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ABSTRACT

This thesis proposes the connected grid inverter such as power supply of power
system which use PWM inverter method. Bridge recfifier transfer DC current to SPWM
inverter for convert DC voltage and pass to lowpass filter and step up voltage to 220V.
Connected Grid method can control power angle,voltage and frequency for fransfer

slectric power to grid.
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Low Pass Filter Magnitude Response
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Fawtasddunafieaierlfims dada deunduwidasdinunngfiduaean
(Output) ﬁ'am‘mrm'\ﬁ"uql.La:ﬁﬂmuvlnqa WarmIdiumduretunsuntoanl
Infidporutwasugltoilvnnfigs Falunmsumnmeedyy alWssusuwnseniie:
fimuafinUzunudag %atﬂuwaﬁﬂﬁ’gﬂﬂ‘a‘unizumzuu"lwﬁﬂﬁmLﬂuuu@"dué‘aﬁu‘u'luﬁ'ﬁa

HFasvimians e finuaznanTenuasefuadin
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e ———— : i ————
flnuonanaIniztondimiansels

a & a
2.6.1 anfuafinuazanuisuasuaiiniu
o« ~ . F] | o g w -
gnfuafin  (harmonics) WY mmhznaulugﬂﬂau'l.fnwaaﬁmumjm wia
= J ] d' | ] o i dl A "] 1 f
Wuauduevlag mum’mnLﬂmmmmum’maam’lunmnga ADHILTU
' = el a a ' i oo ' A o W oa
gandsznaunianuidu 2 mwaqmmﬁuanga%ﬁﬂm’l aSuafindreuf 2 (second
harmonics)i uaumanwnanannarylaigefuvsanszuamioussaulwinfid wglan
lanauyTal ﬁ]:"l,;ifm’n'uaﬁnnuagﬁmlummzﬁgﬂﬂﬁwaam:LLﬁ'Lwﬂ’m?aLuwﬁuvl,wﬂﬂﬁ
a & = 'y o | w = | 4 & a g
Raviowlanlefaziinnfusfinruaddnigues mifszuanhUafuiug Aariowann
v ‘.‘ L5 .Y 1 A‘ -
wiawesllangadulmizdasfansonaindr arwieuafualinay (total harmonic
distortion : THD)
& = . . , w ,
aMuiNauaSuafiniiu (totol harmonic distortion : THD) wanpila aamain
SRINANTINAFRILRINAUINAAIREIBIATINAAIFAIGRE  (rms)  vavdmsznay
mivaiin Audidtmasalszasdiuliznaunnutivanya duaasluaumin (2.8) usz

2.9) é1 THD #enlapwzvanails dyanseivainsiuawa ldunduiuanadingn

N8 [1]
1
v ¥R
THD, = (-@E—J -1 (2.8)
Y
A E
THD, = ( }"“J -1 (2.9)
1

2.6.2 uaniznuraIaivafinaaszuuie Wi amTanis Wi
nanEnuiiiaanaiuafinden Ty aansnutisaanldrasuuudlsiude
LUUS s AULASUULTEIEENT  IRULDUTE S A URANTENUAsRIUN IO R e Tauaz lauuin
[ 1 A‘ Dt (% dl ﬂl : [ ')
una:aglugﬂ‘umm'\mwnwaameﬂu"l.wwmmeumuuumzu:mn:mnﬁauvl,uﬂau
wuuazainazagluzUvannugguioddumuniausaueu
L4 a | a a & [ a
Nam:ﬂmmm:a:wumw’lmm'l.ﬂﬂaﬂﬁﬁmmvhgamﬂnﬁmﬂwvl,ﬂmuhaﬂﬂ
L7 s [-d 1 ] J Qo [ L")
muqumuﬂauwnmamﬂmammwmawaumﬂﬂwﬂ’nﬂuﬂu
Tunnefingyasanfuaiin i e nufiaTanaias i@ WK aaaLas
b [T [ Y o a LT -} [ - e
RANINUREIA IR FTaLAS m%:m'l.ﬂmLnuﬁszqmmuwwmmwswzme"LWﬁ']

'3 F-Y o v a 5" & € & & a o ' Ry
El"ﬁl.lﬂ%ﬂ%:ﬂ']'l.ﬁtﬂﬂﬂ?:LLﬁiﬂﬂ’lﬂ?TNﬂuﬂﬂLﬂWﬂGl')i.ﬂ‘Lllh:%q TIATAINIIWEWBDS
s | = 3 e & AI J’
LLTJﬂuvLWﬂ'lﬂﬁ'xlﬂm 5% - 10% EIT'TIEJNﬁ'ﬂqlﬂﬂ'lﬂ?:LLﬂﬂ'ﬁrlBNLBﬁLWN'ﬂ% 10% - 50%

62333
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wazuananiudionnafaduneuiiuiilodidneia (dielectric) sasnfiviizaBnens

fueiinfiansssiniwiAeenutouiin  (overheating)  AinsTaulsalWindoaz
wutesluntdifinteudassnsmasuuvliidadmindmnann Taoflunsdidingrams
dannavamiautselWilasmaluesionfiefidurindy 0.9 vasdfiRtavassds Wi
U1ng (kVA) uazfav iAenuadufisufinnsas (neutral) Bnéy

O =1 [ Y 4 & B aw
2.7 vanmsuazmaegnisaadwiasiaadidiussuuldia
nnwanmtlunqudflansmuud?  FunsunsnafounaulWinssuasaui
FNTUSUTRaLTI WA ﬂ%’uqmﬂmm:ﬂ%’umwﬁ‘lﬁ LARINNTONE N A
ar L™ A d.‘ B J [ o L o
unsduliihnszuasdy  fimafeluwinlilunsaruquantlnavasddsiniliiduly
d‘ R L 1 o et | Lo At A
aufidasmi it s mwﬁmsmuqumimumm'lwﬂ’rszwmuaﬂawamww:
1 [ PI-Y 3 g G o a a4 3
FuTndauTIauwinafiaaf TR UL Ie U a T UL WA lelapaziTarvuaany
132017 A8
S AUALTIAULHINY
- AudusIanLYinng

- ;amLNmmé‘uwhﬁ'u

nIAuANNIei W TendnaTaaealR

I r I
| | Ztine I |
ot | BT | ! o :
)— ' \AAm I e A
f | ;21_2|:: ——————— zz1| | Va
! | | L |
1 U
Ve lVil Loz va =il Lox

A = o L)
31 212 M3 TR T IR aaIringa Inih

Tum AT Tar It s Wi laslfianiemtivarasnizuauazingas Wil

A o 4 o Lo 1 A L= Qs - B
mugﬂﬂnaLi‘Jmu'Lau“L@a:unmunm:uummao'l,wﬁ'n:m‘muf«t 1 futr 2 uazflen
- 2 [ ¥ 1 = . ) 1 1 L z d = - [
duAuaudvadasdiln Z=R+ X AU IIUENIRDY FalrunTlumsilaTes

L

Taea Uil
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Sy, = By v jO, = KM (2.10)
Sy = P+ JjO, = V(1Y (2.11)
Vv, -V
I = L1z (2.12)
Z
Taan
S, fa fasiuvhmufilnasnts 1 w2
S,  fa Adsluiruilnas g 2 Tiils 1
P, #@ AarlWiinatefiluasinss 1 WWiia 2
P, @a Aasininetefnaania 2 s 1
O, fa fasiuadanilnaensy 1 Wi 2
0,  fa fadlaiuadaudilnan s 2 s 1
v,.v, #o uraewlWiATe 1 uaziu 2 mudeu
I a0 nyzua Wi flwaonte 1 w2
Z  @a SuRuewduasausl
F ] 3 . A a 1 [
) A8 JYUWIBIUBING  (power angle) mGLﬂugumdnu
senirausosulwWiivames
Vi|¥3|sin &
P, = P¥alsing 2.13
12 Y (2.13)
1 2
0s = L -Willeoss 20
V||V2|sin5
p = WlPlsing iy 2.15
21 X 12 (2.15)
1 2

daRnsansuns wldsmdiWiiasudsauguwiiaiuaniia (power angle)
T(ﬂﬂmsmﬁ'Lm@'fu‘lwﬂwﬁﬂ'aﬁaﬂaaLm:ﬂ%’umqmwmaﬂmLﬁaéﬁu@i 0 fl3 180 nden A9
asvilrhar i maans 1 s 2 TeomdslRazdiaiudang LLa:a]:gaqcﬂ'ﬁqu
wafuaafiaminiu 90 aaml,m:a]:a@aat,‘%iauqti‘iaqmwmafuaaLﬁamnﬂ'h 90 89¢M
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1 L ¥ -9 ) L =) L3 L) 1 A‘
A1519N 2.3 RAaNMIUN TR TUIM I WMavaImasWF g nanTassas Wi

299 afas WA

] 1 A 1 o e | 3
WA Wa P odlu +  amawiiede

P illu - : SuasIWwiaTe

—-O_ Q du+ ; edaY W watien

Q w - ; Juhadwilailon

LARITU Wa P i+ Sufid s wines

P itu - ; dneiide Wi

_O; a iflu+ : SumatiWiaden

Q 1iu - ; emasiwlalon

o G

nsmuguidsTwihangUd 2.12 auyddusedu () dwssduiioonaimaes
dunafieaf uar (%) duussduasaniaszunwih mdslwifilAeduazutsiena
yuids () namde dyuiduduninvioyuivevesduiedined (1) Swudiwseu
289 niaszuuluin (7)) maslwiiazlnennsuuinilugdunedinad uddhaudad
feudlusuvionaarasuidufidunnafiasfbhmbusduzasszuiWin - maslWif
srmarnduieiinetlugizuy Wiy




unn 3

HKANATTUDITEULNASTIYRLLD HAYDINIDT

3.1 KAaNN17UB9 LUl

mngﬂﬁ 2.1 mavhnusasssvuEudunnfisaeesdulnfiinszuaass (7,8
ALlszunm 36 £19 60 1ad %wnﬂwﬁ'wmﬁnms:ﬁuLLsaﬁuLa’lﬁwmlmﬁ' 220 Taaddl
Tnandne 9 uaziIwIsesesReuL b duefinesuaciainefifonsasanfuafinlu
seuft 3.5.7.9,.. IWindaudesuedndaud 1 ldaviyniluwavasusedudszanm
220 Thad mudtenlusunsdsireWinszuaasadhiuszuunsiudn smuisadenlosle
TagltranieaRduuddnduiefiany wazaursndnemasiwanunassn v
NTEUAAT "Lﬂ.lifas:uums‘lNﬂ’lLLaﬂmmﬁ@iaagjmdﬁﬁmzuumﬂwﬁﬂmﬂnﬁﬂ%"ugu
WwLesueafia ‘fjagﬂumsﬂ%‘ugmmé‘mmﬁﬂqmamaﬁé‘uu'ﬁ‘:Lﬁu‘éuna{maﬂﬁﬁau
dwihusssurasms Wi uwdnnistesnisdssamaslwisendrada 2 U 4ol
el iudaluwwate 2.7 Fefidaniseraiasiii@ulviussuunis Wiy wazgesnn

el s nans i ssuu s IR we g

3.2 1993MAY

seuuflFluninfenlosund s ldfnssuaasatitussuums Wi wazsnn
Wi aulwiuszuunsWifuszTnae fmosBuadseelui

3.2.1 wanaaRduuinSudunsfinofdudiualdul ssussiwlnihnszuaasely
Wunssanlwfnszurasy ﬁ"Lﬂugﬁﬂ?«'uﬁmﬁummu'ﬁﬁuuanﬁu Junsliwanmeia
suoralnlussdyanasumisunonieuts lnolddygraigesienludeiu
lovlfinaiangd Fedgygralmiihandioufey Fygramunisuamansadauly
Teninle

3.2.2 wifoutlaaAnusenn iumunldlumaysousiuuseuliinssuassud
aanmmaasmaﬁﬁuuaaLﬁuﬁunas'maﬂﬁ’gﬁu vl 220 Tradt

3.2.3 sansaafnmrmanuiidnudaiwsesuesd Aaeefldniesdyaroues
Asuudndnliiiusyyrolast

3.2.4 GT’Jmﬁmﬂ'}m'ﬁlunﬁﬁau'ﬂuasw’mmn'w"]EJ"L‘HI*NWﬂs:uaﬁé’uﬁ'lﬁmn‘gﬂ
LeafiduLAsvanesaesiussuums WA A elwseiias T e
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33 WITAIUAN

R R

asmuguasszuuazldundng fia warhlfaiedygodiuneaiinuasises

=3

eaRduuanindunefinafnsadidy g mturasaaAcuuIndmdumsaarygm
a €A e raoa | a W v
uppdslalud da Ayanmlmifudygraamumasaianlldeiy

A 3 R Qe @
5uf 3.1 vRanlaazunsuuansdynadiy SPWM Bunedined

A A . (-
a9 9 1092995035
3.3.1  2935.38uWR (phase shift)
B /U A s a =) L A b el et LY o o Q'
viwiAdsuyariids ( 0 ) Wldasmfidasnns TauSudgguduiiAousaiu
s a | L Bt 1 ° (%] Qur d
szuums g s fawnaldussdusueen hnlussaun s iWihdsmansn
ﬂ%'mmgumemzﬁwmmﬁaﬁu‘lﬁﬁur.l TaeauinamntsndSutwinldaaud 0-180 asmm
1 -t Q e Uz ! ' i‘: ) d'A o ]
wdrnmsasnuuuyaidsasiimsiuldasud 0 -10 asrnividu duaruinldezian
s " Lo ke A L L Qe A
asetuAsIgunIs i (50 Hz) lesfygnndldash lduReuiudygnumuniey
a a & o wel
Bnf iiayn1suegian Muszidsausansauuas LM741 munsngldnmeanwan a.

+15V
10K
YV VE— —1 LM740 gl
. 2 7 <
Grid 10 uF $ 10K
rle 3 8 "y
4 5f— Output
100 ‘ 100 K
20K -158V 1 UF

4=

gﬂﬁl 3.2 39955 0UWa ( phase shift )

.
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Stopped 3 2006/03/24 07:54:78
i Sms/div
{Sms/div)

... NORMC2QDKE /S

wih -a.s20v

3,820 JMgh  -3.820v - Mot 2 R43V
Fraq 50,00Hz : .

....._1,7?-5”..5‘

3 12;60v B -t2,80vy .
| Avg -Es3twy | Freq SO:00Mz ! Duty SN.SX
: : : + : :
T
;:
sMAiter= wOffset= ofecord Lengths aTriggera
Smaothing : OFF CH1 : 0.00v Main @ 10K Mode : AUTO
BW : FULL CH2 ; 0.00v Zoom 10K Type : EDAE CH1 &

Dalay : 0.0ns
Hokl OFf :  MINIMUM

P a oA e o
31 3.3 Ay il Tuderanasiawng

3.3.2 ':wsa%"\aé@npmmumﬁw (triangle signal)

ﬁ'mmfwﬁﬁwaé’zyzy'\mmumé‘ﬂusfﬁmﬂ‘nuﬁﬂummﬁmaamsﬁwﬁ'ﬁmaa Tag
usniuauAksrrnaldde ansdausasinldasee 10 -100 kHz lufiiRenls
anufigiafed 25 kHz fluwdnlumsetugy  dygnaildesih i Soudeusy
SynnlniEnfifemnsuegiaa MuszEuauas XR-2206 awsaglefinianwan a.

W
+12V T Output
1K
1 XR2206 18—
L 2 15 [—
10UF = 50 K
,T_M___ 3 14
10 uF :]: — 4 13
r—s 12
1 nF
T s 1
AN 7 10
10K
— 8 9 |—
300K =10 uA
-12V

i v e = . .
517 3.4 2397839 Y Y UTINWRBY ( triangle signal )
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Stopped 3 2005/02/18 03:0557
TH1aZv | : : : : ¢ us/div

oG 1 5 z : i {(Immsoi)
5 : : : : ... NORM:10DME /s

=Tracale Maw  4.000v Ras  2.5MV Freq 25.13kHz
. Duty Stpa U SRR SOV SRR AU
=Rlter= uOFfeate wRecord Lengthm =Trigger=
Smoathing : OFF CHT : ooy Maln © 10K Mode | AUTO
BW I AL CH2 : oav Zoom [ 10K Type : EDGE CH1 £
Detay : 0.0ns

Hold Off MINIMUM

=n

T

o o a 4
3.5 FUUMRBLRALUNAINND 25 kHz

3.3.3 AauwITIans (comparater) (uadasiidgygnnval triangle Was sine
au1snUSy phase shift filaunmsi3uunouiiaatodg gt SPWM

i
Input
o_
+15V
—1, TLOBZC [
! P s SPWM
AW 3 8 o
Input Output
o FA &
-18V

4
JUA 3.6 19TRBUWITIA 84 (comparater)
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Stopped b 2006/03/12 020105
CHI=BW R i : : : T 20ue/div
b DA | : : : : )

=Tracels Max  14.20v | Mih -13;80v . Rme  13;38v

............... feg  B.930 | Freq 24:7SWHz:  Duty 81:1%
=Flller= =0ffgat= =Record Lengih= =Triggers
Smoothng ¢ OFF CHT ! .00y Main ;10K Mode [ AUTO
BW | FULL CH2 | D.oov Zoom [ UK Typs : EDGE CHY &
Délay : B.0ns

Hald OFF :  MINIMUM

3.7 fyaoe SPWM fanwdl 25 kHz

ar

=n

3u

334 'Jaﬁ]ﬂﬂﬂllﬂﬁ(dead time) UAZITTULNNUNTIIUFS (opto isolator)
wi AU Sudyym sSPWM Tiienduansfygnffisn v sdygmasetudiau i
wazlitraealnd udBeagam  aendnlddnaaniunaues Whsesudisded
doly Tawowddeiidsuli9 26 us TwaziBue TLP550 us: CD40106 ugaslilu

MAHWIN
15V
—11 TLP550 4 1BY
2 7— #
BY ” FOoK
3 g 1
1 cD 14 cMos B
—4 5 HIGH
|, A0108BC | To—2 8 sl o iow
1N4148
SPWM 1 12 3 14
o 1N4148 : * —
‘ " LK 15V ‘ W
ch.f | © —s el
T F —& R -
6 9._11nF -] | TLP 530 g
—7 8 2 7 $10K e
; . 8 9 |
100{— 4 5

U7 3.8 199500 N4 (deadtime) 23 TUENAUYNILAS (opto isolator)



Stepped 3 2006/03/12_ 03:28:07
CHI=EY ~  CH2=8v | T 10us/ div
pC 11 DeE 11 : T (Dus/div)
P UTURTR SOV SO SRR SOUOUS B 30 i MORMI0DGS/S
] : : :
N
rots M
T St -
* : : : ; 5
=Fiter= =0fFsoi= =Record Length= =Triggar=
Smiooihing : OFF CH1 : 0.00V Main : 10K Mode : AUTO
BW : FAL CH2 : Doy Zoom : 10K  Type ! EDGE CH1 &
Dailgy : 0.0ng

3.3.5 1991vihadat (gate driver)

Hold OfF :  MINIMUM

7Ufl 3.9 dygrasdiduine ( high iy low )
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o W oA o s { o o §ow A { w“ a4 oA
vwihiihdygrafiduwannueniumassnseduligilunaiazduiaiod

yiaeudRLan uar Usay (ulasiaievesisnnSunit booststrap lewld IR2110 wia

IR2113 ﬁuanﬁmg‘lﬂ"mmﬂumn f.

Drive Inverter

L

IR

! P2 I
- 2 1 LOW!N o
T O1uF —, 2 J. e . ;
b MUR 180E —4 " HIGH Iy =!
a1 : ': 18 v
1 N %
[: ’ IR 14—
H = 12
== 0.1 uF . 21 ‘LLOE‘ PIN
£ MUR 180E —] 4 " JHIGH IN
- s af. ¥ -
- 0.1uF . . 18V
— sl J_
e s A A .
3'1]?1 3.10 N%Wm'ﬂmaaqﬂmmmwnm (gate driver)



: Avg  4.282¢ Frbg 24.7EkHz: Duty Q2.7%
=Trace2s Max  13;00V Wip -1.800V Rwmg  10.02v
..... LooPwg Todagy o Fréq 2475z, Dulty E4:5k
rritprm nOffagim =flecord Lenglhm aTriggers
Smoathing ; OFF CHY | ooy Main @ 10K Mode @ AUTO
BY . AL CH2 o.opy Zoom 10K Typs | HQE CHT &
Delay : 0.0ns
Hold OFF | MINIMUM
= o A a
3N 3.11 TNV aNITNINITUVULNG
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unn 4

ASATWIDLAZD D NLLL

Tuun# 2 ‘lﬁnainﬁaqmé‘nwmxﬁuna%mafﬁw%’m‘fxamﬁaﬁ'm:uu‘lwﬁmﬁ’aﬂwm
) v A s « P A | o d Py
FanTasnuuuLazssBuiesiaes  AmurtomeudenuszunWild Asluuniie:
] o A W [T =
NEMTINNTEIRIN ARG 2893935898 UL85100% TIUDINITEENKULIIITNTINNNA
o ¢ W & o ar ' = [
druawaanyasdwifinadiisnanausyyrosiinin Wi amoanin

4.1 29efndvdwnafinaidanuszuuld#a
41.1 Swnedneddonuszun Wi Alslusnwdded u.amlugﬂﬁ 4.1
1. gasasduneiiaef (inverter circuit)
2. "zgmaiﬁnimﬂ’nuﬁ@%’lmu (low pass filter)
3. wlpuyadrings (power transformer)
4

") = {
eundrnbusenlpg

tnverter

Grid-Connected

d 1 =3 1 L=
3 4.1 dudsznoua asduafiaasaanussunlwin

- a 4 ¢ v o
42 paRnn9aTdmnafinednadusruulddh
@ oA uw a 'S o P -

Turwdddl Idduuuuiunodfineiniawsuuuyaried laofivuaeunseanuuy
[ Py
danld

421 pyymawaRnafitasesiwaasined

1.) MARaUsTIA R usanueduedinas

Warmuadusidulnihnssusassdiwmt (7,) = 36 V uarduoguatufiante

o a ) L4 a = Gl Qe A
Un& m, = 0.8 munsnd I Ausicudueanuesduiiefineflddsaunish (4.1)
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I, = fuaauanszuaduasnuasduaadined
I, = 1 rms vadNTzuEauaanaIBwIofined
v, = usseuiwiivesdminfinas

7, = suaavaiussaueusanvaiiniedinaf

M1 rms VBILTIARMUaaNTaIBwNasines

of

m, modulation index

)

ol = I/;rw = man

V,= 08x36 = 288 V

v, _ 288

NN

v, = = 2036 V

o w oA o o w g d ' [V Y
smiudaulinussdulnfdudidiga A EO Y Y LT o P LY SRR TN CTA PPATC)

Terofusgiadu m,> 1.0 lapfidussduduaandsnafuiu aunsam ldasi

_ Y :ﬁzzs.sv

srainusInw A s uaassdwtvasBwnafinasdoslaidinds 28.8 Tadl tiRa

1 Lo

lldiAennslanefuaguatyu dwdalduy san1s¥nlaasu ag}m'ﬁ'uﬁfu“lﬁnﬁm'ﬁuﬁa

2.} wiRfenssuRdInasnuaIduafined

TapAmun RoaR §Ig %N 40 w uasA1arlsenauriing 0.9 azle

P, = V,xI;xcos@ (4.2)

0
Iy = P _ ¢ = 3.1883 A
V, xcos@ 20.36x0.9

I,= 2xI,, = J2x2183 = 3087 A
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3.) WwIaRAafAd IHHTA A
loeluniddvuedRiar1asiwidusan YAy 40 w uas UszanSniwuas

Fuaiiaedly 80% 1NgAT

n = for 1009 (4.3)
By
gn=hx1oo%=£x1m%:sow
n

L7

4.) MANATEINTLUINTITNUTN Lo ALLTIaUNTEURATIGIUETN 36 v e leaadt

Fao= 1y x Vy (4.4)

I3

o cr o Ao st [} L4 Ll Py
ANMTNUITRLLBIA W ﬂ"lll"]'a'ﬂiﬁﬂﬂﬂﬂﬂ']ﬂd‘ﬂﬂ\‘lﬂunﬂﬁitﬂﬂﬂ@lﬂﬂu

nazuaswdn (/) 1.38 wauul$ (1ady)

nszuaeuaan (/) 3.087 weauLd (Fhunssdudassnioutlasmg)
urIAunTzuaasIawg (V) 36 - 60 Taad (1ady) (WUndld 36v)

usaaudwean (V) 20.365 Thad Fuussduduasmdeaudasig)
fsolWiatedwdn(p,) 50 Tad

fsglwiadaduesn(P) 40 Tad

UszRndaw 80% (aagszuion)

fAgdadsznouis (PF) 0.9 (laatyzano)

422 MIMVWIAANATDIMIRIAD

nmIfnudnanszuadweengIgavinny 3.087 A Lm:u.iaﬁuﬁmt.ﬁﬁgaqﬂﬁ
AAuAInIL 36V SaIat e aeduunaRAiauInniT FeanUeInSILRLTIGUARIWIL
& TauRSATANsEUR 2x3.087 = 6.174 wani) uazusadi 2x36 = 72 1iad aniudaudanls
MOSFET Lua$ IRF 840 48331 international rectifier #33RAanszua 8 wanudl¥ uned
NG wsedn 500 1aad ﬂua:Lqumauﬁ'ﬁﬁus]uamlumﬂumn f.
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=
4.3 NI2ANUVLIITINTAIAINAUD

= ' « a A a A
AMNTUADUMIBaNULY dablaziduniteanuuusdifldulateuiinadiu
a. \ a & w
A28 UMTOINWUL BVNIRUN 4 TuaaueId
1) IassnuiidaimIseniuuininsasnnuiifduweanyesdunesiaofuuy 1
a A , e Py [ a4 w o e = a
W Aeudaiuszuum Wi Ara 40 Sad  anuddusanfidainisie 50 155
Toeflundsriuflodyyissuniufia Bunofiaesios uwaciRtaduosnussdunafinads
A e e, F
Anaaerolud

LLsa@“uﬁ’nuaan@hzg@ =20.36 V, m:LLaﬁ’maangaagﬂ =3A

2) wf
V.
R, = —min (4.5)
Imax
Rd zﬂmﬁ:ﬁ.?S Q
3
3) wieaafisneaw
F
Fy=— (4.6)
o) ZdBA
R, =—£-_=@:3,963 Hz
22 63
4) FUITHAAN
1=Ra (4.7)
=k,
6.78
- > o H
3.14(3,968) H
1
C (4.8)

T 2R,

]
T (3.14)(3,968)(6.78)

=11.83UF
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Tuaawlaeinag
o \ ﬂ. '] d b r-1
(M) IMNMIANWIMMANULRULIUNADINTAR 544 LIH
. & 4
{1) ATUWIANREAUNUN (A4

1.,
S a (4.9)
E =%(544x10_6)(\/5x3)2 =0.004896 J
A,=44 2E {4.10)

P T K KB

2(0.004896)

4, = > =1632x107" m’
7 0.6x1x(5x10°)0.2)

A4, =16,320mm"

wnusin B, =0.2mam, J=5Am", K, = 1(ﬁm%‘unsrﬁgﬂﬂﬁuﬁmmmﬁmﬁnu)
ez K, = 0.6 (window utilization factor)

BonuwAUNULLIARNaN  data  sheet lamdensiliuinnirdfilfanms
fwim lufidiemdanunwnadlsdiued EE42/42120 Tanflruna

A
A, =4, x4, =235 x270=63,450 mm
FaarmsiRanTW LA AW T Iz s n1sUsuLL R uanan e ldlaans sy

Aunslfuadinesisasnias
() furmndwausauluntswuamiteain
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N="= (4.11)

v = (544x10°)03)

~ =34723 =35 9au
235x107 x0.2

(3) FIHIURIVUINVBITAR TN
I
a= ..-]_ (4.12)

a =§=O.6mm2
5

A== B 047 mm?

7 Tk

=3 IJ -ﬂl o =l o= r-| o '
daamsaaaikaiiamuasilngide Ao waf AWS 27 wmmaumuguﬁnma 0.46

J 4:' Lo 2 a = = 1 L
mm WUNAUIAN 0.136 mm RIUFLNRHIININD

=5 &%
5

(3) N1IATRRDUFANSA 6 lnaedaiian L

AK, >aN
(270)(0.6) > (0.6)(35)
162>21  useshiioulndueie
(a) Tasanne

2
/= —”DJE 4 (4.13)

/- (47 x107)35)*(235%107)

- =0.665x10" mm
§ 544x10°
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A S TamaAuing peiane TsldudautssmfsdRinasdeldil

Anarinad Wi IUe 40  Jed
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Uszunte 9 1984 J9dadaanuuuiie
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2. Ywshfnsannudnfsuysinssuai&s W asszuuns i
[BE") o A a S éa W d 1 & a Qi L ] A L =l' a
wathwndunfisnhidnanlngiivly  dldlusuenaianfdmileiiann
a o w [V M w d . a & a e 4 o
Fwld Aldbussdudusanlildauniivue Bnntenviinaderidllsznauriigs laavin

a
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o 13 ] = ; I
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5

msaanuuvsnitosinlimuzrunuRna i sl g u TaufnuasSudn
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Aadabuft
wssduszuumsini (p, ) 220 Tqad
wssnuduefinaf(v,, ) 220 Taad
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faseawa (P, ) 0 Jad
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yurfagga(s) 10 04
a EH

.=‘ o ] bt ] a Qs s ;!"
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Vg . (Vinvl).sind
wlg
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2
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g o S [ Lt Gt Gr‘
WnuFTAnaeng 9 laaei

(220 x 220)sin10°

alg =
£ 40

Ig = wlg _ 210.114 = 669 mH
2z f1 2r x50

a v A o |
NRTINM TR WAnanwieadgaulys Ussuo 669 mH

o w = 0 e w
wirwiauenszian maluduniiendh nsums 47) Tesduualduwnauas
usauyaguiuaanyasduefiae i mhusidusuunTWiY e 10 v ield
Bunnfinefaunsnane A et I dsssuums Wi e e lddsmuned

Vg£0° — VinvZd  220cos@ — j220£10°

Igl = =
joLg j210.114

(4.16)

(220c0s0° + j220sin0°) — (220c0s0°+ j220sin10°)

Igl =
5 Jj210.114

[l = 334382 3835850 0 o
7210.114 210.114.£90°

B = ' L d
wduldhynnanzuaaziinsy urashnszualimsinenfufiefidnue Tasauns(4.7)
A . o w a Py ¢ o & A A
irnualinszualuansuums Wi ldguefiae’ dumfinrmanssuaiasinasin
dunnfinafludsszuumsinih laaduwnvasnszus fe | 7, | = 0.1825 A
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FuuuyAmaefiaoareluaniiuuamssinieusan 40 Jad IFaaniieni L,
fflaunn 669 mH msneraUBuesinasdanunInTsuLinih BuausIan 230 - 240 Taad
AR (frequency) 50 1Fsad uazmwinusasulWinszusasy 50 - 60 Taad ez lym
frias INfeuaan fausenaurids Wiy UszAntniw 1esdunefined

usaeulwinszuressludil axtfhuusesnliihanisasiioenssusuuuuiadife
$aosussuidnuulaessniie 50 - 60 Taad uamsﬂmauuﬂmﬂumuqﬁoﬁ

1. uansneamevdsEAinimwrasduneiined

2. nsmsnasauitufisueIawasefunsaszu I

5.1 qﬂmrﬁuazm%aaﬁa%‘m‘lﬂﬁﬁ

i3asdodnlwihfilinareuysznoudaenieriadds Wi waziniosinussiuuns
nszus Snuazifvasieiolyil

1. #inonser@alaalailiu DL 1520 8 bit 200 Msis 150 MHz YOKOGAWA
I¥lumsiagUndudyimnismases

2. FLUKE 43 POWER Llflumsiufindn nszus usean mavidiuassne
ﬂiznauﬁwﬁ'a'l,umumaa'lwﬂwnsmﬂﬂﬁ‘uLm:gﬂﬂﬁluﬁiﬁmnﬁunaﬁﬂaf

3. MULTIMETER fw 973 A 2ey HEWLETT PACKARD I5lunsiaussanldiia
FwIWA

4. undvitpusasulniinssuardudiudnle (voltage regurater) stendal SD 16
capacity 4 kVA max 16 A
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5.2 45n15a o el sznoaunias N wazdszAndnw

| g G o A a ) w g
a1 bW wsadunaznyzur Wi Ate ldannimeravidedalu

v, = ustaulinssuaase
I, = nszumbuwa

V. = usseun3atzuulWih
I, = NIzURDIAWS

P, = taaldiBudne

P, = faaldiuendun

S, = faslndadsng

0. = maslWiliailon

n = dsEnTAw

PF = dlsznaufigg

o t:l = -l ] ;
mMsf AN AuTlddalyd

, d
(ad |, fLade)

g el
manuds |, Auage)
(I , dhendiduion)

(wanuld |, mansiduien)

(W)

(W)

(VA)

(VAR)

(dasigud)

= V, x I, (5.1)

= Vg X Ig x cosé (5.2)

= ¥, x I, (5.3)
Pg

= S_g (5.4)
Ty 100 5.5

= = X
P, (5.5)
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msnagauindnTzuausnn wazddd Wi liimsznndl Wi (no load) uas

mru:ﬁhu'lﬁ'ﬁ'u'[% FAFIATINAIUNTIN  UI9ITAISNARDING me'lumugﬂﬁ 51  URZHANTT

nasadndas L UR

Load

lg
Vi _—
g ( Vs lnverter
7 ) O
7 —
9 '
E a « &y o o
31]7! 5.1 Nwﬂﬂauaunasm'mnu'[mmmwmumu
@179 5.1 wansnasaufralaifnisnissng Wi (no load)
power output
m, P s 0 PF ppr | THD, | THD,
(W) (VA (VAR) (%) (%)
0.6 0 0 0 0.98 1.0 0 42
0.8 0 0 0 0.9 0.94 0 59
1.0 0 0 0 0.95 0.97 0 12.9
1.2 0 0 Q 1.0 0.94 0 121
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input output
m, v, (V) I &) B, (W) v, V) I &)
0.6 64.5 0.07 4.51 2246 0
0.8 53.2 0.12 6.38 2252 0
1.0 36.21 0.48 17.38 2227 0
1.2 34.32 0.67 22.98 226.7 0
A1T19h 5.2 Nﬂmmﬂﬁaudw'[‘ﬂaﬂmmcﬁﬁu‘n’mﬁ m, =08
oad power output
(W) P S 0 oF DPF THD, THD,
(W) (VA (VAR) (%) (%)
0 0 0 0 0.98 1.0 0 42
40 40 40 0 0.97 1.0 15.7 9.2
60 50 50 0 0.89 0.98 12.5 7.3
load input output n
A ARV RIS (%)
0 64.5 64.5 64.5 2246 0 0
40 80.15 80.15 80.15 230.5 0.13 83.6
60 85.48 85.48 85.48 227 1 0.25 62.18
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& g L yi] -] L L3 1 e =Y ] & bt
NNTNAFaL WL IEILASIIIENIRG Lﬂ’]ﬂ?ﬂ@]ﬁﬂﬂﬂﬂiﬂi:ﬂﬂ‘ﬂﬂ’] ﬂ’]‘i’l%ﬂ‘LﬂLLiéﬂu\l‘Nﬂ'\

. i a o . P o \ e A
nTruanTIAA1R uazUSuiUReuwen m, n 0.8 0.9 usz 1.0 LWBT’IﬂﬂE]‘]J'WTﬂ’]ﬂ’]RdLE]’]G{?;I@

L~ o A a8 a = L & A g o
AUsznouisd  UasUsEANTMWUDIaULIaTINDS Nﬁdﬁliﬂ’l‘i‘ﬂﬂﬂEﬂﬂﬁltﬂﬂﬁluﬂﬁuz'ﬂﬂ 5.2

o g
llﬂ:Nﬂﬂ'ﬁﬂﬂﬁa‘ummﬂﬂu

lg
V
g_ ()V ¢ Inverter t
s V' V)
/]
* * *
gﬂﬁ 5.2 1Tnasauduafinataanuniaszunini
a5 5.3 namsmassuBunafinasdenuniassuulWin A m, 0.8
power output
power THD THD
S Q I v
(W) (VA) (VAR) {%) (%)
0 0 0 0 0 0 69.98 14
10 10 10 10 0.64 0.83 579 1.4
20 20 50 50 0.32 0.34 24 4 1.4
30 30 60 60 0.41 0.44 19.7 1.4
40 40 100 a0 0.35 0.38 14.8 1.5
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load input output n
(W) Ve V) 1, (A) £, (W) Ve ) I, (A) (%)
0 60.1 0 0 2246 0 0
10 60.4 0.28 16.91 2240 0.05 59.11
20 60.5 0.58 35.08 2240 0.25 56.9
30 60.6 0.87 52.72 2242 0.33 56.9
40 61.3 1.18 72.33 224 4 045 55.3

HARMODHICS

HARMONICS
g91 "
009:

BB xr

15 9 153172125293337414549 1 5 9 131721252933 37414549

AP

WATTH mTS

71 5.3 munaduesn THD, use THD, (m,= 0.8, voulaiinnindslndin )
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(m, = 0.8, vz LaiTemas Wi )

HARMOHNICS i HARMOHNICS
G795
004:
1'40.3 KF

4

1
ul 5 913172125293337 414549 1 5 8 131721 2529 33 37 41 45 49

aMIrs s VLTS

gﬂﬁ 5.5 munasuosdn THD, uss THD, ( m, = 0.8, 1nu3urings iy 10 w)
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™
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. ¥R

2 | ) | s a . w oA
3171 5.6 Uaduusaduuazsviduadwarssduiasinefdanunaszunwih

(m,= 0.8, utaziafaa Wil 10 w)

HARMOHICS HARMOHILS
244"’
024:™

84 kr

1 5 9131721252933 37 414549 ul 5 9 131721252933 37 414548

amMPs WATTY UL TS

gﬂﬁ 5.7 munaiutesdn THD, uaz THD, ( m, = 0.8, ume3nofaa Wi 20 w)
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2240 2au wiv 493w 002 wu

U=
L, f

032 pF

034 prF

5[“] Hz
FUNDAMENTAL

L el T o T Y A kU
i S S S ; 005 wuen
- 6 ki H : T &
T o A 5 v = oo K b
% L 3 A s Do >
e ot (] . = N . T . -

T
7 5
4

4=l A Rt 1 o hd - ) bt a
jin 5.8 gﬂﬂammmuazmmml.m@fvgm avdnafimaddanuniaszuy W

{ m,= 0.8, pruzanuriad lWHN 20 w)

HARMONICS HARMOHICS

1971°
0c3&™
4D kF

14
5[103 Hz
0294
98.3 %r

l]l 5 9 13172125293337 414549 1 -5 9 131721252933 37 414549

AMpPs warts

gﬂ'ﬁ 5.9 mUnasvuaddn THD, uaz THD, (m, = 0.8, uuzd1uin89 #n 30 w)
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VOLTSZAMPS JHERTZ PORER
ST BhED 0410
X =, U[] B kua 501 uz
-y ; FUNDAMENTAL

i A Qe T o L] - [] R =
311 5.10 31Jﬂauuwﬂuua:mmam.aw‘vgmawwnaﬁmaa‘manunm‘:xnu"lﬂﬁﬂ

( m, = 0.8, Boardamaslui 30 w)

HARMDHILC . HARMONICS
1540 1481 Lo
‘4 rms rms 4995 12
EE‘U v [],439: [1.43:
30 kr 5&3 %p
-1

|
l]I 5 9 13172125293337414549 1 5 9131721252933 37 41 45 49

AMPS WATTS

gﬂﬁ 511 sulnasnuedrn 7HD, uss THD, ( m,= 0.8, vmzanoinad Wi 40 w)
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035¢F

038 opr

500 Hz
FUMDAMENTAL

A A Ot 1 o s = 1 L*) =
1A 5.12 gﬂﬂammﬂmm:mmaaLawfwmaaauna{ma{ﬂ prunsaszuulWdn

(m, = 0.8, vz ernas Wil 40 w)

80
72.33
70 )
357
$59 §57 /
60
Iﬁ - - §5°
50 y
£3 ' / 52.72 - ¢ -Outout
E 40 I » 40 | m—t—nput
g /45‘09 ———
30 7691 -
-
l / - 30
20 1 S
10 . /{. s 20
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0 D T T T
0 10 20 30 40
power Flow (w)

Gl = = e d
3UN 5.13 nTBune e uazdssAnEnwh m, 0.8
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0.9
p 0.83
0.8 / \
0.7 »
/ NO&

0.6
A Y

4 o AN 0.4
s 0 j \ — =DPF
Q / : -

0.3

0.35
0.2 032
0.1
0 B— T r T
0 10 20 30 40

power flow (w)

A Rt ) hd d‘
71l 5.14 nsadsenouiasi m, 0.8

ad., o

| o | a
NNNINAREURLIUNIBATY power flow 1WALSzLUMS WA oSy m,=08 %
] R n' 1 R 1 { ;Ju a v &
AadlWiedindn 40 Ted THD, azﬁmgaLﬁaammo%n‘saam’mnmmmu’tmmu
P ] o @ o y F 4 o P
Useannw AnszuaRnanoonuuuliiviny e THD,.a:ﬁqmmwﬁmumamumaﬂﬂﬁm
el . 1 ol A o 3 ke Ul "
40 Yo lusmues PF usx DPF fdrdaalevinnsidoluwihlnadagszuuuvainis
P = o = [P/ o
IWWAH AT Luaamnmamaamsﬂsu&;mwwna{uamna aaiwluntifn PF usz DPF as
, w A & ) \ | o e a & a I &
&3 A LR TzUUDR B RLIa finada IR AR iU TINg (VA) annBwwssduietiaasinig
] ) Qe A“ n'.-
Frofge Wi usdlan (VAR) 302 uiias
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nnsnasaudwnafinaiaanundassunlwih A m, 0.9
power output
e T, s 0 THD, | THD,
flow (W) PF | DPF
(W) (VA) (VAR) (%) (%)
0 0 0 0 0 0 66.9 1.5
i0 10 10 10 0.9 0.8 61.0 1.6
20 20 30 30 0.57 0.58 29.0 1.5
30 30 40 50 0.57 0.63 23.4 1.6
40 40 70 60 0.52 0.55 19.5 1.7
load input output 7
R R EG
0 54.3 0 0 2253 0 0
10 £§5 0.32 17.6 2256 0.1 56.81
20 £6.5 0.65 36.07 2252 0.19 55.45
30 55.8 0.98 54.68 2248 0.25 54.86
40 55.5 1.4 777 2249 0.35 51.48
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( m, = 0.9, vuziruiias w10 w)
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HARMOHNICS HARKEOGHICS
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017
167 kr

1 5 9 1317212529 33 37 41 45 49 1 5 9 13172125293337414549

AMPS . WATTS

3ﬂﬁ 5.19 sulnaduressn THD, use THD, (m, = 0.9, v0i37ari18a 1WA 20 w)
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2che b= v mn 00,1 we 002 057 P
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Y §E R i [l,[lakunn FUNDAMEHTAL

(m,=0.9, uuzdiaalwin 20 w)
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HARMOHILS <F HABMONHICS
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ul 5 913172128529 333041 4549 ll‘ § 2 13172125293337 414549

AMPS - WATTS

Eﬂﬁ 5.23 munafuuasf THD, uas THD, ( m,= 0.9, Baednafinda Wi 40 w)

UOLTS / AMPS 2 HEREZ g POLER

v zeave hin 3000 [ 004 . Q52w
. 75 1 7kun
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Elh"'l 5.24 Eﬂ("'.El'HUJJlﬂ%LL&:’.ﬂ’lﬂ"lﬂ-dLaﬂ@{ﬂﬂﬂlﬂdﬂ%nﬂﬂﬂﬂ{ﬂﬂﬂuﬂ?ﬂﬁ:ﬂﬂ‘ﬂﬁ'\

(m, = 0.9, vauzwi1Ra Wil 40 w)
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power flow (w)
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PAnamInaraLd m, =0.9 WeuBuafsuiunsdify m, = 0.8 dealfuseiu
BUWANSZURASIUTZNM 54 - 55V, Apussiudunaazinobivesiuesiaofimitanas
uszazled PF waz DPF ﬁﬁmgﬁunmam siauaﬁm’am'ﬁhﬂﬁné‘a'[ﬂﬁwﬁﬂﬂng (VA) un
mstiusnfl m, = 0.9 fazitafuegfassinliiAaenilufindstulussuvyinlien  TaD,
wss THD, ﬁmga%umuﬁﬁu fazgvhlddnszuaduid (7,) gamalusae anedreadludin

dl n‘ J o L ! A a‘ J b o @ a e .d' L b 4
AdRntu wwiliAemanugydEoluszuufisiudw dlvlsiniamildandonas

= a = A |
g13191 5.5 wansnagauBunaiieesdonundassuylWi A m, 1.0

power output
power
o p s 0 o . THD, | THD,
W) | (VA | (VAR) (%) | (%)
0 0 0 0 0 0 60.3 1.7
10 10 10 10 0.52 0.78 547 1.7
20 20 40 30 0.59 0.61 26.4 1.7
30 30 60 60 0.46 0.44 198 1.6
40 40 60 50 0.51 0.57 17.2 1.7
load input output n
w N | Lw | RW | LY | L@ (%)
0 40.9 0 0 22386 0 0
10 409 0.45 18.41 223.5 0.07 54 33
20 406 0.96 38.97 223.2 0.19 51.31
30 41.1 1.43 58.77 2243 0.3 51.04
40 43.9 1.78 78.14 _[ 224 .1 .31 5112




HARMOHICS HABMOHILS
5032
006+

735 kF

15 91317212529 3337414549 1 5 9131721252933 37414549

AMPS - WATTI WATTS
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15 9131721252933 37414549

AMPs UATTS
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U.[] FUNDAMENTAL
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2c43ie asue 003w 046 pr
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Stopped 3 2006/03/24 075420
CHi=ZY | CH2=5V i Ems/div
[¢Tv R 11 I DC 1001 i D (Smerdiv)

: : : t HORM:200KS /s

EEETR

P RPIS ST S N

.................................................... EU.UI]HZ
I;q ~12;80v

Freq 50;00Hz

...................................................................................................

afitars I0FFaetm =Record Length= aTriggers
Smoothing | OFF CH1 0.60% Main : 10K Mode . AUTO
BW © FULL CH2 : 0.00% Zoom ; 10K  Type : EDGE CH1 £

Delay * 0.0ns
Hold OFF :  MINIMUBM

A [¥) 2 Qe o w Al
3dn n-1 fynalmineandoussfygnalmifsanmninssuiRowis

Stopped 3 2006/03/12 02:59:03
CH1=8V . CH2=8Yy 3 : : ¢ 2msidiv
oc u1 DC 1 ) : : ¢ (2msydiv)

: : : : L : HORM:SBOKE /s

mTracelw Max  2.800V . MIp -2.800Y :  Rms 1,988
! Avg =65,67Tmv¥ Frgq = Duty 0.0%
aTraceze  Wax 4. 000% Mih =-4.600% Rma 2.664V
.. feg =109, 8y Freq = Duty ===
=fAlter= =0ffset= =Record Length= =Trigger=
Smoothing : OFF CH1 ! o.oav Main : 10k Moda : AUTO
BW ; FULL cH2 0.0av Zoom @ 10K Type . EDGE CH1 4
Delay : 0.0ns

Hold OFF |  MINIMUM

7 n-2 nswagisntzwindygnlmiussfygnmmuwioy (m,=07)



Stepped 3 2006/03/12 01:58:48
CHi=5Y : CH2wSV I : : Zmsydiv
DG 111 e 11 T : : (2msy/div]
5 : : + : : RMS00KS /s
T : B : .

=Filter= =0ffset= =Record Length= =Trigger=
Bmoothing : OFF CH1 @ 0.00v Main @ 10K Mode ! AUTO
BW : FULL CHZ : o.oov Zoom @ 10K Type : EDGE CH1 £
Deay | 0.0ns

Hold Off :  MINIMUM

=i . ' v [ =
Uf n-3 mauegiansznihsdganalniuasfyanamanioy (m, =0.8)

2006 /03/12 02:44.00

:
i

=Tracal=

...................................................................................................

Fraq === Duty T 0.0%

Mili ~4.G00V 2.458Y
=Hiter= =0fFaotm sRacord Lengihm uTrigger=
Smoothing : OFF CH1:  D.OOV Main : 10K  Mode : AUTO
BW : FULL CH2 : 00OV Zoom @ 10K Type : EDGE CH1 £
Delay : 0.0ns

Hold Off :  MINIMUM

d 1 s Ot A
U n4 mswagiaanszwisFygmlmiuasFygnamaniuy (m, =0.9)
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Stopped 4 2006703712 02:49:09

[ CHi=SY . CH2asy : : T 2ms/div
pc 111 oS 1 : : ! (2msydiv)
5 : : : i p— MB00KS /5

=Tracelm Max  4.000v [ Mih -4.200v Rws  2.801V
: Avg =70.06m¥ —— Duly ©0.0%
aTrace2= Max 4.200v -4.600Y Rmg  2.50%V
i Bvg 1962w o Fr i e Duty ==
+
+
}
i
sFllter= adffsel=m =Record Lengths aTriggers
Smacihing : OFF CHI1 : 0.00v Maln 10K Mode : AUTO
BW : FULL CH2 : 0oV Zoom ! 10K Type | HDGE CH1 4
Delay 0.0ne

Hold OFf :  BAINIMUM

A ] L ¢ [ d
U n-5 managiaasznindyg mleiisc Fygrumanioy (m,=1.0)

Stopped 3 2006/03/12 025341
CHI=BY © CHZz=BV i : ! C 2msydiv
oc 11 oc 11 I : : T (2msydiv)
s e TR IO o, e NORMSUOKE /5
I

..............................................................................................

=Tracel= Max _ 4.400v. Ml n_-4.800v :  Rme  3.i71v
: Avg  —74,05mW —— Duty 0.0%
=Trace2= Mak 4.000V -4,600Y Rmg  2.g00Y
© pvg =197.2mV + — DUty <=
I
-
T
sflljern =0ffsetm aRecord Lengthm uTriggers
Smoothing | OFF CH1 a.00v Main . 10K Mode @ AUTO
BW : FULL CH2 : a.0ov Zoom : 10K Type : EDOE CH1 &
Delay ! 0.0ns

Hold Off MINIMUM

A il [ Ly e E
Uf n-6 mMwagueasznindygnleduasfygImmumieY (m,=1.1)
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A

Stopped 2006/03/12 030156
CH1=5 : : : - : : . 20Bus/fdiv

T AR R e

-.F‘#_

:‘;.:-a;'.;;.;L-.-..a_..--L_.-.u;-,r-l.-»n-.l.h.- -_-.-LL_-u-L-
aTracel= Max 14i00¥ . Mt -12i00y | Rma 13;25¥
: Avg =1.781Y Freq 25;00kHz: Duty 30;0%

sfiterm =Offgetm =Record Length= aTriggers
Smoothing : OFF CH1 : 0.00v Main : 10K Mode | AUTO
BW : FALL CH2 : 0.0V Zoam : 10K Type : EDAE CH1 &
Delay : 0.0ns

Hold OFF .  MINIMUM

3Uf 07 dryayioe SPWM (m, = 0.7 )

Stopped 3 2006/03/12 DZ4718
CHi=EV : : : L : : ¢ 100us/div
pc 1 : 3 L : : ¢ (10Dus fdiv}
: : ! ! : : HORM: 10MS /3

";"|""""T":""'"“"'_‘:'"""'_|"";"""""""

¥

................................................. T T R
!
i
t
=Fliter= =0ffset= =Record Lengilh= =Trigger=
Smaothing : OFF CH1 @ n.aav Main @ 10K Mbda @ AUTO
BW : FULL CH2 : 000V Zoom ©  1DK Type : EDGE CH1 4

Detay : 0.0ns
Hold OFf MINIMUM

=n.

U n-8 Jygm SPWM (m, =09 )



Stepped

2006/03/12 025133

CHimsY
DC 11

o 180us/div
L (100us /div)
MORM:10MS /s

SHEAR AR

sFiltars BQffsetm

Smoothing : OFF CH1 !
BW : FULL CH2 :

sitecord Lengthm

=Triggers
Mode © AUTO
Type . EDGE CH1 &
Delay : 0.0ns
Hold OFf @  MINIMUM

g'i.lﬁ n-9 Atyeuae SPWM (m_=1.0)

Stopped

Jad

2006/03/12 02:57:41

CHwSY

wafpsenfomern]

o]

HI% -14;00‘(

=Tracel= Mak 14,20V .
: 1.111KHz : Duty 08;9%

Avg -413.6nV

5ms/div
f5m

Rmg  13;48Y

afFjtters =0ffgelm

Smoothing : OFF CHt :
BW : FULL CHZ :

aRecord Lengthm

=Triggers
Mode : AUTO
Type : EDOE CH1 £
Defay : s
Hold OFf @ MINIMUM

U n-10 dryqyion SPWM (m, = 1.1)



2006/03/12 0328:23

CHI=SV ©  CHZmEY : Tus/div
Dc 1 : pc 1 (10us/div)
S SRR AR T NORMI100MS/s
| S r.-m ......................... ........ r.o-ll-ll—"'
n 5
A 2.60us i : :
i L — AN

=Fiterw u0ffselm
smaothing | OFF CH1 ooay
BW : AALL CH2 o.oav

=iecord Length=
Main 0K
Zoom : 10K

aTriggers
Mode [ AUTO
Type : EDQE CH1 &
Delay : 0.0ns

Hold OFf |  MINIMUM

A o d e _
7U# n-11 Jya sy Deadtime

Stopped 3 2006/03/12 03:20:07
CHImGEY CHZWSV v © 1Dus/div
oc 11 DG 11 ©(1ous/div)

DU SN SURN I SO ORE U NORM: 100M8/5

S ) R S N

[ L
=Fiter= =0ffset= =Record Length= =Triggar=
Smoothing | OFF CH1 0.00v% Maln ;10K Mode @ AUTO
BW ! FULL CHz2 : 0.00v Zoom @ 1K Type | EDOE CHT &
Dalay : 0.0ng

Hold OFf |  MINIMUM

gﬂﬁ n-12 FynfidUsu deadtime 7 2.6 us



Stopped

2006/03/12 033556

CHImEY
DG 11

¥

aTraca?s Max
L Avg

aTrade®  Max

fivg

40208y U Frkg 24 5Kz
13,80 MID =i .800V

7.448v  © Freq 24;75kHz.

: Puty 32.T%

Duty  54:5%

=flitera

=0fFsel= aRecord Length=

Smoothing | OFF CHI1 ! o.oov Maln | 10K
v FULL CH2 ; 0.00v Zoom : 10K

BW

NI LN O BN DL

=Trigger=
Mode [ AUTO
Type : EDGE CHi &
Delay : 0ns
Hold OFf : MINIMUM

w
@ eIn 1uas 3

2006/03/12 03:33:41

2

| NoRmesIME /3

=Tracgl= Max

14;20v Mih =1.500v

6.)18v ©  Fraq 25i00kHz:  Duly

+

5.380v 1 Frpg 24 Fokiiz |

=Fiiter=

=0ffsal= =Record Length=

Bmoothing : OFF CH1 o.aov Main | 10K

BwW . FULL

UA n-14

CHZ 0.o0v Zoom 10K

s s

=Trigger=
hiode © AUTO
Type . EDOE CH1 £
Dajay ! 0.0ns
Hold OFf |  MINTMUM

ST LN BINARIAG 777 2 uae 4

[T
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2006/03/12_04:43:30
Ema/div
i (Smsitdi)

CHZ=10dBY :

Z'F | e i Jonefoe e
Tracez=.. Max.... 1.680v....
1’ © o fvg -40,32w¥

Bas.... 1. 1149....
Duty 50,8%

=Fliter= a0ffsat= =Record Length= =Trigger=

Smeothing | OFF CH1 @ ooy Maln @ 1K Mode : AUTO

BW : FULL CHZ : o.oov Zoom © 10K Type : EDGE CH1 £
Delay : 0.0ns
Hold OFF : MINIMUM

] a ad a4 A
U7 n-15 Fyanmleiieueensesnnud # (m, = 0.6)
g 2006/03/12_04:47:46
CHiwzy @ CHzm1v : Sms:,'

CHim2y . CH2=10aBv: : : © 1kHz/div

=Fhter= =Offgat= wftecord Lemngthe =Triggers
Smoothing © OFF CH1 @ 0.a0v Main © MK Moda © AUTO
BW ! FULL CH2 : o.00v Zoom @ TOK Type : EDGE CH2 £
Delay 0ns

Hold OF ;|  MINIMUM

a a . d 4
Ui n-16 Fygnalmifiriuinsawnd A (m, = 0.7)
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Stopped

2006/03/12 G64.50:59

© CHz2=2v
SlDEEE

I DL

© Sme/div
Cee . (SmEddiv] -

SFiltars =Offsats
Smaoothing | OFF CH1 : 0.00v
BW : RULL CH2 : n.oov

=Record Lengthm
Main ;. 10K
Zoom @ 10K

=Trigger=
Mode . RUTO
Typa : EDGE CH1 4
Delay : 0.0ns
Hold OFF | WMINIMUM

A w a d el
7U7 n-17 dygnoelmlfehuisesnsasnnad 71 (m, =0.8)

Stopped

2006/03/12 045409

CH1w2V

T CHZm2V
e DERR e

s aiy
(Bmspdiv}---
NORM

3
i

21 : e : )
Trace2a.. Max.... 3.440V.. .
Avg  140.3m% |

afiiter=s =0 ffeel=
Bwoothing ¢ OFF CH1 0.00v
BW © FULL CH2 : 0.00v

sRecord Lengthm
Main @ 10K
Zoom @ tOK
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Mode © AUTO
Type : EDGE CHT &
Delay : &.0ns
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Stopped 1 200§/03/12 06:20:31
CHI=1y .  CHZs20mV . B Sms/div
pc 11 - 1 B ¥ (5ms/div)
‘- : : 1 ... NORM:2GDKS /s
t : :

PR S |

wTraceim Max  1.640Y [ Mg -1.840v | Res  1.130V
: Avy =9.222nW . Freq 50;26Hz : Duty 50;08%

mTrace2s Mak 4.000m¥ Kijl -9.600my Rus 4. 758mV
. Avg =2.342n% :  Freq 50,284z :  Duly 53.8%

1
i
i
=Filiers =Offsats =Record Lengthm aTrigger=
Smoothing : OFF CH1 : 0.00v Main - 10K Mode : AUTO
BW @ FULL CH2 : Qd.0000V Zoom @ 10K Type ! EDGE CH1 £
Delay : 0.0ns
Hold OFf MINIMUM
A d 'Y a3 d 4
3UN N-19 JUARULTIAUURSNTLURNFIUNTINTAIANUND W (m, = 0.6)

Stopped g 2006/03./12 0E1G:18
CHImW | CHz=10mV . TOms /div
oc o DG 11 (10ms/div)

... NORM:100KS /5

............... vax Wf.620v . Neun -2.i60W  en N arsy
: Avg
-Trace;'bl Ma

wFiiterw nOffsetm =Record Length= uTrigger=
Bmoothing : OFF CH1 ! 0.o0v Main @ 10K Mode : AUTO
BW © FULL CH2 : 0.0000V Zoom @ 10K Type . EDOE CH1 £
Deiay : aons

Hold OFF :  MINIMUIM

i { a i . A 4
71U n-20 JUARULTITBUAZNITUANHIWINRINTDIA UG A (m, = 0.7)



Stopped q 2006/03/12 06:16:06
CHi=IWY ©  CH2=20mV : + 10ms/div
DG 111 DG 1T L ©(10mg/div)

: : : * __ NORMVIDKS /5

=Toacels wax | 1,640 1 Mip, -2.180Y 1 ams .iziv
T avg 1. aTTmé T Freq Cs0iooRz T Duty sY; 0%
sTracezs Mai 11;20mv Mirl =21:60mY Rms 8. 293mv

Avg -1.93Imv . Freq 50;00Hz @ Duty 50.0%

:
I
uFilter= affasetn uRecord Length= =Trigger=
Smoathing @ OFF CH1 : 0.00v Main @ 10K Mode  AUTO
BW © FULL CHz : 0.0000v Zoom 0K Type : EDQE CH1 4

Delay 0.0ns
Hold OFf |  MINIMURA

- 4 » 4 d
JUA n-21 JURRuUTITRLATNIZURAHIKIIINTIO NNA 11 (m, = 0.8)

Stopped
CHI=ly ©  CH2w20my :
Dc 111 : nc 11 :

20065/03/12 06:24:33
1ems/div
© (10mg/div)
__ HORM:MIKS/S

L L T L =]

=Filtars =0ffsefa aRecord Lengths aTrigger=
Bmoothing | OFF CH1 : 0.00v Man © 0K Mode | AUTO
BW @ FULL CH2 : 0.0000v Zoom 10K Type : EDGE CH1 4

Delay 1.0ns
Hold OFf @  MINDJAUM

35U n-22 pafuusdwusznszuaRdIKIIRINTBINNNE A (m, = 0.9)
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FAIRCHILD
e y———

SEMICANDLUCTOR®

IRF840B/IRFS840B

500V N-Channel MOSFET

General Description

Thess N-Channel enhancament mode power fiald effect
transistors are produced wusing Fairchild's propriatary,
ptanar, DMQS technoiogy.

This advanced tachnology has been espaciaily tailored to
minimize on-state resistance, provide superior switching
performance, and withstand high energy pulse in the
avalanche and commutation mode. These devices are well
suited for high efficiency switch mode power supplies,
pawer factor comection and electronic lamp ballasts based
on half bridge.

November 2001

Features
+ 8.0A, 500V, Rpgron = 0.80 @Vas =10V

Low gate charge ( typical 41 nC)
Low Crss { typical 35 pF)

Fast switching

100% avalanche tested
Improved dv/dt capability

D
a
GDS TO-220 ans TO-220F
IRF Serles IRFS Series
S
Absolute Maximum Ratings Te = 26°C unless otharwise naled
Symbol Parameter | IRFB40B | IRFSB40B Units
Voss Drain-Source Voltage S00 \'
In Drain Gurrent - Continuous (T = 25°C) 8.0 8.0 A
- Continuous (T = 100°C) 5.1 5.1 A
Iom Drain Current - Pulsed (Nate 1} a2 a2 A
Vass Gate-Source Voltage +30 i
Eas Single Pulsed Avalanche Energy {Nete 2) 320 ml
lar Avalanche Current {Note 1) 8.0 A
Ear Repetitive Avalanche Energy {Note 1} 13.4 mt
dv/dt Peak Diode Recovery dv/dt {Note 3) 35 vins
Pp Power Dissipation (T = 25°C) 134 44 W
- Derate ahove 25°C 1.08 0.35 WegC
T, Tsra Operating and Storags Temperature Range -55 to +150 c
T, Ma:imum lead temperature for soidering purposes, 100 e
1/8" from case for S seconds
* Drain current limitad Dy maximum junction tempanature.
Thermal Characteristics
Symbol Parameter IRF840B IRFS840B |  Units
Rege Thermal Resistance, Junction-to-Case Max. 0.83 2.86 i ‘CW
Rges Thermal Resistance, Case-to-Sink Typ. 0.5 - "W
Reua Thermal Resistance, Junction-to-Ambient Max. B2.5 82.5 CIW

£2001 Fakchid Semiconducior Coparatien

Rav. A, November 2001

g0v8sdul/gaorsdul
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Electrical Characteristics
Symbol {

Tg= 25°C uniess otherwise nated

Parameter Test Conditions {MinTTyp i Max [ Units

Off Characteristics

gor8sddi/gaorsdul

BVpgs Drain-Source Breakdown Voltage Vgs =0V, Ip =250 pA 500 - e v
ABVpss | Breakdown Voltage Temperaturs
Ip= 250 R * - -

/T, | Coefficient p = 250 pA, Raferenced to 25°C 0.55 vre
loss ] Vpg =500V, Vgs =0V - - 10 pA

Zaro Gate Voltage Drain Current Vps = 400V, Tc = 125°C — — 100 A
lasse Gate-Body Leakage Currant, Forward | Vgg =30V, Vpg =0V - - 100 nA
lassr Gate-Body Leakage Current, Revarse | Vgg=-30V. Vpg=0V - - -100 nA
On Characteristics
Vs | Gate Threshold Voltage Vg = Vigs Iy =230 pA 2.0 - 4.0 "
RDS\’cn) Static Drain-Source Ve =10 In= 4.0

On-Resistance Gs=10V.Ip=4.0A 0.65 0.8
9Fs Forward Transconductance Vps =40V, Ip=4.0A  (Now4) - 7.3 -- 5
Dynamic Characteristics
Ciss ! Input Capacitance Vos=25V,Vgg =0V, - 1400 | 1800 pF
Coss Quiput Capacitance f=1.0 MHz - 145 190 pF
Crss Reverse Transfer Capacitance - as 45 pF
Switching Characteristics
taon) Turn-On Delay Time Vpp =250V, 15 = 8.0 A, - 22 | 55 ns
t. Turn-On Rise Time Rg=250Q - 65 140 ns
taiofy Turn-Off Delay Time - 125 260 ns
tr Turn-Off Fall Time {Note 4, 5) 2, 75 160 ns
Qq Total Gate Charge Vpg =400V, | = 8.0 A, - 4 53 nC
Qgs Gate-Source Charge Vs =10V - 65 - nC
Qgq Gate-Drain Charge (Note d, 5) | . 17 - nC
Drain-Source Diode Characteristics and Maximum Ratings
Is Maximum Continuous Drain-Source Diode Forward Current -] - (80 [ A
[sm Maximum Pulsed Drain-Source Diode Forward Current -- - 32 [ A
Vsp Drain-Source Diode Forward Voltage | Vag =0V, Ig=B.0A - - 1.4 v
ty Reverse Racovery Time Ve =0V, Ig=8.0A, - 380 - ns
Qn Reverse Recovery Charge dig / dt = 100 Ajus {Mate 4} - 42 - ite

Notes:

1, Rapatitive Rating ; Pulse width Jmited by meximum Junchion temperstire

2. L = 9.0mH. |ag = 8.0A, Vg = 50V, Rg= 25 (3, Stering T, = 26°C

3.15p < 8.0, diidt = 200AMS, Vg < BVpgs, Sterting T= 25°C
4, Pulse Tes!: Pulse width < 300pus, Duty cycdle < 2%
6. Essantaity indepandant of cperating temperature

w2001 Furehild Samiconductar Compommtion

Rev. A Mavember 2001
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FEATURES

e Low-Sine Wave Distortion, 0.5%, Typical
Excallent Temperature Stability, 20ppm/°C, Typ.
Wide Sweep Range, 2000:1, Typical
Low-Supply Sensitivity, 0.01%V, Typ.

Linear Amplitude Medulation

TTL Compatible FSK Cantrols

Wide Supply Range, 10V to 26V

Adjustable Duty Cycle, 1% TO 99%

XR-2206

Monolithic
Function Generator

June 1987-3
APPLICATIONS

e Waveform Generation
e Sweep Generation

¢ AM/FM Generation

s V/F Conversion

e FS5K Generation

e Phase-Locked Loops (VCO)

GENERAL DESCRIPTION

The XR-2206 is a monalithic function generator
integrated circuit capable of praducing high quality sing,
square, triangle, ramp, and pulse waveforms of
high-stability and accuracy. The autput 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 generater 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 contrel voitage, while maintaining
low distortion.

CRDERING INFORMATION

Operating
Part No. Package Temperature Range
XR-2206M 16 Lead 300 Mil CDIP -55°C to +125°C
XR-2206P 16 Lead 300 Mil PDIP —40°C to +85°C
XR-2208CP 16 Lead 300 Mil PDIP 0°C to +70°C
XR-22068D 16 Lead 300 Mil JEDEC SOIC 0°C to +70°C

MI"””"

©1972

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

1
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AMS]
5TO
MO

Vee
TCA

TC2
TR1
TR2

16 Lead PDIP, CDIP {0.300")

SYMA1
WAVEAZ
WAVEA1
GND
SYNCO
BIAS
FSKI

SYMA2 AMS!

5TO

MO
Vee
TCA
TC?2
TR1
TR2

Nnannnnn

R T A N

- XR-2206

SYMA2
SYMA1
WAVEAZ
WAVEA1
GND
SYNCO

BIAS
FSKI

16 Lead SOIC (Jedec, 0.300")

PIN DESCRIPTION

Pin # Symbol Type |[Description
1 AMSI I Amplitude Medulating Signal Input.
2 STO 0] Sine or Triangie Wave Output.
3 MO 0] Multiplier Output.
4 Voo Positive Power Supply.
5 TC1 ! Timing Capacitor Input.
6 TC2 | Timing Capacitor Input.
7 TR1 o Timing Resistor 1 Output.
8 TR2 o Timing Resistor 2 Output,
9 FSKI | Frequency Shift Keying Input.
10 BIAS o Internal Voltage Reference.
11 SYNCO o Sync Output. This output is a open collector and nesds a puli up raesistor to Vec.
12 GND Ground pin.
13 WAVEA1 ] Wave Form Adjust Input 1.
14 WAVEA2 | Wave Form Adjust Input 2.
18 SYMA1 | Wave Symetry Adjust 1.
16 SYMAZ 1 Wave Symetry Adjust 2,

TEM

a8



XR-2206 22 EXAR
DC ELECTRICAL CHARACTERISTICS

Test Conditions: Test Circuit of Figure 2 Vee = 12V, Ty = 25°C, C = 0.01pF, Ry = 100kQ, Ry = 10k<2, Ry = 25kQ
Uniess Otherwise Specified. S open for triangle, closed for sine wave.

XR-2206M/P XR-2206CPID
Parameters Min. I Typ. | Max. | Min. | Typ. 1 Max. | Units |Conditions
General Characteristics
Single Supply Voltage 10 26 10 26 v
Split-Supply Voltage +5 +13 +5 +13 \
Supply Current 12 17 14 20 mA Ry = 10k
Oscillator Section
Max. Operating Frequency 0.5 1 0.5 1 MHz |C =1000pF, R4 =1k
Lowest Practical Frequency 0.01 0.01 Hz C =50uF, Rq1=2MQ
Frequency Accuracy +1 +4 +2 % off, [fo=1/RC
Temperature Stability +10 +50 +20 ppm°C [0°C < Tp << 70°C
Frequency Rq =Ry = 20kQ
Sine Wave Amplitude Stability2 4800 4800 ppm/°C
Supply Sensitivity 0.01 0.1 0.01 %N | Viow = 10V, VHigH = 20V,
R =Rz = 20k
Sweep Range 1000:1 { 2000:1 2000:1 fh=fL |fh @ Ry = 1kQ
L@ Ry = 2MQ
Swaeap Linearity
10:1 Sweep 2 2 % fL = 1kHz, fy = 10kHz
1000:1 Sweep 8 8 % f = 100Hz, fy = 100kHz
FM Distortion 0.1 0.1 % +10% Daviation
Recommended Timing Components
Timing Capacitor: C 0.0 100 | D.001 100 uF Figurs 5
Timing Resistors: R1 & Rz 1 2000 1 2000 kQ
Triangia Sine Wave Output’ Figure 3
[ Triangle Amplitude 160 160 mv/kQ | Figure 2, S4 Open
Sine Wave Amplitude 40 60 80 60 mvkQ | Figure 2, 54 Closed
Max. Output Swing & & Vp-p
Qutput Impedance 600 800 Q
Triangle Linaanty 1 1 %
Amplitude Stability 0.5 0.5 dB For 1000:1 Swaep
Sine Wave Distartion
Without Adjustment 25 25 % Rq = 30k
With Adjustment 0.4 1.0 0.5 1.5 % See Figure 7 and Figure 8

Notes

! Qutput amplituds is dirsctly proportional to the resistance, Ry, on Pin 3. See Figure 3.

2 For maximum amplitude stability, Ry should be a positive lempsrature coefficient rasistor,

Boid face paramaters are covered by production lest and guaranteed over operating tempsraturs rangs.

4
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¥* EXAR  XR-2206

DC ELECTRICAL CHARACTERISTICS (CONT'D)

XR-2206M/P XR-2206CP/D

Parameters Min;[ Typ. | Max. | Min, l Typ. l Max. } Units |Conditions
Amplitude Modulation

Input Impedance 50 100 £0 100 k2

Mecdulation Range 100 100 %

Carrier Suppression 55 55 dB

Linearity 2 2 % For 35% modulation
Square-Wave Output ‘

Amplitude 12 12 Vpp |Measurad at Pin 11.
Rise Time 250 250 ns CL=10pF

Fall Time 50 50 ns C_=10pF
Saturation Voltage 0.2 0.4 0.2 0.6 v IL=2mA

teakage Current 0.1 20 0.1 100 pA Ve = 26V

FSK Keying Level {Pin 9) 0.8 1.4 2.4 0.8 1.4 2.4 ' See section on circuit controls
Refererice Bypass Voltage 29 3.1 a3 25 3 3.5 v Msasured at Pin 10.
Notas

T Output ampiitude is directly proportional to the resistance, Ry, on Pin 3. See Figurs 3.
2 For maximum amplituds stability, Ry should be a positive temperature coefficient resistor.
Bold face parameters are covered by production test and guaranteed over operating tamperature range.

Spacificatlons are subject to change without notice

ABSOLUTE MAXIMUM RATINGS

Power SUPPIY ... oo oo i e e 26V Total Timing Current . ...... ... nn, 6ma
Power Dissipation .................ohe 750mW Storage Temperature ............ £5°C to +150°C
Derate Above 25°C ...t 5mw/C

SYSTEM DESCRIPTION

The XR-2206 is comprised of four functional blocks; a  terminals to ground. With two timing pins, two discrete
valtage-contralied oscillator (VCO), an analog multiplier  output frequencies can be independently produced for
and sine-shaper; a unity gain buffer amplifier; and asetof ~ FSK generation applications by using the FSK input
current switches. control pin. This input controls the current switches which
The VCO produces an output frequency proportional to select one of the timing raesistor currents, and routes it to
an input current, which is set by a resistor from the timing ~ the VCO.

™
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TLO81, TLOS1A, TLO81B, TLO82, TLOB2A, TL082B
TL084, TLOB4A, TLO8AB
JFET-INPUT OPERATIONAL AMPLIFIERS

SLOS081G - FEBRUARY 1977 - REVISED SEFTEMBER 2004
TE— e

description/ordering information {continued)

ORDERING INFORMATION

T e PACKAGET PARTNOMBER |  MARKING
Tube of 50 TLOBTACP TLOB1ACP
PDIP (P}
Tube of 50 TLOB2ACP TLOBZACP
PDIP (N) Tabe of 25 TLOBAACN TLOBAACN
Tube of 75 TLOBTACD
Reel of 2500 | TLOB1ACDR 0B1AC
& mv Tube of 75 TLOB2ACD
solc @) Reel of 2500 | TLUB2ACDR 082AC
Tubs of 50 TLOBSACD
Reel of 2500 | TLOB4ACDR TLOB4AC
SOP (PS} Reelof 2000 | TL0BZACPSR TOB2A
OCo70C SOP (NS) Reel 0f 2000 | TLOB4ACNSR TLOB4A
Tube of 50 TLOB1BCP TLOB1BCP
POIP (P) Tube of 50 TLOBZBCP TLOB2BCP
PDIP (N) Tube of 25 TLOB4BCN TLOB4BCN
Tube of 75 TLO818CD
3 mv Reel of 2500 | TLOBTBCDR 0818C
Tube of 75 TLOB2BCD
SOIC D) Reel of 2500 | TLOB2BCDR 0828C
Tube of 50 TLOB4BCD
Reel 07 2500 | TLOB4BCDR TLOB4BC
Tube of 50 TLO&1IP TLO81IP
PDIP (P) Tube of 50 TLo82IP TLOB2IP
POIP (N) Tube of 25 TLOB4IN TLOB1IN
Tube of 75 TLOB1ID
Reel o 2500 | TLOB1IDR TLOBTI
~40°C 10 85°C & my Tube of 75 TLog21D
S0IC () Real of 2500 | TLOB2IDR TLos2t
Tube of 50 TLOB4ID
Reel of 2500 | TLOBAIDR TLOB4l
TSSOP (PW) Reel of 2000 | TLOBZIPWR 7082
Tube of 50 TLOB4QD
-40°C 1o 125°C amv  }SOIC (D) T REyryre TLOB4OD
COIP (1) Tube of 25 TLOB4MU TLOB4MJ
MY TLCCC PRy Reel of 55 TLGBAFK TLOB4FK
-55°C 10 125°C
RV TS Tube of 50 TLOB2MAG TLOBZMJG
LCCC (FK) Tube of 55 TLOBZMFK TLOB2MFK

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

{'? TEXAS
INSTRUMENTS

2 POST OFFICC BOX 655303 % DALLAS, TEXAS 75285
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TLO81, TLO81A, TL081B, TL082, TL082A, TL082B
TL084, TL0B4A, TLO84B
JFET-INPUT OPERATIONAL AMPLIFIERS

SLOS081G - FEBRUARY 1977 - REVISED SEFTEMBER 2004

® | ow Power Consumption
® Wide Common-Mode and Differential
Voltage Ranges High Slew Rate ... 13 Vius Typ

® Low Input Bias and Offset Currents Common-Mode Input Voltage Range
Output Short-Circuit Protection Includes Voo

® | ow Total Hamonic
Distortion . . . 0.003% Typ

High Input Impedance . . . JFET-Input Stage
Latch-Up-Free Operation

description/ordering information

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

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

ORDERING INFORMATION

™ e PACKAGET PARTNUMBER |  MARKING
Tube of 50 TLO81CP TLOB1CP
POIP (P) Tube of 50 TLOB2CP TLOB2CP
PDIP {N) Tube of 25 TLOB4CN TLOB4CN
Tubse of 75 TLOB1CD
Rasl of 2500 TLOB1CDR fLog1c
Tube of 75 TLOB2CD
soic o Reel of 2500 TLOB2CDR TLo82C
Tube of 50 TLOB4CD
0°C to 70°C 15 mv Reel of 2500 TLOBACDR TLOB4C
Reel of 2000 TLOB1CPSR TOB1
SOP (PS) Reel of 2000 TLOB2CPSR Toe2
S0P (NS) Reel of 2000 TLOB4CNSR TLOB4
Tube of 150 TLOB2CPW
Reel of 2000 TLOB2CPWR To8z
TSSOP (PW) Tube of 90 TLOB4CPW
Resl of 2000 TLOBACPWR 1084

T Package drawings, standard packing guantities, thermal data, symbalization, and PGB design guidelines are available at
www ti.com/sc/package.

Please he aware that an impartant notice caoncerning availability, standard warranty, and use in critical applications of
Texas Instruments semiconductor products and disclaimers thereto appears at the end of this data sheat,

BADDUCTION DATA infoxmatiom is current as of publication dala Copyright & 2004, Texas Insiruments Incorporatad

Producla conform 1o apscifications per the terms of Toxus instrumems " On produsis cormptiant ta ABL-PRF-38535, 2il paramaters ace tasted
sundard waraaly Prod daas not includes T dnfess othmwise noted, On il other products, productan
tealing of all parametars EXAS protessing doss rot nacessanily include tasiing of ad perameiers,

INSTRUMENTS

POST CFFICE BOX 855303 ® DALLAS, TEXAS 75245 1
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TL081, TLO81A, TLO81B, TL082, TLO82A, TL082B
TLO084, TLOB4A, TLO84B
JFET-INPUT OPERATIONAL AMPLIFIERS

S5L0S0815 - FEBRUARY 1877 - REVISED SEPTEMBER 2004

TLOB1, TLOB1A, TLOB'B
D, P, OR PS5 PACKAGE

TLOB2, TLOB2A, TLOS2B
D, JG, P, PS5, OR PW PACKAGE

TLOB4, TLOS4A, TLOB4B
D, J. N, NS, OR PW PACKAGE

{TOP VIEW) (TOP VIEW) {TOP VIEW)
|9 W)

OFFSET N1[]1 s[INC 10UT ] 1 8 ]VSC} 1ouT g - \J 1af] s0UT
IN-] 2 71 Vee + 1IN-[] 2 7 [] 20U 1iN-{] 2 13f] 4in-
IN+[| 3 sl ouT 1IN+[la  sl]2N- 1N+ a3 12[Jain+

Vee-[l4 5[] OFFSET N2 Vee-[ 4 5[] 2IN+ Vees[] 4 #1f Vee-
2IN+{5 to[] 3IN+
NG - Naointernal connection 2IN-[] 6 9[] 3IN-
20UT[}7 8] sout
TLO82M . . . FK PACKAGE TLOB4M . . . FK PACKAGE
(TOP VIEW) (TOP VIEW)
5 8 5 5
&) = =z
2Q % £ =9 % =) =
P S W ) - - P R VU Y | R )
32 1 2019
NG [] 4 18] NC N+ [a® 2T E ] ane
1IN-[] 5 17{1 20UT NC s 17[] NC
NC[]& 16{] NC Vee+ 6 16 Vce-
1IN+ 7 15 2IN- NC 7 15[ NC
NC [] 8 14[] NC 2N+ [] 8 14{] 3N+
9 10 11 12 13 9 10 11 12 13
A O
QL+ b= k=
ZppZzzZ 222z
S & =8 85
NC - Mo internal connection NC - No internal connaction
symbols
TLOB1 TL082 (EACH AMPLIFIER)
TL084 (EACH AMPLIFIER)
OFFSET N1
IN+ +
our N+ our
IN—- —1 IN- —}-
OFFSET N2
NP T

*5 TeEXAS
INSTRUMENTS
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TLOS1, TLOS1A, TLOS1B, TL082, TLOS2A, TL0S2B
TLO84, TLO84A, TLOS4B
JFET-INPUT OPERATIONAL AMPLIFIERS

SLOS081G - FEBRUARY 1977 - REVISED SEPTEMBER 2004
_ — =~
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schematic (each amplifier)

Voo +

T

-
: 1080 1080 }
| i

6402

128 0

64 02

Vee- I I

CFFSET N1 OFFSET N2

TLO81 Only

Companent values shown are nominal.

*9 TEXAS
[NSTRUMENTS

4 BOS ) OFFICE BOX BS5303 ® DALLAS, TEXAS 75265
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absolute maximum ratings over operating free-air temperature range (unless otherwise noted)t
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TLO081, TLO81A, TL0B1B, TL082, TLO82A, TL082B
TLO084, TLOB4A, TLOB4B
JFET-INPUT OPERATIONAL AMPLIFIERS

SL.OS081G - FEBRUARY 1977 - REVISED SEFTEMBER 2004

TLOB_C
TLO8_AC TLOB_ A TLO34Q TLOB_M UNIT
TLO8_BC
Supply voltage, Ve + [see Note 1) 18 18 18 18 v
Supply voltage Vo - {see Naote 1) -18 -18 -18 -18 v
Differential input voltage. V| (see Note 2) £30 +30 =30 +30 v
input voltage, V| (see Nates 1 and 3} +15 =15 +15 +15 v
Quration of output short circuit (see Nate 4) Unlimited Unlimited Uniimited Unlimitad
Continuous tatal power dissipation See Dissipation Rating Table
Operating free-air tamperature range, Tp, 0070 -401085 | -40to 125 | -5510 125 °C
D package (8-pin) 97 ar
D package (14-pin} 86 Be
N package (14-pin) 76 76
Package thermal impedance, & NS package (14-pin} 80
(ses Notes 5 and 6) P package (8-pin) 85 85 LW
PS5 package (8-pim) 95 a5
PW package (8-pin) 149
PW package (14-pin) 113 113
Operating virtual junction temperature 150 150 150 150 °C
Casa termperature for 60 seconds, T¢ FK package 260 “C
If_oeraé:lotzglgot;r:;ure 1,6 mm {1/16 inch) from case J or JG package 200 c
Storage temperature range, Tgtq -6510 150 | -6510 150 | -65t0 150 | -65t0 150 °C

T Stresses beyond thase listed under “absojute maximum ratings” may cause permanent damage to the device. These are stress ratings only, and
functional aperation of the device at these or any other conditions beyond thase indicated under "recommended operating conditions™ is nat
impiied. Exposure ta absolute-maximum-rated canditions for extended periods may affect devics reliability.

NOTES: 1. All voltage values, except differential valtages, ars with respect o the midpoint between Ve + and Ve -,

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

3. The magnitudse of tha input voltage must never exceed tha magniiude of the supply voltage or 15 V, whichever is lass.

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

5. Maximurm power dissipation is a function of T j(max), A4, and Ta. The maximum allowable power dissipation at any allowable
ambient temperature is Py = {T j{max) - Ta)/8 4. Operating at the absolute maximum T j of 150°C can affect reliability.

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

DISSIPATION RATING TABLE

POST OFFICLE BOX 655303 ® DALLAS, TEXAS 75285

PACKAGE TA <25°C DERATING DERATE Ta=T70°C Tp = 85°C Ta =125°C
POWER RATING FACTOR ABOVE T, POWER RATING POWER RATING POWER RATING
D (14 pin) 680 mw 7.6 mW/°C B60°C 604 mw 490 m\W 186 mw
FK 680 mwW 1.0 mwreC 88°C 880 mw 680 m\W 273 mW
J 680 mW 11.0 mW/rC g88°C 680 mw 680 mwWw 273 mW
JG 680 mwW B.4 mw/C 69°C 672 mw 546 mW 210 mwW
G
*f?‘ TEXAS
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- REVISED SEFTEMBER 2004

ERATIONAL AMPLIFIERS

TLOS1, TLOS1A, TLOS1B, TL082, TLOB2A, TL082B

TLO084, TLOB4A, TL084B
JFET-INPUT OP

SLOS081G - FEERUARY 1877
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TLO81, TLO81A, TL081B, TL082, TL082A, TL082B
TL084, TLO34A, TLOB4B
JFET-INPUT OPERATIONAL AMPLIFIERS

SLOS081G - FEBRLARY 1977 - REVISED SEPTEMBER 2004

electrical characteristics, Voo + = 15 V {uniess otherwise noted)

" T TLOB1M, TLOS2M TLO84Q, TLOB4AM UNIT
PARAMETER TEST CONDITIONS A MIN _ TYP MAX| MIN  TYP MAX
25°C 3 & 3 9 v
Vi Input offset voltage Vo =0, Rg=500 Full range 3 15 m
Temperature
[1i¥]Te} caefficient of input V=0 Rg =501 Fulk range 18 18 uveG
offset voitage
" 25°C 5 100 5 100 pA
1T} Input offset current V=0 125°C 20 20 A
) " 25°C 30 200 30 200 pA
hB Input bias current vp=0 125°C 50 50 A
. -12 ~-12
VICR s;gm::g;:w:e input 25°C =1 to +1 to v
gerang 15 15
RL =10k 25°C 12 =135 £12 11356
Maximum peak
Vo output valtage swing R 2 10k Full range 12 £12 v
Ry 22kl 10 =*12 10 %12
Large-signal Vo=+10V, RLz2kil 25°C 25 200 25 200
AvD differential voltage Vimv
amplification Vo =10V, Rpz 2k Full range 15 15
B4 Unity-gain bandwidth ' 25°C 3 3 MHz
n Input resistance 25°C 1012 1012 Q
Common-mada Vi =Vigrmin, o
CMRR rejaction ratio Vo =0, Rg =500 25°C a0 86 80 86 dB
Suppiy-voltage -
kSVR rejaction ratio ¥CC= 0‘15 v ‘;ti\;{) a 25°C 8O 86 80 86 a8
(AVee£/avio) o=" >
Supply current _ o
lec (per amplifier) Vo =0, No load 25°C 14 28 14 28} mA
Yg1/Voz Crosstalk aitenuation | Ayp =100 25°C 120 120 dB

t All characleristics are measured under open-loop conditions, with zere common-mode input valiage, unless otherwise specified.
¥t Input bias currents of a FET-input oparational amplifier ara narmal junction reverse currents, which are tamperatura sensitive, as shown in

Figure 17. Pulse techniques must be used that maintain the junction temperatures as close to the ambient temperature as possible.

operating characteristics, Vo1 = £15V, Tp = 25°C (unless otherwise noted)

PARAMETER TEST CONDITIONS MIN TYP MAX | umT
V=10V, R =2k, Cp, =100 pF, See Figure 1 il 13
SR Slew rate at unity gain Vi =10V, RL=2kt,  Cp =100pF, 5 Vius
Ta =—-55°C to 125°C, See Figure 1
iy Rise time Vi = 20 mV R =2 c 0 s . ] 0.05 us
Ovarshoot factor | =ehmh L=2kd L=100pF, Ses Figure 20 %
- - - t=1kHz 18 nvHz
Equivalent inpui noise _
=20
Va  voltage Rg=200 =10 Hz to 10 kHz 4 v
Iy~ Sauivalentinput noise Rg=2010, f=1kHz 0.01 pANZ
THD  Total harmanic distartion | Y1 2 8V, fvp=1 Rssika  Rizzka 0.003 %
~Qn praducts compliant ta MIL-PRF-38535, this parameter is nat production tested.
e
‘b TEXAS
INSTRUMENTS
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TL081, TLO81A, TL0O81B, TL082, TLO82A, TLOB2B

TLOB4, TLOB4A, TL084B

JFET-INPUT OPERATIONAL AMPLIFIERS

3L0OS0NB1G - FEARUARY 1977 - REVISED SEPTEMBER 2004

a8

R
operating characteristics, Voot = +15V, Tp =25°C
PARAMETER TEST CONDITIONS MIN ¢ TYP MAX | UNIT
SR Slew rate at unity gain V=10V, R =2kf2, Cy =100pF SeeFigure 1 8 13 Vs
tr Rise time 0.05 LS
Overshoo: actor V| =20 mV, R =2k, CL=100pF, SeeFigure1 20 "
f=1kHz 18 nviHz
Vn Equivalent input noise voltage Rg=200 T= 10 Hz to 10 KMz n .
In Equivalent input noise current Rg=200, f=1kHz 0.1 pAMHz
THD  Total harmonic distortion ;T?i;f Vi AvD =1, Rg <1k, RLz 2k, 0.003 %

PARAMETER MEASUREMENT INFORMATION

Vi

our

Cp =100 pF RL=2kQ

Figure 1

100 kel

c2

e——ll

C1 500 pF

Figure 3

— OuT

10 k2

1k
Vi
ourt
RL CL =100 pF

Figure 2
TLO81
IN- -
ouT
IN+ + N2
1.5 Wf}
Vee-
Figure 4

e
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TLO81, TLO81A, TL081B, TL082, TL0B2A, TL082B
TL084, TLOB4A, TLO84B
JFET-INPUT OPERATIONAL AMPLIFIERS

Voum™ Maximum Peak Output Voltage - V

TYPICAL CHARACTERISTICS

Table of Graphs

FIGURE
vs Fraquency 56,7
) K vs Free-air temperature g
Vo Maximum peak output voltage v Load resistance g
vs Supply valtage 10
L ianal dif tial volt lificati vs Free-air temperature 1
A arge-signal differential voltage amplification | Fraquency 12
Differential voltage amplification vs Frequency with fead-forward compensation 13
Pp Total power dissipation vs Frea-ajr temperature 14
5 i vs Free-air temperature 15
lcc upply curren vs Supply valtage 16
! Input bias current vs Fres-air temperature 17
Large-signal puise response vs Time 18
Vo Qutput voltage vs Elapsed tims 19
CMRR Common-mode rejectian ratia vs Free-air temperature 20
Vn Equivalent input noise valtage vs Frequency 21
THD Tatal harmanic distortion vs Frequency 22
MAXIMUM PEAK OUTPUT VOLTAGE MAXIMUM PEAK OUTPUT VOLTAGE
VS Vs
FREQUENCY FREQUENCY
+15 T T 7 T T 7 1T +15 T —T"TTTH
Veg+==15V R =10 kQ Ry =2 ki)
TA = 25°C > TA = 25°C
=12.5 Sao Figure 2 | 2125 Vegr=21SV See Figure 2
B
3
+10 " s 10
Veg+==10V ]
g Vocx=+10V
7.8 A ¥
[}
\ & \
\ E
=5 Vegr2+5V E +5
E] Vegs=25V
Nq ]
2.5 ? 2.5
+2. -2
g >
\\ >
™
[1] ! o g
100 1k 10k 100 k 1M 10M 100 1k 10k 100 k 1M
f - Frequency - Hz f = Frequency - Hz
Figure 5 Figure 6
A
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HA17741/PS

General-Purpose Operational Amplifier
(Frequency Compensated)

HITACHI

Jescription

"he HA17741/PS is an intemal phase compensation high-performance operational amplifier, that is
\ppropriate for use in a wide range of applications in the test and control fields.

Jfeatures

+  High voltage gain 1 106 dB (Typ)

» Wide output amplitude : =13 V (Typ) (at R, 22 kQ)
+  Shorted output protection

+  Adjustable offset voltage

v Internal phase compensation

Jrdering Information

Application Type No. Package
ndustrial use HA17741PS DP-8

Sommercial use HA17741

Pin Arrangement

Off: ~

ik 8 | NC

Vin(-} | 2 = 7 [ Ve

Vin(+) | 3 >—L 6 | Vout

Vee[ 4 5 | Ofest
(Top view)

Hitnctd %2
semiconducior -
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HA17741/PS

Circuit Structure

[ J‘ B —O Vee
b 4
ORO
N
Vin{+) D_}ﬂ_—' .
Vin{-) o—
] z
1 i[ —O Vout
~— b3
j Vee
¢ f i I
» . -~ » + - l —0 Vg
(DPin cL@Pin
L._Y__J
Offsat Null
. ]
Absolute Maximum Ratings (Ta = 25°C)
Ratings

tem Symbol HA17741PS HA177414 Unit
Yower-supply voltage Ve +18 +18 Y

Vi -18 -18 v
nput voltage Vin +15 +15 Y
Jiffarential input voltage Vin(diff) +30 +30 vV
\lowable power dissipation P 870+ 670" mw
Jperating temperature Topr ~20to +75 =20 to +75 °C
itorage temperature Tstg —-55 to +125 -55 to +125 °G

Jote: These are the allowable values up to Ta = 45°C. Derate by 8.3 mW/°C above that temperature.

HITACHI



HA17741/PS"

dlectrical Characteristics

lectrical Characteristics-1 (V. =~V = 15V, Ta= 25°C)

fem Symbol Min Typ Max Unit Teast Condition

Jput offset voltags Vo —_ 1.0 6.0 mv R, <10 KQ

put offset current |, - 18 200 nA

Iput bias current e —_ 75 500 nA

‘ower-supply AVIJAV, — 30 150 wiV - Ry<10kQ

3jection ratio AV JAV, — 30 150 VAV R <10 kQ

‘oltage gain Ap 86 106 — dB R.22kQ, Vout=1£10V
Jommon-mode CMR 70 90 - dB  R,<10KQ

jjection ratio

;ommon-mode input Ve, 12 +13 — % Rs <10 kQ

oltage range :

Aaximum output Vs 12 114 — v R, 210k

oltage amplitude 10 13 — v R 22kQ

‘ower dissipation Pd — 65 100 mwW  Noload

lew rate SR — 1.0 — Vips R, 22kQ

lise ime t, — 03 - LS Vin=20mV, R, =2 kG,
wershoot Vover - 5.0 - % C_= 100 pF

put resistance Rin 0.3 1.0 — MG

:lectrical Characteristics-2 (Vo= —Vee = 15V, Ta=-2010 +75°C)

em Symbol Min Typ Max Unit Test Condition

yput offset voltage Vo — — 8.0 mV R; <10 kQ

put offset current lo — — 400 nA

put bias current I — — 1,100 nA

‘oltage gain A 80 —_ e dB R 22k, Vout=+10V
laximum output Ve £10 — —_ Vv R,z 2KQ

oltage amplitude

HITACHI



TOSHIBA

TLP550

TOSHIBA Photocoupler
TLPS850

Degital Logic isolation

Line Receiver Feedback Control
Power Supply Control

Switching Power Supply
Transistor invertor

TLPB5E0 constructs a high emitting diode and a ane chip phota diade—
transiatar.

TLPB5EO has no base connection, and is suitable for application at noisy
environmental condition.

This unit is 8~lead DIP package.

® Isolation voltage' 2500 Vrms (min.)

¢ Switching speed: tpHL, tpl,H =0.5ps {typ X RL=1.9 kQ)
® TTL compatible

® UL recognized: UL1577, file No. E67349

Pin Configuration (top view)

infrared LED + Photo I1C

Unit in mm

12201

o=
A~
o
[5.]

B

6.4 £0.25)

-y
M7
wly
*

3655

966 £0,25

5

2.54 £0.25

[
051025

Z
H
@
o~

7824025

|

11-10C4

TOSHIBA

11-10C4

Weight:

1 [] 18
20— % B7
SEJN
40 [15

Schematic

054 g

AN

o~ 5O W =

o N.C.

ode

: Cathade
:N.C,

. Emitter

: Coallector
“N.C.

: Cathode

Voo

5Gl’\l

o
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TOSHIBA TLP550

Maximum Ratings (Ta = 25°C)

Characteristic Symbol Rating Unit
Farward current (Note 1) 15 25 mA
Puise forward cumrent {Note 2} 1= 50 mA
o | Peaktransient forward | 1 A
u cumrent {Note 3) FFT
Revarse voltage VR 5 v
Dinde power dissipation
(Note 4) Po 45 mw
Cutput cumrent o 8 mA
_ | Peak output current lop 16 mA,
O
‘g Supply voltage Vee -0.5~15 v
& | Output voltage Vo ~0.5~15 v
Output power dissipation
(Nate 5) Po 100 mw
Operating temperature range Topr ~55~100 °C
Storage temperature range Tatg -55~125 °C
Lead solder temperature (10s) Tsal 260 °C
Isolation voitage
(AC, 1min., R.H. = 40~60%) (Note )|  BVS 2800 vims

(Note 1) Derate 0,8BmA above 70°C.

(Note 2) 50% duty cycle, 1ms pulse width.
Derate 1.6mA / °C above 70°C.

(Note 3) Pulse width 1ps, 300pps.

(Note 4) Derate 0.8mW / °C above 70°C.

{Note 5} Derate 2mW / °C above 70°C.

2 2002-09-25
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TOSHIBA TLP550

Electrical Characteristics (Ta = 25°C)

Characteristic Symbol Test condition Min. Typ. Max. Unit
Forward voltage Ve I =16 mA 1.45 1.85 1.85 v
Forward voltage _ .
a | temperature coefficient AVp/ATa |lF=18mA - -2 - |mv/iC
[F1]
- | Reverse current IR Vr=5V - — 10 HA
Capacitance between =0 f=
einitl Cr VE=0,f= 1MHz - 80 - pF
loH 1) IF=0mA, Voo =V =55V — 3 500 nA
.. | High fevel output lor (23 lE=0mA, Voo =Ve =15V — - 5 HA
g current IF=0mA, Vv v 15V
g F= Veg=Vo = - -
8 lon Ta = 70°C 50 HA
High ievel suppty = = _
voltage lecH IF=0mA Ve =15V 0.01 1 HA
Ta = 25°C 10 30 -
IF =16 mA |Rank:o| 12 | a0 —
Current transfer ratio lo/ls Vog=45v o
Vo =04V Ta =0~70°C 5 — —
5 [Rank:0 | 15 - -
& IF=186mA Ven =45V
voltage (rank 0: Ig = 2.4mA}
= 40~60% = 12
Isalation resistance Rg R.H.=4 V=RV D?Nots 8| — 10 — 0
Capscitance between =0 f= — 8 —_—
input to output Cs V=0.£21MHz 0. PF

Switching Characteristics (Ta = 25°C)

Characteristic Symbol Test Candition Min, | Typ. | Max Unit
fr=0—16mMA, Voc =5V, R = 4.1k} — 0.3 0.8
Propagation delay time t s
(H— L) pHL H
{(Note 7){ Rank O: R, = 1.9k} | — 05 0.8

Ir=16— 0mA, Voo =3V, R = 4.1 kit — 1.0 20
Propagation delay time

-3

(L~ H) tpLH W
{Note 7)) Rank Ot R|_=1.9kQ _— 0.6 1.2

Common mode transient iF = 0mA, Vcym =200 Vpp

immunity at high output Cuy RL=4.1kQ (rank 0: Ry = 1.9 kf}) - 1500 - V/us

level (Note &

Commeon mode transient IF =16 mA, Vom = 200 Vpp

immunity at low output CmL RL = 4.1 kQ (rank 0: R = 1.9kQ) — |-1800| — | Vius

lavel (Note 8

3 2002-09-25



Data Sheet No. PD60147 rev.U

International
TIGR Rectifier  IR2110(-1-2)(S)PbFAR2113(-1-2)(S)PbF

HIGH AND LOW SIDE DRIVER
Features Product Summary
& Floating channel designed for baotstrap operation
Fully operational to +500V or +600V VorrFseT (IR2110) 500V max.
Tolerant to negative transient voltage (|R21 13) 600V max.
dvidt immune
* Gate drive supply range from 10 to 20V lo+/- 2A [ 2A
* Undervoltage lockout far both channets
® 3.3V logic compatible Vourt 10 - 20V
Separate logic supply range from 3.3V lo 20V
Logic and power ground £5V offset ton/off (typ.) 120 & 94 ns
¢ CMOS Schmitt-tiggered inputs with puli-down .
® Cycle by cycle edge-triggered shutdown logic Dejay MatChmg (IFF\E%“ :IIO) 10 ns max.
® Matched propagation delay for both channels (IR2113) 20ns max.
® Qutputs in phase with inputs Packages

Description

The IR2110/IR2113 are high voitage, high speed power MOSFET and
IGBT drivers with independent high and low side refarenced output chan-

nels. Proprietary HVIC and latch immune CMOS technologies enable | . IRL‘::—ggﬁaszgzgs
ruggedized monolithic construction. Logic inputs are compatible with IR2110/R2113

standard CMOS or LSTTL output, down to 3.3V logic. The output
drivers feature a high pulse current buffer stage designed for minimum
driver cross-conduction. Propagation delays are matchad to simplify usa in high frequency applications., The
floating channel can be used to drive an N-channei power MOSFET or IGET in the high side configuration which
operates up to 500 or 600 volts,

Typical Connection up to 500V or 600V
L
— HO —| ‘ ED )
Voo Vo Va X MW -
HIN o——-] HIN v, & ° 15
SD o sD — & J-OAD
LINe LIN Vee [~
Vgg o Vg  COM fDon |_'19
Vee ] Lo II:L

{Refer to Lead Assignments for comect pin configuration ), This/These diagram(s) show alactrics|
connections only. Please refer to our Application Notes and DesignTips for proper circuit bosrd layout.

www.irf.com 1
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Internationai

IR2110(-1-2)(S)PbFIR2113(-1-2)(S)PbF interhariopal

Absolute Maximum Ratings

Absolute maximum ratings indicate sustained limits beyand which damage to the devica may occur, All voltage param-
aters are absoiute voltages referenced to COM. The thermal resistance and power dissipation ratings are measursd

under board mounted and still air conditions. Additional information is shown in Figures 28 through 35.

Symbol Definition Min. Max. Units
[ Vg High side floating supply voltaga ({IR2110) 0.3 525
(IR2113) 0.3 6825
Vg High side floating supply offset voltaga Vg-25 Vg +0.3
VHO High side floating output valtage Vs-0.3 Vg +0.3
Veo Low side fixed supply voltage 0.3 25
ViLa Law side ouiput voltage -0.3 Voo + 0.3 v
Voo Logic supply voltage -0.3 Vgg + 25
Vssg Logic supply offset voltage Vec-25 Voo +0.3
ViN Lagic input voltage (HIN, LIN & SD) Vgg-0.3 Vpp + 0.3
dVg/dt Allowable offset supply voltags iransient (figure 2) — 80 Vins
Po Package power dissipation @ Ta 5 +25°C (14 Iead DIP) — 1.6
(16 lead SOIC) —_ 1.25 W
RTHJA Thermal resistance, junction io ambient (14 lead DIF) _— 75 .
{16 lead SOIC) — 100 cw
T Junction temperatura — 150
Ts Storage temperature -55 150 °c
T Lead temperature (soldering, 10 seconds) — 300

Recommended Operating Conditions
The input/output legic timing diagram is shown in figure 1. Far propar aperation the davica shauld be used within the
recommeanded conditions, The Vg and Vg3 offset ratings are tested with all supplies biased at 15V differential. Typical
ratings at other bias conditions are shown in figures 36 and 37.

Symbol Definition Min. Max. Units

Vg High side floating supply absolute valiage Vg+10 Vg + 20

Vs High side floating supply offset voltage {IR2110) Nate 1 500

(IR2113) Note 1 600

VHO High side floating output voitage Vg Vg
Vee Low sida fixed supply voltage 10 20 v
Vio Low side ouiput valtage 0 VCo
Voo logic supply valtage Vgg+3 Vgg + 20

Vs Logic supply offset voltage -5 (Naote 2) 5

VIN L.ogic input voltage (HIN, LIN & SD} Vsg Vop

Ta Ambient tamperature -40 125 °'C

Nate 1: Logic operational for Vs of -4 to +500V. Logic state hald for Vs of -4V to -\Vigs. (Pleasa rafer to tha Design Tip
DTa7-3 for more details).
Note 2: When Vpp < 5V, the minimum Vgg offset is imited to -Vpn.,

2

www.irf.com
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International
IR Rectifier

Dynamic Electrical Characteristics

Veias (Vee, Vas. Vop) = 15V, € = 1000 pF, Ta = 25°C and Vgg = COM unless atharwise specified. The dynamic
slectrical characteristics are measured using the test circuit shown in Figure 3.

IR2110(-1-2)(S)PbF/IR2113(-1-2)(S)PbF

Symbol Definition Figure | Min. | Typ. |Max.| Units [Test Conditions
fon Tum-on propagation delay 7 — 120 | 150 Vg =0V
toff Tum-aff propagation delay 8 -_— g4 125 Vg = 500v/600V
tsa Shutdown prapagation delay 9 — M0 | 140 Vg = S00V/B00V
tr Tum-on rise time 10 — 25 35 ns
f Tum-off fall time 11 — 17 25
MT Delay matching, HS & LS — — — 10
tum-on/off — — — 20

Static Electrical Characteristics

Veias (Vee, Vs, Von) = 15V, Ta = 25°C and Vgs = COM uniess atherwise specified. The VN, YTH and ||y paramstars
are referancad to Vss and are apylicable to all three logic input leads: HIN, LIN and SD. The Vo and ip parameters are
raferanced to COM and ara applicable to the raspectiva output leads: HO o LO.

Symbol Definition Figure | Min. | Typ. Max.; Units [Test Conditions
Vi Logic “1” input voltags 12 9.5 — —
ViL Lagic "0" input voltage 13 —_ _ 6.0
Vor High lavel output voitage, Vajas - Vo 14 — | — [ 12 v lo = 0A
Voo Low levael output voltage, Vo 15 — — 0.1 o = QA
LK Offset supply leakage current 16 — — 50 Va=Vg = 500V/600V
laps Quiescant Vs supply current 17 —_ 125 | 230 ViN =0V arVpp
lgce Quiescent Voo supply current 18 _ 180 | 344 LA Vi = OV or Vpp
lqop Quiescent Vpp supply cumment 19 —_— 15 30 Vin 20V or Vpo
N+ Logic *1" input bias current 20 — 20 40 ViN = VDD
hin- Logic "0" input bias currant 21 — —_ 1.0 iy = 0V
Vesuv+ | VBS supply undervoltage positive gaing 22 7.5 8.8 9.7
threshold
VBSUv- Vgs supply undervoltags negative going 23 7.0 8.2 94
thrashold
Vocuv+ | Voo supply undervoltage positive going 24 7.4 8.5 9.6
threshold v
Veouv- Ve supply undervoltage negative going 25 7.0 8.2 9.4
threshold
o+ QOutput high short circuit pulsed current 26 2.0 25 —_ Vo =0V, ViN =VDop
PW<1Qus
o Quiput law shart circuit pulsed current 27 1201 261 — | A Vo=tV yn=0v
PW < 10 ps

www.irf.com
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CD40106BC
Hex Schmitt Trigger

General Description

The CD40108BC Hex Schmitt Trigger is a monolithic com-
plemeniary MOS (CMOS) integrated circutt constructed
with N and P-channel enhancement transistors. The posk
tive and negative-going threshold woltages Vq, and V_
show low wanation with respect to temperature (yp
0.0005VF C at Vpp = 10V), and hystenesis, Vy, —Vy_20.2
Vpp i guaranteed.

All inputs are proteciad from damage due to static dis-
charge by diode clamps 1o Wpp and Vss.

October 1987

Revised January 1999

Features
B Wide supply voltage range: 3V 1016V
M High noise immunity, 0.7 Vpp (typ.)
B Low power TTL compatibility:

Fan out of 2 driving 74L or 1 driving 74LS
W Hysteresis: 0.4 Vpp (typ.),

0.2Vpp guarantesd

B Eguivalent to MM74C14
B Equivalent to MC146848

Ordering Code:

Order Numbes | Package Number Packags Desecription
CD40106BCM M14A 14-Lead Small Qutline integrated Circuit (SOIC), JEDEC MS-120, 0.1680™ Narrow Body
CD40106BCN N14A 14-Lead Plastic Duald{n-Line Package (FDIP), JEDEC MS-G{1, 0.300" Wide

Davicas ako amilabla in Tapa and RaRl Spacify by appanding the suffix lattar *X"to tha ordaring coda,

Connection Diagram

Pin Assignments for DIP and S0IC

Schematic Diagram

1966u] RIwyes xaH 2990 LO¥AD

Vo
I
I 1 I 13 1 14 18 l 1 8 —-f'_
Input p—0 e T

[

Lk
1 H E 1 [] | ] | ? L

va
Top View
@ 199% Fauchild Sericorductosr Corporatian  DS005985 pri orwrw farchidssem com



CD40106BC

Absolute Maximum Ratingsine 1
(Note 2)

DC Supply Voltage (Vpp)

Input Voltage [V)y)

Storage Temperzture Range (Tg)
Power Digsipation (Pp)

-0.5te +18 Vo
-0.5te Vpp+0.5 Ve
-65°C to +160°C

Duaidn-Line 700 mw

Small Outline 500 mwW
Lead Temparature (T}

(Soidering, 10 setonds) 260°C

DC Electrical Characterigtics (ote 3)

Recommended Operating
Conditions (rots 2)

DC Supply Veltage (Vpp) 3to 18 Vpe
Input Veitage [Vin) Oto Vpp Voo
Operating Temperature Range (T4) —4PC 1o +85°C

Nale {: "uisolul Maximun Ratinge” a) thas vakliae bayand which e
safaty of tha devica canrot be guarankied. Thay ara not meant bo imply
that the davices shoui ba opemmd at thasa Imits. The bk of “Racom-
mended Cparating Conditbns” and “Elacirical Charactarstis” providas
condibns bractual deves opamfon.

Notg 2: Vg = OV unise othareisa spacliad,

m 0T BTG T _
Symbot Parameter Conditions [ Min | Max | Min Trp | Max | Min | hax Units
log Quiescent Davica Cirent Vpp =6V 4.0 4.0 30 ey
Vpg =10V a0 €o 680 1 uA
Voo =15V 18.0 1€.0 170 [
VoL LOW Lavel Qutpu Hol < 1 i
\eliage Vop =0V 0.08 0.08 0.06 Ay
Vg =10V 0.08 0.08 cos | v
Vg = 18V .00 a8 ses | v
Von HIGH Level Output Tol < 1nh
\bltage Vg =Y 4.95 495 [ s 4.95 v
Vypp=10v 9.95 995 | 10 0.95 A
Vg =15V 1495 14951 1a 1495 v
Ve Negative-Going Threshe it Vop =8V, Vg =4.5¥ a7 a0 a7 14 2.0 9.7 20 W
Veltage Vigp = 104 Vo = 9V 14 1 40 | 145 321 40| 14 ] 40 v
Vpp =184 M = 13.8Y 21 6.0 2.1 a0 | 60 | 24 an v
Vi, Positive-Going Threshoid Vog =0, Vo= 06V 3o b 43 T ac | 26 1 431 30 | 43 W
Voltage Ven =104 Vo =1V 6.0 Bg | 80 | &4 ag | 6.0 B8 v
Vpp =16V, Yo = 1.8V 90 | 128 | 90 | 100 (120 | 90 | 129 v
Yy Hysterssis O, - Vr_) Voo= TG | 38 | 10| 22 | 38 | 10 § 36 | ¥
oltage Vap= 10V b ] I T = T 1 T2 ) 20 1.2 W
Vpp =15V 30 | 168 ] 30 a0 108 3.0 108 W
laL LOW Leval Quriput Vop =, Vo= 0.4 0.62 6dd | 088 [ A
Cumrent Moie 3) Vgp =10V, Yo = 0.8 13 11 228 09 ma,
Vg =16V, Vg 2 1.8V 18 a0 | 8a 24 ™,
low RIGH Level Output Wpg =0V, Vo= 4.6 -0.52 .44 | ~0.09 ~1.36 A
Curent Name 3) Ypp=10M Vo = 0.8V -13 -11 | -225 08 mA
Vpp= 16 Vp = 136V 36 a0 | -88 24 mA
[ InpLt Curard Vg = 16V, Wiy = OV -034Q ~to* 1 -0.30 -1.9 ey
Vop = 15, Vin= 18V 030 105 | 030 1.0 WA

Note 3 lay and i, ame fesimd ona outpdt at a time.

wrars faschildoets . cam
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Ferrite Cores EE, EF Series

For Power Supply
EE, EF Cores

CORE SHAPES AND DIMENSIONS/CHARACTERISTICS

]

J o <

L

& 1 e
Type Dimensians {mm) Aa le Walght

P A 8 c D (mm?)  (mm) i)
EEB 8.310.2 4101 3.6+0.2 1.858+0.15 7 19.2 0.7
EE10/11 10.240.2 5.540.1 4.7510.15 2.4510.15 12.1 26.1 1.8
EF12.6 12.7:0.4 8.410.1 3.610.2 3.6510.15 13 28.6 2
EE13 1340.2 620.15 6.15+0.15 2.75+0,15 17.1 30.2 2.7
EE16 1620.3 7.240.1 4.820.2 4+0.2 19,2 35 33
SEE18 1610.3 7.1520.15 £.8+0.2 3.175:0.175 1.7 6.6 4.1
EF18 16.1+0.8 B.0ExD.1G 4.5+0.2 4.55+0.15 20.1 378 3.9
EE18 19.11£0.3 7.85+0.15 510.2 4.55+0,18 23 39.4 4.8
EE19/16 19.2940.32 8.120.18 4.750.13 4.75+0,08 224 39.1 4.8
EE20/20/5 20.1520.55 1010.2 5.1£0.2 5302 31 43 7.5
EF20 2010.4 B.0:0.2 5.65+0.25 5.7+0.2 335 44.9 7.4
EE22 2210.3 8.3510.15 5.75+0.25 5.75+0.25 41 39.6 8.8
EE25/19 25,4205 9.4610.18 6.2910.19 6,35+0.25 40 48.7 9.1
EFZ28 25.0510.75 12.55¢0.25 7.2+0.3 7.25+0.25 51.8 57.8 15
EE25.4 25.410.786 9.6640.15 6.3540.25 §.35+0.25 40.3 48.7 10
EE30 3040.5 13.1540.15 10.740.3 10.7+0.3 108 571.7 32
EE30/30/7 30.1£0.7 1510.2 7.05:0.25 6.9540.25 59.7 66.9 22
EF32 32.120.8 16.130.3 9,15:0.35 9.2+00.3 83.2 74.3 32
EE35 34.54+1 14.33+£0.35 9.5340.38 9.39+0.27 89.4 69.2 33
EE35/288 34.6+0.5 14.27+0.3 9.3110.3 84103 84.8 69.8 28
EE40 40+0.5 17+0.3 10.740.3 10.7+0.3 127 77 50
EE41/33C 41.07+0.81 16.78+0.13 12.5710.38 12.64+40.25 156.7 77.6 64
EE42/42/15 42.15+0.85 21+0.2 14,85+0.25 11.95+0.26 182 a7 80
EE42/42/20 42.15+0.8B5 21:0.2 18.7+0.3 11.85+0.25 235 97.4 118
EE47/39 47.1220.78 19.6310.2 15,6210.25 15.6210.25 242 90.6 108
EES0 50+0.7 21,3203 14.6+0.4 14.620.4 228 95.8 116
EE50.3/51/8 50,320.8 25.640.25 6.1£0.2 18.9+0.35 121 105 68
EES5/55/21 55.15+1.08 27.5+0.3 20.730.3 16.95+0.25 354 123 234
EES7/47 56.57+1 23.6+0.23 18.80.25 18.8+0.25 344 102 180
EES0 600.8 22,3£0.3 15.620.4 15.620.4 247 110 135
EEE2.3/62/6 62.341.2 32025 6.120.2 25310.5 153 126 102
/N Spacifications which provide mare details for the proper and safe use of the described product are avallable upon request. @TDK.,

All specifications ane subject 1o changa without natice.
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Ferrite Cores
For Power Supply

EE, EF Series

EE, EF Cores
ELECTRICAL CHARACTERISTICS
WITHOUT AIR GAP WITH AIR GAP
. Calculated out- AlL-value
Part No. &;ﬁg‘)’e put power* Fan Neo. {nH/N2)
[1kHz, 0.5mA, 100Ts] (W) [1kHz, 8.8mA, 100Ts]
[100KkHz]| PC40EEBAXXX* 40£7%, 63+10%
PC40EEB-Z 610+25% PC40EE10/1 1AXXX 40+7%, 63£10%
PC40EE10/11-2 850125% 9.4 PCA0EF12.8AXXX 83+7%, 100+£10%
PCADEF12 8-2 810+25% PCADEE13AXXX B3+7%, 100+10%
PC40EE13-2 1130+25% 17 PCA0EE1BAXXX B0+7%, 180110%
PCA0EE 16-Z 1140225% PC40SEE16AXXX 8017%, 160210%
PC40SEE16-2 1240125% 32 PC40EF18AXXX G3:7%, 100£10%
PCA0EF 16-2 1100+25% PC40EE19AXXX B0 7%, 160x10%
PCACGEE18-2 1250125% PCA0EE19/1BAXXX B80x7%, 160£10%
HSC2EE19/16-Z 583030% PCA0EE20/20/5AXXX 10027%, 160+10%
PC40EE19/16-Z 1350+25% PC40EF20AX0K 10017%. 160210%
PCADEEZ0/20/5-2 1460425% 41 PC40EE22AXXX 128+7%, 250+10%
PC40EF20-Z 1570425% PCACEE25/18AXXX 100+7%, 200£10%
PC40EE22-2 2180425% PC40EF25AXXX 100+7%, 160+50%
HSC2EE25/19-2 8520+30% PCANEE25.4AXXX 125+7%, 250110%
PC40EE25/18-2 2000+25% 70 PC40EE30AXXX 200+5%, 400+7%
PC40EF25-2 2000+25% PC40EEIN/A0TAXXKX 160+5%, 250+7%
PC40EE25 4.2 2000+25% FPCA0EF 32AXXX 160+£5%, 250+7%
PCACEEA0-2 4890+25% PCA0EEISAXXX 20025%, 40047 %
PC40EE 30/30/7-2 2100425% 133 FCAOEE35/2ABAXX X 200+5%, 400+7%
PCA0DEF32-2 2590+25% PCA0EE4DAXXX 20045%, 400+7%
PC40EF35-2 3170+25% PC40EE41/33CAXXX 200+5%, 4002 7%
PC40EE35/28B-Z 2950125% PCADEE42/42/15AXXX 250+5%, 400+7%
PCAQEE40-Z 4150+25% PCA0EE42/42/120AXXX 250+5%, 400+7%
PCAQEE41/33C-2 5060225% PCA0EEA47/39AXXX 25015%, 40047%
PC40EE42/42/15-Z 47004+25% 419 PC40EES0AXXX 26015%, 50047%
PCADEE42/42/20-Z B100225% PC40EES0.3/51/6 AXXX 20015%, 4002 7%
PC40EE47/38-Z 6660£25% PC40EESS/55/21AXXX 25015%, 40027%
PC40EESH-Z 6110225% PC40EEST/47AXXX 250+5%, 40027%
PC40EE50.3/51/8-2 2900225% 213 PC40EEBCAXXX 250125%, 500x7%
PCA40EES5/85/21-2 T100225% a14 PCA0EEGR2. 3/62/6A0KX 20015%, 400+7%
PCADEEST/AT.-2 8530+25% XXX AL-value
PCADEE&0-2 5670225%
PC40EEG2.3/62/6-2 3100+25% 250

*Tha valuas were obtainad with forward canvertar mede,

A\ Specfications which provide more details for the praper and safe use of the described product are available upon request,

All spactications are subject to change without natice.

STDK.
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Ferrite Cores

For Power Supply
EE, EF Cores

EE, EF Series

EE BOEBINS

T
Iy}
WITH PiN TERMINAL (Fig. 1)
Part No. No. of pin terminai Dimensions (mm) B A Clamp
BE-B-116CPH [ B3 8 8
BE-10-118CPS 8 10.4 10.2 1.2
BE-13-1110CPS 10 13.2 127 12.3
BE-16-118CP 8 16.3 131 14.8
BE-16-1110CPN 10 16.3 13.1 15.6
BE-18-118CPH B 16.5 14.6 13.6
BES-18-1110CPS 10 16.3 141 16.3
BE-19-116CP 8 20.3 16.7 16.2
BE-19-118CPH ] 20.3 16.2 18.8
BE-22.118CP 8 22.3 17.1 20.1
BE-30-1110CP 10 304 251 28.6 FE-30-F
B8E-30-1112CP 12 30.4 281 28,6 FE-30-G
BE-40-1112CP 12 40.5 30.2 35.8 FE-40-F, FE-40-G
BE-40-1112CPN 12 40.5 30.2 35.7
BE-50-1112CP 12 50.7 362 43.6 FE-50-F, FE-50-G
BE-50.3/51/6-1112CFPH 12 52 77 16.2
BE-60-1112CP 12 60.8 452 45.1 FE-80-F, FE-80-G
BE-62.3/62/6-1112CPH 12 64 88 16.2
+ Material: FR phenol, UL Grade: 94Vv-0, Pin matarial: Slasl wire (Solder platad)
WITHOUT PIN TERMINAL (Fig. 2}
Dimansions (mm) Material

Part No, W D " [UL Grade Clamp
BE-19-5116 20.3 14.9 16.2 §-Nylon[84V-0]
BE-22-5116 22.3 131 185 S-Nylon]84v-0Y
BE-25-5116 25.8 18.2 18.7 B-Nylon{84V-0]
BE-30-5112 304 211 27.2 8-Nylon[94Vv-0] FE-30-F, FE-30-G
BE-40-5112 40.5 29.4 353 6-tylon{94v-0] FE-40-F, FE-40-G
BE-50-5112 50.7 358 43 B-Mylon{24Vv-0) FE-50-F, FE-50-G
BE-60-5112 60.8 46 48 6-Nylan[84v-0] FE-60-F, FE-80-G

+ Material: 6-Nyion, UL Grade: 94V-0

141

380708

/A Specifications which provide more details for the proper and safe use of the described product are available upan requast.
All spacifications are subject to change without nctice.

STDK.
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