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DESIGN AND CONSTRUCTION OF ELECTRICAL INSULATION TESTING DEVICE.
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Prasong Suebchart (2002). Design and Construction of Electrical Insulation Testing Device
Master thesis, M.Ed. (Industrial Education) Bangkok: Graduate School,
Srinakharinwirot University.Advisor committee: Dr. Pairust Vongyuttakrai

Assist. Prof. Dr. Threraphon Thephasadin Na Ayuthya

This study was about the design and construction of an electrical insulation-testing device by
using a transformer to enhance power voltage of the device from 220 volts to 1,500 voits. The circuit
of leakage was tested 1.0 and 1.5 mA. The result was shown on LCD monitor. The circuit leakage
was also tested in 4 levels at 5, 10, 60, and 90 seconds. The researcher built the electrical insulation-
testing device in order to replace imported devices. The procedures used in the design and

construction of the device are the following:

1.Design and construct the electrical insulation-testing device and subject it to test and
compare it with other electrical insulation-testing devices, which are available from local factories.

The following values were assigned:

1.1 Voltage test 1,500 Volt.
1.2 Time test 5,10, 60, 90 Sec.
1.3 Current test 1.0,1.5 mA.

The result shows that the electrical insulation-testing device is comparable to other testing

devices.

2.The electrical insulation-testing device was sent for calibration at the National Institute of

Metrology.(Reference: CSR No. 0105 / 02 ), the calibrating results were as follows:

AC Current source accuracy test.

Range Setting Measured Uncertainty
Output Value

1 mA 1mA @ 50 Hz 1.000 mA 0.1%

1.5 mA 1.5mA @ 50 Hz 1.500 mA 0.1 %

3 mA 3mA @ 50 Hz 3.001 mA 01 %

4 mA 4 mA @ 50 Hz 3.898 mA 01 %




3.Experts verified the performance of the electrical insulation-testing device in five

categories.

3.1 Engineering performance: The experts verified the engineering performance of
the device and found it to be at a excellent level. The electrical insulation-testing device used the
appropriate engineering method of designing. The electrical insulation-testing device was constructed
by using Ohm'’s Law in the current dividef circuit to inspect the leakage current and induce voltage of

Faraday's Law to design and construct high voltage transformer.

3.2 Safety performance: The experts verified the safety performance of the device
and found it to be at a moderate level. The electrical insulation-testing device has an electrical

protection system by using a fuse.

3.3 Physical performance: The experts verified the physical performance of the
device and found it to be at a good level. The electrical insulation- testing device is durable and can

be assembled and disassembled by parts.

3.4 Usage performance: The experts verified the usage performance of the device
and found it to be at a good level. The electrical insulation-testing device is convenient to use. The

resuit of its performs can be shown on LCD monitor.

3.5 Maintenance performance: The experts verified the maintenance performance of
the device and found it to be at a good level. The electrical insulation-testing device has few parts to

maintain and these are not expensive and are available in the local market.
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B = ALK o AR ULTILILRAN (ues /a.5.1uaT)
1l h RN RENYEITI T G

1 = ANUEITINNTUARENTL UL D Sru(as)

A = WA AT09290 U RENTLFULTIIINY (A.5.400T.)
K, = 1 (lwane)

4. nouindeudasiifuazadnsallii-8inanseitnd
tﬂuLﬂ%W‘iﬂgﬂnstﬁﬁﬁﬁﬁﬁa‘lun'mﬁ'mﬁaaﬂ (step up or step down) SxéiLUBILTINEWIN
#1 (electromotive force ; e.m.f.) mns:é'u%ﬁa'lﬂ;jﬁm:é’uwﬁa Tapfifausn seéuvnusaafaningh
Auldswllleiudanfann nszurlWasy (altemating curent ;a.c.) é’afu%aﬁﬁqmamaﬁﬂﬂlﬁ

UslomilumuRunionaussdu iRaltlumsnesauawiusiiasiag
4.1 Tassawniiaudasiiih (Construction) 'mu'auﬂm’lﬂﬂmunmsumﬁlﬁﬁuagjfi":'lﬂifu
FHuupuidusanfonlWifhnsfi(Constant-potential transformer) fyamanuagsaugunuinin 2 ga
uRsfunwnaniuuriuninu g ﬁueia:udugmﬂﬁau'h”sT'wmm‘naazhoﬁtﬂuamu‘lﬂﬁn nailAela
Wifiamsgquie (oss) moluunumnduilssnanusmaniienims Wi wilauasfildusuuss
wRanlwih ﬁﬁagv‘ﬁq'lﬂﬁ 2 wila 8o wwuwsmiulEEmiuusaatewlWinusaafewlWihein
na'lmﬂuusam‘é[au'lvlﬁ']goﬁﬂn'h “Step-up transformer * sudnuuuniteiulfivfouanusanion
'lvlﬁ'Igﬂﬁaaamﬂumam‘é‘au'lﬂﬂ'\vﬁ;m‘s'ﬂn'h “Step-down transformer * paa2a7 lasUAa IR
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L‘éun’iwamﬂﬂﬁugﬁ (primary winding) 'zmmaﬁa’mﬁwé’a’twaanmﬁﬂn'i'vuamﬂnaﬂgﬁ (Secondary
winding) nafaudssIWihudaiusfialung 9l¢ 3 sfia lasRersnnenanyuzuasmsns wiomsdazy
= Fl G ‘;d
PpIunwnan uwusldesiife
a. “Core Type” \uuuvifiisesusiinani9esiae?
b. “Shell Type” LUwuULNTI9ITUILARN 2 2937
c. “Berry Type’ \wuuuRinsasusiinannszane (distributed) soniulassay n9 3 wuuiild

ure9liasmwisznau 5 (a.b. uaz c)

- "'°"7 ' LV.windlng
SLV winding
§HV winding HV. winding
e e ] Limb Iron

mwilsznay 5 mswissiavasndasyraluwia

r 4 A . a Y
wuy Core Type (MWUsznay 5 a) WUATIRUILEIBARIANTS primary WRT secondary Wl
. Y = a p- g a o Y . e oA a
sourwdrstnsranwran mynwuuuiivhldzansialnasonfuusiusitndn (flux leakage) fifia
& o v v w d e . L4
mpeaanImadnd il Favhlldiduusowdiininfiafasdinkage flux or mutual flux) LARIANIRBINN
a X v 4 o ¥ < . Y -~ ° ~a <&
f9% udtWuse primary U secondary wanmuliuurraIunNUwRANLAsETULR s ldifiamsTh
- a X d = ' Y . P . a -
Trawes fux ndetu  Telluadomatiouvasndaulaslnfenee3eds (serously) Undusuuy
- U ) Y e ' Yo T .
Core Type hanlsnundauilssidivunalng uuy Shell Type (Mwisznau 5 b) filvasaeans primary
use secondary Wit lINUNUNANTAILAWARN uAwRavasunwnanan 2 puuwivmiiiu low
< ° @ & a I3 . &
reluctance flux path uias §MIUULL Berry Type (Mwusynay 5 c) uwdunwinanisagiiiuag
saugpenIa unwnanisuiunezdasiilessaiadiuuuy shell lagfiunwwannszansaanlusou gue
. & g = A9 A a v
sawiuk wwuikihunnlifsawnzilassefsfigeen
4.2.nMIRwaaala (winding ) NMIRuTeRIaTaIndaulauiele 2 uuulng gda
al . . P ° .
1.uuy concentric fufluzunsenszuan(concentric cylinder) 3 6 (a) uuuilveaIausIdaY
E xd ° (3 > e o L4 P el «
melu  nsftfiasendgrmahawnwiuiuaeflimieseuness  seflslumsheesssuuiuy
d e
manauaINiuaAUIL
o o R & f - B = o
2. unnlsznudauriisandwichuuuig 5 bysslumisaFuusouaitnania Inalinasaly
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LV.winding c
ore
H.V.wlndlng % Llend_ing
I .II HV winding
P
insulated spacers § LV.winding
seporate windings
(9) (b)

MWUTENaL 6 WULTaINMINKTaalIataIrdaulas Wi

4.3 nqujuazvannizasuaiauilas il (Transforme Theory and Principle)

4.3.1 panmsvaIndlauLlas (Transformer's principle) wdaulastsznavudlgvasia 2
’gﬂﬁﬁuaguuuﬂumﬁn (Mmwisznay 7) qm"’isia'lﬂri'al.mdaﬁmﬁﬂw'ﬂﬁt"’imn'ﬁﬁ’gﬂﬁgwgﬁ (primary
winding) Iﬂﬂﬁﬁmmﬂﬁaﬂwﬂmnﬂa‘mmg; V, (V; ) volts 5n°g@w’i0ﬁeia'lﬂrﬁ'ams:ma'lﬂﬁ'] (load)
Buniven@unil (secondary winding) lasfiusaafawlnianasaui load tflu Vs (V, ) volts $1147u
YBIVARIANIS primary Uaz secondary Fiwnsauiilu Ne (N, ) 4Bz Ng (N, ) @rusau andautag
Wuusanioulwsih V volts (i liflue primary (prijzvirlwifamaniient usaasewlnih v ms

-« ! L) r-1 ] -3 el [ ‘r
éu secondary (sec) (nMwusznay 6 ) Iutisui1erlaifl foad andanan lunsdiisult Vs = E, = V,

{ {
i

| LAMINATED CORE
Casrie = 0 ot PR S
-.----.-‘-.—- l H B : 1
A L  Jp— C H R I A
ey Copill LESdsecnarive g
L]

g : o -~
mwilsznau 7 wanmsilasauvasndaulsd

- . y . d a
432 daEIUToILTIARAULEINIURIN (Voltage and Curent Ratioyongy 13ladi

load ansianasu sec. ldifianszus Is Tnsagng sec
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uasilusanfenlWihanasay foad = Vs (Vs # E ) daunednw pri. wundinszus Ip uszusaadanlw
#1 Vp sanunann source Lilavnmsdanada lUiwunaandw Vpiv uudieninfl@uadudanaiuves
Np/N was fdrlna@oanuawnsuvasaandu Ip /s vwunda v pls Jenlnadidoanu v Is dafims

= a & & ° o o o @ o
wWawwdstas IS NOPYUNII sec. uuamaml'ﬂ IS wWRawlUsany wuas
vplpavsls (4.3)

wwuusssulng (@) fados (link ) vameuas pri. uss sec. aanudahldiiamswiioni
{ & & { { o & & o o '
usaaRan Wi IUNS 2 1@ (E1 uaz E2) efaufiifetwiil I unusuinsaurasuanauadudas

P 'Y ™ a ¢ Ped o &
e T\ﬂﬁlﬂ”lﬂﬂ']']i]ﬂuwuﬁﬂ"l&lﬂgmaﬁﬂqstﬁuﬂ')u’]ﬂaauﬂqs 2.3.0)

e =N(@d/dt) (4.3.0)
“ P o A o & A
dla e = usaeRaulWihnilionihinlwaclavnewite
N = $rnusaurassre NidTudaniddsuudssvasdunsiudinindaniag
Pl
dé / d t = darTuyAsunilsaduusiuiinandaniagam
wWAa E1/ E2=Np / Ns = a senaunsidfawudssvasndautas (Transformation Ration) (4.3.1)
A “ { { a & . o A a e o
Wa E1 uas E2 fausanfReulnfiiieluluzaaia pri . uaz sec. @u&1au Np NU Ns naadwiusays
. e ° o : a& . & Y & P
YDIUARIANII Pri. URZ sec. LTUNK FIRTUUTHAROWIWKNATI VDS pri. URE sec. T 2 TIUU wanend
a o a p=t o & ot & W . & & = ‘e v
MnussaRau Wi flianmanionifiigainmbaorinin asuudslaivhld Vector vad Vp use Vs
. a o & o PN Q : { &
fyuuane1slion Vector 283 E1 usr E2  anniin @awn dwmmnAnisoniussafanlWinne
A VI o o ‘ Y 'Y = o
(terminal voltage) wutiuFasmlasasanuiwuvamavasudassmlasdszanmuan  fezldanw
RUWUSAIFNMT 2.3.2
Vp/Vs =Np/Ns ;Transformation ratio (4.3.2)
Y ‘ A o w o E aw o & fo o da € X
mmm'\msgftymﬂmm'lwﬂ‘m'mmﬂ'lwnuauﬂaauumﬂummumnuan neaaNLEUUNS
v ¥ « P o o @ Al “ o w A9, o . A
Tl wuffaenaRanson Teimasnlesu (power output) NumRsnlatnly (power input ) fiduin
TR
vp IP cos Op =vs Is cos Os (4.3.3)
1 cos Os uwunildnsiievad load weitiiasani Power factor ¥aIn1d pri . WAz sec. &

4 =) - L3 et &; [} o1
ANUUANANIWEILRNUDE muu":jq a1an R’I’J‘lﬂ'ﬂ

vp Ip=vs Is ' 4.3.4)
Vp/Vs=Is/lp=Np/Ns (4.3.5)
IpNp = IsNs (4.3.6)

£y & ° o o A d9 . . . T o - Aa A
waulssftasviminndadiaWnlad lumasu pi wwilwiWasy wialWaiinsdgow

" e > & & « da aa <l o &L .
wlsailudanzg (puise) duilulwess AduwuuuificsifinsutewmanszNatuss  (fluctuating)

a a & et Y o <« e o d a o . o o % wa
“SBUQ:uuﬁlﬂmﬂqflﬁﬁﬂﬂ.lﬂﬂfdﬂqUaﬂﬂl’"’aﬂﬂlﬂﬂﬂﬂﬂu\’ﬁsa“ﬂqﬂaﬂﬂmﬂ 'i]\'ﬁ]:ﬂ'ﬂ‘ﬂlﬂﬂrﬂf
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=i ° o & o A = - 'Y &
g husafeuiNihiums  sec. swfiasmnaniimaiouudsransuuss (flux change) W
e . o e e . o o « Za g aa o
asnutiwessnlatlume pr. fidashasaaniatacrinlnlalllWifielums sec.asnudailvnda
sdasdnsnianlumafoudivasusaefonuasnszua i luasesnszusIWasuirinmu
4.3.3 vOuf) M (Theory of Operation) uuIanu@a (concept) Aiiluiuginlinan
aziwdsvsnaniandaudasWiheruanufadu (deal Transformer) %ﬁauﬂaaﬁﬁﬂﬁ“lsjﬁ@msm@ﬂ
. H oo & o o & & o« <« Y o aX a .
¢139 (loss) MAeTwlundoulss  asudaiumsnamwwasivasndautssinsieizuluanufiari
uu wilaudaslwi ewemnudedunianugaumsnl (Ideal Transformer) Minl#ifialindnnnvineIues

fmwdsznau? )

load
<)

mwusznay 8 Flux Distribution.

JolsW vp L ldvnldifensusfivhlifacduussusiminninae ¢ (fuussitazmiioatihue
o a af va o 3 & o o CV-
merasines ussveaaveasndonildifewsaefoulniuilu E1 usr 2 Juwiougiu wude E1
da & e o & 4
usz £2 ifeaudiiluluenanguas Lenz usz Faraday enudey siufa Vp = E1 usr E2=V2 lu
ad LY ¢ ' o a LAY
nmmLﬂuﬂuau.ﬂm'lwﬁ'm'mqﬂumsmmmu §UNNaULURITIIg (Actual trsnsformer) WUIRRNNTT
° o« o e { B % v e a o '
e danmwisznay 7 dsitfe Seldineiy vp i lufdwdgundivililinszus Ip Insdmuesae
J‘l a P -~ - < 0o M ea w =
#lUdssesmeuan (Wasmauaniifa a9 Wwia Source 1892995HKLE9) MlARaIFULTILALIAED
X , a .

(Flux ) ¢1 Auhwasaa Primary , @1 frsznaudas mutual Flux (@1m) use leakage Flux P11 vtue
i o - a A o . P
# o1 WasuuslumumanRsuwsuasnszus MlwAenmanilanin emd. (electromotive force) %

A a v o ar A, o & . .
molure primary usslifameassnuinany Vp (eanguad Lenz) IWAdredlhiilu sinusoidal

r & . [ 1 ' .
waveform LNTIZATUU ¢1 (flu sine wave @ (hmﬂ loss #14¢) URr lag impressed Voltage Vp 1o

90°) Wiudia

4)1 = ¢)1max cos Ot = 4)1max + ¢l1

mungyed Lenz 16 e1=- N1 (d $1/dt) (4.3.7)
el = N1 (Dd)1max sin (Ot
E1max = N1 (1)¢1max io sin @t =1
E1 = 4.44 N1f1 {1 max (4.3.8)
So E1 = effective value W3 r.m.s. value TasusanBanlWihAmiienih fu .  primary use

Jnemaasanudany Vp (volts)= back e.m.f (1)
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N1 = ITWIUVARIANII primary (3811)
f1 = enudvadWraunielvnusaae pr. (seuAuf = CPS)

T A a & Aa .
¢1max = flux NIRVATIINAVUNIN primary VOLEVUNRIFA (mua‘?) (1 weber =10 lines)

T
3
It

Lﬁuusmﬁmﬁnimﬁwﬂgmgﬁ (Primary mutual flux ) (iRluas)

'Y R ia & & a a a
LauLLﬁ\'jLLQJL'ﬂaﬂﬁ’JNﬁkﬂ@’uuﬂ@ﬂqdﬂ;ﬁwgwua:nﬁUQJJ (mutual ﬂUX) (L'JLU@'S:)

¢1m

usenawlWi E1 fiszneudaes Etm usz E11 @afean ¢1m us 11 vis E1m

v
3
I

uaz E11 % inphase nuasmwilsznay 8

14
G

flr=lg ey
vf’ i €,

A ° {
mwilsznay 9 matniigasiusaefowlwia

L. E1lm +E1L =Vp
o o o A a
¥o E1m = nainfignihfiifieein Mutual flux
a o A a . a Y -2
E11 = mMsinugIumingdn Self inductance nIaldaulIUlinaNTI(leakage flux)
° ar Y a a . L4 a | ° i X
fmiumedun@enil (secondary winding) wufifiemanisnhusanfonlni E2 2wl
a “ o o a & aa a [V .  a . ¥ o ¥
Ynusl@enunun E1 1fedu uaslifemslima@snudioud E2 wheen ¢m winwu dadumuie
2 .o 4. g L .
199 E2 $s7uagiuduam N2 uaz @m fianadaizanaa secondary E2 ifian Pm tviniu dniu
a & fe o P Y da & Ao &
1U10789 E2 F9huagnuiuin N2 uaz Om funedaswania secondary E2 fufatiufufiatuaung
84 Faraday

E2 = 4.44 N2 f1 m max (4.3.9)

4 . &
(1)} E2 = induce c.m.f N3 secondary = Vs (L1@ no load)

. 4 .
Pmmax = maximum mutual flux Han link W30ASEITA (sec.)

= ¢m max (§w3u Ideal transformer)

N2 = FIUHIUTIUTDIVARIGNIIN U secondary
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Fe ma e o o &
atus no load HfarldanusunutusInszusesii
I, = Io (no load current) = I (magnetizing current) lanit lag VP 14 90° uae inphase NU ¢

0 (Hodundoudasamgaunynl) susfinng secondary Taifl todad W 15 = 1, wdilied load 1Ry
& e o , c o a4 o {
Yu 1o i 1y uf uel |, AidsasRagaaaaian ul load M9 secondaryh sudfouudslfenu
o o P oA a & o & o o o @
lunrsmirunisnmismiiginsaeiauwihffiedulundaudasi  munsomldondmsine
o o o 'S o Ha & A .
AN YBY Faraday leigu@onnu lasRarsanmsfewudsas flux ANeUudanitalarile

91NN1IRITINIINGUTas sine wave (3U 9.) wuhimafsuudnduusui;manen o fedgigeds

e 8l 17 4F Hud

craLe

mwisznay 10 ues flux wave

wssteRaulWihiadiolugag 174f WML 1 tum Sty Qo /(17 4f)

average e.m.ftum = ¢m (4.3.10)
= 410
average e.m.f. for N tum = 4N f ¢)m (4.3.11)
§ %L sine wave Hudien form factor = 1.1
form factor = 1.11 = R.M.S value / average value
.« RMS. value of em.f.for Ntum =444 Nf d)m (4.4.12)

wARldIEms em.f. 189 (2.3-7) (2.3-9) unz (2.3-12) UF@TLTWALIAUNI 3 FUAS

4 4 wsioudasfilgamananilue3s (Actual Transformer) LRaaarinaaadanisidalolu
= o (g - o ~ £ o &
noummurasrlaulss Wi sihmsuenuezeanidutunaudsii
a a d a a 4 o . a da
n. AamIggiy (loss) MieNMMsFURLNUNUWAEN (core loss) AMMIFREILAGINNMS
& .~ T 4 o o d a P o« o
F170UFUUTILNIREN (magnetic leakage) uaziad Wi lifinasaa (copper loss) wpaniadansly
a < -~ .’ . . a
2. LiRadTMIII 103 FULTILIREN (magnetic leakage) BENILALT
a a da & & .
f. AATITUIRLNUINAVUNIRUA (core loss+copper loss+magnetic leakage)
& T o d . e v o P’ Y al A9 o
1 3 Tuanautnauuit dsfivsdasRsnnlianaundoutasWlifinse (no load) usznaufild
< > o
$U M3z (on load) lasusnifurunouasii

a d a a o & P a , ¥
n.@alaniz Wadnmigydehadlwiluiunumsnering
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4.4.1 3i813msz (NO-LOAD) (o IWlwiumiToutasiu MliiRansggiieluunu
WMan (core loss)iu witazlaigmezWianngd 10 éa?ﬂgrytﬁﬂ'hﬂuunmﬁn (core loss) uaIwLa
uilaslWi@a hysteresis and eddy current losses vuas dmiy impedance drop fifialuuaslafisyuin
1 swilesananenuiumusssuasatuiagann (Havafisnenqsestle) S9lianda (lo 8
61 2-10% w89 rated curent) arnunszusialaidl load 1, (no load current) 39U5TnaLILNTIUR 2
I Fseantu fo nszusswiiasinannisifia hysteresis and eddy current (I,..) AUNTEURATIH
RaLFUUTIUNRED (magnetizing current) fia 1y &§NTU I, 32U WToN (inphase) Auusaanawlwii
VP (VP = E1) *?'iihynh'lﬂﬁmﬂmﬂﬂgugﬂ wel Vo (Ve = Ep) ﬁﬁhmiﬂﬂﬁmmmgugﬁ ue 1y oz

lag E, 11 90° @auuiavnld I, itAamsunfings (lag) 97n E, luiRay 90° wu fo

Iy = Liee * 1o (@)
¥ I, = Voo + (e £6, 4.4.1)
wuda 1. = 1, cosO, (4.4.2)
win g = Iy sin 6, ;(4.4.3)
de 0, = tan” 1y (4.4.4)

laptn@udn awaues t Wwannnd 1, .. Ranoyil Guudsiild 6, &~ 90° s |, fien
o & o . =) N ) % o e o & o oa o
dasunn azuu Jevhldyuniuenedsznin Ve fu E, ddwlagann danuifalesdszanmuiiisans
' o 4 o . e { o f a Y o g
n&21@ 0y anfinga (tlag) Ve Whiflauiviniy 90° sefiarserdunaatisziiass 1afiaoi
A, W P a a a e v . @ ar «
1. n3suR |, Wlidntesann WawSsufisununszus iWindaulselWaassraldiunissdiad
(full load current)
2. ¥NAWINNI permeability vasunwwanuulfeuulasluiudwenszuanszdu
. < i, o L4 1 - o 8 wa Y . =
(exciting current) Trvnishilsdly azuuzafurasnszuanszdunia nszusivhidifaifuussusiionin
. 9 . . . 2 > a . a X I3
(magnetizing current) ":N‘hl'lﬁ‘ﬁ;ﬂ sinusoidal wave a£19UN3Y (IWTzdl hysteresis mﬂ'au'luaunumaﬂ)
A & . ¥ oa « A o a da X & sa A9 o a A9 o
Wardwsuuu Sslianefecly vector iHsuununszusfiindult inquaiifiolSunn vector AlEiEoulls
o . Lt ase v ¥ Mes dea :
Wouununsifeuutlszes sinusoidal it wainlumsdiausalilevinlfifeanuuandralalann
(% t 4 o ' | . . Lo
uwn asuudstaiaiiowin |, tJu sinusoidal 638
1 ar Qo “; p= o Q AV et ‘;w :: -} A v g
3. 1wz |, Wasann denu magauieissiWsassemeniulWisdanisll wuiitelwaladh
:; lﬁ. t « . o A an Ln @ & 1 &
Apin L%u'lﬂmaoa’mmsgryLaﬂlutmuman (iron loss) vaswdaulss Felumalfriausdindainiu
(Uit
~ v a d a Y a e« 4 o - a
4. dasnnihdshgyFsdmlagi Jumsgaifeluunuinin Favild curent vector 1Ganty
- . - , n
IMLAY (Ideal transformer) f3Uu 90 3enin “hysteresi angle of advance
442 FalimaIWih (ON-LoADLamaduingInvasndoudsslasunissasvinle
P & - L a a u r -
AAMT IRETINTIUR I, IUMIFIUUL TUNRINT (phase) 183 |, WauSeufisuny v, wumlénn

P d o r - . a o o <
sievesmyz Wi irdaudssunlédsy nizumezanwiau (inphase) NuusuaRaulwiy Wanse Wi
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ATMUFIUMUIIU 9 (pure resistance) WARMANRY (lag) wsdaRewdamszlviliuuuinniiei
. . o Y = « o . da & &, v a
(inductive) Uazaziimi (lead) llamszlWiduuuifianag (capacitive) nszua I, filfinluiivlditia
& an a 'Y . I o . o o d & a ' <
¢, IudfemammiuiEuusIusinEnnan (main flux) asmadusUIN Faduduussutniniu
-~ w ' < o i A oA o ‘ < d a '
(mutual flux) RIDIRULTILILAINORDY ¢m (linkage flux) BULUAILTIMN lg LRULTILILREN d)s w L13an M
19 . a« .. &< a o, [V a A @ = .~ e & 4
LFHLTILLIRENRQ (demagnetising flux) azuudernld ¢, fidaaaslliRosmvmenitorinu asuuis
A lnusaedonlWfiiaoinmswiionia £, seadll aiiuswiudavlduauandrssznine Ve nu E,
sniu SafwngldiinszualwaRatumedmisuluid WnszusilnaiRaunmedmsu gy 1,
Aea A e R o , ad . d &
nszuahinenefidadnu phase (anti phase) 190U I, uasiiBainszuaduwiiduanzyosmseInues
£ a . N J [ 2 [ % ] =3 ’ J o a
dusvin (load component of primary current) ATSUR I'y UFTIIURULTILIULARN (1), Juinenmsldms
a et a e o a a > 'Y o ¥ i a & . «
@eany §,, uaiifameassiudhany @, usslivwawiny ¢, dre dunafitiaumasesutingn
[ 1 & ° o P ) a @ o e 4 o X -~
Swflasanannszua |, wugnildazsdiu (Neutralized) wianualulwiufiviula les 1, Fafietuniay
o o & w & ° ™ v - a & a o - . e o
AUAD 1, wied asiud s linsantranseImaimindainf uufaifuussusimineiny ¢, ou
P & ) o e E g 4 & A . e .
tflaaanan Iy it wadinszuameduiuTWiufinlfeusn & Thils 1P Fariny I, + I, e vector
o< aa . daoa A o A % s v o ¥ g
Wt nsEitmede 9 Aetuduiiesnanedaudssléiumsid i, wuldusaslinmnuaduau
o A ow wew A . & a e
aauud? lumwisznay 10 a s d (a.) WedsllddumseW Aflud ¢, tinun b.) WaldsunsIv
- ' © &~ a t! Q- I3 * a a -!
1s madudngn ldiAe ¢, auswmany ¢, (c) 1o ¢, sald ¥l E, sasaifia 1, Inaikuiu
madusulW 1, & lwde ¢, Sanmsessthany ¢, wallmwewinulesfided 1, medudngln
a ' @ ' = & A ;e { &
¢, nsunaglusn M@zl (a) udimszusdiewsn 1 Wi 1, Foiiu i+ 1, Tosfimezin 1w

I, Madhuingtn

}o’js ;Tr—; E, m—'\: T qo40
, r"‘ﬁﬂ:’. I lll' 3 ’1) ‘b:‘,l $ (C\)
vl g3 T ¢ i s {
vy £35 W2 Y%y R 1 S )
s " { 5 R L Lt
== : ., ~ ;
s l i I r—%5"
5o H’.;.’.‘ﬁ:’{! toap “ ) ;?->’—‘:;, L L t (dJ
| § T s l;‘ I(b) e ar -wr_,gj
%__'4:"*3 HNIC 'VS! ) . .
. a1 ’ ! ’ - Ty
<'ﬁ_ 11 — .__J“' i . ‘: _______j

mwisznay 11 ugestTINgMsola L &uLsIULREN (magnetic flux )

3 ) . e - ' | ' ‘o ) Y
aaunledlddnssinmeduineinenidioulderelsiens  Alimldvandu
o ' <« 14 Py a - & & oA 1Y L4
gsannachuluunundn  ninvefaudanlnndiseeunlimeiWannuu  wufaifuusmanue  (net

a  aood Y o T o > 1 a
flux) Gewinudsaenlimsrinlasszanm daiu Javlddmesmsgy@sluunwman (Core loss)

o p! . ' & x a o
Jensnasaalidmszivens 9 nsfuwnz ¢, Iesnlasdszann

S0 = 0
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N2|s

1
z
s

= N,I',

I = NJ, = iJa =1,

aviiu andloudasleiunssin Savlvnszusmas pri. Sasaw aa 10 uss 1, () I, § She
389 phase 339NURL 1s uazdvwandL Is ¥15878 a nzuansRuaNIeuiUlW fdanauan
@11 vector ad 10 NU I, A lAadNsIITa uLITILREN (magnetic leakage) atnuidna (@a
core 10ss URZAMNFIUNUYDIVARIARIAGL)

ﬁﬁauﬂaemuq@umsﬁfu fainvamalifianudumu ua:‘lxjﬁa"zu?igtyl,%mm 9 (losses)
wetimmNaudasade g AudBIfinnuFumuENeNs 2 duTasTamIe avtulsldAeusaniouan
A3BUANNFIUMUTBITARIONT 2 7 FIlHSUHRGIT

1) usaadaudiin V, = Vs Futuaneeifiswasniusaedowwioni £, Tuhiln
$wml, R, dla R, faauiUNUMITUALNA Faiu v, fRanasnemsaaeites €, fu
[, R, $931 2.54

V, =E -1, R
2) Ynuaudeanu E1 Aferadamaniaaaitas v, = V, fiu |, R, e R1 luanadumu

vosvamenWilgunll asmwilsznay 12

LR 4%

£

[;’_L [
@

Iy

I

Es ‘

LR

Mwisznay 12 a b waz ¢ Lﬂugi_lnﬂma{'nawﬁauﬂaa

< [y ca Y A o 'Y A @ aQ o
suyadanuduN  Adedinnudumuiidisnnduniimaseivinsiaieinllgive
(] & *~ -] -~ -+~ ' L >~ & A v -
HelwniafulWoasdndiunis angd 12 fasmsded R, Tl imedwivln Tasdlimldaniagn
—a o = o oAde - ST o« o - - A
suierasndautlsufowll mddelilmilinhdmuysdres R, R, wasnnlddhellineduiu
. . a 4 a > . Sea a de e A a e o & oo .
um mgtyLaﬂmnamomumu1ﬂunﬂanwsmtauanm1ﬂ Fefinszun 1, Huardeld wufo &
N = € d a A . -~ > . - ol . A d da ! - ) > s
R, (Husuysdves R, Wefendniulwudy daudasfidwviiunsggpiefifeiu deagmudmiy

o A -
TWduiftasanan R, d1e
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FiR, = (R, (4.4.5)
SR, =(2111)°R, (4.4.6)
Folsige 1,

WR, =a’R, (4.4.7)
viaudotu anudunusuysdvarelguniiiedhelly (refer to ) meveandu

2
R, = R/a (4.4.8)
mnmwdsznau12  wulddiedranudiuninen HnmsduwsuiWnimueSsnamy
a« H edd o r o E o ad a de o
Frumunlen anafumuRuLaTuasmdaulaINIen Fadaneusuln
. 2
J. Ry = R, + R, = R+a R, (4.4.9)

° a o o e . L o A a e . a
nuaItayINnu ﬂ’z'mmuﬂ’ma:u%laﬂ'uaa‘ﬁuau.ﬂad‘mﬂ’z Li’aﬂﬂﬂqu"aqﬂ‘lwﬂa Raz

. 2

S Ry = R, + R,a (4.4.10)

sy
Wiavhandefeuiuly (refer to primary)
S Ry = R, + R, (4.4.11)
dathundeniewudnglw (refer to secondary)

S Ry = R, + R, (4.4.12)

& A o ol ' a o ar v 2 o~ v a a 1Y
wufa Wadasmsifoudr R ldamudusuln Alv a wﬂﬂg‘wm uAtdaINITRANIIeIY
' v 2
T IWAlE a° 1uws

lwiiio a = transformation ratio ~ V=1, =1

& f 3 “ Y “ 4 ‘ e < {i o .
N33 VAITUIVULLAAN (Magnetic leakage) TanaanaauduLiTIELiRANNInuanadas (link)
et 8 ] - 1 8 -~ ] | o o« & [ z & J -« -3
aasulWtutaunfosveselnnmuady  uderuenudussusliidutunu nawmelswanie

- ' LI - ‘ 'Y X oa A o LY
iwuussnasun Wldlasaamanednel fuusansuude ¢,  Teduazasunsesvasin lesms

. P . « o A A e A ° a <« o n . Y
HIuaInea LLV]uWQ:NW“LLﬂ%L“aﬂﬂ’]ﬂ'ﬂﬂa?ﬂau“uqiﬁaﬂauqﬁud NIUILRYINY LmLLidﬂiuimﬂﬂaaﬁ

Fuaiulwiufias d),z = L FULTIUIRENTY (leakage flux) TosvaTnIWue a9z 13 UL TIUAILAAN

Fawdnseafifiell asfidlusasuivivaneeusovvesudarome uensmiuusirinudss
faenafanwiay (inphase) MunszusfivhlFAduLinENL 9 wude ¢y 1 wFoutunszusfivihld
(HaLduLTILAIMEN (fg) MW & @, Asnwiauiunszua |, Faiwldiunmer IR dwusual
WENTa udsrddafiiionhusandonWiuludauasiuies (seff induced e.mf.) wude @, Hinlfina
e, usz @, lviia e, Fudafienuriniy 1, X, uae 1, X, mudey

c el = X = |, x 2T 1L, (4.4.13)

urr el b X, = l,x 2 TCAL, (4.4.14)
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Wla X, UaT X, tu leakage reactance wadvaiuWuaziwin (laviu)
(D8 L, usz L, tlu leakage inductance wa3vaUIWLazI8 W (henrty)
F uanunvaslwnieléndaulae (@33AMH)

o . v da )
YIMNNNBIIAN LLa?uﬂaa‘giﬂﬂ'ﬂ

1 v, = E + 1, (R +jX,) (4.4.15)
uay E, = V, + b (R, + %) (4.4.16)
2) Tundaudsfilfanuads 9 iu vemaudszvalildvoniuaguuviaunuudasdu ns

finzarmlAeduusaulmaniiuen dudwaninn
Rﬂﬂ"mi:ijrytﬁﬂﬂ"w 9 FifeTunsnue (core loss+copper loss+magnetic leakage) aufinsuudalu
fou 2.2 Twuwdoulssesy 9 Husaed MY UL AULIIUILAEN (magnetic leakage) 1y aztin 39
aqUanuFuRuSe 9 vamdaurssaanunldasil
1) impedance Z, uaz Z, vasmdsuivinuazinelW drsifiduvinunsuinsssenudin

NIULAT reactance TBILFRIMUAUIALABSAIFUNTT (2.4-17) 2.4-18) UEIAL

Z, = R, + X4 (4.4.17)

Z = R, + X, (4.4.18)

2 usandawlwAdelitumeduiuinie  Seurdusauneunnnsivausaaionlwi
it E, Aunsandoulwanasas impedance |, Z, FiRetuluneiuwiuas
V, = E, + ,Z, (4.4.17)
v, = E, + I, (Ry* %) (4.4.18)
4.4.3 tzgndmaiunaiourss Wi
4.4.3.1 MIFIURTRUARINAGTDIUNWAEN I TIeRUARTTaTE LN

-3 » z L g o+ o a L =l [ = < o !
man‘lﬂuu ﬂmgmawawuauﬂmu'ﬂmmﬂu A (VA) mngﬂsmu

fRsvandaulsd = US9AU x NIUR (VA) (4.4.19)
fufiminda =V mdamdouras 7 5.58 (a9 (4.4.20)
Fod . e
ANUNHUIa6

X\/ﬂ@&?ﬂ

mwisznay 13 AUNRInNaauaILnWBREn
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Bla X, uaz X, il leakage reactance vasvaiulWuazdreln (laviu)
o L, use L, 1w leakage inductance va3vaTuWuazieln (henrty)
F duenutivasinfdolvniautss (A53AwT)

4 o A P
IMNMNAITVIVURINDS ﬂ'g'i_]'l@l')']

1) V, = E,+ 1, (R,+]X,) (4.4.15)
ws E, = V + 1y (Ry + %) (4.4.16)
2) Tundfoudsfilnueds 9 W vamaudszualdldusniuedunmvdounuusardu ns

finmsasin lfRaduusaaiminiatuaduinuasnn
aﬂmﬂszijt‘gtﬁﬂﬁiw 9 ARedunsnue (core loss+copper loss+magnetic leakage) aufinssudalu
fan 2.2 TWUTRTauaeese 9 dudpsdnmsiaraaduusouaiinin (magnetic leakage) ¢t A 39
Falanudunutdg g vaswaulasaananldasii
1) impedance Z, ust Z, vaamsduiuinussinelW deffisnrniuasuintasanadn

YNULAT reactance TaILAREAIUANINALADI AIFUMT (2.4-17) 2.4-18) enUSIGL

Z, = R, + jX, (4.4.17)

Z, = R, + X, (4.4.18)

2. usanfaulnAseliiumeduiuinin - Seuvniurauinmaneeivasusaaaaw Wi
wilenrhiu E, fuusaadawlnanasay impedance 1, Z, Ahatulune sy iWiuas
V, = E, + 1,Z, (4.4.17)
v, = E, + b (Rp* Xy) (4.4.18)
4.4.3 dezgndmanundiouraslwi
4.4.3.1 MIdWIUMRUAMNGATaILNUREN wmTIeRunTGa TN

b3 o & a &0 4 - 1 o &
Wan e dasiiasvamdaulssfinieiin qia (VA) Ingasasis

fRsveIndoulas = usean x nITum (VA) (4.4.19)
Fufiwiea =V mdmmdawsg / 5.58 (aT9H7) (4.4.20)
£ .
NUNHAUIaS

X\/ﬂ@ﬂ?@

mwlsznay 13 AUNRINAATDILNULAREN
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N1=E1x 100/ (444x F X Bm X A)  8u (4.4.20)
N1 = fuiusausassamanssuasainulzuni (sauy)

E1 = usseunmadhudgundl (lad)

Fo=anuf (3f)

Bm = eyl duuad ammajmEngaqﬂﬁmmmum§ﬂ5<1'1,3jauﬁ’a

&

A = WU

(% 64,500 1&u 7/ anT9din )

Ansihaanaaunwnin (@1meia)

a

4433 ﬁwmmmi‘hmmaumaﬁmvpugﬁ

Et/E2

E1
E2
N1
N2

N1/ N2 (4.4.21)

= ussaumasdulgund (lad)

= wnsdumadun@end (Land)

Fwusaumeswlguni (saw)

Fwmsaumsiunaend (sav)

4.43.4 smwnmnszurinfhmsdualsand 1danngasdsit

P
1

it

V1

X I

P/ V1l (Amp)

S MTWIRTBIRIaNadLeIMIsulgund (IFen 450 tmpsfaandin / wawuds)

4.4.3.5 winszus INFhnmedunaond 'lﬁmngm

U

)
[

V2 X 12
P /7 V2 (Amp)

N
n
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4.5 29971W#h - Bidaneiiad
451 npuaalovy (Ohm's Law ) ull .. 1827 woda lowewn laviy ldanwans

[ ar € . av ar . 1
FUNUETTHIIIUTITRURENTUR RN TagandpasasiWihatnsisamumwdsenay 14 a dsznaunis

WIITAUN

7

- Amperes
o?ﬁﬁ ) e

(I —

(a) 0 10 20 30 volts

(h)

MWUIENBY 14 AURNRRETEHINILTINULAENTIUR IWHA

Tovumwualwenusumumslulsasdan uﬁonﬁuusaé’ﬂﬂﬁﬂﬁgﬁu‘é’n 1 i arnld
nsua WY 1 tindae uanmnﬁr.tfiaw‘ﬁlmuﬂﬁﬂﬂﬂﬂgﬁuﬁn 2 use 3 1 nesud W Ry
&n 2 use 3 tiusuiu eanwalsznay 14 b Mldenldh « neurlwRuludadulasasaniuusseu
TR uSlasmamaudunuasfi © mnanufiuirusssuuaensus Wihdmanlaiuanhdusw

NTLAB LTWIF AN WU 95

E /I (4.4.22)

anadnumu (lavia)
usseulih ()
nysua WY (uawnd)

m X0 2
oo

I}
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4.5.2 nMUUIUsIaUIARA

1+
r

mwasenay 15 299U 5IAU AR

WavhnguaslavumnuRasanamumwilszney 15 Mldmussaulnfenases R1 use
R2 (V1 usz V2 ) leidu

| = EJIRT = E/ (R1+R2)
Vi = IR1 = (E /(R1+ R2)) R1 (4.4.23)
V2 = IR2 = (E /(R1+ R2)) R2 (4.4.24)

RUNTT 4.4.23 uar 4.4.24 usumshieansodbanlsidunglunissuimmdiussawluih
1 o~ . v
anasaumdumula gluasesagnaulaasii

Vx = E(Rx / RT) (4.4.25)
e

Vx = ussenluihanasaasadumuiidasmmsuen

E = ussewlwiflunasine

Rx = eneunuiussenlnianaiau

RT = @UMWNI%IIUU09993

4.5.3 npnszusinimasnasvand ( Kirchhoff ‘s Curent Law ; KCL ) na1al¥i
“ . . e L7 -
“ ns:uﬂwﬁﬂﬁ‘lﬂamﬂg‘gwa'laq lursesiwihazviiunszur Wi lnasansngaun wia wasaamis

= o . P o . o Pt E o, . &
Roadarwitnsualtiaflnadsedala gluasesiWiiunszur Wi inasangauudidwviniu
s

U



26

Y

mwdsznay 16 233 nstud IR uasaasTan

a <« A & @ a a € 4 o o A
4.6 nywdaiaaiuaznsluvesd  nrudsasiiluils@vimsnduhfidssney
fesanes W — 15w 2 SaudD fa IBUGDITHIIBNAEOINLILA LAzTauAaTEnINILRNLADRIEALADS
ndaaasutsaandunTiudseasuuy R-15u-A uazuuy Bu-R-du lumsifnunsudsass lag

mlhselusasnmudaaasasmwisznay 17

d
lDT\‘IY!YI
—0

nwilsznau 17 ﬂﬂ?‘.uuﬂﬂﬂﬂu%ﬂtﬂ E!T‘

a ' L3 a o € P [t
‘Ylﬁ'n"l\‘lﬂ’ﬁ'l'ﬂﬂ'ﬂ aInszusazidue U’ldiﬁﬂﬂ’]&lﬂiz“ﬂﬂlﬂﬂ ATWUAUYVNINUNRITINTDINITTUNIUR

« A P ~ &
URSNITURADRLANLA B{L RUBD TIRNINLY Uumjmﬂ.ﬁmu
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IE = IB + |C

oo v . . g aa . aan [
4.6.1 193780ALA8 TN (Common emitter circuit ) w3998 ReLAa3sw Tdliaiaas
rasnTudsiaaierdeagiznitemerudiuszansen  Syanmrndiesdawdimsdurius  uss

fUNNBaNTANasan RL Neaalaniaad

ﬂ————o
-

> Y g Re NPN
=
~[if—e——o0

s

|

N

4’ O
v
R
G O S—— \k& £ PNP
o«
R, T
o - ¢ l—e——o
mwisenay 18 uaa9nIstlaLaaIIl
DATIVENENITURDYIT  ( B) = IC / IB (4.4.26)
DATTENBUTIAUVDIIT ( AV ) = AVC / AVB (4.4.27)

4.7 eovluan] (Operational amplifier)
a [y & { a a & ‘
lums@nmaaduan]  enResanlissdueuilifweiassesdygrusieniveglundss

-~ & o T £~ A T .~ o < wa . a '
UsznaveneTIMILTIREST  TIMIaanhisdnn URITMNIFNBITUUNANI §UBIATDITVENE L TUANY
s . ] o ¢ & [ I
FIUNMUNIITY aNUEIUMIUNIgEaN uRTuUUGIaNIuAY nwisenay 38 Lﬂmaasangamaaaaﬂ

. T “ o . T 4 T .~ o
waud] 299TtsznaudisramatinsieenuuandnIgesta MIasnRiIIR  stwinsrimataslinny
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unmsdoay Gonanudumumady medumssanaziiusaafewlnii mqmwariiﬁ'ummﬁ'm
YRt Fna s umunadimesiu. usaeasiWimedumaeaaninriiiu A.E.. Tag# A,
Lﬂua"mwmwaam%wmné’tyzyﬁm E,. Lﬂummtmnmwaaﬁngryﬁmﬁmwﬁﬂ (S 09ULnLRzVENY
WawsnaesuesRym E, udnglwiifineeen  FailudndlWiufisutudnsausesisms
Wisnusswasduanm Amadindumee) femaiaduwinlidggainmessnifdsuuasluia
N9aeas warfimadn (+) mnﬂ?imu'ﬂm’uadé?tyty"lmt,'ﬁ'ﬂ,uﬁﬂmaLﬁuﬁfu%zﬁﬁlﬁ&y@wmﬁmcaaﬂ
wWisuudsellufamaRatudas
Tumsesnuuuisesastuentleewoneulifisuiaanai

satuandlugauad

1. danasnsaNuaaniatlaritnuanug A,,=00
2. anudumanmatiyiniuatiud R, = 00
3. anudumunsaanirinugud Ry= O
€a & v e a ¢
4. uuueIan nuaiue BW = 00
5

. Sanuersdndaariaviviiugud fa E= 0 i E,=0

EmlO
E0
O
E, 0

mwissnay 19 ’Niﬁﬁ&l%lﬂ"ﬂ avaatuani

Qs ado o W o ar a - a o =
mnmuumqﬂwﬂﬂum'lﬂgqmaummmymmumnmﬂ:vffnas fivsznaudlzasduanildn
o a a e a e . e o & [ a &
803700 MINMINseTrssvasestuanllisinuetud  fyannlwihle 9fimsssnasdunsan
[ « o < B L, o . 17 . .
InFugnmMaThATivweiEnann muna’n'lm’uatyty'ltm:mwmmawwaauauﬂnmnug‘uﬁ
o . o ad . . e “ € .4 e o«
msvm'nu61mmumem’maauauﬂluqauﬂaumlmnuauuﬂnm’:'lm'ms:ua‘lﬂﬁ'mlwm’mgaaﬂ
d& . . & e P24 - Y ad 1 & “ ¢
waufArImaiuriiugus msfanusunmumadaseataualuganadfidnduaiug
- v o « a v & al
4.7.1 Sydnwalvesesdusa] fyfnwaiveseaduaniniglsmaniouming i

E A, ! « & .~ e o * C & o I
FEIUVINFUVAITULRRE 'lqumnmatmna‘uquuammmmawmuan uazmmam’l'lunaume
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wEaIGIpeIasnIoLIn  lagvldranmsidisuas iduuw  eIssnunsvastamaiiandoulu
RURRLUATITIURUIM AT 17 IR E RS UsdanauraIT e TR T o usa NG URSURZMULUONY
& i d & . aMe £ & o o . a M e & 1%
mwisznay 18 1WA fitnsassonli@ouile Faduivinlaintaudesldldidour?Inwifiluages
1 o .« ] ] ] o ar ¥ v Y 0 2

wilunfiR  erdasdaunassirg Wi liiuases  sugavheldunninowyresglnial winewss

o A { [ HY WM o o e \
vasaaduawn] andeulinhenasvesmuwion lunsdinldalildzywinoas wlFanes A wru

o A 4 e A @
A, A, unuaatuasilefinitsdrfaaslunsas tdudu

©

mwilsznau 20 susneoivaseatuawi

4.7.2 sunuuiugwvesiaseatuent] sstusndilwsrsugnosgygnm Asunsarh
o e a & o . A a e o
wnlsznaviudrqussneursesmenanifiadvaumnedygimlnl - Ssfisni@dns giunsagiuuy
o ‘ da d & & Py al a Py a
lwdwaugtuuusng gifisesguiuy Ffaduztuuuiugu forsesugssyanoisiioniums sz
eIy e linsums
473 vupnedygaguuundumy mwidsznan20  hnsesvene Ry
a o & o . e o € o oo v T o
guriansums lwsesimatiunesdenudndduraisns sygundasmsyengezdiivamadh
fU dudIdIuu R, uasiimsilounauvasfggasanmasaningniaiiiiunwaidunu R,

- ¥ . . -
FAULAY 0929950 a:’amﬂ:ﬁ‘lﬂﬂﬂlﬁqmauﬁmmaaﬁuaumuqamﬂ
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M —ANMA
R I d R
E,, ES$ A > o
-+
EO
O —Q
-—

MwWUszNay 21 WITVLIYRYYIUNRUNNS

ninmsfsaTasedygvreseatuaniideiud fygimnwean £, nfenindyann
‘maL'ﬁ"lﬁﬁmu’mL§nmnfauﬂs:mm'lﬁ’hﬁmmﬁﬁ'uguﬁ Ml E,  iluanuessngdssainetanadh
E=0 dndlWifimadhsussriviudng wihiimadhuamyiaintudndlWifan  daiuaaaene
fng E,, 9 Umngesauddumu R, uaenszuad naludadunu R, e

lin = Ein / Rin (4.7.1)

{ > v d¥ o ‘ { o 4 ;e '
PnmstienuswmunsEh M dsgsan ns:mﬁ'lﬂmmgaaﬂuauﬂ Iy %mmnug‘mtf uel

L2 z
NITUR |, = I, + |, 4I%W

lin = If (4.7.2)
angfWihfinnsasn Eo (Dudndiwfhfiasosuu s unmu Rf 691

Eo - IfRf (4.7.3)

msh E, Setasminaiusuiilasnn anudndndfimesaniudnglWiuisunvduresases Fudla
RsanfenIzaInTsud | uddng IWFimadumeaantaseatusudeniiusuiRaunudumadn
wIosUNgUNUGY

INFUMT 4.7.1 UK 4.7.2 Uy 4.7.3
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Ein / Rin = - Eo I Rf (4.7.4)

FUMT 4.7.4 \UAUMSLRISATITENETD9799TDLNENAUNY Bauenefidusumanyaa
f gl iimasendngasstrunudndlwinfimata samaened fmualddrsanudumuues
asnumumouenoatuauilassdifie R, uar R, BURUAUTMIT128929959LYNALAMUE UMK
vasfadunurasiadmMy R, fidhursistamadhay maaaaﬂuawﬂtﬂugm‘éamamaaa‘&ynﬁmmﬁ
wssdypndlannay wandudumisiifidngwinrnufimadnoan @slusesiianglwfdnmadn

o a W Y o« & e a 3
vnfadnd lWindu) lagldduiufianmnszus |, dsuweaflufouisliouuvea29as (virtual ground)

4.7.4 20esvenedygnadindunms 2sesrmedgmestuenliunuriiefiaes
{hnsesenedugnn Wndums sanmdsenay 21 fugnmideimszengendifimadiuan fivs
madravnusRygnufivtisnmesenlasrasutsing IWihfidszneudsdadunu R, uar R,
nnnsilifinsuglradhddamadh (L = 0) ua:mﬁm’haﬁnE‘fszﬂ'jﬂaif'aﬂwal,%ﬁ'ugfuﬂ (E, = 0) éing

W E, vy B,

L. ‘. I
- F"m -
MA
Rin- [s‘L R,
= Eg -A R S
o $ +
E, I Bo

mwilsznau 22 299sTenesy g linaunig
o ] @ & (3 > <« - v oA
mmsl’ﬂngm’mmaﬂnmaamas’ﬁaﬂﬂmamumam 1.@\‘15:%3‘71’1\1!.'1]']?]6

- Ein / Rin (4.7.5)

lin

R s = O

lin = If (4.7.6)

o &
aIun
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Eo = - lin (Rin + Rf) @.7.7)
WNUET lin 3INRUNTT 4.7.5 83w 4.7.7 a0
Eo / Ein= (Rin+Rf) / Rin (4.7.8)
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Eol = Ein ((Rf / (Rin + Rf)) ((R'in + Rf) / Rin) (4.7.9)
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Eo1 = Ein1(Rf / Rin) (4.7.10)
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If = -Eo / Rf (4.7.15)
M ,= 0 I = e (4.7.16)
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-Eo/Rf = lin1 + lin2 +1in3
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Eo = -(A Ein Rin Cin )1 Ay (4.7.25)
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AIRCHILD

EMICONDUCTOR®

|

iM224A

IM2902,LM324/LM324A,LM224/

Eﬁad Operational Amplifier

‘eatures

ntermally frequency compensated for unity gain

Large DC voltage gain: 100dB

Ei ide power supply range:

ILM224/LM224A, LM324/LM324A : 3V~32V (or £1.5 ~
J5V)

(M2902: 3V~26V {or £1.5V ~ 13V)

Input common mode voltage range includes ground
1,arge output voltage swing: 0V to Ve -1.5V

Power drain suitable for battery operation

%fhternal Block Diagram

Description

The LM324TM324A LM2902 LM224TM224A consist of
four independent, high gain, intemnally frequency
compensated operational amplifiers which were designed
specifically to operate from a single power supply aver a .
wide voltage range. Operation from split power supplies is
also possible so long as the difference between the two .
supplies is 3 volts to 32 volts. Application areas include
transducer amplifier, DC gain blocks and all the
conventional OP amp circuits which now can be easily
implcmented in single power supply systems.

14-DIP

14-SOP

Rev. 1.0.1 .

,'m Fairchild Semiconductor Corporation



;902,LM324ILM324A,LM224ILM224A

chematic Diagram
ie Section Only)

8

L3
2
Vee O

4

as |

r_] % ] HF—&OW
. Q20
{L—ji R1
gz Q3 c1
IN (=) N o4 X Q18
o— Ko F‘] ' = _oouteur
I an -
N (+) ‘\021

O "oy oo .ﬁo,s
Q! Qo W Q13 ’-DO" I/CHG
GNDO— ! r '\l '\l

bsolute Maximum Ratings
; Parameter Symbol LM224/t M224A LM324/LM324A LM2902 ’ Un't'”j
Power Supply Voltage Vce +16or 32 +16 or 32 +13 or 26 \'§
Differential Input Voltage VI(DIFF) 32 32 26 \'
hput Voltage Vi -0.3to +32 0.3t0+32 -0.3to +26-F W -
Output Short Circuit to GND . - .
Voc<15V, TA=25°C(one Amp) - Continuous Continuous Continuous.. .. -
Power Dissipation PD 570 570 570 | mw
Operating Temperature Range| ToPR -25~+85 0~+70 -40 ~ + 85 ] °C
S_toiage Temperature Range TSTG -65 ~ +150 -65 ~ + 150 -65 ~ + 150»@} °C.




LM2902,L M324/L M324A L M224N1 M224A

lectrical

Characteristics

£C=5.0V, VEE=GND, TA=25 °C, unless otherwise specified)

p—

—

¢ Lm224 LM324 LmM2ea2 {4
Parameter , Symbol Conditions ; ~ Unit
i Min.| Typ. |Max.]Min.| Typ. |[Max.! Min. | Typ. | Max.
VcM =0V to Vee
put Offset -1.5V } [ ol - t1s ol mv
oliage VIO VoP) = 1.4V, Rs 15 | 50 15| 7. 5170 {mv.|
; =0Q B 7 ) J
put Offset o - - |20{30]| -130]5]| - |30]|5|nA
wrrent ,
put Bias Current | IBIAS - - | 40 {150 - | 40 |250| - | 40°[ 250 nA
sommon-Mode vee Vce veal,
wul . VIR) | Notet o - |glof-1s] -0} - |15V
'oltage Range : ; 4
T Z -
RL=wVCC=30V | 140 3| -]10]3]-|10{ 3 |ma
(all Amps) . i}
!
wpply Current | Icc ?II_I ;\'”'\;()30 =5V |
| all Amp i ) % R g \
(Ve = 26V for 0.7 {12 0.7 | 1. 7] T2 [mA
g LM2902) \
arge Signal | Vee = 15V,RL22KQ i i i Y
oltage Gain 1 Gv VoPy=1Vto 11V 50 | 100 251 100 Q. .}
i ;&; 26| - | - 26| - | -{22]-1-1v
: .
utput Voltage | VO(H) | Notel RL= :
NiT | - - - 23 | 24} - .\
wing ] 10KO 27 | 28 27 | 28 -
» Vo() | Vcec =5V.R210KQ| - 5 20 - 5 20 - 5 |100.| mV |
~ R
ommon-Mode - yipe - 70| 8 | - 65| 75| - |50 |75 - |dB
ejection Ratic | .
ower Supply ! } i _
ejection Ratio ‘ PSRR - 65 | 100 65 | 100 50 | 100 "dB ‘1'
hannel } _ - - |
eparation l CS f=1KHz to 20KHz - 120 - - 120 120 »dB.
port CirouLlp !! Isc - - |40 |60 | - |40 |60 | - | 40|60 |ma
| Vi(+) = 1V, V(5 = 0V
|ISOURCE| VCC =15V, VOo(P) |20 | 40 | - |20 | 40 | - | 20 | 40| - |mA
| =2V
‘{ Vi(+) = OV, Vi-) = 1V =
utput Current ; Vce = 15V, Vop) 10 { 13 - 10 | 13 - 10 | 13 - | mA
e 12 ||
; N —
! Vi(+) =0V, Vi) = 1V | [
i Vec=15VVoR)= 112 | 45 | - |12 |45 | - | - | - | - |pA|
» 200mV
fferential Input y y i - veel - - lveel v
Jltage | VI(DIFF) - - cc '

e-

€C=30V for LM224 and LM324 , Vcc = 26V for LM2902




{

;govaM324l LM3I24A LM2241_M224A

éectrical Characteristics

!GC = 5.0V, VEE = GND, unless otherwise specified)
‘g,‘efollowing specification apply over the range of -25 °C < Ta < + 85 °C for the LM224; and the 0°C < TA < +70°C
ythe LM324 ; and the - 40°C < TA < +85 °C for the LM2902

" LM224 LM324 LM2902
Parameter Symbol Conditions - - Unit
i Min.| Typ.| Max. [Min.| Typ.| Max. | Min. | Typ- tMew -
Vicm=0VtoVce .
-15V
jhput Offset Voltage Vio VOP) = 1.4V, Rs - 170 - - 190 - - {100] mv
=0Q
p——
;‘T_"ﬁ’t Offset Voltage | \vio/aT . 700 - | -l70l - | - |70 - luwec
fput Offset Current | lio - 10 - - {10 - | - [200] nA
:‘;‘f“t“ Offset Current | \o/aT ] 0] - | -1 - | -]10] - Jparcc
TputBias Curent | IBIAS - ]300 - | - |50 - | - |500] nA
.Lommon-Mode vce \elo} Veol o,
put Voltage Range VIR) | Notet Ol -120]%) " [ 20 0 " 20| V
. Voo =15V, RL > !
Signat Volta ) i
paesnaolaee | ey | 20k 25 - | - {15 -1 - |15 -] - lvmv
VorPy=1Vio 11vy
RL =
; Vo(H) | Note1 ke * i i il I e
Ut -
:‘m’tz;t otage Tém 27{28| - {27l28) - | 23{24| - | w
: VeC =5V, 1
VouL) RL>10KQ 5 20} - 51 20 - 5 {100 | mVv
Vi+) =1V, ViR
ISOURCE}] =0V Vcec =15V, | 10} 20 - 10 | 20 - 10 | 20 - mA
, VO(P) = 2v
i&ltput Current V|(+) =0V, Vl(—) =
1V -
| - 15| 8 - -
SINK | v = 15v,vorey | 10| 13 5| 8 mA
=2V
¥erential t
wage | VioFR) - A B Dt T I e

te:

Vee=30V for LM224 and LM324 |,

Ve = 26V for LM2902



LM2902,LM324/1 M324A LM224/L M224A

—_

tlectrical Characteristics
Vcc=5.0v, VEE = GND, TA=25 °C, unless otherwise specified)

LM224A LM3244. -
Parameter Symbol Conditions - - Unit
Min. | Typ. | Max. | Min. | Typ. | Max.
vVecM =0V o vVee
input Offset Voltage Vio -1.5v - 1.0 | 3.0 - 1.5 3.0 | mV
VoPy=14V,R3=0Q ‘;
Input Offset Current ho - -2 15 - 3.0 30 nA
input Bias Current IBIAS - - 4 | 80 | - | 40 {100 | nA
3 Vea .
input Common-Mode _ _ lVce .
Voltage Range ViR) | Vee =30V 0. -1.5 0 15 y
: iy Current (All Amps) | vee = 30V - J1s8] 3] 15 3 | mA
urren mps -
uppy P ©¢ Nec=sv {07112 - {orf 12| m
Large Signal Voliage Gain Gv zgfp):: ?Y/:Z(Lﬁ\% KQ| 5 Jl 1001 - | 25 100} - |wed
| [ 'Notet [RL=2Ka | 26 - -2 - -[v’
. VO(H) , i
Output Voltage Swing RL=10KQ | 27 } 28 - 27 | 28 - \Y
vor) |vec=sv,Riz10kQ| - | 5 [ 20 | - | 5 } 20+|-me}
Common-Mode Rejection CMRR - 70 | 85| - | 65|85 | - a8
Ratio
Power Supply Rejection Ratio | PSRR - 65 | 100 - 65 | 100 - | dB. .
Channel Separation Cs f = 1KHz to 20KHz - 120 - - 120 - ds
Short Circuit to GND Isc - - 40 60 - 40 60| A
= - !
tsource| i) 7 1% VD=0V 50 a0 | - 20 40| - | ma
+
Vig+) = 0V, Vi) = 1v | ) _ 1
Gutput Current Vee =15V, Vo(p) = 2V 10 | 20 101 20 A
ISINK [ Vi(+) =0V, Vi() = 1V [ _
vee = 16V, Vo) = 12 (50| - [ 12|50 | - | pA
200mv | ]
Differential Input Voltage VI(DIFF) - - l - Vce - - Vee | V

lote:
LVCe=30V for LM224A, LM324A



42902 LM324/LM324A L M224/LM224A

Jectrical Characteristics

fcc = 5.0V, VEE = GND, unless otherwise specified)
1e following specification apply over the range of -25°C < Ta < + 85 °C for the LM224A; and the 0°C < TA <+70

s for the LM324A

—

| _ [ LM224A LM324h . !
Parameter Symbo! Conditions — I - — Unit |
i Min. | Typ. | Max. | Min. ”!'_\,'pi!l.'!ax.J i
,,,,, AN N A t I ¥ t
f Volt, VOM = UV 1O VCC - 1.0V = - _ _
Input Offset Voltage Vio Vo) = 1.4V, Rs = 00 [ J\ 40 50 | mv !
input Offset Voltage Drift AViO/AT : - 170120 ] - | 7.0 30 quvr®
Input Offset Current lio - - - 30 - - 75 nA . ]
Input Offset Current Drift MIO/AT - I - [10 ]200] - | 10 | 300 |pA/ec]
Input Bias Current IBIAS - T 40 100* - 40 L ool rome
1
Vce
Common-Mode Input _ \ele + ! |
Voltage Range ViR) | Vce =30V 0 " 120 0 - 2o Vv [
| l
Large Signal Voltage Gain Gy Ve = 15V, Rz 2.0KQ 25 - - 15 - - |vimv
Vee = | RL=2KQ 26 | - - |26 ] - - v
_ . VOH) | acy BETAETE . ’
Output Voltage Swing 30v RL = 10KQ 27 1281 - | 271 28 - B
Vo) | Ve =5V, RLz 10KQ -1 521} -15]c20 n'rkj
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brdering Information

LM2902,LM324/1.M324A,LM224/1. M224A

,, Product Number

Package Operating Temperature
LM324N
14-DIP
LM324AN
0-~-+70°C
LM324M
14-SOP
LM324AM
LM2902N 14-DIP
-40~+85°C
LM2902M 14-SOP ,
LM224N !
14-DIP
LM224AN
-25 ~ +85°C.
LM224M
14-SOP
LM224AM
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2 DEVICES

Precision
Inst-umentation Amplifier

AQ324-

ATURES

w Noise: 0.3 pV p-p 0.1 Hz to 10 Hz

w Nonlinearity: 0.603% (G = 1)

gh CMRARR: 120 dB (G = 1000}

w Offset Valtage: 50 pV

w Offset Voltage Drift: 0.5 pV/°C

iin Bandwidth Product: 25 MHz

1 Programmable Gains of 1, 10, 100, 1000
wut Protection, Power On-Power Off

» External Components Required

ternally Compensated

L-STD-883B and Chips Available

-Lead Ceramic DIP and SOIC Packages and
20-Terminal Leadless Chip Carriers Available
railable in Tape and Reel in Accordance
with EIA-481A Standard

andard Military Drawing Also Available

DUCT DESCRIPTION

\D524 is a precision monolithic instrumentation amplifier
ned for data acquisition applications requiring high accu-
mnder worst-case operating conditions. An outstanding
ination of high linearity, high common mode rejection, low
voltage drift and low noise makes the A1)524 suitable for
1many data acquisition systems.

\D524 has an output offset voltage drift of less than 25 pVPC,
offset voltage drift of less than 0.5 uV/°C, CMR above

} at unity gain (120 dB at G = 1000) and maximum non-
ity 0£ 0.003% at G = 1. In addition to the outstanding dc
ications, the AD524 also has a 25 kHz gain bandwidth

ict (G = 1000). To make it suitable for high speed data
sition systems the AD524 has an outputr slew rate of 5 Vius
ettles in 15 pus to 0.01% for gains of 1 to 100.

romplete amplifier the AD524 does not require any exter-
ymponents for fixed gains of 1, 10, 100 and 1000. For
gain settings between 1 and 1000 only a single resistor is
red. The AD524 input is fully protected for both power-on
ower-off fault conditions.

AD524 IC instrumentation amplifier is available in four
ent versions of accuracy and operating temperature range.
‘conomical “A” grade, the low drift “B” grade and lower.
higher linearity “C” grade are specified from ~25°C to

C. The “S™ grade guarantees performance to specification
the extended temperature range —55°C to +125°C. Devices
vailable in 16-lead ceramic DIP and SOIC packages and a
tminal leadless chip carrier.

.E

hation furnished by Analog Devices is believed to be accurate and
le. However, no responsibility is assumed by Analog Devices for its
Yor for any infringements of patents or other rights of third parties
Y may result fram its use. No license is granted by implication or
Wise under any patent or patent rights of Analog Devices.

FUNCTIONAL BLOCK DIAGRAM

ADS24
{(10) SENSE
20k | 20RO ’
) 2) Your
20k | 2oWrl VT o b
20k}

6) REFERENCE

T ]

PRODUCT HIGHLIGHTS
1. The AD524 has guaranteed low offset voltage, offset voltage
drift and low noise for precision high gain applications. .

2. The AD524 is functionally complete with pin programmable
gains of 1, 10, 100 and 1000, and single resistor program-
mable for any gain.

3. Input and output offset nulling terminals are provided fox
very high precision applications and to minimize offser volr-
age changes in gain ranging applications. '

4. The AD524 is input protected for both power-on and power-
off fault conditions.

5. The AD524 offers superior dynamic performance with a gain
bandwidth product of 25 MHz, full power responseof 25 kidz: . -
and a settling time of 15 s to 0.01% of a 20 V step (G = 100).

One Technology Way, P.O. Box 9106, Norwood, MA 02062-9106, U.S.A.
Tel: 781/329-4700 World Wide Web Site: htip://www.analog com . .
Fax: 781/326-8703 © Analog Devices, Inc_, 1999



4_SPEC ! FI CATI ONS {(@Vs =15V, R =2 k€ and T, = +25°C unless otherwise nated)

ADS524A ADS24B ADS524C AD524S
Min Typ Max Min Typ Max Min Typ Max Mia Typ.. Max. | Units. .
ation
nal Resistor Gain M— +11120% M + 1] 120% M + 1] L20% '40,—000— 4 1E28%N o
gramming) Res R R, R,
ge (Pin Programmable) 1 to 1000 1 to 1000 1 10 1000 1 w 1000
it
+9.05 +0.03 +0.02 *0.05}1 %
) *0.25 +0.15 +0.1 +0.25 \"/u 1
0 *0.5 *0.35 *0.25 205 '
o0 2.0 *1.0 *0.5 *20 | %
rity
10.01 T 0.005 +0.003 DR A
), 100 10.01 10.005 +0.003 1001 | %
00 $0.01 £0.01 £0.01 +0.01.| %
Temperature 5
5 5 5 5 ppm/°C
) 15 10 10 10 ppm”PC
)0 35 25 25 25 - aa P
)00 100 50 50 50 pom/~C
OFFSET (May be Nulled) .
set Voltage 250 100 50 100 MY
mperature 2 0.75 0.5 2.9 J uvre
ffset Voltage 5 3 2.0 38 fml
mperature 100 50 25 50 LNI"C
ferred 1o the
vs. Supply .
1 7 75 80 75 dB
1 10 83 95 160 95 dB
: 100 95 105 110 105 4B
: 1000 100 110 115 110 dB
RRENT .
s Current +50 +25 +135 *350 {nA
mperature +100 +100 +100 +100 PArC
set Current +35 +15 +10 *+33 nA ..
mperature $100 1100 1100 1100 ‘pArC
pedance ' 1
:ntial Resistance 10° 10° 10° 10° Q
:atial Capacitance 10 10 10 10 pF
wn-Mode Resistance 10° 10° 10° 10* > e
1won-Mode Capacitance 10 10 10 HY pF
hage Range
differ. Input Lincar (Vpp)* +10 110 110 110 ¥ s
. . L G G G G .
‘ominon-Mode Linear (Vey) 12V~ [_ x VD] 12V~ [_ % VD] 1z2v- (_ x VD) 1ZV-~ (._ x "'D] v
-Mode Rejection dc 1o 2 2 2 2 I
th 1 k(2 Source Imbalance
70 75 80 70 dB
i 90 95 100 90 X + -
00 100 1065 110 100 dB
000 110 115 120 110 dB
ATING
=2 t10 10 tie 110 v
RESPONSE N
nal - 3 B
1 1 1 1 MHz
) 400 400 400 400  33v4
bo 150 150 150 150 kHz
300 25 25 25 25 kHz
: 5.0 5.0 5.0 5.0 RS
lime w 0.01%, 20 V Step
o 100 15 15 15 15 Us
000 75 75 75 75 Hs
loise, I kHz : .
7 7 7 7 eVAHZ
g 90 90 90 90 nWHz
1 Hztw 10 Hz
15 15 15 15 v p-p
0 2 2 2 2 uv p-p
00, 1000 0.3 0.3 0.3 0.3 wVpp
Noise
tto 10 Hz 60 60 60 60 A p-p

REV. E



AD524

ADS24A ADS524B ADS324C ADS24S .
el Min Typ Max Mit - Typ Max Min Typ Max Min T¥p~ Max-} Cnice
—

NSE INPUT

Rix 20 20 20 20 KR220% |

T 15 15 15 i35 A

Voltage Range t10 +10 110 110 \Y

Gain to Output 1 1 { 1 %

FERENCE INPUT

Rex 40 40 0 40 4 Q42046
y 12 15 15 15 uA

Yoltage Range 10 +i0 10 . 19 v

Gain (¢ Output 1 1 1 1 .

YMPERATURE RANGLE

Specified Performance -25 +85 -25 +85 -25 +85 -55 +125.4.%6
Storage -65 +150 -65 +150 -65 +150 -65 +150 | °C

WER SUPPLY

power Supply Range +6 $15 *18 +6 115 +18 £6 115 *18 *6 115 +18 A% ’ )

Quiescent Current 35 5.0 3.5 5.0 35 5.0 35 5.0 mA

TES

ves not include effects of external resistor R,

x is the maximum diffecential input voltage at G = 1 for specified nonlinearity.
x4t the maximum = 10 V/G,

4= Actual differenrial inpur volrage.

ample: G = 10, Vp = 0.50.

a=12V-(102x050V)=95V.

gification subject to change without notice,

nin and max specifications are guaranteed. Specifications shown in boldface are tested on all production units at final electrical test. Results from those tesisaze used to - E

wlate outgoing quality levels.

)



;

UTE MAXIMUM RATINGS!

Voltage . ... ... .. ... ... +18V
|Power Dissipation ..................... 450 mW
pltage’

er Input Simultaneously) |Vie] + [Vs| .. .. .. .. 36V
Short Circuit Duration ................. Indefinite
Temperature Range
e -65°C 1o +125°C
. -65°C o 1150°C
sg Temperature Range

MARC CL=25°C 1o +85°C
MS . -35°C to +125°C
smperature (Soldering 60 secs) ............ +300°C

pove those listed under Absolute Maximum Ratings may cause permanent
jthe device. Thie is a stress rating enly; functiona! operation of the device at
py other conditions above those indicated in the operational section of this
on is pot implied. Exposure 10 absolute maximum rating conditions for
periods may affect device reliability.

g voltage specificarion refers to maximum voltage to which either input
pay be raised with or without device power applicd. For example, with L 18
ies max Vi is £ 18 volts, with zero supply voltage max V,y is 36 volts.

METALIZATION PHOTOGRAPH
Contact factory for latest dimensions.
Dimensions shown in inches and (mm).

WTPUT
NULL G=10 G=100 G=1000
13

14

a ouUTPUT

8 g

CONNECTION DIAGRAMS __

Ceramic (D) and
SOIC (R) Packages

_INPUT 1] & 16} RG,
+1NPUT 7] (15] ouTPUT NULL

RG, E

ha] ouTPUT NULL

iNFUTNULL [a] AD524 [6] G=10 ) snorrTo0
TOP VIEW .
INPUT HULL [ 5] (ot to Scale) | 12] G =100 } :S’:E-D.

arcmomnoe (o1
REFERTNCE | 6 |
s [1]
g @

10| SERSE
3| ouUTPUT

4 15
+Vg —Vg
WNPUT Los 1 oj ouTPUT
OFFSET NULL OFFSET NULL

Leadless Chip Carrier

71] G = 1666 GAIN

-
-
DS 2_1
.o L]
£Z oYV 3>
+ Tz Q2
3 212019
RG, 4:> Hw OUTPUT NULL
INPUT NULL 5D S G=1t0
e oh| AD524 iw he

INPUT NULL 75| TOPVIEW

SHORT TO
RGpFOM.
DESIRED -

f o, Jaan
0.103 REFERENCE 8 > Q14 G = 1000
(2.61) kL—‘—l,j
9 10 11 12 13
@ R (z) 5 &1 NC = NO CONNECT
ﬁ 7T -Vg [ ez
=71
(o]
a5 e | - 718 N
INPUT INPUT REFERENCE‘ ) Vs
NULL ML INPUT Lo 5 igo— GUTPUT
—{0.470 (433} ———— | OFFSET NULL OFFSET NULL
PAD NUMBERS CORRESPOND TO PIN NUMBERS FOR THE
D-16 AND R-16 16-PIN CERAMIC PACKAGES,
ORDERING GUIDE
Temperature Ranges Package Descriptions Package Options
D -40°C to +85°C 16-Lead Ceramic DIP D-16 -
iE 40°C to +85°C 20-Terminal Leadless Chip Carrier L-20A
R-16 —40°C to +85°C 16-Lead Gull-Wing SOIC R-16
R-16-REEL -40°C to +85°C Tape & Reel Packaging 13"
R-16-REEL7 -40°C 1o +85°C Tape & Reel Packaging 7"
D -40°C to +85°C 16-Lead Ceramic DIP D-16
B -40°C to +85°C 20-Terminal Leadiess Chip Carrier E-20A
D ~-40°C to +85°C 16-Lead Ceramic DIP D-16
D 55°C to +125°C 16-Lead Ceramic DIP D-16
D/8R3B -55°C ta +125°C 16-Lead Ceramic DIP D-16
B9OIEA* -55°C to +125°C 16-Lead Ceramic DIP D-16
E883B -55°C to +125°C 20-Terminal Leadless Chip Carrier E-20A
CHIPS -55°C 1o +125°C Die

ficial DESC drawing for tested specifications.

N

Atrostatic discharge) sensitive device. Electrostatic charges as high as 4000 V readily
&c on the human body and test equipment and can discharge without detection.
Mhe AD524 features proprietary ESD protection circuitry, permanent damage may
sdevices subjected to high energy electrostatic discharges. Therefore, proper ESD
f‘hs are recommended to avoid performance degradation or loss of functionality.

—

ENSITIVE DEVICE

REV. E



ADS524-Typical Gharacteristics.
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8 Simplified Circuit of Amplifier; Gain Is Defined as
157J/(Rsll + 1. For 2 Gain of 1, Rg Is an Open Circuit

/ of Operation

24 is a monolithic instrumentation amplifier based on
: 3 op amp circuit. The advantage of monolithic con-
is the closely matched components that enhance the

As Rg is reduced to increase the proorammed gain, the frans-
conductance of the input preamp increases to the rransconduct-

Vour ance of the input transistors. This has three important advantages.

First, this approach allows the circuit to achieve a very high'
open loop gain of 3 x 16® at a progeamined gain of 1000, thus
reducing gain-related errors to a negligible 30 ppm. Second; thre-

gain bandwidth product, which is determined by C3 or C4 and
the input transconductance, reaches 25 MHz. Thard, thewpur_.

voltage noise reduces to a value determined by the collector

current of the input transistors for an RTI noise of 7 nVANHz ar_,

G=1

INPUT PROTECTION

000.

Ay interface amplifiers for data acquisition systems, instrumen-

tation amplifiers are often subjected to input evedoads. e,
voltage levels in excess of the full scale for the selected gain
range. At low gains, 10 or less, the gain resistor acts as a current
limiting element in series with the inputs. At high gains the
lower value of Rg will not adequately protect the inputs from
excessive currents. Standard practice would be to place series
limiting resistors in each input, but to limit input current to
below 5 mA with a full differential ovedoad {(36-¥} wouk¥re—

quire over 7k of resistance which would add 10 nVVHz of noise.

A unique FET design was used to provide a bidirectionak cur=
rent limit, thereby, protecting against both positive and negarive

overloads. Under nonoverload conditions, three channels Clay,

CH;, CHy, act as a resistance (rl K ) in series with the input as
before. During an overload in the positive direction, a fourth.
channel, CH,, acts as a small resistance (3 K ) in series with
the gate, which draws only the leakage current, and the FET.

limits Ipss. When the FET enhances under a negative overload,

the gate current must go through the small FET formed by CH,
and when this FET goes into saturation, the gate current is
limited and the main FET will go into controlied enhancement.
The bidirectional limiting holds the maximum input current to
3 mA over the 36 V range.

1ce of the input preamp. The preamp section develops

immed gain by the use of feedback concepts. The

ied gain is developed by varying the value of Rg (smaller
rease the gain) while the feedback forces the collector
21, Q2, Q3 and Q4 to be constant, which impresses

voltage across Rg.

INPUT OFFSET AND OUTPUT OFEFSET

Valtage offset specifications are often considered a figure of
merit for instrumentation amplifiers. While initial offset may be
adjusted to zero, shifts in offset voltage due o temperature
variations will cause errors. Intelligent systems can often correct.

for this factor with an autozero cycle, but there are many small-

signal high-gain applicarions thar don’t have this capability.
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Figure 29. Noise Test Circuit

3

To provide both input protection and low noise a_special.series. .
protect FET was used. :



AD52%

iol[agc offset and drift comprise two components each; input
gd output offset and offset drift. Input offset is that component
;offsct that is directly proportional to gain i.e., input offset as
,gasured at the output at G = 100 is 100 times greater than at
3= 1. Outpur offset is independent of gain. At low gains, out-
f[ offser drift is dominant, while at high gains input offset drift
pminates. Therefore, the output offset voltage drift is normally
pecified as drift at G = 1 (where input effects are insignificant),
sile inpur offset voltage drift is given by drift specification at a
,‘gh gain (where output offset effects are negligible). All input-
dated numbers are referred to the input (RT1) which is to say
aat the effect on the output is “G” times larger. Voltage offset

5. power supply is also specified at one or more gain settings
ad is also RTI.

jy separating these errors, one can evaluate the toral errar inde-
gndent of the gain setting used. In a given gain configuration
oth errors can be combined to give a total error referred to the
put (R.1.1.) or output (R.1.0.) by the following formula:

focal Error R.T.I. = input error + (cutput error/gain)

fotal Error R.T.O. = (Gain x input error) + output error

s an illustration, a typical AD524 might have a +25001 V out-
ut offser and a 500V inpur offeet. In a upity gain configura-
o, the zozul output offset would be 2001V or the sum of the
0. At a gain of 100, the output offset would be 4.75 mV or:
1502V + 100(-501V) = -4.75 mV.

he AD524 provides for both input and output offset adjust-
ent. This simplifies very high precision applications and mini-
ize offset voltage changes in switched gain applications. In

wh applications the input offset is adjusted first at the highest
mgrammed gain, then the output offset is adjusted at G = 1.

AIN

he AD524 has internal high accuracy pretrimmed resistors for
n programmable gain of 1, 10, 100 and 1000. One of the

reset gains can be selected by pin strapping the appropriate

lin terminal and RG; together (for G = 1 RG; is not connected).

A INPUT
OFFSET

Figure 30. Operating Connections for G = 100
le AD524 can be configured for gains other than those that
tinternally preset; there are two methods to do this. ‘The first
tthod uses just an external resistor connected between pins 3
d 16, which programs the gain according to the formula

40k

Rl EET

¢ Figure 31).

For best results R; should be a precision resistor with a low
temperature coefficient. An external R affects both gaig accuracy
and gain drift due to the mismatch between it and the internal

thin-film resistors. Gain accuracy is determined by the toleranca . .

of the external R; and the absolute accuracy of the internal resis-
tors (#20%). Gain drift is determined by the mismatch of the.
temperature coefficient of R; and the temperature coefficient of
the internal resistors (~ 50 ppm/L tvp).

Vg
O

-INPUT

1.5k

1kQ

O REFERENCE

+INPUT O
o 6= —'—‘;mq:mﬂo‘h.—;
Vs

Figure 31. Operating Connectians far G=2Q. -

"T'he second technique uses the internal resistors in parallel w1rh
an external resistor (Figure 32). This technicguess isamaes s -
gain adjustment range and reduces the effects of temperarure
coefficient sensitivity.

o Vour

RG, O REFERENCE
+INPUTO 40,000
. - L s LR LSRN
Rig = 10= 4444440 ~Vg 4000|4342 44 *

*Rlg = 190 = 404.0402
“Rig = 1000 = 40.04Q
*NOMINAL (£20%)

Figure 32. Operating Connections.for.G = 20. Law.Gain._
T.C. Technique

The AD524 may also be configured to provide gain in the out- . .,
put stage. Figure 33 shows an H pad attenuator connected to
the reference and sense lines of the AD524. R1, R2 and R3

should be made as low as possible to mimmize the gairr vartariomnr -
and reduction of CMRR. Varying R2 will precisely set the gain
without affecting CMRR. CMRR is determined by she snaach of -
R1 and R3.

Rt

—NPUT O 2.26kQ2

HNPUT O

_ (R2J]40Kk2) + R1+ R3 Vg j’

G (R2I4TkY) (R1+R2+RIIR, = 2kQ.

Figure 33. Gain of 2000
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Table I. Qutput Gain Resistor Values

Nominal
R2 R1, R3 Gain
5K 226 K 2.02
1.05K 205K 5.01
1 ki 4.42 K 10.1

T BIAS CURRENTS

Tbias currenis arc ThosS CUTTCRES HCCTssary
sxtors of a dc amplifier. Bias currents are an additional
23 0f input error and must be considered in a total error

shetween the two input bias currents. The effect of offset
2‘%;[ is an input offset voltage whose magnitude is the offset
%t times the source impedance imbalance.

Vg

»

T 2)+

12) AD524 ) —¢

” L3
W )
R N l LOAD
_Vs
N TO POWER
€8 SUPPLY
GROUND
a. Transformer Coupled
Vg
”
2) + .
3
11
72y AD524 0)
13 6
16 7
) < | LOAD
Vg
. TO POWER
—% - SUPPLY
GROUND

L
4

AD
TO POWER

> SUPPLY
GROUND

’ ¢. AC Coupled
lre 34. Indirect Ground Returns for Bias Currents

eon hlns »}.« Semgrur
0 oids Ui input

The bias currents, when multiplied by the source resis-
uppeat as an oflset voltage. What is of concern in calculat-
Fgs current elvois is the chiarge in bias curvent with respect to
{lrage and remperarure. Input offset current is the differ-

Although instrumentation amplifiers have differential inputs,
there must be a return path for the bias currents. If this is not
provided, those currents will charge stray capacitances, causing
the output to drift uncontrollably or to saturate. THerefGre,
when amplifying “floating” input sources such as transformers
and thermocouples, as well as ac-coupled sources, rerc-mrese
still be a dc path from each input to ground.

COMMON-MODE REJECTION

Common-mode rejection is a measure of the change ip ourput
volrage when borh inputs are changed equal amounts. These
specifications are usually given for a full-range input voltage
change and a specified source imbalance. “Common-Mode
Rejection Ratio” (CMRRY) is a ratio expression while “Common-
Mode Rejection” (CMR) is the logarithm of that ratio. For
exammple, 2 CMRR of 10,000 corresponds to a CMR of 80 dB.

In an instrumentation amplifier, ac common-mode rejection is
only as good as the differential phase shift. Degradation of ac.
common-mode rejection is caused by unequal drops across
differing track resistances and a differential phase shift due 1o .
varied stray capacitances or cable capacitances. In many appli-
cations shielded cables are used to minimize noise. This tech-
nique can create common mode rejection errors unléss the
shield is properly daven. Figures 35 and 36 shows active data
guards that are configured to improve ac commen-mode-rejre—
tion by “bootstrapping” the capacitances of the input cabling,
thus minimizing differential phase shift.

*Vg
-INPUT o
8
w00 - G =100 n o - _
vy AD524 s v,
. RG, 3 : ouT
AD711
INPUT 5 7 REFERENCE

O REFERENCE

Figure 36. Differential Shield Driver

GROUNDING

Many data acquisition components have two or more ground
pins that are not connected together within the device. Fhese - -
grounds must be tied together at one point, usually at the svs-
tem power-supply ground. Ideally, a single solid ground would .
be desirable. However, since current flows through the ground
wires and etch stripes of the circuit cards, and since these paths
have resistance and inductance, hundreds of millivolts can be
generated beiween the systent ground point and the dara.

REV. E



gisition components. Separate ground returns should be
wided to minimize the current flow in the path from the sensi-
Z¢points to the sysrem ground point. In this way supply currents
,?k)gic-gate return currents are not summed into the same
Jgm path as analog signals where they would cause measure-
errors.

igee the output voltage is developed with respect to the poten-
“jor the reference terminal, an instrumentation amplifier can
ye many grounding problems.

ANALOG P.S. DIGITAL P.S.
+15V C —15v C +5V

Li‘uF 1pF| [uF
— '
| +
7 L] TIH15 1
DIGITAL
ADS5S74A DATA
QUTPUT
*ANALOG

. OUTPUT GROUND SIGNAL
- FERENCE | GROUND

*IF INGEPENDENT: OTHERWISE RETURN AMPLIFIER REFERENCE
TO MECCA AT ANALOG P.S. COMMON

Figure 37. Basic Grounding Practice

NSE TERMINAL

“tsense terminal is the feedback point for the instrument

lifier’s output amplifier. Normally it is connected to the

ment amplifier output. If heavy load currents are to be

through long leads, voltage drops due to current flowing

gh lead resistance can cause errors. The sense terminal can

ired to the instrument amplifier at the load, thus putting
xR drops “inside the loop” and virtually eliminating this

/X source.

“ure 38. AD524 Instrumentation Amplifier with Output
Tent Booster

fcally, IC instrumentation amplifiers are rated for a full 7 10
*ourput swing info 2 k' . In some applications, however, the
:“1 exists to drive more current into heavier loads. Figure 38
% how a high-current booster mav be connected “inside the
2 of an instrumentation amplifier to provide the required
.*nt boost without significantly degrading overall perfor-

:Xe. Nonlineanties, offset and gain inaccuracies of the buffer
::llinimized by the foop gain of the 1A outpur amplifier. Off-
‘nft of the buffer is similarly reduced.

REFERENCE TERMINAL

The reference terminal may be used. to offsex the euiput by ug..:
to 410 V. This is useful when the load is “floating” or does not
share a ground with the rest of the system. It also provides a_ .
direct means of injecting a precise offset. It mustbe remem-
bered that the total output swing is /10 volisto be shated be—y
tween signal and reference offset.

When the IA is of the three-amplifier configuration it is neces-
sary that nearly zero impedance be presented to thereference
terminal.

Any significant resistance from the reference terminal o ground
increases the gain of the noninverting signal path, thereby upset-
ting the common-mode rejection of the IA:

In the AD524 a reference source resistance will unbalance the
CMR trim by the ratio of 20 Kl /Rggr. For example, iT the refér-
ence source impedance is I § , CMR will be reduced to 86 dB
(20 /11 =86 dB). An operational amplifier mray-teused to-
provide that low impedance reference point as shown in Figure
39. The input offset voltage characteristics of thav aseplifier vk
add directly ro the output offset voltage performance of the
instrurnentation amplifier.

Figure 39. Use of Reference Terminal to Provide Output
Offset

An instrumentation amplifier can be turned into-avotrage-to-
current converter by taking advantage of the sense and reference
terminals as shown in Figure 40.

Vv V, 04
|L=_"=_‘N =(1‘40,00
R1- TR R

Figure 40. voltage-to-CurrentConverter

By establishing a reference at the “low” side of a current setting, .
resistor, an ourput current may be defined as a tunction of input
voltage, gain and the value of that resistor. Since only a smalf
curreni is demanded at the input of the buffer amptiifrer A, tdre
forced current i will largely flow through the load. Offset and
drift specifications of A, must be added to the output offses anéd...
drift specifications of the IA.
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OUTP”T[ G=10 G=100 G = 1000
OFFSET K1 w2 oy
TRIM NC O O
O‘TO—( , i ’
! 1 [
O O O
: LAY ; : o
e RELAY _ i i
1 10k {:5 20kt \/20551 wan SHIELDS ~ 197~ "‘Tg-"l'“ ‘r$
201t I.Zom ;,mk!z ~ ! i ‘ !
i 466 v : J '
| ; |
i H D |
. A1
AD524
K1-K3i=
THERMOSEN DM2C
4.5V COIL

D1-D3 =1N4148

GAIN TABLE

NC = NO CONNECT

Figure 41. Three Decade Gain Programmable Amplifier

RAMMABLE GAIN

41 shows the AD524 being used as a software program-
pain amplifier. Gain switching can be accomplished with
tical switches such as DIP switches or reed relays. It

be noted that the “on™ resistance of the switch in series
e internal gain resistor becomes part of the gain equation
Thave an effect on gain accuracy.

)524 can also be connected for gain in the output stage.
42 shows an AD711 used as an active attenuator in the
amplifier’s feedback loop. The active attenuation pre-
very low impedance to the feedback resistors, therefore
zing the common-mode rejection ratio degradation.

(+INPUT) D 7 - ]
- o=————-{TH{rroreemon] — \
PROTECTION OUTPUT
NPU OFFSET
ot D —-{j PROTECTION 15} MK
Wy TO-v
3 1al i R2
! 45~ Yok |
INPUT 4.44k1) ’
OFFSET __ 17 woved ! J
NULL
10k2 | | 2010 20k | | 4040 i
20k02 2004} 20Kk<2 00
& W 11
N 7 20K}
Vs {7 J10
N AD524 Y
W5 O * \\E 19} Yout
tpF L _]_
20k
AWy

35v U
v

AD711 28.7kQ2
y [ C7:) Wy YUY, (N —-—~11 kQ
Vs 316k 1kQ

O O Q O
Vpo A2 A3 A¢ WR

Figure 42. Programmable Output Gain




20k
o
lzom
y 4 o 9 O Vouyr
RG2§37 [ 26k Tzom‘} > T
LI [ VA ¢y S—
A 20k62
:‘NP'LUT; PROTECTION |—=~" i
J DATA
INPUTS ;LSB L
[33
DATA i
INPUTS
@ —
WR —
BAC A/DAC B — .
o Figure 44. Software Controllakle-Qffset
12
AD712 . . .
* In many applications complex software algorithaas far ansmmaaro. = |
J applications are not available. For those applications Figure 43

provides a hardware solution.
Figure 43. Programmable Output Gain Using a DAC

sther method for developing the switching scheme is to use a
C. The AD7528 dual DAC, which acts essentially as a pair 15
witched resistive atrenuators ha

g high analog hinearity and
tetrical bipolar transmission, is ideal in this application.

:» multiplying DAC’s advantage is that it can handle inputs of
ier polarity or zero without affecting the programmed gain.

: circuit shown uses an AD7528 to set the gain (DAC A) and
serform a fine adjustment (DAC B). .

(57 0.1uF LOW
LEAKASE=

TOZERO CIRCUITS

nany applications it is necessary to provide very accurate
1in high gain configurations. At room temperature the offset
cts can be nulled by the use of offset tmmpots. Over the

AD7510KD

rating temperature range, however, offset nulling becomes a | 1 | | -
blem. The circuit of Figure 44 show a CMOS DAC operat- [ 200us }i’“ \ A2 1“3 }K‘“

in the bipolar mode and connected to the reference terminal ZEROPULSE L2 | | _L_r\

rovide software controllable offset adjustments. - - - )

Figure 45. Autozero Circuit
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'R BUDGET ANALYSIS

istrate how instrumentation amplifier specifications are

i, we will now examine a typical case where an AD524 is
+d to amplify the output of an unbalanced transducer.

46 shows a differential transducer, unbalanced by 10010 ,
ing 2 0 to 20 mV signal to an AD524C. The output of the

In many applications, differential linearity and resolution are of
prime importance. This would be so in cases where the absolute
value of a variable is less important than changes in value In
these applications, only the irreducible errors (45 ppm = 0.004%)
are significant. Furthermore, if a system has an intelligent pro-
cessor monitoring the A-to-D output, the addition of a auto-

is a 14-bit A-to-D converter with a 0 to 2 volt input volt-
ige. The operating temperature range is -254C to +85 4C.
ore, the largest change in temperature | T within the

ng range is from ambient to +854C (85L - 254 = 60LC).

+1ov

Figure 46. Typical Bridge Application

Table II. Error Budget Analysis of AD524CD in Bridge Application

gain/autozero cycle will remove all reducible errors and may
eliminate the requirement for initial calibration. This will also
reduce errors to 0.004%.

Effect on Effect on
Absolute Absolute Effect
ADS524C Accuracy Accuracy on.. .
source Specifications | Calculation at Ty = +25°C| at T, = +85°C { Resolution
TOr £0.25% 40.25% = 2500 ppm 2500 ppm 2500 ppm. . —
stability 25 ppm (25 ppm/&C)(60 L) = 1500 ppm - 1500 ppm -
onlinearity 40.003% £0.003% = 30 ppm - - 30 ppm.
iffset Voltage £5008V, RTI £501V/20 mV = £2500 ppm 2500 ppm 2500 ppm - '
ffset Voltage Drift | £0.50V/LC (40.50V/LY(60L) =300V
- 300V/20 mV = 1500 ppm - 1500 ppm -
Offset Voltage* 42.0mV £2.0 mV/20 mV = 1000 ppm 1000 ppm 1000 ppm -
Offset Voltage Drift*f 4251 V/4C (£250V/LY(60 £L£)= 15001V
15000 V/20 mV = 750 ppm - 750 ppm -
rrent-Source £15 nA (£15 nA)(1001 ) =150V
nce Error 1.54V/20 mV = 75 ppm 75 ppm 75 ppm -
rrent-Source 4100 pA/LC (4100 pA/LCHY(10010 )(604C) =060V
nce Drift 0.6 1V/20 mV= 30 ppm - 30 ppm -
urrent-Source £10 A (410 nAY(1000 ) =10V
nce Error 1£V/20 mV = 50 ppm 50 ppm 50 ppm -~
urrent-Source 4100 pA/ & (100 pA/£C)(100 8 Y(60L) = 0.61V
nce Drift 0.61V/20 mV = 30 ppm - 30 ppm -
urrent-Source #10 nA (10 vA)(1750 ) =351V
nce-Error 3.50V/20 mV = 87.5 ppm 87.5 ppm 87.5 ppm -
urrent-Source 4100 pA/ L (100 pA/KCY(1751 Y604C) =10V
nce-Drift 101V/20 mV = 50 ppm - 50 ppm -
n Mode Rejecion (115 dB 115dB=18ppmx5V=881V
8.81V/20 mV = 444 ppm 444 ppm 444 ppm -
TI
~10 Hz) 0.31V p-p 0.3lV p-p/20 mV = 15 ppm - - 15 ppm
Total Error 6656.5 ppm 10516.5 ppm 45 ppm

Eet vohage and output offsct voltage drift are given as RTI figures.

REV. E.



ADa24 _

ire 47 shows a simple application, in which the varation of
coldjunction voltage of 8 Type ] thermocouple-iron(+)-
srantan-is compensated for by a voltage developed in series
he temperature-sensitive output cutrent of an AD590 semi-
{uctor temperature sensor.

1.5v
2.5v
ADS80
- G=100
+Vg
g Aps24
IRON ] Ry 114
S>Vy CONSTANTAN <3 %_(;>cu a0 | P
ASURING J
8.6k
MCTION EOSVT_VA" M-z_w R, 1 Vs
4+ 52302 i outeur
R Fmn AMPUFIER
=Vy OR METER
NOMINAL VALUE
21350,

Figure 47. Cold-Junction Compensation

sircuit is calibrated by adjusting Ry for proper output voltage
the measuring juncdon at a known reference temperature

and the circuit near 25 &L. If resistors with low tempcos are
used, compensation accuracy will be to within £0.54C, for
temperatures between +154C and +35 &. Other thermocouple . .-
types may be accommodated with the standard resistance values
shown in the table. For other ranges of ambient temperature,

the equation in the figure may be solved for the optimum values

of Rt and Ra.

The microprocessor controlled data acquisition system shown in . ;
Figure 48 includes both autozero and autogain capability. By
dedicating two of the differential inputs, one ro ground and. one ..
to the A/D reference, the proper program calibration cycles can
eliminate both initial accuracy errors and accuracy errors over
temperature. The autozero cycle, in this applicatorn; convertssa
number that appears to be ground and then writes that same
number (8-bit) to the A1D7524, which ehmrnares vhe zero crror
since its outpur has an inverted scale. The autcgain cycle con-
verts the A/D reference and compares it with full scale A mali~ -
plicative correction factor is then computed and applied to
subsequent readings.

Al

For a comprehensive study of instrumentation amplifier design
and applications, refer to the Instrumentation Amplifier Applica-
tion Guide, available free from Analog Devices.

the-

AD7567

2.3

AQ A2
EN At

VRer

ADS74A
128

LATCH

MICRQ-
PROCESSOR

ADDRESS 8US

Figure 48. Micropraocessor Controlled Data Acquisition System
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National Institute of Metrology (Thailand)

ud
75/7 Rama VI Road, Thungphyathai, Rajthevi, Bangkok 10400 Tel. 248-2181 Fax. 248-4484

NIMT

Certificate of Calibration

Issued by :  Electrical Laboratory, Department of Electrical Metrology
Date of Issue : 27 March 2002 Serial Number: EL-0014/02

Page:10of 3 Pages

For :  Srinakharinwirot University

Description :  CALIBRATOR BOX (for insulator testing)
Model -

Serial No. : 001

Manufacturer g -

The reported uncertainty is based upon a standard uncertainty multiplied by a coverage factor k =2,
providing a level of confidence of approximately 95%

Reference : CSR No. 0105/02

/
/ & e
Checked by :/f;)/ ﬂ;"/ Signed : /4 YT LS (Authorised Signatory)

Name : Somchai Nuamsettee for the Director

This certificate may not be reproduced other than in full, except with the prior written approval of the Director of National
Institute of Metrology (Thailand).




u> National Institute of Metrology (Thailand)

NIMT
Continuation of Calibration Report serial number  EL-0014/02 Page 2 of 3 pages
For: Srinakharinwirot University
Description : CALIBRATOR BOX (for insulator testing)
Model : -
Serial No. : 001
Manufacturer : -
Date of Received : 12 March 2002

Measurement date : 18 March 2002

ENVIRONMENTAL CONDITIONS :

The measurement was carried out in an ambient temperature of (23,0 £ 2,0) °C and relative
humidity of (50 = 15)%.

MEASUREMENT METHOD :

The CALIBRATOR BOX (for insulator testing) was calibrated by direct measurement with high
accuracy digital Multimeter

TABULATION OF RESULTS :

The measurement was made on function and ranges requested. The table in the following page
gives the measured values and associated measurement uncertainties.

UNCERTAINTIES :

The uncertainty stated is the expanded uncertainty obtained by multiplying the standards uncertainty
by the coverage factor k=2.It has been determined in accordance with EA publication EA-4/02
“Expression of the Uncertainty of Measurement in Calibration” and “Guide to the Expression of
Uncertainty in Measurement (GUM)”. The value of the measurand lies within the assigned range of
values with a probability of 95%.

TRACEABILITY :

The measurement is traceable to :
- National Institute of Standards and Technology (NIST), U.S.A through Fluke Primary
Standards Laboratory Report of Calibration Certificate No. 2D4549.



ud National Institute of Metrology (Thailand)

NIMT

ontinuation of Calibration Report serial number EL-0014/02

Page 3 of 3 pages

[EASUREMENT RESULTS

C Current Source Accuracy Test

Range Setting Measured Uncertainty
Output Value
1 mA 1 mA @ 50 Hz 1,000 mA 0,1 %
1,5 mA 1,5 mA @ 50 Hz 1,500 mA 0,1 %
3 mA 3 mA @ 50Hz 3,001 mA 0,1 %
4 mA 4 mA @ 50 Hz 3,998 mA 0,1 %
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