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Hybrid Connected Grid Inverter

Teerawat Pokphet

Paradon Nutanong

Amarin Prommunee

Theerawat  Yoosuk

Assoc.Prof.Dr. Werachet Khan-ngern Advisor

ABSTRACT

This thesis corncerns with design and implementation of grid — connected single — phase
inverter for photovoltaic systems. The purpose of the thesis is to develop a single — phase inverter
which receiver DC input from solar cell array and converts to AC electric power into the grid. The
inverter consists of a power circuit, control system and software. Power circuit consists of IGBT
full — bridge connection for converts DC to AC, power transformer and inductor for interface to

grid. Control system uses microchip’s PIC 18F458 microcontroller for SPWM voltage generation.

The method to transfer the power from solar cell array to grid is uses power angle and voltage
controlled to control the power flow.
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Inverter .
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Function Operating Grid-Connected
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vg — 0L, (fg )1 sing = (I},NV )1 cosd (2.8)
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1. aweaveaussiu thinnuavdnya (V’Ao)l =m,(V;12)

TaeTianuduiusain
v, V X
Ao = coﬂntrol 4 > Veontrol = Vtri (2.19)
Vtri 2
Veontrol = Vcontrol sin oyl Veontrol= Vtri
v S\
(Vao), :L—QI‘)}"—m’L-Td}sm(a)lt), m, <1.0
tri
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VL,av = ViLon (ton) - vL,off (lo[f )=0 (2.42)
Nneunsii (2.33) v on =V,
HasneuIi (2.37) Vi = Vs -Vg

VL,av =(Vs)(t0n)+(l/s 'Vo)(toﬂ)zo
V,)DT)+ WV, -V, )(1-D)T =0

VD+(V -V )(1-D)=0
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V.D+V,-V,D-V,+V,D=0

V,-V,(1-D)=0

v

Yo _ 1 (2.43)
Ve 1-D

ms Idindsaunsdasidavuveas s luiduesnaous siu Iiihdmudh swnaunish 2.41)
W30 (2.43) uiasudaiindnmsferdu i ldaunsadunammoanadinveansiu Wi dueenas

usasu IWihdud 1donmsdsuar D daaasluaisien 2.3

L Duty ratio (D) | - 8asimsvenansidu(Voltage gain) (7, /7, )
0.0 1.00
0.1 1.10
0.2 &25
0.3 1.43
0.4 1.67
0.5 2.00
0.6 2.50
0.7 3.33
0.8 3
0.9 10
1.0 Infinity

4 o o ¢ ¢ /A o v '
MINN 2.3 aﬂswmmmmwewwsyaﬁmamaasmasmaumﬁlsmifmmm D

v W d

v ' ' v ' v
nnnslanuduiuglugln 223 dlem D windumdas wenous sy llthemuduuuy

v v o

3V AW
dhuadu lumaljiadeudsudasvneussiulilihlifu 4 v fefliilelissianuadesnm
£ [ 1
Tasdasimsuotoussau Iiihdudganeniansousseau Inthdmeenmnsusuussdiu ihdnda
a 1 a wa @ Y 9 ' Y Y Yy a3 9 A = Y
ngwd  ualumedfiidus wulwihdueenssdesnius s lvihdnududndes tiesmnluseduan

ason lalon uazdgunsalaing



34

UL

10 !

malgua

\/

| | | |
0 02 04 06 08 1.0

UM 2.23 Anwdnius sznINenTIMsvenensIa Uiy D

' { o d g A
2.5.2 msmmanumienhinmdnigqauonssyadnouaesiaes

a = I " o w A 1o
auuAmsgdoaelures yaaneunesinesiamdugud SideWihnnnumasse

fge ihnszuaaswzmiduidsdiihn vaaldsy Gouladl az'ld

v,
P /G- o (2.44)
PLAYED. =\ I (2.45)
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Stopped 3 2005 /04 /08 16:00:58
CH1=200V CH2=100V 3 Smsydiv
DC 100:1 DC 100:1 o (5msydiv)

: : NORM:200kS /s

=Tracel= P-P 88;00v Max 40;00v Rms 24,59y
: Avg =1.214V Freq 50:00Hz Duty 52;5%
=Filter= =0ffset= =Record Length= =Trigger=
Smoothing : ON  CH1 : ov Main 10K Mode : AUTO
BW © FULL CH2 : ov Zoom @ 10K Type : EDGE CH2 A4
Delay : 0.0ns
Hold Off : MINIMUM

JUN 5.2 yaasdaamsaagnszumeiyafiouIesinaiio e an 100 Sad

Stopped 4 2005/04/08 16:04:36
CH1=200V CH2=100V Sms7div
DC 100:1 DC 100:1 ! (5msydiv)

: : NORM:200kKS /s

=Tracel= P-P 80;00v Max 40; 00V Rms 23;29vY
Avg =511.0mvy Freq 49;50Hz Duty 55;4%
=Filter= =Offset= =Record Length= =Trigger=
Smoothing : ON CH1 : ov Main : 10K Mode | AUTO
BW : FULL CH2 : ov Zoom @ 10K Type : EDGE CH2 4
Delay 0.0ns
Hold Off : MINIMUM

{ [ v J ia d ! v
70 5.3 uansdyraussimaznszumedyafiouiesino oo 1elnan 200 Jad
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Stopped S 2005/04/08 16:07.09
CH1=200V CH2=100v : : : Smsydiv
DC 100:1 DC 100:1 : : : 1 (Bmsydiv)

NORM:200kS /s

22;31v
55.7%

=Filter= =0ffset= =Record Length= =Trigger=
Smoothing : ON CH1 : ov Main 10K Mode : AUTO
BW : FULL CH2 : oy Zoom @ 10K Type : EDGE CH2 &
Delay : 0.0ns
Hold Off : MINIMUM

{ [ [ J ’q § [
7UN 5.4 waasdyenaussmuaznIzume AN wIasIne st Inan 300 S

Tnian 100 Sad 200 fnd 300 Sad
Vy(V) 49.8 49.8 49.8
I,(A) 2.72 430 5.97
P, (W) 135.5 214.1 297.3
Vi) 24.32 23.04 22.09
Iney (A) 4.26 7.26 10.36
Pogy (W) 100.5 166 226
THD, (%) 12.7 13.2 14.7
THD, (%) 9.9 12.2 13.9
Poss (W) 35 48.1 713
S, (VA) 104 167 229
PF. 0.97 0.99 0.99
(%) 74.2 77.5 80.5

MINA 5.1 uaaswanmsnaaeunlseansmnvessunasmessuluanvasa lnvwia 100-300 Sad




89

a a

msnadeudunesnes Nuiduewna  Muualiusiusunalmasiiienadeumainias

q

J

o o @ a a a 4 Aao @
Lme‘fwﬂ dlsgneumdunzlsz@ninmuesdunesines nadoufiiidavaa 100 200 uaz 300 Sad
Y 1 a a a 4 LA ‘3 4'4 ' A 4?’ 4' I aw
nnmanageuagllan A5 aNTNNVDIBUIDIINDI AT Tnaaiuduiloann g
9/ q v o o Y J a J I a v o & A
vosntoudasnlrlumsenssauusdumaueIannve Ui mes iamgununanuduiun

Y 9 J a o L ° Y a a a o s A 4? Y
ﬂzﬁﬂﬁi‘ﬁ‘luﬂ’liﬂWUTﬁﬂﬂ‘U@\‘l@un@im'ﬂiﬂ\?@1ﬂ‘ﬂ?1'ﬁﬂﬁﬁiﬁﬂ‘ﬁﬂTW“UTZN'E')HL')?JSLWEWLWN%HW'llliﬁﬂﬂﬂilﬂ

o da 1 A

HAZAIYREs NOTNIAWNLAY dud1lseno USRI NLTUAIY
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37 5.5 wanersesiildlunisnageui/sz@nEmnvesszuusin

Stopped 3 2005/04/08 15:24:11
CH1=500v CH2=5V : o i ; : smsydiv
pC 100:1 : DC 100:1 : i g : © (smsydiv)

NORM:200KS /s

=Filter= =0ffset= =Record Length= =Trigger=
Smoothing : ON  CH1 : ov Main 10K Mode : AUTO
BW © FULL CH2 : 0.00v Zoom @ 10K Type : EDGE CH1 4
Delay : 0.0ns
Hold Off : MINIMUM

U7 5.6 uansdyaausIdumasnszume i NAYeIsZYLT I8 Han 100 Tas
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Stopped g 2005/04/08 15:27:23
CH1=500YV : CH2=5V 3 : T Smsydiv

pc 100:1 : DC 100:1 : 1 : : . (Bmsydiv)

Rms  185.3V
Duty 49;3%

=Filter= =0ffset= =Record Length= =Trigger=
Smoothing : ON  CH1 : oV Main : 10K Mode : AUTO
BW : FULL CH2 : 0.00v Zoom : 10K Type : EDGE CH1 &
Delay : 0.0ns

Hold Off : MINIMUM

U7 5.7 uansdygnausiiuiaznszumedyaved sy i 1eTvian 200 Snd

2005/04/08 15:43:30
CH1=200V CH2=20vV . : : © . Smsydiv
DC 100:1 DC 100:1 : : : : :

y =l

NORM:200kS /s

=Filter= =0ffset= =Record Length= =Trigger=
Smoothing : ON  CH1 : ov Main : 10K Mode @ AUTO
BW @ FULL CH2 : 0.0v Zoom @ 10K Type : EDGE CH2 4
Delay : 0.0ns

Hold Off : MINIMUM

~ v v d A v
§l]71 5.8 utmmtytwmusmmms:nizumamzvm‘umnuunwmmﬂfmﬂ 300 369
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Tvian 100 Jad 200 Sae 300 Snd
V,(V) 49.8 49.8 49.8
I,(A) 2.72 430 5.97
P, (W) 135.5 214.1 297.3
V, (V) 198.7 187.6 177.7
I,(A) 0.39 0.78 1.14
P, (W) 775 146.3 202.6
THD; (%) 8.7 10.5 12.9
THD, (%) 9.8 12.2 14.1
Pogs (W) 58 67.8 94.7
S,(VA) 77.5 146.3 202.6
PF. 1 I 1
n(%) Y2 68.3 71.2

t:l' a Aa 4’ U U
MITNN 5.2 llﬁ'ﬂ\‘maﬂﬁ?’lﬂﬁ’aﬂﬁTIISZﬁ'Wﬁﬂ7W‘1/6\153111]5?317)‘97£Iiﬂﬁﬂﬂ?\7‘]

MINAAUMYTEaNTAIMVRITEULI W MivualiussduBuyniimasiimonadoumaiig

e Mdszneuidwazisz@niamuesszuusan naaeuiiidalvan 100,200 uaz 300 Sad
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Stopped 3 2005/04 /08 12:55:41
CH1=500v :@  CH2=500V L : : . Smsydiv
DC 100:1 DC 100:1 : : © o (Smsydiv)

S [ e .........

=Tracel=

: Avyg
=Trace2= P-P
: Avg
=Filter= =Offset= =Record Length= =Trigger=
Smoothing @ ON CH1 : ov Main 10K Mode : AUTO
BW : FULL CH2 : ov Zoom @ 10K Type : EDGE CH1 A4

Delay : 0.0ns
Hold Off : MINIMUM

{ 1 v d a d do v 3
7U0 5.10 uaasdyanasinume 1ewAveIuIasnos nuszuums InihdaalummsdalnsTuy

Stopped g 2005/04/08 12:56:06
CHIS500V :  CH2=500V ) i T Emsydiv
DC 100:1 : pDC 100:1 : y : © (5msydiv)

S| F o @ ......... ......... ......... .........

=Tracel=

=Filter= =0ffset= =Record Length= =Trigger=
Smoothing : ON  CH1 : ov Main 10K Mode : AUTO
BW : FULL CH2 : ov Zoom © 10K Type : EDGE CH1 4
Delay : 0.0ns

Hold Off : MINIMUM

{ [ v d [ {
31l 5.11 nansdyanamssduwernwnvesduiesimesiuszuums Inihuiiommsdalasluda



93

Tvian 100 Jne 200 Jad 300 I
V, (V) 221 221 221
I,(A) 0.018 0.046 0.106
P, (W) 4 10 23
Q,(VAR) 0.83 2.02 4.62
S,(VA)) 4.08 10.2 23.46
PF. 0.98 0.98 0.98
THD, (%) 1.1 1.2 1.3
THD, (%) 23.6 24.7 25.6

o ¢ a ¢ ¢
AITNN 5.3 Ua’ﬂﬂfﬂﬂﬂﬂ’uﬂﬂﬂul?@ﬂﬁ@?

NIMInaAssiamdn q  veueIAyNsuIesines TuvnzFenTeaduszuums Iufluite
H¥wi1eIran 100, 200 waz 300 Jasq fazwmhﬂ'waﬁmﬁmﬁufuua:ﬁﬁqgaﬁwmmﬁuna{m@{ﬁ
aunn gl i@ heunsasislraasaufussunms IS wdannsaso Tnansaufussuums
Tlih181

a J s A d? 2 o Y o a A dgl
DUNDTINDTNNIUIIWI A 1815 LD UNS WL UATY

g Ml A (A YE TRy I 3 & iy o 4
mimﬂﬂaﬁuauﬂmw:J‘Uumaﬂwiﬁamwmum%mﬂuwaummﬂ1msmuﬂ‘wmmﬂ

Trian 100 Sag 200 S0e 300 Jad
Vs (V) 220 220 220
Leys (A) 0.396 0.72 1.084
Pyys (W) 87 160 238
Qgys(VAR) 4.57 7.2 15.12
Seys (VA) 87.12 160.2 238.48
THD, (%) 1 1 1
THD; (%) 3 : 6

M319il 5.4 uaauernAvesszUUMIInih
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@ 1 J 4 @
1ANMITNAADIIANAN 9) voupIAnnvesszuums I luvaiseon Toaduedwaves
a 4 [} 1 o d T J a A 3 o w
auna{ma{ Lﬁﬂ‘lf’)ﬂi]WﬂI'ﬂﬁﬂ 100,200 waz 300 96 %zwm?maﬁuaunmuﬁuua:mmLmﬁw
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0P

Tvian 100 fn@ 200 g 300 Jad
Vs (V) 221 221 221
Lgys (A) 0.41 0.76 1.181
Pyys (W) 91 170 261
Qqs(VAR) 9.55 10.25 12.52
Seys (VA) 91.5 170.2 2613
THD, (%) I W 1.1
THD, (%) 23 Y 3

a =
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{ ¢
71ii n-1 gihsesmvgusmvesszuvaMIe inesaaszuy Inih

¥ 2005/04/20 13:25:13
CH1i=5V - 2msy div
DC 11 i i (2msydiv)
: NORM:S00KS /s

=Tracel= P-P 5.200V : :
: Avg 2.346Y Freq 2.083kHz ! Duty 50;0%

=Filter= =0Offset= =Record Length= =Trigger=
Smoothing : ON  CH1 : 0.02v Main : 10K Mode @ AUTO
BW : FULL CH2 : 0.00v Zoom @ 10K Type : EDGE CH1 ¢
Delay : 0.0ns

Hold Off : MINIMUM

v
a v

g1il n-2 dyanaweaiiaudagisuinuidadyauoinTulnsneulnsames

v v
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31# -3 3305 Dead Time uaz 39935 VUINA

Pl

2005/03/17 06:02:11
: 10us/div

NORM:100MS /s

aT 4.00us

1/4T_ 250 .000KHZ '
ar ; : .

T
Cursor
-0.4fdiv
=Filter= =0Offset= =Record Length= =Trigger=
Smoothing : ON CH1 0.00v Main : 10K Mode : AUTO
BW © FULL CH2 : o0.00v Zoom : 10K Type : EDGE CH1 4
Delay : 0.0ns
Hold Off : MINIMUM

U n-4 Sygaudunafisua Dead Time 4 Tulps3ui
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Stopped H 2005/03/13 17:26:51
CH1=50V : CH2=5V : : : : 20us/div

NORM:50MS /s

DC 10:1 DC 1:1 : ] : E ¢ (20us/div)

=Filter= =0ffset= =Record Length= =Trigger=
Smoothing : ON CH1 : 0.0v Main : 10K Mode : AUTO
BW © FULL CH2 : 0.00v Zoom : 10K Type : EDGE CH2 4
Delay : 0.0ns
Hold Off @ MINIMUM

Uil n-5 dyanaiioanaInasTUINA

Uil n-6 2993BU0TIMESUA 1T HAIAE S
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Stopped ] 2005703713 20:05:59
CH1=20V : 20ms /div
(20ms /div)

 NORM:50KS /s

=Filter= =Offset= =Record Length= =Trigger=
Smoothing : ON CH1 : 0.0v Main : 10K Mode : AUTO
BW @ FULL CH2 : 0.0v Zoom : 25K Type : EDGE CH1 &
Delay : 0.0ns
Hold Off : MINIMUM
a [ o a d i A 14
Ui n-7 dyanaiioenanduiesines Iusuilames
Stopped ] 2005/04/08 15:21:10
: CH2=5V Smsy7div
DC 100:1 i (Bmsydiv)
= R\ NORM:200kS /s

=Filter= =Offset= =Record Length= =Trigger=
Smoothing : ON  CH1 @ ov Main 10K Mode : AUTO
BW : FULL CH2 : 0.00v Zoom © 10K Type : EDGE CH1 &
Delay : 0.0ns
Hold Off : MINIMUM

{ [ { 13 | a
Ui n-8 Fyqariioonvinduesinesiioruilames
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g1t n-9 yalhidsauazyansaadvusedugue

Stopped 3 2005704 /20 16:45:10
CH1=5Y . CH2=5vV I : : . Bmsydiv
DC 11 PG \; : : © (5msydiv)

NORM:200kS /s

P

=Tracel= P-P  5.200Y @  Max 5.200Y :  Rms 3.507V

: Avg 2.549vy Freq 50,00Hz : Duty 50.0%
=Trace2= P-P 17.00Y Max  8.600V Rms  6.104Y
5 i : : 4

Freq '._Sl]f.I]l]Hz Duiy 50,5%
=Filter= =Offset= =Record Length= =Trigger=
Smoothing : OFF CH1 : 0.00v Main : 10K Mode : AUTO
BW : FULL CH2 : 0.00v Zoom : 10K Type . EDGE CH2 4

Delay : 0.0ns
Hold Off :  MINIMUM

Ui n-10 yanauerdyavesyans 199U I UE
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g1 n-11 uouJawusedi, danileainvonles, uazuymne?

U7 n-12 uwamaduaserfingyina 60 Ind
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Stopped 3 2005/03/30 18:44:36
CH1=5V 10us/div
DC 10:1 © (10us/div)
s e i e e ORI TS S
Th
1L
'—'T'i?é\ééﬁ”'b'-'-b' ..... siLiy kiR r'-ii':ri““-'é“('s'[ii]'\"””
Rms 12:10V Avg 9,924V Freq 50:00kHz
DUy — e,
=Filter= =0ffset= =Record Length= =Trigger=
Smoothing : OFF CH1 : 0.00v Main : 10K Mode : AUTO
BW @ FULL CH2 @ 0.00V Zoom : 500 Type : EDGE CH1 4
Delay : 0.0ns
Hold Off : MINIMUM
Uil n-15 dyanaiauibageunn SG3524 fidaluna 69 %
Stopped 4 2005/703/30 19:07:02
CH1=5Yv 10us/div
(10us./div)

DC 10:1

NORM 100MS /5

'-'T"r'éééﬁ”'l’:’—'b """ 14,407 Max 14,00v M'."n" "-'ma"n'mv“
Rms 11;39Y Avyg 9.414y Freq 50;00kHz
Duty 69; 0% : : :
=Filter= =0Offset= =Record Length= =Trigger=
Smoothing : OFF CH1 : 0.00v Main : 10K Mode : AUTO
BW [ FULL CH2 : 0.00v Zoom : 500 Type : EDGE CH1 4
Delay : 0.0ns
Hold Off : MINIMUM

Ui n-16 dygnaiinubagieuain SG3524 fiddlwdAa 69 % Jafivuna
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Stopped 3 2005/03/31 16:32:47
CH1=20v ; 1ms7div
DC 10:1 : © (Imsydiv)
S UUUUUEURUUUUUUE SUURRUUPLUUPRUUNUS SONURUOE SOUPPIOS S . NORM:IMS /5
Th [T T 7" ” ' i Y
1L
Sraceis B O T . T T T VA Win A
Rms 48:19v Avg 48:19v Freq 12;50kHz
......... Duty 75i0% 1 e
=Filter= =0ffset= =Record Length= =Trigger=
Smoothing : OFF CHI1 : 0.0v Main : 10K Mode : AUTO
BW : FULL CH2 : 0.00v Zoom : 500 Type : EDGE CH1 &
Delay : 0.0ns
Hold Off : MINIMUM

i n-17 asesuerdiynaInduaesines 48 Taas
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Tsupsuilimsaedyanoseaiauitiogdn

ek s st kst sk ok ok o o ok ok sk sk sk sk sk ok skl sk ok R Rk SRR KRk ok ]
b bl

; Program  : PWM *
; CPU Control : PIC 18F458 *
; Assembler : MPASM *
;*************************************** 5
list p=18458,W=-302 ; list directive to define processor

#include <p18f458.inc> ; processor specific variable definitions
#DEFINE PWM PORTB,4

CBLOCK 0x20
MANUA,COUNTI1,TABLE,REPEAT
ENDC

ORG  0x0000 ;reset vector

MAIN CLRF PWM
CLRF TBLPTRH
CLRF TBLPTRL
CLRF TABLAT
CLRF  COUNTI
CLRF TABLE
CLRF  REPEAT
MOVLW 0x07
MOVWEF TRISB
BCF  INTCON2,RBPU ;enable pull up
MOVLW  0x01 Al
MOVWF  TBLPTRH Al
MOVLW = 0x1C ;1
MOVWEF  TBLPTRL ;1
GOTO START
MANU  NOP
NOP
NOP
TBLRD*+;
START MOVLW 250
MOVWF TABLE

MAIN1

TBLRD*+; 12
MOVF  TABLAT,F i1

MOVLW .8

MOVWF REPEAT

SUBI RLNCF TABLAT i1

BTFSS TABLAT,0 il
GOTO JUMPI 2
MOVLW .8

MOVWF COUNTI

DECFSZ COUNTI,I 3

GOTO $-1 2

BSF PWM i1

DECFREPEAT

TSTFSZ REPEAT

GOTO SMALLI

DCFSNZ TABLE

GOTO MANU1

NOP

NOP
NOP

NOP
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NOP

GOTO MAINI
JUMPI MOVLW .8

MOVWF COUNTI1

DECFSZ COUNTI,I 3
GOTO $-1 12
BCF PWM |
DECFREPEAT
TSTFSZ REPEAT
GOTO SMALLI1
DCFSNZ TABLE
GOTO MANUI 2
NOP
NOP
NOP
NOP
NOP
GOTO MAINI
SMALLI1 MOVLW )
MOVWF COUNTI1
DECFSZ COUNTI,1 B
GOTO ~ §-1 2
NOP
NOP
GOTO SUBI
MANU1 NOP
NOP
NOP
TBLRD*-;
STARTI1 MOVLW 250
MOVWF TABLE
MAINI1 TBLRD*-; v,
MOVF TABLAT,F ;1
MOVLW .8
MOVWF REPEAT
SUBI11 RRNCF = TABLAT ;1
BTFSS TABLAT,7 1512
GOTO JUMPI1I 2
MOVLW .8
MOVWF COUNTI
DECFSZ COUNTI,1 i3
GOTO $-1 2
BCF PWM .1
DECFREPEAT
TSTFSZ REPEAT
GOTO SMALLI1
DCFSNZ TABLE
GOTO MANU
NOP
NOP
NOP
NOP
NOP
GOTO MAINI1I

JUMPII MOVLW .8
MOVWF  COUNTI
DECFSZ COUNTI,1 3
GOTO  $1 2
BSF PWM 1
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DECFREPEAT

TSTFSZ REPEAT

GOTO SMALLI11

DCFSNZ TABLE

GOTO MANU ;2

NOP

NOP

NOP

NOP

NOP

GOTO MAINII

SMALLII MOVLW 3

MOVWF COUNTI
DECFSZ COUNT]I,1 ;3
GOTO $-1 ;2

NOP

NOP

GOTO SUBI1

;LOOK_UP TABLE_08

1 2 3 4 5°6-7 8 9 10 11 12 13 141516 17 18 19 20 21 22 23
24 25 26 27 28

DB
OxFF,OxFF,OXFF,OXFF,OXFF,OxFF,OXEO,OXOO,OXOO,OXOO,OXOO,OXOO,OX7F,OXFF,OXFF,OXFF,OXFF,OxFF,Ox
FF,0xC0,0x00,0x00,0x00,0x00,0x3F,0xFF,0xFF,0xFF

DB
0xFF,0xFF,0xFF,0xFF,0x80,0x00,0x00,0x00,0x1 F,0xFF,0xFF,0xFF,0xFF,0xFF,0xFF,0xFF,0xFF,0x00,0x0
0,0x00,0x07,0xFF,0xFF,0xFF,0xFF,0xFF,0xFF,0xFF

DB
0xFF,OxFC,OxOO,0xOO,0xO3,OxFF,OxFF,OxFF,OxFF,OxFF,OxFF,OXFF,OXFF,OXFF,OXF8,0x00,0x00,0xFF,0x
FF,0xFF,0xFF,0xFF,0xFF,0xFF,0xFF,0xFF,0xFF,0xEOQ

DB
Ox00,0x3F,OxFF,OXFF,OxFF,OxFF,OxFF,OxFF,OxFF,OxFF,OXFF,OXFF,OXOO,OXO7,0XFF,OXFF,OXFF,OXFF,OX
FF,0xFF,0xFF,0xFF,0xFF,0xFF,0xF8,0x00,0xFF,0xFF

DB
0XFF,0xFF,0xFF,0xFF,0xFF,0xFF,0xFF,0xFF,0xFF,0xC0,0x0F, 0xFF,0xFF,0xFF,0xFF ,0xFF,0xFF,0xFF,0
xFF,0xFF,0xFF,0xF8,0x00,0xFF,0xFF,0xFF,0xFF,0xFF

DB
OXFF,OXFF,OxFF,OxFF,OXFF,OXFF,OxOO,0xO7,OxFF,OxFF,OXFF,OxFF,OxFF,OxFF,OXFF,OxFF,OxFF,OxFF,Ox
E0,0x00,0x1F,0xFF,0xFF,0xFF,0xFF,0xFF,0xFF,0xFF

DB
OXFF,OXFF,OXFF,OXOO,Ox00,0x3F,OxFF,OxFF,OxFF,0xFF,OxFF,0XFF,OXFF,OXFF,OXFF,OXOO,0x00,0x03,Ox
FF,0xFF,0xFF,0xFF,0xFF,0xFF,0xFF,0xFF,0xFF,0xCO

DB
OXOO,0x00,OXOF,OXFF,OXFF,OXFF,OXFF,OxFF,0xFF,OXFF,OXFF,OXSO,OXOO,OXOO,OxOO,OxOF,OxFF,OxFF,OxF
F,0xFF,0xFF,0xFF,0xFF,0xF8,0x00,0x00,0x00,0x00

DB
0x0F,0xFF,0xFF,0xFF,0xFF,0xFF,0xFF,0xFC,0x00,0x00,0x00,0x00,0x00,0x 7F ,0xFF,0xFF,0xFF,0xFF,0x
FF,0xFE,0x00,0x00,0x00,0x00,0x00,0x00

END

TWsunsuiiimsahedyanameadduibagidmiionnsdanslud
ok ks ok sk ook R K R K R R SRk sk sk ok ok ok L ]
bl b

; Program  : PWM &SYNCHRONIZE *
; CPU Control : PIC 18F458 *
; Assembler : MPASM *
list p=18£458,W=-302 ; list directive to define processor

#include <p18f458.inc> ; processor specific variable definitions
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#DEFINE PWM PORTB4
#DEFINE ZERO PORTC,0
#DEFINE DUTY_UP PORTC,1
#DEFINE DUTY_DOWNPORTC,2
CBLOCK 0x20
MANUA,COUNT1,TABLE,REPEAT,TEE,DUTY,PLUS
ENDC
ORG  0x0000 ;reset vector

Lk kR Kok sk K ok s s ok o o o o KoK SR K R o KRR KR K ok ok ok sk ks ko sk ok ok ok ko ok ok ok
; INITIAL

MAIN CLRF PWM
CLRF TBLPTRH
CLRF TBLPTRL
CLRF TABLAT
CLRF COUNTI
CLRF TABLE
CLRF  REPEAT
MOVLW 0x00
MOVWF TRISB
MOVLW OxFF
MOVWF TRISC
BCF  INTCON2,RBPU ;enable pull up

kot ok QA R ok sk ool o ook s sk sk st ook sk ks kot ok ok okl ok ok o o
b

MOVLW 8

MOVWF DUTY

GOTO STEADY
BEGIN  BSF PWM

«sfeskok sk sk ok ok ko sk sk okok skokok skokokosok skokok skokok skok ok ok %ok kock ok * kK

CHECK_UP DECF DUTY

MOVLW ¥7
MOVWF PLUS-
CPFSEQ DUTY
GOTO CHECK_DO
MOVLW - 0x03 ;1

MOVWF  TBLPTRH ;1
MOVLW  0x0E al
MOVWF  TBLPTRL ;1

GOTO START
CHECK_DOWN INCF DUTY
MOVLW 9
MOVWF PLUS
CPFSEQ DUTY
GOTO STEADY
MOVLW  0x05 1
MOVWF TBLPTRH 1
MOVLW  0x08 1
MOVWF TBLPTRL 1
GOTO START
STEADY MOVLW 3
MOVWF PLUS
CPFSEQ DUTY
GOTO NEW

NEW MOVLW  0x04 il
MOVWF TBLPTRH ;1
MOVLW  0x0A 2l
MOVWF  TBLPTRL ;1
GOTO START
MANU
NOP
NOP
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NOP

TBLRD*+;
START MOVLW 251

MOVWF TABLE

MAINI

TBLRD*+; 2
MOVF  TABLAT,F ;1

MOVLW 8

MOVWF REPEAT

SUBI RLNCF TABLAT ;1

BTFSS TABLAT,0 ;112
GOTO JUMPI ;2
MOVLW .8

MOVWF COUNTI
DECFSZ COUNTI,1 ;3
GOTO $-1 ;2

BSF PWM ;1

DECFREPEAT

TSTFSZ REPEAT

GOTO SMALLI

DCFSNZ TABLE

GOTO MANU

NOP

NOP
NOP

NOP

NOP

GOTO MAINI
JUMPI MOVLW .8
MOVWF COUNTI

DECFSZ COUNTI,1 ;3
GOTO $-1 2
BCF  PWM ;1
DECFREPEAT
TSTFSZ REPEAT
GOTO SMALLI
DCFSNZ TABLE
GOTO MANUI Y
NOP
NOP
NOP
NOP
NOP
GOTO MAINI
SMALLI MOVLW 3
MOVWF COUNTI1
DECFSZ COUNTI,I 3
GOTO $-1 ;2
NOP
NOP
GOTO SUBLI
;***********************************TNVERSE***********************************
MANUI NOP
NOP
NOP
NOP
NOP
START11 MOVLW .100

MOVWF TABLE
MAINI11 TBLRD*-; 2
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MOVF  TABLAT,F 1
MOVLW .8
MOVWF  REPEAT
SUBIl  RRNCF TABLAT i1
BTFSS TABLAT,7 1512
GOTO  JUMPII )
MOVLW 8
MOVWF  COUNTI
DECFSZ COUNTI,1 3
GOTO  §-I 2
BCF PWM :1
DECFREPEAT
TSTFSZ REPEAT
GOTO SMALLI1
DCFSNZ  TABLE
GOTO MANU2
BTFSS DUTY_UP
GOTO MA_UP
BTFSS DUTY_DOWN
GOTO MA DOWN
GOTO MAINI1I
JUMPIl  MOVLW 8
MOVWE ~ COUNTI
DECFSZ  COUNTI,1 3
GOTO  $-I 2
BSF ~ PWM i1
DECFREPEAT
TSTFSZ REPEAT
GOTO SMALLI 1
DCFSNZ  TABLE
GOTO MANU2 2
BTFSS DUTY_UP
GOTO MA_UP
BTFSS DUTY _DOWN
GOTO MA_DOWN
GOTO MAINT1
SMALLI1 MOVLW 3
MOVWF ~ COUNTI
DECFSZ  COUNTI,1 3
GOTO  §-I 2
NOP
NOP
GOTO SUBI I
;*****************************************************************************
MANU2
STARTI2 MOVLW  .152
MOVWF TABLE
MAINI2  TBLRD*-; 2
MOVF  TABLAT,F 01
MOVLW .8
MOVWF  REPEAT
SUBI2 RRNCF TABLAT /1
BTFSS TABLAT,7 1512
GOTO JUMPI2 )
MOVLW .4
MOVWF  COUNTI
WAIT1  BTFSS ZERO
GOTO WAIT2
GOTO BEGIN
WAIT2  DECFSZ COUNTI,I 3
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GOTO WAITI ;2

BCF PWM 2l
DECFREPEAT

TSTFSZ REPEAT
GOTO SMALLI12
DCFSNZ TABLE
GOTO MANU
NOP

NOP

NOP

NOP

NOP

GOTO MAINI2
JUMP12 MOVLW 4
MOVWF COUNTI

WAIT3  BTFSS ZERO
GOTO WAIT4
GOTO BEGIN
WAIT4  DECFSZ COUNTI,1 3
GOTO  WAIT3 2
BSF  PWM 1
DECFREPEAT
TSTFSZ REPEAT
GOTO SMALL12
DCFSNZ  TABLE
GOTO MANU 2
NOP
NOP
NOP
NOP
NOP
GOTO MAIN12
SMALLI2 MOVLW .3
MOVWF  COUNTI
DECFSZ ~ COUNTI,I 3
GOTO  $-I 2
NOP
NOP
GOTO SUBI2
MA_UP NOP
NOP

STAR1 MOVLW .152
MOVWF TABLE

MAIl TBLRD*-; 52
MOVF  TABLAT,F ;1
MOVLW 8
MOVWF REPEAT
SU1 RRNCF TABLAT ;1
BTFSS TABLAT,7 ;1512
GOTO IMPI ;2
MOVLW 4
MOVWF COUNTI
WAII BTFSS ZERO
GOTO WAI2
GOTO BEGIN
WAI2 DECFSZ  COUNTI,I 3
GOTO WAII 12
BCF PWM ;1

DECFREPEAT
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TSTFSZ REPEAT

GOTO SMLI
DCFSNZ  TABLE
GOTO CHECK_UP
NOP
NOP
NOP
NOP
NOP
GOTO MAII
IMP1 MOVLW 4
MOVWF  COUNTI
WAI3  BTFSS ZERO
GOTO WAI4
GOTO BEGIN
WAI4 DECFSZ COUNTI,I 3
GOTO  WAI3 2
BSF  PWM 1
DECFREPEAT
TSTFSZ REPEAT
GOTO SML1
DCFSNZ ~  TABLE
GOTO ~ CHECK_UP 2
NOP
NOP
NOP
NOP
NOP
GOTO MATII
SMLI MOVLW .3
MOVWF ~ COUNTI
DECFSZ  COUNTI,I 3
GOTO /-1 2
NOP
NOP
GOTO SU1
MA_DOWN

STAR2 MOVLW 152
MOVWF TABLE

MAI2 TBLRD*-; ;2
MOVF  TABLAT,F Hi|
MOVLW 8
MOVWF REPEAT
Su2 RRNCF TABLAT ;1
BTFSS TABLAT,7 ) i
GOTO IMP2 ;2
MOVLW 4
MOVWF COUNTI
KOIl BTFSS ZERO
GOTO KOI2
GOTO BEGIN
KOI2 DECFSZ COUNTI,I ;3
GOTO KOIl 2
BCF PWM ;1
DECFREPEAT
TSTFSZ REPEAT
GOTO SML2

DCFSNZ TABLE
GOTO CHECK_DOWN
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NOP
NOP
NOP
NOP
NOP
GOTO MAI2
JMP2 MOVLW 4
MOVWF COUNTI
KOI3 BTFSS ZERO
GOTO KOl4
GOTO BEGIN
KOI4 DECFSZ COUNTI,I ;3
GOTO KOI3 2
BSF PWM 4|
DECFREPEAT
TSTFSZ REPEAT
GOTO SML2
DCFSNZ TABLE
GOTO CHECK_DOWN )
NOP
NOP
NOP
NOP
NOP
GOTO MAI2
SML2 MOVLW 3
MOVWEF COUNT]I
DECFSZ  COUNTI,I B
GOTO $-1 2
NOP
NOP
GOTO Su2

;LOOK_UP_TABLE_074

;o WUN 20305 NV & 10 11 12 13 14 15 16 17 18 19 20 21 22 23
24 25 26 27 28

DB OxFF

DB
OxFF,OxFF,OxFF,OxFF,OXFF,OxFF,OxCO,0x00,0x00,0x00,0x00,Ox00,0x7F,0xFF,OxFF,OxFF,OxFF,OxFF,Ox
FF,0xC0,0x00,0x00,0x00,0x00,0x 1 F,0xFF,0xFF ,0xFF

DB
OxFF,OxFF,OxFF,OxFF,0x00,0x00,0x00,OxOO,OxOF,OxFF,OXFF,OXFF,OXFF,OXFF,OxFF,OxFF,OxFE,OXOO,Ox
00,0x00,0x07,0xFF,0xFF,0xFF,0xFF,0xFF,0xFF,0xFF

DB
0xFF,0xF8,0x00,0x00,0x01,OxFF,OxFF,OxFF,OxFF,OxFF,OxFF,OxFF,OxFF,OXFF,OXFO,Ox00,0x00,0x7F,OxF
F,0xFF,0xFF,0xFF,0xFF,0xFF,0xFF,0xFF,0xFF,0x80

DB
0x00,0x0F,0xFF,OxFF,OxFF,OxFF,OXFF,OXFF,OXFF,OxFF,OxFF,OxFC,OxOO,OxO 1,0xFF,0xFF,0xFF,0xFF,0x
FF,0xFF,0xFF,0xFF,0xFF,0xFF,0xE0,0x00,0x3F,0xFF

DB
OxFF,OxFF,OxFF,OxFF,OxFF,OXFF,OxFF,OxFF,OxFF,0x00,0x03,OxFF,OxFF,OxFF,OxFF,OxFF,OxFF,OxFF,Ox
FF,0xFF,0xFF,0xF0,0x00,0x3F,0xFF,0xFF,0xFF,0xFF

DB
OxFF,OxFF,OxFF,0xFF,0xFF,OxFE,Ox00,0xO3,OxFF,OxFF,OxFF,OxFF,OXFF,OXFF,OXFF,OXFF,OxFF,OxFF,Ox
C0,0x00,0x 1F,0xFF,0xFF,0xFF,0xFF,0xFF,0xFF,0xFF

DB
OxFF,OxFF,0x8O,0x00,0x00,0x7F,OxFF,0xFF,OxFF,OxFF,OxFF,OxFF,OxFF,OxFF,OxFE,OXOO,0x00,0x0l,OxF
F,0xFF,0xFF,0xFF,0xFF,0xFF,0xFF,0xFF,0xFF,0x80
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DB
0x00,0x00,0x07,0xFF,0xFF,0xFF,0xFF,0xFF,0xFF,0xFF,0xFF,0xE0,0x00,0x00,0x00,0x 1 F,0xFF,0xFF,0xF
F,0xFF,0xFF,0xFF,0xFF,0xF0,0x00,0x00,0x00,0x00

DB
0x3F,0xFF,0xFF,0xFF,0xFF,0xFF,0xFF,0xF8,0x00,0x00,0x00,0x00,0x00,0x 7F ,0xFF ,0xFF,0xFF,0xFF,0xF
F,0xFE,0x00,0x00,0x00,0x00,0x00,0x00
;LOOK_UP_TABLE 08

;1 2 3 4 5 6 7 8 910 11 12 13 14 15 16 17 18 19 20 21 22 23
24 25 26 27 28

DB OxFF

DB
0xFF,0xFF,0xFF,0xFF,0xFF,0xFF,0xC0,0x00,0x00,0x00,0x00,0x00,0x 7F,0xFF,0xFF,0xFF,0xFF,0xFF,0x
FF,0xC0,0x00,0x00,0x00,0x00,0x3F,0xFF,0xFF,0xFF

DB
0xFF,0xFF,0xFF,0xFF,0x80,0x00,0x00,0x00,0x 1 F,0xFF,0xFF,0xFF,0xFF,0xFF,0xFF,0xFF,0xFF,0x00,0x0
0,0x00,0x07,0xFF,0xFF,0xFF,0xFF,0xFF,0xFF,0xFF

DB
0xFF,0xFC,0x00,0x00,0x03,0xFF,0xFF,0xFF,0xFF,0xFF,0xFF,0xFF,0xFF,0xFF,0xF8,0x00,0x00,0xFF,0x
FF,0xFF,0xFF,0xFF,0xFF,0xFF,0xFF,0xFF,0xFF,0xE0

DB
0x00,0x3F,0xFF,0xFF,0xFF,0xFF,0xFF,0xFF,0xFF,0xFF,0xFF,0xFF,0x00,0x07,0xFF,0xFF,0xFF,0xFF,0x
FF,0xFF,0xFF,0xFF,0xFF,0xFF,0xF8,0x00,0xFF,0xFF

DB
0xFF,0xFF,0xFF,0xFF,0xFF,0xFF,0xFF,0xFF,0xFF,0xC0,0x0F,0xFF,0xFF,0xFF,0xFF,0xFF,0xFF,0xFF,0
xFF,0xFF,0xFF,0xF8,0x00,0xFF,0xFF,0xFF,0xFF,0xFF

DB
0xFF,0xFF,0xFF,0xFF,0xFF,0xFF,0x00,0x07,0xFF,0xFF,0xFF,0xFF,0xFF,0xFF,0xFF,0xFF,0xFF,0xFF,0x
E0,0x00,0x1F,0xFF,0xFF,0xFF,0xFF,0xFF,0xFF,0xFF

DB
0xFF,0xFF,0xFF,0x00,0x00,0x3F,0xFF,0xFF,0xFF,0xFF,0xFF,0xFF,0xFF,0xFF,0xFF,0x00,0x00,0x03,0x
FF,0xFF,0xFF,0xFF,0xFF,0xFF,0xFF,0xFF,0xFF,0xCO

DB
0x00,0x00,0x0F,0xFF,0xFF,0xFF,0xFF,0xFF,0xFF,0xFF,0xFF,0x80,0x00,0x00,0x00,0x0F ,0xFF,0xF F,0xF
F,0xFF,0xFF,0xFF,0xFF,0xF8,0x00,0x00,0x00,0x00

DB
0xOF,0xFF,0xFF,0xFF,0xFF,0xFF,0xFF,0xFC,0x00,0x00,0x00,0x00,0x00,0x 7F ,0xFF,0xFF,0xFF,0xFF,0x
FF,0xFE,0x00,0x00,0x00,0x00,0x00,0x00,0x00
;LOOK_UP_TABLE 090

1 2 3 4 5 6 7 8 91011 12 13 14 15 16 17 18 19 20 21 22 23
24 25 26 27 28

DB OxFF

DB
0xFF,0xFF,0xFF,0xFF,0xFF,0xFF,0xC0,0x00,0x00,0x00,0x00,0x00,0x 7F,0xFF,0xFF,0xFF,0xFF,0xFF,0x
FF,0xE0,0x00,0x00,0x00,0x00,0x7F,0xFF,0xFF,0xFF

DB
0xFF,0xFF,0xFF,0xFF,0xC0,0x00,0x00,0x00,0x3F,0xFF,0xFF,0xFF,0xFF,0xFF,0xFF,0xFF,0xFF,0x80,0x
00,0x00,0x1F,0xFF,0xFF,0xFF,0xFF,0xFF,0xFF,0xFF

DB
0xFF,0xFF,0x00,0x00,0x0F,0xFF,0xFF,0xFF,0xFF,0xFF,0xFF,0xFF,0xFF,0xFF,0xFE,0x00,0x03,0xFF,0x
FF,0xFF,0xFF,0xFF,0xFF,0xFF,0xFF,0xFF,0xFF,0xF8

DB
0x00,0xFF,0xFF,0xFF,0xFF,0xFF,0xFF,0xFF,0xFF,0xFF,0xFF,0xFF,0xC0,0x 1 F,0xFF,0xFF,0xFF,0xFF,0x
FF,0xFF,0xFF,0xFF,0xFF,0xFF,0xFE,0x03,0xFF,0xFF

DB
0xFF,0xFF,0xFF,0xFF,0xFF,0xFF,0xFF,0xFF,0xFF,0xF0,0x3F,0xFF,0xFF,0xFF,0xFF,0xFF,0xFF,0xFF,0x
FF,0xFF,0xFF,0xFF,0x03,0xFF,0xFF,0xFF,0xFF,0xFF

DB
0xFF,0xFF,0xFF,0xFF,0xFF,0xFF,0xE0,0x3F,0xFF,0xFF,0xFF,0xFF,0xFF,0xFF,0xFF,0xFF,0xFF,0xFF,0
xFC,0x00,0xFF,0xFF,0xFF,0xFF,0xFF,0xFF,0xFF,0xFF
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DB

0xFF,0xFF,0xFF,0x00,0x07,0xFF,0xFF,0xFF,0xFF,0xFF,0xFF,0xFF,0xFF,0xFF,0xFF,0xC0,0x00,0xOF,0x

FF,0xFF,0xFF,0xFF,0xFF,0xFF,0xFF,0xFF,0xFF,0xEQ
DB

0x00,0x00,0x3F,0xFF,0xFF,0xFF,0xFF,0xFF,0xFF,0xFF,0xFF,0xF8,0x00,0x00,0x00,0x7F ,0xFF,0XFF,0x F

F,0xFF,0xFF,0xFF,0xFF,0xFC,0x00,0x00,0x00,0x00
DB

0x7F,0xFF,0xFF,0xFF,0xFF,0xFF,0xFF,0xFC,0x00,0x00,0x00,0x00,0x00,0xFF,0xFF,0xFF,0xFF,0xFF,0x

FF,0xFE,0x00,0x00,0x00,0x00,0x00,0x00,0x00
END

Tdsunsuil¥msmlasfaanaezinasenduddneanaznivgumainnuvesszuy
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: bl

; Program  : LCD&CPU o

; CPU Control : PIC 18F458 *
; Assembler : MPASM %
;***************************************;5

list p=18f458,W=-302 ; list directive to define processor

#INCLUDE <P18F458.INC>  ; processor specific variable definitions
#DEFINE SOLAR PORTB,0
#DEFINE BATT PORTB,]
#DEFINE OVER1 PORTB,2
#DEFINE UNDER1 PORTB,3
#DEFINE MANUAL PORTB,4

#DEFINE AUTO PORTB,5
#DEFINE ACTIVE PORTB,6
#DEFINE START PORTB,7
#DEFINE OVER2 PORTC,3
#DEFINE UNDER2 PORTC,4
#DEFINE RZRC PORTC,6
#DEFINE RSOLAR PORTC,7
#DEFINE RBATT PORTD,0
#DEFINE RSGRID PORTD,I
#DEFINE RSSOLAR PORTD,2
#DEFINE RSBATT PORTD,3
#DEFINE RGRID PORTD,4
#DEFINE RINV  PORTD,5
#DEFINE UNSYNC PORTC,1
#DEFINE SYNCH PORTC,2
#DEFINE STOP  PORTE,2

CBLOCK 0x20
MANA,MANUA,MANUB,COUNT1,DEL,PLUS, TEST,TEST2
ENDC

ORG 0x00

kokokok ok ok ok sk kokokok ok sk sk sk sk ok ok sk sk ok ok sk ok ok skokok ok skokokok ok
: INITIAL

MOVLW B11111111"
MOVWF TRISA
MOVLW B'l1111111"
MOVWF TRISB
MOVLW B'00111000'
MOVWF TRISC
MOVLW B'11000000'
MOVWF TRISD

CLRF TRISE

CLRF TEST
CLRF MANA
CLRF MANUA
CLRF MANUB

CLRF TEST2



CLRF
CLRF

PLUS
DEL

CLRF
CLRF
CLRF
CLRF
CLRF
CLRF BATT
CLRF
CLRF
CLRF
CLRF

START

SOLAR
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MANUAL
AUTO

ACTIVE

OVERI
UNDERI1
OVER2
UNDER2

CLRF RZRC
CLRF RSOLAR

RBATT
RSGRID
RSSOLAR
RSBATT

CLRF RGRID
CLRF RINV
CLRF UNSYNC
CLRF SYNCH

CLRF
CLRF
CLRF
CLRF

BTFSS START
GOTO ~ WAIT
GOTO JUMP

BTFSS MANUAL
GOTO M MODE

BTFSS AUTO
GOTO ~ A_MODE

JUMP

WAIT

GOTO
M_MODE
GOTO
BTFSS
GOTO
GOTO

A_MODE
GOTO
BTFSS
GOTO
GOTO

WAIT

BTFSS SYNCH
MS_MODE
UNSYNC

USM_ MODE
M_MODE

;synchronize & unsynchronize manual mode

BTFSS SYNCH
AS_MODE
UNSYNC
UAS_MODE
A_MODE

;synchronize & unsynchronize auto mode

ok ok oK K K o oK ok KRR K K o
; MANUAL MODE

MS_MODE

USM_MODE

o 33K 3k ok 3k ok ok sk ok sk sk sk sk sk ok sk sk ok ok ok ok ok ok ok ok ok sk ok sk sk skokoskokok ok ok sk ok sk ok 5k sk ok ok ok 3k %k sk sk sk sk ok sk ok ok ok ok ok sk sk skook ok kokok kok ok
: CONDITION

SOS_MODE

BTFSS
GOTO
BTFSS
GOTO
GOTO

SOLAR
SOS_MODE
BATT
SBM_MODE
MS_MODE

;synchronize manual mode
;select solar cell or battery supply

BTFSS
GOTO
BTFSS
GOTO
GOTO

SOLAR ;unsynchronize manual mode
USOS_MODE ;select solar cell or battery supply
BATT

UBM_MODE

USM_MODE

;synchronize & solar cell supply manual mode
MOVLW 1
MOVWF DEL
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DECFSZ DEL,1

GOTO $-1

MOVLW 1
MOVWF DEL
DECFSZ DEL,1

GOTO SOS_MODE
BSF  RSOLAR

DELAY]1 MOVLW 1
MOVWF DEL
DECFSZ DEL,1
GOTO $-1
MOVLW .1
MOVWF DEL
DECFSZ DEL,1
GOTO DELAYI
BSF RZRC

BSF RSSOLAR
BSF RSGRID
GOTO SOLARSYNC

SBM_MODE ;synchronize & battery supply manual mode
MOVLW 1
MOVWF DEL
DECFSZ DEL,1
GOTO $-1
MOVLW 1
MOVWF DEL
DECFSZ DEL,1
GOTO SBM_MODE
BSF  RBATT
DELAY?2 MOVLW 255
MOVWE DEL
DECFSZ DEL,1
GOTO $-1
MOVLW 258
MOVWE DEL
DECFSZ DEL,1
GOTO DELAY2
BSF  RZRC
BSF ~ RSSOLAR
BSF  RSGRID
GOTO BATTERYSYNC
USOS_MODE ;UNsynchronize & solar cell supply manual mode
MOVLW 255
MOVWF DEL
DECFSZ DEL,1
GOTO $-1
MOVLW 255
MOVWF DEL
DECFSZ DEL,1

GOTO USOS_MODE
BSF  RSOLAR

GOTO §
UBM_MODE ;UNsynchronize & battery supply manual mode
MOVLW 255
MOVWF DEL
DECFSZ DEL,1
GOTO §$-1
MOVLW 255
MOVWF DEL

DECFSZ DEL,1



GOTO
BSF
GOTO

119

UBM_MODE
RBATT
$

sk ok ok o koK KR Kok sk s ks o ok ok ok o K R K o R ok sk Rk o
; AUTO MODE

AS_MODE

UAS_MODE

SOSA_MODE

DELAY3

SBSA_MODE

DELAY4

GOTO
BTFSS
GOTO
GOTO

BTFSS
GOTO

BTFSS SOLAR ;synchronize auto mode
SOSA_MODE ;select solar cell or battery supply
BATT

SBSA MODE

AS _MODE

SOLAR ;unsynchronize auto mode
USOA_MODE ;select solar cell or battery supply

BTFSS BATT
GOTO USBA_MODE
GOTO UAS_MODE
;synchronize & solar cell supply manual mode
MOVLW 255
MOVWF DEL
DECFSZ DEL,1
GOTO $-1
MOVLW 255
MOVWF DEL
DECFSZ DEL,1
GOTO SOSA_MODE
BSF  RSOLAR
MOVLW 5y
MOVWF DEL
DECFSZ DEL,1
GOTO $§-1
MOVLW 255
MOVWF DEL
DECFSZ DEL,1
GOTO DELAY3
BSF  RZRC
BSF  RSGRID
MOVLW OxFF
MOVWF TEST
GOTO SOLARSYNC
;synchronize & solar cell supply manual mode
MOVLW 255
MOVWF DEL
DECFSZ DEL,1
GOTO §$-1
MOVLW 255
MOVWF DEL
DECFSZ DEL,1
GOTO SBSA_MODE
BSF  RSOLAR
MOVLW 255
MOVWF DEL
DECFSZ DEL,1
GOTO §$-1
MOVLW 255
MOVWF DEL
DECFSZ DEL,1
GOTO DELAY4
BSF  RZRC
BSF  RSGRID

MOVLW OxFF



USOA_MODE

DELAYS

USBA_MODE

DELAY6

MOVWF TEST
GOTO BATTERYSYNC
MOVLW 295
MOVWF DEL
DECFSZ DEL,1
GOTO $-1

MOVLW 255
MOVWF DEL
DECFSZ DEL,1

GOTO USOA_MODE
BSF RSOLAR

MOVLW
MOVWF DEL
DECFSZ DEL,1
GOTO $-1
MOVLW 255
MOVWF DEL
DECFSZ DEL,1
GOTO DELAYS
MOVLW )
MOVWF PLUS

BSF RSSOLAR
GOTO SOLARSYNC

MOVLW 235
MOVWF DEL
DECFSZ DEL,1
GOTO $-1

MOVLW 255
MOVWF DEL
DECFSZ DEL,1

GOTO USBA_MODE
BSF RSOLAR

MOVLW
MOVWF DEL
DECFSZ DEL,1
GOTO $-1
MOVLW 25§
MOVWF DEL
DECFSZ DEL,1
GOTO DELAY6
MOVLW D
MOVWF PLUS

BSF RSBATT

GOTO BATTERYSYNC

255

(250

o 3k 3k ok 3k sk sk sk sk sk sk sk sk ok ok ok ok ok ok ok ok ok sk sk ok skokok sksk skokok
; SOLAR

SOLARSYNC
ASOLAR
VSOLAR

BCF

MOVLW

MOVLW 4

4
MOVWF MANUA

MOVWF MANUB

CLRF ADCONI

ADCONI1,7 ; ADFM =0, ANO-AN7 is analog input

MOVLW 10010001

MOVWF  ADCONO

BSF  ADCONO,2

BTFSC ADCONO0,2 ; GO/DONE

; start conversion

120

i1

;1

i1

; Clock=Fosc/32, ADC operate, Channel 2

SYNCHRONIZE
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GOTO  $-1 ; DONE =1 conversion not complete
; DONE =0 conversion is complete
MOVF ADRESHW ;W
MOVWF MANA
CPFSLTMANUA
GOTO INTERVALI
BSF  OVERI
RESET
INTERVAL1  CPFSGT MANUB
GOTO UNDERA
GOTO CSOLAR

UNDERA BSF UNDERI1
RESET
;*********************************
CSOLAR MOVLW 4 ;1
MOVWF MANUA ;1
MOVLW 4 Al
MOVWF MANUB s

CLRF ADCONI
BCF ADCON1,7 ; ADFM =0, ANO-AN7 is analog input
MOVLW 10011001
MOVWF ADCONO : Clock=Fosc/32, ADC operate, Channel 3

;********** start COnVerSiOn sk sk okok ok kok ok ok

BSF ADCONO,2 ; start conversion
BTFSC ADCONO0,2 ; GO/DONE
GOTO  §-1 ; DONE = 1 conversion not complete
; DONE =0 conversion is complete
MOVF ADRESH,W ;W
MOVWF MANA
CPFSLTMANUA
GOTO INTERVAL2
BSF  OVERI
RESET
INTERVAL2  CPFSGT MANUB
GOTO UNDERB
GOTO VGRIDA
UNDERB BSF UNDERI
RESET
;*********************************
VGRIDA MOVLW 4 )1
MOVWF = MANUA i1
CLRF ADCONI
BCF ADCONI1,7 ;ADFM =0, ANO-AN7 is analog input
MOVLW 10100001
MOVWF ADCONO : Clock=Fosc/32, ADC operate, Channel 4

;********** start ConVerSion sk sk i ok ok K okok ok

BSF ADCONO0,2 ; start conversion
BTFSC ADCONO0,2 ; GO/DONE
GOTO  §-1 ; DONE =1 conversion not complete
; DONE =0 conversion is complete
MOVF ADRESHW ;W
MOVWF MANA
CPFSEQ MANUA
GOTO INTERVAL3
GOTO CGRIDA
INTERVAL3  CPFSGT MANUA
GOTO OVERA
BSF UNDER?2
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GOTO VSOLAR
OVERA BSF OVER2
GOTO VSOLAR

<ok ok ok ok oK o R oK KoK K oK ok oK K K ok oK ok Kk ok oK K sk ok ok kK
b

CGRIDA MOVLW 4 ;1
MOVWF MANUA i1
CLRF  ADCONI
BCF ADCON1,7 ; ADFM =0, ANO-AN?7 is analog input
MOVLW 10101001
MOVWF ADCONO ; Clock=Fosc/32, ADC operate, Channel 5

SRk KR gtart conversion FFEF R Kk

BSF ADCONO0,2 ; start conversion
BTFSC ADCONO0,2 ; GO/DONE
GOTO  §-1 ; DONE =1 conversion not complete
; DONE = 0 conversion is complete
MOVF ADRESHW ;W
MOVWF MANA

CPFSEQ MANUA

GOTO INTERVAL4

TSTFSZTEST

GOTO AUTOI

GOTO MANUALI
AUTO! MOVLW 5

MOVWF TEST2

CPFSEQ PLUS

GOTO TOYI

GOTO VSOLAR
TOY1 BSF RGRID

GOTO VSOLAR
MANUAL1 BTFSS ACTIVE

BSF  RGRID
GOTO VSOLAR
INTERVAL4  CPFSGT MANUA
GOTO OVERB

BSF  UNDER2
GOTO VSOLAR

OVERB BSF OVER2
GOTO VSOLAR

JRRRRRXBATT SYNC & UNSYNC MODE:CHECK
VOLTAGE # %% s s e kst ok sk sk o ook oo
BATTERYSYNC
VBATT MOVLW 4 31

MOVWF MANUA ;1

MOVLW 4 ;1

MOVWF MANUB 01
CLRF  ADCONI
BCF ADCON1,7 ; ADFM =0, AN0O-AN7 is analog input
MOVLW 10000001
MOVWF ADCONO ; Clock=Fosc/32, ADC operate, Channel 0

BSF ADCONO,2 ; start conversion
BTFSC ADCONO0,2 ; GO/DONE
GOTO  §-1 ; DONE =1 conversion not complete
; DONE =0 conversion is complete
MOVF ADRESH,W ;W
MOVWF MANA
CPFSLTMANUA
GOTO INTERVALS

CURRENT
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BSF OVERI
RESET
INTERVALS  CPFSGT MANUB
GOTO UNDERC
GOTO CBATT
UNDERC BSF UNDERI
RESET
SRR KRR AR R
CBATT MOVLW 4 ;1
MOVWF MANUA 51
MOVLW 4 ;1
MOVWF MANUB i

CLRF ADCONI
BCF ADCON1,7 ; ADFM =0, AN0-AN7 is analog input
MOVLW 10001001
MOVWF ADCONO ; Clock=Fosc/32, ADC operate, Channel |

SRk KRR gtart conversion *REF Rk Rk

BSF ADCONQO0,2 ; start conversion
BTFSC ADCONO0,2 ; GO/DONE
GOTO  §-1 ; DONE =1 conversion not complete
; DONE = 0 conversion is complete
MOVF ADRESHW ;W
MOVWE MANA
CPFSLTMANUA
GOTO INTERVALG
BSF = OVERI
RESET
INTERVAL6  CPFSGT MANUB
GOTO UNDERD
GOTO VGRIDB
UNDERD BSF  UNDERI
RESET
;*********************************
VGRIDB MOVLW 4 ;1
MOVWE MANUA il
CLRF  ADCONI
BCF ADCONI1,7 ; ADFM =0, ANO-AN7 is analog input
MOVLW 10100001
MOVWF ADCONO ; Clock=Fosc/32, ADC operate, Channel 4

;********** start COnVerSiOn koo sk ko ok skokok ok

BSF ADCONO0,2 ; start conversion
BTFSC ADCONO0,2 ;GO/DONE
GOTO  $-1 ; DONE =1 conversion not complete
; DONE =0 conversion is complete
MOVF ADRESH,W ;W
MOVWF MANA
CPFSEQ MANUA
GOTO INTERVAL7
GOTO CGRIDB

INTERVAL7 CPFSGT MANUA
GOTO OVERC
BSF UNDER2
GOTO VBATT
OVERC BSF OVER2
GOTO VBATT
sk ok kR koo ok
CGRIDB MOVLW 4 ;1

MOVWF MANUA ;1
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CLRF ADCONI
BCF ADCONI,7 ; ADFM =0, AN0-AN7 is analog input
MOVLW 10101001
MOVWF ADCONO ; Clock=Fosc/32, ADC operate, Channel 5

Sk KRREK gtart conversion ok ok ok ok ok K K K K

BSF ADCONO0,2 ; start conversion
BTFSC ADCONO0,2 ;GO/DONE
GOTO  §$-1 ; DONE =1 conversion not complete
; DONE =0 conversion is complete
MOVF ADRESH,W ;W
MOVWF MANA
CPFSEQ MANUA
GOTO INTERVALS
TSTFSZTEST
GOTO AUTO2
GOTO MANUAL2
AUTO2 MOVLW 5
MOVWF TEST2
CPFSEQ PLUS
GOTO TOY2
GOTO VBATT
TOY2 BSF RGRID
GOTO VBATT
MANUAL2 BTFSS ACTIVE
BSF RGRID
GOTO VBATT
INTERVAL8  CPFSGT MANUA
GOTO OVERD
BSF  UNDER2
GOTO VBATT
OVERD BSF  OVER2
GOTO VBATT
END



KAAAAA

TN TN

lﬂa’ 1 lﬂl Y o U ¥ lﬂl = 1 gj 1 Y o ¥ L% ¥
wnasiluenansnanulidmsumsldnuienisnwvintu leugsliluldussleviaunis

Laidnsdilag edu Snvisnudilvidawdasilon wasdesgedadadvesenalsynassminisunlules



International
ISR Rectifier

PD91471B

IRG4PCS50UD

INSULATED GATE BIPOLAR TRANSISTOR WITH

ULTRAFAST SOFT RECOVERY DIODE

UltraFast CoPack IGBT

Features

« UltraFast: Optimized for high operating
frequencies 8-40 kHz in hard switching, >200
kHz in resonant mode

» Generation 4 IGBT design provides tighter
parameter distribution and higher efficiency than
Generation 3

« IGBT co-packaged with HEXFRED™ ultrafast,
ultra-soft-recovery anti-parallel diodes for use in

C
VcEes = 600V
VCE(on) typ. = 1.65V
5 @VGe=15VY, Ic =27A
n-channel

bridge configurations

* Industry standard TO-247AC package

Benefits

* Generation 4 IGBT's offer highest efficiencies
available

* IGBT's optimized for specific application conditions

* HEXFRED diodes optimized for performance with
IGBT's . Minimized recovery characteristics require

less/no snubbing
* Designed to be a "drop-in" replacement for equivalent

industry-standard Generation 3 IR IGBT's o il o
Absolute Maximum Ratings
Parameter Max. Units

VcEes Collector-to-Emitter Voltage 600 \%
Ilc@ Tc =25°C Continuous Collector Current 55

Ic @ Tc = 100°C | Continuous Collector Current 27

lcm Pulsed Collector Current ©® 220 A
Im Clamped Inductive Load Current @ 220

Ir@ Tc =100°C | Diode Continuous Forward Current 25

Iem Diode Maximum Forward Current 220

Vee Gate-to-Emitter Voltage +20 \Y
Pp @ Tc =25°C Maximum Power Dissipation 200

Pp @ Tc = 100°C | Maximum Power Dissipation 78 w
Ty Operating Junction and -55 to +150

Tste Storage Temperature Range °C

Soldering Temperature, for 10 sec. 300 (0.063 in. (1.6mm) from case)
Mounting Torque, 6-32 or M3 Screw. 10 Ibfein (1.1 Nem)
Thermal Resistance
Parameter Min. Typ. Max. [Units

Resic Junction-to-Case - IGBT ————e- ————— 0.64

Reuc Junction-to-Case - Diode ———-e- ——m——— 0.83 °CIW
Rocs Case-to-Sink, flat, greased surface -emeen 024 | @ -

Regua Junction-to-Ambient, typical socket mount ———— ———-- 40

Wt Weight | e 6 (0.21) — g (0z)
www.irf.com 1
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International

IRG4PC50UD TGR Rectifier
Electrical Characteristics @ T; = 25°C (unless otherwise specified)
Parameter Min. [ Typ. [Max. | Units Conditions
V(BRr)CES Collector-to-Emitter Breakdown Voltage® 600 | - | ---- \% Vee = 0V, Ic = 250pA
AVgrices/AT| Temperature Coeff. of Breakdown Voltage | ---- 060 | ---- | V/°C | Ve =0V, Ic = 1.0mA
VCE(on) Collector-to-Emitter Saturation Voltage | ---- [1.65 | 2.0 Ic = 27A Vge = 15V
- | 2.0 | ---- Y Ic = 55A See Fig. 2,5
- | 1.6 | - Ic = 27A, Ty = 150°C
VGE(th) Gate Threshold Voltage 3.0 |- |6.0 Vce = VeE, Ic = 250pA
AVGEghy/AT,| Temperature Coeff. of Threshold Voltage| --— | -13 | —- mV/°C| Vce = VgE, Ic = 250pA
dfe Forward Transconductance @ 16 | 24 | - S Vece =100V, Ic = 27A
Ices Zero Gate Voltage Collector Current —= | === 1250 | A | Vge =0V, Vce = 600V
--- | - [6500 Vee = 0V, Vce = 600V, Ty = 150°C
VEm Diode Forward Voltage Drop - |13 |17 \Y Ic = 25A See Fig. 13
— | 1.2 |15 Ic = 25A, T, = 150°C
lges Gate-to-Emitter Leakage Current == | === |£100| nA | Vgg = £20V
Switching Characteristics @ T, = 25°C (unless otherwise specified)
Parameter Min. | Typ. [Max. | Units Conditions
Qq Total Gate Charge (turn-on) --—-- | 180 | 270 Ic = 27A
Qge Gate - Emitter Charge (turn-on) - | 25 | 38 nC | Vgc =400V See Fig. 8
Qqc Gate - Collector Charge (turn-on) - | 61 | 90 Vee = 15V
td(on) Turn-On Delay Time - | 46 | ---- Ty=25°C
tr Rise Time -m | 25 | - ns | Ig=27A, Vcc = 480V
td(off) Turn-Off Delay Time ---- | 140 | 230 Ve = 15V, Rg = 5.0Q
tf Fall Time - | 74 | 110 Energy losses include "tail" and
Eon Turn-On Switching Loss --- 10.99 | ---- diode reverse recovery.
Eoff Turn-Off Switching Loss --- 1059 | ---- | mJ | See Fig. 9, 10, 11, 18
Ets Total Switching Loss - (158 ] 1.9
td(on) Turn-On Delay Time - | 44 | - Ty=150°C, See Fig. 9, 10, 11, 18
tr Rise Time - | 27 | ---- ns | lc=27A, Vcc =480V
ta(off) Turn-Off Delay Time - | 240 [ ---- Vee = 15V, Rg = 5.0Q
te Fall Time -~ 1130 | ---- Energy losses include "tail" and
Ets Total Switching Loss - | 2.3 | - mJ | diode reverse recovery.
Le Internal Emitter Inductance — | 13 | - nH | Measured 5mm from package
Cies Input Capacitance ---- |4000| ---- Vge =0V
Coes Output Capacitance -—- | 250 | ---- pF | Vcc =30V See Fig. 7
Cres Reverse Transfer Capacitance - | 52 | ---- f=1.0MHz
ter Diode Reverse Recovery Time - | 50 | 75 ns | Ty=25°C See Fig.
--- | 105 | 160 Ty=125°C 14 Ir = 25A
ler Diode Peak Reverse Recovery Current | ---- | 4.5 | 10 A | Ty=25°C See Fig.
-—- | 8.0 | 15 Ty=125°C 15 VR = 200V
Qi Diode Reverse Recovery Charge - 112 1375 | nC | Ty=25°C See Fig.
---- | 420 |1200 Ty=125°C 16 di/dt 200A/ps
di(recym/dt Diode Peak Rate of Fall of Recovery - | 250 | - | Alps | Ty=25°C
During tp - | 160 | --- Ty=125°C
2 www.irf.com
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TeR Rectifier IRG4PC50UD
. T T 11
- Duty cycle: 50%
~———— Ty=125°C
Tsink = 90°C
\ GZ?e drive as specified
30 ~ Turn-on losses include 1]
2 \\ effects of reverse recovery
= \\ Power Dissipation = 40W
= N
g 60% of rated \
S 20 voltage \
o ¥
2 || X N
o a1, \
wH B S
I ~
NN
T 1 1
0
0.1 1 10 100
f, Frequency (kHz)
Fig. 1 - Typical Load Current vs. Frequency
(Load Current = Igms of fundamental)
_Jooo 1000
£ -
&2 <<
g pl P :
= 7 =
= 100 ,// g >
O = z
= O
100 -
£ 8T = ‘C L
é 10 575 Ll
¥ / E AL
= / 3 / / T,=25°C
2 - S )z
_; TJ =25°G g 10 "- "-
o 1 = i
] o
; i o
2O &)
VGE=15V - Vee =10V
01 20us PULSE WIDTH . / / 5us PULSE WIDT

Vee Collector-to-Emitter Voltage (V)

1

Fig. 2 - Typical Output Characteristics

www.irf.com
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Vgg. Gate-to-Emitter Voltage (V)

Fig. 3 - Typical Transfer Characteristics
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IRG4PC50UD TR Rectifier

60
Vge = 15V — “*[Vee =15V

Z 80ps PULSE WIDTH
< 50 \\ o
— NG <
® N = lg = 544
S 4 ™ Z L
S g = 2.0

) p—
S = |~
-— gl
5] 1= -t
% 30 w
o { = Ic =274
(&} 5 T
2 20 \\ g 15 15 1

; -

= AN 3 T rl_ic = 144
£ \ ‘~~‘
= (@] ~
«© 10 = ~
= ¢ W

>

0 1.0
25 50 75 100 125 150 60 -40 -20 0 20 40 60 80 100 120 140 160
o
Tc , Case Temperature (°C) T,, Junction Temperature (°C)

Fig. 4 - Maximum Collector Currentvs. Case Fig. 5 - Typical Collector-to-Emitter Voltage

TepeEH'e vs. Junction Temperature
1
I
9 =D = 0.50 o
=0 = U, =t
I\.I-E T
— T ]
[} [ttt
N oy

b () 20 T L]
e o1 —
e = —
x -—0.'0 174' PDM
— I =
©

05 == '
E |_0.05 ‘_’/,,/ t]
o | A7 SINGLE PULSE |
[ LTI (THERMAL RESPONSE) 2

0.02 p
| 1 . Notes:
0.01 /] ‘1.DulyfactorD= l1I(2
L~ /] ‘
V 2.PeakTJ=PDMlehJC+TC
0.01
0.00001 0.0001 0.001 0.01 0.1 1 10

t4 , Rectangular Pulse Duration (sec)

Fig. 6 - Maximum IGBT Effective Transient Thermal Impedance, Junction-to-Case

4 www.irf.com
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IGR Rectifier
8000 VGE=0V, f=1MHz
Cies =Cge + Cge» Cco SHORTED
Ures = Lgc
\ Coes = Cce + Cgc
L 6000 NG
& Cies
g . %
5 ~
‘© 4000
©
o
—COQQ
(&] \
© 2000 x \ N
Cres N
N
\; \\\
SN \
0

10 100

VcEe, Collector-to-Emitter Voltage (V)

Fig. 7 - Typical Capacitance vs.
Collector-to-Emitter Voltage

3.0
Vcc = 480\/
VGE = 15\/
. T, =25°C
= lc =27A
£ 2 A
w
Z
s //
2 20
£ %%
2 /
g L
it \//
© 15
o
}—
1.0
0 10 20 30 40 50 60

R . Gate Resistance ( Q)

Fig. 9 - Typical Switching Losses vs. Gate
Resistance

www.irf.com
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Ve . Gate-to-Emitter Voltage (V)

Total Switching Losses (mJ)

0.1

IRG4PC50UD

Vee =400V
lc =27A
//
/
/,
/,

//
0 40 80 120 160 200

Qq, Total Gate Charge (nC)

Fig. 8 - Typical Gate Charge vs.

Gate-to-Emitter Voltage

Lot
4 = e = 54A
”
=
) LT [ =27A
Lot
- !c = 4A::

Rs =500
Ve =15V
Vcc =480V

-60

40 -20 0 20 40 60 80 100 120 140 160

Ty, Junction Temperature (°C)

Fig. 10 - Typical Switching Losses vs.

Junction Temperature



Total Switching Losses (mJ)
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IRG4PC50UD TSR Rectifier
50 Rg =500 " Ve =207
T, =150°C T, =125°C
Vcc =480V =
Vge =15V =4
6.0 GC) /—
J E 100 AL L[SAFE OPERATING AREA]
/ - mE
/ £ /
4.0 /7 LIE }
=L
/ =
A
20 L/ 2
/| S
4 13}
0.0 1
0 10 20 30 40 50 60 1 10 100 1000

Ic . Collector-to-Emitter Current (A)

Fig. 11 - Typical Switching Losses vs.
Collector-to-Emitter Current

Vg Collector-to-Emitter Voltage (V)

Fig. 12 - Turn-Off SOA

100 >

/ [} =150°C

| T=1250C

Instantaneous Forward Current - Ig (A)

19 1 ETy= 25°CT—]
NS
//I II
/
// /
U,
0.6 1.0 1.4 1.8 22 2.6

Forward Voltage Drop - VEy (V)

Fig. 13 - Maximum Forward Voltage Drop vs. Instantaneous Forward Current

www.irf.com



International

TSGR Rectifier
140 T T T TTT
- Vg= 200V 1
Seeel T,=125°C ===
~ T,=25°C =—
120 [ f“ J
‘_“\ﬁ ‘L\ﬁ
\~‘~ §~\
100 | g <
- -
S proed N,
Z s\\ .~~~ B
= a0 e =50 e
X - -~
B - ~
N | IF = 25A >< P~ a? s
\~~ h !
=10 ~
s r=108 "
§~~.
\ ——
'\\ ™~
40 -
L
20
100 g 1000
dif/dt - (Alus)

Fig. 14 - Typical Reverse Recovery vs. dig/dt

100

liIRRM - (A)

1

IRG4PC50UD

Vg = 200V
1 7,=125°C ==~
17 = 25°C —
“.f"—‘
o 'I b“’/
Ig= 50A \\‘ o v///
N ','.q ;'/25/
"3 rd
? T - s ~
. o e et <
@ L,
_':;_',:7',4 = e =10
2=
100 1000

dig/dt - (Alus)
Fig. 15 - Typical Recovery Current vs. di/dt

1500 T 10000 T
Vg =200V | vz = 200V
H T3 126°C % T, spl25i0F==s
Ty=25°C =— H T,=25°C =
1200 VA
L
4
4 —
g
— ) =
O 900 » <
= ,r' L4 7 ///
' Ip = 50A ~—~—,* e /> IF = 10A /]
Pie ’ S 7,
& X 7T = A
S 600 P - l‘a 2 7 7t/ e
- 4 - L . 4 ¥
A Y, = s
o N N’ A — / ’
v ” o v
,/ ',-' '_-"/ /// //L.”' If = 25A
’ - - LA 2}
b’ e” - el / Lo
300 B P /, e
Lo==" //"’ I
1 =] 7 4 ,’1
- ) 2] ,°
/Q§|F=10A "::'o’ IF = 50A
i - 100 B2Zeazs :
100 1000 100 1000

dig /dt - (Alus) dif/dt - (Alps)

Fig. 16 - Typical Stored Charge vs. difdt Fig. 17 - Typical digecyw/dt vs. dig/dt
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IRG4PC50UD TSR Rectifier

N 5 Vge
+Vge
Same type
deviceyag Vee
D.U.T. .
: 90% lc
10% Ve i
e i H
= == 430pF \ i 5% Ic
80% =+ T !
of\;ce UT. Y ; ___._/

td (off)— §<— §<-— tf —

t1+5u8
) Vel Eoff = /Vce ic dt

t1

Fig. 18a - Test Circuit for Measurement of e

lLms Eonu Eoff(diode): trrs Qr, Irr, td(on)v tr, td(of‘f): te bt
t1 t2

Fig. 18b - Test Waveforms for Circuit of Fig. 18a, Defining
Eoft, ta(ofty t

trr
GATE VOLTAGED.U.T. 4 1A e er:/id dt
tx
10% +Vg e 7
\ e / /\ /
__________________________ 10% Vee §o i
Vee
" DUT VOLTAGE
ge AND CURRENT Vpk
[{ gt & ——
10% I / ¥
Vee \90% Ic |
\ DIODE RECOVERY
A WAVEFORMS
< 5% Vee—
td(on) tr 2
+Eon :/;/ce ie dt t4
t Erec =/\'/d id dt
p P DIODE REVERSE ©
RECOVERY ENERGY
oY N
3 1 )

Fig. 18c - Test Waveforms for Circuit of Fig. 18a, Fig. 18d - Test Waveforms for Circuit of Fig. 18a,
Deﬁning Eon, td(on)r tr Deﬁnmg Erec’ trrv eri II’r

8 www.irf.com
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TR Rectifier IRG4PC50UD

""" Vg GATE SIGNAL
DEVICE UNDER TEST

.
H CURRENT D.U.T.
:
L}
!

V\_ VOLTAGE IN D.U.T.

CURRENT IN D1

Figure 18e. Macro Waveforms for Figure 18a's Test Circuit

Ry= 480V
L~ 4XIc @25°C
0- 480V
17 |
50V = -
6000uF
100V
Figure 19. Clamped Inductive Load Test Figure 20. Pulsed Collector Current
Circuit Test Circuit
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International

IRG4PC50UD TSR Rectifier

Notes:
@ Repetitive rating: Vge = 20V; pulse width limited by maximum junction temperature
(figure 20)

@V = 80%(Vces), Vee = 20V, L = 10pH, Rg = 5.0Q (figure 19)
® Pulse width < 80ps; duty factor < 0.1%.
@ Pulse width 5.0ps, single shot.

Case Outline — TO-247AC

NOTES:

o 3851 143) [o]
W A D i g acumcns
1530(802) ;3’025(010) [@0.25(010)@[0]B W) 25;7?’;;85> 2 CONTROLLING DIMENSION : INCH
oy e 2504089) 3 DIMENSIONS ARE SHOWN
7 1.50 (.059) MILLIMETERS (INCHES).
. 4 4 CONFORMS TO JEDEC OUTLINE
—5 1y T0-247AC.
20.30 (.800) '
19.70 (.775) x g S0L210)
1 4.50“77) LEAD ASSIGNMENTS
1-GATE
=0F 3 2-COLLECTOR
f f i 3-EMITTER
f i 4. COLLECTOR
it NN i —[-
L1480 (583) |L [T | 430 (170
*qa20(559) |0 1] [ N 70E 145) + LONGER LEADED (20mm)
l : : : VERSION AVAILABLE (T0-247AD)
Ui 70 ORDER ADD "E* SUFFIX
Yy TO PART NUMBER
2.40 (.094) 1.40 (.056) |y 080(031)
2 002()-(079) 1.00 (.039) 0.40 (.016)
[ T025(010) @ [C[AQ)] | 2.60(.102)
25 b (e
% 3.00 (.118)

CONFORMS TO JEDEC OUTLINE TO-247AC (TO-3P)
Dimensions in Millimeters and (Inches)

Infernational
TSR Rectifier

IR WORLD HEADQUARTERS: 233 Kansas St., El Segundo, California 90245, USA Tel: (310) 252-7105
TAC Fax: (310) 252-7903

Visit us at www.irf.com for sales contact information.

Data and specifications subject to change without notice. 12/00
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MICROCHIP PIC18FXX8

High Performance, 28/40-Pin Enhanced FLASH
Microcontrollers with CAN

High Performance RISC CPU: Advanced Analog Features:
¢ Linear program memory addressing up to * 10-bit, up to 8-channel Analog-to-DigitaI Converter
2 Mbytes module (A/D) with:
« Linear data memory addressing to 4 Kbytes - Conversion available during SLEEP
+ Up to 10 MIPs operation - Up to 8 channels available
+ DC - 40 MHz clock input * Analog Comparator Module:
« 4 MHz - 10 MHz osc./clock input with PLL active - Programmable input and output multiplexing
« 16-bit wide instructions, 8-bit wide data path + Comparator Voltage Reference Module
« Priority levels for interrupts » Programmable Low Voltage Detection (LVD) module
8 x 8 Single Cycle Hardware Multiplier - Supports interrupt on low voltage detection

» Programmable Brown-out Reset (BOR)

CAN bus Module Features:

* Message bit rates up to 1 Mbps
« Conforms to CAN 2.0B ACTIVE Spec with:

Peripheral Features:

« High current sink/source 25 mA/25 mA
« Three external interrupt pins
« Timer0 module: 8-bit/16-bit timer/counter with

8-bit programmable prescaler - 29-bit Identifier Fields

+ Timer1 module: 16-bit timer/counter - 8-byte message length

« Timer2 module: 8-bit timer/counter with 8-bit - 3 Transmit Message Buffers with prioritiza-
period register (time-base for PWM) tion

« Timer3 module: 16-bit timer/counter - 2 Receive Message Buffers

+ Secondary oscillator clock option - Timer1/Timer3 - 6 full 29-bit Acceptance Filters

+ Capture/Compare/PWM (CCP) modules CCP - Prioritization of Acceptance Filters
pins can be configured as: - Multiple Receive Buffers for High Priority
- Capture input: 16-bit, max resolution 6.25 ns Messages to prevent loss due to overflow
- Compare: 16-bit, max resolution 100 ns (Tcy) - Advanced Error Management Features

- PWM output: PWM resolution is 1-to 10-bit

Max. PWM freq. @:8-bit resolution = 156 kHz Special Microcontroller Features:

10-bit resolution = 39 kHz * Power-on Reset (POR), Power-up Timer (PWRT),
« Enhanced CCP module which has all the features and Oscillator Start-up Timer (OST)
of the standard CCP module, but also has the » Watchdog Timer (WDT) with its own on-chip RC
following features for advanced motor control: oscillator
- 1,2, 0r4 PWM outputs » Programmable code protection
- Selectable PWM polarity « Power saving SLEEP mode
- Programmable PWM deadtime = Selectable oscillator options, including:
* Master Synchronous Serial Port (MSSP) with two - 4X Phase Lock Loop (of primary oscillator)
modes of operation: - Secondary Oscillator (32 kHz) clock input
- 3-wire SPI™ (Supports all 4 SPI modes) + In-Circuit Serial Programming™ (ICSP™) via two pins
- 12C™ Master and Slave mode
« Addressable USART module: Supports Interrupt FLASH Technology:
on Address bit « Low power, high speed Enhanced FLASH technology

« Fully static design
+ Wide operating voltage range (2.0V to 5.5V)
+ Industrial and Extended temperature ranges

© 2002 Microchip Technology Inc. Preliminary DS41159B-page 1



PIC18FXX8

Program Memory Data Memory g MSSP
- 10-bit | = ccp/ ——
Device | FLASH #fv':f’d'e SRAM | EEPROM | /0 (A/D) s (i‘;fn:) spy | Master | USART | g0 it
ch £ 2
(bytes) Inétrictions (bytes) | (bytes) 8 1“C
PIC18F248 | 16K 8192 768 256 22 5 — 1/0 Y Y Y 1/3
PIC18F258 | 32K 16384 1536 256 22 5 — 1/0 Y Y Y 1/3
PIC18F448 | 16K 8192 768 256 33 8 2 171 Y Y Y 1/3
PIC18F458 | 32K 16384 1536 256 33 8 2 1/1 Y Y Y 1/3
Pin Diagrams
PDIP
MCLR/VPP —[] 1 - 40 [0 =<— RB7/PGD
RAO/ANQ/CVREF <—[] 2 39 [1 =<— RB6/PGC
RA1/AN1 <—[] 3 38 1 =~— RB5/PGM
RA2/AN2/VREF- «—=[] 4 37 0 <— RB4
RA3/AN3/VREF+ <[ 5 36 1 =— RB3/CANRX
RA4/TOCKI <—» (] 6 35 ] <~ RB2ICANTX/INT2
RA5/AN4/SS/LVDIN <~—[ 7 34 0 <— RB1/INT1
REQ/AN5/RD <— [ 8 I I 330 <— RBO/INTO
RE1/AN6/WR/C10UT =—[] 9 Q Q 332p0<«—V
RE2/AN7/CS/C20UT ~—=0 10 g & 310 <—Vss
VoD —— 11 T T 300 <— RD7/PSP7/P1D
Vss —=[12 & B 290 <— RD6/PSP6/PIC
OSC1/CLKI —=[]13 6 © 281 <— RD5/PSP5/P1B
0OSC2/CLKO/RA6 <——[] 14 27 0 <—» RD4/PSP4/ECCP1/P1A
RCO/T10SO/T1CKI <~—0 15 26 1 =— RC7/RX/DT
RC1/T10S| <=0 16 25 1 =~ RCB/TX/ICK
RC2/CCP1 ~—[] 17 24 ] <— RC5/SDO
RC3/SCK/SCL <—[] 18 23 [1 =<— RC4/SDI/SDA
RDO/PSPO/C1IN+ <—0 19 22 1 =—— RD3/PSP3/C2IN-
RD1/PSP1/C1IN- <~—[] 20 21 [0 <—> RD2/PSP2/C2IN+
PLCC y A
wow &J
a4 2
$3.98% aos
zzZ2zz 2 00O
<L <L ‘5 aaa
[y} -O NO WS
O
2335212928830
minizinininininininin]
owvyON-g 2 838
RA4/TOCKI «—[{ 7 O 39 J<——=> RB3/CANRX
RAS5/AN4/SS/LVDIN <— [] 8 38 [d<—> RB2/CANTX/INT2
REO/ANS/RD =—[] 9 37 J<—= RB1/INT1
RE1/AN6/WR/C10UT =—— [ 10 36 [J<—= RBO/INTO
RE2/AN7/CS/C20UT =— [ 11 PIC18F448 35 O=—— VoD
Voo — [ 12 IC18F458 34 O<=——Vss
Vss— [ 13 P 5 33 @<~— RD7/PSP7/P1D
OSC1/CLKI<— [ 14 32 [~—> RD6/PSP6/P1C
0OSC2/CLKO/RA6 <— [ 15 31 O<~——= RD5/PSP5/P1B
RCO/T10SO/T1CK1 <— O 16 30 f=—— RD4/PSP4/ECCP1/P1A
NC 17 29 [J=—> RC7/RX/DT
0D O = ANM D OND©
e NANNNNNNNN
a T goOooooogg
23322228959
200 AN @ 54
EOXOQOLE 6
=R0S-A020 6
0Qon Lol g O
c*o®ofao
maamgm
gz
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PIC18FXX8

1.0

DEVICE OVERVIEW

This document contains device specific information for

the following devices:

1. PIC18F248
2. PIC18F258
3. PIC18F448
4. PIC18F458

These devices are available in 28-pin, 40-pin and
44-pin packages. They are differentiated from each

other in four ways:

1. PIC18FX58 devices have twice the FLASH pro-
gram memory and data RAM of PIC18FX48

devices (32 Kbytes and

1536 bytes vs.

16 Kbytes and 768 bytes, respectively).

2. PIC18F2X8 devices implement 5 A/D channels,
as opposed to 8 for PIC18F4X8 devices.

3. PIC18F2X8 devices implement 3 /O ports,
while PIC18F4X8 devices implement 5.

4. Only PIC18F4X8 devices
Enhanced CCP module, analog comparators
and the Parallel Slave Port.

All other features for devices in the PIC18FXX8 family,
including the serial communications modules, are
identical. These are summarized in Table 1-1.

Block diagrams of the PIC18F2X8 and PIC18F4X8
devices are provided in Figure 1-1 and Figure 1-2,
respectively. The pinouts for these device families are
listed in Table 1-2.

implement the

TABLE 1-1: PIC18FXX8 DEVICE FEATURES
Features PIC18F248 PIC18F258 PIC18F448 PIC18F458

Operating Frequency DC - 40 MHz DC - 40 MHz DC - 40 MHz DC - 40 MHz

Internal Program |Bytes 16K 32K 16K 32K

Memory # of Single Word 8192 16384 8192 16384

Instructions

Data Memory (Bytes) 768 1536 768 1536

Data EEPROM Memory (Bytes) 256 256 256 256

Interrupt Sources 17 17 21 21

I/O Ports Ports A, B, C Ports A, B, C Ports A, B, C,D,E |Ports A,B,C,D, E

Timers 4 4 4 4

Capture/Compare/PWM Modules 1 1 1 1

Enhanced Capture/Compare/PWM — — 1 1

Modules

Serial Communications MSSP, CAN, MSSP, CAN, MSSP, CAN, MSSP, CAN,
Addressable Addressable Addressable Addressable

USART USART USART USART

Parallel Communications (PSP) No No Yes Yes

10-bit Analog-to-Digital Converter 5 input channels | 5input channels | 8 inputchannels | 8 input channels

Analog Comparators No No 2 2

Analog Comparators VREF Output N/A N/A Yes Yes

RESETS (and Delays) POR, BOR, POR, BOR, POR, BOR, POR, BOR,

RESET Instruction, | RESET Instruction, | RESET Instruction, | RESET Instruction,
Stack Full, Stack Full, Stack Full, Stack Full,
Stack Underflow | Stack Underflow | Stack Underflow Stack Underflow

(PWRT, OST) (PWRT, OST) (PWRT, OST) (PWRT, OST)

Programmable Low Voltage Detect Yes Yes Yes Yes

Programmable Brown-out Reset Yes Yes Yes Yes

CAN Module Yes Yes Yes Yes

In-Circuit Serial Programming™ Yes Yes Yes Yes

(ICSP™)

Instruction Set

75 Instructions

75 Instructions

75 Instructions

75 Instructions

Packages 28-pin SPDIP 28-pin SPDIP 40-pin PDIP 40-pin PDIP
28-pin SOIC 28-pin SOIC 44-pin PLCC 44-pin PLCC
44-pin TQFP 44-pin TQFP

© 2002 Microchip Technology Inc. Preliminary DS41159B-page 7



PIC18FXX8

FIGURE 1-2: PIC18F448/458 BLOCK DIAGRAM
Data Bus<8>
@ PORTA
| RAO/ANO/CVREF
21|(Table Pointer<21> Data Latch +—1X] RA1/AN1
N 4 RA2/AN2/VREF-
< 8 I8 Data RAM ] - RA3/AN3/VREF+
21 inc/dec logic up to 1536 Kbytes < RA4/TOCKI
< RA5/AN4/SS/LVDIN
Address Latch OSC2/CLKO/RA6
<« Qo PCLATUPCLATH ﬁ 12 PORTB
A 12> 4 RBO/INTO
rewtlis 15 RetiNTH
Program Counter 12% 4ﬁ I~ RB2/CANTX/INT2
Address Latch FSRo ||[Banko, F L <: SS%/CANRX
Program Memory 31 Level Stack FSR1 = RB5/PGM
up to 32 Kbytes FSR2 12 ld—» RB6/PGC
Data Latch X RB7/PGD
r|1cld_ec1
ogic PORTC
Table Latch
1 RCO/T10SO/T1CKI
i@ W +—&] rc1T108I
S RC2/CCP1
S I~ RC3/SCK/SCL
b < RC4/SDI/SDA
< RC5/SDO
< RC6/TX/CK
< RC7/RX/DT
PORTD
l—>] RDO/PSPO/C1IN+
< RD1/PSP1/C1IN-
Instruction ka > RD2/PSP2/C2IN+
Decode & T RD3/PSP3/C2IN-
Control & RD4/PSP4/ECCP1/P1A
OSC2/CLKO/RA6 ‘ ‘ * ‘ * | » RD5/PSP5/P1B
OSC1/CLKI Pwerd < RD6/PSP6/P1C
K= M P < RD7/PSP7/P1D
Timing Oscillator
XK=> Generation [ Start-up Timer FORTE REO/AN5/RD
T108I NS 4 /ANS/RD
T10S0 Power-on < RE1/AN6/WR//IC10UT
F“‘E(L AN Reset 8 < RE2/AN7/CS/C20UT
Watchdog
e Timer
Precision >
Bandgap —> Brown-out
Reference Reset
Test Mode
Select
Bandgap é é
{} MCLR  Vop,Vss
PBOR ; ; . " 10-bit Parallel
PLVD Timer0 Timer1 Timer2 Timer3 ADC Slave Port
Data EEPROM| | Comparators| | CCP1 Enhanced | | ysarT | |Synchronous CAN Module
p CCP Serial Port

© 2002 Microchip Technology Inc. Preliminary DS41159B-page 9



PIC18FXX8

TABLE 1-2:

PIC18FXX8 PINOUT I/O DESCRIPTIONS

Pin Name

Pin Number

PIC18F248/258

PIC18F448/458

SPDIP, SOIC

PDIP

TQFP | PLCC

Pin
Type

Buffer
Type

Description

MCLR/VPP

MCLR

VPP

1

1

18 2

ST

Master Clear (input) or

programming voltage (output).
Master Clear (Reset) input.
This pin is an active low
RESET to the device.
Programming voltage input.

NC

12,13, | 1,17,
33,34 | 28,40

These pins should be left
unconnected.

OSC1/CLKI

0SC1

CLKI

13

30 14

CMOS/ST

CMOS

Oscillator crystal or external clock

input.
Oscillator crystal input or
external clock source input. ST
buffer when configured in RC
mode. Otherwise CMOS.
External clock source input.
Always associated with pin
function OSC1 (see OSC1/
CLKI, OSC2/CLKO pins).

OSC2/CLKO/RA6
0scC2

CLKO

RAG

10

14

31 15

/10

TTL

Oscillator crystal or clock output.
Oscillator crystal output.
Connects to crystal or
resonator in Crystal Oscillator
mode.

In RC mode, OSC2 pin outputs
CLKO, which has 1/4 the
frequency of OSC1 and
denotes the instruction cycle
rate.

General purpose /O pin.

Legend: TTL
ST
|
P

TTL compatible input

Input
Power

CMOS
Schmitt Trigger input with CMOS levels  Analog

(0]
oD

CMOS compatible input or output
Analog input

Output

Open Drain (no P diode to VDD)

DS41159B-page 10
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PIC18FXX8

TABLE 1-2: PIC18FXX8 PINOUT I/0O DESCRIPTIONS (CONTINUED)
Pin Number
Pin Name PIC18F248/258|  PIC18F448/458 Fin | Bufter Description
Type | Type
SPDIP, SOIC | PDIP | TQFP | PLCC
PORTA is a bi-directional I/O port.
RAO/ANO/CVREF 2 2 19
RAO 110 TTL Digital I/O.
ANO | Analog Analog input 0.
CVREF o} Analog Comparator voltage reference
output.
RA1/AN1 3 3 20
RA1 110 TTL Digital 1/O.
AN1 I Analog Analog input 1.
RA2/AN2/VREF- 4 4 21
RA2 110 TTL Digital I/O.
AN2 | Analog Analog input 2.
VREF- | Analog A/D reference voltage
(Low) input.
RA3/AN3/VREF+ 5 8 22
RA3 1/10 TTL Digital I/O.
AN3 I Analog Analog input 3.
VREF+ | Analog A/D reference voltage
(High) input.
RA4/TOCKI 6 6 23
RA4 /O | TTL/OD Digital I/O - open drain when
configured as output.
TOCKI I ST TimerQ external clock input.
RA5/AN4/SS/LVDIN 7 7 24
RAS5 110 TTL Digital I/O.
AN4 | Analog Analog input 4.
SS I ST SPI slave select input.
LVDIN I Analog Low voltage detect input.
RA6 See the OSC2/CLKO/RAG pin.
Legend: TTL= TTL compatible input CMOS = CMOS compatible input or output
ST = Schmitt Trigger input with CMOS levels Analog = Analog input
I = Input o] = Output
P = Power oD = Open Drain (no P diode to VDD)

© 2002 Microchip Technology Inc.
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PIC18FXX8

TABLE 1-2: PIC18FXX8 PINOUT I/O DESCRIPTIONS (CONTINUED)
Pin Number
Pin Name PIC18F248/258|  PIC18F448/458 P || "B Description
Type | Type
SPDIP, SOIC | PDIP | TQFP | PLCC
PORTB is a bi-directional I/O port.
PORTB can be software
programmed for internal weak
pull-ups on all inputs.
RBO/INTO 21 33 8 36
RBO 1/0 TTL Digital 1/0.
INTO | ST External interrupt 0.
RB1/INT1 22 34 9 37
RB1 1/0 TTL Digital I/0.
INT1 | ST External interrupt 1.
RB2/CANTX/INT2 23 35 10 38
RB2 1/0 TTL Digital 1/0.
CANTX O T TL Transmit signal for CAN bus.
INT2 I ST External interrupt 2.
RB3/CANRX 24 36 " 39
RB3 11O TTL Digital 1/O.
CANRX | TTL Receive signal for CAN bus.
RB4 25 37 14 41 110 TTL Digital 1/O.
Interrupt-on-change pin.
RB5/PGM 26 38 15 42
RB5 110 TTL Digital 1/0.
Interrupt-on-change pin.
PGM | ST Low voltage ICSP
programming enable.
RB6/PGC 27 39 16 43
RB6 1/10 TTL Digital I/O. In-Circuit
Debugger pin.
Interrupt-on-change pin.
PGC | ST ICSP programming clock.
RB7/PGD 28 40 17 44
RB7 /10 TTL Digital /0. In-Circuit
Debugger pin.
Interrupt-on-change pin.
PGD 110 ST ICSP programming data.
Legend: TTL= TTL compatible input CMOS = CMOS compatible input or output
ST = Schmitt Trigger input with CMOS levels Analog = Analog input
| = Input O = Output
P = Power oD = Open Drain (no P diode to VDD)

DS41159B-page 12
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PIC18FXX8

TABLE 1-2: PIC18FXX8 PINOUT I/O DESCRIPTIONS (CONTINUED)
Pin Number
Pin Name PIC18F248/258|  PIC18F448/458 Pl | Brler Description
Type | Type
SPDIP, SOIC | PDIP | TQFP | PLCC
PORTC is a bi-directional I/O port.
RCO/T10SO/T1CKI 1 15 32 16
RCO 110 ST Digital 1/0.
T10SO o} — Timer1 oscillator output.
T1CKI I ST Timer1/Timer3 external clock
input.
RC1/T10SI 12 16 35 18
RC1 110 ST Digital I/O.
T10SI | CMOS Timer1 oscillator input.
RC2/CCP1 13 17 36 19
RC2 1’0 ST Digital I/O.
CCP1 e} ST Capture1 input/Compare1
output/PWM1 output.
RC3/SCK/SCL 14 18 37 20
RC3 1’0 ST Digital I/O.
SCK I/0 ST Synchronous serial clock
input/output for SPI mode.
SCL 110 ST Synchronous serial clock
input/output for 12C mode.
RC4/SDI/SDA 15 23 42 25
RC4 1/0 ST Digital I/0.
SDI I ST SPI data in.
SDA /0 ST 1°C data 1/0.
RC5/SDO 16 24 43 26
RC5 1’0 ST Digital I/0.
SDO O —_ SPI data out.
RC6/TX/CK 17 25 44 27
RC6 110 ST Digital I/0.
TX 0} — USART asynchronous
transmit.
CK 110 ST USART synchronous clock
(see RX/DT).
RC7/RX/DT 18 26 1 29
RC7 110 ST Digital I/0.
RX | ST USART asynchronous receive.
DT 110 ST USART synchronous data
(see TX/CK).
Legend: TTL= TTL compatible input CMOS = CMOS compatible input or output
ST = Schmitt Trigger input with CMOS levels Analog = Analog input
I = Input O = Output
P = Power oD = Open Drain (no P diode to VDD)

© 2002 Microchip Technology Inc.
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PIC18FXX8

TABLE 1-2: PIC18FXX8 PINOUT I/O DESCRIPTIONS (CONTINUED)
Pin Number
Pin Name PIC18F248/258|  PIC18F448/458 Finl | Buses Description
Type | Type
SPDIP, SOIC | PDIP | TQFP | PLCC
PORTD is a bi-directional I/O port.
These pins have TTL input buffers
when external memory is enabled.
RDO/PSPO/C1IN+ 19 38 21
RDO I/0 ST Digital 1/0.
PSPO I} TTL Parallel slave port data.
C1IN+ | Analog Comparator 1 input.
RD1/PSP1/C1IN- 20 39 22
RD1 1/0 ST Digital 1/O.
PSP1 110 TTL Parallel slave port data.
C1IN- | Analog Comparator 1 input.
RD2/PSP2/C2IN+ 21 40 23
RD2 110 ST Digital 1/O.
PSP2 1/0 TTL Parallel slave port data.
C2IN+ | Analog Comparator 2 input.
RD3/PSP3/C2IN- 22 41 24
RD3 /0 ST Digital 1/0.
PSP3 110 TTL Parallel slave port data.
C2IN- | Analog Comparator 2 input.
RD4/PSP4/ECCP1/ 27 2 30
P1A
RD4 /10 ST Digital /0.
PSP4 110 TTL Parallel slave port data.
ECCP1 I/0 ST ECCP1 capture/compare.
P1A (0] — ECCP1 PWM output A.
RD5/PSP5/P1B 28 5} 31
RD5 110 ST Digital I/0.
PSP5 110 TTL Parallel slave port data.
P1B o — ECCP1 PWM output B.
RD6/PSP6/P1C 29 4 32
RD6 110 ST Digital 1/O.
PSP6 110 TTL Parallel slave port data.
P1C o — ECCP1 PWM output C.
RD7/PSP7/P1D 30 5 33
RD7 110 ST Digital /0.
PSP7 110 TTL Parallel slave port data.
P1D o — ECCP1 PWM output D.
Legend: TTL= TTL compatible input CMOS = CMOS compatible input or output
ST = Schmitt Trigger input with CMOS levels Analog = Analog input
I = Input (0] = Output
P = Power oD = Open Drain (no P diode to VDD)
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PIC18FXX8

TABLE 1-2: PIC18FXX8 PINOUT I/O DESCRIPTIONS (CONTINUED)
Pin Number
Pin Name PIC18F248/258|  PIC18F448/458 Pim || Buler Description
Type | Type §
SPDIP, SOIC | PDIP | TQFP | PLCC
PORTE is a bi-directional /O port.
REO/AN5/RD — 8 25 9

REO 110 ST Digital /0.

ANS5 | Analog Analog input 5.

RD I TTL Read control for parallel slave
port (see WR and CS pins).

RE1/AN6/WR/C10UT — 9 26 10

RE1 le} ST Digital 1/O.

ANG | Analog Analog input 6.

WR I TTL Write control for parallel slave
port (see CS and RD pins).

C10UT O Analog Comparator 1 output.

RE2/AN7/CS/C20UT — 10 27 1

RE2 110 ST Digital 1/0.

AN7 | Analog Analog input 7.

Cs | TTL Chip select control for parallel
slave port (see RD and WR
pins).

C20UT O Analog Comparator 2 output.

Vss 19,8 12,31 6,29 | 13,34 | — — Ground reference for logic and
1/O pins.
VDD 20 11,32 7,28 | 12,35 | — — Positive supply for logic and 1/0
pins.
Legend: TTL= TTL compatible input CMOS = CMOS compatible input or output
ST = Schmitt Trigger input with CMOS levels Analog = Analog input
| = Input (¢} = Output
P = Power oD = Open Drain (no P diode to VDD)
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