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HARMONICS DETECTOR USING TMS320C50 DSK

Wiratorn Ruksvanichpongs
Wirote Chumboonrod
Werapan Kuntachote

Siriwat Photiwetchakhun Advisor

‘ Abstract

This project is to make an instrument for measuring harmonics distortion in power
s?stem. It has the capability to show the result on an LCD and to send digital signal to harmonics
filter.

In this project, we use digital signal processor TMS320C50 DSK to calculate harmonics
distortion from single phase power system. The results can be displayed in two way, first,
silowing both 2™ order to 13” order harmonics and THD using IEEE 519:1992 formula on LCD,
s%cond, showing harmonics spectrum up to 100" order in graphics on an oscilloscope . We use
PC computer to load the instruction codes into the DSK, and the current to be measured must be
attenuated by an LEM module before entering the DSK

This harmonics detector calculates and displays the result quite accurately comparing to

the conventional harmonics detector.
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2,6.11 faynidu
m?mmuquusaﬁ'u'lﬂﬁwaam‘i‘aaﬁuﬁn'lﬂﬂmnu‘unﬂ:i’ﬁﬁgﬂﬁunﬁuqqqmﬁa

AILRIsRuT RSBt uita Tl ﬂz‘a"u'?iﬁﬁn"‘:au"lﬂﬂzﬁﬂﬁfiﬁqﬁqmaumﬁ'uqafu M

‘lﬁ'm?aﬁﬂumtﬁuﬁmaqﬁﬁw{faamﬂ1nmﬂaﬁuaﬁnﬁxmu minmshauianma
luszvudems srfusilndomildidansiadmumun (Crosstalk) du Suirl

v
9/ -~ -1

voyanaiou W lussvdrmaduneimedyguld

2.7 gsmainnaumaineiinaildlulnsenud (munnsgy IEEE 519)

N4
DF,=HV,=THD, = ”f/’ x100% 2.1
1

‘ "Z’Iz 2.2

DF,=HV,=THD,= [ x100%
1

DF = Distortion Factor
HF = Harmonics Factor -

THD = Total Harmonics Distortion
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luilomves [EEE tius THD fiTentaifiu 100 % lédhlugdnauiiaiusiindiuegunn &

v 4
dumsnandTing THD Assgamnivdnnunnindifionmeslassuadiouiulded

Hivease
dwy
: rieting
L/, h<11 11<h<17 | 17<h<23}23<h<35| 35<h THD
<20 4.0 20 1.5 0.6 0.3 5.0
20-50 7.0 3.5 2.5 1.0 0.5 8.0
50 - 100 10.0 4.5 4.0 1.5 0.7 12.0
- 100-1000 12.0 55 5.0 2.0 1.0 15.0
> 1000 15.0 7.0 6.0 25 1.4 20.0

t

M 2.3 uanamgisueiindnoenling I8 Tneuanuiunlefidud 910 IEEE 519:1992

(I, ARAINTzUadAd93g9qn o ganerieuszuuas I, Aernszuminfigaga )
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NN 3

d .
M3z uedin (Harmonics Analysis)

3.1 unii1 (Introduction)

Taowa W@ endn: 13 edFumeniips (Continuous finction) 1 ‘?Qi':msq’;mn 9
¥ T iswsamsadoulieglugdvesnauanvesnduland (Sine wave) AlnIwdandn
40 (Fundamenta) fumanidsriueiinfidrdugedu Fuduinmuvhwesmndnsayald
T

datulunsSieeiadueiinezadni aszyaunslumsfunavun
(Magnitude) unzayuiter (Phase angle) voausazaulszneviidluyagnuar udwuaiuei
nﬁqaﬁ‘fu AnvBssynsIf 1A3undn oynsuYiSo5 (Furier Series) §mammmﬁ'uﬁ'uﬂugﬂ’[n
RIUIIA1T (Time domain) taz Tawuaad (Frequency domain)

TunsdmsTianzidmiviledsuialu Seeglusas 0o s -00 sxvhnisiinselag
819eM3lIneYi303 (Furier Transform) unz SuneansulaayiSo (averse Furier
Transform) 45'\1msmjnujﬁus’xﬂummﬂmﬁqf‘t’i’f'ululﬁmummﬁ‘hJ(fImuunm oty
ewnan 18 eynsungefiflunsduilavesntsuaeyed

et sAawlumalfii Feyaniedfierinmsiiasyiiu s 18nnntsdy
i1 (Sampled data) veairisuluTannim Ferii 1Rezegluptlvssvinavesiladsu a nm
fivinsdu c?uzuzmﬂunmiuudazna‘:"q wilusmnmfiniven lunmsilnafiFos veern
Aldvinnsdumdiissdee1fnsnlneiizonds nsutnayiSesiaumiag (Discrete Furier
Transform : DFT) UAI5 101015091 DFT “lﬁﬂm‘s"nfu'fau’mi’aﬁmsﬁﬁaﬂﬁ msudas
vdayiFof (Fast Furier Transform : FFT) FFT xﬂui‘i’mﬁfugw%ei‘la‘lﬁ'ﬁnnﬁa unz 145y
m3geuiumniine lumsiundinreiannady uazarusiinvesszuy daiulunts

Amswveiusiin uazmnilizgnal¥ee ) sxnfunawdfaves FFT

-~ (/
3.2 mnmﬂzﬁaqnsmjﬁus (Furicr Series Analysis) T T

- . e vy 4
aynTuYiTasveailanFun 1y (Periodic function) X 1a 9 8 1enaae1dwail

x(t)=a, + i (a, cos(-z,%t) +b, sin(z—?,“)) 3.1
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Taof o, Wudusdovesiladeu x ()
a, unz b, iudnlssinfusseynsuvesieisu X()

y ¥ 4
x W31l 5, a_u0z b, ousom MAonnansduiiinsnae il

1 .
a, -? - x(t) ar 3.2

\
& 2 4 \ 2
Fmnodaiun1dns e X0 Tuvas -T2 8 T/2 1uies

i

a, —-—Jm x(t )cos(————) dt Taoh n=1—-w 33
uae
b, ——-JT x(t)sm( )dt Taoh n=1-o 34
f
' -y -y
321 aumuﬂuuﬂu;ﬂwwau (Complex Form of the Furier Seriers)
Tamia hlisernsafoueynsuGesvesiladsun x() 1a q WBluglaehid
X() =a,, A,sin(a) t + @) + 4, sin(2a) t +,)+. 35
Thousnzdduveseynsuewannsafon g
¥
. -j2ufy 4 o
X(/))= JT lrn X0 @t e f, =nf 3.6

A _ & ] a -
Teoti e Wunmaeinilimian uas xg) dhuusmlfgaunzyavewsnmesarfusiin
laq

b 4 t 4
aniudmiviedsuluTasnuem X 1a  moansadouluphdadenlgasd

x(t) = i X(f,)e™™ ez f, =—f, 3.7



3.3 maudaai3a3 (Furier transform)
- LA .’J o o 4 v - o .
TumslimseiiSediu dmivdygnuduuam e ldmansdmseiiezeg
. 4 . . 4w . 2 . .
°lu§1l'uth'qnnmaeunnzmww«i']ummumwaammnnnnqnmmu (Series of discrete
frequency component)
° o e 4 v 4 o & ‘e o 4
. ﬁnnmmﬂszqnﬁ'linnamumu1mmﬁmﬁmm'111%1'lumﬁ'luﬁ'mtﬂuﬁq;ﬂpmﬁzﬂu
] } 4
a1w Taovoensnisdudinaniusaemy T 1dndhann q nieiusae 00 Hues duius
I3 E 4 .
ﬂ3’1«1aaunnzmmﬁﬁmﬂﬂﬂﬁguﬁ Aniusee 18 #eddu x) duiledsudeiismienien
Woulniilditlu

x(N)= xwer* a 33

A o é v / \
Taon x(0) iluiterivulanunaddsiies uazien x@ uumanlnayFosvesTanm
R X@ Tumenduiu is1ee 14

x(t) = E X(e* dt 39

v - A o ai
Fon X SuhuduneiamunlaafiSofvesilediuTawunaa xa
' . - 4 o 4
TaoSang x@ wagluphSidoudierntonldned

X() =Re X(f+jImX 3.10

fuTwes Xy mldsn
Re X(9) = 0.5[X() + X(-p)]

= [ s0)c0s 2050 ar | 211

unzduTuAn Ve X mldnn
Im X(8) = 0.5/X() - X(-0]

=-[: x(t)sin 27 ft dt -
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¥ i v
Anfumnasuvesulaga (Amplitude spectrum) v8aAaZAIMEN1 18910

XA = [Re X()? +@m X)) 313

unzanlnasuusauwa ( Phase spectrum ) 1118970

[mx()]

ReX(f)_l (3.19)

-l
¢ ()= L
- J < H : .
3.4 maulaayfiSosuuLiAumiag (Discrete Furier Transform)
lunsdindesms s luTawumawiddhdledsuiimumsduausufoduly Taam
] t 4
nm samanlnagSein lRelszneudodiudseasudessufudail

N~
X(f) =%2 x(t,)e /=N (3.15)
nw(

4
FonnulnafSeidnuariiss msmlosSesiunidumiae (Discrete Furier Transform -
DFT) liny

K3

Nl

x(t,) = Z X(f, )erm" (3.16)

¥
Senmsuasinuaziih sunedmsuvaaFosinniumiae (nverse Discrete Furier
Transform : IDFT)

tmqﬁlnﬂqmm‘luTﬁmunmtmzTﬂmummmﬂuﬁqmmmumgﬂn 1 ¥adigas
MITU N AfAeAY

v . ' \ J [
gnuumlanfiFeiv 1dszeglugiifumiae (Discrete from) sufluginnmimngenlu
madndnnalaensdszianauuuasasadehl
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W
l:l | 1
1, 1! '
'l|'|' ll' L]
'l'll‘ N [
vy b [{ 1
RN TR EREEE R RN Lt
- IA r
by & £y
A}
| »nn
1 l .
l'll ll "l
L 1! ¥
SO T
e N RS NN SEENENEREEEN
/. /'Iz o ,'[ I' f
R 2

21 3.1 pluvyiasudambmishlasnnouesTasmna g

o VI 3
tr1elaunamInng 18 Imilugidsdl

¥

3.17
1 &
XU =g & X0
=
Tnof W =g 12ei¥ 3.18

v
- L - N -~ e :
AUuNNTUMIAINA T WU lugueTn 1Rl

(X1 N1 S U R
X)) A AN A (S
o : I |
X(f,) ZIF 1 w w0 e,
-X(f,v-|)..4 -1 WN-! e W(N-l)k e W(”-‘"J _x(tN_‘)J
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nietioulugiledrdnlddy

Lo
[xCfol =] [e) 319

' * N 4 J H .
szitu WhmumumsdmddenninoumiyTaunmdnndeyad I8enndu
1 4 ¥

Tulamunasau ¥ snlussdsoimsguauiedouds ¥ sy
v - - i 3 s & v < o
usnztninlumadn [ | fuuaasanmeinimizedmuanid
wkniyuie 2p /N (p=10, 1, 2., (N- 1))
unz
W = pyiinmoan] 3.20

Tat kn mod N 1311883 INUIINATHIT kn A28

[} »
‘A8 ulunTaiN N = 8 Aariu

‘ W =e 2 = cos%-— j sin-;£ 3.21
Fatuesld .

W =-W* =1

W' =W =(1/42 - j1/42)

e\ 322

W= =~(1/2+j1/42)

imeeusvinnmeinianizousnzaany i Taoiiyume +0°, £45°, t90%unz +135°
amdAuezdunaldi # aumiiu 1 %uﬂunamquﬁﬂwsau Fafud My kn Fanad
8 IIMmm M inlinisfndn 18 Tasouinouiiduseussnnn kn AIWENIYUk =5
URZ 0 = 6 G kn =30 uaz 9214 7 = 0" W=j

dmiu N =898 i
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1 1 1 1 1 1 1 1
1 wl 4 | w | W j W
1 - -1 J l - -1 J
S O R W J W
1 a | 1 -1 ! B
1 w | 5| W 4 W j W
1 ] -1 - 1 j -1 -
l W J -W -1 W < v

319N 3.1 UTAIA [WINI8i N =8

MNAAITIAT N9SITUFAIITIUAT (DC component : X¢f) weaanasunawsd e
msnuﬂmnmsqn‘lu‘[ﬁmmnmﬂm udamnasudenandasinaudeyniildenns
que qmmwmmmawawaqmmmsqu'luTﬂmunmuwm

“luumaﬁmmnwmmsqnunn-'mnvnnmqumunInunnmmnqummumifu
fudduveausaniu q dafudmiu xg) una.,nnmas'nmumuumunﬂmnmsqmvn
HUARAY (1 /N2 uazdmiu xg) usnzanaeieziyumeiu 2/ N1
3.5 msinfaaradyfiSof (Fast Fourier Transform w3 FFT)

Taowalun13fuse DFT dmindygnadiiion N dwuiy seufumedes e
nrrquinnwFidoud NaN afe ussnsnwideudn NON-1) fi¥a 31 Tnowa
neufameiaziinranlddeunsdniimsguuadaiusnd 185 mmdalunts
U2 DFT a{uadﬁuim‘mas:cnquﬂumﬁm

mv:nm'mq'mmsmmmsaammaunswmn11n1sqmm‘l¢\’mno N log, N afa

wieimuaunian g v (log, N) v JuiFen3Tnsiia msmjmﬂmmjua: (Fast Fourier

Transform #39 FFT) : v
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3.5.1 msulashasdiSosuuugiuaes (Radix 2 FFT)
'3.5.1.1 nanmuilesduves FFT

: . v & ¢ d
memmmzAIniTIeeasnel 7 /& lunisdan DFT AntumsulnayiSesuuua
Mgd MU 18U x(m) ioa N 98 Aifiowde

X(k) = I x(m). ™ 3.3

Tao# km=0,1,...N - 1 saziusuSedeon w = exp(-§27C / N) x(m) unz X(k) iudaygnalu
Tasunawas Tanuasmdawd sy
muEesisutums (3.23) lupvesaunismadad Ry
X =(4).(x} 3.24a
Taei Xf(t;a: * x ihunnmediads (column vector) fitlsznsufasmngn X () uaz
x(m) AWAAUTIUIU N e uay” 4 /(xﬂumn?mfsq?ﬂ (square matrix) YU1R N x N 1}
mnFaduimauiidey w™ sudinsainidifi N =4 mnsa¥ouusnesn 1aidlu

FX(oﬂ {W° w W w1 x0)]

'X(I){ w wr x(l)l
X | |w° 7t w g [_x(zn 3.24b
Lol we » » w [ |

uArilsannqumnianmilunves wis -
W = plntmi] 3.25
auNT (3.24b) Bresdon Iy

¢

FX(oﬂ ﬁ U1 1 1x0)]

X(l) 7w g x(I), 326
|X(2)l ll o WZJ x(Z)J : .
lxey)] L » we x(3)



Hserftoanasnd soniluwmaindseonats
- 4 LY - - dy Vak 4 a -~y o -’
wasnsgan uas mn¥ansluwainddesliiisuiluguininiqa Emsusndnlszasui
w2 hinszviTaoasann uezlimsadudumimiesanguusanainddaniinnndusa (bit
»
réversal) uazmiadngnassantaduuaudainnuondalssneudnats
ot 4 . Sl P -
InsuendadszneuetnTi lagiims Iaunvyuase TaonTsunuATs¥il £ uas m
[] 4
YBITNT (3.23) Mo0ug D N3dT ATI¥Tl kuax m sxiien 18ifiee 0,12, e 3 it
L4
Ay

k=, k) . m=(m,m) 327
Taofik, k, m, iz m, ThunyTanfineud 0 uas 1 iy fil

k=2k, k, , m=2m,m, 328
unus uaz asluauns (3.23)

X(k, k) =x(m,m,) 7O 329

TnonamniRnruiuauves w uns w1 fnfuauns 3.29) 1Wlmidu

X(k,k) =§ { ‘gx(mpmo) W“*‘-’} ket

3.30a
24 Z{x(k‘,,mo}Wm"""‘
t K '3 "o =0 J o - ]
Taoouualdals 1ﬂumsmmmszmunme HOYBTTNNTT (3.30a) WoutluuaTnd lny q

1Ay

(k) (my,my)
=001 [1 #° o0 011 0 #° o 172(0,0)]
lx(l,O)} L w00 Ho 1 0 W°Hx(o,1.)} 3.30b
x| Jo 0 1 W'l[l 0 B 0 Jlx(w)l
l.-r(l.l)J 0 0 1 W°J 01 0 m|Lx(LD
éq:'innﬁ'wfszwiunm uaz nadns u ‘ .
(Ko kq) (my,my) T

[2,0,0)] I-I 0 7 0 1[x00)] 331a

l x,(0,1) [_j01 0 # | *O.D }
Ira(LO)J Tt oo wm oo jlx(l,0)|
Lxad] Lo 1 o w2 len]

p—

Cy8210
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unazA1 DFT wesdaygoutly

(kq,ky) (my,my)
[x00] 1 w° o o 11%,0,0)]
| 5(10) | _}1 w0 0 Hx,(o,l)i 3.31b
1x(0)]| (o o 1 7| x 10|
Lxan] Lo o 1 w)lxap)

szoiu g wnsenTsuondnlszneuves 4 A& ANFAATULUIUBUYBIRI ST NBY
waing exfiifios 2 Fainfuiisia hidugud uaz'luﬁaqa"af:ﬁzﬁauﬁnndﬁaﬁfhxﬂugmﬁ
e Tuvazivsadremiuimausdeu FuswesnsguinnuFidowion v log2N=8
a1 inzuani i deusn s o 1u11mz'?imsﬁm‘:mﬂﬂil-ﬁmsqmimam%w’fau 16
a1 nzwaninnwdedou 12 a5

mdunseorinnuatguadsn snmsdwadygnuszrinm x, (0,0)
unz x,(0,1) 49 |

x,(0,0) = x(0,0) + W x(1,0) = x(0,0) + W x(1,0)

. 3.32
uaz x,(1,0) =x(0,0) + W x(1,0) = x(0,0) - W x(1,0)
rlesvinquomiAvesiuauFedou wi=- w' ildnusdmou x,(0,1) ABINITATIRY
Sauddeuioniudoamini Jui 1 Taomsdnaumed w° x(1,0) Aswdnithhan
unzoufumed x(0,0) a1 1Ry x,(0,0) Az x,(1,0) AETRY

mesuarsIzmadnny FFT Tasuaaudunsming ua dagl 3.2 Tauﬁ:qnﬂsi';ﬁﬂ
NIMIAMIU thué'mssﬁ1ﬁ'unﬂurhohqmﬁnmu‘fq;upmﬁﬁ'uqnﬂ‘ﬁfu Uz 1 wie Yu
(Node) Hlunissnmiemnfuvesdyna dau x (k,m) unumsfmausEHinmaL
X(k k) iilu1 DFT vaadwudogna

AR}
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x(m;.my) X, (kymg) Xy(Ky.k) X(K, k)
X(0.0) el X,(0.0) 1 %00 1 X0,0)
%(0,1) 1 X(10)
x(1,0) 1 ng.1)
X(1,1) 1 X(i,1)

30 3.2 nnvimistwanemafie3insdnnamamams 331

3.5.12 fumsumsaaneumaza]
‘ ﬁﬂ'ﬁfitﬁuamuﬁm‘fu willundanguardudyana lulanmuing: smditvng ¥
1n eoniflunesdududyaadiiaamem N/ 2 samiiy Tagonitdudgygnuguazdidy
Foygnad Tﬂuﬁﬁw‘u’uﬁq;q;]mg'xﬁamnﬂma1ﬁ1ﬁ'm’f”a4apm'lumumiazmﬁmt?mﬁu fmde
szluﬁﬁ'uﬁ'qapmﬁ Aaifudusalo x(m) dudrdug uoz SduAid x (m) maeasiy
x(m) =x(2m) , m=01.(N/2)-1 3.33
xm) =xCm+1 ; m=01.N2)-1
unzdus ¥ w,umu w vesindy fion ¥ g ildnsdnnunisulas DFT vesddy
doyael x(m) 872 ¥ gadon 181ty

X<k>=§xs(mxw,,)" . ‘gxo(mxm"

m=la11fi rn=m11;1'
(NID-t (NI}

= 2 x(2m)(W, )™ ﬁx(zml)m{v)ﬂ*ﬂf 3.34
L) ne0

P » o o & o & L )
Taonail (w,)' = w,,, Famunofiam w veadwudenns ¥ /2 dnfussidou iy

NIt ’ NI ;c o
X(k) = i xg(m)(py,wz)b"‘ (Wv)k g‘ta(m)(Wle)

L]

X(k) = X,(k)+(W,)" X, (k) 3.35



Taoii X, (k) uaz X,(k) wansualas DFT 1A N2 qmmmml %g(m) UL x,(m) AWEAY
aumsdi (3.35) uaas Idudansdusa DFT vuta N gaummnsauiimsgudesesn
Humssnom DET v N/ 2 99 asssusuld unsdeddade winlinmsquinausa
Feunans luilszana 50 nlesisud Tﬂuﬂnnmsmmnuum‘lmsmmmsmmmﬂumau
xy(m) 482 X (m) seniiuirduguazdwun1dsn auluiigamdefiosiduuing 2 94 138
8190472 1431 M3 DFT v N 9 vi118 Taonsualng DFT vuta 2 1 N2
madoiu fedunafemsasariienisidy x@) senduiineaiseumaentsdiuie: DFT
YUIR 2 IR i dmivdyenu N ddy sxihinsniald log, N ats (A3 3.9)

A1511 DFT Y118 2 98 $119u N2 mailumlszaeuduite Wl&nsfiuan DFT
YA N gaifu swdosiindninaei lumsviuite Liled IRanan b dufusdeaing

Howaums (3.35) sy > N2 Aeduin ] laonisisou

X(k) = X,() + (W,)* X,(K) 0SkS(N/2-1 3.36
=X,(k-N/2)+ (W) Xyk-n/2) N/2SkSN/2-1
worl (W)" Tuaums 3.36 Fondialszneunsuyu (twiddle factor ) Felimamerdgluns
11 DFT %11A 2 37 %38 DFT i1 N2 yaumlszneumuilu DFT qua N 98 18mileudy
HETVIARIMEURUE (W =Wy 151924

X(k)=X,(k)+(W,)* X, (k) 0<k<(N/2)-1 3.37a
=X(k=-NID)-W )" X,(k-NI2) ;NI2<k<N/2-] 338

Aauns 3.37 ihldismawilumsfnsun DFT vesdwuguils sxiszasudas
dAUX(K) Tuauns 3.37a uazdiy X0 Tuaums 3.37 Favrivesnhlvind iy X Tu
s 3.37a Tu N/ 2 g mmmmmm"lﬁnu'h’s'qmmsqmﬁmami'mﬁwﬁmn;mm
mimiu nnmsuiis i Wafomionudiisesmia ﬂ'nwnmﬂa (butterfly unit)
Tasmisedmuand (@woglugthniuvesisssuie Tusunsu) u%gmﬂwaa’fngaﬂa Auns
B unz1vdeynesmilu X uas v iy
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- k
X=A4+(W,)*.B 338
Y=dA-(W,)*.B
A o 1 X A ) 1 X
WNK Nk
1 1
A 4 A . . Y
_WNk _WNk
(a) (b)
A X
Wk
* B i Y

ﬂ' v -4 ‘ 3 Q.l -~ g
j‘l."n 33 'nmtmma'ummsmmamw‘\mmmnanmumapm

Taoinsvhatuveamiasiide unu'ld@asnsminisnn duaas 13lug 3.3() 3.300) ude
3.3(c)
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Taglugalii 3.4 umAsmsfuam DFT uuu § 40

0=, ___ | x,(0) X(0)
WD e x(1) X(1)
X(2)=x(4)______ | Nas %,(2) X(2)
Xo(3)=x(6),_._____| x,(3) X(3)
Xo(0)=x(1),___| %(0) X(4)
M=x@)____1 X,(1) X(8)
Xo(2)=x(5) Nes x%(2) X(6)
Xo(3)=x(7) %,(3) X(7)
(a)
a(0)=x,(0)=x(0) AY o WA A(O) X1(0) ° X(O)
OFT v
T o AN X4(1) o X(1)
a(1)=x,(2)=x(4)
we
b(1)=x,(2)=x(4) ‘ .+ B(0) / %,(2) X(2)
DFT
—_— 1 N2 | | B() X,(3) X(3)
b(0)=x,(1)=x(2)
we
cO=xo@=x(1) | < C(0 %,(0) X(4)
DFT
— ] N=2 — C(1) x,(1) X(5)
c(1)=x4(2)=x(5)
d(0)=x4(1)=x(3) . « D(0) %,(2) X(6)
OFT '
' N=2 « O(1) (3) XM
d(1)=x4(3)=x(7)

(b)

71 34 (2) 10z (b) uTMVURBUNLY N1TEAVIBUMIANA NSy DFT Uuy 8 99
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a1zl 3.5(a) dvudaaneuth xm) hildgasaveedudeiies vis awsssuniug
hign adudumisiussnindnnusl Aemsadudumia nieadusudy fuiszihllamn
IrsnnsdiSondy msdunduda dudedusumunssvi n vesd i xm) Fonvguaeslasi
innuiiadeufiomnediezunud N 18 wu lunsdl N=8 Fdsumusudanavgumes 3 i
yImfumsadi x() Tmisy Idvmmsfundufinveunvguaesiiunuassyil n dogl
3.5(b) fi® x(001) 92QNUNUAIY x(100) AT x(110) UAZ x(110) GAUNUAIL x(011x) Tudu
9910z syit n fuarsyiily Tamunet uag3nsves FET muniidunsaanewanima
msdmaulasns du nie daneu dululannuanr nie x) senidlunguissTnsudas
nguilszneudaodidy x() Mevaesdiwuiidly g fu nwinnrim‘fnﬁ'wﬁmﬂunmiu
Fretdwuidusnndonile &sanmaquaaesieiiding uazdimnsdeiwanzagu
deynlmifitaiihan aadudiiy feynyanitwda fvihduiun BFaneudduluTaum

. o oS S .\

noa Willunduirdudeyadeonmoidu duiusuFondinsuuuiid nsaansunmnm
FurauAMERTEMsves nsaameumm 14@971/ 3.5.1.5 Taedi DFT vu1a N 49
Augnuriseenity DFT vuta N2 yas1uau 2 maunsaudulasld@alsznsunismyu
un::thﬁ'm‘fe:ﬁnun::ﬁqnnﬁﬁuqnﬂmﬂummﬂm DFT wu1a 2 3@ TAofin1stiner DFT

o : J g o L o
v N2 yaumnlszasuiu 13nsiduegiumsinidsedavesdanlseneumsmyu

x(0) X
@ x(1)
x(2) x(2)
X(6) x(3)
x(1) x(4)
X(5) x(5)
x(3) x(6)
X(7) x(7)

(@)

i 3.562) asvimshdgygnaumminisdnaaniugl 3.4
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X(QOO) x(001) x(q10) X(011)  x(100) x(;101) x(110) x£111)

A 4

—
<

x(000) x(100) x(010) x(110) x(001) x(101) x(11) x(111)
(b)

3

311 3.5 (b) taPmsAAUR WMHAYRAA Y x(n) Aaemsunduiin

3.5.1.3 msaanaumsalagIsnisan
aumniaiidludeRnalszavesmsulaahadySes amgd 3.56) Taoa luds
* ' ° 3 Y o da o o W o L) At v
8190813 ldmsAimaunIsudas DFT tuuieswidq e mahddusnuddeuniieg
o 9 (-3 -, 9’ A 1 M o _ 1 ar
N ddu aminsidaailuiwowSdeudanguuiiiitieg N S1dusuiu Taons 14 FrT
1 4 } d 3
1] o ar ar s s & 1
mstalausuileznszeh lon,N Yursudloiu faiuauzl 3.502) ¥1 N=8 aasdsaiimize
1091 (log2N) 138 3 UBIEIAY (array) AfudmsuRudeyadides]lumsd o lasi
unydrduusn Tiduddudeyn xm) aeaniddy x (k) uazuaaddugaiedmunadng
; e ' § 2 o o ' g 4
X Tagnsiuiaezlseasudiomiaoiide SsdnyuznsfiuIavesieiido wins
< T ot ° o o v o - k v o P
fimizgaawdmemn Bdmiuiurmaguusssnawsadou (w ) B wadns X fu v 4
fnnamunsadumui Blumibenuiiiiuddudeynd A uos B 18 (agu 3.3) Tao
t 4 ]
dnuazmniusuiisziuii awgy 3.50) wnﬁ'wii'msﬁmummwa1ﬁammmuﬁquuﬁ
1 9 . * o 1 4 A ]
Tumiganusmednidneiie 1A Tao hifinadenssnnudiudu q FaSenduiiu ms
o Y4 .. X Ay M qy v o A & o @ - v '
AIUIUUVUFIN (in place) FeiivoAfie Isnurgas uR s TiwId Ay nTedeenisnua
H s _ o o o o -~ -~ ' \- 3,' -~y 4’ -~ 9
fmidmiumiuswFdewiios N+ Awimiu s fizminsdmivdeyaoann
» [] L 4
Tasnsduez hinlfeuiiefiniasnus deddnszaisde anlseneunyu (W) fius
gnisseedniluddufeninddaleshigibann Soil¥maSouTsuns vieathanees
° ] * - - a e ¢ W <t o o " @ -~y as o~ -
W lAden1 uafiideidoassiind Ay x() srdealinradudumisiua SEnsRunduiia

4

fedeadi Tusunsunsotae sy
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N/4 R

DFT
1 s
—_—1 N4
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37U DFT
YU N/4 AR

Taslyanlszney

o

774 DFT
YU N/S {A
Taalywausznou
yu '

33 DFT
TR N2 g8

Taslydnisznoy
MIMYyu

17U DFT
LA AT
Tnoly
AnlsznoumTnsu

71 3.6 amsaasuneuIEMs DFT vua N 4a uuuaameunanm

s 3
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3.5.1.4 manlashadySodsiananeuninawd
(Decimation-in-Frequency %39 DIF)

ddunisinon FET S ldfunnuasdszgnd 19 uTnsadaniine myaaneun
i deiindnmsndiondefy nisoameumienm Taefimsaaveunenaudsvuisiiy
Tassuam x(m) seadluesdaunii q fu Tasmsinisa3sdain18Tas 11 x (m) uaz x (m)

. o & : v & J
inuddudgygnanldnnnsuiniadl

Xg(m) = x(m) m=0,1....,(N/2)-1
x,(m) = x(m+N / 2) ;m=0,1....,(IN/2) -1 3.39

o
MTIERUMIAIY DFT YU1A 99 183 x(n) amisaitiouusn 1dassdufe

(M-t N=i o
X(k)= 2 x(m)(W‘v)"* + Zx(m)(WN)”*

14 wa’ maNI2
(NI2)=1 (NI2)-
= }f xg (m)(W, )nf + fxa (m)(W, )(m-NIZ)k ) 3.40
=0 =l
(N2 ¢ r ] f
X(k)= ﬁ xg (M)W, )™ +(W)™? 2 x, (m)(Wy)™
=) ;e
3 1z3mnd (W)™ = explimi)=(-1)* Sufou' 13Ty
(N2}
X(k)= ;o— [xe(m) (—0% 2, (m+ N 7 2)] (W, )™ 3.41

[ >
unzdusmonasyvii k esnthuovguasd M3 1TRUU X(2k) 10T X(2hc+1) $TUNY DFT 92

unuduveunvguazinvAa i wuse

W1
X(2k) = i [x¢ (m) + xo (m)| (W, )™ 3.42

\NI2Y-1

= 2 (MFy)™

med
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ae (N12)-1
X(2k) = ‘Z (22 (m) + x0 (m)| (7, )>™

mmQ

(N12)-1

= Mf (M) (W)™ 3.43

NHAYBA (3.42) LA (3.43) UAAIIIMIAIUIU DFT ¥U1A N 98 &3t iienin18Tan luidtes
UININEIRY x(m) 151v1nsuLanSeeniiu 2 didu Seauns (3.39) wdniwnauiudiy
sulmifion N2 g8 2 d1du Tasoudl¥diumidse fm) uae gtmy f‘iﬁudff aunsa
a1 1dTaol¥auns

f(m) =x(m)+x (m) ;m=0,1...(M/2) -1

gm) = [em)=x (m) [(W, )™ 3.44

unze1ndAues N/, 9aluauns (3.44) sttt i DFT v N2 9 Taald
(3.42) ¥ (3.43) myrwazifu Taosaudaszriui ssdnuan DFT 1A N 19 1dgauia
iflun1sdiudel DFT vuta N2 qadesaniadasiu
sfwduniieusylunsaaneunanm msutimsdnnudesesniiu DFT vina

N/2 qaﬁ’mmmuﬂqdasaan‘lﬂ'lﬁx?au q suluiigamientsfiniuving 2 1A Fa0d1edi
uaasnsinalaeldnsming transd N=g uanea Blugal 3.7 Tnslugtuaasnisiniadrdy
devesnaudwuiiy sumdenisd o DFT v 2 39 unznsutivgeninld 3 af ude
log,8 un:shu’:uﬂs:q1umsqmﬁ]mm%ﬁnmzﬂs:mm N log,N 1%utdg3niu

JounnansznitdesisTuneumsinaliaediiAe sznsusn nsaaneLIe
1201 x(n) WISRAWETTUNIA 10T X(K) FEMWTTTUNA TIUNITNANBUN A WATATY
dwfle x(n)eziFosmmnInuna uas X(k) szgaissadunuuiunduin dsmsfinsaniae
ﬁxt?’a-uaqmma'neumqmm‘t’;w'n'thﬂmmnnaummmﬁams1z1é’v1ﬂmsmﬁ1ﬁ'u
x(m) 103 x (m) NIAUBEnuAufBULd IR guUAITs uIWEdeu (W) mizednian

L] H aﬂ' 4
HifeuBINIIAANBUNIIAI WD HaAdagl 3.8



Xo(m)

Xo(m)

x(0)
x(1)
x(2)
x(3)
x(4)
x(5)
x(8)
«m

x(0)
(1)
x(2)
x(3)
x(4)
X(5)
x(6)
x(7)

x(0)
x(1)
x(2)
x(3)
x(4)
X(5)
X(6)
x(7)

¥

SSZS

wt
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f(0) e

——————e X(0)

Q) Iy SE— DFT —————e X(1)
N=4
H2) o ——e X(2)
f(3) o— —e X(3)
94) e——— ——————e X(4)
9&e——| DOFT L— . xg
N=4
g(6) e —————a X(6)
9(7) o— —e XM
(@
= OFT —X(0)
N=2 )
wo
wR DFT —eX(2)
W OFT X4
- e «X(5)
we
‘ X(8)
w2 OFT
N=2 — X
(b)
s x(0)
. Wo = x(1)
T RE
M— @
< -
X(4)
’ T X(5)
qw“
. X(6)
2 X(m

21 3.7 uamsd W uYime YT SYes FFT siian1saamewmien e
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X=A+B A X

v

Wt
\ Y=A-B)W,S B Y

4‘ '3 T L] x rl e L. T ) 4'
31]“ 3.8 UATHNTITATUIVNYBI BUILNITD VBIVUAD HIB Y UAANBUNIA NG
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i 4

iIsaaneudag 1l

41  wmh
9 o -& [T o - [ - ]
vodwglssnuninluniadgepuaiueiinfenstisunseavuiauaz e
dygradundnnuvinavesssilszneusiueiindlasase Mesnnszdenitgiadu
pszuanminIAmIalage s misdszulanmSsdauay (DSP ; Digital Signal Processing)
* J \d o o a J s
WunFalseanana TMS320C26 senowihmslssnaonadnyazglnauiuiludegia
é & o J o o
9uen (Analog) wrgnnidsududygudtasalas TLC32040 Faudludumlnadygna
aan J M M o ¥y o d * |
swmeniluaiaen Fsegluniia DsP eguis dygnueunenivududyguieglusas
¥
13 Tamd daiiu Sevzdesnameudgnaudreglugilvesdoysnauseduhiiu 43 Taan
4 { o o~ ar 4 - A’ 3 . H
Tasnudnisaaneudygnadnyazzlniu (wave form) ResiiRafion (distortion) Yo
A
Py [ d" - 9 P o s o
Tasmawiniluduiitudenl¥ LEM Tugodudluduntasnszualaserdondnms
4831310 13U838008 (Hall effect) TasmmiamsradiotumsentinanszuaTamialide

- - - .: = o’ 9 J
WnszuaeenmedimdogiiusiinswRafouvesdygiesnda

42  manawgerunssualiiudyenausiu

4 U o \J . -
nszuafieensin LEM Tugaszgnuhsiludganuussdusbitiu 13 Tanrd Tag

o [ 0 P P ° [ v
Massuaruanudimusmasmismiadniusssuanateuanld

msunoen

W 41 usRanEsmlasdyananszuann LEM Tugalhiudygnemsady

& - '
Fwseduanndey R mlden
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9
usied 1 lsfemaiwssduanasen R fleunmiia Dsp Tasasuiuewiinaliniziaia
T , , .
o lA1189910R 154N AV A DSP (Feudiaiianissuaamisananiass 1)
» ¥
fatiuez 192995 UBU-BUAINAY (non-inverting) M Vunan Insldesiluauil LF3s1

FutlueerusuililFnmu 18 Tuseaimid 18ge @ Mhz) 391918 usmns Ianudmsy

o [ A va o A - 3 4
dyanalunmsiadyanuersuedinLifudwun 35 Ae AR 35X50=1750 Hz n3® 1.75

Khz
1
I [ 5
LEM Loapl B
luga | R, Oy — =
Ll 3 .
A~

i
-m Y

S

31 4.2 woman13192995 weu BuAIMAa (mon-inverting) INVUNANIZHIN

deyaamssduen LEM Tuga iy deygeudt mida DSP

- 310 43 mmuans LEM lugaidedhiuveu-suidmas
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1N99s3UN 42 W2'ld

R,
Vou = (1+ E)V,-, 42

Taoidenld R, =R, =5KQD
218 v, =2v, uamilesnn v, dludygnafierdedewtingda psp Seiriavin
usafugara hifiu 13 Taal dadu v, deefivinaliiifiu +1.5 Taowt iifesn LEM Tug
afldidhunun LA25 NP Smunszual® 25 uewnnld ﬁqﬁuﬂznunszlmqaqﬂ‘lﬁ' 255 2
=35.4 ueuudld nielsvanm 36 uenuyly

v
Taoden1¥9a3199u (turn ratio) ilu 10001 Ay

36
I,=——4
>~ 1000

= 36 mA
VAU (4.1) wannsednou R 14
» 4
ufl 1189910 V=V, A9l

v
RP =i—Q 43

4

nIm R, =1.536X10° Q2
=417 QQ
antuwidenly R, =40 Q

43 emfulvidesesduswil uaz LEM Tuga 12 Taavi
Tagnsore Inladu 220 Taan dundsutlas Aunsssusasisndaronuuduadui

Hames udavi ldiZoudanledisnquadsgii 4.3

\
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+
20v %
+
- 12v
—<GND .
12v
3 : 4 -
51 4.5 sansnmmanielniveunIesaaneudyn s
1¥leFsngran MC7812 waz MC7912
431 vwnaveaneuas "
fna v, #ldan
VlI+VI'(’ +Vr(' +Vr1 le 1
V.. =( Y S 4.4

- 0.92
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de v, = swsAuldaseiirunssngoaud
o A ' - & A o o a e
Vo = uisduiianasenledisngion deliinszana 3 Taavi dmiuledisnguoames

78XX uar 79XX

’ o o - : ' J
Vi = AWIIAUANGU (cutin voltage) NanaToulalea delszanm 1.1 Taav

Vigse = AWSIAUNITOUGIYA (peak ripple voltage) TrudafulszyRames (C
J  ; A
filter) FadiAnlszuaniesndt 1 Taan

\% Awssu Iladunnelises lunnzund 19 220 Tavt

Nom

\% Awssu Iladuineases lunnzdalnd wu IWan i 200 Taayt

Il

min
092 = AnlszanFammsisn@nie (Rectifier efficiency)
aariuey 1@

(12 +3+ 1.1+05) 22001
Y. = x N
g 092 2004462
=40V
19 v, 15 Taanlumsidan
iesninndfomlasildithumyiusinas (center tap) AuTuRAAneulasi1dAe 22030
Taan

nszuaase 1, #heeld = nszuasweeruend + nrzuasie LEM Tuga
= 1.8 mA + 25 mA
- 268 mA
dipsnnihassuiadisnavhouudundusaiy
I, = 165, 45
dnfusziniu I, = 1.65X26.8 = 442 mA
e iy 1, = 100 mA
dnfuvunamsteuaadiu 0.1x30 = 3 va

\

Aniuldndoulasvuialuginii 3 va

432 wwesuiulse
A C, uaz C, dmiy 7812 uaz 9712 4 l&nnenasszney (daw sheet) 19
C1=0.22 UF uaz C2=0.1 UF
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o @ v w d o s d o
dmsumaunulszydmiviamesdnnu lden

I
C=—rde 4.6
2er(p-p)
e f=50Hz
- °
nieewdnn 1den
I
8 g S 4.7
23 R.r
die £=100Hz r=rwesidunin'hifoy (percent ripple)
V
uay R, =% 43
4
de

1
= = 650uF
0.027)x0'01

v v
aaius uma ¢ N1 ldeaatsamy

2+/3x100x(
Wil ¢ = 2000 pr

433 vwalalsanly
luasvsisndvhounuduniula Teadeamussdudmndugaqa (PIV:Peak fnvert
Voltage) lded s 2 iiwesrigegavesssdudnmasgiifiousuuinlnas fe
PIV > 2V, udrifendnnlaeadold edralfen 3 m pv > 3v
P [ | o - - P4
iisannusRwisuumna A unAogiidly 15 Taav
Ay
V, =5x V2=212 Toovi
-~
"ufe
PIV>3 X 21.2 =63.4 Taan
o o 4
aniudenldlaleass 1N4002 ¥l PIV = 100 Taant
lalea D, uaz D, Mdmivileaiumsmeszyain c,uaz c, A ledisngian
L 4
7812 U0z 7912 1ueives D, uaz D, gl Inend1sUszney (data sheet) 3914 D, =D, iilu
IN4001
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51/ 4.7 vananeuenve uNIBIAANDUT YU I
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unii 5
:l (Y} 4 -
Yuneumsilizutaduyanaeiineiin

&35y TMS320C50

51 unmi

Tﬂsunm’r’i‘lﬂumnlszmannﬁ'ﬂgﬂpm‘?i%’un’hmvmé’wﬁuuwm sUMBN
SumesiMaiwesin (Anslog Interface Circuit) IRt Tulsunsaun e MELE sonilu 2
Tusunsudaniu diide

1. OSCILLO.ASM Tasssuarinanseadalanlnl (Oscilloscope Display)

2. LCD.ASM lnovzuaaswanie LCD Tuga (LCD Module display) uozdadayga
senuite llraugy

Tulibsunsuvesmsuaawanivesadalaalmhiu dunsuaamadeyaiiu
dygnuentaen esavesadalanIal Hudnyazyesminaiuvesaamiang douly
Tsunsuvesmsuaasmann Lep Tuga dunsunaswailudyonadsaes Juslums
umashugivesnledidudeiusiind il 2 & 13 saiser THD seame LeD Tugn
52 i';’umu‘lum1ﬂszmaﬂaﬂaﬂﬂﬂmmﬂﬁ'f) (Main Program)
Funori 1

o 4 [ J @ :
muuaTﬂummmsﬂszmnnn HaTNTUAAING ‘]Nﬂ'lll'lfﬁﬂ'l?luﬁ‘lﬁ 2 Tnun aall

flo
1. TnuamisuaaranesadalanInl
denldTilsunsuiide oscILLO.ASM
2. Tnuamsuaawann LeD Tuga
denl$Tusunsudise LCD.ASM
Fumeud 2

Amuadusudulunisiudafeyassninneuiaumesduuesa nams rs232
J 13 - . -~ &
FFoamesn Fsimualidlunniudedeyouuy 16 Ga uasiividyanal FSX (Frame
Synchronize Serial port) 1ﬁumz‘fa;qnmﬂ'mqumii’uﬁ'«?agaunzﬁmuaé’mmnq’m’fagn

(Sampling Frequency) ¥838u1nendwasse 185 na
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9
Tagfimualvivialusunsy OSCILLO.ASM uaz LCD.ASM {isasimisqudeyaniniy
2,560 Hz
g 4
tunoud 3

o ° 14 4 J -

imuasuaugavesmsgudeyndlu 1024 98 Fuduswnavesnissian
Tolsunsy FFT uazdmsdumisiviesvesdeyaduwmitiudun unstivivesvesdieyod
wwaesnseayalanInyl
g 4
Yunauil 4

. 4 2 . o _id

s lilsunsy FET Semunsauaastuasunisaiman 18 dsgai 5.1
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¥ (PIN) | dodnval | szAudygu i1l (FUNCTION)
(SYMBOL) | (LEVEL)
1 Vss | = 0V GND
2 Veo | ——eme +5 V POWER SUPPLY
3 Vee |- +V FOR LIQUID CRYSTAL DRIVE
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H:DATA INPUT L:INSTRUCTION
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6 E H H:DATA READ L:DATA WRITE
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8 DBI H/L DATA BUS BIT 0
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13 DB6 H/L DATA BUS BIT 5
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DATA BUS BIT 7
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8.2 Manaasansfmuaduainuedldsunsy LCD.ASM

n1‘:mnmffuzauuﬁdwmmaanmmﬁaﬁuaﬁﬂﬁ'ﬁuﬁ’ndwq gaudmmﬁnﬁnga
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FUNDAMENTAL = 120.000 A4
HARMONIC 2 = 83333 % AMPLITUDE = 100.000 A4
HARMONIC 3 = 42500 % AMPLITUDE = 51000 4
HARMONIC 4 = 1.667 % AMPLITUDE =~ 2.000 A
HARMONIC 5 = 27.500 % AMPLITUDE = 33.000 A
HARMONIC 6 = 0.833 % AMPLITUDE = 1.000 v |
HARMONIC 7 = 125.000 % AMPLITUDE = 150.000 4
HARMONIC 8= 0.833 % AMPLITUDE = 1.000 A
HARMONIC 9 = 4.167 % AMPLITUDE = 5.000 A4
HARMONIC 10=  0.833 % AMPLITUDE = 1.000 A
HARMONIC 11=  1.667 % AMPLITUDE = 2.000 4
HARMONIC 12=  120.000 % AMPLITUDE = 144.000 A
HARMONIC 13= 13333 % AMPLITUDE = 16.000 4
THD = 199336 %

3 4 1 : ﬂ; ; 'S d o
* Muwing) /1 amplitude IusABUNATUNITY HONABOIN SANI I
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8.3 mamaaesiamaisusiindveslvane3alasl¥lisunsn LCD.ASM
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4' - J: [ 45
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3.90u01iA07 2 9A

4m3030AnTzATNNT 10 RN

g15ueiindi namstiuTing1lag TMS320C50 DSK A3aft Aunde | swn
1 2 3 4 5 SATEC
2 5 2 3 8 24 4.00 0.6
3 42 46 42 44 44 4360 | 4275
4 2 0 2 1 0 1.00 0.65
5 33 31 34 33 30 32.20 32.69
6 3 1 2 1 1 1.60 0.74
f'§ 21 19 22 25 23 22.00 23.01
8 1 1 2 2 0 1.20 0.18
9 12 15 13 15 12 13.40 12.44
10 1 1 1 3 1 1.40 0.56
11 4 5 5 5 2 4.20 4.20
12 1 0 0 0 0 0.20 0.18
13 3 3 1 0 3 2.00 2.85
THD 60.14 62.60 60.62 64.33 60.46 61.63 60.80
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A a a.’.’ 24 A
1IATOINBUNAADITAY [AY 21399

2.R389 UPS YU1A 500 VA

3.98u81liAB3 2 yA

g5 ueiindh wamstuine Tag TMS320C50 DSK s Aunde | swn
1 2 3 4 5 SATEC

2 2 -3 2 9 2 3.60 0.60

3 54 61 66 71 82 64.00 67.84

4 4 2 5 9 E 4.80 1.02

5 45 48 52 46 45 47.20 4891

6 1 1 2 4 1 1.80 1.74

7 32 28 33 37 22 30.40 32.45

8 2 0 4 6 2 2.80 0.66

9 17 13 20 22 23 19.00 17.6

10 1 1 2 2 2 1.60 0.18

13 4 5 8 6 12 7.00 5.46

12 1 1 1 1 1 1.00 0.54

13 2 4 2 4 6 1.60 5.58
THD 8064 | 8489 | 9392 | 9741 102 91.77 | 9270
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Traumedifivina bty 3 Taod
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4.100 Ret

—¥ {4~ 0.0500 /— TLC32040CHN

2.350
2.200

1.665—1

0.80%

0.100

-0.150

ANUTATNIAYEIVDIA TMS320C50 DSK Tnauaasviizailuils

anvazuazguania Ineia lves TMS320C50 DSK

L.
2.

Tmiaslszuananie@saeaiues TMS320C50

Boamlumsfiifddeieadios so uTudui niedounisu 20 Susdede
4 o o
TR

i PROM ( Progammable Read Only Memory ) 8 1M Yu1A 32 KB

. hesulasdyapanneutosaitiuainen uazdsaeaiiusuioen

(TLC32040 ) Tuda

. 1!11'3%!)11‘1]'1] RCA z'hmm‘uamm1mamnanmua°aﬂﬂam~m 'H‘N'U'J mamnu

gunsalentaen u d1TwamselulasTru

. NyadeByiaines (emulator connector ) 1UBS XDS510

. annsadeiudeyaimieddeyasen1d eldounsowann s usy

o
gunsalniouenld
Expansion |
connector
. T™NS:20080 | o
ow
MDO-NS Sarial port '!Wmmg i
sokxs | | | moais  TPMpor [ 32040 | o nalogin
PROM [ JTAG
boowode |+ emufaton post
XDSs10
14-mtnm

UNUASKTARINITH I IHYBY TMS320C50 DSK



dnueizuasneiinlaet Tilves TLC32040
1. ﬁ']uaaw?i‘h’r’uﬂmﬁagapmamaanmnmuuan‘lﬁxﬁuﬁ‘iﬂamﬁadqﬁaqm’l'TMS320C50
uazuasdygualasanin TMS320C50 ‘lﬁ'ﬁ'lueuwaeﬂnﬁadeﬁqm1meannwuen ¥
TLC32040 ﬁﬂsznﬂusmag'uu'mnﬁmﬁu TMS320C50 DSK
1. $Swauiingagalunisudasdeyamiiny 14 4in
2. Yiudanmsqudeyaldgagaia 19200 Medudedurii

3. §17993NTBWVVUUUNNIT ( band-pass ) Fivuth uazuyyTaawa (low-pass YN
80N

L) 4' 1 9 a ] am
4, uqnweummnwmuﬂszmaNamemma

ansaizuaznaanRlnmialives TMS320C50

P

. Ufasda1dunnds 20 Sudrdade 1 urd

2. aunaldidiiauiumiznssinanamed CIX uaz C2x TAnngu

3. fimiagAuS1 RAM i1 16 i Yianaa 9 KB

4. fimioa1ms1 ROM V1A 16 TN Yianua 2 KB

5. fimisenus1 RAM vilatsunnss w8 lunaufeadu ving 16 §n 1056 Byte

6. amTadAadefuwtlsnI i Imeousn 1dunis 224 KB

7. UeziamanTadngila (ALU ) uﬁﬂﬁagmma{ (ACC)une uﬁﬂﬁqgmmaf
fiivesvuia 32 1n

8. {IMU20ATIAZUILYUY ( Parallel Logic Unit) YR 16 T

9. fiMguuuvUIIYLIA 16 x 16 1N uns I kadwiid 32 Tn'Id

10. imsgaluvaudisanilagnadu :

11. §3%mmAnivao 8 fa wioumisinnadmiunsduswiumisteyauuyTag
doulagmmy \

12. ifvameidmiuAva a3 mneuingadumesiy 11 #

13. Herfauafuadn 8 sedu

14, Iwsniieudwmisdeyn’ld o 81 16 in

15. e s dmiuldmumsSraniagaa s unny ( Circular Addressing )

6. musalhiddes @il ufinssrdameduygen
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17. 1we3a (port) eynsunuvdemsaeanunieudyanuniugu 14aadedens

AugUnsalnouenld

18. fmﬂgﬂﬂuﬂimﬂﬂ e ( time-division multiple access )

3
o

19. findsaiunardmsmins Sudu nyA 3e31dad
20. Siwefauuuviuuing 64 K ¥ 16 K svihusiiam s ¢ memory-mapped )
21. fimbasinmshouiiannse Tsunsus 16 42

22. Sredamizsanus urudyiild

23 nse e unuunisdaonile 14

24w ludn
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Symbal Hasne

A15-AD Address bus

ACC(32) Actumulator

ACCB(32) Accumulator buffer

ACCH Accumulator high byta

AOCL Accunulator low byte

AU Asithmetic logic unit

ARO-AR? Auxiiary registers

ARAU Auxiliary register adthmeto unit

ARBE) Auxilfary register buffer bits

ARCR Auxillary register compa re register

ARPR) Auxiltary register poirer bits

BMAR Block move address register

BRAF{t) Block repeat acthva flag bit

BRCR Black ;epea courtes regiswer

o] Carry.bit

CALU Central arihmetic logo unit

CBOR{®) Circdar butfer conwol register

CBER1, CBER2 Clredar bufier end rgisters

CBSR1, OBSR2 Ciroudar butfer startregisters

CNF Configuration control bit

COMPARE Compase of program address

D1s-Do Data bus

DATA BUS Data bus

DBMR Dymamic bit meripuation register

dma(? Data mamory address fmmadate regster)
Data memory page pointer bits

managnemssdansnnmnianadamaninen s



Sywbol Narme

DRB Direct data mamory address bus
GREG Global memory aliocation register
HM(1) Hold mode bit

¥R Imercupt flag register

MR intetrupt mask register

NDX Indax register

RTM{1) Interrupt mode bit

PTR(S) Irnerrupt vactor pointer bits

REG Instruction register

MCS Microcall stack

wlS Microprocessormicrocomputar bit
MULTIPUER Mutplier

MUX Muftiplexer

NOS({1) Enable extra index register bit
ovin Overflow bit

ovu(m RAM overlay bit

OVIK1) Overflow moda bit

P-SCALER (-6, 0, 1, 4) Product shifeer

PAER Block repeatprogram addmss end ragister
PASR Block rapsatprogram address start regiswr
PC Program courver

PFC Prefewch counter

PLU Paraitel logie unit

PM2) Product shifter mode bits

PMST Processot mode status register

POSTSCALER{0-7) Accumudator postscaling shifer

mavapinemsnianisnamianafumaaninensss (de)

\



Symhol Nawm

PREG{x2) Product register

PRESCALER, SR.(0-16}, Prescaling shifters

SFR(0-16)

PROGRAM BUS Progrm bus

RAM(1) Progam RAM enabie bit

RPTC Repeat counter iegister

STo, ST1 Status regiswers

STACK Stadk

SXM(1) Sign-edtersion mode bit

TC(1) Tesveortrol bit

TREGO Tempory mgistar (mutiplicand
TREG1{5) Temporaiy register (dyramic shit couty
TREG2{4) Temporaty ragster (bit poirter in dynamic bit tesy
TRM{1) Enatie mutple erporary registers bit
F) Extemal fag pin status bit

d d v
maplnamsaianinnsminsahmsanitinansss (de)

Tnssadrandnuvsaminlszinanadssneudaniaassandn fe T sunsutauas

A lisunsudiaezdudsaidauasda Telesusuasin Tusunsum Tad adiase

o A ) Ao P -2 afcd v 4
ﬂ‘“ﬂﬂﬁ‘l‘l’ﬂi&ﬁﬂuq l‘lﬂﬂlﬂgﬁinﬂlﬂllaﬂguﬂ:iﬂﬂlﬂﬂf‘]nUﬁuﬂQﬂ']ﬁ‘uu‘hﬁ TABIVATUTIULTD

t‘hxﬁw’fegnmnnw’{wTu‘%mﬂuuazTﬂmnmmTu?mu‘lun?amuuan‘lﬂﬁwﬁwgm'ﬁagn

4' L4 o 4' L=
weliaunsavinisga ldneluganduiien

b 4 } 4 v
nn Iassaruruil ildmiselszusona csx dfmsihauiigangung aunse

» )
Uszusanadeyandeuisinnunndamandldwdengiu mulugnauing

migdszaananaie

- v [ ﬂl’
Saulseneuaeil

1. MU8AIUIUNAN ( Central Arithmatic Logic Unit )

. MUIBATTNZUVUYUIY ( Parallel Logic Unit)

. TmasiyIoveamizefmuna Auxillary Registers Arithmatic Unit )

2
3
4. TWawesuvum TuSunl
5

. AruRu 1sunsu ( Program Controller )



MUIMUIUNAN 'nu'atnlizmawanmwz‘h’s’nﬁauﬁmmnma‘lumsﬁmﬁ'ﬁauwﬁ
o ' °
WUA( 2’s complement ) Taoviassnaanasdseneudae
1. 1IPUVUIA 16*16 1n
. MUBAMIUVUIA (ALU ) 32 90
. usafymIABS YA 32 din

o ot [

2
3
d' o 9 as -~ o -~

4. IMnvByadMIvNeRfIy@eT YA 32 Iin

5. Audsudumisinvesdeyaiiviesnnnuenfaymmesin I aae it unatng

HysassazuunvIY sxlsznadeyaydusiadudaszeinmisnlszaanana

v ° a ' H v d o o 1

HATTIYUINAY MUgasIRTLuYTU U nnsodusa SIS nagey niendunrfeya
WSmmesusnaaius ‘s'ﬁmnai'mqu?a?ﬁﬂmas’ﬂagaﬁaq11] HULATTASUULVUIUDE
a 9 [ 1 9w [ o (3K 1 1 oy o a
Nrun1eveyad 1M I fumilen s Tﬁu‘lnmwaﬂiznmem‘luuaﬂmgmmas wan
'lé'mnnu'aumsnzxmwumszz’f'anﬁu‘lﬂlﬁuﬁuu'wmmﬁnﬁuﬁﬁqmm

TmasiTaoveamizodnuna sxlivtiaedauuing 16 nflssfununsdn
Bedumisvesmieniusunylasden Taolideynnnismnesdao Somanssudng (
index register ) Hn¥IVcAe ST oo ( auxillary register compare register ) Scnan {420V

] ° dva 4 o S a1 e s a ° ]
AU RITMNIaddwANTvesTSman i ¥0 14 TaosA TulAluvaisfidwumisves
mizgmwiifudeyaldiunssey naffemadhdedeya hisududedldmizvfman

k4
fawdmiumsliuuddiunisfeyalfimnan datumizsdnounadaindmium
4 . .
nuduvumiu

SSmaesuuumTuTuml uesa csx H33mans 96 Fafigauan! ( mapped ) T lumttd

e

0 vesfiufimizeniws mizowszuaana CsX yada T3smaeiveamizulssuaananai
8g 28 #2 unzFiman it miune BN (input ) UALIBWAYN (output ) 16 ¥ LuASILINES
maefdmiugUnsaldenasezareiulyl s nisome i gy

v‘vru"v’inﬁm?agn ﬁuﬁammsagnﬁvun‘s‘admé’aéi‘inmﬁmﬁ'umhummﬁn’n’agaﬁiuq 7

mansuuum hifinle ¥ miunsdudamisonami Tasdex msthudeynsansa
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AuInNaN

Amugulisunsy enlszneudameesiiezasasiaside myudus Wilad ( pipe
line ) voanuasszanananais AUz smisnlszananaie snuae Tase
afwivuuiullveaueia cso ilfaunseihmsfidaufifeadessumisnans e
@143 yumdeuqiu o Sanazmsihaulag

Aamugu Tsunsussdseneuday

Tdsunsauauass ( program counter )

FImneTuBnNANIUL ( status register )

F8aumesAIuA ( control register )
813125 UaAN ( hardware stack )
uu':;u&dﬁnmﬁmﬁwmmﬁ (address generator logic )

Fommesfds ( instruction register )

misaNus uNUeda

: : ity
UBYA C50 DSK fimizoaausuuussagail

Tlsunsusen (program ROM ) uuwesa €50 sxilseuyiiafifouldving 16 Tneg
¥
2kB mnnmm&hﬁ'l%’r‘fm%’uTﬂaﬁTﬂmnsumnnmsmmi‘hmuuamﬁﬁqnmummﬁmu
3 . . oo
veiageihausng: uieigusy (RAM ) mouen

mizonrwsuuugSaudaadmsudeynunzfiids (data & program dual access
RAM ) u83a C50 sxfimizsmamswilaileg 16 x 1056 Tud mizerawirfesmiadh 3
uden Tagezamnsouiu1d Aeudien Bo vuta 512 Tud udien B1 vurm 512 Tudf uazuden
8232 Tud misemawiwiiadimhiindndenmitusreyn uidmnduiuieunselfidy
Tusunsul&dae dmivudent 81 uns B2 exliflumizsmamirteyaninfu dauvdsn Bo
vivsmdenldiflumizonauii Tisunsy W82 mizeramswitaivilueda cso v

: \ o o «~ -~
R wumszmsdouniesndeyamusoimieusu 8 lusimaznmihaudeatu



A ¥ A~ dy . - é
doyamilamimitenn 512 mh daudn 7 ineedludessa (word ) ladfanien 128

k4
Aialuntiniu

Lop
ADD

ADD opcode o1ch
#0190h
o10h, 5 i A - v A
19 T 76 (]
Machine Code looto 010119901 oogsl
I! //
oP t1oo0o 1110 1] / /
Y \ / J
\ \ / /
\ V) /
DAB 100 1110 1loo1 ooo0o0]
Opeand  Data(DAS)

Pluaaamsdredaiumisveamizaanudilagnse

E 4
Msd B wemuen s Tasdew Aoy 8 mneiluditaelunis

- ] ° ; - ] ° ; ° ' [~ 9
$rdamizsaawsuuyil lunsdwdamizenimswanid awmislanawludegavuia

64k Aiaaunsaideldnndeya 16 Tnves3saaeidie
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MISNBW MU MR NS WLBHTREA ( immediate addressing ) Tun1381994
b4 [] v
mydndesdimmismizenus il doyafisni v idnuez a3 fuyadiduns el

< a4 I 4 - n’: o o - d - o
AWWIVINYBU UBIA C50 UNIAITAIVUIA | 1ITAlLAS 2 1359

Short knmedizte (1-Wosd] Long {mmackate (2-Word]
PY:T 281 38 1684
Constant Constant Constamt Constant
ADD LDP MPY ADD OR
ADRK AND RPT
LacL APL RPTZ
LAR - CPL SPLK
RPT LACC sup
SBRK LAR XOR
sus MPY XPL
OPL

oW = v a e 1] M ° - A o
ﬂ'lﬂ»!llﬂﬂ\‘lﬂ1ﬂ~3ﬂﬁ“mﬁﬂ1‘”ﬂ1551\130911!1‘"“0"1“8?\'J'Iﬂ'ﬁllmllﬂﬂ“lﬂﬂﬂ‘ﬁ

M3 NBIA MM LIVeIMUIBAIUS WLLIARIRAT SRS (dedicate-register addressing)
1 4
mrdnsdumisvemizerwswuiiltvuzmifeunisd s umisvemioniy
uvvsuiliden sndudumnisvesdeyasznnnitamesivun Tudun lumianissng
HAND1 ﬂeﬁﬁﬁeﬂagammimﬂﬁouuﬂm'lé'ﬂmzﬁmmsﬂfjﬁﬁ’fﬂsunwag’
b d
MInrd i mmiwesnizsaamswyum Iuduan #2633 ds ey
] [ 4 - ¥
waounTaSinfiimaes Tag hifinasedadmiveya n1sdreded T iharundion1sgrss
» ] y
Tavase onidu 9 dnuuezgndsfiianiuzihy o unufiezgn Tnandausndaddunmia v
1ﬁ'xsmmnaé‘wﬁqﬁmnﬁwmmTu’%‘uuﬂ‘s‘ﬁmms’mmﬂayan% 0 1ATaoaseTnglideail
nﬂ o o 3. v a4 aa g
mInfasuiavesmirdumimieimnsivag
7LSBsfiom IREG (directaddressing)
of cunet AR (ndirect addressing)
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ooooooooo] dna j-_pl,g‘ms

I RAGG 0
¥ DAB

(MEMORY¥

! WAPPED

PAGE REGISTERS
l AND
DARMMBZ)
——

umaamsdedadumisveamizganas iy




k4 ]
MITBYAUMUMBLIU FumsumIfiIsnaweds iU nsmpudsunieuuydi
v o & Ve o @ «1 v ,éﬂ Y v A \lﬁé 9
duius awsalsinindeyauruanlumizenndunedhumbaedidon 188w sy deya

' o s v v o - J LY
ﬁ'l?(ﬁﬂ'lﬂﬂ'li‘ﬂi:lnﬁﬂﬁ 1ueIa CS0 smsuﬂ17';11&1mmwm!egamnﬂ'uuw%’aunu"lﬁﬂa

o gm g
2R VNABTHIY
YVUIAYBINUITAIUS.
oo [T —
" Imarpt SO0 | Memorm spped
veps HMPHIC = 0, *08en
GO Maocompmhnocd‘tj Orrchi
O -word onechip DARAM B2
[0 ) %
v Ao e 200 (et
(FAMbitz 1) ireoy o
Offchip Reserved (CNF = 1)
{FAMbits 0) 0306 "
zcoma | ORRARD
S0
Resesved.
0 | armerd Orvetip
SARAM (OWLY = 1)
Cftchip ODWY=0)
FEO ip DARAM B0 -
F=1) | Oidip
FPFPR ﬁa(ou-q =R
Ma::mo:v'noa)
uansrismizannudrveaveda Cso
valees FOM SARAM DARAM Be
o 0 0  O000-O7FF Ofi-ctip Oft-chip 0800-FFFF
0 0 1 Ofchip Of-chip Oft.chip 0000-FFFF
o 1 0  0000-07FF  0BO-GBFF  Offchip 2000-FFFF
o 1 1 Oft-chip 0B00-2B8FF  Off-chip 0000-07FF,
2C00-FFFF
1 0 0 Q000-0O7FF Off-chip FEOO-FFFF 0800-FDFF
1 0 1 Off-chip Off-chip FEOO-FFFF 0000-FDFF
1 1 [} 0000-0O?FF 0800-2BFF FEOD-FFFF 2000-FDFF
1 1 1 Oft-chip 0S00-28FF  FEOD-FFFF 0000-07FF,
2C00-FDFF
MINuTAINIISanIanns lysunsuvesueda Cse
\
Bitvalwes

———. Regictess DARAMBI DARAMEE DARAMBI SARAM .
CIWF  OWY (s5-words] {32-wonds] {512wonds] (St2wneds]  (-woeds) Of-Chip
0 0  0000-00SF 0060-007F O100-02FF  OQR00-O4FF Ofkchip 0300-FFFF
o 1 0000-005F 0060-007F  OI00-Q2FF  0300-O4FF  0800-2BFF 2C00-FFFF
1 0  0000-00SF 0060-007F Resamrved 000-04FF  Ofchp 0800-FFFF

1toooo-oosFooso-oorFReamdowo-otFFoaoo-aeFcmoo-FFH'-'
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; OSCILLO.ASM

; ADVISER SIRTIWAT  POTHIWATCHAKOON

; ADVISEE WIRATORN RUKSVANICHPONGS 36014408 ;
; WIROTE CHAMBOONROD 36014410

; WEERAPHAN KUNTHACHOTE = 36014423

.mmregs
FFT_S set 1024
FFT _S-1 et 1023
FFT_S/2 set 512
(FFT_S/2)-1 set 511

TA  set 31 ;  Auxin —+ +— Loopback
RA et 31 ;  Synch—+ | | +—BP Filter
TAp .set 1 ; FIE]
RAp set 1 + -+ 4+
TB  set 63 ;|00 00 G1 GO | SY AX LB BP|
RB  set 63 o+ —~+ +
AIC_ CMD .set 080h ;  GAIN

ds  0f00h
TEMP .word 0 ;location of TEMPorary storage

ACCU lo .word O
ACCU hi .word 0 ;
STAT1 .word 0 ;STAT]1 storage

?

ps 080ah

\B RINT ;0A; Serial port receive interrupt RINT

B XINT ;0C; Serial port transmit interrupt XINT  *

* TMS32C05X INITIALIZATION ) .
* This routine initializes the CSx registers, internal RAM



ps 0a00h
entry

start setc INTM ; Disable interrupts
ldp #0 ; Set data page pointer
spik  #830h,PMST ; 9K on-chip RAM as Data, No ROM
lacl #0 ; Set Wait State Control Regester
samm CWSR ; for O waits in pgm & data memory
samm PDWSR ;

.

* initalize and reset serial port

.
splk  #20h,TCR
splk #1,PRD
mar *ARO
lacl #08h ; set FSM bit for FSX/FSR per frame
samm spc ; Configure for 16 bit mode with
lacl #0€8h ; external CLKX, reset tx and rx
samm  spc
lamm dir ; clear first int
lacc #0080h
sach dxr ; clear first int
sacl GREG ; Pulse AIC reset by setting it low

lar ARO#OFFFFFh

pt  #10000 , and taking it high after 1000 cycles

lacc *0,AR0  ;(.Smsat 50ns)

sach GREG

setc  SXM

setc OVM

lar AR7#0 ;Buffer initialy filled

call AIC_SET ;DO NOT CHANGE DP WITHOUT RESTORING IT!

lacl #010h ; RINT



samm IMR ;

Idp #TEMP
FFT: lar ARO#FFT S22 ;
mar *ARO ;start FFT with ARO=FFTSize

new_stg:lar ARL# D base ;ARI isthe TOP BFLY address
lar AR2# D_base ;AR2isthe BOT BFLY address

AR3# T basetl ;AR3 is the TWiddle pointer

AR4,#FFT_S/2  ;AR4 counts DFT blocks

n DFT2,*AR1 ;

DFT: mar" *BR0O+ARS ;complete circular buffer for TW's
lar  ARS#1 ;set up DFT loop with *BRO+/BANZ
mar *BRO+AR1  ;using I cuts *BRO+ loop in half!

<~ K E

.
k]

; AR1=Top AR2=Bottom AR3=Twiddle

BFLY: lacc *,14,AR2  ;(imagl+imag2)/4
add *,14,ARI1 ;
sach *+1,AR2  ;store TOP imag
sub *,15 ;(imagl-imag2)/2
sach *+1,AR1  ;store BOT imag
facc *,14AR2  ;(reall+rcal2V4
add *,14AR1 5

sach *+1,AR2  ;store TOP real

sub *,15 ;(real1-real?)/2

sach *,1ARS ;store BOT real
banz OK,*BRO+,AR3 ;Ifat DFT end quit early
mar *+AR2 ;sclean up TW base (xxx0000+1)
mar *+ ;modify BOTom DATA pointer '
mar *0+ ;
mar *0+ARI :
n_DFT2: mar *0+ ;modify the TOP pointer

mar *0+,AR4 :



benz DFT,*0-,AR3 ;dec DFT block count AR4 by OFFset
mar *ARO ;

mar *BRO+ ;

banz ngw_stg,* ;if OFFset was 1, now cleared

b  endFFT ;

OK 1t *,AR2 ;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 ;TREGEIMAG ACCU=REAL*TWI
mpy *BRO+HAR2  ;PREG=IMAG*TWR

apac ; ACCU=IMAG*TWR+REAL*TWI
sach *+1 3

b BFLY,*+ARl ;

endFFT: mar *AR2 ;Transform REAL & IMAG to log magnitude
lar AR2# D base ;AR3=FFT data pointer
lar AR3#FFT_S-1 ;ARS=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  AR1#31 ;NOR&Sglize the accumulator
mt  #30 ;use for other types of conversion
norm *- R
nop
nop

»bnz  sig NZ* AR2 ;if zero must retum O
mar *,AR2



H

bend  sig NZNEQ  ;if zero must return 0
lar AR1#0 ;

sig NZ sach *,2 ;clear explicit 1.0 from mantissa
lacl * ;Joad into accumulator and
and #0FF80h ;; clear LSB's for AIC
sar ARL* ;append the exponent (ARS)
add *16 ;
xor #020h,15 ;change to 2's compliment
mt #3 Jam result to top of ACCU
sfl ;
sach *+7,AR3 ;

banz more_MAG,*-,AR2 ;keep going until all done

BITREV: lar ARO#FFT_S

lar AR1# D base by moving the magnitude, which

lar AR2# D base+l

;Now perform Output bit reversal

;is in the REAL slots, into the

lar AR3#1022 ;IMAG slots of the FFT data amray

more BR: lacc *+

;Joad the magnitude

MOVE_IO: mar

mar *+,ARI ;

sacl *BRO+0,AR3 ;move it to an open IMAG slot
banz more_BR,*-,AR2 ;more data to move?

NOP

NOP

* AR7 ;wait until buffer is fuil
banz MOVE_IO,*,AR2 ;(AR7 is decremented by ISR)
lar AR3# D _base ;AR3=FFT data pointer

lar AR4# B base ;AR4=BUFF data pointer

dar ARS#FFT_S/2)1 ;AR5=FFT loop counter

lar ARG6# B base ;AR6=ISR BUFF data pointer
lacc #07ffCh ;send synch when BUFF is full
samm DXR

mpt  #00800h ;



nop ;
lar AR2# T basetl ;AR2=WIN data pointer
lar AR7#FFT_S-1 ;ART7=ISR BUFF loop counter

lar ARO#FFT S/2 ; Use twiddle table for raised
more_JO: lacc  #04000h,1 ; cosine window

add *BRO+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 *+ JIMAG=0

pac :

sach *+1,ARS ;REAL~IN (windowed buffer)
clrc INTM ;1st BUFF posn clr so enable INT's

banz more 10, AR2 ;
lar ARS#FFT_S/2)-1 ;ARS=FFT loop counter
more_IO2 lacc #04000h,1 ; cosine window
add *BRO-0,AR4
sfr

gacl TEMP d

It TEMP ;TREG=IN

mpy *,AR3 ;PREG=IN*WIN

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

sach *+ ;JIMAG=0

pac ;

sach *+1ARS ;REAL=IN (windowed buffer)
banz more J02,*-AR2 ;

b FET

s




XINT rete

RINT: ;Recover the ARP from ARB (MON26 only)
mar *AR7 ;ARG = current buffer position
banz more_buf*~ARG ;ifbuffer is full RET w/o EINT
lar AR7#0 :
lamm DRR ;***** added in to reset the SPT *****=*
reti ;
more_buf;
lacc % :
or  #1
samm DXR :
lamm DRR :
sacl *+ ;store data from DRR

AIC_SET: lacl #020h

samm IMR ;XMIT interrupt

lacc #AIC_CMD2 ;

add #07h ;

call AIC_2nd R

lacc #TB,9 3

add #RB,2 3

add #02h ;

call AIC2nd

lacc #TA,9 :

add #RA2 ; '

call AIC_20d

-




AIC_2nd:

sach DXR ;
circ INTM e
idle R
add #6,15 ;0000 0000 0000 0011 XXXX XXXX XXXX XXXX b
sach DXR ;
;  circ INTM ;:Unlike C2x, IDLE does NOT eint's!
idle ;ACCU_hi requests 2nd XMIT
samm DXR ; .

; circ INTM -

idle ;ACCU_lo sets up registers

laclt #0 ;

samm DXR ;make sure the word got sent
; ¢l INTM R

.ds 01000k

Jistoff

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



; HARMONICS DETECTOR USING TMS320C50 DSK

’
.
»

; ADVISER SIRIWAT

; ADVISEE WIRATORN RUKSVANICHPONGS 36014408

4
”

POTHIWATCHAKOON

; WIROTE CHAMBOONROD 36014410
; WEERAPHAN KUNTHACHOTE 36014423

: MODIFY IEEE_THD ;

Isc/Im_1  SET 1 ;0 <Ise/lm<20 ;

Isc/tm_2 SET 0 ;20 <Isc/Im<50 ;

Iscim 3 SET 0 150 <Isc/lm <100 :

Ic/lm 4 .SEF 0 ;100 <Isc/fm < 1000 ;

Iscim_ S SET 0 ;1000 <Isc/fm  ;
.mmregs

FFT.S et 1024
FFT_S-1 .set 1023
FFT_ 82 set 512
(FFT_SP2)-1 set 511

TA set 31
RA  set 31
TAp et 1|
RAp s;t 1
TB set 63
RB st 63

;  Auxin —+ +— Loopback
;  Synch—+ | | +— BP Filter
; P

' . o
T v

;{00 00 G1 GO | SY AX LB BP|

. e .
My T \J

\



AIC_CMD set 080h  ; GAIN
ds  0f00h
TEMP .word 0 ;location of TEMPorary storage
ACCU_lo .word 0 ;
ACCU hi .word 0 ;
STATI .word O & :STATIstorage

.ps 080ah
B  RINT ;0A; Serial port receive interrupt RINT
B XINT ;0C; Serial port transmit interrupt XINT

* TMS32C05X INITIALIZATION *
* This routine initializes the C5x registers, intemal RAM ~ *

ps 0a00h
.entry

start setc INTM ; Disable interrupts
ldp #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 O waits in pgm & data memory
samm PDWSR

.

* initalize and reset serial port

.
splk  #20h,TCR
splk #1 PRD
mar *ARO
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

mpt  #10000 ; and taking it high after 1000 cycles
lacc *,0,AR0 ; (.5ms at 50ns)

sach GREG

setc SXM

setc OVM

lar AR7#0 :Buffer initialy filled
call AIC_SET ;DO NOT CHANGE DP WITHOUT RESTORING IT!
lacl #010h ; RINT

samm IMR 9
Idp #TEMP

FFT: lar ARO#FFT S/2 ; =
mar *AR0O ;start FFT with ARO=FFTSize

new_stg:lar ARL# D _base ;ARI is the TOP BFLY address
lar AR2# D base ;AR2isthe BOT BFLY address

AR3# T basetl ;AR3 isthe TWiddle pointer

AR4#FFT_S/2  ;AR4 counts DFT blocks

n_DFT2,* ARI ;

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

< B K

; AR1=Top AR2=Bottom AR3=Twiddle '

BFLY: lacc *,l14AR2 ;(imagl-+imag2V4
add *,14,ARI1 :
sach *+1 AR2 ;store TOP imag



sub *,15 ;(imagl-imag2)/2
sach *+1 AR1  ;store BOT imag
lacc *,14AR2 ;(real14real2)/4

add *,l4AR1
sach *+1,AR2 ;store TOP real
sub *,15 ;(reall-real2)/2

sach * 1 ARS ;store BOT real
banz OK,*BRO+,AR3 ;Ifat DFT end quit early

B
L]

mar *+AR2 ;clean up TW base (xxx0000+1)

mar *+ ;modify BOTom DATA pointer
mar *0+ ;
mar *0+AR1 ;

n_DFT2: mar *0+ ;modify the TOP pointer
mar *0+AR4 F

banz DFT,*0-,AR3 ;dec DFT block count AR4 by OFFset
mar  *AR0 ;
mar *BRO+ 9

banz new_stg*  ;if OFFset was 1, now cleared
b  endFFT

?

OK It *-AR2 ;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 ;TREG=IMAG ACCU=REAL*TWI
mpy *BRO+,AR2  ;PREG=IMAG*TWR

apac : ACCU-IMAG*TWR+REAL*TWI
sach *+]1 R

b BFLY,*+ARl ;



endFFT: mar *,AR2
lar AR2# D base
lar AR3#FFT_S-1

more_MAGsgra *+

;Transform REAL & IMAG to log magnitude
;AR3=FFT data pointer
;ARS=FFT loop counter

;PREG=IMAG"2

itp * ;TREG=REAL ACCU=IMAG™2

mpy * ,AR2
apac
mainr: ldp #82
sach ACCH
sacl ACCL
lacc #0
loop_r: sacl GUESS
lacc ACCH, 16
add ACCL
It GUESS
mpyu GUESS
spac
bend  buri , gt
bend  meong, eq
lacc GUESS
sub #1
sacl GUESS
b  meong
buri: lacc GUESS
add #1
b loop.r
meong: lacc GUESS
sacl *+,0,AR3

banz more MAG, *-, AR2



ldp #)

BITREV: lar' ARO#FFT_S  ;Now perform Output bit reversal
lar ARL# D base ;bymoving the magnitude, which
lar AR2# D base+]l ;isin the REAL slots, into the
lar AR3#FFT_S-1 ‘ ;IMAG slots of the FFT data array

more_BR: lacc *+ ;load the magnitude
mar *+AR1 R
sac] *BRO+,0,AR3 ;move it to an open IMAG slot
banz more_BR,*-, AR2 ;more data to move?

CALL DISPLAY

MOVE_IO:dhar *AR7  ;wait until buffer is full
banz MOVE_IO,*,AR2 ;(AR7 is decremented by ISR)
lar AR3#D base ;AR3=FFT data pointer
lar AR4# B base ;AR4=BUFF data pointer
lar ARS#FFT_S/2)-1 ;AR5=FFT loop counter
lar ARG# B base ;AR6<ISR BUFF data pointer
lacc #07ffCh ;send synch when BUFF is full
samm DXR
mpt  #00800h ;

nop ;
lar AR2# T basetl ;AR2=WIN data pointer
lar ARTAFFT_S-1 ;AR7=ISR BUFF loop counter

*

lar ARO#FFT S22 ; Use twiddle table for raised



NOP
NOP
more_IO: lacc  #04000h,1 ; cosine window
add *BRO+0,AR4 ;
sfr ;
sacl TEMP -~ :
It TEMP ;TREG=WIN
mpy *,AR3 JPREG=IN*WIN
lacl *,AR4 ;ACCU=magnitude (put in Buffer)
sacl *+0,AR3 ;

sach *+ ;IMAG=0

pac ;

sach *+1 ARS ;REAL=IN (windowed buffer)
clrc INTM ;1st BUFF posn clr so enable INT's

banz more_IO,*-,AR2 ;

lar ARS#(FFT_S/2)-1 ;AR5=FFT loop counter
more_JO2 lacc  #04000h,1 ; cosine window

add *BR0-0,AR4

sfr R

sacl TEMP ;

It TEMP ;TREG=IN

mpy * ,AR3 ;PREG=IN*WIN

lacl * AR4 ;ACCU=magnitude (put in Buffer)

sacl '*+0,AR3 9

sach *+ ;IMAG=0

.
>

pac N

sach *+1ARS ;REAL=IN (windowed buffer)

banz more_l02,*- AR2 ;

b FFT : '

XINT rete

RINT: ;Recover the ARP from ARB (MON26 only)



mar  *“AR7 ;ARG = current buffer position
banz more_buf,*- AR6 ;if buffer is full RET w/o EINT
lar AR7#0 ;
lamm DRR ;***** added in to resct the SPI ****=*
reti ;
more_buf;
lacc * R
oo #1
samm DXR ;
lamm DRR :
sacl *+ ;store data from DRR

rete >

&

AIC_SET: lacl #020h

samm IMR ;XMIT interrupt
lacc #AIC_ CMD_2 ;
lacc #40h

add #03h R
call AIC_2nd 4

lacc #TB,9 g
add #RB2 ;
add #02h

call AIC 20d

#TA9 :

AIC 2nd ;




tlrc INTM
idle

add #6,15 ;0000 0000 0000 0011 XXXX XXXX XXXX XXXX b
sach DXR ;
clrc INTM ;Unlike C2x, IDLE does NOT eint's!
idle ) ;ACCU_hi requests 2nd XMIT

samm DXR
clrc INTM

idle ;ACCU_lo sets up registers

lacl #0 ;

samm DXR ;make sure the word got sent
circ INTM
idle

setc INTM

JAnclude "lcdSx.asm"

.ds 01000h

Jiston

JAnclude "dsk_twid.asm"
Jiston



; LCDSX ASM

s

; ADVISER SIRIWAT POTHIWATCHAKOON

13

; ADVISEE WIRATORN RUKSVANICHPONGS 36014408 ;

: WIROTE CHAMBOONROD 36014410 ;

: WEERAPHANKUNTHACHOTE 36014423 ;

: MODIFY ADDRESS ;
ACCH  SET 5 ; Address 2005h

ACCL  SET 6 . Address 2006h

GUESS  .SET 7 . Address 2007h

HARM N  SET 10 : Address 2900Ah  ;

A SET 13 ;Address290Dh

B SET 14 ; Address 290Eh 3

INTEGER  SET 15  Address 200Fh  .;
REMAINDER ~ SET 16 ; Address 29100 ;

TMPI  SET I7 : Address 2011h

SQRINT  .SET 18 ; Address 2912h

FUNDA  SET 19 ; Address2913h  ; NOT CHANGE
HARM2  SET 20 ;Address 2914h  ; NOT CHANGE
HARM3  SET 21 ; Address 2915h  ; NOT CHANGE
HARM4  SET 22 : Address 2016h  ; NOT CHANGE
HARMS  SET 23 . Address 2917h  ; NOT CHANGE
HARM6  .SET 24 ; Address 2918h  ; NOT CHANGE
HARM7  SET 25 : Address 2019h  ; NOT CHANGE
HARM8  SET 26 ; Address 201Ah  ; NOT CHANGE
HARMS  SET 27 ; Address 291Bh  ; NOT CHANGE
HARMIO  SET 28 : Address 291Ch  ; NOT CHANGE
HARMIl  SET 29 : Address 291Dh  ; NOT CHANGE
HARMI12  SET 30 : Address 291k ; NOT CHANGE
HARMI3  SET 31 ; Address 291Fh  ; NOT CHANGE



%HARM?2_INT
%HARM3_INT
%HARM4_INT
%HARMS_INT
%HARM6_INT
%HARM?7_INT
%HARMS_INT
%HARMY_INT
%HARMI0_INT
%HARM11_INT
%HARMI2_INT
%HARMI3_INT

%HARM2_REM
%HARM3_REM
%HARM4_REM
%HARMS_REM
%HARM6_REM
%HARM7_REM
%HARMS_REM
%HARM9_REM
%HARM10_REM
%HARM11_REM
%HARM12_REM
%HARM13_REM

SET
SET
SET
SET
.SET
SET
SET
SET

.SET
.SET
.SET
SET

SET
SET
SET
SET
SET
SET
.SET
.SET
SET
SET
.SET
SET

35
36
37
38
39

41
42
43

45

50
51
52
53
54
55
56
57
58
59

61

ZIGMA_SQ LO .SET 65
ZIGMA_SQ HI .SET 66

%THD_INT  .SET 67
%THD_REM  .SET 68
LINECHECK SET 69
PO_TEMP  SET 70

; Address 2923h
; Address 2924h
; Address 2925h
; Address 2926h
; Address 2927h
; Address 2928h
; Address 2929h

- Address 292Ah

; Address 292Bh

; Address 292Ch

; Address 292Dh

; Address 292Eh

; Address 2932h
; Address 2933h
; Address 2934h
; Address 2935h
; Address 2936k
; Address 2937h
; Address 2938h
; Address 293%h
; Address 293Ah
; Address 293Bh
; Address 293Ch
; Address 293Dh

; Address 2941h

; Address 2942h
; Address 2943h
; Address 2944h
; Address 2945h

; Address 2946h :

; NOT CHANGE
; NOT CHANGE
; NOT CHANGE
; NOT CHANGE
; NOT CHANGE
; NOT CHANGE
; NOT CHANGE
; NOT CHANGE
; NOT CHANGE
; NOT CHANGE
; NOT CHANGE
; NOT CHANGE

; NOT CHANGE
; NOT CHANGE
; NOT CHANGE
; NOT CHANGE
; NOT CHANGE
; NOT CHANGE
; NOT CHANGE
; NOT CHANGE
; NOT CHANGE
; NOT CHANGE
; NOT CHANGE
; NOT CHANGE

A}



P1_TEMP SET 71 ; Address 2947h

P2 TEMP  SET 72 ; Address 2948h

MAX_HAR  SET 73 ; Address 20490

MAX VAL  SET 74 ; Address 204Ah  ;

DATA OUT  SET 75 : Address 294Bh

LINE SET 76 ; Address 294Ch ;

%HAR INT .SET 77 ; Address 294Dh

%HAR_REM  .SET 78 ; Address 294Eh

H_ORDER I .SET 99 ; Address 29631 ; NOT CHANGE
H_ ORDER 2 .SET 100 ; Address 2964h  ; NOT CHANGE
L1PO SET 102 ; Address2966h  ; NOT CHANGE
LIP1 SET 103 ; Address 2967 ; NOT CHANGE
LIP2 SET 104 ; Address 2968h  ; NOT CHANGE
L1P3 SET 106 ; Address 296Ah  ; NOT CHANGE
L1P4 SET 107 ; Address 296Bh  ; NOT CHANGE
THD 10  .SET 118 ; Address 2976h  ; NOT CHANGE
THDI1 .SET 119 ; Address 2977h  ; NOT CHANGE
THD 12  .SET 120 ; Address 2978h  ; NOT CHANGE
THD R1  SET 12 ; Address 297Ah  ; NOT CHANGE
THD R 2  .SET 123 ; Address 297Bh  ; NOT CHANGE
DISPLAY:

LAR AR3 ,#12



LAR AR2 ,#2913h

LAR ARI ,#1028h

MAR * ,ARIl
READ: LACC *

ADRK #28h

MAR * LAR2

SACL *+ ,0 ,AR3

BANZ READ ,*-, ARl

LDP #32 ; START DATA AT Address 2900h
CLRC SXM ; DISABLE SIGN EXTENSION

CALL %HARMONIC ;CALCULATE % HARMONICS
CALL %THD ; CALCULATE % THD

CALL INIICD ;INITIALLCD

CALL HAR LCD ;SHOW % HARMONICS

CALL THDLCD ;SHOW%THD

CALL OUTPUT  ;OUT SIGNAL TO PORT

ENDD: SEIC SXM
LDP #
RET ; END OF DISPLAY

%HARMONIC: LAR ARl #2914k ; START HARMONIC 2
LAR AR2 #2923h ; START % HARMONIC 2 PART INTEGER
LAR AR3 #2932h ; START % HARMONIC 2 PART REMAINDER
LOAD %H: MAR * ,Am A '
LACC *+ ;> HARM_N :=HAR AT ADDRESS IN AR1
SACL HARM N _
CALL CALCULATION ; GOTO SUBPROGRAM CALCULATION
MAR * AR2



LACC INTEGER ; > Y%HARMONIC PART INTEGER :=INTEGER
SACL *+ J

MAR * AR3 \

LACC REMAINDER ;>%HARMONIC PART REMAIN :=REMAINDER

SACL *+ i

SAR ARI ,TMP1 ;)\

LACC TMP1 il

SUB #11 ;> GOTO LOAD UNTIL ADDRESS =291Fh

SUB #2914h ,0 ;| (ARI > (2914h+Bh) GO QUT OF LOOP
BCND LOAD_%H,LEQ
RET ; RETURN TO DISPLAY

CALCULATION:
; LACC FUNDA
; SUB HARM N
; BCND END_D, LEQ
LACC #10000 3\
SACL TMP1 H|
LT TMP1 ;> ACCU := HARM*10000
MPYU HARM_N i
PAC i/
MAR *  ARO
LAR ARO, #00h
PRE DIV: SUB FUNDA
ADRK #1
BEND PRE_DIV, GEQ
SBRK #1
SAR ARO ,INTEGER
LACC INTEGER ;INTEGER = (ACC)/ FUNDA
SUB #100 ;(NOT CALCULATE REMAIN )
BEND REMAIN,LT ; IFINTEGER < 100 GOTO REMAIN
NOT_REMAIN: LACC #100 ;  IFINTEGER > 100
SACL B ;  INTEGER := INTEGER/100



LACC INTEGER ;

RPT #15 ; OUTPUT = INTEGER.REMAINDER
SUBC B ;NOSIGN(A&B>0)

SACL INTEGER

SACH REMAINDER

RET ;END 0y

REMAIN: LACC INTEGER H

%THD:

ZIGMA:

SACL REMAINDER ;\ REMAIN :=INTEGER
LACC #0 ;/ INTEGER =00

SACL INTEGER ;|

RET ; END CALCULATION

LACC # 3\
SACL ZIGMA_SQ LO ; >INITIAL ZIGMA_SQUARG
SACH ZIGMA SQ HI ;/
LAR AR4 #2923h ; START
LAR AR5 #2932h ; START

LACC #100 2
SACL TMP1 3
LT TMP1 ; | REMAINDER TO INTEGER

MAR * AR4 ;>
MPYU *+ ,ARS ;| BY (INTEGER x 100)+REMAINDER
PAC ; |

ADD *+ 3/

SACL TMP1 ; SQUARE AND FIND ZIGMA

SQRS TMP1 ; INPUT = ACC [(INTEGER x 100+REMAINDER]
PAC ; OUTPUT=ZIGMA_SQ

ADD ZIGMA_SQ_LO
ADD ZIGMA_SQ HI, 16 '
SACL ZIGMA_SQ LO
SACH ZIGMA_SQ HI
SAR AR4 ,TMP1 ;\
LACC TMPIL il



SUB #11 ;> GOTO ZIGMA UNTIL ADDRESS = 292Eh

SUB #2923h0 ;|

BCND ZIGMA LEQ ;/
ROOT: LACC #0 ; START FIND SQUARE ROOT ( 32 BIT ) N
LOOPS:  SACL SQRNT ;INPUT =ZIGMA_SQ LO & HI

LACC ZIGMA_SQ HI,16 ; OUTPUT = SQR_INT

ADD ZIGMA_SQ LO

LT SQR_INT -

MPYU SQR_INT

SPAC

BCND NOT_END ,GT

BCND DIV_100,EQ ; END OF SQUARE ROOT AND GOTO DIV_100

LACC SQR_INT

SUB #1

SACL SQR_INT

B DIV_100 ;ENDOF SQUARE ROOT AND GOTO DIV_100
NOT_END: LACC SQR_INT

ADD #1

B LOOPS
DIV_100: SUB #100 ; DIVIDE BY 100

BCND 100_REMAIN, LT ; INPUT = ACC (SQ_ROOT)
NOT_100_REM: LACC #100 ;OUTPUT=%THD INT & REM

SACL TMP1

LACC SQR_INT

RPT #15

SUBC TMP1

SACL %THD_INT

SACH %THD_REM

B END_DIV
100_REMAIN: LACC SQR_INT

SACL %THD_REM

LACC #0

SACL %THD_INT



END_DIV:  RET ; END OF THD

INL: LAR ARl ,#0A00h
CALL DELAY

LACC #01h
CALL LCDWI

LACC #02h
€ALL LCDWI

LACC #06h
€ALL LCDWI

LACC #0Eh
CALL LCDWI

LACC #38h
CALL LCDWI
RET

INLLCD: CALL INI
LAR ARO ,#29A0h
CALL LCDLD_LI
LAR ARO ,#29B0h
€ALL LCDLD L2
LAR ARl ,#0A000h

CALL DELAY
RET ; END OF INI_LCD GOTO DISPLAY '
HAR_LCD: LACC #1 ; INITIAL LINECHECK = 1

SACL LINECHECK .
LAR AR3 ,#2923h



LAR AR4 ,#2932h
LOAD_H_ ICD: LACC #1 ;1

ADD LINECHECK ;> INCREASE LINECHECK

SACL LINECHECK ;|

MAR * | AR3

LACC *+

SACL %HAR_INT

MAR * AR4

LACC *+

SACL %HAR_REM

CALL DIGIT

SAR AR3 ,TMP1

LACC TMP!

SUB #11

SUB  #2923h,0

BCND LOAD_H_LCD, LEQ

RET ; END OF HAR_LCD RETURN TO DISPLAY
DIGIT:  LACC # ; INPUT=LINECHECK , %HARM _INT & REM

SACL TMP!  ;OUTPUT =DISPLAY LCD

LACC LINECHECK ;IF REMAINDER OF LINECHECK/2

RPT #I5 ;  =0GOTOLINE 1
SUBC TMPI ; NOT =0GOTOLINE 2
SACH LINE"

LACC %HAR_INT ;LINE & THD_LCD ARE SIMILAR
SACL TMP1 ~

CALL THREE_DIGIT

LACC PO TEMP

SACL LI1PO

LAcC P1_TEMP '
SACL LIPI -
EACC P2_TEMP

SACL LIP2
LACC %HAR_REM



SACL
CALL
LACC
SACL
LACC
SACL
CALL

H_LCD:
SACL
CALL
LACC
SACL
LACC
SACL

TMP1
TWO_DIGIT
P1_TEMP
LIP3
P2_TEMP
L1P4
H_LCD
; END LINE RETURN HAR_LCD

LACC LINECHECK

TMP1
TWO_DIGIT
PL_TEMP
H_ORDER 1
P2_TEMP
H_ORDER 2

LAR ARO ,#295Fh

LACC
BCND
CALL

LINE
LOAD L1, EQ
LCDLD 1.2

B END_LCD

LOAD Ll
RET

END_LCD:
CALL
RET

THD_LCD:
SACL
CALL
LACC
SACL
LACC

LACC

CALL LCDLD_ L1

LAR ARl ,#0A000h

DELAY
; END OF H_LCD GOTO HAR_LCD

%THD_INT
TMP1
THREE_DIGIT
PO_TEMP
THD 1 0
P1_TEMP



T_1LCD:

SACL THD I 1
LACC P2 TEMP
SACL THD I 2
LACC %THD_REM
SACL TMP1
CALL TWO DIGIT
LACC P1_TEMP
SACL THD R I
LAGC P2_TEMP
SACL THD R 2
CALL T_LCD
RET ; END OF THD_LCD RETURN TO DISPLAY
.
CALL INI
LAR ARO ,#296Fh
CALL LCDLD L2
LAR ARl ,#0A000h
CALL DELAY

RET ; END OF T_LCD GOTO THD_LCD ‘

THREE_DIGIT: LACC TMP1 ; CONVERT NUMBER IN TMP1 TO 3 DIGIT

SUB #100  ;INPUT =TMPI

BCND DIGIT 0 , LT ; OUTPUT = 3 DIGIT
LACC #100  ; DIGIT 1=P0 TEMP
SACL B . DIGIT 2=P1_TEMP

LACC TMPI  ; DIGIT3=P2 TEMP
RPT  #15

SUBC B

SACL PO TEMP

LACC #100

SACL B

LT B

MPYU PO TEMP



PAC

SACL A

LACC TMP1

SUB A

SA:CL TMP1

LACC PO_TEMP

ADD #30h

SACL PO_TEMP
TWO_DIGIT: LACC TMPl ;INPUT =TMPI

SUB #10 ;OUTPUT=P1_TEMP,P2 TEMP

BCND FAA,GT ; GOTO FAAIF ACC > 10

BCND F10,EQ ; GOTOFIOIF ACC =10

LACC TMP1

ADD #30h

SACL P2_TEMP

LACC #30h

SACL P1_TEMP

RET ; TETURN TO DIGIT_LCD
F10: LACC #30h

SACL P2 TEMP

LACC #31h

SACL P1_TEMP

RET ; TETURN TO DIGIT_LCD
FAA: LACC #10

SACL B

LACC TMPI

RPT #15

SUBC B

SACL PI_TEMP

SACH P2_TEMP

LACL P1_TEMP

ADD #30h

SACL P1_TEMP



LACC P2 TEMP
ADD  #30h
SACL P2_TEMP
RET ; END OF 3 DIGIT AND 2 DIGIT ,
DIGIT 0: LACC #20h ;IFDIGIT 1=0, SHOW SPACEONLCD
SACL PO_TEMP
LACC TMPI
B - TWO_DIGIT

DELAY: MAR * ARl

NOP

SBRK #1

BANZ DELAY

RET ; END OF DELAY

LCDWL  SACL TMPI
OUT TMP1 ,PAl
ADD  #0400h ,0
SACL TMP1
OUT TMP1 ,PAl
LAR ARl ,#0A0Ch
CALL DELAY
SUB  #400h ,0
SACL TMPI
OUT TMP1 ,PAl
LAR ARl ,#0AOOh
CALL DELAY
RET ; END OF LCDWI

LCDWD: ADD #0100h,0
SACL TMPI
Oll]T TMP1 ,PAlL



ADD  #0400h, 0
SACL TMP1

OUT TMPI/,PAL,
LAR ARl ,#0A00h
CALL DELAY
SUB #0400k, 0
SACL TMP1

OUT TMP1 ,PAl
LAR ARl ,#0A00h
CALL DELAY
RET : END OF LCDWD

LCDLD L1I: LACC #080h
CALL WRITEADD
RET ; END OF LCDLD

LCDLD_L2: LACC #0COh
CALL WRITEADD
RET ; END OF LCDLD
WRITEADD: CALL LCDWI
LAR AR2 ,#15
MAR * | ARO
GO_OUT:  LACC *+
CALL LCDWD
MAR * ,AR2
BANZ GO_OUT,*- ,ARO
RET ; RETURN TO LCDWI

OUTPUT:'  LACC %THD_INT
SUB IEEE_THD
BCND LESS ,LT

FIND_ MAX: LAR ARO ,#2923h
LAR ARI ,#2923h

¥



SPLi§ # , TMP1
LOAD M: LACC TMP!

MAR * | ARO

LACC *

CRGT

ADRK #1

SACL TMP1

MAR * ,ARI

ADRK #1

SAR ARI1,A

LACC A

SUB #11

SUB  #2923h,0

BCND LOAD M, LEQ
FIND: LACB

SACL MAX_VAL

LAR ARO ,#2923h

LAR ARl ,#
RETURN: MAR * ,ARO

LACC *+

SUB MAX VAL

BCND END _FIND, EQ

MAR * ARl

ADRK #1

B  RETURN
END_FIND: SAR ARl ,MAX HAR

LACC MAX HAR, 11

OR  #8000h

SACL DATA_OUT

OUT DATA_OUT,PA2

RET ; END OF LED PART %THD > IEEE THD
LESS: LACC #7800h

SACL DATA_OUT



OUT DATA_OUT,PA2

RET ; END OF LED PART %THD < IEEE THD
; HAR_00=000.00_%_ ;

ds 295Fh ;

.data

.word 48h ; Address 295Fh
word 41h ; Address 2960h
word 52h ; Address 2961h
word 200 ; Address2962h
word 30h ; Address 2963h
word 30h ; Address 2964h
.word 3Dh ; Address 2965h
word 30h ; Address 2966h
.word 30h ; Address 2967h
.word 30h ; Address 2968h
-word, 2Eh ; Address 2969h
word: 30h ; Address 296Ah
.word, 30h ; Address 296Bh
word 20h ; Address 296Ch
.word 25h ; Address 296Dh
.word 20h ; Address 296Eh

ds 296Fh

.data’
word
.word

.word.

.word
.word

25h
20h
54h
48h
44h

; Address 296Fh '
; Address 2970h
; Address 2971h
; Address 2972h
; Address 2973h



.word 20hH ; Address 2974h
.word 3Dh ; Address 2975h
word 30h ; Address 2976h
.word 30k ; Address 2977h
.word 30h ; Address 2978h
.word 2Eh ; Address 297%h
word 3Ch ; Address 297Ah
word 30h ; Address 297Bh
.word 20h ; Address 297Ch
word 25h ; Address 297Dh
word 20h ; Address 297Eh
; —HARMONIC— ;

ds  29A0h :

.data ;

word 20h ; Address 29A0h
.word 20h ; Address 29A1h
word 20h ; Address 29A2h
word 20h ; Address 29A3h
.word 48h ; Address 29A4h
word 41h ; Address 29A5h
.word 52h ; Address 29A6h
.word 4Dh ; Address 29A7h
word 4Fh ; Address 29A8h
word 4Eh ; Address 29A%h
word 4%h ; Address 29AAh
word 43h ; Address 29ABh
.word 20h ; Address 29ACh
word 20h ; Address 29ADh
word Z0h ; Address 29AEh
.word 20h ; Address 29AFh

»
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; —DETECTOR-—

”

ds  29BOh ;
data ;
.word 20h ; Address 29B0h
.word 20h ; Address 29B1h
word 20h ; Address 29B2h
.word 20h ; Address 29B3h
.word 44h ; Address 29B4h
.word 45h ; Address 29B5h
.word 54h ; Address 29B6h
word 45h ; Address 29B7h
word 43h ; Address 29B8h
.word 54h ; Address 29B%
word 4Fh ; Address 29BAh
.word 52h ; Address 29BBh
.word. 20h ; Address 29BCh
word 20h ; Address 20BDh
word 20h ; Address 29BEh
word. 20h ; Address 29BFh

fis 2901h

data :

JF  Isc/lm_1

IEEE THD .WORD 5
~ENDIF
JF Isc/Im_2
IEEE_ THD .WORD 8
.ENDIF

JF  Isc/m 3



12

15

20

IEEE_ THD .WORD
ENDIF
JF Isc/Im 4
i
IEEE_ THD .WORD
.ENDIF
JF Isc/Im 5
IEEE_ THD .WORD
.ENDIF
; .ds 102%h
; word 100
; ds 1051h
; .word 20
s ds 107%h
; word 30
; ds 10Alh
s .word 40
N ds 10C9%
; .word 50
; ds 10F1h
; word 60
N ds 1119h

; word 70



ds 1141h
word 80

ds 1169h
.word 90

.ds 1191h
word 100

4s 11B%
word 110

ds 11Elh
word 120

ds 1209
word 130
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General Description

The LF351 is a low cost high speed JFET input operational
amplifier with an internally trimmed input offset voltage
(BI-FET 1i™ technology). The device requires a low supply
current and yet maintains a large gain bandwidth product
and a fast slew rate. In addition, well matched high voltage
JFET input devices provide very low input bias and offset
currents. The LF351 is pin compatible with the standard
LM741 and uses the same offset voltage adjustment circuit-
ry. This feature aliows designers to immediately upgrade the
overall performance of existing LM741 designs.

The LF351 may be used in applications such as high speed
integrators, fast D/A converters, sample-and-hold circuits
and many other circuits requiring low input offset voltage,
low input bias current, high input impedance, high sfew rate
and wide handwidth. The device has low noise and offset
voltage drift, but for applications where these requirements
are critical, the LF356 is recommended. |f maximum supply

&National Semiconductor

LF351 Wide Bandwidth JFET Input Operational Amplifier

December 1995

current is important, however, the LF351 is the better
choice.

Features

® Internally trimmed offset voitage 10 mVv
m Low input bias current 50 pA
R’ Low input noise voltage 25 nV/JHz
® Low input noise current 0.01 pA/JHz
® Wide gain bandwidth 4 MHz
u High slew rate 13 V/ps
u Low supply curent 1.8 mA
u High input impedance 10120
& Low total harmonic distortion Ay= 10, <0.02%

Ry =10k, V=20 Vp-p, BW=20 Hz-20 kHz

m Low 1/1 noise comer 50 Hz
®' Fast settfing time to 0.01% 2ps

'S
G

Typical Connection
Re

AAA
A AA S

- VEE

TL/H/5648-11

Connection Diagrams

Dual-in-Line Package

Simplified Schematic

Yec ©

IMTERNALLY
TRIMMED

~Veg O- L

INTERNALLY
TRIMMED

TUHIE648~12

1
BALANCE ~—

- 4
V" —

Ny

2 7
INPUT =t b v *

3 [
INPUT — ouTPUT

S
= BALANCE

Order Number LF351M or LF351N
See NS Package Number MOSA or,NOSE

TU/H/6648-12
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Absolute Maximum Ratings

It Military/Aerospace specified devices are required, (:]TY
please contact the National Semiconductor Sales N Package 120°C/W
Otfice/Distributors for availability and specifications. M Package TBD
Supply Voltage +18V Soldering Information
Power Dissipation (Notes 1 and 6) 670 mW Dug;';'{* (’:36'@9;3 250°C
_— ring (10 sec.

Operating Temperature Range 0°Cto +70°C Small Outiine Package
Timax) 1sC Vapor Phase (60 sec.) 215°C
Differential input Voitage +30V Infrared (15 sec.) 220°C
Input Voitage Range (Note 2) +15v See AN-450 “Surface Mounting Methods and Their Effect
Output Short Circuit Duration Continuous on Product Reiiability” for other methods of soldering sur-
Storage Temperature Range —65'Cto +150°C tace mo.unt devices. .
Lead Temp. (Soldering, 10 sec.) ESD rating to be determined.

Metal Can 300°C

DiP 260°C

DC Electrical Characteristics aote3)

Symbol Parameter Condltions ! Units
- Min Typ Max
Vos Input Offset Voltage Rg = 10k, Tp = 25°C 5 10 mv
Over Temperature 13 mvV
AVpg/AT Average TC of Input Offset Rg=10 kQ2 10 AV C
Voltage
los Input Offset Current Tj = 25°C, (Notes 3, 4) 25 100 pA
Tj < 70°C 4 nA
s Input Bias Current Tj = 25°C, (Notes 3, 4) 50 200 pA
Tj< £70°C 8 nA
Rin Input Resistance Tj=25'C ! 1012 i)
AvoL Large Signal Voltage Gain Vg=+15V, Tp=25'C 25 100 v/imv
Vo= 10V, R =2k
Over Temperature 15 V/mVv
Vo Output Voitage Swing Vg= +£15V, R =10 k2 +12 +13.5 \
Vem input Common-Mode Voltage 4 +15 V.
Range Vg=+15V +11
-12 v
CMRR Common-Mode Rejection Ratio Rs<10 kN 70 100 dB
PSRR Supply Voltage Rejection Ratio {Note 5) L 70 100 d8
Is Supply Curent 1.8 3.4 mA
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AC Electrical Characteristics wote3)

Symbol Parameter . Conditions LF351 Units
. Min Typ Max

sR Slew Rate Vg = 15V, Ta=25'C 13 V/ps
Gaw Gain Bandwidth Product Vg= +15V, TA=25'C 4 MHz
en Equivalent Input Noise Voitage Ta=25°C, Rg= 1002,

{2 1000 Hz 25 nv/{Hz
in . Equivalent input Noise Current Tj=25°C, (= 1000 Hz 0.01 pA/HZ
Note 1: Fbe D g at d temp . the davice must be derated based on the tharmai resistance, 6 a.

Note 2= Unless otherwiss specified the sbsoiite maximum nagative input volags is aqual ta the nagative powear supply voltage.
Note 3: These specifications epply for Vg + 15V and 0"C< T4 < + 70°C. Vos. Ig and log are mesaured ot Vo =0.

Note 4 The input bias curents are junction 0g which approo double for evary 10°C in the junci P T} Dus to the Emited
MMHM.NOW&.MM:eWmMWMWWW, P rises sbove the
temparature a3 a reault of internal power diseipation, Pp. Tj=Ta+8a Pp whore g is the thermal wom § to Use ot a hest sink is
recommendad ¥ input bias current is to be kept to 3 minimum.

Note 5 Supply voRage réjecton ratio is messured for both supply mag g or g In vith From
15V 10 25V,

Note &: Max. Power Di: is defined by the packag: & the pant near the Max. Power Oissipation mey cause ths part 10 opersts
soutside guarantesd kmits,
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Typical Applications

Supply Current Indicator/Limiter
13
o SYSTEM ¥
VSurLy O—@—AAA—@ - T0 SuPPL

" VOLTAGE CONNECTION

s Vour
TO CENTROL CINCUITRY

v

: * Vout switches high when Rgig > Vp
Ultra-Low (or High) Duty Cycle
Pulse Generator

- 48 - 2vs
* toutrut Hign = RIC [n43‘Vs
~ Vg —78
* toutPuT LOW RﬁCln—d’—vs_n
where Vg = V+ + |v-|
*icw leakags capacitor

*Low leekege capaciior
¢ 50k pot used for less senshive Vog ecjust

Hi-Z;y Inverting Amplifier

Parasitic input capacitance C1 = (3 pF for LF351
plus any eddtional lsyout capacitance) interacts
with and crestes
high frequency pole. To comp
that: R2C2 = RICT.

add C2 such

Long Time Integrator

1
O Vouyr * nlcf Viy O
"

TUH/6848-10




LF351 Wide Baﬁdwidth JFET Input Operational Ampilifier

4
Physical Dimensions inches (milimeters) (Continued)
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LIFE SUBPORT POLICY

NATIONAL'S PRODUCTS ARE NOT AUTHORIZED FOR USE AS CRITICAL COMPONENTS IN UFE SUPPORT
DEVICES} OR SYSTEMS WITHOUT THE EXPRESS WRITTEN APPROVAL OF THE PRESIDENT OF NATIONAL
SEMICONDUCTOR CORPORATION. As used herein:

1. Life sﬁ:pport devices or syslems are devices or 2. A ciitical component is any component of a life

systems which, (a) are intended for surgical implant
into the body, or (b) support or sustain life, and whose
failuire“to perform, when properly used in accordance
with ifstructions for use provided in the {abeling, can
be reasonably expected to result in a significant injury
to the user.

support device or system whose failure to perform can
be reasonably expecied to cause the tailure of the kfe
support device of system, or o affect its safety or
‘éffectiveness..
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&Q\Mtionat Semiconductor

LM140A/LM140/LM340A/LM340/LM7800C
Series 3-Terminal Positive Regulators

General Description

The LM1B40A/ LM 140/LM340A/LM340/1.M7800C monolith-
ic 3-terminal positive voltage regulators employ internal cur-
rent-limiting, thermal shutdown and safe-area compensa-
tion, making them essentially indestructible. If adequate
heat sinking is provided, they can defiver over 1.0A output
current. They are intended as fixed voitage regulators in a
wide range of applications inciuding local (on-card) reguta-
tion for elimination of noise and distribution problems asso-
ciated with single-point regulation. In addiion 10 use as fixed
voltage regulators, these devices can be used with external
components to obtain adjustable output voltages and cur-
rents.

Considerable effort was expended to make the entire series
of regulators easy to use and minimize the number of exter-
nal components. It is not necessary to bypass the output,
althougty this does improve transient response. input by-

Features

u Complete specifications at 1A ioad

m Output voitage tolerances of £2% at Tj = 25°C and
+4% over the temperature range (LM140A/1LM340A)

m Une regulation of 0.01% of Vour/V of AV at 1A load
(LM140A/LM340A)

® Load requlation of 0.3% of Vout/A (LM140A/LM340A)

= Internal thermal overload protection

m Internal short-circuit current Emit

m Output transistor safe area protection

8 P+ Product Enhancement tested

Device Output Voitages Packages

LM140A/LM140}5, 12, 15 TO3 (K)

LM340A/LM34015, 12, 15 TO-3 (K), TO-220 (1)

passing is needed only if the regulator is located far from  |LM7800C 5,6,8,12,15, |T0O-220(T), TO-263 (S)
the filter capacitor of the power supply. 18,24 {5V and 12V only)
The 5V, 12V, and 18V regulator opions are available in the
steel TO?'J power package. The LM340A/[.M340/LM7800C
series is available in the TO-220 plastic power package, and
the LM7805 and LM7812 are also available in the surface-
mount TO-263 package.
Typical Applications
Fixed Output Regulator Adjustable Output Regulator Current Regulator
INPUT = - QUTPUT INPUT L 2 0uTryY NPUT . (sasexx
! GND l | >
c1* & Rl <

2ok —r Qe fl'uﬁ :; M

L’ ] :jzz uf l SUTPUT

_ R2 ! ——

. :L ' lout

: TUHTTEI-1 TUN/7781-3
“Required ¥ the is focated ter from the v23

mw a.’:,‘?“"“ j—.—' lor =57 *lo

**Although no output capacitor is needad for sta- TU/H/TT81-2

bisty, it dbos help transient responsa. (it need-
sod, use 01 uF, caramic disc)

&

Vour = 5V + (5V/R1 + Ig) R25V/R1 > S g,
losd requistion (L) =~ [R1 + R2/R1] @ of
LM340-5),

Ailg = 1.3 mA over ine and load changes.

1908 Natorat Servconducior Corperetion  TL/H/TTSY
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LM340/LM7800C

Electrical Characteristics (vote 4)0°C < T, < +125°C unless otharwise specified

Output Voltage 5V 12v 15V
Symbol Input Voitage (uniess otherwise noted) v 19V 23v Units
Parameter Conditions Min ] Typ] Max n [ Typ ] Max [ Min ] Typ ] Max
Vo Output Voltage Ty=25C,5mA<ig<1A 48 S5 52118 12 125 144 15 156 V
Po<t5W,5mA <inp < 1A 475 525| 11.4 126 | 14.25 1875| V
Vi € VinN € Vvax (7TS5SViNS20) | (145 S VNS 27) (17.5 < Vin < 90) v
AVp Line Reguiation lo = 500 mA|T; = 25°C ] 50 4 120 4 150 | mV
AVin (7 <Vins$25 {14.5 < Vjy £ 30) (17.5 < Viy < 30) v
rC<T < +125C 50 120 150 | mv
AViN (8 < Vins20) (15<Vy<27) (165 < Vin < 30) \'
lo<1A Ty = 25°C 50 120 150 | mV
AVin (75 <SViNS20) | (146<ViN<2D) (17.7 < Vin < 30) v
0C<Ty< +125°C 25 60 75 | awv
AVin B<ViNS12) {16 < Viy £ 22) (20 < Vi £ 26) v
AVo |LoedReguistion |Ty=25C {smA<ilg<15A 10 50 12 120 12 150 [ mv
250 mA < Ig < 750 mA 25 60 75 | mv
S5mA <lp < 1A,0°C < Ty< +125°C 50 120 150 { mv
1o Quiescent Current g < 1A Ty = 25C 8 8 8 mA
0*C<sT;< +125°C 85 8.5 85 | mA
‘Alg QuisscontCurent |SmA <o < 1A 05 0.5 05 mA
Change T, = 25°C, Ip < 1A 10 10 10 | mA
VMmN € Vin S Vmax (75sViN<20) | (148 S ViN S 27) (179<VinN<30) 1
Io <500 mA,0°C < T; < +125C 10 1.0 10 | ma
TVMIN < Vin € Vimax (7 < Viy £ 25) (14.5 < Vi < 30) (17.5 < Vi £ 30) v
VN Output Noise Voitags|Ta = 25°C, 10Hz < f < 100 kHz 40 75 20 v
AViy  |Ripple Rejection bS1AT;=25C | 62 @0 55 72 54 70 a8
aVour fe120Hz { orlg < 500 mA, 62 55 54 @
0°C<T; < +125°C
Vmin < VIN < Vax (8 < Viy < 18) (16 < Vi < 25) (18.5 < Vi £ 28.5) v
Rg Dropout Voitage Ty=25C,lg = 1A 20 2.0 2.0 v
Output Resistance | = 1 kHz 8 18 19 mid
Short-Circuit Currant |T; = 25°C 21 1.5 1.2 A
Peak Qutput Current |T; = 25°C 24 24 2.4 A
Average TC of Vout {0°C £ Ty < +125°C,lp = SmA -06 -15 -1.8 mv/eC
Vin Input Vo T;=25°C,lp < 1A
Required to Maintain 7.5 146 17.7 v
Une Regulation

Note 1: mmwmlmmmwwmmmm Oparsting Conditons sre concdiions under which the device
mmmmmmummwmmmnmﬂmmm

MNobde 2 The maxi power diosip atany parature is a of the oerature for (Tumax = 128°Cor
150°C), the § 10 (0,4}, and the smbient temparature (Ta). Posgax = (TJw—TA)NJA.Hm.dmiMmOdO
tmnwmumrmammmlmdomm 1t the die temperekre rises above 150°C, the device will ga into thermal shutdown.
For the TO-2 (K. KC), the juncs thermai {0,4) is I9°C/W. When using a hestsink, 0, is the sum of the 4°C/W junclion-to-case
tharmal resistance (9,c) bf the TO-3 ge and the to thermat of the For the TO-220 package (T), 0,4 is 56°C/W and 0, is
4°C/W.

i the TO-2683 go is used, the can be by g the PC board copper ares tothe p ge: Using 0.5

square inches of copper area, 94 is SO°C/W; with 1 mmaWNO“nMMMIGMMndem 0 18 32CT/W,
#ote 3: ES0 raling is based on the human body moded, 100 pF dscherged tivough 1.5 k2.

Note 4: Al isfics are with & 0.22 uF capacitor from input to ground and a 0.1 xF capacitor from output to ground. Al characterisiics except
naise voltage and rippie rejection ratio are meassed using pulse techniques (t, < 10 me, duty cycle £ 5%). Outpast voltage changes dus to changes in insernal
emperstre must bo taken IO account eaparately.

Note 5 A niitary RETS specification is svailablo on request. At tha time of printing, tha mittary RETS epecifications 1or the LM140AK-5.0/883, LM140AK-12/883,
and LM140AK-15/883 complied with the min and mex Rmits for the reepective versions of the LIK140A. At the time of printing, the miltary RETS epecitications for
the LM140K-5.0/863, LM140K-12/883, mwumc-wmmmnmmmmmmummmamwtumu‘uomm.
LM140K/683. .\dU\ﬂﬂ)AKIB&lmednuMnuwmﬁrm




LM7818C
Electrical Characteristics

0°C < T) < +150°C, V} = 27V, Ig = 500 mA, C) = 0.33 pF, Co = 0.1 uF, unless otherwise specified

Symbol Parameter Conditions (Note 4) LM7818C Units
Min | Typ | Max
Vo Output Voltage Ty = 25C 173 | 180 | 187 v
AVp Une Regulation Ty=25C 21V <V, < 33V 15 360 mv
. 24V < V) < 30V 50 | 180
AVgp Load Reguiation Ty = 25C 5.0mA < g < 1.5A 12 | 380 -,
250 mA < Iy < 750 mA 4.0 | 180
Vo Output Voltage 22V Vi< 33V,50mA < 1o < 1.0AP < 15W 171 18.9 \J
lo Quiescent Current Ty = 25°C 4.5 8.0 mA
Alg Quiescant Withtine | 22v <V, <a3v 1.0
CurentChangs | with 10ad | 5.0mA < Io < 1.0A s ] ™
Vy Noise Ta = 25°C, 10 Hz < f < 100 kHz 110 v
AVi/AVo Ripple Rejection f= 120 Hz,lo = 350 mA, T; = 25°C 53 69 d8
Voo Dropout Voltage 1o = 1.0A, T, = 25°C 20 v
Ro Output Resistance f = 1.0 kHz 22 msl
log Output Short Clrewlt Cusrent Ty = 25°C,V; = 35V 0.20 A
lpg Peak Output Current T, = 25°C 2.1 A
. AVQ/AT | Average Temperature o = 50 mA Dy, WG
Coefficient of Output Voitage
LM7824C
Electrical Characteristics
0°C < Ty < +150°C, V; = 33V, Ig = 500 mA, C; = 0.33 uF, Co = 0.1 uF, unless otherwise specified
Symbol Parameter Conditions (Note 4) BMTER4C Units
Min | Typ | Max
Vo Output Voltage Ty = 25C 230 | 240 | 250 v
AVo Line Regulation Ty = 25C 27V <V, < 38V 18 | 480 il
. 30V < Vy < 36V 60 | 240
AVg Load Reguiation Ty = 25'C 50mA <lp < 1.5A 12 | 480 i
250 mA < ln € 760 mA 4.0 240
Vo Output Voitage 28V < V) < 38V,50mA < Ig < 1.0A, P < 15W 228 252 v
o Quieacent Current T, = 25C 46 | 80 mA
Alg Quigscent Wihline | 28V <V, < 38V 1.0
CurrentChang® | \win'lond | 50.mA < Ip < 1.0A s | ™
VN Noiso Ta = 25C,10Hz < f < 100 kHz 170 v
AV)/AVo | Ripple Rejection f = 120 Hz, ig = 350 mA, T, = 25°C 50 66 d8
Voo Dropout Voitage o= 1.0A, T, = 25°C 20 \']
Ro Output Resistance fe 1.0kH2 28 mid
los Output Short Clrcuit Current Ty = 25°C, V) = 35V 0.15 A
ok Pesk Output Current T; = 25C. 2.1 A
AVQ/AT Average Temperature lo = 50mA 15 mVAC
Coefficient of Output Voitage
Nowe & Al are wm:ozzﬁmkunmnomnwnmchaudlatromaquo\mA!chrmaw

noise voliage and ripple rejection ratio are meeaured uging puise techniques {ty » 10 ma, duty cydie < 5%). Output voltage changes due o changes in internal

temperstire murst ba taken MO account separstely.

\




Typical Applications

Fixed Output Regulator High Input Voltage Circuits
$ .
1 2 1 2
v ——r L7300 T- Yo \] -—-Wv—_r——- w7800 § Yo
+* + -
0.22 uf T 3 T 0.t uf 0.22 uF 0.1 5f

3 T (KOTE 1)
ma

=
TUH/T781-13 TUH/TTBY~14
Nole 1: Bypase S are for optl sabifty and tran-
Mmu?ohuﬂbobwd-donupmutomumm. ' 2
1 ’ 47800 T Yo
' " l
s To.zzpr 3 T 0.1 pf
i 1_
. T/H/7781~18
H High Current Voltage Regulator
. qQt 4
§ 1
" 2N8133 ———
RY
5.00 ko 2 lo MAX
AAA—S A Lu7800 —_
o Al X
1) y —OMax | X 3
A1) ThEG e 022#7T 3 TOUH‘
Rt = 09 —BQUVesDy <Ld
lheq  IReg Mex 8 + 1) — louax = T e
High Output Current, Short Circuit Protected
ot
Fsc 2N8132
l“ "‘V‘r
Q2
2N6 124
- 1 2
M 6 7800 out
Ree = 08 R .1. _L
8C = 1oc 3.0n 0.22 uf T 3 T 0.1 uf
A1 - BVesm
REG Max (B + 1) — 10 Mex -__]:
ol TUH/TI81-17
Positive and Negative Regulator
4 Ud7800
*
ﬁ_,H 1 !
AV
4 LN7800
1
N
" TUH/TT81-18

10




LM140A/LM140/LM340A/LM340/ LM78060 Series 3-Terminal Positive Regulators

¥
Physical Dimensions inches (mitimeters) (Continued)
¥

0.240-0.260| __ 0.330-0.350 __
{s.10-6.60]) [8.38-8.89)
0.100-0.120 0.149-0.153
[2.54-3.05] {3.78-3.89] .
: 1
0015 | 0.09:—0.!;0
0.400 _g 505 _ ——— ___[z.z ~2.79] 0.190-0.210
.38 —— 4.83-5.35
[m.l]_,‘,, | t } l ( : 1
g / 0.043-0.055 _f
/ 0.130-0.160 .\, [1.22-1.40)
PIN #1 10 [3.30-4.08} P
1.005-1.035 0.027-0.037
lo—— PE——
25.53-26.29 [0.69-0.94]
({ ] b
7° 40,007 0.38 +0,13
70 ( 0.525-0.555 ) 0.01S Zg'go; [0.38 Zges
} [13.34-14.10] l
0.175-0.18% [ \L ¢ o)
{4.45-4.70] }

L o.105 'g01 (2671533

[ | '
t L 0%-6¢ \JI( +0.010 +0.28
0.0428-0.052

[1.22-1.32} SEATING PLANE

TAPERED
SIDES to 038 2tV L)
TO-220 Power Package (T)
Order Number LM340AT/LM340T-5.0, LM340AT/LM340T-12, LM340AT/LM340T-15,
LM7805CT, LM7812CT, LM7815CT, LM7806CT, LM7808CT, LM7818CT or LM7824CT
NS Package Number TO3B

LIFE SUPPORT POLICY

NATIO??AL’S PRODUCTS ARE NOT AUTHORIZED FOR USE AS CRITICAL COMPONENTS IN LIFE SUPPORT
DEVICES OR SYSTEMS WITHOUT THE EXPRESS WRITTEN APPROVAL OF THE PRESIDENT OF NATIONAL
SEMICONDUCTOR CORPORATION. As used herein:

1. Life support devices or systems are dovices or 2. A critical componemt is any componenmt of a life
systéms which, (a) are intended for surgical implant support device or system whose failure to perform can
into the body, or (b) support or sustain life, and whose be reasonably expected to cause the failure of the fife
faiture to perform, when properly used in accordance support device or system, or 1 affect its safety or
with instructions for ugs provided in the labeling, can effectiveness.
be reasonably expected 1o result in a significant injury

to the user.
8 [ s Nationsl Semiconductor Nalional Sericonductor
Corporation Europe Hong Kong Ltd Japert Lad,
1111 West Bardin Road Fec (+49 0-180-820 85 88 13t Floor, Syeight Block, Tt €1.043-209-209
TX 78017 Emait’ crjwpe @ tovm2.nac.com QOosan Centre, 5 Canton Rd. Fac 810432992408
Tet: 1900) 272-9959 Osutach Tot (445 0-180-530 05 bS5 Tamehatad, Kowioon
Fec 1800) 737.7018 Engiah Tet (+49) 0-100-532 78 32

Hong Kong
Frangais Tek {+49) 0-160-532 93 58 Tt (852) 2737-1600
helary  Tek: (+4% 0-100-534 18 80 Fex: (852) 27385900
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General Description

The LM79XX series of 3-terminal regulators is available with
fixed output voltages of —5V, —8V, —12V, and ~15V.
These devices need only one external component—a com-
pensation capacitor at the output. The LM79XX series is
packaged in the TO-220 power package and is capable of
supplying 1.5A of output current.

These ro'gulaiors employ internal current limiting safe area
protection and thermal shutdown for protection against vir-
tually alt overioad conditions.

Low ground pin current of the LM79XX series allows output
voitage (o be easily boosted above the preset value with a
resistor divider. The low quiescent cument drain of

&National Semiconductor

LM7§XX Series 3-Terminal Negative Regulators

November 1994

these devices with a specified maximum change with line
and load ensures good regulation in the voltage boosted
mode.

For applications requiring other voltages, see LM137 data
sheet.

Features

| Thermal, short circuit and safe area protection
m High ripple rejection

M 1.5A output current

& 4°% lolerance on presst output voltage

Connection Diagrams

T0-220 Package
INPUT
—— orru1
@] [ —— eur
3 o ———= crouND
. TUH/TI40-14
Front View
Order Number LM7905CT, LM7912CT or LM7915CT
See NS Package Number TO38

Typical Applications

*Required if regulator is separated from filter capacitor by
more than 3°. For valus given, capacitor must be solid
tantalum. 25 pF aluminum electrolytic may be substituled.

tRequired for stability. For value given, capacitor must be
solid tantalum. 25 pF aluminum electrolyic may be substi-
tuted. Values given may be increased without §mit.

For output capacitance in excess of 100 pF, a high current
dioda from input to’ output (1N4001, elc.) will protect the
regulator from momentary input shorts.

TL/N/TI40

ARD-B30M1 15/Prrdedin UL & A

sioje|nbay aApeBaN jeujwia j-¢ S9lBS X X621



Absolute Maximum Ratings nowe 1)

It Military/Aerospace specified devices are required,
please contact the National Semiconductor Sales
Oftfice/Distributors for availability and specifications.

Input Voltage
(Vo = —=5V) | —25v
(Vo = —12Vand —15V) ~35v

Input-Output Ditferential

(Vo = —=5V) 25v
(Vo = —12Vand —15V) 3o0v
Power Dissipation (Note 2) Internatly Limited
Operating Junction Temperature Range 0°Cto +125°C
Storage Temperature Range —~65'Cto +150°C
Lead Temperature (Soldering, 10 sec.) 230°C

Electrical Characteristics condtions uniess otherwise noted: lout = 500 MA, Gy = 2.2 uF, Coyr = 1 pF,

0°C < Ty < +125°C, Power Dissipation < 1.5W.

Part Number LM7905C
Output Volitage -5V Units
Input Voitage (uniess otherwise specified) -0V
Symbol , Parameter Conditions Min Typ Max
Vo Output Voltage Ty = 25°C —~4.8 -5.0 —-5.2 \'
5mA < loyt < 1A, —4.75 -5.25 \
P<15W (20 Viy< =7) v
AVo Line Regulation Ty = 25°C, (Note 3) 8 SO mv
(—25<Vy< -7) v
v 2 15 mv
. (—12< ViN S —8) v
AVp Load Regulation Ty = 25°C, (Note 3)
5mA < gyt < 1.5A 15 100 mv
250 mA < loyt < 750 mA 5 50 mv
g Quiescent Current Ty =25C 2 mA
Alg Quiescent Current With Une 0.5 mA
Change (=25 <Viy< ~7) v
¥ With Load, S mA < loyt < 1A 0.5 mA
Vn Output Noise Voltage Ta=25'C,10Hz < f < 100 Hz 125 Ny
Ripple Rejection f=120Hz 54 66 i d8
(=18 < Vpy < ~8) v
Dropout Voltage Ty = 25C,loyy = 1A 1.1 \J
lomax Peak Output Current Ty=25C 22 A
Average Temperature lour = 5mA, . 0.4 mV/:C
C?e!ﬁciemot 0C<T;<100°C
Output Voltage
Typical Applications (continued)
Veriable Output
2 . .
[+ =
-—1 g‘ > b N
. = <
¢ 220 L% [~ o
‘ S0UID ey [ SouD
5 TANTALUM . :: - TANTALUM
eyt 21 warsxxer ﬂ—] outPuT
TUHIT340-2

'Iwutadqmmﬂwbum Do not incresse beyond 50 kF.

a1 + R2
Vour = Vger (——-—)

/2

Select R2 s fotiows:
LM7905CT 3000
LM7912CT 75002 .
LM7915CT 1k

3




Electrical Characteristics (Continued) Conditions unless otherwise noted: loyr = 500 mA, Ciy = 2.2 uF,
Couyt = 1 pF, 0°C < Ty < +125°C, Power Dissipation = 1.5W.

Part Number LM7912C LM7915C
* Qutput Voltage -12V -15V Units
Input Voltage (unless otherwise specified) -1V —23V
Symbol Parameter Conditions Min l Typ l Max Min I Typ J Max
Vo Output Voltage Ty = 25°C ~115 —120 -125| —-144 —-150 —156 v
5mA < loyt < 1A, -~11.4 —-126] —14.25 —-15.75 v
P < 15W (=27 S Viy < —14.5) (—=30 < Viy < —17.5) v
AVo Line Regulation T4 = 25°C, (Note 3) 5 80 5 100 mv
(=30 < Viy < —14.5) (—30 < Vi< =17.5) v
3 30 3 50 mv
(2 < ViN< —16) (—26 < Viy <~20) \
AVp Load Reguiation Ty = 25°C, (Note 3)
SmA < loyr < 1.5A 15 200 15 200 mv
250 mA < lgyT < 750 mA 5 75 5 75 mv
la Quiescent Current Ty = 25°C 1.5 3 15 3 mA
Alg Quiescent Current With Line 0.5 0.5 mA
Change (=30 < Viy < —14.5) (—30 <Viy < ~17.5) v
With Load, 5 mA < lgyt < 1A 0.5 05 | mA
Vn Output Noise Valtage | To = 25°C, 10 Hz < f < 100 Hz 300 375 n’
Ripple Rejection f = 120Hz 54 70 54 70 dB
(—25 < Viy < —15) (—30 < Vin< —17.5) v
Dropout Voltage Ty = 25°C, loyr = 1A 1.1 1.1 \
lomax | Peak Output Current | T; = 25°C 22 22 A
Average Temperature | loyt = 5mA, ~-0.8 -1.0 mvV/*C
Coefficient of 0C<Ty< 100°C
Output Voltage
Note 1: Abx Maximum Ratings | fimits beyond which damage 10 the device roay occur. Operating Ratings indicats conditons for which the device s -
intencted 10 be functional, but do not Sp P frits. For @ specifi and test condiions, see the Electiical Characieristics. !
mzp-r-mmuwmummmmn
Note 3: Reg h e - -wmmwh-lwmmmlnwwummmmh
taken im0 account. .
Typical Applications continued)
Dual Trimmed Supply
+INPUT ] L3403 o] ’ +5.0¢
;
CND
r 240 <& Bt
; 0.22 uf MW—dg 1k 144001
>
[ -]- y oM
3 _[_
s <33 1 uF
2.2 uf = 02
# ) 470 < 1N4001
V"V > Sk
<
GND
~INPUT W] Le7eos oo . —0 -5.0v
N ' TUW 73404 |




Typical Applications (continueq)

>

. v
lout !J'IIA-O-R'

Current Source
=
- Py
! -
| =
224F |4 bt} - 0-1uf
SoUD 1
TANTALUM b
<
1 pf
GND T B :
INPUT w7905 s :
TWH/7040-7
Light Controlier Using Silicon Photo Ceil

T m
1 . ~—

i ' 5V- 15V
1 l Q suLs

cit Lt . S Ca 1.75A
25 uf T ‘s ; MAX TURN-ON

1 _*J CURRENT
! R1* == 2

[} oo T 25 uF

1

Vi —O—M w7305 [=rd 2

*Lamp trightnass incresse untit § = ig (= 1 mA) + SV/A1.
tNecassary only if raw supply filter capeciior is more than 2° trom LM7905CT
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Typical Applications (continued)

High-Sensitivity Light Controller

' =
1 \ -
o
: 2H4143 ' D By~ 15V
cit s N (L 1.75A
25uF T 01 MAX TURN-ON
[ CURRENT
i 4 — o B 1N4ST7
25 uf
: T &
£
—e—] w7905 oo ;
TWHI7I40-9

“Lamp brightness infresses urtil § = 5V/R1 (i can be st as low a8 1 1A)

TNeceseary only if réw eupply fier capacitor Is more than 2° from LM7905

+ 15V, 1 Amp Tracking Regulators

¥y O Luzsor |2 -0 Vour (+) 18V
( -15
i
: GND L Rt
t < 10k
I 1%
! {
1, . &0t
cet L > RS 1N40GY
25 uf ~v < 10k
| 5 1%
1
1 o
1 ct ¥
1 25 uf T
# * —~O COMMON
! Rl > c2 .J.’.
csee 505 R A3 2 - 2
25 uF = 1k >k 144001
: YWW—>< qutrut TRIM
10 ~15.0V
' GND %y
|
B W o o S — | o -
Vin > =1 ur91scr o =0 Vo1 (-) 15V
TWH/T0-1
(~15) (+15)
Load Regulation at Al ~ 1A 40 VvV 2mv
Output Ripple, Coy = 3000 poF, §y = 1A 100 uVrme 100 pVrme
Temperatire Stability 50 mv 50 mv
Cutput Nolse 10 Hz < t £ 10 kHz 150 uVrma 150 uVrms

*Resistor tolerance of R4 and RS determine matching of (+) and (—)
outputs.

**Necessaary only it raw supply filker capecitors are more then 3° from regu-
\ators.




LM79XX Series 3-Terminal Negative Regulators

!
Physical Dimensions inches (milimeters)

it

0.240-0.260

. 0:330-0,350

. [8.10-8.58) [8.38-8.89)
. °§‘°°"°-‘ 20 g 0-149-0.153
[2.54~3.0%) /' [3.78-3.89)
| e SO Y
ro0rs 0.090-0.110 R
0.400 0002 - (2.20-2.79] 0.130-0.210
+0.38 - — = - -
;lo"a s f ‘ * [‘.83‘5.33]
/ 0.048-0.055
/ 0.130-0.160 [\ {1.22~1.40]
PN #1 1D {5.30~4.06] e
1.005-1.035 0.027-0,037
(25.53~26.29) [0-3:;:-’41

4

0.175-0.185
[4.45~4.70)

=

1"1 /\ /\ : 40,007 a8
y0 l ([0:325-0.55 ) _I 0.015 500, [0.38 Tggs
[13.34~14.10) l
[ Y —
1

t L /
G.048-0.052
[1.22-1.32]
f TAPERED

SKES 1°

- ———ta_e

LIFE SYPPORT POLICY

N
0°-6° \4 l‘, \
SEATING PLAKE

+0.010 0.25
= 0.105 _gig¢s [2.67 1035

7038 (REV L)

TO-220 Outline Package (T) .
Order Number LM7805CT, LM7912CT or LM7915CT
NS Package Number T038

NATIONAL'S PRODUCTS ARE NOT AUTHORIZED FOR USE AS CRITICAL COMPONENTS IN LIFE SUPPORT

OEVI
SEMI

OR SYSTEMS WITHOUT THE EXPRESS WRITTEN APPROVAL OF THE PRESIDENT OF NATIONAL
DUCTOR CORPORATION. As used herein:

1.Ule“suppondevicoson-sy:terns' are devices or 2. A criical component is any componeat of a life

Syst

gms which, (a) are intended for surgical implant
into the body, or (b) support or sustain life, and whosa
failure to perform, when property used in accordance

support device or system whose failure to perform can
be reasonably expected to cause the failure of the fife
support device or system, or o dffect its safety or

with ginsruct'ono for use provided in the labeling, can effectiveness.
be reasonably expected 1o result in a significant injury
to the user.
N = S Natoral Samiconducter Nutlonal Serriconducter
Corporation Horng Kong Lyl Japen L3d,
111 Wost 8ardin Roed Fax: (+49) 0-190-500 65 86 12th Foor, Sraight Block, Tet 81-043-299-2309
Arfagaon, TX 70017 Emait criwQe®ievn2 nac.com Cosen Cantre, 5 Cartions Rd. Fec 81.043-2909.2408
Tot 1@00) 272-9950 Doutsch Tet (+4% 0-180-530 85 85 Taimahotsul, Kowloon
Fac-1900) 7377018 Englsh Tet (+4%)0-180.532 78 32 Hong Kong
Francale Tet (4% 0-180-512 &3 58 Tet (852) 2737-1800
' Heleno  Tek: (+45) 0160-534 18 60 Fac (852) 2708-0080
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&National Semiconductor

DM54L.S373/DM74L.S373,
DM54L.S374/DM74LS374

TRI-STATE® Octal D-Type Transparent
Latches and Edge-Triggered Flip-Flops

General Description Features
Thesa B-bit ragisters feature totem-pole TRI-STATE cutputs ~ ® Choice of 8 latches or 8 D-type flip-flops in a single
designed wwy for driving highly-capacitive or relative- package

ly lowimpedance loads. The high-impedance state and in-
creased high-logic level drive provide thess regisiers with
the capability of being connected directly to and driving the
bus lines jn a bus-organized system without need for inter-

May 1992

8 TRI-STATE bus-driving outputs

= Full parallel-access for loading

= Buffered control inputs

u P-N-P inputs reduce D-G loading on data lines

face or pull-up components, They are particlarly atvactive
for implefnenting butfer registers, 1/0 ports, bidirectional

busg drivers, and working registars. (Continued)
Connection Diagrams
Dusi-in-Line Packages
'LS373
ENARLE
Ve  8Q 80 7 7@ e e s s [
lzo ln |18 l ” [1: |1s J 10 | 12 1"
o 75 > o Dr] E‘ TR Order Number
. 3 3 ap——da ; ; DM54L.S373J,
Of oe 3 O& DMB4LS37IW,
s & 2 8 X J DM74LS373N or
- DM74LS373WM
i See NS Package Number
. 9 o T LA J20A, M208, N20A or
It -3 ot oF OF W20A
) & )
9 9 Ly =
Iv 'a |a |4 ]s lo lr Io |9 |1o
ouTRIT 19 1 20 20 30 3D @ 4« N
COMTROL
TUE/6431-1
'LSa74
Vee &0 ™ 70 e e 50 Q0 CLocK
Jzo l1o Iu ]17 ]m |1s ]14 ]n Ju 1
E' Order Number
a_o b_a a_o () OM54L53744,
5 <o & z o & DMS54LS374W,
T T T DM74LS374WM or
.DM74LS374N
N See NS Package Number
J20A, M208B, N20A or
roao o&o-] roan oacj W20A
oe oE oF 0E
S R =
] 1 | 2 | 3 l 4 5 ]o I 7 ] s [ ° l 10
ouTRUT 10 10 22 20 30 3 4 4 ono
conTROL
TUF/61-2
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General Description continued)

The sight laiches of the DM54/74LS373 are transparent D-
type latches meaning that while the enable (G) is highthe Q
outputs will follow the data (D) inputs. When the enable is
taken low the output will be latched at the level of the data
that was set up,

The eight flip-fidps of the DM54/74LS374 are edge-trig-
gered D-type fiip flops. On the positive transition of the
clock, the Q outputs will be set 1o the logic states that were
set up at the D inputs.

A butfered output control input can be used to place the
eight outputs in ¢ither a normal logic state (high or low logic
leveis) or a high-impedance state. In the high-impedance
state the outputs neither load nor drive the bus fines signifi-
cantly.

The output control does not affect the internal operation of
the latches or flip-flops. Thatis, the old data can be retained
or new data can be entered even while the outputs are off.

Function Tables
DM54/74L9373 DM54/74LS374
Qutput Enable Output
Control & D Output c 1 Clock D Output
L H H H L T H H
L H L L L T L L
L L X Qq L L X Qg
H X X Z H X X z
H = High Lavel (Steady State), L = Low Lovel (Steady State), X = Don't Care
T = Transition from low-to-high fevel, Z = High Impedance State
Qg = mmummb‘fmaommlmm"om
Logic Diagrams
DM54/74LS5373 DM54/741LS5374
Transparent Latches Positive-Edge-Triggered Flip-Flops
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'LS374 Electrical Characteristics

over recommended operating free air temperature range (uniees otherwise noted)

Symbol Parsmater

Conditions

Typ
(Note 1)

Units

\/] Input Clamp Voltage

Veg = Min, | = —18 mA

-1.5

Vou High Level Output Voltage

Vce = Min
loy = Max
Vi, = Max
Viy = Min

DMS4 24

3.4

DM74 24

3.1

VoL Low Level Output Voltage

Vee = Min
log = Max
Vi = Max
Vin = Min

0.25

0.4

0.35

0.5

loL = 12mA
Vee = Min

DM74

0.25

0.4

h Input Current @ Max
Input Voltage

Vee = Max, V) = 7V

0.1

liq High Leve! input Current

- Voo = Max, Vy = 2,7V

fi Low Level input Current

Voo = Max, Vy = 0.4V

-0.4

lozu Oft-State Output
Current with High
'l Levet Output
Voitage Applied

Vg = Max, Vg = 2.7V
Vi = Min, V. = Max

loz. Off-State Qutput
Current with Low
Level Output
Voltage Applied

Vo = Max, Vo = 0.4V
ViH = Min, Vi = Max

ios Short Circuit
Output Current

Ve = Max
(Note 2)

-225

mA

DM74 | —50

loc . | SupplyGurrent

Vce = Max, B, = GND, OC = 4.5V

45

¥

'LS374 Switching Characteristics atve = svand T = 25
(Seos’ocﬁon 1 for Test Waveforms and Output Load)

Symbol Parameter

Ry = 6670

Cp = 45 pF

Cy = 160 pF

Min

. Max

Units

>

20

fMAX

Maximum Clock Frequency 35

oy

Propagation Delay Time
Low to High Level Output

28

ns

tory

Propagation Delay Time
High to Low Level Qutput

28

oz}

Output Enable Time
to High Level Output

28

8|8

ns

tozd .

ra

Output Enable Time
10 Low Level Output

28

$

terz

Output Disabtle Time
from High Level Output (Note 3)

ns

teLz

Output Digable Time
from Low Level Output (Note 3)

25 3

ns

Note 1: All typicais are at Vg = SV, Ty = 25°C,
bb!sNamoMomammnumunmwm-‘ tion should not d one
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Physical Dimensions inches (milimeters)
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20-Leed Ceramic Duak-in-Line Peckage (J)
Order Number DM54LS373J or DM54LS374J
NS Package Number J20A
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Physical Dimensions inches milimeters) (Continued)
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TYP ALL LEARS
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20-Lead Wide Small Outiine Molded Package (M)
Order Number DM74LS373WM or DM74LS374WM

NS Package Number M20B
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20-Lead Molded Dusi-in-Line Package (N)
Order Number DM74LS373N and DM74LS374N
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}‘ Definition

LEM MODULE LA 25-NP

The “ LEM Module LA 25-NP “is a multi-range transducer. Based on the principle of magantic

‘ compensation, it provides electronic measurement of DC, AC, pulsed currents and their

* combination with galvanic isolation.
, Electrical Data
Norminal current I,
Measuring range
! Measuring resistant
v with+/-15V  at+/- 25 A.t max.
at+/- 36 A.t max.
Norminal analog output current
Turns ratio
“Typical accuracy at +/- 25 © c
Supply voltage

Isolation

Accuracy - Dynamic performance
b

‘Zero offset current at +25 ° C*

Residual current **

after an overload of 3 x I,

.Thermal drift of offset current
(between0°Cto+25°C)

( between +25°C to+70°C)
Linearity

FRcspond time

‘Bandwidth

: better than+/-0.2 %

:25 AT.trems

:0to+-36 At

: R, min. R max.

: 100 ohm 320 ohm
: 100 ohm 190 obm
125 mA

:1-2-3-4-5/1000

:+/-0.5% of I,
ttand-15V(+/-15%)

: between primary and secondary :
2.5kV rms/ S0 Hz / 1 min.

: Typical Max,
:+/-0.05 mA +/-0.15mA
:+/-0.05 mA +/-0.15mA
:+/-0.06 mA +/-0.25mA
:+/-0.1 mA +/-0.35mA"

-

: better than I.ps. )
:DC 10 150 kHz (- dB )



General data

Operating temperature .
Storage temperature

Current consumption
Secondary internal resistance
Primary internal resistance

. Isolation resistance

Weight

Package

Polarity markings

:0°Cto+70°C

:-25°Cto+85°C

: 10 mA + output current

:110ochm (at+70°C)

:<1.25 niohm/tum

:> 1500 Mohm ( at SO0V and +25°C)
:22¢.

: potted in insulated self-extinguishing

plastic case

: a positive output current is obtained on

terminal M, when the primary current
flows from terminals 1, 2, 3, 4, and 5
to terminals 10, 9, 8, 7 and 6



r=

L Nurmoer Primary current | Nominal Tum Primary Primary
| of PAMICY | nomwst | maswmen i owpuw curene | ratio resisance insertion
turmns l, (A 1, (A) [, (mA] (mChm| inductancs {uH)
1 25 36 25 171000 93 0.023
‘2 12 |18 2 2000 | 1.1 0.08
3 8 |2 2 o0 | 25 021
4 6 9 24 w1000 | 44 0.37
S 3 7 25 5/1000 63 0.58
Connection
D S— : -
RM IM ey [N
OV o=t THe()—1M LA 25-NP i
» Qumeen

X QO.?xo.émm 3x @1imm
* : - .
- 3
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1. YesA TMS320C50 DSK neama RS232 DB-9 uazans e ln

2. nanaaaNa LCD

3. InpIaANOUTYRIN

4. TWsunsusiadieii
DSK5SA.EXE  ( version 1.02 ii0s91n#2 1.03 19u&anexn Ind liru )
DSK5D.EXE ( version 1.03)
DSK5SL.EXE (version 1.03)

5. WdannduiteTnisanm 2539
OSCILLO.ASM
LCD.ASM
DISPLAY.ASM
TWIDDLE.ASM



6. 1BNENIUAZUNEID B ITRYD
6.1 niisdle

TEXAS INSTRUMENTS TMS320C5X DSP STARTER KIT USER’S GUIDE

6.2 N1iade

TEXAS INSTRUMENTS TMS320C5X USER’S GUIDE

6.3 1IATBMEB ARSI INA
http://www.national.com (huumasmdidnuesled)
' - o
http://www.ti.com (Hhumasdeyaidvamnn)
6.4 TJ5un31 ADOBE ACROBAT READER ( tie 198 1muenasisuuuiiulug 91n

1159918 www.ti.com )
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BNMINIDS

Texas Instrument, “TMS320C5x DSP Starter Kit User’s Guide”,Texas Instrument
Incorporated, 1994

Texas Instrument, “TMS320C5x User’s Guide™, Texas Instrument Incorporated, 1994
EC&M Editors,”Practical Guide To Quality Power For Sensitive Equipment”,
Intertec Electrical Group,1993
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