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Abstrarct

Effect of the AC/DC rectifier for dc link voltage of the inverter causes the ripple..
Therefore,the very large filter is required in order to reduce such effect. Such filter is likely to use
a large capacitor to obtain the rippleless dc link voltage. However,it is costly,bulky,etc.The aim of
this project is study the integral control technique for compensatng the effect of the ripple voltage
which is caused by the somewhat small capacitor;In addition this method improves the output
voltage.This paper proposes a simple method of generating PWM switching patters which
ensurees a high-quality output voltage.This paper proposes a simple method of generating PWM
switching patters which ensures a high-quality output voltage and inherently compensates for a
nonideal dc bus and switching delay. The method is based on maintaining a sinusoidal at the

inverter output voltage and generating the pattern on line.
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w

Ta v huueildgavesadunmzuar ¢ fusiuanlunts swiching aunMs 1,4 Moy

milditiy

2V kv, —v. (1—M

c > s dc bﬂs( ) (26)
T, T

9 ksvdc d' =t .
Wv=kv, uns VINANMITN 6 15182ouln 1Aty
2
1+M
> — 2.7
Af

swW

lunismanes sufhudrfisdmuauazszfivisanded v, uae k( 181 nisoga )
uadusidesnsm larigeqmmusolsanam v, uasive v,

lumsifenainsinawessdaduinsa isvzRnsenie teulvlunisvieuies

$roqaiile M=1.00naumsN7 918

1
T =——=05T_ 2.8)

oA,

o o * 1] o\
b. n3tk A%1a Flaigaund
cl ad v A - o a oA o
unsmulswzuﬁm’lumamjmmuﬂs:ﬂawmmma:mwamsTnunrmﬁmm
f, unzvwaveniu kv, Ias ki de bus ripple
214 Vo= V,+ kV,sin(® 1) 2.9)
f m'Jmi?mmﬁﬂmnqmﬁmmﬁuﬁ%ﬁaﬁﬂ'1qaqﬁua:usﬁué'nﬁuﬂufhﬁ1qﬁ
3 i
Fozuanuiouly
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1 (2.10)
4f

sw

wenidou lvinadrega M = 1.0 awnauntsd 2.10 Houlni @5

G o
2



212 msmdaslusing

I
-
Aaly

Tag a1

15192 19

]

nussufanasen Q, W v _sin27,

®, =27,
V_sm2Tf =V _sm@® t
m 0 m ]

1"
T=T=—;0=27f
@

f=ff ; £ =f = 50Hz ; f°=fpu= 33 pu.
f(1)=V_sin®,t

2%
a, =— If( t) cos(n@t)dt (2.12)

0

T
2 %

a T IVm sin (), t cos(n(Dt)dt
((D)

=— cos—cosnTT—1 (2.13)

i

W £ fgeq 9218 cos—m1

£
2£V

a =— n; ) [cosnn—l]
TCil—n f ’

=_7_2€_Y-=_)[(—1)“—1] ; n1=0,1,23,..

Tl —n’f’

20V, /2

a, -—T—)[(——l)" ——1] (2.14)

T l—nzfr2



T
2 0
b, =— [ £( ) sin(n@t)dt (2.15)
T
x
2 %
b, =>—< [ V_sin®,tsinn®dt
0

@)

91d b =0 ; n=0, 1,2,3,...uaz £ fsunnq

a N
910 f( t) =24 Z (a, cosn®t+b_sinnM1) (2.16)

2 n=]
nnnah lWenmisnsznediSohinndouanleasy Tasldaums

’
-

2 _ 2 2 _
c, —an"l—bn we b =0
o v 2 - o
v Wdannasuimiadulavsuiuan lutindaninasy

=./a’ (2.17)

vnmumsyiSeia o, salsnaduiudwes £ e v, fidwed die £ fis
- J ° y [] 3 o 4 i .
asnvY ezl lanl fifnaans dewalimvesmnasuiisonasaulfae  devinan

Anv Innensts lutindAanes$u [ Total Harmonic Distortion ; THD ]

> 2
IR
THD = 22— X100% (2.18)
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alX a J ‘.
2.2 NEHHNUFIUDUNIDINDS (inverter)

dunesiae; wie nsudodasudulvady OC 1 AC converer) ilu
gunsaiflFlunsuawsedudummviass dhuussduweniyniady faunsodSuaawd
'Y
uozvuia ldauaudens

- '] d
2.2.1 dszanvesdunesnes

miwudnyusvess auiaveusym1d 2 szian fe

1. Bunesinefiaifea ( Single Phase Inverter) Hudunesineseninmiy
Mnszuaadumlaion

2. 8uneiimed 3 o (Three Phase Inverter) tHuunesinesfiswiym 'l
pszuaeay 3 o
mhwdnvarms s 2 dszan fe

1. Bunesimesuuuilounsadu ( Voltage Source Inverter : VSIs ) iHupunes
s nisunniiorelfilluundssoussfuiiase ( DC Voltage Source)

2. Bunesimesuuutleunseua ( Cumrent source Inrerter : CSIs ) Klusuney
mesnounniineidiluundssionssuavase ( DC Current Source ) FsBuneiinsivia
fﬁau'lnqj%x‘l%’ﬁmmﬁﬁ'mmif'hﬁ'qqq 9

2.2.2 Buneiinesuvuileunssdiu ( Voltage Source Inverter : VSIs )

suneswmesuuudeunsedu  Fiansouudlden 3 wila ewdnvusves

]
<y

1 4
gy lftounlnsalaiad dail
a [ (Y
1. sunesiaesuvuieaganawaimnievesiod ( pulse-width-modulatated
. . a % o o 4 ¢ ¥ o
mvreter PWM inverter ) lﬂuﬂunﬂﬂﬁﬂiﬂﬁ'lll'ﬁﬂ'l.l?'l]ﬂlﬂ'lﬂllﬂxﬂ?'lllﬂ ﬂli)\ﬂﬂ'lﬂ?ﬂlllﬁ‘nﬂﬂ
a o o @ oA a1 P [ A a do o a aq
sunesmeing lasussAusuymezlinng  dygnuihhladadiglnssiannitng
o a ' -1 9 o Addy aa & 1 v
nFen PWM 135m1s lunisadndygnulasitivarsdiideesnande i
a o o A 4 4 . a o ol
2. aunasmaﬂmn;ﬂﬂaumnauu ( square-wave inverter ) Hudunesiaesn
w 9 Jd o o 9 -~ [] o d' @
VUIRLSIAUATUB MYNYARILAN TAen sl iuusuadBuyn dainstiuaamdezySun

o/

a I'd T a a a o a d a a 9 o o
MdunesIAes 1Apd1uRE? un:ﬁiyﬂpwum1ffammnﬂuffmaUm{luwalnﬁmﬂpmwmvm
Av 4 A
tanuaziludimasudoe
a P P4 a A 4 o . .

3. suneswesuvummArIni liavmsuawyaasy ( single-phase  inverter
. . - o sy 1 o 4 o
with voltage cancellation ) r’ﬂuaumtmmas‘n"lmnmimJmmmmmwmmmﬁqanm

¢ do a o S v 9 a A4 ' o o '
me!‘vmmaunammmﬂﬁwzmmm‘lwmﬂuﬂmiUmﬂ’aa‘nmmmuwmmmuww'lﬁ
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2.2.3 A3 Hug MNB TN TIMIBIB U SN0 S

FawseeTemshuing e unefined s Tnefesuiduneiimes
waderisiudenlavzunsy fagdii 23 ) vngismzauyd IdTwssdmenivn (v,) e
gnnsessunszisdyemiifauasdiugdadu lniiasdus e dunedine s aeiy Tnan
fdnvazduBudnfin ( inductive load ) nTzuAR NN Aestl 2.3 (b) uaneldifiudigag
wneley 1V, uag i, mznﬂuauﬁafj uaaedlins Inavesddsnn (p,=v 1) an
Alias U rladuvesdunedine Tumensedwluga 2 uar 4 v, uag i, 92
finsemuoasefudiy  uaaviling inavestidsemenduasy  tunedinliiase
Fududnvazvesnsienudusad WS ( rectfier ) Forfu unesineslugui 2.3 (2) oz
awsoienld 4 dmvasewnsl v, wez i, lugd 23 © TuudezlnRavese s

Wi Iady

inverter

iq
1-phase }——o
+ I switch- +
v, mode v,

+
filter ——o

fa)

Vo
)

/2
NG ! |
N i
e -

2 3

N

i .

!

fb)

to

2 1
* Rectifier Inverter
) Vo
3 4
Inverter Rectifier

{c)

P o ¥ a
23 @) vienleezunsufiuguvesdunesiaes
(b) dnvuzvesduya e iwnidledl Inaauuududniiv

@ a5l v, uaz i, uaesmsieiuves sunedmedlu 1 luda
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dq 9 a o o a o o ak
'Nﬂi'ﬂcl?f@ﬁ'l.l'mﬂﬁﬂﬂ151’11\1‘]1&119\19111’3@51@@51’!ﬂ'J\'mi ﬂzu’wu;ﬁa']l‘lﬂT%Tﬂﬂﬂiﬂ\?%ijuzﬂ 24

& A ' a p o Ao s - o 7 o
mw:zi‘lmwswugm.aw ) VOIDULIDIIADT %xuanumzrﬂmmsamﬂnﬂeunmmesuuma

+ l ! ===
T
A} DA+

—

. o |4
S| SOu N
N

NS+

io
+
VAN

PlE +

5 a J
707 2.4 2995909885 IADS

a [ 3 = 3
224 35mslunismivguussduuazanutve sduresine

Ay t A -~
wmslunsnuguannsoutisidasia g 3 yuy fe
o o . .
1. m3fioaganaunundewad (pulse width modulation : PWM)
9 o/ P2 o .
2. miﬂUﬂﬂuiﬂﬂiﬁiﬁﬂgﬂpmm'ﬁaﬂu (square wave operation)
9 o & 9 v
3. nsnaunulagldndnnisdu q Wheae
<l o P a 4 day v 1ag a P
Timslunsmunuussiuazamivesdunesinesiiegnaouuy uadsHovanniigalu
Yogfunaziivseininmd Ao Aasugulasnislddyyai idvnnsieaganama
s . . & A, § ¥ o :;’
n¥venind (pulse width modulation: PWM) FuShi3msiildluTasenmitdas Sotues
9
vona13 luswaziBoavesitnisi

& ¢
2.2.5 msdeaganmaniunianad (pulse with moddulation : PWM )

mAlAves PWM fn:z?mmmswﬁmﬁﬁuauﬂﬁgﬂmﬁ @ndiumumisumieiy
iAeuld) ua:ﬁflﬂzﬂ?amﬁﬂuﬁugﬂﬂéuu‘uudn q *Tfuagiﬁugﬂuwiumsm PWM
uvnlunisiieaganamaimniiwesiadunisld 3 uuy fe

1. miﬁeﬂﬂmmmmwn%wmﬁaﬁunmﬁm (single-pulse modulation)

2. msﬁaﬂgmﬂmnmmnfﬁwmﬁaﬁuuwmaﬁatf(mulziple-pulse modulation)

3. mslieaganamnmnievesiaduuyland (sinusoidal pulse modulation)
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o Jda e 4' o - - ot o
dumsasuguarundevesiadidygadii’hadas Inmaesismou

o J - ° L4 i @ oo 4' J - (] [
1 WodluasslmAadih I gdnfunseduiison 1 gasdulusielufasuiu
o °
msnsuguanuninventadamsoi1dlag
- ANYOUIVAUY (leading edge) AL TIGoUYEIVBUIVARI (trailing edge)veNad
1 ' ' H o o
- AINVUBAUYATN (trailing edge) UALUTIITOUVOLIVALY (leading edge) VOINDT
] y

- wlsnlasunisveuvauuunza Iasaenwmunasvesgiadenl
dnvmsvesmsileaganamaimnievesiaduuumas Nadelidummnaseg
5

:i n 37: n s J i o v d’
N —,—,—,. uasszannsomeynsuyiSeives JuaduussusenanlR Al
2 2 2
4v( sin® 1 sin30 1 sin50
v(®t)=— - +-~ —+... (2.1)

T\ 2sin®t 32sin3@t 5 2sin5Ot

& Aumwnreveiadunriisigaga =7
dmues Tuilndddedl o sigegavesndwnroiadm1den
& =27 2.2)
d 1 o o g o % < 9 . 9t o s A
wwimudfiens uilinddudn q wufisadesdas  shbidwewssduyaguiisnanuses o

uazA ms vesgladuuuuRadAsIm1d0n
1

=) 7
V= ;(nb/) d(®t) @.3)

2

° o o a do o A - v - o [
dmiuai lutindddun n selifgegavesgaduusedu v, iy

4V nTC
V., =—sin— (2.4)
n7C 2
MANURAINEUVEdYR 18l (Distortion Factor : DF) 9xiifuyviifiu
(/5
,\/5 2-\/5 )
DF= = (2.5)

v Im 2

ms

witudifigagaiin=08 e §=7
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G J d
2.2.5.2 msdieaganmunnunisuenaduuunaraiad
(mulitple-pulse modulation)

a ° 9 o o o Lo & - P v Ao J ]
Alumshildsauiad Iuidoradslmfovesgiaduussduiismaunniundi
- I'd ~ 4 4' o/ 4 [ [ Ay P 9 &
Wunazusnoaesflssneva Tuiing luaduuseduenivn szmuiiuiidnslunss
- o o . .
lufavesnisfieaganamniuninveniaduvunaiwwad (multiple-pulse modulation) i
' [ o 4 ¥ o 1 t v - o
Aumnuyesmsleaganuuuiadtes Wunaliaveaussdu ms fawidu uaeTudind
] o P o o o R o o
seuananiueenly SwarudvesioduniiSe (carier) Wi £, nozeamivesmsiiongan
e f lagh £>f  udadmaugnedulu 1 lwfia @) eeliduviy

N=—=—% (2.6)
2f 20

uazAN rms YOI IAWE MM 1IN

(%4+5) %

N 2,
v, =|— [V @.7)

27 (17-%)

2

< e ¢ d
2.2.5.3 mfleaganmannunNeveswaduuy e
inusoidal pulse width modulation : SPWM
5 °© o/ o . .
dumaibhdgyapalniuminiiu  dyanuiienaon  (uodulating signal) umu
o a P o o ¢ o o a1 ] a ~t a
dygnadmsuniwninveaindudosindeslia hinsfimilouiiriun  Tasvzutlsawgl
o o
voadgy el
Qs é Q o
dygradeagan Fulludggralend v 0y = v_snor WemimudSey
a o e aa a T o o [ e‘/’ ° 9
Mouvdygrunine V09 Nlawenddganiiy v, yedavesdygnuiiresseyinls

-~ [ d a P o J d’ 9
INAYINIRVDINIT on-off ﬂlﬂﬂ%'lﬂ'liﬁ’lﬂmﬁnmﬂﬂﬂﬁ'l')u‘hn'lf

v O

o [}

Q/ J f o N . o
anundnveniadoziuegiv Sasdauvessiggavesdygudeagion A
[ YR o - 4 a ' o v a -4 o &
NUAMPITAVOITYYIUAAUNING (Vc) NIvzENI NoAYANYUDUIANY (Ma) UURAD
M, =— (2.8)
VC

fueuiAgaveusadue MYMIzulsA A1 (modulation index) Insfifngana

< -~ o ; d' ' ‘g
wea M, fie 1 §1 M>1 wie v >V suiaaluiindd q #'kidesnistu
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° 9o “ a Jda .3 1 e A A J
PWM -ﬂzm‘lﬁmmum lyunauIutavUIAYD9815 lsunamuyu

o P
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SPWM -§1u2u815 ladindeziudunavinavesas lutindsaunu

9/ o d'
s lddyanumumae

triangle  wave)

[ ¥
A o A

niisanwnuazavadiudygiunine

v

(double-sided

v . v
dunstierdyeuamisufiividauianasdnavang Soudiouty

[} v 1 4
dayana lanidegalii 2.5 wilnaAnaeetuaTIsaan I wARouvesTy g muaya st

TiWannluieesdunesinesa q 18

Vcon!

trol Utri

T

VAo, tundamental = (U Aoh

O-*_—]i
[\
%

Veontrol < vy

{TA_: on, Ty,: off

f

{TA+: on, T,_: off

N

|

-

1

Vcontrol > vy

=0

}

(bJ

UA 2.5 nansdyga PWM fiie910n1518 double-sided triagular wave

(a) uaz (b) nansmaToumouvesdaygn
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(Vaoh
V42
1.2}
1.0t
- 0.8 mg =08, m, =15
o6
04
I 1N R A AP R A T
T m\ 2m N 3my N\
(m; + 2) (2m; + 1) (Bm; + 2)

Harmonics A of f; —

fc}

' ) H L) J d‘ L} \
() g Tuindmuiaduiiar M, a1
NgUfi 25 ArlieaguiuBuAng (modulation index) vosdyyIndinmIdsuiuie
I\'l - control
Vu-i
o A1 A v A 1 £ - o/ 1 < o e
gmBnmNIzNa Il e dandiunsleaniuvesnand  (fequency

modulation ratio : M) 118910

],,."'h

M, = (2.9)

D—r-h

1] 1] o Y v o J : o aci
A1 M, s lunismnisinaa lutnd i ufaduilald (A9312.5 ¢) uazitnslu

MINI9AARa1e 9 vuns i ldernaunis
\'A sinCDt:Vc[(l—'4%)(0t] (2.10)

2.2.6 _duneimesiiaifind (Single phase inverter)

mwsouduiluriiades’ls 3 viede
¢ a  da o ¢ . .
1. 8100UTA99UIB51ABS (half bridge inverter)
2. ﬂan?ﬂi‘fﬁune%’me{ (full bridge inverter)
a ['4 4 .
3. WFHOOULNIBIABT (push pull inverter)

J a da ' J . . r'd a J
2.2.6.1 91aWy3nIBUNBSINBS (half bridge inverter) 2997815HYSAS

sunesinefiliuaesildaiadlunsmiuguifios 2§ dagudi 26
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17 2.6 uaneseEvuSad Aounesiaes (half bridge converter)

o o

a  J & [ Y 1
nngl alad T, willade v, > v, uazes Wussdudyapoueiym (V,o)=—V,
2

control (7}

9 o

L 4 et 1
a3ad T, sedadle v, <V, uazer l¥dyanewssdueninn (Vo) =—-V,
2

A3l 2.6

Ucontrol
. Utri

MAMAL -
T

{a)}

Yo

TS

o)

—

—~]

—]
—om——es==F

U9 2.7 dyanaiildoinieesdunesiney
[ ' o 1 [ 4 P= K v e @ =
uozezduna ldiussduiianasonadad (vy) gegasedsuiiuus sduduwn

V.=V, 2.11)

uoznszud Inaruaindgegeezilidn L= 0 ; peak
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o de d Jd . " - (% - o o o
2.2.6.2 vjammaunasmas (full bridge inverter) Hﬂﬂﬂiﬂﬂgﬂﬂ 2.8 9U19991ADT

a 4 o a o o a a v A Y o llnly a o P
wiatiezisznoudloaing 4 #2 uagdl 2 aindlunaazieny on nieudulild sunesimes
1 4 ]
siailey lAnfSoundmuus nfemansofiesiudideldge q msw switch udazdlez ATy
o & & v A ) o a d . I
USIAUATINIUUBI R UBUNN  Timiounuug1dnuIag (half bridge) unzgilnsinae

YA TIVUIAENAIA Y

i Nl‘? +
r—
+
N
+
o’
+
%—_
w
+

1 .

Da.

! Nln.‘ +
%
]
~
Dt
=
[ )
)

7191 2.8 2993yfauTed Sunefines (full bridge inverter)

nslddyain PwM sausuuunluInarsTiadiavaingde (PWM with bipolar

voltage swiching)
[ d’ [ J - vgq 9 P}
nsnsuguludnvaziisnzadadyon PwM  dunmuguaindldidanse

v v ¥ v
Ta wleurwilug q Taeaindheguunudoaiuszdianousulilddniusingn 2.8

1519z 19

- v

A d
T, uor Tyezdadle v >V, uoe v, =—¢

2

4 V,
T, war T, sziladle v <V uay v, =——-

2

9
wanuiresezlidnyusdunesaiuuazeell dead time Aatuazez’ldn
V() =V, (1) - V() =2V, (1) = V {peak)

ol M <1 ; V,=MV, (fvoltage fundamental)

iy M>1
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+gV tnput voltage

vV, v, V.,
+1 +2 +8
+2 +1 -8
0 0 0
+1 -1 -8
-1 +1 +8

Vo = V,u X sign (V, =V, ) B -8
-2 -1 +8
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. . . - . ' - 1
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P o v AdA o \lo-sT
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=Filter= =Offsotm =Record Lengthw=s =Trigger=
Smoothing : OFF CH1 : 0.00v Main : 10K Mode ! AUTO
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Monolithic Function Generator

GENERAL DESCRIPTION

The XR-.2206 is z mecrolithic function generator inte-
grated circuit catabla of procducing high quality sine,
scuara, iriangia, 370, and pulse waveforms of high-s:zaility
and accuracy. The Juiout wavelcrms can be 5oth amaiijuce
&nd frec;.sn-:"fmyan exiernal voliage. Frezuency

I . 4 -
of goeration ez~ 22 selecied exiernally over a range of Q.51

Hz 10 more then * AHz,

‘ne circuit is izzziy suited for communications, instru-
meniztion, 20l ‘ungiion generater applications recuiring
¢:nuse.2al tone, &N FM, or FSK generation. it has 2 typica!
sriit speciticatic~ zf 20 som/°C. The oscillator éraguency

can bz iinesrly tazot over 5 2000:1 frequency range, with
adad

an sxternai cenre voltage, having a very small siiect en

distortion.

FEATURES

5%. Typica!
26 ppm/°C. Tyoica!

Lows-Sine Wave Diens-tion
Excallent Temperg-.:-e Stability

Wide Sweep Range 2000:1, Tyzical
Low-Supply Sensitiuity 0.01%V, Typical
Linear Amptitude JAadulaticn

TTL Compsiible FSK Controls

Wide Supply [ange 10V 10 26V

1% tn O%%

Sieii mim Saeee (Coraia
L0eRTa0Ie UUlY Lylig

APPLICATION

. Waveform Generation
Sweeo Generation

.AM/FM Generation
V/F Conversion

_FSK Generation
Phease-Locked Locos IVCTD)

ABSOLUTE MAXIMUM RATINGS

Power Supoly 26V

Power Dissipation 730 mw

Derate Apove 25°C 3 mw/C

Tatat Timing Currem 3 mA
o -3

Stcrage Tamoargture

FUNCTIONAL.BLOCK DIAGRAM

XR-2208 \;

weitt (1] 7] ]

‘ §‘Yjvjmsn=v
~ QR &~ I3 :
oUTPUT I 2 15] |

i MULTIPLIER
MULT OUT [ 3 N 14] _]
SHAPER WAVEFQRM
1 AO'J.
*Vzz I q 13 B
l 5 12! GARGUNC
L
I 6 L 11[ éu:’%uT
| 7 = 10] 5YPasS
RESISTORS
€S + CURRENT <
I 8 | swiTcHES 9 l xF.G;:(uT
ORDERING INFORMATION
Part Number Package Qperating Temperature
XR-22053Mi Cerzmiz -35°C 10 +123°C
XR-220C:! Ceramic g°Cio+70°C. .
XR-2206P Plastic 0°C o +70°C
XR-2206CN | Caramic 0°C 10 +70°C ‘
XR-2206CP Plastic 9°Cwo +70°C

SYSTEM DESCRIPTION

The XR-2206 is comprised of four funciional blocks; a
voltage-controllegd asciuator {VCG), an analog multiplier
and sine-shacer. a unity gain buf*zr amoplifier; and a3 set
of currant switcnes. ’

The VCO aciually croguces an ouiagt irequercy porgor:
tigrnal 10 an -nout currant, which s orocucad by 5 resistor
from the jiming sérminals 10 3rcunc, Tha curren; switches
route one o ine tirming pins currens ¢ ne Y CO ccniroiled

< ‘requency. Witn

Sy an FSK nect oin ) 10 oreduc? an =
WO LMING 0Ny, s CisCIELR Uil sl TrIluencies Can e

indeoandently producss ‘or FSK GEmsrzngn Acphcaicns,

Zx EXAR
/h: irie;r3iec Systeme inc. 722 Palomar Avene, Sunnyvate, T 2208
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ELECTRICAL CHARACTERISTICS : : ‘
Test Conditions§ Tc: Circuit of Figure 1, V¥ 212V, Ty = 25°, C=0.01 uF. B} = 106 k0, 2,

unless ctherwise specified. § apen for iriangle, closed for sine wz

i XR-2206M XR-2206C '
PARAMETER Mi N ] TYP. [ MAX. .| TYP. | MAX. UNIT CONDITIONS
GENERAL CHARACTERISTCS, . o7 .9, e PO
! B s

Single Supply Volitage ' { 10 ' 25 '10 26 v

Solit-Sucply Voltaze | =5 =13 25 213 v

Suooly Current i 12 17 14 20 mA Ay > i0x0

OSCILLATOR SECTION

*Max. Operating Frequency 05 1 0.5 i MHz C=10000F Ry =1k

Lowest Practical Frequency | oo . 0o Hz C=SO0uF. Ay »2M0

Frequency Accuracy =1 =4 BRI "% of fy to = 1/R)C

Temperature Stagiliy &+ - of u-.210 25040 «i0.. ,.: pom/*C 9°C < T4 <75°C,

Ay TAx120kn
Sucoly Sensitivity 0.01 0.1 0.0t %V VLOw = 10V, VyigH = 20V,
Ay = Ry=20%N
Sweep Range 1000:1 | 2000:1 2000:1 fhy = fL (@R = 1kQ
fL @R 22MQ
Sweep Linearity
10:1 Sweeo 2 2 * f =i kHZ, fpqy = 10 kHz
1000:1 Sweeo 8 8 % f w100 Hz, fy = 100 kHz
FM Distorzion 0.1 0.1 % 2 10% Oeviation
Reccmmendec Timing
Comgzonents . R
Timing Cagacitor: C 0.001 100 0.001 100 uF See Figure 4,
Timing Resistors: Ry & Rq 1 2000 1 2000

Triangle Sine Wave Qutput See Note 1, Figure 2.
Triangle Amgtitude 160 160 mVik Q Figure 1, Sy Open
Sine Wave Amolitude 20 60 30 60 mVv/k 0 Figure 1, Sy Closed
Max, Quiput Swing [ 6 Vop-p
Quiout Imoedance 600 600 aQ
Triargia Lingarity 1 S e %

Aratituge Staoility cs 0.5 c8 For 1000 Sweeo
Sine Wave Amplitude Stability 3300 [iches) cem*C See Note 2.

Sine Wave Distortion L
ithsut Agjumment 2.5 2.5 % Ry =381 ‘
With Adjustment 0.4 1.0 0.5 1.5 % See Figures 6anc 7.

Amolitude Modulation
Input impedance S0 100 50 100 kN
Modulation Range 100 100 .| - . %

CarrierSucoression 55 53 as .
Linearity 2 2 % For §5% modutation

Square-\Wave Quidut
Amoiitude 12 12 Vo-p Measured at Pin 11,

Rise Time 250 250 nsec CL = 0of

Fau Time 50 29 nsec CL=t0sf

Saturation Veitaye 0.2 0.4 02 0.6 v I =2mA

Leaksge Current 0.1 20 0.1 100 uA Y1y = 26V
FSK €eving Level (Pin Q) 0.8 1.4 2. . 1.4 2.4 v See section on circuil contrsis
Reference Svpass Voltage 29 a9 a3 2.5 3 35 v Maasured 23 Pin 0. |

Norte 1:
Note 2:

Juit amplaude 13 direcly 2rODOrLONAL 1o the sesistance A7 on Pin 2. Sew Foauce 7
Fer mavimum amolitude saoility . #5 tNould De a positive Temoerature costticiant resistor
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f‘igure 9:  Circuit Connection for Frequency Sweepn.

Figure 10: Circuit for Sine Wave Generation without

Figure 12: Sinusoidal FSK Generator.
External Adjustment. (See Figure 2 for

Choice of Rq.)

1

Sy
Figure 11: Circuit for Sine Wave Generation with

*  XR-50

s
"Minimum Harmanic Distortion. (Rg

. Determines Qutput Swing — See Figure 2.)
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- = .. !
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= =
5: Frequency-Shift Keying: L With External Adjustment:
& The X2.2206 230 be cri-zed with two separate timing The harmonic content of sinusoidal ousput can be reduced
13 resisiors, Ry and Rp, connecizd to the timing Pin 7 and 8, 10 =0.5% by sdciticnal scjusiments as shown in Figure 11
& acpsctively, a5 chown in Figure 12. Depending on the The potentiometer, Pp, adjusts the sinesshaging resisior,
E nslarity of the togic signal 33 3in @, either one ar the other and Rg provides the fine sdjusiment for ine waveform
’:; =i inese timing resistors s a::iva(ed. If Pin 9 is open- csymmetry. The adjusiment procedurs is as {oilows:
é. scuited or connected 0 2 cias vohiage 22V, only Ry is
i activated. Similariy, if the .ciisge level at Pin 9 is <1V, 1. Set Rg 2t micooint, snd agiust Ry for minimum
5 anly R, is zctivaizd. Thus. ine output frequency can te disicriion,
4

A 2

Trr Sy VRS PR

g may
R

oy
bt

4

7o, n |
Fe

pff:_gw;r'{vh(rvr. oA

L %

-

.~

B

Leynd tenween 1we levels, f; and fy, as:

.= /R Carzfg=1/R2C

Eor sclitsuoply ogperation, Tm# kaying voltage at Pin 9 is
rafarzncad 10 V7,

Output DC Level Control:

Tre gc¢ level 31 the dutout #'a 2) is approximartely the
-zme as ihe dc Sias 21 Pin 3. In Figures 10, 11 and 12, Pin 3
¢ nigsed midway between VT and ground,

t0 give an
ouiput dc level of =V *¥/2,

APPLICATIONS INFORMATION

Sine Wave Generation
L J

Wrthout Ex‘tern=! Ad;uﬁment:

——
S

Figure 10 shows the circuit connection for generating a
sinusoidal outout from the XR-2208. The potentiomerer,
Ay at Pin 7, provides the desirec frequency tuning, The
maximum output swing is greater than v*/2. and the
tvpical distortion (THOD) is <2.5%. !f lower sine wave
distortion is desired, additionsl adjusiments ¢an be provided
as described in the iollowing section. S\'b —\j

The circuit of Fxgure 10 gan be converted to(5piit:suoply
operation, simply tY reolacmg all ground connectt

V-, For split- suooly ooerarlon F!- canbe d:re"uy connec ed

{e] gr0und. .

——

2. With Ry set as above, adjust Rg 10 further reduce
distoriion,

Triangle Wave Generation

The circuits of Figures 10 and 11 can be converied 0
triangle wave generation, By simply opan<ircuiting Pin 13
and 13 (i.e., Sy open). Amplitude of the triangle is seproxi-
mately twice ihe sine wave output.

. FSK Generation

Figure 12 shows the circuit connection for sinuseidal FSK
signal operation. Mark and space frequencies can be inde-
pendently adjusted, by the choice of timing resistors. Ry
and Rq; the output is phase-continuous during trznsitions,
The keying signal is applied to Pin 9. The circuit can be
converted 1o split-supply operation by simply replacing
ground witl: vV~

.. e T ..

Pulse and Ramp Generation

B - J O U O Sy

Figure 13 shows the cerUI'I: for pulse and ramp wavefor.-n
generaiion, In this mode cf operation, the FSK keying t2r-

minal (Pin 9} is shorted :0 ihe square-wave output (Pin 11},
and the circuit automatically trequency-shift keys itsel!
tetween two separate frequencies during thé positivegeing
and negativegoing output waveforms, The pulse width ang
auty cycle czn be adjusted from 1% 10 99%. by the choice
of Ry and 92. The values of Ry and Ry should be in the

range of 120 2 MQ2, ’
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Figure 1:  Basic Test Circuit Figure 5: Normalized Output Amplitude versus OC
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.
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Figure 2:

Output Amplitude as a Function of the

Figure 6: Trimmed Distortion versus Timing

Resistor, R, at Pin 3. Resistor.
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Figure 3: Supply Current versus Supply Voltage, Figure 7: Sine Wave Distortion versus Operating
Timing, R. . Frequency with Timing Capacitors Varied.
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Figure 4: R versus Oscillation Frequency. Figure 8: Frequency Drift versus Temperature.
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FRINCIPLES OF OPERATION wherz Vg is in woits. The voltage-ic-frequency <onversion
gain, X, s given as:
Description of Controls 022
< =dildVe = - === HuV
) rcC
Frequency of Operation:
The irequency of oscit fo. is Cetarmined By ihe CAUTION: Feor safe cceration of e circuit, I+ should e
external 1iming capacitor, €, across Pin S znd 5, snd by the limited 10 €2 mA. T
timing resisior, R, connecied 10 &ither Pin 7 or 8. The fra- e e e e e n e e . i
quency is given as: ) 1 : Output Amaplitude: ’
is *ac Hz Maximum ouwtput amoliiude is invarsely precaortional (e the -
S e ————— e — bR - - - . an s
scred-1c Pin 3 {see Figure 2} 5 -
and can be adjusied by wzrving sither R ar €. The recom- SN2 WaVE.CUISUl . dly 80 .2V pask .| .. ..
i - . ) ) Fl-N ot sida | R
menced values of R, far 3 ziven irequency range, are showwn oer <01 of I for triz tude is approxi-
in Figure &, Temperatura sizhility is optimum for 4 kO3 < mately 150 TV oesk er kil 3. fhus, fer examote,
A_< 200 < Q. Recommznzag vaiuss of-.C sre from 1000 oF A3 = 50 Q2 wouid orocuce spproximsisly 22V sinuscidal
T —t— outduramohioge T T T e —e
Frequency Sweep and Modulation: Amplitude Modulation:
- . ) X e . : - - oy s [yim .
Freguency of ascillation is 2ropcriional o the total Himing Cuipui amphu.:ce c;_-.n oe mgdulafd 7{ acclv....g a c¢c¢ bias
currEnt, -, drawn from Pim 7 e 8- - 377 2 modulaiinn signal 1o Pin 1. The internal imeedance at
! e Pin i is approximartely 10D KO, Quipl: zmofitude Vzrjes
(= i (mA) Hz linearly wiin 1ne apolied voltage at Pin 1, ior vzives of de
C -pfF} Siss at this pin, within 28 volis of V*/2 as shown in. Figure
. . - . - :
Timing terminals (Pin 7 ¢~ §) ar2 low-imgedance ooints 5. As ihie Lias level scproaches V¥/2, ihe ohase of the
ang are internally tiased 31 +3V, witn respect o I-;*h 12' output signal is reversed, and the amplitude goes (hrugh
Fresuency varies linearly with I, over 2 wide range of zefo. This property is suitable for phise-snift keying and
current vaiues, from 1 gA 10 I mA Thé“f;equﬂnry csn suoaressed-carrier AM generation. Total Synemic range of
=2, < . A3l a . .- N . . = . Lo
o2 coniroliec by zpplying 3 control voltzge Ve. @ the amplitude modulztion is approximately 55 8. - i
activaled iiming oin as shown in Figure ¢, The fresuency of . - .
cscillation is related 1o Ve as: CAUTION: AM conwol musi b€ used in conjunction with
; = v a well-requlated supply, since the outgutl amclitude now
*2¢ le—(1- 2Ly Hy becomes a function of V™.
[ ] 2 -
EQUIVALENT v. i WY T e e ot e - :
¥ SCHEMATIC —_ i T v .
DIAGRAM -r Ve = i - -,
1
< ' : o ! s
i_q To—t go— ! s ' !‘ | f . f? IR - saedes eTEL
r A —_ T
'é M | .'d ! - u:—; ;-O"i ! I
| P R —— N -
oy i ‘_p H r 5y B g - - .-
E=3iny T
1 [ "4
’ z 2 - - . - " - -
o—i Z - N . -
[
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foh 1093

-Features
Low Frequancy Dritt with Temperature - 250ppm/°C

) ‘e Slmuitaneous Sine, Square, and Triangle Wave
Qutputs

Low Distortion - 1% (Sine Wave Qutput)

* High Linearity - 0.1% (Triangie Wave Output)

Wide Operating Frequency Ranga - 0.001Hz to 300kHz
Variable Duty Cycle - 2% to 98%

High Level Outputs - TTL to 28V

+ Easy to Usa - Just a Handful of External Components
Required

Description

The ICL8038 waveiorm generator is a monolithig integrated
circuit capable of producing high accuracy sing, squara, tri-
angular, sawtooth and pulse waveforms with 4 minimum of
exterral componants. The frequency (or repeugn rate) can
be selected externally from 0.001Hz 1o morg han 300kHz
using either resistors or capaciters, and fraqu modula-
tlon and sweeping can be accomplished with an external
voitage. The ICL8038 is fabricated with advanced monolithic
technology. using Schottky barrier diodes and thin film resis-
tors, and the output is stable over a wide range of tempara-
ture and supply variations. These devices may be intarfaced
with phase locked loap circuitry to reduce temperature drift
to less than 250ppm/AC.

Ordering Information

PART NUMBER STABILITY TEMPERATURE RANGE PACKAGE
1CLA038CCPD 250ppav°C Typ. 0°C to +70°C 14 Lead Plastic DIP
ICLB038CC.UD 250ppnv°C Typ. 0°C to +70°C 14 Lead Ceramic Dip
ICLBOASBCJD 180ppmv°C Typ. 0°C to +70°C 14 Laad Ceramic DIP
ICLBO3BACJD 120ppav°C Typ. 0°C to +70°C 14 Lead Ceramic DIP
ICLB038EMID" 350ppmv°C Max. -55°C to +125°C 14 Lead Coramic OIP _
ICLA038AMUD" 250ppmv°C Max, -55°C to +125°C 14 Lead Ceramic DIP

* Add /8838 to part number if 883 procassing is reGuirad.
Pinout Functional Diagram
1CLBC3g
(POIP, COIP, SOIC) ~—0 Vo
TOP VIEW CURRENT ¢
SOURCE
— n COMPARATOR
SINE WAVE 1
Angust L1 4] ne
SINE

WAVE OUT E E Nc COMPARATOR

TRIANGLE 12] SINE WaAvE M
) out ADJUST

OUTY CYCLE E E] ¥ OR GND
FREQUENCY
ADJUST E 10] TIMING
CAPACITOR CURRENT FUPFLOP
SOURCE
SQUARE
v [¢] 1 wave out n” T N—
g < =] Fu SWEEP T 2v-ORG -
sk th 21 npuT - - j"""‘""“‘, 1
) BUFFER —+{ BUFFER T cousv'gnETEn
s I 3 MV VAV

Precision Waveform G'é;ié"r'atdr'li )
Voltage Controlled Qscillator

CAUTION: These devices are senaitive 10 alactro
Copyright © Harris Corporation 1993

Stalc discharga. Users should follow proper 1.C. Handling Procedures.
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' Speclfications ICL8038
¥ ' | Absolute Maximum Ratings Operating Conditions
SUPPlY VoItage (V" V) L .ottt iiiiiiee i inaaennns BV Operating Temperature Range
Power Dissipation (Not® 1). ......inveennnnnnnnnenns. 750mwW ICLBOGBAM, ICLBO3SBM. . ... .... P
Input Voltage (Any Pin). . .. ....oenvieninnnnts Ceeene V-to Vs ICLSOIBALC, ICLBO3BBC, ICLB038CL. . ... ...... (°Cl0+70°C
input Curent (Pins 4 and 5).................. Cerreren. 25mA  Storage Tomperature Rangs......... cieessaes
Output Sink Current (Pins 3and9) ................... . .25mA
Lead Tampemture (Solderng 10Saec.). .. ..ouvvunnn... 4300°C
CAUTION: Stressss sbove those listed in ‘Absoiste Maximum Ratngs® may cause permenent damage ta the device. This is & stress only rating and operstion
of the davice at thase or a0y oher condltions above those Indicated In the cpertionsi sections of this speciication le not Imped. )
Electrical Specifications Vauppy = £10V or 420V, Ty = +25°C, Ry = 10k, Test Clrcuit Unlass Otherwise Specifiad
ICL8CISCC ICLA03SAC(BM) | ICLBGIBAC(AM)
PARAMETERS SYMBOL TEST CONDITIONS MIN | TYP |MAX | MIN | TYP | MAX| MON | TYP | MAX| UNITS
Supply Vollage Cperating Range | Vg pery
Single Supply \ +10 +30 ] +10 30 {+10 3 v
Dual Supplies Vs, Vo ) 5 25] 5 215 | 25 =5 Y
Supply Cusrent lsupryy | Vaupery = £10V (Note 2)
B8038AM 80388M 2] 15 12| 18 mA
B038AC, 80388C, 8038CC 12 20 12 20 12 20 mA
FREQUENCY CHARACTERISTICS (ALL WAVEFORMS)
Max. Fraquency of Oscillation faax 100 100 100 kHz
Sweep Frequency of FM Input tsweep 10 10 10 KHz
Sweep FM Range (Note 3) 35:1 35:1 35:1
FM Unearity 10:1 Ratio 0s 02 02 %
Frequency Drift with AUVAT
Temperature (Note 5)
8038 AC, BC, CC 0°Co +70°C . 250 180 120 ppm°C
8038 AM, BM -55°C to +125°C 350 250 | ppv°C
Fraquency Orift with Supply AtV | Over Supply Volage 0.05 0.08 0.0 wy
Voltage Range
OUTPUT CHARACTERISTICS ‘
Square Wave . P
Loakage Current low Vo =30V 1 1 1 A 3
Saturation Voltage Vasr | laing = 2mA 02 | 0s 02 | 04 02 | 04 v ; g
Rise Time ta R = 4.7 180 180 180 ns : 3
Fall Time ™ A= 470 40 40 40 ns g g
Typical Dty Cycle Adjust aD 2 %8 | 2 sa | 2 98 % pre}
(Note 8) &
Triangle/SawtoottvRamg
Ampitude Virianats | Prar = 100kQ 0.30 | 0.33 030 | 0.3 0.30 { 0.33 xVayppry
Linearity 0.1 0.05 0.05 %
Output Impedance Zour |lour ~5maA 200 200 200 . Q
Sine Wave
Ampltude ‘| Vsme |Rame =100k 02 |02 02 {022 02 |0z XVeyppy
THOD THD | Rg = 1MQ (Note 4) 20 5 15| 3 10| 15 %
THD Adjusted THD Use Figure 14 1.5 1.0 048 %
’ NCTEZ: ’ . . ) -
1. Derata ceramic package at 12.5mW/°C for ambient tamperatures above 100°C. :
2. R, and Rg currents not Included.
3. Vsuppyy = 20V; R, and Ry = 10k, { = 10kHZ nominal; can be extandad 1000 to 1. See Figuras 15A and 158,
4. 82kQ connacted betwaaen pins 11 and 12, Triangle Duty Cycle set at 50%. (Usa R, and Rg.)
5. Figure 1, pins 7 and 8 connected, Vgyppyy = 10V, See Typical Curves for T.C. vs Vsupery
8. Not tested, typical value for design purposas only.
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Typical Performance Curves (Continued)
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FIGURE 10. SINE WAVE OUTPUT VOLTAGE vs FREQUENCY

DISTORTION (%)
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10 /
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‘ j
UNADJUSTED ADJUSTED //
2 \\ 1.
A
)
10 100 1K 10K ' 100K ™
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FIGURE 11. SINE WAVE DISTORTION vs FREQUENCY

Waveform Timing

The symmetry ot all waveforms can be adjusted with the
external timing resistors. Two possible ways to accomplish
this are shown in Figure 13. Best results are obtained by
keeping the timing resistors R, and Rg separate (A). R,
controls the rising portion of the triangle and sine wave and
the 1 state of the square wave.

The magnitude of the triangle waveform is set at ‘/3
VSupsvy: therefore the rising partion of the triangle is,

Cxv  CX1BXVguppryXRy R xC

1 | 022 x VSUFPLY Q.68

The falling portion of the triangle and sine wave and the 0
state of the square wave is:

L. XY CX1RVsyppLy R\Rgt
2" T T v v 0.86 (2R, ~R_)
upP P -
2(0z2) LSUPPLY _ o VsuppLy = Rg)
Ra Ra

Thus a 50% duty cycle is achieved when R, = Rg,

If the duty cycle is to be varied over a small range about 50%
only, the connection shown in Figure 138 is slightly more
convenient,

With two separate timing resistors, the frequency is given by
1
Yty B R\C Rg
A (, . _._)
0.ce 2R, =Ry

f=

or,if Ry =Rg= F!r\
\m
1= (:;—-?(mrﬂwnw } _
Neither time nor fraquency are dependant on supply voltage,
even though none of the voltages are ragulated inside the
integrated circuit. This is due to the fact that bath currents
and thresholds are direct, linear functions ot the supply volt-
age and thus their effacts cancal.

SQUARE WAVE DUTY CYCLE - 50%"

"\

T T
N\

\

\

| SCUARE WAVE DUTY CYCLE - 80%

FIGURE 12. PHASE RELATIONSHIP OF WAVEFORMS
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FIGURE 13. POSSIBLE CONNECTIONS FOR THE EXTERNAL
TIMING RESISTORS

To minimize sine wave distortion the 82kQ resistor betwean

pins 11 and 12 is bast Made variable. With this arrangement
distortion of less than 1% is achievable. To reduce this gvan
further, two potentiometers can be connected as shown in

Figure 14; this configurati
sine wave distortion close t

on allows a typical reduction of
0 0.5%

[ 7 4 5
[] ICLs038

10 11 12

¢ In

|
:

L[]

1 12Ca2 10K
b—-\’

100k2

_aan -1

¥ OR GND

FIGURE 14, CONNECTION TO ACHIEVE MINIMUM SINE WAVE

DISTORTION

Selecting Ra, Rgand ¢

For any given output frequency, thare is a wide range of RC~
combinations that will work, however cortain constraints are

the charging Current due to R, can be calculated from:

\ Apx(ve -v.) W 022(ve oy,
A ——— X = —_———
A +Fy A, A,

Ry and R, are shown in the Detailed Schematic,
A similar caleulation holds for Ry,

The capacitor value should be chosen at the upper and of its
Possible range,

Waveform Out Leve/ Control and
Power Supplies.

The waveform genarator can ba operated either from a sin-
gle power Supply (10V 1o 30V) or a dual Power supply (+5v
to £15V). With a single- power Supply the average levals of

wavaforms move Symmetrically about ground.

The square wave output is not committed. A load rasistor
¢an be connected to a different power supply, as long as the

ered from a mych higher voltage.

Frequency Modulation and Sweeping

The frequency of the waveform generator is a direct function
of the DC voltage at tarminal 8 {measured frem V+). By
altering this voltage, fraquency modulation is performed. For
small deviations (e.g. £10%) the modulating signal can be
appliad diractly to pin 8, meraly providing DC decoupling

For larger FM deviations or for frequency sweeaping, the
modulating signaf is applied betwsen irg Pasitive supply
voltage and pin § (Figure 158). In this way the entirs bias ior
the current sourcas is created by the medulating signal, ang
a very large (e.g. 1000:1) sweap range is created (f =  at
Vsweep = 0). Care must be taken, however, to reguiate the

longer a function of the supply voltage (yet the trigger thresh.
olds stilf are) and thus the frequency becomes dependent on
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the supply voltage. The potential on Pin 8 may be swept
down from V+ by ('/3 VSUPPLY - 2V)

A\ 3

£
»
ERAASR
n
o
A
yy
P
E

7 4 5 [ JEY —0 I I ‘ |
R
s IcLsols p——a ANy
T
F 10 1 12 2 ’\f\l
i(c %m
V- OR GNO
A
¥— T - Ve
SWEEP S R, Rg Ry
VOLTAGE
4 H ¢ g I I I I
s ICLB038 i—— ANy

10 1 12 al—a \J\y
Tc' %m(

- ¥ OR GND
B
FIGURE 15. CONNECTIONS FRO FREQUENCY MODULATION
(A) AND SWEEP (B)
Applications

The sine wave output has a ralatively high cutput impedancse
(1xQ Typ). The circuit of Figure 16 provides butfering, gain
and amplitude adjustment. A simple op amp follower could
also be used.

Ve
7 4 5 s 2 AMPUTUDE
+
100K 741
L] 1CL8038 -
20K
<&
10 11 <A
n {
1 ——r v_

FIGURE 15. SINE WAVE QUTPUT BUFFER AMPLIFIERS

With a dual supply voltage the external capacitor orr
can be shorted to ground to hatt the ICLB038" ascillation
Figure 17 shows a FET switch, dicde AiNDed with-aminput=3
strobe signal to aliow the output to always start on the same: =
slope. '

— Y+
.
Ra Ry 315K
[—1 74 5 ?
l— ] IcLa03s wors &
1" 10 2
1 INDT4
C 2NN STROBE
100K
A5V

OFF
1-r +15V (+10V)
= -15V (-10V)
ON
FIGURE 17. STROBE TONE BURST GENERATOR

To obtain a 1000:1 Sweep Range on the ICL8038 the volt-
age across external rasistors A and Rg must decrease to
naearly zerc. This requires that the highest voitage on control
Pin 8 exceed the voltage at the top of R, and Ry by a few
hundred mV. The Circuit of Figure 18 achievas this by using
a diode to lower the effactive supply voltage on the ICL8C38.
The large resistor on pin 5 helps raduce duty cycle variations
with sweep.

s10V
Y. INas7
| ouTY cYcLe
; <
oiwF L K < 15K
i:”'( 47K 1
H 4 8 g —o
10K <
FREQ. ‘ s KcLsole 3 —etv\,
2 et
10 " 12 '\N
20K .:suj% %o.ooq,ﬁ %'?;;onnon
‘ A0V

FIGURE 18. VARIABLE AUDIO CGSCILLATOR, 20Hz TO 2C:3!=

The linearity of input sweep voitage versus output frequency
can be significantly improved by using an op amp a shown in
Figure 19.

SPECIAL ANALOG
CIRCUITS

7-127




ICL8038
MGH FREQUENCY _ [ ! ! l
, SYMMETRY ==
' { s ‘L S1om S0 =
. MEARE Sua Iuam
) (82v) 1 o Mo
vy AMA- 100k
000pF T~ iow FREQUENCY
1
P 4 s 6 9 SYMMETRY
+18V J LI L
h | SINE WAVE
A iCtsozs - 15V ouTPUT
741 YW - *
! FUNCTION GENERATOR AA, ‘ \ nn,
A 741 —o0
Ve I Py 2 N - _-l - —E—o
10 1" 12 el
= loa SOuF =
OFFSET - l tookg 15V
1,500pF SINE WAVE
]. DISTORTION
. —o .15V

FIGURE 19. LINEAR VOLTAGE CONTROLLED OSCILLATOR

Use in Phase Locked Loops

Its high frequency stability makes the ICLB038 an ideat
building block for a phase locked loop as shown in Figure 20,
In this application the remaining functional blocks, the phase
detector and the amplifier, can be formed by a number of
available IC's (e.g. MC4344, NEs62, HA2800, HA2820).

In order to match thesa building blocks to each other, two
steps must be taken. First, two diffarent supply voltages ara,
used and the square wave output is returned to the supply of
the phase detector. This assures that the VCO input voltage
will not exceed the capabiiities of the phase detector. if a
smaller VCQ signal is required, a simple rasistive voltage
divider is connected batween pin 9 of the waveform genera-
tor and the VCO input of the phase detector.

Second, the DC output level of the amplifier must be made
compatible to the OC lgvel required at the FM input of the
waveform generator (pin 8, 0.8V+). The simplest solution here
is to provide a voltage divider to V+ (R, R, as shown) i the
amplifier has a lower output level, or to ground # its level is
higher. The divider can be mads part of the low-pass filter,

This application not only provides for a free-running tre-
Qquency with very low temperature drift, but is also has the
unique feature of producing a large reconstitutad sinewave
signal with a frequency identical to that at the input.

For further information, see Harris Application Note A013,
“Everything You Always Wanted o Know About the
ICLB038",

Definition of Terms

Supply Voitage (Vsupevy)- The total supply voitage from V+
to V-,

Supply Current. The sup
power supply to operate the
and the currents through R,

ply cument required from the
device, exclucing load currents
and Ha.

Frequency Range. The fraquency range at the square wave
output through which circuit operation is guaranteed.

(%13 Vsuppyy +2V) < Vsweep < Vsuppry

FM Unearity. The percentage Ceviation from the best fit straight
line on the control voitage versus output frequency curve.

Output Ampiituda. The peak-to-peak signal amplitude

appearing at the outputs.

Saturation Voltage. The output voltage at the collector of

Q23 whaen this transistor is
sink current of 2mA.

turned on. It is measured for a

Rlse and Fall Times. The time required for the square wave

output to change from 10%
final valua,

to 80%, or 90% to 10%, of its

Trlangle Wavetorm Linearity, The percentage daviation

from the best ft straight line
wavefcim,

on the rising and falling triangte

Total Harmonic Distortion. The total harmonic di§tortion at

the sine wave output,
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ICL8038
—0Q Voo
| Loy
:. A < CYCLE
p Ll > FREQUENCY ANGLE
ADJUST mow
Fu BIAS
V+ O—— [ o7 ¢ 5 s, __ol\/\,
2 SQUARE SINE WAVE
< WAVE ouTt
LS I 1CL303s 21— N[\,
e CEMCOULATED
INPUT PHASE AMPURER ~—0 FM ' 10 “ 12 1 j—o SINE wave
DETECTOR Ry ADL
WA, i _I_ TIMING SINE WaAvE
— CAP. ADJ,
LOW PASS T
FILTER
‘ < ——Q V4/GND
FIGURE 20. WAVEFORM GENERATOR USED AS STABLE VCO IN A PHASE-LOCKED LOOP
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HEWLETT®
PACKARD

Single Channel, High Speed

Optocouplers
Technical Data

Features

* 15 kV/us Minimum Comnion
Mode Transient Immunity at
Ve = 1600 V (4503/0453)

* High Speed: 1 Mb/s

* TTL Compatible

* Available in 8-Pin DIP, SO-8,
Widebady Packages

* Open Collector OQutput

* Guaranieed Performance
from Temperature: 0°C
to 70°C
= Safety Approval
UL Recognized — 2500 V rms
for 1 minute (5000 V rrus for
1 minute for HCNW and
Option 020 devices) per
UL15677
CSA Approved
VDE 0884 Approved
"VIORM =630V peak for
HCP'L-4503#060
~Viopw = 1414 V peak for
HCNW devices
BSI Certified
(HCNW devices only)
* Dual Channel Version
Available (253X/4534/053X/
0534)

e MIL-STD-1772 Version
Available (55XX/65XX/4N55)

Applications

* High Voltage Insulation

* Video Signal Isolation

* Power Transistor Isolation
in Motor Drives

* Line Receivers

* Feedback Element in
Switched Mode Power
Supplies

* High Speed Logic Ground
Isolation — TTL/TTL, TTL/
CMOS, TTL/LSTTL

* Replaces Pulse Transformers

* Repiaces Slow
Phototransistor Isolators

* Analog Signal Ground
Isolation

Functional Diagram

Nc[1]

NCE

* NOTE: FOR 4502/3, 045273,
PIN 7 18 NOT CONNECTED.

ANODE [2| ,?ZFﬂ va
CATHODEE} \_[;@ Vo
L

'__5_] GND

6N1365/6
HCNW135/6
HCNW4502/3
HCPL-0452/3
HCPL-0500/1
HCPL-4502/3

Description

These diode-transistor optocoup-
lers use an insulating layer
between a LED and an integrated
photodetector to provide elec-
trical insulation between input
and output. Separate connections
for the photodiode bias and
output-transistor collector
increase the speed upto a
hundred times that of a conven-
tional phototransistar coupler by
reducing the base-collector
capacitance.

A 0.1 yF bypass capacitor must be conneeted between pins 3 and 8.

CAUTION: It is advised that normal static procautions be teken in handling
prevent damage and/or degradation which may be induced by ESD.

and assembly of this component to




These single channel optocoup-
lers are available in 8-P’in DIP,
50-8 and Widebody package
configurations.

The 6N135, HCI'L-0500, and
HCNW135 are for use in TTL/
CMOS, TTLW/LSTTL or wide
bandwidth analog applications.
Current transfer ratio (CI'R) for
these devices is 7% minimum at
IF = 16 mA.

The 6N136, HCP’L-0501, and
HCNW136 are designed for high
speed T1L/TTL applications. A
standard 16 mA TTL sink current
through the input LED will
provide enough output current

for 1 TTL load and a 5.6 kQ pull-
up resistar. CTR for these devices
is 19% minimum at I, = 16 mA.

The HCPL-4502, HCI’L-0452,
and HCNW4502 pravide the
electrical and switching
performance of the 6N136,
HCPL-0501, and HCNW136 with
inereased ESD protection.

The HCPPL-4503, HCP’L-0453,
and HCNW4503 are similar to the
HCPL-4502, HCPL-0452, and
HCNW4502 optocouplers but
have increased common mode
transient immunity of 15 kV/us
minimum at Vi = 1500 V
guaranteed.

Schematic e

z e |
ANOIE’ I
T

CATHODE | I i °Vo
3 p
SHIELD 1 5
HCPL-45030453
HCNWASO3 1'
-]
TO
Vg

* NOTE: FOR HCPL-4502/-3, HCPL-0452/3,
HCNW4502/3, PIN 7 IS NOT CONNECTED.

Selection Guide
Widebody
Minhaam CMR 8-Pin DIP (300 MiI) Small-Outline SO-8 (400 MiD) Hermetie
Current Single Dual Single Dmal Single Single and
dv/dat | Vi, |Trausfer | Channel Channel Chammel Chaznnel Chammel | Dual Channel
(Viss) | (V) |RBatio (%) Package Package* Package Package®* Package Packages®*
1,000 10 7 6N135H HCPL-2530 | HCIPL-0500 HCPL-0530 HCNW 135
19 6N136 HCPL-2531 | HCPL-0501 | HCPL-0531 HCNW136
HCPL-45021 HCPL0452% HCNW45021
15,000 | 1500 19 HCI'L45031 | HCPL-4534 HCPL-04531 | HCPL-0534 | HCN W45031
1,000 10 9 HCPL-HHXX
HCPL-65XX
4N5H5

*Tcchnical data for these products are on scparate HP publications.

TPin 7, Gansistor basc. is not connceted.

Ordering Information

Specify Part Number followed by Option Number (if desired).

Example:
HCPL-4503#XXX

Option data sheets available. Contact

information,
*For 6N135/6 and HCPL-4502/3 anly.

F—— 020 = UL 5000 V rms/1 Minute Option*

060 = VDE 0884 Viopy = 630 V peak Option**
— 300 = Gull Wing Surface Mount Optiont

500 = Tape and Reel PPackaging Option

your Hewlett-P’ackard sales representative or authorized distributor for

**Far H(PL-4503 only. Combination of Optian 020 and Option 00 is not available.
1Gull wing surface mount option applics to through hole parts only.



6N135, 6N136, HCPL4502
OPTOCOUPLERS/OPTOISOLATORS

SéESOZZA —~JULY 1986 -- REVISED APRIL 1998

absolute maximum ratings at 25°C tree-air temperature (unless otherwise noted)t+

Supply and output voltage range, Vg ANd VO e e -0.5Vtat1s5Vv
Reverse inputvoltage ............ .o iiiiiiiiiii T 5v
Emitter-base reverse voltage .......................o 5V
Peak input forward current (pulse duration = 1 ms, 50% duty cycle,seeNote 1) .................. S0mA
Peak transient input forward current (pulse duration 1 s, 300 Hz) .. i

Average forward input cutrent(see NOle 2 ... 25 mA
Peak OUPUL CUIMBNT ...\ttt e e 16 mA
AVErage OUDUT CUITENt ... ...t ii ittt v e 8 mA
Basecurrent ... 5 mA
Input power dissipation at (or below) 70°C free-air temperature (seeNote3) ..................... 45 mw
Output power dissipation at (or below) 70°C free-air temiperature (see Note 4 100 mw
Storage temperature range, Tstg ................................................... -55°C to 125°C
Operating free-air temperature FANGE, TA  tevnit i ~55°C to 100°C
Lead temperature 1.6 mm (1/16 inch) from case tor 10 SECONAS . ...l 260°C

t Stresses beyond those listed under “ahsoiute maximum ratings” may cause permanent damage to the aevice. These are stress ralings only, and
funclional uperation o the device al lhese or any olher condiiions beyond those indicaled under ‘recommended opsraling conditions” is not

impiied. Exposure v absolute-maxinum-rated conditions for extended periods may affect device refiability.
¥ JEDEC registered data fur 54135 ang 6N136
NOTES: 1. Derale linearly above 70°C free-air lemperature at the rate of 1.67 mA<C.
Geiaie linearly above 70°C lree-air iipsiaiure at the 1ate of 0.53 1ivAC.
Ceraie linearly above 70°C fres-air tempesrature at the rate of 1.50 mW/rC.
Cerate linearly above 70°C frec-air iempsraiure at the rate of 3.33mWrecC.

wm
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6N135, 6N136, HCPL4502
OPTOCOUPLERS/OPTOISOLATORS

SOES022A - JULY 1988 ~ REVISED APRIL 1998

electrical characteristics over operating tree-alr temperature range of 0°C to 70°C (unless
otherwise noted)

PARAMETER TEST CONDITIONS i3S ON135, HCPLAs02 UNIT
MIN Tvpt max| mN TyeT  mMax
vet Input forward voltage IF+16mA.  Tax=25C 1.6 1.7 1.6 1.7 Vv
Temperature cosfficient of
~VF forwara voitage lg=16mA -1.8 -1.8 mvVrC
varf  nput breakdawn voltage IR=10pA, Ta = 25°C 5 5 v
VCC=45V. [lgL=1.1mA 0.1 0.4
VoL Low-level output vallage Ig = 16 mA, v
Ig=G oL-2.4mA 0.1 0.4
lg=0, Vec=Vo=55V 3 500 3 50| nA
ot Hioh-laval output current IB=o,
TA = 25°C Vec=Vp=15V 0.01 1 0.01 1 pA
=15 \ =
loH High-level output current Vec-13V. Jo=15V. 50 50 pA
lg=o0, B=0
. Vo= 15V, ilo=0
lv current, high-| cc ¢ 0=4
locu iﬁ‘g ourrent. high-level 1270, I8 =0, 0.02 1 0.02 1] ua
TA=25°C
Supply current. high-lavel Vee=15V.  ig=0,
ieley ouiput Ig=0, =0 2 2 uA
Supply current, low-level Veg=15Y.  Ip=0,
fcoL oulpL IF=16mA, IB=0 40 40 pA
h Transistor forward currant v 3mA 6:‘401%6
FE transfer ratio Vo=5V. lo=3m 100 (613
only)
Voc=45V, Vo=04YV,
CTR¥  Cument transfer ratio IF=16mA, I1g=0, ™% 18% 19%  24%
Ta=25°C, See Note 5
Vcc=45Y, Vg=05Y
CTR Current transfer ratio e =16 maA, Ig=0, 5% 15%
See Note 5
g . Vip=5wV, Ta=25C, 12 12
10 Input-output resistance See Now & 10 10 ) Q
, . . Vio=3000V, 1=5s,
ot :2?,‘7;"’:‘%‘[:15,”'3"°“ TA=25°C.  RH=45%, 1 1] pA
anage cureid See Note 6
G rput copacitance V=0, f=1MHz 60 €0 pF
Cio Input-ouipul capadiiance i= 1 MHz, See Note 6 0.6 0.6 pF

T All typical valuas ara at Ta = 25°C.
¥ JEDEC registered data for 6N135 and 6N136
NOTES: 5. Current transfer ratio is defined as the ratio of output collector current I¢) to the forward LED input current I times 100%.

6. These parameters are measurad with terminals 2 and 3 shortad together and terminals 5, 6, 7. and 8 shorted together.

‘@‘ TeEXAS
INSTRUMENTS

POST OFFICE BOX 655303 ® DALLAS, TEXAS 75265 3



6N135, 6N136, HCPL4502
OPTOCOUPLERS/OPTOISOLATORS

SOESD22A - JULY 1986 ~ AEVISED APRIL 1998

PARAMETER MEASUREMENT INFORMATION

Puise 1 %= 5 v
Generator | [ 2 R
ol w2 & ;T
r=5ns A I B
| #___{ T— Output
Input Current ___J , T !
Monitor —— —t- Open_i_ Ci =15pF
1000% | ' {sew Nota A}
L 2 -8 4— GID
=
TEST CIRCUNT
fnput ———
Current ] ‘
' i 0 v
[ ! .
Output i !
Vottage | 15V L fsy
[ — — Vot
toH —l f‘-—— —-b, 14-— tp1H

WAVEFORMS
NOTEA: C incluces probe ana siray eapacitance,

Figure 1. Switching Test Circult and Waveforms
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HA741

FREQUENCY-COMPENSATED OPERATIONAL AMPLIFIER

FAIRCHILD LINEAR INTEGRATED CIRCUIT

GENERAL DESCRIPTION — The xA741 is a high performance monolithic Opaerational Amplifier
constructed using the Fairchild Planar® epitaxi It is i d for a wide range of analog

H High moda volitage range and absence of iatch-up tendencies make the uA741
ides) for use as a voltage follower, The high gain and wide range of ooerating voitage provides superior

performance in integrator, summing amplitier, anc general leedback applications. Electrical charsc: -

teristica ol the uA741A end E sre identical 1o MIL-M-38510/10101,

NO FREQUENCY COMPENSATION REQUIRED

SHORT CIRCUIT PROTECTION

OFFSET VOLTAGE NULL CAPABILITY

LARGE COMMON MOOE AND DIFFERENTIAL VOLTAGE RANGES
LOW POWER CONSUMPTION

NO LATCH.uP

ABSOLUTE MAXIMUM RATINGS
Suoply Voltage

CONNECTION DIAGRAMS

8.LEAD METAL CAN
{TOP VIEW)
PACKAGE OUTLINE 58

Note: Pin 4 connected t0 Cate

ORDER INFORMATION

TYPE PART NO.
sAT41A HATA1AHM
uAl41 #AT4THM
uAT41E uAT41EHC

uA741C #ATS1HC

BAT41A, UATA1, LATAE 222V

wAT41C :18 v
Internal Power Dissipation (Note 1)

Metal Can $00 mw

Molided anc Hermetic OiP 670 mwW

Mini OIP 310 mw

Flatpak . S70 mw
Difterential Input,Voltage , 30V
lnput Volitage {Note 2) 215V
Storage Temperature Range

Matal Can, Hermetic DIP, and Flatpak -65"Cto +150°C

Mini OIP, Moided OIP =§5"Cto +125"C
Operating Tomperature Range

Military (WAT41A, uAT4Y) -S5"C to +125°C

Commarcial (uAT41E, uA741C) 0°Cto+70°C
Lead Temperature (Sotdering)

Mezal Can, Hermaetic OIPs, and Flatoak (60 s} 300°C

Molded OtPs (10 s} 260°C
Qutout Short Circuit Duretion (Note 3} indetinite

8-LEAD MINIDtP 10-LEAD FLATPAK
{TOP VIEW) (TOP VIEW]
PACKAGE QUTLINES 6T 9T PACKAGE QUTLINE 3F

PACKAGETODES T R

OFFSET
NULL

n e —* —

2
[-113124 1
- roset = ——~
-  comons 12
t 0 7
o w = —
3 §
OFFSET - OFSSET
v- ] oy ores!

KULL

QOROER INFORMATION ORODER INFORMATION
TYPE PART NO. TYPE PART NO.
uA7a1C uA741TC KAT41A BAT41AFM
uA741C KAT41RC uA741 HAT41FM

14.LEAQ OIP
{TOP VIEW)-
PACKAGE QUTLINE 6A, 9A

: _\J_t'j.nc

s ) e
et . ; "
] al
w ' ’j our
v f’: - o
e C [ e

. ORDER INFORMATION

TYPE PART NO.
uAT41A uAT41ADM
uAl41 uAT410M

BATAE wAT41EDC
uA741C uA7410C
wAZ41C uwA741PC

Notes on foliowing Dsges.

*Planar is a patented Fairchild orecess.



FAIRCHILD LINEAR INTEGRATED CIRCUITS « uA741

BATSIA

ELECTRICAL CHARACTERISTICS (Vg » : 15V, T4 = 25°C uniess otherwise soacified!

PARAMETERS (see definitions)

CONDITIONS MIN TYpP MAX UNITS
inout Offset Voltage Ag <500 0.8 10 myv
Average Input Offtet Vaoitage Dritt 15 uvVrec
Input Offyet Current 30 0 nA
Average Input Otfset Current Orift [ X3 nA/C
tnout Bias Current 30 80 nA
Power Supply Rejection Ratg Vg # +10, ~20; Vg = +20, =10V, Rg = 500 15 50 wVviv
Qutput Short Circunt Current 10 25 35 mA
Power Dissipation Vg =120V 80 150 mw
1nput Impedance Vg = :20V 1.0 6.0 M0
Large Signal Voltage Gain Vg = 120V, Ay = 2k, Vour = = 15V 50 vimv
Transient Response Rise Time Q.25 0.8 us
{Unity Gain) Qvershoot 6.0 20 %
Bandwidth {Note 4) 437 1.5 MMz
Stew Aate (Unity Gan) ViN = :10V 0.3 Q.7 Vius

The foliowing spacifications aooly for =55°C € T4 < +125°C
tnput Offret Voitage 4.0 mV
Input Offset Current 70 nA
Input Bias Current 210 « nA
Cammaon Made Rejection Rasuo Vg =220V, Vin =215V, Rg » 5002 80 95 a8
Adjustmant For inout Offset Voltage Vg * 220V o 10 mv
Qutput Short Circuit Current 10 40 mA
. -55°C 165 mw
Power Dissipation Vg = :20V ’y
*125'C 135 mw
tnout imoedance Vg * 120V 0.5 M0
Qutput Voltage Swing Vg=:20V, B o0k 18 hd
R = %0 15 v
Large Signal Voltage Gan Vg = 120V, Ry = 2k}, VQuT = + 15V 32 Vimv
Vg =SV, R =2k, Vour =2V 10 . vimv

NOTES

1. Asting apolivs 10 ampient tamperstures up o 70°C. Above J0° C ambient Qerste hinaarly st 6. me/'c tor the matsi can, B.ImW/ G for

tha D1P and 7.1mwW/*C tar the Flatp.

2. For wooly voitages

4, Caiculated vaiue fram: BW(MMZ) »

a.33

RAise Tima tus)

13 tnan 215V, the abDsolute maximum input ~cluqt 1% 8Qual 10 the SUPDIV valtage.
3. Short circust may De 10 grouna ar sither wuoply. Asting apolies ta » 1 25°C cate 1eMmperature or 75" G ambient remperature.




AARUIN A

¥ HARRIS

IRFP450/451/452/453
IRFP450R/451R/452R/453R

N-Channel Power MOSFETs

.5 Jst 1991 Avalanche Energy Rated*
Features .. Package
TO-247
+ 12A and 14A, 450V - 500V 108 view )
¢ rpg{on) = 0.402 and 0.50 | L
DRAIN
+ Single Pulse Avalanche Energy Rated* (TAB) N~ [ ———> SOURCE
+ SOA is Power-Dissipation Limited — O ———— pRAIN
» Nanosacond Switching Speeds [ ————— GATE

« Linear Transfer Characteristics

» High Input impedance

Description

“ne IRFP43), IRFP451, IRFP452, and IRFP453 are n-channel
=ahzncement-mode silicon-gate power field-effect transis-
ors. IRFP430R, IRFP451R, IRFP452R and IRFP433R types
are advanced power MOSFETs designed. tested, and guaran-

Terminal Liagram
N-CHANNEL ENHANCEMENT MODE

2ed to withstand a specified level of energy in the breakdown D

avalanche mode of operation. All of these power MOSFETSs are
cesigned for applications such as switching regulators,
switching converters, motor drivers, relay drivers, and drivers
or high-power bipolar switching transistors requiring high

G
speed and low gate-drive power. These types can be operated
cirectly from integrated circuits.
“he IRFP types are supplied in the JEDEC TO-247 plastic '3
sackage.
Absolute Maximum Ratings (Tc = +259C), Unless Otherwise Specified
IRFP450 IRFP451 IRFP452 IRFP453
IRFP450R IRFP451R IRFP452R IRFP453R UNITS
Orain=-Source Volage (1) . ovvvernseieennineannnnss vos 500 450 500 450 "
Orain-Gate Voltage (R =20k {1).c.cvivnininnn.. VDGR 500 450 500 450 Vv
Coninuous Orain Current
T = 4250 ittt s Ip 14 14 12 12 A
TE=41000C 1.t eeii e ee e o 8.8 8.8 79 7.9 A
Putsed Drain CUMent (3} oo e iinee e eneeeernaannnn. lom 56 56 48 48 A
Sate-Source Votage ......eeunreiiniinnananninnn.. vVGs =20. %20 =20 +20 v
Maximum Power Dissipation
Te =+25°C 180 180 180 180 w
Unear Derating Factor 1.44 1.44 1.44 .44 w/oC
inductive Current, Clamped ......ovvivrveeiinnnnnnns ILm 52 52 48 48 A
(See Figure 14, L= 100pH)
Single Pulse Avalanche Energy Rating(4)............... Eas” 860 860 860 860 mJ
Operating and Storage Junction .................. T,TSTG -55t0+150 -55t0+150 -55t0+150 . -55t0 +150 oC
Temperature Range
Maximum Lead Temperature for Soldering ... ... .......... TL 300 300 300 300 ocC
(0.063"” {1.6mm) from case for 10s)
NOTES:
1. T) = +259C to +150°C. 4. VpQ = 50V, starting T) = +25°C, L = 7.9mH, Rgg = 250,
2. Pulse Test: Pulse widih < 300us, Duly Cycle < 2%. IPEAK = 14A. 500 Figure 15.
3, Repelitive raling: Pulse width limited by maximum junction temperature.
See T Tharmal | a: Curve {Figure 5).
*R Suffix Types Only
—
cAUTIon; These devices are sensilive to electrostatic discharge. Proper I.C. handling proceduras should be followed. File Number 2331 _1

yright © Harris Corporation 1991
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IRFP450, IRFP451, IRFP452, IRFP453 IRFP450R, IRFP451R, IRFP452R, IRFPq53

Electrical Characteristics T¢ = 250C, Unless Otherwise Specified

uUMITS
CHARACTERISTIC SYMBOL TEST CONDITIONS MIN TYP MAX | UNiTg
Drain-Source Breakdown Voltage BVpss |VGs=0V,Ip=250pA
IRFP450/452, IRFP4SOR/452R 500 - - v
IRFP451/453, IRFP451R/453R 450 - - v
Gate Threshold Voltage VGS(TH) | VDS = VGs. Ip = 250pA 2.0 - 4.0 v
Gate-Source Leakage Forward lgss |Vgs=20v - - 500 nA
Gate-Source Leakage Reverse IGSS  [VGs =-20V - - -500 nA
Zero Gate Voltage Drain Current Ipss Vpg = Max Rating, Vgg = OV - - 250 uA
Vps = Max Rating x 0.8, Vgg = OV, - - 1000 HA
. Ty =+1250C
On-State Drain Current {(Note 2) Ioon) | Vos > Ipon) x TDS{ON) Max, VGS = 10V
IRFP450/451, IRFP450R/451R 14 - - A
IRFP452/453, IRFP452R/453R . 12 - - A
Static Drain-Source On-State * 'DS(ON) |VGs=10V,Ip =7.9A
Resistance (Note 2}
IRFP450/451, IRFP450R/451R - - 0.3 0.4 Q
IRFP452/453, IRFP452R/453R - 0.4 0.5 e}
Forward Transconductance (Note 2) Ofs Vps 2 50V,lp =7.9A 9.3 13.8 - S
Input Capacitance Ciss | Vgs=0V,Vpg =25V, f=1.0MHz - 2000 - pF
Output Capacitance Coss | See Figure 10 - 400 - pF
Reverse Transfer Capacitance Crss - 100 - pF
Turn-On Delay Time td(ON) | Vop =250V,1p = 14A,Rg = 6.1 - 16 27 ns
Rise Time t See Figurg 16..(MOSFET switching tifnes - 25 86 ne
r are essentially independent of operating
Turn-Off Delay Time J(OFF) temperature) - 68 100 ns
Fall Time tf - 41 60 ns
Total Gate Charge Qg VGs = 10V,Ip = 14A,Vpg = 0.8V Max - 82 130 nC
(Gate-Source + Gate-Drain) Rating. See Figure 17 for test circuit.
Gate-Source Charge Qgs gGitrea:i::arg?“is ers;.:.s::i)ally independent of — 12 ~ nC
Gate-Drain (“Miller") Charge Qgqg P g tempe i - 42 - nC
Internal Orain Inductance Lp Measured between Maodified MOSFET - 5.0 - nH
the contact screw on | symbof showing the
header thatis closer |internal device s
to source and gate inductances. 0
] - pins and center of I
center of die.
Internal Source Inductance Ls Measured from the - 12.5 - nH
- source lead, 6mm
(0.25") from header
and source bonding
p#0. |
Junction-to-Case Rayc - - 0.70 | SC/W ¢
Case-to-Sink RoCs | Mdunting surface flat, smooth and greased - 0.10 - SCwW
Junclion-to-Ambient RgJA ~ | Free air operation - - 30 SCIW Ji
Source Drain Diode Ratings and Characteristics
Continyous Source Current Is Modified MGSFET - - 14 A
(Body Diode) symbol showing the
Rulse Source Current Ism | integral reverse — - - 56 A
{Body Diode) (Note 3) P-Njunc. rectifier. G m
. . b's
Diode Forward Voltqge (Note 2) Vso Ty =+250C,ig = 14A, VGgs =0V - - 1.4 \
Reverse Recovery Time ter Ty =+1509C, I¢ = 13A, dIg/dt = 100A/ps - 1300 - ns
, | Reverse Recovered Charge QpR Ty =+1500C, I = 134, dig/dt = 100A/us - 74 |- - uC
" | Forward Turn-on Time tON Intrinsic turn-on time is negligible. Turn-on - - - -
speed is substantially controlled by Lg + Lp.

NOTES: 1. T; = +259C to +150°0C
2. Pulse Test: Pulse width < 300ys,
Outy Cycle < 2%

3. Repetitive Rating: Pulse width fimitad by max,

4,

junction temperature. See Transient Thermal
Impedance Curve (Figure 5)

Vpp = SOV, Start T; = +250C, L = 7.9mH
Rgs = 25N, IPEAK = 14A (See Figuse 15)
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