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Photovoltaic System

Charoen Theppawong
Chutchai Supradit
Tawatpong Pukdeepreeda
Dhutchapon  Jaroensuntornnunt

= Dr. Werachat Khun-ngern Advisor
1997

ABSTRACT

This report directly presents the process how the solar energy is converted to the
electrical energy as the 50 Hz alternating voltage for supplying the electrical equipments.
In this case study, the system composes of two PV arrays, 12 volt 55 Watts each, are
connected in series and the two others are also parallel connected. Then the direct
current generating from the PV Arrays is supplied to the inverter for inverting the direct
current to the alternating current which sequently is stepped up to 220 volt for the proper
load. Moreover, the batteries are really needed to back up for substituting the solar energy
while out of the sunlight. For :-the most effective system possibility, Matlab takes the

important role to simulate the performance of the system comparing the actual one.
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Maﬁwaﬁ ( solar cell)

4 S v 1 Ay @ a d 2 o Y
Tyasiradilumissdesiuguvesszuy ifhoiandeanunaseing - Fohwmihily
o [ 1Y o [~ o 2
nsfougdndinunandsnuumedind Mdundanih Teadiwadadeannasng
o o o a4 a 1 a dy Yo o ) 3 v 1 A a
anh Tegliufnnnenaieyiia  uasiafilasuanudouazins idedumsnarviions
ey A o L) { o
anoa lmiFaneusad ( cystalline silicon cell ) msednhfamnsoril1dadToad
r I 4
wadlivmerila udlszanifhlszAnsnmgefio gallium arsenide fimsvi'hiAadeuan
MouudiionldAunugelahitinig 14 laeia q

Classification Effic (%) | Voc (V) [Jsc(mA/cm) FF (%)
Si (crytalline ) 24.0 0.709 40.9 82.74
Si (moderate area) 23.7 0.704 41.5 81.00
Si (multicrystalline ) 17.8 0.628 36.2 '/78.50
Si ( large multicrystalline ) 17.2 0.610 36.4 71.70
Si (thin crystalline ) 21.5 0.699 37.9 81.10
Si ( supported film) 149]  0.600 314 7920
Si (large thin film) 14.2 0.608 30.0 78.10
GaAs (crystalline cell ) 25.1 1.022 28.2 87.10
GaAs (thin film cell ) 233 1.011 27.6 79.70
GaAs (submodule ) 21.0 4.040 6.6 80.00
GaAs (multicrystalline cell 18.2 0.944 23.0 79.70
InP (crystalline cell ) 21.9 0.878 29.3 85.40
CdTe (cell) 15.8 0.843 25.1 74.50
CdTe (submodule ) 10.5 9.406 1.7 64.90
CIGS (cell) 16.4 0.678 32.0 75.80
CIGS (submodule ) 14.2 6.808 3.1 68.30

P o s 4 ary ' 4
AT NN 3.1 ‘vuﬂ'umTcrmmmmmzqmﬁum (noiyan)



TR e omw oo R b S o

b B

T —

b S, SR

o

TR e s o

e o

10
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conduction band ) 148nu5899 E,
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3.1.1 mshadnheiia N-type
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@il ioudsdnaseuiimdesn 1 & vosmsilesziiudidnaseudassdeamse
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3.12 mshadniiia P-type
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Energy gap VEq E,
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Electron snergy

Intrinsic n type p type
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) ﬂ']i'lﬂﬁﬂ‘l«l‘ﬂ‘Uﬂ\iﬂlﬁﬂﬂﬁE)ulmuTaﬁﬂﬂﬂlﬂﬂﬂixllﬁ‘lﬂﬁ'l!ﬂﬂ‘UH

Conduction
band 0 ya heat

Inctdent””
photon _:,-_-.::-O

Valenco band Y

E‘]J‘Ydi 3.2 m3ifa electron-hole pairs
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Anfiuesn il maamnmsaumaau"lﬂag‘lmmﬂauﬂmmuuu oy luanis hiedesua:
mmswawmma“lnmmnaumagwﬁm'; sAn wivoudanlng Segaydeliluglai

fou cm"lummsnu1"11]“1*111Jsﬂt1‘1m”1ﬁ'

a { a J a { a 0 a
srnselszunanisSuna Wihfindaty e TagSuninmsiuasofindildina

MsuaBdnaseundoufirnuuan g (band gap) BoANATEUAMIUIBITTY ( generation
current ) $1'hiRansgyds Taouudasdannsohsdnasoy 1 drliiadlunseua

Bidnaseu nszuafiRaTusYhY
I = gNA (3.2)
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solar spectrum

oy X DIANA
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0 cell
p ’

(small E|) (large E))
( >

bottom cell top cell

photon energy, eV
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current (A)

T

voltage (V)

JuM 3.5 Nwﬁuuaua“Naumﬂ'mamﬁmmuaqﬂsnﬁ“ Ao Vuavlﬂluimms’waﬁ
mmmsnﬁ;ﬂmﬂamqm;ﬁﬂmﬂnﬂmnﬂvu‘lﬂmgﬂﬂ 3.6 mmwmmmmqwma
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Lt
<
Z
Uhpup>
TRIALIN] ¢ 1

[ 100 mW

[ Open-chicull voltags 0.6 V (0.7 V)j LS)\ou-clrcull cuirant 238 inA (41 mA)

' Cell output 14 mW (23 mWw) l
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current (A)
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Bunefines (inverter) w3 msuasiasaduinady OC o AC Converter)iln
unsaif I lumsutawssduduynivass Aunsesduoniynady fownsolSuanud

s/ 9/
sazva ldaudsenis

4.1 dszianvesdunesines

wiwdnyazvesdnumaveusiyn'ld 2 szan o

1. Burefinefilai@on (Single Phase Inverter) dhiunesinesieniynduvase
naadummag)

2. 8unedines 3 mla (Three Phase Inverter) hidunesinesfioniyn du'lvasy
aday 3 e

winudayszmsidould 2 dszan fe

1. Bunesinesiuutleunss®y (Voltage Source Mverters : VSIs) t Sudunedinedd
Suyniiswl¥ifuundasusadiiase mc Voltage Source)

2. Bunefiaoiuuutlounszua (Current Source Inverters : CSIs)  Huunetineds
Suynitsrwltdhumdetonszuaiase (OC Current Source) FedunosineSuiiadinlng

wldtunuidesnsidage

4.2 3uneé’1mﬁmm’lauuiw‘fu (Voltage Source Inverters : VSIs)
a 4 4 v e ] « o o a9 ¥
Buneimesuuuilounsedu famnsamislétn 3 sliaaudnvarvesdyanaily
1 4
Heouginselaing &l
1. Bunefinesiuuiieaganaunnuniievesiad ( Pulse-Width-Modulated Inverter:
PWM Inverter) (Hudunefinesiannsol§uvnauazaind vouenin ldnddunes
o o o s ai LY ~ ° =\ o o 4 a Y- | d'd
sty Taoussduduymesiidnnedl dygnaiihluaiaddgnseiodanndimsiiden
t 4
1 <y as l& 1 1
7 PWM It lumsadredyana Tnedilivardsdwsndde
2. BuneimesuuugUnaudmaoy  (Square-Wave Iverter) (Huuneimeiiving
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S a SN 1
(Single-Phase Inverter with Voltage Cancellation) (HuBumesnesn laanse
o $ a {0 a 4 4 v a o '

Wummtuazvinavesdygnaeniymiididunesines wdisweannseldmaiaifonh
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i, szflinseamnonssdudiy  uameiifins ravesfdenuendndrady Tmedam o
a5y Fududnuasvosmshanudiudna v Rectifier) daiy Sunesineslugiit 4.1a
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2 1
Rectifier Inverter
0 e
3 4

inverter Rectifier

{c)

31N 4.1 (a)naﬂnvlﬂauuniuwumummaunasmai
(b)aﬂymzeumﬁiyty1mtamvgmuaﬂwammu§uﬁnﬁﬂ
% o a I's < a
@05 v, taz i, taramsihauvedunesines 1 1 lxda
{ o o ° a .4 4
295 et sudnmshnuvedunesiaesnnies  wfifuguinnnmsaensly

& J v a LY o J a
42 Fazuwsfiupudgedunesinel eeiidnvasdiusadriney
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(193D IUUIDY

o g a ¢ ¢
ETJYI 4.2 NITHUFIUYDIDUNIDIINDT

-y s 4 a d
4.4 35n13lunsniuguuseiuiazadvesdunesines
T lumsnavguannsauialdngig 3 uuu fle
o o J .
1. msnaﬂ@mﬂmumwnfﬁ’nwaﬁ (Pulse Width Modulation : PWM)
2. msmugulaslddayanafivasy (Squre Wave Operation)
Vv oo A Y
3. mnugulasldnanmsduadige
ad o = a s L~ and a
M3 lumsmuguussiutazaudivesdunesinestiograouuy uiitiiisumn

o as P a a as { [~
figaluilapiunaziidssaninmd fle nugulaemslddyanuildnnmsieagana



oy s wwews s memery

FeRTIEE MR M AT MRETSATATRS I | RSS! WRNCRT  XT Toenr

e S

21

¥ o o . . d & aa  daw g o
AUNINVBINAY (Pulse Width Modulation: PWM)  #ifudsnmsi1dlulnseniuiials &g

0’1’ 1 =) Qs dy
uuilmnmﬂuswamaﬂmmuﬁmsu

4.5 msﬁaﬂ@mmwﬂamniﬁqﬁaﬁ (Pulse Width Modulation:PWM)
mAIAYeI PWM wﬁ'nmﬂmswaﬂﬁﬁuauﬂﬁgﬂmﬁ @wiluaunvdenmieiludoos
18 wezh lnSsudeufugyatuuundin ?Jyuatjﬁugﬂuuu‘lumsm PWM
suvnlumsiieaganawniunhevesiadutald 3 wude
1. msfleaganannunhavesiadiuuiier (Single-Pulse Modulation)
2. msfieaganaunnunevestaduvunaowad (Multiple-Pulse Modulation)
3. msdioagranamanuniweaadinm ani(Sinusoidal Pulse Width Modulation)
4.5.1 matiengranmuanunaveaNaduuIAea(Single-Pulse Modulation)
Humsmuguanunveaiadidyeiadi alsdinsmaed  S6nau 1 Wad
Tupdlanfia sildguaduussdudisimon 1 grnaulunse lfasudy
msnluquanunwestadainsadi 1 lay
- mﬁvauwﬁnu(leading edge) LwiuﬂiLﬂ?;ﬂumamwdm(trailing edge)vBanad
- mﬁmeuwﬁdn((trailmg edge)) Lwiuﬂml?iaumauwﬂuu(leadmg edge)voarad
- Lsﬂﬂﬂ?]ﬂuﬁywanmﬂuuuazdnhuﬂaﬂﬂnﬁummwm;ﬂﬁaﬁtm"ﬁ
ﬁﬂymwmmsﬁaﬂ@mﬂmuﬂ1mn"i1wmﬁatﬂmuLﬁmti‘luﬁqgﬂ 4.3a wazvziiiui

o o

adesTiduauinasegh 12, 32, 5T02...
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17 43 dnvazvesgiaiuussdudildninmsiioaganamuanuneiad
@uuuiadifos N=1 by 2 fad N=2uuunaewad N=3
) v
11031 43a swansameynsuyiSosues unuussiuseninld fedl
V(O = 4V/T(sind/2sint - 1/3 5in30/2sin30t + 1/5 sin5O/2sinsMt - ...)  (4.1)
S-uamunhevesiiad uazesiicgega=n
9 o a Jo o A ! 9 o o
dmFua lulinddAui o drgegavesanundeiadm den
O=2Tt/n 4.2)
g 1= a d1 A Y 4 o 9 3 o S A
wituifia luiadanqnifendesdas  ihildawewssiuyagilisaanaieny
' 4 o {
uazfitrms vosgUadumuuNadiaer mldnn
1
g (m+a)/2

V== 1 V2aen? 4.3)
2L (e ir0

LA o o o o { ] A o 1 .
dwmiuenTuiing drvufin wiisgeqavesgiladuussducy iy
V,=4V/nTlsin n7U/2 (4.4)

y 1
AMANUARIHEUYBITYR I (Distortion Factor:DF) v iiAufiy

W2 .S
DF=(V/2)V_ ="“=sin= (4.5)
1 rms /”5 2
L L L] A
wftuhmgegaiiat=0.8 e 3=t
4.5.2 msdieaganmuanunivesaduuunaiewad (Multiple-Pulse Modulation)
<3, 0 9o o o v P a A o Ao J Y
Wunsnlasuuwad Tuudazae lvRavesgiaduusasfuiisnnuanatunh

a 4 a d & [y e [ P
lﬂuuﬁgfnil'liﬂﬁﬂﬂﬁﬂﬂigﬂ@'ﬂ8’]Tnuﬂﬂ (IUﬂﬁuui\iﬂulﬂTﬂ'}!ﬂ G’NZ'IJ'Y] 4.3b uag 4.3c
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zmmmuwiﬂniwﬂuﬂsa"lcmﬂmmmsueﬂ@mﬂmummnﬂwmwammwma
o ' t o o o 1
Wad (Multiple-Pulse Modulation) ﬁmwnnwaqmsﬁaﬂ@mmmnwamﬁm Aunalvia
YOI RMS Hinumdu uda1 lusindozunndaiussn'ly
Y 4 .o o da . = =4 e o
1ANDveINadUAS Sy (Carrier) Tu f, uazanudveInslieaganiial £ TagH

fof udrdmanugnadulu 1 lwfia Qoeziidwiiy

N=£/2f = ® /20 (4.6)
uazAil ms vousRUL RN Id0n
1
SN (712+8)/2 -
ms=5r 1 V)2 @)
T (xl2-8)12

v

453 mIrdngiadudyanadieagian
¥ v
B lumsaedyapaiionganinildTesnsierdyaneammien (Triangular

Wave form) M3edayanailiuiesSaw tooth) o AYR UMM (Carrier Signal)v (1)
nilSeufoudu dygrafivdsuiaounselSuueun/dgald (Adjustable Voltage Square

o

Wave) fifiont doygnasiioagion(Modulating Signal) v, (1) fagel 4.4

er

/\ A A A A ___~modulating signal, v,, (w?)
: N /AN [ N——carrier signal, v, (w,r)

(2) l l\/} !\,/= | i\/ ! .

% AN /\ A /

|

Anngdni

oo

37 4.4 wamamsedredygnadioagodunuumaeiad
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Tagfisnzaunsodfunnunevesiad (Pulse Width) TagmsuSuuenilagaves

Tynafieagan 910 0<v<y, 9214
Pulse Width=0/N wazozagluti 0<S/N<IN
uazaNunIvBIadesmiy
ON =(@1- VIV )*TN (4.8)
4.5.4 msdeaganmuanunhavestaduuylani
(Sinusoidal Pulse Width Modulation :SPWM)
dumsihdyanalnininiiu dyenaiienganModulating Signal) unudFeyg e

dmdon anwnteveaadudasiadesiion linsfimdloufun Tagezilsmugtusadey
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A% WBINTon-off LazAIATYeY Toagianiad (Modulated Pulse) s2uBagalicun
vouiaddas nisthilfinSames on-off AiRAvINMISTEYRRIRndiTl1g

mmn"hwmﬁ’aﬁﬂzi‘fuﬂgﬁu dandInvesigeqavesdyanadieagian (v.) fu
mgegaves dygianiumne (v) wieSunt Teagudusuiing (m,) 1iufie

m, = V_/V, (4.9)

Aenlagavowssiueniynezulsaws Hoagiadudiufing (Modulation Index)
Tnofifgeqaves m, fio 1 61 m>1 ule V,>V, szifinaTuiinddha i lidesmsty

ORI N=£2f =020 fHennsadunldld  wessneaunsathugae
fhaﬂuﬁntfﬁqqqmmﬁﬂﬁuﬁ"lﬂm1ﬂ 2N+]

mistfinves N i l¥ed Tufindaemintuinzesiing 1

PWM ozl aues iiind it uudvinavesas Tufindidiud

P 4 '

SPWM  $1aues ludindezminiuudvinavesand uiinddsnuy
v

Y o = A o - ~ o/
miYwﬂq,/fyvmmumawnunwnmnuazqmaym;ﬁufffyfywwmz

(Double-Sided Triangle Wave)

T 4

L’i‘lumsﬁumt‘fq;apmmumﬁuuﬁﬁﬁﬁnmnuazc‘i‘maumuﬁUmﬁﬂuﬁnﬁtytym"lmf

L4 L 4
fag1l 4.6 wilnadnawedaisTisaanfamouyesdganamasannsoth iU feunlung

o (4 o 1
939UNDSINDSA1eY 1A
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VAo
S VAo, lundamental = (Vo)
no
] 7 T
Va
. |
| T
~ Y
B ~ -~ 2
1l +
iy
! t=0
[ Veontrol < vy, N
Ta-ion. Tay: oft P Yzentrol > vy 3
r i,
Tqeion Tyo: oft |
R (b)
Vi
V2
1.2+
1.0
0.8 m, = 0.8, m, = 15
0.6
041
0.2+
0.0 ﬁkll Tx,HxT]lIIx HXTI'III
1 my \\ ' 2mf\ 3my \
(mf + 2) (2711/ + 1) (3m, + 2)

Harmonics A of f| -

fe)

W 4.6 uernedaenuPwM Mifine1nms1d Double-Sided Triagular Wave

@uaz(®) uaamsnSsuiisuvesdygno

' a eda & 4, y
(C)ﬂ‘lg'ﬂﬂuﬂﬁﬂlﬂﬂ\lunﬂ"l me AN

nng1 4.6 ileagiaduBufindi(Modulation Index) vesFaygaidtnamIdguiumd ~

.= Voontrof Ve

v A A 1 2 & [ U <4 o o
GUNDNAMITNANIN A8 Sasrdaumsiioaguiuveninud
Modulation Ratio:m) ¥1l@91n -
m= £/f]

(Frequency

(4.10)

| ] - o U L) J { @
Amez g lunITIMsing alutindiudaiuilald@agus.6c azdinslumsm

wAnAquunsm ldenaunts
V, sin®E=V [(1-4N/TD)O1]
4.6 ‘Sunas‘me%’xﬂmﬁm(smgle Phase Inverter)
annsausiuriiades’d 3 viiade
1. e7dHuTAsBUNBTIABS (Half Bridge Inverter)
2. fouSaddunesines (Full Bridge Inverter)

3. WyWaduesInes (Push-pull Inverter)

4.1
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4.6.1 813390 UIIR MO (Half Bridge Inverter)
awsaﬁﬂu’%’ﬂﬁ'ﬁumﬁmaﬂﬂuNﬂsﬁ‘l‘l’f’ﬁﬁm?‘lumsmnﬂmﬁm 2 fdagyl 4.7

. T
il )%

LS+
—i1

r

~

n|
b

71 47 namareesadnluSad aewiesiney (Haif Bridge Converter)

gl a3 T, sxlladlo v > v_uag ¢ Iddyanausedueninn v, ) = 112V,

o T, szdlailov, < v, « Wz lidyanaussiueniym (v, =-12v,

g 4.7

Ucontrol U tri

A ALLAAAL
A

<
_—=t

<

-<

- T
JUUUJ [T HHEERHT

Veontrol < vy, } __{ }__

\Ta-20n Ty, off { Ueontrol > wy }
Tas:0n Ty : off

31 4.8 dygnad I0n1eesdunedines

tazezduna ldussdufiannsouainy v,) Fegaezlisumiduussiudumyn
(4.12)

VT=Vd

weznszud Iwaru d3sigegaesiien
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L; = 0; peak
4.6.2 Yau3adduesines (Full Bridge Inverter)

1 4 3
1ha9s¢ie31 4.8 Bunedineswilatiazilsenouday oing 4 & uazil 2 e o504 luug

a Y @ - My a 4 S qy 3 A P v o
azfieez on wienAN 1A Bunefimesyilative IdnfFouniuuuusnieoannsofivesuiss

9y . [ s 9o os 4 P @ o ] p=1 I's
10g9 ) (512 switch tmaxmaz‘lﬂsuuﬂﬂuﬂswuwmumﬂuauvg*n Timilounuvady

L

V3AT (Half Bridge) uazqunselfinevuesiivinadnasdan

71t 4.9 209nvfouSad Sunesined (Full Bridge Iverter)
mslidoyana pwM aauguuwyluTnars Tadinvaind (Pwm with Bipolar
voltage switching)
msﬂmau“luﬁnymzf';wwzﬁé'nﬁtyﬂpm PWM i‘fummnquﬁ%mﬂﬁ’;ﬂﬂ 30 la
wiouduiiiug q Tﬂﬂﬁ?ﬂfﬁaguuﬁmﬁtnf'm”u%zn‘flﬂw%’anﬁu"lﬁ'lﬁ'ﬁq1fuinﬂgﬂﬁ 4.815719%'1%

N

T,, w0z T, villaile Voot > Vi 008 Vo =:Vd/7-

T, Uz T,, szidlaidie Ventrol < Ve H0E Vo = -v,/2
ﬁq;q,nmﬁymmnzﬁﬁnymzﬁuna{ﬁwmm‘zﬁ dead time #28
uazez 14N

Vo) = v, - Veo(t) =2 v, (1) = v (peak)

i maS 1
Vo1 = m,V, (A1 voltage fundamental)
m;> 1
Vy< Vo <4v/TT

sndudyanaiierlainduas g dygroneninn sxlifnyazdogi 4.10
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5.1 unuwaduassWing (PV Array)
o a [ a an 8 A . a o .
unraduaaoadliluriiadinoundnifel (Monocrystalline ) ¥o4US N BP Thai

1 a9 ar d”
Solar 4 YALABLYATYDYDAIN

‘llu‘lﬂﬁ'lﬁ‘\‘lqa’cjﬂ (Peak Power Point) 55 W

UIAY

-fifaussfugaga 17 V

-9101nf 12 vV

-laaes 212V

AT

-fifianszuagega 323A
3.54 A

-0R2995 (short circuit)

5.2 Blocking Diode
:; J A o 1 =y ar
{Hugunselidessnain PV Amay iftetloadn hildiinssuadoundudalally pv Array

s 1¥t PV Array (@ovg'1d
({09910 PV Array 55W 42 (12 x4 =48)
<. fdarfanun p = 55 x4
=220 W
s =plcos 0 .1
=220/0.8
=275 VA
mimnszud va'ld
1=275/24
=10.34 A

.. 14 Diode 5 A 3 #2371 YUY
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5.3 Bu103INDT

5.3.12995M184
¥
a = [ [~ [y
lassiildsunesimesiunyavSaslumsuasusedu Masa i uus agu '

ady TavInimasildidudaaden vaifiu 16BT Rumaalugyd 5.1

O S1 ‘ S2
x = N
S3 l<_ <S4 -

71l 5.1 WeshdwenesBunesiAe]
msvhanveanesistey ddyananiunm IGBT e 4 Aoy Ty Trand a5wids de
2217 IGBT shnszuanfeutuiiug Tao IGBTReguRwReIfus: Bhinssuantondt ~
vIngUfl 5.1 fie IGBT #aff 1 f 3 wwhaumdeutuuazie 1 fu 3 ngamsiinssuauda
IGBT @7 2 i sonhnszuaumuiuasiaeduiuludes 9
dalalenfiimihilifluneuiianiaciaTonldfuaes Tay
1. fosiumsiaussfualivasd 1GBT Sungminsumilownamumitoni
uraludumiioni Tﬂuwﬁqa1uﬁazﬁuiuﬁamﬁmmffﬂzgnﬁuwaﬂ"lﬂz‘hmﬂ
SuymioneuiuanclaTen ez hiini¥ifaussiua i ddowe (BT nyah
nsTe
2. umsanrusafuiinnasen IGBT vairngminssua fkmnandamiioni
nduth ieflost 1GBT

5.32 aseenuuuduiuilszgnsesusaiuduyn
e g o 1 3
Afulszgitanesezdudinsoas s iassfinnn pv Aray Wlondy os

] LV AR) Ay a o a 14 o Y Y - .
‘B')Eﬂ'ﬂﬂ'Iﬂi&’!tﬁ'ﬂllﬂ'llﬂﬂﬂﬂﬂﬂ'lllﬂﬁ]ul'Ji’)iWIBSWﬂ\iﬂ'liiﬂﬂﬂﬂlli\‘iﬂﬂﬂi&ﬂﬂll (Ripple

1 4
Yo

2 s [ Q’Il 3 o o
Voltage) Ha01fiumsmisenaznioszy Aniuannsommvesdunusey 18R
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dv
= C— 5.2
210 i p (5.2)
Coe =IAVA v, (5.3)

Taof 1 fAefnszuaissAnBnavesneesiFeansaue (A)
At Aernnalumsifuuazaossy
Av, fefwontvsenveussfunsuftouiileniynveisnsSonssua (v)
nnsznumnssuafisenvinum lvmfivad
I=517A
AET 19142995 inverter = 5 kHz
At=1/£=1/5k = 2x10 (finlszann 4 auna)

fAved v, oousu'ld 1

Coee = (5.17x2x107)/1 = 1034 |UF

1]
~ 1

@enl¥ C 1000 UF 400 v fineuds (Miiag)
[ 4' ° o o é d
533 n1saanmnmamummuazmmnmlszq‘lmmsmmmmnﬁ'msm‘nun
2 I lumsnsesdyanaiioonsin mverter 5192 14199505098 1dm Wy
' 3 & a od 4 i v o y
A8A (Low Pass Filter) 1119491029956 IMFBITA0E 5 kiz auiululassnuiiozonn
uunli9esnseaimen(cut offfinaud 1 kiz meadenaumilionimnsdufulszqi

o 4' o ety [3 o dy
e AN nuANNtANoow Tﬂumﬁ“lumsmmmmu

519 5.2 N97 Low Pass Filter

G

d' & o R o
1ngUA 5.2 aunsommsues Hafa (Transfer Function) lagenfiyaunisya

5")11(Node Equation)
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Vi S +20085 + 0’
9l
|
il
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1
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1
s = 27 Le
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1
L=
47°x10x107°x10°
L =2533mH
oM vwm 10uF 400v
L 9119 233 mH. lumseonuuy L a2udige 19 Program lumsesauuy

wieuasazaumilonigelasidnouiinae? v'ld

L=2533 mH
dunues sy B42
M SWGI9

soulumsiu 153 sou

PUIR gap 0.4993 cm

5.4 2993AVRN

5.4.1 lassadaveisasaugy
[ 4 y
lulassansiinougy IGBT vis 4 M lae ¥ 5 nsueaganauninunaiaduwy lasd

1 4
(Sinusoidal pulse width Modulate) 1agn13A7URM IGBT 14 4 Aaiidnumziiuuyy Bipolar i®

IGBT vzvheumioudiuiiug q adudulasiinufeatuos ieunsormomumenduld Tas

willassadnvesrssnuguiegii 5.3

. o [nfodioy nsadn . 4/ v v an
e s ) NIUNATIA 25Mies wistuleiiin
sy dead time
2085 vyl

Ui 53 vaenlaezunsuveslnseadreesniugy
v b 4
5.4.2 NesnQamed ilauidfuald Tanasestiszaveynsudhfursauadredyga

s o o ! {4 o
lanf (XR2206) e ezannsaonsedudyaarlaniiiung1d Noshdveziiudagy)
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XR2206 (417191 3 ¥4 TL494 uazisvzde o ninn 9, 10 Tdnvazmilousu Srvusms

#8995 TL494 fludiagyl 5.6

8 9 D 74LS164
11
+12V o0— S
12 13 “'P'
470 " A
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] 46. 875 336. 3m
2 93. 75 10. 15m 3.0190
3 136. 25 [.367m 0. 4066
4 203. 125 1. 498m 0. 4455
9 250. 0 2. 23Tm 0.6651
6 296. 875 320. bu 0. 0953
1 343. 75 219, ou 0. 0663
8 406. 25 91, Tou 0.0273
9 453. 125 263. lu 0.0782
10 a00. 0 69. 81u 0.0208
I a46. 875 224. 3u 0. 0667
12 993. 75 94. 46u 0.0281
13 656. 25 219. Yu 0. 0654
14 103. 125 72. 8 1u 0. 0217
[5 150. 0 187. Ou 0. 0656
[6 796. 875 [49. 2u 0. 0444
['7 843. 75 [44. Ou 0. 0428
18 906. 25 [18. u 0. 0352
19 993. 125 83. 56u 0.0248
20 [. 0k 44. 40u 0.0132
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10 7.18 daygnaBunnvesniomlnsvai lise Tuan( 5 Vidiv, 5 ms/div)

i 7.19 dyapaeniynveantiomlasvazdeTvan R 680 Tev ( CHi probe*10,

5 V/div, 5 ms/div,CH2 10 mV/div, 5 ms/div)
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oW | 2sw (40w 60w]100w
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©MYMBUIL NSz 2995N589A A
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INTERNATIONAL RECTIFIER

Data Sheet No. PD-6.021

IR

HIGH VOLTAGE
MQOS GATE DRIVER

IR2113

General Description

The IR2113 is a high voltage, high speed MOS-
gated power device driver with independent high side
and low side referenced output channels. Proprietary
HVIC and fatch immune CMOS technologies ena-
bte ruggedized monolithic construction. Logic Inputs
are compatible with standard CMOS outputs of with
LSTTL outputs using pull-up resistors. Output drivers
use low impedance totem-pale arrangement
designed for fow cross-conduction currant Spiks.
Propagation detays for the two channels are matched
to simplily” use in high frequency appiication. The
floating channel can be used to drive an N-channel
power MOSFET or IGBT in the high side configura-
tion that oparates off high voltage rail up to 600 volts.

Applications /

N High frequency switch-mode power suppty
B DC and AC motor drives

&/ Electronic lamp ballast =
M Battery charger ‘::\
B Induction heating and welding -

M Switching amplifier

Features

Floating supply designed for bootstrap operation
~— Operating offset range from -5V to +600V
— dvidt immunity, rated at +50Vins

— Quiescent power dissipation of 1.6mW at 15V

W Wide output operating gate drive supply range

from 10 to 20V

R Separate logic supply to Interfaca with logic signal

— Operating supply range from 5 to 20V

— Loglc and power ground operating offset
range from -5 to +5V

CMOS Schmitttriggered inputs with hysteresis

and pull-down

Cycle by cycle edge-triggered shutdown logic

Undervoltage lockout with hysteresis for both

channels

Output totem-pole driver designed to drive

MOS-gated powsr devices

— Peak current capability at 2A minimum

— Switching time of 25ns typical into 1000pt
load

Matched propagation delay time for both

channels

— Typlcal 120ns tum-on delay and 94ns tum-off
delay

— Maximum rated matching diffecential of
+10ns

Latch immune CMOS. Withstand > 2A reverse

current at 1/0 pins

Typical Connection
Hy
7
Vpg O~ 8 6 e
r—im '(2 H T —0
SYSTEM | n & x 1]
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IR2113

Absolute Maximum Ratings

Absolute Maximum Ratings indicate sustained limits beyond

All voltage paramelers are absolute voltages referenced to COM.

The Thermal Resistance and Power Dissi

air conditions.

which dama

ge to the device may occur.

pation ratings are measured under board mounted and still

Symbol Parameter Min Max Units
Vg High Side Fioating Supply Absolute Voltage -05 Vg +20

Vs High Side Floating Supply Oftset Voltage -vgg - 05 600

VHo High Side Output Voltage Vg 05 Vg +as5

Vee Low Side Fixed Supply Voltage ~-0.5 20 .
Vio Low Side Qutput Voltage -05 Ve +05 v
VoD Logic Supply Voltage -05 Vg +20

vss Logic Supply Offsat Voltage Vee - 20 Voo +05

ViN Logic Input Voltage (HIN, LIN & SD) Vgs -05 Vpp+05

davg/di Allowable Offset Supply Voltage Transient {Fig. 16) — 50 Vins
°n Package Power Dissipation @ TA <= 25°C {Fig. 19) - 16 W
Finga Thermal Resistance, Junction to Ambient — 75 °CIw
TJ- Junction Temperature ~55 150

Ts Siorage Tamperature -55 150 *C
T Lead Temperature (Solcering, 10 seconds) - 300

Recommended Operating Conditions

The Input/Output Logic Timing diagram is shown in Fig. 1. For proper operation the device should be used

within the recommended conditions,

The Vg and Vgg offset ratings are tested with all sup

bias conditions are shown in Fig. 2 and a.

plies biased at 15V differential. Typical ratings at other

Symbol Parameter Min Max Units
\{:) High Side Floating Supply Absolute Voltage Vg+10 Vg +20
Vs High Side Floating Supply Offset Voitags -5 600
VHO High Side Output Voltage Vs Vg
Vee Low Side Fixed Supply Voltage 10 20 v
VLo Low Side Output Voltage 0 Vee
Vpp Logic Supply Voltage Vgg ¢S Vgg +20
Vss Logic Supply Otfset Voltage -5 5
ViN Logic Input Voltage (HIN, LIN & SD) Vss Voo
Dynamic Electrical Characteristics
VBIAS (VCC. V8BS, VDD) = 15V and VSs = COM unless otherwise specified.
The dynamic electrical characteristics are measured using the test circuit as shown in Fig. 11.
T] a 25°C Tl = ~55 to
150°C
Symbol | Parsmeter Min | Typ | Max | Min | Max |Units Test Condltions Aeference
ton Turn-On Propagation Doelay — | 120 | 150 | — | 260 Vg = OV Fig. 12
tott Tum-Off Propagation Dalay . -— 94 125 | — | 220 Vg = 60OV
teg Shutdawn Propagation Delay - 110 | 140 | — 1 235 Vg = 600V
t Turn-On Rise Time — 25 as —~ | 50 C_ = 1000p¢ Fig. 13
i Turn-Off Fall Time -— 17 25 { — | 40 | ns Cy, = 1000pf
Mton Delay Matching, HS and LS Turn-On | — | — 0| =] = |Hton~Uoni Fig, 14
Migy Delay Matching, ¥/S and LS Turn-Off | — — 0| -] - |Hior—Ltont!
OHon | Deadtima, LS Turn-Off to HS Turn-On | 16 | 26 | 36 | — | — (Hion-Lioty) Fig. 15
OlUon  |Deadtime, HS Turn-Off to LS Turn-On | 16 | 26 | 38 | — | — {Uon-Hior)
1
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IR2113
Static Electrical Characteristics .
VBiAs (Veg. VBS. VDD) = 15V unless otherwise specified.

The VIN, VFH and IIN parameters are referenced lo VsS and are applicable to alt three logic Input Pins: HIN, LIN and SD,
The VO and 10 paramsters are referenced to COM or Vs and are applicable 1o the respective Output Pins: HO or Lo,

T‘ = 25°C T’ = =55 to
150°C
Symbol | Parameter Min [ Typ | Max | Min Max |Units Test Conditions Reforence
ViH Lagic “1" Input Voltage 3t — - | a3 - VDD = 5V
64 - - a8 - Voo = 1ov
95 — - 10 - Vpp = 15V
128 | — — (133 ]| —~ v Vpo = 20v
Vig Logic “0" Input Voltage - — 18 ~ 17 Vop = 5V Fig. 4
— —_ a8 - a6 VDO = v
—_ — & ~ | &7 Vop = 15V
- — 83 - 79 VoD = 20V
VOH High Lavel Qutput Voltage, Vgias-vO | — a7 1.2 - 15 v VIN = Vi, o = 0A Fig. 10
Vou Low Leve! Output Voitage, VO —_— - 0.1 - a1 VIN = YiL. lo = 0A
LK Offset Supply Leakage Current - — 50 — | 250 VB = Vg = 600V Fig. 5
loas Quiescent Vgg Supply Current - 125 | 230 | — [ s00 VIN = ViH or ViL Fig. 6
lace Quisscent Voo Supply Current — 180 1 340 { — J's00 uA VIN = V)i or Vi Fig. 7
laoo Quiescent Vo Supply Current —_ 5 30 - 60 VIN = Vi o¢ Vit
N+ Logic ™" Input Bias Current - 15 30 - ) VIN = 15V Fig. 8
hin- Logic “0* Input Bias Current - — 1 - 10 VIN = OV
vasyv + Vas Supply Undervoltage Positive 77 | a7 9.7 - —_
Going Threshold
vasuv- Vas Supply Undervoitage Negative 73 83 93 - -
Going Threshold Fig. 9
Veccuv +| Voo Supply Undervoltage Positive 75 | 86 | 96 | — — v
Going Threshold
vVecuv- [Vee Supply Undervoltage Negative 72 [ 82 {92 [ — -
Going Threshoid
lo+ Output High Shon Circukt Pulsed 2 - — —_ - VOUT = OV, Viy = 18V,
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Typical Performance Characteristics

HIN
LN

S0

HO
w

Fig. 1 — Input/Output Timing Diagram

Vgs. LOGIC SUPPLY DFFFSET VOLIAGE {V}

ILEAK. OFFSET SUPPLY LEAKAGE CURRENT (nAy

i

i T T T
VDo - Vss = STO 2OV, Ty = 25 /

Vi

V

/

7

2 " %
Vg FOXED SUPPLY VOLTAGE
Fig. 3 — Maximum VSS Posltive
Offset Voltage vs. VCC Supply Voltage
(For Proper §/0 Loglc Transltion)

0 0 30
T;. TEMPERATURE {*C)

Fig. 5§ — Oftset Supply Leakage

Current va. Temperature

-3

-4
RN
§ - ‘\
i -8 \\4
T .
N
b
5 ™
hd \ .
-9 \\
|
10 12 " % 18 2
Vgs. FLOATING SUPPLY VOLTAGE (V)
Flg. 2 — Maximum VS Negatlve
Offset vs. Vgg Supply Voltage
(For Proper 1/0 Loglc Transition)
T T
Ty = -55%C 10 150°C /
= 0
5
: 7|/
§ . r/
= He /
g . ¥
S e '//
g /
rd A4
3
2K
> 2
7V
0
2 4 6§ 8 0 12 W % W 2
Voo, LOGIC SUPPLY VOLIAGE (V)
Flg. 4 — Input Logic Threshold
va. Vi Supply Voltage
T J 7 ! \Jlsvclzw No]um
3 *loec -11 AND LOGIC 0 /
x
& %0 1 —
eSS
g | 1 2Mogsn
a w0 —
§ o
& L
@
>
< 1Viggs) /;ﬂm
2 =" A
ERR //
i 1
é ’W‘?es —t A
I ]
] 'y
€ 0 0 N 0 P 120 %0
T3 TEMPERATURE (°C)

Fig. 6 — Quiescent Vgg Supply

Current vs. Temperature

~

"Hf—]
WS

HIN
S0
LIN



N
N
16 18 0
. JUPPLY VOLIAGE (\5)
m VS Negatfgvn
~Supply Voitage
.oglc Transition)

y
/

3
¥
£

)y 7 M % B

-UPRLY VOURGE ()
oglc Thereshold

\\
\
\ | 25

|
\
h\

|

IJ
) @ % 2 10
PERAFURE (*C)

ent Vgg Supply
femperatury

Typical Performance Characteristics

¥ T 1
Vog = 1N, 15V & 20V, NO LOAD P
_. 450 — TLOGIC "1” AND LOGIC 0° 7
3 A
g9 7
g Wiocer L1
3 B0
-
‘S Wiace —"1
£ %
g ™ 18Viacot
il ! |_A
R — T
8 1SVioee A
s
[ S
S e e
1
i

-60 -0 ] x &0 0 10 150
1), TEMPERATURE (C)

Fig. 7 — Quiescent Vo Supply
Current vs. Temperature

92
g’ /////
|
g s |
§ s Va7 .74
£ // /|
g u [P // 4
& Vesuv
.g‘ " // //1/ %CCW'
2 1
82 —
/‘
.-eo 0 0 X @ W 0 150
15, TEMPERATURE (°C)
Flg. 9 — Undervoitage Lockout
vs. Temperature
Voo = 15V
[ 10 Im . .'
T#Te 11 [
< 9 3 5
HIN o : Lo
] L T ow
soo——1t w3

N o——L{>—l— [ v

Fig. 11a — Switching Time Test Clrcult

0
36 .
3 et
= »
=
% » > ey ,/
2
g 2 / // /
o™
'.'E' 15 /ﬂ///
o
g // // o
K =T rv =
= —1 I
5
0

4 -0 0 XN & 0 2 0
15, TEMPERATURE ()

Fig. 8 — Logic 1" Input Blas
Current vs. Temperature

4
T
] Loded o1
g ars \
= | N
s
s 22 \
(=]
)
’g‘ 3
N\
&£ 2T "\
\
25
5 0 15 %

Vgus, SUPPLY VOLUGE (V)
{'Fig. 10 )— Output Device On
h nce vs. Supply Voitage

Fig. 11b — Switching Time Waveform Definition

-~



.

O T ey wn W Wew e

Y -

@ o

3

- oon

g

-

O Tys e

- oA

Typical

IR2113 ‘ L
Typical Performance Characteristics ' -
0 : . 20 -
© e = 1000 oF VEG = Vs = Yop = 15V, Ve = VsS" vool- 1sv_lq - 1000 6"
'rA = 5% 180

Higq |

'\\ I‘

toalott. DELAY TIAE (ns)
a

E3
S
_ ’;9‘
]
lon/lott. DELAY 1IME (as)
8 8
\\

\ / V * ,
R - :
100 i
~. NS <4 ,
] L Hlon | , ;
L NN [ []
10 brd " 6 18 20 R - | x ] LB A BT
Vsuppry. SUPPLY VOUTRGE 4] 1. TEMPERATURE (0 veg =
Fig. 12a — Delxy Time va. Supply Voltage Fig. 12b — Delay Time ve. Temperature -L—O-I.T
BT T T .j 0 r—— T ————r——— I+ I~
Vas = Voo = Vpp = 1V, £ = 1000 pF, G = 1000 b, Vog = Ves:= 10 10 2oy,
130 Ta = 25%C 2 < A = 25°C
£ . -
§ ¥ . g 5 ~
; \-\__‘”"_ § ) V ! * .
d 1s 3 \-“
@ =
§ ne 3
= L)
§ " \ p 6 ——] \J 1
< L
£ X0 \\ [
Hign
[ ]
%0 0
0 W W w0 s g 0 ] " % 1 2
Vs. OFFSET VOUDGE, (v) Vsupety. SUPPLY VOLIAGE (v)
Fig. 12¢ — High Side Delay Fig. 13s8 — Rise and Fall
Time vs, Vg Offset Voltage Time vs. Supply Voitage L
4 120
T 7T FTTIm 11 FH
VeC = Vgs = 15V, §y = 1000 pF TA= 25T Voo = Vpg = 1V f
s 2 ] l
g / |
g EY) / § ) # PW
z |+ i A1
2 Y & /
g ] PR Sse- g 4 A
% /]
b & / /
- ] — { “ 4 ll
& " — = V3%
b3 I b2
15 2 4 ]/‘
- L 311
L1711
0 ]
® W 0 X 0w W om0 100 1000 10000
75, TEMPERATURE (0 Cp. LOAD CAPACITANCE. ()

Fig. 13b — Rise and Fall Time vs. Flg. 13¢c — Rise TimesFall
io. it~

-~



Typical Performance Characteristics

0 %0 120 150
RAURE () §
» vs. Temperature
.
;= Vag-= 1010 20V,
2% E

-

N

% \’ 2
ALY VOLUGE V)

-s9 and Faik
ly Voitage

T 11

s Vgg = 1V

; /-

e rr—————————————

h N

1

v A
/"4
[

]

1000 10000
.

APACTANCE. (oF)

se Tlmo/lel

F R

LI R

/{:( 4/ ‘

Vg = 600V

TYPICAL Mlgq = Miggg = 0 ns

Fig. 14 — Delay Matching
Weveform Deflnitions

Fig. 16 — Floating Supply Yoitage

Translent Test Clrcuit

LIN
S0% S0%
HIN

0
9%
Vg =V
"o 10%
- DHid Dlige
M oom
Vs-GWV
w0 0%

TYPICAL DHtgn = Dligq:= 28 ns
Fig. 1S — Deadtime Waveform Definitions

1 -
>
£
Z
: =
s A
HY = 400V 1A 1A
% at i "/ 1 LA
a 22000 =
E A
& paiavidiile
2 405
Enm Lo 1
g A
A
(9
Vgiag®™ 15V, G = 1000 pF AND Tp = 25°C
Q001 L Al L L1ter 1 J it L)
0K 100K 1 MEG

1. SWITCHING FREQUENCY (Hn}

Flg. 17a — High Yoltage Power
Dissipation vs. Switching Frequency

10
uF 15V

15V 9 5
" e {0 P>l
1=10kHz___% LT

Ptz -—r:; ‘__l
oo = S T

13 2

f—1
I

Hv = 0 T0 600V

1
I
G I 10 tHv

HVPD = (HV - [qy)2
OR Pp PER LEVEL SHIFT EVENT

Fig. 17b — High Yoltage Power Dissipstion Test Circuit




I m m D i

[ TR

S

Bl R

= e

e iy

-

IR2113

Pp. LOW VOLIAGE POWER DISSIPATION (W)

Typical Performance Characteristics
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Functional Description

The IR2113 is a monolithic high voltags, high speed
two channel power MOSFET or IGBT driver. Refer to
the section on Functional Block Diagram for the interal
partitioning ét the various circuit blocks. The driver
translates logic input signals into corresponding “in-
phase” low impedance outputs. The low side channel
output (LO) is referenced to a fixed rail (Vog) and the
high side channel output (HO) is referenced to a floating
rail (VBg) with offset capability up to 600V.

The logic circuit provides the control pulses for the
two output channels corresponding to the logic inputs
as indicated by the Input/Output Timing Diagram in
Fig. 1. The HO and LO outputs are in phase with the
HIN and LIN logic inputs. The two outputs will turn oft
when the SD input switches high and the outputs will
remain off even afier the SO input returns 1o low until
the next rising edge of the respective inputs. In the case
when VCC is below the undervoltage trip point the UV
detect circuit will send a shutdown signal to disable both
channels. Also a separate UV detect block is used to
disable the high side channel when VRg is below its
own undervoltage trip point. The logic inputs use
Schmitt trigger circuits with a hysteretic band of
0.1-Vpp to provide high noise immunity and can accept
inputs with slow rise time. The logic circuit is referanced
to its own logic supply to allow the usa of a lower supply
voltage than the output operating supply voitage. A high
noise immunity Vop/VCG tevel-shifting circuit Is used
to translate logic signal to the output drivers. With a
+5V rated offset capability between the logic ground
(Vss) and power ground (COM), the logic circuit is
unaffected by the noise coupling generated by the
switching action of the output drivers.

Propagation delay for the two channels are matched
using the low side delay circuit to simplify the timing
requirements of the control pulses. The turn-on delay
is matched at 120ns for the low side channel (Lton) and
the high side channel (Hton) with Vg at OV since the
high side turn-on command is usually executed when
Vs is at or near OV. The turn-off delay is matched at
94ns for the fow side channel (Llof) and the high side
channel (Htgff) with Vg at 600V since the high side turmn-
oft command is usually executed after the high side
power MOSFET is “on” and Vg is at or near the high
voltage rail.

Both channels use identical low crossconduction
totem pole output connected -transistors. The output
driver consists of two N<hannel MOSFETs with peak

current capability above 2A and on_resistance of less
than 3 ohms (Fig. 10). One output is

connected as a source follower and the other in
common source configuration. Because of the totem
pole arrangement the rise time is slower than the fall
time driving capacitive load. For a typical 3300pf load
the rise and fall times are 50ns and 33ns respectively.

For the high side channel, narrow “On" and “Off”
pulses triggered respectively by the rising and the

* falling edge of HIN are generated by the pulse

generator. The respective pulses are used to drive
separate high voltage DMOS level transiators that set
or reset a RS latch operating off the floating rail. Level
shifting of the ground referenced HIN signal is thus
accomplished by transposing the signal raferences to
the floating rail. Bacause each high voitage DMOS level

IR2113

translator is turned on for only the duration of the short
“On" or “Off" pulsas with each set or reset event, power
dissipation is minimized. False triggering of the RS latch
from fast dvidt transients on the Vg node is effectively
differenttated from normal pull-down pulses through a
pulse discriminator circuit such that the high side
channel is essentially immune to any magnitude of dvidt
value. Also the high voltage level shifting circult is
designed to function narmally eévgn whan the Vg node
swings more than 5V below the COM pin. This condition
can often occur during the recirculation period of the
output free-wheeling diods.

Application Guidelines
(Also see Application Note AN-G7BA, DT92-1, DT92-2,
DT92-3, DT92-4, DT92-5 for detalls)

The IR2113 is typically used to drive two high voltage
N-channel power MOSFETS or IGBTs configured in half-
bridge, dual-forward or other topologles. The fixed rail
referenced output is used 1o drive a low side connected
power MOSFET. The floating output channel is used
to drive a power MOSFET in the high side configuration
that requires an over-rail gate drive. Refer to the section
on Typical Applications for the various circuft topologies
where the IR2113 is applicable.

¢ Typically, the floating supply is derived from the fixed
supply using a bootstrap technique as shown in the
section on Typical Connection. The charging diode must
have a voltage withstand capability higher than the peak
HV bus voltage. To minimize power dissipation a fast
recovery diode Is recommended. The value of the

bootstrap capacitor depends on the switching

frequency, duty cycle and gate charge requirement_of
tha power MOSFET. The voltage across the capacitor
should not be allowed to drop beiow the under-voltage
lockout th , otherwise protective shutdown will
oceur. 0.1 capacitor I8 usually suitable for
applications switching above 5 KHz.

Supply bypass capacitors between VGG and COM
and between Vpp and Vg are required to supply the
transient current needed for switching the capacitive
loads. These capacitors, together with the reservoir
capacitor across Vg and Vg, must be connected close
to the device. A 0.1 yF ceramic disk arallet
with & 1 4F tantalum capacitor Is recommended for Voo
bypass. A 0.1 uF ceramic disk capacitor Is usually

adequate-for tha fmgﬂr—‘—\_
f'ﬁmﬁm -are designed to deliver gate

drives for fast switching speed even for high current
power MOSFETS with relatively high gate charge
requirement. The typical switching speed for various
standard power MOSFET sizes is shown In Fig. 20. To
minimize inductance in the gate drive loop, each
MOSFET should have its own dedicated connection
going to Pin 2 and 5 of the IR2113 for the retum of the
gatae drive signal. For smailer power MOSFETS a series
gate resistor for each output is recommended to limit

i speed. The value of the gate resistor depends
on EMI requirament, switching losses and the
maximum aliowable dvidt.

The total power dissipation of the IR2113 s a function
ot HV bus voltage, VCc and Vpp voitages, switching
frequency, duty cycfe, delivered gate drives charge, and
operating junction temperature. The total dissipation
can. be divided into two categories: High voltage and
low voltage switching.

-~
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The high voltage dissipation c¢an be calculated by the
following formuia:

POHV) = HV-ii e g 4 {VBon +VBot)+ Qp-1
;“‘J g——M

static dynamic

with HV the high voltage bus voltage, I k the leakage
current of Vg to ground, d the duty cycle of the high
side switch, Qp the pulsed charge of high voltage level
shifter, Vgon, the average voltage of Vg during the turn-
on puise, Vgop the average voltage of VB during the
turn-off pulse and f the switching frequency of the high
side channel, The level shifting losses are usually much
larger than the leakage losses Such that the static term

can be neglected for most applications. Fig. 17 shows

the total high voltage dissipation as a function of

switching frequency at various fixed Vs veltage level,
Note that the graph only shows the high voltage power
dissipation per set or reset event at the particular fixed

Typical Applications

Vs level. Keep in mind that in actyal ap
swinging during the level shifting event,

The low voltage dissipation can be Calcuiated by
foliowing formuia:

plication v
t

POILV) = Vpigs*iQiop + 2+V4; *Qgef +
ias * 1o, bias*Qg bias

static

*Qeme:
dynamic

with Vpias the low voltage bias voltage assuming v
= Vee = VBS. Qo the total quiescent current, C
the delivered gate charge per driven MOSFET, 1

switching freauency and Qcmos the switching losse
associated with the internal CMOS ¢

hing losses
'cmos) are shown jr
oading condition,

associated with interna| circuitry (Q
the graph for the case of “0 pf" |

L0AD

POWER GND

VR < 600V

1uF
LOGIC GND
Buck Converter
&
,
+15V o—q 9 S
IR2113
nn
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Typical implementation of an H-bridge with cycle-by-cycle current mode control

IR2113
Typical Applications Continued
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10484
TL495

Specificatinns and Applications
Information

SWITCHMODE
PULSE WIDTH MODULATION
CONTROL CIRCUITS

The TL494 and TL495 ae fixed lrequency, pulse width modu-
lation control circuits designed primarily for Swiichmode power
suoply control, These devices feature:
¢ Complete Pulse Widih Madulation Control Circuitry
* On-Chio Oscillator With Master Or Slave Operation
o On-Chip Error Amplifiers
® On.Chip 5 Voit Reference
* Adjustable Dead-Time Control
¢ Uncommitted Qutput Transisiors For 200 mA Source Or Sink
¢ Output Control Far Push-Pull Or Single-Ended Cperation
® On-Chip 39 Volt Zener (TL495 Only)

* Quiput Steering Control (TL495 Only)

PIN CONNECTIONS

TL494

SWITCHMODE
PULSE WIDTH MODULATICN
CONTROL CIRCUITS

SILICON MONOUITHIC
INTEGRATED CIRCUITS

. N SUFFIX
PLASTIC PACKAGE
CASE 64805

J SUFRAX
CERAMIC PACKAGE
CASE 620-02

TL43S

N SUFFIX
— PLASTIC PACKAGE
CASE 707.02

J SUFRAIX

g«w qu 1] Oven CERAMIC PACKAGE
ool Comege -
2.2 .r_! N CASE 726-01
s
H —
Vi
e ORDERING I4FORMATION
nje Temperature !
Device Range 1 Package
e TL434CN 0 To 70°C | Prasuc OIP
TL494C) 0 To 20°C { Ceramic DIP
TL494IN 1-25To85'C | Plasuc OIP
, | TLesany , ~35T085C ! Ceramic OIP
I [Tlasams {5570 125 jceramec O
The TLASEC 235C are specifiad over the commuercial sperating [ i
fange of 0°C lo 70°C. The TL&941:495! are specified over the in- I !llist ! 0T070C . Plasnc DIP
Jusirial range of - 25°C to B5°C. The TLA494M is specified over the i |' TL495C) | 070 70C {Ceramic OiP
Uil milina [ to 1 ;
dnary range of -55°C to 125°'C. | TLagsIN |- 257085C  :Plasuc DIP i
P ] rtagsuy 1 -25To85°C Ceramic D10

MOTOPOLA LINEARINTER

2-319

FACE

JEVICES
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TL494, TL495

" FIGURE 1 — BLOCK DIAGRAM

ol T T

-

[Rn—— erra - weuve B

Steering Controt Output Controt Vee
-] °
{13) ? 13{14)
8(8)
5(6) ]
Osaillstor ‘—JD a — \_IL\OL 2:9)
AT Flip- R B
Cy %‘5' D=acd:Time Flop
= j A . e e 4
= Comparator Cx & P/O—Z- N
~0.12V ! o :
i h ’ 10010}
414) |
Oead-Time "0'7’ M
Controt 3 N
. 120121
I—@— PW.M. .
L Comparator , [____lh
-0, I/ Relerence
Regulator 18014)
Rel. Qut.
Ay
I(l)l l?ll) N 15(17)l l|5(18) 1s) Hn
J) J) vz J)GND
Seror Amp Feedback PW M, Error Amp = 4 & Tl494,
1 Comparator input 2 7} - TLA9S

FIGURE 2 — TIMING DIAGRAM

Capacrior Cy ke

e N L 2 / / /”/1/ /I//f/,i//i//}/j/}./
Oead-Time Controt . ¥ o r F
Flip-Flop
Clock Input
Flip-Flop
O et et
ilip.Flop
— b ]
Output
Emutter
Output Q2 ’
Ermuner '
l I ! i {
Outout | ! { ! | [ i I l i
Centrot | | t lI |! ! ! , ! l !

MOTOROLA LINEAR/INTERFACE DEVICES



L T —

T ——

o

o

T

e

T it e R i

TR wE e wn e, we—

e

TL494, TL495

Dt,uip(ion

the TLA94:495 are fixed-frequency pulse width mod-
\iation control circuit, incorporating the primary build-
ag blocks required for the control of a switching power
woply. (Sea Figure 1.} An internal-linear sawtootn os-
(#atar is Irequency-programmable by two external
comgonents, R and C- The oscillator frequency is
dricimined by:

( 1.1

Uuiput pulse width modulation is accomplished by
comarizon of the positive sawtooth waveform across
carz.tor C1 10 either of two control signals, The NOR
Jal which drive output transistiors Q1 and Q2, are
rnatled only when the flip-flop clock-input line is in s
low state. This happens only during that portion of time
~nen the sawtooth voltage is greater than the control
wanals. Therefore, an increase in control-signat ampli-
turle causes 3 corresponding linear decrease of output
iwive width, (Refer 1o the timing diagram shown in Fig-
wee 20

The control signals are external inputs that can be fed
wry the dead-time control, the error amplifier wnputs,
= ihe leedback input. The dead-time control compar-
«tn has an effective 120 mV input ol{set which limits
e minimum output dead time 1o approximately the
‘est 4% of the sawtooth-cycle time. This would result
n 2 maximum duty cycle on 8 given output of 96% with
'he outeut control grounded, and 48% with it connected
v the reference line. Additional dead time may be im-
rused on the output by setting the dead time-controt
whut 1o 3 fixed voltage, ranging between 0 1o 3.3 V.

The pulse width modulator comparator provides a
means for the error amolifiers to adjust the output pulse
w:0th frorr, the maximum percent on-time, established
v the dead time control input, down 1o zero, as the

voltage atthe feedback pin varias from 0.510 3.5V Beth
error amplifiers have a commen-mode input rarge from
=0.3Vio{Vge -2Vl and may be used to sense power-
supply output voltage 2nd current, The errcr-ampulier
ouipuls are active high and are ORed together al the
non-invernting input of the pulse-widith modulator com-
parator. With this conliguration, the ampliliss thet de-
mands minimum output on time, dominates contral of
the loop.
When capacitor C7 is cicenarged, a pesitive pulse is
generated on the output of the dead-time comzarater,
which clocks the pulse-sieering flip-flap and inh.bits the
output transistors, Q1 and 2. With the outout-control
connected to the reference line, the pulse-steering flio-
lop directs the modulated puises to each of the tv.o
outpul transistors alternately for push-pull operation
The output frequency is equal 1o half that of the oscil-
lator. Qutout drive can also be taken from Q1 or Q2.
when single-ended operation with a3 maximum on-time
of less than 50% is required. This is desirable when tiwe
output ransformer has a nngback winding wiih 3 catch
diode used for snubbing. When higher output-drive cur-
rents are required for single-ended operation, Q1 an4
Q2 may be connected in parallel, and the output-mode
pin must be tied 10 ground 1o disable the fip-flop, The
outoutl lrequency will now be equal to that of the
oscillator.
<The TL494 435 has an internal 5.0 V reference capabie
of sourcing up to 10 mA of load current for external bias
crrcuits. The reference has an accuracy of = 5% with a
thermal drift of less than 50 mV over an operating tem-
perature range of 0 to 70°C.

The TL495 contains an on-chip 39 volit zener diode for
high voltage applications where Vo is greater than 40
volts, and an output steering control that cverrides the
internal control of the puise-steering fl.o-flop. (Rafer to
the functional 1able shown in Figure 3.)

FIGURE J — FUNCTIONAL TABLE

r v
I nputs ) ! {
Ovtput Steering Output Funciion ! = !
Centrol Control !
|
Grounded Ooen Single-enced P W M, 31 Q1 ang Q2 1 !
Al Vyef Ooen Push-pull operation 0.5
At Vyof Vi <04V Single-endea P W.M. 51 Q1 only 1
Al Vigy Vi >24V Single-enceg PW M a1 Q2 only !
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TL434, TL4g5

MAXIMUNM RATINGS (Fynt orsrating ambient lempergivee fange applies yntess Othenwvise noteq,)
- i
| Rating Symbol | TLinem | TLasaiT 495 1_TL49eCTLegs5¢ | Unit |
P ly Vol v 4 4 ’ 4 K |
f Ower Suoply Vo age cc - 2 2 . — ._.__‘2 .‘J\‘,
’ Collector Outpy Voltage Vi Ves ' v \l

|
I
| Collector Outpyt Current feach Hansistior ’

Amplifier Input Vollaqe

Power Oissipation ¢ TaA < 45C

Ooeraling Junction Temperatyre

Ooeunnq Ambient Temperatyce Range

| Storage Temperature Range
THERMAL CHARACTERIST)CS
’ Characteristics

' Thermat Resistance, Junction to Ambieny «
i Power Derating Facior
Derating Ambiens Temperature

I
JE 1500 e

L Osc #3101 Erequen .. [ 'f
@ 75 ¥ ! 9 0 ] 200 H - |
\\\J\

for typical vaiyes Ta = 25°C, tor minmax valyes Ta 15 the
noted,

Relerence Voltage
19 = 1.0 ma}

DUt Aeguisuon
Veg = 70y 10 40 v}

Quipyt Rejulation

0 = 10 ma o 10 maA)

Shon.Circun Outout Cuerem
Vit =m0V, Ta = 25Q)

MOTOROLA LINEAR INTERFACE DEviICES
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TL494, TL4S5

ELECTRICAL CHARACTERISTICS Vee = 15V,
For tvpical values T « 25'C, for min'max values Ty is te waesating smbiant tempe:

~oted.

fese » 10

13 k=7 uniess atherwise noted.)
Bure range that seofies uniess otherwisa

7
i
} Characteristle

!

Symbol

TLa94M

TL3S4C, 1 TL43SC, |

!

Min

L _Trp

Man

Min Typ | Mar |

Unn

OUTPUT SECTION

’-c—o--eclov Off-State Current
SUCC = 40V, Veg » 40 V)

Ie:cu

2.0

p—
Emetter OH-State Cuerent
fVeg » 20V, Ve = 40V. Ve = o V)

v
o

|
I ¢

Cellector-Emitter Saturation Voliage
Cotnmon.Emitter
Ve = OV, Ic = 200 ma)
L orter-Follower
Ve = 15 V.0 = - 200 mal

Vsa1 Q)

in

2.5

Outout Lontral Pin Current
Y Lnw State

Voc - 04V
High State

lVOC « V,e’)

-y

0.2

&S

“utiut Voliage Rise Time (Ta - 25C)
Cememor.-Emitter ISer Figuee 13;
Smitter-Follgwer {See F?gu'e 141

00

ey

200

rs

B e e St e Tt [Py RS RIS N

100

200

LI

Output Vottage Fall Time (T4 = 25°C)
Common.Emitter Ses Figure 13)
truttee Follower (Sae Fiqure )

25

‘co

ny

|_4c

100

100

Characteristic

Symbol

TL494 TL49S

Typ

Max

IRROR AMPUIFIER SECTIONS

o put Offret Vohtage
VO 1Pin3) * 25V)

'~out Uffser Cyrrent
VO Pin3 * 2.5W)

9

Ve

i=put Sias Current
VO (Pin3) = 25V)

w

~out Tuninun-Mode Yoltags Range
v 9
Veg = 7.0 Vio 4C V)

-03

vee -

2.0

Uren-L00p Vuiage Gein
Vg = JOV.¥y « GSto 35\,
Ry = 2.0 kil

70

"
W

Unity-Gain Crussover Frequeacy

VO T UD W0 9D v, AL v 15
———r 2 T

o ot Unity-Garn

= SSMISY O - 2avm

; Common.Mode Rejection Rano
Vee = 40 V)

'

o
o

Power Supply Rejection Ratio

I3VeE = 33V. Vo « 25 V. R - 20 W

w
wn
"
i)

Cutput Sink Current
.___'VO {Pin 3y = 0.7V1

0.3

0.7

Qutout Source Current
Vo ein 3) = 3.5W

-2.9

MOTCROLA L “I.3 INTERFACET ZEVICES
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TL4394, TL4S5

ELECTRICAL CHARACTERISTICS eg = “S V. iy
For typical values Tp = 25

sc = 10 kH? uniess otherwise noted.}
*C. lor mintmax vatues T4 is the operati=g ambient temperatyre range that applies unless Otherwise

noted.
TLAS4/TLA9S
L
Charscteristic Symt Al Min Typ Max Unit
PWHM COMPARATOR SECTION {Tesat Clreuit Pigure 12}
Input Threshold Voltage VTH ’ - s 4.5 v
Zern duty cycle) i
t
Input Sink Current W~ | 2.3 0.7 - mA
Y (pin3) = 07 VI |
DEAD-TIME CONTROL SECTION (Test Circuit Fiqure 12)
Input Bias Current [Pin 4) 8 DT -_— -20 -10 HA
Vin = 010525V} .
Maximum Outy Cycle, Esch Output, Push-Pull Liode OCmax %
Vin = 0V.Cy = 0.1 wf R = 12k 45 48 50
Vin = 0V, Cr = Q.00Y uF, AT = 30 kN) - 45 50
Input Threshoid Voltage {Pin 4) VTH ' \
(Zero Duty Cycie) — 2.8 3.3
{Maximum Duty Cycle) o] — —
OSCILLATOR SECTION
f Frequency losc - 40 —_ WHr
{CT = 0.001 uF, RT = 30 &1}
Standard Devistion of Frequency* alosc — 3.0 _ 5
ICT = 0.001 wF, Ry = 30 kM)
Freauency Change with Yoltsgn SMage (4V) —_ ol —_ %
IVee = 7.0V1040V, Ty - 26°C)
Frequency Change with Temperature Moge (AT) —_ =1.0 =2.0 %
(3TA = TAlow 10 Tahigh)
L TL4gS ~
Characteristic Symbol l Min | Typ Max Unit
STEERING CONTROL
Input Current Low IsTL — i -25 - 200 wA
(V(Pin 13) = 0.4 V)
Input Current High ' ISTH A
Vipin 13} = 2.4 V) | — 25 200
ViPin 13] = Vreq) ! - 75 - |
ZENER CHARACTERISTICS
Zener Breskdown Yohage vz l - 39 ] — v
(12 = 2.0 mA) |
| Sina Current i Inx ! — i 0.3 | — | ma |
I__ViPin 15} = LUV} ] ! ! i | !
TOTAL DEVICE
Standby Supply Current l Ice ' I mA
(Pin & at Vg, All Other Inputs and Outputs QOpeni i !
Veg = 15 V) ! I - 5.5 ; 10
IVEC = 40 V) ! - 7.0 18
Average Supply Current i - | - 7.0 - mA
(ViPin &) = 2.0 V] (See Figure 12.) !
[CT = 0.001, Ry = 12k, Ve = 15 ) | | !
* Standsrd deviation is 8 measure of the siatsticat distioution aDOUL the mean a5 derved ‘oo heformuie. o W g. X, - %12
RN
N -

' MOTOROLA LINEAR/IUINTERF acs JEVICES
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FIGURE 4 — OSCILLATOR FREQUENCY
versus TIMING RESISTANCE

FIGURE 5 — OPEN LOOP VOLTAGE GAIN AND PHASE
versus FREQUENCY
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FIGURE § — PERCENT DEAD TIME versus
OSCILLATOR FREQUENCY
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19. OSCALATOR F2EOUENCY M)

FIGURE 8 — EMITTER.FOLLOWER CONFIGURATION,

OUTPUT-SATURATION VOLTAGE
versus EMITTER CURRENT

! FREQUENCY

FIGURE 7 — PERCENT DUTY CYCLE versus
2EAD-TIME CONTROL VOLTAGE
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GURE 9 — COMMON.EMITTER CONFIGURATION
OUTPUT-SATURATION VOLTAGE
versus COLLECTOR CURRENT
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TL494, TL495

FIGURE 10 — STANDBY-SUPPLY CURRENT
vertus SUPPLY VOLTAGE

ICC: SUPPLY CURRENT {mal

FIGURE 11 ERROR AMPLIFIER CHARACTERISTICS

Lo Amplitier
Under Tegy

Ferdbacy
Treminat
Pin 3}

Other Erege
, &mphibier

FIGURE 13 — COMMON.EMITTER CONFIGURATION
TEST CIRCUIT AND WAVEFORM

sy

15 oFf

?
VEC. SUPPLY VOLIAGE 1y

MOTOROLA LINEAR

FIGURE 12 _. DEAD-TIME AND FEEDBACK CONTROL
TESY CIACUIT

Tesr
tepats ’

Outour 2
it
2 5"""‘"\70 IQDPM)

Tl Zomo TLags
"-4 o ‘ = vll\o'OD!l\i Onty
= ’ {1 . Re ’

FIGURE 14 — EMITTER-FOLLOWER COF\‘?FGUR«-‘.TXC.‘.’
TEST CIRCUIT AND WAVEFORM

NTERFACE Dewvices
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FIGURE 15 — ERROR-AMPLIFIER SENSING TECHNIQUES

Vo
To Output
Voliage of
System

Vit
POSITIVE QUTPUT VOLTAGE

Ry
VO = Viet O ‘ﬁi’

FIGURE 16 — DEAD-TIME CONTROL CIRCUIT

Quiout

[ LHIT

Qutput

Max . ¢ T —e. Each Qutput ~ 45- Ry

-
Yyiet

NEGATIVE QUTPUT VOLTAGE

Ry
Vo = - Viet 3T
) a2 V
[¢]
To Qutout
Voltage of
System

FIGURE 17 — SOFT-START CIRCUIT

FIGURE 18 — OUTPUT CONKECTIONS FOR SINGLE-ENDED AND
PUSH-PULL CONFIGURATIONS

S N >
: I
———C——g— Q.
O e, I
Output -
Control | ( .
10 500 mA
o4
1 ) 2
O-voc<0en 7

S -1 ¢ Ended Configuration

Outout Viet b .
Oy

S

cl
Mgy g ! : e
24 ¥ =~ YoC - Ve NCINEY '\:o 50 ma
i Ovutout l\k——<o
l Control
c?
b
— Q €2 110 250 mA
&_0

Push-Puit Contiguration

MOTORQLA
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TL4S4, TL4SS

FIGURE 19 — SLAVING TWO OR MORE CONTROL'CIRCUM S

Veet
. As vee
O—A g
R
5 T Master Yin <40V 12 T
Cr A
AT f e $- vz 5v
I 15 Rei
= = Ry
Viet G:\d ,
7 & 2 4
6 Ay Slave = .__J
5 {Addutional
Cr Circunts)

:

FIGURE 20 — OPERATION WITH VIN ™ 40 V USING
INTERNAL ZENER (TL495 ONLY)

FIGURE 21 — PULSE-WIDTH MODULATED PUSH-PULL CONVERTER

“Vin r 80020V

O—

|7?

vee

2 TP
3 v
3 -
1 Comp Tlase K
0.01 0015z 3¢ iR TIP 50'
- c2
N 22 5v
16
*  OC Vegy OT Cr Aty Gnd E1 E2 At 5
{- 13 ul 4 5J- 6 7! el 10’ IN4924
. It
i 240
47k 100 L siee 3
475 10kS 0001
. ) N
Alt capacitors in uF
LV— 3&mlm 0aA
TY — Primary: 207 C.7. ¢28 AWG
2ry: 1207 C.T #36 AWG
Core: Ferrorcube 1408P.100-3C3
TEST ] CONDITIONS i RESULTS
Line Reguiation | Vin = 801020V 30mY  0.01%
Loed Regulation Vin = 126 V.l = 0.2 10 200 mA 5. mv 0.02%
Output Ripple . Vin = 126V, 1o = 200 mA 40 mv P.P P.A.R.D.
Short Circuit Current Yin = 126 VR = 0.1 0 250 mA
EMiciency a1 Vin = 126V.lg = 200 ma 72%

MOTOROLA LINEAR/INTERFACE DEvVICES
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FIGURE 22 —~ PULSE-WIDTH MODULATED STEP-DOWN CONVERTER

1.0mK @ 24

-V,n = 101040V TP 124 +Vo =~ S0V
o— v 3 M—’-—"_—O
’ LL I lo - 1.0A
47
150
12 8 i
Vee G
j 5%
s L Tiese -
oV
| 500 -
X mrssa o'y, [
CT Rt 0.7 0.C.Gnd EY E2 -
“f 50
4 3t re -
& =" \ A A"
> 150
0.001 4T
2 +—0
$oa
&
All capacitors in uF
TEST CONDITIONS ! RESULTS
Line Aegulation Vin = 10Vio 40V 14 mv 0.28%
Load Regulation Vin = 28V. 1o = 1.0 mA 10 1.0 mA J0mv  0.06%
QOutput Ripple Vin = 28 V. lo =104 65 mV P.p P.ARD.
Short Circurt Current Vin = 28V, AL =010 16 amps
| Efticrency | Vin = 28, 0 = oA %

4-329
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;MonolithicFunction Generator

} ' .
» | GENERAL DESCRIPTION FUNCTIONAL.BLOCK DIAGRAM ,

The XR-2206 is = menolithic function generstor inte.

grated circuit capabls of producing high quality sine, XR-2206 ()
16

scuare, wriangle, 7z Mp. and pulse waveforms of high-szzsility o
e PUT I
and accuracy. The suiout wavelorms can be both amelizuce INPUT

— e W

&ng ‘recuensy ~ 1312d by an exiernal voliage. Frezuency ~~ OR A 2
I of coersticn car. == selected exiernzlly over 3 range of 0,51 ORTET

MULTIPLIER
AND
SINE

SHAPER

Hz 15 more thzn ¢ ‘AHz.

MULT ouT | 3

1] ]
]
t| The circuit s i ity suited for communications, instry- o E E A!
! TeNtEtion, 200 ‘Laction 3enerater applications recuiring = - |
| i:n;:so'calf-on.e' £ ‘~:_'I\A' ?r FSK generauo‘r.w. it haf 5 Z.‘/DlCc.' "— E E GHOUND |
‘ ST speciticaiicn 2f 20 pom/°C. The oscillator frequency ~ i ,
can be Unesrly cazzi over 5 2000:1 frequency range, with CAPACITOR .
&n externai conire voltage. having 3 very small afiect on L 6 '_E amgu‘f
distortion, ]
r— E E BYPASS |
RESISTORS CURRENT
| \ 8 | switcres _ﬂ oLy
| FEATURES B /
Low-Sine Wave Dicts-=ion .5%. Tvpica!
Excetlent Temperz-.-2 Syapility 20 ppm/°C, Typica! !
. Wide Sweep Range 2000:1, Tygical
- Low-Supply Sengitivizy 0.01%V, Typical
; Linear Amplitude Maodulaticn
t TTL Compatible FSK Controls ORDERING INFORMATION
} Wide Suppty Range 10V 10 26V ll
§ Adjvstatie Duty Cyoie 1% 10 98% | Parr Number Package Uperating Tempersture !
] XR-2208ii Cerzmiz -35°C 10 +125°C
! XR-2206N Ceramic 0°C 10 +70°C
XR-2206P Plastic 0°C 10 +70°C
APPLICATIONS XR-2206CN Caramic 0°Cro +70°¢C '
oo XR-2206CP Plastic 0°Cro+720°c "
+Waveform Generation
, Sweep Generation
!AM/FM Generation SYSTEM DESCRIPTION
"V/F Conversion
EFSK Generation The XR-2206 is comprised of four functional blocks: 3
Phase-Locked Logps (VCO) voltage-controlied osciilator (VCO), an analog multiplier
and sine-shaper: 3 unity gain buffar amplifier; and 3 set
\ of current switches, ’
. I
i\BSULUTE MAXIMUM RATINGS The VCO aciually sroduces an output frequency porpor-
rioral 1o an inpug current, which is procuced by 5 resisior
Power Supoly 26V from the timing terminals 10 greund. The current switches
jower Dissipation . 730 mw foute one of ne timing pins current ¢ ihe VCO ccnirolled }
Derate Above 25°C 5mw/°C Yy an FSK incut DI, 10 produce an Jutoy: freauency. With
'ls':na! Timing Current S mA WO timing pins, two Giscrete Ouifal ‘requencies can be |'
Srerage Temoerature -65°C 10 +150°¢ ndependently producse ‘or FSK Genzrztion Applications, ,

v, R
?. EXA friegrsied Sysiems, Inc. 750 Pzafemar Averie, Sunnyvale, CA 52086 (808} 7227973 * Twx $i0-338-6233
.

XR-48 .!lzi
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ELECTRICAL CHARACTERISTICS ‘
Test Conditions} Ts: Circuit of Figure 1, V+ =12V, Ty = 25°, C = 0.01 4F. A} = 100 k2, P = 10k, R3=25kQN

unless ctherwise specified. § open for triangle, closed for sine wave.

t
i B XR-2206M l XR-2206C .
X PARAMETER MiNg l TYP. [ MAX. 1 w [ TYP. ] MAX. | UNIT CONDITIONS
 |oEnenaL cHaracTERISTCS, | o7 .,,, . g SIPY
{ : :
Single Supply Voltage ] 0 | 26 10 26 v
¢ |Solit-Supply Vohiage | =5 =13 =5 =13 v
" {supply Current : D) 17 14 20 ma R >i0kQ
! e
. |OSCILLATOR SECTION
j |™ax. Operating Frequency 0S 1 0.5 1 MHz C=1000pF, Ry =1k
.| Lowest Practical Frequency L 4 0.0t ,’,' 0.00 Hz Ca50uF, Ry =2MQ
5 .| Frequency Accuracy . =1 =4 o 7 =2 " "% of 1, fo = V/R|C
¢ | Temoerature stasitiy $- - o o si0 | o0, s | eomc | oc<Ta<75%C
i Ry=Rp=20kQ
¢ | Supoly Sensitivity 0.01 0.1 0.01 %V VLOW = 10V, ViqiGgH = 20V,
Ry = Ry=20k 0N
Sweep Range 1000:1 2000:1 2000:1 fry= @R =1k
B fL DRy =2M0
; Sweep Linearity
¥ 10:1 Sween 2 7 . Vi /- % fL=ikHz, fy= 10 kH:
" 1000:1 Sweep 8 8 % f = 100 Hz, fiy = 100 kHz
FM Distortion 0.1 0.1 % = 10% Deviation
F Reccmmended Timing
I Comgonens . i ‘o
Timing Capacitor: C 0.001 100 0.001 100 ufF See Figure 4.
Timing Resistors: Ry & Ao 1 2000 1 2000 k §1
' | Triangle Sine Wave Output See Note 1, Figure 2.
’ Triangle Amglitude 160 160 mV/k Figure 1, Sy Open
i Sine Wave Amolitude 40 60 80 60 mV/k Q Figure 1, Sy Closed
' Max, Qutput Swing 6 6 Vp-p
' Output Impedance 600 600 o)
“ Trisngle Linearity 1 SN\ = %
Amglitude Stability c5 0.5 ¢B For 1000Q:% Sweep
b4 Sine Wave Amplitude Stability 4800 4800 pom/°C See Note 2,
Sine Wave Distortion , N
! Witheut AZjuniment 2.5 25 % Ry=30an
‘ With Adjustment . 0.4 1.0 05 15 % See Figures 6 and 7.
. Amplitude Modulation
| Input Impedance 50 100 50 100 kQ
E Modulation Range 100 100 .| o . T %
: Carrier Suppression 55 55 das N
: Linearity 2 2 % For 95% modulation
Square-Wave Quiput
i Ampijiude 12 12 . Vp-p Measured at Pin 11,
t Rise Time 250 250 . nsec C_ = 100F
' Fal' Time S0 <9 nsec C = 102F
E Saturation Veitage 0.2 0.4 0.2 0.6 \ IL=2mA
i Leakage Current 0.1 20 0.1 100 uA vy = 26V
; FSK Keying Level {Pin 9) 0.8 1.4 2.4 0.8 1.4 2.4 v See section on circuit conurols,
Reference Sypass Voltage 28 3.1 3.3 25 3 3.5 v Measured at Pin 10.
i
Note 3:  Quwi: amplitude 1s directly prooorsional 1o the resistance Rz, on Pin 3. See Figure 7
Note 2:  For maximum amplitude sability A3 thouid be a positive temperature coetticient resistor

e XR-49
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requency-Shift Keying:

oYy

Cr<

he XR-2206 czn be ops-z-ag with two separste timing
rgsisiors, Ry and 92- Connetied 10 the timing Pin 7 and 8,
resoectively, as shown in Figure 12. Oepending on the
dplarity of the logic signal zz 2in 9, either one or the other
i these timing resistors s éctivated. If Pin g s open-
srcuited or connected 10 & cias voltage 22V, only R] is
o iivatad, Similzriy, if the -Ciiage level at Pin g g <tiv,,

anty Ry is activaied. Thus, the output frequency can he
kgvad berween 1wo levels, f1 end fy. as:

-y o

o

f r'-=l/H1Ca~‘.:.‘2=1/H2C

¥

B

ehe sclit-supply operation, -~z keying voltage at Pin g js

rn;ferencsd V-,

Ta® g

Jutput DC Level Control:

L3 -~ . .
The dc level st the outputr =in 2} is appraximately the

*§me as the de bizs 21 Pin 3, In Figures 10, 11 and 12, Pin 3
‘¢ tiased midway between V'~ and ground, 1o give an
OL1PUL dc level of =+

T v T o masracn e

-n

APPLICATIONS INFORMATION

i
¥

Sife Wave Generation
—y—c akneration

¥

Wi’thout External Adjustment:

Fibure 10 shows the circuit connection for generating a
sin’usoidal output from the XR-2208. The Potentiomerer,
Ay, at Pin 7, provides the desired frequency tuning, The
maximum outpur swing is greater than v*¥/2, and the
typical distortion (THD) is <2.5%. if lower sine wave
digtortion is desired, additions| adjusiments can be provided
as Gescribed in the following section.

§
Tl’fe circuit of Figure 10 can be converted 10 split-supply
operation, simply by replacing all ground connecti
Vi For split-suoply operation, Ry canbe directly connected
10'ground.

5
i

With External Adjustment:

The harmonic content of sinusoida| OutduT can be reduced

10 =0.5% by additicnal adjustments ag shown in Figure 11,

The potentiomerer, Ra. adjusts the sine-shaping resisior,

and Rg provides the fine adjustment for the waveform

‘symmetry. The adjustment procedure s as foilows:

1. Set Rg &t miépoint, and 2diust Ba fer minimum
distortion,

2. With Ra set as above, acjust Rg 10 further reduce
distortion,

Triangle Wave Generatian

The circuits of Figures 10" ang 1 can be converted 10
triangle wave generation, by simply open<ircuiting Pin 12
ancd 13 (e, S; open), Amplitude of the triangle is spproxi-
mately twice the sine wave output.

FSK Generation

Figure 12 shows the circuir connection for sinusoida FSK
signal operation. Mark and sPace frequencies can be inde-
pendently adjusted, by the choice of timing resistors, Ry

generation. In this.mode of operation, the FSK keying er.
minal (Pin 9) js shorted to the square-wave outpur (Pin 11),
and the circuit automatically frequency~shift keys itself
between two separate frequencies during 'the"'bo'sitivegqinq
and Negative-qoing outpUt waveforms, The pulse width and
duty cycle czn pe adjusted from 19 10 99%, by the chojce
of Ry ang Ry. The values of Ry and Ry should be in the
range of 1 k210 2 M.

XR-51
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PRINCIPLES OF OPERATION
Description of Controls

Frequency of Operation:
The frequency of oscitiziion, fg. is determined by the
externgl timing capacitor, C, across Fin 5 znd 6. and by the
iiming resisior, R, connecied to e:'.her Pin 7 or 8. The fre-
quency is given as; -
1

f Hz

°%®/e .
and can be adjusied by verving either R or C. The recom-
menced values of R, for 3 siven frequency range, sre shown
in Figure 4. Temperaturs < ability is optimum for 4 « Q2 <

R < 200 k Q. Recommenzad vaiues of.C are. from 1000 of
22 22T WU RE

10100, af.”

\—‘—_

Frequency Sweep and Modulation:
Frequency of oscitlation is proportions
currant, I, drawn from Pin 7 or 8-

I 10 the to1al iiming

i (’T‘.A)
C ufF)

Timing terminals (Pia 7 ¢+ &) ars low- imoedsnce points,
anc are imerrally biased 21 +3V, witn respect o Pin 12,
Fresuency varies linearty -wxith by, over 2 wide range of
current vaiues, from 1 gA 10 3 mA. The frequency can

Hz

. $iNe wave ouiput..amplitude.is agpra

ot ian e e e,

where Ve is in volts. The voltage-ic-frequency conversion
gain, X, is given as:

_,.— Hz2,'Vv

K= af/a\/c ==

CAUTION: For safe operation of the circuit, I+ sheuld be
fimited 10 K3 mA,

Ou(puf Amplitl-.:.‘de'
Maxumum output amolnude is r*vars ly prcoornonal 1o the_
external resistor; R3 connected-to Pin 3 {see ‘:lgure 2)-For

per xQ of Rq; for trizngle, the 2ezk emglitude s approxi-
160 TV oeak ger kO of Ra. Thus, for examole,
e amproxima:s!y _:,V sinuscidal

mately
R3 = 50 . Q wouid preduc
output amplitude.

ximaiely 60 m V. pesk . .

Amplitude Modulation:
Cuiput amplituce can Be moculated by apelying a de bias
snd 3 modulating sional 1o Pin 1, The mtemal umpecance at
Pin 1 is aperoximately 100 L Q. Quipus zmolifide’ varies
linearly wiin ihe applied voltage at Pin 1, for vaives of dc
bias at this pin, within 24 volts of V*/2 a5 shown in Figure
5. As this bias lavel approaches V*/2, ihe ohase of the
output signal is reversed, and the amplitude goes ihrsugh
zero, This property is suitable for phase-shift keying and
suporessed-carrier AM generation. Total Synamic range oi
amplitude modulstion is approximately 5548, -

be conturclied by épplying a control vo! tage, VC- 10 the
activated iiming pin 2s shown in Figure §. The frequency of
oscillation is refated to Ve es: CAUTION: AM conwol must be used in conjunclion with
; - g a8 well-reguiated supply, since the outgut amglitude now
i ¥, .
f=— 1+21- X0y, becomes a function of V*,
RC Fc 3
EQUIVALENT

OIAGRAM
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TYPICAL ABPLICATIONS INCLY]
A nigh performance solar module ~ Telecommunications — Water Pumping
with maximum power of 55 watts/70watts — Radio Networks - Domestic Lignur
— Navigational Aids -~ Domestic Powe
High efficiency monocrystalline square - Telemetry — Rural Electrifica

- silicon cells.

— Cathodic Protection - Medical Reirige

-— — Obstruction Lighting — Railway Signalli
Designed for maximum reliability and minimum
maintenance. 3 e e :
- | TECHNICAL SPECIFICATION:
Produced using in-house technology in cell ; :
manufacturing and encapsulation. BPTS. 1255 0 BPTS
Highly resistant to water, abrasion, hail impact Power (Watts)
and other environmental factors. - Nominal Peak Power Point 85
Lightweight anodised aluminium frame with Voitage (Voits)
silicone edge sealant around the laminate. — Peak Power Point UL M7
- Nominal 12
All proven products, only maternials with

extensive field experienced used.

Designed and manufactured tc comply
with European-Amencan-ang-Australizn standargs

-

— Open Circuit 212

Gurrent (Amps.)
— Peak Power Point
= Short Circuit

0w
n
Y
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. 36 series connected, 104mm monocrystalline
silicon pseudo square cells. :

Toughened high transmission (92%) glass,
3mm thick.

Encapsulant: Ethyiene Vinyl Acetate (EVA).
Back surface: Polyester/Tedlar trilaminate.
Frame: Anodised aluminiﬁm.

Frame seal: Silicone.

Junction box: For external connections, and
by-pass diode incorporation.
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36 series connected, 125mm monocrystalline
silicon pseudo square cells.

Toughened high transmission (92%) glass,
3mm thick.

Encapsulant: Ethylene Vinyl Acetate (EVA).
Back surface: Polyester/Tedlar trilaminate.
Frame: Anodised aluminium.

Frame seal: Silicone.

Junction box: For external screw terminal

connections, with by-pass diode and
blocking diode options. The box has a

Weight: 5.9 kg. ninged weatherproof lic and three cable gland
S\ entry points.
Dimensions: o 3
- Length: 981 mm. Weight: 7.5 kq.
- Width: 447 mm. '
— Depth: 38.5 mm. Dimensions:
- “Length? 1165 mm.
Module power measurements are specified using sun - Width: 530 mm.
simulators referenced to International Standards. - Depth:  38.5 mm.
Figures specified are at standard conditions of -
100m W/em2 of lignt intensity (AM 1.5) at 25°C cell
temperature. - . Z
DISTRIBUTOR
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8P Thai Solar Comp., Ltd.
101/47/9Nava*Nakom odustal Estate
Phanosvothn Road, Klong 1
Klongluang, P amhumthan

Solar House
Snage Street, Leathemead
Surrey, KT22 88Z

Thailana Unrted
Tel: +66-2-529-1105-8 Ted: +44-372-377899
Fax: +68-2-529-4542 Tix: 338867

-~ Cay-0lia23 7o redy

8P Solas International Lic.

BP Solar Ltd.

Creasec House, Oxford Road,
Stone, Aviesoury

Bucks HP 17 3PL

Unted Kingoom

Tel: +44-296-747 222

BP Solar Austraila Pry. Lid. B8P Solar Espana SA.

P.O. Box 519 Caile Prmera No. 5

Brooxvate Poigono Industnal de Vaiportio
N.S:w. 2100 Alcobenaas, Macnd

Austraia £spana

Tal: +34-1-661-1614
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Zax; ~34- 15514713

Tel: +61-2-838-5111
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