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Chairat Thawornnghamyingsakul
Tossapon Chanthayingyong
Thanee Wautthiratthada

Noppadol Yomkaew
Assoc.Prof.Dr.Vijit Kinnares Advisor
Mr.Chaitouch Manee-in Advisor
2004

ABSTRACT

The project is concerned with data acquisition and monitoring of 3 phase
inverter fed induction motor, The objective of this thesis is to study about detection of
input voltage and current signals of three phase induction motor. The measured
voltage and current waveforms are attenuated into lower values by the voltage divider
and the current transducer (LEM) respectively. The voltage signal and current signal
are also calculated for electromagnetic torque and power of induction motor. We use
the implemented board which have IC ADC for converter analog to digital. Then we
use microcontroller to send obtained data io operate in computer. We use Assembly
language for controlling tasks of microcontroller to send data pass serial port to PC.
The program is written in DELPHI 5 for calculating electromagnetic torque and input
power of the induction motor and displaying motor data on PC monitor.



[11

fnanssulsznma

a a Jd dy [] =) [} @ 1 1
UTgygnitnuiatuiingdlionada 188108 winli 185 uanudomde nariluilan
! 9 o e Y . =< [] 0 o Ao Y 1a a c/qw < =
na1w healoiu yanausniinesndndansziiududdgivliSyginuiiadead148de
IAATAAT  Nause uazensdvoia udsuns mmsawﬂsﬂmﬂﬁgfgmwuﬁ vovouguAiTe
fiusn Aflu fdsa Az wmaqﬁﬂmﬂsmmﬂ‘n wﬂmuwiwmﬂsﬂm Wauer Ty duuziiinay

‘H’JULﬂaE’]LﬁiJ@ﬂJ'I ‘lNﬂ@Qﬂl@ﬂl@ﬂﬂizﬂﬂwﬂu@ﬂNNWﬂ

Y o @ A o Yy Y A0 ada a o P
HazaviveveunsyguyanadIAgiqani 199w uil Ade da1 u1sen swisud

o & 4 yyd o~ g o 6 19 = v d g Ve e
LAISNS NS cm‘lmam%mmmﬂuamm wseusia v lemalumisinyiediudud uazdeldiigsls

1l ldiawent luyng Arusumiwiously dwmidwaeszinlunszquugalssua uasve

&)

ATIUYDUNIZAUIN & N

wisdoiad  ansewisana
Wignemna AUNZ B89

=~ Ay d
wiosH AsA T

UIBUNAT guLA



Msiiny

unfagen Iy lny
Abstract
Ananssuszme

GRESTLY

GRESTATERY)

GRESIITERERK

unh

A
uUnn

1 Ui
1.1 UnH7
[ 4
1.2 dngiszasnvesInsem
1.3 U e v laseay

o aQ

1.4 YUABUMIT AU

~ A A ) o
2 nouRNNYIvesiu Taseau

= s A o
2.1 NOHYVDINBLADT LU U
2.1 19anMsN 19U (Principle of operations)

J { o .
2123993 03favesuamesi iy (Three Phase Induction Motor
Equivalent Circuit)
2.1.3 Masuazisyiia ( Power and Torque Characteristics)
4 ;
2.1.4 MINATDUNBIABI ( Three Phase Induction motor Tests)

7 { ° | (
2,15 msmuawamaimﬁmm 3 e (Operations of Three Phase
Induction motor)
a 4 & A o A J o
2.2 BUNBIADIINDINITIULARDUN BRI B TIV T3]

75 mﬁmswzﬁmﬂ'nwaﬁmm:ﬁwﬁadwq
2.3.1 aUMININIFINGTY
232 MsNATRUNBIADS

3 MIAIHIAMI TS NIAZNIS0eNLLY

3.1 MINIUYee IAT991U

3.2 M3ATIVIUNTLUA (Current detector )

3.3 M3ATINVULIIAU ( Voltage detector )

3.4 mapmsduuasnsulasdaana
3.4.1 nouRMy Uy

Y LY a 4
3.42 9anmsgudaanavesluaiay

'
1 as o

343 MIGUAY ULV VTN NTUD

q

111
v
VI
IX

[

11
13

18
18

20

21
23
23
24
24
24
28

Iv



msiigy (Ae)

3.5 AuauiiAves ADC
3.5.1 AUAITBUNT-O NG
3.6 MIATUIN
3.7 ﬂ'lié’é)?ﬂilmvﬂuﬂiil ( Serial Communication )
3.7.1 é’ﬂymwaamﬁéamsmummgm
3.7.2 WIATTIUNBS ABYATUILY RS-232
3.7.3 ewitinime fdmsunede RS-232 uazMsIeline
UNN 4 M3diaeenIstiey
4.1 M391a9952UL 1AT93 19898 Matlab
UNA S HaN1INAGeY
5. 1dnyaizName s 19 U NAae
5.2 WoseeIdaanes sine
5.3 finsandane PWM
5.4 NN ANAR ISR TaRUIRS 89 PZ4000 power meter
uni 6 unInsdiazsumagy
6.107UYBIFIT AT
6.1.13993R5 10U danMns I
6.1.2 WITATWIU TR IRY
6.1.3 299TUATSAVLT I
6.1.4 20vsuasdgyanamazyszuiana
6.2 auves 11/sunsy
6.2 1emveslsunsutlszianalitl Insnen Insamo s
6.2.2 @uves lsunsulszuanaluneuiuaes
MaNuIn Tdsunsumsanauaziasina

1ONID 1D

29
29
31
31
32
32
33
36
36
39
39
40
47
54
57
57
57
58
58
59
59
59
59



Ui 2.1
i 22
i 23
917 2.4
i 25

1lfi 2.6
i 2.7
q1lfi 2.8
qilfi 2.9
it 2.10
i 211
212

Ui 2.13
917 2.14

1fi 2.15
71fi 2.16
q1lfi 2.17
i 2.18
91 2.19
q1fi 2.20
q1fi 221
i 222
1fi 3.1
11fi 32
71 33
Ui 34
1fi 35

Msvasi

vaqs

HANMINTIUYeINaIMes M8 3 e
1 o~ -4
sayame ihdemaveslsmos 2 saluan
1 o
wWIsauyani Mihdemavesamnes
1 o ~ o A a Y 4
'Namngama"Mﬁmawlmmuamasmummmawmsmwmumﬁmas
smyane IMihdemavesueimesiniioniniono1s ans core loss AR
uazth WA wfuntsgaydenana
Nﬂsaugama"M‘Wﬁmﬂmaquamaﬁﬁﬁmﬁﬁiﬁ?ﬁ%muwhﬁnﬁavlmlﬁw
Tureun s M TA R e sweme WMot
NI MmNy uYesaImes Uil 3 a
NITNATRUNBIAR SN eI IS AR No-load
4 ~ ] [
NNadeLNBmesMleni ludnYYy Block-rotor
I ¢ o 4' P
MIAIUAUAIUS WBAB M U1 TagilAsuai i ve s Wi
¥ o ' a o { ' =
AITURUTYRIAUIILAUAZ AT IVeINBABS Taon1sitlSens 1aa s
uazuseau Ifwesseuy e
v o ¢ a S A o I %
ﬂﬂﬂnmmﬂ”nummuﬁ«uamswmmzﬂ'nmmmaﬂsummwmamaﬂﬁu
mslaguaiaayl
< a J A o A | °
u.aﬁwaaﬂ'lﬂazuﬂswmssvuaunaimasmawma@uuamasmumm
uazvihlfesufunisgayfontana
¥ilAves Variable-Frequency Converters
PWM-VSI (a) In59a5 19409 PWM-VSI (b) Jiladuues PWM-VSI
=y Y AN AL 57
(a) ANBUAYYINYB I Square-Wave VSI (b) Havasg1sueindiuinty
anyaNIsIaydauYee DSI
werasmsiasuszuy 3 wa 3 unwdly 2 uny
S 1 v o
vaen laezunsuniswiamgne
<1 1 a
vaen laezunsumsmauseia
uaasms lauasms Sausstiaveenise
Block Diagram M3y muuee Iaseaiu
Iassasheevsveslaseqiu
o W@ 4
Tnssasenmssudyananinuomes
UTRINITATINIUAT LT

HARIINTATIVIVUITIAY

10

12

12

14
15
16

17

VI



3.6

3.7
3.8
3.9
3.10

3.11

312
i 3.13
i 314
# 315

3.16
4.1

42
43

44

7i 45
i 46
47
5.1

5.2

i 5.3
| 5.4
i 5.5
56
fi 57
758

59
5.10

5.11

msiiygyl (de)

naasmMsqudgne X
dyanuuegaasznIne X i pe)
Fourier Transform 484 daya1a
alnasuvesdagnaiiia) £ - 7, < £,
nsgudaanalaidonnudae fu
9995 ADC
udenlaezunsudunsunts dae
meﬁ’ﬂymsmséaﬁmmuagﬂsn
uaasms dedeyaLLaynyy
M3 iavivesnauiinneiie Sneynaua LRSI RS-232
a1t DB-0 uay DB25
msﬁ'aqﬂﬂsa‘fﬂwuaﬂﬁwa{ﬂaqnsmmﬂauﬁamaﬁuﬁﬂymz@haq
M3i1a893z1u Tags
uuUSaemsasdaany PWM
uvuieesmsvaT 7, tag / )
wuviraesmsnin ¥, uaz
timesmsman w,uaz
HULTIABIMI ARG
MUV 1R8IMIT A LIS DA
ﬁ”ngm1mmaau@tﬂa§'3 Mﬁﬁ‘lé’mmﬂ?m PZ4000 power meter
YU I§U Vac, Vba T AN RouR uaas

FaUUT I Vac, Vba 118970 Matlab

€

P a 4
YPYUNTLUT TaTb N IAMIADURAADS

Yrunseud Ialb 7114910 Matlab

2°

o o { a g
YYUUTIAU VA, Vq T ldneneuiviaes

YIUUIIAY Vd,Vq 7114970 Matlab

)

- { a 4
dyanunssud Id, Ig 7 ldneaeuianes
dyanunszua 1d Iq 711890 Matlab

o : Ay g a 4
ayanuNdn (., ) i ldnsneuiiunes

daanaan (., ) 71890 Matlab

25
25
26
27
28
30
31
31
32

33
35
36
36
37
37
38
38
38
39
40
40
41
41
42
42
43
43
44

VII



&a
=

e
2

e
e
- 3L Sh. =2h. =)

&N
(ol
=h

&ean
A
)

5.12
5.13
5.14

5.15
5.16

| 5.17
| 5.18
1 5.19
| 5.20
i 521

522
523
5.24
5.25

5.26

] 527
] 5.28
' 5.29
] 530

6.1
7 6.2
N 6.3

6.4

mstiygil (dle)

dygnaidenislvihinldnemeuiuned
daanaidmieldi 718910 Matlab
dyanaussdams Wi ldneneuiuaed

dyanausedionis Iihi 16910 Matlab

o o { a 4
atgaymma Al (PWM)Vac,Vba ‘ﬁ'lé}‘ﬂ NABNNAUNDT

AYRUUITIAY (PWM)Vac, Vba 71 18910 Matlab
o { a 4
YaUNTTUE (PWM) In,Ib 71 ldnneuiunes

YrUNTTUT PWM) JaTb 9114910 Matlab

&'

o { a 4
UUTIAN (PWM)VA Ve 71 ldnieneuiiames

YIUUTIAU (PWM) VA, Vq 7114910 Matlab

€
Qe qee CE

YYIUNTZUA (PWM) 1d;Iq A lAmensunanes

YIUNIZUE (PWM) 1d,Iq 91 18970 Matlab

)

Tanuidene Wi ldneseufianes

€

aanamdene ¥ 71831 Matlab

S Yy v a d
anadn () Aldnsneuiiunes

(3 €
&

wanunan Wy W 118910 Matlab
o a { a 4
wansussdan e i ldmsnsuiames

dayanausatanie #1180 Matlab

nsmMilSsufeusde i ldvnaeuimes fumte s pZa000
Power meter Iﬂﬂﬁi}'wﬁaujmumusaé’uuaxni:umﬂugﬂﬂﬁu sine
nsMilSsufiouids TwWihi 1dunaeuitamesTuimdes pz4000
Power meter Taofis ey e PWM 2103 30 T

nsmifSouiiouids i 18 nreuiunesfunies 24000
Power meter Taufit1edayaias PWM finatui 40 Hy

ns WS ouiioudds Inihi 1R nneuiaumessunteq 24000

Power meter 1asfivodayanas PWM #ia2138 50 Hz

WAV UTYANURTEI
NIIATINVUT YT IAY
NITYNTTAULITIRU

weslasdyanauazlszuana

VIII

45
45
46
46
47
47
48
48
49
49
50
50
51
51
5

85

56

n n
O o0



A5 19N 3.1

=
ATTNN 5.1

o
ATTNN 5.2

d'
ATNNN 5.3

AN 5.4

asUYAIg

a5 i’mwaaﬁamﬁﬂmaifwe{ﬂaunsummmmgm RS-232
WAL DB-9 10 DB-25
AnfSouifiousdsivihi 1 naeuiunesiunses 24000
Power meter Tﬂamwaﬂgqnmusaﬂuuazm um‘flu*ﬂﬂau sine
AudSsuifoninde I 8 nnneufiume Siunteq PZ4000
Power meter Tﬁﬂwmmmwm PWM Tlﬂ’a’lim 30Hz
AfToufloundsInihi i@ naeufiunesiumses 24000
Power meter TRefiiudayaer PWM Riamsa 40 Hz
AuLfSouiouida i 18 naoufiame S iumSae 24000

Power meter Iatfiiudayn e PWM fin21u 50 Hz

34

54

54

54

54



UNN 1

1.1 unih

msﬁuﬁm’f@qau,azmmﬁmwaﬁmé“uﬁunaiﬂe%’ifumﬁauuamaé’mﬁmﬁw 3 e 1fu
T,ﬂsNm‘fiv‘imﬁﬁﬂyuﬁmﬁumsﬁwﬁmqmmmﬂszummzﬁmmmmaausaﬁumnuamaé’mﬁmﬁ1
nﬁmswﬁt,m rilszudona tHeAIeY mnm‘ummnqﬂwawamamammmamaanamasw
Aady Taslulassamiiirinsilszananalao idanunsuauas dyaaus ¥y s e
ussinvesuaassuaza i g I wesnames Iﬁﬂmﬁaﬂﬁ”ﬂmsmmmsmnﬁuﬁmmmﬂsmﬁ
Lmzﬁmmmusaﬁuﬂ"ﬁma%mnﬂé"m?mmm mmfuﬁm’lﬂswmawmﬁammﬁwﬂ@uﬁama'g

Iﬂﬂiumsmmmauﬂumvmﬁﬂwaﬂmwmmsmaﬂﬂuﬁmmwmiﬂaammmﬂ"lmvum
W 3 ola mﬂuum‘hﬁmnmﬂaﬂuuﬂaamﬂswummmsaﬂumn e Iitianduainssuauas
usaduiifian 2 uny ﬂunumaﬂu 90 asett thhAeszdifeviaveaussafiaasy IR IAUBY
maa'lﬂv’lﬂmmammmns zuaasusadu liinstasszananaiemdmave s s e a7
mﬁwﬂuuamasIﬂﬂmﬁﬂaumsma"lvlﬂﬂumﬁwmsm VIndaNaNsEuauas FUIS IF LIS
@059 30 1@ lasefonsrsmeddansetingfeoniun |3 usedayaziids Mdusawson
Tﬁamﬁaﬁumsmﬁmmmlwﬁwmf‘amﬂzﬁuavﬂswmawaTﬁﬂ“lﬂﬂmﬂm Delphi 5 uag
T1/51n53 Math Iab Tﬁwauaﬂmmmmmmuu'lﬁmmnmmaa"luiﬂiﬂauimmaas Tums oz
awagaﬂm"LuIﬂsﬂauImmaa‘i"lﬂmﬂaummasmaﬂi:mawawNﬂauﬁ’amaﬂﬁudmmawafﬁ
BYNTY

Tﬂiamm{lﬂu‘?;umu?{‘l%’né”ﬂmﬁmswﬁﬁ’mmmuavﬂszmawa'&mmmiﬂﬂa16{’&1
luTasneuInsawes uag 2933 Analog to digital Iﬁﬂﬂmnqm‘umﬂmn@mammmnuﬂmlmﬂu
Avaoa Uaa 1y MCS-51 Lﬂumm*uaua1‘1Jmﬂanmmesmmmmwa e I idansazaanlunts

mmmqqmﬂmuﬂuauﬂﬂmnamasIﬁa"lnmam"lﬂmmiﬁama

[ d
1. 2 Ingilszasnveslasenu
I: Lﬁa?my1@mﬁﬂymzmmﬁmapmnszummzmaﬁummﬁuﬁﬂ%’unamag 3 e
a o @ e ey
2. NI HAYYIUNTSUTUAZUTIAUVDIDURNFUNBIA DS
3.1 fNYIN15 1% Delphi 5 tay Math lab Tumslinsizdiasdszuranamis s siaues
dudnfunemes
< a ' a o v Jd e e a o 9
4. ANEINITARADNUABUN UABT N IUNBSABYNT NN e 18 lluraswafiviiee
a d o P Y Y N
ABUNAADS Tudny AN INAREITY real time
& Y a v o 9 EY | o =~ 4 'l Y
50 ma‘Imﬂﬁmmazﬁ'sﬂ‘lumsmatyﬂunmIﬁa"lumaw1"lum (WOIUABYNH U0
a -1 v w a 1
ADUNIADI NawIse Indayanafiganieg 1@
4 i .
6. marﬂuuuamq°1umsﬁﬂmmsmaigmu1mmaq wilszunananazdszgnd 19 luns

o A Ada o
ﬂ‘)ﬂ@il Q‘Uﬂimizﬂziﬂﬁ HIDNNUBDUAI Y



1.3 VoUIUAYBIlATINY
o d" 4 I @ -4

nuviuveslasenuil e tnferziunszud uas usdu vesuewes azutlaayuia
Vo3 NIz uag 139w IRTa1eua23siu Board MCS-51 1182 Board MCS-51 il asuugda
4 5 . o v . :
Fuiludaaa Anaog mlasfy dayy1eu Digital Tagl MCS-51 iiludaaauqumsiaves

A~ d d ° v Y a s ' = A4 g9

Board naziiielimsiszauianaias bz inns dann gReNIAes Taun 1Y serial port 1l doya

() a Jd a 3 o =1 o_ 1 '
QﬂﬁﬂN’]uL%’]ﬁ'ﬂuﬂ@ﬂW?m@ﬁ ﬂ@u‘ﬂ?m@;ﬂﬂz7]']ﬂ']ilﬂ‘l]%@Hallﬁgu'lﬂ'lu"Iﬂigil'JaNaﬁ'N‘]

1.4 Fuasumisautiums

¥ v .

1 fuasumMsAnymguuaznannsinm e
o o . P2

2. funeumsesnuuuiaziamiagatns ol

3. YunsuMsUsenouas 19N
2 e

4. duasums@oulalsansy

b

5. fuasumsnadeudediawain tsziiuna uflufefawaaiazasina



(V%]

UNH 2

v

s 9
nqugningIvesiulnsany

= < ~ o

2.1 ﬂqﬂgﬂadslﬁtﬁaimuﬂ’su1
et a ~ o e - & g a g <
UBIABINLNAINNITIHUSIUY 'é]”li]l,‘ﬂul.t‘lﬂjlﬂmﬂﬂ’s ﬁi@ﬂa’lﬂlﬂﬂﬂ\lmﬁﬂﬂﬂﬂ Ladusiaes

s a = ° a o 2 '
MNANNMITNUYINIFUANA WS (Poly phase induction motor) TNIZHUIWAILY 3 1He Faualq

ponlatiu 2 ¥iia

oo Y . & Sy 1y v
l.l,l,‘UiJ“/liJﬁTﬁigu ANUNIINTLIBN (Squ1rrel-cage rotor) ‘]f\?!fﬂul,mﬂ‘ﬂ‘1ﬂﬁﬂ§ﬂ151ﬁﬂ\3u‘ﬂ’3u

.
1 o

ARBYNAINYY (SIip ring) ARBYNAINIY

2. UiJ‘U‘Hﬂ’J‘HiJUiHJﬁﬁ’JﬂWH@US@U €] (wound rotor) Iﬂﬂ‘ﬂﬂ?LLﬂLﬁaﬂﬂulﬂﬂﬂluUuﬁ’Jﬁijuu

Y o

ITABIY maummm‘uw (Stator)ﬁ@ﬂﬂuﬂ?ﬂﬂﬂﬂ‘ﬂ Lm‘uuﬁm‘lﬂmtm%uﬁﬂ‘lmuumwuumam

ﬂmﬂmm‘uﬁaaﬂﬂwuwuuquuuu AB9ANNTTNAIIUN NN ﬁiﬂtiﬂﬂﬁ]ﬂ‘lﬂﬂﬂu\i’n “Slip ring”

2.1.1 nann15¥1a1u (Principle of Operation)

]
"o Ao o

Jd = o c:, = 1 & Y 1 s S a d?'
UBIABIH U "hJiJ'.Nw‘lﬂﬁmm%auﬂuszmwmagﬂ‘uwﬂumwu NITUANNAYY

Tudanyu ﬁ"lﬂaatimﬂlumiaﬁqmﬁmaéieu q AanyuiufanLsaaasu I iRe v un1oly

‘”wuuuu LL’iﬁLﬂa'é]ul’lﬂﬂlﬂﬁﬂuutﬂﬂmﬂﬁu'lilLLSJIMﬁﬂ‘HNu ‘Vl‘JJ'li]'lﬂﬂ’JE]ﬂﬂ‘U‘ﬂ uummmuﬂmaﬂu

.
{

Yuagii mmmsLﬂaﬂuuﬂm11mmnumujmaﬂmﬂmuuumuwaq (Rotor) 1l51ngasaia1e @

a g o 1o 'dy 1y 1 o < 1 @
ReTUDUAIegNUTT WHYUAT WAUMS MYUVBLMIHAND125820R WS AT (Synchronous)

& o Ao, #, é:?'osva o= Xl o 99 a
LIBNT WL AN IINTUAIUIUY Rotor LIARBUUDY Vl'liﬂlﬂﬁﬂi“’uﬂ\lﬁﬂiuﬁ?u']‘lf\? 'ﬂ'ﬂ,ﬁlﬂﬁ
LLi\ﬁJﬂ (Toque) ﬂuﬂﬂlﬁuuiuﬂﬁ“’lﬂlﬁﬂ?ﬂﬂﬂTﬂﬂaﬂu‘ﬂﬂ'ﬂﬁﬁu‘luuu L'ﬁaﬂﬂﬂu'ﬂﬁﬂ’]@ﬂﬂﬁuﬁﬁ

maau‘lﬂuum'lﬁIﬁﬂiﬁfﬂguamwmmmm muwﬁmamsmaam’mﬂﬂmnﬂg]namwml,ﬂsn

/_;;_;:::;::7 Y asessnisonte Pe ST Z
Stator Rotaling Rotor Mech.Load
3-phase 3-phase *"\ g 5 > Induced {_ '\ Slip
system Armature g i ‘ Voltage __1/ Rotor Speed
Winding |} Ko Roition | Nr
e Ea Lt 7 Speed Ns 3 o

a Y o d c; o
3 2.1 nanmsvihnuvesuememile i 3 wla



$ 7 as 1 < & 7' =
diovaadn 185uusedulniih 3 wle szadrvenuimdnvnyuiu deunyullsey

t =3 Y @
F090IMAAWANUT WY Synchronous speed V. daarums

Synchronous speed

N, = L (rpm) (2-1)

p

. o v d o a 1 g o 1 3
Slip ﬁa BAITTIUYBIAINUIINIAAVINAAULANAIGUDIANITIN Rotor AUAILTIN

' 4 A g da £ 4 o
Synchronous #®A1MLIIN Synchronous euammmmmaﬂwgumﬂﬂw“lumsaaims

O _u (2-2)
N,
iile S = Slip
N = Synchronous speed (rpm)
N_= Rotor speed (rpm)
Slip speed
SNu= N/ N, (rpm) (2-3)
Rotor speed
N, =(A=8)N, " |\ (pm) 2-4)
Rotor frequency
FAN N (Hz) (2-5)

YUISUHIU (Starting) rotor HYATIBYITUT S = |
Rotor frequency = Stator frequency

2.1.2 Nﬂmmammameémﬁmm (Three-Phase Induction Motor EquivalentCircuit)
mﬁlw’cﬁNu:uumaaammuﬁmaﬂymvmmms@qﬂﬂa'lw%nmmuﬂu'sﬂi;@ﬁ&%"lﬂﬁﬂﬁﬂ
mﬁﬂwqygwmmmummaﬂ"hdﬁmmﬂuum Rotor Equivalent Circuit (per phase)
VInauNIET 2-5 1t 1831912108 104 Rotor dignyoulaaue Slip  AsWu
1 a o v Py 3‘ t 1 .
AT WADTA WG M IR Rotor s Tuagius Stip
mauamas”lﬂmIwaﬂm,‘n1°lmnﬁﬂswuﬁ"lwamﬂ°lummu uazihliamus e sdanyu
$raely) Wedlusuudensiiliyen Slip AL fufeiilfus unden ﬂﬁmmwnummu

iy SE, , 8IUA1 Leakage reactance X, Aoy SX, dua R, mmuﬂumnﬂaﬂuuﬂimaa
Slip



Xys =8X,
E,s =SE,
- ia 1 A "
1o Ao = A1 Leakage reactance Y84 rotor #1A1 Slipla
X A1 Leakage reactance 494 rotor YUTHYATIY
Lo A1 Induced voltage U®4 rotor N1A1 Slipslﬁ 9
£y = A1 Induced voltage ¥4 rotor ¥ UEHYATIY
299500318 141 per phase 484 rotor awsLIAIdTST
'8
SXZ 12 ‘,\ o)
SN A R e W o al,

§& = e

<

(2-6)
(2-7)

1l 22 30 smyamdTihdenta vadlsians 2 suumw

= f11 Resistance 194 rotor

1ng

SE,

Rotor current Ih= N~
VI +(SX,)

vagtaunisi 2-6 Tnu 118

£y = -

i JR, ISP +(X,)

warauilursesauyaldege v)

S AUAIUMIUYB IS AD % =R, +%_R2
=R+ R, 1)

S

(2-9)

(2.10)



& v i v AL
‘Hﬂﬂfgﬂﬂﬂﬁﬁﬂﬂ']ﬂfﬂﬂﬁ']u‘n?u 2 WIUa.

[ 1 = 5%
dunsmiudauvesnamduniuues Rotor fo R, ununsgandoyeauduadalu Rotor
1 pui A 1 RZ(I—S) A 9 Put L] ﬁ
(Cu loss) IuNa0IndnA B load ANWAIUNIU R, Neuya Load 19 I wny

Load N119009993019195 111199

Stator Equivalent Cll‘CUIt (per phase)
Lu@ﬂi]Wﬂﬂ’ﬂlﬁﬂ’ilﬁuﬂﬂu'lﬂ’Iﬁﬂ‘ﬁaﬂﬂ’l‘iiuﬂ'li‘ﬂNT‘HL%‘HLQUJﬂU‘Vm@LLﬂaQ ﬂNﬂu"ﬁ\‘i‘ﬁ

et iidiudiadeui 1€ Rotor muumwﬂmaﬂsauga"lm?wfémﬁuwﬁ’auﬂaa

[1 R1 /Yl ] /YZ / 2
—_— P oS e
O—AAA——"Y Yy l RO Y

I

S

511 2.3 2smsmasamaliihdemavesaainas

VINNITNIITVITINIIITAULYATTN I Rotor 48 stator 499 Induction motor feg

fmualiten R, uag X, dusiienwregdn seator uda

I R < s

i1
o

Euh
12
£n.
l~)
1-0
&
(¥
o
22
&80
o
=
z
prct
e
nfe
e
=3
=4
=
o)
c'.E
2
o]
1=
e
=~
D
=
Chud
‘da



v () oA = & £ o~
NIsUENssYU [, aunsousneen lAdesdiufe nssuadsuiigandeluinuman I g3y
=t @ @ A 1 A @ o
MmAuaiuny £ uaznszuadivadieustdvin I, ¥99zdmads E, v‘f]mgu 90° luagesauya
¥ ) T 39 L A . 9 1 a
nszuanszdu 1, dusondast i udnasswudidseneudioanudiun R uazawuniila

2 o
Fa3upnuaun X

2.1.3 Masuazussiia (Power and Torque Characteristics)

1
/ R X, X,
—_— — e
- SN T
O—““’\/\/\/M
[‘F’ l
R,
Y X, 3
3
o ¢
31 2. s2svsmagamsInihdenlave susme simiiasviuiiofiaisans Core loss Ash
wezihfAnsaaiunsgandsnana
P = W Yo
uazanaunsi 28 dunsa@suasesauyalualldwedl
1,
4 RX X, R,
—_— —_—
O___/\M,.__/—YWL 2 DAY T Y O\ o ANAA/
[‘P l
< (1 i } R*
r == il DL
I/] Xm W A
o y

. doa o dyya 0w W g3
3 2.6 3asmgamilwihdenlave seme swmfisnihildfinisandigsinih



a o w = o a Y ¥ o w
zmmsuswﬂu,azmm'M‘?h'uawama{mummmmquwiﬂmmwsauuamaa

qauoiiieannaamdnmmulu stator (Stator copper loss)

2
Pcu,l =3I'R,
Mdegauduiiosnnamdun1uly Rotor (Rotor copper loss)

Pcu,2 = 3122}?2
e Inindeu (Input power)
F, =3V I, cos g,
Rotor input (power across air gap)
a2
Pg =31 ?

Rotor output (electromagnetic power)

Electromagnetic torque

W \L
]; = € — —
e of
Output power (mechanical power)
eV Vel
Output torque
P
7,= 22
a)"

Input
Power Output |->
Pi Pc

Output

Power

Po

Rotational
Stator

Rotor
and

cu Loss cu Loss

Core Loss

: 3 a Y < 3 °
311 2.7 Vumeumsiinsanmmmdsihvesusmedimiiaai

(2-11)

(2-12)

(2-13)

(2-14)

(2-15)

(2-16)

(2-17)

(2-18)



(N Ve 1 ' o~ 2 " Y o 4
IIEITONIAGN IMa1TA T Slip @199 T Tasmsunud Slip udad s e

Taduiionnuay Sipliiiauiiu 0 41 1.0 2 lansmdagal

180 36 31— — 7 o i s g L
el L\t 160
S i = N N L
140 28 : 140
Vool
120 24 4 i 120
/] I’—\i
£ 100 - 20 Brar; 7 100
z R e [ e A 9 I <
B 80 16— / /‘;E 80 ,
o
60 12 — 7\t 60
L — Iy
40 8] /Z/ 8 40
"
/ Iy
20 4 v 3} 20
0 0 J . )
20 18 16 14 10 08 0.6 04 25
i 1 s, per unit Smax T~ Smax P
P
e Kz oy

L— Braking region ——»-,4—— Motor region -—4

2+

. £ - ‘
3UN 2.8 pviaanuar e e IwdleTh 3 1 vg
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Maximum Torque Calculation
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Pulse Width Modulation Voltage Source Inverter (PWM-VSI)
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Square-Wave Voltage Source Inverter
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a o v Ay ve A ]
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LOAD(% PZ 4000 DATA ACQUISTION ERROR (%
0 279.6 385.18 27.41
25 990.4 1012.05 2.13
50 1691.8 1675.21 0.98
75 2395.7 2374.11 0.9
90 2847 .4 281553 1.13
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A5 5. 1 ﬂuﬂ%’nmﬁﬂun1mma"lﬂﬂ1f'ﬂ€1’ﬂmmuﬁamesnum?m PZ 4000 power meter

Tﬂﬂﬁdw&’q;m”musaﬁ'maazﬂﬁzumflugﬂﬂﬁ'u sine

LOAD (%) ,; PZ 4000 DATA ACQUISTION ERROR (%)
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28 589.2 §32.3 19.54
50 1032.2 1185.85 12.95

L 75 - 1509.8 1734.79 12.96
30 l 1816.2 ] 1962.34 } 7.44 ‘
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A1 5. saulSeudiaudaamaili i idonaoufiame fiumtas PZ 4000 power meter

lasntedayans PWM fin13ia 40 Hz

LOAD(%) PZ 4000 DATA ACQUISTION ERROR (%)
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90 2841.8 2902.01 2.07
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Tsunsuszinawa nazaadoya (Mcs-s1)

CHANO EQU 010H
CHANI EQU O11H
CHAN2 EQU 012H
CHAN3 EQU 013H
CHAN4 EQU 014H
CHANS3 EQU 015H
CHANG EQU 016H
CHAN7 EQU 017H
ADCCON]| EQU OefH
ADCCON2 EQU 0d8H
ADCDATAL EQU 0d9H
ADCDATAH EQU 0daH
BUFFER EQU 030H
BUFF_ADDRIH EQU 031H
BUFF_ADDRIL EQU 032H
BUFF_ADDR2H EQU 033H
BUFF_ADDR2L EQU 034H
BUFF_ADDR3H EQU 035H
BUFF_ADDR3L EQU 036H
BUFF_ADDR4H EQU 037H
BUFF_ADDRAL EQU 038H
PLLCON EQU 0D7H
CFG832 EQU 0AFH
FLAGO EQU 020H
RX_COMPLETE BIT FLAGO.0
SER_COUNT EQU 039H ; COUNTER SERIAL IN
SER_BUFF EQU 040H ; BUFFER SERIAL INTERRUPT
ORG 0000H
SIMP START
ORG 000BH
CALL RESET SER ; RESET SERIAL DATA COUNT.IF NOT RESPOND
RETI
ORG 0023H ; INTERRUPT SERIAL
CALL SER INT
RETI
ORG 0040H
START: MOV PLLCON #50H
MOV TMOD#21H
MOV  PCON, #80H
MOV  THI,#9
MOV  TLI #9

MOV SCON,#01010000B  ; SER MODEI 8 BITS

SETB EA ; ENABLE INTERRUPT GOBOL
SETB ES ; ENA INTERRUPT SERRIAL
SETB TR1

CLR RX_COMPLETE



MAIN:

-**************************************
>

JNB RX_COMPLETE .MAIN

CLR RX COMPLETE
CLR ES

CALL PROCESS
SETB ES

IMP MAIN

j¥#*¥*xx RESET SERIAL IF NOT HAVE CHAR DATA **

'**************************************
>

RESET_SER: MOV SER_COUNT #000H

-**************************************
>

CLR RX_COMPLETE
CLR TRO

CLR ETO

RET

;RESET COUNT

j#**xxx CHK INTERRUPT SERIAL WITH A 2000 **

-**************************************
>

SER_INT:

PUSH AcC
PUSH B

PUSH PSW
PUSH 000H
PUSH - 001H

JB
MOV
JMP

RX_SER:

RLRX SER
SER_COUNT,#000H
END SER

MOV THO,#00FH

MOV TLO,#0F9H

SETB
SETB

WAIT: INB

CLR RI

ETO
TRO

RIL,WAIT

MOV A,SBUF
MOV R1,A

MOV
MOV
ADD
XCH
MOV
MOV

INC

MOV
CINE
MOV
MOV
MOV
CINE
MOV
MOV
CINE
SETB
MOV
JMP

A#SER BUFF
RO,SER_COUNT
A,RO

A,RO

ARI

@RO,A

SER_COUNT
A,SER_COUNT
A#003H,END SER
SER_COUNT,#000H
RO,#SER_BUFF
A,@RO
A#018HEND SER
RO,#SER_BUFF+2
A@RO
A#019H,END_SER
RX_COMPLETE
SER_COUNT,#000H
END_SER

; RESET COUNT

; WAIT 4 mS. FOR LATER CHAR
3 65536-4000 MC (IMC=1%*12/11.0592 uS.)

; TOINTTERRUPT ENABLE

; TOCOUNT

; RESET COUNT
; ADDRESS

; ADDRESS



END_SER:

POP 001H
POP 000H
POP PSW

POP B

POP ACC

RET

bbb b S T T3
N

PROCESS:

CHK_CH2:

CHK_CH3:

CHK_CH4:

END_CHK:

SEND CHI:

LOOP 9:

SEND I:

MOV  RO#SER_BUFF+I
MOV A @RO
CINE A#001H,CHK CH2
JMP SEND CHI1

CINE A #002H,CHK_CH3
JMP SEND _CH2

CINE A #003H,CHK_CH4
JMP SEND CH3

CINE A,#004H,END CHK
JMP SEND_ CH4

JMP END SEND

MOV A#001D

MOV SBUF,A

INB  TL$

CTROTIRT

MOV  DPTRA#0FAIH :DEFINE FIRST DPTR

MOV RL#100D

MOV . R0,#020D

MOVX A,@DPTR
MOV . SBUF,A
JNB TL$

@R T

INC DPTR
MOVX A,@DPTR
MOV  SBUF,A
JNB TL$

CLR TI

INC DPTR
DINZ RO,SEND |
DINZ RI,LOOP 9
JMP END_SEND



SEND_CH2:

LOOP_10:

SEND 2:

SEND_CH3:

LOOP _11:

SEND 3:

MOV  A#002D
MOV  SBUF,A

INB  TLS

CLR TI

MOV  DPTR,#1F41H

MOV  RI1.#100D
MOV  R0,#020D

MOVX A,@DPTR
MOV  SBUF,A
JNB  TL$

CLR TI

INC DPTR
MOVX A,@DPTR
MOV  SBUF,A
JNB TL$

CLR¢# &1

INC = DPTR

DINZ RO,SEND_2
DIJNZ RI,LOOP.-10
JMP END SEND

MOV  A#003D
MOV _ SBUF,A

JNB TLS

CLR Tl

MOV DPTR,#2EEIH

MOV  RI,#100D

MOV R0,#020D

MOVX A,@DPTR
MOV SBUF,A
INB TI$

CLR TI

INC DPTR
MOVX A,@DPTR
MOV SBUF,A
JNB TL3

CLR TI

INC DPTR

DINZ RO,SEND 3
DINZ R1,LOOP 11

JMP END CHK

;DEFINE FIRST DPTR

;DEFINE FIRST DPTR



SEND_CH4:

LOOP_12:

SEND 4:

END_SEND:

READ_ADC:

MOV
MOV
JNB
CLR
MOV

MOV

MOV

MOVX
MOV
INB
CLR
INC
MOVX
MOV
JNB
CLR
INC
DINZ
DINZ

MOV
MOV

CLR
CALL
MOV
MOV
JNB
CLR
RET

PUSH
PUSH
PUSH
MOV
MOV
MOV
MOV
MOV
MOV
MOV
MOV
MOV
MOV

A #004D
SBUF,A

TLS

TI
DPTR,#0000H

R1,#100D
R0,#020D

A,@DPTR
SBUF.A
TLS

TI

DPTR
A,@DPTR
SBUF.A
TL$

TI

DPTR
RO,SEND_4
R1,LOOP_12

A#013D
SBUF,A

TL$

TI

DELAY BYTE
A#010D
SBUF,A

TL$

TI

000H

001H

ACC
BUFF_ADDRIH,#000H
BUFF_ADDRIL,#000H
BUFF_ADDR2H,#00FH
BUFF_ADDR2L,#0A1H
BUFF_ADDR3H,#01FH
BUFF_ADDR3L,#041H
BUFF_ADDR4H,#02EH
BUFF_ADDRAL,#0EIH
CFG832,#000H
ADCCONI,#080H

;DEFINE FIRST DPTR

; Active operating mode of the ADC



LOOP READI:

LOOP READ2:

MOV R0.#100D
MOV R1,#020D

MOV ADCCON2#CHANO
MOV  DPH,BUFF ADDRIH
MOV  DPL,BUFF ADDRIL
MOV A ADCDATAH
MOVX @DPTR,A
INC DPTR
MOV A,ADCDATAL
MOVX @DPTR,A

INC DPTR
MOV BUFF_ADDRIH,DPH
MOV BUFF ADDRIL,DPL

MOV ADCCON2#CHANI
MOV DPH,BUFF_ADDR2H
MOV _DPL,BUFF ADDR2L
MOV A, ADCDATAH
MOVX @DPTR,A

INC DPTR

MOV A, ADCDATAL
MOVX  @DPTR,A

INC DPTR

MOV - BUFF_ADDR2H,DPH
MOV - BUFF_ADDR2L,DPL

MOV _ ADCCON2#CHAN2
MOV ' DPH,BUFF ADDR3H
MOV - DPL,BUFF_ADDR3L
MOV A,ADCDATAH
MOVX @DPTR,A

INC. DPTR

MOV A,ADCDATAL
MOVX. @DPTR,A

INC DPTR

MOV. BUFF. ADDR3H,DPH
MOV. BUFF ADDR3L,DPL

MOV ADCCON2,#CHAN3
MOV DPH,BUFF_ADDR4H
MOV DPL,BUFF_ADDR4L
MOV A,ADCDATAH
MOVX @DPTR,A

INC DPTR

MOV A,ADCDATAL
MOVX @DPTR,A

INC DPTR

MOV BUFF ADDR4H,DPH
MOV BUFF_ADDR4L,DPI

DINZ RI,LOOP_READ2
DINZ RO0,LOOP READI

:START KEEP CHANO

; Move data in adcdataH SFR to A
; KEEP DATA TO EXTERNAL RAM

;'START KEEP CHANI1

; Move data in adcdataH SFR to A
; KEEP DATA TO EXTERNAL RAM

;START KEEP CHAN2

; Move data in adcdataH SFR to A
; KEEP DATA TO EXTERNAL RAM

;START KEEP CHAN3

; Move data in adcdataH SFR to A
; KEEP DATA TO EXTERNAL RAM



END_READ: POP  ACC

POP 001H
POP  000H
RET

SRR RORERFRRRRRRFRRF R RF R R kKRR R R F Rk Rk kR kkkck kR kR kckkkkkkkk ¥

;****************DELAY l BYTE: 200 US****************

-3k 3k 3k 3ok R Rk sk Rk ok ok Rk kR ok kR Rk ksk kR R kR kkkkkkkkkkkkkkkkkkkokkkkk
>

DEALY_BYTE: PUSH 001H
MOV  R1,#05CH

DELAY: NOP
NOP
DINZ RI,DELAYI
POP  00IH

RET

END
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Unitl;
interface
uses
Windows, Messages, SysUTtils, Classes. Graphics, Controls, Forms, Dialogs,
StdCtrls, Buttons, jpeg, ExtCtrls;
type
TfrmMain = class(TForm)
BitBtnl1: TBitBtn;
BitBtn2: TBitBtn;
BitBtn3: TBitBtn;
BitBtn4: TBitBtn;
Imagel: TImage;
Labell: TLabel;
Label2: TLabel;
procedure BitBtn1Click(Sender: TObject);
procedure BitBtn2Click(Sender: TObject);
procedure BitBtn3Click(Sender: TObject);
procedure BitBtn4Click(Sender: TObject);
procedure FormCloseQuery(Sender: TObject; var CanClose: Boolean);
private
{ Private declarations }
public
{ Public declarations }
end;
var
frmMain: TfrmMain;
implementation
uses Unit2, Unit3, Unit4;
{$R *.DFM}
procedure TfrmMain.BitBtn1Click(Sender: TObject);
begin
frmData.show;
end;
procedure TfrmMain.BitBtn2Click(Sender: TObject);
begin
frmAbout.show;
end;
procedure TfrmMain.BitBtn3Click(Sender: TObject);
begin
frmHelp.show;
end;
procedure TfrmMain.BitBtn4Click(Sender: TObject);
begin
self.close;
end;
procedure TfrmMain.FormCloseQuery(Sender: TObject; var CanClose: Boolean);
begin
if MessageDlg ('Are you sure you want to exit ?,
mtConfirmation,[mbYes,mbNo],0) = mrYes then
canclose := True else canclose := False :



end;
end.

Unit2;
interface
uses
Windows, Messages, SysUtils, Classes, Graphics, Controls, Forms, Dialogs,
TeEngine, Series, ExtCtrls, TeeProcs, Chart, ComCitrls, ComPort, StdCtrls;
const Vac offset =1507;

Vac_ratio  =0.38267269;

Vba_offset =1471;

Vba_ratio  =0.36483367;

la_offset  =1685;

la ratio =0.00665301;

Ib_offset  =1481;

Ib_ratio =0.00595534;

Reactance =3.8;

Machine_Cyele = 0.0000578:;
type

TfrmData = class(TForm)
Panell: TPanel;
Panel2: TPanel;
PageControl1: TPageControl;
TabSheet1: TTabSheet;
Chartl: TChart;
TabSheet2: TTabSheet;
Chart2: TChart;
TabSheet3: TTabSheet;
Chart3: TChart;
TabSheet4: TTabSheet;
Memol: TMemo;
GroupBox1: TGroupBox;
CheckBox1: TCheckBox:
CheckBox2: TCheckBox:
CheckBox3: TCheckBox;
CheckBox4: TCheckBox:
Series2: TLineSeries;
Series3: TLineSeries;
Series4: TLineSeries;
Series5: TLineSeries;
Series6: TLineSeries;
Series7: TLineSeries;
Series8: TLineSeries;
GroupBox2: TGroupBox;
CheckBox5: TCheckBox;
CheckBox6: TCheckBox;
CheckBox7: TCheckBox;
GroupBox3: TGroupBox;
Button3: TButton;
Button4: TButton;



GroupBox4: TGroupBox;
CheckBox8: TCheckBox:
GroupBox5: TGroupBox;
Button2: TButton;
Button5: TButton;
Buttonl: TButton;
GroupBox6: TGroupBox;
cmbSelect: TComboBox;
ComPortl: TComPort;
Button6: TButton;
Button7: TButton;
CheckBox9: TCheckBox;
CheckBox10: TCheckBox;
CheckBox11: TCheckBox;
CheckBox12: TCheckBox;
Series9: TLineSeries;
Series10: TLineSeries;
Series11: TLineSeries;
Series12: TLineSeries;
Series13: TLineSeries;
TabSheet5: TTabSheet;
GroupBox7: TGroupBox;
GroupBox8: TGroupBox;
GroupBox9: TGroupBox;
GroupBox10: TGroupBox;
Editl: TEdit;

Edit2: TEdit;

Edit3: TEdit;

Edit4: TEdit;

Edit5: TEd¥;

Edit6: TEdit;

Edit7: TEdit;

Edit8: TEdit;

Edit9: TEdit;

Edit10: TEdit;

Editl1: TEdit;

Edit12: TEdit;

Labell: TLabel;

Label2: TLabel;

Label3: TLabel;

Label4: TLabel;

Label5: TLabel;

Label6: TLabel;

Label7: TLabel;

Label8: TLabel;

Label9: TLabel;

Label10: TLabel;
Labell1: TLabel;
Label12: TLabel;
Label13: TLabel;



Label14: TLabel;
Labell5: TLabel;
Labell6: TLabel;
Labell7: TLabel;
Label18: TLabel;
Label19: TLabel;
Label20: TLabel;
Label21: TLabel;
Label22: TLabel;
Label23: TLabel;
Label24: TLabel;
Label25: TLabel;
Label26: TLabel;
Label27: TLabel;
Label28: TLabel;
Button8: TButton;
Button9: TButton;
Imagel: TImage;

procedure CheckBox1Click(Sender: TObject);
procedure CheckBox2Click(Sender: TObject);
procedure CheckBox3Click(Sender: TObject);
procedure CheckBox4Click(Sender: TObject);
procedure CheckBox5Click(Sender: TObject);
procedure CheckBox6Click(Sender: TObject);
procedure CheckBox7Click(Sender: TObject);
procedure Button3Click(Sender: TObject):
procedure Button4 Click(Sender: TObject);
procedure Button2Click(Sender: TObject);
procedure CheckBox8Click(Sender: TObject);
procedure Button5Click(Sender: TObject);
procedure ComPort1ReceiveCallBack(Data:String);
procedure Button1Click(Sender: TObject);
procedure cmbSelectChange(Sender: TObject);
procedure Button6Click(Sender: TObject);
procedure Button7Click(Sender: TObject);
procedure CheckBox9Click(Sender: TObject);
procedure CheckBox10Click(Sender: TObject);
procedure CheckBox11Click(Sender: TObject);
procedure CheckBox12Click(Sender: TObject);
procedure Button9Click(Sender: TObject);
procedure Button8Click(Sender: TObject);

private
procedure Vac_StoreData (DataVac : String);
procedure Vba_StoreData (DataVba : String);
procedure la_StoreData (Datala : String);
procedure Ib_StoreData (Datalb : String);
procedure GetSerialData(Func:Byte);
{ Private declarations }

public



{ Public declarations }

end:

var
frmData: TfrmData;
Vac_Data : array[0..2010] of Real;
Vac s array[0..2010] of Real;
Vba_Data : array[0..2010] of Real:
Vba - array[0..2010] of Real;
Ia_Data : array[0..2010] of Real;
la s array[0..2010] of Real;
Ib_Data : array[0..2010] of Real;
Ib s array[0..2010] of Real;
VD - array[0..2010] of Real;
VQ - array[0..2010] of Real;
ID : array[0..2010] of Real,
IQ : array[0..2010] of Real;
POWER  : array[0..2010] of Real;
Temp D : array[0..2010] of Real:
Temp_Q : array[0..2010] of Real;
FluxD : array[0..2010] of Real;
FluxQ :array[0..2010] of Real;
Torque : array[0..2010] of Real;

implementation
{$R *.DFM}
procedure TfrmData.CheckBox1Click(Sender
begin
if CheckBox 1.Checked then
Series13.Active := True else
Series13.Active := False ;
end;
procedure TfrmData.CheckBox2Click(Sender
begin
if CheckBox2.Checked then
Series2.Active := True else
Series2.Active := False ;
end;
procedure TfrmData.CheckBox3Click(Sender
begin
if CheckBox3.Checked then
Series3.Active := True else
Series3.Active = False ;
end;
procedure TfrmData.CheckBox4Click(Sender
begin

if CheckBox4.Checked then

Series4.Active := True else

Series4.Active = False ;
end;
procedure TfrmData.CheckBox5Click(Sender
begin

: TObject);

: TObject);

» TObject);

: TObject);

: TObject);



if CheckBox5.Checked then
Series6.Active = True else
Series6.Active := False :
end:
procedure TfrmData.CheckBox6Click(Sender: TObject);
begin
1f CheckBox6.Checked then
Series7.Active = True else
Series7.Active := False ;
end;
procedure TfrmData.CheckBox7Click(Sender: TObject);
begin
if CheckBox7.Checked then
Series8.Active := True else
Series8.Active := False ;
end;
procedure TfrmData.Button3Click(Sender: TObject);
begin
comportl.open;

end;
procedure TfrmData.Button4Click(Sender: TObject);
begin

comport].close;
end;
procedure TfrmData.Button2Click(Sender: TObject);
begin

Memol .Clear;

Series13.Active = False :

Series2.Active  := False H

Series3.Active - = False :

Series4.Active ~ . = False

Series5.Active = False -

Series6.Active . := False ;

Series7.Active - = False :

Series8.Active  :=False ;

Series9.Active  := False ;

Series10.Active = False :

Series11.Active := False ;

Series12.Active := False ;

CheckBox1.Checked := False :
CheckBox2.Checked := False 2
CheckBox3.Checked := False :
CheckBox4.Checked := False ;
CheckBox5.Checked := False :
CheckBox6.Checked :=False ;
CheckBox7.Checked := False 5
CheckBox8.Checked := False 3
CheckBox9.Checked :=False ;
CheckBox10.Checked := False :
CheckBox11.Checked .:= False :



CheckBox12.Checked := False :
end;
procedure TfrmData.CheckBox8Click(Sender: TObject);
begin
if CheckBox8.Checked then
SeriesS.Active := True else
Series5. Active := False ;
end;
procedure TfrmData.Button5Click(Sender: TObject);
begin
Series13.Active = True ;
Series2.Active = True ;
Series3.Active = True ;
Series4.Active = True ;
Series5.Active  := True;
Series6.Active = True ;
Series7.Active -~ = True:
Series8.Active ~ := True ;
Series9.Active = True;
Series10.Active = True s
Series11.Active .= True;
Series12.Active’ := True:
CheckBox1.Checked = True 1
CheckBox2.Checked = True ;
CheckBox3.Checked = True;
CheckBox4.Checked := True :
CheckBox5.Checked = True {
CheckBox6.Checked := True :
CheckBox7.Checked = True :
CheckBox8.Checked = True ;
CheckBox9.Checked = True ¢
CheckBox10.Checked = True :
CheckBox11.Checked = True 2
CheckBox12.Checked = True H
end;
procedure TfrmData.ComPortlReceiveCallBack(Data: String);
var
X:String;
z:Char;
Func1:Byte;
begin
X:=copy(Data,1,1);
Delete(Data,Length(Data)-1,2);
z=x[1];
Funcl:=Byte(z);
case Funcl of
1:Vac_StoreData(Data);
2:Vba_StoreData(Data);
3:la_StoreData(Data);
4:Ib_StoreData(Data);



end;
end;
procedure TfrmData.Vac_StoreData(DataVac: String);
var
1,):Integer;
z:Byte;
x.y:Word;
RDData:String;
Datal6:Word;
begin
1:=Length(DataVac);
J=0;
RDData:=";
Datal6:=0;
for i:=1 to Length(DataVac) do
begin
RDData:=RDData+IntToStr(Byte(DataVac[i]))+',';
if((i mod 2)=1)and (i<>1) then
begin
z:=Byte(DataVac[i-1]);
x:=z shl §;
y:=$0F00;
y==x and y;
Datal6:=y +Byte(DataVac[i]);
Vac_Data[j]:=Datal6;
Vac[j] := (Vac_Data[j]-Vac_offset )*Vac ratio :
Series13.AddY (Vac[j]);
Inc(j);
end;
end;
Memol.Lines.Add(RDData);
GetSerialData(2);
end;
procedure TfrmData.Vba_StoreData(DataVba: String);
var
1,j:Integer;
z:Byte;
x,y:Word;
RDData:String;
Datal6:Word;
begin
1:=Length(DataVba);
gl
RDData:=";
Datal6:=0;
for i:=1 to Length(DataVba) do
begin
RDData:=RDData+IntTOStr(Byte(DataVba[i]))+',';
if((i mod 2)=1)and (i<>1) then
begin



z:=Byte(DataVbali-1]);
x:=z shl §;
y:=$0F00;
y:=x and y;
Datal6:=y + Byte(DataVbali}):
Vba_Data[j]:=Datal 6;
Vbalj] := (Vba_Data[j]-Vba offset )*Vba ratio ;
Series2.AddY(Vba[j});
Ine(j);
end;
end;
Memol.Lines.Add(RDData);
GetSerialData(3);
end;
procedure TfrmData.la_StoreData(Datala: String);
var
i,j:Integer;
z:Byte;
x,y:Word;
RDData:String;
Datal6:Word;
begin
1;=Length(Datala);
1:=0;
RDData:=";
Datal6:=0;
for i:=1 to Length(Datala) do
begin
RDData:=RDData+IntToStr(Byte(Datala[i]))+,;
if((1 mod 2)=1)and (i<>1) then
begin
z:=Byte(Datalali-1]);
x:=z shl §;
y:=$0F00;
y:=x and y;
Datal6:=y + Byte(Datala[i}),
Ia Data[j]:=Datal6;
Ia[j] := (Ia_Data[j]-la_offset )*Ia_ratio ;
Series3.AddY(Ia[j]);
Inc(j);
end;
end;
Memol.Lines.Add(RDData);
GetSerialData(4);
end;
procedure TfrmData.Ib_StoreData(Datalb: String);
var
1,):Integer;
Z:Byte;
X,y:Word;



RDData:String;
Datal6:Word;
begin
1:=Length(Datalb);
J:=0:
RDData:=";
Datal 6:=0;
for 1:=1 to Length(Datalb) do
begin
RDData:=RDData+IntTOStr(Byte(Datalb[i]))+',';
if((i mod 2)=1)and (i<>1) then
begin
z:=Byte(Datalb[i-1]);
x:=z shl 8;
y:=$0F00;
y:=x and y;
Datal6:=y + Byte(Datalb[i]);
Ib_Datalj]:=Datal6;
Ib[j] := (Ib_Data[j]-Ib offset )*Ib ratio ;
Series4.AddY(Ib[j]);
Inc(j);
end;
end;
Memo].Lines.Add(RDData)
end;
procedure TfrmData.Button1Click(Sender: TObject);
var
1,j,k:Integer ;
X,y :Real;
begin
for i:= 0 to 2000 do
begin
VD[i]:= (Vba[i] - Vac[i]) / 3;
VQ[i]:= (Vac[i] +Vba[i])/ (-1.732);
ID[i]= Ia[i} ;
IQ[i]:= (Ia[i] + 2*Ib[i]MI¥a2:
POWER(i]:=1.5*((VD[i]*ID[i]) + (VQ[iJ*IQ[i])):
for j:= 0 to 2000 do
begin
Temp D[j]-=(V D[j]-(ID[j]*Reactance));
Temp_Q[j]:==(VQ[j]-(IQ[j]*Reactance));
end;
x:=0;
¥:=0;
for k:= 0 to 2000 do
begin
x:=x+(0.5*((Temp_D[k]+Temp_D[k+1])* Machine Cycle));
y=y+(0.5*((Temp_Q[k]+Temp Q[k+1 D*Machine Cycle));
FluxD[i]:==x;
FluxQl[i]:=y;



end;
Torqueli]:=((FluxD[i]*IQ[i])-(FluxQ[i] *ID[i])):

end;
for 1:= 0 to 2000 do

begin
Series9.AddY(VD[i]);
Series10.AddY(VQ[i]);
Series] 1.AddY(ID[i]);
Series12.AddY(IQ[i]);
Series5.AddY(POWER([i]);
Series6.AddY(FluxD[i]);
Series7.Add Y(FluxQ[i]);
Series8.AddY(Torque[i]);
end;

end;
procedure TfrmData.cmbSelectChange(Sender: TObject);
var

1: integer ;

begin
for i:= 0 to 2000 do
case cmbSelect.ItemIndex of

O XA DN WN =D

: memol.Lines.Add ("Vd ['+IntToStr(i)+']-+ =" +FloatToStr(VD[i]));

: memol.Lines.Add ('Vq [+IntToStr(i))+']'+' ="' +F loatToStr(VQ[i]));

: memol .Lines.Add ('Id [“+HIntToStr(i)+]'+ =" +FloatToStr(ID[i]));

: memol.Lines.Add ('Iq [+ IntToStr(i)+]+ =" +FloatToStr(IQ[1]));

: memol.Lines.Add (‘POWER ['+IntToStr(i)+']+ =" +FloatToStr(POWER[i]));
: memol.Lines.Add (‘'FluxD [*IntToStr(i)+']+ =" +FloatToStr(FluxD[i]));

: memol.Lines.Add ('FluxQ [+IntToStr(i)+]+ =" +FloatToStr(FluxQ[i]));

: memol.Lines.Add (‘Torque [+IntToStr(i)+]'+ = ' +FloatToStr(Torque[i]));
:memol.Lines.Add ('Vac ['+IntToStr(i)+']+ =" +FloatToStr(Vac[i]));

: memol.Lines.Add ('Vba [+IntToStr(i)+]'+ = +FloatToStr(Vbali]));

10: memol.Lines.Add ('Ia [“+IntToStr(i)+"]+ =" +FloatToStr(Ia[i]));
11: memol.Lines.Add ('Ib {+IntToStr(i)+]'+" =" +FloatToStr(Ib[i]));
end;

end;

procedure TfrmData.Button6Click(Sender: TObject),

begin

Memol.Clear;

Series13.Clear;

Series2.Clear;

Series3.Clear;

Series4.Clear;

Series5.Clear;

Series6.Clear;

Series7.Clear;

Series8.Clear;

Series9.Clear;

Series10.Clear;

Series11.Clear;

Series12.Clear;



GetSerialData(1);
end;
procedure TfrmData.GetSerialData(Func: Byte);
begin
Comportl.Send(Char($18));
Sleep(1);
Comportl.Send(Char(Func)):
sleep(1);
Comportl.Send(Char($19));
end;
procedure TfrmData.Button7Click(Sender: TObject);
begin
Memol.Clear ;
end;
procedure TfrmData.CheckBox9Click(Sender: TObject);
begin
if CheckBox9.Checked then
Series9.Active := True else
Series9.Active := False :
end;
procedure TfrmData. CheckBox 10Click(Sender: TObject);
begin
if CheckBox10.Checked then
Series10.Active := True else
Series10.Active := False ;
end;
procedure TfrmData.CheckBox 11Click(Sender: TObject);
begin
if CheckBox11.Checked then
Series11.Active := True else
Seriesl1.Active := False ;
end;
procedure TfrmData.CheckBox 12Click(Sender: TObject);
begin
if CheckBox12.Checked then
Series12.Active := True else
Series12.Active := False ;
end;
procedure TfrmData.Button9Click(Sender: TObject);
begin
Editl.Text ='";
Edit2.Text :='";
Edit3.Text ='";
Edit4.Text ='";
Edit5.Text ='";
Edit6.Text ='";
Edit7.Text ='";
Edit8.Text :='";
Edit9.Text ='";
Edit10.Text ="



Editl1.Text:=' "
Edit12.Text :=="";
end;
procedure TfrmData.Button8Click(Sender: TObject);
var
i:Integer;
abcd.efghwzxyzReal

begin
a:=20;
b :=0;
c:=0;
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for i:= 0 to 2000 do

begin
ar=a+(Vacl[i]*Vac[i]);
b:=b+(Vba[i]*Vba[il]);
c:=cH(la[i]*Ia[i]);
d:=d+(Ib[i]*Ib[i]);
e:=e+(VD[i]*VDI[i]);
f=+(VQ[1]* VQIi]);
g=g+(ID[i]*ID[1]);
h:=h+(IQ[i]*IQ[i]);
w:=w+(POWER[i|*POWER[i]);
x:=x+(FluxD[i]*FluxD[i]);
y=y+(FluxQ[i]* FluxQ([i]);
z:=z+(Torque[1]* Torque[i});
end;
begin
a:=sqrt(a/2000);
b:=sqrt(b/2000);
c:=sqrt(c/2000);
d:=sqrt(d/2000);
e:=sqrt(e/2000);
f:i=sqrt(£/2000);
g:=sqrt(g/2000);
h:=sqrt(h/2000);
w:=sqrt(w/2000);
x:=sqrt(x/2000);
y:=sqrt(y/2000);
z:=sqrt(z/2000);
end;

begin



Edit]l.Text := FloatToStr(a);
Edit2.Text := FloatToStr(b);
Edit3.Text := FloatToStr(c);
Edit4.Text := FloatToStr(d);
Edit5.Text := FloatToStr(e);
Edit6.Text := FloatToStr(f);
Edit7.Text := FloatToStr(g);
Edit8.Text := FloatToStr(h);
Edit9.Text := FloatToStr(Z);
Edit10.Text:= FloatToStr(x);
Edit]l 1. Text:= FloatToStr(y);
Edit12.Text:= FloatToStr(W);
end;
end;
end.

Unit3;
interface
uses
Windows, Messages, SysUtils, Classes, Graphics, Controls, Forms, Dialogs,
StdCitrls, jpeg, ExtCtrls; 1
type
TfrmAbout = class(TForm)
Buttonl: TButton;
Button2: TButton;
Button3: TButton;
Button4: TButton;
Button5: TButton;
Button6: TButton;
Imagel: TImage;
Labell: TLabel;
Label2: TLabel;
Label3: TLabel;
Label4: TLabel;
Label5: TLabel;
Label6: TLabel;
Label7: TLabel,
Label8: TLabel;
Label9: TLabel;
Label10: TLabel;
Labell1l: TLabel;
Labell2: TLabel;
Labell3: TLabel;
Labell4: TLabel;
Labell5: TLabel;
Label16: TLabel;
Labell7: TLabel;
Label18: TLabel;
Label19: TLabel;
procedure Button1Click(Sender: TObject);



procedure Button2Click(Sender: TObject);
procedure Button3Click(Sender: TObject);
procedure Button4Click(Sender: TObject);
procedure Button5Click(Sender: TObject);
procedure Button6Click(Sender: TObject);
private
{ Private declarations }
public
{ Public declarations }
end;
var
frmAbout: TfrmAbout;
implementation
uses Unit5, Unit6, Unit7, Unit8, Unit9, Unitl0;
{$R *.DFM}
procedure TfrmAbout.Buttonl Click(Sender: TObject);
begin
frmTuc.show;
end;
procedure TfrmAbout.Button2Click(Sender: TObject);
begin
frmTum.show;
end;
procedure TfrmAbout.Button3Click(Sender: TObject);
begin
frmPom.show;
end;
procedure TfrmAbout.Button4Click(Sender: TObject);
begin
frmDol.show;
end;
procedure TfrmAbout.Button5Click(Sender: TObject);
begin
frmDr_vijit.show;
end;
procedure TfrmAbout.Button6Click(Sender: TObject);
begin
frmChaitat.show;
end;
end.

Unitd4;
interface
uses
Windows, Messages, SysUtils, Classes, Graphics, Controls, Forms, Dialogs,
StdCltrls, jpeg, ExtCtrls;
type
TfrmHelp = class(TForm)
Imagel: TImage;
Labell: TLabel;



Label2: TLabel;
Label3: TLabel;
Label4: TLabel;
Label5: TLabel;
Label6: TLabel;
Label7: TLabel;
Label8: TLabel;
Label9: TLabel;
Label10: TLabel;
private
{ Private declarations }
public
{ Public declarations }
end;
var
frmHelp: TfrmHelp;
implementation
{$R *. DFM}
end.

Unit5;
interface
uses
Windows, Messages, SysUtils, Classes, Graphics, Controls, Forms, Dialogs,
StdCtrls, jpeg, ExtCtrls;
type
TfrmTuc = class(TForm)
Imagel: TImage;
Labell: TLabel;
Label2: TLabel,
Label3: TLabel;
Label4: TLabel;
Label5: TLabel;
Label6: TLabel;
Label7: TLabel;
Label8: TLabel;
Label9: TLabel;
Labell0: TLabel;
Labell1: TLabel;
private
{ Private declarations }
public
{ Public declarations }
end;
var
frmTuc: TfrmTuc;
implementation
{$R *.DFM}
end.



Unit6;
interface
uses
Windows, Messages, SysUtils, Classes, Graphics, Controls, Forms, Dialogs,
StdCtrls, jpeg, ExtCtrls;
type
TfrmTum = class(TForm)
Imagel: TImage;
Labell: TLabel;
Label2: TLabel;
Label3: TLabel;
Label4: TLabel;
Label5: TLabel;
Label6: TLabel;
Label7: TLabel;
Label8: TLabel;
Label9: TLabel;
Label10: TLabel;
Labell1: TLabel;
private
{ Private declarations }
public
{ Public declarations }
end;
var
frmTum: TfrmTum;
implementation
{$R *.DFM}
end.

Unit7;
interface
uses
Windows, Messages, SysUtils, Classes, Graphics, Controls; Forms, Dialogs,
StdCltrls, jpeg, ExtCtrls;
type
TfrmPom = class(TForm)
Imagel: TImage;
Labell: TLabel;
Label2: TLabel;
Label3: TLabel;
Label4: TLabel;
Label5: TLabel;
Label6: TLabel;
Label7: TLabel;
Label8: TLabel;
Label9: TLabel;
Label10: TLabel;
Labell1: TLabel;
private



| Private declarations }
public
t Public declarations }
end;
var
frmPom: TfrmPom;
implementation
{$R *.DFM}
end.

Unit8;
interface
uses
Windows, Messages, SysUtils, Classes, Graphics, Controls, Forms, Dialogs,
StdCitrls, jpeg, ExtCtrls;
type
TfrmDol = class(TForm)
Imagel: TImage;
Labell: TLabel;
Label2: TLabel;
Label3: TLabel;
Label4: TLabel;
Label5: TLabel;
Label6: TLabel;
Label7: TLabel;
Label8: TLabel;
Label9: TLabel;
Label10: TLabel;
Labell1: TLabel;
private
{ Private declarations }
public
{ Public declarations }
end;
var
frmDol: TfrmDol;
implementation
{$R *.DFM}
end.

Unit9;
interface
uses
Windows, Messages, SysUtils, Classes, Graphics, Controls, Forms, Dialogs,
StdCtrls, jpeg, ExtCtrls;
type
TfrmDr_vijit = class(TForm)
Imagel: TImage;
Labell: TLabel;
Label2: TLabel;



Label3: TLabel;
Label4: TLabel;
Label5: TLabel;
Label6: TLabel;
Label7: TLabel;
Label8: TLabel;
Label9: TLabel;
Label10: TLabel;
Labell1: TLabel;
Labell12: TLabel;
private
{ Private declarations }
public
{ Public declarations }
end;
var
frmDr_vijit: TfrmDr vijit;
implementation
{$R *.DFM}
end.

Unit10;
interface
uses
Windows, Messages, SysUtils, Classes, Graphics, Controls, Forms, Dialogs,
StdCtrls, jpeg, ExtCtrls;
type
TfrmChaitat = class(TForm)
Imagel: TImage;
Labell: TLabel;
Label2: TLabel;
Label3: TLabel;
Label4: TLabel;
Label5: TLabel,
Label6: TLabel;
Label7: TLabel;
Label8: TLabel;
Label9: TLabel;
Label10: TLabel;
Label12: TLabel;

private
{ Private declarations }
public
{ Public declarations }
end;
var
frmChaitat: TfrmChaitat;
implementation

{$R *.DFM}
end,
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1ISO122

Lowest Cost

ISOLATION AMPLIFIER

FEATURES

® 100% TESTED FOR HIGH-VOLTAGE
BREAKDOWN

® RATED 1500Vrms

@ HIGH (MR: 140dB at 60tz

© BIPOLAR OPERATION: V= +18V

@ 16-PIN PLASTIC DIP AND 28-LEAD SOIC

® EASE OF USE: Fixed Unity Gain
Configuration

@ 0.020% max NONLINEARITY
@ 4.5V to +18V SUPPLY RANGE

DESCRIPTION

The ISO122 is a precision isolation amplifier incor-
porating a novel duty cycle modulation-demodulation
technique. The signal is transmitted digitally across
a2pF differential capacitive barrier. With digital modu-
lation the barrier characteristics do not affect signal
integrity, resulting in excellent reliability and good high
frequency transient immunity across the barrier. Both
barrier capacitors are imbedded in the plastic body of
the package.

The ISO122 is easy to use. No external components
are required for operation. The key specifications are
0.020% max nonlinearity, S0kHz signal bandwidth,
and 200puV/°C V drift. A power supply range of
+4.5V to 18V and quiescent currents of +5.0mA on
V,, and £5.5mA on V, make these amplifiers ideal
for a wide range of applications.

The ISO122 is available in 16-pin plastic DIP and 28-
lead plastic surface mount packages.
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. APPLICATIONS

@ INDUSTRIAL PROCESS CONTROL:
Transducer Isolator, Isolator for Thermo-

couples, RTDs, Pressure Bridges, and
Flow Meters, 4mA to 20mA Loop Isclaticn
@® GROUND LOOP ELIMINATION
® MOTOR AND SCR CONTROL
@ POWER MONITORING
© PC-BASED DATA ACQUISITION

@ TEST EQUIPMENT
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SPECIFICATIONS

AtT,=+25°C, Vg, =V, =15V, and R, = 2kQ unless otherwise noted.

1SO122P/U 1SO122JP/IJU
PARAMETER CONDITIONS MIN TYP MAX MIN TYP MAX UNITS
ISOLATION
Voltage Rated Continuous AC 60Hz 1500 * VAC
100% Test 1s, 5pc PD 2400 * VAC
Isolation Mode Rejection 60Hz 140 3 dB
Barrier Impedance 10*(] 2 * Q|| pF
Leakage Current at 60Hz Vo = 240Vms 0.18 0.5 o * HAmMs
GAIN V, =210V
Nominal Gain 1 & "
Gain Error +0.05 +0.50 - ‘ %ESR
Gain vs Temperature +10 5 ppm/°C
Nonlinearity +0.016 +0.020 =0.025 +0.050 %FSR
INPUT OFFSET VOLTAGE
Initial Offset +20 +50 * * mV
vs Temperature +200 * pvPrC
vs Supply 2 * mVV
Noise 4 5 uAHz
INPUT
Voltage Range =10 +12.5 5 = \
Resistance 200 \ kQ
OUTPUT
Voltage Range =10 +125 & i Vv
Current Drive ED 415 i) < mA
Capacitive Load Drive 0.1 L puF
Ripple Vottage®® patl o mvip-p
FREQUENCY RESPONSE
Small Signal Bandwidth 50 & kHz
Slew Rate 2 £ Vius
Settling Time V= 210V
0.1% 50 b us
0.01% 350 o us
Overload Recover Time 150 3 us
POWER SUPPLIES
Rated Voltage *15 L \
Voltage Range H5 =18 [ L Y
Quiescent Current: V, +5.0 +7.0 S y mA
Ve, +5.5 =7.0 Y % mA
TEMPERATURE RANGE
Specification -25 +85 1 2 °c
Operating ~25 +85 i y °C
Storage —40 +85 = * °C
6, 100 * °CWw
0, 65 ol °CW

* Specification same as 1SO122P/U.
NOTES: (1) Tested at 1.6 X rated., fail on 5pC partial discharge. (2) Nonlinearity is the peak deviation of the output voltage from the best-fit straight line. It is expressed
as the ratio of deviation to FSR. (3) Ripple frequency is at camier frequency (500kHz).

The information provided herein is believed to be reliable; however, BURR-BROWN assumes no responsibility for inaccuracies or omissions. BURR-BROWN assumes
no responsibility for the use of this information, and all use of such information shall be entirely at the user’s own risk. Prices and specifications are subject to change
without notice. No patent rights or licenses to any of the circuits described herein are implied or granted to any third party. BURR-BROWN does not authorize or warrant
any BURR-BROWN product for use in life support devices and/or systems.

BURR -BROWNe®

1S0122 2



CONNECTION DIAGRAM

Top View —P Package
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PACKAGE INFORMATION®™

ABSOLUTE MAXIMUM RATINGS

PACKAGE DRAWING

MODEL PACKAGE NUMBER
1SO122P 16-Pin Plastic DIP 238
1S0122JP 16-Pin Plastic DIP 238
1ISO122U 28-Pin Plastic SOIC 217-1
1S0122JU 28-Pin Plastic SOIC 217-1

NOTE: (1) For detailed drawing and dimension table, please see end of data
sheet, or Appendix D of Burr-Brown IC Data Book.

ORDERING INFORMATION

NONLINEARITY
MODEL PACKAGE MAX %FSR
1ISO122P Plastic DIP 10.020
1ISO122JP Plastic DIP. +0.050
1ISO122U Plastic SOIC +0.020
1SO122JU Plastic SOIC +0.050

Supply Voltage ..

Junction Temperature ....
Storage Temperature ..

Continuous Isolation Voltage ...

Output Short to Common

Lead Temperature (soldering, 10s)

BURR-BROWN©®

1S0122



TYPICAL PERFORMANCE CURVES

T, = +25°C, Vg = +15V unless otherwise noted.
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TYPICAL PERFORMANCE CURVES

T, = +25°C,V,

15V unless otherwise noted.
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THEORY OF OPERATION

The ISO122 isolation amplifier uses an input and an output
section galvanically isolated by matched 1pF isolating ca-
pacitors built into the plastic package. The input is duty-
cycle modulated and transmitted digitally across the barrier.
The output section receives the modulated signal, converts it
back to an analog voltage and removes the ripple component
inherent in the demodulation. Input and output sections are
fabricated, then laser trimmed for exceptional circuitry match-
ing common to both input and output sections. The sections
are then mounted on opposite ends of the package with the
isolating capacitors mounted between the two sections. The
transistor count of the ISO122 is 250 transistors.

MODULATOR

An input amplifier (A1, Figure 1) integrates the difference
between the input current (V,/200kQ) and a switched
+100pA current source. This current source is implemented
by a switchable 200pA source and a fixed 100pA current
sink. To understand the basic operation of the modulator,
assume that V|, = 0.0V. The integrator will ramp in one
direction until the comparator threshold is exceeded. The
comparator and sense amp will force the current source to
switch; the resultant signal is a triangular waveform with a
50% duty cycle. The internal osciliaror forces the current
source to switch at 500kHz. The resultant capacitor drive is
a complementary duty-cycle modulation square wave.

DEMODULATOR

The sense amplifier detects the signal transitions across the
capacitive barrier and drives a switched current source into
integrator A2. The output stage balances the duty-cycle
modulated current against the feedback current through the
200k€2 feedback resistor, resulting in an average value at the

V. pinequal to V. The sample and hold amplifiers in the
output feedback loop serve to remove undesired ripple

voltages inherent in the demodulation process.

BASIC OPERATION

SIGNAL AND SUPPLY CONNECTIONS

Each power supply pin should be bypassed with 1F tanta-
lum capacitors located as close to the amplifier as possible.
The internal frequency of the modulator/demodulator is set
at 500kHz by an internal oscillator. Therefore, if it is desired
to minimize any feedthrough noise (beat frequencies) from
a DC/DC converter, use a % filter on the supplies (see Figure
4). ISO122 output has a 500kHz ripple of 20mV, which can
be removed with a simple two poie low-pass filter with a
100kHz cutoff using a low cost op amp. See Figure 4.

The input to the modulator is a current (set by the 200kQ
integrator input resistor) that makes it possible to have an
input voltage greater than the input supplies, as long as the
output supply is at least £15V. It is therefore possible when
using an unregulated DC/DC converter to minimize PSR
related output errors with +5V voltage regulators on the
isolated side and still get the full £10V input and cutput
swing. An example of this application is shown in Figure
10.

CARRIER FREQUENCY CONSIDERATIONS

The ISO122 amplifier transmits the signal across the isola-
tion barrier by a 500kHz duty cycle modulation technique.
For input signals bhaving frequencies below 250kHz, this
system works like any linear amplifier. But for frequencies
above 250kHz, the behavior is similar to that of a sampling
amplifier. The signal response to inputs greater than 250kHz
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periormance cuive shows this behavior graphically; at input
frequencies above 250kHz the device generates an output
signal component of reduced magnitude at a frequency
below 250kHz. This is the aliasing effect of sampling at
frequencies less than 2 times the signal frequency (the
Nyquist frequency). Note that at the carrier frequency and its
harmonics, both the frequency and amplitude of the aliasing
20 10 zero.

ISOLATION MODE VOLTAGE INDUCED ERRORS

IMV can induce errors at the output as indicated by the plots
of IMV vs Frequency. It should be noted that if the IMV
frequency exceeds 250kHz, the output also will display
spurious outputs (aliasing), in a manner similar to that for
V. > 250kHz and the amplifier response will be identical to
that shown in the Signal Response to Inputs Greater Than
250kHz performance curve. This occurs because IMV-
induced errors behave like input-referred error signals. To
predict the total error, divide the isolation voltage by the
IMR shown in the IMR vs Frequency curve and compute the
amplificr response to this input-referred error signal from
the data given in the Signal Response to Inputs Greater than
250kHz performance curve. For example, if a 800kHz
1000Vrms IMR is present, then a total of [(-60dB) +

« 100 = PeeY e oT T A LT e o
(-30dB)] x (1600V) = 32mV error signal at 200kHz plus a

1V, 800kHz error signal will be present at the outpui.

HIGH IMV dV/dt ERRORS

As the IMV frequency increases and the dV/dt exceeds
1000V/ps, the sense amp may start to false trigger, and the
output will display spurious errors. The common mode
current being sent across the barrier by the high slew rate is
the cause of the false triggering of the sense amplifier.
Lowering the power supply voltages below *15V may
decrease the dV/dt to 500V/ys for typical performance.
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FIGURE 2. Basic Signal and Power Connecuons.

HIGH VOLTAGE TESTING

Burr-Brown Corporation has adopted a partial discharge test
criterion that conforms to the German VDE0O884 Optocou-
pler Standards. This method requires the measurement of
minute current pulses (<5pC) while applying 2400Vmms,
60Hz high voltage stress across every ISO122 isolation
barrier. No partial discharge may be initiated to pass this
test. This criterion confirms transient overvoltagé (1.6 X
1500Vrms) protection without damage to the ISO122. Lifetest
results verify the absence of failure under continuous rated
voltage and maximum temperature.

This new test method represents the “state of the art” for
non-destructive high voltage reliability testing. It is based on
the effects of non-uniform fields that exist in heterogeneous
dielectric material during barrier degradation. In the case of
void non-uniformities, electric field stress begins to ionize
the void region before bridging the entire high voltage
barrier. The transient conduction of charge during and after
the ionization can be detected extemnally as a burst of 0.01-
0.1pts current pulses that repeat on each AC voltage cycle.
The minimum AC barrier voltage that initiates partial dis-
charge is defined as the “inception voltage.” Decreasing the
barrier voltage to a lower level is required before partial
discharge ceases and is defined as the “extinction voltage.”
We have characterized and developed the package insulation
processes to yield an inception voltage in excess of 2400 Vrms
so that transient overvoltages below this level will not
damage the ISO122. The extinction voltage is above
1500Vrms so that even overvoltage induced partial dis-
charge will cease once the barrier voltage is reduced to the
1500Vrms (rated) level. Older high voltage test methods
relied on applying a large enough overvoltage (above rating)
to break down marginal parts, but not so high as to damage
good ones. Our new partial discharge testing gives us more
confidence in barrier reliability than breakdown/no break-
down criteria.
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FIGURE 10. Improved PSR Using External Regulator.
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,_.L L NOTE: Since the amplifier is unity gain, the input
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_2V since the output section of the ISO amp operates
from dual supplies.

FIGURE 11. Single Supply Operation of the [ISO122P Isolation Amplifier. For additional information see AB-009.
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¥ Texas PACKAGE OPTION ADDENDUM

INSTRUMENTS
www.ti.com 24-Oct-2003

PACKAGING INFORMATION

ORDERABLE DEVICE STATUS(1) PACKAGE TYPE PACKAGE DRAWING PINS PACKAGE QTY
1ISO122JP ACTIVE PDIP NVF 8 50
1ISO122JU ACTIVE SOP DVA 8 28

ISO122JU/MK ACTIVE SOP DVA 8 1000
ISO122P ACTIVE PDIP NVF 8 50
1ISO122U ACTIVE SoP DVA 8 28

ISO122U/1K ACTIVE SOP DVA 8 1000

(1) The marketing status values are defined as follows:

ACTIVE: Product device recommended for new designs.

LIFEBUY: Tl has announced that the device will be discontinued, and a lifetime-buy period is in effect.

NRND: Not recommended for new designs. Device is in production to support existing customers, but T| does not recommend using this part in
a new design.

PREVIEW: Device has been announced but is not in production. Samples may or may not be available.

OBSOLETE: Tl has discontinued the production of the device.




IMPORTANT NOTICE

Texas Instruments Incorporated and its subsidiaries (T1) reserve the right to make corrections, modifications,
enhancements, improvements, and other changes to its products and services at any time and to discontinue
any product or service without notice. Customers should obtain the latest relevant information before placing
orders and should verify that such information is current and complete. All products are sold subjectto Tl's terms
and conditions of sale supplied at the time of order acknowledgment.

Tl warrants performance of its hardware products to the specifications applicable at the time of sale in
accordance with Tl's standard warranty. Testing and other quality control techniques are used to the extent Tl
deems necessary to support this warranty. Except where mandated by government requirements, testing of all
parameters of each product is not necessarily performed.

Tl assumes no liability for applicati_.1s assistance or customer product design. Customers are responsible for
their products and applications using Tl components. To minimize the risks associated with customer products
and applications, customers should provide adequate design and operating safeguards.

Tl does not warrant or represent that any license, either express orimplied, is granted under any Tl patent right,
copyright, mask work right, or other Tl intellectual property right relating to any combination, machine, or process
in which Tl products or services are used. Information published by T1 regarding third-party producis or services
does not constitute a license from Tl to use such products or services or a warranty or endorsement thereof.
Use of such information may require a license from a third party under the patents or other intellectual property
of the third party, or a license from Tl under the patents or other intellectual property of TI.

Reproduction of information in 7! data bocks or data sheets is permissible only if reproduction is without
alteration and is accompanied by all associated warranties, conditions, limitations, and notices. Reproduction
of this information with alteration is an unfair and deceptive business practice. Tlis not responsible or liable for
such altered documentation.

Resale of Tl products or services with statements different from or beyond the parameters stated by Tl for that
product or service voids all express and any implied warranties for the associated Tl product or service and
is an unfair and deceptive business practice. T! is not responsible or liable for any such statements.

Following are URLs where you can obtain information on other Texas Instruments products and application

Al i
SGiUlans:

Products Applications

Amplifiers amplifier.ti.com Audio www.ti.com/audio

Data Converters dataconverter.ticom Automotive www.ti.com/automotive

DSP dsp.ti.com Broadband www.ti.com/broadband

Interface interface.ti.com Digital Control www.ti.com/digitalcontrol

Logic logic.ti.com Military www.ti.com/military

Power Mgmt power.ti.com Optical Networking www.ti.com/opticalnetwork

Microcontrollers microcontroller.ticom  Security ~ www.ti.com/security
Telephony www.ti.com/telephony
Video & Imaging www.ti.com/video
Wireless www.ti.com/wireless

Mailing Address: Texas Instruments
Post Office Box 655303 Dallas, Texas 75265

Copyright © 2003, Texas Instruments Incorporated
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Current Transducer LA 55-P

For the electronic measurement of currents : DC, AC, pulsed...,
with a galvanic isolation between the primary circuit (high power)
and the secondary circuit (electronic circuit).

| Electrical data

> > L

I Primary nominal r.m.s. current 50
[ Primary current, measuring range TRy
R, Measuring resistance @ T,=70°C | T, ="8&l
RMmin RMmax RMmm RMmax
with 12V @+50A 10 100 { 60 95 Q
@*70A, 10 50 | 60" 60" O
with £ 15V @+50A 5D (B0 F 185 —1E5—¢¢
@+70A 60, | 90\ 1 BE2 1852 ~¢
I Secondary nominal r.m.s. current 50 mA
Ky Conversion ratio 1:1000
V. Supply voltage (+ 5 %) = \2f. 5 \Y
[ Current consumption 10(@+15V)+l, mA
Vv, R.m.s. voltage for AC isolation test, 50 Hz, 1 mn 25 kV
Accuracy - Dynamic performance data
X Accuracy @1, . T, = 25°C @+15V (£ 5 %) +0.65 %
@+12.. 15V (x5 %) +0.90 %
£ Linearity <0.45 %
. .
Typ | Max
[ Offset current @ 1,= 0, T, = 25°C +0.2° mA
low Residual current® @ |, = 0, after an overload of 3 Xl +0.3 mA
lor Thermal drift of | 0°C ...+ 70°C +01 {205 mA
-25°C ..+85°C 0.1 +£06 mA
t, Reactiontime @ 10 % of I, <500 ns
t, Response time@ 90 % of |, <1 ps
di/dt di/dt accurately followed > 200 Ags
f Frequency bandwidth (- 1dB) DC .. 200 kHz
P . : 2 1
Lueneral aata |
T, Ambient operating temperature -25..+85 °C
Ts Ambient storage temperature -40 ..+ 90 rC
Rg Secondary coil resistance @ T,=70°C 80 Q
T,=85°C 85 Q
m Mass 18 g
Standards 4 EN 50178(97.10.01)
Notes : " Measuring range limitedto + 60 A __

2 Measuring range limitedto £ 55 A__

X

3 Result of the coercive field of the magnetic circuit
Y A list of corresponding tests is available

Features

e Closed loop (compensated) current
transducer using the Hall effect

e Printed circuit board mounting

e Insulated plastic case recognized
according to UL 94-V0.

Advantages

e Excellent accuracy

e Very good linearity

e Low temperature drift

e Optimized response time
o Wide frequency bandwidth
e Noinsertion losses

e High immunity to external
interference

Current overload capability.

Applications

e AC variable speed drives and servo
motor drives

o Static converters for DC motor drives

e Battery supplied applications

e Uninterruptible Power Supplies
(UPS) '

e Switched Mode Power Supplies
(SMPS)

e Power supplies for welding
applications.

030709/9
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Jimensions LA 55-P (in mm. 1 mm = 0.0394 inch)

3 @ Left view
Bottom view x
n ~
S ol | 3 =
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u
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= 127 S s
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Model + N° SP
1 /
V I N
LEM®
e i A Connection
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et & 4 made
(o8] A
S| |\ M2 | R Vi o+
- iy LEM - o
< R Is RM
Date code o erTm T M oV
- bodg 2286 =
W i
34.5
Front view
Viechanical characteristics Remarks
» General tolerance +0.2mm e |, is positive when I, flows in the direction of the arrow.
» Primary through-hole 12.7 X 7mm e Temperature of the primary conductor should not exceed
» Fastening & connection of secondary 3 pins 90°C.
0.63 x 0.56mm + Dynamic performances (di/dt and response time) are best
Recommended PCB hole 0.9 mm with a single bar completely filling the primary hole.

e [n order to achieve the best magnetic coupling, the primary
windings have to be wound over the top edge of the device.

e This is a standard model. For different versions (supply
voltages, turns ratios, unidirectional measurements...),
please contact us.

LEM reserves the right to carry out modifications on its transducers, in order to improve them, without previous notice.



TLO81, TLO81A, TL081B, TL082, TL082A, TL082B

TL084, TLO84A, TL084B

JFET-INPUT OPERATIONAL AMPLIFIERS

SLOS081G - FEBRUARY 1977 - REVISED SEPTEMBER 2004

® [ow Power Consumption

® Wide Common-Mode and Differential
Voltage Ranges

® [ ow Input Bias and Offset Currents
Output Short-Circuit Protection

® Low Total Harmonic
Distortion . .. 0.003% Typ

description/ordering information

High Input Impedance . . . JFET-Input Stage
Latch-Up-Free Operation
High Slew Rate ... 13 V/us Typ

Common-Mode Input Voltage Range
Includes Vet

The TLO8x JFET-input operationai amplifier famiiy is designed to offer a wider selection than any previously
developed operational amplifier family. Each of these JFET-input operational amplifiers incorporates
well-matched, high-voltage JFET and bipolar transistors in a monolithic integrated circuit. The devices feature
high slew rates, low input bias and offset currents, and low offset-voltage temperature coefficient. Offset
adjustment and external compensation options are available within the TL08x family.

The C-suffix devices are characterized for operation from 0°C to 70°C. The |-suffix devices are characterized
for operation from —40°C to 85°C. The Q-suffix devices are characterized for operation from —40°C to 125°C.
The M-suffix devices are characterized for operation over the full military temperature range of —-55°C to 125°C.

ORDERING INFORMATION

= Viomax h @b e ORDERABLE TOP-SIDE
= AT 25°C L > PART NUMBE MARKING
Tube of 50 TLO81CP TLO81CP
PRI Tube of 50 TLOB2CP TLOB2CP
PDIP (N) Tube of 25 TLO84CN TLOBACN
Tube of 75 TL081CD
Reel of 2500 TL081CDR b=
Tube of 75 TL082CD
P Reel of 2500 TLOB2CDR b
) ) Tube of 50 TL084CD
0°Cto 70°C 15mV. S e TL084C
Reel of 2000 TLO81CPSR T081
ROF (%) Reel of 2000 TLOB2CPSR T082
SOP(NS) Reel of 2000 TLOB4CNSR TL084
Tube of 150 TLOB2CPW
Reel of 2000 TLOB2CPWR e
R Tube of 90 TLOB4CPW
Reel of 2000 TLOB4CPWR o

TPackage drawings, standard packing quantities, thermal data, symbolization, and PCB design guidelines are available at
www.ti.com/sc/package.

Please be aware that an important notice concerning availability, standard warranty, and use in critical applications of
Texas Instruments semiconductor products and disclaimers thereto appears at the end of this data sheet.

PROOUCTION DATA Information Is current as of publication date.
Products conform to specifications pet the terms of Texas Instruments

standard warranty. pr

ily include

testing of all paur;mus.

ing does nat

{f’ TEXAS

Copyright € 2004, Texas Instruments Incorporated

On products compliant to MIL-PRF-38535, afl parameters are tested
unless otherwise noted. On all ather products, production
processing daes not necessarily include testing of all parameters.

INSTRUMENTS

POST OFFICE BOX 655303 ® DALLAS, TEXAS 75265 1



TL081, TLO81A, TL081B, TL082, TL082A, TL082B
TL084, TLO84A, TL084B
JFET-INPUT OPERATIONAL AMPLIFIERS

SLOS081G - FEBRUARY 1977 - REVISED SEPTEMBER 2004

description/ordering information (continued)

ORDERING INFORMATION

= excuncet e
Tube of 50 TLO81ACP TLO81ACP
PDIP (P)
Tube of 50 TLO82ACP TLO82ACP
PDIP (N) Tube of 25 TLO84ACN TLOB4ACN
Tube of 75 TLO81ACD
Reel of 2500 TLO81ACDR i
6 mV Tube of 75 TLO82ACD )
2RI (R) Reel of 2500 TLO82ACDR .
Tube of 50 TLOB4ACD
Reel of 2500 TLOB4ACDR TLDSAG
Aitsissnags SOP (PS) Reel of 2000 TLO82ACPSR TO82A
SOP (NS) Reel of 2000 TLOB4ACNSR TLOB4A
Tube of 50 TLO81BCP TLO81BCP
PDIP (P)
Tube of 50 TLO82BCP TLO82BCP
PDIP (N) Tube of 25 TLOB4BCN TLO84BCN
Tube of 75 TLO81BCD
3mV Reel of 2500 TLO81BCDR R
Tube of 75 TLO82BCD
SQICID) Reel of 2500 TLO82BCDR e
Tube of 50 TLO84BCD
Reel of 2500 TLO84BCDR Lo
Tube of 50 TLO81IP TLO81IP
2PRIMN Tube of 50 TLOB2IP TLO82IP
PDIP(N) Tube of 25 TLO84IN TLO81IN
Tube of 75 TLO81ID
Reel of 2500 TLO81IDR !
-40°C to 85°C 6 mV
Tube of 75 TLO82ID
S0Ic Reel of 2500 TLO82IDR L9
Tube of 50 TLO84ID
Reel of 2500 TLO84IDR gt
TSSOP (PW) Reel of 2000 TLO82IPWR Z082
; Tube of 50 TLO84QD
-40°C to 125°C 9mVv SOIC (D) Reelof 2500 TL084QDR TLO84QD
CDIP (J) Tube of 25 TLO84MJ TLO84MJ
2 LCCC (FK) Reel of 55 TLO84FK TLO84FK
-55°C to 125°C
Ay, CDIP (JG) Tube of 50 TLO82MJG TLO82MJG
LCCC (FK) Tube of 55 TLO82MFK TLO82MFK

T Package drawings. standard packing quantities, thermal data, symbolization, and PCB design guidelines are available at

www.ti.com/sc/package.

‘t,’} TEXAS
INSTRUMENTS

2 POST OFFICE BOX 655303 @ DALLAS, TEXAS 75265




TLO81, TLO81A, TL

081B, TL082, TL082A, TL082B
TLO084, TLO84A, TLO84B

JFET-INPUT OPERATIONAL AMPLIFIERS

SLOS081G

- FEBRUARY 1977 - REVISED SEPTEMBER 2004

TL081, TLO81A, TL081B
D, P, OR PS PACKAGE
(TOP VIEW)

U

OFFSET N1 ]
IN-{]

IN+[]

Vee-[l

] NC
] Vee+
] ouT

1 8
2 7
3 6
4 5 |] OFFSET N2

NC - No internal connection

TL082, TLO82A, TL082B
D, JG, P, PS, OR PW PACKAGE
(TOP VIEW)

U

10UT [}
1IN= ]
1IN+ ]
Vee-

]VCC+
] 20UT
] 2IN-
] 2IN+

o O N ©

1
2
3
4

TLO084, TLO84A, TL084B
D, J, N, NS, OR PW PACKAGE

(TOP VIEW)
10UT [] 1 o 14[] 40UT
1IN-[] 2 13[] 4IN=
1IN+[] 3 12[] 4IN+
Vee+[]4  1[IVee-
2IN+[] 5 10{] 3IN+
2IN-[} 6 9[] 3IN-
20UT [} 7 8{] 30UT

TLO82M . .. FK PACKAGE TLO84M ... FK PACKAGE
(TOP VIEW) (TOP VIEW)
= + [
i | Q 1 5 5 1
0D O 00 z 0D Z
zZ 9 -y ¥ 4 - 9 Z g =
/ LI L &t} /7 LALIJLILIR)
3 2 4 £019 3 2 1 2019
NC []4 18E NC 1IN+ [] 4 18[1 4IN+
1N-{]5 171 20UT NC {15 17[] NC
NC {16 16[] NC Vec+ H 8 1601 Voo -
1N+ {]7 15[ 2IN- NC 1] 7 15[] NC
NC []s8 14[} NC 2IN+[]8 14[] 3IN+
9 10 11 12 13 9 10 11 1213
[ e | s e e e [ o R
O =& + () 1ITEQ )¢
Zilopd 234 e 2
O« ~ 8%
NC - No internal connection NC - No internal connection
symbols
TLO81 TL082 (EACH AMPLIFIER)
TL084 (EACH AMPLIFIER)
OFFSET N1
IN+ "'\ IN+ +
ouT out
IN- —-/ IN- ——
OFFSET N2
¥ 1
EXAS
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TL081, TLO81A, TL081B, TL082, TL082A, TL082B
TLO084, TLO84A, TL084B
JFET-INPUT OPERATIONAL AMPLIFIERS

SLOS081G - FEBRUARY 1977 - REVISED SEPTEMBER 2004

schematic (each amplifier)

Vee+ * :1 .\]
A~ |
IN+ [
' 1 ' 64 Q
IN- T '_H;
—I 128 Q
—Pl—o 7 64 O
W% :
0——!‘ l
u—)) lb———j/_ | |
b Fal \ <A }
~ |
A
= 17 )
: 1080 Q 1080 Q :
Vece- | < * ® o © L
| |
OFFSET N1 OFFSET N2

TLO81 Only

Component values shown are nominal.

uT
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JFET-INPUT OPERATIONAL AMPLIFIERS

SLOS081G - FEBRUARY 1977 - REVISED SEPTEMBER 2004

absolute maximum ratings over operating free-air temperature range (unless otherwise noted)t

TLO8_C
TLO8_AC TLO8_I TLO84Q TLO8_M UNIT
TLO8_BC
Supply voltage, Ve + (see Note 1) 18 18 18 18 \
Supply voltage V¢ — (see Note 1) -18 -18 -18 -18 "
Differential input voltage, V|p (see Note 2) +30 +30 +30 +30 \
Input voltage, V| (see Notes 1 and 3) +15 +15 +15 +15 Vv
Duration of output short circuit (see Note 4) Unlimited Unlimited Unlimited Unlimited
Continuous total power dissipation See Dissipation Rating Table
Operating free-air temperature range, Ta Oto 70 -40to 85 | —40to 125 [ - 55t0 125 °C
D package (8-pin) 97 97
D package (14-pin) 86 86
N package (14-pin) 78 7€
Package thermal impedance, 6 5 NS package (14-pin) 80
(see Notes 5 and 6) P package (8-pin) 85 85 e
PS package (8-pin) 95 95
PW package (8-pin) 149
PW package (14-pin) 113 113
Operating virtual junction temperature 150 150 150 150 °C
Case temperature for 60 seconds, T FK package 260 °C
tl‘;:iaedotzemc;ijenr(a;;ure 1,6 mm (1/16 inch) from case SlonlGReckage 300 o
Storage temperature range, Tstg —-65t0 150 | -651t0 150 | =65t0 150 | - 65 to 150 °C

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

NOTES: 1.

ENFAEN

Al voltage values, except differential voltages, are with respect to the midpoint between Ve + and Ve -.

Differential voltages are at IN+ with respect to IN-.

The magnitude of the input voltage must never exceed the magnitude of the supply voltage or 15 V, whichever is less.

The output may be shorted to ground or to either supply. Temperature and/or supply voltages must be limited to ensure that the
dissipation rating is not exceeded.

Maximum power dissipation is a function of Tj{max), 6jA, and Ta. The maximum allowable power dissipation at any allowable
ambient temperature is Pp = (Ty(max) - TA)8jA. Operating at the absolute maximum T of 150°C can affect reliability.

The package thermal impedance is calculated in accordance with JESD 51-7.

DISSIPATION RATING TABLE

PACKAGE Ta <25°C DERATING DERATE Tao=70°C Ta = 85°C Ta =125°C
POWER RATING FACTOR ABOVE Tp  POWER RATING POWER RATING POWER RATING
D (14 pin) 680 mW 7.6 mWi/eC 60°C 604 mW : 490 mwW 186 mW
FK 680 mwW 11.0 mW/eC 88°C 680 mW. 680 mW 273 mW
J 680 mwW 11.0 mw/eC 88°C 680 mW 680 mW 273 mwW
JG 680 mwW 8.4 mW/°C 69°C 672 mW 546 mW 210 mW
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TLO81, TLO81A, TL081B, TL082, TL082A, TL082B
TL084, TLO84A, TL084B
JFET-INPUT OPERATIONAL AMPLIFIERS

SLOS081G - FEBRUARY 1977 - REVISED SEPTEMBER 2004

electrical characteristics, Voc+ =+15 V (unless otherwise noted)

SNEAMETER + - TLO81M, TLO82M TL084Q, TLO84M
TEST CONDITIONS A MIN _TYP MAX| MIN TYP WNAX UNIT
V] Input off: lt: Vo =0 R e - . - 2 \Y
offset vol =0, =
0 s AR o S Full range 9 15 i
Temperature
[S}ViTe) coefficient of input Vo=0 Rs =50 Q Full range 18 18 puvrec
offset voltage
Fbutoliat o e 25°C 5 100 5 100 pA
| ut offset curr =
B i = @ 125°C 20 20| nA
i o e it et g 25°C 30 200 30 200 pA
nput bias curren =
R g 2 125°C 50 50| nA
: -12 =12
Common-mode input
VICR 25°C +11 to +11 to \
voltage range 15 15
RL =10 kQ 25°C 12 +133 +12 %135
Maximum peak
+
VoM output voltage swing R\ Full range il el v
R 22 kQ +10 +12 +10 £12
Large-signal Vo =110V, R| 22k 25%C 25 200 25 200
AyD differential voltage VimV
amplification Vo=%+10V, R 22kQ Full range 15 19
B1 Unity-gain bandwidth 25°C 3 3 MHz
i Input resistance 25°C 1012 1012 Q
Common-mode Vic = Vicrmin, 3
el rejection ratio Vo =0, Rg =500 R 2 o~ §e | B
Supply-voltage Lo/ o .
ksyR  rejection ratio 8 o i 3 e 25°C 80 86 80 86 dB
(AVcc+/avio) Ie ' 4
Supply current o ]
Icc (per amplifier) Vo =0, No load 25°C 14 2.8 14 2.8 mA
Vo1/Voz Crosstalk attenuation | Ayp = 100 25°C 120 120 dB

T All characteristics are measured under open-loop conditions, with zero common-mode input voltage, unless otherwise specified.
¥ Input bias currents of a FET-input operational amplifier are normal junction reverse currents, which are temperature sensitive, as shown in
Figure 17. Pulse techniques must be used that maintain the junction temperatures as close to the ambient temperature as possible.

operating characteristics, Voot = £15 V, Tp = 25°C (unless otherwise noted)

PARAMETER TEST CONDITIONS MIN TYP MAX | UNIT
Vi=10V, Ro=2kQ, C_=100pF SeeFigure1| 8* 13
SR Slew rate at unity gain V=10V, R =2kQ, C( = 100 pF, o Vius
Ta =-55°Cto 125°C,  See Figure 1 3
tr Rise time 5 % . e 0.05 us
V=20 : R =2kQ, =100 pF, i 1
Overshoot factor l o = L 2 S 20 %

v Equivalent input noise Re=20 100 f=1kHz 18 nVAhHz
N voltage S =10 Hz to 10 kHz uv
Iy - ERUbElentinput g Rs=200, f=1KHz 0.01 pANAZ

THD  Total harmonic distortion | 1%~ 6 V. VD=1, Rg=1kay ~Ri=Zka 0.003 %

*On products compliant to MIL-PRF-38535, this parameter is not production tested.
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TL081, TLO81A, TL081B, TL082, TL082A, TL082B
TL084, TLO84A, TL084B
JFET-INPUT OPERATIONAL AMPLIFIERS

SLOS081G - FEBRUARY 1977 - REVISED SEPTEMBER 2004

operating characteristics, Voc+ =15V, Tp = 25°C

PARAMETER TEST CONDITIONS MIN  TYP  MAX | UNIT
SR Slew rate at unity gain V=10V, R =2k, C_=100pF, See Figure 1 8 13 Vips
tr Rise time 5 TR 0.05 us
Cershoot Factar Vi=20mV, RL=2kQ, Cp =100 pF, ee Figure 1 20 %
v : ; Lo f=1kHz 18 nViHz
ivalent i t noi t =20 Q
n quivalent input noise voltage S =10 Bizlo 1D Bl 2 oy
In Equivalent input noise current Rg =20 Q, f=1kHz 0.01 pANH_z
THD  Total harmonic distortion el LIl G - e s 0.003 %
PARAMETER MEASUREMENT INFORMATION
10 kQ
ouT 1kQ
V| + \(NS\37 67 7
l - — & —— OUT
Cy =100 pF =< SR =2k F—J|+ P (L !
! 7 o= RS == CL=100pF
i = L l
Figure 1 Figure 2
100 kQ
—ANN——— TLO81
c2 IN- o
lP——M——0 ouT
C1 500 pF IN+ p G
[
IN- —A\—€ N1
—— OUT
1.5kQ
= Vee-
Figure 3 Figure 4
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TL081, TLO81A, TL081B, TL082, TL082A, TL082B
TL084, TL084A, TL084B
JFET-INPUT OPERATIONAL AMPLIFIERS
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Vom~ Maximum Peak Output Voltage - V

TYPICAL CHARACTERISTICS
Table of Graphs
FIGURE
vs Frequency 56,7 )
v Maxi ol vs Free-air temperature 8
oM Sl L P s totage vs Load resistance 9
vs Supply voltage 10
. s X . X vs Free-air temperature 11
AD Large-signal differential voltage amplification vs Frequency 12
Differential voltage amplification vs Frequency with feed-forward compensation 13
Pp Total power dissipation vs Free-air temperatu: 14
| St t vs Free-air temperature 15
GC upply curren vs Supply voltage 16
B Input bias current vs Free-air temperature 17
Large-signal pulse response vs Time 18
Vo Output voltage vs Elapsed time 19
CMRR Common-mode rejection ratio vs Free-air temperature 20
Vn Equivalent input noise voltage vs Frequency 21
THD Total harmonic distortion vs Frequency 22
MAXIMUM PEAK OUTPUT VOLTAGE MAXIMUM PEAK OUTPUT VOLTAGE
Vs Vs
FREQUENCY FREQUENCY
L T T T 7T T T 15 T
Vccr=%15V RL =10 kQ IH RL=2kQ
TA =25°C Ta = 0,
i > < A =25°C
+12.5 See Figure 2 1 +125 Vce+=x15V See Figure 21
) HI
ot
+10 il = +10 i \
] IR
“l \ g Vec+=+10V
+7.5 ~ +7.5
(]
Rl & ;
\ £
+5 Vee+=x5V g +5 i
= Vcc+=45V \
©
\ 5 A
+25 ! +25
h] \ g 2 N
N >
" \\,,. 0 \\
100 1k 10k 100k 1M  10M 100 1k 10k 100k 1M M

f - Frequency — Hz
Figure 5

f - Frequency — Hz
Figure 6
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TLO81, TLO81A, TL081B, TL082, TL082A, TL082B
TLO084, TLO84A, TL084B
JFET-INPUT OPERATIONAL AMPLIFIERS
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Vom~ Maximum Peak Output Voltage - V

Vom™ Maximum Peak Output Voltage - V

1 Data at high and low temperatures are applicable only within the rated operating free-air temperature ranges of the various devices.

TYPICAL CHARACTERISTICSt

MAXIMUM PEAK OUTPUT VOLTAGE

vs
FREQUENCY
aie TTTTIm
Vec+=+15V
|| Ta=25°C RL=2k0 ||
— A See Figure 2
|\
+10
v‘ W\ = -55°C
+7.5
I\ W\ [N
Ta = 125°C
ol TUIN
\ NN
gt NJIING N
LN
0 [TT—— i
10 k 40k 100 k 400k 1M 4M 10M
f - Frequency — Hz
Figure 7
MAXIMUM PEAK OUTPUT VOLTAGE
Vs
LOAD RESISTANCE
+15 T %
Voc+=+15V
TA =25°C L4+TT]
+12.5F See Figure 2 // L]
A
+10
//
+7.5 //
+5 //
+25
0
0.1 0.2 04 07 1 2 4 7 10

R( - Load Resistance - kQ)

Figure 9

<75

+15
>
I
u +12.5
je2]
3
)
>
= —+10
o
s
o
& *75
[
a
£
3
&\| /45
*
]
=
ls +2.5
(o]
>
0
+15
>
1
g, £312.¥
=
S
S +10
o
=,
(o)
S
o’ P75
o
£
g
= 19
[
=
I
= 25
>
0

MAXIMUM PEAK OUTPUT VOLTAGE

Vs
FREE-AIR TEMPERATURE
Rp = 10 kQ
1 RL = 2kQ Tz
Vec+=+15V
See Figure 2
1 1
50| ~25 a 25 50 100 25

Ta — Free-Air Temperature —

Figure 8

MAXIMUM PEAK OUTPUT VOLTAGE

SUPPLY VOLTAGE

VS

X

L
A

4

|
10 kQ
25°C

A

V

2 4 6 8
IVcc+| - Supply Voltage - V

Figure 10

10

12 14

16

10
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TL084, TLO84A, TL084B

JFET-INPUT OPERATIONAL AMPLIFIERS
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TYPICAL CHARACTERISTICST

LARGE-SIGNAL
DIFFERENTIAL VOLTAGE AMPLIFICATION
Vs
FREE-AIR TEMPERATURE

1000
700
400
E >
€ 2 200
§ g \\
o > —
£ 1 100
2 5170
< =
o8 40
0 =
BE 20
5 <
. & 10
as 7
>0
< >
4 Veor=+15V
2 [ Vo=+10V
Ry =2kQ
" 1
=75~ F50,=25 7 0"/ 725 Y 50° \ 2554100~ [125
TA - Free-Air Temperature — °C
Figure 11
LARGE-SIGNAL
DIFFERENTIAL VOLTAGE AMPLIFICATION
Vs
FREQUENCY
106 T T T
Vec+=+t5Vto+i5V
RL =10 kQ
105 Ta =25°C
5 by
= >
S\E
g > 104 0°
£ N \ Differential Voltage
% o \ \ Amplification F=4
53 108 (left scale) 45° &
% £ \ \ b3
o 2 ]
o E 3 <
g < — \ i
4 ¢ 102 90°
[ y
as \
>3 Phase Shift \
g
101 (right scale) \ 135°
\ 180°

1 10 100 1k 10k 100k 1M 10M
: f - Frequency — Hz

Figure 12
1 Data at high and low temperatures are applicable only within the rated operating free-air temperature ranges of the various devices.
i
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TLO81, TLO81A, TL081B, TL082, TL082A, TL082B
TLO084, TLO84A, TL084B
JFET-INPUT OPERATIONAL AMPLIFIERS
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TYPICAL CHARACTERISTICST
DIFFERENTIAL VOLTAGE AMPLIFICATION TOTAL POWER DISSIPATION
vs vs
FREQUENCY WITH FEED-FORWARD COMPENSATION FREE-AIR TEMPERATURE
106 B 250 | T
Vec+=115V
> = 3
£ Vegw = 1oV 225 No Signal
S - C2=3pF _ | No Load
[ =25°C 200 E
c TA=25 = T~
2 See Figure 3 E \\
5 N\ 1 475 ~_ i, =
£ 104 \ E \\I L084, TLO8S
g— g 150 ‘*\
% 103 N e 125
= @ 0 J
> 3\ 9 T ———_] TL082 TLO83
g 102 a\\ |74 |
E B i
£ ™ 50 = e
S— [ ——
5 10 £ —
a 25
S
< 0
1100 1K 10 i 100 i i 10 M 175N =50 725 e D& SO % 100 128
f - Frequency With Feed-Forward Compensation = Hz TA = Free-Air Temperature - °C
Figure 13 Figure 14
SUPPLY CURRENT PER AMPLIFIER SUPPLY CURRENT
Vs ; i vs
FREE-AIR TEMPERATURE SUPPLY VOLTAGE
2.0 T T 2.0 i I
Vec+=+15V A= 25°C
W NoSfgnal 1807 LAO Signal
i \\\ No Load 16 L NoLoad
< ~ <
E (\ E
1 14 ~ ] 1.4
,E \\ = i
g 12 L2
5 o~ 5
o o
et L > 10
s &
2 o8 2 T34
I 1
+H 06 TRm—L
3 5
- 04 - o4
0.2 0.2
0 0
-75 -50 -25 0 25 50 75 100 125 0 2 4 6 8 10 12 14 16
Ta - Free-Air Temperature - °C [Vcc+ | - Supply Voltage - V
Figure 15 Figure 16

T Data at high and low temperatures are applicable only within the rated operating free-air temperature ranges of the various devices.

‘t? TEXAS
INSTRUMENTS

12 POST OFFICE BOX 655303 @ DALLAS, TEXAS 75265



TLO81, TLO81A, TL081B, TL082, TL082A, TL082B
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JFET-INPUT OPERATIONAL AMPLIFIERS

SLOS081G - FEBRUARY 1977 - REVISED SEPTEMBER 2004

TYPICAL CHARACTERISTICST

INPUT BIAS CURRENT

vs VOLTAGE-FOLLOWER
FREE-AIR TEMPERATURE LARGE-SIGNAL PULSE RESPONSE
100 6 -
E ¥ T \"/ =+15V
tVCci=i15V oty e RCC=i2kQ
EE 7 L
—~ CL =100 pF
4 TA=25°C
< P b 2
£ 10 - . Output
o
= 7 g 2
o / g
= / [e]
8 / : / \
8 1 £ Boee)
9] y an =
s 7 £ \
2 7/ z \
£ / | |~r2
| = /
I ,/ £ Input \
= -4
= L.._..- \
0.01 -6
-50 =-25 0 25 5075 100 125 0 05 i d5 A\25 2 28
TA - Free-Air Temperature — °C t-Time -ps
Figure 17 Figure 18
OUTPUT VOLTAGE COMMON-MODE REJECTION RATIO
Vs Vs
ELAPSED TIME FREE-AIR TEMPERATURE
28 89 T T
Vec+=+15V
~ ~
a1 f @ RL =10 kQ
% >
K]
> 20 @©
E -
L o 87
o2 i Vec+=+15V i
S RL=2kQ 2
2 12 Cy =100 pF o 86 —ck
2 I Ta =25°C \ H 7
8 8 See Figure 1 f
1 I \ g 85
o
> 4 §
(5]
\ /> 1 24
0 1 ,l %
y =
[3)
-4 83
0 02 04 06 038 10 1.2 =75 =50 =25 0 25 50 15 100 125
t - Elapsed Time - us Ta - Free-Air Temperature - °C
Figure 19 Figure 20
1 Data at high and low temperatures are applicable only within the rated operating free-air temperature ranges of the various devices.
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50

40

30

20

10

Vph - Equilvalent Input Noise Voltage - nv/VHz

TYPICAL CHARACTERISTICSt

EQUIVALENT INPUT NOISE VOLTAGE

vs
FREQUENCY
TTTT T 117
Vec+=%15V
Ayp =10
\ Rg=200
\\ Ta = 25°C I
N,
N
\\
NN
1% 40 100 400 1K SK 10K 40K iC

f - Frequency - Hz

Figure 21

THD ~ Total Harmonic Distortion = %

04

=
-

0.04

0.01

0.004

0.001

TOTAL HARMONIC DISTORTION

f - Frequency — Hz

Figure 22

Vs
FREQUENCY
= Vecec+=+15V
[ Ayp =1
— VI(RMS) =6V
— Ta =25°C ’
J
/
,I
/l
10 400 1k 4k 10k 40k 100k

1 Data at high and low temperatures are applicable only within the rated operating free-air temperature ranges of the various devices.

APPLICATION INFORMATION

RF =100 kQ
=

Figure 23

Input

R1

C3T

¢——— Output

C1

2nR1C1

R1=R2=2(R3) = 1.5 MQ
c1=cz=% =110 pF

=1kHz

Vee+
R2
Vee-
R3
c2
Q—fo=1
Figure 24

14
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APPLICATION INFORMATION

Vee+

TLO84 —— Output A

Vee+

—— Output B

=Y
+ =
< o
O
o
+
il gl + 1
r
1 S 1]
&

v
100 uF == _%ﬂOOKQ i

= = TLO84 —— Output C

)

Figure 25. Audio-Distribution Amplifier

6 sin wt 1N4148
— i ? AN\ -15V
y 11 kD
1 see Note A}
18 oF i kQ ; ( ]
c»—-l(]——4b
88.4 kO Vee+
L2 Tt 6 cos wt
88.4 kO TL082
+
18 pF o] 1kQ
¢>—N——<= &
P oA 15V,
1N4148 18 kQ
L 88.4 kO (see Note A)

M

NOTE A: These resistor values may be adjusted for a symmetrical output.

Figure 26. 100-KHz Quadrature Oscillator
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APPLICATION INFORMATION

16 kQ goicl
220 pF 220 pF
i BEREL
43kQ 30 kQ 43kQ 30 kQ
—WA———@
Npds Vee+
B84 220pF Vec+ %20 oF Yo
mput ¢ 1¢ | [ 43kQ 43 k0 —1—e-" sk 1
TLO84 — —Q TLO84, 1_/4 OUtpUt
X Y + TLO84 B
+
15kQ Vee- A 1550 Vee- v
cc- B
. . N7
Output A =
Outpitt A Qutput B

N/

2 kHz/div
Second-Order Bandpass Filter
fo =100 kHz, Q = 30, GAIN =4

fo

o~
Lo2

2 kHz/div
ascaded-Bandpass Filter
100 kHz, Q =69, GAIN =16

Figure 27. Positive-Feedback Bandpass Filter
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MECHANICAL DATA

MCERO001A — JANUARY 1995 — REVISED JANUARY 1997

JG (R-GDIP-T8) CERAMIC DUAL-IN-LINE

0.400 (10,16)

0.355 (9,00) :

e i ol

) 0.280 (7,11)
0.245 (6,22)

}

T

1 4
0.065 (1,65)
0.045 (1,14)
0.063 (1,60)

0.310 (7,87)
2:00941,00) i 0.020 (0,51} MIN RN 7,87) e
0.015(0,38)  ° : ’ : 0.290 (7,37)

Iy

0.200 (5,08) MAX (i
1 | 1 * 1 ”

v Seating Piane
HJ- T 0.130 (3,30) MIN

[7
0.023 (0,58) o_q50
4"[!:(*0015(0 38) —> \4/ g
[ 0100 (2,54) | 0.014(0,36)

0.008 (0,20)

===J)

4040107/C 08/96

NOTES: All linear dimensions are in inches (millimeters).

This drawing is subject to change without notice.

This package can be hermetically sealed with a ceramic lid using glass frit.
Index point is provided on cap for terminal identification.

Falls within MIL STD 1835 GDIP1-T8
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J (R—GDIP—Txx) CERAMIC DUAL IN—LINE PACKAGE
14 LEADS SHOWN

PINS

DM 14 16 18 20

— AEAEAE:
’ 14 8 BSC BSC BSC BSC
60 e o : BOMAX | (lorom) | (5r.54) | (ot3g) | (G000

6 B MIN e T L o

\ l C - MAX 0.300 0.300 0.310 0.300

(7.62) | (7.62) | (7.87) | (7.62)

U UL LIS

1$l 7
0.245 | 0.245 | 0.220 | 0.245
0.065 (1,65) C MN
008 e (6,22) | (6:22) | (5,59) | (6,22)

0,060 (1,52)

—»{ [¢— 0.005 (0,13) MIN 0.015 (0,38)
|

0.200 (5,08) MAX
i Seating Plane

A
” 0130 (3,30) MIN [/ “
_.HF 026 (0,66) |
0.014 (0,36) 0-15°
[0.100 (2,54)] 0.014 (0,36
0.008 %o,zoJ)

_{fL

4040083 /F 03/03

NOTES:  A. Al linear dimensions are in inches (milimeters).
B. This drawing is subject to chonge without notice.
C. This package is hermetically sealed with a ceramic lid using glass frit.
D. Index point is provided on cap for terminal identification only on press ceramic glass frit seal only.

E. Falls within MIL STD 1835 GDIP1-T14, GDIP1-T16, GDIP1-T18 and GDIP1-T20.



MECHANICAL DATA

MLCCO006B — OCTOBER 1996

FK (S-CQCC-N*)

LEADLESS CERAMIC CHIP CARRIER

28 TERMINAL SHOWN

& 0.020(0,51)

0.010 (0,25)
0.055 (1,40)
0.045 (1,14
N 0.045 (1,14)
a 0.035 (0,89)
3 4
0.028 (0,71) _’j L_ | || 0.045(1,14)
0.022 (0,54) 0.035 (0,89)

0.050 (1,27)

4040140/D 10/96

NO. OF A
18 17 16 15 14 13 12 MR

X - MIN MAX MIN MAX
5 @ w g = 0342 | 0358 | 0307 | 0.358

(8,69) | (9.09) | (7.80) | (9.09)

20 10 > 0442 | 0458 | 0.406 0.458
51y . (11.23) | (11,63) | (10,31) | (11,63)

1

B sQ i 0640 | 0660 | 0.495 | 0.560

22 8 (16,26) | (16,76) | (12,58) | (14,22)
ASQ

23 7 = 0739 | 0761 | 0.495 | 0.560
(18,78) | (19,32) | (12,58) | (14.22)

28 € G 0938 | 0962 | 0850 | 0.858

25 3 (23.83) | (@4.43) | (21.6) | (21,8)

N /N = 1.141 1165 | 1.047 1.063
| SRR R 7 L (28,99) | (29.59) | (26.6) | (27.0)

26 27 J28 1 __2M =34

0.020 (0 51) /Y - . 0.080 (2,03)

0.020 (0,51} (2,03)

0.010(0.25) | "_l o~ 0.064 (1,63)

NOTES: All linear dimensions are in inches (millimeters).

This drawing is subject to change without notice.

This package can be hermetically sealed with a metal lid.
The terminals are gold plated.

Falls within JEDEC MS-004
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MECHANICAL DATA

MPDIO01A — JANUARY 1995 — REVISED JUNE 1999

P (R-PDIP-T8)

PLASTIC DUAL-IN-LINE

0.400 (10,60)

4= 0355 (9,02) T
8 5
B il a0
0.260 (6,60)
0.240 (6,10)

4
— L 0.070 (1,78) MAX

0.020 (0,51) MIN

U U U

I
U
0.100 (2,54)

0.021 (0,53)
0015 (0.38) L 100100025 @)

0.325 (8,26)
0.300 (7,62)

0.015 (0,38)
l Gage Plane

0.010 (0,25) NOM

1

i

!
L 0.430 (10,92) —»‘
MAX

4040082/D 05/98

NOTES: A. Alllinear dimensions are in inches (millimeters).
B. This drawing is subject to change without notice.
C. Falls within JEDEC MS-001

For the latest package information, go to http://www.ti.com/sc/docs/package/pkg_info.htm
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MECHANICAL DATA

N (R—PDIP-—T**) PLASTIC DUAL—IN—LINE PACKAGE
16 PINS SHOWN
PINS **
¢ A
= 14 16 18 20
s . 0775 | 0775 | 0920 | 1.060
M oS A = A Gase) | (199) | (2357) | (26.92)
|
0.260 (6,60) 0.745 0.745 0.850 0.940Q
) 0240 (5.10) A CMN ) 18,92) | (1892) | (21,59) | (23.88)
MS—001
P LS S g e s g g | A VARIATION AA BB AC AD
0.070 (1,78) A
0.045 (1,14)
0.045 (1,14) A = . 0.325 (8,26)

~{0.015 (0,38)]

{ \ /
|

+
b

s B

0.030 (0,76) /0N 0.020-(0,51) MiN 0,300 (7.62) (‘*
|
|

A
A 4
] Ll |44 : ) —+t— —xz— Gauge Piane
J—L l l {_}—L ’ l Seating Piane l—_l T
! THI} 5 ) 0125 (3,18) MIN 0.010 (0,25) NOM

. 0.021 (0,53)
* 0.015 (0,38)

(@00 @22 @) / f \
14/18 Pin QOnly
\.U./ 20/Pin vendgr option @

r‘—'- _—

(=
e

—n’ 0.430 (10,92) MAX L—

4040049/E 12/2002

NOTES: A, All linear dimensions are in inches (millimeters).
B. This drawing is subject to change without notice.

Z(i Falls within JEDEC MS-001, except 18 and 20 pin minimum body length (Dim A).
@ The 20 pin end lead shoulder width is o vendor option, either half or full width.

.,
1

TeEXAS
INSTRUMENTS
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MECHANICAL DATA

D (R—PDSO-G14) PLASTIC SMALL—-OUTLINE PACKAGE

A

AAABAAA |

0.244 (6,20)
| 0.228 (5,80)
“ I 0157 (4,00)
0.150 (3.80)

|

/ 7
Ii.‘gel ATEG PeA0 54 (0.51)
0.012(0,31)
[&]c.010 (0.25)®
4 L
[
A 4 3 1 ) ‘ l L
0.010 (0,25)
— 0.069 (1,75) Max 3.004 (0,10)
0.010 (0,25)
0.007 (0'17)1
5 [ /' 3
[>]0.004 (0,10)
Gauge Plane L - lv
= ? Seating Plane
0.010 (0,25) -8
0.050 (1,27)
0.016 (0,40)
4040047-3/F 07/2004
NOTES:  A. Al linear dimensions are in inches (millimeters).

B. This drawing is subject to change without notice.

C. Body dimensions do not include mold flash or protrusion not to exceed 0.006 (0,15).

D. Falls within JEDEC MS-012 variation AB.
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MECHANICAL DATA

D (R-PDS0-G8)

PLASTIC SMALL—OUTLINE PACKAGE

>4

e
8 5
Bl i

0.244 (6,20)
2.228 (5,80)

jL . 0.157 (4,00)
\ 0150 (3.80)

Index Area
1 4
0050 (1.277 l ‘ o' P 0.070 (U5
19090 W2/ e T o 1)
#/0.010 (0.25)@
A i
[

. AP i LY
0.010 (0,25)

[ ]0.004 (0.10)]

L 0.069 (1,75) Max 0.004 (0,10)
0.010 (0,25)
0.007 (0,17)1
= [ Y7 \
Gauge Plane <° X lv —
ﬁ - f Seating Plane
0.010 (0,25) 0-8 \ /
0.050 (1,27)
0.016 (0,40)

4040047-2/F 07/2004

NOTES:

All linear dimensions are in inches (millimeters).
This drawing is subject to change without notice.

Body dimensions do not include mold flash or protrusion not to exceed 0.006 (0,15).

Falls within JEDEC MS—012 variation AA.
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MECHANICAL DATA
PS (R-PDSO-G8) PLASTIC SMALL-OUTLINE PACKAGE

I 0,15 NOM
6

\

F N
L"IO”
Wl
olo
|
y
F=
o
t(
oo
'U1|zo gi
o -
N\

o
&

I’ #) \
Seating Plane 5 3 Qﬂ_\ ) HL
&Z 4%

FE’
P

g
|

4040063/C 03/03

NOTES:  A. Al linear dimensions are in millimeters.
B. This drawing is subject to change without natice.
C. Body dimensions do not include mold flash or protrusion, not to exceed 0,15.

i
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MECHANICAL DATA

NS (R-PDSO-G**) PLASTIC SMALL-OUTLINE PACKAGE
14-PINS SHOWN
051
035
B
HHHAHAA
0,15 NOM

O

560
5,00

l

i

— o =T

o5

8.

JL_{——U—U—U—U—U—U—U]_L D Seating Plane )i \;//_\

!

H—

Gage Plane

v
t os

1,05
0,55

—

=
/

T

Nl e

L

— 2,00 MAX
S A 16 20 2
DM
A MAX 10,50 10,50 12,90 15,30
A MIN 9,90 9,90 12,30 14,70
4040062/C 03/03
NOTES: A All linear dimensions are in millimeters.

B. This drawing is subject to change without notice.
C. Body dimensions do not include mold flash or protrusion, not to exceed 0,15.

*‘nzxns
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MECHANICAL DATA

MTSS001C — JANUARY 1995 - REVISED FEBRUARY 1999

PW (R-PDSO-G**)

PLASTIC SMALL-OUTLINE PACKAGE
14 PINS SHOWN

S e

14 8
T 0,15 NOM

NHHAAAH
4,50 6,60 l

430 620 / f \

O l ' (lagePlane _L
@HHHHH@_ M

0°-8°
; = 0.75
0,50
N r /1‘—1
v UMIAOAH §  sestingpraney { {77] ML
L 1,20 MAX %;_:T N

INS **
;. 8 14 16 20 24 28
DIM )
A MAX 3,10 5,10 5,10 6,60 7,90 9,80
A MIN 2,90 4,90 4,90 6,40 7,70 9,60

4040064/F 01/97

NOTES: A. Alllinear dimensions are in millimeters.
This drawing is subject to change without notice.

Body dimensions do not include mold flash or protrusion not to exceed 0,15.
Falls within JEDEC MO-153
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IMPORTANT NOTICE

Texas Instruments Incorporated and its subsidiaries (T1) reserve the right to make corrections, modifications,
enhancements, improvements, and other changes to its products and services at any time and to discontinue
any product or service without notice. Customers should obtain the latest relevant information before placing
orders and should verify that such information is current and complete. All products are sold subject to Tl's terms’
and conditions of sale supplied at the time of order acknowledgment.

TI warrants performance of its hardware products to the specifications applicable at the time of sale in
accordance with TI's standard warranty. Testing and other quality control techniques are used to the extent Ti
deems necessary to support this warranty. Except where mandated by government requirements, testing of all
parameters of each product is not necessarily performed.

Tl assumes no liability for applications assistance or customer product design. Customers are resp~. sible for
their products and applications using Tl components. To minimize the risks associated with customer products
and applications, customers should provide adequate design and operating safeguards.

Tl does not warrant or represent that any license, either express or implied, is granted under any Tl patent right,
copyright, mask work right, or other Tl intellectual property right relating to any combination, machine, or process
in which T! products or services are used. Information published by Tl regarding third-party products or services
does not constitute a license from Tl to use such products or services or a warranty or endorsement thereof.
Use of such information may require a license from a third party under the patents or other intellectual property
of the third party, or a license from Tl under the patents or other intellectual property of TI.

Reproduction of information in 71 data books or data sheets is permissible only if reproduction is withott
alteration and is accompanied by all associated warranties, conditions, limitations, and notices. Reproduction
of this information with aiteration is an unfair and deceptive business practice. Tl is not responsible or liable for
such altered documentation.

Resale of Tl products or services with statements different from or beyond the parameters stated by Ti for that
product or service voids all express and any implied warranties for the associated Tl product or service and
is an unfair and deceptive business practice. Tl is not responsible or liable for any such statements.

Following are URLs where you can obtain information on other Texas Instruments products and application
solutions:

Products Applications

Amplifiers amplifier.ti.com Audio www.ti.com/audio

Data Converters dataconverter.ti.com Automotive www.ti.com/automotive

DSP dsp.ti.com Broadband www.ti.com/broadband

Interface interface.ti.com Digital Control www.ti.com/digitalcontrol

Logic logic.ti.com Military www.ti.com/military

Power Mgmt power.ti.com Optical NeMorking . www.ti.com/opticalnetwork

Microcontrollers microcontroller.ti.com Security © www.ti.com/security
Telephony www.ti.com/telephony
Video & Imaging www.ti.com/video
Wireless www.ti.com/wireless

Mailing Address: Texas Instruments
Post Office Box 655303 Dallas, Texas 75265

Copyright © 2004, Texas Instruments Incorporated
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