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ABSTRACT

At present time, using the PWM inverter in an industry for an adjustable
induction motor with 3 phase leads to the problem of high frequency leakage current.
When the inverter operates, it affects the character of leakage current; at the high dv/dt
of output voltage, it makes the amplitude of leakage current become higher and
increasing switching-frequency makes the sum total of leakage current rise foliowing
with the times of switching. After considering the loop flows of leakage current which
flows past the ground and return to the system, it is obvious that the leakage current
will affect other equipments which are connected with the same system as well, for
example, Earth Leakage Current Breaker will be cut and the sensor signal of the
system will be disturbed. Most of the leakage current will flow past stray capacitors,
especially the ones that are at the input terminal of the stator coil. The part of stray
capacitors which are easily affected will be the ones that occur between the stator coil
and the frame that is the most affect and it has relation with the rise frequency. This
thesis is to study the leakage current that cause by the resistance of the insulation for
décrease variation following the increase frequency. Include analyze the characteristics
of leakage current by using the sine signal for studying the internal equivalent circuit
between coil and frame of the motor. Then, there will be the characteristic analysis of

the causes of leakage current from the equivalent circuit
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2.1.1 HansEnUAtinInuIIanlnualn& (Normal Mode Voltage Effect)
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2.1.2 NANITNUNAADINUIIAKINNATIN  (Common -mode Voltage
Effect)

usdanlruasiuluszsuyduinfeunoiaes 3 Wseruduiasiaasaziiaan
Ws9aaNAUeUE (Zero Sequence Voltage) suaaslunind 2.4 Fegransnutsasddsznoy
1w 3 Usznnde
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ATAN 2.4 durisnsiaussanlnyasinlussuuduiafonlaiaasnauesn
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n) AsUaaany (Safety hazard)

ah‘tmﬁaﬂuaaLméTu‘[%miammﬂﬂiama%immwawama% MlAiiaany
snddafiauiunaiduatssy wnludnsdelasinsnussneiaasainmag axvinle
Aaduang ldilefuiagnlasvssuaineslasnaigivuadnzuasalng lapdnasgivues
nszuasalwa @a Information Technology Equipment (L.T.E.) fmualiaadt

ﬂi:LLa%"'JLﬂuﬂml,aﬁvl,manﬂUnitmuéﬁﬁw;jhousehold ground nIuLEs
amﬁnﬁﬁlzvlmni’]uuﬁ']gﬁmqﬂﬂavlﬁﬁﬁ‘hiﬁmwsaumauwa‘l,ums@iaaamn@(

nszuasn 3 mAlnar azv‘iﬂﬁﬁmws%awﬁ"ﬁ@mnaLLazLﬁ@mimm%uﬁ"laJ
TULTI 8MA ﬁ):ﬁﬂﬁmsﬁw’mmaaﬁ"ﬂﬁ]ﬁ@ﬂﬂaLLa:Mﬁq@ﬁﬁmﬁm%ﬁﬂﬁ

Class | Equipment : qﬂmtﬁﬁﬂmﬁumim:@uﬁaUVLWWW(eIectric shock)Aay
dawinkazintlasinlasnisdasinsie

Class Il Equipment : wiiianuadauarazlaiinistlesnulasnisdassninig
vasgunInl wdnisilasiulfinantsnazguedas il electric shock)amasld Tasnsvinauwiu
2 T wiamsIRNA NN AR

Class lll Equipment : qﬂﬂifﬁﬁﬂadﬁ’usupply source I1NIIT SELV Lazae
linaldifaussduiiuswae

PATIENT AUXILIARY CURRENT : nizuafilwafaindasifiasznitasiunas
applied part uazauiilildasloaslwiAe dr0819180 NTuE bias U84 amplifier W3anT=uah

IFD R uanud plethysmography
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PATIENT LEAKAGE CURRENT : ﬂi:LLaﬁVL%aﬁ]'}ﬂﬁauﬂlaﬂ applied part
T@amqmgjmn@i‘ ®30' 198910 F-type %uﬂummaaapplied part g&ﬂsﬁaﬁwﬁwﬁumaq
ﬂizLLaﬁvtliVLGmgﬁlﬁllﬁLﬁ@ Lﬁ@]ﬁ]’mLLi\‘ié’%ﬂ’iEJ%E]ﬂ?JaGLL%ﬂ'ﬁ)"]EJ

Requirement

AN Information Technology Equipment (I.T.E)

Classification mgoqw‘nadﬂizLLa§30.75(handhold equipment)
Class | 3.5mA (all other)
Class |l 0.25mA

For Medical Equipment (§1%3Ug1nsalnianisunnd)

“~ tﬂ' ~
NI GEARREATIA FNNIENLNG fault

ATTUFETINNTING 0.5mA 1mA

J= SR o [ A o v A o A ¢
UaNINRUTINIZU R IMedicalfinnaanaguinszuzsrou gl IEC 601-1 &9
& { | ¢ . o ' o o &
wiiunszuai Patient, NIzua patient auxiliary WaznIzLaINenclose pazlinefiviadod
wanzazlaflslu power supplies)

For Class | Equipment

%ﬁ@maaqﬂmzﬁ mgaqmaam:ua%
Portable Unit 0.5mA
Stationary Unit 0.75mA

) mma%"ﬂwa (Leakage current)
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duiasiaas ﬁai{m:uaﬁ\mdnawﬁﬁma@gaﬁa 10 % VOINTUINNANBLABST NITYIN9uad
Sunai@a?:fmaeiaﬁﬂwmwaammm?ﬂmeﬁﬁﬁa ¢ dv/dt maumﬁuﬁmaaﬂﬁga il
mmcﬂﬂ"]sa@maaﬂi:ua%"’svl,mﬁmgﬁu LA TRNA NN TEI ATYN IR A I NI UE
FlrannduenvimneSaansies WeRaananissaumslwavesnizua s lnad
mumneﬁ(mﬁ“uL‘}Tﬂgjizumnﬁu"lﬁaaho‘i?@Lamﬁﬂsnm%ﬂ%aaamnﬁﬁmmmﬁﬂﬁlﬁ@ EMI
uazdsHAnIzNUsegUnIalaug ﬁ@iaima%ﬂmznuleWWLamﬁu"L@Tvﬁu FINTINIUNITTUR
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$11na (Earth Leakage Current Breaker) Lian1isaaas ﬁmtyﬂmmnﬁmswflm:wgn
TN 1uan
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NN 2.5 NTzUET e lussuutiiafandalnasagduasiaasiiuy PWM

A) LIIAWLNAT (Shaft voltage)
uNAuINEINaLaTRaLTIAuIERINIwATalseas (rotor) nunulaseves
e 4 N ¢ a % cda & € '
walead (Tadaadiuning) iRaanlansivsssanaininianuiwiaasdening
YamAaLaALaaT (stator winding) AulaTaindn, stwinzaseaamainulaaes uazdianag
4 a f . 1 & & o 4 A o
Afalutasana (air gap) eninlseasnulasaunanasuaaslunini 2.6 aussdulnya
i) -~ ! A L% [-] -« O A &= Qs i) a e 13
Mufelunvemasiaiaesifioununiie. mildtussdumiusaduivusssulnuativan
: | A o ” o P [ % s
ATANNIWAT WANTENUAMUNINANIIBIAY (bearing) fitwarae ldTuanulduanusIon
[% ' 4 PO 1 . o 'Y @
gandnuazlunsdiuTiauNinaiNataasda10eauINNITUTIOULFORNAINTUNA Y
, [ A a
(breakdown) Tasauwn (3 — 30 V) anuiiluawiuzesasndeduludrsestuaziianinge
o [ v a | ' % A y o v
smwdunwaudinaliifianszuaanuig inaniudasastiu (earing current) uazriliaaTes
A /0
auldsuanudsniy [4] uaz [9]
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Common-mode
voltage

Shafrt voltage

Cws Capacitance between stator winding and frame
Cwr Capacitance between stator winding and rotor shaft

Cre Capacitance between rotor shaft and frame
= & — B o
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1) passive filter
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2)  wod@nysumaiauazfaniinisluaveinseussa nanisluwszuudsy
= & 4 X e A P oA e .
aNUEITUNelAes 3 adslnegnunntendalFIninug (Capaciive Coupling) uaz
&
agasznaunmeluszuy
= 1 T d [+ 1
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' o A .
INANINARDINIAT Impedance NAINUNANN S  TAINALAATINNNANIRIAN §
A

o o = s L 23N v v ] ° A o s
lagldnanmudenuldfigimsduang laginimesaufiusaam 2 szaufia 180 V.
A a e L
WAE 220 Ve INDANANTZNULBITEAUUTINUTING Y

= ' a € 3 v o o P d . [ 4
M191911 4.4 ﬂ’]W”ITlSJLG]aiﬂ’l\'l'(lvl@]'i]'lﬂﬂ’ﬁ'ﬂ(ﬂﬂﬂdLLﬂ:ﬂﬂiﬂ’]%’]mﬂﬂ’J’lNﬂGl’lﬂ SUadyalaey

WA 1 hp ANALTIGK 180 Ve

e Ll K . A il o

_ (Hy) ® | w @ | @ | ® | of)
50 43.000u 135.088n 43.000u 89.82 1.332G 4.186M 4.173M 0.760
100 141.297u 1.243u 141.292u 89.50 144.823M 1.274M 1.263M 1.249
300 427.340u 7.920u 427.267u 88.94 22.726M 421.283k 413.615k 1.259
500 709.900u 13.381u 709.774u 88.92 13.452M 253.602k 248.910k 1.255
1k 1.416m 26.689u 1.416m 88.92 6.744M 127.141k 124.789k 1.252
3k 4.270m 107.306u 4.269m 88.56 1.677TM 42.168k 41.134k 1.258
5k 7.220m 362.764u 7.211m 87.12 496.190K 24.962k 23.767k 1.275
10k 14.940m 844.387u 14.916m 86.76 213.172K 12.067k 11.421k 1.319
15k 23.170m 2.185m 23.066m 84.56 82.005K 7.804k 7.126k 1.360
20k 31.680m 5.821m 31.151m 79.42 30.924K 5.778k 4.869k 1.377
25k 39.670m 9.684m 38.470m 75.87 18.587K 4.679% 3.738k 1.361
30k 47.700m 14.797m 45.347m 71.93 12.165K 3.969k 1.337

1305
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{ ' a o advw e o P .
13191 4.5 ﬂﬁW’li’]&lL(ﬂE]%Gl"ld‘(l‘lﬂﬂ'lﬂﬂ’ﬁﬂﬂﬂa\‘lLL&:ﬂWiﬂ"lu’Jm‘ﬂﬂ'ﬂ&lﬂﬂ’N ‘]‘IJE)\‘HJE]I.GIQ%r

ANA 1 hp ANGUITIAK 220 V,

Fre. | i g Phase | R | O c
H) | A A w | O] @ | @ | @ | o)
50 63.4500U 398.665n 63.449u 89.64 551.841M 3.467TM 3.446M 0.918
100 178.5800U 1.010u 178.577u 89.68 217.856M 1.232M 1.225M 1.292
300 514.5450U 3.233u 514.535u 89.64 68.049M 427.571k 424 901k 1.241
500 863.8200U 13.568u 863.713u 89.10 16.214M 254.714k 250.775k 1.250
1k 1.7320m 34.822u 1.732m 88.85 6.318M 127.046k 124.542k 1.253
3k 5.1200m 109.369u 5.119m 88.78 2.012M 42.979k 42.079% 1.234
5k 8.7960m 331.523u 8.790m 87.84 663.604k 25.029k 24.119k 1.272
10k 18.400m 1.086m 18.368m 86.62 202.558k 11.977k 11.309k 1.329
158k 28.430m 2.773m 28.294m 84.40 79.328k 7.775k 7.081k 1.365
20k 38.480m 6.592m 37.911m 80.14 33.374k 5.803k 4,943k 1.371
25k 48.360m 11.806m 46.897m 75.87 18.635k 4.691k 3.748k 1.357
30k 58.470m 18.452m 55.482m 71.60 11.923k 3.965k 2.976k

1.338

P ) a . dn e 5 A 4., &
19191 4.6 ﬂ’lwqiqulﬂﬂiﬂqx‘lﬂ‘l@lfﬂﬂﬂﬂqiﬂﬂﬂﬁ@LLﬂ:ﬂqiﬂq‘H’?mﬂﬂ?'ﬂlﬂﬂqﬂ g UadNaLaes

WA 3 hp ANAUTIAK 180 Ve

e e C
WAk @ | ©) Q
44.500u 139.801n 44 .500u 89.820 1.288G 4.045M 4,032M 0.787
100 153.500u 964.463n 153.497u 89.640 186.632M 1.173M 1.165M 1.357
300 389.435u 8.686u 389.338u 88.722 20.724M 462,323k 452.234k 1.148
500 754.866u 15.176u 754.713u 88.848 11.860M 238.501k 233.800k 1.335
1k 1.516m 30.479u 1.516m 88.848 5.906M 118.758k 116.417k 1.340
3k 4.560m 118.890u 4.558m 88.506 1.514M 39.487k 38.483k 1.344
5k 7.740m 213.953u 7.737Tm 88.416 841.307k 23.265k 22.63%k 1.368
10k 15.970m 942.671u 15.942m 86.616 190.947k 11.291k 10.660k 1.410
168k 24.480m 2.319m 24.370m 84.564 77.617k 7.386k 6.744k 1.437
20k 33.250m 4.250m 32.977m 82.656 42.351k 5.458k 4,835k 1.458
25k 41.770m 9.879m 40.585m 76.320 18.221k 4.435k 3.567k 1.435
30k 49.870m 12.948m 48.160m 74.952 13.902k 3.738k

2.946k
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P ' a o dn e ° P d
M990 4.7 ﬂ"IW"lTT&!LGlBgﬂﬁd‘(]vl@'iﬂﬂﬂ’ﬁﬂﬂﬂaﬂLLG:ﬂW?ﬂW%’)MYIﬂT’ISJﬂGﬂG G]"uawama%

AN@ 3 hp ANAULITIAK 220 V1

- Fre. i g e Pﬁ}ase - R : 1 e .,
(H2) ® W’ O @ @ | @
50 54.,200u 170.274n 54.200u 89.82 1.292G 4.059M 4.046M
100 187.715u 471.779n 187.714u 89.856 466.320M 1.172M 1.169M
300 534.500u 9.101u 534.423u 89.0244 24.174M 411.659k 404.767k 1.289
500 924.049u 24.382u 923.727u 88.488 9.023M 238.166k 232.041k 1.337
1k 1.851u 38.377u 1.851m 88.812 5.733M 118.880k 116.465k 1.339
3k 5.570u 160.965u 5.568m 88.344 1.367M 39.514k 38.404k 1.343
5k 9.420m 260.392u 9.416m 88.416 844.879k 23.363k 22.735k 1.362
10k 19.670m 1.408m 19.620m 85.896 156.281k 11.213k 10.463k 1.419
15k 30.230m 2.864m 30.094m 84.564 76.821k 7.310k 6.675k 1.451
20k 40.610m 6.454m 40.094m 80.856 34.090k 5.487k 4,726k 1.450
25k 51.000m 11.438m 49.701m 77.040 19.234k 4.426k 3.598k 1.438
30k 60.670m 16.633m 58.345m 74.088 13.226k 3.771k

= ' a o dv e s P d .
f17197 4.8 AINITTULA a?mow”lmmmsw@aama:ﬂ’ﬁmu’zmwmmnma ‘) Vad

NaL@as ANe 5 hp WAAUTIAL 180 Vi

Fre. AN [€o k. | pPhase| R
S WA e A0 Y @ |

50 43.000u 135.088n 43.000U 1.332G 4.186M 4.173M

100 92.350u 580.248n 92.348U 89.640 310.212M 1.949M 1.937M 0.816
300 289.700u 6.734u 289.622U 88.668 26.729M 621.500k 607.378k 0.854
500 1.021m 32.700u 1.020m 88.164 5.505M 176.449k 170.968k 1.804
- 1k 2.036m 97.187u 2.034m 87.264 1.852M 88.510k 84.473k 1.798
3k 5.941m 380.862u 5.929m 86.324 472.613k 30.360k 28.528k 1.747
5k 9.878m 744.078U 9.850m 85.680 241.910k 18.274k 16.981k 1.742
10k 19.388m 2.430m 18.235m 82.800 74.075k 9.358k 8.308k 1.701
15k 28.514m 5.255m 28.026m 79.380 34,253k 6.423k 5.409k 1.652
20k 38.980m 8.742m 37.987m 77.040 20.590k 4.738k 3.852k 1.679
25k 48.186m 12.532m 46.528m 74.925 14.363k 3.869k 3.048k 1.646
30k 56.670m 18.390m 53.603m 71.064 9.788k 3.358k 2.500k

Avéragé, -
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{ ) a oA e o 4 4.,
A15191 4.9 mwwmmas‘mmvl@mﬂmsmaama:n’ﬁﬂ’lmmﬂm’mnma ) B3

yaLaas Ane 5 hp ANALIIGH 220 V,

Fre. kg Phase | . .R | X, zc | ¢
(Hy | ®w | ®w | O @ | @ | @ | o
50 48.900u | 307.246n 48.899U | 89.640 | 716.030M | 4.499M 4.471M 0.708
100 112.100u 1.409u 112.001u | 89.280 | 156.178M | 1.963M 1.938M 0.811
300 355.200U 6.249u 355.145u | 88.992 | 35.207M | 619.465k | 608.754k | 0.856
500 1.245m 59.449u 1.244m 87.264 | 3.701M 176,849k | 168.783k | 1.800
1k 2.439m 116.423u 2.436m 87.264 | 1.800M 90.304k 86.185k | 1.762
3k 7.256m 455.608u 7.242m 86.400 | 482.871k |  30.380k 28581k | 1.746
5k 12.020m | 980.719u 11.980m | 85320 | 224325k | 18.364k 16.974k | 1.733
10k 23.638m 3.110m 23.433m | 82.440 | 70.741k 9.389k 8.289k 1.695
15k 35.989m 6.966m 35308m | 78.840 | 31.584k 6.231k 5.204k 1.703
20k 47.469m | 10.936m 46.192m | 76.680 | 20.116k 4763k 3.851k 1.671
25k 55.028m | 14.312m 53.134m | 74.925 | 15372k 4.140k 3.262k 1.538
30k 69.2725m | 22.480m 65.524m | 71.064 | 9787k 3.358k 2.500k 1.580
Average 1.692

¥ v o A
mn@m’mmmsnLﬁﬂuagﬂmﬂ’nmj’lwﬁﬂﬂmm’mm 4.10

s

A » A =
M13191 4.10 anaTldnnusinizasusias SRdad s 9

e Aoy oF) [ Emer f

- WNaNaLaa3 A\ S E AN Clang

Lol 180 B 5220 Vim0 (CR) e
1 HP 1.305 1.301 0.31 1.303 nF
3 HP 1.369 1.384 1.08 1.377 nF
5 HP 1.705 1.692 2.20 1.700 nF

& 4 ao o 4, [ v al ] A 4
NNMTNERUIRNALTIaRNastuaz Ll dnadadanud dolunns
a €1 v v da o ¢ = a
Aenzranasazltussouning 220 Tadidunan
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A15197 4.11 AU (Ry) Lﬂﬁmuﬂmmwmmnﬁﬁﬁ@mma%mm@@i'm6]
Frequency (Hz) R, U095aLaas 1 Hp R, vaduaLaas 3 Hp R, 799%8LA835 5 Hp
(kQ) (kQ) (kQ)
50 591,815.1 1,526,891,7 818,092.6
100 223,82.5 493,729.3 160,545.8
300 68,620.6 24,2437 35,424.7
500 16,246.5 9,032.7 3,703.0
1k 6,322.8 5,736.5 1,890.3
3k 2,012.0 1,366.9 482.9
5k 663.7 845.0 224.3
10k 202.6 156.3 70.7
15k 79.3 76.8 31.6
20k 33.4 34.1 20.1
25K 18.6 19.2 15.4
30k 11.9 13.2 9.8
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2009,062,05 11:21:25 [
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: : IC Full
................................................................................. Tz 1061
0.168kU/div
b IC  Full
b
H Edge CH1 £
Auto
0.018kV
X1 0.06000000s Yi 0.00000V
X2 g.900us Y2 101.900U
4% 8.60us 4y -101.0666V
14X 125.9600kHz

NN 4.24 mﬁ@@hmﬁnmLﬁammmmgvlvd%
PNANNA 4.19 FIIINRIAIAIALIANT]

V,0.368 =275x0.368 =101V

e R =10 k Jadnasnamanniwle 8 us aasi

Co 8x107°
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15191 4.12 wamimmm’mﬂvmwﬁaamsﬁammﬁu?«mﬁsJaJ

AsINANNEs 9 vasualaasing 3 1Wa 1 HP

F Vg 0.368V, - R C
(Hz) (V) (V) (us) (ohm) (nF)
1k 31.350 11.537 5.530 5k 1.100
3k 31.250 11.500 5.860 5k 1.172
5k 30.200 11.114 5.250 5k 1.050
7k 31.340 11.533 5.980 5k 1.196
10k 30.850 11.353 5.380 5k 1.076
13k 31.330 11.529 5.480 5k 1.096
15k 30.34 11.165 5.450 5k 1.090
20k 30.55 11.242 5.780 5k 1.156
Average 1.119
(ﬂ’]i']\‘i‘ﬁl 413 Naﬂ’ﬁ%’]ﬁ’]ﬂ’ﬂuﬂvﬁ\lﬁ’]ﬁ?Uﬂ?iﬁﬂ%LLiﬂﬁ%%LﬁaﬂN
Amnfianuieg 9 YavuaiaaiAne 3 (Wa 3 HP
F Vo 0.368V, i R c
(Hz) (V) (V) (us) (ohm) (nF)
1k 31.250 11.500 5.730 5k 1.146
3k 31.670 11.655 5.660 5k 1.132
5k 30.830 11.345 5.450 5k 1.090
7k 31.250 11.500 5.580 5k 1.116
10k 31.250 11.500 5.580 5k 1.116
13k 31.250 11.500 5.580 5k 1.118
15k 30.830 11.345 5.60 5k 1.128
20k 300 11.040 5470 5k 1.094

Average

1.117
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A13199 4.14 HANITAN ﬁ?ﬂ']’mﬁ)jlﬂﬂﬁ@ﬁ An131 O UL IIAURIRA L

AImNANNneY 9 vansiaaiing 3 s 5 HP

Wavnarasmanidianus ihildaninsfensyaimlodiianuiidis g sn

F Vo 0.368V, - R
(Hz) (V) (V) (us) (ohm)
1k 33.100 12.181 6.330 5k
3k 33.330 12.265 6.330 5k
5k 33.330 12.265 6.330 5k
7k 33.330 12.265 6.430 5k

10k 32.910 12.111 6.660 5k
13k 32.500 11.960 6.660 5k
15k 31.660 11.651 6.860 5k
20k 30.00 11.040 6.860 5k
Average

Wisuiinuiumsmdianua i uislenaguinuuudasandguionafiid oy

a & v = ! ' a AW v o =l
mytywmvlem waLUTsuLh EJfLIﬂ’]ﬂ’J'l&lN@]Wﬂ’](ﬂﬂvL@@{l@’ﬁ"l\‘m 4.15

@15191 4.15 MafSsufinudianugiiihsmindousyanaloiiisuiiiion

T WIMANSLUUTRRE

AneuoLaas SIS RIINE E%ﬂaugﬂﬂﬁuﬁmﬁw A % Error
1 HP 1.303 nF 1.119 nF 1.211 nF 14.12%
3 HP 1.377 nF 1417 nF 1.247 nF 18.88%
5 HP 1.700 nF 1.312 nF 1.506 nF 22.82%

PMNWWAINITNaFAUG 1N sIauuuu s UWgasuaiaasnng 1 ussh

LLé"aﬁﬁmmmmmm'gVLWWwiaLWamaa@’hU"“J%Lﬁmﬁuvlﬁﬁm’maﬁ 4.16
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15191 4.16 wanwmﬁwmmﬂﬂﬂwﬁq ANNTH OBUTIANRIR BN LU U NNFTLIRN

ANuNENY g vasuaiaasing 3 tWa 1 HP

F Vo T R C per-phase
(kHz) V) (us) ka) (nF) (nF)
1 77.446 26.56 10 2.656 0.885
3 67.935 28.540 10 2.854 0.951
5 57.065 27.870 10 2.787 0.922
7 55.707 27.870 10 2.787 0.929
10 65.218 5.985 2 2.993 0.998
13 65.217 5.885 2 2.943 0.881
15 65.217 5.735 2 2.868 0.981
20 63.859 2.995 1 2.995 0.998
Average 0.994
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NINARNTIRWINA AT Uz rives 1 e %aﬁLﬁ@mﬂﬂ'ﬁ@iammuﬁumam’]mmﬁg"mﬂw
muluuaiaosasning 4.25 Lfiaﬁﬁ@LLiOﬁ%ﬁﬁ@%LiﬁLﬁﬁﬁ%ﬁ’]ﬁJ’ﬁﬂLLﬁ@dLﬂ%’Nﬁ]iﬁ&Jyjama\‘]
awnuumaanslnuainedlaaaning 4.26
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@199 Wndanwuivzinldindadanussauiuumiinaasin v ySuamesnsruasa lng

a & o o . v ) al a = Y o
I@US?&JLW&JT%LL&@G@GJT]WWJGEJN@’]%&’NLNE]LlJiEJUL‘Y]EJULLTLIU 1 L‘V\lﬁ ny 3 W\lﬂ NeINY 5

kHz ume 20 kHz

2003,02,04 13:27:09

YOKOGAWA 4

=

10k

Normal

128

L &< Mainz 1Dk >>

20HS/S  50MsAliv

X (D)

Z79. 1670~

HM(CZ)  —25.00000

Rms(C1)  4B.7632V Rms(C2)  181.335V
Freq(C1) 5.016020kHz Freq(CZ) 5.010020kHz
Max(C2)  36Z.5066V Duty(Cz) 48.12»

AN 4.27 NTUET IRANIWEIFI NN 5K 1iatlauussawiuy 1 wWa Aanud 5k
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20609,02/05 14:85:43 10k Normal

YOKOGAWA 4 540 ] 20MSs/s  SOHsAlv
<< Nuin_}lOk >

ax(C2)  356.060U DutycCz) 48.71x
Min(C2) -358.600V
Rms{(C2)  215.631V
Freq(C2) 5.976142kHz

: << Mainz 10k >>

axcl)  114.5690
Rus(C1)  35.5228Y
Freq(Ci) 15.33742kHz

MANN 4.28 N32LaT Inan wdIsunL 5K (atlonussawiuy 3 gy 5k
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2009,02,04 13:46:42 1ok Normal

YOKOGAWA 4 10950 I SOMS/s  20us/div
: : H TR TG0k 55 : : :

H(CI) 270 8330 Hin(CZ) —26.83330

Rms(C1)  87.1856V Rms(C2)  182.499V
Freq(C1) 20.060000kHzZ Freq(C2) 20.85616kHZ
Hax(C2)  376.833V Duty(C2) 46.89x

AINT 4.29 ATEUETAREIBAIEIUNI 1 K 1Taatusaaniuy 1 tWane uf 20 k

2009,02,05 15:16:33 1ok Normail

YOKOGAWA 4 94 1 56MS,s  20MsAliv
4 <L r'luin_:lok b3 h

ax(CZ2)  366.667V Duty(CZ) 49.69x
Hin(CZ) -341.667V

Rms(CZ2) 226.116V

Freq(C2) 20.19386kHz

2X(CI)~ 106.2500
Rus(C1)  26.0967U
Freq(Cl) 82.23684kHz
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722 EXAR
Z ...the analog plus company™

y S

FEATURES

e | ow-Sine Wave Distortion, 0.5%, Typical

e Excellent Temperature Stability, 20ppm/°C, Typ.
o Wide Sweep Range, 2000:1, Typical

e | ow-Supply Sensitivity, 0.01%V, Typ.

® Linear Amplitude Modulation

® TTL Compatible FSK Controls

® Wide Supply Range, 10V to 26V

e Adjustable Duty Cycle, 1% TO 99%

XR-2206

Monolithic
Function Generator

June 1997-3

APPLICATIONS
¢ Waveform Generation

e Sweep Generation
® AM/FM Generation
e V/F Conversion
e [FSK Generation

® Phase-Locked Loops (VCO)

GENERAL DESCRIPTION

The XR-2206 is a monolithic function generator
integrated circuit capable of producing high quality sine,
square, triangle, ramp, and pulse waveforms of
high-stability and accuracy. The output waveforms can be
both amplitude and frequency modulated by an external
voltage. Frequency of operation can be selected
externally over a range of 0.01Hz to more than 1MHz.

The circuit is ideally suited for communications,
instrumentation, and function generator applications
requiring sinusoidal tone, AM, FM, or FSK generation. It
has a typical drift specification of 20ppm/°C. The oscillator
frequency can be linearly swept over a 2000:1 frequency
range with an external control voltage, while maintaining
low distortion.

ORDERING INFORMATION

Operating
Part No. Package Temperature Range
XR-2206M 16 Lead 300 Mil CDIP -55°C to +125°C
XR-2206P 16 Lead 300 Mii PDIP —40°C to +85°C
XR-2206CP 16 Lead 300 Mil PDIP 0°C to +70°C
XR-2206D 16 Lead 300 Mil JEDEC SOIC 0°C to +70°C

©1972

™

TEOM

EXAR Corporation, 48720 Kato Road, Fremont, CA 94538 ¢ (510) 668-7000 4 (510) 668-7017

1



XR-2206
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Figure 1. XR-2206 Block Diagram
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Z* EXAR 2200

AMS! [T]e 5] SYMA2 AMsl |1~ | syma2
sTO [2] [15] SYMA1 sTO |2 15| SYMA1
Mo [&] 4] wavEA2 =K 14| WAVEA2
Vee [ [13] WAVEAT Vee |4 139 WAVEA1
TC1 [E] [12] GND TC1 =s 12| GND
Tc2 [&] [11] SYNCO Tce =|s 1| SYNCO
TR1 [Z] [10] BIAS TR1 =3| 7 10| BIAS
TR2 [&] [ ] FSKI TR2 |8 9 | FSKI
9

PIN DESCRIPTION

Pin # Symbol Type |Description
1 AMSI | Amplitude Modulating Signal Input.
2 STO 0] Sine or Triangle Wave Output.
3 MO 0 Multiplier Output.
4 Vee Positive Power Supply.
5 TC1 | Timing Capacitor Input.
6 TC2 ] Timing Capacitor Input.
7 TR1 O Timing Resistor 1 Output.
8 TR2 0] Timing Resistor 2 Qutput.
9 FSKI I Frequency Shift Keying Input.
10 BIAS 0O Internal Voltage Reference.
11 SYNCO 0 Sync Output. This output is a open collector and needs a pull up resistor to Vgg.
12 GND Ground pin.
13 WAVEA1 | Wave Form Adjust Input 1.
14 WAVEA2 I Wave Form Adjust Input 2.
15 SYMA1 I Wave Symetry Adjust 1.
16 SYMA2 | Wave Symetry Adjust 2.
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DC ELECTRICAL CHARACTERISTICS

Test Conditions: Test Circuit of Figure 2 Veec = 12V, Tp = 25°C, C = 0.01pF, Ry = 100kQ, Ry = 10kQ, R3 = 25kQ

Unless Otherwise Specified. S4 open for triangle, closed for sine wave.

XR-2206M/P XR-2206CP/D
Parameters Min. l Typ. | Max. | Min. | Typ. | Max. | Units |Conditions
General Characteristics
Single Supply Voltage 10 26 10 26 \%
Split-Supply Voitage +5 +13 +5 +13 V
Supply Current 12 17 14 20 mA R4 = 10kQ
Oscillator Section
Max. Operating Frequency 0.5 1 0.5 1 MHz | C =1000pF, Ry =1kQ »
Lowest Practical Frequency 0.01 0.01 Hz C =50uF, Ry=2MQ 3 )
Frequency Accuracy +1 +4 +2 % of fy 1o = 1/R4C
Temperature Stability +10 +50 +20 ppm/°C {0°C < Tp < 70°C
Frequency R1 =Ry =20kQ
Sine Wave Amplitude Stability? . 4800 4800 ppm/°C
Supply Sensitivity 0.01 0.1 0.01 %N | Viow= 10V, Vyigy = 20V,
Rq =Ry = 20kQ
Sweep Range 1000:1 | 2000:1 2000:1 fu=fL |fn @ Rq = 1kQ
fi @Ry =2MQ
Sweep Linearity
10:1 Sweep Yo fL = 1kHz, fy = 10kHz
1000:1 Sweep 8 % fL = 100Hz, fy = 100kHz
FM Distortion 0.1 0.1 % +10% Deviation
Recommended Timing Components
Timing Capacitor: C 0.001 100 | 0.001 100 uF Figure 5
Timing Resistors: Ry & Ry 1 2000 1 2000 kQ
Triangle Sine Wave Output? Figure 3
Triangle Amplitude 160 160 mV/kQ | Figure 2, Sq Open
Sine Wave Amplitude 40 60 80 60 mV/kQ | Figure 2, S4 Closed
Max. Output Swing 6 6 Vp-p
Output impedance 600 600 Q
Triangle Linearity 1 1 %
Amplitude Stability 0.5 0.5 dB For 1000:1 Sweep
Sine Wave Distortion
Without Adjustment 25 25 % R4 = 30kQ
With Adjustment 0.4 1.0 0.5 1.5 % See Figure 7 and Figure 8
Notes

! Output amplitude is directly proportional fo the resistance, Rs, on Pin 3. See Figure 3.

2 For maximum amplitude stability, R3 should be a positive temperature coefficient resistor.
Bold face parameters are covered by production test and guaranteed over operating temperature range.

- Rev.1.03:
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DC ELECTRICAL CHARACTERISTICS (CONT’D)

XR-2206

XR-2206M/P XR-2206CP/D
Parameters Min. | Typ. I Max. | Min, | Typ. I Max. | Units [ Conditions
Amplitude Modulation
Input Impedance 50 100 50 100 kQ
Modulation Range 100 100 %
Carrier Suppression 55 55 dB
Linearity 2 2 % For 95% modulation
Square-Wave Output
Amplitude 12 12 Vp-p | Measured at Pin 11.
Rise Time 250 250 ns CL = 10pF
Fall Time 50 50 ns Cp = 10pF
Saturation Voltage 0.2 0.4 0.2 0.6 \% IL=2mA
Leakage Current 0.1 20 0.1 100 HA Voo = 26V
FSK Keying Level (Pin 9) 0.8 1.4 24 0.8 1.4 2.4 \Y See section on circuit controls
Reference Bypass Voltage 2.9 3.1 3.3 2.5 3 3.5 V Measured at Pin 10.

Notes

! Output amplitude is directly proportional to the resistance, R;, on Pin 3. See Figure 3.
2 For maximum amplitude stability, Rs should be a positive temperature coefficient resistor.
Bold face parameters are covered by production test and guaranteed over operating temperature range.

Specifications are subject to change without notice

ABSOLUTE MAXIMUM RATINGS

Power Supply ............ ... 26V
Power Dissipation .................... ... 750mW
Derate Above 25°C .................. ... SmW/°C

Total Timing Current . .......... ... ........ BmA
Storage Temperature . ........... -65°C to +150°C

SYSTEM DESCRIPTION

The XR-2206 is comprised of four functional blocks; a
voltage-controlled oscillator (VCO), an analog multiplier
and sine-shaper; a unity gain buffer amplifier; and a set of
current switches.

The VCO preduces an output frequency proportional to
an input current, which is set by a resistor from the timing

terminals to ground. With two timing pins, two discrete
output frequencies can be independently produced for
FSK generation applications by using the FSK input
control pin. This input controls the current switches which
select one of the timing resistor currents, and routes it to
the VCO.

™
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Vee
7
; 1uF
4 .
1 16 Symmetry Adjust
— 5
= 25K
l c '\f\?‘g - ij S1 = Open For Triangle
vCo Sine 14 = Closed For Sinewave
6 = Shaper S
' THD Adjust ‘
o =% 500 :
FSK Input .
R1 7 Current . T{|angle Or
4;@: 8| | switches +1 g'l'}tf; Wave
= 1 Square Wave
Output
10| 12 3 XR-2206
= R3 10K
== fuF 25K
= Vee
1uF
Voo o0—A—
5.1K 5.1K
Figure 2. Basic Test Circuit
6
26
: 70°C Max.
= Triangle Package
= 5 L/ / wissipation
o 1KQ
4
§ / " Sinewave P 7 % ’)\
S . / T 18
= (3] 10K
5 A = /9//
o 2
% / / 14} —
e 1 4 I ES
V 10

0 20 40 60 80
R3 in (KQ)

100

Figure 3. Output Amplitude
as a Function of the Resistor,

R3,at Pin 3

Prrev103 g S S

8 12 16 20 24 28
Vee (V)
Figure 4. Supply Current vs
Supply Voltage, Timing, R
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oM 1 T 1
MAXIMUM TIMING R
- N - § 4v »<€ v
5 W™ £
5 77/"77;7 '”7 77N E 10
S 5« A /i{)\ <
8 NORMAL RANGE -
2 100K |~ 2N 2
[~ XV, V /¥ V 5
W7 77977 o
£ ALALL804 0/ 8 T
E é TYPICAL VALUE ? E 05
= 10K </é/ W Lr /7/// /> g
j_éé @i
1K MINIMUM TIMING R 0
Vel 2
102 10 102 104 108 s
Frequency (Hz) DC Voltage At Pin 1
Figure 5. R versus Oscillation Frequency. Figure 6. Normalized Output Amplitude
versus DC Bias at AM Input (Pin 1)
5 5
4 4
C =0.01uF R=3KQ
= DistoRton G0KG. g Vour=0.5VRWS Pin 2
2 3 £ . R =10KQ
o
5 & /
£ 2
e @2
b 2 o 2
o \ /
1 1 V4
\,
0 , 0
10 10 100 - 10 100 1K 10K 100K 1M
Timing R K(Q) Frequency (Hz)
Figure 7. Trimmed Distortion versus Figure 8. Sine Wave Distortion versus
Timing Resistor. Operating Frequency with

Timing Capacitors Varied.
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] i
\ C=001r1F
2
R=1MQ I
< R=2KQ
= R=200KQ R=10KQ
E R=200KQ ‘)/
T
> 0
o \4\___—
5 R=10KQ \\\ doo J Pin7 —
= R=2KQ R=1MQ Re or
[ N Sweep g 2
w N input. <+ i
R=1K j Ve ¢IB N
2
RETKE \ i R 3V -,
-3 = €L

-50 -25 0 25 50 75 100 125

Ambient Temperature (C°)

Figure 9. Frequency Drift versus Figure 10. Circuit Connection for Frequency Sweep.
Temperature.
Vee
(o]
AIA TuF
4
1 16
i 5
N L Mult. 8 Sq Closed For Sinewave
C VCO And »
T Sine 14
6 E Shaper s,
9 13 Y 200
el
7 Current )
Switch 2 Triangle Or
R, Ng, Ay Shitches 1 Sine Wave Output
L 1" Square Wave
- H/—/ Output
R 1012 [3 XR-2206
— R; 10K B Iy
+ 50K
:l: 1uF -
= i Vee
T~ 10pF

Vee 0—AN l[lr

51K 51K

Figure 11. Circuit tor Sine Wave Generation without External Adjustment.
(See Figure 3 for Choice of Rj)
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XR-2206

Vee
[e]
I 1uF
1 4 Symmetry Adjust
N 5 16
‘?‘_L Mult. 25KT Rg
1 c Ve And 15 S4 Closed For Sinewave
F= Sine 14
RC 5 =
Shaper S4q R
9 130/0 A
7 5004
8 Current +3 2 Triangle Or
Ry 1K $i| Switches Sine Wave Output
= ikl Square Wave
i \/ A Output
R 1012 |3
XR-2206
= Rs p 10K
+ 50K
TuF
;[;: = Vee
10uF
Vg o—n~— [ie

51K 51K

Figure 12. Circuit for Sine Wave Generation with Minimum Harmonic Distortion.

>2Vj Fq
<1V F2

FSK Input

(R3 Determines Output Swing - See Figure 3)

Vee
o
L WF
4
1
- - 16
) e Mult. 15
c vCo And 14
T Sine
6 - Shaper
9 13 200
Ri_ 7| | Current Wa 2
| Ry 8] | Switches +1
= 1
F1=1/R1C
F2=1/R2C ”ﬂ?_”- % R, XR-2206
+ 50K
1uF
T~ +
10uF
VCCo._/v\/_QW\_’I:_“p
5.1K 5.1K

Figure 13. Sinusoidal FSK Generator

FSK Output
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y S

Vee
[¢]
L ol
:TEH(F f= C[—R1 ¥ R2:|
4
: 16 - R
__L__ 5 Duty Cycle = m
| Mult.
c veo And 15
T 6 Sine 14
: Shaper
9 13
Ri._ 7| | Current [ 9
Ry 8| | Switches +1 Sawtooth Output
= i Pulse Output
I
10] 12 |3 n.XR2208
\id K
+ 243k .
1uF
; 4 + Vee
10pF
V, o—'\/\/&—/\/\/\_/]\_{ I
R AR R |

Figure 14. Circuit for Pulse and Ramp Generation,

Frequency-Shift Keying

The XR-2206 can be operated with two separate timing
resistors, Ry and Ry, connected to the timing Pin 7 and 8,
respectively, as shown in Figure 13. Depending on the
polarity of the logic signal at Pin 9, either one or the other
of these timing resistors is activated. If Pin 9 is
open-circuited or connected to a bias voltage > 2V, only
R1 is activated. Similarly, if the voltage level at Pin 9 is
<1V, only Ra is activated. Thus, the output frequency can
be keyed between two levels. f; and fp, as:

£, = 1/R4C and fp = 1/R,C

For split-supply operation, the keying voltage at Pin 9 is
referenced to V-,

Output DC Level Control

The dc level at the output (Pin 2) is approximately the
same as the dc bias at Pin 3. In Figure 11, Figure 12 and
Figure 13, Pin 3 is biased midway between V+ and
ground, to give an output dc level of &~ V*/2.

APPLICATIONS INFORMATION
Sine Wave Generation

Without External Adjustment

Figure 11 shows the circuit connection for generating a
sinusoidal output from the XR-2206. The potentiometer,
R1 at Pin 7, provides the desired frequency tuning. The
maximum output swing is greater than V*/2, and the
typical distortion (THD) is < 2.5%. If lower sine wave
distortion is desired, additional adjustments can be
provided as described in the following section.

The circuit of Figure 11 can be converted to split-supply
operation, simply by replacing all ground connections
with V-. For split-supply operation, Ry can be directly
connected to ground.

TEOM’
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With External Adjustment:

The harmonic content of sinusoidal output can be
reduced to -0.5% by additional adjustments as shown in
Figure 12. The potentiometer, Rp, adjusts the
sine-shaping resistor, and Rpg provides the fine
adjustment for the waveform symmetry. The adjustment
procedure is as follows:

1. SetRpg at midpoint and adjust Ra for minimum
distortion.

2. With Ry set as above, adjust Ry to further reduce
distortion.

Triangle Wave Generation

The circuits of Figure 11 and Figure 12 can be converted
to triangle wave generation, by simply open-circuiting Pin
13 and 14 (i.e., S4 open). Amplitude of the triangle is
approximately twice the sine wave output.

FSK Generation

Figure 13shows the circuit connection for sinusoidal FSK
signal operation. Mark and space frequencies can be
independently adjusted by the choice of timing resistors,
R4 and Rj; the output is phase-continuous during
transitions. The keying signal is applied to Pin 9. The
circuit can be converted to split-supply operation by
simply replacing ground with V-,

Pulse and Ramp Generation

Figure 14 shows the circuit for pulse and ramp waveform
generation. In this mode of operation, the FSK keying
terminal (Pin 9) is shorted to the square-wave output (Pin
11), and the circuit automatically frequency-shift keys
itself between two separate frequencies during the
positive-going and negative-going output waveforms.
The pulse width and duty cycle can be adjusted from 1%
to 99% by the choice of R4 and Ry. The values of R4 and
R, should be in the range of 1kQ to 2MQ.

P rev103 S S

XR-2206

PRINCIPLES OF OPERATION
Description of Controls

Frequency of Operation:

The frequency of oscillation, f,, is determined by the
external timing capacitor, C, across Pin 5 and 6, and by
the timing resistor, R, connected to either Pin 7 or 8. The
frequency is given as:

fOZRiCHZ

and can be adjusted by varying either R or C. The
recommended values of R, for a given frequency range,
as shown in Figure 5. Temperature stability is optimum
for4kQ <R < 200kQ. Recommended values of C are from
1000pF to 100pF.

Frequency Sweep and Modulation:

Frequency of oscillation is proportional to the total timing
current, Iy, drawn from Pin 7 or 8:

. 320/-(mA)

f——‘—c-&t—ﬁrl‘lz

Timing terminals (Pin 7 or 8) are low-impedance points,
and are internally biased at +3V, with respect to Pin 12.
Frequency varies linearly with IT, over a wide range of
current values, from 1pA to 3mA. The frequency can be
controlled by applying a control voltage, V¢, to the
activated timing pin as shown in Figure 10. The frequency
of oscillation is related to VC as:

_ Ry _Ve
f= RC(1 + Rc( 3)>Hz

where V¢isin volts. The voltage-to-frequency conversion
gain, K, is given as:

K= af/aV, = —%‘”"«‘
C

(13S]

Hz/V

CAUTION: For safety operation of the circuit, I should be
limited to << 3mA.

™
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Output Amplitude:

Maximum output amplitude is inversely proportional to
the external resistor, R3, connected to Pin 3 (see
Figure 3). For sine wave output, amplitude is
approximately 60mV peak per kQ of Rg; for triangle, the
peak amplitude is approximately 160mV peak per kQ of
R3. Thus, for example, R3 = 50k would produce
approximately 13V sinusoidal output amplitude.

Amplitude Modulation:

Output amplitude can be modulated by applying a dc bias
and a modulating signal to Pin 1. The internal impedance

VR Vee 11

5 T ®

15V2 5 14 166 13 1

at Pin 1 is approximately 100kQ. Output amplitude varies
linearly with the applied voltage at Pin 1, for values of dc
bias at this pin, within 14 volts of Vc/2 as shown in
Figure 6. As this bias level approaches Vcc/2, the phase
of the output signal is reversed, and the amplitude goes
through zero. This property is suitable for phase-shift
keying and suppressed-carrier AM generation. Total
dynamic range of amplitude modulation is approximately
55dB.

CAUTION: AM control must be used in conjunction with a
well-regulated supply, since the output amplitude now becomes
a function of V.
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16 LEAD CERAMIC DUAL-IN-LINE
(300 MIL CDIP)

Rev. 1.00

T e S I e Y s s o |
16 9

1 8
| SN W [ WG [y D SN [ Iy O ) W

Base Aq
Plane +

Seating L# R T e
Plane

LR

m
-

XR-2206

INCHES MILLIMETERS
SYMBOL MIN MAX MIN MAX

A 0.100 0.200 2.54 5.08
Ay 0.015 0.060 0.38 1.52
B 0.014 0.026 0.36 0.66
By 0.045 0.065 1.14 1.65
c 0.008 0.018 0.20 0.46
D 0.740 0.840 18.80 21.34
Eq 0.250 0.310 6.35 7.87
E 0.300 BSC 7.62BSC
e 0.100 BSC 2.54 BSC
L 0.125 0.200 3.18 5.08
o 0° 15° 0° 15°

Note: The control dimension is the inch column

S
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16 LEAD PLASTIC DUAL-IN-LINE
(300 MIL PDIP)

Rev. 1.00

s SO e S o Y e N s N s T s S oo 1

16 9
Eq

1 8

I|—l [ MUV B WS R SUND S (g Sty S | |_'J

1 o g

[

[ A
Seating __A
Plane L [} c

R 1 A\ JL %

P rvioz g S f Y

INCHES MILLIMETERS
SYMBOL MIN MAX MIN MAX
A 0.145 0.210 3.68 5.33
Ay 0.015 0.070 0.38 1.78
Ao 0.115 0.195 2.92 4.95
B 0.014 0.024 0.36 0.56
B4 0.030 0.070 0.76 1.78
C 0.008 0.014 0.20 0.38
0.745 0.840 18.92 21.34
E 0.300 0.325 7.62 8.26
Eq 0.240 0.280 6.10 7.1
e 0.100 BSC 254 BSC
ea 0.300 BSC 7.62BSC
eg 0.310 0.430 7.87 10.92
L 0.115 0.160 292 4.06
o 0° 15° 0° 15°

Note: The control dimension is the inch column

14
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16 LEAD SMALL OUTLINE
(300 MIL JEDEC SOIC)

Rev. 1.00
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1
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Seating

28/
T ek e I

XR-2206

INCHES MILLIMETERS
SYMBOL MIN MAX MIN MAX

A 0.093 0.104 2.35 2.65
Aq 0.004 0.012 0.10 0.30
B 0.013 0.020 0.33 0.51
C 0.009 0.013 0.23 0.32
D 0.398 0.413 10.10 10.50
E 0.291 0.299 7.40 7.60
e 0.050 BSC 1.27 BSC
H 0.394 0.419 10.00 10.65
L 0.016 0.050 0.40 1.27
o 0° 8° 0° 8°

Note: The control dimension is the millimeter column

PR g f )
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NOTICE

EXAR Corporation reserves the right to make changes to the products contained in this publication in order to im-
prove design, performance or reliability. EXAR Corporation assumes no responsibility for the use of any circuits de-
scribed herein, conveys no license under any patent or other right, and makes no representation that the circuits are
free of patent infringement. Charts and schedules contained here in are only for illustration purposes and may vary '
depending upon a user’s specific application. While the information in this publication has been carefully checked %
no responsibility, however, is assumed for inaccuracies. :

EXAR Corporation does not recommend the use of any of its products in life support applications where the failure or
malfunction of the product can reasonably be expected to cause failure of the life support system or to significantly
affect its safety or effectiveness. Products are not authorized for use in such applications unless EXAR Corporation
receives, in writing, assurances to its satisfaction that: (a) the risk of injury or damage has been minimized; (b) the
user assumes all such risks; (c) potential liability of EXAR Corporation is adequately protected under the circum-
stances.

Copyright 1972 EXAR Corporation
Datasheet June 1997
Reproduction, in part or whole, without the prior written consent of EXAR Corporation is prohibited.
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