (=) =

@

Ay M, would Inudly

I, ==

/W] - Zhl(k()~/77,./77“ )(—-/')‘2’41 ~ ko

m. =10

(2.32)

VINAUNTT 2.34 dovmsutsem M, v ouaz 1 muumam M, seidlususues k.. k,

waz m, dufeaunis 2.34 Saneindy

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

(2.35)



[39)
-

unu 2.35 aslu 231 9214

7 —_—
8H (k) = th (kOamnmo)Wmokl

m=0

. . v
Twiewendy M, uaz M, deold M, Huwanis saumaunvessi M, vufe

Lo =
My =Y hy(ky, ky,mg W ™t s2k ko]

my =0

[k 42k +ky Imy
L ) (2.36)

L — 1
= Z/ZZ(kO:kh’nO)
my=0 ‘\/5
[ o [ 9/ 1 I v & 3/
nasnnimsulsa M, "liJumfaz'wmwMo Wuileiduves ko, k, 1ag k, U190 UNUA Y

My =y (ko k, k) 237)

AYUUNINTUNITN 2.29 15192 18R 1mB 13

8H (k) =8H(ky, ky, ko) = hs(ky, ky, K, ) (2.38)

VNTYILANT (=1), (=) wag (1— )/ 2 sundiiszdiusines e thues ndde

4 5 5 o
(=D,(=)Huaz (1- /)/~2 Hus1ndi 2.4 uazhl 8 ¥o4 unity Fune ddydnyalunudae

o g
Ay=e ¥ 1o r=12,...log, N (2.39)
lay 4, wzfinuauiafe
N ; _px
() A, =Ww? o W=e © (2.40a)
(i) (A4)" =—(4,) (2.40b)

o r=12.. lo@2 N; /=0, 2"

2‘ :2r~|
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N .
Gii)  (4,)? =1 (2.40¢)
INETUNIT 2.31 voueglumey h 218
hy (kg.m,.m,)= Zl;(ko,m, g ) A,
Tufo
h_,(k(, My RN Z(O. m,,m,)+ ;1(1, m, . .m, )Azk" (2.41)
aumsfi 2.40 floeen luiifly 0 i | v ldnmunaza 1y 4 aunisie
caseﬁ' 1 k440 (2.42a)
71(0.0.0) = (0.0.0) + h(1.0.0) = h, (0) = h(0) + h(4)
hi(0.0.1) = H(0.00) + A(LO1) = h (1) = (1) + h(s)
71(0.1.0) = 7(0.10) + h(1.1.0) = & (2) = h(2) + h(6)
A (0.11) = AO.L1) + h(LL1) = &, (3) = h(3) + h(7)
case 71 2 Iy =1 (2.42b)

R1(10.0) = h(0.0.0) + A4, h(1.0.0) = By (4) = h(0) = h(4)

((LO1) = A(0.0.) + Ay A(1LO1) = A (1) = A(1) —h(3)

>0 S S

1 (LLO) = (0.1.0) + A, A(LLO) = 4, (6) = h(2) - h(6)
(LLD) = AOL1) + A, ALY = by (7) = h(3) = h(7)

o A o I Y1
AUNITN 2.34 LNy (=) oy /14 i]‘éiulﬂ'g']

hy(ky.m, . m,)=h (ky0.m, )+ h (ko domg)A, 't
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[

k4
NS fixed 1 k, . &, WdIMIIls m, Tlidazasees 14 2 aumsded de

case 1 1 (k, .k, ) = (0,0) (2.43a)
12(0,0,0) = £1(0,0,0) + 71 (0.1,0) = &, (0) = h, (0) + A, (2)
h2(0,0,1) = A1 (0.0.1) + 7y (0.1.1) = hy (1) = b, (1) + A, (3)

case 712 (k,.k,)=(0.1) (2.43b)
ha (1,0,0) = 71 (1,0,0) + A, i (11.0) = hy (4) = hy (4) + A, h, (6)
ha(L0,1) = A (LO1) + A, 7 (LL1) = hy (5) = b, (5) + A, h, (7)

case 1 3 (k,.k,)=(10) 4 (2.43c)
h2(0.1,0) = 71(0,0,0) + A 11 (0.1,0) = 4, (2) = b, (0) - b (2)
R (0L1) = (0.0.1) + A2 7y (0.11) = hy (3) = h, (1) =, (3)

case 14 (k, .k, )= (L1) (2.43d)
h2 (LL0) = A (1,0.0) + 4] A1 (11.0) = Ay (6) = h, (4) — A, b, (6)
Ry (LL1) = By (L) + A (LL1) = Ay (7) = By (5) — A,k (7)

- g b, w2 D ; s e o = 5 5 ek
AUNISN 2.43a D4 2.43d Lﬂumsmqﬂ (iteration) ATIN 2 mgﬂ‘n 2.9 lagNIsHINITNIH ATIN

N

> 41 fAeluaunisi 2.39 uum

Tufigaaums®i 2.37 sudoumdulszanslumenves Agvz1a

By (kg kg ky )= hahky K, 0) + ho (ky ok, 1) A 20k

Fevz g ._

case N 1 (k,.k,.k, ) = (0.0.0) (2.44a)
13(0.0.0) = £2(0.0.0) + h2(0.0.1) = h (0) = , (0) + &, (1)

case 12 (k.. k, .k, )= (0.0, b (2.44b)

h(OO) h2(1,0,0) + 4, (1.0.1) = h,(4) = h, (4) + Agh, ()
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case ‘71 3 (ky ki k,)=(0.1,0) (2.44c¢)
h3(0,10) = £2(0.0,0) + 43 (0.11) = h, (2) = hy (2) + AZh, (3)

case 14 (k,.k,.k,)=(0,L]) (2.44d)
h3(L10) = A>(L10) + 43 A2 (LLI) = hy(6) = h, (6) + A2 h, (7)

case ﬁ 5 (ky ki k,)=(1.0,0) (2.44e)
73(0.0) = £2(0.0.0) + A3 72(0.0.1) = hy (1) = by (0)— AP (1)

4

% r S N \| 17/ N & o g
aumswmﬁmsﬂ%ﬂmﬁwmm H(7+1)=H(7—1) HUIBI INIBI INAUNITN (41)U

v E4
o o

< ot A & o e
nJu AIINMIPI ATIN 3 UUAD r =3 611‘!?[111’11:71’1 35 HULDY

Tungase I

hs (0) =8.H(0)
hy(4) =8 H(1)
hy(2) =8H(2)
hy(6) =8H(3)
ho(1) =8 H(4)

@ H(5). H(6)uaz H(7) I@nngaiauiiania Complex Conjugate #3081 1m0 9wy 1
BH(S) = hy(5) = hy (4) — A, B, (5)
BH(6) = (3) = by (2) — A2k, (3)

8H(7) = hy(7) = hy(6) = A hy(7)

VINAUMITN (38).(39) 1Az (40) 921871 Signal flow graph N =8 fip



h(O)\ h,(0) h,(0) h,(0)
h(1) \\\// h1(1)>0< h2(1) h3(1)
N N >
h(3) h (3) h (3) h,(3)
h(4) h (4 h,(4) h,(4)
h(6) / \ h,(6) /\ h,(6) >< h(6)
h(7) h (7) h,(7) h,(7)
i 2.9 Signal flow graph N=8
81 {h(m)}={1,2,1,1,3,2,1,2} 1% H(K)
h(0) = 1 h,(0) = 4 h(0) = 13 V8 s HO)
h(1) = 2 h(l) = 4 hy(1) = -1 >1/8—>  H4)
h(2) =1 h(2) =2 h(2) = 2+ —-1/8— H(2)
h(3) = 1 h,(3) = 3 hy(3) = 2+ —>1/8—>  H®)
h(4) = 3 h(4) = -2 h4) = -1.293+j0.707 o188 H()
h(s) = 2 h,(5) = 0 h(5) = -2.707-10.707 >1/8—>  HGS)
) = 1 h,(6) = 0 hy(6) = -2.707+j0.707 >1/8>  HQ)
h7) =2 h(D=-1 K7 = -1.293-j0.707 >1/8—>  H()

25

(1/8)H(0)

(1/8)H(4)

(1/8)H(2)

(1/8)H(6)

(1/8)H(1)

(1/8)H(5)

(1/8)H(3)

(1/8)H(7)
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2.5 ngEHNISYNTeYaIl (Sampling of continue signal)
msefinsdawavesdyauueuzasavdsnnmandow lludyanadiaoaudae
mmsmﬂﬁ'ﬂ%‘lf’fdwmm‘ﬂummﬁm‘luz%ammﬁn%‘aa%mahammﬂm%ﬂ?m’ UAZITYD

U [ a ddo v w4 csv
nanmeduvdlunsadiacmnansndngydade 11

14
bR

a 8 @ 1 a P=}
nnnsulasfSeivesdyyuuouzasn x0 wuwasg Tawuarwd 188l

a

xGQ) = | w0 a (2.45)
x(t) = I j x(j Qe (2.46)
2%,

Ny x(t) Qneudaaa(samplingA2052e2ifuYea T-seccond 110 -o 59 +a

Y v
Tyanaiifennediudyanafieai@ouunu lao xm vie <
7 ' T 3 (2.47)

nndreuulngerdoeimuiiAnes Delta function wielfmismwes  misutlawfSied

v
Anoa 1519z 1enadsaumsae luil
a 1 N
Zx J=(@+27r) (2.48)
T
i@ = ‘' @ o aa &£ g Pl
nNauMs x(€) A maaasuvosdynnuAtaen  FeReciaudunasiue

[ (2 c{ o [ :/’ 1 < 1 [ =
alaeiuvesdyanauouzann X(Q) A UMUSdd r=-a i¢ +o laoudasanlaasy &

seEvafuYIIA 2 7 dauerasTug i 2.10
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R s

\,\/\/}\/—\,\‘ Fourer iransform | )
: g /I\
=97 -6T =3T 0 3T T ST -1 (20 (9]
Samplell Eq 11.29)@
xtn) Lxier-.

Fourier transform

of sequence AT
1l : A
P 52 3 'T'!\'j ]“’T'Y\-rh o, ; : P
=6 =3 0 2 6 9

-9 G n =F f ‘ s It 3r 4n w

N 210 uanstaanlaniuvesdua nuouzasnuaziiaea

. .S At %
mﬂgﬂwmuﬁﬁmmaﬂﬂm%“:Jﬁumswmﬂmaﬁﬂzumscﬁﬁaﬂummﬂ 27 dwald
AuBvesTaY M HoUzaenBumTvzIIMsdudyia s eimunnt £ 18 dufiams
i 14 " ¥ d.
ATARAUALAIMNDIZITAIAIY @Iy © = QT WedvuRuununITyEY0s HOULABN) 13D

MY03 Q7 <7 nivvz@oudnodeld de

o (3

HufeaudveIMsqudyaudyar (1) vedeaNAnNNNIANLATIEdudy

oo

) ' v A4 A pigya v & o e Sy v
Wuaeui (edadon) iiefies WilhAamsdoumdon (Overlab) vosmlaniudyarunld
g = k2 d' Y i q Y ' o = (3
uaaslugy 2,10 wsizminifansdeumasuuds vedana 1 luasaniinisAundy

o é’ PR & i e = rj/ o o
(Reconstruet) deygraniudumnld didlumawaniiaiwi lufidwmivesmn b 1wy

v o

= ' < v o 9 [ ' aa °
ﬁ@\ﬂh?d%ﬁﬂﬁ@ﬁ“ﬁ)ﬂ%ﬁ@ﬂ@g ﬂLWi'IWIENﬂ'lﬂﬂﬁiyfy'Iﬂl1131’8Q1u‘hiﬂ%@dﬂ’l'luﬂﬂﬁ"llﬂﬁﬂﬂ?ﬂﬁ

=) (3 % (%

AunauFyunauin 1diuss

' Ed
a = ° ! <

vnmginauivesdyyaduwafivsimdudyananiuinIdhisy 718 was

q 3 2o

2 8 &N = ° s o o

dyanumuidudya ssdesdinuduaeunvesduiasunariliag quiy I

o9 3 3

A3

;4
<K

P < L4 [ ' o aa an
Asvzegh 27 wieuiaguinmweanlans i vewsas mansufifaiy HinauLE
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P ' o o q’: a1 [ ;’f @ ] a a 3 =
anudlunsdudyaadyananiuiisuiiu 6 KHz daiu alansy wRefadnasid 12
KHz uag 18 KHz uaz mmuaa"lﬂmuamu uazdyauduna lunlseiiu 3 KHz
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dmlums umﬂujf,ymﬂuﬂaumumsmwmmﬂqu Ao 9n3UR 2.10 azuN
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o A v aa & a [ a d?l o :: @ oA kY Y
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Filter) M1Y1MSIDDNIRURNIEY NANUDFUAAT UL AIN1ITU (-Q9+Q)

x(GQ)= ,Q, < (2.51)

{T.X(e "“Nw = QT P
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c’j S o a Jd o < [ < o
MR ImMsudaeysiosady ﬂﬂﬁmﬂi‘umﬂa (Scale) Ay naz lAdayaIn

<

a 4 o ]
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minguinaumsteuniudumstwenfeduann x@ Aldnnmsuinfuves
o g @ Y ¥ . 1 I~{ . o 3
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' ' v
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+
sin (w¢/T)
/X(O) ﬂf/T
~} Ty
+ l sin (7 (+—T)/T)
A D)= =T
T t
+ ) sin (r(t—2T)/T]
T WX ONYe—zDIT
2P 4
= 3y SR (r (1 =37/ 7]
ST
3T t
sin (a(t—4T)/T)
4= MO Ed—arT
Ax ()
/\/ W I
1 +

=T 0 T 2T BIR4ETY L

<=
~ g
in}
~ &

I

Csin (n(t—=nT)/T)

x(n) n(t—nT)/T
e x(0)
x(—1) (1) ] x(4)
I I X(}‘) X(S) I
-1 0 ! 2 3 4 =T 0 T 3F 3F 4T !
ta) Sampling (b) Reconstrucuon
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k. s ot
Sampling A20ANUAM Sampling ﬁmn'nuaqq
X[n] r
, ' mi'y ' l \ S
1 234 (AT 8 n
W2 Output HA3 Sampling
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v ] td
v @ A

= 1 1Y o = = i Y
AauAAND 3 KHz 151lennsvzqudygadyanuiidienuiediaiss 6 KHz

[

M30UUIAMIINY 2 Sample/sec azdmins Iimvesmsqudyaaunua1Aie T (Sample

o

interval) 15109z suTUNIS 8 1ddnAD
T = 1/2f, (2.54)
niodouldBnlugies Q (Faelddredaunuanudlumaneuzaon) 1Ry
Q= 27f,=2% radian/sec (2.55)
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a L4 @ ] ] [ 1A asSa '
Waws idaTudeeaudeguSrevesdygianlunouil lugdvemsildhiianmddunalugag
4 g = = o v o
20 KHz-3 KHz Tao 1, sziflugafidunnuiiqege 15mden (Plot) Tasldmmizszauany
@ [ z dyv (R 7 =< @ 0 1 9 < Y
gavesdgyraiiuneutdslu ldyaduravesdygrauaedisla lugdaziiulaian
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dyanandumlaniuuuuilsndug (even function) Funaldihguiinnudnieduauiiiy
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anugavesdaanuilu A uaza Il Q radiansec ansaiou 18y
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Llﬂﬁ']ﬂlﬂaﬂﬂ’ﬂllaﬁﬁﬂ'EJVlﬂﬂﬂﬁlﬂﬂﬂiNilﬂ\?ﬂ’ﬂllﬂﬂi)Z‘UUUL%’IM”I%ﬂ"U'IﬂNa‘UOQﬂ'NNﬂ

[l @

' " ' ' ¥
qudyanunanns Mldiiamsdeumasuvessaasuanud  fwaaslugih 2.13 (@) W

q

=

Ao lewsahimsulasdygaiuguouzasnld uaslasdndudminisigudaaiu
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Low pass filter
®) ] /\/\ | /\/\ |
3 45 8 11 12 13 16 19 KHz
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3 6 9 12 15 18 21 KHz
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= "o o o ] o 5 a9y =
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Binary codes 100 100 110 110 111 110 101 100 011 011 G10 010 010 010
Errors l . T l ¢ T 1 - T T T T

U7 2.14 uansderanannnmsgudygy o

Binary codes 011 016 o 100 010' 001 o010 610

Sample values

(a) '
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(b)

Output analog
(c) t
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1%7\11731‘1158115@179]ﬂ!ﬁ%ﬁt’]ﬁ!ﬂuummﬁaﬂ (Digital 10 Analog converter @ DAC or D A)



a 9 ' Y 4 Sy ag y
Unfis191929939109 Aensaemdudusud( Zero-order-hold ) 130N3INANIUTD  Sample-
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g1 lsAneesnsesdediimnindimeny finsounquatiudnigdesnsd
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o § = ¢ o o = ' : : : : .
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G1AVIOIANA y(n) VINAAUBUNA x(n) A9 ﬂﬁ 2.16
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wesdsudyyie DA vSuday s duBunadueiInsrEady e Frade
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4 a & P =
iefinsanielnseasd1e AD - 2950309 - D/A Fauasi3lugdl 2,18 Tagasasulden Ap

m”lﬂumuumamwmﬁmmmmmmlw szAuRmInUAUNaeTIaaIdIfUvee x(m) 14

i

x(1) = X, (t) oy = x,(nT) , (2.57)

o

2995n509AaNT A N3] (discrete-time filter) 14 M laenmssuduao x(n) Wnluy

oo

A

LWEW]”IﬂﬁﬁGﬂWﬂULB']ﬂWﬂ y(n) ‘;Ifxi\lﬂﬂﬂ!,ﬂﬁﬂutﬂu mmﬂwmmum y,(t) N'ILWIN’N‘U?

L‘lJﬁUUETiUUﬂJUWiuﬂ Wamﬂmmusaaﬂ

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

Discrete-time

A/D filter: D/A

Xn(t) Converter (i unit sample Converter

response h(n)

7171 2.18 Thseerths A/D - discrete-time filter - D/A

Y ¢ '
dmiugaanineludmliNems NS ABAUBINNA (frequency response) B4
] " e s
VINTDIUBULDRATUYAY (equivalent analog filter) Fauaas i ludurlszagdl 2.18 718
nMymanuznsaeudusdiaiuanedmivszuyTnes e lanfuwesd  (sinusoid) weq

44 2 : ” 4
At muaiiiu Q, Faleonh 7/ 7 weadlddaunist
x(n) = Acos Q¢ We Q, <x/T (2.58)

ioru9esasu A/D udusee 18 xm) iy

[N

x(n)=x,(nT)=AcosQnl = Acos[(Q,7)n] = Acos wyn (2.59)
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& 1w 9 = [ A aa P 1 [=P=¢ [ % T
we @, vy Q.7 ldgnSeni mmamﬂaamatm"liﬂﬂwmwaauu%zagiu

. s At a G 4 IS 3
radians/sample ﬁmuzmauamwﬂ y(n) ‘VIN'IH’Ni]iﬂiﬂdﬂﬁﬂiﬂllVliJ’c'T"liJ'liﬂL‘UEmulmﬂu

Vs (1) =|H(€™ )| gy COSI(Qu T ) + arg H(e™*)

] (2.60)

w=0,=Q,T

' ' Y
YA v, (1) Ffuroue Idedumuysaindinnimunsestlieu DA Tuaus @y

aums 1y

v, (0)= AIH(efQ"T )} cos[(Q,7 +arg H(e’*" )] 2.61)

Yy 9y
Qs

= a . a 9 J’QOT
MUBUIAYDWeNYAYA (amplitude) WarsRu1lADIn ,H(e )l wazia (phase)

= JT g 2 a . ¥ W4
awsogaulasulae  arg H(e ) AWMAU LNAUIA (magnitude) "l,ﬂgnmﬁuﬂiﬂams
o 3 daa Jo A P a
AMUIUAMMIADUAUNANUAAWED H(e ) N 0=Q,T “lugﬂw 2.19 LUNUAYDINS

4 | 2 [ -
ABUTNBIATIURULRBNAUYaluee AT A/D - H() - D/A Gendnetusumauosnts

s i ¥
ABUTUDIANA T IAgnMaTudmIueesnsesfansa'lnyg UAZNITNTDUBUT ABNAUYAT

AH H(Ci”) |
Discrete-
- i ) time
\Pen'odic / \ /\ /\ filter
-7 wy ® 2a 3n 47 P
L (A4, (il
Aliased
B LR \
|
i e, I Equivalent
t _.a\_liisid_ L . =) ! analog
. ' f \ A \| /\: filter
Penodic ; \ e e °
; / N / AN
\ ; LN / HEAN
N h R R TP AL 2z pae N L
_" Y %o x {2z 37 47 £
T Tl 17 \\ T 7
2aT-9,~ “ Q2T Q+ar T

31U 2.19 NIADUAUBIANNANITNIDIO U A NIy A

AMSVIATNAS MUY A/D - 19950509 - D/A



39

dﬂ 4 o o P u’/’ < = "o o =
UoanNIINY Lﬁawmsmﬁnﬂgﬂ‘w 2.16 aﬂﬂiwzmu’nmai]Sﬂﬁaaumawnauwﬁ‘lﬁmumunmamgm

[l o

' = ' < & o da a a ' & a .
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Fezneliinansdoumaon vosmlansudaanald sinszEoanisfadeumaeniii
“Aliasing™  WasadwmMlangndeumaey1dningiUf 2,19 uaziSenieesnsesidestu

i4 . .
MINABINITUI “Anti-aliasing filter” @Td'ﬂ“lﬁlﬂaﬂmmmé'ﬂuﬁawmmsquﬁaﬁym
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199

Yo g

luiogiiu 18Tidiiands TMDS3200031 DSP Starter Kit 38n6871 DSK voufinda oy
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aaguuidund e e liindny dneenuuy IAnaaasnylday

3.1.2 szuufivesa DSK deans
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3.1.3 S18aLR8AURIVDSA DSK
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4 o aa a”d ya = o
vesalszuanadynntaeatiusuinldsy c3x DSk Tanuaiuiselums
= . = = a a ad =

Uszunanamagansilon (floating point) finnudusuida 20 Alada  uazd TLC32040
wwrsesiFeudomaueuzasndelinnuamsalunisnsrvasudefanatnves sunsy

a d [l a & d‘
(Debugger)  YoyauouzasnnuABURALAZIDIRNA 1T TLC32040  Taoninus
wyillavesdygnamewaentzdusuiaduuig 14 9a  hanudisnse 20 AlaE<e oy
! s < a 2 a a a o o TR N 2L a < = g v
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Figure 2-2. TMS320C31 Block Diagram
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Figure 2—4. Central Processing Unit (CPU)
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DSK Hardware Interface

Figure 4—1. TMS320C3x DSK Functional Circuit Diagram
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by using a lower supply voltage or by heatsinking the
regulator.
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DO NOT ELECTRICALLY CONNECT THE HEATSINK TABS TOGETHER.
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TLC32040C, TLC32040l, TLC32041C, TLC32041l
ANALOG INTERFACE CIRCUITS

SLASO14E — SEPTEMBER 1987 — REVISED MAY 1995

functional block diagram
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Transmit Section
A A A

m <>

F RESET
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Terminal Functions

TERMINAL
NAME

NO.

110

DESCRIPTION

ANLG GND

17.18

Analog ground return 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
replace the IN+ and IN— inputs. If the bitis a 0, the IN + and IN - inputs are used (see the AIC DX data word
format section)

AUX IN -

23

Inverting auxiliary analog input (see the above AUX IN + description)

DGTL GND

Digital ground for all internal logic circuits. Not internally connected to ANLG GND

DR

DR s used totransmit 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

DXis used toreceive 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 signa:.

EODR

O

End of data receive. See the WORD/BYTE description and the Serial Port Timing diagrams. During the
word-mode timing. EODR is a low-going pulse that occurs immediately after the 16 bits of A/D information
have beenr transmitted from the AIC to the TMS320 senal port. EODR can be used to interrupt a
microprocessor upon completion of serial communications. Also. EODR can be used to strobe and enable
external serial-to-parallel shift registers. latches. or external FIFO RAM. and to facilitate parallei data bus
communications between the AIC and the serial-to-parallel shift registers. During the byte-mode uming.
EODR goes low after the first byte has been transmitted from the AIC to the TMS320 serial port and i1s 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

"‘9 TEXAS
INSTRUMENT

FEICE BOX 0553034 ® DALLAS TEXA



TLC32040C, TLC320401, TLC32041C, TLC32041I
ANALOG INTERFACE CIRCUITS

SLAS014E — SEPTEMBER 1987 — REVISED MAY 1995

Terminal Functions (continued)

TERMINAL

NAME NO.

l[e}

DESCRIPTION

EODX 1

End of data transmit. See the WORD/BYTE description and the Serial Port Timing diagram. During the
word-mode timing. EODX is a low-going pulse that occurs immediately after the 16 bits of D/A converter
and control or register information have been transmitted from the TMS320 serial port to the AIC. EODX
can be used to interrupt a microprocessor upon the completion of serial communications. Also. EODX can
be used to strobe and enable external serial-to-parallel shift registers. latches, or an external FIFO RAM.
and to facilitate parallel data-bus communications between the AIC and the serial-to-parallel shift registers.
During the byte-made timing. EODX goes low after the first byte has been transmitted from the TMS320
serial port to the AIC 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.

FSR 4

Frame sync receive. In the serial transmission modes, which are described inthe WORD/BYTE description.
FSRis held low during bit transmission. When FSR goes low, the TMS320 serial port begins receiving bits
from the AIC via DR of the AIC. The most significant DR bit is present on DR before FSR goes low. (See
Serial Port Timing and Internal Timing Configuration diagrams.) FSR does not occur after secondary
communication

FSX 14

Frame sync transmit. When FSX goes low, the TMS320 serial port begins transmitting bits to the AIC via
DX of the AIC. In all serial transmission modes. which are described in the WORD/BYTE description. FSX
is held low during bit transmission (see the Serial Port Timing and Internal Timing Configuration diagrams).

IN+ 26

Noninverting input to analog input amplifier stage

IN— 25

Inverting input to analog input amplifier stage

MSTR CLK 6

Master clock. MSTR CLK 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 Internal Timing Configuration
diagram shows how these key signals are derived. The frequencies of these key signals are synchronous
submultiples ofthe 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).

ouT + 22

Noninverting output of analog output power amplifier OUT+ can dnve transformer hybrids or
high-impedance loads directly in either a differential or a single-ended configuration

OouT - 21

Inverting output of analog output power amplifier. OUT - is functionally identical with and complementary
to OUT +

REF 8

110

Internal voltage reference for the TLC32040. For the TLC32040 and TLC32041 an external voltage
reference can be applied to this terminai.

RESET 2

Reset. Aresetfunction is provided to initialize the TA. TA. TB. RA, RA" RB, and control registers. This reset
function initiates serial communications between the AIC and DSP. The reset function initializes all AIC
registers including the control register. After a negative-going pulse on RESET. the AIC registers are
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", are reset to 1. The control register bits are reset as follows
(see AIC DX data word format section):

d7=1.d6=1.d5=1.d4=0.d3=0.d2=1

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

SHIFT CLK 10

Shift clock. SHIFT CLK is obtained by dividing the master clock signal frequency by four. SHIFT CLK s used
to clock the serial data transfers of the AIC. described in the WORD/BYTE description below (see the Senal
Port Timing and Internal Tming Configuration diagrams)

~I

VDD

Digital supply voltage. 5V =5%

Vce+ 20

Positive analog supply voltage. 5V =5%

Vee- ) 19

Negative analog supply voltage. -5V =5%

{'{’ TEXAS
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TLC32040C, TLC32040l, TLC32041C, TLC32041
ANALOG INTERFACE CIRCUITS

SLASO14E — SEPTEMBER 1987 — REVISED MAY 1995

Terminal Functions (continued)

TERMINAL
/0 DESCRIPTION
NAME NO.
WORD/BYTE 13 WORD/BYTE, in conjunction with a bit in the control register, is used to establish one of four serial modes.

These four serial modes are described below.

AIC transmit and receive sections are operated asynchronously.

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

1. FSX or FSR is brought low.

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

3. EODX or EODRis brought low.

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

6. EODX or EODR is brought high.

7.FSXor FSR is brought high.

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

1. FSXor FSR is brought low.

2.0One 16-bit word is transmitted or one 16-bit word is received.

3. FSXor FSR is brought high.

4. EODX or EODR emits a low-going pulse.
AIC transmit and receive sections are operated synchronously.
If the appropriate data bit in the control register is a 1, the transmit and receive sections are configured to
be synchronous. In this case, the bandpass switched-capacitor filtar and the A/D conversion timing are
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 AIC FSX and FSR timing are identical during
primary data communication: however. FSR is not asserted during secondary data communication since
there is no new A/D conversion result. The synchronous operation sequences are as follows (see Serial
Port Timing diagrams).

[ Serial portdirectly 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): o\~

1. FSX and FSR are brought low

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

3. EODX and EODR are brought low.

4. FSX and FSR emit positive frame-sync pulses that are four shift clock cycles wide
5. One 8-bit byte is transmitted and one 8-bit byte I1s received

6. EODX and EODR are brought high

7 FSXand FSR 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 follows (see Serial Port
Timing diagrams):

1. FSX and FSR are brought low

2.0ne 16-bit word Is transmitted and one 16-bit word Is received

3.FSX and FSR are brought high

4 EODX or EODR 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-parallel shift registers Interfacing the AIC to
the SN74299 shift register aliows the AIC to interface to an external FIFO RAM and facilitates paraliel data
bus communications between the AIC and the digital signal processor. The operation sequence Is ine same

as the above sequence (see Serial Port Timing diagrams)
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AIC DR or DX word bit pattern

A/D or D/A MSB,
1st bit sent 1st bit sent of 2nd byte AID or D/ALSB

Y

T T T H T
"D15| D14 D13] D12| D11 | D10 D9 [ D8 | D7 | D6 [ D5 | D4 | D3 [ D2 | D1 | Do |

H -

AlIC DX data word format section

415 |14 |13 [ d12 a1 [ c10 |d9 [d8 [d7 [ds [ds [aa [43 [d2 [d1 | do | cOMMENTS

primary DX serial communication protocol

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

converter register and RA register values. The TX and RX counter Bs
are loaded with TB and RB register values.

«d15 (MSB) through d2 go to the D/A - ] 0 1| The TX and RX counter As are loaded with the TA +

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

counter Bs are loaded with TB and RB register
values. Bits d1 = 0 and d0 =1 cause the next D/A and
A/D conversion periods to be changed by the
addition of TA” and RA  master clock cycles, in which
TA and R/A can be positive or negative orzero (refer

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

counter Bs are loaded with TB and RB register
values. Bits d1 = 1and d0 = 0 cause the next D/A and
A/D conversion periods to be changed by the
subtraction of TA and RA" master clock cycles. in
which TA and R/A’ can be positive or negative or zero
(refer to Table 1).

«d15 (MSB) through d2 go to the D/A = ] 1 1 | The TX and RX counter As are loaded with the TA
converter register and RA register values. The TX and RX counter Bs

are loaded with the TB and RB register values. After
a delay of four shift clock cycles. a secondary
transmission immediately follows to program the AIC
to operate in the desired configuration

NOTE:

Setting the two least significant bits to 1in the normal transmission of DAC information (primary communications) to the AIC initiates
secondary communications upon completion of the primary communications.

Upon completion of the primary communication. FSX remains high for four SHIFT CLK cycles and then goes low and iniates the
secondary communication. The timing specifications for the primary and secondary communications are identical. In this manner. the
secondary communication. if initiated. is Interleaved between successive primary communications This interleaving prevents the
secondary communication from interfering withthe primary communications and DAC timing. thus preventing the AIC from skippinga DAC
output. In the synchronous mode. FSR is not asserted during secondary communications.
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secondary DX serial communication protocol

x x| toTA régister —|x x| «<toRAregister | 0 0 [d13 and d6 are MSBs (unsigned binary)

X | < to TA'register - | x | < to RA' register —| 0 1 |d14 and d7 are 2's complement sign bits

x | «to TBregister — | x| «to RBregister — 1 0 |d14 and d7 are MSBs (unsigned binary)

X X X X X X X X d7 d6 d5 d4 d3 d2 1 1
14 Control > d2 = 0/1 deletes/inserts the bandpass filter
register

d3 = 0/1 disables/enables the loopback function
d4 = 0/1 disables/enables the AUX IN+ and AUX IN - terminals
d5 = 0/1 asynchronous/synchronous transmit receive sections

d6 = 0/1 gain control bits (see gain control section)

d7 = 0/1 gain control bits (see gain control section)

reset function

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

INITIALIZED
REGISTER REGISTER
VALUE (HEX)
TA 9
TA 1
- B 24
RA e}
RA
RB 24

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

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

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

TLC32040/
TLC32041

B
Vees [ 4 8V
<200 k)

RESET ®

0.5uF
Voo [—g- _5V
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power-up sequence

To ensure proper operation of the AIC, and as a safeguard against latch-up, it is recommended that a Schottky
diode with a forward voltage less than orequal to 0.4 V be connected from Vo —to ANLG GND (see Figure 17).
In the absence of such a diode, power should be applied in the following sequence: ANLG GND and DGTL GND,
Vce-. then Ve« and Vpp. Also, no input signal should be applied until after power up.

AIC responses to improper conditions

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

AIC register constraints

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

O© 00N O WN =

. TA register must be 2 4 in word mode (WORD/BYTE = high).
. TA register must be = 5 in byte mode (WORD/BYTE = low).

. TA register can be either positive. negative. or zero.

. RA register must be 2 4 in word mode (WORD/BYTE = high).
. RA register must be = 5 in byte mode (WORD/BYTE = low).

. RA register can be either positive. negative. or zero.

. (TA register = TA' register) must be > 1.

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

. TB register must be > 1.

Table 1. AIC Responses To Improper Conditions

IMPROPER CONDITIONS

AIC RESPONSE

TA register + TA register = 0 or 1
TA register — TA register = O or 1

Reprogram TX counter A with TA register value

TA register + TA register < 0

MODULO 64 arithmetic is used to ensure that a positive value is loaded into the TX counter A. 1.e.. TA
register + TA register + 40 hex Is loaded into TX counter A

RA register + RA  register = 0 or 1
RA register — RA register = 0 or 1

Reprogram RX counter A with RA register value

RA register + RA' register = 0 or 1

MODULO 64 arthmetic is used to ensure that a positive value is loaded into RX counter A 1.e.. RA
register + RA register + 40 hex is loaded into RX counter A.

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

The AIC is shut down

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

The AIC serial port no longer operates

TBregister =0 or 1

Reprogram TB register with 24 hex

RB register = 0 or 1

Reprogram RB register with 24 hex

AIC and DSP cannot communicate

Hold last DAC output
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absolute maximum ratings over operating free-air temperature (unless otherwise noted)t

Supply voltage range, Voo+ (see Note 1) . . .. -03Vto15V
Supply voltage range, Vpp . ..o -03Vto15V
Outputvoltage range, Vo ... oo -03Vto15V
Inputvoltage range, V| ........ .. .. -0.3Vto15V
Digital ground voltage range . ............... ... ... -03Vto 15V
Operating free-air temperature range TA TLC32040C, TLC32041C .. ... ... ... .. ....... 0°C to 70°C

TLC320401, TLC32041 ... ... . ... .. .. .... —40°C to 85°C

Storage temperature range, T4

Case temperature for 10 seconds: FN package
Lead temperature 1.6 mm (1/16 inch) from case for 10 seconds: N package

—-40°C to 125°C

260°C
260°C

1 Stresses beyond those listed under “absolute maximum ratings” may cause permanent damage to the device. These are stress ratings only, and
functional operation of the device at these or any other conditions beyond those indicated under "recommended operating conditions” is not
implied. Exposure to absolute-maximum-rated conditions for extended periods may affect device reliability.

NOTE 1: Voltage values for maximum ratings are with respect to Vg .

recommended operating conditions

MIN NOM MAX UNIT
Supply voltage, Vi + (see Note 2) 4.75 5 5.25 vV
Supply voltage, V¢ - (see Note 2) -4.75 -5 -5.25 Vv
Digital supply voltage, Vpp (see Note 2) 4dS 5 5.25 vV
Digital ground voltage with respect to ANLG GND, DGTL GND 0 \
Reference input voltage. Vref(ext) (see Note 2) 2 4 \
High-level input voltage. V| 2 Vpp+0.3 \
Low-level input voltége. V(L (see Note 3) -08 0.8 \
Load resistance at OUT + and/or OUT —. R|_ 300 0
Load capacitance at OUT + and/or OUT -, C|_ 100 pF
MSTR CLK frequency (see Note 4) 0.075 5 §10.368 MHz
Analog input amplifier common mode input voltage (see Note 5) =15 V
A/D or D/A conversion rate 20 kHz
Operating free-air temperature, Ty L WO N, S i €

TLC320401, TLC3204 1! ~-40 85

NOTES: 2. Voltagesatanaloginputs andoutputs. REF. Vo +.and Ve - are with respect to ANLG GND. Voltages at digital inputs and outputs

and Vpp are with respect to DGTL GND.

The algebraic convention. in which the least positive (most negative) value is designated minimum. is used In this data sheet for

logic voltage levels and temperature only.

4 The bandpass low-pass switched-capacitor filter response specifications apply only when the switched-capacitor clock frequency
1s 288 kHz. For switched-capacitor filter clocks at frequencies other than 288 kHz. the filter response Is shifted by the ratio of
switched-capacitor filter clock frequency to 288 kHz

5. This range applies when (IN+ - IN—) or (AUX IN+ — AUX IN—) equals = 6 V
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electrical characteristics over recommended operating free-air temperature range, Vcc+ =5V,
Vcc-=-5V,Vpp =5V (unless otherwise noted)

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

PARAMETER TEST CONDITIONS MIN TYPT MAX| UNIT
VoH  High-level output voltage Vpp =4.75V. IoH =-300 uA 2.4 \
VoL  Low-level output voltage Vpp=4.75V. lpL=2mA 0.4 \
lcc+  Supply current from Vee + TLC3204.C 35 mA
TLC3204_| 40
lcc_ Supply current from Vee - TLisom o ' mA
TLC3204_1 -40
DD Supply current from Vpp fMSTR CLK = 5.184 MHz 7 mA
Vrief Internal reference output voltage 3 3.3 Y
~Vref Temperature coefficient of internal reference voltage 200 ppm/-C
o Output resistance at REF 100 k2

receive amplifier input

PARAMETER TEST CONDITIONS MIN TYPT MAX| UNIT
A/D converter offset error (filters bypassed) 25 65 mV
A/D converter offset error (filters in) 25 65 mV
2 IN— N
CMRR Common-mode rejection ratio at IN+, IN—. or AUX IN+ Sdetlot: & 55 -
AUX IN -
] Input resistance at IN+, IN~ or AUX IN+ AUX IN—. REF 100 ke
transmit filter output )
PARAMETER TEST CONDITIONS MIN TYPT MAX| UNIT
Output offset voltage at OUT +. OUT -, (single-ended
Vi 1 7 \
00 relative to ANLG GND) ° 5 m
Maximum peak output voltage swing across R at OUT +
V R € t vol = = \
oM or OUT - (single ended) | = 340 4| |\ agvoltgu] ;
Maximum peak output voltage swing between R| at OUT + )
\ z () oo V
oM and OUT -, (differential output) N ot 6

system distortion specifications, SCF clock frequency = 288 kHz

PARAMETER TEST CONDITIONS MIN  TYPT MAX| UNIT

Attenuation of second harmonic of A/D Single ended | v|=-0.5dB to --24 dB referred to Vref. 70 4B
input signal Differential See Note 7 62 70

Attenuation of third and higher harmonics | Single ended | vj= - 0.5 dB to - 24 dB referred to Vref, 65 o
of A/D input signal Differential See Note 7 57 65

Attenuation of second harmonic of D/A Single ended | v = -0 dB to - 24 dB referred to Vyef, 70 B
mput signal Differential See Note 7 62 70

Attenuation of third and higher harmonics Single ended | V= -0 dB to --24 dB referred to Vet 65 OB
of D/A input signai Differential See Note 7 57 65

T All typical values are at Tp = 25 C

NOTES' & The test condition is a 0-dBim. 1-kHz input signal with an 8-kHz conversion rate

" Thetestcondition Vs a 1-kHz input signal with an 8-kHz conversion rate (0 dB relative 10 Vref). The load impedance for the DAC
1s 600 2
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A/D channel signal-to-distortion ratio

PARAMETER TEST CONDITIONS Ay =11 Ay =21 Ay =4t i
(see Note 7) MIN  MAX| MIN MAX| MIN MAX
V| =-6dBto—-0.1dB 58 >588 >588
V|=-12dBto-6dB 58 58 >588
Vi =-18dBto-12dB 56 58 58
V| =-24dBto-18dB 50 56 58
A/D channel signal-to-distortion ratio Vi =-30dBto-24dB 44 50 56 dB
V| = -36 dB to —30 dB 38 a4 50
V| = -42 dB to - 36 dB 32 38 a4
V| = -48 dB to —42 dB 26 32 38
V| = -54 dB to —48 dB 20 26 32

D/A channel signal-to-distortion ratio

TEST CONDITIONS

PARAMETER MIN MAX | UNIT
(see Note 7)
V| =-6dBto0dB 58
V| =-12dBto-6dB 58
V| =-18dBto-12dB 56
Vi=-24dBto-18dB 50
D/A channel signal-to-distortion ratio V| =-30dB to-24 dB 44 dB
V| =-36dBto-30dB 38
V| =-42dB to-36 dB 32
. V| =-48dB to-42 dB 26
V| =-54 dB to-48 dB 20
gain and dynamic range
PARAMETER TEST CONDITIONS MIN  TYPT MAX | UNIT
Absol 13
solute transmit gain tigdgingI2gor -48-dB 10 0-dB signal range.  See Note 8 ~0.05 -015| dB
while transmitting into 600 (2
Absolute receive gain tracking error —48-dB to 0-dB signal range. See Note 8 =0.05 :0.15 dB
S | t -0.5-dB.
Absolute gain of the A/D channel b | i, 0.2 dB
1-kHz sinewave
S [ t 0-dB.
Absolute gain of the D/A channel ROUAS -0.3 dB
1-kHz sinewave
power supply rejection and crosstalk attenuation
PARAMETER TEST CONDITIONS MIN TYPT MAX | UNIT
VGG + or VGG - supply voltage f=0t0 30kHz Idle channet, supply signal at 200 mV p-p 30 JB
rejection ratio. receive channel f=30kHzto 50 kHz measured at DR (ADC output) 45
Y% v | = z )
Ccf OrvVee - Squf.y voltage f=0to 30 kHz Idle channel, supply signal at 200 mV p-p 30
rejection ratio, transmit channel - dB
S —— f= 30 kHz to 50 kHz measured at OUT + 45
Crosswalk attenuation. transmit-to-receive (single ended) 80 dB
A, is the programmable gain of the input amplifier
L Alltypical values are at Ty = 25 C
S Avalue >58 s overrange and signai clipping occurs
NOTES 7 Thetestcondition V,y s a 1-kHz mputsigna with an 5-<Hz conversion rate (U dB relative to Vigf) The ioad impedance tor the DAC

15 600 2
£ Gain tracking is relative to the absolute gain at 1 kHz and U dB (0 dB relative 10 Vrgf)
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delay distortion, SCF clock frequency = 288 kHz =2%, input (IN+ — IN-) is £3-V sinewave

Refer to filter response graphs for delay distortion specifications.

TLC32040 and TLC32041 bandpass filter transfer function (see curves),
SCF clock frequency = 288 kHz, £2%, input (IN+ — IN-) is a £3-V sinewave (see Note 9)

PARAMETER TEST CONDITIONS FRE::(E;;CY MIN  MAX [ UNIT
f=100 Hz ~-42
f=170 Hz -25
Filter gain, (see Note 10) Input signal reference 1s 0 dB 300 Hz <f<3.4 kHz -0.5 0.5 de
f=4 kHz -16
f24.6kHz -58

low-pass filter transfer function, SCF clock frequency = 288 kHz £2% (see Note 9)

PARAMETER TEST CONDITIONS FRE?:E:(:Y MIN  MAX | UNIT
f<3.4 kHz -0.5 0.5
Filter gain, (see Note 10) Output signal reference is 0 dB fosait = dB
f=4 kHz -30
fz4.4kHz -58
serial port
PARAMETER TEST CONDITIONS MIN TYPT MAX | UNIT
VoH High-level output voltage loH =-300 uA 24 \
VoL Low-level output voltage ! loL=2mA 0.4 \Y
] Input current +10 uA
Ci Input capacitance 15 pF
Co Output capacitance 15 pF

operating characteristics over recommended operating free-air temperature range, Vcc+ =5V,
Vcc_ =-5 V, VDD =5V

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

PARAMETER TEST CONDITIONS MIN TYPT MAX | UNIT
Single ended ) 200 uV rms
Transmit noise . . DX input = 000000000 5080, 300 500 | uV rms
Differential constant input code
20 dBrncO
300 475 | uV rms
Receive noise (see Note 11) Inputs grounded, gain =1 .
20 dBrncO

T All typical values are at Tp = 25°C
NOTES: 9 The above filter specifications are for a switched-capacitor filter clock range of 288 kHz + 2% For switched-capacitor filter clocks
at frequencies other than 288 kHz * 2%. the filter response is shifted by the ratio of switched-capacitor filter clock frequency to
288 kHz
10. Thefilter gain outside of the passband is measured with respect to the gain at 1 kHz. The filter gain within the passband is measured
with respect to the average gain within the passband. The passbands are 300 to 3400 Hz and 0 to 3400 Hz for the bandpass and
low-pass filters respectively
11 The noise is reffered to the input with a buffergain of one. If the buffer gainis two or four. the noise figure 1s corresponding!v reduced
The noise is computed by statistically evaluating the digital output of the A/D converter
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timing requirements

serial pbrt recommended input signals

MIN MAX [ UNIT
tc(MCLK) Master clock cycle time 95 ns
tr(MCLK)  Master clock rise time 10 ns
tf(MCLK) Master clock fall time 10 ns

Master clock duty cycle 42% 58%
RESET puise duration (see Note 12) 800 ns
tsu(DX) DX setup time before SCLK 20 ns
th(DX) DX hold time after SCLK< tc(SCLK)/4 ns

serial port — AIC output signals, C| = 30 pF for SHIFT CLK output, C| =15 pF for all other cutputs

MIN TYPt MAX | UNIT

te(SCLK) Shift clock (SCLKj cycle time 380 ns
tf(SCLK) Shift clock (SCLK) fall time 3 8 ns
tr(SCLK) Shift clock (SCLK) rise time 3 8 ns
Shift clock (SCLK) duty cycle 45 55 %
td(CH-FL)  Delay from SCLKT to FSR/FSX/FSD! 30 ns
tg(CH-FH)  Delay from SCLKT to FSR/FSX/FSD! 35 9| ns
td(CH-DR) DR valid after SCLK" 0| ns
td(CH-EL)  Delay from SCLKT to EODX/EODRY in word mode 90 ns
td(CH-EH) Delay from SCLKT to EODX/EODRT in word mode 0| ns
f(EODX) EODX fall time ! 2 8 ns
tf(EODR) EODR fall time 2 T8 ns
td(CH-EL)  Delay from SCLKT to EODX/EODRY in byte mode 90 ns
{d(CH-EH) Delay from SCLKT to EODX/EODR T in byte mode 30 ns
td(MH-SL}  Delay from MSTR CLKT to SCLK{ 65 170 | "ns
td(MH-SH) Delay from MSTR CLKT to SCLKT 65 170 | ns

T Typical values are at Tp = 25 C
NOTE 12: RESET pulse duration is the amount of time that the reset terminal is held below 0.8 V after the power supplies have reached their
recommended values
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serial port — AIC output signals

TEST CONDITIONS MIN  TYPT MAX | UNIT
tc(SCLK) Shift clock (SCLK) cycle time 380 ns
tf(SCLK) Shift clock (SCLK) fall time 50 ns
tr(SCLK) Shift clock (SCLK) rise time 50 ns

Shift clock (SCLK) duty cycle 45 55 %
td(CH-FL) Delay from SCLKT to FSR/FSX ¢ CL =50 pF 52 ns
t4(CH-FH) Delay from SCLKT to FSR/FSX T CL =50 pF 52| s
td(CH-DR) DR valid after SCLKT 90 ns
td(CH-EL)  Delay from SCLK™ to EODX/EODRY in word mode 90| ns
td(CH-EH) Delay from SCLKT to EODX/EODRT in word mode 90| ns
t{(EODX) EODX fall time 15 ns
t{(EODR) EODR fall time 15 ns
td(CH-EL) Delay from SCLKT to EODX/EODRY in byte mode 100 ns
td(CH-EH) Delay from SCLKT to EODX/EODRT in byte mode 100 ns
td(MH-sL) Delay from MSTR CLKT to SCLK+ 65 ns
td(MH-SH) Delay from MSTR CLKT to SCLKT 65 ns

T Typical values are at Tp = 25°C
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PARAMETER MEASUREMENT INFORMATION
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DSK Overview

1.2 DSK Overview

Figure 1-1 depicts the block diagram of the TMS320C3x DSK hardware. The
basic components are the TMS320C31 DSP, the TLC32040 AIC, expansion
connectors, system clock, parallel printer port interface, and tri-color LED. The
parallel printer port connects the DSKto a host PC and allows the TMS320C31
to communicate with PC programs.

All of the signals for the 'C3x are routed to expansion connectors. The expan-
sion connectors include four 32-pin headers, an 11-pin jumper block, and a
12-pin XDS510 header.

The TLC32040 AIC interfaces to the TMS320C3x serial port. A jumper block
allows removal of this connection to route the serial port to a DSK daughter-
card that you supply. Two RCA connectors provide analog input and output on
the board.

Figure 1-1. TMS320C3x DSK Block Diagram
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See Appendix B. DSK Circuit Board Dimensions and Schematic Diagrams, for
an explanation of the basic DSK components.
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2.3 CPU Primary Register File

The 'C3x provides 28 registers in a multiport register file that is tightly coupled

to the CPU. Table 2—1 lists the register names and functions.

All of the primary regic.ers can be operated upon by the multiplier and ALU and
can be used as general-purpose registers. The registers also have some special
functions. For example, the eight extended-precision registers are especially
suited for maintaining extended-precision floating-point results. The eight auxiliary
registers support a variety of indirect addressing modes and can be used as
general-purpose 32-bit integer and logical registers. The remaining registers
provide such system functions as addressing, stack management, processor
status, interrupts, and block repeat. See Chapter 3, CPU Registers, for more

information.

Table 2—1. Primary CPU Registers

Register

Name Assigned Function Section Page
RO Extended-precision register 0 8. b1 3-3
R1 Extended-precision register 1 3.1.1 3-3
R2 Extended-precision register 2 3.1.1 3-3
R3 Extended-precision register 3 3.1l.1 3-3
R4 Extended-precision register 4 3.1.1 3-3
R5 Extended-precision register 5 3.1.1 3-3
R6 Extended-precision register 6 3.0 3-3
R7 Extended-precision register 7 3.1.1 33
ARO Auxiliary register 0 3.1.2 3-4
AR1 Auxiliary register 1 34,2 3-4
AR2 Auxiliary register 2 3.1.2 3-4
AR3 Auxiliary register 3 3.1.2 3-4
AR4 Auxiliary register 4 3.1.2 3-4
AR5 Auxiliary register 5 3.1.2 3-4
ARG Auxiliary register 6 3.1.2 3-4
AR7 Auxiliary register 7 3.1.2 3-4
DP Data-page pointer 343 3-4
IR0 Index register 0 3.1.4 3-4

Architectural Overview 2-9



Table 2—1. Primary CPU Registers (Continued)

Register

Name Assigned Function Section Page
IR1 Index register 1 3.14 34
BK . Block-size register 3.1.5 3-4
SP System-stack pointer 3:.1.6 3-4
ST Status registér 3.1.7 3-5
IE CPU/DMA interrupt-enable regis- 3.1.8 3-9

ter

IF CPU interrupt flag 3.1.9 3-11
IOF I/0 flag . 3.1.10 3-16
RS Repeat start-address 3.1.11 3-17
RE ‘Repeat end-address 3.1.4 3-17

RC Repeat counter 3141 3-17

The extended-precision registérs (R7-R0) can store and support operations
on 32-bit integers and 40-bit floating-point numbers. Any instruction that assumes
the operands are floating-point numbers uses bits 39-0. If the operands are

'~ either signed or unsigned integers, only bits 31—0 are used; bits 39—32 remain

unchanged. This is true for all shift operations. See Chapter 5, Data Formats and
Floating-Point Operation, for extended-precision register formats for floating-
point and integer numbers.

The 32-bit auxiliary registers (AR7-ARO0) are accessed by the CPU and
modified by the two ARAUSs. The primary function of the auxiliary registers is
the generation of 24-bit addresses. They also can be used as loop counters
or as 32-bit general-purpose registers that are modified by the multiplier and
ALU. See Chapter 6, Addressing Modes, for detailed information and examples
of the use of auxiliary registers in addressing.

The data-page pointer (DP) is a 32-bit register. The eight least significant bits
(LSBs) of the data-page pointer are used by the direct addressing mode as a
pointer to the page of data being addressed. Data pages are 64K words long,
with a total of 256 pages.

The 32-bit index registers (IR0, IR1) contain the value used by the ARAU to
compute anindexed address. See Chapter 6, Addressing Modes, for examples
of the use of index registers in addressing.



The ARAU uses the 32-bit block size register (BK) in circular addressing to
specify the data block size.

The system-stack pointer (SP) is a 32-bit register that contains the address
of the top of the system s*ick. The SP always points to the last element pushed
onto the stack. A push performs a preincrement; a pop performs a postdecre-
ment of the system-stack pointer. The SP is manipulated by interrupts, traps,
calls, returns, and the PUSH and POP instructions. See Section 6.10, System
and User Stack Management, on page 6-29, for more information.

The status register (ST) contains global information relating to the state of the
CPU. Operations usually set the condition flags of the status register according
to whether the result is 0, negative, etc. These include register load and store
operations as well as arithmetic and logical functions. When the status register
is loaded, however, a bit-for-bit replacement is performed with the contents of
the source operand, regardless of the state of any bits in the source operand.
Following a load, the contents of the status register are identical to the contents
of the source operand. This allows the status register to be easily saved and
restored. See Table 3-2 on page 3-6 for a list and definitions of the status regis-
ter bits.

The CPU/DMA interrupt-enable register (IE) is a 32-bit register. The CPU
interrupt-enable bits are in locations 10-0. The DMA interrupt-enable bits are
inlocations 26—-16. A 1ina CPU/DMA interrupt-enable register bit enables the
corresponding interrupt. A O disables the corresponding interrupt. See Sec-
tion 3.1.8 on page 3-9 for more information.

The CPU interrupt flag register (IF) is also a 32-bit register. A 1ina CPU
interrupt flag register bit indicates that the corresponding interrupt is set. A
0 indicates that the corresponding interrupt is not set. See Section 3.1.9 on
page 3-11 for more information.

Thel/O flag register (IOF) controls the function of the dedicated external pins,
XFO and XF1. These pins may be configured for input or output and may also
be read fromand written to. See Section 3.1.10 on page 3-16 for more informa-
tion.

The repeat-counter (RC) is a 32-bit register that specifies the number of times
to repeat a block of code when performing a block repeat. When the processor
is operating in the repeat mode, the 32-bit repeat start-address register (RS)
contains the starting address of the block of program memory to repeat, and
the 32-bit repeatend-address register (RE) contains the ending address of the
block to repeat.
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2.4 Other Registers

The program-counter (PC) is a 32-bit register containing the address of the
next instruction to fetch. Although the PC is not part of the CPU register file,
itis aregister th=t can be modified by instructions that modify the program flow.

The instruction register (IR) is a 32-bit register that holds the instruction opcode
during the decode phase of the instruction. This register is used by the instruction
decode control circuitry and is not accessible to the CPU.
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Figure 2—6. Memory Organization of the TMS320C31 '0311
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2.6 Internal Bus Operation

2-18

Much ofthe 'C3x's high performance is due to internal busing and parallelism. .
Separate buses allow for parallel program fetches, data accesses, and DMA
accesses:

_1 Program buses: PADDR and PDATA
-1 Data buses: DADDR1, DADDR2, and DDATA
-1 DMA buses: DMAADDR and DMADATA

These buses connect all of the physical spaces (on-chip fnemory, off-chip
memory, and on-chip periphérals) supported by the 'C3x. Figure 2-5,
Figure 2-6, and Figure 27 show these internal buses and their connections
to on-chip and off-chip memory blocks. .

The program counter (PC) is connected to the 24-bit program address bus
(PADDR). The instruction register (IR) is connected to the 32-bit program data
bus (PDATA). These buses can fetch a single instruction word every machine
cycle.

The 24-bit data address buses (DADDR1 and DADDR?2) and the 32-bit data
data bus (DDATA, support two data-memory accesses every machine cycle.
The DDATA bus carries data to the CPU over the CPU1 and CPU2 buses. The
CPU1 and CPU2 buses can carry two data-memory operands to the multiplier,
ALU, and register file every machine cycle. Also internal to the CPU are register
buses REG1 and REG2, which can carry two data values from the register file
to the multiplier and ALU every machine cycle. Figure 2—4 shows the buses
internal to the CPU section of the processor.

The DMA controller is supported with a 24-bit address bus (DMAADDR) and
a 32-bit data bus (DMADATA). These buses allow the DMAto perform memory
accesses in parallel with the memory accesses occurring from the data and
program buses.



2.9 Peripherals -

All’C3x peripherals are controlled through memory-mapped registers on a dedi-
cated peripheral bus. This peripheral bus is composed of a 32-bit data bus and
a 24-bit address bus. This peripheral bus permits straightforward communica-
tion to thé peripherals. The 'C3x peripherals include two timers and two serial
ports (only one serial port and one DMA coprocessor are available on the 'C31
and one serial port and two DMA coprocessor channels on the 'C32).
Figure 2-9 shows these peripherals with their associated buses and signals.

See Chapter 12, Peripherals, for more information.

Figure 2-9. Peripheral Modules
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Figure 2—-10. DMA Controller
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3.1 CPU Multiport Register File

The 'C3x provides 28 registers in a multiport register file that is tightly coupled to
the CPU. The program counter (PC) is not included in the 28 registers. All of these
registers can be operated on by the multiplier and the ALU and can be used as
general-purpose 32-bit registers.

Table 3—1 lists the registers’ names and assigned functions of the 'C3x.

Table 3—1. CPU Registers

Register
Register Machine
Symbol Value (hex) Assigned Function Name - Section Page -
RO 00 Extended-precision register 0 3.1.1 3-3
R1: 01 Extended-precision register 1 3.1.1 - 33
R2 02 Extended-precision register 2 3.1.1 3-3
R3 03 Extended-precision register 3 3.1.1 3-3
R4 04 Extended-precision register 4 3.1.1 3-3
R5 05 Extended-precision register 5 3.1.1 3-3
R6 06 Extended-precision register 6 118 1 3-3
R7 07 Extended-precision register 7 311, 33
ARO 08 Auxiliary register 0 - 312 - 34
AR1 09 Auxiliary register 1 312 34
AR2 0A Aucxiliary register 2 3.2 3-4
AR3 0B Auxiliary register 3 352 3-4
AR4 0C Auxiliary register 4 - B41.2 3-4
ARS 0D Auxiliary register 5 3.1.2 3-4
AR6 OE Auxiliary register 6 ; 3.1.2 3-4
AR7 OF Auxiliary register 7 3.1.2 3-4
DP 10 Data-page pointer 3.1.3 3-4
IRO 1" Index register 0 ; 3.1.4 3-4
IR1 i Index register 1 . 3.14 3-4
BK 13 Block-size register 3.1.5 3-4
SP 14 System-stack pointer 3.1.6 3-4
ST 18 Status register 3.1.7 3-5
IE 16 CPU/DMA interrupt-enable 3.1.8 3-9
IF 17 CPU interrupt flags ' 3.1.9 3-11
IOF 18 I/0 flags 3.1.10 3-16
RS 19 Repeat start-address 3.1.11 3-17
RE 1A Repeat end-address 3.1.11 3-17
RC 1B Repeat counter 3.1.11 3-17

3-2



Developing Code for the DSK

3.3 Developing Code for the DSK

Figure 3—2 illustrates the DSK code development flow.

Figure 3—2. DSK Software Development Flow
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The following list describes the tools shown in Figure 3-2.

The assembler translates DSK assembly language source files into machine
language object files for the TMS320C3x family of processors. Only the most
essential assembler features are incorporated. This is nota COFF assembler.
although executable object files created by the Tl TMS320 floating-point DSP
assembly language tools will also load and run on the DSK.

The main purpose of the development process is to produce a module thatcan
be executed in a DSK target system. You can use the debugger to refine and
correct your code.



DSK Hardware Interface

DSK memory map

Because host communications occur through the 'C31 parallel bus, the PAL
decodes the address of the 'C31 to determine when it is accessing the host
interface according to the memory map shown in Figure 4—4.

Figure 4—4. DSK Memory Map
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Host Software

4.4 Host Software

The DSK software includes several source-code files that manipulate the par-
allel printer port and perform the necessary functions to initialize and commu-
nicate with the 'C31. The commands in each of the source-code files are sum-
marized in the following subsections. The source files that are typically linked

include:

driver.cpp includes driver-level routines that control the host’s
parallel printer port interface.

target.cpp includes the low-level routines that manipulate the data
transmissions into packets that are recognized by the
'C31 communications kernel.

object.cpp uses the target- and driver-level routines to initialize

and download programs to the 'C31.
dsk_coff.cpp includes DSK and COFF file loader and utilities.
errormsg.cpp includes text strings associated with function returns.
symbols.cpp includes symbol table support routines.

helpmsg.cpp includes command-line help message.

The following subsections describe the routines contained in each of these
files.

DSK software also includes an assembler and a debugger. These are de-
scribed in Chapter 5, Using the DSK Assembler, and Chapter 7, Using the DSK
Debugger.
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getmem, putmem Host Software

Host communications target routines

Syntax

Description

Arguments

Return Value

lputmem |
Syntax

Description

Arguments

Return Value

4-24

The communications kernel resident in the 'C31 assumes that data transfers
to and from the host are organized into packets as shown in Figure 4—5 on
page 4-8. The target.cpp file includes routines that manipulate data transmis-
sions between the host and the 'C31 into this packet structure. These routines
read and write blocks of data from the 'C31 memory, send commands to the
'C31, perform context save and restores, and provide debugging commands,
such as run, single-step, and halt.

Get Memory

MSGS getmem (ulong addr, ulong length, ulong *data)
The getmem routine reads a block of data from the 'C31 memory.

addr  Address of the data to be read

length Size of memory block to read

data  Pointer to host memory address in which to place data read from the
C31 ]

NO_ERR Block read completed successfully
RECV_ERR Failed reception
XMIT ERR Failed transmission

Put Memory

MSGS putmem (ulong addr, ulong length, ulong *data)
The putmem routine writes a block of data into 'C31 memory.

addr  Starting address to write the data to

length Size of memory block to write

data  Pointer to host memory address to read data from. The data is then
placed into 'C31 memory.

NO_ERR Block write completed successfully
XMIT ERR Failed transmission



SSTEP_CPU

Syntax

Description

Arguments

Return Value

RUN_CPU

Syntax

Description

Arguments

Return Value

HALT CPU

Syntax

Description

Arguments

Return Value

Host Software  SSTEP_CPU, RUN_CPU, HALT_CPU

Single-Step Command

MSGS SSTEP_CPU (void)

The SSTEP_CPU routine single-steps one instruction by restoring the context
of the CPU, executing one instruction, and then saving the CPU context. This
command places the CPU in command mode.

None

NO_ERR Command and data completed successfully
XMIT_ERR Failed transmission
RECV_ERR Failed reception

Run Command

MSGS RUN_CPU (void)

The RUN_CPU routine executes instructions starting at the program counter
obtained from the CPU context save area and ending .at a breakpoint, if one
has been set.

None

NO_ERR Command and data completed successfully
XMIT_ERR Failed transmission

Halt Command

MSGS HALT_CPU (void)

The HALT_CPU routine halts the execution of instructions. This command
places the CPU in command mode and saves the CPU context.

None

NO_ERR Command completed successfully
RECV_ERR  Failed reception

Functional Overview 4-25



GET_DEBUG_CTXT Host Software

E

Syntax

Description

Arguments

Return Value
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Return CPU Context Save Address

MSGS GET_DEBUG_CTXT (void)

The GET_DEBUG_CTXT routine retrieves the 'C31 context save location .
starting address. The context address value is placed in the global variable
DEBUG_CTXT.

External unsigned long DEBUG_CTXT.

NO_ERR Command completed successfully
RECV_ERR Failed reception
XMIT _ERR Failed transmission



Host Software DSK_reset, input_rdy, recv_long_byte

Host communications driver routines

Syntax
Description
Arguments

Return Value

Syntax
Description
Arguments

Return Value

recv_long byte

Syntax

Description

Arguments

Return Value

To facilitate the data transfer from the host to the 'C31, the DSK software in-
cludes several driver-level routines in the file driver.cpp. This file includes rou-
tines that manipulate the hardware interface circuitry of the host toreset, send,
and receive data through unidirectional and bidirectional parallel printer ports.

Reset

MSGS DSK_reset (void)

The reset routine resets the DSK by toggling the INIT signal.
None

NO_ERR Reset sequence completed

RESET ERR Reset has failed

Input Ready

char inputlrdy (void)
The input_rdy routine indicates that the DSK is ready to receive.
None

0 DSKready to receive data
1 DSK not responding to host command

Receive Long Byte

MSGS recv_long_byte (ulong * rcv_data)

Therecv_long_byte routine receives a 32-bit value in four 8-bit data transfers
(to be used only in bidirectional parallel printer ports).

rcv_data Address of the value to receive

NO_ERR
RECV ERR

Successful reception
Failed reception

Functional Overview 4-27



recv_long, xmit_long, xmit_byte Host Software

recv_long

Syntax

Description

Arguments

Return Value

Syntax

Description

Arguments

Return Value

Syntax

Description

Arguments

Return Value
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Receive Long

MSGS recv_long (ulong *rcv_data)

The recv_long routine receives a 32-bit value in eight 4-bit data transfers (to
be used in bidirectional and unidirectional parallel printer ports).

rcv_data Address of the value to receive

NO_ERR Successful reception
RECV_ERR Failed reception

Transmit Long

MSGS xmit_long (ulong snd_data)

The xmit_long routine transmits a 32-bit value in four 8-bit data transfers (to
be used in bidirectional and unidirectional parallel printer ports).

snd data Value totransmit

NO ERR Successful transmission
XMIT ERR Failed transmission

Transmit Byte

MSGS xmit_byte (char snd_data)

The xmit_byte routine transmits an 8-bit value in a single data transfer (to be
used in bidirectional and unidirectional parallel printer ports)

snd data Value to transmit

NO ERR Successful transmission
XMIT _ERR Failed transmission



Host Software LF

Host communications object routines

Syntax

Description

Arguments

Return Value

Using the low-level driver routines, the DSK software provides several high-
level routines that allow the loading of programs or data from dsk3a files or
COFF (Common Object File Format), that move binary data from the host to
the DSK, and that initialize the DSK system. These routines assume an active
communications kernel resident on the 'C31 to send and receive packets of
data. See Appendix A of the TMS320 Floating-Point Assembly Language
Tools User's Guide for a detailed description of the COFF format.

Load File

Load_File (char *file, TASK task)

The Load_Filefunction performs several tasks depending on the enumerated
TASK givento it. DSK and COFF file formats are distinguished by the exten-
sion of the file. The enumerated TASK list is defined in the file DSK_COFF.H.

An ASCII hexadecimalfile format that contains the bootloader header informa-
tion and raw data is also supported. Since the header information defines
where and how long a section is, this file format can be used to either bootload
or load files. This file format is easily converted to ROM files with a user-de-
fined post processor.

TASK Task to perform
LOAD Loads a DSK or COFF file into the DSK target.
BOOT Boots a DSK or COFF file into the DSK target.

FILE2HEX Creates loadable/bootloadable ascii .HEX file.
BOOTHEX Bootloads FILE.HEX into the DSK.
LOADHEX Loads (using kernel) FILE.HEX into the DSK
DSK2COFF Convert DSK file to COFF file.

SLOAD Loads symbols from the file.

*file Pointer to the name of the file to load
task Task to perform

NO_ERR Successful transmission

OPEN_ERR Cannot open file

ACCESS ERR File not found

INV COFF MGC COFF file not created for a TMS320C31

MAX_SECTN More than 64 sections
BAD_OPTN_HDR Incorrect optional COFF header
COM _ERR Communication failure
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lnit_Communication Host Software

Init. ; Initialize Communication
Communication

Syntax

Description

Arguments

Return Value

4-30

MSGS Init_Communication (intinit_n_times)

The Init_Communication function first attempts to communicate with the
DSK assuming that a valid communications kernel already exists. If this fails,
the DSK is reset and the kernel is bootloaded uptoinit_n_times. This function
also queries an existing communications kernel to determine if the kernel is
configured for bytewide- or nibble-mode readback.

After initializing communications with the DSK, the Load File function then
loads the desired application.

init_n_times Number of times to attempt bootloading the communications
kernel before failing. Typically, this value is set to a large value to allow you to
connect cables and power to the DSK.

NO_ERR The DSK communications link is valid.
INIT_ERR The communications link has failed.



Using the DSK Assembler Directives

6.1 Using the DSK Assembler Directives

Table 6—1 summarizes the assembler directives. Note that all source state-
ments that contain a directive may have a label and a comment. To improve
readability, they are not shown as part of the directive syntax.

Table 6-1. Assembler Directives Summary

(a) Directives that define sections

Mnemonic and Syntax Description Page

.data Assemble source code into data memory 6-18

.sect "section name” Assemble source code into a named (initialized) sec-  6-27
tion

text Assemble source code into program memory 6-32

(b) Directives that initialize constants (data and memory)

Mnemonic and Syntax Description Page

.byte value; [,... value,] Initialize one or more 8-bit integers 6-16

fill size in words Reserve size words in the current section; note that - 6-29
a label points to the beginning of the reserved space

.float expression Initialize a 32-bit TMS320C3x floating-point constant  6-21

.float16 expression Initialize a 16-bit TMS320C3x floating-point constant  6-21

.float8 expression Initialize an 8-bit TMS320C3x floating-point constant ~ 6-21

.leee expression Initialize one or more 32-bit. |IEEE single-precision, 6-22
floating-point constants

.int valuey [, value,) Initialize one or more 16-bit integers 6-16

long valuey [, .. | value,] Initialize one or more 32-bit Integers 6-16

.pfloat16 Initialize 16-bit TMS320C3x floating-point constants  6-21
into a single word

.pfloat8 Initialize 8-bit TMS320C3x floating-point constants 6-21
Into a single word

QXX valuey [..... value,] Initialize a 16-bit. signed 2s-complement integer, 6-25
whose decimal point is displaced xx places from the
LSB

.Space size in words Reserve size words in the current section; note that 6-29

a label points to the beginning of the reserved space




Using the DSK Assembler Directives

(b) Directives that initialize constants (data and memory) (Continued)

Mnemonic and Syntax Description Page
-string “string; [ ... 'string, "] Initialize one or more text strings 6-31

-word valuey [, ... . value,] Initialize one or more 32-bit integers 6-16

(c) Directives that reference other files

Mnemonic and Syntax Description Page
-copy ["filename|] Include source statements from another file 6-17
.include "filename" Include source statements from another file 6-17

(d) Directives that enable conditional assembly

Mnemonic and Syntax Description Page
.else Optional conditional assembly 6-23
.endif End conditional assembly 6-23
[if well-defined expression Begin conditional assembly » " 6-23
loop [well-defined expression) Begin repeatable assembly of a code block: the loop 6-24

count is determined by the well-defined expression.

-endloop End .loop code block 6-24

(e) Directives that modify the section program counter (SPC)

Mnemonic and Syntax Description Page
.align [size in bytes) Alignthe SPC on a boundary specified by size inbytes.  6-14
which must be a power of 2- default to byte boundary
-entry [address] Initialize the starting address of the SPC when loading  6-20
a file
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(f) Directives that define symbols at assembly time

Mnemonic and Syntax Description Page
.set value Equate a value with a local symbol 6-28
.sdef value Equate a value with a local symbol multiple times 6-26
(9) Miscellaneous Directives
Mnemonic and Syntax Description Page
.brstart “section name”, n Align the named section to the next 2n address bound-  6-15
ary.

.end Program end 6-19
.start “section name", address Links the named section to start assembling at the 6-30

location address.
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7.1 Invoking the Debugger

Here's the command for invoking the debugger:

dsk3d [options] |

dsk3d is the command that invokes the debugger.

options supply the debugger with additional information.

Table 7—1 lists the debugger options; the following subsections describe some
of the more commonly used options.

Table 7—1. Summary of Debugger Options

Option Brief Description
? pyHELR Displays a listing of the available options
AUTO Automatically detects if the parallel port supports 8- or 4-bit mode

BW = 4. Nibble  Forces communication using the parallel portin standard 4-bit uni-
directional mode

BW = 8, Byte Forces communication using the parallel port in 8-bit bidirectional
mode

LPTx. LPT =x  Selects a parallel printer port (LPT1 is default)

PORT = 0x378 Selects any port address

RESET Resets (cold boots) the DSK

TE§ Searches automatically through LPT1. LPT2, and LPT3 for the
presence of a DSK

T = xx Adds extra xx 1/0 bus cycles to each transfer for long or noisy
cables

WIN =1 Enables Windows Time Slice management

WIN =0 Disables Windows Time Slice management and enables set or

clear interrupt (STI/CLI)

Displaying a list of available options (? or Help option)

You can display the contents of Table 7—1 on your screen by using the 7 or Help
option. For example, enter:

dsksd ¢ &
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Selecting the parallel printer port (LPT = 3 or LPT# option)

The LPT option selects a parallel printer port from the host to communicate

with the DSK.

Parallel Printer Port Functions

LPT1 or LPT =1 Selects printer port hardware at I/O address 0x378.
LPT2 or LPT =2 Selects printer port hardware at /0 address 0x278.
LPT3 or LPT =3 Selects printer port hardware at I/O address 0x3BC.
Note:

Some EISA machines and IBM PS/2s use a different naming convention for
the LPTx.

AT Convention EISA and PS/2 /O Address

LPT1 LPT2 ox378

LPT2 LPT3 0x278

LPIE LPT1 0x3BC

Select the parallel printer port at a particular address (PORT option)

The port option selects the parallel printer port at the given address. For exam-
ple:
port = 0x378

selects the host’s parallel port mapped to the address 0x378.

r 1

Note:

Use this option with extreme care since any base address can be used.

J

Automatically search for a printer port (TEST option)

Use the test option to systematically search for a parallel port that has a DSK
connected. The search loops through LPT1. LPT2. and LPT3.

| S 1

Note:

If you have a printer port or other peripheral connected to your PC. turn it off
before using the test option.

L - |
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7.2 Understanding the Debugger Windows

DISASSEMBLY window

The DISASSEMBLY window shows the reverse assembly of memory con-
tents. As shown in Figure 7—1. this window -displays several lines of code.
Each line showstheinstruction address, instruction opcode, label, and instruc-
tion mnemonic. The highlighted line corresponds to the next instruction to be

executed.

Figure 7—1. DISASSEMBLY Window

Instruction address

Instruction opcode

809c03
809c04
809c05
809c06
809c07
809c08
809c09
809c0a
809c0b
809cOc
809c0d
809cOe
809cOf
809c10
809c1ll

Labm

Instruction mnemonic
4

/
/

! DISZyéEMBLY
f

50700080 start LDIU 00080h,DP

08349c2c LDI
07608000 LDF
c610clcO LDI
c610clcO LDI
08600100 LDI
09a09c00 LSH
61809c0e BRD
07618000 LDF
07628000 LDF
07630000 LDF
07640000 jump LDF
087b0003 loop LDI
64809cla

02640001

@09c2cH, SP
0.000000e+00, RO

*ARO,RO || LDI *AR
*ARO,RO || LDI *AR
256,R0

@09c00H, RO

Jump

0.000000e+00,R1
0.000000e+00,R2
1.000000e+00,R3
1.000000e+00, R4
3,RC

RPTB block
ADDI 1,R4

To selectthe DISASSEMBLY window, press (A7 (0. While in the DISASSEM-
BLY window. you can use the cursor to select a line and then use a function
key to setor clear a breakpoint. Refer to Table 7—13 for more information about

function keys.

~
!
n
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CPU REGISTER window

The CPU REGISTER window displays the content of all CPU registers as
shown in Figure 7-2. The register’s contents are normally displayed in hexa-
decimal format. You can press to display the extended-precision registers
in floating-point decimal format. You can press (E2) to display the extended-
precision registers in 40-bit hexadecimal format.

Figure 7-2. CPU REGISTER Window

Register names
/

C31 DSP STA\RTERS KIT

PC 00808c03 SP 008098de
RO 00000000 RI1 00000000
R2 00000000 R3 00000000
R4 00000000 RS 00000000
R6 00000000 R7 00000000
ARO 00000000 AR1 00000000
AR2 00000000 AR3 00000000
AR4 00000000 AR5 00000000
AR6 00000000 AR7 00000000
IR0 00000000 IR1 00000000
i ST 00000000 RC 00000000
RS 00000000 RE 00000000
DP 00000000 BK 00000000
IE 00000000 IF 00000000

/
Register contents

To modify the contents of a register. activate the CPU REGISTER window by
pressing (A (©. You can type over the highlighted data and press ENTER) tO
accept the changes when you are satisfied with them. Use the following keys
to select the data you want to edit:

=) ) &) RAGEUP {(PAGE DOWN | TAB
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MEMORY window

The MEMORY window shows the contents of a range of memory as shown in
Figure 7-3. The MEMORY window has two parts:

_1 Addresses. The first column of numbers identifies the addresses of the
first column of display data. No matter how many columns of data you dis-
play, only one address column is displayed. Each address in this column
identifies the address of the data immediately to its right.

_1 Data. The remaining columns display values at the listed addresses.

For example, the MEMORY window below has four columns of data, so each
new address is incremented by 4. Although the window shows four columns
of data, there is stillonly one column of addresses; address 0x0080 9800 con-
tains 0x0000 0007, address 0x0080 9801 contains OxFFFF FFFC. address
0x0080 9804 (the first value in the second row) contains 0x0080 982C. ad-
dress 0x0080 9805 contains 0x0080 9839, etc.

Figure 7-3. MEMORY Window

7-6

Address column Data columns

JI MEMORY |

f ]

809800 00000007 fffffffc 00809802 00809827
809804 0080982c 00809839 0080983c 0080983f
809808 00809843 00809842 00809868 0080989%a
80980c 008098a9 10800000 0£350000 0£300000
809810 0£200000 0£320000 0£280000 0£290000
809814 1a770004 6a050006 628098a9 50700080

To modify the contents of the MEMORY window, press (A0 (iU to activate the
window and then type over the data. To select a cell. you can use the following
keys:

(PAGE UP_ _PAGE DOWN AE
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COMMAND window

The COMMAND window provides an area for entering commands, echoing
commands, and displaying command output errors and messages. The COM-
MAND window has two parts:

- Command line. This is the area where you enter commands. When you
want to enter a command, just type — no matter which window is active.

-1 Display area. This area echoes the commands that you enter, shows any
output from your commands. and displays debugger error messages.

Figure 7—4 shows the window command line and display area.

Figure 7—4. COMMAND Window

COMMAND

>
>load testa ——++—— Display area

//—/ Command line
]

You can use the CC and & keys to select a previously entered command from
the buffer (a > is used to indicate the buffer). The editing command keys are
shown in Table 7-2.

Table 7-2. Editing Command Keys

To do this Use this command
Move through the command =

Toggle the insert and type over mode INS)

Delete the character at the cursor (oED)

Move to the beginning of the line (HOME)

Move to the end of the line (EnD)

Clear the command (Esc)

Select a command from the buffer ) =)

Using the DSK Debugger 7-
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//PROJECT: Spectrum Analyser

/*This project presents the adaptive signal analysis and its application
which is designed and controlled by Texas Instrument's DSP board
TMDS3200031. In this DSP board is programmed for analysis all input
signal which are changed from time domain to frequency domain by using
Fourier Transform Theory and display result via the monitor which have
function is programmed in operation with DOS for illustration about
input signal in band-low frequency spectrum.According to the real-time
processing.it is easy to compare between input and output signals. */

/I The project file (link list) should include the following

/1 SPECTRUM.CPP file

/" DRIVER.CPP Low level printer port drivers

// TARGET.CPP DSK Command level

// OBJECT.CPP Application setup routines

/1 DSK_COFF.CPP DSK and COFF file loaders and other utils
//' ERRORMSG.CPP Messages used for most function returns
/I SYMBOLS.CPP Symbol tables (needed to link DSK_COFF)
// TEXTWIN.CPP DOS level text window functions

//' HARDWARE.CPP Command line help message

Vi (Built from HARDWARE.HLP source)

/i * EGAVGA.OB] EGA and VGA graphics driver

#include <dos.h>
#include <stdio.h>
#include <conio.h>
#include <stdlib.h>
#include <ctype.h>
#include <string.h>
#include <graphics.h>
#include <bios.h>
#include "DSK.H"
#include "DSK_COFF.H"
#include "C3XMMRS.H"
#include "kevdef.h"

#define MSG_BOX  Ox809E0OOL

#detine TRG_BOX  0x809EO01L

#detine A_BOX  0x809E02L

#define B_BOX  Ox809E03L.

#detine C_BOX  Ox809E04L

#define EDGESEL  Ox809EOSL

#define SAMPLES ~ Ox809E06L

#define LOAD_BOX  Ox809E07L

#define Samples 312 // FFT size

#define THx 40e-9 // DSP cycle time HI/H3 clock rate

#detine DATABLOCK (0x809800L + Samples)

#define menu_vwport() setviewport(0. 262. 639.340. 1)

#detine graph_vwport() setviewport( 30.0. 639. 340. 1)

#define A REG ((TA <<9)+(RA <<2)+0) // A divisors.. set SCF rate
#define AP_REG ((TAP<<9)+(RAP<<2)+1)// TARA prime registers (not used)
#define B_REG ((TB <<9)+(RB <<2)+2) // B divisors

char DSK_APP[] ="FFT512.DSK":
char DSK_EXE_APP[]="SPECTRUM.EXE":

typedet enum messages
)

STOP =1.
START=2
jmessage:

long TLVL_V:
ulong TO_prdv = 0x00000001L:
ulong ZERO = (Ox00000000L.

tloat Hz_per_dinv = 0.0:

float Fsr=1000.0. Fsx=1000.0:
int TA= 10. // DAC divisors
m TB= l4:



mt RA= 10: 7 ADC divisors

int RB= 14:

it TAP= 1: #/TA and RA" are not used in this application
int RAP= 1: 7

nt C_REG=0x03: 7/ AIC control register bits

int oldbuf|Samples|:

char buf_0[Samples|: /' Keep past data history for
char buf_1|Samples|: /I time averaging of signals
char buf_2[Samples|:

char buf_3[Samples|:

char but_4|Samples|:

char buf_5|Samples|:

char buf_6[Samples|:

char buf_7|Samples|:

char buf_8[Samples|:

char buf_pk_t[Samples|:

nt but_v_pk[Samples|:

void binsprintf(char “s.int val):
void init_graphics(void):

int check_kev(void):

void out_TEXT(void):

it avg on =(:

int shift=0:
int \=256: /marker
float scale= 256:

draw the red cross bars at the top of each data column

#define pw 1/ define peak indicator draw width

\
|

'

oid draw _peak(void)

int oLty pke

char “pk_t. *ptr(. “tmp0:
pk_t=buf_pk_t:

tmp( = buf 0:
v_pk=buf v pk:

ptri = tmpl: Set buffer pointers
seteolor(LIGHTRED):
v=():

while(x<Samples)
V=28 - ptrt=—: present Y to display
pk_t-=1: Ine times peak has been displayed
HCPR_U=8) 1 (v = v _pk)) 77 If vimag=>last redraw new peak

i
'

line(-pw.oy phkav=pwaiy pko): 7 undraw old hsorizontal peak

if(y <=\ _pk) it vimag>last freshen peak hold
Vopk=a:
pkot=0:

clse

b else decay the peak
(v - (7 _pk+6))

Vopk==o:
clse
v ophe= 0

'
'

ne(v-pw.oy phoxspw. sy pko gz 7 draw new horizontal peak

v ophe-
pk_t+-:
A=A+



/7 draw the data data columns using an XOR line draw of
//-only the pixels that change for maximum speed.

/
/-

void draw_vect()

i
I

int \oyv. Fold:

char “ptrl. “tmp0:

tmpl = but _0:

ptrl = tmp0: Set butfer pointers
setcolor(WHITE):

old = oldbuf:

setwritemode(l):

n=():

while(x<Samples)

V=128 - T prli-— present Y to display
if(y > *old) line(x.%old= 1.y ):

it(y < “old) line(x.7old xav=1):

“old+~ =1y

\=x+2:

void main(yoid)

neNew Params = 0. reset_flag = ();
utong MSG=NTART. aic:

MSGS err:

char “ptrl. “ptrl. = purd. “purd:
char “ptrs. “ptro. “pue™. “ptrs. “ptro:
char “tmpl. “tmp2. “tmp3. “tmp4:

char “tmp3S. “tmp6. “tmp”. “tmp8. “tmp(:
it

clrser():

Sean_Command line(DSK EXE APP):
cleser():

Fhe outer loop initializes the DSK on entry
orif the application fails

for(::)
1 for(::)

vif(Init_Communication(10000) == NO_ERR) break:

if(kbhit()) exit(0):

HALT CPUO: Halt previously running apps code
ifiterr=Load_File(DSK_APP.LOAD))'=\NO ERR)

L printf( s Yo" . DSK_APP.Error Strg(err)):

exit(():

RUN_(PL():
mnit_graphics():

Init buff ptes. Temps are rotated

tmpl = but_0:

tmpl = but_L:tmp2 = but_2:tmpd = bul 3: tmp4 = but_4:
tmps = buf_ S:tmp6 = but_6: tmp™ = bul_ ~: tmp§ = buf §:
ptr( = tmp0:

for(x=0:x<Samplesiv- - ) Clear all buffersq

but _L{x| =0:buf 2[x] = 0: buf _3|x| =0: buf_4[x] =0:
but SN =02 but” 6fx] = 0: buf 7|x| = 0: buf 8]x| = 0:

but _0]y| 0:
buf v pk|x| - 235:



buf_pk_t[x| = §:
oldbuf|x] = :

check_kev():
draw_vect(): //

draw_peak(): // Draw peaks and vector displays using XOR write
/7% 3 o

//"The inner loop is repeated until a keyvboard hit exits the
‘“application or the application reports an error and needs //
//'to be reinitia
/1%
for(::)
i/ The inner loop draws the display using an NOR line draw
‘7 to overdraw existing vectors
ptr0 = tmp0: INet buffer pointers
purl=tmpl: pte2 = tmp2: ptrd = tmp3: prrd = tmp4:
PO = tmpS: ptro = tmp6: ptr7 = tmp7: ptr8 = tmp§:
for(x=0:x<Samples/2iv—=1)
i switch(avg_on)

pease L prl=Cptrl = ptr) >> 12 break: // avg 2
case 2 Eptrl=C pte = ptrd+*pr3+*ptrd) >> 2: break: // ave 4
case 3z ptr0=(*ptrl=*pte2+* ptr3+*prr4- avg 8
PUSEIPUO+ptr7-#ptr§) >> 3: break:
default: “ptrO= “puri: break: //avg |
ptri-—4
prrl==: ptr2==: ptrd-—: ptr4+-: 7 next data

PUS==1 ptro—=: ptr7—=: ptr§+=:

draw_vect():
draw _peak():

HPI_STRB(0): “Drive HPSTB (INT2) low and wait
reset_flag = (:
for(::) for DSK to stop with full buffer

1 if(kbhit()

reset flag = check kex(:

New Params=1:
H(HPI_ACK())break: Note: break last to ensure kevtrap!
delav(l):

'
I

if(reset_flag) break:

ptrl = tmp§: " Rotate the buffer pointers
tmp8 = tmp7: tmp~ = tmp6: tmpo = tmps: tmps = tmp4:
tmp4 = tmp3: tmp3 = tmp2: tmp2 = tmpl:tmpl = ptrl:

If a Key was pressed. update the AIC setup
if(New Params) '

¢
1

if(putmem(T0_prd . L&TO_prdv)!=\O_ERR) break:
if(putmem(T0_count. I, &ZERO)!=NO_ERR) break:
if(putmem(T1_prd . L&TO_prdv)!=NO_ERR) break:
if(putmem(T1_count. I, &ZERO)!=NO_ERR) break:

i(TB>TA)
alc = A_REG:if(putmem( BON.L&aic) =N ERR) break:
atc =B REG:if(putmem(B_BON.L.&aic)! =N ERR) break:

clse

Al siltputmem(y BONLL&aie)!=NO_ERR) hreak:
aic = A REG: if(putmem(B_ BON.L.&aic)!=NO ERR) break:

)

alc= O REG:ifiputmem(CBON.L&aic)!'=NO_ERR) break:
ifiputmem(LOAD _BON.L&aic)!=\O_ ERR) hreak: // Any nonzero reinits AT

i
New Params = ():



if(getmem(DATA BL()('K.Samplcs/&(ui(mg “)ptr)!=NO_ERR) break://128 char
putmem(MSG_BONL.&MSG):

closegraph(): / Shutdown gr aphics before re-initializing
printf("%s: Ys\n'', DSK_APP. Error _Strg(err)):
printf("Communications are being reinitialized"):
delay(1000):

DSK_reset():

|
i

1
§

/- .
/7elip() clips a value to min and max

/ e

long inline clip(long x. int min. int max)

/
1

if(x<min) return min:
if(x>max) return max:
return \:

1
|

1/

int check_kev(void)

'
'

int kev=0:
char buf|80]:

static int old_kev=0: // If the same keyis hit repeatediy. speed up
static int accel=1:

if(kbhit()) key = bioskev(() & OxFFO0:
if(old_kev==kev) accel = accel + |:

else accel =accel / 4:
,aceel = clip(accel.1.200): old_key = Keyes
if(keyv)

switch(key)
‘
1

case R creturn 1 // Return reset (hreak) flag

case _Q : closegraphy):
_seteursortype(_ NORMALCURSOR):
exit(0):
break:

case _FIL:TA==: break:
case _F2:TA--: break:
case _F3: TB+=: break:
case _F4: TB--: break:
case _FS: RA+-: break:
case _Fo : RA--: break:
case 71 RB++: break:
case _F8 : RB--: break:

case _Rt tif(N<S12)scale = N\+=1 : break:
case Lt sif(N>0) scale = \N-=1 : break:

case A\
switeh(avg on)

2: break:
:break:
case 3:aveg_on=4: break:
default: ave_on=1: hreak:

case I:ave on=2

case 2raveg on

'
'

break:

default : return 0:
1A clip(lT 3 RITE
I'B clip(I'B A 03):



RA = clip(RA .3 31):
5 )

RB = clip(RB g 63):
TO_prdv = clip(TO_prdv. 1. 64):
i
- setwritemode(0): /7 turn off XOR write
menu_vwport(): /I Write to window in bright blue

clearviewport():
setcolor(11):

graph_vwport():

Fsyo = VRFTASTB*(2*THY = T0_prdv)):
iflC_REG & 0x20) Fsr = Fsx:

clse Fsr = 1/(2*RA*RB*(2* T Hy * TO_prdv)):
Hz_per_div = (520.0/Samples)*Fsr/(2.0% 10):

setfillstyle(SOLID_FILL. BLACK):
bar(0.261.639.310):

setcolor(14):

outtextxy (N.260." ")
setcolor(LIGHTCY AN):

sprintf(buf. "Hz/div= “o7.21" Hz_per_div/2): outtextxv(10.275.buf):
sprintf(buf. " Fdac=%7.21"Fsx): outtextxy(10,305.buf):

if(C_REG&0x20)

sprintf(buf.” Fade=kdac"):

clse

sprintf(but.” Fade=%7.21" Fsr):
outtextxy(10315.buf):

sprintf(buf.” N=%7.21"scale ): outtextxy(16.330.buf):
sprintf(but."I'req = Yo7 2" scale*Hz_per div/(1000%51.2)): outtextxyv(10.290.but):
outtextxy(135.290."kHz"):

setcolor(LIGHTGREEN):
outtexexy(190.275." Control''):
OUttextxy(265.275." Adjust Qutput"):
outtexixy(390.275." Adjust Scale"):

seteolor(LIGHTGRAY ):
outtextny(190.290."< Left'):

outtextxy(190.300."> Right''):

outtextxy(190.310."R Reset'"):

outtextxy(190.320."Q Quit'"):

outtexnny(190.330." Capture spectrum Press (Break Kev|"):

sprintf(buf."F1 TA++"); outtextxy(265.290.buf):
sprintf(buf."F2 TA-- TA=%02d".TA): outtextxy(265,300,buf):
sprintf(buf."F3 TB++"): outtextxy(265.310.buf):

sprintf(buf."F4 TB-- TB=%02d".TB): outtextxy(263.320.buf):

sprintf(buf."FS RA+~"): outtextxyv(390.290.buf):
sprintf(buf."F6 RA-- RA=%02d".RA): outtextxy(390.300.buf):
sprintf(buf."F7 RB+~"): outtextxy(390.310.buf):

sprintf(buf." F8 RB-- RB="%02d"".RB): outtextxyv(390.320.buf):

seteolor(LIGHTBLUL):
line(0.270.520.270):
line(0.270.0.400):
line(520.270.520.400):
line(0.340.520.340):
line(163.270.165.400):

return 0:

init_graphies() is responsible for initializing the graphics
~and then filling in the display lines and text

void init_graphics(void)
'
i

intgdriver = LGALgmode = EGAHL errorcode. .\



/1 register EGAVGA_driver which is the name of the driver in EGAVGA.OBJ
/I EGAVGA.OBI is created from EGAVGA.BGI using the BGIOBJLEXE utility
/I and is linked by either the link list or project file

/" NOTE: This section of code can be ommitted if EGAVGA.BGI is
located in the applications startup directory

crrorcode = registerbgidriver(EGAVGA_driver):

if (errorcode <) // report any registration crrors

printf(" Graphics error: %s\n", grapherrormsg(errorcode)):
printf("Press any key to halt:"):

geteh():

exit(1): /7 terminate with an errvor code

initgraph(&gdriver. &gmode. ""): il possible open EGA mode
crrorcode = graphresult():

setbkeolor(BLACK):

if (errorcode = grOk)

{printf(" Graphics ervor: %es\n". grapherrormsg(errorcode)):
printf("Press any key to halt:"):
aeteh():
exit(l):

clearviewport():
graph_vwport():
seteolor(GREEN):

for(Y=0:Y<=520:Y ==532/2) line(0.Y .320.Y): 7/ draw reticle
for{N=0:N<=520:X~=32/2) line(X.0.X.5320): 7/ !
=2

\=2:

outtextyy(NLY =20

OUtEeXINV(NLY ==26."=10"):
outtextxv(NLY ==26." =0"):
outtextny(NY ==26."-10"):
outtextxv(\.Y ==26."-20"):
outtextxy(N.Y ==26."-30"):
outtextxy (XY +=26."-40"):
outtextxv(N Y ==26."-50"):
outtexexy(N.Y ==26."-60"):
outtexexv(N.Y ==26."-70"):






