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ABSTRACT

The purpose of this thesis is the effort to build the the equipment that detect the
harmonic signal in the electrical system .The equipment is base on the application .of the
TMS320c26 microprocessor that use FFT ( Fast Fourier Transform ) as the main tool to
evaluate and analysis the harmonic component in any waveform First ,the equipment is
designed to detector harmonic current but can be modified to detect in harmonic voltage in
both single phase and three phase systemr .The display can be seen on LCD display or
spectrumr graph on oscilloscope monitor. And also the equipment can be modified to send out .

the control signal to the filter circuit to control the level of harmonic component in limit level.
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appearance power VI _. N\ KL >4 @9)

PF =

. . 5 L4
13%38n cos @, 1 Displacement Power Factor 38 DPF Taofi ¢, luyuds ssntlszney
3 ! 4 o g
nszuanlANudMAuANENdnYa ( Fundamental component ) MY (lag) BaAYsENBLLT
AunanutmAvaneinanya ufe
DPF =cos g, (2.10)
7.Total Power Factor (PF)
A ' a '« ¥ o i = ¢ £ LY
weisInaItNasznpumdaIwn (Power Factor) muiiotuualnzvanede sas1
' v £4 .
AIMYDIMAIUITY (W uTo KWyneiidsanulsing(va uie KVA) uazomingdaauuea
[ a & ¢ 2 °_ @
useduuaznszualidnvuniduzladulawsiernaiedrlsensuiidalumenves
. v o o v " [ P a (I :’l dll ]
cosine¥BIUITMNUNAUAUATUTf A unluszuuifisrsuetiniiegaiaaesiaz lum
N
Tay
PF  fio Saniarauvesmdsusimemdnuysng deaums 2.9)
DPF fio §an1aruyesmidsnusineiidssginiuntuiindnyanaids
nudsinguesgiaduarudndnya (2.10)

308 A1 cosine voNIAVDLITIRUAUNTTUATIAINANdnYa
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2.3 Yszanuesasueiin
P a [ a 14 v o L d +

gsuetinfifiavuziuey lunszuanseuseduluszuy Iivhernuweenidulszian
[l v ] 1 4
A9 ladaan T

’
2.8.1 815494n (Harmonic)

2 4 ‘ & da 4. . )

nee mudszaeuguadulanvegtaduniemulaq Afanutidudmaumas

?¢

{ ! 4 a o a ‘' a ! s
WoINNUINANYA 13U JUATUTMAN(Square Wave) wilgrsuslinluaguindang1sue
A o o 4 a 4 o a Y el w oA v
undAui 2,34, nsoguaaulugli 1 uaz 2 sxllimwizarsueindrdud 3 dusgmniv
< d
2.3.2 BMIN93915u03IN (Interharmonic )
0 [ P 3 ] ] ' .
i wmlszneugdadu leuvesgnausemulag ifinad ludusuoum
] a ¢ ¢ b3 =1’ v '
awnvaNANNaNdnYya dueseisuetia Haanwneenulunszugvsumvasunuveisn
1 v o ) q| v
(Arc Fumance) ioanainlussynanasuman TagmmwizlusaSuaumsnasy nssua
P ' L4 v ] ' d’
prsnvzda luiadesam vlnawvesnszualuuuueu nade Uafinnud 50 Hz 1 avuse

[ ' ! ! aQ as [ ° yﬁ
AUIAT 20 HARIUIN UANTLUTBITA ﬂzﬁmunaﬂmﬂu 20 yaayunnnny ilvine

L4 L4 a

- g d”w =) ¢ < fd ” X d‘ﬂ
DUINDTEITUDUNYU uanmnummminwuaummmiuaun‘lﬂiuqﬂﬂsmﬁ'lﬂﬂmumsmn

AUASTLUY 1ignAdU(Integral Cycle Control #38 Burst Firing) 431l

IR o N
N oA - . - . . .

Nt teet e I tas ‘\/
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suii2.3 memaunszuad namu TnaauuuRUARAY Integral Cycle Control
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nlu
a . 4 o < 4

N A9 9IUIUFNAAUNNIUNIIAIVAVUVUANAALU( Integral Cycle Control

yuzoy luaoiuzosu
[ + b4
M A9 $1U3u Cycle Al Patern vo3URAURTUINGURY
4 v 1 4 14

WAUIUMINTZUAGITUDUN BIRUA lARaTl

2M sin(N/ M
I=—=1I_. sin(( 3 z)nﬂ') (2.11)
/4 m —-n

. v v v [ v
A0UUIUBUTTIN M = 5 Lag N = 1 inwdndnya 50 He

v v 1 4 v v
wla f, = /M = 10 Hz uaz vt n = 1 deanasefuALD 10 Hz 9¢a

[,(10 Hz) = -0.078 Imax

1,(20 Hz) = -0.144 Imax

1,(30 Hz) =-0.189 Imax

1,(40 Hz) = -0.208 Imax

[,(50 Hz) =-0.200 Imax

[4(60 Hz) =-0.170 Imax

L,(70 Hz) =-0.126 Imax

[;(80 Hz) =-0.078 Imax

I,(90 Hz) = -0.033 Imax

[,,(100Hz) = 0.000

[,,(110Hz) = +0.019 Imax

[,,(120Hz) = +0.025 Imax

[,;(130Hz) = +0.021 Imax

[,,(140Hz) = +0.011 Imax’

[,5(150Hz).= 0.000

1,(160Hz) = -0.008 Imax
i]1ﬂﬁmdnmsf'uﬂﬁzn(ﬁy%zw1151ﬂizuﬂms(uaﬁn‘?iﬁﬁmﬂwmmﬁwmfmuﬁ'
manya SO Hz ﬂ:xﬂuqua{ uanszuagIseinfiinmindeldwy luihuavas

={ e b ! ! ¢ ¢ = ' :ly' = ¢ ¢ e
vmmmnnaﬂganxnm"lmﬂugmumﬁunmsnaumnmun DUIRDBIFITUBUN
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2.3.3 AUISAIADIAAN ms‘uaﬁn (Characteristic Harmonic )
nmuﬁ'am{uaﬁnﬁgﬂﬁ;NTﬂmﬂ?muﬂaqﬁumq”lﬂﬂyﬂﬁuuﬂaw1n"lwﬂy1nizunmq
W ivhnszuaady wiendudu Taslyarsdmin ou laTen, SCR usainvians
aszua Tuanzmsiaulng
SrduvoanusnmeIaan s13ueiinm lannaums
n=kpt1 (2.12)
Taudi
n = drduvesssueiln
k = ysuanunanlaq wu 123,
p= ﬁ“lu’)uﬁﬁﬁl(pulse number) wounIaauiasiulriv

L
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t ; /\ i 1 3.
< / \‘ "y
— e,
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2
—y —— -
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T 4||NE ! & -
. SR :

— —t e —_— Vo
o —— _— —
Sy 3/ NV %
= — < —— )

s bl AN WAVE 3

ALARYAUE veavt s

™,
. e I T2 )
ZITTAC, SECREES

” . 4 - .. - a4 -~ P
17) TUATUTONLTIALYIZGR .uJAUAR) {2) tUasuzguaTtIzeniA1e AC yuTyatulugRuad)

124 naanesiSesnseuduazunaulugaund
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wnfiluainsdanonszua datulu 1 gandu veaussduIvhnssuaady wifanssua
' a ‘ [ ar ¢ [3 c’: <2 a !
Tnaru Tnsawes ludnuaznssuaiaa S1uau 6 ase Salian p1idu 6
< 4 y g n v da' g
JU2.4(%) naagUaduveussduisen sziftularudunsaiu IWasafitian ripple 3
[ 1 4 ] 3 ) ¥ ’
8y M1 ripple HlimMsildsuutas 6 gnadu Tu 1 gaadu vesssduIWnssuaaduan ripple

' ' ¢ a v ¥ o 7
6 QAN szawadgIsNenveInszuaniia Iivhaszuaaduais
b4

= ! o ] ! ‘
51.]712.4(?1) uamgﬂaﬁwm ATTUANNMIUNTTUA DAY il'lﬂzljﬂadu WHVNNITUTIT

v

' 0 b P 1
yoHIzlimwIzd AU 6K T 1 uie 5,7,11,13,17,19,...&1‘111?14 5UATENATTUATITUBUANUIIAY
' ¥

a < ¢ =)
Man Aus NABIAANF1TUBUN(Characteristic Harmonic)
2.3.4 UBU-MUINNBIAANSISNDIN (Noncharacteristic Harmonic )

AL v . A Y oo
mneda grsuetiniignasie TasinTeautasduma lvivh i ludu T auaums

. . ¥ B FA L4 a a . a ot
= kp T 1 wwnSeunlaswiuIvwiriia 12 Wagaisliame musawmeSadnaisuetin #il

- v ’ ¥
[y (YY) [

< 4 a :;-s ° Y N a
MY 11,13,23,25,35,37 ﬂauumumsnauﬂ‘numﬂmﬁu 5,7,17,19 Yumnaly grsvetinmanil

=

a
4 ' a ar ‘Y a
ﬂﬂ'ﬂl‘ﬂu UBUAULTARBTAANIITUDUN

2.3.5 n?ﬂmaums‘uaﬁn (Triplen Harmonic)

nmuﬁmwsﬁaﬁnﬁﬁéﬁuﬁqnmsﬂy'm 3 aw laungrsueind st 3,69, Fei
azfluntiw?iﬂﬁ“lﬁ”u(Sequence) Lﬁuﬂuﬂl Tunsdindhuszuy 3 ma 4 @y mﬁmﬁﬂﬂénﬁ’ W@
saufiulwangluaeiiasea v‘iﬂn’LfTﬂﬂmmﬁununWﬂyflﬁ; wumeinTeaseu auMAa

<t & - o é’ y
ATAIN I MSiamIaaeesiule

. .
2.4 unasnuniag1suetn(Source of Harmonics)

meﬁfhnﬁﬂaﬁtuaﬁﬂ‘luszuu"lwwywﬁwﬁwzﬁeéi‘hmumn unsarfiduumasiiia
Yoynersuetinfidaday Sdeme i

2.4.1 ﬁﬁﬂ!&ﬂﬁﬂ‘iﬂ?ﬁ] (Transformer)

Tumsinluanensdi(Seady  State) m;auﬂam"lﬁﬁﬂnynﬁﬂmﬂ'v‘vz'suuaa
Foyoy1ai(Distortion) IHU10v892995(Network) 1aT1uaA1IENTIUFoU(Transient Stae) niolu
‘umz‘?im;auﬂm"lﬂﬂv1ﬁmunﬁumauxwmnnsﬂﬂﬁ( Normal State Range ) sevinfagisuo
anduluszuy v unz Tunsdinvuoutas v lwimsee Tnaa ( No-Load ) U39AUNN

ar

¢ e [y : ¢ Y @ 4
amulgunginddnvazvesdygrandugUaduleu  wanaoldnasuumdnWwdun iy
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dnvazgdaiulauisuiu Lwini:ufm*laﬂymﬂguqﬁﬁtﬁﬂ?jyu"lﬁtﬂugﬂﬂéu"lcvu/ WI1ZATVDY
wdnsumin v fifesumalgugiludhidaau Tasassdunszuaas s naaindni
(Magnetizing Current )
. . v v v v

Tuszpuitimssuniuvesssueiings e lmfannusougeludmueutaslnvh
wazaeihinsealuszu 3 e 4 awla %"\1niﬁﬁﬁmsnszmnumﬂizuﬁqqqmwzﬁﬂny
[os AmuInInesAnesle

2.4.2 w3esdnanalvivh (Electrical Machine)

indoadnsna livhesiidnuazaaomuentaslii natfe Tuannzaedy datus
"ln'v‘iﬂnyxﬁﬂmixﬁyuwaaﬁ'fgnunmufﬁhmws unluannz nsnidou vieluvazfiniosing
nalivivafavewagamizUng viilnfasisuefindu indesinanavivhesnannse
uagsuoiln ﬂizu’da“li(lli)ﬁﬂﬁlﬁﬂ"lﬁ;u‘l{%’ﬂtﬁugﬂﬂll’)\lﬂ\lﬂl‘ﬁ'w\lﬂdﬂ’nmg’l(Speed) AudIuIu
3DIUAONUBIDISII0T (Number of Armature Slof) farulunIseBAUULIADaTnI NG T

v ¥ 1
- 4

v [ v ' ¢ ]
A assiinszAuvesnszuaesuednifiaduilamesiiga lunmwdfidnssuaersuoiing

¥y i dy “ =y e o/ 1 4. L] o :
arnlugdniuslaliszlosusiinduduil 3 wnfiqe Tesyimsataiu@lock) Tasms
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A [

ﬂ'mﬂiﬂd‘ﬂﬂiﬂﬁ"MV\TTﬁyﬁUm;ﬂuﬂaduumﬂaG;’W(Delta Connection)
2.4.3 Qﬂniﬂiﬂ‘li‘n (Arc Equipment)
qﬂﬂim’m{nﬁmnmﬂnmwﬁﬂm;qwuﬁu“lunﬂ’fuﬂ’ feturu e anuylny
(Large Arc Fumance) 1038581 (Welder) taaa19813n(Arc Lighting) Fyfuouuiazain
seasa fhuay ’Q‘l.]ﬂim(mi{m{ﬁ1Y°I’l1HylﬁﬂﬂfgH’lﬂ‘lilll’e)ﬁﬂuﬁzlﬁﬂLMﬂi::W?U(Flicker Problem)
1uszuu"leyﬂuqﬂﬂsmfms{mm’flnyﬁqﬂizuﬁuaxusqﬁwﬁﬂnw Distortion  Tumstien

4 e o ' Y X
YIINTLUTFITUDUN (Harmonic Current -Distortion) NYUIRIMNU10% YBINTTUANNA U

.

Qﬂﬂim(‘U‘N‘Bﬁﬂ‘EJ‘Iilﬁfi'lQ’dﬁdBO%Ammlﬂﬁ'lﬂ'li’aJ'ﬂuS\lﬁu‘n’N'U']’E)?Jﬂ(Output Voltage) U9DUA1
9130 WWHUIUTHGUSIINEIN (Harmonic Voltage Distortion) ins/asunaseniannuasd
aluinousd

wusuninsany (Meltdown) USIUEITNBTNBUNUT 5 92TU1 8 %

Lﬁmﬁuuﬁ'uusqﬁ'uwﬁ'ﬂy‘a(Fundamemal Voltage)

-Lﬁaﬂ“yuqﬂmiﬂaamEnd of Meltdown)uisafug1sueiingudud 5 fvum 6%

' ’ 4 a
-VUSMMIOYIUT (Refining) UTIAUTITUDUADUAUN 5 UTUIA 2.5 %



2.4.4 ﬂaaﬂﬂgamsawuv; (Fluorescent Lamp)
naaﬂﬂg'eJmsmcvuﬂ'ﬁauh;ﬁ'uadNuws'naw'luamw?iﬁﬂmﬁ'ﬂuaz‘luhuw
PATIMATINUNTUA '54395114':1aﬂvlqamsmwﬂiﬂuunéaﬁ'uﬁﬂm{naﬁﬂﬁﬁﬁng Tums
ﬂﬁauﬂs:;v_ (Discharge) hmaaﬂﬂqaalsmcvuw(ﬁa:inﬂuuuu"l:it%mvuadwmn (Highly Non-
Linear) FaverImAanszuass veiinsusui (Odd-Ordered Harmonic Current)
2.4.5 1Asounlasiy (Converter)
Lﬂ?aqalﬂaaﬁui‘;ﬁuaé1an';wwan‘luﬂ”ﬂqﬁ'ué’%mé‘luﬂmt?auwﬁq‘luTs«nu
AT IMAsTNULIA Ny ”1umsﬁqﬂﬂsm"vﬁﬂﬁy”lﬂy%”vmmﬁsuqqﬁxﬁmmmﬂﬂi:ﬁwﬁmwiu
ﬂ'liﬁ'N’mﬂJENQ‘lJﬂim(‘lfﬁﬂﬁyﬁfhfﬁu‘\ﬂ
TunToauasiunnadn Undezdusiiantaior Fazlsluginsaman
-Lﬂ?EN%"U Tnsns u' (Television Reciever)
AouRuADS (Computer)
4 7. \
-gunsapansatinad lyluuu
ﬁau Three Phase Converter m‘;ﬁ'ufi"lllﬂilzﬁmﬁﬁhaﬂéﬁuﬁ‘mudvlﬂvr‘l (Power Conversion)
aunsouvsesnladei
-acoe v lmihumassiolvun NeIABINSTIAATILAMES NTenTTUM
REIGEY (Chemical Process)
_ACIDC/AC lyfunsimesdsTasiauazuamosmilonin n1siezaoaims
wabueni AcDC Sandaiterlnusimes runsaveidifiauinnn 50 Hz
-acac Tn nuelas hanuma@osas natoma
mé‘amﬂaqﬁummmuﬁquun"lﬂyﬂmi’i‘xmuﬁaﬁ(maofﬁgmmmaaﬂ(outpu:) e 1wy
3,6,12,18.24 Wad uazannni ﬁwuauﬁaﬁ%aqﬁ'ﬂm}m‘ﬁwmmﬁnzuaﬂﬁaqﬂmm"?ih;“luﬂﬁ
Jadanses Unfireesfidusiialedaaandslid State Switching Devices) a2y lnsamesiu
nmsauaumMsdadaiees ns1eyunsn(Firing  Angle) vaqﬁummmﬁwmuquﬁﬁﬁiw u
suTaeir luilonlewiia 6 Waawde 12 Waa dmfuaufinoamsiideheglysia 3 o
ff:mqmﬁﬂ”mmsﬁnﬁhqwﬂﬁﬁﬂ 18 WaanTenn i
dmiuniowasiy inaunsamsuduiaznnaves "mutzpmm{uaﬁn‘?izﬁﬂi’ru"lﬂy
VINANAT

n=kqt1 (2.13)
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k= m‘uﬁm?wﬁumﬂ UMy 1,2,3,...

q = MIUNaaveunToaasdy

uag

I =L/ (2.14)
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- A @ o oa
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I, = NSLUANAIND Fundamental
r'd
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2.5 N’s\ﬂi:ﬂmlmmiluaﬁﬂ(Effect of Harmonics)
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HansENUYBIEITUBUATiinaneuouas sellagaiunu 3ilszmsasil
¢ L4 o
Laszuagsueinezih InmdsgaudenszudiuEddy Current Lossiunzdsgaude
[ y v [ ' y '
SAUADIF A (Hysteresis Loss)mutin Tasanliuvasniousesu IvPower Supply)181saaugy
d’! % ”w v [ 3.4 <4 < yu ' dv
aaw leulndunuoudas szamsammdegodeluunumin ladeaunisae i
2 2
P = (K f+Kf )V (2.16)

Taei

[

Peore = Mdsgaudsluunumin

f =mawgudesanassa
2 W

Kl
o a <
Kf = mdsgudenszudiuluunuiman

) P 0 v ¥
Vv = useausdaau louvesamasoiouseau v

v

s <t = P

¢ v
2.ﬂi$uﬁ8ﬁllﬂuﬂ‘ﬂzﬂﬂﬁﬂ'l?l\i’dﬂJLﬁU(Power Loss) vuzii Ivan nasmasguiay

LTI
L4

ﬁmwlﬂﬁﬂcv((Suay Flux Loss) Safunnay

3.ﬁ‘lGlﬁytﬁﬂlﬂ“]ﬂmu%((Resonance)’?;ﬂ’J‘lﬂJéﬁ’l;ﬂt)ﬁﬂ sTHTeRmIAnaIaafun:
UUF1ADI VDI U(Line Capacitor)
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uni 3

MIINTIZHIINBHUN ( Harmonics Analysis )

3.1 uni ( Introduction)
' v t ) P ' [ vy v
Taotia luis1e19na1 lenweanduneiilea( Continuous function ) a9 deiinsdn
- v iy da 4
N9 na T inesamsaidoulneglugUveswavanvesndula( Sine wave) filinwi
4 ’ = {0 w 3 > o ! 4 o
wdnya ( Fundamental ) Auandgrsueiinfiddugaduly Fudusnoumvesnnududn
¥
ya laaue
> ¢ ¢ a ! °
faiulums msdinsiznarsuetinaznanis nszuaumslumsiniung
' S o o ¢
( Magnitude ) tagyuIWe( Phase angle ) yosumazaulszaeuiluyaguuazluddues
- 4 i yd ! o/ §
uetinfiqedin  wavswynsuHi laiSen eynsuwiSus ( Furer Series) FALAAINIIN
. B
Furwus Iuu Tamunat ( Time domain ) i0¢ TANUAIMA ( Frequency domain )
~ a ‘5 as ‘o W 4 § . a a ¢
Tunsdimsiinszndmiudeandunaly Feegluwe 0 8100 szimsdinsen
4 )y Ls A ¢
Tave romsulaaniSss ( Furier Transform ) agdunesanisuayiSos ( Inverse Furier
' = = 7. ' ) .
Transform ) FamsudasSesdunsitasfanduluTamunm Tuglamuanud Tune
a ¢ g ‘o 1 < a :
ndufu sunesamsuamiSesidumsudastendululamuanudliglamuna dniu
! (¥ o O o 7
p1nalan synsuySosunsdinievemsudasSes
' 1= a wa 4 - ‘A ° a ": & 3 '
po lsfimulumed§oa voyaniemnsmmslinszmin Wuaidlannmsqu
[] P . U dl y ‘ Ju
A1 ( Sampled data ) voeWanduluTamunar s lavsoglugivesvinavesiendu
do o4 \ =l ' o o
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. ! o Y < ¥ @ act o !
Furier Transform : DFT ) uais1a 11501 DFT v52a52%u TavendeismahiSenan
¢ a 4 A 14 1 t X
msularhanyiSes ( Fast Furier Transform : FFT) FFT ihu3imsnugudadelan
< Yo o P o a ¢ @ M a
52157 uaz lasumsseusunniiga lumahunnnsvaidnesy tasarsueinuesssuy
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3.2 M3ARTIEHOYAINYi3ES ( Furier Series Analysis )

' ¢ y v
oynsuEoIveaNanFUALY ( Periodic function ) x(f) a9 g1 ladail

2 27 nt 27 nt
(1) =a,+ 2. a, cos( ”T” )+ b, sin( ”T” ) 3.1
n=|

Tav# a, Wunuadoveadandu x(r)



3

23

4 4
a, uaz b, Wuduilszaniveseynsuvoaifendu x(r)

: dy Y = a A 4"
W a, , a, uaz b, aunsomlanananmsduiinsnase lUd

a,==; J‘r/ x(¢) at (3.2)

T2

[] 1 4 ] v 0
Fanudanuhilansveax(r) °lu‘xm TR @9 TR Waies

== J‘rm x(¢) cos( ) dt Tﬂtm n=1->cw0 (3.3)
Uay
2 4 .
b, == JTT/Z x(t) sm( ) dt  Tagh n=1->w (3.9

3.21 aqnsmﬂfs‘m‘lugﬂﬁweu ( Complex Form of The Furier Seriers)
N ¢ ’ 1 v y
Tao ldimansadeusynsuiSesvestanduniy x(r) 1aq lalugdas i
x(t)=ay+ 4, sin(@ t+ ¢,) + 4, sinQw t + @, )+... (3.5)

' ¥ v
Tﬂuumaza'ﬁmmaqﬂsuawmmsm%uu”lﬂﬁ'au

(G OPORS P rT/Z x(t)e ¥ dr il f,=nf (3.6)
Taoi e2% (dunnmesvilanuie uaz X( £, duusmlfgauaziaueainiaes
4 o\
81501109

b d P y v E 4
aviudmiulindululanmnm x(¢) laqunamumsedionluglidaeulagail

X = 2 X(f)e oz £, =—F, am

n=—c

3.3 msunlasyfi3a3 ( Furier tramsform )

o ’ G l: ) o ar & Ve a ¢ )

lumsasiznyiSoniu dmsvdyonadatuniy 9z lanwamsinsenezey
v [ ' ] ’ v

Tugrveseynsuveamazanudfuiiusrrumiveannuiindnyammin ( Series of discrete

frequency component )

v e ¥ ' . ' ) ' v ,
mmﬁans::zJﬂﬂ‘l*vﬂuermmmc%mmﬁmm"la_lc%'a"luﬁuﬂumuﬂuﬁmmmmﬂu

v ¥
au Taswensmssuiinsnluyiemy T Trn19an9 wiolua 0o e faugag

v

ﬂ'mmamﬂazﬂ'zmmam‘lnaquu suhusiesla andu X (£, ihtanduaeiie
4 ) n ¥
v3ois1010donny ladu

X( f)=[: x(t)e™*® 4t (3.8)
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Tavdi x(r)iiuianduTamunardwmertios tazSon X () 51Lﬂunﬁuﬂaujﬁﬂ{wﬂﬂmu
e x(6) Tumendufu seela

x(t) = ,[: X(f)e*™ dt (3.9)
5onx(t) iuﬂuSunaslﬁmsuﬂaqﬂﬁﬂs{waﬂqn(‘i?uTﬂmumm?; X
Tasong x(Huaz X(F)nudugmsurlasiSes ( Furier Transform Pair)
Tanstald X (/) vzagﬁu;ﬂt‘?qv;auc?qmm%uu"lf;ﬁqﬁy

X(f)=Re X(f)+jIm X(f) (3.10)
CCTCERLER X(f)m"lﬂymn

Re X(f) = 3[X(f)+ X(-/)]
= [: x(t)cos 2x ft dt (3.11)

' 14
wazeIuTUANINYBY X () n1lann

Im X(f) =3 IX(f) - X(=/)]

= —J:: x(¢)sin 27 ft dt (3.12)
ﬁ'afumﬂnm%’wmuwﬂagﬂ( Amplitude spectrum ) younazANEM AN
1
IX(f)|=[(Re X(f)? +(m X(f)* ] (3.13)
uazanlnasuveaa( Phase specerum ) 11lav1n
[m X(f) ]
il AP )
¢ (f)=tan I_ReX(f)_] (3.14)

< '
3.4 maudasyfiesuvuieinyulg ( Discrete Furier Transform )
Tunsdifineamslna luTanumrwdidudanduiirnunsquanru@osy u Tau

<3 l:: /”/ Y ' ) ar ar dy
ran kamsuaayiSesaezlsensualsaulsznousessauiudail
N-l

X(f, =%Z x(t,)e /N (3.15)

n=0

a ‘o g o ] ! .
SeamsudasSesdnuustin msuasiSesuumAnnuIy ( Discrete Furier Transform :

DFT ) uay
N=-1
x(t,) =D, X(f)e ™V (3.16)
k=0

- & 4”' a ¢ a ¢ [ '
Somsudasdnymzinm aunaimsuﬂaqw‘,ﬁwmumuﬂmu ( Inverse Discrete Furier

Transform : IDFT )
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w3aWonlugtoosng laly

[x(fol =] W*"] [x(t )]

[ X(fo) ] 1 1 1 1
X(f) 1w . Wk . N
ol : :
X(f) NIt owk o ow¥ e RN
X (f: N-1) 1 whY L Wk v

[ x(t,) |
x(t,)
x(tk) (3.18)
J -x(tN—l ).J
(3.19)
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T T
W=e?" =cos:—jsinz
Fauee e
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W?=-Wwt=—j

W =W =-1/V2 + j1/42)

iIeINeINNMmeTHisnuuaazAmyu 1 Taoliyuie +0°, +45°

(3.20)

3.21)

(3.22)
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P ' ' . v v 3
MIgua Fannefnundsvesveyaninmsgua luTamunaniuma
. Ty m— da v 44
Tuuaadaaanmonnmsquazmezgnataimin lasnanesilyuaedudeliy

o v e o ’ d . AN ' a
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¢ 4
3.5 msuﬂmﬂwmﬂﬁm( Fast Fourier Transform ?i?a FFT)
4

' 1 4 v v 14
Tagya lmsfu DFT dmiudynauvifion N d1euiu asuianeszasri
1 4 ¥ v v [l .
MIRUTIUINFITIUDI NXN 759 Hazuinsmiudaaoudn NN-1) a5 Falasvialy)
a ¢ o v < N ar 3 ' v
aaNHunBIITINIsLIn lansuazsInIMsuundaiueisnan lan anudi lums

14 [
fuam DET duegiusmauniimsaaududiio

Q8 aa

[ ] b4 y ¥
119EMANIEMsFaInaaduIuATIveImIMsguad lamie N log,N aq
=3

-~ o ﬂll’ ' 4! < aa 4" ¢ <X ¢
niofuunTian 1 N/ (log, N) 1m FuSunIimsiinn msudavhaayiSos ( Fast

Fourier ~Transform 30 FFT)

L'} 4
3.5.1 msuasvhanyiasuuuguans ( Radix 2 FFT )
3.5.1.1 #anmsilasnuues FFT
. ¢ v a P
WoauazAInmIeIvasNIy 1/ N lumsd o DET dnfumsudasiSosuuy

o ' ) [ o @ o aa -
AUMUWAINIY A1AUx(m) Mo N 98 NUYIUAD

X (ic) = ﬁx(m).W’”" (3.23)
m=0
Tauf k,m=0,1,...,N-1 uaziimaut%«;au W =exp(—j2n/N) x(m)uas X(k) dlu
FygnaluTamunauas Tanuanutaudidy
[FIAINTUTEUANNT (3.23) 1u§ﬂuam’unmuﬂ?nﬂs;zﬂu
{X}={4}.{x} (3.242)
Taof{ X} uaz{x} thinnaesias ( column vector ) flsznovmsaingn X (k) uaz
x(mymudauiIuN dau uaz{4} Lﬂum@%ﬁﬂmfm?ﬁ ( square matrix ) Y419 N x N 7l

v . oy . v
aunFnduswanFeey 7™ surinsannsein N =4 iaunsomeunenssn ety

[x©)] [w* w* we W°]|-x(0)—}
IX(1)|=|W° wt W W3||x(l)l
JXQ) | 1w wrowt oW x(2) ]
Lxa] e w v wllxo)]

(3.24b)

! d' L2 =)
uaosnnguantidanudumuves w7 fe
e = pyimk modn] (3.25)

A3 (3.24b) 019dou lautlu
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[x@] [1 1 1 17[x0]
{X(DI |1 w w? W3{|x(l)
lX2)| 7|1 w2 #° W |x(2)]

J 1w ow wxo)

(3.26)

f}mfmﬁﬁﬂmmﬁumuﬁﬂnymmmmuﬂnﬁ"aﬂszﬂama«uﬂ?ncf soniilumnnauosnate
WAy uaz mn%nnw"lumﬂ?ﬂcxf'tjaﬂﬂyﬁfﬁxﬂuquu"znnﬁqﬂ SEnsuonsavlsznoud
ﬂzvlﬁﬂszﬁﬂﬂumqmn uéi)zﬁﬂwsﬁﬁuﬁnmﬁm?a%'ﬂﬂ'siwaqmﬂ?ncu/ﬁ;w‘i‘ﬁmiﬂﬁ'uﬁﬂ
(bit reversal) HazAs RS Ams AR U A IIengaY sz neE naT e
‘5%'nmwﬂﬁ"aﬂszﬂaumvﬁﬂﬂu?‘ﬁms'h;ﬁ'mavgmam Taemsunuassyil £

1Az m YOIAUNS (3.23) ﬂyamawmﬁm ASET AT kuaz m azie laies 0,12 liag 3
miu Fady

k=(k.ky) —,  m=(m,m) (327
Taoft &, k,, m, uaz m, ihaylaafifinwn o uas 1 ity fay

k=2k+k, , m=2m+m, (3.28)
Ll‘ﬂl‘(fi'l uag avluaums (3.23)
X (ki ko) =3x(my, my) WEmem k) (329)

L 4 y .
Tasgaauiannudumuvea taz ™ =1 dnfuaums (3.29) lalnudly

X (k. ko) = 2 { ix(ml,mo) W(l"ka;)}v 72tk )mo

my=0 my=l|

= i{x(ko’mo}W(Zkl*'ko)’"o (3.30a)

my=0

y ' ¢ .
Tagaruud ndus iumsfnasenienais navesauns (3.30s) Woutumasnainug

o

(ky,kg) (my,my)
[x0,0] [1 w* 0 o TIF 1o w° 0 |[x0,0]
[x(l,O)l _}1 w: 0 0 ho 1 0 W°| x(0,1) 1306
x| lo o 1 w1 0 OJIx(l,O)I (3.306)
Lxan] Lo o 1 #llo1 o mllxa)

4 a o ! v
FINAGAWTISHINNAN LAY NAANT rﬂu
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(ko k5) (my,my )
(001 [1 0w o |[x00)]
]x1(0,1)| ~ }o 1 0 W°|}x(o,1)|
51O |~ {1 0 w? o || x(10)] (331a)
Lxanl lo1 o wrllxan)
ta A1 DFT vosdayeyaulu
(ko1 ko) (my,my)
20,07 [1 #° 0 0 1[x(00)]
|x(1,0)[ 1 w: 0 0 !lxl(O,l) -
| x(0,1) | “[0 o 1 W j[xl(l,O)l (3:310)
Lxan) Lo o 1 w2 lxay]

=1 v s XY a @
sty lannnnamisuenditseneuvee{4} lan aunFamuuniueuveiilszney

a ¢ A A I 2 dalt ! . s a 2 @ oa N
WATNY ISUINGY 2 mtmuuﬂnm"lmﬂuf_mu Lmﬂuﬂmmu%zuﬂmﬁfﬂnu\lmumtﬂuquﬂ

v v

e TuvaziisndnszdidnuFeen Fusmoamsgusmamdizouiios
Nlog, N=8 af1 tazransnuiBereudn 8 ads ‘luﬂxmzﬁnﬁmmmﬂnm‘;nﬁﬂm
Swaudareu 16 af1 tazwand By 12 ads
idansoaasunauaslatn NamsfiunFyginsznan
x,(0,0)azx, (0,1) &4
%,(0,0) = x(0,0) +W°. x(1,0) = x(0,0) + W°.x(1,0)
(3.32)
uas x,(1,0) = 2(0,0) + 72 .x(1,0) =%(0,0) = #°. x(1,0)

-
o~

1 ¥- £ 4 y
WeannguautAveshiudwou 7> =<7° mlumssiman x,(0,0) uaz x,(0,1) avq
[ o Y =t os: <t ' c’: -4! o K o ¢ 0 ' ¥
mImsguiuursuisnsd@euniu Fah lalaensdmnweu #°.x(1,0)neuuan

¢ . Yy v
i lwanuazaufiumeu x(0,0) elnladdy x,(0,0) uaz x,(1,0) muday

Qg (-3 o ar dyA

mouandIsmsf I FET Tasuaautunsinislva dagi 32Taovgnnsiie

' ' v [ 4 ¥ ]
mamssan audsnyshidudunidiguaivesdygnufiaugnasiu uazh tw vie

.
s

Yy (Node) ifumssimSsuniuvesdaana aau x,(k,m,) EINUMIAIHIUTENINAAN

@ o

uaz X (k,,k,) wWum DFT vasdvudaynin
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X(K, k,)
1 X0.0)
=1 X(‘lv,O)
;1 X(q,1)
>1 X( 1' 1)

P> 2 »- *

x(1,1) «

Un 3.2t asims Trauaesia i msdsmuaguns 3.31)

3.5.1.2 TUABUMITAANOUMINIA
Qs 4; ¢ Q,l [ 3 1 [ ar dld
PBmsiauorwaniu wilumsdanquardudaaalulamung x(m) ffvuna
N 39 sonidudesdudygradfiinnmen N /2 ymiu TasSonnddudayanaguas
dwudyanad Tashdaudygpagiannmaedaudyaalusumiaasguisoiy 4

]
s =

P o s a’/‘ ¥ i s i o & a
wiauddudygnad dnfuauniv x, (m) duddug ez ddufidy x, (mymane

xp (m) =x(2m) ; m=01,..(N/2)-1 (3.33)

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

vy v v ¥
wazaus1lv 7, unu vesdwiy fisn N ga wilumssusamsudas DFT veedidy

Fyanan x(m) fiern N gadonlalmudn
N=1 N-1
X (k)= 2 (mT,)™ + Lao(m)P)™
m=0
m = 1Yy m = 1avf

(N/2)-1 (N/12)~1
= 2 x(2m)(W,)™  + 2x(2m+1)(WN)(2”””" (3.34)

m=0 m=0
ﬂ' ¢ $ ' o @ 4 at :/’ «~ !
Tagfiwou (W,)? =W,,, Faneiem W sssddudaen N /2 datussdoulnuiy
N/2-1 N72-1 km
km k
X(k)= 2, 2 (M) + W) 25, (m) o)
m=0 m=0

X(k)=X,(k)+W,) X, (k) (3.35)
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Tao? X, (k) 4oz X (k) #amsuyad DFT 418 N/2 39898181 xg(m) Hag xy(m) M
1 ¥ . 14 '
@Ay aunsh (3.35) uaaslmAunmsiuas DFT suia N gaiuamisonuenss i
0w &

[ 1 4 y t4
goseeniunisfiuin DFT vuia N2 1 @eesudula uazvediiadie wihlvmsgu

¥y Pl ¢ a", Y ° .
MuwFreuaaas sz 50 WesiFua Taondams@oasuiivilmsdiduisouus

'
9 @ A

' y [
NOUNIAY xz(m) LA Xo(m) aamﬂuﬁwﬁ’ugumamnﬂ"lﬂan wlufgqamasifssdiduing

' ) Y
2 9@ n3ena1lan mafuam DET vua N 9o lalasmsutas DFT via 2 3@ §1uau

d’oud

v v v . ]
N2 maalenu vedunandiiyaemssronNouusdIfy xm) eentufiazasaumisnts
v [ ¥ y
it DFT e 2 90 1 dmfudyene N ddy seiimsuuele og,N ass
(AegY 3.4)
' . s < v o4 q %Y
M3 DFT 4118 2 39 §149u N2 matdudseneusumia v lanmsd i
v v 7 » v Vo v 14 vy v
DFT 4w N a1y szassivaninaen lunisvuie tuluain ladanara 1y deiusmessi
v [l v

MIULINAUNT (3.35) TS k > N2 anearani la lagnisidiey

X(k) = X,(k)+(W,)* X, (k) 0<kS(N/2)~1
(3.36)
=X, (k=NI2)+W ) X,(k=N/2) :NI2<sk<N-1

¢ k —
WIU (W) luaums (3.36) 5unn fadszneunsuy ( Twiddle factor H39 phase 138
rotation factor) c%’qﬁmm'c?ﬁnﬂumim DFT 9414 2 99 158 DFT ¥11a N/2 99 UT
y
Ussneuduilu DFT vuna N ya lamideudy

AP k-N2 k ¥
waTnINANUTNUS (W) = <(W,) 519z la

X (k) =X, (k) + (W) X, (k) 0<k<(N/2)-1 (3.37a)
=X, (k=N/2)-(W) "X, (k=N12) ;NI2<k<N/2-1@33)

s (3.37) s lumsé e DET vosdrduguils axlszneumuddy
X() luaums (3372 wazddu X&) luaums (3.37b) Sevzneeenllaingigu X&) U
aANMI3.37a) 1 N2 quu mmsnﬁmam"lﬂyTﬂu%fqumsﬂmﬁm1u1‘§«ﬁyuxﬁuqﬂﬁ'"yuﬁm
iy PRasuiissih llasamisaiiiisemio anuiide ‘

v

' v ' £ 4
( butterfly unit ) Taonwiefmant ( e1eeglugiuuvvesesnie Isunsy ) Hveyaumn

v vy
aosveyafio A woz B uayInveyaseniiu X ez v iy
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X=A+W,)".B
Y=4-W,)".B
1
A o > » X A [
A LN, Y A,
W
(a)
(A)
Wk
B

()

Y

s (] 14 ¥
11U 3.3 mnsdidovesmsinnumutunsuisaansuniuam

) ' 1 4 Yy
Tasfinsvhauveanuasiide unulaatensinmsva daa

3.3(c)
TagluzUii 3.4 uamanIsdnaa DFT tuy 8 e

m'lﬁugﬂ 3.3(a) 3.3(b) Hie

OO, - L 0 X(0)
X(=x(2), OFT ,____.x:m): - P j.' X(1)
X(2)=x(4)y_____ N=4 __.x1(2)\\ NN T XQ2)
X (3)=x(6)y,____ . '__.__.x1(3)\ S N e - ///. X(3)
\?\’X\A"vf‘f\ T
/Y\ A< \<_.‘ e,
/‘%(\ : NG \\\

O=x(, | %0 >.W, S TR e X
X(M=x@), Ve, <.~ NS ()
X5(2)=x(8), N=4 X2 T ™ X(6)
Xo(3y=X(7)y  X(3)e” S X(7)
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a(0)=x,(0)=x(0) . A) X,(0) X©)
DFT
N= . A(1) X1(1) X(’)
a(1)=x,(2)=x(4)
b(1)=x,(2)= 7
(1)=x4(2)=x(4) L+ B(0) x,(2) X(2)
DFT
N2 |, B(1) x,(3) X(3)
b(0)=x,(1)=x(2)
w9
c(0)=x,(0)=x(1) - C(0) x,(0) X(4)
DFT
N2 | o) X,(1) X(5)
c(1)=x5(2)=x(5)
d(0)=x4(1)=x(3) - D(0) Y7 %,(2) X(8)
DFT
N=2 | D(1) %,(3) X(7)
d(1)=x4(3)=x(7)
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Azl 3.5(2) Saudygronn xm) Tulagaiadoesnaaiies v3e musssuria

] L 4 0 v ¢ * {4
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3.5.1.4 maulasthamyidessiiaaaneumennui

(Decimation-in -Frequency 30 DIF )

e

' v ¢ ¥ 2
$idunisiman FFT dalyfunauaztszgnalylulassnuiife msaansuni
[ [ ¥ [ H ]
a1l Falindnmsaaeaiety myaansumanan Tasfimsaansunannudazuud Iy
. . ' ) v v t 4 1 4
Tamunal x(m) soniduaseaaumigiu Tasmsuwensadairlalag vl x(m) 1ag xy(m)

|
Qs ar =

y [ [ 1 4
unudwudyarah laninisuueasad

x g (m) = x(m) ym=0,1...,(N/2)-1 (339)
xo(m) =x(m+ N 12) ;m=0,1,...,(N/2)~1 '
mi1zazfumsina DET v N 90 U84 x(n) amnsadounenlaasaaande
(N/2)-1 N-1
X=X KmT )™+ S xm)Fy )™
m=0 m=N/2
(N/2)-1 (N/2)-1
= 2 xg (M(Wy)™ + 2% (m)(W, )\ * (3.40)
m=0 m=0
(NI2)-1 (N2)-1
X(k)= Z; xg (M)W )™ +()M"? % (m)Y (W)™
INSIEINAN (W) = exp(-TTK) =(-1) Susoulau
(N%—l P
X(k)= & [XE(m)+(—l)k.X’o(m+N/2)](WN)"’"‘ (3.41)

¥ ' [ b 4
HAZOUTUENATIVH k aﬁmﬁummquasﬂ INSIZRTUU X2K) iae X(2k+1) 38UnU DFT 93

IMuAINYBAYRLAaTAM NN Ie

(N/2)-1
X(2k) = Z [%¢ (m) + 2, (m)] (W, ) ™™
(N/2)-1

= Sy, )Mk

m=0

(3.42)
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uaz

(N2t
X(2k) = 2 [x¢ (m) + 2, (m)) 7, )

m=0

(3.43)
(N/2)-1

= fm)W,, )Mk

m=0

+ ¥ v v
VINRAVDN (3.42) LAz (3.43) UaAAINMIAIUIU DFT ¥11a N 98 a2e3s ez lales u

1 4 ’ ¥ v v
{ousANNa 1Ry x(m) IYMsuuInTeenitu 2 ey Saaums (3.39) wanihwasauiy
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o

D) 14 vV
Saudulnuiien N2 9a 2 ddy Tasaundludrdulnudive fm) uay gm) awugi

14 tJ 1 4
fT'IiJ']ﬁ'ﬂi’fi'N‘lﬂTﬂﬂhiﬁﬂmi

f(m) = x, (m)+3x, (m) sm=0,1,...,(M/2)~1
(3.44)

g(m) =[xz (m) - xo (m)].07,)™ ;

WaznndAUe N2 yaluaums (3.44) 510019 Tfuonm DET vina N2 99 Taoly
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x(0) (0) &— e
X(1) ) ee—  DFT |——e
x(2) @e— | = .
X(3) Wo A f3) e .
x(4) wi g(4) e—-—— e
x(5) w2 e g(5) e—— DFT S
X(6) W 9B e— N= e
x(7) 9(7) oe— .
(a)

1UM 3.7 urasdiduduneuITmsves FFT yiamsaanouniandiui

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

X(7)
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A X=A+B A X

B Y=ABIW B Y

[ ' y ¥ [
JUf 3.8 uarasmisimnes vulsiide veluasuItriinaanounennud
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RiuYaANDUAQYNIN
4.1 ynih
8 o o & W e 4 o A ’ [y ]
foddszmsnilslumsiadyanaesueinfem Wennsodavuanaz s
o ) ° ¢ s A 4 Yo &
Fyanauthusnaunnavesesilszneuasueiinldlagas issnnezdsnizladu
aszuahnsalulagedy asyszulanaieaamy ( DSP ;Digital Signal Processing )
' 4 &2 0 [ 4 d! a
AumMIaLseNana TMS320C26 Freumhmsdszuianadnyauegladudgauiiudyanu
9U1ADN (Analog) szgnnldouiludyanuatasalay TLC32040 Fuiludalasdrygy i
aa 2 ] o 1 [ :ly @ a 1 1
swaoniliuATava Foglumsa Dsp aguds dygueutasnieziiudyguiieglugas
+ 3 Taant datfu Saeedetaaneudyanaudreglugtlvesdyanuussauliinu = 3 Toan
o w 3 1Y 4 3 sa dy 3 . 9 o
. Taohindsnsaanoudyanudnyuzjiaduwave form)ApsliAnNyU(distortion) i puhiga
b 4
-] kL é el a L4
Tasanuindusuiitaudenld LEM Tugaduiludunlasnszualavedondnnisves
Usngsuesgead(Hall effect Iasmsismezadronuniteurlanszualaona lfeld
v
AszuTERRAMITIUYAs At uRMRsuvBIdyaalaun
4.2 msuasdaananseualiidudygans ey
aszuaniosnin LEM Tugaszgnutlauiluduyanaussduarbitiu £ 3 T Taw

T nszuaruanudumusnsna mitadniusduanasoun 1

nIzUIIN

+,

+.

.
rftuasen

a1 . wanamsidasdyenanszuana LEM Tugaldiffudyanausaiy

~n.

el

o+

@ ! ¥
FINTIAUANATON R M1 1A

v=1i,R, (4.1)

b

[ < ° s 1 4 : v a
usetne lsAamumstiussduanason R, flouniia DsP Tagasuiuvwiinalinisfara

e P a o 2 Y A Y ' a 4 Y
lWUuulﬁluad%’]ﬂﬂ‘]iﬂQﬂ5zllﬂﬂa\3ﬂ‘]5ﬂ DSP (ﬂﬂn]ﬂgllﬂ']uaﬂllﬂﬁ'lu'ﬁﬂﬂaﬂlaﬂq'lﬂ)
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14 1 4
Aatiuez 192995 UDU-BUITNAN(non-inverting) MTunans Iagldeoruoui] LE3s1
FutlusotusuililFou 1 lusanmid1dgs ¢ MEFIFIR IuOuns IFudmsy

a [ a o o o § 4 =)
dyanalumsiadygnusisueinhiifuddui 35 Ae Ainnud 35X50=1750 Hz n3e

1.75 KHz
I R
T .
> 4 t v
LEM .o out
Tuga | Ry G 2
I I AR S Y —
R

T y
sUN 4.2 naaani13l$299s ueu BWATNAY ( non-inverting) MIVUNAI

senindnunsaun LEM Tuga fu dygnaudy mia DSp

9In2995 317 4.2 9214

R,

Vot =(~'1-l--"1§1—)vi,r 42)
Tauidonl¥ R, =R, =5KQD _
seld v, =2V, uazilesnin v, dudygraiesdediowdinia psp Fuia
vnaussRugega iy 3 Taav sy v, fesdivinaliifu 15Tl iffeann LEM
TugaiiWithunn La2s NP Smunszuald 25 ueuny fnfussnunszuaqegald

25x 2 = 354 usuuls wioUszana 36 ueuuly

Tauiden198a7 182U (turn ratio)dty 100071 darfu
36
IP = ‘1‘6&)'
=36 mA

NNAUMST (4.1) WwANITAMUIU R, T4



g tifoenin v=v,_ faifu
R, = ‘:T“ Q

1536x10° Q

417 Q)

»
aniudenld R, = 40 Q

(43)
mMm R,

]

4.3 2esalvideseeruont) oz LEM Tuga +12 Taari

Tasmsne IWady 220 Taant iunsiouslas deesuSadisnaronuufunay
iufames udnihiiSoudaeleFisngandezii 43

8
<
WLQ‘ 4

.
18V
—=C 12v .
- =3
« GND .
+
=% v

U7 43 293910 1Wid0s £12 Than

1¥ledisngran MC7812 uaz Mc7912
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4.3.1 vuavesdauas
o d' 3/
fam v, nlden

reg rect ripplse ) VNom 1

V4V, 4V +V,

{~

“ 092 V. 2
P 1 s v Y

e vV, =awswuldassiikiumsisngaauds

(44)

v & 1 =) 2 d o s a o
V., = Ussduhianasouledsngian Flianlszana 3 Toan dmivledsnqoames
78XX Az 79XX
1 v woa . P ’ 2 X4
Vo = AUSIAUANBU (cutin voltage)ianasey laTon dalszanu 1.1 Tani

' v A9 1a % R v g L4
Voo = AMS3AUN LG 0UGIgA(peak ripple voltage) nuaunullszyHaimes (C filter)

ripple
é P- 9 1 td
Falialszanudesnd 1 Taan

View = AU IMadunnieldaeeslunazdnd 19 220 Taan

Voo = A adu IMaduingioases lunmzAmnd wulran it 200 Tran

0.92 = myuszaninmmsisnany (Rectifier efficiency)

aafuazld '
(1243411505220 "]
= X X ==
o 0.92 200 2
= 40 laan

19 v, 15 Taanlumsidau
ripssnndeuasildiiunuuiiuiivnanscenter p) duiuiitanomlaiildde
220730 Taant
nszualvass 1, fidedld = nszuadiweniuoni + nszueasw LEM Tuga
= 18mA +  25mA
=  268mA
riessndunsesuSadisnavhonuuiuadudau
I, =165I, (@.5)
dnfuszinne I, = 1.65X26.8 = 44.2 mA
o 1% 1 = 100 ma

1%
LYY 3/

muwmﬂﬂuauﬂami‘lu 0.1X30 =3 VA

i ldndoutasnnalvgni 3 va
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4.3.2 vmafufulsg

fih C, uay C, @y 7812 uaz 7912 919 nmenesUszney (data sheet) 19
Cl =022 LF uag C2=0.1 UF

dmsusdaiulszydmiviameismanldnn

C= Lo (4.6)
szr(p-P)
1ije f= 50 Hz
nseewdan lden
1
C=—— 4.7)
2\/§ JR.r (
dio  £=100 Hz r=mulesisunnuliiifou (percent ripple)
Vdc
uay R @3)
‘ I,
a c’: o 1 d' 1 9/ 1 ar 1
datusnamen ¢ al¥ldedalauhny e’ =650 LLF
243 x100 ( ) 00
\/— x 100 x 0027 x 001

. ¥

Tunftld ¢ = 2200 e

4.3.3 vwalaleaily
Turssndvhonvuiuaiula ToadamuusdudnndugagaPIv:-Peak Invert
' 3 1 an a a o -4
Voltage) ldednatios 2 nhwesmgagavesisidudumaspiifiousuuiitnaw fo
PIV 2 2v_ udimeanudasaivld sthales 3 wh PIV > 3v_
iipanussdwiiounidnasdnma oaiidu. 15 Tran
»
AU
V.= 5x+/2 =212 Than
-
Wufo
PIV > 3X21.2 =63.4 T2av
v & s & o s
AaiuGenldlaloawes 1N4002 #al PIV = 100 Taast
1alea D, uaz D, IWdmivflestunmsmedszynin ¢, ez ¢, dulefisngian
7812 1z 7912 1WBSYBA D; 1oz D  lAvnenaslsznoy (data sheet) H414 D, = D,

@ 184001
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uni 5

v
L

[y J -
'uuﬂeumsﬂszmaa@tymaﬁuauﬂ

TIMJU TMS320C28

5.1 Uni

Tsunsufldlumsisanaradyonadsudunmednduynees exunaendu
mosilaaeinNA (Analog Interface Circuity gt Inualumsudasvinawueansuyd
Funuunies vealsunsuneausanany i 2 Tnuadaofy failde

1. Tvuanmsuaaswannesada laa Il (Oscilloscope Display)

2. Inuamsuannania LCD luga (LCD Module display)

TuTnuavesmsuanwamieeadalaalniy Humsuaawmadoyailudyanusy
wmen venmseeadalaalnl Wudnyuzvesanlaaiuvesnindaieg duluTnuaves
msuaawany Lep Tuga Wumsuaawailudyanudiaca Fuilunsuaaalugilves
wesiSudasueind@ud 3,57,9.11 uae 13 senms LeD Tuga

“lumn‘a’aﬂhﬁﬂ1umsﬁ'1a1w§ﬂa’f'mmintc'i‘mf-iﬂﬁ'mué’\'mﬂn Fiwsarhnnda
aluTusunsumdn wazdaliussuauuanihnsaen IndTsunsy uazSonTusunsufin

S A o ar @ b d o
1112 0] lWﬂ‘ﬂ'lﬂ']‘iﬂizﬂJ')ﬁNﬁﬁﬂJmo'\ﬂL uaz?rﬂnnﬂ‘iﬂmﬂu

5.2 YunsulunslszaanavedlysunIusidn(Main Program)
: -
JunouN 1
fivua lvuarsinisdssulana uazmsuaawa Fennsanmuald 2
ar d’d
Tvua Aslins
1. Inuamsuaasnaniesadalaa il
t 4
Tninsiganinail OSCILLOSCOPE set  YES
LCDMODULE set  NO
2. Inuamsuaawanie LCD luga
} 4
TimsEanaatl OSCILLOSCOPE set  NO

LCDMODULE .set YES



Tunsuii 2

fmued 1wSudulunsfududoyaseninneufiuneifuvesa mame Rs232
o o A o £ Y] Tt 8 o =1 as
FFeanein Fedmualdidumsivdefoyauuy 16 a ualindyona FSX (Frame
Synchronize Serial port) {nndyanamvgumsiudsdoyauazdimuasanmsdudoya
(SamplingFrequency) ¥odpzinaonduwmesia wesna Taodmualdlulvuamsuaaina
nueoada laalay fdasinsgudeyaniiy 44 KHz uazluTnuamsuaamams Lep Ty

qa Idarmsdudeyaniiy 321587a

v '
g -y

Tuneufl 3

dmuasaugavesnsquioya Fulluswnavesmssmauldsunsy FFT uas
o t o 1 @ I'd 9 a o 9/ 'Y L4 9/ - U
wamdwmiaiireivesdeyadunnisudnn uanividesvestoyaisrdoonooa
Falaalall '
Tuaoun 4

° = % ° o =

Auan [Usunsy FFT #enio uaastuaoumsdnnuld digufi sa
Tasimsnfdeudeyalusnunar duslunnuanud FeeldinTuasmivanweenin
A
Yunoufi 5

= o o n’/’ 1

Tulnuamsuaawanseoadalaalnl  senvinaveswwadwsnldluduneuiis
Tagviimsmaaenmifiuguz medeluaisuaaimansosadaloalay auly
Tnuavesmisuaawania LCD Tuga ssshmsmvwanentfdse veadmauniauaziay

a g o S Y S L 1 a
TUANTN uazmuwaamm‘lﬁ"lu AN DILTY IYUIAY

uInuavesrisuanwameesadalaalayl sedadeyaeninn fi'ldoon luuanwa
< - . \ o 1 ¥ ° 1ol
heoadalaalal diululnuavesnisuaninanis Led Tuga szihvdeyalu dunmish
g v P’ o o e ° s L A A @ 1 - !
nurgfueilng mmisnaiualedivud Wedsufusniufyagiuuazdna luaas

M3 LCD Tuga

Tunoul 8
a { o [~ LY t
solidoyadumnisuduuoziuluiviesidn  uazinSoudoyalavaudoya

Sunn Ao danlszneumanyu MettudoyaldTusunsy FFT
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¥
o o/

iguvedlusunsy Taonduliliiduaoud 3 Bnde Thisooq Femunsouansdas

31 5.1

5.3 dumeulunisdaalysunsy FFT

LAMUAvUIA FFT tﬁayaﬂiﬂﬂsuﬂsimim'hﬂz“lﬁ'mnﬁﬂs;manaﬁw it
dhdnuamsuaawaniesadaloalml smialfiilu 256 99 dmiu TMS320026 naz
1024 9A T MTU TMS320c50 aau Tnualunisuaawani LeD Tugadmualdifu 64 va
wisawndedidamediumizoaiuiimoluves TMS320c26

2 msfmuadnsiimesaneg Tas AR uas AR2 ussmansMfuswmiuea
@TAYBY data array dIU AR3 ifuuBRATAYEITITEROUMINYYN Uaz AR4 dudniy
dmfumalszuona

3 hmmeiNauBurerly)foyaludwmisaTwazdumisSuann  uazquaea
sznoumsva hwait 18ifuly daw amay

ammuwiavestoyalasduiiuTnueamsuaamanieoadalaalnl 9z
aeminugans uaz Inuansugawana LD Tuga svhmsmaumenddse laoms
neagndoya

sahasiunduda _

6.a7vaeudoyadundumitsuidndunsehl - fidihiduliiudoyaduymse
T Auduedr lihnsquadeyadis  mdnlsznoumemyy  uazmuasiSuduias

° ' o i
dumisvesmsinudeyayalni i Tusunsu FET
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Tusunsu FFT
uazmuma'«mi'oqn

fmaswa FFT &2
uuudunen
mmanaumammf;
mn-uaqammsqumw :

v

fnnuedlalad
(Normalize) 1B

J -t o
fmsnniifiug iz

mwnalulasmnng b
Trun1sosaTInvedNnI?
frderesvesmoiain:
ARNANIN

adudumisveyaly
Tanmndlag

myiunduiin

v

uum-uagn'lu;dunlnm
uusen@alaain

T
PEREEEE

3tlnloawua11uaun
_Uu LCD Tugn

~

Ld -t v o
Fuveynnazinduudey
WlJsunss FFT

-3
:
PR e TR % o
R e ]

5.1 URUAINLEAINTTIIUYes TUsunsundn
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ARL = D_bese,Top
AR2 = D_base,Boitom
ARS = T _baseButfly
AR4 = FFT_S/2,Counter

real UDZ image M
real=(roall+ real2)i4
image=(imagei: image2)4

RTINS
NN

llﬁ 52 uﬁmuwumwwmau(ﬂow cha.rt)ﬂ'liﬂ'm’)m FFT voanulsssuiana
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5.4 Yumsumnlszuanaieuaawauy LCD Tuga

Lasrdeyalusfueiinaef uazanmuiyagufiudunls

2.a52900UN fesueiinmnanhmanutyag wiell Sunnnidumdeyady
Wdusiiudoyaduaviumsuanma nlesnh Fduneusiely

3. qufdoyalu HARMN #9u 1000 thonaaswaiiuavnaiion 1 vdn uazdnou
w2 nédn Tugtuealedidus

et 18R nudyaguiiduludunls FUNDA

suasrnit 1@ luaugu 10

s.ulasritIdidusiauoaad ieuaawaiudamvms Lep Tuga

7.uaadeyana LCD Tuga

8.adu l5udoyasiueiln sudude 1 unlszulana uazuanmasie i
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deindoyaluoueiind At
' M 2525
AN

HARM_Nuazaiyagiu |2

Aurmdeyalutines1d |
INTA,INTB 10z POINT1[

utlaerhi Tty

mlugrudy

ueAedoyanenn
LcD Tuga

] »
JU7 5.3 ununmduasuves TlsunsumsuaaswauuLeD Tuga
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un 6
v LY
n3l¥ LCD Tuga lumsuaaswaduana
(LCD MODULE DISPLAY)
A i a L
Tlumsld Lep dhuniesidelunsuaana illosnamiselfuaawaidiuddnus
i 4
ua:é‘fmaw?auﬁﬂmﬂ}znswﬁlﬂ'lﬁ ualulaseuilsn dmsuaawaidiudmunasdidnys
1 4 1] 1 4 12
iniunSefisend1 DOT MATRIX LeD Tagda LCD wufunseuad awiseds 1faun
9t 9 ar P~} 3 oo ' ) '
seuvlulns Tdsiames ladheuazazaandmsumsou Tusunsy saumeiismionuess
AU sl ay
6.1 Aaianifives DOT MATRIX LCD luga
ag YA 1 b1 Ao o A ar 1 o 3
1iMideanaoiuawmsifau TasliSwuddnysuasussianandaiu Ty ua
y
TuTdsiendilisudonldausu DMC162 nu 16 @26nY5 2 UM
2.0 TUTAAIAI DOT MATRIX YU1A 5*8 DOT
(] Y @ (Y] P}
3 ausoaainuszun lulas Tusaaes 14 2 dnyue Aouyy MEMORY MAP
(20 PIN LCD BUS)uaguuvdu wosa lulnsanuilisudenld lod wes 7415374 aerth
fu DATA BUS wiedalffitlu wesadoya i lddeyaiidnnlulas T siramesannsod
foyalumisuaawaly
4 mslFnudeazazaln s uu‘luTﬂsTﬂmmcmsmmuﬂﬂwaua“lunu LCcD Ty
an iy naﬂ'num"ﬂsmguuumuamna uazaznedie Naaoa m'lﬁ"luﬂmmmaman
voeszuy luTas Tusivanaes
5 Stda iy E IS ML NNAZAINNININY 19U CLEAR DISPLAY,HOME
CURSOR,ON OFF CURSOR,BLINK CHARACTER ua.,auqaﬂmamu
6. amnsouannaiufdnusmudinguuardnavid 160 i1 uerdydnyalfim
3 ' .
90 32 f1 T afmuadnysHeenuuLes 1aon 8 @2

a Y =t o’ as : o vy dy a r'd 1 3
7.OUNTSUTUDY LAZUUIM UL i'Jiﬂ'N‘l’l'N'm‘lﬂﬂ101ﬂlﬂ0\15$ﬂu 5 Than tmiu
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8.2 NFYIUYe LCD luga

nPIN) | dydnval | szdy
(SYMBOL)| dyana | wihit FUNCTION)
(LEVEL)
1 Vss | oo 0 V GND
2 Vee | e — | +5 v POWER suPPLY
3 Vee | ceeeme +V FOR LIQUID CRYSTAL DRIVE
4 RS H/L REGISTER SELECT
H:DATA INPUT L:INSTRUCTION
5 R/W H/L INPUT
6 E H H:DATA READ L:DATA WRITE
7 DB08 HL ENABLE SIGNAL (L--->H)
8 DB1 H/L DATA BUS BIT 0
9 DB2 H/L DATA BUS BIT 1
10 DB3 H/L DATA BUS BIT Z
11 DB4 HL DATA BUS BIT 3
12 DBS H/L DATA BUS BIT 4
13 DB6 H/L DATA BUS BIT 5
14 DB7 H/L DATA BUS BIT 6
T DATA BUS BIT 7

MINN 6.1 uerAsndygraangues LCD Tuga

6.3 anmslumsVeudeyalrl LCD Tuga

nsidoudeyaliiu Lep Tuga szuiadu 2 dnvue fe midsaNsTRUCTION )
waz doya( DATA) Tagezimuadisndagu RS Aef RS = 0 szmnodededayanu
AIUAUINSTRUCTION ) #3081f1 FLAG anMMsiuves LCD Tuga uazfi RS = |

9medan1sleuniost DATA fu LCD Tuga
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i d .
2.nannms lumsitioudeyald Lep Tuga i Asdielimsdoudeyaliuds 72 LoD
Tuga szdesldnarlumsmhandivusnils ( awe EXECUTE TIME)deszunTuTas Tuls
s 3 Y Y Y < a 8/ o
(BRI A 11T0ATI990Y 149N BUSY FLAG uazthisudesudazaunsafioudoyadu
a4 lunsdifimsdesesitluuuy 10 wesa fehiaunseswmdeyadounduld szuu
TuTns T siaesszdealfismeninanny
a 9/ 9 o dy ° o’: a a «<
3. mylieudoyaldiy Lep Tuga i aunsom 1éWauwy 8 Ua wazs ia Taonsdl 4
ia vz 1deodynrudeya v 4 1du Ao DB4-DBT Falddmiuszunlulns Tswaed
a a & o = Y ° ) a - q YA
uwy 4 da wiememstlsendame Tumsiloudeyassnseiunilou 8 da gwa liidiou 2
1 4
A1 fin DB4-DB7 nou ud1a1udie DBO-DB3 uazizassd muanuauiiaawa DL lus
a3 FUNCTION SET #7¢
4 DDRAM(DISPLAY DATA RAM) femianusinioluds LeD Tuga #idlu
1inesBUFFER) voedoya Tavhidivusia asch laq aslulumizonnudqil ey
Unngiiumdnusiumansiiud
5.CGRAM (CHARACTER GENERATOR RAM)fABvM28a9 10191462 LCD Ty
o v o v W P F o
an dmFununmAIBnysAg Idannsoadaldies ¢a7) Tavszd LBARITA(ADDRESS)
¥
1Ansvua 64 TUNBYTE) fie 8 A10nusRUAY 8 HDIROW)
8.4 M3d8 LCD luga 147y TMS320C26
»
MINUHUNIMAISAS LCD Tuga 141 TMS 320026 et lddail
1.1fadoyaATA BUS) 483 TMS320C26 $117u16 idufie DBO-DBIS szdeiinfiy -
o 1857415374 Fuduwesavuin 8 fia 15114870 2 dunem I Tadeya vurale
fin Wuwesavua 16 a daudyguusadu s Tt 10nn vee vosda lulas Tusia
%03 11AZY1 GROUND 1az41-OUTPUT CONTROL defiuu GND veasialulns Tusiva
ofITuRyIN duv CLK voa 1o% vzdsidriy OUTPUT v9429935 LOGIC iioitiuda
fmuans@oudeyaliny Tod wei741s374 uaz LeD Tuga
22995089014 lod wes 74Ls02 Futlu NOR GATE uay 1o% wed 74Ls04 &
ilu NOT GATE TavSudyanudunaeinyl STROBER/W,DS tazals ¥odlulas Tusiaa
2 A o Y a oy Yo e -
esivefmuadnyuzmatioudeyalifunesa
3.andgyaudunaved LCD Tuga s 10 ia gaaaishiuvuenivavesled !

e 7415374 iedlundaanulumsdadesy Lep Tuaa
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unin 7
Nan1INAaBg

oy 1

a ¢ o 4 ' v 1
Tumsdmneidggrasuynieglugdvesmluununaniiualuauaiutnie

o9 o L] -«

1 a s 5 3 =
mymaweuligavesanlnaiuiinawdang TasldTsunsy FFT  iWeuemsliinunaves
AsuaAEaTyIaEMNRAUAYAsauasNezaen  dlten s naasseenilu 2

o :
Tnuadail

1. TnuamsueasnanvesadaladInyl meuaamaiihidyaseruiaen

2. Tnuamsusaswana LD Tuga  ieuaasnailudyoudisea

7.1 Tnuamsuaaswamesoadalaainy
7.1.1 38mIinaaes
(1) ADEY RS232 FHFuanesn (serial port ) iU DSK VoA mMaxenifia DBY
o 1 = o Y o < & A o Pl
Hina(female) nazaodnaunilsvesmedygaudinunesndems 1 vie 2 vesnouunes
4'! s 19 s =3 4
weol¥lumssudidoyadunsuiiames
[ as I's a o : o
@) tounnasswaszumady 9 Tsan vuia 250 Taduouil MasdULARBS
[ Y] dy o
dmiuMBeuuvesa
@) toudyanadunn lminvsine wave) naz jUnduAMAsN(square wave)fl
AR nilsdduniusinesidmaneunnnesduNN ( Input Connecteo-J1)
4) ABEUIBIMNNIINABUIUAIABS DTN (Output connector-J2) UUVBIAKN
o~ A as ar
soagalaalny eguadygaeniymlugluesdygiuezuiasn
a o o o
(5) WanounuanTuasHanFuINSIABT
(6) MnuaTnuavoamsuaanasn1usunsy Complete.asm
Tassmuald OSCILLOSCOPE set  YES
ilat LCDMODULE set  NO
3 o o
(7 insnou Twalusunsy Complete.asm AuibauanUans DSKA
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MANUIN 1
TMS320¢286
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Digital Signal Processing(DSP Board)
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UNTITT  LazdiEnTe Load Tsunsuniamisanudinevenuy Ia i@ ey
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don Bo Agnimualndununeanuiilusunsuielndunuasanudinely lnmsi
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Auansariau ladu

4 lumsinumasmdves TMS320026 vxlmsvanathuuy Pipeline A9 N5y
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mswzrﬂumsﬁmu'Tixﬁﬂ‘t‘xyuwsyauﬁ'u(0verlap) g‘i‘ibxﬁummﬁﬂunwﬁﬁﬁa

5.ALU/Accumulator fluwna 37 On yhinfienuaunsolumsdszuaananengn
rwsiazassn laduasauaimalszuaanaduauneiion lagnae 1 lunsowylanin
#7 Controller LUE)‘S%W]
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a’:mﬂ‘lumﬂ?un“h%hﬁ"ﬂummwm-ms FaszwwaaTolumsifou sofware Tunns
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9.:‘J’mmmmin“lumsTauJ1wyay‘mﬂuuﬁaﬂswinnﬁwmm‘51 Tagiany
'uyfmvaﬁxﬂuﬁﬂym:uadmwswa‘\;ﬂga
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Addressing n?a‘lfx;‘1umixﬁwyaga‘§'msn (Temporary register)

11 8‘15(ﬂ11’Jilﬁlmﬂ(.Hardware Stack) 8 e 1uﬂmﬁ11fiwm Program Counter Lﬁﬂﬁ
msiunly Tsunsuses wazfifdaluns Push-Pop ‘u’aga“lu stack 'l

12.5wesnduna-BmnAPort 1/0) ﬁxﬁu*{quas}mqﬂm(smal port) LAZWOTA
YUY (Parallel port) ﬁﬂnymminﬁﬂﬁiaﬁuqﬂnim'aunin(smal Device) lagzaan Faamsa

o v oy . v v .

Inglmdenlumsiuasveyasynsufiduuuy 8 §a nde 16 da Alauazdtannsolmesa

v

wm“lumﬁ"uﬁwagmmmmu"lﬂyﬁﬂﬂyw

13 JumsAarefumnennuimouenifnud umeieenT | TMS320026
mnsofaneiula TReTMS320c26 %zv‘ha1u1uﬂm'J:sa(Wait-state)Tﬂumsxﬁuqn
ﬂﬁ"u(cycleﬂumsﬁmu%«ymn‘ﬁyu 1ﬁaq*ﬂnsm(muuaﬂws”auuayvﬁﬂzﬁmﬁﬁﬂéaﬂ”w

14.ﬁﬁ1€}'~1‘lumi Adaptive Filtering,FFT,and extended-precision arithmetic c?ammzﬁ'u
msﬁummla;“lumsﬂﬁzmawaﬁnum,;mxﬁ"ev'nmﬁmﬂzn(ﬁumimaﬂ'ﬂt‘s‘ailmm
Nas'u(FFI') mquﬂszmﬂ'naﬂﬂsmuﬁy

158 Clock Generator nlu 1y lumsAiia fyanumunumshanvesglnse
anqnelu TMS320c26

16,15 M@0atna 5 v

17.Device Packing TR 68-lead PLCC(Plastic-leaded chip carrier)
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Unit i

Symoai

runction

Accumutator

ACC (21-9)
ACCH (31-16)

A 32-bit sccumuiator split in two haives: ACCH (acsumuiator high) ana
ACCLU (accumuiater low). Usad for storage of ALU outout.

ACCL (15-0)
Arithmetic Logic Unit ALY A 32-bit twos-czmplement anthmetic !agic unit having twvo 32-bit incut
. parts and one 32-dit sutout part faeding the accumuiator.

Auxiiiary Register Arithmatic ARAU A 16-bit unsigned anthmetic unit usad to perform ooeradans cn auxilia-

Unit 7y registar data.

Auxiliary Registar Fiie ARO-ART A registar file cantaining signt 16-dit auxiiiary registers {ARC-AR7),

(15-3) used far addressing data memory, lsmporary storage, ar integer anin-
metic grocessing through the ARAU.

Auxiliary Segister File 8us AF3{13-)) ; A 16-bit bus that carnas data from Me AR paintad to oy the ARP.

Auxiiary Registar Pzinter | ARP{2-3) ‘ A 3-bit register Usad to setect ans of five or 2ignt auxiliary registars.

Auxiiiary Register 2ointer ! ARB(2-9) | A 3-bit registar used ‘o cuder the ARP, Sach time the ARP is lcaced.

3uffer l' i the aid vaiue is written {o (he ARB, axcaot dunng an LST (load status

I | ragister) insirucuon. 'When the ARS8 is loaded with an LSTt *“o same
{ | value is aiso cogied inta ARP.

Central Arithmetic Lagic Unit | CALU } Tha greuaing cof the ALY, multioner, accumuiatar. 2nd s;alir.:; a.\.-.if-.—;

Data 3us S(15-9) | A 16-bit bus used to route data.

Oata Memory Aadress 8us | JAB(15-D) ; A 18-bit bus hat carries (ne data memaory aadrass.

!

Data Memory Pzge Painter 0P{8-9) A 9-bit regisiar coinung ta the aadress of the currant cage. Data cages
are 128 worgs 2acn, rasulling :n 312 cages of 2ddressacie dat
memary soac2 (some locations are resarvea). '

Oirect Data Memary Aadrass CRB(15-0 A 16-bit Bus that cames ihe girect aadrass ior the data memary, ‘wnicn

Sus 's the concatenation ot ihe OF raqisier 'with (he seven LS3s of e

y i instruction.

Giooal Memary Allacation GARECS{T-D) An 8-0it memory-maoged regisier for allocating the size of the glogai

Regisiar memory soace.

Unit f Symbot A\ Function

Serial Port Receve Shit ASA(15-90) A 15bit reqister used {6 shift in sanal gort data from the AX gin. ASA

Aegisier cantents are sant to the ORR aiter a senal transier is camgleted. ASA
is not direcity accassiale througn soitware.

Senai Port Transmur Shiit XSA(15=)) A 16-bit ragisier usag to st out senai oort data onto the OX pin. XSA

Register cantents ara loaded from OXR atthe veginning of a sanai gort transmit
Joerauon. XSA is not direcily accassible (nrougn software.

Shifters -_ Shifters are 10cated at ihe ALU inout, the accumuiator outout, and the
groquctragister qutcut. Aiso, an in-giace snifter is iccated within the ac-
sumuiator.

Stack Stack(1S-)) Ad x 160r8x 18 harcware siack usaa to store the PC dunng intarruats

srcalls. The ACCL ind cata memory values may 3iso 08 pusnea onto
and cocaed fom e siack.

Status ~egisiars ~emoorars 370.57! ! o 16-D1t status reqisiars Mat camain StEtUS 2nd control Bis. A | 5. ]
Segisiar 113=3 I -agister that nolgs snther an operand {or ine muitiotier or & sntft czae fer !
| ‘he scaling saiftar, ,
“emoaorary Seqisier i TRI1S=3) i A 1B-Gitreqisiar (nat hoids ather 30 ocerzang feor ihe muttictier or 2 3ouRt
i 1oge iGr e scaling shidtar,
“mer TiM 159 A " §-git memcrv-macces tmer (csuaten {ar mming cootrol.

' rFx]
MINA 1 uaasdnyuzyoIgunIuangmely



Unit Symaai Function |
Instrucuon Regisier 1R(15=0) A 16-0it reqgister usad lo stora the currently executing insiruction,
Interrupt Flag Register IFR(5-0) A 6-bit flag registar used !0 laten the active-low extemal user intarryots
. INT(2-0}, the internal interruots XINT/RINT (senal port transmitfre-
caive), and TINT {timer) interrucis. Tha IFA is not accassible througn
softwara.
Intarrupt Mask Seqistar IMA(5-0) . A 6-bit memory-maogped register used to mask interrupts. ’
Microcall Stack MCS {159 A single-word siack that temporaniy stares the cantents of the PEC
while the PFC is being usad ta address data memary with the tlock
mave (BLXKD/BLKP), mutioly-accumulate (MAC,MACT), ana :aole
raadfwrite (TBLA/TSW)and tacle read/write (TBLR/T3LW) instucticn
Mutticiier | MULT A 18 x 18-0it earatlel muitivlier.
22nod Regisier R0 (15=9) , A 16-bit memary-magoed regisier usad !0 r21caa the timer. !

Arafetch Counter

BFC {15-4)

A 16-0it counter usad to grefetca orogram insiructions. Tha PFC can-
iains ihe acaress of the instruction curranily bemg prafatched. it is ua-
4ated wien a new orelfelchis intiaced. The PFC 'S 2iso used to sadress
Srogram memcry wnen using the clock move (BLKP), muttioly-zceu-
mutate (MACMACD), ana table r2aatwrite (TSLATSLW) instrucdons
2nd lo addrass datz memary wnen using ihe tlock move (SLXD)
instruction.

Product Register 2R](31-9) A 32-bit groauct regisier usag to noid the muiticlier oroauct. The PS can
also be accassad zs the most or least significant words Sy using the
SPHISPL Istare P ragisier nignilow) instructions.

Program 8us 2150 A 1 §-0it bus usad to roure insiructions {and data iarthe MAC and MACT
instructians:.

Program Counter PC (15-9) A 18-bit aregram zountar used (o 2ddress arogram mamary. Tha SC f

' always cantains the agdress of the next instruction to be executaq. The
2C cantents ars yodatad lollawing escn instruction decade coerzton.
{ Pregram  Memaory Address PAB(15-9) A 16-bit bus inat carries e orogram memaory address.

3us j

Quave insiructon Register QIR(15-0) A 18-bit ragisiar used o store orefetched instructions.

fandom Accass Memory AAM (80) A RAM tilock with 255 x 16 lacations configured as eitherdata or pro-

{darta or grogram) gram memary. (512 x 18 for TMS220C26)

Random Access Memory AAM (1) A data RAM block, organized as 256 x 16 locations. (312 x 16 can te

{dataoniy) configuread as gregram or data for TMS320C25)

Aandom Access Memory RAM (32) A data HAM bilocx, arganized 3s 32 x 16 iocations.

(data onty)

Aandom Accass Memary SAM (83) A RAM block with 512 x 16 iacanans configured as either aata orare-

(data or orogram) (TMS320C2S onty) | 3ram memary (TMS320CZ5 onty). !

Sead Cnly Memoary a0M A ROM black, 40S6 x 16 (258 = 16 lor TMS320C26: 8192 x 16 for |
TMS320C28). i

~eoeat Counter ] APTC 7D l 4n 8-bit counter o c2ntrol the receared execution of a single INsirucon. f

Senal Part Oata | SRR(15=)) A 18-bit memory-macced sanal cort Cata recaive ragisier. Cntv ha i

Recawve Reqister i 21gnt LS3s are usad in the bvie mcaa. i

Senat Port Daa Tansaw | JXRA(13-3 | A 18-bit memerv-maooeq serial cont aata transmit ragister. Cowv e )

Seqistar ! 21gnt LLS8s zre usad in ine ovie maga. :

M3 1 uaesdanyuzvesglnsumeiu@e)
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2. anrenssunaly(Architecture)

14 1 4 ) 1
< o

TMS320¢26 aevuuuenuElumseiag Tasaas i laaeian
mmsnﬁqﬁyu uazw‘v"emiﬁmu“lumsﬂs:mawm;aqa"lﬂyqqqﬂ"lﬂyumBus ponuilu 2 a7
Aotia 1usunsu(program bus) uazﬁﬁ'u”auua(data bus) Taova Tdsunsuesidumaniesnyes
ﬂffﬂﬁ’lg\iuaziﬂlﬂBi(u’c’m(Operand)‘UﬂxlﬁTé’Q f}auﬁmyagah;ﬁ}euéa‘[ﬂumqﬁ'mwsmsm
am‘umQ1Jnsm'ﬁiwqmu“lurﬁunﬁwmmi‘iwvaga,mi'nﬂizmawanaN(Ccmraﬁ Arithmetic

v

x v oo -
Logic Uninuaz3saweshidlu File lumsiiuveyasoy AR0-AR7 wevihns Touseveya

aanelu

3. ﬂ1§5ﬂﬂuﬁﬂﬂ31u§1(Memory Organization)
MUANNSIVDI TMS320c26 TAITHUIHUISANNTIDBMIIU 2 TIUAD
3.1 nuleAIN weya(Data Memory)
Py ! I3 ¥ 4 i =4 )
Tnuasanuiveyanielusuia 1568 nosa Tasuusesndlu 4 viende
v P’ ) b4 . v v []
BO,B1,B2,B3 ¥4 Block B2 fiv1a 32 1nesa iumuisanusweyamniu suvdenfimie
¢ o 2 o % $ °
flvua 512 nesa illuwila nursanuiweyanTenulen i TUsus(Data/Program
b4 » I A 4 ' [} Yy o )
Memory)ﬁ'lﬂumtmvﬂ‘vﬁmuﬂ Taemusanusineaauiianasn mdunulsaus
() ’ Yy ¥ b 4
Tdsunsy i5reusaiims Inaa Tdsunsumeusnuutumelunusanusiaauiila irln
-3 a oo o n.l ¥ t -
awnsamhimsiamdlasensiaga
9 - t s b4 9: Pl 1 ¥
TMS320c26 AWITHBNBIMUWANUTIVONA IANMUA 64 k 1BIA Famnmly
] E 4 ] . ) 1 d 0 (3R
wganuiweyameludn AumusvesnulsanuiiaIuiezgn Map aeludunusiny
- Y A NN, o ' : -
171 1 k 1IDIAYBINUNMUILANNTIVOYD FITWITDVIIUHUATINTINOUN lageda 64 k
v

¢ v = i o -3
NYIq TﬂUCNﬁ'liJ'liﬂTl']ﬂ'ﬁﬂ'N?J\iltﬂﬂlﬂiﬂvlﬂTﬂUﬂNHﬁSUQﬁ'm'Iiﬂ‘fl'l\i'luﬂ'wﬂ'l'!lll?’ﬁl\l?{ﬂ

misuAy
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From Auxiiiary
Seqisiaers

~rom Program

Counter
e
— :
! i P v
i ; T * : * '
MR rT r 7 T 7
\wx/ \wuz/ N/ N
; | | ;
;’76 f {8 {18 4” -]
v b4 4 y
2ata DatzsProg Data/Prog DatasProg
FAM (32 % 16} AAMISiZx (6} | | RAM {512 x 18) | | AAM (512 x 16)
Slock 32 Slock 83 Slack 31 Slacx SO
r'y IS Fy r'S
; ; ! :
i v r v
o r =
; ' i J RN
I s & ' H g C Freqram Sus
v T
7,» Jata Zus N

;ﬂﬁ 2 1Lﬁmmiwmms‘huyay,amaiumm TMS320c26
3.2 ﬁﬁ’wmwﬁﬂﬂi!mﬁu(Program Memory)

TUsunsy RAM o ROM uu%ww?anﬁwﬂamﬁmwuanﬂam&"gqqmmmgﬂ‘lﬁ;
ﬂ”’JfJﬂ’J1m%"JtﬁuﬁTﬂﬂvlliﬁﬁm’Jziﬂ(wait-state)ﬂ?ﬂﬁﬂz'&u‘u1 READY — fdunsonansfiu
TMS320c26 Inasmin s fumiasaruiineuenfivae TMS320026 ansedivuag
mmﬁﬂﬂmnsu"lﬂyﬁ’mm 64 K nosa 1as RAM miolulock BO) anasadmualniy
e Tsunsule Taslswesrins damsiEndaaainuden Bo aunsodylaiied
e TR Memory - space) Tmias fimslsusamsauonfussninam
mmﬁwTﬂmnsn,nﬁwmmﬁwJagauazﬁum-mm@gﬂwas’ﬂ ylnAeannunasei lums

M9
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3engeam
Rt s H
aterruots
ind Fesarvag
:co' Fh) xternan
‘cazan)
Zxtemal
FEEEM
S MPMFAT < 1

+Microorocessar Modet

s

Proqram
Looam
‘nterruots i
ing Saservad
3oettoas ACM
{QOFFM
101000}
Qmaserved
OFFFm
{100Gh}
Zxternal
JGFRTEN)
L MPIGT 2 )

‘Idicrocamoutar Moge)

1cocon)
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<" CQSFh)
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1008Ch)
QIFR
+0200h)
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{04CQn)

[05FFh)
;csoon)

Y1077 R)
2800n)

FETTm

.3) Mamary Mags Aner 2 CTNF 3 Instruction ang Alter Sesat

Qa3 «

2n.Chio
\damorv-Maocea
Seqisters

Aessrvaa

¢ Qa-Chio
Zloex 82

Jegarvad

Ca-Chio
Sleex 30

%
"

<n-Chia
Slocx 31t

Zn.Chio
Sloex S3

Zxamal

3 LAANMTIANUIYAIUT Y(Memory-Mapped)

S1ge 0

J

Paqas 1-3

Jages 7
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F3ges 131§

23ges 15=311
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Program Program
{cooah) {coaan?
\nterruots intarruots
g FReserved ang feservad
53 Jootoas AOM
1001y Exeman (caFFh)
{002an} iotoam)
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CFFFM)
{10000}
Ixiema
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FIFm
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eescm FIFFM Slocx 20
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(FOFFR) 3locx 31
FIICnt
Sxeerny Zxternal
FRRFR) FEEFR)
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‘Micoorocessor Mode)

rogram
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‘00200
Zavermad
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FIFFM
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Freem) fioex 23
4 MEIGT 5 1 .
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aterruats
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Q100
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(FIFFM
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(FoFF Slacx 31
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1C00sh)
(COQ6N)
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{0060N)
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{040ChY
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+0800N)

(Fremm)

‘oeoan)

£cash)
1cooeny
0asFnY
O8O
1007FN)
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Seserved

Pages 1~)

Daes Not
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Pages &7
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Qn-Chro
Slocx 33

Paqes 1215

Sxternat
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Jata
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Aeserveds
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Pages 1-)
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Pages 165311
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3e3gram Arogram Daa
+QoQoh) 1oooony a0on ) j
ntarruots iterruots Ca-Chio
g Reserved Ind Reservad 'damorv-M3c0ea
Exteman . 3ooticad ROM Seqisters
0g1Fh) 00F ) €oosh} h
. . 10100 .
cazeny ;cﬁ_h: Asserved ‘o00en) Aaservaa P1g8 0
i1o0c1 10057 h)
4 1
1008 Cn-Chio
Sloex 32 J
0qaTFR)
- 0080h )}
Sxtarnat Aegarved Jages -]
Sxternat J1FFN)
Q2000
N ) Joes Mot 2 s
st ges
{FIFFm 3FFh)
FA (FIFM) 0e00n} ;
(P00 SnLhio Zaoan Qn-Chio Aages 4 - it
Iy - r QOn-Chio
. Slocx 20 . 3locx 31
{FEFFM 3toex €0 10SFh)
[FCoonY FEETM :esoah)
r2m- ' Z.Chi
etena FLcen - ;’,;; c-:% S1ges 12-45
FOFT Eagsn Externsl ATFFR) "
FEToCMm =Za0m «aaoan)
Zxtemy E— Ixezrnal 3ges 16-311
LFFEEm EFFEM FFTShY
AMPIGT 2 ) 1 Mp:9T 2 0
(Microorccessor Mocer ‘Microcormouter Mode

*31 Mamory Maos After 3 CONF | Inszuczon

110 3 uaasmsdanuiganui@e)
.
4. Ranoes (Memory-Mapped Register )
! & ! o 49 Y q aa ‘& Elely iral® & Y
iuaunilwemulsaiwiilnduitames Femwmsands lamilsudumsens
v ' L4 t4 ' ' v y
AUHUINUILA LT IVOYD sANUAMITUREIMTT block move from MUIWANUTIVOYANY
' ¥ a ' o ‘& 3 o A Y aa  a o a
wuwaNuiweyn 5 lurnnsenssidumnenuiaouille SSamesylaiiduss
¢ v o 'Y 4 v ' o £ 4
anosn lvdmiuAnnoiuglnsunisusn(peripheral register)l UM AALATTUYBYALUY

y 0 I 4

t 4
aynsu A 6 Mduaalumnianil

Register Address '

Names Lacation Deflrition’
DRR(15-) 3 Seral port aata recaive register
OXR{15-0 1 Senai oart dara ransmit ragisier
TIMI15=0 2 Timer ragisier
3Q0(ts=3 M Penaod ragistar
MR (5= < lnterruot mask reqisiar
GREGT-) 3 { Giooal memorv aliocation registar

[ 7. .
A15197 2 UAATIAIADT IUNUITAUTY Memory-mapped Register)
¢t
5. S3mADIYIL(Auxiliary Register)
' v 1 4 v

TMS320c26 H3oannsrisnmelualoiu 8 A0 ARO-AR7 las AR Hezlylunis
B NBUIDAATALUVY Indirect addressing Favoyanwlu AR withuisansavesmulsanud
Y a” Y 4 & i g4 ¥ Yy aa o 'y %y Y
voyafinsamsiuis nieorsly AR nuveyalidini lunsad AR vululalylunsen
a o * Y a o 9 ' Aad i e
saoaasa  ARmMIaszlylumssisdueamsaiusediimuaninmany iy Auxiliary

Register Pointer (ARP) ¥afivine 3 U dalin1senan 07 ARvei¥euTloafy Auxiliary
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q Y a ‘ a
Register Arithmetic Unit(ARAU) INenszyimaavadiafuveyamelusimassmusiiaves
1 . v v b4
MAUPURIMST Increment ,Decrement iuau iiiolinsiSunly Subroutine call and interrupts
t

< 5 a '
voyalu ARP szgmuiulu Auxiliary Register pointer Buffer(ARB) 44Hvu1a 3 1 ywifed

. d oo oYY v < o
M ARP uaziiovhmdeang lulusunsueesiTousesuainzinms Teuswveyaliiiulalu

ARP A u
1 auxiiary Seqister 7 (AR7) (15}
’r——{ Auxiiiarv Aeqistar § (ARE) (16)
~— Auxiiiary Reqisier S (ARSI (186)
= uxiiiarv Reqistar ¢ (AR4) (16} _— .
1 Suniiar Regiiar 3 (ARG (16] 3 Aegiser 1.3 | Femernr
1 Auxiiary Reqister 2 (AR2) (16) ™ N Pointer ' Jutter
—suxiiary Regisier 1 (AR (181 | o 3438 (ARPY (3) (ARE) ()
™ _Auxiliary Reqisier 0 (ARQ) (168) ———— | -
t 4 P
164 s @' ‘3 |
) ; ) ; 2 ’
15 In 3 Dut n A E:"E)f |3
. Auxiiiary Register Arithmetic NA: i
; Unit (ARAU) (16) A/ !
{1usa i
 Auxuiary Regisier Fiie 3us (AF3) 18 37 3R i
r i amsa ! 3Ms8 !
N Cata 8ust(16h- N\

X
;f|6
T

\ DarzBus: (16} ‘\

JUN 4 AR dANBIYIU( Auxiliary Register File)

8. “UIBMUIUNAAUAMANTUaZa0dNNa1e (CALU)

4 '

ﬂs:mﬂumﬂmuﬁﬁﬁnﬁqf
1. Scaling Shifter
2. Arithmetic Logic Unit (ALU) and Accumulator
3 .Parallel Multiplier
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[ T R R g e R e L e,
i Program 3us ‘
{18 Z 16
Data Bus '(
s e TR R L D B e WA e v
| | | .
| | | s
' i 7 Yy v
R ;( ; " 15 wox
't Y ‘ ! ‘
e , 16 :' ]
| ' |
- i ! TRIS) |
: ‘ |
. 'f 5 ':I 5
Se|SXora ?hlfta{ — Muiticiier | )
(0-16) i
:- l et £a(z2)
o i i
R i |
f S ——| Stuiter(—5. 3. 1, NV |—+—— 9
1) 1.
i ‘;___—1
! 9 ‘
' i
' )
| Y !
i i 32/ 27 G <] :
i 7 NS
Lt K 7
% )
! 1' T 32
= L [T115%
B 32;{ a0
i ‘ '
H i :
i1 & ;
« l ACCH(16) | ACCL{18) +——1
- L =
- _Y/
. 3
. 33 =
' Lost SFLo-n | T2
- ’
i ; ‘.
Jarta Sus 16 7 rig

71 5 (gAY EUTaNana 19 Central Arithmetic Logic Unit )
6.1 'ams'lﬁmsx?;auﬁﬂ(Scaling Shifter)
gunavua 16 Ua c?wiaﬁ'uﬁfr‘uyaya oy 32 Sn-emmmadaneiu ALU Taevh
v Loy g Lo . L oy o

ﬂum1umStaaumay‘avﬂuuaﬂiumﬂmuﬁvaqa l‘ﬁuﬂ'lﬂﬁGUUﬁvlll‘ﬂ'N‘]ﬂUﬂ')Uﬂ'lizﬂTN
0-15 awwidavesinds @awes LSBs veuemnadidewllszima@uats 0 aium
MSBs 921A% 0 130 sign-extended ‘ﬁyumjﬁuamuz‘umﬁw SXM “Iu‘i’%‘ﬁmas’ﬁmuz( status
register (ST1) )uag mm'vm?i"lﬂyﬂ:ﬁwm 32 ia n:mnﬁﬂyﬂwﬂuﬁmm‘lwyﬁ'u aLU 15ty
mstszananaveyans

BN scaling shifter waadad shifter 30 2 #2 Famefuiemnaves Multiplier Loz

Accumulator IeYIIMsIABUTAMUMTS
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6.2 nﬁwﬂszmawamaﬂ&mmzms‘uazﬂﬁsn(ALU) (ay uanﬁmmﬂm‘(ACC)

ALU fmuniitunmsyszmanamndinsnans mmsnﬂssmawa*uywmlum 16 1in
Tovinaves ALURTR 32 Ta v'iﬂn,miﬂszmawaﬁw"lﬂyﬂ’wmmﬁaqq wazdimuse
AsziANMs Boolean laBnaay Hafifuinlassaaly ACC Faffvig 32 S melu ACC
;o

. v
ﬁumaamﬂuaaamumaﬁuﬁa Accumulator High(ACCH) 18¢ Accumulator Low
1 . v 14 . Yy ¥ ¢
(accLFaimdslumsinfsveyaluasaaiuil lafiemnaves ACC 92l Shifter vims

L4 '

&4 a a ° v o K o ! ° Y
mauum"lﬂmwwﬂaum:uwagan"lﬂ“lﬂlnu“lunmummnwaga

6.339939U( Multiplier)
n']uqﬂﬂsm(ms%ms(ﬁmmm1umsg}mmwum 16¥16 U Tﬂﬂg{“l‘vymmmﬁmuﬂ
TwaquiitIafindoamnonso il naquitlavzione 32 finTagezgrifuly Product
Register (PR) a'aufﬁTmﬂaﬁmwmﬁnwmmzqmﬁu“lu‘s'ﬁmmi%ﬂiTJ(Temporary
Register(TR)) $9ilu11a 16 T Lam"v!mm PR ﬂ:gﬂxﬁiauﬁﬂcﬁ'qﬁﬂguﬁu 4 HyVAL
luSmsidouta
deuiinlimesio 1 5
Aoudnlimaae 4 oa
deuialiman 6 da
lumsidoudialumesetulumsms &’Ju“lumﬂﬁﬂuﬁﬂ"lﬂmwa'uv‘v"ﬂh;“lummm
ww Tumsimuanszimsdeudnludnyaslassimunsinmued PM Tu33amesaniuy

14 [ v

AN TNV A

| temis: | Sesult

i 20 No snift

i N Left shitt of 1 ont

| 1a Laft siit of < buits

! " Aignt saift of & tits

A15NA 3 UaAAI PM Shift Modes

vy 3 . ] . [ '
Tumsgair lansupufaniesmnouas luAanieenuie sdsfiviaulusy Mac-

<t

' 4 '
multiplier/accumulator 1ﬁuﬁ1ﬁ'~mﬂmummﬂazau nIoMmaa MACD-multiplier/accumulate

v

+ .
&

[l Vu o y * n ¥ <
and data move %Qlﬁﬂﬂ'ﬁi‘”ﬂ'\ﬁ\ﬂﬂﬂ? llﬁl?f'm"liﬂ'YIN']ublﬂﬂﬁ'lUBU'NllﬁZﬂ'lvlﬂi’.]ﬂli’] NI
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v v 4 v ¢ P . f
Tnseasruduiuy pipelining HaresmdafinzlsToesuau 2 nesa s199riMAMUIY

° & ! e " a Y
ﬂ’J'lilﬂ1Tﬂﬁ'llﬂilﬂf!iﬂmﬂﬁulﬁlﬂ']'}ﬂm‘ﬂﬂﬂ"ﬁﬂqﬂ

L4 ‘

7.T1Jmniwﬂmmaﬁuazmmﬂ( Program Counter and Stack)
a ¢ ¢ a ¢ ¢ o v

TMS320c26 W Tsunsuimmmesvuia 16 In uazarsaisauan 8 szaudalelums
o ! * g e ! ' 0 a e awva ' !
inun1ves PC PCalylumsinudmumivssnuisanuinsshimsliiaaely @ stack

yd ! aa =1 K ) A4 4 a a ‘v 1 a 4”
wlwumues PC luvazhiimsiSonlsTsunsugssnsailiolimsdumesitifadiu
] ¥ ) . [
vaflyluduldsunsuueamsaues pc Wedmdsimansrninuuasanus
° g . . 4 s ¥ - 7 v o
Tusunsuuazezgmit 1uinulu Instruction Register (IR) 1o R iHuveyaiSousesuas PC f
1 4 ] [ * 1 4 4 ' 1 4
wseuhsziSuimsmsyidedalunuduly lumserdedunulsanusimouentiu pC oz
¥ L 4 » ' ] 1]

1y uemasafar A15-A0 uastiaveya lumawniiidanzunimalgiaas b

' ' v b4

auvesalan Juna 16 Ua $1uu 8 Arlumiseumsedsuvoyaduauan vz lo
3 1 . 4 L) . 1 4
#1 PUSH uaz POP fid PUSH szivmsifumveyalu pC hiluauan dielimsSenly

0 P td (] ) L 4 '

Tsunsugeenieiamsdumesiiiu aumide POP sxvims Inaaveyadumuuuga

o * il a ' ° A h ° 4 4 o o
yosaunn Uiy a1y PC nazvoyaiioglusmunusdinnesimssuiuinaiudidy

N T R R T PROGranT BUBRLT et h e =N\
) it v
i
l} 16 ] i {18
4 ( X 16 7 o
Mcs | I PFC ! Py QiR
(167 {16) (18}
)
l , { 3 {18
; v =
f 16 {5 ~ b r
i
‘ 2C(16) & a
[ | = f16
- g 8
foProgram .~ ] 4{‘5 e
Address Su§ ! r T .‘ e
Stack é 16
8 x 16) & {
£ €,
2]
%
e~ i
' / [ 16
i 4’ b4
i !
M4 M v
NGTrs | e i e Datar BUS RS L R e SN
v '

sUi6 uaaslilsunsunimiassuasauan
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8. 33AUADITNUL(Status Register)
a v o Y : o ! ° Y
Unwfiu 2 Aafe STO uaz ST Funumanuslumsmnuniedeulyly
* i n‘: o ¥ aa v ! ! o v
mamauang . sauialnmlumsiauaedSamesaomzsuiueglu nulanuswe

£ 4

4! ° o ! o ¢ tf ¥
ya S wsahimsdmuamuitamesaousiilanwasims

'S 1te 13 12 n1 10 9 &8 7 & 3 L 3 2 1 9
sT ARP ov |ovMm| 1 lmm op
S 4 13 12 11 10 9 3 7 5 5 4 3 2 1 0
1
STI: ARB cNFol TClsxmi ¢ | 1 | e HM!FSM XF | Fo|TxM| Pw

. - .

C: L d oo ¢
E'l]‘ﬂ 7 HAAANYUSYIIITNADIADIUS

Fiaig l Function

ARS Auxiliary ragister gointer burier. ‘Whenever the ARP ‘s loaded. he ald ARP
value is cooted ta the ARB excaot during an LST insiruction. ‘When the ARB
is loadad via an LS7! instruction, :he sama vaiue 1s aiso cogpied 0 the ARP.

3
mll
o

Auxtliary ragister cainter. This three-hit fieid saiecis ihe AR to be usad iningi-
ract aadrassing. ‘When ARP is loaded. ie otd ARP valuais cooted to the ARS
ragisier. ARP may be magifiea by memory—eferancs instrucions when_us-
ing indiract aadrassing, and by the LARP, MAR. ang LST instructions. AP
is alsg lgadad with e same valua as AAS wnen an LST! ‘nsirucion is
axscuted.

@]

Carry oit. This Gitis sacto 1 if the rasust of an aadition ganeratas a carry, sr
rasat to 0 if the rasuit of a sudtraction ganerates a oomow. Ctharwisae, itis re-
sat atter an additlon or sat after a’sudtracdon, exceot if the InsTucton is
AQOH or SUBH. ADOH can onty sat and SUSH anlv rasat the carry ait. but
cannot arfact it ctharwisa. Thesa insyuctions will atsg affect this bitr SC, AC,
i3T1, shiit. and rotate. Two braned instructdons, 3C ana 8NC., have teen
arovided to brancn cn the states of C. Cis satlo t on 3 rasat.

CNF Qn-chio ram configuration cantrel ait. ! satto 0. Slack 80-is canfigured as
data memary; otherwisa. biack 30 is coniigured as grogram memgary. The
CNF may oe modified by the CNFD, CNFP, 2nd LST! instructians. AS rgsats
the CMF 0.

I op Data memary oage cainter. The 3-bit OP reqistar 15 concatanated with the 7
. 1.58s of an instrucuon word to form a direct memory zccrass af 16 bits. OP

. may te maaified by the L3T, LOF, znd LOPXinsirucaens.

TNFX X =0c¢r i: CNFQ ane CNF! ara tha cn-cnio AAM coniiguration control bits
farthe TMS320C26. Deoanding on thestatus of thesa 2kits. cne cfthe 4 con-
fiquranion mnagses can ca salec:ed. A3 rasats coth CNFO ang CNF ! 0 C.

7S Format mit, ‘Vhen sac (o 0. ihe sarizi can reqisiars ara csanigured as 16-oit
raqisters. ‘When sat 0 !, (he port registers are ccarigurad o racave ana
wransmit eight-Hit Sytes. S0 may ge megifiea oy tne SOAT ana LST | instrue-
‘ions. S0 is raset o Q.

“3M ! Frzme svacarcmzatcn made oit, This atincicatas waetnerina senalconce- |
i zraias with or without {ramae svnc swises. Mhen ~3M = |, na senalcentco- |

i srzticiis itiaiad folowing a iramae svac zuisa on e FSXF SR incuts, ‘When |

i F3M =1). tne FSA/F SR inouts are 'gnared anc the sanal cartceeratas cantin- g

"

! ousiv with no r2me svnc cuises ‘equwea. Thg citis satic | Dv 2 reset,

¥

dl g ~ o ¢ o h
ATTNN 4 UAANRNYUSUASHUINVYOITITIADITDIUS UAA NS



Fleid

Functlon

Hold mode tit. When HM = 1, the orocassor naits internal execution when
acknowladging an acive HOLD. ‘When HM = J, lne procassar may continua
axecution out of intemal program memary but puts its axtarnal intarfacs in
1 high-impedancs state. This dit is setta | by a resat.

INTM

Interruotmoda bit. When satto 0, alt unmasked interruots are enabled. When
setto 1, all maskaole interruats are disabled. INTM is sat and rasat Sy ‘he
OINT and EINT instructions. RS and IACK also sat INTM. INTM has no effact
on e unmaskable AT interrupt. Nate that INTM is unaifactad oy the LST
instruczion.

v

Overtlow flag bit. As a latched avaritow signal, QV is sat to 1 when ovartiow
oceurs in the ALU. Oncs an avarilow aczurs, :he OV ramains sat until 2 resat,
3V, 3NV, or LST instruction ciaars the OV,

QvM

Qvertlow moda oit. ‘When satta 0, overtiowad casuits avarfiow narmally in the
accumulator. ‘When satto |, the accumulatoris 53¢ to eithar its most casitive
ar s most neqative valus uoon encauntaring an avertlow. The SOVM zand
AOVM insuuctions satand rasat this dit, resceciively. LST may aiso ba usad
to medify the OVM.

M

Product shift mode. if these twa oits are CO, tha muitiotier’s 32-bit croguct i
ioaded into the ALU with no shiit. I PM = 01, the PR outout is Ieit-shifted one
oiacs and loadeaq inta the ALU. with the LS38s zero-filled. If PM = 10.the P8
autout is fert-shiftea by tour bits 2nd loadea into the ALY, with the L.S8s zara-
fillea. PM = 11 oreduces a rignt saiit of six Bits. sign-2xtended. Nate that the
PR contents remain unchanged. The shiit iakes placs whan transfarring the
contents of the PR (o the ALU. ?M is loaded by the SPM and LST! instruc-
Yfons. The PM bits are cisared.by A3.

" Sign-axtensior mode oit. SXM = 1 producas sign extension on qata as it is

gassed into the accumuiator througit the scaling snifter. SXM = 0 suppressas
sign extansion. SXM does naot atfect the deilnitian of canain instrucuons: {for
axample; the ADOS instruction sudpresses sigr extension reqaraless. of
SXM. This bit is sat and resat by the SSXM and RSXM instructions, and may
aiso be loaded by LST!. SXM is sette { by RS.

Test/cantrol flag bit. The TC bitis affected by the 8IT, SITT. CMPR, LST1. and
NORM'instructions. The TC bitis setto a | if a bit tasted by BIT ar 8T T is
a1, if a compare cendition tested by CMPH exists terwean ARQ and ancther
AR gainted to by ARP ar if the exciusive-OR funcion of the two MSGs of the
accumutatoris true wnen testad by a NORM instruction. Two branch instruc-
tions. 38Z and 88NZ, crovide tranching on the siatus of the TC.

™M

Transmit moge ait. TXM = | configures the sanal oart's ~3X oin to b an out-
aut. Inthismoda. a outsa s groduced on FSX when OXR isloaded. Transmis-
sionthen stans on the OX oin. TXM =0 canriguras ihe 73X cin (0 8e an nout.
TXM is set and rasat 0y the STAM and RTXM insiructions ang may 2isa oe
'oaged by LST1. AS resets TXM to 0.

XF

«F ot status ait. This siatus oit indicatas the stata of the XF cin, a ganaral-
Jurcasa outout oin, XF is sat and rasaf By the SKF anag AXF insiruciions ar
may ta 10aded by LST1. XF is satio | 9y AS.

4 ¥4 aa ¢ a *
AITWN 5 UTAIANHUSUAZHUIMYBITINADTANUS UAN (A1)
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9. ﬂ]‘iﬂ’)ﬂf}ﬂﬂﬁﬁ“lﬂﬂ(Timer Operation)

TMS320c26 ﬁﬁaumsmuaumsﬁmuﬁ'fthnumw“lu galaun Memory mapped 16 -
bits Timer(TIM) tia¥ 16-bits period register(PRD) ’Nili'LTUl’mW(ﬁmer)LﬂN?‘ﬁﬁlﬂ’t)ilﬂmm 16
i %‘4v:v’nmsﬁummnfﬁﬁﬁ’a"lﬁﬂumsﬁuﬁtymmmﬁmmn CLKOUT!I  lunnq
CLKOUT! qnAau Timer register 920AATA4 1 MI9INALAY

TIM fuaunilaves mi'wmmi‘iwyaga Tudumusdi 2 4IUPRD ag:"luﬁnmﬁﬁ 3
Falslumsumiduamennniuna Weneniunaeasanuihio wifiams Sumes
3G Timer interrupt (TINT) ﬂ'n?'lmyu"luﬂﬁﬁﬂﬂi"ywia"lﬂﬂzgnhaﬂmmn PRD A4
ﬁuiammﬁxﬁﬂmi5u1¢|a{§'ﬂu¢;azﬂ§‘:ﬁ~uﬁwﬁu (PRD+1)CLKOUT! Fomlmanse Towy
Tunsfimuanis Synchronize ﬁ'uqﬂﬂsmimauan

fadefidumfmuasanaeseureimainuveesiunmie Repeat
Counter(RPTC)instruction c‘?wzﬁmmﬁuéﬂumﬂusan“lu Repeat Counter U418 8 Ua Tay
tm%xﬁwémmnnﬁ’mmmﬁnrauvaﬂ?amnﬁﬁﬂﬂamq mafnua RPTC szvnlndndala
Sumsvhaai Tnaalaan 1 wie N1 afuile N Aemfidiuly Repeat Counter gaulu

y ’ v t 4 ¥ 4
msfmua RPTC awiindida launsvhdan lagads 256 as

(ot iandt Ariia g il Oate Buse ¥
!
7 280 (18) l
l 16
P i
DL
;
C.ystal ol : . '
ar Jivide oy Clocik r——-———_w " {Loaa) Zaro
- -t = [ (18) Jetect:
Zxtarnal Faur i | SR etect
Clock ' |’ -~ ' "
v ‘I [Re] -
LXCUT! ; it

gﬂﬁ 8 LA Timer Block Diagram
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4
10. m3dunesi(interrupt)
vy Ve a JII y ¥ "
T™sS320c26  amselnglydmuamssumesillemaeams iudnuaizves
¢ y v v ] y <
msdumesiUnnmousnlasylysuaualedu 3 uuy welylumsdszuianaduglnru
' 4 y 1 4 (4
Meusn. aunssumesidnolu szasnlusiaweseynsy (RINT,XINT) Haz9siy
= Jv ¢ ¢ a J‘l :
ATINT) wazmsoumesiylaomsiousoswins TRAP instruction 1UN15duRBsTIY
o ) o w o ' a ‘o
Reset interrupt(RS) 3¢U& 18 U(priority) gaNga AIUXINT zldiaudge luunazdunessy

Yy ¥
selwiloNvuia 2 uoawsa

interrupt Memory
Name Loeation Priority Function
g5 ch 1 (higness) Zxternal rasat signat
NTO in 2 Sxtarnal usar interruct 40
INT1 2h | Sxternal usar intarruot #1
NT2 2h 4 Sxternat usar interruct #2
3~i7h Hesarved locatians
TINT 18h 3 intemal limer intarruot
AINT {Ah 3 Senal cort recaiva interruct
XINT tCh 7 (lowest) Serial cort ransmit interruct
TRAP 1€h NIA TRAP instruction address

@

{ ! = (U o @ o
AT 6 uFaRUIMUIMIBuIRT SuasAuA NN ATy

o

d
11. wosndynsy (Serial Port)
Pl Pl d’ v 4‘1 . o P2 yy
wosmoynsn  unesaitlslumsiouneduglnsuniuen Taemslyveyauuy

[ v Hy ' ' o ¢ R +
aynsu MmsiouToaveyaiionsziYeunsiuginse AD waz D/A Tasnasieunsnisuen
Y ‘a v e Dy Y 4 a da o o Y4
wasadugUnsaiamnsasudyanadla Fanoludwill register 2 Aafivimuiilumsiiy
[ [

¥ : ° < o ! yu ’
493ya D Data transmit registerDXR) Fanzvhimafivmweyanszimsaslnivgunsunie
1 v » 4
wen Weldya menyn  CLKX wveyaiidulu DXR  srgnivaalvdy  Transmit
. ¢ 5 v
Register(XSR)uaztaﬂuUﬂaﬂﬂ‘n‘NWEJi ADYNTU AL Data receive rcgister(DRR)“ff'W:i yyoya
v s

r ¥V v
91 Receive register(RSR) Tﬂumay‘amnmauen%zmummmmammgniu uazmns

o 4 oo i § ¥
iulu RSR Welidynnn CLKR veyaszgaideuwan ltinulu DRR
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¥ ¥

: v, v
TumsSuaaveyaiionszdmuaduuuy 8 i wis 16 da Alagedmualann
Tnuamsiinu ‘lumii”’ue}aﬂ;an“aﬁ"lf;%'umsﬂiywﬁnumunm Synchronize 1106 luFaawsa
%"uﬁwvaga"lﬁ;qqﬁa 5 MHz
Jﬂﬂi‘uﬂqwmwa{mwﬂswm TMS320c26 "lﬂyuﬁmsfrsywﬁ'ﬂMas((Buffer)vaw’\'ﬁu
uazdaae uennINiItaiy Tuansha FSM(frame synchronize mode) e Inlyfuszuy
TRsFWMLUL PCM AinasIgIi AT&T T-1 uag OCITT G.711/712 '5qﬁ1°1'nyﬂ15ﬂizqnﬂl°l‘;

’ v,
A luszuuTnsdwndi laae

Serial Port Sita/Pins/Registers l TMS320C2S !
=0 Format bit ! Yes
TAM Transmit mode it ! ves
“3M Frame syncaronizatdon moage bit i es
CU<X  Transmit clock signal | Yas
CUKR  Recasive clock signai ‘Yes
oX Transmtted serial data signal l ‘fos
28 Hecsived senal data signai i Yas
73X Transmit framing synchronization signai ‘s
F3R Recaive framing syncnronization signai Yes
OXR Qata transmit registar } Yes
JRR Jata recsive ragister | ‘Yes
XSA Transmit snift raqister ’ @s
ASA Secaive shiit ragister | Yas

a a aa ‘. ¢
ATNN 7 uﬁmm\,m,uaziﬂmmﬂumsmqﬂsu

]
Cantroi l
I {Loaa .
2RA (16) [ (Load) Legic ! OXR (16)
{
. Load P | fead) i
718 Cantrot ! —_ A 18
| Legie i : ¥
{ |  asRe) [ | 1  XSA(1§) |y
S " i A |
i 1 1
{ Carmn (Carry) | | | (Carry) (Cary) !
| ) ! Syte/Word Csunter{ (Cisar) l f ! IClaar) |Syte/Word Countar ——l ;
! f Pt i ! !
! ! ) ) i
| F3A | 75X Ty
CR AINT CLWKR CLX XINT 32X

- o \
§‘1J‘Y\ 9 u’dmuaaﬂ'lﬂazumwmwaimauﬂw
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12. MIyeunsnUBUNANAZID MR
aa L4 . L4 . L4 ¢
TMS320c26 HBUWA-DMNA BUNAL 16 WOTA uARTWETAITUWOTALLLYUIY 16

o w

4 [ b 4 14

SnlauFounefutiaveya mdsfifeatumesae IV uaz oUT el lumsiaudios
d' vy ”O ﬂv o ¢ -3 [ "’ :
2 gnAaY uaImiamud Taomsfmuan el Repeat register #aIN13YINAIAIMNS
g ot i 2 4
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Instruction Field Bits Natation Qperattan
18 - 37554232140
~QOpcagca—1 00930 —Y — . No maniouiation of ARS/ARP
—Oocade —1 000 t —Y— | =Y Y — ARP
—Occage —1 00 1 Q —Y — - AR[ARP) -1 — ARIARP)
—~Qocoge—i 00 1 | —Y — Y AR(ARP) =1 — AR(ARP) Y — ARP
—Qpcoceg -1 3100 —Y = . AR{ARP) «1 — AR(ARP)
—Qccoae —~i 01 Q01 —Y — cu Y AR(ARP)+1 — AR(ARP) Y — ARP
—Qoccag =t 1000 —Y — *8R0- ARIARP)—CcARD — AR(ARP)
—Qocoge—1 1003 ! ~Y — 'SR0-Y ARIARPY—~CARG — AR(ARP)

“velfe Y — ARP
—Dogzae—1 101 Q —Y — - ARIARPY-ARQ — ARIARF)
—Qoccde — 1D 1+ =~ = 0= ARIARP)-ARQ — AR(ARP)

lave Y —AP
—Qocoge —1 $ 1 00 =Y — o 'S AAIARPYLARO — AR(ARP)
~ Qocsaa —! 1 1 -y - D+ AR(ARPY+ARO — ARIARFY

Y — ARP

—Ceocsge —i i1 13 =Y — 'SR0+ 2A(ARP)+(cARD — 2RIARP)
— Dgeccge — 1§ ¢ 1 =Y - 8RO+, ARIARPY+rcARQ — ARIARP)

v — ARP

’ v
ATNN 9 UAAILATIMTUNITONDUBAATALUUUNNDBY
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ek
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14. ¥AAAA (Instruction Set)

y v “da’s o &
msnuaasdyyanunlylumid

Meaning

Port address

Accumulatar

Auxiiiary register paintar buffer

Auxiliary register n {ARQ. AR1 assemuler symbois equal to O ar 1)
Auxiiiary register gointer

4-bit field specifying 3 bit cade

3ranch cantrol input

Carry bit

2-bit fieid soecifying compare mede

On-chig RAM configuration controt bit

Qata memory address fisid

Label assigned to dsta memary iccation n

Oata memary aadress

Data cags pointer

~Format siatus dit

Srame syncnronization made it

Haold mods bit

‘nterrupt mode flag oit

{mmediate coerand fald

Addressing mads dit

Microcall stack

anh = hexadecimal number (athers are decimal vaiues)
Overflow mode #ag &it

Qverflow mode bit

Praduct registar

Sart address (PAC—2A15 assambler symbals aqual to 0 through 15)
Program caunter

* Pretetch counter

2.5it field specifying P ragister cutout shit code
Pragram memory sddress

‘_abel assigned to program memory iocation a
3-bit coerand field soecifying suxiliary reqgister
Aegeat countar

4-git leRt-simit c/:de

Status reqistér n {(STO or ST!

Siqn-exfensxon moags cit

Femncorary register

”
Testcontrar it

Too of stacx

Transmut mocge 2it

3-5it sccumuiaior tent-snift fied
{F 2n status ot

' wiinian 1Al 13 a0
M3 10 nansdyganyunlyluyadids
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ajlgamd (Instruction Set Summary)

ACCUMULATOR MEMQRY REFERENCE INSTRUCTIONS

Mnemoanic and Description ‘Wards 16-3It Opcade
Ms3 Lsa
ABS Absotute vaiue of sccumuiator i 1100 L1lg J00l 10l:i
ADOD Add to accumulator with shift L 7000 5385 MDOO 2000
ADOC Add to accumuiator with cary L 0100 4J0il 4000 0000
ADOH Add to high accumuiator L 0100 1000 4DOO DOOO
ADOK Add to accumuiator snort immediata L L1006 1100 XXXKX XXXX
ADOS Add to low accumuiator with sign-2xtension suopressad L 3180 10G1° 4DOC 2000
AQOT Add to eccumuiatar with shift specified by T register L 3100 101G 4DOD ©OODOO
ADLK Add to accumuiatar lang immediate with shift 2 110 S§SS 9000 9010
ANO ANO with aczumutatar L J100 1110 u4poo 2000
ANOK ANO immediate with accumulator with shiit 2 1191 3S8S 49000 Q100
CMPL Complement sccumutator L 1100 1110 Jol0 Qlll
LAC Load aczumuiator with saift L 101¢ 35355 MDOO D000
LACK Load aczumuiatar snort immegiata i 100 1010 XXXRX XXRXX
LACT Load accumulator with siift soecified by T regisiar L 9100 <0l0 4DDO DDOOD
LALK L.oad accumuiator lang immediate with shiit 2 Llgl 3853 4000 JQ0L
NEG Negate accumuiator L 1100 1110 0010 301l
NORM Normalize contents of accumuiator 2 100 il19 10l0 ag1lo
OR QR with accumuator L 2106 il0l 4DOO S0O0O
CRK OR immeaiate with accumuiator 'with snift 2 110t  s$383 0000 J1i0l
A0u Sotate accumuiator fert L 1100 1il0 40Ll  Jid0
R0AR Rotate accumuater agnt i 1100 1ilo j0ir 210t
SAC Store hign accumuiator with shiit L 110 1XXX MDODO 2000
SACL Store low-accumuiator with shift Y GlL0  $XXX 000 2000
SalK Subtract from accumutatcr long immediate with siuft 2. 1101 5S35 0000 JOLL
SFL Shift accumuiator teft L 1100 Lilg 0QOGOL 1QOQO
SFR Shift accumutator rignt L 1100 ill9 Q00GLr LOGL
sus Subtract fronraccumulatar with shiit L J900L 3355 4000 0ODDO
sugs Subtract franr accumutator with barrows L 7100 illL 4DOO 0DOD
suscC Conditionat suotract L 0106 Jill 400G oDOQ
SUBH Subtract fromr high accumulator L 9100 Jt@¢ 4Dpgo QOO0
SUBK Subtract from accumulatoc snort immediate L 1100 1101 ZXXRX KXXX
SUBS Suatract from low acsumulater with sign extension 010 Ji0l “DDO D000
sugpressad
sSuBT Suotract from accumuiator with shiit soecifiea by e 3100 3ii4 ¥poo Q00D
T register
XCAR Sxciusive-OR with zccumulator L 7100 1100 ¥poO 3000
KCRK =xctusive-CR immedaiate with aczumulatoe with 2 L8l 3333 0000 Jllg H
snift i
ZAC Zero accumutater o . t 1100 1010 2000 000Q ;
ZALH Zero low zccumurator and loaa high accumulator L 3190 1000 ¢poO  9QoOC i
ZALA Zero low accumuialdr and loag hign accumuiatar L J1ll 0Ll MDOO  CCoo !
~ith rounging.- i
ZALS Zaro accurfiulater and load low accumuiator with L 7190 1001 MDDO  JOCO ;
t

sign extension sucoressaq

MTNN 11 idagadaly TMS320c26
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SRANCH/CALL INSTRUCTIONS

Mnemonic and Qescription Words 16-3it Opcode
Ms3a Ls3
/O AND DATA MEMORY OPERATIONS
3 3eanch uncenaitionaily 2 t11p t1ll iDpoo D000
8ACC  3ranch to addrass soecified by accumulator L Ltgo Lll0 00lo0 OLlQl
3ANZ 3ranca on auxiiary regisier not zero 2 i1l l9ll LooOo D000
3BNZ  3Brancnd TCoit =0 2 1.1 1001 LDOO 3000
382 3rancni7CLw =0 2 ©p1y 1000 LDDO J0CO
3C 3rancna cn cany 2 gtot LLl0 L1DDO 0QOOD
8GEZ  3rancaif accumuiator » 2 yrit 9100 ipco 2000
3GZ 3rancn f accumuiater > 0 3 L1if 900Gl iDDO 20CO
310Z 3rancnon YO Siatus = 0 2 {t1y 1019 iDOD DOOD
3LEZ Zrancn if accumulater s 0 2 fLLL o Q010 1DOO 2000
3LZ Srancn if accymutator < 0 2 {r1y  920Ltl iDDO D000
3NC 3rancn on g camy 2 a9y tLli (DeD  30CO
3NV 3rancaif no cverilow 2 (L1 alii L300 2CCO
3NZ 3eanca if accumuiator = 9 2 111y 02lgl iooo 9c00
3V 3rancn cn cvertlow 2 L1l 7000 iDOO 2000
3 Sranca if accumuiator = Q 2 1111 Ail0 120D D000
CA Call sucrcutine ingirect L {to0 .ilo 20ty Jrog
CALL  Call suoroutine 2, vpLy Lll0 LDOD 2000
AET Aeturn irom sudrcutine 1 t1go Lil9 2010 9ill
TRAP  3Software interruot i (100 L1110 d00L  Liid
YO AND OATA MEMCARY QFERATIONS
Mnemonic and Qescription | words 16-3it Opcade
1488 LS8
3L.K0 Slack move irom data memory io data memary 2 {1t Lidl @DDO  0O0O
3LKP 3lock maove from pragram memaory o data memory 2 1il1 1100 “DOO DODO
OMQV  Dazta maove in data memary L gigl 17Ll0 MDD Q00D
FORT  Farmat sariai port ragisiers L 1100 LLiQ0 0000 LLLX
N '\nout ¢ata from-gort ' 1600 AAAA MDDO 3000
ouUT Cutout cata to gort 1 1110 AAAA HDOO D000
AFSM  Reset senal cont frame syncnromzation mode L t1e9 w127 d0lL Q9LLQ
ATXM  Aeset sanat gart iransmit mode L 1igg .L197 00to Joaqe
AXF Assal external flag 1 1160 ...9 2000 il0O
SFSM  Setsenal cont rame syncaronizauon mcde i 11g¢  LL-7 M0lL JLii
STXM  Setsanat cort transmit made L ttgn .1z 2019 9001
SXF Set axternai flag L 1134 L.-9 Qo0c0  iiQl
T8LR vanle read L a150 .G07 MDOD  00CO
TELW  Table wnie 7 . Ji5. 1541 MDOD _ J0CO

MW 11 trasgaiidalu TMS320626(R8)
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AUXILIARY REGISTERS AND OATA PAGE POINTER INSTRUCTIONS

Mnermonic and Dascription Words 16-81t Opcode
MS3 © LS8
ADRK  Add to auxiiiary register short immediate L 9111l 1110 XXXK KKXX
CMPR  Camoare auxiiiary ragister ‘with auxiliary L 1100 1110 010l 90KK
-regisiar ARQ
LAR Load auxiiiary register L J0l! QRRR 4DOO 000D
LARK  Load auxiiiary regisiar snort immediate L 1100 OJRRR XXXKX LKRK
LARP LLoad zuxiliary registar pamnter L 0l10t. J101 1000 LR8/R
LoP Load data memory page pointer L, 9191 0010 4pOO 0000
LOPK Load data memory page gointer immedgiate L 1100 (00K XXXK XRXX
LALK i_oad auxiliary register long immeciate 2 1101 ORRR]R 0000 00GQ
MAR Modity auxiiiary register L 9101 0101 4DOO 200D
SAR Slore auxiiiary register 0lll 9JRRR 4DOO 0000

-

S8RK  Subtract from auxiiiary regisier short immediate JLlL 111l XXXK XRXX

T AEGISTER, P REGISTER, AND MULTIPLY INSTRUCTIONS

Mnemanic and Oescriptian ‘NMords 16-81t Opcade
MS3 : LS8

APAC  Add P register t0 accumuiator 1100 11i0 900l 13101

—

LA Load hign P reqistar 9101 9201l ¥DOD SOO00
LT Load T register L 9011 1100 MDOO OODO-
LTA Load T reqisier and accumulats.grevious groguct i 3011 1101 40ODOD 2000
Lo Load T reqister; accumulate previous product and L 0011 t1llL 4DOD 0000
move-data.

e Load T register and sicra P register i accumulator L QQLl L110 4DDOD 0ODO
TS Load T registerand subtract previous proquct L 9101 L0llL MDpoO" 0O0DOD
MAC Muitiply and accumulates: 2 010L l1G1 MDOD D00
MACO  Muitiply and accumuiaterwith data maove z 010l L100. MDOx 0DOO.
MPY Muitioly (withr T register store groduct in P regisian) i 2011 1000 MDOD D000
MPYA  Muitiply and accumuiate orevigus oroduct L 9011 1010 4DOD 0000
vPYK  Multioly immeaiate 13 101X XXKXK ZLXXK (XXX

PYS  Multioly and suotract orevious. groduct : 3011 t0lL ¥poO 3000
MPYU  Muiltioly unsigned 1100 Lll1l vpoO 2000
2AC Load accumuiator with P register 1100 1110 900l 0100
SPAC  Subtract © reqister from accumulator 1100 L:110 9d00l oQllo

A

1
SPH Stars nigh P reqisiar L 3111 110l MDOD 90000
SPL Store low P registar i 3111 L1100 ¥DOD 02000
3°M Set P reqister outodt shiit moge H 1100 (110 0000 i0KX
3QRA  3quare ang gectmulate L 901l L0al 4DOO 900D
3QRS  Square 3nd suctract srevious sroduct L 7101 1010 “DoO 95000

M5WH 11 yaasgamidaly TMS320c26(n0)
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CONTROLU INSTRUCTIONS

Mnemonic and Descriodon ‘Wards 16-3it Qpecode
MS3 Ls3
31T Test bit L Lt00L 3388 44D0O0 0000
3T Test bit sgecified by T ragister L 9104 011X 4poD 2J0DO
CNFDT  Configure clocx zs data memory L L100 11l1Q 9000 2130
CNF=3F  Configure block as aragram memary i t100 1110 Q000 910t
CONFT  Configure olock as datarorogram memary L 1100 L1100 9201l 1:1XX
QINT Disavle interruot L 1100 1110 2000 23001l
SINT Znable intarryat L L1100 L1l0 goco Jgoo
oLz idle until intarrust L 1100 L1100 900l t1r1il
ST Lecad siaws regisiar STO L 9141 9000 MCOD 3800
LSTH “cad status ragistar ST L 9101  2300% “Dpo0 00O
NCP No ageration L JL0L 2101 3000 0000
Blels P90 (00 of stack to iow sccumuiatar 1 t100 1119 J001  i:igt
PCPY 320100 of siacy io data memary L Qlli 1010 dboo 35000
ASHD Pusn gata memary value ¢nto siack P JLal 3190 4DOO 3000,
AUSH  Pusn low accumuiator onio stack L 1100 110 gool  :ioo
| Seset carry bit L 1100 1:rl0 901l 1000
AHM Reset hoid made jt 1100 1110 90li :000
AQVM  3eset overflow moge 3 1190 1110 9000 010
APT Heoeatinstruction as soecified oy data memary L JLOG 0Ll M900 D000
vaiue
APTK  Receatinsiructon 3s soeciied by immediace vaiye ¥ 1100 101! XKRKX XXXX
ASXM  Resat sign-axtensicn mode L {160 L1110 0030 91llgQ
ATC Aesat test/cznuot ifag L 1100 1110 901i ovol0
3C Set carry bit L 1100 1110 90LL Joot
SHM Set hoid made L L1090 1110 23011 100t
SQVM Set overflow moce L L1000 1110 Q000 9Jo1Ll
337 Store siatus reqisiar ST0 i I1LL 1000 HDOD  Jc00
337 Store status regisiac ST! L Jlii 1001 4DOD 200D
SSXM  3at sign-extension mode L 1190 1110 J000 o011l
STC Set tasi/centrol flag 15 1100 1110 9011 s0t:

AaA 11 warasgamdalu TMS320c26(70)




MANHIN Y

TUsunsumpueausNuisimiumuan FET uaz Snneviardueiin

VU TMS320c26 sl umnIuasH(Flow chart)luund 5



¥-1

*****:‘k*****************.***************:{:’;‘*************************************
; HARMONICS DETECTOR
;Adviser: Siriwat Pothiwatchakoon

Arnantawat Kunakorn

;Advisee: Surasak Rodkaew code.35104499 4B
H Udom Wongsirinopphakhun code.35104562 4B
; KING MONGRUT'S INSTITUTE OF TECHNOLOGY LADKRABANG 2539

,‘***************************************************************************

;first you must select to display with oscilloscope or LCD MODULE

YES .set 1 ;

NO .set 0 ;

OSCILLOSCOPE .set YES ; select display output to Oscilloscope
LCDMODULE .set NO ; select display output to LCD MODULE

.1f OSCILLOSCOPE if select oscilloscope mode will use

’
FFT_S .set 256 ; conf 1 and sampling point 256 point
FFT_S-1 .set 255 ; frequency sampling is 44 kz
FFT_S/2 .set 128 N
(FFT s/2)-1 .set 127 ;
.endif ;
.if LCDMODULE ; if selec LCDMODULE mode will use
FFT_S .set 64 ; conf 2 and sampling point 64 point
FFT_S-1 .set 63 ; frequencu sampling is 32135 kz
FFT_S/2 .set 32 .
(FFT_S/2)-1 .set 31 7
.endif H
FRabdabehbiad it ebabeintads 2 Habubaitry 1 Y %) Ld 7% H
;set frequency sampling rate i
.1f OSCILLOSCOPE ; .
AIC 1 .set 00ci8h ;TB =TA = 6 0000110000011000 = 00c1l8h
AIC 2 .set 00205h ;TA'=TA'= 1 0000001000000101 = 00205h
AIC 3 .set 0264eh ;RB =TB =13h 0010011001001110 = 0264eh 44hz
AIC CMD .set 00003h  ;COMMAND 0000000001000011 = 00043h
.endif ;
.if LCDMODULE 7
AIC 1 .set 03e7ch . ;TB =TA = 31 0011111001111100 = 03e7ch
AIC 2 ) .set 00205h ;TA'=TA'=-1 0000001000000101 = 00205h
AIC 3 .set 068d2h ;RB =TB = 52 0110100011010010 = 068d2zh 3215hz
AIC CMD .set oco03h COMMAND 0000000001000011 = 00043h
.endif ) ;
’ e e ————— RS, Y Y, T 7
d loops .set 03Fh ; synch pulse delay loop
TEMPX : ..set 060h ; st0 STATUS storage
STAT1 .set 061h ; stl STATUS storage
ACCU_lo .set 062h ;
ACCU_hi .set 063h H
TEMP .set 064h ; location of TEMPorary storage
; SECONDARY VECTOR TABLE LOACTED IN BO PROGRAM RAM
N
' .include "mmregs.asm” ; > USERCODE SHOULD NOT OVERWRITE DSKD <
.ps 0faOCh H s VECTORS. ON LOAD, INT2 IS RESTORED <
B start iRS > BY DSKD, BUT TRAP IS NOT <
B start ; INTO
B start ;INT1
B start sINT2 > DSKD LOAD IGNORES INT2 VECTOR
B start ;s TINT .
B RINT ;RINT Branch to receive interrupt routine
eint ;XINT XINT is only for timing, soO just return
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eint ;XINT XINT is only for timing, so just return

ret H
Begin TRAP/DSKD Kernal ;DSKD load does not restore this code!

—-———-_—-.—.—_-—_—_..—__...—_-__—._———_._-._.._—_—_—_—_-_.—_._-._—_——..—.—..-—-——_————————.———

——————————-—.—————_—_.._-—-.-——--—_-——..—.—--—--..—...—_——_.—-—-———-.———.—_--_——————--_

.ps OFBOOh
.entry
tart: 1ldpk 0 All direct addressing is to MMRs and B2
fort 0 Serial port : 16 bit
rtxm : ext. FSX
sfsm ; burst mode

AIC reset by pulsing /BR (Global Data)
send 0 to DXR (AIC)
256 » 100 nS /BR pulse

lack 080h

sach DXR

sacl GREG

irlk ARO,OFFFFh
rptk 255

lac *,0,ARO

.if OSCILLOSCOPE

read junk from address OxFFFF

e Mg Mg N Mg g Mg e Wy Ny Ny N

-

when enter debugger call dskd ml

conf 1 ; B1,B3 as DRAM if direct bootload
.endif ;
.if LCDMODULE ; when enter debugger call dskd m2
conf 2 ; Bl as DRAM if direct bootload
.endif @
'
b sovm ; catch accumulator overflows
AIC RS: lack 024h ; Turn on XINT
sacl IMR :
idle ;
lalk AIC 1 ; Load each AIC configuration word
call AIC 2nd ; and load it into the AIC
lalk AIC 2 ,
call AIC 2nd 3
lalk AIC 3 ;
call AIC 2nd B
lalk AIC CMD ;

§ o e o o T o —— i > 8 8 A T o S b D o e i = e ==

+ Buffer initialy filled

; AIC RINT

. where INTO indicates EOC (End Of Conv)
lark AR7,0 ; Buffer initialy filled

FFT: 1rlk ARO,FFT_S/2 ;
larp ARO ; start FFT with ARO=FFISize

new_stg lrlk AR1, D base ; AR1 is the TOP BFLY address
lrlk AR2, D_base ; AR2 is the BOT BFLY address
irlk AR3, T base+l ; AR3 is the TWiddle pointer
1clk AR4,FFT_S/2 ; AR4 counts DFT blocks

!

b n_DFT2,*,AR1

DFT: mar *BRO+,ARS ; complete circular buffer for IW's
lark AR5, 1 » set up DFT loop with x*BRO+/BANZ
mar *BRO+ ,AR1 : using 1 cuts xBRO+ loop in half!

BFLY: lac x,14,AR2 ; (imagl+imag2)/4



add x,14 ,ARY ;
sach =+,1,AR2 ;store TOP imag
sub %x,15 ;(imagl-imag2)/2
sach x+,1,AR1 ;store BOT imag
lac *x,14,AR2 ;(reall+real2)/4
add *,14 ,AR1 ;
sach %*+,1,AR2 ;store TOP real
sub x,15 ;(reali-real2)/2
sach *,1,AR5 ;store BOT real
banz OK,*BRO+,AR3 ;If at DFT end quit early
T
mar *+,AR2 ;clean up TW base (%xxx0000+1)
mar *+ ;modify BOTom DATA pointer
mar %0+ H
mar =0+ ,AR1 ;
n DFT2: mar %0+ ;modify the TOP pointer
’ mar %0+ ,AR4 H
banz DFT,*0-,AR3 ;dec DFT block count AR4 by OFFset
larp ARO £
mar *BRO+ ;
banz new_stg, * ;1f OFFset was 1, now cleared
b endFFT ;
OK 1t *—-,AR2 ; TREG=TWR *NOTEx Twiddles are Q15
mpy *— ; PREG=REAL#TWR
ltp *+ ,AR3 ;TREG=IMAG ACCU=REALATWR
mpy * ; PREG=IMAG#TWI AR2=R AR3=1
lts *+ ,AR2 ; TREG=TWI ACCU=REAL*TWR-IMAG*TWI
mpy * ;PREG=REAL*TWI
sach *-,1,AR2 ;<<<<<;
ltp % ,AR3 ; TREG=IMAG ACCU=REAL*TWI
mpy *BRO+,AR2 ;s PREG=IMAG*TWR
apac Y ACCU=IMAG*TWR+REALxTWI
sach *+,1,AR2 ;<<<<<;
b BFLY,*+,AR1 R
endFFT: larp AR2 ;Transform REAL & IMAG to log magnitude
' 1rlk AR2,_D base ;AR3=FFT data pointer
1rlk AR3,FFT_S-1 ;ARS=FFT loop counter
more MAG sqgra *+ ;PREG=IMAG" 2
ltp - % ;s TREG=REAL ACCU=IMAG"2
.if OSCILLOSCOPE v
mpy *x ,AR1 ;PREG=REAL" 2
apac +ACCU=REAL"2+IMAG" 2
lark AR1,31 ;Normalize the accumulator
rptk 30 :
norm * - :
bnz sig NZ,=,AR2 if zero must return O

lark AR1,0

sig NZ: sach x .2 ,AR2 clear explicit 1.0 from mantissa

H

H
zals * ; load into accumulator and
andk OFFS80h ; clear LSB's for AIC
sar AR1, » ; append the exponent ARS
addh = = : : :
xork 020h, 15 ; change to 2's compliment
rptk 3 ; jam result to top of ACCU
sfl H

7

sach x+,7 ,AR3
banz more_MAG,*—,ARZ

e



.if LCDMODULE

'

v-4

keep going until all done

~e

Find sduare root data in accumulator
0780h

e Ne Ne wg So

;GET INPUT AT ACCUMULATOR TO CALCULATE SQROOT

I

store accumulator in buffer

e Ny Ne N

set guess that store result to zero

~s

; ACCU = data to find square root
; TR = GUESS

; PR = GUESS"2

; ACCU = DATA - GUESS"2

if more go increase GUESS
if less subtract one

store root in accumulator and séore in REA
check loop

;

; go out
'

/

;keep going until all done

;Now perform Output bit reversal .
:by moving the magnitude, which

;is in the REAL slots, into the

;IMAG slots of the FFT data array
;load the magnitude

4
;move it to an open IMAG slot

GUESS .set 00
ROOT .set o1
ACCH .set 02
ACCL .set 03
mpy * ,AR2
apac
MAINROOT: 1dpk 15
sach ACCH
sacl ACCL
lalk 0
LOOPS: sacl GUESS
zalh ACCH
adds ACCL
1t GUESS
mpyu GUESS
spac
bgz BURI
bz MEONG
lac GUESS
sblk 1
sacl GUESS
b MEONG
BURI: lac GUESS
addk 1
b LOOPS
MEONG lac GUESS
sacl x+,0,AR3
banz more MAG,*-,AR2
1dpk o]
endif
BITREV: 1lrlk ARO,FFT_S
lrlk ARl1, D base
1rlk AR2, D base+1
lrlk AR3,FFT_s-1
more BR lac *+
mar - *+ ,AR1
sacl #*BRO+,0,AR3
banz

.if LCDMODULE

lrlk
Irlk
Irlk
larp
READ: lac
adrk
larp
sacl
banZ

call
1dpk

more_BR,*-,AR2

AR3,6

AR2 ,7EBh
AR1,602h
AR1

k* -+

T

AR2
~+,0,AR3
READ *—,ARl

DISPLAY

;more data to move?

[
;move harm and funda to page 15

;destination

,origin 600h

; 602h.......7EBh..fundamental

; 604h.......7ECh..harmonic 03

; 606h.......7EDh..harmonic 05

; 608h.......7EEh..harmonic 07

; 60ah.......7EFh..harmonic 09

; 60ch.......7F0Oh..harmonic 11
60eh.......7F1h, .harmonic 13

display data to LCD MODULE

e e Ne g
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MOVE_1IO larp AR7 ;wait until buffer is full
banz MOVE_IO,*,AR2 ; (AR7 is decremented by ISR)
5 Irlk AR3, D base ;AR3=FFT data pointer
Irlk AR4, B base ;AR4=BUFF data pointer
1rlk AR5, (FFT_S/2)-1 ;ARS=FFT loop counter
iIrlk AR6, B_base ;AR6=ISR BUFF data pointer
lalk 08000h ;send synch when BUFF is full
sacl DXR H
lark AR2,d loops :
delay: ;delay loop
rptk 060h H
nop ;
banz delay,*- H
' Irlk ARz, T base+l ;AR2=WIN data pointer
irlk AR7,FFT_S-1 ;AR7=ISR BUFF loop counter
irlk ARO,FFT_S/2 ; Use twiddle table for raised
more_IO lalk 04000h,1 ; cosine window
add *BRO+,0,AR4 7
sfr :
'sacl TEMP H
1t TEMP ; TREG=WIN
mpy * ,AR3 ;PREG=IN*WIN
zals = ,AR4 ;ACCU=magnitude (put in Buffer)
sacl *+,0,AR3 ] :
sach *x+,0,AR3 ;<<<<<;IMAG=0
pac !
sach *+,1,ARS ;REAL=IN (windowed buffer)
eint ;1st BUFF posn clr so enable INT's
banz more I10,%x-,AR2 ;
lIrlk AR5, (FFT_S/2)-1 ;ARS=FFT loop counter
more_IO2:lalk 04000h,1 ; cosine window
add x*BRO-,0,AR4 0
sfr ¢
sacl TEMP 2
1t TEMP s TREG=IN ~
mpy % ,AR3. ;PREG=INxWIN ‘
zals = ,AR4 ;ACCU=magnitude (put in Buffer)
sacl *+,0,AR3 e
sach x+,0,AR3 ;<<<<<;IMAG=0
pac ) ;
sach *~+,1,ARS ;REAL=IN (windowed buffer)
banz more_IO2,%-,AR2 ;
b FFT ;
s sttt
RINT 1dpk 0 :
sstl STAT1 ;Recover ARP from ARB by LST1 last
larp AR7 ;AR6 = current buffer position

banz  -more buf,x-,AR6 ;if buffer is full RET w/o EINT
lark AR7,0 ; :
Istl STAT1

4
ret ;
more_buf: ) :
sacl ACCU_lo :
sach ACCU_hi ;- .
zalh * ; ACCU = FREQ + OFFSET + HEIGHT
adlk 06000h, 15 ; using ACCU_hi for OVFLW protection
sach * ;
lac * :
’

andk OFFFCh :clear LSB's



sacl DXR ;
§ e e e e e e e o e e e
lac DRR ;
bit TEMPX, 15 ;Inverting every other input aliases the
bbz NO_NVRT ;frequency domain, swapping DC and Nyquist!

, neg H

NO_NVRT ;
sacl *+ ;<<< store DRR, and point to next

; lac TEMPX ; :
xork 1 ;

; sacl TEMPX ;
zalh ACCU_hi ;
adds ACCU lo ;
1st1l STATT ;
eint ;
ret ;

AIC 2nd adlk 6,15 ;set ACCU hi = 3 for secondary XMIT
idle ;Wait for a XINT
sach DXR :
idle ;ACCU_hi requests 2nd XMIT
sacl DXR -
idle ;ACCU lo sets up registers
sacl DXR, 2 ;close command with LSB = 00

; idle ;

f eint -
ret .

if OSCILLOSCOPE
.listoff
.ds 00400h
.include "twiddle.asm"
.liston

.endif

¢if LCDMODULE
.include "display.asm”
.listoff
.ds 00600h
.include "ttwiddle.asm"
.liston

include display program

NOTE: Twiddles are relocated to
0600h (B2) using CONF 2

Ne Na Mo Ne Mo Mo e “e Ne Ne Ne Ne Ne




14
;LINE 1 DECLARE FOR LCD MODULE

ORDER11 .SET
ORDER21 .SET
INT21 .SET
INT11 .SET
POINT1 .SET

68
69
73
74
76

;STORE nO CHARACTER FOR DISPLAY
;STORE On CHARACTER FOR DISPLAY

’
;LINE 2 DECLARE FOR LCD

ORDER12 .SET
ORDER22 .SET
INT22  .SET
INT12  .SET
POINT2 .SET

84
85
89
90
92

;STORE nO CHARACTER FOR DISPLAY
;STORE On CHARACTER FOR DISPLAY

@ o - o A P - — - — —— D T S U D D G S Gt S D D

14
;set register for use in division subp

HARM-N .SET

SIGN .SET
RESULT .SET
A .SET
B .SET

INTEGER .SET

REMAINDER .SET
OVERFLOW .SET
LINECHECK .SET

TEMPXD .SET
STAT1D .SET
FUNDA .SET
HARM3 .SET
HARMS .SET
HARM7 .SET
HARM9 .SET
HARM11 .SET
HARM13 .SET
STO31 .SET
STO32 .SET
STO33 .SET
STO51 .SET
STO52 .SET
STOS53 .SET
STO71 .SET
STO72 .SET
STO73 .SET
STO91 .SET
STO92 .SET
STO93 .SET
STO111 .SET
STO112 .SET
STO113 .SET
STO131 .SET
STO132 .SET
STO133 .SET
COUNTER .SET

96
97
98
99
100
101
102
103
104
105
106
107

;STORE
;s STORE
; STORE
s STORE
;STORE
;STORE
;STORE

.
r

’?

;STORE
;STORE
; STORE
;STORE
;STORE
; STORE
; STORE

’

e e

Ne e Ne Mo Ne e Mo Ne Mo e Ne Mo Mo e Na e

rogram
VALUE OF HARMONIC N FOR CALCULATION
SIGN OF DIVISION
RESULT OF A/B OF DIVISION SUBPROGRAM
NUMERATOR OF DIVISION SUBPROGRAM
DENOMINATOR OF DIVISION SUBPROGRAM
INTERGER FOR CHANGE TO BASE 10

VALUE OF REMAINDER OF DIVISION v

VALUE
VALUE
VALUE
VALUE
VALUE
VALUE
VALUE

OF
OF
OF
OF
OF

OF

FUNDAMENTAL

HARMONIC
HARMONIC
HARMONIC
HARMONIC
HARMONIC
HARMONIC

ORDER
ORDER
ORDER
ORDER
ORDER
ORDER

PRONOW

weE

b4 -———-——-ﬁ————-——————-———-—————_————u———c—————ﬁ'-——-————————-————————-——-———.———_-

7

JhAkkFkdkhkRARKIIAARI AKX L KXk DIVISION SUBPROGRA #*ZxAXRAAAAAAAKAAKXAXXRAKRKAAXL AR I XX

» ———-—-———.———-————-—--———o——-—————_——-—————-—-—-———-———-————--———————-—————————-———-

’
DISPLAY:LDPK
RSXM

;START DATA ADDRESS AT 780H



10
COUNTER
HARM3
HARM-N
30H
ORDER11
33H
ORDER21

1
LINECHECK
CALCULATION
INT21
STO31
INT11
STO32
POINT1
STO33

¥-9

| S

'LOAD HARM3 TO ACCUMULATOR
'STORE HARM3 TO HARM-N FOR CALCULATION

STORE 0 FOR DISPLAY ORDER1

STORE 3 FOR DISPLAY ORDERZ2
‘SET LOOP FOR DISPLAY

GO TO CALCULATION PERCENT HARMONIC 03
’BACK UP DATA FOR ERROR DISPLAY

* -—.——-——.——_.——_———_—-_———-————_——_-

0 - o o > e — - T — e T S e i o S5 S5 S

O e o e o s S S ——— T S T - - - - s =

ORDER12

35h

ORDER22

o

LINECHECK
CALCULATION
INT22

STO51

INT12

STOS52
POINT2
STO53
MAINDISPLAY

COUNTER

‘HARM7

HARM-N
30h
ORDER11
37h
ORDERZ21

1
LINECHECK
CALCULATION
INE21
STO71
INT11
STO72
POINT1
STO73

Ne e Se

;
;FOR HARMONICS ORDER 05

Ne WMo Se Ne Ne Ne Ne Ve Ve Ve e “e ~e “eo “eo

/

FOR HARMONICS ORDER 07

Ne Ne Ne N “e Vo Ne Ne Ne S e Ve Te N

;FOR HARMONICS ORDER 09

.
7



LACK
SACL
LACK
SACL
LACK
SACL
CALL
LAC
SACL
LAC
SACL
LAC
SACL
‘ CALL

ORDER-ll LALK

SACL
LAC
SACL
LACK
SACL
SACL
LAC
: SACL
CALL
LAC
SACL
LAC
SACL

ORDER13: LALK
SACL
LAC
SACL
LACK
SACL
LACK
SACL
LACK
SACL
CALL

~ O~

—._—-——-___—-_-_-—_.-...-—--.——_—.—-—

MAIN HARMONICS

CALCULATION
LAC
SUB
BGZ
B

DOG: LALK

30h

ORDER12
3%h

ORDER22

0

LINECHECK
CALCULATION
INT22

STO91

INT12

ST092
POINT2
ST093
MAINDISPLAY

COUNTER
HARM11
HARM-N
31h
ORDER11
ORDER21
31ih
LINECHECK
CALCULATION
INT21
STO111
INT11
STO112
POINT1
STO113

COUNTER
HARM13
HARM-N
31h
ORDER12
33h
ORDER22

- 0

LINECHECK
CALCULATION
INT22
STO131
INT12
ST0132
POINT2
STO133
MAINDISPLAY

CALCULATION

FUNDA
HARM-N
DOG
FULLBACK
1000

¥-10

~e

~e

e wg wa

“ne Ne Ne Se Ne e N Ne N

e e

Ne Ve we Se Se Se

s s Ne Ne Ne N “e

~e

e Ne e Ny N e Ne N Ne e Ne

~e

FOR HARMONICS ORDER 11

FOR HARMONICS ORDER 13

IF FUNDA MORE THAN HARMONIC GO CONTINUE
IF ERROR GO RETURN OLD VALUE
FOR DISPLAY 2 DIGIT AND 1 POINT



SACL
LT
MPYU
PAC
LARP
LRLK
BATMAN: SUB
ADRK
BGZ
SBRK
SAR

RESULT
RESULT
HARM-N

AR3

AR3,0

FUNDA

1

BATMAN

1

AR3, INTEGER

¥-11

.
1

;
$>>>>>>;CHANGE TO BE PERCENT BY HARM-N=1000

CHANGE TO PERCENT IN HEXADECIMAL

¢
;RESULT OF DIVISION MAX = 999

B s e e e . T T —— 0 = A Y = S W W " S W — "

CHANGE1:LAC
SBLK
BLZ
LAC
SACL
LALK
SACL
CALL
SACL
SACH

INTEGER
10

F0O
INTEGER

A

10

B
DIVISION
INTEGER
REMAINDER

;LOAD INTEGER TO ACC FOR A
;CHANGE DATA TO DECIMAL

~e N N e

;LOAD 10 TO. ACC FOR B

~e N Ne N

@ e e T G o D Ee = P T S S D WD S TSP e S G CT SR W S —— e s =

LINECHECK
soup2
REMAINDER
30h
POINT2
FINT
REMAINDER
30h
POINT1

; FOR DISPLAY POINT

SUPO0O:

INTEGER
10

FAA

F10

LINECHECK

- SUP0OO

REMAINDER
30h
POINT2
30h

INT12
INT22

REMAINDER

30h
POINT1
30h
INT11
INT21

FOR DISPLAY INTEGER

e Ns Ny e e N

Ne Ne e Ne e Ne Ne N e

@ s o > — = — ——— — = T - —— > E S S W WP T — - 4

LINECHECK
SUPOA
INTEGER
30h



SUPOA:

SACL

INT12
30h
INT22

INTEGER
30h
INT11
30h
INT21

T
o
N

We Mo Ny g Mg e Ny N N “e

SUP10:

LINECHECK
SUpP10

30h

INT12

31ih

INT22

INT21
30h
INT11

® e o S " . T T — S - e ) M . W = D T = N SR A S D e

LINE2:

" LINE1:

ADLK
SACL
LAC
ADLK
SACL
RET
LAC
ADLK
SACL

ADLK
SACL
RET

INTEGER
A

10

B
DIVISION
REMATNDER
INTEGER
LINECHECK
LINE1
INTEGER
30h

INT22
REMAINDER
30h

INT12

INTEGER

. 30h

INT21
REMAINDER
30h

INT11

Ne e Mg e Ne Ne Ne e Se Ve e Ne Se N Ny Se “Na Vo Ne N

e e Ne S

® e o > — D — —— — s S Y0 S T T S S T S G S T = W S = D S

COUNTER
10~
1T3
COUNTER

ITS
COUNTER

IT7
COUNTER

;CHECK DATA WHAT ORDER TO ERROR

e Se Ne Ne N Ne Ne Ne Ne Se v



[ 34 —-———————-——————————-———.———-——_ *

'---.-..-....-..-..----.-_.-...--.----.-.-.--.-.'

® o e - ——————p —— . T S TV = = S T o P S S M S S S S5 =S

e

~e

. --.-._.-..--.--.--.-.--..-.--.-.--_.-_..--.-..-.-l

STO111
INT21
sTO112
INT11
STO113
POINT1

STO131
INT22
STO132
INT12
STO133
POINT2

14
;DIVISION SUBPROGRAM

‘IN =A,B

e No ™o e N “Ne Ne

RETURN DATA OF HARMONICS ORDER 03

RETURN DATA OF HARMONICS ORDER 05

RETURN DATA OF HARMONICS ORDER 07

RETURN DATA OF HARMONICS ORDER 09

RETURN DATA OF HARﬁONICS ORDER 11

RETURN DATA OF HARMONICS ORDER 13

;A FOR NUMERATOR AND B IS DENOMINATOR FIND A/B

;ACCL=RESULT

I
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;ACCH=REMAINDER
;WHEN YOU OUT FROM THIS ACC= REMAINDER AND RESULT OF DIVISION A/B

DIVISION:LT A ;LOAD A TO TR
MPY B :PR = AxB
PAC ;ACC= PR
SACH SIGN ;STORE ACCH IN SIGN FOR RESULT OF DIVISION
LAC B ;LOAD ACC BY B
s ABS ;GET ABSOLUTE
SACL B ;STORE ABSOLUTE OF B TO B
LAC A ;LOAD ACC BY A
ABS ;GET ABSOLUTE OF A
;DIVISION CAN START HERE
RPTK 15 ;
' SUBC B ;DIVISION A BY B
SACL RESULT ;STORE QOUTIENT TO RESULT
SACH REMAINDER :STORE REMAINDER OF DIVISION
LAC SIGN ;LOAD SIGN FOR CONDITION TO JUMP
BGEZ DONE ;IF SIGN >= 0 IS POSITIVE GO TO DONE
ZAC :IF SIGN IS NEGATIVE CLEAR ACCUMULATOR
SUB RESULT ;MAKE 1'S COMPLEMENT RESULT
SACL RESULT ;STORE QOUTIENT TO RESULT
DONE: ZALH REMAINDER sSTORE REMAINDER TO ACCH AND CLEAR ACCL
ADD RESULT sADD RESULT TO ACCL TO COMPLETE ACCUMULATOR
RET

@ et b o S Srn e o b i 4mip s S S A A S P S > T T e b A S R S S S G T S Se P S D S S S D O D SAS P W S P = Wer T S G ST T MR T T D GD MAD TS (T S e G A T D M S S Gy e e

® s e - b e A S D i A e G S G R D D e b S WD D TS R S S S T S S AP D ) S S S TS G=b G GUD R W S T wes P D D D S S WS S SN S G Gl WS S e e ST TS e S M SR L g e s

MAINDISPLAY:
LDPK 256 ;ADDRESS 8000H

LALK OEFOcH ;FIRST DELAY
CALL DELAY n
;LCD INITIAL

LACK 01H ;CLEAR DISPLAY
CALL LCDWI :
LACK 02H ;CURSOR AT HOME
CALL LCDWI H
LACK 06H ;ENTRY MODE SET
CALL LCDWI ;
LACK OEH ;DISPLAY ON OFF
CALL LCDWI "
LACK _ 38H ;FUNCTION SET
CALL LCDWI H
F e S ettt gt i < =
MODULE: LARP 2 ;SELECT AR2
‘ LRLK AR2,7COH ;START BLOCK DATA AT 7COH FOR AR2
CALL LCDLD ;CALL WRITE DATA
LALK 000CH ;DELAY LOOP 4 micro-sec
CALL DELAY ; -
LDPK 15 H
RET ;OUT FROM LCD MODULE
:IN = ACCUMULATOR FOR COUNT LOOP
DELAY: RPTK 255 ;DELAY LOOP 0.000256 ms
NOP : ;
SBLK 1 ; -
BNZ DELAY ;END DELAY LOOP
RET ;

S o o > . > i D Tt = St P Y — . T W T =P — — —— T — - > " $=t ©= " S D WD WD D P R Gmb G S G St b S Wb Sb e Gl Man D WD D T D e S e 4 e
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; IN=ACCUMULATOR FOR FIRST INSTRUCTION THAT WRITE

LCDWI SACL 00H ;STORE INSTRUCTION TO PORT IS 8000H ADDRESS
ADLK 0400H ;ADD E,R\W,RS TO CONTROL
SACL OOH ;SEND TO PORT
'  LARP AR4 ;SELECT AR4 FOR COUNT DELAY LOOP

LRIK AR4,000CH

DELAYE: RPIK 255 DELAY FOR ENABLE 4 micro-sec

o Ve N N N N

NOP

SBRK 1 .

BANZ DELAYE ;END LOOP

SBLK 0400H . ;LOGIC ENABLE TO ZERO

SACL 00H ;SENT TO PORT

LALK 000CH ;DELAY ALL TIME 4 micros FOR WRITE INSTRUCTION
DELAYWI:RPTK 255 ;DELAY IN LOOP 0.000256 mS

NOP H

SBLK 1 H

BNZ DELAYWI H

RET ;

€ e e e > = = o — i —— — — — — A P > Y T T i > T T S T 0 i S8 A5 N W M WP e e -t e S D S D G WD T T A GED M G S e G G e S8 =8 = LS G G G WD SED T W S e e s S

;IN = ACCUMULATOR FOR GET DATA TO WRITE TO LCD MODULE

LCDWD: ADLK 0100H ;SET E=0,R/W=0,RS=1

SACL 00H ;STORE DATA AT PORT FOR WRITE TO DDRAM

ADLK 0400H ;SET ENABLE = 1

SACL 00H ;STORE DATA TO PORT

LARP AR4 ;SELECT AR4

LRLK AR4,000CH ;DELAY LOOP 4 micro-sec
DELAYE1:RPTK 255 ;

NOP %

SBRK 1 ;

BANZ DELAYE1l ;END DELAY LOQOOP

SBLK 0400H ;SET ENABLE = O

SACL OOCH ;STORE DATA TO PORT

LALK 000CH ;DELAY LOOP 4 micro-sec
DELAYWD:RPTIK 255 ;

NOP 7

SBLK 1 v

BNZ DELAYWD ;END DELAY LOOP

RET i

' - e > Gen D D G D P . . D ST TN P S —— S G A8 D G G A S AN S P S S e Y S P G = ML GED M D W T S = M —— . =D Sy = G D D M G T S - G G G T ——— G e —

;IN = AR2 USE TO BE START ADDRESS OF DATA

LCDLD: LACK 080H ;START ADDRESS OF LINE 1

| CALL WRITEADD :
LACK OCOH ;START ADDRESS OF LINE 2
CALL WRITEADD :

. RET H

'WRITEADD:CALL LCDWI ;WRITE START ADDRESS TO LCD
LARK AR3,15 ;AR3 FOR COUNT 16 CHARACTER
LARP AR2 ;SELECT AR2

GO_OUT: LAC %+ ‘LOAD DATA AT ADDRESS 7COH TO ACC AND INC(ARZ2)
CALL LCDWD ;WRITE DATA TO LCD
LARP 3 ;SELECT AR3
BANZ GO_OUT,*-,AR2 ;
RET ;

.ds 07cCh ;INITIATE DATA FOR DISPLAY WITH LCD MODULE
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i
l

.word 48h
.word 41h
.word 52h
.word 20h
.word 30h

.word 30h

.word 20h
.word 48h
.word 41h
.word 52h
word 20h
.word 30h
.word 30h
.word 20h

L
e %o e e Mo e e N Sa S me N Se e s Se o Na Ve W Ne N Ne N Ne Ve Se Ne N Ne e \.l

.word 25h
word 20h
——————————————————————————— ;
.ds 780h H
data ;
.word 30h ;
.word 30h H
word 30h A
word 30h 7
.word 30h :
.word 30h 2
word 30h ;
.word 30h )
.word 30h :
.word 30h H
.word 30h H
.word 30h ;
.word 30h ;- - -
.word 30h ;
.word 30h ;
.word 30h ;
.word 30h ;
.word 30h ;

*******************************************.ﬂ'***************************3

-
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ttwiddle.asm for 64 point FFT-
This table contains a sine/cosine lookup table stored

in bit-reversed addressing order.

~eo “o

-

’
; Complex FFT Data array allocation ;
e m e — e m P

D _base .space 00010h ; 2xFFT_S word FFT data array

D base+1 ;

.space O007FOh ;
; Bit reversed Twiddle lookup Table ;
PR D eatade ikt edededndntetebubetebabe bt At e 7
_T base: .

~.word 32767 ;Normaly O! Used for raised

_T base+l )
.word -32768 ;cosine window from this table
.word -32768 ; -90.00 -1.000000
.word 0o 1 000000010 000000000 -0.000000
.word -23170 ;-135.00 -0.707107
.word -23170 ; 2 000000100 100000000 -0.707107
.word -23170 ; -45.00 -0.707107
.word 23170 ; 3 000000110 100000000 +0.707107
.word -12539 ;-157.50 -0.382683
.word -30273 ; 4 000001000 010000000 -0.923880
.word -30273 ; -67.50 ~-0.923880
.word 12539 ; 5 000001010 010000000 +0.382683
.word -30273 ;-112.50 -0.923880
.word -12539 ; 6 000001100 110000000 -0.382683
.word -12539 ; -22.50 -0.382683
.word 30273 ; 7 000001110 110000000 +0.923880
.word -6392 ;-168.75 -0.195080
.word -32138 ; 8 000010000 001000000 -0.980785
.word -32138 ; -78.75 -0.980785
.word 6392 ; 9 000010010 001000000 +0.195090
.word -27245 ;-123.75 -0.831470
.word -18204 ; 10 000010100 101000000 -0.555570
.word -18204 ; -33.75 -0.555570
.word 27245 ; 11 000010110 101000000 +0.831470
.word -18204 ;-146.25 -0.555570
.word "=27245 ; 12 000011000 011000000 -=0.831470
.word -27245 ; -56.25 -0.831470
.word 18204 ; 13 000011010 011000000 +0.555570
.word -32138 ;-101.25 -0.980785
.word ~6392 ; 14 000011100 111000000 -0.195090
.word -6392 ; -11.25 -0.195090
.word 32138 ; 15 000011110 111000000 +0.980785
.word -3211 ;-174.38 -0.098017
.word -32610 ; 16 000100000 000100000 -0.995185
.word -32610 ; -84.38 -0.995185
~-word 3211 ; 17 000100010 000100000 +0.098017
.word -25330 ;-129.38 -0.773010
.word -20787 ; 18 000100100 100100000 ~0.634393
.word ~-20787 ; -39.38 -0.634393
.word 25330 ; 19 000100110 100100000 +0.773010
.word -15446 ;-151.88 -0.471397
.word -28898 ; 20 000101000 010100000 -0.881921
.word -28898 ; -61.88 -0.881921

.word 15446 21 000101010 010100000 +0.471397



.word
.word
.word
.word
.word
.word
.word
.word
.word
.word
.word
.word
.word
.word
.word
.word
.word
.word
.word
.word

* —-———_——---——.——-.—.—.—._—_.._—————.———.——.——-—.—_.—.—._-_.——._

-31357
~9512
-9512
31357
-9512

-31357

-31357

9512

-28898

-15446

-15446
28898

-20787

=25330

-25330
20787

-32610
-3211
-3211
32610

.set

* Ne Ve Ne Ny N

Ne Ve Mg Ne Ne N Ve Ne N Ny Ny 8 e Wo N

-106.88 -
22
-16.88
23
-163.13
24
-73.13
25
-118.13
26
-28.13
27
-140.63
28
-50.63
29
-95.63
30
-5.63

Y-18

000101100
000101110
000110000
000110010
000110100
000110110
000111000
000111010
000111100

000111110

01000h

110100000
110100000
001100000
001100000
101100000
101100000
011100000
011100000
111100000

111100000

Hanning (raised cosine) from twiddle table

; No window table is initialized 1!

-0.956940
-0.290285
-0.290285
+0.956940
-0.290285
=0.956940
-0.956940
+0.290285
-0.881921
~0.471397
-0.471397
+0.881921
~-0.634393
-0.773010
-0.773010
+0.634393
-0.995185
-0.098017
-0.098017
+0.995185

.
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National February 1985
Semiconductor

LF351 Wide Bandwidth JFET Input Operational Amplifier

General Description

The LF351 is a low cost high speed JFET input operational  current is important, however, the LF351 is the betler
ampiifier with an internally trimmed input offset voltage  choice.

(BI-FET ™ technology). The device requires a low supply

current and ye! maintains a large gain bandwidth product  Features

j‘;‘g 'hs:ns?w rate.In °%diﬁ°"- W'::'v 'T‘atcmighnd"‘”?ge‘ B Internally trimmed offset voltage 10 mV
input devices provide very input and offset o | 0w input bias 50 pA
currents. The LF351 is pin compatible with the standard & Low inp::: n ois:::;;“ 16 nV/ JPi-Tz'
LM741 and uses the same offset voltage adjustment circuit- N P . ge ¥
ry. This feature allows designers to immediately upgrade the ® Low input noise current 0.01 pA/vHz
overall performance of existing LM741 designs. = Wios|\gait bandwidth 4 MHz
The LFa51 may be used in applications such as high speed  ® High slew rata 13 V/ps
integrators, fast D/A converters, sample-and-hoid circuits % Low supply_curtent 1.8 mA
and many other circuits requiring low input offset voltage, ¥ High input impedance 10120
low input bias current, high input impedance, high slew rate  ® Low tota’ harmonic distortion Ay = 10, <0.02%
and wide bandwidth. The device has low noise and offset R =10k, Vo =20 Vp-p, BW=20 H2-20 kHz
voltage drift, but for applications where these requirements g Low 1/f noise comner 50 Hz
are critical, the LF356 is recommended. if maximum supply  n Fast settling time to 0.01% 2 ps
Typical Connection Simplified Schematic
Vee O
vl
- +
INTEANALLY
INTERNALLY TRIMUED
TaMMED
. . -Vgg O
Connecticn Diagrams (top views) %
Metalt Can Package Dual-in-Line Package
seiance — =~ F— e
weut —4 — v*
weuY --i: E L‘—-—outrur
o V- — P dacance
Note. Pin 4 connected 10 case
TOP VIEW
Order Number LF351N TL/H/5648-1

Order Number LF351H
See NS Package HO8C

See NS Package NOSE

£1945 Navona/ Semicontuctor Coporason  TL/nrS84s ARD-BIOM2S/PrMea U S A

Jayljdwy [euonesadQ nduj L34 yipimpueg apim LS€4




Absolute Maximum Ratings

Supply Voltage +18V Input Voitage Range (Note 2} +15v
Power Dissipation (Note 1) 500 mW Qutput Short Circuit Duration Continuous
Operating Temperature Range 0°Cto +70°C Storage Temperature Range —65"Cto +150°C
Timax) 115°C Lead Temp. (Soidering, 10 seconds) 3_0(rc
Ditferential Input Voitage +30V

DC Electrical Characteristics (ot 3)

1
Symbol Parameter Conditions ~ LF3s Units
Min Typ Max
Vos Input Offset Voltage Rg = 10k, T = 25°C 5 10 mv
Over Temperature 13 mv
AVps/AT Average TC of Input Offset Rs=10kQ 10 rVv/I°C
Voltage
los input Offset Current Tj = 25°C, (Notes 3, 4) 25 100 pA
1j < 70°C 4 nA -’
s Input Bias Current Ti = 25°C, (Notes 3, 4) 5 50 200 pA
Tj < +70°C° 8 nA
Rin Input Resistance Tj=25'C 1012 n
AvoL Large Signal Voitage Gain Vg= 115V, Tp=25C 25 100 V/mV
Vo= £ 10V, R =2k
‘ Over Temperature 15 VimV
Yo Output Voltage Swing Vg=+15V,R =10k | +12 +13.5 v
Vem Input Common-Mode Voltage +15 v
Range Vg=£15V =
-12 A
CMRR Common-Mode Rejection Ratio Rg<10k 70 100 dB
PSRR Supply Voltage Rejection Ratio (Note 5) 70 100 dB
Is Supply Current | 1.8 3.4 mA
AC Electrical Characteristics (Note 3)
Symbol Parameter / Conditions Lr3yg Units
. .MiIn Typ Max
SR Slew Rate Vg= 215V, To=25C 13 7
GBW Gain Bandwidth Product | Vg= +15V, Ty =25C 4 MHz
en Equivalent Input Noise Voltage Ta=25'C, Rg=10002, 16 nv/JHz
) f=1000 Hz
in _ Equivalent Input Noise Current Tj=25°C, {= 1000 Hz 0.01 pAlﬁ'E
Note 1: For g at slevated temp . the device must be derated based on a thermal resistance of 150°C/W junction to ament or 45°C/W junction 10
case.
Note 2= Uniess rise specified the i 08! hmvﬁwiwwmwmwwmm.
Note 3: These specifications apply for Vg = = 15V and 0°CSTas + 70°C. Vos. Ig 800 los @50 measured at Veu=0.
Note 4: The input bias currents are junction leakag: wiwch L ,M’olwuyivc&ambmhmﬁommm.fr&nbmm
procuction test time, the input bias are to junction temp 1n normal operation the junction lemp: fises above the ambient

temperature as a result of intemal power dissipation, Pp. Ty= Ta+ 6,4 Pp where 8, is the thermal resistance from junction to amowent. Use of  heat snk is
recommanded if input bias current is to be kept to a minemum, .
Note 5: Supply voltage rejection ratio is measured for both supply itudes or Q s in with
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Typical Performance Characteristics

Input Bias Current input Bias Current
LI L —-
e |-vge 13V  Yom ) —F 1
L 1a-05¢ - Fyge -
3 " H [ vg - <15V —~
£ % //
- pd H
5 " r § e s
: B z =
g s =
£ n E
] "
-1 -5 [} s " 1 % % N 8 % N
COMMON-MODE VOLTAGE (V) TIMPERATURE I ©)
Positive Common-Mode
Input Negative Common-Mode
Voltage Limit Input Voltage Limit
» —r—r— T n T
.2. 8C. Ta_ 10t . i L § SCoTa oML
£, / s
gs | gz Vi
= 3z
i / =2
e: 1 !.. "
!u ’ { &% /
3 4 i 42
£§ L N
';zi ! ! i ! S A
N I i} |
L} $ " 1" »n ] § " 1% n
POSITIVE SUPPLY VOLTAGE (VI NEGATIVE SUPPLY VOLTAGE (V)
Negative Current Limit Voltage Swing
s -1 1 T L] T
e £ Aen 22528
[ . N T )‘
s \ oy ¥ 7
- E V.
g \ | | s 4
> ' 4 o 20 ——e
5 i Pt s 4 i
s - C 2 A 1
2 - -—_ > // T
. weflfec B n 4
& + 5
£ it .
| 2N . (]
1] " » » L) 1 ] 1] " " n
QUTPUT SINK CURRENT (mA) SUPRLY VOLTAGE ° V)
Gain Bandwidth Bode Plot
s b J Y >
3 } v]-,|’v “ll’@ s v
3 5o 11V n L H Mg 1
X Ao V ~J 1 ”‘t. ” 'l"
z €= 100 pF [ i Ioret
B N " - ] 4—,+~1' 5
E O g [ TIONIN fiidy
] I z ¢ - B - ”~" o
- ol H !
g > = S W i Nl
) S i:'f;"‘ ST Il
H il R B ot v -1
Lot T N
s -5 -150
10N N o oo T L i ”» 100
FREGUENCY (MH2)

TEMPERATURE O

($3I¥930) ISYH4

SUPPLY CURRENT ImA)

QUTPUT VOLTAGE SWING (Vp o} POSITIVE CUTPUT VOLTAGE SOURCE V)

SLEW RATE {Viia)

1

" ] T l

Supply Current

i 1
P sTas-MC

A
|

i
s s 0w w0
SUPPLY VOLTAGE I-V}

Positive Current Limit

—-'\ oy

"w \\ L
\--‘- "C
E R U
A % W
' .
|
f .
. w n » “
QUTPLY SOURCE CURRENT [mA}
Output Volitage Swing
1 o 1
NS
il
n i
L
"
Al
]
LA
|
. Ll 1

AL - OVTPUT LOAD B2}

Siew Rate
V;'-liV
non ——+—
Ayt |1 RALLNG
i ’ L1
_:Immc..
N s
s ol : +
Lo ]
-_T : . :
o — ]
i | i

NN o w8

TIMPERATURE ( )
TLIH/SEaR. 2

b 3 o e ¢ e o e e
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Typical Performance Characteristics (Continueq)

COMMEON MOTE REJECTION RATIO (481

OPEN LOOP VOLTAGE SAIN (V/V)

Distortion vs Frequency

° L) |l

vge 18V
Sy, eae
ws |
[RT10 Vye 78Vpo]
'
3 "

u Aye10
s b ' l
i Ay 104
[ X-2) =

° it
" m R} " R
FREQUENCY (H2)

Co »Mode R : ctl
Ratlo

) v
— Vgeo 15V
LS
" TN Tpe25¢C
]
80 Vy
RErEN -
al ' |v l .
CMAR» 20 L0G v—’ - 0PER LOOP
- (4] .
0 " yoLvace Gamn ‘
L1
W0 e 1 thR 1M oM
FREQUENCY (1}

Open Loop Volitage Galn (V/V)

™
° ”l'n T —
TA<8 01037 C]
1= A
B
/'/{.-n':
Toox. [ !
I3
] " " n

SUPPLY VOLTAGE -V}

Undistorted Output Voltage
Swing
»

: -'suml‘\! N
dING v

L}
16 188 1K 1k 10m 1M 10M
FREQUENCY (M2}

| l Vge 15V
E ALex
2 TasC
£ n l \ LA
g ' ] < 1% 0IST
. \ [
£ | i
S u 1 :
H
E 4
= L LHIH T
" 100 ™
FREQUENCY (M2}
Power Supply Rejection
Ratio
s 140 T
2 e o
H :
0
] T l
- " S
5 \\ -SusPLY
g &
E t \\ \
5
H

Output Impedance
1 g =y

OGUTPUT IMPIOANCE (12}

FALQUENCY (N2}

EQUIVALENT INPUT NOISE VOLTAGE (av/\Fd) GPEN LOOP VOLTAGE GAIN i49)

QUIPUT VOLTAGE SWING FRO® BV (V)

- Open Loop Frequency Response

i
— Men
100 \\ vy 15y —]

Tas25C

" N f
NEEANE
NENEAN
» l N\

L N

Equivaient input Noise
Voltage
n EE U T T

LR
" :tﬂflg S Ui
0 R
T T Vo
3 [T I
0 l-lﬁn k] 1
e ::t i i T i i*x}
o IO {1V = & [
" 100 " " ht, ¥
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Inverter Settling Time
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| ey gy TacE
e R Si/ o
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U
" wa\\ ¢ 11
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" JTHTANAIH
t
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SETTLING TIME Lo
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Pulse Response

Small Signal Inverting

OUTPUT VOLTAGE SWING (50 mV/DIV)

TIME (0.2 .2/DIV)

Large Signal Inverting

OUTPUT VOLTAGE SWING (5V/DIV)

TIME (2 ,5/DIV)
TL/H/5648-6

QUT?UT VOLTAGE SWING (1V/DIV)

Application Hints

The LF351 is an op amp with an internally trimmed input
offset voltage and JFET input devices (BI-FET IIT™). These
JFETSs have large reverse breakdown voltages from gate to
source and drain eliminating the need for clamps across the
inputs. Therefore, large differential input voltages can easily
be accommodated without a large increase in input current.
The maximum differential input voitage is independent of
the supply voltages. However, neither of the input voltages

Current Limit (Ry = 1000)

Small Signal Non-inverting

OUTPUT VOLTAGE SWING (50 mV/DIV)

TIME (0.2 ;,4/DIV)
TL/H/5648-5
Large Signal Non-Inverting

OUTPUT VOLTAGE SWING (5V/GIV)

TIME (2 ;5/D1V)
TL/H/IS648-T

TIME (5 ;2/01IV)

TL/H/5648-8

should be allowed to exceed the negative supply as this wll
cause large currents to flow which can result in a destroyed
unit.

Exceeding the negative common-mode limit on either input
will cause a reversal of the phase to the output and force
the amplifier output to the corresponding high or low state.
Exceeding the negative common-mode limit on both inputs
will force the amplifier output to a high state. In naither case
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Application Hints (contioued)

does a latch occur since raising the input back within the
common-mode range again puts the input stage and thus
the amplifier in & normal operating mode.

Exceeding the positive common-mode Rmit on a single input
will not change the phase of the output; however, if both
inputs exceed the limit, the output of the amplifier will be
forced to a high state.

The amplifier will operate with & common-mode input volt.
age equal 1o the positive supply; however, the gain band-
width and slew rate may be decrsased in this condition.
Whaen the negative common-mode voltage swings to within
3V of the negative supply, an increass in input offset voitage
may ocour.

The LF351 is biased by a zener reference which allows nor-
mal circuit operation on +4V power supplies. Supply volt-
ages less than these may resuit in lower gain bandwidth and
slow rate.

The LF351 will drive a 2 k2 load resistance to + 10V over
the full temperature range of 0°C to + 70°C. lf the amplifier
is forced to drive heavier load currents, however, an in-
crease in input offset voltage may occur on the negative
voltage swing and findly reach an active current limit on
both positive and negative swings.

Precautions shouid be taken to ensure that the power supply
for the integrated circuit never becomes reversad in polarity
or that the unit is not inadvertently installed back-

Detalled Schematic

wards in a socket as an urfimited current surge through the
tesulting forward diode within the IC could cause fusing of
the internal conductors and resuit in a destroyed unit.
Because these amplifiers are JFET rather than MOSFET
input op amps they do not require special handling.

As with most ampkfiers, care shouid be taken with lead
dress, componant placement and supply decoupiing in or-
der 1o ensure stebility. For example, resistors from the out.
put to an input should be placed with the body close to the
input to minirnize “pick-up™ and maximize the frequency of
the feedback poie by minimizing the capacitance from the
input to ground.

A feedback pole is created when the feedback around any
amplifier is resistive. The paraile! resistance and capaci-
tance from the input of the device (usually the inverting in-
put) to AC ground set the frequency of the pole. In many
instances the frequency of this pole is much greater than
the expected 3 dB frequency of the closed loop gain and
consequently there is negligible effect on stability margin.
However, if the feedback pole is less than approximately 6
times the expected 3 dB frequenty a lead capacitor should
be placed from the output o the input of the op amp. The
value of the added capacitor should be such that the RC
time constant of this capacitor and the resistanca it parallels
is greater than or equal 1o the original feedback pole time
constant,

Ve O- > 4

Q13

L4l

y
>
>

v
)0 xaust an™y

3
S
>

TL/H/5848-0
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General Description

The LM79XX series of 3-terminal regulators is available
with fixed output voltages of —5V, —12V, and —15V.
These devices need only one external component—a
compensation 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 regulators employ internal current limiting safe
area protection and thermal shutdown for protection
against virtually all overload conditions.

Low ground pin current of the LM79XX series allows

output voltage to be easily boosted above the preset
value with a resistor divider. The low quiescent current

- Voltage Regulators

LM79XX Series 3-Terminal Negative Regulators "

drain of 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

B Thermal, short circuit and safe area pr;)tection
B High ripple rejection

® 1.5A output current

8 4% preset output voltage

Typical Applications

215V, 1 Amp Tracking Regulators

Variable Qutput

Fixed Regulator

O Vour 141 15¥ I’ 4 | I 1 =
" =
" —2F pd o
225 bt hApy
sotip oL10
TARTALUM &4 l‘ TaNTALLM
S 3
-4y weut Lenxxcr Quteyr
‘k S8t
*Improves transient response and ripple rejection.
Do not increase beyond 50uF.
e Rt + R2
SR VouT = VseT (——
+ xS m ns B2
n‘-‘o_l_ s n 3 b | i‘n Select R2 as follows
—}- . WSyt raa 4 Py LM7905CT 3000
H LM7912CT 7500
LM7915CT 1k
Ve tamseT O Voun (-115¥
Performance {Typical)
. -15) {+151
Los Regulation at Al » 1A aCmv 2mv
Outout Ripple, Cyy = 3000uF, I = 1A 100uVrms 100uVrms
Temperature Stability 50 mV S50 mv
Ourout Noise 10 Hz < f < 10 kHz 1504 Vrms 150uVrms

*Resistor tolerance of R4 and RS determine matching of (+} and {-) outputs
* *Necessary only if raw supply filter capacitors are more than 3" from reguiators

Dual Trimmed Supply

- INPYY MM $ QO ~5 0V
LT o
- $X) (%]
= ' =
3 ) i g -+
oyt wurexacy outeut on.¢ MASRe 2 A f:....
I N
*Required it reguiator is separated from filter capacitor by more than 3™, o com
For value given, capacitor must be solid tantalum. 254F sluminum electro- { I+
fytic may be substituted. :_ n e
- p
*Reguired for stability. For value given, capacitor must be solid tantalum, 2.8 I Sw - 02
! . . " A
2S4F aluminum electrolytic may be substituted. Values given may be A < By
ncreased without limit.
For output capacitance in excess of 100uF, » high current diode from o 2 nseser 2 O-tw

input 1o output (IN40D3, etc.) will protect the regulator from momentary
ndut shorts,

1-193

Sau8s XX6.LINT
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Absolute Maximum Ratings

. Input Voitage

{Vo=5V) -35v

(Vg = 12V and'15V) —30V
Input-Output Differential . - L

(Vg =5V) T 25V

(Vo = 12V and 15V) 3ov
Power Dissipation Internally Limited
Operating Junction Temperature Range 0°Cto+125°C
Storage Temperature Range —65°C to +150°C _
Lead Temperature {Soldering, 10 seconds) 230°C

[y

Electrical Characteristics Conditions unless otherwise noted: IgyT = 500 mA, Cy = 2.2uF, CouT = 1xF,

0°C < T < +125°C, Power Dissipation < 15W,

PART NUMBER LM7905C
OUTPUT VOLTAGE 5V UNITS
INPUT VOLTAGE (unless otherwise specified] : —10V ‘
PARAMETER CONDITIONS MIN TYP MAX .
Vo Output Voltage Ty=25°C -4.8 -50 -5.2 v
SmA<IguT < TA. -4.75 -5.25 v
P< 15w =20< vy <=7 A
Avgp Line Regulation Ty =25"C, (Note 2) 8 50 mV
=25 < vy < -7) v
x 2 15 mV
{(=12< VN < -8) v
Avp Load Regulation Tj=25"C, {Note 2) mV
5mA < IgyT < 1.5A 15 100 mv
250 mA < lgyT < 750 mA 5 50 mv
1o} Quiescent Current Ty=25°C 1 2 mA
Alg Quiescent Current With Line 0.5 mA
Change (~25 < vin<=7) v
With Load, 5mA < 1gyT < 1A 0.5 mA
Vn Qutput Noise Voltage Ta=25C,10H2< <100 Hz 125 uv
Ripple Rejection f=120 Hz 54 66 de H
(-18< VN < -8) vi
Dropour Voltage Ty=25°C, lgyTt = 1A 1.1 Vi
IOMAX  Peak Output Current Ty=25C 2.2 A
Averaye Temperature I0UT = 5 mA, 0.4 mv/ C
Coefticient of 0CZTy<100C
Quiput Vaitage
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E:ectrical Characteristics (continued) Conditions unless otherwise noted: IoyT = 500 mA, CjN = 2.2uF,
CouT = 1rF. 0°C < Ty < +125°C, Power Dissipation = 1.5W.

PART NUMBER LM7912C LM7915C
puUTPUT VOLTAGE 12v 15V
- T UNITS
INPUT VOLTAGE {unless otherwise specified) =19V -23V
PARAMETER CONDITIONS MIN TYP MAX MIN TYP MAX
vo Qutput Voltage Ty= 25°C -11.5 =120 -12§& |~-144 -15.0 -156 \
sSmA<IlgyT S 1A -11.4 -12.6 {~14.25 -15.75 v
P < 15W (=27< VN <-145 | (-30< Vi< 17.5) v
avo Line Regulation Ty=25"C, (Note 2} 5 80 5 100 mV
! (-30<VINS-145) | (-30€ VNS -17.9 v
3 30 3 50 mV
(~22< VN < =18) {(-26 < Vin < -200 v
Jvp Load Regulation Tj=257C, (Note 2} 15 200 15 200 mvV
) SmA < IgyT < 1.5A 15 200 15 200 mv
250 mA < lguT < 750 mA 5 75 5 75 mv
1) Quiescent Current Ty3=25C ‘1.5 3 15 3 mA
Mg Quiescent Current With Line 0.5 05 mA
Change (-30<VN<-145) | (-30< VN < -17.5) v
With Load.SmA < IguT S 1A 0.5 0.5 mA
Vn Output Noise Voltage | Ta = 25°C, 10Hz<{<100H2 300 375 uv
Ripple Rejection’ f=120 Hz 54 70 54 70 a8
: (-25< VNS -15) | (-30< VN < -17.5) v
: Dropout Voltage Ty =25°C, loyT = 1A 1.1 1.1 v
i loMAXx  Peak Output Current | Ty=25°C 2.2 2.2 A
! Average Temperature | touT =5 mA, -0.8 ~1.0 mv/°C
' o
' Coetficient of 0°c < Ty<100°C
1
| Output Voltage
l Note 1: For calculati ® rise due to power dissi thermal resi ju 10 ambisnt (8] is S0°C/W

{no heat sink) and 5°C/W

of ji d P
(infinite heat sink).

d at 8

Nots 2: Regulation is

due to heating effects must be taken into account.

temperature by pulse testing with a low duty cycle. Changas in output voltage

S XX6LINT

Soll9
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Typical Applications (continued)

High Stabllity 1 Amp Regulstor

Your (4}

v

—tgn
—it

Voun (=}

t Determines Zener current
1tSolid tantalum

through R1 will increase ~VoyT = 60

mvV if R2 is omitted.

Load and line reguiation < 0.01% temperature stability < 0.2%

*Select resistars 10 set output voltage. 2 ppm/”C tracking suggested

Pr. ing Positive Regul Ltatch-Up
. \ o
LML TR —Og =y
o1
AL11] l
> + 0 1
=l o A maon 1
——nf 1
9 r ‘. Ccowmon
oM ] 1 | so0
b3l 1 T J § cunaeT
2 /Y
= —
Xow |
04 —=1
“Vour

R1 and D1 allow the positive regulator 10 “start-up™ when *Vyy is
delayed relative to =V and a heavy load s drawn between the
outputs. Without R1 and D1, most three-terminal regulators will not
start with heavy (0.1A=1A} load current flowing 1o the negative
regulator, even though the positive output is clamped by D2.

*R2 is optional. Ground pin current {rom the positive regulator flowing

Tantatem T

Current Source

2.5 _]
soLe

INPUT el

g IV

4 5v
lopuT=1mA E'l_

Light Controilers Using Siticon Photo Cells

a
marar
o 6N

8ot —— wasa

7

a2

<
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+

~
<

n
a5

- 18

) wes
(D 17158
MAX TUPN.CN

CURRENT

from LM7905CT

Connection Diagrams

*Lamp brightness increases until if = 1q {~ 1 mA) + SV/R1,
t Necessary only if raw supply filter capacitor is more than ra

TO-3 Package
ouTPT. wryY
Order Numbars: 7 ieAsE)
LM7905CK ?
LM7912CK O (e)
LM7915CK .t
See NS Package KCO2A e

ITIOM VIEW

H =
O } Teve v
1+ ~ s
zs; o e < <§> VixTunon
I * ' CURRERT
<
| /3
v —bd{ twrsescr

i '
| \
b) 2

LM7325CT

£2 o
nt L4
| R4

from LM7905CT

TO-220 Package

prele)

[ —>outewn

ey

[ —>cw

ToPVIEw

*Lamp brightness increases until i = 5V R1 {ij can be set 2
tow as 1uA) .
t Nacessary only if raw supply filter capacitor is more than 2°°

Order Numbars:
LM7205CT
LM7912CT
LM7915CT

See NS Package T038
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Schematic Diagrams
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Voltage Regulators

LM78XX Series Voltage Regulators

General Description

The LM78XX series of three terminal regulators is
available with several fixed output voltages making them
useful in a wide range of applications. One of these is
local on card regulation, eliminating the distribution
problems associated with single point regulation. The
voltages available allow these regulators to be used in
logic systems, instrumentation, HiFi, and other solid
state electronic equipment. Although designed primarily
as fixed voltage regulators these devices can be used
with external components to obtain adjusgable voltages
and currents.

The LM78XX series is available in an aluminum TO-3
package which will allow over 1.0A load current if
adequate heat sinking is provided. Current limiting is
included to limit the peak output current to a safe value.
Sate area protection for the output transistor is provided
to himit internal power dissipation. If internal power
dissipation becomes too high for the heat sinking
provided, the thermal shutdown circuit takes over

of external components.’ It is not necessary to bypass the
output, aithough this does improve transient response.
Input bypassing is needed only if the regulator is located
far from the filter capacitor of the power supply.

For output voltage other than 5V, 12V and 15V the
LM117 series provides an output voltage range from
1.2V to 57V.

Features

& Qutput current in excess of 1A
®_Internal thermal overload protection

» No external components required

= Qutput transistor safe area protection

¥ Internal short circuit current limit

® Available in the aluminum TO-3 package

Voltage Range

y “1C f i) LLM7805C 5V
preventing the™IC from overheating. LM78120 12V
Considerable effort was expended to make the LM78XX LM7815C 15Y
series of regulators easy to use and minimize the number
Schematic and Connection Diagrams Metal Can Package
T0O-3 (K}
Aluminum
! L

L1

o

(11]

0TTOM Vitw
:,‘ b Order Numbers
b LM7805CK
2 ourest LM/812CK
< LtM7815CK
:: A See Package KCO2A
e Voo
Plastic Package
TO-220 (T}
——1Y 1
S oo — O ::: can
b | o———— ]

TOP vt w

Order Numbers:
LM7805CT
LM7812CT
LM7815CT

See Package TO3B
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LM78XX Series

Line Regulation

NOTE 1: Themnal resistance of the TO-3 package (X, KC} is typicatly 4°C/W junction to case and 35°C/W case to ambient. Thermal resistance of the

TO-220

kage (T} is typicatly

4°C/W ji

10 cass and S0°C/W case to ambient.

NOTE 2: ARl characteristics are measured with capacitor across the inut of 0.22 uF, and a capacitor across the output of 0.1 F. All characteristics ex-

cept noise voitage and ripple

! ratio sre

in P

must be taken into account separately.

d using puise techniques {tw < 10ms, duty cycle < 5%). Output voltage changes due ¥

-
. j
. ™
Absolute Maximum Ratings
Input Voltage (Vo =5V, 12V and 15V) 35V, .:,.-"
Internal Power DissIpation (Note 1) Internally Limited o
Operating Temperature Range (TA) ’ . S
. 0°Cto +70°C ‘ b
Maximum Junction Temperature %
(K Package) - 150°C -
(T Packagse) 125°C i =
Storage Temperature Range -65°Cto+150°C
. Lead Temperature (Soldering, 10 seconds) )
TO-3 Package K 300°C :
TO-220 Package T 230°C
I
i
Electrical Characteristics LM78XXC (Note 2) 0°C < Tj < 125°C unless otherwise noted. T
OUTPUT VOLTAGE 5V 12V 15V
INPUT VOLTAGE {unless otherwise noted) 10V 19V 23v UNITS
PARAMETER CONDITIONS MIN TYP MAX| MIN TYP MAX|MIN TYP MAX :
Tj=25"C.5mA < Ig < 1A 48 5 521115 12 125|144 15 156 v
Vo  Output Voltage Pp< 15W,. 5mA < Ig <.1A 4.75 525 | 11.4 12.6 [ 14.25 15.75 v
VMIN € VIN € VMAX (TS VNS 20) | (145< Vi< 27) | (17.5<€ VN < 30} vV’
Tj=25°C 3 50 4 120 4 150 myv
aVIN (7€ VNS 25 |(145< VN < 30) | (17.5< VIN € 30) \
o=
0= 500 mA I T e s 125°C 50 120 150 vl
. y aviN (8< VN € 20) (15< V)N < 27) | (18.5€ VN < 30) R
v F v
Vo Line Reg Ti=25°C 50 120 150 T
J % ¢y AVIN (7.3< VNS 20) | (14.6<€ ViN & 27| (17.7 € ViN € 30) v
o 0°< Tj<+125°C 25 60 75 v
AVIN B< NG 12 (16< ViN & 22) | (20< Vi < 26) '
Tj=25C SmA < Ig < 1.5 10 50 122 120 12 150 mv
aVg  Load Regulation 250 mA € Ig € 750 mA 25 60 75 mv
5mA<Ino€ 1A, 0°C< Tj& +125°C 50 120 150 mv
. Ti=25°C 8 8 8 mA
‘o Quiescent Current o< 1A 0°C< Tj < +125°C 85 a5 85 oA
S5mMAS Ig< 1A 0.5 0.5 0.5 mA
Tj=25°C, 1o < 1A 1.0 1.0 1.0 mA
i
alg g‘\‘::::"' Current |y 1IN € VIN € VMAX (75< VN & 20) | (1486 Vin & 27) | (17.9 € Vi & 30) v ;
10 € 500 MA, 0°C < Tj< +125°C 1.0 10 1.0 mA |
. VMIN € VIN € VMAX (7€ VN& 25) [(14.5€ Vg < 30) | (17.5< V)y € 30) v
VN  Output Noise Voitage| Ta =25°C. 10 Hz < { € 100 kHz 40 75 90 W
10 & 1A, Tj=25"C or 62 80 55 72 54 70 a8
AVIN Rioole Reiecti f=120Hz { Ig< 500 mA 62 55 54 48
avoyy pple Rejection 0°C < Tj < +125°C
VMIN € VIN € VMAX B V< 18) | (15€ Viy & 25) K18.5€ VN € 28.5) v
Dropout Voltage Ti=25°C.lgyT=1A 2.0 2.0 2.0 v
Output Resistance f=1kHz 8 18 19 mQ
Rp  Short-Circuit Current [ Tj=25°C 2.1 1.5 1.2 A
Peak Output Current |Tj=25°C 24 2.4 2.4 A
Average TCof VoyTt [0°C< Ti< +125°C. Ip=5mA 0.6 1.5 1.8 mvI°C
input Voltage )
ViN  Required to Maintain {Tj=25°C, Ig € 1A 7.3 146 1.7 v
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rypical Performance Characteristics

POWLRA DISSIPATION tw)

UT VOLTAGE V)

OUTPUT IMPEDANCL (*2)

]
-78 -50 -2 9

18
1008

Maximum Average Power
Dissipstion

T 1
L. INFINTE T3
WEAT SINK

AT SINK
\VII H 10 CW HEAT SINS

. \

NO HEATSINK |

T s

2% 56 75 180 125
AMBIENT TEMPERATURE( C)

Output Voltage (Normalized
to 1V at Tj= 25°C)

r———

Vin - Vour * SV

gyt * 5=A T
1

-75-50-25 0 25 A 75 108128 150

JUNCTION TEMPERATURE ( )

Output Impedance

Vin * 10V
Vouyr "5V
fgyy * S0 mA

Tekc >, é

1 'l "y
y A 1

A Coyr=1F

o TANTALUM

= Coutr " 8
vy

|1} 100 13 108 W

FREQUENCY (N2}

Quiescent Current

Maximum Average Powaer
Dissipation

Peak Output Current .

85

2 s ———
[RERRER T0-228 2Vgyr T 10 AV
Tt
g INFINITE HEAT SINK 3
-
= . E 5
[ w
R g 2
g 2 s
2 w =
; =L WITH 10 CAW HEAT SINK g \
e 1 T Blm H
. %0 HEAT SINK [ X1 ] o
. JERERE []
1] 2 56 ” $ 5 13 15 2 25 M IS
AMBIENT TEMPERATURE{ C) INPYT TO QUTPUT DIFFERENTIAL (V)
Ripple Rejection - Ripple Rejection
100 L]
T ‘
80 e K
= ! '“'I‘ﬂ g
= ——— o~
2 s < e &
- -
2 £ ¢
2 o H
z % E Te120 Mz
] Vin-Voy1 * $ Vpc« 35 Vim £ 69 |- Vin-Yout =8 Vpc+ 35 Vem —]
=28 Figypria =
ouT Iyt = 1A
Tt T2 c -
T b i | 1] 1 L 3
] s
1 100 " 10h 106k ’ [ w18 0 2
FREQUENCY (Hr} S QUTPUT VOLTAGE (V)
Dropout Voltage Oropout Characteristics
_ 28
z T T T svoyy-mosav LMTS0SC
£, ; ']1-" T FTe2se
= outT " T S $
Z it 3 e
g s i flour . H I <
a8 \ ;;‘ N
b : : <
g 1 ' 19 }J&{ s Igut * 00 ma J
= i " - | I
e o )
° ! ' i a 2 > igure 14
= e " ' t
5 i | H i ——
&
g L1 i . b
-75-58-25 0 25 S0 75 10D 125 150 ] 2 4 § ] 1
JUNCTION TEMPERATURE { ) INPUT VOLTAGE (V)
Quiescent Current
Vi 0V |
V:).UT 8y | Vour* SV
IgyT * SmA 6 |- lour 10mA
!“ Trac
[t}
"’
N I

-
=

GUIESCENT CURRERT (mA)
-
»

QUIESCENT CURRENT ImA}
-

J'

-
-

s

-18-50-25 & 25 SO 75 100 125150 s
JUNC 10 TEMPERATURE [ C)

o1 20 2% 3 38

INPUT VOLTAGE

w
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5404,/7404

Hex lInverter

fl-15

Schottky TTL Hign-Speed TT Low-Power Schottky TTL . Standard TTL Low-Power TTL
Package Package ) Package . Package . Package
Device Type Device Type —| Device Type Device Type ———| Device Type
P TPIMCr P IETR M Cr YPe ICTRIMEEF Madrarnvic: CIPIMICF
SNSLSI4 ISR e $I] 1 awi) SnsaLSes 24 ~ 2| SNS403 141 R L GLIND| T2
T.L SNT4S04 JINTL ) 5HT4=04 SEINTL T Fsnnatsa 3 N IND SN1404 g enl SNTILTA DiNE|TE
E ) FM54504/FMIS04IDL] | | FMSIm3a FUINGI O] | |F Ifwsasisiensoe 1Al A (FMSI04/7 NG DL 1=
AIRCHI FC74504.7C95C4 IDT | »D) ¢ FCT4m04-FCOP04 107 PI ] frasas iousts {20 R | FM7a82FCan0s  D.TIPY t
] 1 *aC3.38 L3l 1 wFe [ MC5¢G4 (X3 Sl |
MOTOROLA t i 3308 LTl T F Tl sNTaLsos | P1 MCT108 L]
NS.C ] | PR [T DMSAL S04 s PRI 13 Didey | Ty Fi
- OM14504 INTI i S 4700 Hapaele 1 [ owresos | ! OM140¢ UTiNg} JUINTF2
| ¢ t 1 i | T
$ 1
PHILIPS NT4S04 HE NTaw0a 1137 1 Iarsa It 7 H281.7208 H H
S$54504 Fliaf 13 S3m30 FIlAL, el ] 535404 FijaLl
SIGNETICS NT2504 TIAT]  Twr| NTemoa FTlall | [NTaLSGa 18l N7434 JFriast
: [ 1 | [
SIEMENS [ { | FLA2I IE
[ { ! L ]
FUATSU o [ i frsu R EN Copel
[ N 1 | [
HITACH HOT4S04 SIBL [ =074 504 [ HOT£04/HO2522 LPT1
[ Y [ ! bt
MITSUBISHI M55004 BT v [unses | P M$5320¢ [
1 e el l ! 1
NEC 12504 ic | ° L T Trism e uPB235 ict ]
OSH! [ P [ ! [ 1
T 'BA Lo T i 111 TD34044 PTG i
Elactrical Characteristics SNSALS04/SN74L504
* aosolute mauimum ratings over ooerating f-ee-air temparature range
S oo vise VoG ™ Spersteg ~eees [ snsacs 86T 13 13T -
v ,V e T K T R Schematics (each gate)
$S'orage rempicatwe “age =41C 9 SC
recommended oderaung ctondituons
SA54L504 D 5N74L504 i a
] NOM__ WAX | N oM wax 1 UM
Suoe wnace, Y0C X s S35 ) e 5 su | v
SO IO O, (e -0 ~e00 ud
oI etBut Crent, 1 ¢ ] ma
Zpereg “te-er wmosatae, Ty -85 ;3 [] » T

electrical characteristics over recommended operating
free-air temperatuie range

PARAMETER TEST CONDITIONS * IMIN TYP $ MAX | UNIT
Vi ~ign-evel mout voriage i 2 v
e Low=evel inpul_voitage ] a8 v
Ve {~9ut clamp voitage Vee=WN. L= ~i1imA =1.51 V
VCC®MIN,  Vy =V max,
v, High-level | 4
OH igh ourput voitage low=MAX 2.1 3 v
v MIN, V.
VoL Low-evel outout voltage cG2 ool 0.4) v
. Igy = 4ma
Inout current at
Kl Vee=Max, vi=7v 31| ma
mAvAM Nout wttage
T1ye ron-teval ingut Current Vog=MAX . Viws=21V W1 aA
frg Low-iavel npu surrent Vop=Max, vy =3.4v —0.44 mA
Short-crcuit Fi = —t
tos 3 vegmvax |_s4LS Fanee | —~20 TR
outbut Current ¢ | TaLs Famiy | ~20 - 100|
lgoH  Suoaly current voo=m¥g 1Tazar, outouts g | Lz 241 mA
tacs  Sudoly current STeian outduts low | 3.8 6.4 mA
. L tAverage Ser jae |
1¢s  Suooly current veg=3v 1o N I 0.4 mA
ce CC™3Y 11503 cutv cuciel q
Prooagatior calay uime,
H H d
PLH 1ow-10-riGn-fevel Jutout Voo = V. Ta=2sC. N [
. Propagation delay ums, C_=ISAF. A =22 -
BuL mgn-co-iow-leve! outtut 's! a5
Pin Assignments (Top View)
® o) &
Vec A EY SA sy 4a ay 1Y §A Y GNO SY SA v

14 I!l ,Ill ‘l‘L‘I(ulu (1%

P12 P

SENEN

=
o

D

AR f ol (L
: .

|
b
i

[(IRN AN

laput clamp diodes not on
SNSAL YSNT4L ° circuita.

‘04. "LO4 CIRCUITS

‘HO4 CIRCWUIT

[ 4n]tanitio] ]
40k| 20k [ 500 | 121 ]

‘S04 CIRCUIT

‘L3G4 CIRCUIT

s s r kigtiaEatigtigigis ’
WU 5y 24 2Y 34 3Y GND tA 2Y A Vg 3A )Y a4
positive logic ©
Y=3 Resstor values shown are nommal and in ohms
*For conditions snown &3 MIN or MAX. use tne a0orooriate vame unger

a8 tymcal vaisa are at VGC® SV, T4 w2sC,
SNot more than one OUIRUL SAOLIS 6a SROFLES 231 2 Lime. anQ for SNSAH'/SNTRH" ang SNS4S® SNTAS', quration of ShOrt-Grewt Showld Mot eaceed 1 Sewnd.
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Yo
54027402  Quadruple 2-Input Positive-NOR Gate
Schottky TTL High-Speed TTL Low-Power Schottky TTL Standard TTL Low-Power TTL
Package Package Package Package . Package
Device Type Device Type Device Type Device Type Device Type
e lciPimicr YPe TP micH YPe [ CTPmMEcF P TeTRImIcH P rCTRIMIcE
SN$4S02 Q1 et SNSILS02 1 O Wi sNs402 3 7 wZ] SNSaLS2 oGt
T . SN14S02 5 TING SNTL S0z J DN SN7402 {2 TINC SNT.LB2  OINDIT @)
FAIRCHILD FWS4502 /7 FWA0 D T OSSR/ PN 2 (5] HD [ FMS402/F MINC2 1D T 72
R0/ PO T1rg *D TR/ FRSE Q| fQ | FCu02/FCane? 2 TIPE
MCS402 i T FZ
MOTOROLA SNTALSO2 P T WMC 7402 LTIPT] F 2
OMSALS02 OMS$402 J IINGH wZ| OMS4LC2 J DIND) F
N S.C. OM74 502 DM 1402 4 TING| OMTsLS2 J CINDY IF QY
PHILIPS N14S02 ) N74L S02 [0) F IN221 /7402 T
58402 FTIAD)  jw2
SIGNETICS N74S02 AT N7 502 A D) N1402 = THAC!
SIEMENS FLHIS! T
FUJITSU TS0z VD) NB4IT TIMT
HITACHI HO74S02 P HO74L 502 o HO7402/HO2511 ClP D
MITSUBISH! M4 502 o) MS3202 P
NEC 1W”PB232 0 T{C T
! |
TOSHIBA ' 2 T %
Electrical Characteristics SNS4LS02/SN74L502 .
adsolute maximum ratings over g free-air range SChemat'cs (GECh g‘ta)
Sueery soviage. VOO » Uneraing Free-es [snsaLs ~48C 1o 18T %
et vortaoe v trew anre e {SNTacs € » wC . e *
Stveqe tecperarre range ~4T 0 1T -~ e e
i3 g 4
SNSALSO2 SNT4LS02 hag S
N O MAX [ MmN [ MAT 1
Sumary vortage. Voo X ) 35 | om ] 5.3 v J—_ el ‘092 CIRCUIT
MUV ORDN Dot 10y - 08 ~400 A o
Lew-wv oulsut ourest. I . 4 [] EN % N
Overairg Woo-ev tomporance. 14 -5 [ . » % b — 1"
electrical characteristics over recommended cperating o0
free-sir temperature range oY
PARAMTER TEST CONODITIONS t MIN TYP$ MAX | UNIT
Vi High-level wout voltage 2 v
Vi Low-level inout vottage 0.8l v
Vi tnout clamp voitage Voo =*MIN, = —1gma -1.5 v
VCE=MIN. Vi =V max,
VoM Mighelevet outout voltage ToHEMAX 2.7 34 v : R
VoL Lowelvet outout voitage VegmMIN. Vin=2v, 0.25 04f Vv
oy = tmA
) Inout current at Vooamax, vieN Y, . 'S0 CIRCUIT
! maxmum mout voltage cc . o y '
\ High-level o i ’
™ nout Current 33 puty Voo =MAX, Viy=27Vv 20| #A
! Lowlevel 0 v AX. Vi =0.4v
w 10Ut current ata mputs CC=MAX. Vi_=q, 0.4| ma
S4LS Famiy | 20 ~100
' e :
0s Short-crowt cutout current® [ Vo wMAX. T7aLS Famiy [ =20 —iha mA
leeH_ Suooly curcent Voo =MAX Total. outouts g 1.6 121 ma 13
\cQy__ Sutolv current ¢c Tctal, sutouts low, 23 s.4| mA m[ a ™
Averace per gate .
‘e Susoly curem vee=sv (5a% cuty cyce) 0.5 g 8" n;m Do @
Procagaton delay time,
PLY  owetomgh-iever outout Veg=iv.  Tamawc. g i il e e e 1502 CIRCUIT
Prooagation delay time, *
e high-to-low-level output Cu =1%0F. RL=2a ‘e 15| ns lug » :
Pin Assignments (Top View) 'l o
" N —
Vec 4y 48 aa 3y 18 A - \ avr a8 44 GNOD 38 3A v -
selfrst feal [] fial o1 [ 148 _[1s1 f12] fer] ool 91 [¢
L&I ‘LOZ CIRCUIT
T e LGB 5 ’
LTI ] A 18 Y vgg 2V 2
logie: .
v=a-8 Remstor values shown are nomenal and in ohms. -
T For conditions shown a8 MIN or MAX, use the acoroonate vase under g ,"

2Al typical values are st Ve

®Not more ihan one Oulout should be shorted at & tme, and for SNS4S/SNTIS',

=SV, Ta=2%C.

CaaIIoN of Gt Short-Circuit should Not sxceed one second.



f-17

Octal D-Type Transparent Latches and Edge-Triggered Flip-Flops

54374 /74374
Schottky TTL High-Speed TTL Low-Power Schottky TTL Standard TTL Low-Power TTL
Package ! | Package . Package . Package . Package
Device Type Device Typer————-——r1 Device Type v Device Type — Device Type
P CTPiMICE I ClPiMIcF CTPIMICF P TP IMICF
SNS4SIT 3 i [ SNS4LSIT4 i [ [T
T.L "SNTESIN I N I T IEICH] T
A ] T 1 1 N
FAIRCHILD T ™ T T —
. ! [l [ I
MOTOROLA —— i —
v [
NS.C : N [
| [ T
PHILIPS , T T T T
. ' I sl ] | !
SIGNETICS , : : : ——
F | ! . ! !
SIEMENS T — ; T 7 T
! it y |
FUJITSU — —
T | |
HITACH! —— T
| [ -
MITSUBISH — ——t , —
i [ 1 [
NEC — — + —
TOSHIBA 1 T S L !
™ T R Al
Electrical Characteristics SNS4LS374/SN74LS374 i
Pin Assignment (Top View)
absciute maximum ratings over operating {ree-air temperature range @D
ALY
Suooly voitege. Voo 7V | Overaung iree-aw {SNsaLS | -S5C 0 125C w @ ® m o m o moe s ea
1NDut voltage w temperature range ]SNMLS aT v T ‘nl n “ L] Ill“u”ul u‘ 1l Iltﬂ
Storage temperature range -§5T to 19T [N ."' T .7 .
recommend operating condilions
SNS4LS374 | SN74LS374 | ok B‘J 'ﬁ [t—.m. Fye
MIN NOM MAX | MIN NOM MAX | T (=
Lo ey
Scpory vottage, Voo 1.5 5 £514.78 S 5,250 v T
NiERD »
Aigh-lever outoul voiiags. Vou . - Bl —400 | wA mw% : =
HMagn-tevel Outdul Surrent, 1om [ i§] mA “TT
Wats {e L1 t [qull 3 L 4: A
e g N
" Of #0GR 4AaDNg pulse. tw [Towi 15 s AY SNSALSITA L)) SNTALS374 (3, N)
Data roid tme, tnog 97 [ as SNS45374 (N1 SN745374 (4, N) . :
Setvo Lme. fsqrup - 217 20% ng »;
Ocerating frae-aw temoeraturs. Ta —55 128 0 ! T 4
electrical characteristics over recommended oparating free-awr ‘LS374, 'SI74°
temperature range (uUniess otherwise noted) ¢ FUNCTION TABLE
PARAMETER TEST CONDITIONS$ MIN TYP$ MAX | UMIT
Vim Puirievel noul voitags 2 A BY v QuITLUT cLocx o ouTPuUT
ViL  Lowslevel mout voltags Tt v CONTROL, -
Vik___ inoul camo voitage VGC =MIN, 1j=~1imA 1S v L t . H
v Hagh-tevel outout voltage VeCTMIN. Vi =2v. 24 v - $ . N -
v 8 5
oH M o 9 Vip =V mar. Inw =MAX L L X Qo
. Vee =MIN, H H x X k4
Vor  Low-level qutput vodage Vi =2V, oy =2UmA 6.38 05! v
Vi =V max
Ctt-state outdul current, Voo =MAX, V=2V,
' g &
OZH  p onetevet voltage aconed vo=2.V 2 o
, Of-state ouiput current, VEG ¥ MAX, V=2V, T
L ygmetevel voitage apahed Vo =o.4v i
" tnout current at VGC TMAX, V=TV 011 ma
MBHMUM nOul vaitags
[ High-sevel woul current Voo =MAX, V=LV 1 20 LA
[ Low-wvel inout_current Ve =MAX, V=337 1 ~0.41 maA .
98 Snort-cweuit outout cwrrent § | YCC =MAX -3 130! wA . .
Vge =MAX, I
icc  Susoty current Output controt st Lav | L5374 noodar e
switching characteristics, Voeo=5V, TA=25C
FROM TO
PARAMETER | |\ ooy | outeuT) TEST CONOITIONS MIN  TYP uu!umr . .
Tmaz 380 wnz
:p“i Dats Any Q
""‘- s €y =4%oF, Ry =670, —
L8] any Q See Notes 2 ana 3 ns
1P enabie, i) I
[y Output a 20 a1
7L Controt ‘ oy @ 21 a ™
1oM7 Qutput Any 0 Cp=SoF, AL =67, 12 20} s
(1% 4 Controt . See Nate 3 " 51
1 For contrtona anown s MIN or MAX, use tne vane under NOTES: 2. Manmumciock frecuency 18 tested with ail Outouls ioaded.

coeraUNg conthony,
$AY typwoal vawes we st VoomSY, To=28T.

§Not mors (Man one Oulput SHOuK De SNOrted A1 8 1me and Guration of the SNOrt cwewit Should

not exceed one second.

3. See load Cruwls and waveforms on Dage J-II.

imax WMmazimum CiGR frequency

1PY K BHYOOIGALON CHBY Lime, JOw-1o-nign-Hevel Cutout
[P Tprocaganon delsy ime, high-to-iow-revel outpul
IPZH ®OulDUl enadie lime ta Mg level

1PZL Mouiput enaoie lime [0 jow level

tpHZ Woutgut disadie lime fTom Negh leved

tpLZ moutdut ¢i3a0le fime irom low leved
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Definition

The «LEM Module LA 25-NP» is a multi-range current iransducer. Based on the principle of magnetic compensation, it
provides electronic measurement of DC, AC, pulsed currents and their combination with galvanic isolation.

Electricél data

Norninal current I,
Measuring range
Measuring resistance

with =15V at x 25 A.t max.
at + 36 A.t max.
Nominal analog output current

Turns ratio

Typical accuracy at +25°C
Supply voltage

Isolation

Accuracy - Dynamic performance

Zero offset current at +25°C*
Residual current **

after an overload of 3 x I
Thermal drift of offset current
(betwéeén 0°C to +25°C)
(between +25°C to +70°C)
Linearity

Respounse time

Bandwidth

Geheral data

Operating temperature
Storage temperature
Current consuinption
Secondary internal resistance
Primary internal resistance
Isolation resistance

:25A.trms

:0tox36 At

: R,, min. R, max.
: 100 ohm 320 ohm
: 100 ohm 190 ohm
:25mA

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

1205 % of I

t+and-15V (x5 %)

: between primary and secondary :
2.5 kY rms/50 Hz/1 min.

: Typical Max.

: +0.05 mA +0.15 mA

:+0.05mA +0.15mA

1= U006 mA T 2025 mA

:+0.1mA +0.35 mA

:better than £ 0.2 % .

: better than 1 us
+ DCto 150 kHz (-1dB)

;. 0°C o +70°C

: -25°Cto +85°C

: 10 mA + outpuc current

: 110 ohm (at +70°C)

: < 1.25 mohm/turn

:> 1500 Mohm (at SO0 V and +25°C)

Weight 122,

Package : potted in insulated self-extinguishing plastic case

Polarity markings : a positive output current is obtained on terminal M, when the primary
current flows from terminals 1, 2, 3, 4 and S to terminals
10,9, 8, 7 and 6.

Noter: This is a standard model; for different versions (e.g. supply voltages, turns ratios, mechanicz

dimensions, unidirectional measurements, etc.), please contact us.

* The device is supplied with + 15 V, measurement is then carried out after 15 minutes.
** Result of the coercive field of the magnetic circuit

921204/3
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"Number Primary current | Nominal Tum Primary Primary Recommended
of primary | nominal |maximum | outputcurrent | ratio resistance insertion connections
tums I (Al LAl I (mA] [mOhm] inductance [pH]
$§43 21 N
1 25 |36 25 171000 | 03 0.023 ur ST,
54 Lzo_; IN
2 12 |18 24 21000 | 1.1 0.09 our ST
) $413 g_g N
3 8 12 24 3/1000 | 25 0.21 out ;":\:\;",’,
' $43 2 ; IN
4 6 9 24 41000 | 4.4 0.37 AN
B . QUT 67 3 910
54 J° 2° ; IN
5 5 7 25 5/1000 | 6.3 0.58 NN
x 0 0.7x0.6mm 3x Q1mm 15.1 1.2
g \(\ T F‘r)\ =
~ —oM —%—-
5 ié o
Vs) Gr-\ : : ~ — e 4
sk A\ S e 3 st
N ~r I Ve N —‘“—Oih
T 1 +10 ~
o~ — — —
o D =
o~ L. . ,’2
' 4’ 21.2 4 16.3 L5 +-03
T h
29.2 20.8
Recommended PCB hole diam. : @ 1.2 mm
Connection
1, 1
8.89 | 1143 . y RM TEN -3 ‘N
' ' 0V o—TF—)—M LA 25-NP Ip
3.44 2032  B.4s _ _ 6-10)——o0 OUT

«This data sheet is a translation of the French version which is deemed authentic.»
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