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Abstract

The Applications of 11-level H-bridge Inverter for solar cell system are
presented in this thesis. The 11-level H-bridge Inverter, rated 3kVA in each phase,
consists of 6 full bridge inverter series must 15 solar cell sources. The PIC 18F4431
microcontroller is used to generate the PWM signals. The CPLD is also used to
multiplex the PWM signals incorporating with the microcontroller. Power mosfet switches
are used in inverter. The 11-level H-Bridge inverter can generate 220 volts(rms) without
a transformer and a filter with high quality output voltage waveforms. The total
harmonics distortion(%THD,) of phase voltages are 10.69% and total harmonics
distortion of line voltages are 6.58%. The stress of switch is decrease compared to 2-
level inverter. Moreover, 11-level H-Bridge inverter can also be adjusted V/f for speed
control induction motor drive. The simulation of proposed technique is also performed
by using Matlab/Simulink program. The experimental results are satisfactory and agree
with the simulation results. The results show that the .11-Ievel H-bridge inverter can be

used for solar cell applications.
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Lﬂ%aamuqumiﬂi:ﬁ; (Charge  Controller) ﬁfmﬁ']ﬁﬂi:ﬁgniszvLWW']ﬁNaﬂ

o & a € v = P
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Urzandldnudug  wwaiasifinaasiasznasuwialiifonldnuanmuana

LRASRU

isasudasnszualnii (Inverter) whfudaswssnwlWihannszugass (DC)
Andaldanunsoasusianfiad I dundsowliianszussdn (Ac) (Rald
sansaldldnuadniallwinszuasdy wiaiu 2 sila Ao Sine Wave Inverter
IldnveUnsallninszusasunnaiia waz Modified Sine Wave Inverter 146l
ﬁ'uqﬂmmﬂﬂﬁﬂmmaaﬁuﬂﬁﬁd'suﬂimaumamamaim:maaﬂgaauamuﬁ
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2.2 Aunasiaas (Inverter)
2.21 unin
Sunasiaa fuuusatiu(Conventional Inverter) Lﬂ%gﬂﬂitﬂﬂﬂﬂﬁﬁmﬁﬂﬁ‘
wilas Wi nrzuzasaiulwinszuasdu lassawasdunainaeslenan e
f96(de link) uaz qﬂﬂitﬂa’i@]"i‘%a( Switching device ) 4 ndmiuLUUWgLIAd(Full Bridge)
ﬂ%aqﬂﬂitﬁﬁﬁ@\%a 2 MM wuuaWU3es(Half Bridge) §amwi 2.4 WIIAULATINY
yasdwnilaainigasaziiin EﬂﬂﬁuuﬁﬁmmuémﬁF_IN(Squre wave) SInWA 2.5 Fadl
gﬂﬂﬁuﬂﬁmgﬂﬂﬁﬂmﬁ (Sine wave) Baunsdunamansnm ldanaunsh (2.4)
Van = DV, (2.4)

Vay f8 ussdumaianyinn
D @8 danauanuniwaasd( Duty Cycle )
Ve A8 wisantwiinszuaanss

Pl

o.svdi SAT‘K ;SBTK o.svdi_ sAT‘{:

hY
1
)
7

Vdc — A VAN .Vdc e —_T VAN

™ SA_—E 2; SE.—K

al
>

N\

7/

w

;’ :
Bad
12}

a b

= a & & A & a & & s 6
AINN 2.4 a. aunmmammnﬂgnim b. aunanmanmnmﬂmm

Vv Vv
Vdc
0.5V
0 > T 0 —> T
0.5V
Vdc
a ' b

= A o & a & & ~ &
NINN 2.5 a. EﬂﬂauLLiﬂﬂuLaﬁlﬂw'ﬂ“ﬂaﬂﬂuL']aiL@]?JTLL]J]JWQUEGW

b. UaBuuTIdUINNBIBUNB SIA e TuuLIALIaT
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EﬂﬂﬁuLLidﬁuLaﬂﬁV\iﬂﬂjadauL’JaigL@]aig%:l“ﬁﬂﬂﬁﬂﬁﬁuuﬁ’JLSQJ(PuIse Wide Modulation)
laglffyonamaumdsuiudyaiawine(Carier - Signal)  ussldfggromlaiiiu
RO Ma1I8I(Reference Signal) T,ﬂﬂﬁﬂﬁquﬂmﬁoaaauﬂLﬂ‘%ﬂmﬁﬂu(Compare) RIG)NE
ldsuanaiauudisuduwdyanaliuna( Gate Drive )maoqﬂnszﬁa’im%aé’aLLam‘lumw
‘:!. lé a lﬂ' v L (-3 L% 6 = A‘ a v ar A' ~ s dl a
7126 fnoamvmvﬂmﬂvlmmaavlum‘lﬂqﬂnsmm@mmmuwsauﬂu‘l,uml,ﬂmnuLwa‘ﬂaanu
TS a € a a P & 4 ° a '
Tailvifianidaises gunsalaladoludunaiined Sy uaz Sg azthauludnuan diu
S W8T Sg. v uludnay msﬁﬂmw‘uaaqﬂﬂmfﬁﬁm%o‘luﬁunai‘mai‘ﬁmmﬁﬁﬂﬁ
Y al s 6 [ Py 4 ) T < e/ 3 a & 6
"lﬂgﬂﬂamm@mmmqmmUgﬂﬂauvlenu udagdlsfiaumslflszlomiandutiasiaas
wuuaatduddssEntawlifinfens  asuuddldinsniauduiaiinasralaszau
) & ; . . -
(Multilevel Inverter) mumﬂmmmﬁaurﬂmﬁmunwsaﬂumumaﬂmaaaunaﬁ@aimu
AILAY
7 a & & a . val ¥ [ '
dullaiieafuanuszduMultilevel  Inverter)  laannslEerwnuadng
LLwiwmﬂ‘lumﬂq@mﬂmm Lﬁaamﬂﬁﬁﬁ’@ﬁﬁﬁoﬁq\aLLa:mmsna%ﬁagﬂﬂﬁmmﬁuvlwﬁﬁ
nazussaLiasoafnustaiuloiSine wave) laglidiludasliniaulas uazdaiia-
a3 wananiduiasiaasnasszausanIniiun LT e ULREIIN SN HRINUNALN T
(Renewable Energy Source) 11 UWASIININRINUIINUTIONAAH, LAAITIENAINUIN
AY, UWEITNENAINWINNONUTAULARAN, waaiTanis LTHeU TILRAITBNRINY
. & ° P . o oA & & % A a o
mmummmmvlﬂL'ﬁamanuauna‘sma‘mmﬂs:ﬂu"lé’[@ymamamsﬂs:qn@ﬂ*’ﬁ‘luwn@

ar

ARIF
q

UL aﬁmaﬁ’mmmz@‘i’uﬁaﬁmL@iuﬁmﬁaﬂjﬁuna'jfma%aaas:ﬁmmuﬁaLau

(Conventional two -level Inverter) daaa Ui

a [y [ a a o~ a & & ar .
e BunafimeiwansdumuniandagUafuusauduuuuruivle(staircase
waveform) AiflgmnmuiidnanufaiNaud(Low distortion) LaTAARINLATLG

91N dv/dt AaTuazEnanIa aatlgmianudnnu ldnswitwdnEMC)

a (4 6 a ar

¢ FuneTireiMapIzaumMuITnaaULTIRIRIaIIM(Common mode voltage) 1w

A v

fedasadle

a & & @ o o & o d a ¢

e FunaiireinmzizdumansarhnuldninanuisiafyagiuFundamental
switching frequency) LLa:ﬂ’J’mﬁaﬁﬂ"fﬁgﬂ(High switching frequency) U84
PWM (Pulse Wide Modulation) Liaduiiasiaasnatuszaurhiuiiannud
A 4 L as - g .
satysgu Saazvhldanugadsannssiadieien(Lower switching (oss)
wasfidszindmwigs
a [y [y - | as s Ad A o

¢ HunaiaeinasszduianuinanzaununsivuaiaaiWihnlia1Rne VA
&4 v
L]
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wananiswieiiaasnangszauaziidaisludesnislddaiatlay
azaaslfidudminen uazarsladudazardiiludaslrasnfadygrnduine
(Gate- drive circuit) @Tmmqi‘ft,aa axvi BunaseamaesraunIuuiinaunuasd
aNUTUTauauiIay

gﬂLLquﬂsaai’wmaa'ﬁunas‘mas‘ﬂmUs:ﬁuﬁ%mﬂﬂmﬂiﬂsm%a%a
mmsna;ﬂvlﬁﬁ'af:

o Fuwnafinainansrzavuvylalaauaauil(Diode-Clamped Multilevel Inverter )

o SunafiainmsszauuuunsedInthdiaas(Flying Capacitor Muttilevel -
Inverter)
e AunafieaiuayTzAuLUVMRIARIETUIAS (Cascaded H-Bridges Multilevel -
Inverter)
o Hunedasinmpszauuuyiug
- BulasiAesnanyITAULLUL Generalized (Generalized Multilevel
Inverter)
- Buwnafinasnaneszauuunlaniad (Mixed-Level Hybrid Multilevel
Inverter)
- duwnafieesnaiuszduuwuy uia - ude lalaauaauil (Back-to-

Back Diode-Clamped Multilevel Inverter)
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2.2.2 Suasiaasnargszauuuulalaauaanil (Diode-Clamped Muitilevel Inverter)

duasinasvagszauuuulalaauaanil( Diode-Clamped Multilevel
Inverter )as193uluil 1981 lny Nabae, Takahashi uas Akagi lagldatridunasians 3
seouuuvlalaauaaui Smssnniuiléimasaussasdunefiaafuuslalaauaaus]
fiszautug “ .

dunafines 6 szavuwvvlaloauasuiluans 3 glumnd 2.6 Sungsine
U9 IWAT ATTURATI( Vy, ) 5 Lméiaﬁhﬂﬁ@iaagﬂiuﬁmﬁaﬁhﬂwlﬁﬁuﬁun asiaasiuud
sz Solundazna axilsznavldnslalan( Diode )LLaxa’iﬂ“ﬁ'ﬁ@iaﬁmﬂuﬂﬁ@iamgﬂw
o 15U T a 88 (Sar s Sat) » (Sazs San) » (Sas » Sas) » (Sus » Saa) URE (Sas, Sas) 1018l
amu:miﬁﬂmummaﬁﬂﬂuu@ia:@; WANNRINUNKAD 0 uae 1 lauanus 1 Aa aIaT
an duaauz 0 As sdetlithim 9 sansousassnmen s wlda a1

2.1

Vdc T~ G4

Vo G,

Vdc;; C1

MWN 2.6 Bunaiiaed 6 szduuuulalaauasuil (Diode-Clamped Multilevel Inverter)
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A Q- as a € € a a 6
A139N 2.1 LAVULTNAUYDIDULIDILADIWAT EISZ@]ULLUUVL@]IHGILLﬂﬂNﬂLLﬂZﬁﬂﬂ%:ﬁ’)@]‘ﬁ

W3 FausEIaT
VaO SaS Sa4 Sa3 ’ SaZ Sz-J1 Sa'S Sa’4 Sa'3 S.':1’2 Sa 1
Vs=5Vy, | 1 1 1 1 1 o]l o ]| ol o] o
Vy=aVy | 0 | 1 1 1 1 1 10| 0] ol o
Vs=3Ve | 0 | 0 | 1 1 1 1 1 o | o | o
V=2V, | 0 | o | o | 1 1 1 1 1 o | o
Vi=tVe | 0 [ 0 | 0o | o | 1 1 1 1 1 0
Vo=0 0 0 0] 0] 0 1 1 1 1 1
A
V5 - - o
Ve ) i Vab
V3
V.
V4
v | 1.[ 1 -
V, 1 1 21_[
V4
'VZ
'V3
-V, "
"V5 L. =

MNN 2.7 Eﬂﬂﬁmmﬁu'l,aﬁmaaaunaiﬂai‘ 6 szauuuylalaauaauil

nnand 2.6 anlalaafilfidazarvzdasianuaansainuussaudounavld(Reverse
Voltage Blocking) 111 tW& a Liia83a% Suq - S U talaafl D, zdainuusianle
4V, 1% D3 , D, U D; 3TF0INULTIOUL 3Vy, , 2V4 Uaz Vg auiay anlureasld

alalaandl waRnalanwnInuaasinIwInnazaadltialaadananinuada
=(m-1)x(m-2) 2.5)

o  n lu snwlalaafiazdaalddans

[ o a a 6 € 67
m (1% IUTTAUUDIDULIAILADILL u‘l@f[a@ aauil
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nnawi 2.7 Wugdaiuussdular v, vasBuiaiined 6 duwulaloauaani degd

A @ Ao & - & o &, o o & P
aduussaulidnwmziniuglassl 11 94 dmudwmszdvvawsaulafioinwenn
U3

N, = 2m - 1 (2.6)

a [ ° a a -3 €
La N Lilw mmm:@umaaLLsmu“lauLa'mw@

& o a =3 & 6
m 1Ju Swuszauvasdunasiaasuuylalaauaauil

& A =3 & 6 s
Jadvasdunaiiaasnauzaunuulalaauaauil
® KATEMIUNITUNAMaTUSUANUSILAZ U AL TaN G aLUL back - to ~ back
16
e o & @ [ [ g:
¢  aimih&easaunmis N lansoununinue
L3 a a 6 & ar
daiiuvasdwrasiaasrayzauuuylaloauaani

® nsTIALAwKIaATIIIGUaIn1Lh B a%a:muqu"léf 2N IRNIItamias e
Laigzan

L= 6 & a a d' ‘5 9 Qs & o
o fdunadieaiuuvlalaauasuidiszaufiumniw 19arezldan lalaaiduduin
37N
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2.2.3 Auafiaa Mmanaszauuuuratsdearth3iaad(Flying Capacitor Multilevel
Inverter) _

FunafiaainanyszaunuunaindinitBiaad (Flying  Capacitor
Multilevel Inverter) aasulan Meynard uas Foch luil 1902  @afilassaironasasasd
aspadinuduiafiaes varsszauuuuialaauaaus]  (Diode-Clamped Multilevel
Inverter) LAaTLANENINHATINB MBS LAB A BTzdULILNa BB It Faasasld
aithdeasunuslaloadsmni 2.8

Funefiand 6 TrduuuuvaeBsanBiesd lumwi 2.8 exfida
a1 BiasfifasousIcn leW']ﬂ'i:LLama'Lﬁﬁm%'ﬁ?i@iamgni&lﬁ'mzvlﬁgﬂﬂﬁumm
ussswlninszuassuiiuszautwiule lasldnisaruauussaulunInsd( Charging )
waz@TT13@ (Discharging ) maaé’amm%maﬂﬁﬁmﬁa@laﬁ'mﬁaﬁﬂ:mmmmuqm:ﬁu
LLN@Q]"HLE]’WTV!Y]VLﬁ ﬁfaﬁ15zﬁULLiaﬁuLwaﬁﬁmm'\ﬁvgmadﬁurmi‘mai‘ 6 szeuuUUWaB
ahdaasmansouaadlaas enmaf 2.2

Vs

. &

3 3 o

Al
P4
AY!
Pl

Al
7

At
4]
hY
7

il

7
Al
74l

)

Al
[l
hY}
H

Al
Pl
AY]
71

1 G o o

Vo

AN 2.8 Bulnasiaes 6 scduuuunapdinindiaes

( Flying Capacitor Multilevel -Inverter )
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+ Vo

2Vyo 0 0 0 1 1 1 1 1 0 0

V,o = V4 ( 4 redundancies )
SV~ 4Vy | 1 0 0 0 0 0 1 1 1 1
4Vy-3Vys | O 1 0 0 0 1 U 1 1
Vg -2V | O 0 1 0 0 1 1 0 1 1
2V - Ve 0 0 0 1 0 1 1 1 0 1
Vo 0 0 0 0 1 1 1 1 1 1 0

V,, = 0( no redundancies )
0 0 0 0 0 0 1 1 1 1 1

UONIIMNHDULY ai‘mai‘v&m HIZAULULUWANEBIUITLe a§ TRIUIINRITTUIUY E]G?]%ﬁx’lﬂ{

(de link ) ldanaums m-1 wazaansamdiwinzeddianihdaeinid deinada

n=(m-1)x(m-2)/2 2.7)
o n fu Smwsessianihdiee il deins

m 1w SuszdurasduiasiaasnagszauuuunNae It diaas

AafuadduiasiaasnansszaunuuWaudIathdiaas
® srauuTIeuTaIRTLIRT mmmmuqulﬁﬁmmauqaﬁ

® 1189939( Real Power ) Uaz rnadiuaniin( Reactive Power ) filnaazaansa

muqu‘lﬁ

e  aihdGieasnitiiluiuinunn MivduneiaasruTanuaanIsa19aIIEnIg

liams lantiae ( Outage ) U8 LAALTIAUAN ( Voltage sags )

datFsuaddulIasaa s IzauLULNaie I Fiaas
° mimuqmzﬁuLLN@TWaamﬂﬁﬂ,@aﬂﬁﬁﬂfnmuqaﬁﬁmmzjd PINTUTOW
o nisltUszlamiannmsadatralaslssfnsmwldawa s nsunisaesnefia s

¢ mihfiaeinliidmininn Talinmhumusziivinalngnitlalaauasuilinn
lluduafiaainanaszauuuylalaauaaui]
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2.2.4 Bul1a3IAaTUA1EITAVUVLIANELIAALDKUSAD (Cascaded H-Bridges Multilevel
inverter)

AULIILAATUANUTTALULUAFLATLATUIAS (Cascaded  H-Bridges
Multilevel Inverter) lassa3nsuasaasaztsznau ldnduniafiaa SWauiad(Full-bridge)
%38 LaTL3as( H- bridge )ﬁ@iaalﬁﬂiuﬁ’uﬂui:ﬁuG}LLa:flLm&i\‘l’ajﬂEIVLW‘WWﬂS.‘:LLaG]NLLEIﬂ
3arzdanu lasunasing Winszus a5l sansaldiuunasirandsnunaunule
(Renewable Energy) asugaslunni 2.9 Suiluduefiand 11 szdunuummasies
1309

AT VA T UL UANFLAFLETLIATANITONRALTIAWIZHING
Wy, 0, UaE —Vy, SARNMITMIaIRIE T (Switching) S, . S, . S; , uaz S, Ll
wysauiianlln +vy, 8395 S, usr S, 9 1u(Turned on) uazLilaussandendln -v,,
#3107 S, uaz S, 921 19U(Tumed on) winadadnnarnauwiauniall tumed on)
EﬂﬂﬁuuiaGTuLmﬁv!ﬂmaa'ﬁunas‘mai‘ﬁﬁaﬁﬂﬂﬂm:uaaﬁ’uLLazgﬂﬂﬁluLLiaé’uﬁﬁnmLfJu
ﬁguﬁuiﬂﬂﬁﬁﬂgﬂﬂﬁlu%ﬁﬁﬁm THD Wagnin 5% GaaWd 2.11

FuIUTZAY( M, )madgﬂﬂﬁmmﬁuLWas'fm:mvl,@Tﬁnﬂauﬂﬁ
mp =28 + 1 (2.8)
3 a A s [ LY
§ANI=AU (my ) Eﬂﬂamumﬂauﬂﬂﬂmﬂaums
m, = 4s-1 2.9)
A & ° o a o &
iia m tilu ﬁnmmz@\ugﬂﬂaummuvlau

m, tu Swuszduladuusiawns

s W swanvasunasdnginass
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v SN i A T
spesT | - | - T 3
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2.2.5 w1931 INA1YILAUULL Generalized ( Generalized Multilevel Inverter )
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2.2.6 Autrastaafuanaszauuuulau3ad ( Mixed-Level Hybrid Multilevel Inverter )
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MICRoCHIP PIC18F2331/2431/4331/4431

28/40/44-Pin Enhanced Flash Microcontrollers with
nanoWatt Technology, High Performance PWM and A/D

14-bit Power Control PWM Module:

» Up to 4 channels with complementary outputs

+ Edge- or center-aligned operation

+» Flexible dead-band generator

» Hardware fault protection inputs

+ Simultaneous update of duty cycie and period:
- Flexible special event trigger output

Motion Feedback Module:

+ Three independent input capture channels:

- Flexible operating modes for period and pulse
width measurement

- Special Hall Sensor interface modute
- Special event trigger output to other moduies
» Quadrature Encoder Interface:
- 2 phase inputs and one index input from encoder

- High and low position tracking with direction
status and change of direction interrupt
- Velocity measurement

High-Speed, 200 Ksps 10-bit A/D Converter:
+ Upto 9 channels

+ Simultaneous two-channef sampling

« Sequential sampling: 1, 2 or 4 selected channels

+ Auto-conversion capability

* 4-word FIFO with selectable interrupt frequency

« Selectable external conversion triggers

« Programmable acquisition time

Flexible Oscillator Structure:
» Four crystal modes up to 40 MHz
» Two extemal clock modes up to 40 MHz
+ Internal oscillator block:
- 8 user selectable frequencies: 31 kHz to 8 MHz
- OSCTUNE can compensate for frequency drift
» Secondary oscillator using Timert @ 32 kHz
+ Fail-Safe Clock Monitor:
- Allows for safe shutdown of device if clock fails

Power-Managed Modes:

* Run CPU on, peripherals on
+ Idle CPU off, peripherals on
« Sleep CPU off, peripherals off

Idie mode currents down to 5.8 pA typical
Sleep current down to 0.1 pA typical
Timer1 osciliator, 1.8 pA typical, 32 kHz, 2V
Watchdog Timer (WDT), 2.1 pA typical

+ Two-Speed oscillator start-up

Peripheral Highlights:

+ High current sink/source 25 mA/25 mA

* Three external interrupts

» Two Capture/Compare/PWM (CCP) modules:
- Capture is 16-bit, max. resolution 6.25 ns (TcY/16)
- Compare is 16-bit, max. resolution 100 ns (Tcy)
- PWM output: PWM resolution is 1 to 10 bits

« ‘Enhanced USART moduie:
- Supports RS-485, RS-232 and LIN 1.2
- Auto-Wake-up on Start bit
- Auto-Baud detect

+ RS-232 operation using internal oscillator block
(no external crystal required)

Special Microcontroller Features:

» 100,000 erase/write cycle enhanced Flash
program memory typical

+ 1,000,000 erase/write cycle data EEPROM

memory typical

Flash/data EEPROM retention: 100 years

» Seif-programmabie under software control

Priority levels for interrupts

8 X 8 Single-cycle Hardware Mulitiplier

Extended Watchdog Timer (WDT):

- Programmable period from 41 ms to 131s

Single-supply In-Circuit Serial Programming™

(ICSP™,) via two pins

In-Circuit Debug (ICD) via two pins

- Drives PWM outputs safely when debugging

Program Memory Data Memory SSP e .
10-bit .3 _§ 14-bit Timers
Device | Flash | #Single-Word | SRAM | EEPROM| O | AD |CCP| _ |Slave |EUSART| 5 §| PWM | g o\0
(bytes) | Instructions | (bytes)| (bytes) (ch) Pc™ g | (ch)

PIC18F2331 | 8192 4096 768 256 24 5 2 Y Y Y Y 6 113
PiC18F2431| 16384 8192 768 256 24 5 2 Y Y Y Y 6 143
PIC18F4331| 8192 4096 768 256 36 9 2 Y Y Y Y 8 113
PIC18F4431| 16384 8192 768 256 36 9 2 Y Y Y Y 8 113

® 2003 Microchip Technology Inc.
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Pin Diagrams

28-Pin SDIP, SOIC

for SCK/SCL.
2: Low-voltage programming must be enabled.
3: RD4is the alternate pin for FLTA.
4: RD5 is the alternate pin for PWM4.

MCLR/VPP/RE3 -1 - 28 «+———« RB7/KBI3/PGD
RAO/ANO =—— [ |2 27 [ | ~—— RB6/KBI2Z/PGC
RA1/ANT =—— [ 13 26 | ] «——= RB5/KBI1/PWM4/PGMT
RA2/AN2/VREF-/ICAP1/INDX <——— [ | 4 25| ] ~——= RB4/KBIO/IPWMS5
~ N
RA3/AN3/VREF+/CAP2/QEA Os @ 24[]-—— RB3PWMS
RA4/AN4/CAP3/QEB [Je &£ 23[]=—— RB2PWM2
AVDD — []7 5 22 [ ] = RBIPWM1
AVss e & 21[7-—— RBOPWMO
OSC1/CLKIWRAT «— [ |9 & 20[}=—— Voo
OSC2/CLKO/RAG []10 & 19| ]=—— Vss
RCO/T10SO/T1CKI 1 18 [ | =—— RC7/RX/DT/SDO
RC1/T10SVCCP2FLTA —— [ |12 17 ] =—— RCB/TX/CK/SS
RC2/CCP1/FLTB =— [ |13 16 [_] =——= RCS5/NT2/SCK/SCL
RC3/TOCKITS5CKIINTO «— | | 14 15 | | ~——= RCA4ANT1/SDI/SDA
Note 1: Low-voltage programming must be enabled.
40-Pin PDIP
MCLR/VPP/IRE3Z — [ 1 ./ 40 [J RB7/KBI3/PGD
RAO/ANO 02 39 [ =—— RB6/KBI2/PGC
: RA1T/AN1 ——[] 3 38 1 RB5/KBH/PWM4/PGMZ
RA2/AN2/VREF-/CAP1IINDX w—u [ 4 37 [ -——= RB4/KBIO/PWMS
RA3/AN3/VREF+/CAP2/QEA ~———[] 5 36 [] = RB3/PWM3
RA4/AN4/CAP3/QEB Os 5 35 1 RB2/PWM2
RAS/ANS/LVDIN ~—[1 7 3 34 [ 1 =—— RB1PWM1
REQ/AN6 ~— [ 8 - 33 [J =—— RBO/PWMO
RE1/AN7 —[J 9 2 321 VDD
RE2/AN8 «— [ 10 i 310 Vss
AVDD — [ 11 ® 30 {1 <—— RD7/PWM7
AVSS =[] 12 [&] 29 [ =— RD6/PWMS6
OSC1/CLKIRA7 =—[] 13 o 28 [[] =~ RDS/PWM4™
OSC2/CLKO/RA6 14 27 [ =——= RD4/FLTA®
RCO/T10SO/TICKI ~— [ 15 26 RC7/RX/DT/SDOM
RC1/T1OSIICCP2IFLTA -—[] 16 25 7] = RCBITX/CK/SS
RC2/CCP1/FLTB 7 24 [] «——— RCS/ANT2ISCKWsCL
RC3TocKIMTsCKIMNTO —[] 18 23 [1 =— RC4/INT1/SDI/sDAM
RDO/TOCKIT5CKI ~——[] 19 223 RD3/SCK/SCL
RD1/SDO =——[] 20 211 RD2/SDI/SDA
Note 1: RC3is the alternate pin for TOCKIT5CKI; RC4 is the alternate pin for SDI¥SDA; RC5 is the alternate pin

DS39616B-page 2
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PIC18F2331/2431/4331/4431

1.0 DEVICE OVERVIEW

This document contains device specific information for
the following devices:

+ PIC18F2331 » PIC18F4331
« PIC18F2431 « PIC18F4431

This family offers the advantages of all PIC18 micro-
controllers — namely, high computational performance
at an economical price, with the addition of high endur-
ance enhanced Flash program memory and a high-
speed 10-bit A/D converter. On top of these features,
the PiC18F2331/2431/4331/4431 family introduces
design enhancements that make these microcontrol-
lers a logical choice for many high performance, power
control and motor control applications. These special
peripherals include:

» 14-bit resolution Power Control PWM Module
(PCPWM) with programmabtle dead time insertion

+ Motion Feedback Module (MFM), including a
3-channel Input Capture (IC) Module and
Quadrature Encoder Interface (QEIl)

» High-speed 10-bit A/D Converter (HSADC)

The PCPWM can generate up to eight complementary
PWM outputs with dead-band time insertion. Overdrive
current is detected by off-chip analog comparators or
the digital fault inputs (FLTA, FLTB).

The MFM Quadrature Encoder Interface provides
precise rotor position feedback andfor - velocity
measurement. The MFM 3 X input capture or external
interrupts can be used to detect the rotor state for
electrically commutated motor applications using Half
Sensor feedback, such as BLDC motor drives.

PIC18F2331/2431/4331/4431 devices also feature
Flash program memory and an internal RC osciliator
with buitt-in LP modes.

1.1 New Core Features

1.1.1 nanoWatt TECHNOLOGY

All of the devices in the PIC18F2331/2431/4331/4431
family incorporate a range of features that can signifi-
cantly reduce power consumption during operation.
Key items include:

« Alternate Run Modes: By clocking the controlier
from the Timer1 source or the internal oscillator
block, power consumption during code execution
can be reduced by as much as 90%.

Multiple Idle Modes: The controller can also run
with its CPU core disabled, but the peripherals are
stili active. In these states, power consumption
can be reduced even further, to as littie as 4% of
normal operation requirements.

* On-the-fly Mode Switching: The power-man-
aged modes are invoked by user code during
operation, allowing the user to incorporate power
saving ideas into their application’s software
design.

» Lower Consumption in Key Modules: The
power requirements for both Timer1 and the
Watchdog Timer have been reduced by up to
80%, with typical values of 1.1 and 2.1 pA,
respectively.

1.1.2 MULTIPLE OSCILLATOR OPTIONS
AND FEATURES

All of the devices in the PIC18F2331/2431/4331/4431
family offer nine different oscillator options, allowing
users a wide range of choices in developing application
hardware. These inciude:

+ Four crystal modes, using crystals or ceramic
resonators.

+ Two external clock modes, offering the option of
using two pins (oscillator input and a divide-by-4
clock output) or one pin (oscillator input, with the
second pin reassigned as general [/Q).

» Two external RC oscillator modes, with the same

pin options as the external clock modes.

An intermal osciilator biock, which provides an

8 MHz clock and an INTRC source (approxi-

mately 31 kHz, stable over temperature and Vbb),

as well as a range of 6 user-selectable clock fre-

quencies (from 125 kHz to 4 MHz) for a total of 8

clock frequencies.

Besides its availability as a clock source, the internal
oscillator biock provides a stable reference source that
gives the family additional features for robust
operation:

+ Fail-Safe Clock Monitor: This option constantly
monitors the main clock source against a
reference signatl provided by the internal
oscillator. If a clock failure occurs, the controller is
switched to the internal oscillator block, allowing
for continued low speed operation or a safe
application shutdown.

» Two-Speed Start-up: This option allows the
internal osciliator to serve as the clock source
from Power-on Reset or wake-up from Sleep
mode, untii the primary clock source is available.
This allows for code execution during what would
otherwise be the clock start-up interval, and can
even allow an application to perform routine
background activities and return to Sleep without
returning to full power operation.

© 2003 Microchip Technology Inc.
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PIC18F2331/2431/4331/4431

1.2 Other Special Features

» Memory Endurance: The enhanced Flash celis
for both program memory and data EEPROM are
rated to last for many thousands of erase/write
cycles — up to 100,000 for program memory and
1,000,000 for EEPROM. Data retention without
refresh is conservatively estimated to be greater
than 100 years.

Self-programmability: These devices can write
to their own program memory spaces under inter-
nal software control. By using a bootloader routine
located in the protected Boot Block at the top of
program memory, it becomes possible to create
an application that can update itself in the field.

+ Power Control PWM Module: In PWM mode,
this module provides 1, 2 or 4 modulated outputs
for controlling half-bridge and full-bridge drivers.
Other features include Auto-Shutdown on fauit
detection and Auto-Restart to reactivate outputs
once the condition has cleared.

Enhanced USART: This serial communication
module is capable of standard RS-232 operation
using the internal oscillator block, removing the
need for an external crystal (and its accompany-
ing power requirement) in applications that talk to
the outside world. This module also includes auto-
baud detect and LIN capability.

» High-speed 10-bit A/D Converter: This module
incorporates Programmable Acquisition Time,
allowing for a channel to be selected and a
conversion to be initiated without waiting for a
sampling period and thus, reducing code
overhead.

» Motion Feedback Module (MFM): This module
features a Quadrature Encoder interface (QEI)
and an Input Capture (1C) module. The QE!
accepts two phase inputs (QEA, QEB) and one
index input (INDX) from an incremental encoder.
The QEI supports high and low precision position
tracking, direction status and change of direction
interrupt, and velocity measurement. The input
capture features 3 channels of independent input
capture with Timer5 as the time base, a special
event trigger to other modules, and an adjustabie
noise filter on each IC input.

« Extended Watchdog Timer (WDT): This
enhanced version incorporates a 16-bit prescaler,
allowing a time-out range from 4 ms to over 2
minutes, that is stable across operating voltage
and temperature.

DS39616B-page 8

Preliminary
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‘ PIC18F2331/2431/4331/4431

FIGURE 1-2: PIC18F4331/4431 BLOCK DIAGRAM
} Data Bus<8>
@ @ PORTA
RAQ/AND
21 Table Pointer<21> Data Latch 4 RA1/AN1
kA 4 RA2/AN2/VREF-/CAP1INDX
- : - Data RAM UL | RAS/ANS/VREF+/CAP2/QEA
21 inc/dec logic | (768 bytes) T I RA4/AN4/CAP3/QEB
T H RA5/ANSLVDIN
Address Latch ¥ OSC2/CLKO/RAE
Address Laten || ks 210 ﬁ 12 OSC1/CLKIRA?
Program Memory e <
Program Counter 12ﬁ 4% @ PORTB
Data Lateh RBO/PWMO
FSRo [[Banko, £ RB1/PWM1
T Loval Sack FSR1 RB2/PWM2
FSR2 2y |LL RB3/PWM3
; T RB4/KBIO/PWM5
16 _ RBS/KBI1/PWM4/PGMI4
"}g’?cec RB6/KBI2/PGC
9 RB7/KBI3/PGD
e
PORTC
l RCO/T10SOT1CK|
ld RCA/T10SYCCP2/FLTAR
4 RC2/CCPAFLTB
Ll | | 14 RC3/TOCKUTSCKI/INTO®!
4 RC4/NNT1/SDI'SDAR)
Instruction | 3 RC5/INT2/SCK/SCLIY
Decode & 4 RCBITX/CK/SS
Controf RC7/RX/DT/SDO*
{ Power-up
PORTD
— Timer 3+ [X] RDOATOCKITSCKI
ming | o [0 Gator 44 RD1/SDO
Generation Start-up Timer] +—[X! RD2/SDISDA
+—=[X] RD3/SCK/SCL
{} Power-on M J—=X| RD4FLTAR
Reset +—= X! RD5/PWM4H!
4XPLL =D +—[X| RD6PWME
Watchdog X RO7PWNT
Precision Brown-out 8
Band Gap —> Reset ~| PORTE
Reference 1
Power 4+ rREO/ANG
Yoy Managed
MCLRNVPRS Mode Logic LWL [~ retang
NTRC 1+—~X] rE2iANS
' osc +—1X] MCRverRES™
Vop, Vss &
TimerQ Timer1 Timer2 Timer5 Ly HSAII:)OébR <————lz AVDD, AVSS
Data EE ool Synchronaus EUSART PCPWM MFM

Note 1: RES is available only when MCLR is disabled.
2: RD4 is the alternate pin for FLTA.

3: RC3, RC4 and RC5 are alternate pins for TOCKI/T5CKI, SDI/SDA, SCK/SCL
respectively.

4: RDS is the altemate pin for PWM4.

© 2003 Microchip Technology Inc. Preliminary DS39616B-page 11
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PIC18F2331/2431/4331/4431

TABLE 1-3: PIC18F4331/4431 PINOUT /O DESCRIPTIONS
- Pin Number Pin |Buffer L
Pin Name DIP [TQFP | QFN | Type| Type Description
MCLR/VPP/RE3 1 18 18 Master Clear (input) or programming voltage (input).
MCLR 1 ST Master Clear (Reset) input. This pin is an active-low.
Reset to the device.
vpp P Programming voltage input.
RE3 | ST Digital input. Available only when MCLR is disabled.
OSC1/CLKVRAT 13 30 32 Oscillator crystal or externat clock input.
0scC1 1 ST Oscillator crystal input or extemal clock source input.
ST buffer when configured in RC mode, CMOS otherwise.
CLKI I {CMOS} External clock source input. Always associated with pin
function OSC1. (See related OSC1/CLKI, OSC2/CLKO pins.)
RA7 o | TTL General purpose /O pin.
OSC2/CLKO/RAB 14 31 33 Osciliator crystal or clock output.
0osc2 (6] — Oscillator crystal output. Connects to crystal or resonator
in Crystal Oscillator mode.
CLKO (o] — In RC mode, OSC2 pin outputs CLKO, which has 1/4 the
frequency of OSC1 and denotes the instruction cycle rate.
RA6 IO | TTL General purpose /0 pin..
PORTA is a bidirectional I/O port.
RAO/ANO 2 19 19
RAO 10 | TTL Digitat /0. -
ANO 1 |Analog] Analog input 0.
RA1/AN1 3 20 20
RA1 /O | TTL Digital I/0.
AN1 | |Analog| Analoginput 1.
RA2/AN2/VREF-/CAP1/| 4 21 21
INDX
RA2 O | TTL Digital I/0.
AN2 [ |Analog| Analoginput 2.
VREF- I |Analog| AJD Reference Voltage (Low) input.
CAP1 1 ST tnput capture pin 1.
INDX | ST Quadrature Encoder Interface index input pin.
RA3/AN3/VREF+/ 5 22 22
CAP2/QEA
RA3 O | TTL Digital 1/0.
AN3 I JAnalog|{ Analog input 3.
VREF+ I |Analog| A/D Reference Voltage (High) input.
CAP2 l ST Input capture pin 2.
QEA | ST Quadrature Encoder Interface channel A input pin.
RA4/AN4/CAP3/QEB | 6 23 23
RA4 1o | TTL Digital /0.
AN4 I |Analog| Analoginput4.
CAP3 | ST Input capture pin 3.
QEB | ST Quadrature Encoder Interface channel B input pin.
RAS5/ANS/LVDIN 7 24 24
RAS 110 | TTL Digital /0.
AN5 | [Analog| Analoginput5.
LVDIN | [Analog| Low-voltage Detect input.
Legend: TTL =TTL compatible input CMOS = CMOS compatible input or output
ST = Schmitt Trigger input with CMOS fevels i = Input
o = Output P = Power

OD = Open-Drain (no diode to VD)

© 2003 Microchip Technology Inc.

Preliminary

DS39616B-page 15



PIC18F2331/2431/4331/4431

TABLE 1-3: PIC18F4331/4431 PINOUT I/O DESCRIPTIONS (CONTINUED)
) Pin Number Pin | Buffer g
Pin Name Descripti
' Mam DIP_[TQFP | QFN | Type | Type ‘ption
PORTB is a bidirectional /O port. PORTB can be software
programmed for internal weak puli-ups on all inputs.

RBO/PWMO 33 8 9

RBO o | TTL Digital 1/O.

PWMO (0] TTL PWM output 0.
RB1/PWM1 34 9 10

RB1 /o | TTL Digitat I/O.

PWM1 o TTL PWM output 1.
RB2/PWM2 35 10 11

RB2 Vo | TTL Digital I/O.

PWM2 o TTL PWM output 2.
RB3/PWM3 36 11 12

RB3 11O | TTL Digital I/O.

PWM3 0 TTL PWM output 3.
RB4/KBI10/PWM5 37 14 14

RB4 1o | TTL Digital 1/0.

KBIO | TTL Interrupt-on-change pin.

PWM5 o TTL PWM output 5.
RB5/KBI1/PWM4/ 38 15 15
PGM

RB5 10 | TTL Digital {/O.

KBI1 ! TTL Interrupt-on-change pin.

PWM4 o TTL PWM output 4.

PGM /0 ST Low-voltage ICSP programming entry pin.
RB6/KBI2/PGC 39 16 16

RB6 /O | TTL Digital I/0.

KBi2 | TTL Interrupt-on-change pin.

PGC /0 ST In-Circuit Debugger and ICSP programming clock pin.
RB7/KBI3/PGD 40 17 17

RB7 /o | TTL Digital {/O.

KBI3 | TTL Interrupt-on-change pin.

PGD 1O ST In-Circuit Debugger and ICSP programming data pin.
Legend: TTL =TTL compatible input CMOS = CMOS compatible input or output

ST

] = Qutput

oD

= Open-Drain (no diode to Vop)

= Schmitt Trigger input with CMOS levels

1 = Input
P = Power

DS39616B-page 16
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TABLE 1-3: PIC18F4331/4431 PINOUT /O DESCRIPTIONS (CONTINUED)

76

Pin Name Pin Number Pin | Buffer Description
DIP |TQFP | QFN |Type| Type
PORTC is a bidirectional /O port.
RCO/T1OSO/T1CK! 15 32 34
RCO /0 ST Digital I/0.
T10SO e} — Timer1 oscillator output.
T1CKI | ST Timert external clock input.
RC1/T10SI/CCP2/ 16 35 35 :
FLTA
RC1 110 ST Digital /0.
T10SI I |CMOS| Timert oscillator input. .
CcCP2 /0 ST Capture2 input, Compare2 output, PWM2 output.
FLTA 1 ST Fautt interrupt input pin.
RC2/CCP1/FLTB 17 36 36
RC2 11O ST Digital /0.
CCP1 /o] ST Capture1 input/Comparet output/PWM1 output.
FLTB I ST Fautt interrupt input pin.
RC3/TOCKI/TSCKI/ 18 37 37
INTO
RC3 He; ST Digital 1/0.
TOCKI | ST Timer0 alternate clock input.
THCKI | ST Timerb alternate clock input.
INTO | ST External interrupt 0.
RC4/INT 1/SDI/SDA 23 42 42
RC4 1le} ST Digital 1/O.
INT1 I ST External interrupt 1.
SDi 1 ST SPI Data in.
SDA o | sT 12C Data liO.
RCB/ANT2/SCK/SCL 24 43 43
RC5 He} ST Digital I/O.
INT2 ! ST External interrupt 2.
SCK 170 ST Synchronous serial clock input/output for SPI mode.
SCL 110 ST Synchronous serial clock input/output for 12C mode.
RCBITX/CK/SS 25 | 44 | 44
RC6 /0 ST Digital I/O.
X e} —_ USART Asynchronous Transmit.
CK 110 ST USART Synchronous Clock (see related RX/DT).
55 I ST SPI Slave Select input.
RC7/RX/IDT/SDO 26 1 1
RC7 1o} ST Digital I/0.
RX | ST USART Asynchronous Receive.
DT : 110 ST USART Synchronous Data (see related TX/CK).
SDO e} —_ SPi Data out.
Legend: TTL =TTL compatible input CMOS = CMOS cornpatible input or output
ST = Schmitt Trigger input with CMOS levels I = [nput
e} = Output P = Power

OD = Open-Drain (no diode to VDD)
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PIC18F2331/2431/4331/4431

TABLE 1-3: PIC18F4331/4431 PINOUT 1/O DESCRIPTIONS (CONTINUED)
. Pin Number Pin | Buffer :
Pin Nam Description
nhame DIP | TQFP| QFN | Type| Type escriptio
PORTD is a bidirectionatl I/O port, or a Parallei Slave Port
(PSP) for interfacing to a microprocessor port. These pins
have TTL input buffers when PSP module is enabled.
RDO/TOCKITSCKI 19 38 38
RDO o] ST Digital 1/O.
TOCKI I ST Timer0 external clock input.
T5CKI . l ST Timer5 input clock.
RD1/SDO 20 39 39 .
RD1 I[e] ST Digital I/O.
SDO (6] — SPI Data out.
RD2/SDI/SDA 21 40 40
RD2 1o ST Digitat I/O.
SDi { ST SP1 Data in.
SDA o | sT {2C Data /0.
RD3/SCK/SCL 22 41 41
RD3 /O ST Digital I/O.
SCK /O ST Synchronous serial clock input/output for SPI mode.
SCL I{e] ST Synchronous serial clock input/output for 12C mode.
RD4/FLTA 27 2 2
RD4 [[e] ST Digital I/O.
FLTA 1 ST Fault interrupt input pin.
RDS5/PWM4 28 3 3
RD5 1le] ST Digital I/O.
PWM4 O TTL PWM output 4.
RD6/PWM6 29 4 4
RD6 /O ST Digital I/O.
PWM6 O TTL PWM output 6.
RD7/PWM7 30 5 5
RD7 110 ST Digital I/O.
PWM7 (¢] TTL PWM output 7.
Legend: TTIL =TTL compatible input CMOS = CMOS compatible input or output
ST = Schmitt Trigger input with CMOS levels I = Input
) = Qutput P = Power
OD = Open-Drain (no diode to VoD)

DS39616B-page 18
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PIC18F2331/2431/4331/4431

TABLE 1-3: PIC18F4331/4431 PINOUT 1/O DESCRIPTIONS (CONTINUED)

- b "
Pin Name Pin Number Pin | Buffer Description
DIP | TQFP | QFN | Type | Type
PORTD is a bidirectional /O port, or a Paralle! Slave Port
(PSP) for interfacing to a microprocessor port. These pins
have TTL input buffers when PSP module is enabled.
RDO/TOCKI/T5CKI 19 38 38
RDO /10 ST Digital I/0.
TOCKI 1 ST Timer0 external clock input.
T5CKI | ST Timer5 input clock.
RD1/SDO 20 39 39
RD1 /0 ST Digital I/O.
SDO (e} — SPI Data out.
RD2/SDI/SDA 21 40 40
RD2 7o) ST Digital i/0.
SDI 1 ST SPi Datain.
SDA o | sT 2C Data /0.
RD3/SCK/SCL 22 41 41
RD3 110 ST Digitatl 1/0.
SCK [I{e] ST Synchronous serial clock inputfoutput for SPI mode.
SCL [t[e] ST Synchronous serial clock inputfoutput for 12C mode.
RD4/FLTA 27 2 2
RD4 /0 ST Digital /0.
FLTA | ST Fault interrupt input pin.
RD5/PWM4 28 3 3
RD5 t[e] ST Digital 1/0.
PWM4 0 TTL PWM output 4.
RD6&/PWM6 29 4 4
RD6 1o} ST Digital /0.
PWM6E 0 TTL PWM output 6.
RD7/PWM7 30 5 5
RD7 /0 ST Digital {/O.
PWM7 (e} TTL PWM output 7.
Legend: TTL =TTL compatible input CMOS = CMOS compatible input or output
ST = Schmitt Trigger input with CMOS levels I = Input
) = Output P = Power

OD = Open-Drain (no diode to VDD)
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HIGH SPEED

TRANSISTOR OPTOCOUPLERS

DESCRIPTION

SINGLE-CHANNEL
6N135, 6N136
HCPL-2503
HCPL-4502

DUAL-CHANNEL

HCPL-2530
HCPL-2531

The HCPL-4502/HCPL-2503, 6N135/6 and HCPL-2530/HCPL-2531 optocouplers
consist of an AlGaAs LED ogtically coupled to a high speed photodetector transistor.

A separate connection for the bias of the photodiode improves the speed by several
orders of magnitude over conventional phototransistor optocouplers by reducing the
base-collector capacitance of the input transistor.

An‘internal noise shield provides superior common mode rejection of 10kV/ps. An
improved package allows superior insulation permitting a 480 V. working voltage
compared to industry standard 0f 220 V.

FEATURES
* High speed-1 MBit/s

» Superior CMR-10 kV/js we

= Duat-Channel

HCPL-2530/HCPL-2531 +f
« Double working voltage-480V RMS v,
« CTR guaranteed 0-70°C -3
« U.L. recognized (File # ES0700)

APPLICATIONS

= Line receivers

wre fa]

« Puilse transformer replacement

« Cutput interface to CMOS-LSTTL-TTL 6M135, 6M 136, HCPL-2503, HOPL45@ HCPL-2530MCPL-2531
* Wide bandwidth analog coupling B e 2t
ABSOLUTE MAXIMUM RATINGS (T, = 25°C uniess otherwise specified)
Parameter Symbol Value Units
Storage Temperature Tste -55 t0 +125 °C
Operating Temperature ToPr -55 to +100 °C
Lead Solder Temperature TsoL 2860 for 10 sec °C
EMITTER
DC/Average Forward Input Current Each Channel {(Note 1) Ir (avg) 25 mA
Peak Forward [nput Current (50% duty cycle, 1 ms PW) ' J
Each Channel (Note 2) IF (PK) 0 mA
Peak Transient Input Current- (< 1 ps PW., 300 )
pe Each Channel IF (trans) 10 A
Reverse Input Voltage Each Channel VR 5 \4
. o (6N 135/6N136 and HCPL=2503/4502) 100
Input Power Dissipation (HCPL-253072531 ) Each Channel (Note 3) Po 45 mw
DETECTOR )
Average Output Current Each Channel lo (avg) 8 mA
Peak Output Current Each Channel lo (pK) 16 mA
Emitter-Base Reverse Voltage (6N 135, 6N136 and HCPL-2503 only) VEBr 5 v
Supply Voltage Vee -0.5to 30 \
Output Voltage Vo -0.5 10:20 v
Base Current (6N135, 6N 136 and HCPL-2503 onily) g 5 mA
COutput power (6N135, 6N136, HCPL-2503, HCPL-4502) (Note 4) 100 mW
dissipation (HCPL-2530, HCPL-253 1) Each Channel Po 35 mw
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HIGH SPEED
TRANSISTOR OPTOCOUPLERS

SINGLE-CHANNEL

DUAL-CHANNEL

6N135, 6N136 HCPL-2530
HCPL-2503 HCPL-2531
HCPL-4502
ELECTRICAL CHARACTERISTICS (T, = 0to 70°C Unless otherwise specified)
INDIVIDUAL COMPONENT CHARACTERISTICS
Parameter Test Conditions | Symbol Device Min Typ** Max Unit
EMITTER (IF = 16 mA, Ta =25°C) 1.45 1.7
Input Forward Vottage (Ig = 16 mA) Ve 1.8 v
Input Reverse Breakdown Voltage (ir = 10 pA) Byr 5.0 Vv
Temperature coefficient of forward voitage (I = 16 mA) [(AVE/AT,) -1.6 mveC
DETECTOR
(F=0mA, Vo =Vec=55V) All 0.001 05
(Ta=25°C)
L 6N 135
Logic high output current (f = 0MA, Vo = Vee = 15 V) lon 6N136 HA
(T =25°C) HCPL-4502 0.005 !
. HCPL-2503
(g =0mA, Vg =Vcc=15V) All 50
6N135
(e = 16 mA, Vg = Open) 6N136 120 200
Logic low supply current Vec=15V) lecL HCPL-4502 HA
HCPL-2503
(Iz1 = Igg = 16 mA, Vg = Open) HCPL-2530 200 400
(Vec=15V) HCPL-2531
6N135
(lr = 0 mA, Vg = Open, Vec = 15V) 6N136 ]
(T4 =25°C) HCPL-4502
HCPL-2503
6N135
Logic-high supply current (Is = 0 mA, Vg = Open) leen 6N136 ) pA
Vee=15V) HCPL-4502
, HCPL-2503
(I =0 mA, V, = Open) HCPL-2530 002 4
Vec=15V) HCPL-2531

“* All typicals at Ty = 25°C
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HIGH SPEED

TRANSISTOR OPTOCOUPLERS

SINGLE-CHANNEL

DUAL-CHANNEL

6N135, 6N136 HCPL-2530
HCPL-2503 HCPL-2531
HCPL-4502
TRANSFER CHARACTERISTICS (Ta = 0 to 70°C Unless otherwise specified) ,
Parameter Test Conditions § Symbot Device Min Typ™™ Max Unit
COUPLED 6N135
HCPL-2530 7 1 50 %
(=16 mA,V5=04V) oN136
Vee=45V, T =25°C) HCPL-4502| 19 27 50 %
HCPL-2531
Current transfer ratio HCPL-2503 12 27 %
(Note 5) CTR 6N135 5 o %
HCPL-2530
(=16 mA, Vg =05V) 6N136
(Vec=45V) HCPL-4502] 15 30 %
HCPL-2531
HCPL-2503 j¢] 30 %
(s =16 mA, Ip = 1.1 mA) 6N1356 0.18 0:4
(Vec = 45V, Ta =25°C) HCPL-2530 0.18 0.5
6N136
(=16 mA, g =3 mA) HCPL-4502 0.25 0.4
(Vec =45V, To =25°C) HCPL-2503
Logic low output voltage VoL HCPL-2531 0.25 0.5
output voltage (= 16 mA, Iy = 0.8 mA) 6N135 v
(Voc =4.5V) HCPL-2530 05
6N136
(s = 16 MA, lo = 2.4 mA) HCPL-4502
(Vee=4.5V) HCPL-2503 05
HCPL-2531

* All typicals at Ty, = 25°C
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HIGH SPEED

TRANSISTOR OPTOCOUPLERS

SINGLE-CHANNEL

DUAL-CHANNEL

6N135, 6N136 HCPL-2530
HCPL-2503 HCPL-2531
HCPL-4502
SWITCHING CHARACTERISTICS (T, = 0to 70°C unless otherwise specified., Ve =5 V)
Parameter Test Conditions | Symbol Device Min Typ*™ Max Unit
Ta = 25°C, (R = 4.1 kQ, I = 16 mA) (Note 6) (Fig. 7) " ;;\:_1_ 223 o 0.45 15 s
6N136
(RL=1.9kQ, I = 16 mA) (Note 7) (Fig. 7) HCPL-4502 045 08 s
Propagation delay To =25°C HCPL-2503
‘time to.logic low HCPL-2531
] TeHe 6N135
(R = 4.1 kQ, | = 16 mA) (Note 6) (Fig. 7) HCPL-2530 20 Hs
6N136
. HCPL-4502
(R = 1.9 kQ, | = 16 mA) (Note 7) (Fig. 7) HCPL-2503 1.0 ps
HCPL-2531
] 6N135
Ta =25°C, (R = 4.1 kQ, I = 16 mA) (Note 6) (Fig. 7) HGPL2530 0.5 15 is
B6N136
(RL= 1.9 kQ, Ir = 16 mA) (Note 7) (Fig. 7) HCPL-4502 03 08 s
Ta =25°C HCPL-2503
Propagation delay HCPL-25631
time to fogic high ] Tewn 6N135
(R, = 4.1 kQ, Iz = 16 mA) (Note 6) (Fig. 7) HCPL-2530 2.0 Hs
6N136
. HCPL-4502]| .
(R, = 1.8 kQ, Iz = 16 mA) (Note 7) (Fig. 7) HCPL-2503 1.0 Hs
HCPL-2531
(lr=0mA, Vo = 10 vP._P, R, = 4.1kQ) 6N135 16,000 Viys
Common mode (Note 8) (Fig. 8) Ty = 25°C HCPL-2530
fransient (I = 0 MA, Vg = 10 Vp.p) 6N136
immunity at TA=25°C, (R = 1.9kQ) ICMH | Hiopi-as02
logic high (Note 8) (Fig. 8) HCPL-2503 10,000 Vius
HGPL-2631
(lF=16'mA, Vem'= 10 vFi_p, R =4.1kQ) 6N135 10,000 Vs
Common mode (Note 8) (Fig. 8) T4 = 25°C HCPL-2530
transient (lF= 16.MA, Vem= 10 Vpp) oM BN136
immunity at (RL=1.9kQ) L | HCPL-4502 10.000 Vius
logic low (Note 8) (Fig. 8) HCPL-2503 ’
HCPL-2531

~ Al typicals at T, = 25°C
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HIGH SPEED
TRANSISTOR OPTOCOUPLERS

SINGLE-CHANNEL

DUAL-CHANNEL

6N135, 6N136 HCPL-2530
HCPL-2503 HCPL-2531
HCPL-4502
ISOLATION CHARACTERISTICS (T, =0to 70°C Unless otherwise specified)
Characteristics Test Conditions Symbol Min Typ™ Max Unit
(Relative humidity = 45%)
Input-output (Ta=25°C, t=5s)
insulation leakage current (V1.0 = 3000'VDC) ho 10 KA
(Note 9)
Withstand insulation test voltage (RH = 50%, Ty = 25°C) Viso 2500 v
i (Note 9) ( t= 1 min.) RMS
Resistance (input to output) (Note 9) (V.o = 500 VDC) Rio 1012 Q
Capacitance (input to output) (Note 9) (f = 1" MHz) CLo 06 pF
DC Current gain {(lg=3mA,Vg=5V) HFE 150
Input-Input (RH =< 45%, V,, = 500 VDC) (Note 10) 1 0.005 N
Insulation leakage current t=5s, (HCPL-2530/2531 only) H ) K
] (V1 = 500 VDC) (Note 10)
Input-input Resistance (HCPL-2530/2531 only) Ry 10M Q
] {f = 1 MHz) (Note 10)
Input-Input Capacitance (HCPL-253072531 only) Ciy 0:03 pF

_x

All typicals at T, = 25°C

NOTES

OND OB W

. Derate linearly above 70°C free-air temperature at a rate of 0.8 mA/°C.
. Derate linearly above 70°C free-air temperature at a rate of 1.6 mASC.
Derate linearly.above 70°C free-air temperature at a rate of 0.9 mWrC.
Derate finearly above. 70°C free-air temperature at a rate of 2.0 mW/°C.
Current Transfer Ratio is defined as a ratio of output collector current, Io, to the forward LED input current, |, times 100%.
The 4.1 kQ load represents 1 LSTTL unit load-of 0.36 mA and 6.1kQ pull-up resistor.
. The 1.9 kQ load represents 1 TTL unit load of 1.6 mA and 5.6 kQ-pull-up resistor.

Common mode transient immunity in logic high level is the' maximum tolerable (positive) dVp/dt on the leading edge ‘of the

common mode pulse signal Vey, to assure that the output will remain.in a logic high state (i.e., Vg > 2.0 V). Common mode transient
immunity in logic low level is the maximum tolerable. (negative).dV ¢,/dt on the. trailing edge of the comimon mode pulse signal; Ve,
to-assure that the output will remain in-a logic fow state (i.e., Vig<0.8 V).
Device iis considered a two terminal device: Pins 1, 2, 3 and 4 are shorted together and Pins 5, 6, 7 and 8 are shorted together.
. Measured between pins 1 and 2 shorted together, and pins 3 and 4 shorted together.
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HIGH SPEED

TRANSISTOR OPTOCOUP

LERS

SINGLE-CHANNEL
6N135, 6N136
HCPL-2503
HCPL-4502

HCPL-2530
HCPL-2531

DUAL-CHANNEL

Fig.1 Nommalized CTR vs. Forwand Current

Fig. 2 Nomalized CTR vs. Temperature
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HIGH SPEED

TRANSISTOR OPTOCOUPLERS

SINGLE-CHANNEL
6N135, 6N136
HCPL-2503
HCPL-4502

DUAL-CHANNEL
HCPL-2530
HCPL-2531

Naise Pukse
Generatar | IF
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S R, 10% DUTY CYCRE =
3 Vi< 100pS

o'
Le.1uF

_]:CL =15pF

Vo

——I::: 15pF
i

BApF

Test Curcukt for HCPL.2530 and HCPL2531

4V

=

——2e Vo

+0apF

Pukse Gen

Test Grevitfos 611135, 6H136, HOPL 2503 and HCPL 4502

Vo

Switch atA:l =0 mA

Vo

Voo
SwilchatA:l =16 mA

Fig. 8 Common Mode Immunity Test Circuit
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HIGH SPEED
TRANSISTOR OPTOCOUPLERS

SINGLE-CHANNEL
6N135, 6N136
HCPL-2503
HCPL-4502

DUAL-CHANNEL
HCPL-2530
HCPL-2531

Package Dimensions (Through Hole)
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Package Dimensions (Surface Mount)
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NOTE
All dimensions are in inches (millimeters)
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HIGH SPEED

TRANSISTOR OPTOCOUPLERS

ORDERING INFORMATION

SINGLE-CHANNEL DUAL-CHANNEL
6N135, 6N136 HCPL-2530
HCPL-2503 HCPL-2531
HCPL-4502

Order

Entry

Identifier Description
R2 .R2 Opto Plus Reliability Conditioning
S .S Surface Mount Lead Bend
SD .SD Surface Mount, Tape and reel
SDL .SDL Surface Mount; Tape and reel
W W 0.4" Lead Spacing

480020

QT Carrier Tapé"'Specifications {“D” Taping Orientation)

120£0.1

132+02

4.020.1- 1,552 0.05
0.30+£0.05 40£0.1 .[ / r1 75+ 0.10
0o 00 0000 b 0 0lbod o—————r
75£0.1

[ 11 1] A [ 3/
d Elld> BHd & & 160203
0 ntlg i 0 0 10.30£0.20
] i 1| 1 1 1]

\

-
0.1 MAX 10.30 £0.20 \— 21.620.1

User Direction of Feed

Corporate Headquarters
QT Optoelectronics
6§10 North Mary Avenue
Sunnyvale, CA 94086
(408) 720-1440 Phone
(408) 720-0848 Fax

European Sales
QT Optoelectronics

“Le Levant”

2, rue du Nouveau Bercy -
F-94277-CHARENTON-LE PONT Cedex

FRANCE

33 [0] 1.45.18.78.78 Phone
33.(0] 1.43.75.77.57 Fax

North American Sales
QT Optoetectronics
16775 Addison Rd.,Suite 200
Addison, TX 75001
(972) 447-1300 Phione
(972) 447-0784 Fax

Asia/Pacific Sales
QT Optoelectronics
B613, 6th Floor
East Wing, Wisma Tractors
Jatan.SS16/1; Subang Jaya
47500 Petaling Jaya
Selangor Darul Eshan, Malaysia
603/735-2417 Phone
603/736-3382 Fax

Eurapean Sales
Quality Technologies Deutschland GmbH
Max-Huber-Strasse 8
D-85737 Ismaning, Germany
49 [0] 89/96.30.51 Phone
49 [0] 89/96.54.74 Fax

Euwrapean Sales
Quality Technologies (U.K} Ltd.
10, Prebenda) Court, Oxford Road
Aylesbury, Buckinghamshire
HP19-3EY United Kingdom
44 {0] 1296/30.44.99 Phone
44 [0} 1296/39.24.32 Fax
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DISCLAIMER

FAIRCHILD SEMICONDUCTOR RESERVES THE RIGHT TO MAKE CHANGES WITHOQUT FURTHER NOTICE TO

ANY PRODUCTS HEREIN TO IMPROVE RELIABILITY, FUNCTION OR DESIGN. FAIRCHILD DOES NOT ASSUME

ANY LIABILITY ARISING QUT OF THE APPLICATION OR USE OF ANY PRODUCT OR CIRCUIT DESCRIBED HEREIN;
NEITHER DOES IT CONVEY ANY LICENSE UNDERITS PATENT RIGHTS, NOR THE RIGHTS OF OTHERS.

LIFE SUPPORT POLICY

FAIRCHILD’S PRODUCTS ARE NOT AUTHORIZED FOR USE AS CRITICAL COMPONENTS'IN LIFE SUPPORT DEVICES
OR SYSTEMS WITHOUT THE EXPRESS'WRITTEN APPROVAL OF THE PRESIDENT OF FAIRCHILD SEMICONDUCTQR
CORPORATION. As used herein:

1. Life support devices or systems are devices or systems 2. A critical component in any component of a life support

which, .{a) are intended for surgical impiant into the body, device or system whose failure to perform can be
or (b) support orsustain life, and {c) whose failure to reasonably expected to cause the failure of the life support
perform when properly used in accordance with device or system, or to affect its safety or effectiveness.

instructions for use provided in the labeling, can be
reasonably expected to result in a significant injury of the
user.

www.fairchildsemi.com © 2000 Fairchild Semiconductor Corporation
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XC9536XL High Performance
CPLD

DS058 (v1.8) March 22, 2006

Product Specification

Features
< 5 ns pin-to-pin logic delays
+  System frequency up to 178 MHz
+ 36 macrocells with 800 usable gates
< Available in small footprint packages
- 44-pin PLCC (34 user /O pins)
- 44-pin VQFP (34 user [/0 pins)
- 48-pin CSP (36 user I/O pins)
- 64-pin VQFP (36 user /O pins)
- Pb-free available for all packages
«  Optimized for high-performance 3.3V systems
- Low power operation
- 5V tolerant /O pins accept 5 V, 3.3V, and 2.5V
signals
- 3.3Vor2.5Y output capability
- Advanced 0.35 micron feature size CMOS
Fast FLASH™ technology
« Advanced system features
- Insystem programmable
- Superior pin-locking and routability with
Fast CONNECT™ || switch matrix
- Extra wide 54-input Function Blocks
- Up to 90 product-terms per macrocelt with
individua! product-term allocation
- Local clock inversion with three globaf and one
product-term clocks
- Individual output enable per output pin
- Input hysteresis on all user and boundary-scan pin
inputs
- Bus-hold circuitry on all user pin inputs
- Full {EEE Standard 1149.1 boundary-scan (JTAG)
» Fast concurrent programming
« Slew rate control on individual outputs
« Enhanced data security features
«  Excelient quality and reliability
- Endurance exceeding 10,000 program/erase
cycles
- 20 year data retention
- ESD protection exceeding 2,000V
+  Pin-compatible with 5V-core XC9536 device in the
44-pin PLCC package and the 48-pin CSP package

Description

The XC9536XL is a 3.3V CPLD targeted for high-perfor-

mance, low-voltage applications in leading-edge communi-
cations and computing systems. It is comprised of two
54V18 Function Blocks, providing 800 usable gates with
propagation delays of 5ns. See Figure 2 for architecture
overview. :

Power Estimation
Power dissipation in CPLDs can vary substantially depend-
ing on the system frequency, design application and output
loading. To help reduce power dissipation, each macrocell
in a XCY500XL device may be configured for low-power
mode (from the default high-performance mede). in addi-
tion, unused product-terms and macrocells are automati-
cally deactivated by the software to further conserve power.
For a general estimate of I, the following equation may be
used:
lee{mA) = MCys(0.175*PTys + 0.345) + MC p(0.052*PT p
+0.272) + 0.04 * MCrog(MCpg +MCp)* f
where:
MCys = # macrocells in high-speed configuration
PTyg = average number of high-speed product terms
per macrocell
MCyp = # macrocells in low power configuration
PTp =average number of low power product terms per
macrocell
f = maximum clock frequency
MCTOG = average % of flip-flops toggling per clock
(~12%)
This calculation was derived from laboratory measurements
of an XC9500XL part filled with 16-bit counters and allowing
a single output (the LSB) to be enabled. The actual lec
value varies with the design application and should be veri-
fied during normal system operation. Figure 1 shows the
above estimation in a graphical form. For a mare detailed
discussion of power consumption in this device, see Xilinx

application note XAPP114, “Understanding XGS500XL
CPLD Power."
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Figure 1. Typical fcc vs. Frequency for XC9536XL
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XC8536XL High Performance CPLD

& XILINX®

3
JTAG
JTAG Port { 1 Controller ‘ L

J

o K ———

In-System Programming Controller |

[

Y

18

Function
Block 1

o =
WK 33—
oK 3H——T

1[e}
Blocks

oK F———
o K F————
oK F———
o K F—————
3
vorack B 3—
1
1o/GsSR €3
2
1oieTs K _ J3——

Macrocelis
1to 18

Function
Block 2

I

Fast CONNECT Il Switch Matrix

Macrocells
11018

Figure 2: XC9536XL Architecture
Function Block outputs (indicated by the bold line) drive the 1/O Blocks directly.

Ds058_02_081500

www . xllinx.com

DS058 (v1.8) March 22, 2006
Product Specification

92



93

AN XC9536XL High Performance CPLD

Absolute Maximum Ratings(?)

Symbol Description Value Units
Vee Supply voltage relative to GND —-0.51t0 4.0 \
Vin Input voltage relative to GND™ -0.5t05.5 Vv
V1s Voitage applied to 3-state output(™ -05t055 v
Tsta Storage temperature (ambient)®) —65 to +150 °C
T, Junction temperature . +150 °C
Notes:

1. Maximum DC undershoot below GND must be limited to either 0.5V or 10 mA, whichever is easier to achieve. During transitions, the
device pins may undershoot to —2.0 V or overshoot to +7.0V, provided this over- or undershoot lasts less than 10 ns and with the
forcing current being limited to 200 mA. External l/O voltage may not exceed Voot by 4.0V.

2. Swesses beyond those listed under Absolute Maximum Ratings may cause permanent damage to the device. These are stress
ratings only, and functional operation of the device at these or any other conditions beyond those listed under Operating Conditions
is not impfied. Exposure to Absolute Maximum Ratings conditions for extended periods of time may affect device reliability.

3. For soldering guidelines and thermal considerations, see the Device Packaging information on the Xilinx website. For Pb-free
packages, see XAPP427.

Recommended Operation Conditions

Symbol Parameter Min Max Units
VeIt Supply voitage for internal logic' | Commerocial Ta=0°Cto 70°C 3.0 3.6 v
and input buffers Industrial Ty = 40°C o +85°C | 3.0 36 v
Veeo Supply voltage for output drivers for 3.3V operation 3.0 36 \
Supply voltage for output drivers for 2.5V operation 23 27 \
ViL Low-level input voltage 0 080 \
Vin High-level input voltage 20 55 \
Vo Output voltage 0 Veeio \
Quality and Reliability Characteristics
Symbol Parameter Min Max Units
Tor Data Retention 20 - Years
Npg Program/Erase Cycles (Endurance) 10,000 - Cycles
Vesp Electrostatic Discharge (ESD) 2,000 - Voits
DC Characteristic Over Recommended Operating Conditions
Symbol Parameter Test Conditions Min Max | Units
Vou Qutput high voitage for 3.3V outputs | loy = —4.0 mA 2.4 - v
Qutput high voltage for 2.5V outputs ™ | Ioy = 500 pA 90% Veeio - \
Vor Output low voitage for 3.3V outputs loL = 8.0 mA - 0.4 \
Output low voltage for 2.5V outputs oL = 500 pA - 0.4 v
e Input leakage current Vee = Max; Viy = GND or Ve - +10 A
I 1/O high-Z leakage current Ve = Max; Viy = GND or Ve - +10 A
™ /O high-Z leakage current Ve = Max; Vego = Max; - 10 HA
Vin = GND or 3.6V
Vee Min < vy <55V - +50 pA
Cin /O capacitance Vin = GND; f= 1.0 MHz - 10 pF
lec Operating supply current Vin = GND, No load; f=1.0 MHz 10 (Typicat) mA
(low power mode, active)
DS058 (v1.8) March 22, 2006 www.xilinx.com 3
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XC8536XL High Performance CPLD

2 XILINX®

AC Characteristics

XC9536XL-5 | XC9536XL-7 | XC9536XL-10
Symbol Parameter Min Max Min Max Min Max | Units
Tpp | O to output valid - 5.0 - 75 - 100 | ns
Ty | YO setup time before GCK 37 - 4.8 - 65 - ns
Ty | 1O hold time after GCK 0 - 0 - 0 - ns
Tco |GCKto output valid - 3.5 - 4.5 - 58 ns
fsystem | Multiple FB internal operating frequency - 178.6 - 125 - 100 | MHz
Tpsu | VO setup time before p-term clock input 1.7 - 1.6 - 21 - ns
Tpy | /O hold time after p-term clock input 20 - 32 - 4.4 - ns
Tpco |P-term clock output valid - 55 - 7.7 - 10.2 ns
Toe |GTS to output valid - 4.0 - 5.0 - 7.0 ns
Top |GTS tooutput disable - 4.0 - 5.0 - 7.0 ns
Tpog |Product term OE to output enabled - 7.0 - 95 - 11.0 ns
Tpop |Product term OE to output disabled - 7.0 - 9.5 - 1.0 ns
Tao | GSR to output vaiid - 10.0 - 12.0 - 14.5 ns
Teao |P-term SIR to output valid - 10.5 - 126 - 15.3 ns
Twin | GCK pulse width (High or Low) 28 - 4.0 - 4.5 - ns
Taprpw | Asynchronous preset/reset pulse width (High or Low)| 5.0 - 6.5 - 7.0 - ns
Tpy  [P-term clock pulse width (High or Low) 5.0 - 6.5 - 7.0 - ns
VTEST
R1
Oufput Type| Vcco VTEST Ry R Cy
Device Output © —@® 3.3V 3.3v 3200 3600 35pF
25v 2.5V 250Q 6600 35 pF

3]

1-AAA—4

)

Figure 3: AC Load Circuit
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3 XILINX® XC9536XL High Performance CPLD

internal Timing Parameters

XC9536XL-5 XC9536XL-7 | XC9536XL-10
Symbol Parameter Min Max Min Max Min Max | Units
[Buffer Delays
Tin | Input buffer delay - 15 - 23 - 3.5 ns
Teck |GCK buffer delay - 11 - 15 - 1.8 ns
Tgsr |GSR buiffer delay - 20 - 31 - 45 ns
Tars | GTS buffer delay - 40 - 5.0 - 7.0 ns
Tour |{Output buffer defay - 20 - 25 - 3.0 ns
Ten | Output buffer enable/disable delay - o] - 0 - 0 ns
Product Term Control Delays
Terek | Product term clock delay - 16 - 24 - 27 ns
Tprsr | Product term set/reset delay - 1.0 - 1.4 - 1.8 ns
Tprrs | Product term 3-state defay - 55 - 72 - 75 ns
Intemnal Register and Combinatorial Delays
Tppy | Combinatorial logic propagation delay - 05 - 13 - 1.7 ns
Tsur |Register setup time 23 - 26 - 30 - ns
Tai | Register hold time 14 - 22 - 35 - ns
Tecsu | Register clock enable setup time 23 - 26 - 3.0 - ns
TecHo |Register clock enable hoid time 1.4 - 22 - 35 - ns
Tcor |Register clock to output valid time - 0.4 - 05 - 1.0 ns
Tao | Register async. S/R to output delay - 6.0 - 6.4 - 7.0 ns
Tra | Register async. S/R recover before clock 5.0 75 10.0 ns
Tioa |internallogic delay - 1.0 - 1.4 - 1.8 ns
TLociLp | Internal low power logic delay - 5.0 - 6.4 - 7.3 ns
Feedback Delays
Tr  |Fast CONNECT Ji feedback delay [ - [T19 ] - [ 36 - [ 42 ] ms
Time Adders
Tpra |Incremental product term allocator delay - 07 - 08 - 1.0 ns
TsLew | Stew-rate limited delay - 30 - 40 - 45 ns
DS058 (v1.8) March 22, 2006 www.xjlinx.com S
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XC9536XL High Performance CPLD 3 XILINX®
XC9536XL /O Pins(2)
Function | Macro- BScan Function | Macro- BScan
Block cell | PC44 | VQ44 | CS48 | vQe4 | Order Block cell PC44 | VQ44 | CS48 | VQB4 | Order
1 1 2 40 D6 9 105 2 1 1 39 D7 8 51
1 2 3 41 Cc7 10 102 2 2 44 38 ES 7 48
1 3 50 | 43 | Bg7M | 1500 | 99 2 3 220 | 36D | E6MN | 5 45
1 4 4 42 C6 1" 96 2 4 43 37 E7 6 42
1 5 6 | 440 | BsM | 160 | 93 2 5 4000 | 3400 | Fe(D | 20 [ 39
1 6 8 2 AB 19 90 2 6 39 | 330 | G7(M | 64N 36
1 7 70 A | A7 7N | 87 2 7 38 | 32 | G6 | 63 33
1 8 9 3 (&3] 20 84 2 8 37 31 F5 62 30
1 9 1 5 B5 22 81 2 9 36 30 G5 61 27
1 10 2 | 6 A4 24 78 2 10 35 29 F4 60 24
1 M 13 7 B4 25 75 2 il 34 28 G4 57 21
1 12 14 8 A3 27 72 2 12 33 27 E3 56 18
1 13 18 12 B2 33 69 2 13 29 23 F2 50 15
1 14 19 13 B1 35 66 2 14 28 22 G1 48 12
1 15 20 14 C2 36 63 2 15 27 21 F1i 45 e}
1 16 22 16 C3 38 60 2 16 26 20 E2 44 6
1 17 24 18 D2 42 57 2 17 25 19 E1 43 3
1 18 - - D3 39 54 2 18 - - E4 49 0
Notes:
1. Global contral pin.
2. The pin-outs are the same for Pb-free versions of packages.
XC9536XL Global, JTAG and Power Pins(1)
Pin Type PC44 vQ44 Cs48 vQe4
[fOIGCK1 5 43 B7 15
[/OIGCK2 6 44 B6 16
#HOIGCK3 7 1 A7 17
OIGTSA 42 36 E6 5
VOIGTS2 40 34 F6 2
IfOIGSR 39 33 G7 64
TCK 17 11 A1 30
TD! 15 9 B3 28
TDO 30 24 G2 53
TMS 16 10 A2 29
Veen 3.3V 21, 41 15, 35 C1, F7 3,37
Veeio 2.5VB.3V 32 26 G3 55
GND 10, 23, 31 4,17,25 A5, D1, F3 21, 41, 54
No Connects - - C4,D4 1, 4, 12, 13, 14, 18,
23, 26,.31, 32, 34, 40,
46, 47,51, 52, 58, 59
Notes:
1. The pin-outs are the same for Pb-free versions of packages.
6 www.xilinx.com DS058 (v1.8) March 22, 2006

Product Specification

96



O ALNX°

XC9536XL High Performance CPLD

Notes:

1. Due tothe small size of chip scale packages, part marking on these packages does not follow the above
sample and the complete part number cannat be included in the marking. Part-marking on chip scale

Operating Range

Device Type
Package
This line not
Speed related to device
part number

Sample package with part marking.

packages by line:

Line 1 = X {Xilinx logo), then truncated part number (no XC), i.e., 95xxxXL.

Line 2 = Not related to device part number.

Line 3 = Not related to device part number.

Line 4 = Package code, speed, operating temperature, three digits not related to part

number. Package codes: C1 = CS48, C2 = CSG48.

Speed
Device Ordering and | (pin-to-pin | Pkg. No. of Operating
Part Marking Number delay) | Symbol | Pins Package Type Rangel1)
XCQ536XL-5PC44C 5ns PC44 | 44-pin Plastic Lead Chip Carrier (PLCC) C
XCB536XL-5vVQ44C 5ns VQ44 | 44pin Quad Flat Pack (VQFP) C
XC9536XL-5CS848C 5ns CS48 | 48-ball Chip Scale Package (CSP) C
KCO536XL-5VQE4C 5ns VQ64 | 64-pin Quad Flat Pack (VQFP) C
XC8536XL-7PC44C 7.5ns PC44 | 44-pin Plastic Lead Chip Carrier (PLCC) [
XC8536XL-7VQ44C 7.5ns VQ44 | 44-pin Quad Fiat Pack (VQFP) C
XCB536XL-7CS48C 75ns Cs48 | 48-ball Chip Scale Package (CSP) C
XC9536XL-7vQ64C 7.5ns VQ84 | 64-pin Quad Flat Pack (VQFP) C
XCO536XL-7PC44( 7.5ns PC44 | 44-pin Plastic Lead Chip Carrier (PLCC) I
XCY536X1-7vQ44l 7.5ns VQ44 | 44-pin Quad Flat Pack (VQFP) [
XC8536XL-7CS48I 75ns CS48 | 48-ball Chip Scale Package (CSP) |
XCO536XL-7VQ64i 7.5ns VQB4 | 64-pin Quad Flat Pack (VQFP) |
XC9536XL-10PC44C 10 ns PC44 | 44-pin Plastic Lead Chip Carrier (PLCC) C
XCO536XL-10vVQ44C 10 ns VQ44 | 44-pin Quad Flat Pack (VQFP) C
XC9536X1-10CS48C 10 ns CS48 | 48-ball Chip Scale Package (CSP) C
XC9536XL-10vVQe4C 10 ns VQ64 | 64-pin Quad Flat Pack (VQFP) C
XCO536XL-10PC44| 10 ns PC44 | 44-pin Plastic Lead Chip Carrier (PLCC) [
XCI536XL-10vQ44 10 ns VQ44 | 44pin Quad Fiat Pack (VQFP) I
XC9536X1-10CS48] 10 ns CS48 | 48-ball Chip Scale Package (CSP) |
XC8536XL-10vVQ64l 10 ns VQ64 | 64-pin Quad Flat Pack (VQFP) |
XCY836XL-5PCG44C 5ns PCG44 | 44-pin | Piastic Lead Chip Carrier (PLCC); Pb-free C
XCoa36XL-5VQG44C Sns VQG44 | 44-pin Quad Flat Pack (VQFP); Pb-free C
DS058 (v1.8) March 22, 2006 www.xjlinx.com 7

Product Speciftcation

97



XC9536XL High Performance CPLD 3 XILINX°
Speed
Device Orderingand | (pin-to-pin | Pkg. No. of Operating
Part Marking Number delay) | Symbof| Pins Package Type Range("}

XCU536XL-5CSG48C Sns CSG48 | 48-ball Chip Scale Package (CSP); Pb-free [¢
XC8536XL-5VQG64C Sns VQG64 | 64-pin Quad Flat Pack (VQFPY); Pb-free C
XC9536XL-7PCG44C 7.5ns PCG44 | 44pin | Plastic Lead Chip Carrier (PLLCC); Pb-free C
XCO536XL-7VQG44C 7.5ns VQG44 | 44-pin Quad Flat Pack (VQFP); Pb-free C
XC9536XL-7CSG48C 7.5ns CSG48 | 48-ball Chip Scale Package (CSP); Pb-free C
XCI9536XL-7VQG64C 7.5ns VQGB4 | 64-pin Quad Fiat Pack (VQFP); Pb-free C
XCO336XL-7PCG44l 75ns PCG44 | 44-pin | Pilastic Lead Chip Carrier (PLCC); Pb-free 1
XCO536XL-7VQG441 75ns VQG44 | 44-pin Quad Flat Pack (VQFP); Pb-free |
XCO536XL-7CSG48! 75ns CSG48 | 48-ball Chip Scale Package (CSP); Pb-free 1
XCO536XL-7VQGH4! 75ns VQG64 | 64-pin Quad Flat Pack (VQFP); Pb-free [
XC8536XL-10PCG44C 10 ns PCG44 | 44-pin | Piastic Lead Chip Carrier (PLCC), Pb-free [¢]
XCI536XL-10VQG44C 10 ns VQG44 | 44-pin Quad Flat Pack (VQFPY); Pb-free C
XC9536XL-10CSG48C 10 ns CSG48 | 48-ball Chip Scale Package (CSP); Pb-free C
XCO536XL-10VQG64C 10 ns VQG64 | 64-pin Quad Flat Pack (VQFP); Pb-free C
XCY536XL-10PCG44| 10 ns PCG44 | 44-pin | Plastic Lead Chip Carrier (PLCC); Pb-free |
XCO536XL-10VQG44! 10 ns VQG44 | 44-pin Quad Flat Pack (VQFP); Pb-free I
XC8536XL-10CSG48I 10 ns CSGA48 | 48-ball Chip Scale Package (CSP); Pb-free I
XC9536XL-10VQGH4! 10ns VQG64 | 64-pin Quad Flat Pack (VQFP); Pb-free l

Notes:

1. C=Commercial: Tp = 0° to +70°C; | = Industrial: Ta =—40° to +85°C.

Standard Example: XC8536XL 4 TQ

Device

Speed Grade
Package Typ
Number of Pins

144 - C

Temperature Range

Pb-Free Example: XC9536XL -4 TQ G 144

Device

Speed Grade
Package Type

Pb-Free
Number of Pins
Temperature Range

www. xilinx.com
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& XILNX® XC9536XL High Performance CPLD

Warranty Disclaimer

THESE PRODUCTS ARE SUBJECT TO THE TERMS OF THE XILINX LIMITED WARRANTY WHICH CAN BE VIEWED
AT hitpi/fwww xilinx.comiwarranty htm. THIS LIMITED WARRANTY DOES NOT EXTEND TO ANY USE OF THE
PRODUCTS IN AN APPLICATION OR ENVIRONMENT THAT IS NOT WITHIN THE SPECIFICATIONS STATED ON THE
THEN-CURRENT XILINX DATA SHEET FOR THE PRODUCTS. PRODUCTS ARE NOT DESIGNED TO BE FAIL-SAFE
AND ARE NOT WARRANTED FOR USE IN APPLICATIONS THAT POSE A RISK OF PHYSICAL HARM OR LOSS OF
LIFE. USE OF PRODUCTS IN SUCH APPLICATIONS IS FULLY AT THE RISK OF CUSTOMER SUBJECT TO
APPLICABLE | AWS AND REGULATIONS.

Further Reading

The following Xilinx links go to relevant XC8500XL. CPLD documentation, including XAPP111, Using the XC9500XL Timing
Model, and XAPP784, Bulletproof CPLD Design Practices. Simply click on the fink and scroll down.

Data Sheets. Application Notes, and White Papers.
Packaqing

Revision History

The following table shows the revision history for this document.

Date Version Revision

09/28/98 1.0 Initial Xlinx release.

08/28/00 1.1 Added VQ44 package.

06/20/02 1.2 Updated I equation, page 1. Removed -4 device. Added industrial availability to -7
device. Added additional Iy test conditions and measurements to DC Characteristics table.

06/18/03 1.3 Updated Tgo; from 260 to 220°C. Added Device Part Marking and updated Ordering
information.

08/21/03 1.4 Updated Package Device Marking Pin 1 orientation.

07/15/04 1.5 Added Pb-free documentation

09/15/04 1.6 Added Taprpyy Specification to AC Characteristics.

07/15/05 1.7 Move to Product Specification

03/22/06 1.8 Add Warranty Disclaimer.
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Data Sheet No. PD60147 rev.U

International
TGR Rectifier  IR2110(-1-2)(S)PbENIR2113(-1-2)(S)PbE
HIGH AND LOW SIDE DRIVER

Features Product Summary
® Floating channel designed for bootstrap operation
Fully operationat to +500V or +600V VorrseT (IR2110) 500V max.
Tolerant to negative transient voltage . (IR2113) 600V max.
dV/dt immune
® Gate drive supply range from 10 to 20V lot/- 2A [ 2A
® Undervoltage fockout for both channels
3.3V logic compatible Vout 10 - 20v
Separate logic supply range from 3.3V to 20V
Logic and power ground 5V offset ton/off (typ.) 120 & 94 ns
® CMOS Schmitt-triggered inputs with pull-down s
® Cycle by cycle edge-triggered shutdown logic Delay Matching (IIEE:IIT‘%)) 12% NS max.
® Matched propagation delay for both channels ( ns max.

® Qutputs in phase with inputs Packages

Description
The IR2110/R2113 are high voltage, high speed power MOSFET and
IGBT drivers with independent high and low side referenced output chan-
nels. Proprietary HVIC and latch immune CMOS technologies enable 16-Lead SOIC

: s . L . - 14-Lead PDIP IR21108/IR2113S
ruggedized monolithic construction. Logic inputs are compatible with IR2110/1R2113

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

Typical Connection up to 500V or 600V
—] HO ~
Voo © hd Voo Vs -
T~
L
HIN HIN Vs : To
sD SD —- ry LOAD
LIN LIN Vee -
s —
Vs Ves COM t]:‘r
Vee o—l — Lo
(Refer o Lead Assignments for correct pin tion). This/Th: (s} show i
connections only. Please refer to our Application Noles and DesignTips for proper circuit board layout.

www.irf.com 1
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Internafional

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

Absolute Maximum Ratings

Absolute maximum ratings indicate sustained limits beyond which damage to the device may occur. All voltage param-
eters are absolute voltages referenced to COM. The thermal resistance and power dissipation ratings are measured
under board mounted and still air conditions. Additional information is shown in Figures 28 through 35.

Symbol Definition Min. Max. Units
VB High side floating supply voltage (IR2110) -03 525
(IR2113) 03 625
Vs High side floating supply offset voltage Vg-25 Vg +03
Vo High side fioating output voltage Vg-0.3 Vg+0.3
Vee Low side fixed supply voltage 03 25
Vio Low side output voltage 0.3 Vee +0.3 v
Voo Logic supply voltage 03 Vgg +25
Vss Logic supply ofiset voltage Vec-25 Ve +0.3
ViN Logic input voltage (HIN, LIN & SD) Vss-0.3 Vpp +0.3
dVgfdt Allowable offset supply voltage transient (figure 2) — 50 Vins
Pp Package power dissipation @ Ta < +25°C (14 lead DIP) — 1.6 w
(16 lead SOIC) — 1.25
RTHIA Thermal resistance, junction to ambient (14 lead DIP) —_ 75 .
{16 lead SOIC) — 100 cr
Ty Junction temperature — 150
Ts Storage temperature -55 150 °C
T Lead temperature (soldering, 10 seconds) — 300

Recommended Operating Conditions
The inpul/output logic timing diagram is shown in figure 1. For proper operation the device should be used within the
recommended conditions. The Vg and Vsg offset ratings are tested with ail supplies biased at 15V differential. Typicat
ratings at other bias conditions are shown in figures 36 and 37.

Symbol Definition Min. Max. Units

Vg High side floating supply absolute voltage Vs +10 Vg +20

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

(IR2113) Note 1 600

VHo High side floaling output voltage Vs VB
Vee Low side fixed supply voltage 10 20 v
Vio Low side output voltage [} vee
Voo Logic supply voltage Vgs +3 Vss + 20

Vss Logic supply offset voltage -5 (Note 2) 5

VIN Logic input voltage (HIN, LIN & SD) Vss Voo

Ta Ambient temperature -40 125 °C

Note 1: Lagic operational for Vg of -4 to +500V. Logic state held for Vg of -4V to -Vgs. (Please refer to the Design Tip
DT87-3 for more details).
Note 2: When Vpp < 5V, the minimum Vss offset is limited to -Vop.

2 www.irf.com

102



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

TSR Rectitier

Dynamic Electrical Characteristics

Veias (Vcc. Vs, Vop) = 15V, C = 1000 pF, T4 = 25°C and Vgg = COM unless otherwise specified. The dynamic

electrical charactenistics are measured using the test circuit shown in Figure 3.

Symbol Definition ~ - Figure | Min. | Typ. |Max. | Units [Test Conditions

ton Tum-on propagation delay 7 — 120 } 150 Vg =0V
toft Tum-off propagation delay 8 — 94 125 Vg = 500V/600V
d Shutdown propagation delay 9 — 10 | 140 ns Vg = 500v/600V
i Tum-on rise time 10 — 25 35
g Tum-off fall time 11 — 17 25
MT Delay matching, HS & LS _{IR2110) — — — 10

tum-onfoff (IR2113}) — — — 20

Static Electrical Characteristics

Veias (Vcc. VBs. Vop} = 15V, Ta = 25°C and Vgg = COM unless otherwise specified. The VN, VTiH and liy parameters
are referenced to Vgs and are applicable fo all three togic input leads: HIN, LIN and SD. The Vg and | parameters are

referenced to COM and are applicable to the respective output leads: HO or LO.

Symbol Definition Figure | Min. | Typ. Max.| Units [Test Conditions|
VIH Logic “1” input voltage 12 95 — —
Vit Logic “0” input voltage 13 — — 8.0
VoH High level output voitage, Vgias -Vo 14 — — 1.2 v lo=0A
VoL Low leve! output voltage, Vo 15 —_ —_ 0.1 lo=0A
Lk Offset supply teakage current 16 — — 50 VB=Vsg = 500VE00V
lags Quiescent Vs supply current 17 —_ 125 | 230 Vin=0VorVpp
iace Quiescent Voe supply current 18 — 180 | 340 pA Vin=0V orVpp
fopo Quiescent Vpp supply current 19 — 15 30 Vin=0V or Vpp
N+ Logic “1" input bias current 20 _ 20 40 VIN = VDD
IiN- Logic “0” input bias current 21 — —_ 1.0 ViN =0V
Vesuv+ | Vas supply undervoltage posiive going 22 7.5 86 | 87
threshold
VRsuv- VBs supply undervoltage negalive going 23 7.0 82 | 84
threshold
Vecuvs | Voo supply undervoltage positive going 24 7.4 85 | 96
threshold v
Vccuv- | Voo supply undervoltage negative going 25 7.0 82 | 94
threshold
lo+ Output high short circuit pulsed current 26 20 25 — Vo=0V, Vin=Vop
PW<10 s
lo- Output low short circuit pulsed current 27 2.0 25 _— A Vo =15V, Viy=0V
PW<10ps
www.irf.com 3
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IR2110(-1-2)(S)PbF/IR2113(-1-2)(S)PbF

Functional Block Diagram

International
TeR Rectifier

Lead Definitions

Symbol| Description

Voo Logic supply

HIN Logic input for high side gate driver output (HO), in phase
SD Logic input for shutdown

LIN Logic input for low side gate driver output (LO), in phase
Vss Logic ground

VB High side floating supply

HO High side gate drive output

Vg High side floating supply return

Vee Low side supply

LO Low side gate drive output

COoM Low side retum

4

www.irf.com
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IR2110(-1-2)(S)PbF/IR2113(-1-2)(S)PbF

Infernational

ISR Rectifier

Lead Assignments
A
&1
B
3]
3]
Z1
1]

14 Lead PDIP
IR2110/R2113

UM UUHNE

16 Lead SOIC (Wide Body)
IR2110S/IR2113S

HEE

RISz

14 Lead PDIP w/o fead 4
IR2110-1/IR21131

14 Lead PDIP wlo leads 4 &5
IR2110-21R2113-2

Part Number

www.irf.com
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IR2110(-1-2)(S)PbF/IR2113(-1-2)(S)PbF Interational

Ve =15V HV = 10 to S00vA00V

T Iw _I_"_Z——Lm ﬁﬁ_l'mur
o N e

!OKFGI

Ho =
-k 1| ¥ r —S 50 vins
- 12 3

ouTPUT  10KFS
HO

8 MONITOR i
132
RFm( IL
Lo
Figure 1. Input/Output Timing Diagram

Figure 2. Floating Supply Voitage Transient Test Circuit

Voe =15V
o Io.1 ._I 38
I.pF luf [ ot I l 10 év
= = 9 3 6 T Tue ®
1 S Vs
HIN o——n—] 7 ICL o (0 to 500VE00V)
8D o———r—11 B ::g
U 12 TO Lo =
2 1o
13 2 =
Figure 3. Switching Time Test Circuit Figure 4. Swi Time Defi
HIN 50% 50%
LIN
50%
SD Lo/ /HO
tsd
10%
HO 90%
LO MT— MT
90%
LO HO
Figure 5. Shutdown Waveform Definitions

Figure 6. Delay Matching Waveform Definitions
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International IR2110(-1-2)(S)PbF/IR2113(-1-2)(S)PbF

ISR Rectifier
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Figure 7A. Tumn-On Time vs. Temperature
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Figure 7C. Turn-On Time vs. VDD Supply Voltage
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Figure 8B. Tum-Off Time vs. Vcc/Ves Supply Voltage
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Figure 78. Tum-On Time vs. Vcc/Vaes Supply Voltage
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Figure 8A. Tum-Off Time vs. Temperature
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Internatfional
IR2110(-1-2)(S)PbF/IR211 3(-1-2)(S)PbF ToR Rectifier
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Figure 9A. Shutdown Time vs. Temperature
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Figure 9C. Shutdown Time vs. Vb Supply Voltage
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Figure 9B. Shutdown Time vs. Vcc/Vas Supply Voltage
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Figure 10A. Tum-On Rise Time vs. Temperature
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ISR Rectifier
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Figure 11B. Turn-Off Fail Time vs. Voltage
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Figure 12B. Logic “1” Input Threshold vs. Voltage
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Figure 13B. Logic “0” Input Threshold vs. Voltage
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IR2110(-1-2)(S)PbF/IR2113(-1-2)(S)PbF
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Figure 12A. Logic “1” input Thresheld vs. Tempera-
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Figure 13A. Logic “0” input Threshold vs. Tempera-
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Figure 14A. High Level Output vs. Temperature
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IR2110(-1-2)(S)PbF/IR2113(-1-2)(S)PbF
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Figure 14B. High Level Output vs. Voltage
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Figure 158. Low Level Output vs. Voltage
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Figure 16B. Offset Supply Current vs. Voltage
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ISR Rectifier
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Figure 178. Ves Supply Current vs. Voliage
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Figure 18B. Vcc Supply Current vs. Volitage
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Figure 18A. Vcc Supply Cusrent vs. Temperature
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Figure 19A. Vpp Supply Current vs. Temparature
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Figure 21B. Logic “0” Input Current vs. VoD Voltage
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Figure 21A. Logic “0” Input Current vs. Temperature
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Figure 22 Vps Undervoltage (+) vs. Temperature
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v IR2110(-1-2)(S)PbF/IR2113(-1-2)(S)PbF
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IR2110(-1-2)(S)PbF/IR2113(-1-2)(S)PbF

ToR Rectifier
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Figure 31. IR2110AR2113 T, vs. Frequency
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IR2110(-1-2)(S)PbF/IR2113(-1-2)(S)PbF International

Case Outlines

2019 [.795
18.42 {725 e NOTES:
(6} - 1. DIMENSIONING & TOLERANCING PER ANSI Y145K-1082,
FAFA FE Fa F3 i & 2 CONTROLLING DIMENSION: iNCH.
14 741 [.280 3 DIMENSIONS ARE SHOWN IN MLLIMETERS [INCHES]
610 E.zuﬂ OUTUINE CONFORMS TO JEDEC OUTUNE MS-GO1AC.
) [5) MEASURED WITH THE LEADS CONSTRAINED 10 BE
) PERPERDICULAR TO DATUM PLANE C.
ElEEEIE =L T Y DIMENSION DOES HOT INCLUDE MOLD PROTUSIONS. MOLD
wpen) | [ PROTUSIONS SHALL NOT EXCEED 0.25 {.010]
35 [['045]]
0.39 [.m5] | t
MIN. = . 1 5.33 [210]
il UAK
4.06 {160 I I i
293 {05 |
i 0.550 [.022 = e fay 038 E—°‘5J
754 [100 L " 038 ['0‘4} & 0.204 .08}
VT (@02 [D0] @ BS[AE)
01-6010
14-Lead PDIP 01-3002 03 (MS-001AC)
019 .795}
18.42 {.725 NOTES:
1. DMENSIONING & TOLERANCING PER ANSY Y14.5M-1982.
2 CONTROLLING DIMENSION: INCH.
3. DIMENSIONS ARE SHOWN IN MILIMETERS [INCHES]
4. OUTUNE CONFORMS 10 JEDEC QUTUNE MS-003AC.
[5)] MEASURED WITH THE LEADS CONSTRAINED TO BE
PERPENDICULAR TO DATUM PLANE C.
DIMENSION DOES NOT INCLUDE MOLD PROTUSIONS. MOLD
PROTUSIONS SHAIL NOT EXCEED 0.25 [.010]
5.33 [.210]
MAx
s
4.06 [ f I \:\
293 [.n5 Y
 — 4
13K 0558 {.022}
0.356 .04
-2.54 -.100]
0 [ER% (00 Ot BOAE] - g0 o
01-6010
14-Lead PDIP w/o Lead 4 01-3008 02 (MS-001AC)

16 www.irf.com
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TSR Rectifier

IR2110(-1-2)(S)PbFAIR2113(-1-2)(S)PbF

21.33 840 NOTES:
1893 [4745 o] 1. DIMENSIONNG & TOLERANGING PER ANS! Y14.54-1982
2 CONTROLLING DIMENSION: INCH.
S EE B e ! 3. DIMENSIONS ARE SHOWN 1N MILUMETERS [INCHES)
;:B [[gigﬂ 4 OUTLNE CONFORKS TO JEDEC OUTLINE WS-001AA
-0 L MEASURED WITH THE LEADS CONSTRAINED TO BE
PERPENDICULAR 10 DATUM PLANE C.
L DIMENSION DOES NOT INCLUDE MOLD PROTUSIONS. MOLD
177‘::77:—" = Hed [ ! "PROTUSIONS SHALL NOT EXCEED 0.25 [.010)
X5 {fms]l L
—’ 127 (050
0.39 {.09] i t
3 LI
HIN | LV sas[ag
O THVHE e )
1 1y
406 {160) 1 I 0w T Y
293 {n§, A i “
b 1ex 038 3;7}“
X i e qax 0381 [035)
{762 [300]}— | 1025 [.010] ®ic[pO|AS) 0.204 [.008]
016015
16 Lead PDIP w/o Leads 4 & 5 ot

10.50 [.4133)

™ 1000 [3977] NOTES:
Fs) 1. DMENSIDNING & TOLERANCING PER ANS! Y14.5M-1982.
2. CONTROLUNG DIMENSION: MILLIMETER
= AARAAARA
hd | 3 3. DIMENSIONS ARE SHOWN IN MILLIMETERS [INCHES]
7.60 [.2002] 10.65 [.419) 4. DUTUNE CONFORMS 10 JEDEC OUTLINE MS-DI3AA
7.40 {.2914] 10.00 [.394] DMENSION IS THE LENGTH OF LEAD FOR SOLDERING TO
.0_25 010 -(; B A SUBSTRATE.
! [0z [00]@[c[s@) DIMENSIDN DOES NOT INCLUDE MDLD PROTUSIONS. MOLD
i —[ PROTUSIONS SHALL NOT EXCEED 0.15 [.006 ]
HEHHHOH
0.75 [028) , e
0.635 (025} =~ 025 [oto] X %9
0 [.0118] r-F {
-] G Il rmo [-0040] — | 2.65 {.\043}
AREAS ERa %J 1 23500
1.27 [.050 I 0.43 [.0192] \ _.l |y 27 [.050]
14X ~ =188 o 35 v 0.40 [.0wg] 0.32 [0125)
-t 0.23 [.0091]
. 016015
16-Lead SOIC (wide body) 01-3014 03 (M5-013A%)
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IR2110(-1-2)(S)PbFR2113(-1-2)(S)PbF Infernationl

LEADFREE PART MARKING INFORMATION

Part rumber——| ROO0000K
becoto— - YWW? TEAR |

IR bogo
il @ XXX
|dertifier! 1
Lot Code
? MARKING CODE {Prod mode - 4 digit SPN code)
P Lead Free Released
Non-Lead Free
Released
Assembly site code
ORDER INFORMATION

Part only available Lead Free

14-Lead PDIP IR2110 order IR2110PbF

14-Lead PDIP IR2110-1 order IR2110-1PbF
14-Lead PDIP {R2110-2 order IR2110-2PbF
14-Lead PDIPIR2113 order IR2113PbF

14-Lead PDIP IR2113-1 order IR2113-1PbF
14-Lead PDIP IR2113-2 order {R2113-2PbF
16-Lead SOICIR2110S order R2110SPbF
16-Lead SOICIR2113S order IR2113SPbF

International

IeR Reclifier

IR WORLD HEADQUARTERS: 233 Kansas St., El Segundo, California 90245 Tel: {310) 252-7105
This product has been qualified per industrial level

Data and specifications subject {o change withoul nolice 3/23/2005

18 www.irf.com
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‘@TEXAS

Data sheet acquired from Hamtis
SCHS097A — Revised March 2002
CMOS Hex Features:
- N = Schmitt-trigger action with no external components
Schmitt Triggers = Hystoresis voltage (typ) 0.9 V at Vpp =5V, 23V st | e
VDD =10V, and 35 Vat Vpp = 16 V
High-Voltage Types {20-Volt Rating) ® Noise immumity graster than 50% (R >o'—u-i
u Nollmhonnmutmnmdfdlhmu » .
- ical output ch N < >o—x-!
@ CD401068B consists of six Schmitt- = 1mwfo¢qummﬂmnzuv » 3
wrigges circuits. Each circuit functions asan @ pMaximum input current of 1 A at 18 V over full ° B
inverter with Schmitr-trigger action on the package-t . b
input. The trigger switches at different points atre sange; 10'0 nA " 18 Viend 25°C = @"L L
for positive- and negative-going signals. The @ Low VDD to Vs current during dow . N
difference between the positive-going voltage input ramp ’ >"_"'

{VP) and the negativegoing voltage (V) is ® 5V, 10—V and 15-V paramaetric ratings
defined ashysteresis voltage (VH) (see Fig.6). ® pomis s of JEDEC

Standard 1 WSp.dMonl
TheCD4013BtypesaresuppI|ed in 14-lead hrouulp":onas, B Seriea CMOS Devicés™
hermetic dual-in-ii
(D and F ), 14dead dual-indi Applications:

plastic package (E suffix), 14-ead w Waveand pulsgm

smali-outline package (NSR suffix), and in » High-nok

chip form {H suffix). = Monostable multivibrators
& Astable multivibrators

MAXIMUM RATINGS, Absolute-Maximum Values:
DC SUPPLY-VOLTAGE RANGE, VoD)
toVgg T e

INPUT VOLTAGE RANGE, ALL INPUTS ....
DC INPUT CURRENT, ANY ONEINPUT ...........
POWER DISSIPATION PER PACKAGE (Ppk

For Ta = -550C 10 +1009C.....

For Ta= +100°C to +1259C .... ....Dan!ehneanlyat12mW]°Cb200mW
DEVICE DiSSIPATION PER OUTPUT TRANS!STOR

FOR Ta = FULL PACKAGE-TEMPERATURE RANGE (All Package Types).......... 100mW
OPERATING-TEMPERATURE RANGE (Ta)
STORAGE TEMPERATURE RANGE (Tgyg) ...
LEAD TEMPERATURE (DURING SOLDERING):

tere. =05V to+20V
-0.5Vto Vpp +0.5V

At distance 1/16 & 1/32 inch (1,59 £ 0.78mm) from casefor 108MaX «..ovceovenns +265°C
RECOMMENDED OPERATING CONDITIONS
For 7 refiability, ! operating ditions should be
so that operation is always within the foliowing ranges:
LIMITS
CHARACTERISTIC N MAX. UNITS
Supply-Voltage Range {For Ta
Full Package-Temperature Range) 3 18 v
DYNAMIC ELECTRICAL CHARACTERISTICS
At T4 =25°C, Input ty, tf =20 ns, Cg = 50pF, Ry = 200kQ
. | TEST CONDITIONS LiMiTs
CHARACTERISTIC VpD . UNLITS
v} TYP. MAX.
Propagation Delay Time: -] 140 280
tPHL. 10 70 140 ns
1PLH 15 60 120
Transition Time: . .5 100 200
TTHL. . 10 50 100 ns
LR 15 40 80
Input Capacitance, C|N Any Input 5 75 pF

3-388

CD40106B Types

Yo
* s tmryrs FROTECTED BY
£03/M03 PROTECTION -—-
WETWORK .
1 h
acs-reees Ve

Fig 1 — Logic diagram
{1 of & Schmitt triggars).

onam-1D-soumce VATME RS-V

Fig 2~ Typical cutput bew [sink)
¢ o fulby

accs zenom

Fig.3 — Minimum output low (sink)
cusrent characteristics.
Copyright © 2002, Texas Inslruments incorporaled
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CD401068 Types

STATIC ELECTRICAL CHARACTERISTICS

CONDITIONS | LIMITS AT INGICATED TEMPERATURES {9C)
CHARACTERISTIC UNITS
Vo | Vin { Voo 425
M V| V)] -85 | 40 | 485 | +125 | Whn. | Tyn [,
o j -los] s 1 t 30 | % | - Jooz] 1
Comrent. ,D‘DD""' I ENE 80 [ 6 | =~ Joo2| 2 A
Max. ~f018] 151 4 [ & [120f120] - Jooz | «
—[020) 20| 20 2 [w00le0 | - |00s] 0
Positive Triggar -1 = 5 22 | 22 22 22 22129 -
Threshold Voltage | ~ | — | 10 | 46 | 46 | a6 | 46 | 48 | 59 | —
A : Fig.4 ~ Typicat output his 3]
Vp, Min — 1= | 56868 {68 58 65 sz " 8 v sl St high feource
-~ 1 s{asf36 | 3636 — |28 |38
Vp Max, - — 10 7.1 7.1 3 7.1 - 59 7.1
-] -1wTwslwa|we|{1028| = I'ss {108 FRANCTD-SOUGE vaTAGE Ciosi—v
Negative Triger ' | — | — | 5 [ 09 ] 09 09 [ oo oo 18 | =
Threshold Voltage |~ |"_ " 15 | 25 | 28 25 [ 25 25| 39 -
VN Min. R N N I B B I s
“]-ls5sj28l28 |28f 28] — [19 | 28
Vi Max, -] - Jw]|521%57 [52 |83 ] - |38 |52 )
~j -1 w174V 7a 74| 724 [ —. |58 |74 % -
-|—-]sjo3fo3 o303 |o3|os | = < g
HysteresisVottage | =1 — W0 1 12 12 | 12 [ 12 | 12123 | = 2 'g
VH Min. -~ - 1516|116 [ 16} 16| 16 {35 | = v w>
R S |16)] 16 | 16] 16 - {08 | 16 § E
Vi Max. ~1 -1 1w0l34]3a [34|38 | - |23 34 : JIS—— =
- - 15 5 5 5 5 P 35 5 Fig.5 — Minimum output high (source)
charecteristics.
Output Low (Sink) 04105 | 5 | 064] 061 | 0az2] 036 | 051 ] 1 | = cureat "
C;mﬂ.;-, 051010) 10| 16| 1S | tA | 08 [ 13| 26 | =
oL Min. 15j015] 18| 43| 4 | 28 | 28 | 34 |68 | = Lo
Qutput High 46,05 | 5 |-064 —061]-042]-035}-a51] —1 - mA —bo—- ______
{Source) 28j05 | 5 | 2118|3375 —i6]-32 | = omtvan
c;‘(;:",a-m 95/00] 10 [~16] 15 | a8 | =326 | =
) 135]015] 15| 42| 4 | 28| 24| 34|68 | = outer
Output Voltage ~ls s 005 - | o |oos ~ I
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Abstract

The design and implementation paradigm of 11-level H-
Bridge inverter interfacing with solar cell sources are presented in this
paper. 1l-level H-Bridge inverter can be generated 220 volts (rms)
without a transformer and filter with high quality output voltage
waveforms. Moreover, this paper proposes the rotated switching signal
method for sharing the load of each H-Bridge; thereuponm, inverter
switching losses cab be equally consumed. This leads to have a higher
and equal H-Bridge inverter life time. The simulation of the proposed

technique is also performed by using MATLAB/Simulink program.

Keywords: 11 level inverter, balance load, switching losses
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