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ABSTRACT

This thesis presents a designing and creation of Spectrum Analyzer Using TMS320C50
(DSP:Digital Signal Processor) chip. This Spectrum Analyzer can analyze high frequency
spectrum (1.33 kHz 94 2 MHz.) and display the analyzed signal on computer with transmission
and recieve parallel port. Both amplitude and frequency are displayed inspectrum graph and
text for accuracy and comfortably in value reading ,and others function for using such as Break ,
Load and Save. Signal is process in real time.
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4¢—————1 #i0 (Results)
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o . - a o v o - Sat @
aziBoadngainiunanesnmAined (monochrome) NitarAAISANS wionm ladiRoIuu
P a v o o - A e w ol a g y
NuaA nsem TaoA20nyso1edide) HIBMMABIS U SEMUNUAINAZIBIALINYY 1A
' - 0 P Ve = - -
ufieenma RGB 8631910 Red Green U8 Blue iliusonmin Indulindggna fuae Wsn
al a . o o ny ad ada - ’
uasmntu  swwaudusunseilanmanaale seamaniiniwaziseaginii RGB
filo 90AMT EGA 8031990 Eshanced Graphics Adapter HMS2uLUEAINMNENLAIN
a 1 - ¥ A [} -7 s/ v
aziBeaganing Yszneualsusniesiyende uazesnmuuudtie uaaiByaUULAT
-~ Y o Y Yy v ) Y
EnYT1A 40 x 25 UTINA NIV 80 x 25 UTINA UEAINTMANT IANToUNY 16 & P8R
- a . ot alat o a4 o A
aSIBIAYUIN 640 x 350 §A N1 320 x 200 §A UATEAMANUANUBZIBIAGINTIBAT fip 98
[ ° v . . P 1 a
AMA VGA 80119108191 Video Graphics Array $9dsiuilussunuaanmunesamans
- ' a [V & ' G ataq v
anuazBsaganinind Uszneuadsureesiveude uazeeamuuuINie uanatoya
HUBATIBNNT 1A 40 x 25 UTTNA M5B 80 x 25 USINA UAAWNS NI IR 2 LYY DWARL
9 - - a Y at A a
NT0uAU 16 & U 256 & AIWANAZIBIAYUIA 640 x 480 A NIDULAYL 256 T AIBAI
a - - ¢/ a Ve - d ¢
z198A 320x 200 9A NMIRaMIalnlinezden Tumsudan Mg 1wy mia
4 4
SupperVGA (SVGA) NiiA11MaziBeagady 1024 x 768 §a 1 256 & 1an15A Extended VGA
1] y y 1]
(XGA) NEWITONARE 1D 32,768 & 65,536 AUAL 16.7 AUANAIUALIBEA 640 x 4809
' Y Y1 e N . PN : * o A -
seMMUANTYHA 1¥FAUIAIIeS (Circuit Card) NARRIBEABlURUATBIABURY-
p ' da 1 ¥ s /s d A s q¥ s 7 ° [
08§ une39sa19q Nl lueeuiames Ao lineufianesawisariemldun
: + Yy Y ° 9 .’: [
19U MRS nsAnd MldneuRumesauisaiins e visuensed lduneaees
L 4 A a ' I3
w1 liWemuvnuagnuda
v Y v W v e m
19 (dots) A9 NETNAM NTedIsnusUNIBAMISUTONTT Feaduiinn v (pixels)
-t 4 e A Y ¢ o -
guilugmidnfigruswas  lunsdufianmuuseam dgesduiianm  sudnaspa
- 4
LIIAYDINTNATTININUU
2.11.2 Inunvesvenn
' y LYY 9 s o A
(91919ULIMSUARIVOY AVUBA M MNATINIT IUuNsuandeya IAderiinfe
1. THuAf 18017 NI8INUASAYIE (Text Mode)

J o g L o L A 1 L. X
TuTnuatisavesdasnys uasguuumsuaniiasnysaisonit ueansian
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o o . J [y * 4 v
 (Attribute) szduiFeaiuliluidTousy (VideoRAM) Farumeglumiauaann siaes
gl 1¥lumsdamsnnmussiadnys (Character Generators) pmilasnmsidla
msm,qnm'lﬂumaumamwmn;ﬂunumsuﬁmnmwuﬂ Wnuedi ez

£ 4
sonm szgautiuitesnitiudaudenq Tuusazdmazsinnini ugaMuesiIsnys
2 o ] v W & dg a o Y 14 o &
vt 5u TuTvu 80 x 25 Aadhus Aeziiiuidmivuaninmdadnysla 80 nedun
9
@maudmatnys TuuWIUeN) taz 25 UITNA Em o nus IHIUIAY)
2. THuUAN N (Graphic Mode)
-l’ 4 a 1 ad P 3
Tulnueil  YoyafiegnieuIATousuesnInoDs  MINAAALARSYATUIBA
L.L.) tl’al [ Y 9 -
Tagass nssyiimaugagatlicesdnyusdes Ao
v ' ¥ iy a . ’ 4 o9
1. Wnidlamsieid Jeyafiegareluia Teusuezgmirludamsndd theln
Y 1 [} J a '
larnnueinvsuifuay Sie7 uasiiiiuesgaaudazen
14 a -t ] a4 Y a4 add L '
2. deyanegaehiiaTousududunid veyonegmeludaleusuesmanons m
' vt Y : aa-f vy S’I a - L4 °: w
augInveidTasase Aniu Withezasdlvunnawlinveaeya dmiuunugn
o P ] 1 4 et a
wilsgaunssnm el IAnmANA NS
J A * [ A
MuERINALNING 0enRUABT A szutamsvhauesniu Inua Tuudaznung

myvesTuun AnensudaluInuadadnys wielvuanmaudniond uaziniouge

4
-t

] - A LYY
AN AU Tnuﬂn‘mmmpwumsamwmu

AT 2.2 Tnuansueainm

wwaeInen | siavedInua | dwudfnass | anuaziBua miauaawaf
Talunsifvr | @0nN5,9) nnu

0,1 20013 16 40x50 CGA,EGA,VGA

2,3 9NYT 16 80x25 CGA,EGA,VGA

45 NN 4 320x200 CGA,EGA,VGA
6 am 2 640%200 CGA,EGA,VGA
7 A70NYT 2 80x25 Hercules, VGA
13 M 16 320x200 CGA,EGA,VGA
14 am 16 640x200 CGA,EGA,VGA
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MINN 2.2(7B) THUANISUTAINMN

mnoavinua | vilavesTnua | swoufifiumes | amvazidun mfaudamad

W luasmiis (fI0081,39) W

15 AN 2 640x350 VGA

16 NN 16 640x350 EGA,VGA

17 M 2 640%840 VGA

18 M 16 640x480 VGA

19 m 256 320x200 VGA

2.11.3 381133 (VideoRAM)

' o cda¥d ¥ - J ° - ' ° d’ '
Wumizsausminiudeoya dmiuuaausenm wiwanusidiuilareg
v iq ¥ - v v -
vumsanaame Yeyan ludasewidluniaunu d1dnys uazsausngezMsUEAS
Y . -! (XY :v ° ' ' ° a ¥
wissmiludoyn 3a amauegiuTnuamsuaatasiu duonismiealusuSuauuy
s o V alata Y @ ad a o o A
W (A AFesunng) ¥se3a TsusunaTns il Aslife
Y ¢ mad ‘{ y J
Inua 7 dawmiada Teusuisuaun B000:0000
° ' o a Y 3
“Tvus 0 84 6 Havadf TousuiSuann B800:0000
. . a ¥ 1
-Tntua 13 89 19 HAnmI TousuSuaun A000:0000
o [ d 1 1 [J J o 1 L 4 [ 4 [
NIt IR maui luriasaudt RasetudminidIsnysusneduy

o« y o
X USNA y 1nRegas

(- o ° | ) ° o dy v
MBBNIFAVBIR N UINIDANT = (x+y* THIUABDNUABUTING)*2

. o . v d o
ABBNIERVBIIMMIIIRTAIUANMIIUIAS = (xHy* STIuRBRNIABYITIA)*2+1

2.11.4 InuamnanaaziBengy
TuInuanmvGailiTassafunsdansmioanuswasmsuaaduaediagli 2.6
WinTeusuuuminueawa  sududeyanlsuaasegugdvessmnoaunid

4893 WINBUT(Color Look-up Table) viza i luinleusuuunisa VGA unsgu
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L) 1

a v ! = a ¥ de ] v
fieg 256 Alalud udez19luTnuadiios 64 Alalud qaisuAuRdMIL A000:0000 1y

¥ = ¢ 2 ¢ &
Ma:gtmm'hJmmuqmuﬂummuqﬂﬂuwﬁ

Color Look-up Table

index
0 IXXXXX | XXXXXX | XXXXXX
1 XXXXIX | XXXXXX | XXXXXX
2 XXXXXX | XXXXXX | XXXXXX
255 TOIXIY | XXEXXX | XXXXXX

A000:0000 A A DAC

4 v
U7 2.6 Tnssasevesdunsenmiulnug vGa
° ] ' ° iq ¥ t
gasmamumismieanus lafusminenyd vegacy) ie
T < -4 o ]
AdeiIFAveIRMLIQANIN = x+(y*320)

o vy aa a4 ad a
Tumsuaasnmusamsauaana 92 13veya91n3a lousuuulans 1 uneu A
' 4 9 U e o o = .’ a - v a [ n‘:
8g 256 13nvsasyszney TuaeAuLiTUA TAEY uarmRu Jwnamar 6 Ua Al
¢ <2 9 v a 4 A - - o <
MIANIA NI AN TANINUA 262,144 T UALLOIINUAITIING] 256 15ABTA LAz Tunia
yd da & s @ o q¥ ¢ 1 & v PRI
ganmez launinuvinlud Sohlnmdaguiannsauanmalansiar 256 aviniu
v ig ¥ vy
widn laanmnanesudesgaulasiludygpauewasn  Tagrsesudasdgygruein

Admeaiiluueurnen (Digtal to Analog Converter - DAC) odalnvenmusansse 'l
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¢ - . v 4 aa o ' o aa
LT UERINBINTTA SVGA NAuFUdeutIU TAoaNg STMUMUIEATNIN 8-
y
(] o ¥ ' ° ] K% v
Tousy Siaamuiveneglumumiia A000 0000 83 AOOO:FFFF agAn 4 WUSA B9
4 1 4 ] o < o o - ' W ' [3
16 uued TuuAaziuadeamizenuiriiving 64 Alalud IHg ARMBAUNUIBAIUN
[ {9y a o
Tunpsdlaq 1aTasnrsnsldamud A 20ansAadeasluisdines dmsuide ALY
o & aa = ' ] L4 o : HJA [ ° U o
miaudawme  sedfigerAndedumanein Anii luNIUMIMUIBATIUNBGUUNTIA

[4 q'; 2 an - (4
16 LA HUHUWI mhumwwmﬂ 1 um:'hm

Color Look-up Table

index
L) IXXIXX | XXXXXX | XXXXXX
1 XXXXXX | XXXXXX | XXXXXX
2 XXXXXX | XXXXXX | XXXXXX
255 TXXXXX | XEXXXX | XXXXXX

- 9 ° o
71 2.7 TAsaer519M9NUYBINTA SuperVGA
Y 2 o v Y 9 /4 o a o d’
MIB ANy aYDUBYaTe TUA (xy) LHUIIANMHUA UTATAI

MINEIQULLNA = (xHy * S1ugafiuaaslaluun x))/0x10000L

mveNIFAUBINHIBAINDY =(xHy * snugafiuaaslaluuny x)) AND Oxfrif
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TrunamaasgTivesss SVGA nidlaiduaesqnieTuu 16 § uazTnua 256
Wivua 16 @ ssimdnmsugaurudordumsuans uinuaves EGA danlulvua
256 uTnuﬂmmNuﬂa 640 x 480 9 800 x 600 A LT 1024 x 768 9N

n'ﬁﬂuﬁmnaaﬂﬂs"mnwmms;ennunﬂﬂ ExtendedVAG %58 XGA msawau
f5uaananuananeenlyl senlen VGA uas SVGA Maganagmulmﬂ'faum 9

=®f ¢ vt ap ¥ r ] v ¥ -~ I’ L4
e Lsid Tasase sunsauandd 1nged 4 Huamd MIAUTANE SVGA Ha1en1Ia

o ¥ ¥ ¥ iq ¥ o a

1uihquuﬁ‘lﬁgnﬁﬂa'lﬂﬁﬂ'nummsa'lun‘mmmnamnmﬁmnu uarldnssuas wns
Y [} [ Y, - J a a o

dudeyalugluialasnsusuiu aea SVGA wilatiasil Inuamiudy wsndesiiafe
Hi-color 118 True-color 1 Inua Hi-color 843l Inundeseenldnaeslnua As Tnua

=) a <& L 4 A 3 o oy
32768 @ Truecolor 4a65,536 & FIIMAMN INAINBITITNNIA damlvua True-color

v Y a Ay s a - > .
ausonaana’lany 17.6 awmd amnlaseauesaniiInus Hi-color Malnua Hi-color
| 4
uaY Truecolor Iuaealnuades i IMuamsuaaunAsyMAIH Ao 320 x 200 §A
640 x 480 gA 800 x 600 A AT 1024 x 468 A
Y a2 o Y ad - Y o y ¢ v o [
msiewmieyaundaleusy  GnslmdnnEndauuufEAsInY
4 'V -3 Ud o e a v, y- ] L4
mMin SVGA uaveyaeziivwin 2 Tud uax 3 Tud awddy uduindnua nieunmia
EY ° [ [y myY v Y ° ' L4
Foynlumumia x usnusauaunu y 9atl eweslhilasgdensdummia x megaves
. 22, ) : P '
Wua y ueaneusaaiaswu Tasszesvassninga x @erhuounu y naRfusLia
1 e . [ 3 & o (] ° o w [

iy Smonlusvsaduauny Fuineriiauudniovendidwesdes (w1024 w3e

3
2048 g Wuau

d (a d . a
2.12 msm]mﬂmm;{ﬁm (Fast Fourier Transform 1138 FFT)
o~ } 4 a ] . b °
Tasaliluds nsudasiSwesidumiss OFT) swsainnlylumsimamns
¥ 1 ° X o s o ¥ v °
dssamdld uAnsAman DFT  disiniuddudeyaiiinilsnarlumsdmanves
- [y 1 [ ° v s e y * w
AN RGN F20810 19U Msfwas DFT dmsudwudyapantn 813 N dwy uie
: -~ 4.4 ° ° . a ¥ ;’: ° a §
gaviu AoufiameiABIIMIA NI SINUEFTOUDY N ¢ N T3 uazuandminudeey
- : & a ¢ v 1 4 1t o« A Y < ¥
BANMN-1) 651 Fwmennameini hluar hitimdinmunies lumsquinavemes
a § A a a y (] Y
WeuduTdsunsuges wiamiuAnrsesqaulasmmznly  dawmsuinduavves

-~ J: ° Y o : ~ : b 4 ° ]
aoufinaennilaie uasds dniumsgudnaniu lamlunasnouinnning
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- Q ; 1 & [ : o
wandaavann a2 lumsAmiaa DFT SsimegiuanuSanazdmaunsalunsgui
aviiudy

- o v J A ’ a &
35 lunssiaa DFT Wsaadaau dveSoni mswlavhadySioes FFT) ¥
o 4 b < 2 o L4
Hunasmiues §38 O.W. Cooley) M yAd (.W. Tukey) fiierue131ull a. #. 1965 Favirln
1 4
- a 1 ° Sy b4 ° a Y o
damsianadem msdimanlaelesis FFT 19nmsgudmaubageuinss N log, N a4
¥ .’: L) [ :l, o 2 1 aa & aa
Wiiu 30 Sauass lumsqudnevanaslilte N/ (og, N) 01 nafdnilszmisnilanae
o q ¥ y & . o q Y o vg & y
Mmlinsadaesiene thensdmass DFT v lade uazdmioslas 4w duwalnnis
a ° L XY 14 ]
Uszwadyanadauay  sunsahhllszgnd  9fuszuunaniada ednlsimums
- a ° 30 L4 . &
wilawhadmfSwesiwiieddins lumsdman naelinsAmas DFT sulumsulas
- y o -;
Wiwes lasaas 1w
o t - 14 a ] o a
Taevia T annsautismsulashadySioes 1adluviialngiq 2 oiia fie viisaa
NOUNNIINT (Decimation in Time n3e DIT) HOTTHAGANBUNNAIND (Decimation in
Frequency 'PY?QDIF)
z
ninmaiiesuves FFT

e v o w 1 - I X 4
MNANMIMsLa DFT dmsudau x(m) Hi813 N ga gnsetiswladsine

N-1 mk

X(K)= D x(m)-W ; km=0]1.. N-1 @.1)
=0

* a ¥ : a a o o o

Trgswusasou W = exp(—j2z / N) Tunindidnnseling a1y x(m)
o 4 3/ ar . . i 4 9 o ar
Tnsunsaveaiudenlu Time domain 3w X (k) Neveiudya iy Frequency
domain TANAIMD 58311 Spectrum wnasuvesdggna dwmSumsiVeuauns

: ° 9 I'4 vy v 1 v A
@.1) WuAIsimiIm DFT ezdnadingdl 1 / N dsznevsgalsiaus ualuniaslie
azanlunisesug

o 1 [} a ° o ) - b d’

#2961919U N9sdmMSuNsal N = 4 euiveuauns lafal

X(©0) = x(OW° + x (DW° + x QW° + x 3)W°

X©0) = x(OW° + x (DW' + x QW? + x Q)W?
X(©0) = x(OW° + x (HW? + x QQW* + x 3)W®
X(0) = x(OW° + x(DW* + x QW° + x 3)W* (2.2)
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a Y . b
auns (2.2) @wnsaveu neg luglvesaunts matrx lade

{X} = {4}* {x}

a o : A } 4 ¢ o
Tash (X} uar & WanmmesunIds  ( column vector ) NYszneuAITANY
X(k)uaz x(m) amdwusmian N deu uar (A} WuanSadegsa (square matrix)

i a I3 a Y
9170 N * N Nausaduddasou w=

[Xx(0)] w w® wo we | [ x(0)]
| X() } ) w0 wl g2 w3 l

| XQ@)| @0 w2 gt W {x@)l
LX (3)J 7 w3 ws W]

(2.3)

° VY ¥ ° o Y
asAiMnauns 2.3)lneassdunaminlait assldsmanidedon 4 * 4 use
: b 4 ° ° a Y .’.-'
16 AT UBTABNTIIMIUINSUINBITOUBN N(N-1) = 4 (4-1) =12 A3
v b\ 4 i . >
NANMIARYYsTNI1TUNIUOY Fast Fourier Transform Y38 FFT Naas1iIunss

° - Y L . ° a Y
1uﬂ‘15 mmmuwwau"lﬂ Tﬂamﬂaﬂmﬂuﬁ’ﬁﬂeqm‘lmﬁum'u'uawmmmmu w ﬁt’)
9
W = W sk md(m)] (2.4)

% \ i ar ¥ ar A
%9 [mk mod (@)] MU18De druNimdendinnmsmisned mk ae N Inserwnuaniia

dy ° v L) 1 4
anuiumuil Mlvaunis 2.3) emvenlaidiy

(X1 nm 1 1 1 xopl
Fo| o w s g
| X2 |1 w2 w® w? xQ)] @25)

Lxa) b g g2 o 0]
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s - v Y a o
nnquavtanudumy ilwsaansausndalszney veuuasng {A} ven
a dJd a J (v o a 4 Vet “.” d'
shuunindsesnasunindguiu uazaudnneluasnddes nisuilu <0” unnga
3Emsusndsznoulsl e1meznserinlasasain (A} uAsslimsadudwmimiedangy
‘ v
.3 ar = (Y - U [} A
weuuasng (ewidumseduaudnmuuuine uisamnsnmuunIususdnlaeg s
L4 z s ] o b 4 o o ar
uasnisgauniaeuues lvnad i) A1835015U89 MIAUNGULA (bit reversed) LAY
- @ e ar b 4 (3 o \’c’ é
Wwasng ndsansasuuaIualssinuendllssnsudnamit
Ad’ o ac o 14 - = -y
Tunsiazyeasuie IEMsuen@1llseasy A2EMSIVIUUNUASTYH k LAY m 9TUM
y " ” > e BYY o
TAfeq 0, 1,2 uaz 3 wimin mswssiuansounudaay 4 §udulanedeuguaes

2 Man Ao
k = (ki, k), m=(m,m) (2.6)

i . ity WYy i v .’,' y
Taef ki, kg, my, 18 mo ihualaaniianlaugd o n3e 1 mniu assyiilu auns 2.6) #

gnnsoew1a luidly
k =2k + ks , m=2m + mg 2.7

A ] A H L3
dioveassa k as m 4 Tunvasluaunts . milnla

1 1

X(ki, ko) = 2, 2, X(mymp) W (2Hm0) (Zi0) 2.8)
m=0 m=0

o 1
any o 9 o
nguauiannuiluauees w it laauduiug

W(?.ml+m0).(2kl+k0) - W(Zkl+k0)2m1 W(Zkl+k0)m0
W4mlkl w2mlk0 w(2kl+k0)m0

= W2mIk0  y (2K14k0)mo (2.9)
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4 : b2 v
Toofi wm1%! = | msrzaniulouaunis 2.8) 1A Ivaidu

!

1
X(ki,k) = Z { Z X (my, mg) . WRIEO) ) py(2ki+k0)mo
m=0

m=0
1

1

= 2, {Xi(km)} . Wm0 (2.10)

m=0
)

aq Yo ° v
TasnsauuAnaans x, (o, mo)  HIHMIAMUIUTEHINATNNAINAUATT (2.8)

a a A
swenluaunIsas g lane

(kl,ko) (ml,mo)
[x0l 1 w° o0 011 o wo 0 ] [X(00)]
xa0| |t gro0 o1 0w |x0D -
xon] T 10 o 1 W1 0 @ o | [X10) @.11)
lxan] lo o 1 w)lo 1 o w) lxan]
Iﬂa’r’;wamnmsﬁmwsxwﬁwnma uaznasNs ansam lamuaay
(kl:kO) (ml,nlo)
[xoo0] [1 o w° 0 ] [X(00)
xon| o1 o w| |x0D|
1X@0) | T |1 o @ o J | X(1,0) | @12
lxanl  lo1 o w2] lxap]
Az DFT wesdwudaenmezilu
(kI’kO) (ml’mo)
[ X(0,0)] M we o 0] [X(00)]
IX(I,O)' i} ]1 w2 0 0 l IX(o,l)l -
lxon| T o o 1 W‘J | X(10) | @13)
Lxay lo o 1 w]| Llxan]
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i ¥ & o Y ] -
Nﬂﬁ‘ﬂﬂ']ﬂﬂufni 2.11) ‘D’\llﬂuﬂuﬂ'ﬁllﬂﬂﬂ?ﬂs:ﬂﬂlﬁlaﬂ {A} ﬁﬂ:’;lﬁu'ﬂ HUIFARULUUT
a day ¥ o o 1 o deaawy ¢ o e
HEUYBANATNIT Innmsuondlszaey 2 Aaviniu nlis hidwguduas lue ol
a o & ay & ] a o & o ° a Y 1Y a
ﬁuTﬁfﬂWQKRQNﬂuﬂu'ﬂuﬂ’dua "’f’luaﬂﬂ?ﬂuﬁﬂﬂmﬂuﬂ'lu'luﬁﬁcﬁﬂu HADIMNBITWINTG
- 1 v a v ° a v
ﬂmlu%iﬂ%ﬂﬂﬂuﬂﬁ:lUﬂSﬂ‘l.f,'llﬂq (2.12) Q:lﬁu'nﬂaiﬂ'ﬁﬂ'ﬁﬂmﬂ"uquﬂﬂcﬁaulﬁﬂq N=4
o (] °o o 1 4 a ° o d'ar
Taon N oglugtlvesgsssnidelag (N = 2) uazarasaeuaums (2.8) dmiunsaii oz
' 1 ¥
stuhannsoweuduaunisdenla log N = log, 2 = 2 qums fis (2.12) uaz (2.13)
: Y = y. : ° a v ' e :
l“i'wﬂzuuﬂ'wqgﬂ'ﬁﬁﬂ"ﬁl')uﬂiﬁﬂlﬂﬂﬂ']iﬂﬂ“l"lu')uﬁﬁ‘lmu?lﬁﬁ iNNU Nlog, N= 8 A
° - 9 : 4 o d’!’ " A o < Yo a v
HAZUINTTHIRIMITOU 8 ATI HITTHIHUUBEAN ﬂﬁ'ﬂlﬂ'ﬁl']ﬂl.{ﬂﬂﬁii ‘lf\il‘lfﬂ']u']ul‘lﬂcﬁﬁu
v’ ° a ¥ S\ | & .’,' 1 °
16 A llﬁ:n']ﬂﬁ'lu')uﬁﬂ‘lfﬂugﬂ 12 39 ﬁiuuﬂ%lﬁu'ﬂﬂ'ﬁuﬂﬂﬂ'ﬁﬂ']'H'Jm DFT lﬂu
- + o ° Ve .’.' . - Y 9 °
lﬂﬂiﬂ“gﬂﬂﬂﬂQﬁﬂﬂ'ﬁ 2.11) il"u"'ﬂ11ﬂ%m'luﬂ3~11uﬂ'ﬁﬂmQ'Tu'llﬂfﬂ‘lfauﬂﬂﬂﬁﬂ THIU

a Y Vet [ :
Fouszanas i laondei

Xi (0,0)

1

x(0,0) + W° - x(1,0) = x(0,0) + W°  x(1,0)
x (1,0) = x(0,0) + W2 x(1,0) = x(0,0) - W* - x(1,0)

° a Y ° Y °
ravInguaNtAveIMFeN W2 = W lvmisAiman x (0,0) uar x (0,1)
1 4 ° - v at 3 a4 v : &£ o )’T ° «
ABIMIATUIMINTITOUNBINSUAB YN TairlaTaenrsimiasined W° - x (1,0)
v Y o Y 4 A Yo o ¢ o
Aou uanivlluan wazaufuney x (0,0) Mol 1AGIAY x, (0,0) BT x; (1,0) MUSIAY

] ° o - 3 Vi e : °
sgnlsAmudmiunsdinig 1l ewadialaindwauasilunisdnian DFT vwia N qa
¥ ‘a¥ . a ¥ >
Tno 1y FFT 130159 aBeeuines N log, N A3
SRuMIfimauues FFT aweauns (2.9) dunacuiiouslag qad uaz yRd
' o Yat ¥ ad o 4 & v A e . v P
aounlaligaueITMsAIa FFT uuusuuun nanumaindnms guauviseu
v 1w A ad -t v . o : aa oo
Audeiudiodinms lussazidoadeaminiu lugl 2.8 Wunsminis lvanwendsns
° 4 o :A L M o L4 L d a
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A.1 Pinout and Signal Descriptions

Figure A-1. TMS320C5x Pinout

132-Pin
Quad Flat Pack Package! a
(Top View) 5] e
o lo o - =2 B >O- § g § § = 2 n g =4
cS o-wnvwzwaknn 55. < i 4:(77553
285588555250 Y EROCBRERPEFC88233
’—F"f_'»’—f_'lf—‘H—‘f—ﬁf—hﬁmf—.hﬁﬁﬁﬁhhﬁﬁﬁhﬁﬁﬁf_’f—'ﬁr"'.f_ﬂ
1718 18 14 13 12 11 10 9§ 7 & 5 4 3 21 13213010 129 128 127 128 1385 124 13 122121 120 119 18 17
NCL—_ 18 o ns ]NC
NC(] s " [ ne
VSSJC 3 1 :]VODH
Vssa ] o " 0 Vooua
NC(] 2 w2 ] R
07(J 2 " Ne
OGE o 1ne ]CLKOUTl
0s(] = 9 P xF
0+(] = 18 I} ROWA
oa(] = wr 1 Tox
Dz% = s ] 0x-
01 b} 108 ]TFSX/TFRM
00(] » 104 3 FSX
™S(] 13 [ CLemo2
Vooa(J = 122 T Vesra
Voo (] = 1 Vesig
TCK(] = 10 [} 70O
Vsss(] % ® 11 Voorz
Vsse ] » # I Voon
ne(d w v ] xi
T = » [ X2rctan
2] = . % T CLxNg
WNTI(] » % [] 5%
NTZI[] « . B []5R3
RRI] « i » [ RW
DRC I ” ]PS
TOR] u LN
FSA(] w [0
CUR(] = 8 [INC
Voes(] « 7 [J Vssia
Voce[| 4 ¥ [} Vssn
NC (] w [ NC
Ne(] w u [JNC
N2U83UTYDNNAOUSUTRIN NI USIIAN 8 e .

t  See Pin Assignments. Table A1 (page A-

o

QO sz o= nvmcrsemrsc-meo—c:gngocmcc_\_lm
“$3<(Q<<<<<<<8883w292<<<<<zz8 S
> > > > > 4 >

s
GLKM

'C33 are packaged in 132-pin plastic QF?P in praduction,

Note: MC

= No connect. (Thesae pins ara reserved.)

(=]
>

J) for location and description of all pins. The 'CSQ, 'C51 . and

Electrical Specifications
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Pinout and Signal Descriptions

Table A—1.TMS320C5x Pin Assignments

Pln | Nama | Type Description

1 | RO | or Instruction Acguisition

2 TRST | JTAG Test Reset

3 Vss ] Suoply Ground

4 | Vss | Suppiy Ground

5 MP/MT | 1 MicroprocessoriMicrocomputer
6 D15 (MS3) | orZ Parallel Data Port, High-8yte (8 pins)
7 D14 orz

8 D13 ie]74

9 D12 | woz

10 o1 oz

" 010 [e]r4

12 (0}:] oz

13 08 | wvorz

14 Voo I Supply +5V

15 Voo | Supply 45V

16 | wne: ! | Resarved

17 | ne: | Resarved

18 | NCt | Reserved

19 NC: ] Reserved

20 Vss | Supply Ground

21 | Vss Supply Ground

22 ) NC: Reserved

23 D7 |  worz Paraliel Data Port, Low-Byte (8 pins)
24 | o6 | worz .

25 | oDs | vorz

25 | D4 | woz

27 | o3 | voz

28 | o2 | worz

29 | ot | worz .
30 | oowss) | woz

31 | TMs | JTAG Test Mode

32 l Voo l Supply BV

33 | Voo , Supply +5V

4 | TCK | 1 JTAG Test Clock

T NC = No connect
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Table A—1. TMS320C5x Pin Assignments (Continued)

Description

Pin | Name ] Type
35 Vgs Supply Ground
36 Vss Suogly Ground
ar | ne: | Ressrved
a8 | mTT ! Interrupt #1
29 | INTZ { Intarrupt #2
40 | W73 1 Interrupt #3
41 W7 l Interrupt #4
42 N®T 1 Nonmaskabla interrupt
Q DR o Serial Port 1 Data Recsive
44 T0R | Serial Port 2 Data Recaive
45 FSA I Seral Port 1 Receiver Frame Sync
46 CWKR | Serial Port 1 Receiver Clock
47 Voo Supply +5V
48 Voo Suoply 3V
49 NC: Aeserved
50 NC: Ressrved
51 NC: Reserved
52 NC: Reserved
53 Vss Supply Ground
54 Vss Supply Ground
55 A0 (LS3) 1OrZ Parallel Port Address Bus
55 Al oz (10 gins)
s7 A2 orZ
58 | A3 11orz
59 ] A4 11o/1Z
80 A5 1101z
61 A6 ¥OrzZ
62 A7 orz
63 A8 l{el74
64 A9 YOrZ
63 Voo Supply 5V
65 I Voo Supply +5V
67 l TOI I JTAG Scan Input

T NC = No ¢connect

Electrical Specifications




73

Pinout and Slgnal Descriptions

Table A—1. TMS320C5x Pin Assignments (Continued)

Pin Nams Type | Description
63 Vsg Supply | Ground
€9 Ves | Suoply | Ground
70 NC: | . | Resarved
T h CLKMD1 | | Ciock Mode Pin 1
72 A10 Vorz Parallel Port Addrass Bus
73 Al 1oz {6 pins)
74 At2 1orz
73 A1l 10rZ
76 Al4 orz
7 AlS WorZ
78 | NC: Reserved
79 NC! Reserved
80 Voo Suoply +SV
3t Voo Suopiy +5V
82 " RO orz Read Enable
a3 we 0174 { Write Enable
84 NC: " | Reserved
8s | ~e: | Reserved
86 Vsg Supply Ground
87 Vss Supply Ground
88 NC* Reserved
€9 (811 orZ Data Space Select
¢a | ® orz | 1O Space Select :
21 P3. oz | Program Space Select
92 RW vorz - Read/Write
s3 57A8 oz Extemal Parallel Access Active
94 3A Y0rzZ Bus ARequest
95 CLKIN2 I Divide-by-One Clack Input
] X2CLKIN l Divide-by-Two Clock Input
97 l X1 o] Oscillator Qurput
<8 Voo Supply +5V
99 Voo Supply +5V
100 | Too 0z JTAG Sean Output

' NC = No connact
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Tatle A—1. TMS320C5x Pins (Concluded)

Pin | Name Type Description

101 | Vss Supply Ground

102 | Vs Suoply Ground !

103 | ckMo2 [ Ciock Mode Pin 2

104 | Fsx 1oz Serial Port 1 Transmitter Frame Sync
105 | TRSX/TFAM Worz Serial P2t 2 Transmittar Frame Sync "
106 | ox orz Serial Pen 1 Transmittar Qutout
107 | TOX oz Serial Pent 2 Transmittar Outout

108 | ROUDA orz Hold Acknowiedge

109 [ XF 074 External Fiag

110 | cxouT: oz Machine Clock Output

111 | NC: Reserved

112 | TACR orz Interrupt Acknowledge

13 | Vao Supply +5V

114 Voo Suoply +5V

115 NC: - Reserved

16 NC: Reserved

117 | NC: Reserved

118 EMUC HorZ Emulator Interrupt 0

119 EMUI/Crr yorz Emulator Interrupt 1

120 | Vs Supply _ Ground

121 | Veg Supply Ground

122 | TouT oz Timer Output

123 | ToLKX oz Serial Port 2 Transmitter Clock

124 | cuxx oz Serial Port 1 Transmitter Clock

125 | TFSRTADD yorz Serial Port 2 Recsive Frame/Address
126 | vcukm I Serial Pert 2 Recsiver Clock

127 AS ! Device Reset

128 READY | External Access Ready to Complete
129 | Aoto i Aequest Access of Local Memory
130 j:}10] ! Bit I/O Pin

131 Voo Supply +35V

132 | Vo Supply +5V

t NC = No connect

Electrical Specifications
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CA3318C

CMOS Video Speed
8-Bit Flash A/D Converter

Features

CMOS Low Power with SOS Speed (150mwW Typ.)
Parallei Conversion Technique

15MHz Sampling Rate {§7ns Convarsion Time)
8-B1t Latched Tri-State Output with Overflow BIt
£1 LS8 Accuracy (Typ.)

Single Supply Voltage (4V to 7.5V)

2 Units in Serfes Allow 9-8it Output

2 Units in Parallal Allow J0OMHz Sampling Rata

Applications

* TV Vidao Dlgitizing (lndustrizllSecuriryIB'ro:dcast)
High-Speed A/D Conversion

Utrasound Signature Analysis

Transient Signal Analysis

High Energy Physics Research

High Speed OUscilloscopa Storage/Oisplay

General Purpose Hybrid ADCs

Optical Character Recognition

Radar Pulse Analysis

.

.

.

Motion Signature Analy sis’
1P Data Acquisition Sy stems

Description

The CA3318C is a CMOS paraflel (FLASH) analog-to-digital
convener designed lor appiications demanding both low
powear consumption and high speed digitization. '

The CAJ3318 operates over a wide full scale input voltage
range of 4V up 1o 7.5V with maximuym power consumption
deoending upon Ihe clock lrequency selected. When aper-
ated from 3 5V supply at a clock lrequency of 1SMHz, the
lypical pawer consumption of the CA3318 is 150mwW.

Tha intrinsic high conversion rate makes tha CA3318 idesity
suited for digitizing high speed signals. The overflow bit
makes possible the connection of two or more CA3318s in
seres o increase the resolution of the conversion system, A
series connection of twg CA3318s may be used 10 produce a
9-bil high speed converter, Operation of two CA3318s in par-
aitel coutles the conversion speed (le.. increases the sam-
pling rate from 15MHz to J0MHz),

256 parslieled auto balanced voltage comparators measure
the input voltage with respect lo 3 known raference to pro-
duce the parafel bit outputs in the CA3318.

255. comparators are required lo quantize all input voitage
levels in this 8-bit converter, and the addilionsl comparalor is
required for the overilow bit,

Ordering Information

PART HUMBER LINEARITY [INL) SAMPLING RATE TEMPERA TURE RANGE PACKAGE
CAJII8CE =1.5L58 tSMHZ (67n3) -0"C lo +85*C 24 Leaa Plasuc DIP
CA331aCM 215158 1SMHz (§7a3) -40"C o +A5°C 24 Lesd Plasse SOIC
CAJITACD 215188 ISMHZ (67 ns3) ~10°C to ~45°C 24 Lead Cerame DIP
Pinout

CA3318C (POIP, COIP,
TOP VIEW

SO1IC)

S

LS 81 E

B2 E

83 E

84 (7]

as E

as E

[14 E

wse) ae [7)
overeLow (3]
1an [io]

{D1G. GHOI Vg (11]
(01G. 5UP) voq [1]]

12{ Vy o * {ANA, SUP)

EJ] 4R

(3] Verr=

v

=]

E PHASE

7] cux

E Vaa«ANA, GNOY
g

l's] Vogy+

E CET

E cE1

CAUTNION Theta devced sea 1w in CETOIIBE BICAIQE Uty 1usd ohow omoer | C Haremrg Proceowwes

Capyrnre © Hamy Corooranon 1991

File Number 3103
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CA3318C

Functianal Block Diagram
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Specifications CA3318C

Absolute Maximum Ratings

OC Sucoly Vorags Range (Vog or Vo)., ....... .. 3.5Vio -8v
(Ralerenced to Vg of V.« Temwnal, Whichevar is Mors
Neqatrve)

Inout Voage Range
CE2andCET ........ccvee.... Via: 0.5V to Vg = 0.5V
Clock, Phase, Vegp-, "Iy Ral, Vaa- 0.5VI0 v, = + 0.5V
Clocx, Phase, Ve < Vg 0.5V 1o Vg « 0.5V

Var V4 REF, Vagpo . ....., - Vi 0.5VI0 V, .- - 15V

Outout Vanage Range................. Vg -0 5V 1o Vpy = 0 5V
813 18, Overfiow (Outouts OM

OCinoutCurrent ,..,........... Sereritaceieieiiiieaa. 220mA
Clock. Phase, CET. CE2, V., BAS 1-5, Overfiow

Ooerating Voltage Range (Vag or Vo) ..., .. 4V Min to 7.5V Max

Recommended V,, * Operatng Ranga Voo ¢ 1V
Recommended V,,- Operating Range Vg £ 1V
Slorage Terrperatuwre Range . ,............. .. £5°C to ~150°C
Lead Temoeratura (Soldenng 10s). . ........... ... .. ~265°C

CAUTION" Stret1es s00ve Inose Ksted i "Absohse Masemum Ranngs’ mey cavuse oermanent damene 1o e devce, Thrs g 2 stres.

of N6 GeVCe o Ne 32 OF Srry OIRer CONINONS 2DOe Mase nginsted w1 ihe

Thermal Information

Thermal Resatanca

Cerarme OIP Package
Plastic OIP Pacxage

Plasoe SOIC Packags . . ..

Mszerum Power Qissipation
QOoearsting Termoerature Range Ty

Junction Tamoersture

Ceramic Package .,

Plastic Pacxage

oF theg

©
necw
50°Cw .
s*'cw .
................ 0.67w
.......... —0°C o -85°C
...................... +115°C

3 onvy reong and ooerveon

Electricai Specifications at+25°c. v, » Voo ® V. Vagr© # 8.4V, Vagp - = Vyue @ Vgy CLK = 15MHZ,

AS Relerence Points Adjusted, Unlass Otherwisa Soeohed.

PARAMETER | TEST CONOITIONS I [ TYpP [ MAX [ UNITS
SYSTEM PERFORMANCE
Resoltran 3 . . 8its
integrat Lineanty Error . - LK1 Lss
Differenuai Lineanty Esror . . +1,.0.8 Ls8
OHset Error, Unagqusied Vine ® Vagpe 172158 0.5 (] 5.4 LS8
Gan Error Unadpusieg Vi # Vage* - 12158 4.5 [} 1.5 Lsa
OYNAMIC CHARACTERISTICS
Mazumum Inout Banowiatn (Note 1) CA3J18C 2.5 s.0 - MHZ
Maxwrrum Conversion Speed CLK = Square wave 1}] 17 - MSPS
Siqnal to Nose Rano {SNR) Fs = 15MHz, {,, » 100kHz - 47 . a8
. RMS Signal Fg » ISMHz, [,y # 4MHE B a3 . ¢8
RMS Notse .
Signal 1o Noese Ratio (SINAD)Y Fs = 15MHz, [, = 100%H2 - 45 8
.. AMSSignat Fg = 1SMHZ, [y, » 4MHz - 15 - 48
RMS Noiss+Distoron
Totat Harmome Disiormon, MHO Fq 3 1SMHZ, [, 3 100kHZ . -8 . oBc
Fg @ ISMHz {,, = “MHz ; -36 a8c
Eltecrva Numoer of Bils (ENOB) Fy * 15MH2, I, = 100XHZ - 72 - Bits
Fg = I1SMHz 1, = dMHz . 5.5 - Bits
Odierenual Gawn Emror Unadjustad . 2 - %
Oifferenuial Phase Eqror Unadijusted 1 . *
ANALOG INPUTS
Full Scata Range. Vg 3nd (Vg ) - (Veges) Notes 2, 4 ¢ - 7 v
Inout Caoactanca, Yy, 30 . pf
Inout Cunent, V. {See Text) Vig ? 5.0V, Vagps = 5.0V . . s mA
REFERENCE INPUTS
Ladder imoedance ] | 270 T 500 | 20 T o
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Specifications CA3318C

Electrical Specifications A -257C, v,,» » vy = sV, Vngr = @ 5.4V. Vagp- = Vi = Vg, CUC = 1SMHZ,
AN Referznce Poinly Adjustad, Unteas Otherwisa Soscfied, (Continued)

PARAMETER | TEST CONDITIONS E | e T Max ] units
OIGITAL INPUTS

Lew Level Inout Vorage, Vo,
CEl. ce2 Note 4 . . 0.2Voo v
Phasa, CLK Hote 4 . . 0.2%,, v
Hgn Level inout Voitage, V.,
CeErce2 Note ¢ 0.7Vpg . - v
Phase, CLX Note ¢ 0.7V,a0 . -
Input Leakage Current, Iy (Exceot CLK tnout Note 3 - 9.2 =5 uA
Inout Caoaatanca, C, - 3 B oF
OIGITAL QUTPUTS -
Qutput Low {Sink) Currant Vg = 0.4V 4, 10 . mA
Quiout High (Sourca) Current Vg » 4.5V - 4 . mA
Tn-State Oulout Of-State Leaxage Curtent, Iy, - 0.2 =3 BA
Oviout Cacacianca, Co o 2 % of
TIMING CHARACTERISTICS
Auto Batanca Time (o) 33 . - ns
Samole e 102} Mote 4 a5 . $00 ns
Aperture Dstay . 15 . as
Aperture Jitter =) 100 . 23
Oata Vard Tima, [, Note 4 - 50 55 ns
Data Hold Time, T, MNote 4 25 40 . ns
Outout Enadle Nmna, Tep 3 . 18 as
OQutout Oisabte Nme, To,q ’ T ns
POWER SUPPLY CHARACTERISTICS
Device Curtant (lng * 1) (Excludes l.._-,) Continyous Convarsion (Nole 41 . Jo 50 mA
Auto 8Balance (s1) . 30 60 mA

NOTES.
. A fuk scaie sine wava inout of greater than F oy /2 O the sDeofied inpul Dandwith {whichever is less) may caysa an srronsous oo,
Tha -3d8 banawdih lor lrequency resoonse purooses is qreater than J0MHZ,
. Vi {FUl Scate) or Vagp = should not exceed Via® + 1,5V for sccuracy. .
. The clock inout is 3 CMOS inverter win a2 S0X(1 feedback resmtor and may be AC couoind with 1V, , minimum sourcs.
Paramuier not tesied. but quarantesd by desin or characterzation,

(]

-

Timing Waveforms

COMPARATOR DATA 1S LATCHED OECODED DATA 3 SHIFTED
\\ / 10 OUTPUT REGISTERS

CLOCK (PIN 18)
1F PHASE {PIN 19)
3 Low

CLOCK iF
PHASE IS HIGH

FIGURE 1, INPUT TO OUTPUY TIMING DIAGRAM
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CA3318C
Timing Waveforms (Condnued)
gEv l
cex l
Tos Ten I
Tas
BITS 1.8 DATA d 0ATA N DATA
HGH N\ / <
IMPEDANCE M IM’QDANC! ———
or DATA >—_<
KIG!
IMPEDANCE e
FIGURE 2, OUTPUT ENABLE TIMING DIAGRAM
: AuTo AuTo
BALANCE sampLg
R MP!
cLock o pr ok
HO MAX WBny 1ny 1ins $3ny
umr MIN MIN M MIN ,

FIGURE 3JA. STANOBY IN INDEFINITE AUTO BALANCE [SHOWN WITH PHASE « LOW

' AUTO
i BALANCE
eLoCK . SAMPLE SAMPLE
N Ne2
500ns
MAX

.

OATA OATA
DATA M.t M

FIGURE 38, STANDBY IN SAMPLE (SHOWN WITH PHASE » Low)

FIGURE 3. PULSE MODE OPERATION
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CA3318C
Typical Performance Curves
@ 1t
/ ™~ .
s
bod
39
- - 1
L ] .
g 7 NG
? 3 .
i ‘ \
/ k0
e N
10
0 19 0 30 B Bl 1 [ 30 7s 2]
Fs (e TEMPERATURE [*C)
FIGURE 4. DEVICE CURRENT vs SAMPLE FREQUENCY FIGURE 5. DEVICE CURRENT vy TEMPERATURE
Lo 1.00
Fy = 1SMHE £y = tMMg Fg e 1SMMg
e .30
.8 080
ra @ oo
-4
§ ra x 0.0 [
2 1 £ s [ R
3 o
Q z
Z e E o
z
5.4 .30
S o
.4 020 [
[¥] .10
s.0 L)
“0 .38 .20 .10 19 20 30 40 S0 €0 0 g0 9 -0 .J@ .j0 .10 o 10 10 36 w0 SO €6 o aa 10
TEMPERATURE (*C} TEMPERATURE (*C)
FIGURE 6. ENOB vs TEMPERA TURE FIGURE 7. NON-LINEARITY vy TEMPERATURE
1.0 i
1.00 Fg o 1SMHE
1.08 t.90 $
[R]] Z 1.50 \\ o4
- N )
a o a
':'-: INL/ :J'- 1.40 \
r an = um X
% oc0 €
< O 1,00 P
¥ — i <X
3 e £ a0 D, —
5 e ] 2 o \ —
z owe L~ g AV —
0.24 e 0.40 '\.<0~L
912 .20 -~
’ 0 ' 1 1 ’s 1 1 3 4 s g
Fy (ran) Vaer V1

FIGURE 8. HOMN.UNEARITY vs SAMPLE FREQUENCY

FIGURE 9. NON-UNEARITY va REFERENCE VOLTAGE
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CA3318C
Typical Performance Curves (Continued)
e ] [
ol s
. 1.1 Fy = t15Mneg
(Y]
g 4
"
2w
3 T
Z s
- \ .
82
X ]
4.4
4.0
00 05 10 15 20 23 30 L5 40 45 S0
£y {Meny
FIGURE 10. ENOB vs INPUT FREQUENCY
Pin Descriptions CHIP ENABLE TRUTH TABLE
PIN NAME OESCRIPTION CEl CE2 81-88 OF
1 81 ait 1 (LS8) Qutout Oata 8us 0 ¥ Vand Vaig
] 82 81 {igh el 1 i T State Vard
3 83 8it) X 9 Ta-State Tri-State
4 84 Bite X # OontCare
S as ans
s a6 8iL§ Theory of Operation
H az a7 A sequential paralial technigue is used by the CA3318 con-
[} 38 Bit 8 (MSB) verter (o obtain its high speed operation. The sequence con-
3 OF Overtiow sists of t'he Auto-Balance” phase, o.l. fnd the Samplg
- - Unknown® phase. 82. (Refer lo the dreuit diagram.) Each
10 LR Relerence Laader 1, Pomt conversion lakes one clock cyde”. With the phase control
1 Ves Digrtat Ground (pin 19) high, the ‘Auto-Balance® (#1) occurs during the high
12 Voo Digral Power Supply, ~5V pefiod of he clock cyde, and ihe “Sample Unknown® {$2)
13 CE2 | Td-Staie Outout Enavia inoul, A | OCCU™S during the low period of the clock cycle.
Low. See Truth Table, * Tha device requires only 3 singla phase ciock The terminology of
7 =5 T-Slate Outout Enatie INout Acires $1 and 42 refers o the high and low periogs of e same docx,
High, See Truth Table. Ouring the "Aulo-Balance® phase, 3 transmission swilch is
15 Veer- Reletenca Vokage Negatve imput used lo connect each ol. the first set of 256 commutating
- capaalors to their associated ladder referenca tap. Those
16 Ve Analag Signal Inout tap voltages will be as lollows:
17 Via® Anaiog Groung
M 3 Viap (N) = {(N256) Vage] - (1/512) Vegs]
18 {83 Clocx Inowt 2{(2N - 1)/512] Vgep
19 PHASE Sarmotle cock phase controt smout, . R
When PHASE i3 low, “Samole Un-. Anere:
known™ occurs when the clock is low Vap (n) = relerence ladder tao voitage at point n,
nd 'fmo B3lance’ occurs when the Vagr » voitage across Vige- 10 Vpeg ~
clock is high (sew tex). N = 13p number (1 through 258)
[A M . . .
0 R Ruference Laader Midoont The other side of thesa capacitors are connected lo singles
u Vg Anatog Signal ingut sfage amofifiers whase outuls are shorted 1o thei inputs by
22 Veer* Retsrence Vattage Posnrve Inout swilches. This balances the amplifiers at Iheir intrinsic tno
3 TR Reference Laader =y Pomt points, which is approximately (Va, + - Vaa-i2. The first set
of c30acilors now charges lo their assooated ap voitages,
u Via© Analog Power Sugoty, 5V
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CA3318C

Al the same tima a second set of commutating capactors
and ampiifiers is also auto-balanced. The datandng of the
second-stage amplifier at its intrinsic trip point removes any
tracking diferences between the first and second amplifier
stages. The cascaded aulo-balance (CAB) lechnique. used
here, inceases comparafor sensitivity and ternoerature
Iracking,

In the “Samopla Unknown" phase, all ladder ap switches and
comparator shoning swilches are opened. At the sama tima
Vi is switched lo the first set of commutating capacitors,
Since the other end of the capadilors are now looking into 3n
efiectively open circuil, any input voltage that differs from the
previous lap vollage will appear 3s 2 voltage shilt al the
comparator amplifiers, Al comparators that had tap voflages
greater than V,, will go lo 3 “high” state at their outputs. All
comparalors that had lap voltages lower than Vy, willgo to a
“low” state.

The status of all these comparator amolifiers is AC couoled
through the second-stage comparator and stored al the end
of this phase (62) by a lalching amplifier stage. The laich
faeds a second latching stage, lriggered 3t the end of o,
This delay allows comoaralors extra setlling lime, The status
of the comparators is decoded by a 256 lo 9-bit decoder
array, and Ihe results are clocked inlo a slorage register at
the end of Ihe next 02.

A J-stage bufler is used at the outpul of the 9 storage "':Ei’_'
ters which are controlied by two chio-enatle signals. CE!
will indeoendenily disable 81 through 86 when it is in a high
state. CE2 will independently disable 81 through 88 and the
OF bulfers when it is in the low state.

To laciitate usage of this device. a phase control input is oro-
vided which can eflectiveiy comptement the clock as it enters
the chip,

Contlnuous-Clock Operation

One comolete conversion cycle can be lraced through the
CA3318 wia the following steos. {Reler 1o timing diagram.)
‘ARih the phase control in 3 “low” state, Ihe rising edge of the
clock input will start a “sample” phase. During this entire
‘high™ state of tha clock. the comoarators wil lrack the input
vollage and the [irst-stage laiches wilt track the comparator
outputs. Al the falling edge of the clock, alf 256 comparator
outputs are caoturad by the 256 latches, This ends tha “sam-
pte” pnase and stans the “auto-balance’ phase (or the com-
parators. During this “low” state of Ihe clock. the output of the
latches sentes and is captured by 3 second row of lalches
when the clock retums high, The second-stage latch outout
propagates through the decode array, and 3 9-bit code
acpears at the O inputs of the outout registers. On the next
[aling edge of the dock, this 9-bit code is shified Into the out-
put registers 3nd appears with time delay 1o as valid data at
the outoutl of the tri-state drivers, This alse marks the end of
the next “sample’ phase, ther=by repeating the conversion
process for this next cycle.

Puise-Mode Qperatjon

The CAJ318 needs two of tha same polfarity dock edges to
complete 2 conversion cycle: If, for instance, a negative
gomg clock edge ends sample “N°, then data "N” will appear
3fter the next negalive going edge. Secause of this require-
ment, and because there is 3 maximum sample time of
500ns (due to capadior droop), most puise o inteamitient
sampla apphications will require double dock pulsing.

If an indefnile standby state is desired. standby shouid ba in
auto-balance, and the operation would be as in Figure JA.

If the standby state is known (o last less than £00ns and low-
est average power is desired, then operation could be as in
Figure 18.

Increased Accuracy

In most cases the accuracy of the CA3318 shouid be suffi-
dent without any adjustments. In applications where accu-
racy is of utmost impontanca, five adjustments can be made
lo obtain better accuracy, i.e.. offset trim: gain trim; and '/,
Y1, and 3, point trim,

Offsat Trim

In general, offset correction ¢an be donz in the preamo cit-
euilry by introducing a de shift to Vi or by the offset tim of
the 0p amo. Whan this is not possible the Vpee - inout can be
adjusted 10 produce an offsel tim. The theoretical input voit.
age lo produce Ihe first transition is 'I4 LS. The equation is
as loflows:

Vpe (O lo 1 transition) = ', LSB = 'ty (Vagp/256)
2 Vpep/512

1V, for the first transition is lass than the theoreticsl, then a
single-tum 501 pot connecied between Vgep- and ground
will accomolish the adjustment. Sel V,, to 172 LS8 3and tim
Ihe pot until the 0-lo-! transition occurs.,

It Vi lor the first transilion is greater than the theoretical,
then the 500) pot should be connected between Ypep- a3nd a
neqative voltage of about 2 LS8's. The trim procedure is as
stated previously,

Gain Trim

In general, the gain irim can also be done in the preamo cir-
cuilry by introducing a gain adjustment for the 0p amo. V"hen
this is not possible. then a gain adjustment circuit should be
made to adjust the refarence vollage, To perdomn this Inm,
Vi should be set to the 255 1o overfiow transition. That voil.
age is 'fy LSB less than Vpgp * and is calculated as fofiows:

Vi {255 to 256 transition) = Vpep - Vpee512
= Vagp(511/512)

To perform the gain trim, first do the offset trim and then
apply the required V), for Ihe 255 (0 overfiow ransstion, Mow
adjust Vagp ¢ until that iransition occurs on the outouts.
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1, Point Trims

The 't,, "3 and 1, points on the reference ladder are
brought out for linearity adjusting or if the user wishes to
create a nonfinear transfer function. The '/, points can ba
driven by the reference drivers shown (Figura 12) or by 2.K
pots connected between Vagy ¢ and Vpge-. The '/ (mid-)
point should be set first by applying an input of 257/512 x
(Vree) and adjusting for an output changing from 128 to 129,
Simdarty the '/, and %1, points can be set wilh inputs of 129/
512 and 18S5/512 x (Vrgr) and adjusting lor counts of 192 (o
193 and 64 to 65. (Note that the points are actually AN
and ¥, of fun scaie +1158.)

T AN
T oeman T

1X < 100 sy
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1% 3 ! Joa 12 REF
ot «'I W, P 309

X < 10 s 1002
1ra mEF
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son
NOTES:

1. A Op Amos = ¥, CAI2E

2. Bypass af rmierence points to 3nalog ground near A/D with 0, 1yf
ceramic caos.

3. Adiust Vags. first, then 't ¥, and Y1, powus,

FIGURE 12 TYPICAL 174 POINT DRIVERS FOR ADJUSTING
UNEARITY (USE FOR MA XIMUM LINEARITY)

9.8t Resolution
To obtam 9-bit resolution, wo CA3318's can be wired
logeiher. Necessary ingradients include an open-ended lag-

der network, an overfiow indicator, irl-state outputs. and chip-
enable controls—all of which are avalable on the CA3318,

The first step for connecting 3 9-bit Grout is fo foterm—poia
the ladder networks, as iflustrated in Fiqure 13. Sinca the
absolute resistance value of each ladder may vary, extamal
trim of the mid-referencs voitage may be required.

The overtow outout of the lower davica now becomes the
ninth bit. When it goes high. all counts must come from the
upper device. When it goes low, all counts must coma from
the lower devica, This is done simply by connecting the
lower overtiow signal to the CE1 controt of the lower AD
Converter and the CE2 controi of the upper AD converter,
Thae tri-state oulputs of tha two devices (bits 1 Ihrough 8) are
now connected In perafial lo compiate the circustry. Tha com-
plete circuit for 8 9-bit A/D conventer is shown in Fiqura 14,

Grounding/Bypassing

The analog and digital supply grounds of 3 system ghould be
kept separate and only connected st the AJD. This keeps
digital ground noise out of the analog dala 1o be converted.
Reference drivers, input amps, reference 13ps. and the V,,
supply should be bypessed al the A/D 1o the analog side of
the ground. See Figure 15 for 3 block diagram of this eon-
cepl. All capacitors shown should be low impedance 0. 1uf
ceramics and should ba mounted as closa to the A/D as pos-
sible. Il V¢ is desived lrom Vg, a smant (1001 resistor or
inductor and additional fitering (4.7uf tantalum) may be
used to keep digilal noise out of the analog system,

Input Loading

The CA3318 outouts 3 current pulse 1o the V,, terminal at
the stant of every sampla period. This is due lo caoacior
charging and switch leedibrough and varies with input voit-
age and samoling rate. The signal source must be caoable
of recovering lrom the puise before the end of the samole
period 1o guarantee a valid signal for the AD 1o convert,
Suitable hign speed amplifiers include Ihe HA-5033,
HA-2542: and CA3450. Figure 16 is an axampie of gn ampii-
fier which recovers (ast enough lor sampling at 15MHz,

Qutput Loading

The CMOS digital output stage, although caoable of driving
large loads, will reflect these loads into the local ground. It is
recommended that d lacal QMOS bufler such 3
CD74HCS541 € be used 0 isolate capacitive nads,

Definitons
Oynamic Performance Deflnilions

Fast Fourler Translorm (FFT) techniquas are useg o evaluate
the dynamic performance of Ihe converter. A low distortion sine
wave i 3pphed 10 the input, it is sampled, and the outowt is
stored in RAM. The data is then transfonmed mio the frequency
donwhw%a%pohxFFTandeed!oevahmeme
dynamic performance of the A/D. The sine weve inowt 1o the
part!s -0.5d8 down from fuliscale for al thess lesr,
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Signal-to-Noise (SNR)

SMR is lhe measured RMS signal to RMS noise at 3 spec-
fied input and samoling Irequency, The noise is the RMS
sum of 3!l of the speciral components exceot the lundamen-
lal and the first five harmonics,

Signalto-Noise + Distordon Rato (SINAD)

SINAD is the measured RMS signal to RMS sum of all olher
spectral components below tha Myquist lrequency exduding
ocC.

Effective Number of Bits (ENOS)

The sflective number of bils (ENOB) is derived from the
SINAD data. ENOB is calaulated from:

ENOB = (SINAD - 1.76 ~ Veanal/6.02
where: “egan = 0.5d8
Total Harmonic Distordon (THO)

THO Is the ratio of tha RMS sum of the first 5§ hanmoni: com-
ponents to the RMS value of the measured input sigrual.
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FIGURE 13, USING TWO CA3318s FOR 9-BIT RESOLUTION
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TABLE 1. QUTPUT COOE TABLE

INPUT VOLTAGE
(NQTE Iy SINARY OUTPUT CODE
Vagr Vagr
cooe 8,40V sV Msa LS8 | DECIMAL
DESCRIPTION (4% [44] OF -1 ] ar B8s as B4 81 82 81 COUNT
1o 0.00 Q.00 ] Q [} [} 0 0 [+ [} [} ]
158 0.02% 0.02 [} 1] [} 1] 0 a [+] 0 1 1
2L58 Q.05 0.04 1] 0 [+] 0 [} Q ] 1 [} 2
174 Ful Seate 1.60 1.28 e 0 ' ] 0 (] L] 0 ] 84
12 Full Scale - 1 LSS 31738 2.54 ] L] 1 1 1 1 1 1 t 127
112 Full Scate 20 2.56- a 1 0 [} 0 0 Q 0 0 128
t12Fuk Scate ~ 1.8 3.228 258 0 1 [+] 4] /] Q Q 0 1 129
Y4 Full Scale 480 84 0 1 1 0 0 o 0 0 ] 192
Full Sc3te - ¢+ LSB 5.35 s.08 0 1 1 ‘1 ] 1 1 i 0 254
Fult Scale 8.378 5.10 0 1 t t 1 4 1 1 1 58
QOver Fiow 8.40 $.12 1 ! 1 [ ' 1 ] 1 1 $19
NOTE: 1.

The vonages listed a0ova are the a3l canters of each oulput code shown as 3 funcuon of ils 2ssoaated relerence voraqe,

Reducing Powsr

Most power is consumed while in the auto-balance state,
‘Nhen operating 3t lower than {SMHz dock speed, power
€an be reduced by stretching the sample (62) time. The con-
siraints are 3 minimum balanca time (¢1) of I3ns, and a
maxnmum sample time of 500ns. Longer sample times cause
droop in the auto-balance caoacilors. Power can also be
reduced in ihe relerence siring by switching the reference on
ondy during auto-balance,

Clock Input

The Clock and Phase inputs leed butfers referenced to Vaa®
and Vaa-. Phase should be lled 10 one of these two polen-
Uals, while the clock (if DC couplad) should be driven at least
from 0.2 to 0.7 x (V. * - Viaa<). The cock may atso be AC
coupled with at least 2 1 Vp g swing, This 3llows TTL drive
levels or 5V QMOS levels whéff V, . + is greater than SV,
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JRREREERRRRAS R L et s unaReR et DROGRAM DISPLAY *#**#ssssssssstsessssnsssanss
#include <stdio h>

#include <conio.h>

#include <alloc h>

#nclude <dos.h>

#include <math h>

#include <graphics.h>

#include <process.h>

#include <pcx.c>

#include <vgal.c>

#define DATAPORT ~ 0X378
#define STATUSPORT 0X379

#define CONTROLPORT ~ 0X37A

#define SM 0x80 '

#define CM  0xOB

#define ESC  Oxlb

Mefine UP  Ox48

#define DOWN  0x50

#define LIFT  0xdb

#define RIGHT Ox4d

#define A UP Ox98 //ALT & UP

#definc A DOWN  0xa0 //ALT & DOWN
#define A_LIFTOx9 /ALT & LIFT

#define A RIGHT ~ 0x9d //ALT & RIGHT

int conv(int ch);

void sport(int port,char ch);



-

-

char rport(int port);

char check_stat(int port);

void port_init(int port,char code);

void readdsk(char s);

void Run();

void Initialize(void);

void Vtable(int sx,int sy,int ex,int ey, int wx);
void Htable(int sx,int sy,int ex,int ey,int wy);
void Lline(int sx,int sy, int ex, int ey);

void Xline(int sx,int sy,int Ix,int ly);

void Hline(int sx,int ex int yy);

void Vline(int xx,int sy,int ey);

void HlineT(int sx,int ex,int yy);

void VlineT(int xx,int sy,int ey);

void Send_pg();

void W_text();

void W_name();

void Menu();

void D_box(int sx,int sy, int ex,int ey,char s);
void Select(void);

void Load();

void Save(void);

void Still();

char Exit(void);

void S();

int x,y,nx,ny,nn;
int bi[2]{600],bh[2]{600];

94
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int ch,c,ij,k,m,in;

int Hz=0 Hzb;

float Maxv=0,Maxvb;
char *fhame, *te;
FILE *fp;

. k% ek hkk 3 1 3 MAIM PROGRAM RRARRARRRRRARARRAXARARK AR
’

main(int argc,char *argv{])
{

clrscr();

printf(" %s ",argv[1]);

if{(fp=fopen(argv(1],"tb"))) {
printf{"cannot open input file \n");
exi(1); }

Send_pg();

felose(fp);

Initialize();

setfillstyle(SOLID_FILL,LIGHTGRAY);

bar(0,0,639,479);

Menu();

D_box(80,45,630,470,2); /foox scope

Lline(109,170,610,351);

Hline(110,610,350);

Vline(110,170,350);

Vtable(110,170,610,350,20);

Htable(110,170,610,350,30);

W_name();

outport(CONTROLPORT, 0xf¥);



P o

do{
Select();
ywhile(ch!=ESC);
closegraph();
return 0;
}

int conv(int ch)

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

}

void'sport(int port,char ch)
{ union REGS 1;
r.x.dx = port;
r.hal =ch;
rhah=1;
int86(0x14,&r,&r);
if{r.h.ah & 128)
{ printf{"send error detected in serial port...!I");

exit(1); }

char rport(int port)
{ union REGS r;

r.x.dx = port;

96
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r.hah=2;
int86(0x14,&r,&r);
return r.h.al;

}

char check_stat(int port)

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

}

void port_init(int port,char code)
" { union REGS r;
r.x.dx = port;
rhah=0;
r.h.al = code;
int86(0x14,&r,&r);
}

void Initialize(void)
{ int gdriver = DETECT,gmode, errorcode;
errorcode = registerbgidriver(EGAVGA_driver);
if{errorcode < 0)
{ printf{"Graphics error: %s\n",grapherrormsg(errorcode));
exit(1);

}
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initgraph(&gdriver,&gmode,"");

errorcode = graphresult();

if{errorcode != grOk)

{ printf"Graphics error : %s\n", grapherrormsg(errorcode));
printf{"Press any key to halt");
getch();  exit(1);

}

setgraphmode(VGA);

void Vtable(int sx,int sy, int ex,int ey,int wx)
{ setcolor(DARKGRAY):;
setlinestyle(USERBIT_LINE,0X1111,1);
for(i=sx;i<=ex;i+=wx)
line(i,sy,i,ey);

void Htable(int sx,int sy,int ex,int ey,int wy)
{ setcolor(DARKGRAY);
setlinestyle(USERBIT_LINE,0X1111,1);
for(i=sy;i<=ey;i+=wy)
line(sx,i,ex,i);

void Lline(int sx,int sy, int ex,int ey)
{ setcolor(RED);
line(sx,sy,sx,ey);

line(sx,ey,ex,ey);



void Xline(int sx,int sy,int Ix,int ly)
{ setcolor(RED);

line(sx, sy,sx,sy+ly);

line(sx, sy+{ly/2),sx+x,sy+H(1y/2));
}

void Hline(int sx,int ex,int yy)
{ int h=2;
for(i=20;i<(ex-sx);i+=20)
line(sx+,yy,sx-+H,yy+h);
for(i=1;i<6;i++) {
sprintf{te,"%1.1£",i*1.6);
outtextxy(sx+i*100)-10,yy+10,te);
line(sx+({*100),yy,sx-Hi*100),yy-+h+3);
}
}

void Vline(int xx,int sy,int ey)
{ int w=3;
for(i=0;i<(ey-sy);i+=30)
line(xx, sy-+H,xx-w,Sy-+);
for(i=0;i<7;i++) {
sprintfite,"%d",6-i);
outtextxy(xx-12,sy-+H(i*30)-2,te);
}
}

99
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void HlineT(int sx,int ex,int yy)
{ int h=2,
float i,
for(i=20;i<(ex-sx);i+=20)
line(sx-+H,yy,sx-+i,yy+h);
for(i=1;i<6;i-++) {
sprintfite,"%.1f",(250/i)),
outtextxy(sx-+i*100)-18,yy+10,te);
line(sx-+(i*100),yy,sx-+i*100),yy+h+3);
}
}

void VlineT(int xx, int sy,int ey)
{ int w=3;
for(i=0;i<(ey-sy);i+=10)
line(xx, sy+i,xx-w,sy-+);
for(i=0;i<4;i++) {
sprintf{te," %d",6-(2*1));
outtextxy(xx-20,sy+({1*20)-2,te);
}
for(i=1;i<4;i++) {
sprintfite,"-%d",2*);
outtextxy(xx-20,sy+(i*20)+58,te);
}
}

void W_text()
{ setcolor(LIGHTGRAY);
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sprintf{te," ")
outtextxy(165,30,te);

sprintf{te," ");
outtextxy(370,30,te);

setcolor(RED);

Hzb =Hz;

Maxvb = Maxv;

sprintfite,"Freq = %.2f KHz " ,Hz*1333);
outtextxy(165,30,te);

sprintf{te,"Volt = %.3f V",(Maxv*0.033333));
outtextxy(370,30,te);

void W_name()

{ setcolor(RED);
outtextxy(90,155,"VOLT(V)");
settextstyle(DEFAULT_FONT,HORIZ_DIR,1);
outtextxy(310,375,"FREQUENCY(MHz)");

)

void D_box(int sx,int sy,int ex,int ey,char s)
{ char col,co2; //s=1=UP OR s =2 =DOWN
ifis==1) { col = 15; c02 = §; }
else { col =8; co2=15;}
setcolor(col);
rectangle(sx,sy,ex,ey);
rectangle(sx+1,sy+1,ex-1,ey-1);

setcolor(co2);
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line(sx,ey,ex,ey);
line(sx+1,ey-1,ex,ey-1);
line(ex,sy,ex,ey);
line(ex-1,sy+1,ex-1,ey);

void Menu()
{ setbkcolor(LIGHTGRAY);
setfillstyle(SOLID_FILL,WHITE);
bar(0,0,639,3);
setcolor(10);
rectangle(19,4,619,20);
setfilistyle(SOLID_FILL.GREEN);
bar(20,5,618,19);
settextstyle(DEFAULT_FONT,HORIZ_DIR 0);
setcolor(YELLOW);
outtextxy(226,10,"SPECTRUM ANALYZER SCOPE
outtextxy(227,10,"SPECTRUM ANALYZER SCOPE
setcolor(RED);
outtextxy(226,9,"SPECTRUM ANALYZER SCOPE
setcolor(WHITE),
line(0,3,0,479); line(1,3,1,478);
setcolo(DARKGRAY);
line(639,0,639,479);  line(638,1,638,478);
line(2,478,639,478);  line(1,479,639,479);
setcolor(RED);
outtextxy(20,57,"L"); outtextxy(20,87,"S™);
outtextxy(20,117,"R"); outtextxy(20,147,"B");

KMITL");
KMITL");

KMIT'L");
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outtextxy(20,177,"E");

' setcolor(DARKGRAY);
outtextxy(27,57,"oad"), outtextxy(27,87,"ave"),
outtextxy(29,117,"un"); outtextxy(28,147,"reak");
outtextxy(28,177,"xit");

D_box(10,50,70,70,1); {//box load
D_box(10,80,70,100,1); /oox save
D_box(10,110,70,130,1); /fbox run
D_box(10,140,70,160,1);  //box break
D_box(10,170,70,190,1);  //box exit

settextstyle(DEFAULT_FONT,HORIZ_DIR0);
D_box(160,25,340,40,2);  //box Hz
D_box(360,25,500,40,2);  /fbox Volt
D_box(515,25,630,40,2); //box name.pex
setcolor(BLUE);
outtextxy(525,30,"NONAME.PCX");

y -

b void Send | pg0
{ int port=0;
port_nit(port,0xe7);
ch = 0x80;
! do{
sport(port,ch);
ywhile(rport(port)!=0x1b);
c=0;ch=0;



do{

¢ = getc(fp);

if{c==0x0d) {

¢ = getc(fp);
¢ = getc(fp);

}

¢ = conv(c)<<4;

ch = getc(fp);

ch = conv(ch);

ch=(ch|c);

if{feof{fp)) break;

printf{"t%X",ch);

sport(port,ch);

delay(2);

iflkbhit()) exit(1);

printf{™:%X", rport(port)&0xOfF);
}while(!feof{fp));
ch = 0x05;
- sport(port,ch);
printf{"\n:%X", rport(port) &0x0ff);
ch = 0x0A;
delay(2);
sport(port,ch);
printf{":%X" rport(port) &0xOff);
ch = 0x00;
delay(2);
sport(port,ch);
printf{":%X",rport(port)&0x0£f);

104
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ch = 0x80;
delay(2);
sport(port,ch);

printf{"\n\t\t*** FHERLEE()EERRRERR R RERRRE
delay(3);

void Select(void)
{
iflkbhit()
{
setlinestyle(USERBIT_LINE,0X0FFFF,1);
ch = toupper(getch();
switch(ch)
{
case 'L". { D_box(10,140,70,160,1);
D_box(10,50,70,70,2);
Load();
D_box(10,50,70,70,1);
break; }
case 'S": { D_box(10,140,70,160,1);
D_box(10,80,70,100,2);
Save();
D_box(10,80,70,100,1);
break; }
case R" { setfillstyle(SOLID_FILL,LIGHTGRAY);
bar(159,50,501,65);
D_box(80,45,630,470,2); //box scope

iiad' W
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D_box(10,140,70,160,1); //box run
D_box(10,110,70,130,2); //box break
Run();
StllQ;
break; } -
case 'E": { D_box(10,140,70,160,1);
D_box(10,170,70,190,2);
if{Exit() ch = ESC;
else { ch ="N"; D_box(10,170,70,190,1); }
break; }
}
}
}
void Still()
{ int x,y,x%,yy,px=0,py=0,chh;
void far *imagex, *imagey;
unsigned sizex sizey;
x = 610; //250-Maxv;
y=70; //Hz+110;
XX =X;
yy=Yy;
D_box(80,45,630,470,1); //box scope
D_box(10,110,70,130,1);
D_box(10,140,70,160,2); //box run
D_box(160,50,340,65,1);  //box Hz
D_box(360,50,500,65,1); //box Volt
setcolor(RED);
sprintf{te,"Freq = %.2f KHz" Hzb*1333);
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outtextxy(165,55,te);
sprintf{te,"Volt = %.3f V" (Maxvb*0.033333));
outtextxy(370,55,te);
setlinestyle(USERBIT_LINE,0X0FFFF,1);
sizey=imagesize(110,yy,610,yy);
imagey=malloc(sizey);
getimage(110,yy,610,yy,imagey);
sizex=imagesize(xx,70,xx,250);
imagex=malloc(sizex);
getimage(xx,70,xx,250,imagex);
do{
iftkbhit()
{
ch = toupper(getch()); //bioskey(0);
switch(ch)
{ // alt & arrow = speeds
case UP: { if(y<71) ; else { yy=y; y—; py = 1; } break; }
case DOWN: { if(y>249) ; else { yy=y; y++; py = ; } break; }
case LIFT: { ifix<111) ; else { xx = x; x—~; px=1; } break; }
case RIGHT: { if(x>609) ; else { xx = x; x++; px =1; } break; }
case A_UP: { ifly<75) ; else { yy=y; y-=5; py = 1; } break; }
case A_DOWN: { if{y>245) ; else { YY=Y; y+=5; py = 1; } break; }
case A_LIFT: { if{ix<115) ; else { xx = x; x-=5; px=1; } break; }
case A_RIGHT: { if{ix>605) ; else { xx = x; x+=5; px = 1; } break; }
case 'C". { putimage(x,70,imagex,COPY_PUT);
putimage(110,y,imagey, COPY_PUT); }
case 'L

case 'S"
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case R":
case 'E" { ungetch(ch); chh ='Q"; D_box(10,140,70,160,1); break; }
)
iflpy==1) {
putimage(110,yy,imagey, COPY_PUT);
putimage(x,70,imagex, COPY_PUT),
getimage(110,y,610,y,imagey);
line(110,y,610,y);
line(x,70,x,250);
Py =2;
Maxvb =250 -y;
setcolor(LIGHTGRAY);
sprintf{te," "%
outtextxy(370,55,te);
setcolor(RED);
sprintf{te,"Volt = %.3f V" ,(Maxvb*0.033333));
outtextxy(370,55,te);
}

- if{px==1) {
putimage(xx,70,imagex,COPY_PUT);
putimage(110,y,imagey, COPY_PUT);
getimage(x,70,x,250,imagex);
line(110,y,610,y);
line(x,70,x,250);
px =2,

Hzb=x - 110;
setcolor(LIGHTGRAY);

sprintf{te," %
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outtextxy(165,55,te);

setcolor(RED);

sprintf{te,"Freq = %.2f KHz" Hzb*1333);
outtextxy(165,55,te);

}
}
}while(chh!="Q);
}

void Load()

{ FILE *fo;
int sx=100,sy=150,ex=555,ey=221;
void far *image;
unsigned size;
char filename(13],string[13],che;
size=gimagesize(sx,sy,ex, ey);
image=malloc(size);
getimage(sx,sy,ex,ey,image);
setfillstyle(SOLID_FILL,DARKGRAY);
bar(sx+11,sy+11,ex-5,ey-1);
setfillstyle(SOLID_FILL,WHITE);
rectangle(sx+1,sy+1,ex-15,ey-56);
bar(sx+1,sy+1,ex-15,ey-56);
setcolor(BLUE);

outtextxy(sx+100,sy+4," ** Load Pic File (*.PCX) b 3

setfillstyle(SOLID_FILL,LIGHTGRAY);
bar(sx+1,sy+16,ex-15,ey-11);
setcolo(WHITE);
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rectangle(sx+1,sy+1,ex-15,ey-56);
rectangle(sx+1,sy+1,ex-15,ey-11);
setcolor(RED);
outtextxy(sx+16,sy+31 ,"Load File Name : ");
for(i=0;i<12;i++) {
ch = toupper(getch();
if{ch==0x0d) break;
sprintf{fn,"%c" ch);
outtextxy(250-+(i*9), 181 fn);
filenamel[i] = ch;
}
foame = filename;
if (Istrchr(fname,')) {  /*isthereanext?%
strepy(string, fname); /* copy filename to buffer ¥/
foame = string; /* FileName now points at buffer */
strcat(foame,".pcx™); /* if not add .gif ext */
}
putimage(sx,sy,image, COPY_PUT);
che = DisplayPCXFile(fhame,80,45,0);
free(image);
if{che) ;
else {
setcolor(LIGHTGRAY);
outtextxy(525,30," ");
setcolor(BLUE);
outtextxy(525,30,fname);
}
getimage(sx,sy,ex, ey,image);
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setfillstyle(SOLID_FILL,DARKGRAY);
bar(sx+11,sy+11,ex-5,ey-1);
setfillstyle(SOLID_FILL,WHITE);
rectangle(sx+1,sy+1,ex-15,ey-56);
bar(sx+1,sy+1,ex-15,ey-36);
setcolor(BLUE);
outtextxy(sx+100,sy+4," ** Load Pic File (* PCX) **");
setfillstyle(SOLID_FILL,LIGHTGRAY);
bar(sx+1,sy+16,ex-15,ey-11);
setcolor(WHITE);
rectangle(sx+1,sy+1,ex-15,ey-56);
rectangle(sx-+1,sy+1,ex-15,ey-11);
setcolor(BLUE); .
if{che==0) sprintf{fn,"** Load File : %s OK Please and KEY ** fname);
else { sétcolor(RED);
sprintf{fn," ** Coule Not Load File : Please and KEY **"); }

outtextxy(sx+16,sy+31 ,fn);
getch(;
putimage(sx,sy,image, COPY_PUT);
return Q;

}

void Save(void)

{ FILE *fn;
int sx=100,sy=150,ex=555,ey=221;
void far *image;
unsigned size;

char filename[13],string[13],che;
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size=gimagesize(sx,sy,ex,ey);
image=malloc(sizc);
getimage(sx, sy,ex,ey,image);
setfillstyle(SOLID_FILL,DARKGRAY);
bar(sx+11,sy+11,ex-5,ey-1);
setfillstyle(SOLID_FILL, WHITE);
rectangle(sx+1,sy+1,ex-15,ey-56);
bar(sx+1,sy+1,ex-15,ey-56);
setcolor(BLUE);
outtextxy(sx+100,sy+4," ** Save Pic File (* PCX) **"):
setfillstyle(SOLID_FILL,LIGHTGRAY);
bar(sx+1,sy+16,ex-15,ey-11);
setcolor( WHITE);
rectangle(sx+1,sy+1,ex-15,ey-56);
rectangle(sxtLsy+1,ex-15,ey-11);
setcolor(RED);
outtextxy(sx+16,sy+31 ,"Save File Name : ");
for(i=0;i<12;i++) {

<h = toupper(getch();

if{ch==0x0d) break;

sprintf{fn,"%c",ch);

outtextxy(250-+H(i*9),181,fn);

filenameli] = ch;
}
fname = filename;
if (strchr(foame,0x0d)) {  /* is there an ext ? %/

strepy(string,fname); /* copy filename to buffer */

fname = string; /* FileName now points at buffer */



e

113 Y

strcat(fname,".pex™); /* if not add .gif ext */

}
putimage(sx,sy,image, COPY_PUT);
- che = WritePCXFile(fname,80,45,630,470);
free(image);
if{che) ;
else {

setcolor(LIGHTGRAY);

outtextxy(525,30," %

setcolor(BLUE);

outtextxy(525,30,faame);
}
setfillstyle(SOLID_FILL,DARKGRAY); -
bar(sx+11,sy+11,ex-5,ey-1);
setfillstyle(SOLID_FILL,WHITE);
rectangle(sx+1,sy+1,ex-15,ey-56);
bar(sx+1,sy+1,ex-15,ey-56);
setcolor(BLUE);
outtextxy(sx-+100,sy+4," ** Save Pic File (*.PCX) **"):
setfillstyle(SOLID_FILL,LIGHTGRAY);
bar(sx+1,sy+16,ex-15,ey-1 1);
setcolor(WHITE);
rectangle(sx+1,sy+1,ex-15,ey-56);
rectangle(sx+1,sy+1,ex-15,ey-11);
setcolor(BLUE);
if{che==0) sprintf{fn,"** Save File : %s OK Please and KEY **" fhame);

else { gsetcolor(RED);
sprintf{fn,” ** Coule Not Write File :%d: Please and KEY «*" che); }
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outtextxy(sx-+16,sy+31 fn);
getch();

putimage(sx,sy,image, COPY_PUT);
return 0;

void readdsk(char s)
{ int hd,1d,hdh,Idh, dI[2][3100],dh[2]{3100];
dof{
outport(CONTROLPORT:, 0xfY);

ldh = (inp(DATAPORT)&0x07);
hdh = (inp(DATAPORT)&0x0£8);
dh{s][0] = (hdhjldh);

}while(dh[s])[0]!=0x71);

do{

outport(CONTROLPORT, 0xfY);

1dh = (inp(DATAPORT)&0x07);
hdh = (inp(DATAPORT)&0x0f3);
dh[s][0] = (hdhidh);

ywhile(dh{s][0]=0x71);

for(i=0;i<1500;i++){
outport(CONTROLPORT, 0xff);
1d = (inp(DATAPORT)&0x07);
hd = (inp(DATAPORT)&0x0f8);
ldh = (inp(DATAPORT)&0x07);
hdh = (inp(DATAPORT)&0x0f3);
difs][i} = ((hd|ld)*0X80)>>1; -
dh{s][i] = ((hdh|ldh)"0x80)>>1;
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}
’ outport(DATAPORT, 0X00);

outport(CONTROLPORT, 0x04);
dhs]fi] = 0;

k=0;

Hz=0;

Maxv =0;

for(j=0,j<1500;j+=3) {

if{dh{s]{k]>Maxv) {
Hz=k;
Maxv = dh[s][k]; }
k++:

H

bh{s][k] = (dh[s][j+1]+dh[s][j+2]+dh[s][j+3])/3;

void Run()
{ int cc=500,rx=110,bas1=350,bas2=423;
bl{0][0] = 0x40; bI{1][0] = 0x40;
' bh{0][0] = 0; bh{0]{0] = 0;
readdsk(0);
for(k=0;k<cc;k++) { for(j=0;j<100;j++) ;
setcolor(LIGHTGRAY);
line(k-+rx,bas1 k+rx,bas1-181);
[ setcolor(BLUE);
line(k+rx,bas1-bh[0][k] k+rx+1,bas1-bh[0][k+1]);
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do{

readdsk(1);

W_text();

Vtable(110,170,610,350,20);

Hitable(110,170,610,350,30);

setlinestyle(USERBIT_LINE,0XOFFFF,1);

for(k=0;k<cc;k++) { for(j=0;j<100;j++) ;
setcolor(LIGHTGRAY);
line(k-+rx,bas1-bh[0][k],k+rx+1,bas1-bh[0][k+1]);
setcolor(BLUE);
line(k-+rx,bas1-bh{1][k],k+rx+1,bas1-bh[1][k+1]);

}

readdsk(0);

for(k=0;k<cc;k++) { for(j=0j<100j++) ;
setcolor(LIGHTGRAY);
line(k-+r,bas1-bh{ 1][k]k+nx+1 bas1-bh[1][k+1]);
setcolor(BLUE);
line(k+rx,bas1-bh{0]{k] k+rx+1,bas1-bh[0][k+1]);

3

iffkbhit()) ch = toupper(getch();

}while(ch!='B");
}

char Exit(void)

{int sx=100,sy=150,ex=555,ey=221;
void far *image;
unsigned size;

size=imagesize(sX,sy,ex,ey);
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image=malloc(size);
getimage(sx,sy,ex,ey,image);
setfillstyle(SOLID_FILL,WHITE);
rectangle(sx+1,sy+1,ex-15,ey-56);
bar(sx+1,sy+1,ex-15,ey-56);

setcolor(BLUE),

outtextxy(sx+145,sy+4," ** Exit Program **");
setfillstyle(SOLID_FILL,LIGHTGRAY);
bar(sx+1,sy+16,ex-15,ey-11);
setfillstyle(SOLID_FILL,DARKGRAY);
bar(sx+11,5y+62,ex-5,ey-1);
bar(sx+442,sy+11,ex-5,ey-11);
setcolor(WHITE);
rectangle(sx+1,sy+1,ex-15,ey-56);
rectangle(sx+1,sy+1,ex-15,ey-11);
setcolor(RED);

outtextxy(sx+16,sy+31 ,"Do you want to exit(Y/N) :

moveto(sx+61,sy+31);

ch = toupper(getche());

iflch="Y") return 1;

else {
putimage(sx,sy,image, COPY_PUT);
free(image);
return 0;

");
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; This is the source code for the DSK spectrum analyzer. ;
; Assemble using the DSK5A assembler and execute the DSK
; loader to load and run the application on your PC. ;

PROGRAM SPECTRUM ANALYZER

b

.
H

.mmregs
FFT_S set 1024
FFT_S-1 set 1023
FFT_S/2 set 512

(FFT_S2)-1  set 511

Co set  70h
TA set 6 5 Auxin —+ +— Loopback
RA set 6 ;  Synch —+ | | +— BP Filter
TAp set 1 ! NN
RAp set 1 7+ + +
TB set 18 ;100 00 G1 GO | SY AX LB BP|
RB set 18 i+ + +

ds 0f00h
TEMP word 0 ;location of TEMPorary storage
ACCU lo word 0
ACCU_hi .word 0
STAT1 word 0 ;STAT]I storage
* TMS32C05X INITIALIZATION *

* This routine initializes the C5x registers, internal RAM and
* external RAM from xox to FFFF

CRERREE L L]

Bt i1
’

" Bk wERRRE



119

ps 0a0Ch
eatry

start: setc INTM ; Disable mterrupts
Idp #0 ; Set data page pointer

splk  #830h,PMST  ; 9K on-chip RAM as Data, No ROM

lacl #0 ; Set Wait State Control Regester
samm CWSR ; for 0 waits in pgm & data memory
samm PDWSR
* initalize and reset serial port

) caad rre I\, ARN (Y .
splk  #20h,TCR

E spkk #1,PRD
mar *AR0O

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

] . lamm drr ; clear first int
lacc #0080h
sach dxr ; clear first int

' sacl GREG ; Pulse AIC reset by setting it low

' lar ARO,#0FFFFFh

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

setc OVM



new,_stg:

DFT:

BFLY:
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lar  AR7,#0 ; Buffer initialy filled

lacl #030h ; RINT

samm IMR

ldp #TEMP

lar ARO#FFT_S/2

mar * ARQ ; start FFT with ARO=FFTSize

lar  ARI# D_base ; ARl is the TOP BFLY address
lar AR2# D base ;AR2isthe BOT BFLY address
lar AR3# T basetl ; AR3 is the TWiddle pointer

lar  AR4,4#FFT_S/2 ; AR4 counts DFT blocks

b n DFT2*ARI

mar *BRO+,AR5 ; complete circular buffer for TW's
lar  ARS#1 ; set up DFT loop with *BR0O+/BANZ,
mar *BRO+,ARI ; using 1 cuts *BRO+ loop in half!

.
?

; AR1=Top AR2=Bottom AR3=Twiddle

lacc
add
sach
sub

sach

add
sach

sub

*,14,AR2 ; (imag1+imag2)/4

*,14 AR1

*+1,AR2 ; store TOP imag
*15 ; (imagl-imag2)/2
*+,1,AR1 ; store BOT imag
*,14 AR2 ; (reall+real2)/4
*,14 ARI

*+.1,AR2 ; store TOP real
*15 ; (reall-real2)/2
* LARS ; store BOT real
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n_DFT2:

OK
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banz OK,*BR0+,AR3 ; If at DFT end quit early
mar *+AR2 ; clean up TW base (xxx0000+1)
mar *+ ; modify BOTom DATA pointer
mar *0+
mar *0+,ARIl
mar *0+ ; modify the TOP pointer
mar *0+,AR4 |
banz DFT,*0-,AR3 ;dec DFT block count AR4 by OFFset
mar *ARO
mar *BRO+
banz new_stg,* ; if OFFset was 1, now cleared
endFFT
it *- ; TREG=TWR *NOTE* Twiddles are Q15
mpy *- ; PREG=REAL*TWR . )
Itp *+AR3 ; TREG=IMAG ACCU=REAL*TWR
mpy * ; PREG=IMAG*TWI AR2=R AR3=]
Its *+AR2 ; TREG=TWI  ACCU=REAL*TWR-IMAG*TWI
mpy * ; PREG=REAL*TWI
sach *-1
Itp *,AR3 ; TREGFIMAG ACCU=REAL*TWI
mpy *BR0+,AR2  ; PREG=IMAG*TWR
apac ; ACCU=IMAG*TWR+REAL*TWI
sach *+1
b BFLY,*+,ARl1
mar *AR2 ; Transform REAL & IMAG to log magnitude
lar AR2,# D_base ; AR3=FFT data pointer
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lar  AR3#FFT_S-1 ; AR5=FFT loop counter
more MAG  sqra *+ ; PREG=IMAG"2
Itp * ; TREG=REAL ACCU=IMAG"2
mpy . *ARIl ; PREG=REAL"2
apac ; ACCU=REAL"2+IMAG"2
lar  ARL#31 ; NORMalize the accumulator
mpt  #30 ; use for other types of conversion
norm  *-
nop
nop
mar *AR2
bend sig NZNEQ  ; if zero must return 0
lar  ARL#0
sig NZ sach *2 ; clear explicit 1.0 from mantissa
lacl * ; load into accummlator and
and #0FF80h ; clear LSB's for AIC
sar AR1* ;append the exponent (AR5)
add *16
xor #020h,15 ;change to 2's compliment
mpt  #3 Jam result to top of ACCU
sfl
sach *+7AR3
banz more_MAG,*- AR2 ;keep going until all done
BITREV: lar  ARO#FFT_S ;Now perform Output bit reversal
lar  ARL# D_base ;by moving the magnitude, which
lar  AR2# D_baset+! ;is in the REAL slots, into the
lar  AR3#FFT_S-1 IMAG slots of the FFT data array
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more_BR:

MOVE_IO:

lace

sacl

banz
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*+ ;load the magnitude
*+,AR1
*BRO+,0,AR3  ;move it to an open IMAG slot

more_BR *- AR2 :more data to move?

lar, AR3#IN_buf

mar
lacc
sach
ouT
RPT
NOP

sub

sacl

banz

lar

lar
lar

lar

* AR6 ; wait until buffer is full
* 8,ar6

* 0,AR6

* #0FFFCh

#0420h

* AR3 ; point to data input buffer
*+.0,ar6
#00fth
#007th,0,AR6
*+ 0,AR7 ;store data from input buffer

MOVE _I0,*- AR2 ;(AR7 is decremented by ISR)
AR3# D base  ;AR3<FFT data pointer
AR4# B basc  ;AR4=BUFF data pointer
ARS #(FFT_S/2)-1 ;AR5=FFT loop counter
ARG# B base  ;AR6=ISR BUFF data pointer

SPLK #07Fh,CO
OUT CO,0fffoh

mar

* AR7



more_JO:

more_102
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lar  AR7#IN_buf

mpt #1024

in *+ 0fff1h

mar * AR2

lar  AR2# T basetl ; AR2=WIN data pointer

lar  AR7#FFT_S-1 ; AR7=ISR BUFF loop counter
lar  ARO#FFT_S/2 ; Use twiddle table for raised
lacc  #04000h,1 ; cosine window

add *BR0+,0,AR4

sfr

sacl TEMP

it TEMP ;TREG=WIN

mpy *,AR3 ;PREG=IN*WIN

lacl * AR4 ;ACCU=magnitude (put in Buffer)
sacl *+,0,AR3

sach *+ ;IMAG=0

pac

sach *+,1 ARS ;REAL=IN (windowed buffer)
circ INTM ;1st BUFF -posn clr so enable INT's
banz more_lO,*- AR2

lar AR5 #FFT_S/2)-1 ;AR5=FFT loop counter

lacc  #04000h,1 ; cosine window

add *BR0-,0,AR4

sfr

sacl TEMP

it TEMP ;TREG=IN
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mpy *,AR3 ; PREG=IN*WIN

laci * AR4 ; ACCU=magnitude (put in Buffer)
sacl *+0,AR3

sach *+ ; IMAG=0

pac

sach *+1,ARS5 ; REAL=IN (windowed buffer)
banz more_102,*- AR2
b FFT

ds 01000k
Tistoff

include "dsk_twid.asm" ; NOTE: Internal RAM block B2 is used
Tiston
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