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ABSTRACT

This project presents a simple vector control induction motor drive by
using 16 bit microcontroller dsPIC, which is designed for both hardware and simple
algorithm to reduce calculation time. Additionally double hysteresis band current
controlled voltage source inverter is proposed which can be used together very well.
This inverter is based on voltage space vector principle considering zero voltage vector
to reduce switching frequency. In addition, simulation of system by using MATLAB

program is included for study speed response and stator current characteristics.
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2.2.3 AunvoIlstaasNang (Rotor Flux Position)
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1. MIRIATIEALULNINLABT Space Vector

2. MTAIATIERAULY 2 unw ( d-q Transformation )
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3. nMIRuunIaVE1989 ( Frame Mapping )
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a [ 4 [1 “ ¢ o
NITRILATIEVIULLL Space Vector HUNITIUNSIWTUDINTEUR UWIIOU WRE

| vo roa o v fdW v cda &
ﬂuﬂ&l“”W‘ﬂﬂ'ﬂwaLﬂﬂﬂﬂ?u%qﬂu“ﬂﬂﬂqﬂtﬂUﬂNﬂﬂWﬁﬂ1@]9QluEﬂ'ﬂﬂdnﬂW\ﬂ?ﬂuﬂﬂ'ﬂu’]@]

URZNANIY
] a [V ¥ A’
mn3ﬂ2.1Ommmvnm'uaom:uaawﬂﬂmu

L2 = i) + i () € + i ()
O = WO i)™
1,°(t) = igs (1) + Jigs ()
The voltage vector
VI = Ve ®) Vo) € v )

The flux (actually, flux linkage) vector

AL = Al + Aty € + A 6™

(2.40)
(2.41)
(2.42)

(2.43)

(2.44)
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d
2.2.6 n1ldaaninw (Transformation Axis)
O v [ t 3 [l -3 A J -~ 1!
mwmgﬂaum's’lﬂag'lu;gﬂmmnua:a’amuﬂn'\w Tﬂﬂﬂmm'm:ag'lu
. [ a ¥ o ;
Wwnw direct LLa:muwmmwa:ag'luunu quadrature #9%

i) = O+ e it e
= i, (1) [cos(0°) + jsin(0°) ]
+ igg (t) [cos(120°) + jsin(120°) ]
+ i, (t) [cos(240°) + jsin(240°) |

, S 1. s 1 . s
= las (t) - 5 lps (t) - "2‘ les (t)
V3 s NEE
+iC 200 - 20
j( 5 b (t) > es (1) )
= i (O +ige (O (2.45)
ua:mnm:uﬁﬁﬁmmmwanwaons:uﬁnzammwﬁﬁdmmﬁuquﬁ
iass(t) + ibss(t) + icss(t) = 0 (2-46)
NIRRT UUFUNT fae (1) 1 pg (1) 4 e () ‘luugﬂ’uaa g (t) , Igo (1) 1efiEIn
. 2 . s
|ass(t) = N lds (t)
3
, s 1 . s 1 . s
Ihg (t) = - 5 lgs (t) + 7—-3— Iqs (t)
.S _ 1. s 1 . s
Ies (t) - - 5 lys (t) - E Iqs (t) (2-47)
muummnmm'lugﬂmaommnfn"lmmu
-
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MILUaIuLY CLARKE (Jun1sudasszuy 3 (Wafia i, iy Was i, 90

v a ¢ A - o o & “ .
NIV RlAladd I.W8Ll.lﬂqulﬂmﬂizuﬁmmﬂaﬂuituu 2 Lﬂﬁﬂﬂdﬂﬁﬂﬂa la ,|B

ol - ;
lasflgumImindiamaaiaiui

i, = 1, (2.50)
1 2
i, = —i, + —I (2.51)
f 3 NE
i, + I, + i, = (2.52)
a___ ]
b | Clarke ")
B —— r-__» B
(c)

3Ufl 241 CLARKE TRANSFORM
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2.2.6.2 n1suuUasuuy INVERSE CLARKE
NITUWURILLL INVERSE CLARKE LHwmiudsassuy 2 tWsfa ig ig 3N
v A | - o - . N .
n7aud B maae Mawdouludinszuasiawasiuszuy 3 wWado i, i, usy i,
- - &
lasfisumineatiamaaianud

i, = i

1 V3
i, = —-—=i + —i 2.53
b 2 a 2 B ( )
. 1. 43,
7. = - —2—‘la - 7113 (254)

o ——p Inverse [—»

B | Clarke ——
(c)
ia=ia
a.a
i=—-li +£i
b 2 a 2 ¥:)
1. 43,
o= =i~ —l,
2

31l 2.12 INVERSE CLARKE TRANSFORM
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o a
2.2.7 nsuldunnsaua9de ( Frame Mapping )
3 (<3 A v A -3 v a
NN‘UENﬂT:I.LﬁLI.ﬂ:N’]&ILL&IlMﬂﬂLﬂFJ’JﬂNE]Oﬂl.ﬂﬂ'il’mﬁl.(ﬂL@Iﬂgﬁ’ll‘v\mﬂﬂizuﬁ
' & A ¢ o v a [
wazEwkmanflsiaes denseuddivatmaiaat ( Stator Reference Frame ) WRe

v - s & ] -] &
nyauddsvaslaae¥ (Rotor Reference Frame ) 1a3danaiaasnuliifluntoui@ o

- ool v da a « ¢ & 'ﬁ P L | e
luaﬁ'ﬂqﬂuﬂlﬂﬂ?&lﬂ'ﬁﬂ’t@luﬂlﬂﬂ')ﬂﬂ WHNINRLIALAIINTIUN Jﬂzuﬁluﬂf\ﬂﬂul'nqﬂu e

2.2.7.1 n1sudasuuy PARK

mMuasuuy PARK iumsidasszuy 2 iWsfa i ig 9nnTaudeds
aaaed iwawdswlldinszualnaesluszuy 2 wWafla iy waz i, luntaudidava
Tsaef %qa:ﬁqumaﬁutmﬁu S
Toofigummndiameasanai

iy = i,c080 + i,sing (2.55)

i, = -i,sin@ + i,cosd (2.56)

ig .
i, — PARK —> '
g —p
50 —> .

iy = i,c080 +i;sin@

Iq

i, =-i,sin@ + i cosd

31]# 2.13 PARK TRANSFORM
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2.2.7.2 n1sudasuuy INVERSE PARK

MILURILUY INVERSE PARK (Jumsutadszuy 2 iWahe iy uas i
nsausdavaslnaed awdowldfinszuemaiaed 2 wadle i, i
Taefaunmimsadamaaionail

~.
H

a i;cosd - i sing (2.57)

i,sin@ + i cosé (2.58)

. i
iy —»{ Inverse —> ¢

—>
o l PARK ——*iﬁ

~.
I

« = i40088 - i sind

o

s = igsinf + i cosé

31]# 2.14 INVERSE PARK TRANSFORM
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2.3 BANNITTBINITAIWANULLLIINIABINANY
[Y) [ a [ 4
JUNITUTINUUINDLA AT IUNTa LA BIELaLG 8 3( Stator Frame )

a A v
RUNITULIOUTDINBLAaTNRIALAa ToL ldn

d 5
ved = Ry + Y (2.59)

v o al ¢ v
WRSRUNIILIIAUDINDLN 'rJTYlIfLG] af'il:vl(ﬂ'i’l

V, = Ry, + a%, (2.60)
dat
Vrs = Rrirs + (p'—jmr))\'rs

A a ] hed d
laefl p \Ju Operator A wrinny -
t

a v € a a v & ' al [ a a s v &
‘[ﬂﬂﬂﬂ’lwﬂﬂ‘ml&lLﬂﬂﬂa’]&l’ﬁﬂwfﬂfm’lvlﬂLl]u 2 FIUADFIUNNAMNANDIRT YUY URE
1 A [ A v s J - a =l v 1 :
FIUNNAIIMNNTNLIARSIINAIDU ) TBUUINIUUY llﬂ:ﬁ’lw’ﬁﬂl‘ljU%ﬂ&m’ﬁvlﬂ(ﬂdﬂﬂvll]u

A = Leis® + LS = L + Ly 6 (2.61)
M o= Li o+ Ljs = Li + Lyis o'® (2.62)
S+ L = Life® e L (2.63)

RUNITWIIGUTBINBLaT lunTaus B lsieat ( Excitation Frame )

O

J 1] - a “/ 1 1 13
Wasnnanuiiu ammuuumﬁn%qu‘luuamas'a wensuilan livinny

a ¢ o & a o v & v A [ 4 (]
ﬂ'J'lJJLT']'UaJITLﬂaT ﬂduu'ﬂdﬂ'ﬂ“ﬁ&lﬂ’]f'ﬂﬂdLlfdﬂu‘luﬂfaﬂﬂqdﬂﬂﬁlﬂlﬂaﬂlﬂﬂ:ﬂﬂﬂf“ﬂq
v

a A PR
I(ﬂUE‘TNﬂ’]'s'ﬂﬂdﬂ']'lwﬁ'?vﬁdu‘&mﬂ']ﬂdu
W = O + O (2.64)

log o  feanudaumalni
o, femnududauveslaed
®, faanuiafdvesuaines

jQot
ERp VARSI VA (2.65)

“ ° - t
w3a VANPIRVASNE (2.66)

o & v v Y A ¢ o P g
ouua:’lmumﬂmmwawama'ﬂumaumoaﬂsmas U



joot
VA

Taufien

joot
p As €

UWNUFNNTT (2.67) avluauns (2.68)

L 1 Qs . J
PunuarandTindatt
-]
Vbs = Vs

e
los

Ao

= lds

-]
) =7¥ds
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jot joot

Ris € + phs e (2.67)
d/{e . . N t
s & jo e A
dt
t
(p+ j®)e” A (2.68)
azle
Rels + (p+ jo) As (2.69)
Rir + (p+ jo-jo,) As (2.70)
Vas =Vee  Vor =Va .+ Var = Vg
-] -] e
ylas = g lor = lgr Jar = g
,xose = qu ) }VDRS = )\'dr ) )"QRB = er

a a LY Qs v -
GIRUIINTUNIT (2. 69)ua: ( 2.70 yaz'ldrumIuseduvatnaineslunsaudadlsiaed n

-u

aunw d Wee q Foit

v

gs

Vds

i

v

qr

Y

gs

dA
Rsigs + —— + O Ags (2.71)
dAi
Rsigs + B A 2.72
sld dr q ( )
R/ Ay - O )\ 0 2.73
rl r + + = r r= .
4 7 ( d (2.73)
Rig + - (@- 0= O (2.74)

2.3.1 aun15u39iia ( Torque Equation )

r.3 A )
uinuesnataaiAisnaaiaauas lieasauso@ousunisl

T

Tagfi P

WIOUNUAT Ay = Lyig WRE Ay, = Lydge 9 l0@uN1suIdalnalel

T

vo &
AGIN

number of pole pairs

3.L, ,

p (i Ay =i A) (2.75)
o &
\m

%PLM Gosiar =il (2.76)

¥ XY (3 o ¢'al o e € e o [ 4 P (4
Y\\‘]ua\‘lﬂlh:ﬂBU'UE)\‘lﬂ?:uﬂﬂIﬂ.ﬂﬂ?Nﬂ'J"NﬁNW%ﬁﬂUNﬂﬂ'}ﬂﬂﬂaf URSNITURNFLALNDT

o &
AW



iy = -Llfl"’ —%—iw
S P )
Fadu ManTaUNUANNTT (2.79) Uas (2.75) 89l% (2.80) uaz (2.76) axldwail
dj:’ f—ie—:-/?.q, —%’—Rriqs +(w-w,)A, =0
—‘%"—+ sz A -%—R,id, ~(@-o,4, =0

r r

AJ ] ] v bl J’
INRUAIIN (2.79 ) nAnlend o mmmgnmuqu‘lmmuaummw

LmRriqs

»=0, +—L

Lr/?'dr

4 L,R,i,
ADe! v, = —2
Lrj’a'r
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2.77)

(2.78)

(2.79)

(2.80)

(2.81)

(2.82)

- Y .
2.3.2 RanlvvssmsaruguuuuiiniaasWand (Field Orientation

Conditions )

- WangawuulmAnITiaaTIuLuI Quadrature Axis ﬁmtmﬁ’uquﬁ

A = 0

qr
v © 9 v 3 v o A’
FAIUUINFUNT ( 34 ) ﬂ?lﬂt?’]ﬁﬂ&lqiﬂﬂﬁﬂquﬂﬂfﬂqﬂ J%

3,1

roo= ZPRA,,
+v o 3 L e v -~ L
Wnuald  Kp = EPZM— faarlemunisuseDadadt
T = KTj’driqs
w8z INRUNTA (2.83) azle
di, R L
Ly Zey, = ZmR
d L ¢ L ®

r r

g i
nafanaun1s (2.86)
NMABERULLNIRILANNBIANTZLEATIRINY oxlel

Avp = CONSTANT (2.87)

(2.83)

(2.84)

(2.85)

(2.86)

lunsauquuseainszusssuuuuaniaaiWand u
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AJ LA o .
PINFUNIN (2.86) Uas (2.87) inladdn usefia (T ) mmmmuquvlﬂ%unmta s

a [ [ ' o v .
dudarziudanduiinin Ay, Tamunsonivauldafldlasnszus iy

o ' o
2.3.3 n1TUSuAanINuLNnanilsiney
AJ ) A g v l’; e/ 0 Al [ o GJ v

NnFAMINNEMNTRTWIY winlah sy indemnudie
o ] J v oa [ 3 - ‘J :J 3 et 1 [ 3 =
dumibifiuiwesnteuddsaiondl Gemunsameisanaald 2 5% e

1) MA1lasaTd ( Direct Rotor Flux Orientation )

& ad a o [ v [ [ 3 ] « o ol

Wuitmsnsudludasldemmaasauiundindnfitasomeavauaiaaif

1 J ] b U [] -3 & &
(3N Hall Sensor (Rarn1Tiaa1awiuudinanlasass mmmmuuﬁmmzjemn
o v a P ' M v v v a
Tuan URZTING lunswiauatnefinfionidminaarlildeanuuusasiuiliing
3 \d - R A” A ]
mmmmn'lumﬂ'nmu'lwmqmmwnsm u.mJaﬁ'uaomsmuqmmuuﬁammm'vao
¥ 23 A v v ¢ & 1 A ] v (.4

gwukEnana laanaowara fin lusawutssaudaisaudsvasnaiaad

2 ) NMIAIWAUNWEDY ( Indirect Rotor Flux Orientation )

Li‘Jumsmdw‘huv\u',o'vaonsaua“wﬁom:sfumaw‘fﬂsmaﬂﬂumwia

J o a ¢ v 9o [ I J -J

Encoder Wadiannuiiveslnasusnhundiuinmendne g twa'l'ﬁ‘lumimuqu G
mimuquuuumoa"auLﬂu’i‘ﬁmsﬁTﬂwmw?mﬁ"lﬁthtaua

A Vv v = ] A ;
INFUNTIN (2.86) LKL (2.87) il:‘lsm'mszuamaaau.m:u.numu

iz;s = r - (2.88)
KA
i, = jm (2.89)
Wahaudaslydunudredemiained saruranseldn
i, = i, c086() =i, sin6(t) (2.91)
ig() = 1, SINO(t) +1, cos O(r) (2.92)
9 iy, i, A0 nrusRARDSUNAIRINENBIRUS B aLn e S
O@) fo ot funisvamainaIwandianiaed
Tasd1TaUMIiN% (h) 28IMIAHIURINT nmMIdszanmeiye 6 arlein
¢+ = ¢ty + ow*h (2.93)
avvmazldnTusmane Maansluadronh (t+1) e
i+l = Ios COSO(t +1) — iy sinO(f +1) (2.94)
i+l = i sin@@+1)+i, cosO(t+1) (2.95)
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2.4 Bwi1931@aT (Current Controlled VSI)
awngil&9(n)Lﬂuqﬂﬁmuvaﬁmafﬁﬂs:naudﬁuundodquNﬂwnizuaﬂio
Vg, ULEAATNas 6 ddeansasdoiniaasle 8 uuund’rzﬁannma{quﬁ Vo, V7
uszianiaey v1-ve lasfidusvluinduuaasiisnwuemadodarsasassioflung a,
b Uae ¢ MNFINY “0” KuuD FIATMUmTA99T uae “1” nanafsiatarunilaes
pnerathaunsd V1 (100) suiuwntdifiediatuunoay 16,2 Uaees

4
V3 (010) V2(110)
1 3 5
v ISR R
o —— 1 s
50 O | 2
a b c 0 (000)
V4 (01D V1 (100)
M V5 (001) V6 (101)
(M) (V)

o4
31J'n 2.15 uU&®@J9 Diagram W8e Space Voltage Vector U84 Inverter
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. a2
ig, (t+1) =220 I
ic; - al L';,MT(ZHHVG
as » " tase || ;NvERTOR LL{ ™NoucTIoN
1
g, (E+1) o T BL a \ MoToR
—0 [
iﬁs o ﬁ' B2
il
Stationary Reference

Coordinate Transform

o
5UN 2.16 usealaazuninved Current Inverter

Current Controlled Inverter fltana axidumninszuguasnainad i
uat i sxgnuuaandunszuannaeu Stationary ( igs . igs ) ¥NFLIABUADNZLEENE
i (t+1) , i (t+1) dolddranuuansenhlulfiuSeuifivy hysteresis — band Y 4
fa at, P12 P2 dagl 216 law a, Bt azldTnmizuivvasnszumduldeaunsus
oNBIue: a2, B2 a:gn'l'ﬁ‘lmﬁamuqumﬂ'ﬁ’om Zero output voltage stage latfiaraasn
283 02, B2 WTdwnniwes a1, f1 lindae

IMNATIA 2.1 Switching Table [ uanTansdatuasdunediaaslas
=4 input 4 @7 (01, B1, 02, B2) uaxd output 3 67 (S, Sp ,Sc ) UNADEWITUNT input
WU A (182311 16 = 1010 ) A1 output 9:8fn S, =0,S,=0,S, = 1

a1, B1,02,B82 |o|1]2|3|4|5|6|7|8|9|A|B|[C|{D|E|F

S, t{(140(0{1}1/0}0;1,0;0j0]0(1]0}0
Sp cio0jojoj0f(1j0}jt1rjojofOo|1iO0)11]1]1
S. 1/{0})1/0{0)J0)0O|1}170}111]0(0|11({0

o
AT N 2.1 Switching Table
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o
unn 3

N1T00NLUULAZNTIIEII

3.1 unuin
o o & ol s o a X s € -~ (4 (4
Tavsnwishisua i laddouasianwduiiduliadinasesduodines
a Y a - ; O o
sianuqunizuslasndnnisresdmaaiTfauuudsesi lasdygrmldlunaiugy
mihwrassiadiuduaisafarldvrinmaSoufsusyyranszusloishediy

ko A ) v o \ 3 a
sygrunszuafdolinuuamed lasnisaenuuuuszmssaszdsznouluaqgrsaman

§141 3 dunanda
1. 2997189 Usznaudaw
- ATIINTILE
o ¢ [
- NITOUNDINET 3 N

2. wmmuqumsﬁwm dsznaveag

NI TR TITIUUUR (hystersis band)

- 2995ianInad (dead time)

- WIuhsiading (gate driver)

- NATUNITAVUTIAY

- NITUBNAWNIILED

- wrladyyrudIasauoudan

- RITIILuRsilaunguvaInTTUE

3. warlWdes

Tuunfiaznaninisaanuuusinee g Alglulazeondt



35

N1909NULLIIVINTRY

-

k| i

[ output 3 phese |

P 0w - a ¢ <
E‘LIYI 3.1 [N ('J\‘l'ﬂﬂ?ﬂ\‘)ﬂ?ﬂl.ﬂ'l.l.ﬂ:’ld'ﬂ?ﬂunE'ITW]?JT)

lugruvavvariaslenavludeisensantzuguazisarduwiefinet
G‘fqﬂﬁ 3.1 lusmvenvenioannugelflalaa dudarmifldoanseuadsasrile
W396% DC link Fensfiianauasluginvasduiofinofaniuduiafiaaf 3 walagld
Mosfet IRPF460 L{‘Juqﬂmtﬁaﬁmﬁa
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3.3 m‘saanuuuwasmuaumsﬁ'\mu

i (t+1)

dsP1C > DIA » OFFSET
2
s0r4011 —P (1C)

HYSTERES!S BAND
CURRENT CONTROL

VY VY

SWITCHING
TABLE

YVY

DEAD TIME

vevevy

MOSFET ‘ GATEDRIVER '
IRFP460 OPTO TLP250

INDUCTION
MOTOR

< o
Eﬂ'ﬂ 3.2 1N anla BZLLHT&ILLﬁﬂd’Nﬂiﬂ?UQ&I

auasﬂvnqunWTﬁwowumaow:nuﬁdduwéhG]%eﬂs:nauﬁﬁudaudwuq
weavawuienlaszuninldnigy 3.2 Tasndnmaianusin dsPIC Microcontroller 9z¥in
masfedypraleieddafianudsaiu 90 ssen iRedad U ¥serBaineiite
LUUARBIT Wevhmundioufsudygsssnindygrmloiddeiudygimnsus
Adrelituneines Tapediudygrunadimiousslus 2093 dead time (Rausn
IngosFyyraidsnymrrssdygrimasediati :9n%uas opto isolator 3zt
LENNTIAEEIITEN 1192997 Gate Driver UAZINTINIUAN ALY Gate Driver 1e¥h
wihflusnedyyranieldurinasesduaefiaed ( Mosfet IRFP460 ) Wialuduneainaf
aaly

i 1 a v A‘
IﬂUT'\UﬂtlaUG]‘IJEN’N'WF]’JUQNK’J%G\’N‘] ﬁ'\&l'ﬁﬂﬂﬁu’\ﬂ‘lﬂﬂdu
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3.3.1 wardmaeiiTauus (hystersis band)
P ol al . v a il A [
WEROBTIFEUUU (hystersis band) vz minf LWRsufisudygin
v -3 A ] v e ; v
2anTu lmianBiuasnizuafslvnuvawaSlaslulasesuit laldsatusudiuad
LF351N anvhnisdantsieniugumsviinuuas Hysteresis Band Widwllawdainy

Tﬂumu’\m@immﬂﬂ"ﬁqﬂ

20k
10k

-0
20k 10k |-
. I by 3
1y i, LRIy 8 0
X
i‘k |- 10k
11 «ln
L 0k 4 D
= —
: = — Q
1(1"‘
Qx

10k

ipe

A a =l
3UN 3.3 29v38mae$iBauuu (hystersis band)
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3.3.2 1WANaningd (dead time)
2samantndfasyimiafls MOSFET vh 6 & ON linfaatuifialailw
HON1I8A997 mnaﬂnﬂw'ﬁwa’wmemsﬁwmumaa Dead Time Circuit aTU18N13
viamldaadl
gty Logic 1 af dumis A 8§ Logic 1H1u “0” gaudnunis A
a8l Logic 17w 0 \flaafidrunsis B 2zl Logic 154 “1” Voltage ﬁqm‘f zifianTs
Discharge 784¢21AL1/32q dndunis B’ vzl Logic 1w 0 Jletafl output U 4l
Logic 1Hw “1” 'lwum:ﬁ output U’ 928l Logic tilu “0"
Lfmﬁngrywmﬁtﬁﬂmtﬂu Logic 0§97 dunwd A & Logic 1lu “1” saudunss A’
=% Logic 14 1 10a3afidunsis B axdl Logic 1iu “0” dausumis B 28l Logic (u
“1” Voltage ﬁi}ﬂi{ 3:1fianNT Discharge U83dLALULEY fla¥af output U =8 Logic 18w
0" \uwmed output U 958 Logic 181w “0” Safldnyqo output U waz U aufiudygnod
invert 1w WAz Delay Tdvzanm 2 Ms lasmsmitaaasnlunis Delay wildaingunis
223287 14n"7 Delay whldannauns

T = RC
A R1 4.7k Ve
u3 D1 1N4D01 U4 Output
{f> N _[& >
U1 s
A’ RZ47k O Output
D2 1N40C1 Vs
S—y- >
T
= 4
5] | ; T ——— Ve
g oooj i‘ i 1] : .
4, — . - . - -
3I m} AN , \\; Vc
B ol i ] i | -
§ 0.00-} : X : f
F 400- . . . T Output
) 9 [ l t i '
9 } 1 i ]
gaw+ - ; : : Output
g 4 T 1 T 1
) § { { i
b | t ] 1
g 4 i i 1 l ]
0.00 e
a.00 10.00u 20.00u 30.000 40.000 50,000
Time ()

gﬂ# 3.4 3397 deadtime
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2007/02/27 19:01:57 NORM:200M8/s  1lus/div
Stopped R (1us/div)
: : : : : CHT: ON
: . et - 2v/div 15
: : : DC 0.00V
............................. Pt oN
: : 2v/div 100
: DC 0.0v
1; ................... oo e P CHa: OFF
: : 50V /div 10:1
L [ : DC 0.0v
v -~ o e CHA: OFF
: : sov/div - 10:1
- , : DC o.ov
: : Record Length
: : : Main: 2K
............................ T lnd | ZoomE 200
: : : : : Filter
; : : : : 8Smoothing: OFF
Tracel: P-p : 5.400v Max 1 5.040v Min =160.0mY BW: FULL
: Rms 3. — . :--1 Trigger
3 |Tracez: P-p : 52.00 Max 1 50.40V © Min =1,600V Mode: AUTO
......... : Rms @ 25.88v  : Freqr ==—-:  Duty: -—: . |Type  EDGE
Source: CH1 &
2007/02/27 19:05:05 NORM:200MB/s  2us/div
Stopped (2us/div)
: : : CH1: ON
: i : 2v/div 1
: e oc 0.00v
.................. { CHe: o
§ 20v/div 100
: DC o.0v
] L R AT TR TSI TS CHa: OFF
: 50V /div 10:1
: oc 0.0V
-‘ud ............. J -L .................................................... CH4: OFF
§ ¥ : 50V/div 1001
DC 0.0v
pmvs iy i Record Length
aT 1 2.08us : - Main: aK
VAT 480,.769kHz: .l S SO SO SO UTEE ST Zoom; 400
: ; : 3 Filter
L Smoothing: OFF
............................................... e BWE FULL
[ Trigger
! N Mode: AUTO
o R U SUUURUUE SRR ¢ SURARTINY | I I SRS A o Type: EDGE
r Source: CH1 4
= T2
Cursor
-0.03div
P~ o dw o .
JUN 3.5 Sy miledaniees deadtime
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3.3.3 29TULNAUNTIUEY (Opto Isolator)

1 [ s
2[
3[] , 44 6

s s

L
-

o o
3UN 3.6 WITUBNNUNTILEY (Opto Isolator)

Tagsasuaniumaugstmi Auenns 1@ ileszn 192995 Gate Driver
uwez993nIugy laslulassemwld 1c wef TLP250 i Ausntumanusaeau
Useadpluymziianisdaes fohliwsimuauldldiuanuiomeannanaiadnd
Aifedn lawsosaduaves IC waf TLP250 ugaslilumeanwin



3.3.4 13siuhsdadina (gate driver)
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MOSFET Driver Lﬂudmﬁmmﬂmtywmtﬁaﬁa:'lﬂmuqum‘s ON-OFF

[y ; A o \ A«
299MOSFET Usenaudat 2 874 A Opto Isolator NU &2uNLiw current boost  Opto

Isolator ﬁﬂmmwn"lwnganu‘lwtmm Tavlgugailwdmnanlunsdeurszuy layls

{ s ) A L ‘r 0 &
WA e lUTuludua9 current boost tRaUENENTENTEULEIRUINT WIREIUUDY Driver 1iu

2zl1 IC TLP250 (% Mosfet Driver %ommmﬂmsmﬁ mMIvhwaes TLP250 1aann

v P
mmmu'lum;sﬂn 3.7

TJ?
. o s

(n

)

()

l

~h

" | o a
3U" 3.7 Wasduhalading (gate driver — TLP250)

() 233smMylu TLP250 Mosfet Driver
() MIdaldu vas TLP 250

GATE DIVER OPTO TLP250
2007/03/05 18:48:44 NORM:100k8/8  10m
o Stopped g (10m
CHYMBMarnew | CHZE5( AS——
Dg 11 : pC 1001 :
|_; ....................................................................................................
2;' RS0 EAMAT SRy RN SSEREY SUCEELEEY (ERRNRARECSEILES SERTITTIOYY
Tracel: **-JQ“WV .......... ety ~600v | e 6450V
‘Avg 938, 1mV Freq 53.7¢Hz Duty 48.5% T
Trace2:: Max 90.00v Min: =52.0 ‘Rms 7D.16Y
e iRYG 27.78¢ !’..’9.‘!...?3:..7??'.? ......... Duty 5D.5%
- : : -

a

4 a L ey s
51UN 3.8 sygruftldanesiuihsiading

&bk

To Megfe +
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& Y v a d v .
2sasiivmsutasdygralaiaredafiasrelay dsPIC Microcontrol er &9

1_an 3 vv ' { J v -3 A L 4 L4
mulwiuddineariidasredarnduemdaniiahaduleldrdnlaunls

1 J J L 1 2 [
dolt TylulasenuitldiBmsdaduuy 1°C wia MIFIULLBYNTA

5V
(16}
4.7k
RD2 47k_bDA (9) (s voutl
g RD3 z ben (100 (14) vrefl
7
H PCFE591
g
(]
3 A2 (1)
1 (6)
0 (5) (13}
1
5V
{16)
4.7k
4.7k __koa (9) (15} Vout2
} [SCL (10) (14) Vref2
PCF85591
A2 (7}
§ Al {6)
Vo>bs 5 (13)
(81)
o o an
3UN 3.9 WanudasdyudIaealuauiden
SINE REFERENCE
DIGITAL TO ANALOG (I’C)
2007 /02727 16:33:25 NORKM:200kS8 /6 Sme /div

Stopped (5ms/div)




3.3.6 WITUNTZAULTINU (Offset circuit)

gryrmloissbenasrelas dsPIC Microcontroller LiladyaanankIug
Ity graddnaalueuifonszfivaunaussaunissuuan (0-51384) vilwla
o A d o e € v A v v
I S sunuadunteuaNTe i A LL oA SRR UG BTN TUNTLA UL TIURY
‘J 1Y v av " a a A‘ [ o v h
Waldmaandasnyu lapltmanniruasivestule anmitssavusuilvilvusidusiunin

b A A 3 b
RATEAUAINT TNSNMIENNTA 6’3\11]76]031.]

100k

100k

a
/4
8
o]
)
)
=

500

Input ... 3],
U1
]!

+15V

RESISTOR VAR _L
50k 2

RESISTOR VAR J
u2

|00 o X 7
\H\” 390k
6 AAA

< v [y
3UN 3.11 29vvBnTzauLTIan (Offset circuit)

2007/02/27 18:37.01

NORM:200k8/s  5Sms/dlvy

4

Stopped

(Sms/div)

. Duty: 50.0%
¢ Min =35.20v

L dv o [ o .
WA lNNTNTTALLTIAY (Offset circuit)
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vIaTsiuuaslounsuvaINTEUE
o Lo : -} Qs : I
taranaduuasoundussanzuat mdululassnuiiiunis
o L. i ' [ o Q v
asanduhdyyranzusieinsanaimainduan 2 sdashadaersetdanef
aa o = a Y €y a a . [ 4
FFauuu ternmrlToufisudyagnauvamnsuslmidredauasnssusfidilivuaces
1 : s ko & A v ] A a
da lanlasonuilldgdniniariadunszus 2 @7 %o LEM §u LA 55-P Susygo
v € , da o ! < P [
madweiwnazaglugvanszuafifidndanaiu 1:1000 dunansfismindanizue
[3 0 [ g € a a ¢ d o dv o
e 10 uanudfasin i lddygmnsuseninnuma 10 Sadusuut Rdygraald
: ' [ ¥ v 9 1 o “ v Qs 1 v a
i dowanh lulFuardoni ludwsasdelddumudivaldyuia 20 Alalawiiiu
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fvsznay wWavnmswdasdygranszusliifuusssuiomhluldnudaly
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o
o
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Tay 1, fla nTzuainauaIneinesf

: P € 3
'ﬂﬂﬂIﬂiOdﬂ%ﬂi:LLﬁWﬂﬂ'ﬂEN&IE]LG]B?LYnﬂ‘U 6.3 A
6.3

ke sadwimnszug I, ldvidy 1, =WA

Lo ": [ 1 v [] 4 J v
I S wI A MudumMu Ry Idlasimuaumaussnn v, Adasns lulassnu
fuuald V, i 5 V inmsasunatanudiumy Ry 39fduvinny

V. 5

R, = I

1, 6.3x10
s & v as [} a ] J ] O
i ledandiuvauniaudanseuaiiariny

63 A : 6 V

V4

LA 55-P + O+

=793.66 Q

1sv

12 RM

/

/Il v2

A Qv s
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3.4 "Ni)ﬂﬂli‘&ld (supply circuit)

297 IBpamih s s ausI T uTIad 9 Wiuasesaiugu
da9falulaseouiildszduusedu 3 auwiade 5 1aad, 15 Taad usz vanay 15 Taad
lasudazvesdgnwtsznaunanda

1. 9933uanTzug 1 1 et woam mihAudsanszuslwiianluia

nyzuagaudulWdinszuanse

2. GT’JLﬁuﬂs:a}ﬁﬁmﬁwﬁi’nms:é‘uLtsqﬁu'lﬁﬁﬂ'wmﬁﬁﬁfu

3. Ciua$ 7815, 7915 , 7805 vhwdfivhlusedufiaanineiniees

FoanTsuadaanudidainis

4. wiloudss vmfiaaszauusaenlwings ulaseemilsnlauras
a5 186, 15 a8 uar vanau 15 1ad

34

Qs

anum:mwia'mmamﬁqﬂﬁnsm

7805

! ] +

AC 220 Vv Rectif ier j\ 2200 uF T 2200 uF bC 5 Vv

25v 25v

(n)
7815
| I

AC 220 V Rectif ier T 2200 uF T 2200 uF DC 15 Vv

25v 25v

()
7818
—

AC 220 V Rectifier j\ 2200 uF T 2200 uF bC 15 Vv

25v 791 25v
[
I

(M)

31]# 3.14 2997 IR B9 (supply circuit)
() 21997 IWAD 5 Taad
@) 197 WEes 15 Taad
@) 2193 e van-su 15 Taad



46

P
unn 4

o < ° a
msa%’wszuumaaomsmmguuamaﬁwummnszuaaauqunmmaf

A A v ) L v
nnngefrasminquuaiaaiiniovhuuuineeinldnsnunddu
1 ﬂ‘ L4 3 I‘: v v [ ]
nauflanhandsegnd ldnusdouu exdeshnminimasey lasniseiouuudieaszes
J ) A t
seuudu laoludsunsunenauiaiaes dolslusunsy MATLAB Tudauead SIMULINK

d  a «ve v &
LLﬂ:Lﬂiadwaﬂvlﬂt‘]ﬂWGuuﬂ'uu

A -] .‘: d

' g ' ] I o J v
mmuﬂsmm ﬂ%ﬂ&lﬂﬁﬂﬂﬂ?%ﬂﬂﬂdﬂdﬂ‘l@ wumuua:m‘lﬂmnms

¢ o a e &
mmaouamaﬂwamawmugaummu

ANANIRY fgnviny 2 W
WIIAWAN® feuvininu 380 VvV
nssusfRne fgwviiy 6 A
nssusfianizlinise flewiniy 187 A
amuFafiRrfa fgwuviany 1500 rpm
AMusIuIMUIaIIRaIaR sy (R) flguviiny 2 Q2
APURIUNIHTBITARIAT IaeT (R) flanviny 1559 Q
anunilsnhfseawas (L, ) fiewviiy 197.94 mH
anumisnhilaeed (L) feuriiny  197.94 mt
aumitaihuunileds (Ly) feuvinny 194.3 mH
8AIINTVLNLAILAY

K, fawriniy 25

K; fewviiiu 025
anuifilinasey fewriany
DC bus Jewvihny 310V
Pole fewviny 4



47

& ¢ o o &
4.1 uaanv[ﬂ azunsuuaom‘m‘mquuama‘smumﬁﬁuuunmma‘fﬂé’n'ﬁ‘nﬁﬁaawu

Discrete system

Ige” wief 1 Ts=2e-006
776 vab1
Rrir
8422 f: a swe
»lic

orquu_oontrollet P{lqs s
ol o] lde
) K"' =m rlwel s 4 oX
>

2Phase to dos

ax

Demux

Induction Moter

£l
3
-
2
7
1
v L J
g
 J
3
[N

60 HP /480 V
ox ® »lo21 Is_sbo [ >
] o
) 02 »i» X
sbt 4{02.2 wn
Disorete-Timae a ] ™ dain
Integrator " I T
pole
;ﬂ ":r—] $o »i03.1 Constant
] > Q P03,
z - b 0 —
8ol »03.2
S
ax Subsystem1
'] 1
o ="
L]

o o ¢ 4 ¢
gﬂ‘n 4.1 mﬁnaaas:uumuquuamasmummhuum’mmas
[ ] P do v o &
1ngudina1e Jufenlaezununiddgasi
1. Pl Speed Controller
\flu close loop control lagfl speed vasnaLaad (®,) 1T controlled
. v d
variable Wz Torque reference (T) 1w Control Output las&gyanmitnanf 1 1w
a W = A | a [ a
Fygrmanuiignedy uszBnymitauanudwesnainsd ashanauin usyanon

d ! “ 1 '
ﬂmwmaauua:a:mu‘lﬂma’mmuqu PI G]E]vll]

3Uf 4.2 PI Speed Controller



48

2. Vector Control Loop
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3. Current Control Inverter
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.equ _ 30F4011, 1
.include "p30f4011.inc"

;Configuration bits:

config _ FOSC, CSW_FSCM_OFF & XT_PLL16 ;Turn off clock switching and fail-;
;safe clock monitoring and use the

;External Clock as the system

;clock
config _ FWDT, WDT_OFF ;Turn off Watchdog Timer
config __ FBORPOR, PBOR_ON & BORV_27 & PWRT_16 & MCLR_DIS
config _ FGS, CODE_PROT_OFF ;Set Code Protection Off for the

;General Segment

'

:Global Declarations:

.global __reset ;The label for the first line of code.

.global __T1lInterrupt ;Declare Timer 1 ISR name global

:Difine Constants

.equ 12C_DAC_CON,#0b01000000 ; CONTROL of PFC8591P
.equ 12C_ADD_ADC_1,#0b10010000 ; ADDRESS of PFC8591P #1
.equ 12C_ADD_ADC_2,#0b10010010 ; ADDRESS of PFC8591P #2

:Global Declarations Constants:

global 12C_DAC_CON



.global

I2C_ADD_ADC_1

global |2C_ADD_ADC_2
: MAIN PROGRAM
MOV #116,W0
MOV WO,FREQ
START: CALL Init_PORTS

CALL Init_ TMR

CALL Init ADC
MAIN:

BCLR ADCON1#DONE
LOOP1: BTSS ADCON1#DONE

GOTO LOOP1

MOV ADCBUFO,WO
MOV #4681,W1
MUL.UU WO,W1,W2
MUL.UU W3 #2,W2
MOV W2 ,PR1
MOV SINE,W6

; Initialize the 1/O ports
; initialize TMR
; initialize ADC_10BIT

;DONE

« Yo e e ke e ke e e
)

; Load the Period register

; WRITE DATA to 12C

)

SLAVE_|2C:

CONTROL_DAC: MOV

SEND_DAC:

MOV #I2C_ADD_ADC_1,W9

MOV W9,12C_DATA
CALL I2C_SLAVE
#12C_DAC_CON,W9
MOV W9,12C_DATA
CALL [2C_DATA_WR
MOV  #OxFF W7

MPY W6*W7,B
MOV ACCBH,W8

MOV W8,12C_DATA
CALL 12C_DATA_WR

;ADDRESS of PFC8591P
#1 W9

:Connected DAC

;Writed Control Data
;Chang Data rang 0O <
;Data < 255

;Value Sine is changedWs8
W8 => [2C_DATA
;Writed Data



MOV SINE_B,W6
SLAVE_I2C2: MOV #|2C_ADD_ADC_2,W9 ;ADDRESS of PFC8591P
#1,W9
MOV  W9,12C_DATA
CALL 12C_SLAVE ;Connected DAC
CONTROL_DAC2: MOV #I12C_DAC_CON,W9
MOV  W9,12C_DATA
CALL I12C_DATA_WR ; Writed Control Data
SEND_DAC2: MOV  #0xFF W7 ; Chang Datarang 0 <
;Data < 255
MPY W6*W7,B
MOV ACCBH,W8 ;Value Sine is changedW8
MOV W8,12C_DATA ; W8 => [2C_DATA
CALL I12C_DATA_WR ; Writed Data
BRA MAIN
;Timer 1 Interrupt Service Routine
__T1interrupt:
BCLR IFSO#T1IF ;Clear the Timer1 Interrupt
;flag Status bit.
PUSH WO
PUSH W1
PUSH W4
PUSH W5
PUSH W6
PUSH W7
PUSH W8
PUSH W9
CALL READ_SINE_TABLE
POP W9
POP W8
POP W7
POP W6



POP
POP
POP
POP

W5
W4
Wi1
WO

RETFIE

;Return from Interrupt Service routine

1

: End of AllTimer 1 Interrupt Service Routine

.end

; End of program code in this file

:Subroutine : 12C_SLAVE

(Working Register used : W13)

.global
I2C_SLAVE:

LOOP_SL:

BCLR_SAD_SL:
SUB_LOOP_SL:

END_DATA_SL:

[2C_SLAVE

BSET
CALL
CLR
INC
RLC.B
BTSS
BRA
BSET
BRA
BCLR
CALL
CP
BRA
BSET
CALL
BSET
CALL
BTSC
BRA
BCLR
BCLR

B_I2C_ACK #0
I2C_START
W13

W13,W13
I2C_DATA
SR#C
BCLR_SAD_SL
LATD #RD2
SUB_LOOP_SL
LATD #RD2
12C_CLK
W13,#8

“NZ,LOOP_SL

LATD #RD2
12C_DELAY
LATD #RD3
12C_DELAY
PORTD,#RD2
END_DATA_SL
B_12C_ACK,#0
LATD,#RD3

 set bit 0 of B_I2C_ACK

: clear COUNTER

: increase COUNTER

;rotate left 1I2C_ADD through carry
:Check Carry =1 ?

;If No, jump to BCLR_SAD_SL

;If Yes, set SDA

;jump to SUB_LOOP_SL

; clear SDA

: Check W1 =8 Times ?
; If No, jump to LOOP_SL
: set SDA

; set SCL

; Check SDA =07

; If No, jump to END_DATA_SL

; If Yes, clear bit 0 of B_12C_ACK
; clear SCL



RETURN

;Subroutine : 12C_DATA_WR (Working Register used ; W13)

global [2C_DATA_WR

12C_DATA_WR: BSET B_I2C_ACK#0 ; set bit 0 of B_I2C_ACK
CLR W13 ; clear COUNTER

LOOP_WR: INC  W13,W13 ; increase COUNTER
RLC.B [2C_DATA ; rotate left 12C_DATA

; through carry

BTSS SR#C ; Check Carry = 1 ?
BRA BCLR_SAD _WR ; If No, jump to
;BCLR_SAD_WR

BSET LATD.#RD2 ; If Yes, set SDA

BRA SUB_LOOP_WR ; jump to SUB_LOOP_WR
BCLR_SAD_WR: BCLR LATD,#RD2 ; clear SDA
SUB_LOOP_WR: CALL 12C_CLK

CP W13 #8 ; Check W1 = 8 Times ?

BRA NZ,LOOP_WR ; If No, jump to LOOP_WR

BSET LATD,#RD2 ; set SDA

CALL I12C_DELAY

BSET LATD,#RD3 ; set SCL

CALL 12C_DELAY

BTSC PORTD,#RD2 ; Check SDA =07

BRA END_DATA_WR ; jump to END_DATA_WR

BCLR B_I2C_ACK#0 ; clear bit 0 of B_I2C_ACK
END_DATA_WR: BCLR LATD,#RD3 ; clear SCL

RETURN

;Subroutine @ 12C_START (Working Register used : NO )

'

.global I2C_START
I2C_START: BSET LATD#RD3 ; set SCL
BSET LATD,#RD2 ; set SDA



CALL
BCLR
CALL
BCLR

12C_DELAY
LATD #RD2
12C_DELAY
LATD #RD3

RETURN

: clear SDA

. clear SCL

i

;Subroutine : 12C_STOP

(Working Register used : NO)

.global
[2C_STOP:

|2C_STOP

BCLR
CALL
BSET
CALL
BSET

LATD #RD2
12C_DELAY
LATD,#RD3
12C_DELAY
LATD #RD2

RETURN

: clear SDA

; set SCL

: set SDA

:Subroutine

. 12C_CLK

{(Working Register used :

NO)

.global
12C_CLK:

12C_CLK

CALL
BSET
CALL
BCLR

12C_DELAY
LATD #RD3
12C_DELAY
LATD #RD3

RETURN

: set SCL

: clear SCL

:Subroutine

- 12C_ACK

{(Working Register used :

.global
12C_ACK:

12C_ACK

BCLR
CALL
CALL
BSET

LATD #RD2
12C_DELAY
12C_CLK

LATD #RD3

RETURN

. clear SDA

: set SCL



;Subroutine ; 12C_NACK

(Working Register used : NO)

.global
12C_NACK:

12C_NACK
BSET
CALL
CALL
BSET

LATD,#RD2 . set SDA
12C_DELAY

12C_CLK

LATD #RD3 ; set SCL

RETURN

; Subrotuinte : READ_SINE_TABLE (Working Register used ; W0O,W1,W10, W11)

global READ_SINE_TABLE
READ_SINE_TABLE: CPO

INTI_TABLE:

SEND_SINE:

EXIT1:

COUNT_SINE ; Check COUNT_SINE =07
BRA ZINTI_TABLE ; If Yes, jump to INTI_TABLE
BRA SEND_SINE ; If No, jump to SEND_SINE
MOV #tblpage(SinTable),w14
MOV w14, TBLPAG
MOV  #tbloffset(SinTable),w14
MOV #tblpage(SinTable2),w10
MOV w10, TBLPAG
MOV  #tbloffset(SinTable2),w10
TBLRDL {w14++], W11 : Value Sine => W11
MOV W11,SINE ; Value Sine => SINE
TBLRDL [w10++],W11
MOV W11,SINE_B
INC COUNT_SINE ; increase COUNTERSINE
MOV #5000,W0
MOV COUNT_SINE,W1
CPSEQ WOo,W1 ; CheckCOUNTSIN=50007
BRA EXIT_SINE ;If No,jump to EXIT_SINE
CLR COUNT_SINE ;If Yes,clear COUNT_SINE
CLR Y ; If Yes, clear all variable of integration

CLR

Y_Z1



CLR COUNT_N

EXIT_SINE: RETURN

SinTable:

.word
131,134,137,140,143,146,149,152,156,159,162,165,168,171,174,176,179,182,185,188
.word
191,193,196,199,201,204,206,209,211,213,216,218,220,222,224,226,228,230,232,234
.word
236,237,239,240,242,243,245,246,247,248,249,250,251,252,252,253,254,254,255
.word
255,255,255,255,256,255,255,255,255,255,254,254,253,252,2522,51,250,249,248,247
.word
246,245,243,242,240,239,237,236,234,232,230,228,226,224,222,220,218,216,213,211
.word
209,206,204,201,199,196,193,191,188,185,182,179,176,174,171,168,165,162,159
word
156,152,149,146,143,140,137,134,131,128,124,121,118,115,112,109,106,103,99,96
.word

93,90,87,84,81,79,76,73,70,67,64,62,59,56,54,51,49,46,44,42,39,37,35,33,31, 29,27
.word
25,23,21,19,18,16,15,13,12,10,9,8,7,6,5,4,3,3,2,1,1,0,0,0,0,0,-1,0,0,0,0,0,1,1,2,3 4
.word

5,6,7,8,9,10,12,13,15,16,18,19,21,23,25,27,29,31,33,35,37,39, 42,44,46,49,51,54,56,59
.word

62,64,67,70,73,76,79,81,84,87,90,93,96,99,103,106,109,112,115,118,121,124,128
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MICROCHIP

dsPIC30F4011/4012

dsPIC30F4011/4012 Enhanced Flash
16-bit Digital Signal Controller

Note: This data sheet summarizes features of this group
of dsPIC30F devices and is not intended to be a complete
reference source. For more information on the CPU,
peripherals, register descriptions and general device
functionality, refer to the dsPIC30F Family Reference
Manual (DS70046). For more information on the device
instruction set and programming, refer to the dsPIC30F
Programmer's Reference Manual (DS70030).

High Performance Modified RISC CPU:

+ Modified Harvard architecture

+ C compiler optimized instruction set architecture
with flexible addressing modes

+ 84 base instructions
* 24-bit wide instructions, 16-bit wide data path

*+ 48 Kbytes on-chip Flash program space
(16K Instruction words)

+ 2 Kbytes of on-chip data RAM
+ 1 Kbytes of non-volatile data EEPROM
+ Up to 30 MIPs operation:

- DC to 40 MHz external clock input

- 4 MHz-10 MHz oscillator input with
PLL active (4x, 8x, 16x)

+ 30 interrupt sources
- 3 external interrupt sources

- 8 user selectable priority levels for each
interrupt source

- 4 processor trap sources
+ 16 x 16-bit working register array

DSP Engine Features:

¢+ Dual data fetch

+ Accumulator write back for DSP operations

+ Modulo and Bit-Reversed Addressing modes

+ Two, 40-bit wide accumulators with optional
saturation logic

+ 17-bit x 17-bit single cycie hardware fractional/
integer multiplier

* All DSP instructions single cycle

+ + 16-bit single cycle shift

Peripheral Features:

High current sink/source /O pins: 25 mA/25 mA
Timer module with programmable prescaler:

- Five 16-bit timers/counters; optionally pair
16-bit timers into 32-bit timer modules

16-bit Capture input functions

16-bit Compare/PWM output functions

3-wire SPI™ modules (supports 4 Frame modes)
12C™ module supports Multi-Master/Slave mode
and 7-bit/10-bit addressing

2 UART modules with FIFO Buffers

1 CAN modules, 2.0B compliant

Mbtor Control PWM Module Features:

6 PWM output channels

- Complementary or Independent Qutput
modes

- Edge and Center Aligned modes

3 duty cycle generators

Dedicated time base

Programmable output polarity

Dead-time control for Complementary mode
Manual output control

Trigger for A/D conversions

Quadrature Encoder Interface Module
Features:

Phase A, Phase B and Index Pulse input
16-bit up/down position counter

Count direction status

Position Measurement (x2 and x4) mode
Programmable digital noise filters on inputs
Alternate 16-bit Timer/Counter mode

Interrupt on position counter rollover/underflow

© 2005 Microchip Technology Inc.
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dsPIC30F4011/4012

Analog Features:

+ 10-bit Analog-to-Digital Converter (A/D) with
4 S/H Inputs:

- 500 Ksps conversion rate
- 9input channels
- Conversion available during Sleep and Idle

+ Programmable Brown-out Detection and Reset
generation

Special Microcontroller Features:

*+ Enhanced Flash program memory:

- 10,000 erase/write cycle (min.) for
industrial temperature range, 100K (typical)

+ Data EEPROM memory:

- 100,000 erase/write cycle (min.) for
industrial temperature range, 1M (typical)
+ Self-reprogrammable under software control

Power-on Reset (POR), Power-up Timer (PWRT)
and Oscillator Start-up Timer (OST)

Flexible Watchdog Timer (WDT) with on-chip low
power RC oscillator for reliable operation

Fail-Safe clock monitor operation detects clock
failure and switches to on-chip low power RC
oscillator

Programmable code protection

In-Circuit Serial Programming™ (ICSP ™)
Selectable Power Management modes

- Sleep, ldle and Alternate Clock modes

CMOS Technology:

Low power, high speed Flash technology
Wide operating voltage range (2.5V to 5.5V)
Industrial and Extended temperature ranges
Low power consumption

dsPIC30F Motor Control and Power Conversion Family*

Oevice | pins |Wem Bytes | SRAM | EEPROM | Timer ot 1 | iy | A1 100k quaa 2 |2 | 2
Instructions PWM PWM S|» =

dsPIC30F2010 | 28 12K/4K 512 1024 3 4 2 6 ch 6 ch Yes | 1 [1]1]-
dsPIC30F3010 | 28 24K/8K 1024 1024 5 4 2 6 ch 8 ch Yes [ 1] 1.1 ]
dsPIC30F4012 | 28 48K/16K 2048 1024 5 4 2 6 ch 6 ch Yes {1 1] 1 -T
dsPIC30F3011 |40/44 24K/8K 1024 1024 5 4 4 6 ch 9ch Yes [ 2| 1] 1 1-1
dsPIC30F4011 | 40/44 | 48K/16K 2048 1024 5 4 4 6 ch 9 ch Yes | 21| 1]1
dsPIC30F5015 | 64 B66K/22K 2048 1024 5 4 4 8 ch 16 ch Yes (1211
dsPIC30F6010 | 80 144K/48K | 8192 4086 5 8 8 8 ch 16 ch Yes |2 {2 |1]2

* This table provides a summary of the dsPIC30F6010 peripheral features. Other available devices in the dsPIC30F
Motor Control and Power Conversion Family are shown for feature comparison.

DS70135C-page 2

Preliminary

© 2005 Microchip Technology Inc.



dsPIC30F4011/4012

Pin Diagrams

PGC/EMUC/U1RX/SDI1/SDA/RF2
U2TX/CN18/RF5
U2RX/CN17/RF4

CTX1/RF1
CRX1/RFQ
Vss

VDD
PWM3H/RES
PWM3L/RE4
PWM2H/RED
PWM2L/RE2

d

40-Pin PDIP
MCLR 1 U/  40b avoo
EMUDJ/ANO/VREF+/CN2/RBO [ 2 39 [0 Avss
EMUC3/AN1/VREF-/CNI/RBY T} 3 38% PWMIL/REQ
AN2/SS1/CN4/RB2 [ 4 37 0 PWM1H/RE1
AN3/INDX/CNS/RB3 [ 5 36 [0 PWM2L/RE2
AN4/QEA/IC7/CN6/RB4 0 6 350 PWM2H/RE3
ANS/QEB/IC8/CN7/RBS 7 2 34E PWM3L/RE4
ANB/OCFA/RBE [ 8 3 33 1 PWM3H/RES
AN7/RB7 09 - 320 voo
ANS/RB8 O 10 8 310 vss
vop O 11 b= 300 CIRX/RFO
vss 012 a 290 CIATX/RF1
OSC1/CLKIN 13 & 28 1 U2RX/CN17/RF4
OSC2/ICLKO/RC15 [ 14 < 27 0 U2TX/CN18/RF5
EMUD1/SOSCI/T2CK/UTATX/CN1/RC13 [ 15 e 26 [0 PGC/EMUC/UTRX/SDI1/SDA/RF2
EMUC1/SOSCO/T1CK/UTARX/CNO/RC14 [ 16 25 0 PGD/EMUD/U1TX/SDO1/SCL/RF3
FLTA/INTO/RES O 17 24 [0 SCK1/RF8
EMUD2/0C2/IC2/INT2/RD1 ] 18 23 0 EMUC2/OCHIC1/INT1/RDO
OC4/RD3 419 220 OC3/RD2
Vss 020 21 VoD
44-Pin TQFP
it
Q
o
- S
C &
3 3
2 8 5 3
8 = RS
- = O
w z Z —
X = I &
E O 0wl
2 = L0
a Q Q=
Ehgery Q2 8
Z2rao O8Nz~
W=Qx raso
S5%2f g ,3222
VDO=EQLo 2520
Aamuwo>>0WewzZ
0nQ DAOBOQRA
H H HEHHHHHAH
< M QO mM~O W g
oa' g TN

sPIC30F4011

NC
EMUD1/SOSCI/T2CK/UTATX/CN1/RC13
OSC2/CLKO/RC15
OSC1/CLKIN

Vss

VoD

ANB/RB8

AN7/RB7
ANB/OCFA/RBE
ANS/QEB/IC8/CNT7/RBS
AN4/QEA/NCT7/CN6/RB4

N TN OMDDO—N
—_—_—ee e —— — NN
QU ol - Nm
LWLy ol dauadm
“%zxzzrecd
FICYUSITTS
== zZZzZZ
§§ QQQ%
F e
Em tLwn
x &Rz
2295
So Z
zZz<%
<<
& M
80
32
=]
oW

© 2005 Microchip Technaology Inc.

Preliminary

DS70135C-page 3



dsPIC30F4011/4012

Pin Diagrams (Continued)
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Pin Diagrams (Continued)
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FIGURE 1-1:

dsPIC30F4011 BLOCK DIAGRAM
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FIGURE 1-2: dsPIC30F4012 BLOCK DIAGRAM
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Table 1-1 provides a brief description of the device 1/0
pinout and the functions that are multiplexed to a port
pin. Multiple functions may exist on one port pin. When
multiplexing occurs, the peripheral module’s functional
requirements may force an override of the data
direction of the port pin.

TABLE 1-1: dsPIC30F4011 I/O PIN DESCRIPTIONS
. Pin Buffer N
Pin Name Type Type Description
ANO-AN8 | Analog |Analog input channels.
ANO and AN1 are also used for device programming data and clock inputs,
respectively.
AVDD P P Positive supply for analog module.
AVSs P P Ground reference for analog module.
CLKI | ST/CMOS | External clock source input. Always associated with OSC1 pin function.
CLKO O — Oscillator crystal output. Connects to crystal or resonator in Crystal
Oscillator mode. Optionally functions as CLKO in RC and EC modes.
Always associated with OSC2 pin function.
CNO-CN7 I ST input change notification inputs.
CN17-CN18 Can be software programmed for internal weak puli-ups on all inputs.
C1RX | ST CAN1 bus receive pin.
C1TX O — CAN1 bus transmit pin.
EMUD 1] ST ICD Primary Communication Channel data input/output pin.
EMUC 1/0 ST ICD Primary Communication Channel clock input/output pin.
EMUD1 I/0 ST ICD Secondary Communication Channel data input/output pin.
EMUCH ffe} ST ICD Secondary Communication Channel clock input/output pin.
EMUD2 le} ST ICD Tertiary Communication Channel data input/output pin.
EMUC2 1/0 ST ICD Tertiary Communication Channel clock input/output pin.
EMUD3 1/0 ST ICD Quaternary Communication Channel data input/output pin.
EMUC3 /10 ST ICD Quaternary Communication Channel clock input/output pin.
IC1,1C2,1C7, | ST Capture inputs 1, 2, 7 and 8.
IC8
INDX | ST Quadrature Encoder Index Pulse input.
QEA | ST Quadrature Encoder Phase A input in QEIl mode.
Auxiliary Timer External Clock/Gate input in Timer mode.
QEB } ST Quadrature Encoder Phase A input in QEl mode.
Auxiliary Timer External Clock/Gate input in Timer mode.
INTO I ST External interrupt 0.
INT1 I ST External interrupt 1.
INT2 | ST External interrupt 2.
FLTA I ST PWM Fault A input.
PWM1L O — PWM 1 Low output.
PWM1H O — PWM 1 High output.
PWM2L O — PWM 2 Low output.
PWM2H O — PWM 2 High output.
PWM3L O — PWM 3 Low output.
PWM3H 0 — PWM 3 High output.
MCLR 1P ST Master Clear (Reset) input or programming voitage input. This pin is an active
low Reset to the device.
OCFA I ST Compare Fault A input (for Compare channels 1, 2, 3 and 4).
0C1-0C4 o] — Compare outputs 1 through 4.
Legend: CMOS= CMOS compatible input or output Analog= Analog input
ST = Schmitt Trigger input with CMQOS levels 0 = Output
| = Input P =  Power
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TABLE 1-1: dsPIC30F4011 1/O PIN DESCRIPTIONS (CONTINUED)
. Pin Buffer e

Pin Name Type Type Description
OSC1 | ST/CMOS | Oscillator crystal input. ST buffer when configured in RC mode; CMOS
0SC2 o] — otherwise.

Oscillator crysta! output. Connects to crystal or resonator in Crystal Oscillator
mode. Optionally functions as CLKO in RC and EC modes.
PGD Te] ST In-Circuit Serial Programming data input/output pin.
PGC | ST In-Circuit Serial Programming clock input pin.
RBO-RB8 110 ST PORTB is a bidirectional {/O port.
8RC13-RC15| 8I/O 8ST PORTC is a bidirectional 1/0 port.
RDO-RD3 I{e] ST PORTD is a bidirectional I/O port.
REO-RES, /O ST PORTE is a bidirectionai I/O port.
RE8
RFO-RF6 110 ST PORTF is a bidirectional 1/0 port.
SCK1 110 ST Synchronous serial clock input/output for SPI™ 1,
SDI I ST SPI 1 Data In.
SDO1 O — SPI 1 Data Qut.
SS1 | ST SPI 1 Slave Synchronization.
SCL 110 ST Synchronous serial clock input/output for 12C.
SDA I{e] ST Synchronous serial data input/output for 12C.
SOSCO O — 32 kHz low power oscillator crystal output.
SOSCI | ST/CMOS | 32 kHz low power oscillator crystal input. ST buffer when configured in RC
. mode; CMOS otherwise.
T1CK | ST Timer1 external clock input.
T2CK | ST Timer2 external clock input.
U1RX | ST UART1 Receive.
U1TX O — UART1 Transmit.
U1ARX I ST UART1 Alternate Receive,
U1ATX O — UART1 Alternate Transmit.
U2RX | ST UART2 Receive.
U2Tx 0 — UART2 Transmit.
VoD P — Positive supply for logic and I/0 pins.
Vss P — Ground reference for logic and [/O pins.
VREF+ I Analog | Analog Voltage Reference (High) input.
VREF- | Analog |Analog Voltage Reference {Low) input.
Legend: CMOS= CMOS compatible input or output Analog = Analog input
ST = Schmitt Trigger input with CMOS levels 0 = OQutput
| = Input P = Power

® 2005 Microchip Technology Inc. Preliminary DS70135C-page 11




dsPIC30F4011/4012

Table 1-2 provides a brief description of the device 1/O
pinout and the functions that are multipiexed to a port
pin. Multiple functions may exist on one port pin. When
multiplexing occurs, the peripheral module's functional
requirements may force an override of the data
direction of the port pin.

TABLE 1-2: dsPIC30F4012 1/0 PIN DESCRIPTIONS
. Pin Buffer o
Pin Name Type Type Description
ANO-AN5 | Analog |Analog input channels.
ANO and AN1 are also used for device programming data and clock inputs,
respectively.
AVDD P P Positive supply for analog module.
AVSS P P Ground reference for analog module.
CLKI I ST/CMOS | External clock source input. Always associated with OSC1 pin function.
CLKO o) — Oscillator crystal output. Connects to crystal or resonator in Crystal
Oscillator mode. Optionally functions as CLKO in RC and EC modes.
Always associated with OSC2 pin function.
CNO-CN7 | ST input change notification inputs.
Can be software programmed for internal weak pull-ups on all inputs.
C1RX ! ST CAN1 bus receive pin.
C1TX O — CAN1 bus transmit pin.
EMUD 110 ST ICD Primary Communication Channel data input/output pin.
EMUC e} ST ICD Primary Communication Channel clock input/output pin.
EMUD1 110 ST ICD Secondary Communication Channel data input/output pin.
EMUC1 /0 ST ICD Secondary Communication Channel clock input/output pin.
EMUD2 10 ST ICD Tertiary Communication Channel data input/output pin.
EMUC?2 110 ST ICD Tertiary Communication Channel clock input/output pin.
EMUD3 110 ST ICD Quaternary Communication Channel data input/output pin.
EMUC3 1/0 ST ICD Quaternary Communication Channel clock input/output pin.
IC1,1C2,1C7, | ST Capture inputs 1, 2, 7 and 8.
IC8
INDX | ST Quadrature Encoder Index Pulse input.
QEA | ST Quadrature Encoder Phase A input in QEl mode.
Auxiliary Timer External Clock/Gate input in Timer mode.
QEB | ST Quadrature Encoder Phase A input in QEI mode.
Auxiliary Timer External Clock/Gate input in Timer mode.
INTO I ST External interrupt 0.
INT1 | ST External interrupt 1.
INT2 | ST External interrupt 2.
FLTA ! ST PWM Fault A input.
PWM1L 0 —_ PWM 1 Low output.
PWM1H o) — PWM 1 High output.
PWM2L 0 — PWM 2 Low output.
PWM2H 0O — PWM 2 High output.
PWM3L 0 — PWM 3 Low output.
PWM3H 0O — PWM 3 High output.
MCLR I/P ST Master Clear (Reset) input or programming voltage input. This pin is an active
low Reset to the device.
OCFA | ST Compare Fault A input (for Compare channels 1, 2, 3 and 4).
{OC1, 0C2 O — Compare outputs 1 and 2.
Legend: CMOS= CMOS compatible input or output Analog = Analog input
ST = Schmitt Trigger input with CMOS levels 0O = OQutput
| = Input P = Power
DS70135C-page 12 Preliminary ® 2005 Microchip Technology Inc,
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TABLE 1-2: dsPIC30F4012 I/O PIN DESCRIPTIONS (CONTINUED)

. Pin [ Buffer e
Pin Name Type Type Description

0SCH1 | ST/CMOS | Oscillator crystal input. ST buffer when configured in RC mode; CMOS

0sC2 11O — otherwise.
Oscillator crystal output. Connects to crystal or resonator in Crystal Oscillator
mode. Optionally functions as CLKO in RC and EC modes.

PGD 110 ST In-Circuit Serial Programming data input/output pin.

PGC | ST In-Circuit Serial Programming clock input pin.

RBO-RB5 110 ST PORTB is a bidirectional /O port.

RC13-RC15 81/0 8ST PORTC is a bidirectional I/0O port.

RDO-RD1 I{e] ST PORTD is a bidirectional /O port.

REO-RES, 110 ST PORTE is a bidirectional /O port.

RES

RF2-RF3 11O ST PORTF is a bidirectional I/O port.

SCKA1 l{e] ST Synchronous serial clock input/output for SPI1.

SDi1 I ST SPI1 Data n.

SDO1 0O — SPIi1 Data Qut.

SCL 110 ST Synchronous serial clock input/output for 12C.

SDA /O ST Synchronous serial data input/output for 12C.

SOSCO (@] — 32 kHz low power oscillator crystal output.

SOSCI | ST/CMOS |32 kHz low power oscillator crystal input. ST buffer when configured in RC
mode; CMOS otherwise.

T1CK | ST Timer1 external clock input.

T2CK | ST Timer2 external clock input.

U1RX i ST UART1 Receive,

U1TX 0] — UART1 Transmit.

UTARX I ST UART1 Alternate Receive.

U1ATX 0O — UART1 Alternate Transmit.

Voo P — Positive supply for logic and I/O pins.

Vss P — Ground reference for logic and I/O pins.

VREF+ | Analog | Analog Voltage Reference (High) input.

VREF- | Analog |Analog Voltage Reference (Low) input.

Legend: CMOS= CMOS compatible input or output Analog = Analog input

ST = Schmitt Trigger input with CMOS levels (@] = Qutput
| = |nput P = Power
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2.2 Programmer’s Model

The programmer’'s model is shown in Figure 2-1 and
consists of 16x16-bit working registers (WO through
W15), 2x40-bit accumulators (AccA and AccB),
STATUS register (SR), Data Table Page register
(TBLPAG), Program Space Visibility Page register
(PSVPAG), DO and REPEAT registers (DOSTART,
DOEND, DCOUNT and RCOUNT), and Program
Counter (PC). The working registers can act as data,
address or offset registers. All registers are memory
mapped. WO acts as the W register for file register
addressing.

Some of these registers have a shadow register asso-
ciated with each of them, as shown in Figure 2-1. The
shadow register is used as a temporary holding register
and can transfer its contents to or from its host register
upon the occurrence of an event. None of the shadow
registers are accessible directly. The following rules
apply for transfer of registers into and out of shadows.

* PUSH.S and POP.S
W0, W1, W2, W3, SR (DC, N, QV, Z and C bits
only) are transferred.

* DO instruction
DOSTART, DOEND, DCOUNT shadows are
pushed on loop start, and popped on loop end.

When a byte operation is performed on a working reg-
ister, only the Least Significant Byte of the target regis-
ter is affected. However, a benefit of memory mapped
working registers is that both the Least and Most
Significant Bytes can be manipulated through byte
wide data memory space accesses.

221 SOFTWARE STACK POINTER/
FRAME POINTER

The dsPIC® devices contain a software stack. W15 is
the dedicated software stack pointer (SP), and will be
automatically modified by exception processing and
subroutine calls and returns. However, W15 can be ref-
erenced by any instruction in the same manner as all
other W registers. This simplifies the reading, writing
and manipulation of the stack pointer (e.g., creating
stack frames).

Note: In order to protect against misaligned
stack accesses, W15<0> is always clear.

W15 is initialized to 0x0800 during a Reset. The user
may reprogram the SP during initialization to any
location within data space.

W14 has been dedicated as a stack frame pointer as
defined by the LNK and ULNK instructions. However,
W14 can be referenced by any instruction in the same
manner as all other W registers.

222 STATUS REGISTER

The dsPIC core has a 16-bit Status Register (SR), the
LS Byte of which is referred to as the SR Low Byte
(SRL) and the MS Byte as the SR High Byte (SRH).
See Figure 2-1 for SR layout.

SRL contains all the MCU ALU operation status flags
(including the Z bit), as well as the CPU Interrupt Prior-
ity Level status bits, IPL<2:0>, and the REPEAT active
status bit, RA. During exception processing, SRL is
concatenated with the MS Byte of the PC to form a
complete word value which is then stacked.

The upper byte of the SR register contains the DSP
Adder/Subtractor status bits, the DO Loop Active bit
(DA) and the Digit Carry (DC) status bit.

223 PROGRAM COUNTER

The Program Counter is 23 bits wide. Bit 0 is always
clear. Therefore, the PC can address up to 4M
instruction words.
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FIGURE 2-1: dsPIC30F4011/4012 PROGRAMMER’S MODEL
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5.0 INTERRUPTS

Note: This data sheet summarizes features of this group
of dsPIC30F devices and is not intended to be a complete
reference source. For more information on the CPU,
peripherals, register descriptions and general device
functionality, refer to the dsPIC30F Family Reference
Manual (DS70046). For more information on the device
instruction set and programming, refer to the dsP/C30F
Programmer’s Reference Manual (DS70030).

The dsPIC30F4011/4012 has 30 interrupt sources and
4 processor exceptions (traps), which must be
arbitrated based on a priority scheme.

The CPU is responsibie for reading the Interrupt
Vector Table (IVT) and transferring the address con-
tained in the interrupt vector to the program counter.
The interrupt vector is transferred from the program
data bus into the program counter, via a 24-bit wide
multiplexer on the input of the program counter.

The Interrupt Vector Table (IVT) and Alternate Inter-
rupt Vector Table (AlVT) are placed near the beginning
of program memory (0x000004). The IVT and AIVT
are shown in Figure 5-1.

The interrupt controller is responsible for pre-
processing the interrupts and processor exceptions,
prior to their being presented to the processor core.
The peripheral interrupts and traps are enabled,
prioritized and controlled using centralized special
function registers:

+ IFS0<15:0>, IFS1<15:0>, IFS2<15.0>
All interrupt request flags are maintained in these
three registers. The flags are set by their respec-
tive peripherals or external signals, and they are
cleared via software.

+ |EC0<15:0>, IEC1<15:0>, IEC2<15:0>
Ali tnterrupt Enable Control bits are maintained in
these three registers. These control bits are used
to individually enable interrupts from the
peripherals or external signals.

s IPC0<15:0>... IPC11<7:0>
The user assignable priority level associated with
each of these interrupts is held centrally in these
twelve registers,

» IPL<3:0> The current CPU priority level is explic-
itly stored in the IPL bits. IPL<3> is present in the
CORCON register, whereas IPL<2:0> are present
in the status register (SR) in the processor core.

« INTCON1<15:0>, INTCON2<15:0>
Global interrupt control functions are derived from
these two registers, INTCON1 contains the con-
trol and status flags for the processor exceptions.
The INTCONZ2 register controls the external inter-
rupt request signal behavior and the use of the
alternate vector table.

Note: Interrupt Flag bits get set when an inter-
rupt condition occurs, regardiess of the
state of its corresponding Enable bit. User
software should ensure the appropriate
Interrupt Fiag bits are clear prior to
enabling an interrupt.

All interrupt sources can be user assigned to one of 7
priority levels, 1 through 7, via the IPCx registers.
Each interrupt source is associated with an interrupt
vector, as shown in Table 5-1. Levels 7 and 1 repre-
sent the highest and lowest maskable priorities,
respectively.

Note:  Assigning a priority level of O to an inter-
- rupt source is equivalent to disabling that
interrupt,

If the NSTDIS bit (INTCON1<15>) is set, nesting of
interrupts is prevented. Thus, if an interrupt is currently
being serviced, processing of a new interrupt is pre-
vented, even if the new interrupt is of higher priority
than the one currently being serviced.

Note:  The IPL bits become read-only whenever
the NSTDIS bit has been setto '1".

Certain interrupts have specialized control bits for fea-
tures like edge or level triggered interrupts, interrupt-
on-change, etc. Control of these features remains
within the peripheral module which generates the
interrupt.

The DISI instruction can be used to disable the
processing of interrupts of priorities 6 and ic..er for a
certain number of instructions, during which the DIS| bit
(INTCONZ2<14>) remains set.

When an interrupt is serviced, the PC is loaded with the
address stored in the vector location in Program Mem-
ory that corresponds to the interrupt. There are 63 dif-
ferent vectors within the IVT (refer to Figure 5-2). These
vectors are contained in locations 0x000004 throu jh
0x0000FE of program memory (refer to Figure 5-2).
These locations contain 24-bit addresses, and in order
to preserve robustness, an address error trap will take
place should the PC attempt to fetch any of these
words during normal execution. This prevents execu-
tion of random data as a result of accidentally decre-
menting a PC into vector space, accidentally mapping
a data space address into vector space, or the PC roll-
ing over to 0x000000 after reaching the end of imple-
mented program memory space. Execution of a GOTO
instruction to this vector space will also generate an
address error trap.
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5.1 Interrupt Priority

The user assignable Interrupt Priority (IP<2:0>) bits for
each individual interrupt source are located in the LS 3-
bits of each nibble, within the IPCx register(s). Bit 3 of
each nibble is not used and is read as a ‘0. These bits
define the priority level assigned to a particular interrupt
by the user.

Note:  The user selectable priority levels start at
0, as the lowest priority, and level 7, as the
highest priority.

Since more than one interrupt request source may be
assigned to a specific user specified priority level, a
means is provided to assign priority within a given level.
This method is called “Natural Order Priority”.

Natural Order Priority is determined by the position of
an interrupt in the wvector table, and only affects
interrupt operation when mulitiple interrupts with the
same user-assigned priority become pending at the
same time.

Table 5-1 lists the interrupt numbers and interrupt
sources for the dsP!C devices and their associated
vector numbers.

Note 1: The natural order priority scheme has 0
as the highest priority and 53 as the
lowest priority.

2: The natural order priority number is the
same as the INT number.

The ability for the user to assign every interrupt to one
of seven priority levels implies that the user can assign
a very high overall priority level to an interrupt with a
low natural order priority. For example, the PLVD (Low
Voltage Detect) can be given a priority of 7. The INTO
(external interrupt 0) may be assigned to priority level
1, thus giving it a very low effective priority.

TABLE 5-1: INTERRUPT VECTOR TABLE

INT Vector

Number | Number Interrupt Source

Highest Natural Order Priority

8 INTO - External Interrupt 0

9 IC1 - Input Capture 1

10 OC1 - Output Compare 1

11 T1-Timer 1

12 IC2 - Input Capture 2

13 0OC2 - Qutput Compare 2

14 T2 - Timer 2

15 T3 - Timer 3

| ]

16 SPI1

17 U1RX - UART1 Receiver
18 U1TX - UART1 Transmitter

19 ADC - ADC Convert Done

20 NVM - NVM Write Complete

21 SI2C - I2C Siave Interrupt

22 MI2C - I2C Master interrupt

23 input Change Interrupt
24 INT1 - External Interrupt 1

25 IC7 - input Capture 7

26 IC8 - Input Capture 8

alalalalaialalalala
ololwlolo|alw|ln]|I|o|@|@|N|[jIAMMwiNI=O

27 OC3 - Output Compare 3

20 28 OC4 - Output Compare 4
21 29 T4 - Timer 4

22 30 T5 - Timer 5

23 31 INT2 - External Interrupt 2
24 32 U2RX - UART2 Receiver
25 33 U2TX - UART2 Transmitter
26 34 Reserved

27 35 C1 - Combined IRQ for CAN1
28 36 Reserved

29 37 Reserved

30 38 Reserved

31 39 Reserved

32 40 Reserved

33 41 Reserved

34 42 Reserved

35 43 Reserved

36 44 Reserved

37 45 Reserved

38 46 Reserved

39 47 PWM - PWM Period Match
40 48 QEI - QE! Interrupt

41 49 Reserved

42 50 Reserved

43 51 FLTA - PWM Fault A

44 52 Reserved

45-53 53-61 | Reserved

Lowest Natural Order Priority
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7.0 DATA EEPROM MEMORY

Note: This data sheet summarizes features of this group
of dsPIC30F devices and is not intended to be a complete
reference source. For more information on the CPU,
peripherals, register descriptions and general device
functionality, refer to the dsPIC30F Family Reference
Manual (DS70046). For more information on the device
instruction set and. programming, refer to the dsP/C30F
Programmer’s Reference Manual (DS70030).

The Data EEPROM Memory is readable and writable
during normal operation over the entire VDD range. The
data EEPROM memory is directly mapped in the
program memory address space.

The four SFRs used to read and write the program
Flash memory are used to access data EEPROM
memory, as well. As described in Section 4.0, these
registers are:

+ NVMCON
« NVMADR
+ NVMADRU
+ NVMKEY

The EEPROM data memory ailows read and write of
single words and 16-word blocks. When interfacing to
data memory, NVMADR, in conjunction with the
NVMADRU register, is used to address the EEPROM
jocation being accessed. TBLRDL and TBLWTL instruc-
tions are used to read and write data EEPROM. The
dsPIC30F4011/4012 device has 1 Kbyte (512 words) of
data EEPROM, with an address range from 0x7FFCQ0
to OX7FFFFE.

A word write operation should be preceded by an erase
of the corresponding memory location(s). The write
typically requires 2 ms to complete, but the write time
will vary with voltage and temperature.

A program or erase operation on the data EEPROM
does not stop the instruction flow. The user is respon-
sible for waiting for the appropriate duration of time
before initiating another data EEPROM write/erase
operation. Attempting to read the data EEPROM while
a programming or erase operation is in progress results
in unspecified data.

Control bit WR initiates write operations, similar to pro-
gram Flash writes. This bit cannot be cleared, only set,
in software. This bit is cleared in hardware at the com-
pietion of the write operation. The inability to clear the
WR bit in software prevents the accidental or
premature termination of a write operation.

The WREN bit, when set, will allow a write operation.
On power-up, the WREN bit is clear. The WRERR bit is
set when a write operation is interrupted by a MCLR
Reset, or a WDT Time-out Reset, during normal oper-
ation. In these situations, following Reset, the user can
check the WRERR bit and rewrite the location. The
address register NVMADR remains unchanged.

Note: Interrupt flag bit NVMIF in the IFSO regis-
ter is set when write is complete. It must be

cleared in software.

71 Reading the Data EEPROM

A TBLRD instruction reads a word at the current pro-
gram word address. This example uses WO as a
pointer to data EEPROM. The result is placed in
register W4, as shown in Example 7-1.

EXAMPLE 7-1: DATA EEPROM READ

MOV 4LOW_ADDR_WORD,W0 ; Init Pointer
MoV #HIGH_ADDR_WORD, W1

MOV W1 TBLPAG

TBLRDL [ WO ], W4 ; read data EEPROM
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8.0 /O PORTS

Note: This data sheet summarizes features of this group
of dsPIC30F devices and is not intended to be a complete
reference source. For more information on the CPU,
peripherals, register descriptions and general device
functionality, refer to the dsPIC30F Family Reference
Manual (DS70046).

All of the device pins (except Voo, Vss, MCLR and
OSC1/CLKIN) are shared between the peripherals and
the parallel I/O ports.

All VO input ports feature Schmitt Trigger inputs for
improved noise immunity.

8.1 Parallel /0 (P1O) Ports

When a peripheral is enabled and the peripheral is
actively driving an associated pin, the use of the pin as
a general purpose output pin is disabled. The |/O pin
may be read, but the output driver for the Parallel Port
bit will be disabled. If a peripheral is enabled, but the
peripheral is not actively driving a pin, that pin may be
driven by a port.

All port pins have three registers directly associated
with the operation of the port pin. The data direction
register (TRISx) determines whether the pin is an input
or an output. If the Data Direction bit is a ‘1’, then the
pin is an input. All port pins are defined as inputs after
a Reset. Reads from the latch (LATx), read the latch.
Writes to the latch, write the latch (LATx). Reads from
the port (PORTXx), read the port pins, and writes to the
port pins, write the latch (LATx).

FIGURE 8-1:

Any bit and its associated data and control registers
that are not valid for a particular device will be
disabled. That means the corresponding LATx and
TRISx registers and the port pin will read as zeros.

When a pin is shared with another peripheral or func-
tion that is defined as an input only, it is nevertheless
regarded as a dedicated port because there is no
other competing source of outputs. An example is the
INT4 pin.

The format of the registers for PORTX are shown in
Table 8-1.

The TRISX (Data Direction Control} register controls
the direction of the pins. The LATX register supplies
data to the outputs, and is readablefwritable. Reading
the PORTX register yields the state of the input pins,
while writing the PORTX register modifies the contents
of the LAT X register.

A parallel I/O (P1O) port that shares a pin with a periph-
eral is, in general, subservient to the peripheral. The
peripheral’'s output buffer data and contro! signals are
provided to a pair of multiplexers. The multiplexers
select whether the peripheral or the associated port
has ownership of the output data and control signals of
the 1/0 pad cell. Figure 8-2 shows how ports are shared
with other peripherals, and the associated I/O cell (pad)
to which they are connected. Table 8-1 and shows the
formats of the registers for the shared ports, PORTB
through PORTG.

BLOCK DIAGRAM OF A DEDICATED PORT STRUCTURE

Dedicated Port Module

|
—2] | IO Celt
‘ | |
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| 110 Pad |

S —

| |
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| Read TRIS
l
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|
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l
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9.0 TIMER1 MODULE

Note: This data sheet summarizes features of this group
of dsPIC30F devices and is not intended to be a complete
reference source. For more information on the CPU,
peripherals, register descriptions and general device
functionality, refer to the dsPIC30F Family Reference
Manual (DS70046).

This section describes the 16-bit General Purpose
(GP) Timer1t module and associated operational
modes. Figure 9-1 depicts the simplified block diagram
of the 16-bit Timer1 Module.

Note: Timer1is a ‘Type A’ timer. Please refer to
the specifications for a Type A timer in
Section 24.0 Electrical Characteristics of

this document,

The following sections provide a detailed description,
including setup and control registers along with associ-
ated block diagrams for the operational modes of the
timers,

The Timer1 module is a 16-bit timer which can serve as
the time counter for the real-time clock, or operate as a
free running interval timer/counter. The 16-bit timer has
the following modes:

+ 16-bit Timer

+ 16-bit Synchronous Counter

+ 16-bit Asynchronous Counter

Further, the following operational characteristics are
supported:

+ Timer gate operation

+ Selectable prescaler settings

+ Timer operation during CPU Idle and Sleep

modes

Interrupt on 16-bit period register match or falling
edge of external gate signal

These operating modes are determined by setting the
appropriate bit(s) in the 16-bit SFR, T1CON. Figure 9-1
presents a block diagram of the 16-bit timer module.

16-bit Timer Mode: In the 16-bit Timer mode, the timer
increments on every instruction cycle up to a match
value, preloaded into the period register PR1, then
resets to 0 and continues to count.

When the CPU goes into the Idle mode, the timer will
stop incrementing, unless the TSIDL (T1CON<13>)
bit = 0. If TSIDL = 1, the timer module logic will resume
the incrementing sequence upon termination of the
CPU Idle mode.

16-bit Synchronous Counter Mode: In the 16-bit
Synchronous Counter mode, the timer increments on
the rising edge of the applied external clock signal,
which is synchronized with the internal phase clocks.
The timer counts up to a match value preloaded in PR1,
then resets to 0 and continues.

When the CPU goes into the Idle mode, the timer will
stop incrementing, unless the respective TSIDL bit = 0.
If TSIDL = 1, the timer module logic will resume the
incrementing sequence upon termination of the CPU
Idie mode.

16-bit Asynchronous Counter Mode: In the 16-bit
Asynchronous Counter mode, the timer increments on
every rising edge of the applied external clock signal.
The timer counts up to a match value preloaderi in PR1,
then resets to 0 and continues.

When the timer is configured for the Asynchron dus mode
of operation and the CPU goes into the Idie inode, the
timer will stop incrementing if TSIDL = 1.

© 2005 Migrochip Technology inc.
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16-BIT TIMER1 MODULE BLOCK DIAGRAM (TYPE A TIMER)

FIGURE 9-1:
PR1
Equal
Comparator x 16
TMR1
Reset

THF 0 &
Event Flag 1 Q D TGATE
QfcK
TGATE w
0 <
ST
________________________ B TCKPS<1:0>
. sosco/ S TON 2
L TiCK X ' %L X
' X Gate Prescaler
LPOSCEN Sync 01 1.8, 64, 256
s [Y] , N
9.1 Timer Gate Operation 9.3 Timer Operation During Sleep
The 16-bit timer can be placed in the Gated Time Accu- Mode
mulation mode. This mode allows the internal Tcy to During CPU Sleep mode, the timer will operate if:
increment the respective timer when the gate input sig- , , ~
nal (T1CK pin) is asserted high. Control bit TGATE The timer module is enabled (TON = 1) and
(T1ICON<6>) must be set to enable this mode. The + The timer clock source is selected as external
timer must be enabled (TON = 1) and the timer clock (TCS=1)and
source set to internal (TCS = 0). + The TSYNC bit (T1ICON<2>) is asserted to a logic
When the CPU goes into the Idle mode, the timer will 0. Wh‘ﬁh defines the external clock source as
stop incrementing, unless TSIDL = 0. If TSIDL = 1, the asynchronaus
timer will resume the incrementing sequence upon When all three conditions are true, the timer will con-
termination of the CPU Idle mode. tinue to count up to the period register and be reset to
0x0000.
9.2 Timer Prescaler When a match between the timer and the period regis-
. . ter occurs, an interrupt can be generated, if the
The input clock (Fosc/4 or gxternal clock) to the 16-bit respective Timer Interrupt Enable bit is asserted.
Timer, has a prescale option of 1:1, 1:8, 1:64, and
1:256 selected by control bits TCKPS<1:0>
(T1CON<5:4>), The prescaler counter is cleared when
any of the following occurs:
+ awrite to the TMR1 register
+ clearing of the TON bit (T1ICON<15>)
+ device Reset such as POR and BOR
However, if the timer is disabled (TON = 0), then the
timer prescaler cannot be reset since the prescaler
clock is halted.
TMR1 is not cleared when T1CON is written. It is
cleared by writing to the TMR 1 register.
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17.0 12C™ MODULE

Note: This data sheet summarizes features of this group
of dsPIC30F devices and is not intended to be a complete
reference source. For more information on the CPU,
peripherals, register descriptions and general device
functionality, refer to the dsPIC30F Family Referance
Manual (DS70046).

The Inter-integrated Circuit (12C) module provides
complete hardware support for both Slave and Multi-
Master modes of the 12C serial communication
standard, with a 16-bit interface.

This module offers the following key features:

+ I1%C interface supporting both Master and Slave
operation.

» I2C Slave mode supports 7 and 10-bit address.

« 12C Master mode supports 7 and 10-bit address.

« I12C port allows bi-directional transfers between

master and slaves.

Serial clock synchronization for 12C port can be

used as a handshake mechanism to suspend and

resume serial transfer (SCLREL controf).

< 1%c supports Multi-Master operation; detects bus
collision and will arbitrate accordingly.

17.1 Operating Function Description

The hardware fully implements all the master and slave
functions of the 12C Standard and Fast mode specifica-
tions, as well as 7 and 10-bit addressing.

Thus, the 1°C module can operate either as a slave or
a master on an I°C bus.

17.1.1 VARIOUS 1°C MODES
The following types of 12C operation are supported:

+ 12C Slave operation with 7-bit address
+ I2C Slave operation with 10-bit address
« 12C Master operation with 7 or 10-bit address

See the 12C programmer's model in Figure 17-1.

17.1.2 PIN CONFIGURATION IN 1°C MODE

12C has a 2-pin interface; pin SCL is clock and pin SDA
is data.

17.1.3  1°C REGISTERS

I2CCON and I2CSTAT are control and status registers,
respectively. The I2CCON register is readable and writ-
able. The lower 6 bits of I2CSTAT are read only. The
remaining bits of the I2CSTAT are read/write.

I2CRSR is the shift register used for shifting data,
whereas I2CRCV is the buffer register to which data
bytes are written, or from which data bytes .re read.
12CRCV is the receive buffer, as shown in Figure 17-1.
I2CTRN is the transmit register to which hytes are
written during a transmit operation, as shown in
Figure 17-2.

The I2CADD register holds the slave address. A status
bit, ADD10, indicates 10-bit Address mode. The
12CBRG acts as the baud rate generator reload valt ».

In receive operations, I2CRSR and I2CRC'/ together
form a double buffered receiver. When I12CRSR
receives a complete byte, it is transferred to 12CRCV
and an interrupt pulse is generated. Curing
transmission, the I2CTRN is not double buffered.

Note:  Following a Restart condition in 10-bit
mode, the user only needs to match the
first 7-bit address.

FIGURE 17-1: PROGRAMMER'’S MODEL
| ] 12CRCV (8 bits)
bit 7 bit 0
[ | 12CTRN (8 bits)
bit 7 bit 0
[ | 12CBRG (9 bits)
bit 8 bit 0
l | 12CCON (16-bits)
bit 15 bit 0
| ] 12CSTAT (16-bits)
bit 15 bit 0
L | 12CADD (10-bits)
bit 9 bit 0
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FIGURE 17-2:

I2C BLOCK DIAGRAM
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17.2  12C Module Addresses

The I2CADD register contains the Slave mode
addresses. The register is a 10-bit register.

If the A10M bit (I2CCON=<10>) is '0’, the address is
interpreted by the module as a 7-bit address. When an
address is received, it is compared to the 7 LS bits of
the 1I2CADD register.

If the A10M bit is ‘1", the address is assumed to be a
10-bit address. When an address is received, it will be
compared with the binary value ‘11110 A9 A8’ (where
a9 and As are two Most Significant bits of I2CADD). If
that value matches, the next address will be compared
with the Least Significant 8 bits of I2CADD, as specified
in the 10-bit addressing protocol.

The 7-bit 12C Slave Addresses supported by the
dsPIC30F are shown in Table 17-1.

TABLE 17-1;  7-BIT I2C SLAVE ADDRESSES

17.3.2 SLAVE RECEPTION

If the R_W bit received is a ‘0’ during an address
match, then Receive mode is initiated. Incoming bits
are sampled on the rising edge of SCL. After 8 bits are
received, if I2CRCV is not full or 12COV is not set,
i2CRSR is transferred to [2CRCV. ACK is sent on the
ninth clock.

If the RBF flag is set, indicating that 12CRCV is still
holding data from a previous operation (RBF = 1), then
ACK is not sent; however, the interrupt pulse is gener-
ated. In the case of an overflow, the contents of the
I2CRSR are not loaded into the I2CRCV.

Note:  The I2CRCV will be loaded if the 12COV
bit = 1 and the RBF flag = 0. In this case,
a read of the I2CRCV was performed, but
the user did not clear the state of the
I2COV bit before the next receive
occurred. The acknowledgement is not
sent (ACK = 1) and the I2CRCV is

17.3  12C 7-bit Slave Mode Operation

Once enabled (I2CEN = 1), the slave module will wait
for a start bit to occur (i.e., the 12C module is ‘Idle’).
Following the detection of a start bit, 8 bits are shifted
into 12CRSR and the address is compared against
I2CADD. In 7-bit mode (A10M = 0), bits 2CADD<6.0>
are compared against I2CRSR<7:1> and I12CRSR<0>
is the R_W bit. Ali incoming bits are sampled on the
rising edge of SCL.

If an address match occurs, an acknowledgement will
be sent, and the slave event interrupt flag (SI2CIF) is
set on the falling edge of the ninth (ACK) bit. The
address match does not affect the contents of the
12CRCV buffer or the RBF bit.

17.31 SLAVE TRANSMISSION

If the R_W bit received is a ‘1’, then the serial port will
go into Transmit mode. It will send ACK on the ninth bit
and then hold SCL to ‘0" until the CPU responds by writ-
ing to I2CTRN. SCL is released by setting the SCLREL
tit, and 8 bits of data are shifted out. Data bits are
shifted out on the falling edge of SCL, such that SDA is
valid during SCL high (see timing diagram). The inter-
rupt pulse is sent on the falling edge of the ninth clock
pulse, regardiess of the status of the ACK received
from the master.

0x00 General call address or start byte updated.

0x01-0x03 Reserved

0X04-0x77 | Vald 7-bit addresses 17.4  12C 10-bit Slave Mode Operation
0x78-0x7b Valid 10-bit addresses (lower 7 bits) In 10-bit mode, the basic receive and transmit opera-
0x7c-0x7f Reserved tions are the same as in the 7-bit mode. However, the

criteria for address match is more complex.

The I1°C specification dictates that a slave must be
addressed for a write operation, with two address bytes
following a start bit.

The A10M bit is a control bit that signifies that the
address in I2CADD is a 10-bit address rather than a
7-bit address. The address detection protocol for the
first byte of a message address is identical for 7-bit
and 10-bit messages, but the bits being compared are
different.

{2CADD holds the entire 10-bit address. Upon receiv-
ing an address following a start bit, I2ZCRSR <7:3> is
compared against a literal ‘11110" {the default 10-bit
address) and 12CRSR<2:1> are compared against
[2CADD<9:8>. If a match occurs and if R_W = g, the
interrupt pulse is sent. The ADD10 bit will be cleared to
indicate a partial address match. If a match fails or
R_W = 1, the ADD10 bit is cleared and the module
returns to the Idle state,

The low byte of the address is then received and com-
pared with {2CADD<7:0>. If an address match occurs,
the interrupt pulse is generated and the ADD10 bit is
set, indicating a complete 10-bit address match. If an
address match did not occur, the ADD10 bit is cleared
and the module returns to the |dle state.

17.4.1 10-BIT MODE SLAVE
TRANSMISSION

Once a siave is addressed in this fashion, with the full
10-bit address (we will refer to this state as
"PRIOR_ADDR_MATCH"), the master can begin
sending data bytes for a slave reception operation.
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Current Transducer LA 55-P

For the electronic measurement of currents : DC, AC, pulsed...,
with a galvanic isolation between the primary circuit (high power)

and the secondary circuit (electronic circuit).

[ Electrical data

PN

Ly Primary nominal r.m.s. current 50 A  Features
R Primary current, measuring range 0..£70 A
R, Measuring resistance @ T,=70°C| T,=85°C e Closed loop (compensated) current
LS £ N L S S transducer using the Hall effect
with £ 12 V @+50A 10 100!l 60 95 @ ¢ Printed circuit board mounting
@ L70A 10 50 | 60" gon ¢  * Insulated plastic case recognized
with 15V @t50A, 50 160 | 135 155 @  accordingto UL 94-V0.
@+70A 50 90 |135%1352 Q
Advantages
len Secondary nominal r.m.s. current 50 mA
K, Conversion ratio ) 1:1000 o Excellent accuracy
Vc Supply VO“age (i 5 /0) +12..15 V ° very good “nearl‘ty
I Current consumptlon' ‘ 10@+15V)+1l, mA o Low temperature drift
v, R.m.s. voltage for AC isolation test, 50 Hz, 1 mn 2.5 kV Optimized response time
- ¢ Wide frequency bandwidth
L Accuracy - Dynamic performance data e No insertion losses
X Accuracy @]1,,, . T, = 25°C @+15V(£5%) 10.65 % ® High immunity to external
@+12..15V(£5%) +0.90 % interference
€, Linearity <0.15 % * Current overload capability.
Typ | Max . .
(N Offset current @ I,= 0, T, = 25°C 02 mA Applications
bu Residual current® @ I, = 0, after an overload of 3 x |, £0.3 mA . y
I, Thermal drift of I 0°C..+70°C |+0.41|%05 mA git;f:'ﬁs/':ss'peed drives and servo
- 25° ° + +
25°C ..+ 85°C t017+06 mA ¢ Static converters for DC motor drives
t. Reaction time @ 10 % of I, __, < 500 ns « Battery supplied upplications
t Response time @ 90 % of I, <1 MS e Uninterruptible Power Supplies
di/dt  di/dt accurately followed > 200 Alus (UPS)
f Frequency bandwidth (- 1dB) DC .. 200 kHz ¢ Switched Mode Power Supplies
(SMPS)
General data —l e Power supplies for welding
T, Ambient operating temperature -25..+85 °C applications.
T, Ambient storage temperature -40..+90 °’C
R, Secondary coil resistance @ T,=70°C 80 Q
T, =85C 85 Q
m Mass 18 g
Standards 9 EN 50178
Notes : ¥ Measuring range limited to £ 60 A
4 Measuring range limited to + 55 A __ J
% Result of the coercive field of the magnetic circuit
“ A list of corresponding tests is available 980706/8
LEM Components



Dimensions LA 55-P (in mm. 1 mm = 0.0394 inch)

Bottom view

14.45

Left view

27.6 4 54/-6.3

- 12.7 =
e — ~
® -
LEM® | As5-P _
-_— Secondary terminals
: swiss | | ~ ‘
T c € S P d e Terminal + : supply voltage +12.. 15V
© ; maae Terminal - : supply voltage - 12.. 15V
= M —_ 00 00 00 X Terminal M : measure
) W :
(@)
- 208 2286 Connection
_j 365
/s \ \ * ~0 +
Standard 00 Year Week LA 55-P - ] 0 -
o S RM
or N° SP.. M O — oV
Front view
Mechanical characteristics Remarks
* General tolerance £ 0.2 mm * | is positive when I flows in the direction of the arrow.
* Primary through-hole 12.7 x 7 mm s Temperature of the primary conductor should not exceed
* Fastening & connection of secondary 3 pins 90°C.
0.63 x 0.56mm * Dynamic performances (di/dt and response time) are best
Recommended PCB hole 0.9 mm with a single bar completely filling the primary hole.

¢ In order to achieve the best magnetic coupling, the primary

windings have to be wound over the top edge of the device.

* This is a standard model. For different versions (supply

voltages, turns ratios, unidirectional measurements...),
please contact us.

LEM reserves the right to carry out modifications on its transducers, in order to improve them, without previous notice.



INTEGRATED CIRCUITS

PCF8591

DATA SHEET

8-bit A/D and D/A converter

Product specification
Supersedes data of 1997 Apr 02
File under Integrated Circuits, [C12

Philips
Semiconductors

PPPPPPP

1998 Jul 02

PHILIPS



Philips Semiconductors Product specification

8-bit A/D and D/A converter PCF8591
6 PINNING
SYMBOL | PIN DESCRIPTION
AINO 1
| AINT 2 analog inputs
AIN2 3 (AID converter) ano [1] U %] Voo
AIN3 4 .
a0 5 ANt [2] 18] AOUT
A1 6 hardware address : ANz [3 ] [14] Vaer
A2 7 ANg [4] 13] AGND
Vg, 8 nzegative supply voltage A0 E PCFase! E EXT
SDA 9 12C-bus data input/output
SCL 10 | 12C-bus clock i:put : Al E E ose
0SsC 11 oscillator input/output A2 [:7: E sct
EXT 12 external/internal switch for oscillator Vg [E_: 9 | SDA

mDUt 7280958.1

AGND 13 analog ground
VREF 14 voltage reference input
AOUT 15 analog output (D/A converter) Fig.2 Pinning diagram.
Vop 16 positive supply voltage

1998 Jul 02 5




Philips Semiconductors

Product specification

8-bit A/D and D/A converter

PCF8591

7 FUNCTIONAL DESCRIPTION
7.1  Addressing

Each PCF8591 device in an 12C-bus system is activated by
sending a valid address to the device. The address
consists of a fixed part and a programmable part.

The programmable part must be set according to the
address pins AQ, A1 and A2. The address always has to
be sent as the first byte after the start condition in the
12C-bus protocol. The last bit of the address byte is the
read/write-bit which sets the direction of the following data
transfer (see Figs 3, 15 and 16).

MSB LS8
1o o] 1|A2]|At]aA0|R/W

V

fixed part programmabie part
Fig.3 Address byte.

7280960

1988 Jul 02

7.2 Control byte

The second byte sent to a PCF8591 device will be stored
in its control register and is required to control the device
function.

The upper nibble of the control registeris used for enabling
the analog output, and for programming the analog inputs
as single-ended or differential inputs. The lower nibble
selects one of the analog input channels defined by the
upper nibble (see Fig.4). If the auto-increment flag is set
the channel number is incremented automatically after
each A/D conversion.

If the auto-increment mode is desired in applications
where the interna! oscillator is used, the analog output
enable flag in the control byte (bit 6) should be set. This
allows the internal oscillator to run continuously, thereby
preventing conversion errors resulting from oscillator
start-up delay. The analog output enable flag may be reset
at other times to reduce quiescent power consumption.

The selection of a non-existing input channel resuits in the
highest available channel number being allocated.
Therefore, if the auto-increment flag is set, the next
selected channel will be always channel 0. The most
significant bits of both nibbles are reserved for future
functions and have to be set to 0. After a Power-on reset
condition all bits of the control register are reset to 0.

The D/A converter and the oscillator are disabled for power
saving. The analog output is switched to a high-impedance
state.



Philips Semiconductors Product specification

8-bit A/D and D/A converter PCF8591
MSB LS8
(-6 X X X 0 X X X CONTROL BYTE
_J
‘—E-—J— A/D CHANNEL NUMBER:

00 channel 0
01 channel 1
10 channel 2
11 channel 3

AUTOINCREMENT FLAG:
(switched on if 1)

— ANALOGUE INPUT PROGRAMMING:

00 Four single ended inputs

AINO channel 0
AIN1 channel 1
AIN2 channel 2
AIN3 channel 3

01 Three differential inputs

AINO
channe! 0
AINT ==l
channel 1
AINZ >
- channel 2
AIN3

10 Single ended and differential mixed

AINQ ——————— channel 0
AIN1 —————r—e————em channel 1
AIN2 et
channel 2
AIN3 ~
AR Two ditferential inputs
AINQ — 3
channel 0
AIN1 ——1
AINZ —T
channel 1
AIN3 ——~
ANALOGUE OUTPUT ENABLE FLAG:
(analogue output active if 1) 7280981

Fig.4 Control byte.

1998 Jul 02 7



Philips Semiconductors Product specification

8-bit A/D and D/A converter PCF8591

8 CHARACTERISTICS OF THE 12C-BUS

The 12C-bus is for bidirectional, two-line communication between different ICs or modules. The two lines are a serial data
line (SDA) and a serial clock line (SCL). Both lines must be connected to a positive supply via a pull-up resistor. Data
transfer may be initiated only when the bus is not busy.

8.1 Bit transfer

One data bit is transferred during each clock pulse. The data on the SDA line must remain stable during the HIGH period
of the clock pulse as changes in the data line at this time will be interpreted as a controf signal.

soa  / . X \

| |
data line | change |

] I
] |
| i
| |
| |
| |
| |

|

|

| stable; i of data |

| data valid ) allowed MBC621

Fig.11 Bit transfer.

8.2  Start and stop conditions

Both data and clock lines remain HIGH when the bus is not busy. A HIGH-to-LOW transition of the data line, while the
clock is HIGH, is defined as the start condition (S). A LOW-to-HIGH transition of the data line while the clock is HIGH, is
defined as the stop condition (P).

-

L —— o — =

START condition STOP condition MBC622

Fig.12 Definition of START and STOP condition.

1998 Jul 02 13



Data Sheet No. PD60147 Rev.T

International
ISR Rectifier IR2110(S)/IR2113(S) & (PbF)
HIGH AND LOW SIDE DRIVER

Features Product Summary
® Floating channel designed for bootstrap operation
Fully operational to +500V or +600V VorFrseT (IR2110) 500V max.
Tolerant to negative transient voitage (IR2113) 600V max.
dVv/dt immune
® Gate drive supply range from 10 to 20V lo+/- 2A 1 2A
® Undervoltage lockout 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 .
® Cycle by cycle edge-triggered shutdown logic Delay MatChmg (IIE%TITI%) 12% ns max.
® Matched propagation delay for both channels L ) ns max.

® Outputs in phase with inputs
® Also available LEAD-FREE

Description %
The IR2110/IR2113 are high voltage, high speed power MOSFET and

IGBT drivers with independent high and low side referenced output
channels. Proprietary HVIC and latch immune CMOS technologies
enable ruggedized monolithic construction. Logic inputs are compat-
ible with 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. Propaga-
tion 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 volts.

Packages

14-Lead PDIP 16-Lead SOIC
IR2110/IR2113  |R21108/IR21138

Typical Connection up to 500V o 600V

S — EN

Vpp o4 Vpp Vg 5

HIN o—Z= HIN v —3 - 1o
SD o sD Y S-OAD
LIN o LIN Vee 4

Vg O Vg  COM |—& ‘ Er

Veo O“—‘ LO —VWVV, A

(Refer to Lead Assignments for correct pin configuration). This/These diagram(s) show electrical
connections only. Please refer to our Application Notes and Design Tips for proper circuit board layout.

www.irf.com 1



IR2110(S)/IR2113(S) & (PbF)

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 stili air conditions. Additional information is shown in Figures 28 through 35.

International
TuR Rectifier

 Symbol Definition Min. Max. Units
Vg High side floating supply voltage (IR2110) -0.3 525 -
(IR2113) -0.3 625
Vg High side floating supply offset voltage Vg - 25 Vg + 0.3
VHO High side floating output voltage Vg-0.3 Vg + 0.3
Vee Low side fixed supply voltage -0.3 25
Vio Low side output voltage -0.3 Vee + 0.3 v
Voo Logic supply voltage -0.3 Vgs + 25
Vss Logic supply offset voltage Vee - 25 Vee + 0.3
ViN Logic input voltage (HIN, LIN & SD) Vgs - 0.3 Vpp + 0.3
dVg/dt Allowable offset supply voltage transient (figure 2) — 50 Vins
Pp Package power dissipation @ Ta < +25°C (14 lead DIP) — 1.6
(16 lead SOIC) — 1.25 W
RTHJA Thermal resistance, junction to ambient (14 lead DIP) — 75 . ]
(16 lead SOIC) — 100 cw
Ty Junction temperature — 150
Ts Storage temperature -55 150 °Z
TL Lead temperature (soldering, 10 seconds) — 300

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

Symbol o __ Definition Min. Max. Units
Vg B High side floating supply absolute voltage Vg + 10 Vg + 20
Vs High side floating supply offset voltage ~ (IR2110) Note 1 500
(IR2113) Note 1 600
VHO High side floating output voltage Vs \:)
Vee Low side fixed supply voitage 10 20 V]
Vio Low side output voltage 0 vce
Voo Logic supply voltage Vgs + 3 Vgg + 20
Vss Logic supply offset voltage -5 (Note 2) 5
VIN Logic input voltage (HIN, LIN & SD) Vss Vbp
TA Ambient temperature -40 125 °C

Note 1. Logic operational for Vg of -4 to +500V. Logic state held for Vg of -4V to -Vgs. (Please refer to the Design Tip
DT97-3 for more details).
Note 2: When Vpp < 5V, the minimum Vgg offset is limited to -Vpp.

2

www.irf.com



International
ToR Rectifier

IR2110(S)/IR2113(S) & (PbF)

Dynamic Electrical Characteristics

Vgias (Vce. Ves, Vpo) = 15V, CL = 1000 pF, Ta = 25°C and Vgg = COM unless otherwise specified. The dynamic
electrical characteristics are measured using the test circuit shown in Figure 3.

Symbol|  Definition Figure | Min. | Typ. |Max. | Units Test Conditions
B ton Turn-on propagation delay i 7 —_ 120 150 Vg = 0V
toff Turn-off propagation delay 8 — 94 125 Vs = 500V/600V
tsd Shutdown propagation delay 9 — 110 140 ns Vg = 500Vv/600V
tr Turn-on rise time 10 — 25 35
t¢ Turn-off fall time 11 —_ 17 25
MT Delay matching, HS & LS (IR2110) — — — 10
turn-on/off (IR2113) — — — 20

Static Electrical Characteristics
Vgias (Vce. VBs, Vpp) = 15V, Ta = 25°C and Vgg = COM unless otherwise specified. The Vi, VT and Iy parameters
are referenced to Vgg and are applicable to all three logic input leads: HIN, LIN and SD. The Vg and lg 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 9.5 —_ —
ViL Logic "0" input voltage 13 — — 6.0
VoH High level output voltage, Vgias - Vo 14 - — 1.2 Vv lo = 0A
VoL Low level output voltage, Vo 15 — — 0.1 lo = 0A
ILK Offset supply leakage current 16 — — 50 Vg=Vg = 500V/600V
laBs Quiescent Vgg supply current 17 —_ 125 | 230 ViN =0V or Vpp
lacc Quiescent Ve supply current 18 —_ 180 | 340 LA VIN = 0V or Vpp
labp Quiescent Vpp supply current 19 — 15 30 J ViN = 0V orVpp
lIN+ Logic “1" input bias current 20 — 20 40 ViN = VDD
liN- Logic "0" input bias current 21 — —_ 1.0 ViN =0V
VBSUV+ Vgs supply undervoltage positive going 22 7.5 8.6 9.7
threshold
VBSUV- Vgs supply undervoltage negative going 23 7.0 8.2 9.4
thresholid
Vecuv+ Vcg supply undervoltage positive going 24 7.4 8.5 9.6
threshold v
Vegouy- Ve supply undervoltage negative going 25 7.0 8.2 9.4
threshold
10+ Output high short circuit pulsed current 26 2.0 25 —_— Vo =0V, ViN =Vbo
PW <10 ps
lo- Output low short circuit pulsed current 27 2.0 25 — A Vo =15V, VN = 0V
PW <10 us

www.irf.com




Philips Semiconductors

Product specification

PowerMOS transistors
Avalanche energy rated

IRFP460

FEATURES

SYMBOL

QUICK REFERENCE DATA

+ Repetitive Avalanche Rated

* Fast switching

« Stable off-state characteristics

« High thermal cycling performance
+ Low thermal resistance

Vpss = 500 V

I, = 20 A

GENERAL DESCRIPTION PINNING S0T429 (TO247)
N-channel, enhancement mode PIN DESCRIPTION
field-effect power transistor,
intended for use in off-line switched 1 gate
mode power supplies, T.V. and
computer monitor power supplies, 2 drain
d.c.tod.c. converters, motor control
circuits and general purpose 3 source
switching applications.
tab |drain
The IRFP460 is supplied in the s
SOT429 (TO247) conventional
leaded package.

LIMITING VALUES

Limiting values in accordance with the Ab

solute Maximum System (IEC 134)

SYMBOL [PARAMETER CONDITIONS MIN. MAX, UNIT
Voss Drain-source voltage T,=25°Cto 150°C - 500 vV
Voer Drain-gate voltage 'IJ, =25°Cto 150°C; Rgs = 20 kQ - 500 \Y
Vas Gate-source voltage - + 30 V
In Continuous drain current Top = 25°C; Vgs =10V - 20 A
mb=100°C;VGS=1OV - 12.4 A
lom Pulised drain current T =25°C - 80 A
o Total dissipation T =25°C - 250 W
T Tag Operating junction and - 55 150 ‘'C
storage temperature range
AVALANCHE ENERGY LIMITING VALUES
Limiting values in accordance with the Absolute Maximum System (IEC 134)
SYMBOL |PARAMETER CONDITIONS MIN. MAX. UNIT
Eas Non-repetitive avalanche Unclamped inductive load, I, = 20 A; - 1300 mJ
energy t, = 0.2 ms; T, prior to avalanche = 25°C;
Vop €50V, Rgs =50 Q; Vgg =10V
Ear Repetitive avalanche energy' |1,z = 20 A; t, = 2.5 us; T, prior to - 32 mJ
avalanche = 25°C; Rgs =50 Q; Vgs =10V
las: lar Repetitive and non-repetitive - 20 A
avalanche current
1 pulse width and repetition rate limited by T, max.
September 1999 1 Rev 1.000



Philips Semiconductors

Product specification

PowerMOS transistors IRFP460
Avalanche energy rated
THERMAL RESISTANCES
SYMBOL {PARAMETER CONDITIONS MIN. | TYP. | MAX. | UNIT
Rinjmb Thermal resistance junction - - 05 | KIW
to mounting base
R Thermal resistance junction [SOT429 package, in free air - 45 - K/W
to ambient
ELECTRICAL CHARACTERISTICS
T, =25 "C unless otherwise specified
SYMBOL |PARAMETER CONDITIONS MIN. | TYP. | MAX. | UNIT
Vigrpss | Prain-source breakdown Vgs =0 V; Iy =0.25 mA 500 - - \
voltage
AV grypss /| Drain-source breakdown Vpg = Vgs; lo = 0.25 mA - 0.1 - %IK
T; voltage temperature
coefficient
Rosiony Drain-source on resistance |Vgg =10Vl =10 A - 0.2 (027} Q
GS(TO) Gate threshold voltage Vps = Vags; Ip = 0.25 mA 2.0 3.0 4.0 \
o/ Forward transconductance [Vps=30V;Il; =10 A 13 18 - S
Ioss Drain-source leakage current Vg = 500 V; Vg =0V - 2 50 pA
Vps =400 V; Vg =0V, T;=125°C - 100 | 1000 | pA
lass Gate-source leakage current {Vgs =430 V; Vg =0V - 10 200 nA
Qqon Total gate charge b= 20 A; Vg =400 V; Vgg =10V - 147 | 190 | nC
o Gate-source charge - 12 18 nC
Qqq Gate-drain (Miller) charge - 78 100 | nC
tacon) Turn-on delay time Vop =250V, Ry =12 Q; - 23 - ns
t, Turn-on rise time R;=3.9Q - 72 - ns
Yoty Turn-off delay time - 150 - ns
t; Turn-off fall time - 75 - ns
Ly Internal drain inductance Measured from tab to centre of die - 35 - nH
Ly Internal drain inductance Measured from drain lead to centre of die - 4.5 - nH
L Internal source inductance Measured from source lead to source - 7.5 - nH
bond pad
Ciss Input capacitance Vos =0 V; Vpg=25V;f=1MHz - 3000 - pF
oss Output capacitance - 480 - pF
Cies Feedback capacitance - 270 - pF
SOURCE-DRAIN DIODE RATINGS AND CHARACTERISTICS
T, = 25 "C unless otherwise specified
SYMBOL {PARAMETER CONDITIONS MIN. | TYP. | MAX.| UNIT
I Continuous source current T, = 25°C - - 20 A
(body diode)
Ism Pulsed source current (body [T, =25°C - - 80 A
diode)
Vsp Diode forward voltage ls=20A; Vg =0V - - 1.5 \Y
t, Reverse recovery time s =20 A; Vgs =0V, dl/dt = 100 Alus - 900 - ns
" Reverse recovery charge - 15 - e
September 1999 2 Rev 1.000
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