. | it LI ‘ t.l.\, 4 o n’ | i f B ' ‘I\‘r ‘
“mmumﬂmmm m’ﬁmnmwnm uﬁmumm R
.f ’Uéﬁxrm ”Ili?; Joutrol fug Jl.iﬂﬁ‘uﬂ:ﬂ"lu N '
‘\ { l I\,‘ J \ X .\\" \I
RPN oty .‘ |
CREaE R e R i\
' o’
: A ; ‘m-; ol T 1
. L R wgna i mm
Waytiwdin mqu mm (i 20 Bt
6 g} N il

il

ﬂ!tl'.r:]lﬂglii antn | A

wagandiln aiwndy 0 0
i Ul N X - IR !{".‘;' ‘ t,ﬁ.‘.
\‘ ; \ | l- | . “ ! ] ’I ‘,lll‘ ‘ N :_'ll‘ i

ﬂlﬂgvg mmmwww'mwmanmmu Wi mmmmmuﬂnqmﬁ ,n *sm .ﬁm w.am u‘mx
m‘a*&'mwmﬁwﬁ‘ﬂmn msm’amnm.,nmu s U
ﬂmwsm‘iﬂ“immwwmm mmmm amm mm it

MM aa“iﬂilﬂi L'!h ‘J?'



= = a -] o o 3 -4
m‘iﬂ'mﬂajwlaﬂLLUUlaUSmmmuaumail,c-’lai
Hybrid PID Control for Inverter

lag
UYAIFNA W51l
Wy Unn YUALLA
w1gUg7 Mg
wgaaUiln AN

U‘%mvmuwﬁwuéﬁﬂud'mﬁﬁwaanﬁﬁﬂmmwé’nqmiﬂ“scgsuuﬁmnﬁumamﬁmsﬁm
MAde3aNTIulndn Ausidanssumans
aorvumaluladwszasuindndinumvisaianszsis
Un1sfnen 2557



Hybrid PID Control for PV Inverter

NUTTAPOL VITOORAPORN
BUNDIT BUNTANGTANG
PATAWEE KANSON

SATHAPANIK MADWANG

THIS PROJECT SUBMITTED IN PARTIAL FULFILLMENT OF THE REQUIREMENT
FOR THE BACHELOR DEGREE IN ELECTRICAL ENGINEERING
DEPARTMENT OF ELECTRICAL ENGINEERING FACULTY OF ENGINEERING
KING MONGKUT’S INSTITUTE OF TECHNOLOGY LADKRABANG
2014



Un1s@nw 2557

mimvauilefuuulauiaddmiudunesines
Hybrid PID Control for Inverter

Tae
Wi dgna Wl
Wy Uudie YA
Wy U nugy
W anuin NAANI
9191387UInW

sA.95. anae LNesiitdila



= &l

Uy inustnisdnen 2557
AN su
Azdrnssudans andunaluladnszesunadaummsainnseds

509 msmuauileduuulauiaddmiuunesines

AN
L Wy olgwa WInsal
2. we  Uudin ymuc»%mm
3. we  U§d g
4wy anudn AN

9191567UT N
( 593m1@031915¢ 5. auee esaateila )




nseuauilefuuulauiaddmsuduesines

Wy agwa Ay9asal

U Undin qzyc??mm

wy U fudu

we  anviln wlawds

7R3, ANEA Aosiidedla  er9sdfiusnm

YnsAnwn 2557

UNANED

Immuummuanﬁﬁﬂmmﬁmmmaunamaﬁ Tumsauauussfudmsy
Twanly wﬂuaﬂﬂmmanammwmﬂmmmmmwmmmaawaamuwmmum’t-ﬁ'ﬂuﬁvw
Wil Tassouiidnundunesinesdmiulvanitly Tuguuvunsauauusiu dldinaia
NIATUALKUL PID way Hybrid PID ANS88nlUUES194asnadeuduiesines lvuaLsimumwa
Lﬁmuaﬁ%'m‘iﬂwﬂmva%mUluimmuﬁ uaﬂmwﬂﬁﬂivaw%maﬁﬁiudaumaqmsmmuiﬂa
T5muAuus Ry ﬁfml,ﬂmmimaaqwamauaummqwamammmmLuuﬂmmnm‘swwﬂu
TAsaenil



Hybrid PID Control for PV Inverter

Nuttapol Vitoorapormn

Bundit Buntangtang

Patawee Kanson

Sathapanik Madwang

Assoc.Prof.Dr. Somyot Kaitwanidvilai Adviser
Year 2014

ABSTRACT

This project presents a study of controlled inverter which is an
important device for connecting a renewable energy source. The voltage mode
controlled inverter is studied in this project used PID and Hybrid PID technigue. The
design and test of voltage mode controlled inverter is illustrated. In addition, the
effectiveness of power transfer by controlling voltage, and the dynamic responses of
voltage modle controlled inverter is investigated in this project.
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nssuansuunszuaadu aganunsaudseenldifuaenduie dunesimautiaundadie
399U (Voltage Source Inverter: VSI) fuBuesinesudaurassienssua (Current Source
Inverter: CSI)
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faidefiomnavesssuedindusumqasiidnge
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m‘iLL‘Ua\‘lNUﬂ’)ﬁﬁlWﬁ'ﬁﬂﬂLL’NﬂUIWﬁ’Iﬂ':T“‘LLﬁmS&LﬂUIW”NWﬂivLLﬁﬁﬁ“UI‘Ll‘iﬂ‘ﬂ
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Twuad 1 lvunduiiasined

Vo Wuwani, Wuwnnp, Wuun Aemdsluiiazgnasanaului
nsvuansy (Vy) Tusulwinszuaadu (v,)

Tune?l 2 Tnuaeanseue
v, Wua i, Wuuan p, Wuau Aefmaddlwihazgndswindulwiihnss waady
(vo) Tusulwiinszuanse (v,)

Tuuad 3 Tnueduiesines
Vo uay i, Wuau p, Wuuan Aefddlwihazgndsnndiulainszuanss
(Vy) Tusnulwihnssuaadu (v,)

Tuuadl 4 Iuaiseanseus
=3 & <] [ = o | 2 [Y)
Vo WUUIN i, 1Wuau p, 1uau ﬂamaa“l,w“ﬁwsgﬂmmnmm"l,w%ﬂﬂﬂ'ml,aaau
(vo) dulwinszuansa (v,)

ajugduutlumahaudauanddugus 2.5 4 Tuuslumenusus (anne)
dll i o 3 & L a = né q‘
dWeruuilamaviinuvesdunesines lugui 26 asuanafivmilsives

29958Une5es Aofs A v W A fauudliussiuluindudniiaaeivastnualenns
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Uﬁ 2.6 mmﬂwmaunasLmaiLWmmmwmm

2.2.1 nsadnfanuuiinuidagidy
’lmwaaunamai ma@m'savmwuimulwﬂwmuaamﬂusﬂlwmmmm

U'ﬁ‘ummmLLawmmnmmﬂaamﬂﬂ Imaﬂvlfdasyﬁmmmmmﬂleﬂu (sinusoidal control signal)
mummmnmmmsmmwmumaunuaﬂﬂauammaﬁm (tnangutar waveform) m‘lusﬂw
2.7 ANuivenITaIng () ﬂvmwﬂumﬂmmaﬁﬂmauammaw

Adanazmumneiidfgyuesmsaindauuiidudegu ifwelud

Veontrol EJEY mmmmﬂl«uwmaqmimmamLLiaﬂulw'ﬁwLtazmwmmamuaaﬂ
$4 = utyﬂzugﬂammaammﬂumﬂmumﬂ'mmmmia

fi rivEnyameinuoenvesdunesines

i mnafivesnseindevesduiosines

m,  SMSINSUERIAAMULENNETA
me  BNTINSNEYEARIUADTID

A1 m, kg me demndunsa (2.1 n) way (2.1 9) Mudey

(!
Vtr\'

me = (2.1 %)

s

e U ferganvasdtyaIUnNlY
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A 0sm <1 asdudramsegandadu Samneiesdusznaundnya
vasuserulnidrueen (fundamental-frequency component to the output voltage)
Tngazuusiudaduiuan m,

Tunsdl m>1 ssdudrnismuauuuulenesuogion Senavesuseiuluih
sMuseniziiosduszneveivednganitdansuagrandaudy dmiudeulvvesmsatng
dynauaindauuiidudagdy Ao

Veontrol = Viri Mg ﬁ]%ﬂ’lﬂisuﬂ Vpg = 1/2Vd (7.7

Mgzl > Wit Tx WUINTZUA Vag'=.- YoV (2.3)

Vv Vtri
control
o LS A

Da-
control

- 1 i
nm poo nan ma oan GOt rane nom com o
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.
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|
)
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‘
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1
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a co 22 [T [ 0005 0% oo com w2 oo

¥ 2.8 msadsdyanaeinBauuuiiduidagdue)

o

MVuveEind Ty, wag T, ssduogfunan sUSsuiiounes v g .. i

Vi WBazdRauladsannisn (2.2) way (2.3) warezlufuiufianisweanseug SUN 2.7 uaz
2.8 uwdnshegradflemvuadeuluditaunisii m, = 0.8 wag my = 15 g15ueinailans
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(harmonic spectrum) 289 vy, WWelisuns1iAsufuaTunuRS (OAO)h/(vd/Z) eiledudAny

ANUAIUAD

210

nanyaszulsiududaduiua m, 3o m, axiidegsyming 0 8 1

Vo
Vcontro[ ?/ i
V i / 1 e, .m"‘r— {

L. Agenvaansduliniinuivdnya (7,.) .= M,(Vy/2) Inedimsduniug

Veontrol . !‘1

V.. =
AQ ~ y
Vtri 2

A

Veontrol = VcontroL sin Tt

U

( control |

Vy
WVao), = (=" =)sin (@, t),

Vi 2

Vg
(Vaodl #m, o —2') sin (70 t) ,

1

V,
(Vao), = My1(2),

N
Vcontrolsvtri

N
Vcontrolgvt

r

m,<1.0

m,<1.0

m,<1.0

(2.9)

(£.5)

aumsi (2.5) Rnsanuseneuaingufl 2.9 wanslidudnussulwihfia s

< as

Y

E‘Uﬁ 2.9 fisuidagidunuuled (sinusoidal pulse width modulation: SPWM)

2. mleswuunaniuadn (sideband harmonic) WAATUTOUY 1My, 2my,
3my, ... Aakansluaunisi (2.6) Wse (2.7)

f, = (m£k)f)
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h = jimgtk (2.7)
dle h=1 ﬁamﬁﬁwé’ﬂga (fundamental frequency)

2/ | . @ sﬂ' 1 3 = (7] | ni [-1 1
A j Wuava marsuednaginiuen k Aduiaug
e j Juiavg Aensueiinezwhiue k iduiaed

g wamsgnsuedn (U,) Av/2) Tumsidl 2.1 eldedanainen (V) AVy/2) 22Ty
Hariguriv m,

3. /i my ensueinasanduand isiedrmunlian me @uaatesvinly
Annsausmsiad fanandldainauns -0 = i) nafldfotefiisen e dnauivinty
ﬁé‘wﬁnga;ﬂu Vao dugsHedn@vgarindsiu Tnefitne m>21 88e91 m, fidanlag
favessiueingey (sub-harmonics) sefimtosilodioutiua m

mmumm‘[anamamaw (m,>1) aeiintuile Vcontrol>vtr| Tmﬂmfsﬂﬂauw
WuLuamamvwmwLUumﬂmaaumwmmmmumsaammLLamm’LuiUw 2.10 way 2.11
IaL'Jawamaﬂuumamﬂaﬂummmeulwﬂwaamwmaﬂuaavmﬂwa@ﬂawﬂim m,<l  WANS
quﬂuu‘uammmu‘LW‘WﬁmluL‘Uuwuamummmwmwm LAYYIITIAULOANIIA WY1 88N

=

°Uﬂ\‘1ﬂﬂﬁJﬂWﬁﬂﬂ#ﬂﬂ]BMﬂ?ﬂg'RWJ’N Vy/2 9 aVv /27T L‘UEJULUU?fﬂJﬂTﬂ'ﬂW\‘]u

Vy 4 Vg

Al

— ) < —— (2.8)
D\ G\, Lt 2

vnaumsi 2.8) m ({,,) wagsenieaniivinanilulnunidaudusasTnun

sUnAuAmABY nadluuadmdsnaninenmsf m>s1 uasdosdifunme msfazuends
mﬂwamﬂmwﬁuuagﬂum me A28 WIn me Ja1ann m, Aagsesdianuinlusefiagyinla
Veontrol IAMBOATRIUMBENIMAB LTSy 1008 198188 HanIsSeuTieuRarldusedudiy
gﬂm?iu&%?iau

Aeseil 2.1 ensueiinues (U Ao)h/(vd/Z)

ma
H 0.2 0.4 0.6 0.8 1.0
1
29AUTENOY
o s 0.2 0.4 0.6 0.8 1.0
ANUANAN
ya
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1.242 1.150 1.006 0.818
m + 2 0.318
0.016 0.061 0.131 0.220

M + 0.018

2me+ 1 0.314 0.181
0.326 0.370

2me+ 3 0.190 0.139 0.212
0.024 0.071

2mex 5 0.013 0.033

3mg Q.17d 0.113
0.123 0.083

3mge + 2 0.335 0.176 0.062
0.139 0.203

3mg+ 4 0.044 0.104 0,157
0.012 0.047

3mMe+ 6 0.016 0.44

amy + 1 0.105 0.068
0.008

dme + 3 0.163 0. I5%. U U115 0.009

amg + 5 0.012 0.070 0.084 0.119
0.034

ame + 7 0.017 0.050

A ~ 1 o )
weime: (Voo )n/(vy/20=(0,.),/ -Vl Wuileriduves m,

stlsionudeiduvesnsilenesuegeduifolmanesueinsususg 7

ag”lﬂé’ﬁum%uaﬁﬂé’uﬁuﬁwﬁw%mmﬁwﬁﬂya Wuefuedndudud 3, 5. 7 Wudu Fees
Wuamsyi liAanadeunmasiiluldem Tasiawae egreBesnsinluduemesind saih
wransuelinduduil 3. 5, 7 wwviliiAaidalvige denazyihlfifinanudanans
rnusilunanseriuiliuewesiwihmyuliaiiaue ernfinaidesoaussouzvesuoines

g1

T

3U# 2.10 UmrdunuuiduBagiduuuulenesuegadu(l)
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)
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Torw (ecanin

008




13

gl L i L 1 1 L L 1 L
n nm n nam nms w5 nms nmr nmm A n-
T praccnen)

Ui 2.11 sUadunuuiidudagduuulonesuegadu(2)

nmsiSsuiisudaaeesdyana Tudeulomn ve, v 9z ldtyen
wadduuan Twihuesfenfumn vwo<ve v‘lmwamﬂuaw ﬂﬁmianaimmawimﬂm
2.10 wag 2.11 lUAaUINYBY Vg0 WHBWEBAT Vg WIANT V., auamwﬂmwaamn
uszernawiaaiounliifiniseinde WuisfumaiAetuiatslodaavues Veontrol, U39
peak dvagyhliriadiluaunSorud (Wutisvmeiiliinnsadiads

2.3 BuLvsnafinaien

guneiweswadissviiseenduaosuiln fe wuuednuses (half-bridge)
Lazuuunguing (full-bridge) Tunuvandvuind azdinifivussgassssefuoyseuing
Lma'afd'lmmﬁulw“ﬂmsmamqLLavmﬂﬁmuﬂiﬁmﬁaLﬁ‘wivﬁmaeﬁaﬁmwiflﬁu eyl
LLNWﬂW“ﬁWﬁﬂﬂ‘iﬂ‘wﬂ’sLﬂUinﬁ]LLmﬁvﬁlﬁﬁi“‘ﬂJﬂ’lm’lﬂ‘Uﬂa Va/ 2 anananausesiulwdi ( (37 o)
Tusﬂw 212 (n)  agdidrnsidlosututiaau (N) mmamlusﬂw 2.12 (n) @U995
aunasmameammLWaLmaaauﬂﬁwﬂaﬂﬂmaﬁmm Ao fia A uaz fa B Iuiﬂm 242 (m)
Inauvunguindesdmdlwihganiiuuuednuing oot Seezmnefesdonldd
foamsdreradlyiinnangsiy

Foulvdrdiidunesinedmaderuedning fonsnures @t Ta,
wae T, fosliviaundeuiuluyndiaian day siuud19zRnNsEn N ST N T
av lugauninamsaindewes Ty, wae T, 9ensainuiy wilueUfjoRagdeenisyianand
mmmmlmmmvua Fa3uniuaalng (dead time) Tnewnelng raglurinaineuay
Wasuanumsaladad anthnsyuadulininsg visenlihinssuaduriinseua
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I
ke,
-

(n) (¥)
U7l 2.12 Buneswefinaidsanuuednuingd waruuunguind

2.3.1 myadndausesulniuuululnansd

nsaindaussiunuululnans (bipolar voltage switching) Aan1sAIUANTHA
anduuuiindviarundoutudug wu Tugud 2.12 (1) msvhauveseing T,, was T, 92
anauAn i nunTauiuluwRassa Sﬂffjwﬁﬁaﬂﬁﬁmuﬁuaaaiwﬁ T, way Ty, foti
usaiilwindusenvesie A azviiy

P
Vd ke Veontro

Vi @ind Ty, uag Ty azrhinszud (2.9)

dlo v Ing T, ua Ta, wwUnNTeud (2.10)

control <

Vi

T i

WeAnanndsiwedunesinesuaruiad usesulnidueenuedis B 1
wihriuAauvesssiulnisueenuesis A Ao Ve, = -V, Autuussrulniidusanues
duedmasudansesuluiszningdie A uagha B fe

Vo = Vao-Vo = 2V,

0= mV, do m, < 1.0 (2.11)

N

V<V

ol

<=V, dlo m, > 1.0 (2.12)
Tt

visenmazagllihuswiulniheondiueenazvinfuauntsd (2.11) e m,
eglugmududu uazuswiulniheendusanaziiivaunsi (2.12) e m, eglugale
wesuegaty

Tnefussiilsiiueonazaindeysening 1V, fu -V, Fonamsluguit 2.13
ey 2.14 d’;ul&ejﬁuuuaw%uaﬁﬂﬂstﬁmﬁmam me, 2me, 3my , . WU WINALEEI AT
vy 20 Aladsnd (kHz) leduuuensuedinfasiintud 20 Alawdsnd (kHz), 40 Alaidsnd
(kHz), waz 60 Alawdsed (kHz) Dudiu Fusuiildosureluaunisit (2.5)
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5UM 2.13 msaietiausesiusuululnais (1)
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| T~ —tt

| B O AN U0 P
1,—,\_l I 1 L 1 -

L
a oo 000z 0.003 0004 oo 0008 0007 Q.08 [h ] oo
Tirve {seconds)

3UT 2.14 msainfiaussiuuululnans (2)

Aafisrydndumsaisteuuululnans o
1. Imsdinduasuseiuseninggs (v, wio V,) sswisdaetauiniuay
2. anifivesiadiivianazviiuauives Vi
3. ifnAul anaansife Léuﬁuﬁiam f, Wag UL f,

2.3.2 madiadausesiuliuuugfinans

dounnsresgniensalndaussiulniuuululnas fuuvugiinand
(unipolar voltage switching) Afla Tuuuugdlnansmsadindslufs A fufs B heNdyI
AIUANBDNAINAY Aoaindluia A WYPNAIANIMNAYYIN Voo BV YUY
auviapl (V) vauefiadndluis B EYNAIVANINEYY YU —Veontrol Lﬁauﬁuﬁmuﬁgwmgﬂ
aumden (V,) nsadndeddeulagad

W8 Veontrol > Viri: a3n Tay % Van = Vy
nszIa
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30 Vit < Vei: @300 Ty, 98 Vi = 0
Unszud

0 (Ve ) > a0 Ty, 9y Vey = V4

Wi UINTLUE

10 —(Vegneo) < ant Ty 9 Ven = 0

Vi ! UINSELE

11931971 2.2 Seulvmsadnduswiumauazussiulnihdueenvesdunesinefuvue ilwens

Houlw dindinseud | @ndihnseua ik o V,
1 T Te. v, 0 v,
2 T g 0 V L
3 Tax Tgs Vy Vy 0
4 T % 0 0 0

RNANTNT 2.2 NSUABNAN LTS ITUSEVI9EY (V, 30V, ) audu
m*aL'Uaauuﬂaaa“m‘uLtsaﬂuaasomwaﬂuﬂﬂmmﬂmaﬂuﬂﬂmau v lildiAmnas
wWauwassEfu s NNIAIndege wunsailulnans

puauvetylnans e n1siinenuidnueenazdianuiituaewriveudas
e 1 ﬂqmﬁa%%aﬂnizﬁlﬁu 10 ﬁTaL%'amsﬁ (kHz) mnmsﬁmuuwaﬁ‘[wm% ALTIAY
aaﬂwﬂivﬂaulﬂmaammmwmwamam V]ﬂJﬂ’J’]iJﬂ‘WﬁﬂﬁJﬂLLﬁ“‘ﬂ’NiJE\@’ﬁiJE]UﬂW 2 Winved
wuululnans 7 20 Aladsnd (kHz) aamﬂaamual,ﬂﬂmwaq‘mw 2.15 lnefinaudausey
{ha navesauifivaniuduluaessih vlinsesnuuuiewsnsesaud 0 ouas
Usendn

N
- <

- pow [T Ld 005 [ oo (e

JUT 2.15 msdindaussiuliiuuugflnans

Soulvlunsadiauseumauazusaduliiguasnanatenlvan (V,) wans
Tusnseit 2.2

wadildandeulunsvhayluansed 2.2 wargUTl 2.15 Aousadulniig
poniinisiauu Lﬂa\‘ﬁ""mNLLNﬂUIWWWﬂTU’JﬂI‘LJENFiUEJLLﬂ“’f’IUEﬂUENU’JﬂIHﬂ‘Nﬂ’lU daudn
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faav mmﬂaﬂwmvmsmmumﬂmfmnamﬁmsmmmmwuiwms dAUBUINVD S
wsasulwisiusenagifufuwuululnas wasdiowiuefeuded-Toiduvasnisaind avs
aeauuy agldmumnsedl 2.3

eseil 2.3 mswSeuidigudied-tedevasnsadsfussiuliihuuululnarsiugdinans

Uszidy lulwans pilwans
wseslatieueen (0,,) . .
Vo1=M,Vy Vo1=m,Vy
m,<1.0
wsasiulwideen (V) 5 G _—
VaVond T V4 V<V <=V
L LD i T
wsedulnindueen
(v.) VoV, Va0
? LI (V)0
lsuuugnsueiin M; 5 2M¢ ; 3Mg, ... 2mg, 4mg ; 6me , ...
NN 2 AN
N15AIUAY 418 Fudou

TonSsuiisuvesasamailn Ao azunnsirsiuiiussiuduesn Allsedums
Waguudamesyilnansaeiuseiu Audluvanviegudluavuariiladuuudi 2m, | am; |
6my , ... Ay gillwansiiianudaindsgeninildnmsnsesaanuivilei ety Enuas
Usendn

2.3.3 waveunalndaaussnulwirdrusanessduresines

TumaUfid Adaquesdunesines dadmuuiasiasdeditinszua
w%amﬁuﬁaﬁuﬁaﬁaamﬁf&wL'nawﬁa%‘*ﬁﬁzﬂ@mqmﬁm'ﬁxLtaﬁauﬁaﬁmﬁﬁ%mﬁﬂuamw il
Jasfunsdneassening Savanfuddaay trenariasBonin welng (dead time wie
blanking time) Banananlniidnanasdoedimiumngay Aevmndatesduluenaviilug
lomadasasladenseimniiamunnifulliionasiliussulisuesnvesdunedines
Anwiteuly

Andifanuiilunsddouanuzetiananiuiinsyud way Fumngn
UInNse u,aauq (Dundnduvesunludund) wumwmﬁuuamﬂmvumLﬂmlwuuaaﬂ U 1-2
lulasiundt druadndifulssamesinasdosmsaianlnifiuinnkeingseiaaan sy
thnsyud waziSumeathnszud funnndy Fufuanlviasiuegiurtavesaindarsiosnii
donly

Havedan ndnanssiulniidusenvesduiesines mamamaﬂluﬁﬂw
2.16 Imaiﬂm 2.16 (n) LUuNmWammaunaimawummav i‘U‘VT 2.16 (@) Wuusasu

mmmﬂﬂuamuﬂm ﬁﬂ‘lﬂ 2.16 (m) F’]EJLLNWU?]')‘UWJLﬂﬂﬂ@ﬂﬁ‘]ﬁﬂmlm‘ﬁﬂL“UEJNEP‘LIENLWG]IV}@JLL@’J



18

lagudnnisiieqde ynquiasvesussfuniunuinaliaed LLavmﬂqﬁuwﬂwumqmlﬂ
Wil iielyliadadlufaferfuinuntenty ussiulniidesuludisnanas
1‘VI§Jﬁ]u’U‘uEJQﬂU%?ﬁVIN‘U@Qﬂ?“’LLE’iT%ﬁﬂ nafe

Wonszualwanlwinilwanduuan G, s.mv*imqlwaaaﬂmm@ Aluguit 2.16

(@) winlvendulvasrnumioniuazddunusntu We i, > 0 Frenansslnives

meu’l,wﬂqmuaamvumamaamiwlmiaﬂ Dy 9ztiNsTUd ¥111% Vyy amasdugudianigly
Paaenlval Mlrmuseuaieves V., anag

denseualniillamiduay (i) HE9laidnge A“L‘uﬁﬂw 2.16 (3) \ilo i,
<0 “U’NL'm”lLﬂﬂl‘VlllLLiﬂﬁMlWﬁ?ﬂﬁuaaﬂﬁ]”ﬂiﬂ’lL‘Wll"tluLWS’la‘ﬁlﬂiaﬂ Diss '«avmmyua A Vi
fAdu +Vv, ewiglutisnanaalml vilddusefundovos Vi, Saiud

mLLiaﬂummwaummmULLiamuinﬂuammmaumamaﬂulwﬁmmmu
939 Lﬂuuwmmmﬂusﬂw 217 uaedlAseaunisi (2.11) uay (2.12) ) agulsrinmalndsnniuald
Lmmu‘lwqﬁwmWuaaﬂmaaaunamaiwﬂLwaulﬂma

Ve :(VAO )Edeal_ (VAo)actua{ {2 1 1)

2*(deadtime)
Vemt—— VA (2.12)

S

Jedvesnnlmifonsvimiitlestunisdasasseuindauintutaay s
vndananlndinniiuly Aesiinasie sunaudyniamisiuoen Iﬂa%}uagﬁuﬁﬁmamﬂwa
YoenTEuAlAan

Wagltoidevennalnifonsinersuainimuiisoutnesmuidindoas
nnANuifierfueindiusing sussdunadoseanssoustedunedined



19

—_
O
+
TA+ Z DA+
£: A T
Vv, — v,
Ty & D
C_

control

Ta, (ideal)

/ cont

—

<
—+

A J
—~

(7)



20

Loss
Vi |lideal) < Actual
0 — 4
(i,>0) («)
Gain
0 > = f
(i,c0) Actual

(%)

Uil 2.16 navesanlygiseussiulnihdusenvesdunesines

Actual

|

|

|

f 5P Nk
I
[
|
|
|
|
I
I
|

S0
2, N A

Ui 2.17 wavesanlvidmeussiulilndueenguls
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2.4.3 ANwEN1SEINTVDs MOSFET
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1
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uargoungisesreveweaamuddiu duuiuiimsiauivaenstludisluseandy
(Reverse Bias Safe Operating Area : RBSOA) %“LLmﬂﬁiNMﬂﬁ’lﬁ’lﬁﬂﬂuaﬂﬁhﬁmﬂmi
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2.5 PID
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(Manual Control) Zse1demtingy (Operator) Aoy wMIAIALITUNMSATITTAkATUS UL
nmsmuanlinanavaussduluniuiosnis %mulmwmimmmwwmL%Juma\amﬂa
Uszaunisaluazmiutingyrasndna ey mimmmxﬁw%alﬂaﬂwals*ﬁuagjﬁuwﬁmm
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2.5.1 szUUAmIUANNERaANssuLUUTaundU
swuumuANRgRawnssunuulaundumiludseneumegunsal 4 du Ae
1.f2m7uAn (Controller)  iuinieaflontogunsniildlunisadredayan

o

AIUAU L‘WE]WWWLJ’]Wﬂ'JUﬂ%ﬂ%?“UUWﬁE]ﬂ‘i”U']Uﬂ']ﬁWG]SQﬂ']'ﬁﬂ’JUﬂiJSJ LEJ’]WWFIVIE@NEHG]EJU&ME]\?



26

Wulumudiesns fasuguiivarouwuy 1wy fAuaNLUY ON-OFF (fMUAULUUEDY
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2.5.2 fIAIUANLUY PID

\PpsmuANMSafIMUANLUY PID Nammaniauauwuy Pl fiadedy
1utd 1939 lnguTeW Taylor Instrument Wazu3en Foxboro Instrument ‘il’m‘lfuﬁgﬂﬁ’mﬂ‘ﬁ
lunismuaunszuiumsudnegawnsanglugaaivnssuannnida 50 U lasuusaulaseaing
mMsvhauld 3 vde Ae iedesmunuuuuiusdediiaulaglddyyiuan wiesmuay
wuuBidnnsedndviaulegldieasdidnnselnd@aduly  (Linear Circuits) Tunisadis
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lainseuiunistuarinansvausseaufish anudnats ieanufige daauan PD 7
ansamuaunTEUIUMsidegsfiusEanam Weldumsuiuudsmimsndinesvesd
muANTinzaN fmunuuuy PID Useneuludiemunuiuu P (Proportional) 6
MuANIUY | (ntegral) WagfImuAuuuy D (Derivative) @ediileridunielou (Transfer

s

Function) fail

K
G ($)=Ks+K s+ - 1R )
s

Tapd Ko = 9M319818Y89MIAIUANIUY P (Proportional Gain)
K = 9n319818989MIAIUALLUY | (Integral Gain)
Ko = BR517818U89RIMIVANKUY D (Derivative Gain)

uannililendumeleuvesmmiuay PID Teulisusgluguves

1
Gls) =K A+ —+Ts) (2.14)
Ts

Te?l K= dhs1venevasinIuay
T
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T, = A1 Derivative or Rate Time

9INANNS (2.13) wazauns (2.14) WU Ky = K T, wae K=K /T, way
veasern T, way T, enaifouegluguves T uaz T, TneArmsifinoseeshmuni PID s
3 endaglddmsuusuliiumnunuiiteruaunszuIumsiidesns dafy 9ingud 2.17 2
wilFrduanamuauriesiuUsuiunszuiums (mv) fldandmugy PID azgaiivua
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muguUiuusdlidnmir (Ao msuSuusisinmslives kT uar T, vewhnuau PID

ey Fadyanumunuvesiimuanaslulumuniemsmuauuuuisgignidendaay
nanwisly

2.5.3 npwfjuasyannsaluauuuudeundu (NSe1n1saauaus1eg)
m‘aaanLLUUiywmmuﬁfuﬁaaﬁmmqﬁaﬂmé‘ﬂwmuwaqmvmumiﬁ
Aosn1smIvAudenau sﬁawmamﬂwmmﬂu‘sﬂLmumaaqmqﬂmmmamma‘aﬂﬂumﬂa
Hefdusnelowhel] 1osanaglfidenvdavesmsmunulfimnyauivszuy  ielinis
munuiliaiiesnn (Stability) uaxiiusvavamgean Taedyadlilunsmuguanduly
m'mé’ms}z:ussumm'sa%fwﬁ’fgfynﬁﬁam"1 “n3e1AIUAL (Control - Action)”  n3enN1sAIUAY
ansouvsesndu 4 wuuluajvfe
1. AIYINSAIUANUUY ON-OFF
2. N3YINTSAIUAN Proportional
3. N3YINTTMIVANKUY Integral
4. A3YINTIAIUANIUY Derivative
n3u1nsarvauiildnanunideddodonaznuautifuansiety dedy

e &

’Lumwﬂﬁ ORI aé’faqﬁwLaﬂﬂ'%mﬂ'nmmmﬂmﬁivaﬂmL’mﬁaﬂﬁ’utﬁalﬂﬁﬁ’%wmwuﬁ
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1. NSYIMIVANKUY Proportional-Integral

2. N3IMIVANWUY Proportional-Derivative

3 ﬂ%mmimuammu Proportional-Integral-Derivative

2.5.4 N3YIAIUANLUY ON-OFF

A15AIVANLUY ON-OFF  ilumsmunudidrefigauazsiailaiung Tnei
AIUANAEYNAULES 2 datuy Ae Watuln LLa“ﬂmmmLmﬁwmﬁlﬁ%ﬁ 2 an13y Luiufe
0% %38 100% N381NM5AIUANIUY ON-OFF uanafaguil 2.24
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Control Output
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(Direct Action)
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A

Dead Band

1J17‘i 2.24 ﬂ'ﬁEJ’lm‘a‘ﬂ’JUﬂ&JLLU‘U ON-OFF
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AIUANLUY ON-OFF anunsaifeuduaumsmsndinmanslesd

m(t) = 0% i e<—€ -
= 100% dp e>+E€ '
We  m(t) = dygrmuaurtaieinavesiiniuay
e(t) = AIMINAAIAAADU
E = 1 YDIANAALUUS

n1smuANLUY ON-OFF axflanldlunismuaunszuiunsiilifesnisany
L‘V]ENC‘INENW] Lae Na‘uaammammﬂaaulmawamamsmmm LU msmmuamwmﬂu
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2.5.5 NFPINTTAIUANLUY Proportional (P)

dmsunsmuuiiindsinisauauuuy P iy AN IMINAYBIFIAIUALAL
Wasuuasetadudadilngnsafuiaueanmndew nanfe dAanueanndeuia
mﬂmLmv"rwmmaaﬁfamuamﬁ%mm*ﬁummu,axﬁwmmwmamﬂﬁauﬁﬁvﬂaaﬂ‘wLmﬁwmﬁléf
wefouiiy Anuduiussening 2 fuUsi Fend 9TV VRIAINIVANLUY P
(Proportional Gain) N3eN1sAIUANKUY P annsaifeuduaumsmisadamans s

mp(t):ﬁﬁ-+er(t) (2.16)

e my) = ANeWinAvewIAIUANLUY Proportional
Ko = 8M57781898963AIUANKUY Proportional

L3

m = dleniwavesiimunuilieanurainindouduaud

AudnTRveINTINTAIUANT kandluguil 2.25

Control Output
A

|

: Kp2>Kpl
100% |
|

Kpl

(Direct Action)

0% Error

U7 2.25 AruetRvean3eIN1IAIVANKUL Proportional

MNGUT 225 wanslidiuiianfnnisBusvesraunainideu fe e
e ingefle 100% waigiimauRainndoudinaiisauludndienivnedldamsaiiudy
auld vihueadeafiudoneviwaiidiiy 0% wasiimauraimndoudinanasdne
winanldaunsaanasle %whwawhmmmmmLﬂﬁ'amwmﬁLmﬁwmﬁﬂ'wmn 0% fia
100% (38n31 Proportional Band (PB) lneA1 PB axilnasiodnsivenevesiimuau nande
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o PB fja%uﬁ'lé’mwawwaaé‘hmuamsamm lesan K,=100/PB uaziilodnsivens
yasfmunuanasziliiAneenidn (Offset) lusyuuni

{Jmmﬁﬂamwﬁwaqﬂ‘%mmimmmmu P Afefie1vinafiany
nanandoudugud (m) feaed dsnisidendr m du avnseviilutnadudy Taoidendi
mmvamﬂumuﬂwaﬁkum ARG LLU'ﬁauﬂﬁuaaizwmmmsgmauLLﬂaﬁlﬂamﬂwm
LLﬂsﬂquamLUaauLLUaalﬂma nsuilefidie Ysudn m aenndesiunmsideunyastiy ud
Tunszuunsauu fudsilamudsrilsesszuvaafinnswisuwaniosnds Tunsd
wuiifasilfAnoondvldduy

2.5.6 NTWINTAIVAULUY Integral (1)
N3EINIMUANLLY | HTiSendnegrmilannisniuatsidn (Reset) Tnonis
MmMUANITRIIsTANAIMINAAIAARUTIARTUNA Fenrsuiamauaaiandeulunie

AIUANLUY | UazRaemariuiviaruanielinsnvesrinnuaatnndeunanal a1ntusily

ddd

AuUAIAIAAISENT1 dRs1veneeIiaImMUANKUL | (Integral Gain) WemALerinm A

dums (2.17)
t

m (=K f e(tdt+m (0) (2.17)
0
Tg?  m@® = dneninsvosdniumuuy |
K = A19RT10818 U89 AUANLUY |
fn eldt = MufivarunuaseuAmanEey
m©) = @iwmvesinauauing t Suduaud

wavaensInsmuaukuy | I aihliliiAneendvniulussuunarandms
\Nwvasszuvadla uaninsentsmvandamgaiuldazylrnanevausenssuiumsdias
HARBUAUBIVDINTEINITATUANUUY | uaRdraguil 2.26
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Error
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A

ﬂﬁ 2.26 HAMDUAUDIVOINTYIMIAIVANLUY Integral
2.5.7 NSYINTAWANUWUY Derivative (D)

N3YINITAIVANLUY D agugmml,a'mwwuaammuam“‘fuagﬂuacsmmi
WasuulasuesrnnunaiaiAdaueral (Time Rate of Change of Error) fﬂvmmﬂmmm
ﬂmmLﬂaauuwiaﬂwagﬂuﬂusﬂma“mmwwmﬂmmmﬂaauLLﬂaa’memawu \Wanuaan
\wAeuAsuutas 3 Fasunnsnsyydnanniian dMIINNINTLA (Rate Action) AL
mgUw 2.4

Error

Time

Zero error / \/_J

Large slope

Y

ﬂﬁ 2.27 maaNﬂmamm‘ummmmmmw Derivative

NNIY ﬂvmmmmmmﬂmmmaauLUuﬂua :Jamwmimaammawaqmm
’uuaa mamaamsLUaauLLanuwﬂmeamwmLﬂﬂmnﬁaammaammaﬂ:ﬂma FIONIINTG
LﬂaEJuLL%JawaammmﬂammaaummanﬁivmmlﬁimamsmmmmLmﬂmasmmm
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AINARIAIAGOU 2 AuaznTenaTEnine 2 Al udndluguiuandifizend
9MT1VL1LVRINAMIUANLUY D (Derivative Gain) iemandeyiosonsimnvasiiniuny &
auMs 2.18

e(t) -e(t

my ()= Kg (t) (2.18)
30
de(t)
m (1) = K, —— ~ (2.19)

lag  mp(t) = ANeAvesiAUANLUY D Maan t

Ko = Adnsivenevedsnmuausuy D
e(t) = APnuAaIRPABLNNET t
elty) = AIMINARIAAGBNANE t,

AsEMsMUANLULT tnedmunsyuaunsiinamuig (Time Lag)
NS IEEsaudmmNaaInRdsulnemsnsyiarath Asuivefinisnser ety Se
mEﬂmamauauawmmvmumsmwmeaLﬁa Gh ﬂ5mm‘5m%mmm‘hmaawmmm
AuAaIRAAeuLn Tnsenensdlil T, wie Ko frunn FoapvhlAna adugals fody
‘\NlﬂiL‘Viﬂﬂ"’E‘iﬂJﬂUﬂ‘in’mm‘iﬂmﬂ’lL’Jm‘lr‘iu’N‘uaEJ“]LLa“’ﬂ‘i”U’Jumi%&Iﬂ’]‘iLUaEJ’LJLLﬂﬁ\‘ﬂﬂ\‘HEJ
RATEH ‘uumuﬂuﬂTﬁlwawsaﬁvwmmmmmmumum n38IN1sMIVANLUUE lalaunse
illdsuwuulandiedls msigddemmmeainndouduaud gyl aiering
YaenIvALuaudsa

2.5.8 n%mnﬁﬂ'mﬂmwu Proportional-Integral

mwmanmLLm'mmmm*imUﬂm P thiefleandninty Fsnsindaen
aaWqumlﬁTmEmmwnmimmﬁmmu| Wl muuamm3amﬁmmmmwmaammmm
wuuiesfulumuauns (2.8)

t

mey ()= M+ e (D +, f e(t)dt (2.20)

0

t

me, (t) =m+K e(t)+—fe(t)dt (2.21)

0
dlo K= K, wag K = 1T,
T = nalumsBuvainsenienasidm (integral or Reaet Time)
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P
v
L
Error
Setpoint ——————————— —— -~ _ T S S
t
Control Output
{‘\ nanalsuay Pl

Kc A =
y \E P8 nanauauaw P adnafien

0 th

U 2.28 MBI NNARBUALBIVBINTENISATUANLUY Pl (Direct Action)

UBNINNTLINMIAIUANKUY Pl agvilidreenidnfiannizasidugududa
g3rivanAIsiulaznIsunde (Oscillation)  wasszuuasld wiagsyhli Rise Time  uway
Settling Time JAwW1nTu

2.5.9 N3BINIAIUANLUY Proportional - Derivative (PD)

MsUssgnalinisimsniupuiuy D saniuniensaruauuuy P Adievh
inanovauswasszuusIndity uarlifialoenseonanevauasiianizasdt Ssaunis
[0WiNAYDINTBINTAUANWUY PD UERSAIANNTT (2.10)

map (D) =m+K e (t) +K K, d:—iﬂ (2.22)
%3

meg (1) =m+K e (D)+K T, d:—it) (2.23)
W Ky = Ty

A189 Derivative or Rate Time

o
1l
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Teiduvesniemsnuguuuuiife lamsovildesnidnvesszuvanas
vievualulfuazemariiiliamiaivresssuuiidngaty NEMBUALBITBINTEINITAIUALLUY
PD uapedegud 2.29

Setpoint b——————F———————— L ______

Control Qutput

[ Rate action
yng (Derivative)
Proportional
short
0 5

t

‘Uﬁ 2.29 NamﬂUﬁuﬂﬁlﬁNﬂﬁﬁﬂﬂ’]‘iﬂﬁlUF’]QJLL‘U‘U PD

2.5.10 NTYINTTAUANLUY Proportional-Integral-Derivative (PID)
ﬁnﬂwlﬂﬂmfamumm NSBINITAIWANUUY PD vildszuLiaiosnwduinss
T (HaMOUALBUIITY) LLmlmaﬁmwmm’l,*wmﬂmﬂmaawiaaaWwaam'memmﬁuEﬂm
d1UNTLINTAIVANILUY P m‘lwmmwmmmLﬂaauamavmwamawaawuﬂlmmm%
wdfiesnmduinsanat Rise Time uag Settling Time fAnniy) ety viespdaitely
wamauauawaa‘svwmmmamsauvmulﬂmmmaam‘mmaﬂmmmmsmmumaaumu
eREAI)] mamwlﬁlmﬂimmimmmufuu PID wmumiammmmmwm PN (2.24)

t

de(t)
m,, (D) =m+Ke(t)+K,K f e(D)dt +K.K, - (2.28)
t
0
W30
K [ de(t)
mplo(t):E+Kce(t)+-T—° f e(t)dt +KCKd? (2.25)

0

NARBUALBIYBINILINITAIUANKUY PID Uanediagunl 2.30
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 2mV25 * 10-31 %« 65.7 « 106
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WILAT fe
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f. =124.184 1,

wszaviueeld  Anrumienhvesmisninesnes (L) = 25 mH
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+ +
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3.2.4 MIDBNUUUAIAIVANLUY PID dwiudutiesines
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ot powergui
»{Feedback 1
Qut2
Out3
rb Feedback2 o .o
PWM —In1
to Load 1 afLead 1
195 to Fiter1 al Conni Feedback
to Load 2 8 Load 2
P in3
Fiter Load
in4
+ = al + to Fitter2
DC Link Inverter PID
Out1
In1

Qut2

5UM 3.15 'msmimmmunaimaimammmmmuPlD“LmUsau

LAZMITNITAIUALILUY PID Wansdiaguil 3.16



45

ofe

In1

Scopet Sine Wave1

1/{50°sqri(2))

PO Controller (200F)

Gain1
/i‘ Ref
\'j’ FIDis)

Scope2

JUN 3.16 WATNIAIVANLUY PID

3.2.4.1 M3UFuwseneiia (Manual tuning)

FMseRnUUUAIAIUANLUY PID Tmauiwamﬂummumwmm 44 0 mﬁ‘u
7l 3.17 aziSulaensiwnd Ki wag Kd ugug LLﬁvﬂ@EJ“]LWlJm Kp opaunseasTUUEY
Aamsuns ansiuliione Kp Wuntmidwosidy wanafasuit 3.18
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Load?
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|~ Series RLC Branch (mask) (link) = —

Implements a series branch of RLC elements.
Use the 'Branch type' parameter to add or remove elements from the

branch.

4 ~ Parameters

| Branch type: [ - | q

E Resistance (Ohms):
[ |
Measurements |None | i

()
UM 3.17 (n) wesveslvandilivian.Juiaiumiu () mssmanausumIuewg 44 o

7 Controller parameters 3

Proportional (P): | 6000
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Integral (I): | 0
Derivative (D): fo
(n)
5 T T T T T T T
a] —
45—
40~
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2‘] |
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5
0 L | | I I L I | I
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— Controller parameters
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r~ Controller parameters

Proportional (P): ] 5

Integral (I}: g 10
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(V)
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U (step response) sEwaluandimunuawin 44 o fulvanfdunuewis 44 0 de
aynsuiummileaihvnn 100 mH laean PID yaidu (Inandafuni)
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N1999NLUULAETINYN9ITNTITINUNTTAUANKUULEUTATEMTY
USRI

4.1 Taseafeveiaasnisinnunisaivausuulauiadamiudunesiines

2 @ D Bridge Rectifier _D Full Bridge ‘D Low Pass Filter —[> Load
Inverter
PWM Feed Back
dsPIC30F4011
Microcontroller <]
JUT 4.1 lassasnvasnasnisinunismunuuuuleuiaddmsvduesines
7N ] "
WWWWWWWWWWWWW eafsorcn ,“..WWQIWWWMMMMmm g
sarata ._...‘_m.ww,.“,w,'::"““é
- § i sl TEYY
i Pl ; Sers RLC Bl
RO | LS |
S IR ..3 '*’ Mg _Jp. ;
| A
. - E
@A:v&h}emm ) ﬁ ..”mm.ce,-r:z :?' § P ;;_mﬁthﬂ é
i B Lk ; N ' ‘“"‘i | r
sowmr) -2 et H:F
A a S Waee
Gant m“f‘" -~
/ﬂ/’ Suntracn [ L—
< {:Ew_w
3?’5\\‘];“01
\ sme ]|
[ E

JUT 4.2 2asmsvhaumsmvanileduuulauiaddmiuduiesines sanuuuuulusunsu
MATLAB/Simulink

91n§U7 4.1 vinseenuuuiesmsinnunisauguiileduuuleuiag
dmivBuieiines aun1seenuuuuulusunTl MATLAB Ae3ul 4.2 Fadlundeanglni
nsziaadu 220 1aan (1,,,) Hudmmisudasusualaifiavinnisansemuulsaiiaauilinigms
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Seanszualuudaduiewlasiuussiulnihnseuaasuduusssulniinssuansadne 14
Audszlufdaglunsannsaieosveusiulianosas deudnghasdunedinesuuuy
auTndifeudasussdunseuanssluifunseiunssuaasu Fedlulasnoulnsatanslunis
L'U'%&iuLﬁauﬁ’mufymlﬁﬁﬂﬁ’ué’fgapmammﬁamLﬁaﬂ%’wﬁmmmﬁﬁmﬁagLﬁmmmﬁ 25
Alawdsnd (kHz) eenuuasidgaalddurinavesueama ililadyyiausiuiaing
Wuwvugiiwardnouhludnsesnsesmmisiciuilensoseuiiaseanlidoymyraled
A 50 Alaldsed (kHz) Aoudrednlnan dsidyaauswunnasauinanlngriisan
wazenszruussruihlulasreulnsaesiiioUssutananumsiudaseundonilufines
Imaﬁmmﬂmﬁiﬁﬂzgﬂﬁwmﬂizmawawu PID wW3gusisuivdyeralaionsdeaun 50 Taad
i) Lﬁaﬁwmmuaumsaﬁ”'mﬁmumvmﬁﬁuLﬁag;t,éu Faihesdioluil

4.1.1 29asaqunslulaseraulvsaass (Microcontroller)

nmsaupululasreulnsainesausadeulysunsunuguldnaisniw
I woalwnud Wwan 4 waz wiama witdesnnbilasneulnsaiaesiisefunasyszinn
wianssaulimuandnenssy (MIKEALAYATZUIUNISYINMUTZUUMIUTELIANA) U
UssLanannsadeulinnaim wivisussanildldunnsisiiued fuusenduan
govlfwnsildlunsidoulusunsy swideranlilasroalnsaaesie dmiululsyagninug
avuilidenlulasneulnsatressenszna dsPIC30FA011 lunasvimssrans

dsPIC30F4011 (Husiszananaidneawuin 16 Ta voauim lulasdn
1 Inelfidugnniunuidnoavedtasssui Tnoldfeiduves dsPIc3oFa011 Tunisada
SunuisudagiduPwmidieludnnsestlididnnsetindiielddurineveseaminuas
Judseunananisanivau PID Tnssudggratounduandiwdaseundenduiinea
(ADC)

9In5UT wanan1sieIues  dsPIc30Fa011  dildlulasesud 8
dsPIC30F4011 Hisusiamun &y lown dyarnussiudounduainduiasined niewes
ANO 1m# dsPIC30F4011 vin1Te uAuesdy as Ui vesinlaieuiden Tagsuusmy
19YINATINNATBUIDTIND TN TEAIANARIUNTEIAIUANPID

RBO REO PWM1 H

dsPIC30F4011
RE1 PWMI L

RE4 PWM2 H

L

RE5 PWM2 L

L]

(n)
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URAT My
T & .F—‘E ‘

()
JUN 4.3 1esmivauliulaseoulvsaiaes (n) WNuda2993 () 299571ldveans

4.1.2 ra3eaUlfdidnnsaiind(Optoelectronic Couplers)
weeUlidianvselindilugunsaifitousevnsuas (Opto-isolator) w3od
sendeedladuiuaes (Opto-Coulper) LUugunsnididnvsolindnldlunisitauseniuas
lnglduannisidsudngralwiiludyginuas wavdsunduainuaaduluiiniudy
v & =gy Ao a o s va & a ¢ o v v oo v
aatudalddyaraidudagy (PWM) WWdssaseedlsdidnnsedindiiielfaiedygyald

YUUNARVDINDANS

Vdd +15V

dsPIC30F4011 —’V\/\/—E
TLP 250

L]
L

Mosfet

TICL

Vss-15V

(n)
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()
U 4.4 299500UldBiEnmsednd (n) unuina9s (1) 2easiiliveaes

4.1.3 29951389n52uUE (Bridge Rectifier)

asiiszneuse Endlnleasifundu (Full Wave Rectifier) sofugifiu
Useq (Capacitor) (hnsesiviibiuvassneridslifinssuaaduidsuduumasnerasluih
nszianse InausedlviinnssuansaiumesnuensosiasgnnsasiBuluionss wans i
msnsziitentionas

@Ac

Vdc




a7

(V)
JUT 4.5 2993053 8anTUa (n) WIS (1) 2959ldnaany

4.1.4 29939UWBINesUULYaUIAd (Full-Bridge Inverter)

TuasesulasdulnnseInadunuuyauiedmaimnzussnaulumeansia 14
msaindussiliuuugiinas Tnonsaindeluaesiis esuendyruaiuatesnainiu
Aafaf A ATUANTYYIN Veontol Lﬁwﬁuﬁ’fgzywmgﬂamm?{au (V) vedzadndlufs B 9z
ATUANFR M Veono WABU ﬁué’m‘,ﬁgmgﬂamm?{au (Vi) Wsesudueeniiléinag
wWasuwassgninussiuliidunludiguduasqudludnluaisau dusnasanuay
fusssiulnihfusenasuwassuiawssiulnihdauludimuduazanaudlugiau Tae
Iu‘d‘%ﬁy,muwﬁwuéﬁlﬁl,ﬁan’l%”mmﬂmﬁu“l,wmq-lwaﬁmmuwuau%mﬁ Lﬁmmmsﬁﬁwé‘ﬂwﬁwy
ninwsulaiuless iadunuusidnuied s Jumneauilazsreddslwiialnang
wazdimnuiiaindeitgenininliinsosaudvildinety

1esBUNBINBTLULYaUTad arUssnousenedaiausn 4 fdsset
sewhaundedngliiinszuans 1ildannaeesiSusnseua (Bridge Rectifier) uaainnazgn
muAidug tee S, vieunieuiu S, wes S, vneuniauiu S; xln-Unaduiudusave
ieadrelwihnszuaaduinesumeen wazanuivedladuazgnaauauaneuiaind
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Al |le—

Bridge Rectifier

S ,‘: S”'!'_
o o)
— — ELEL Y —~y, "REJ
— M. —)ur.
(n)

JUN 4.6 19938UNDTABIUUUNAUIAY (N) UNUKTRS (V) 2esTIldvnaDq

a6 ry
4.1.5 2995N599ANUDAHNIY (Low Pass Filter)
'msnsaammnmmu JanwaMENITRDUnI995AD 14 mmumm(L)auniu

AU993 LLﬁu‘TJu’]uﬂUﬁ']LﬂUU'iu"ﬂ @ ﬂmauum‘uanwsﬂaLuaﬁaummnmmaa% Fanilen
(L) virlvdiansuanuaud (X)) i mLﬂUU‘i’“f\) (@) Wﬂwumauwmwaa (XC Wﬂmmmammu
Fanieihlfaeaan iuﬂuargfymm'mwmamulmu'lﬂ LLmaJammﬂmn'mwmwuﬂmi

9
°

WONUANTAZIAIINTULAE AU LAUDY AN Vﬂl‘lﬂﬂ’l’]ﬂﬂﬁﬂﬂ‘ﬂﬂﬁ?ﬂlﬂaﬂﬁ\‘l ‘U’l\‘lﬁ')‘wﬂ WU

@

Widfeggnaufiuvsyaasnsma seaudugaieninndwuldiesinn

L 73
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— Y'Y YY)

Full Bridee Inverter

A
J
peoT

< = o W+ o i
FUN 4.7 299505990 0AEIU (M) UHLEI293T (V) 2asildnaass

v a

NIRBNUUUNIIAIVANNMTINIUATIATUANLUULBUSATd M UBULIBSINES

4.1.6 2a5UpuUNAURTIAY

\peanwasduneiineiiinismivaguuuutoundu Fein15a35192995
Uaunduuseiudmivinuseiuevinnvesduesinesundiouisuiuuseduiads log
wWisuisulunsasmvaululasreulnsaiaes (Microcontroller) &slddsPIC30fa011 Falu
asmugNannsasuussRulinneglugie 0-5 Taad (Vyo) 1llo191nusausaiuievinmues
= 3 § [ s (3 = v 2 [y o
duneiweiiluussiulnihnssuaadurunn 50 Taad (V.. Fsdesasissastiounduuseiu
Puuanaragui 1 Jedsenaumeasaall

4.1.7 2995uUs3UlWAN (Voltage Divider Circuit)
asudsussnulnildvannisve neasiwiiuuveynsy (Series Circuit)
dl Lo 1 Lo =4 1 1 ot U A -] s i 1
Wiesnnueseynsuiluswiunnaseuswuunselnanld Wiy uadisdiussiuiinnasoy
Inaaynddlusnyiuiuudisedawhduussiuiiansliuniems anndnnisd usausedu
3 a 3 & & s L (3 ' @ s ! al o
W innvesdunesinesiduusaiulniinssuaadueuin 50 1986 (Vi) uakssdusinaaden
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wniuladidents AesnsifisuAnssiuneglugie 0-5 Tad Fvanunsaldfafinummudu
mleun 20 Alalovin (kQ) Luustssiuain 50 Taad (V) lindaiiies 0.707 1aad (V.o
w38 2 13ad (V, ) wdausaiududiluseduisasenssiuusesiu

4.1.8 29938N32AULIIAY (offset voltage adjustment Circuit)
19958n5¥auLsInu A ldvannisvaswuasnensstulninTsLansIt
EJﬂiSﬁ‘ULLix‘]ﬁUlWﬂ’IﬂSELLaﬁﬁUﬁléf'mﬂN’-i]‘iLLﬂﬁLLidﬁﬂlWﬂ’ﬂﬁ@@ﬂuﬁN 0-5 12a¢ lagld
wrasessnulnTnseanssvunn 5 asuwuiwsasuliimde 2 Tadlagldsmuniuudy
1 o = =3 di Qs LY (¥ o [ -:i 1 [
Al wazddiuyseuunn 2200 pF Liesnwssiuuseiu duswiuiildlusesynsufu
w5RUNLAINIRSH UL TR UL agihlnlaussiulniniaegluga 1-3 Tad Jady
wsasulnihnsasenuaululasreulnsaaes(Microcontrollenamnsasuls

2 aThULL s AUl

=~ dsPIC30f401 1
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(V)
JUM 4.8 29a5toundunsaiu (n) wHud$393 (1) WITTlEVAADS

4.2 N589ALUVINITNTNINIUNIAIVANLUUTEUSAddwSUB LI SneS

a & o
4.2.1 NN sAUFIUYDINTUBRLATY
s Aj oo w o ot &/ s =l oas a [

nsfAnwmanmsiuguiddgdmiunsassdygraidudagduy (PWM)
ﬁi"}L‘TJuc?]’aqmﬁawé’nmiLLazmmL%’l‘lﬁ)Lﬁmﬁ’U"“A%ﬂﬁa%’wz%’fgsymﬁﬁmﬁaaLé‘u (PWM) Taeins
e 2 dygrandwndioudeuiu @ Faimannvaneds dwsulusSyaninusileitns
uamawummmwwaawaa Imamsmammmammaamua%zyzgml&zmmmmnﬂs BUWEY
ﬂumaaﬁmamzymwmwaqmm (PwM) itthdnaludurueamsluiwsduiesines

wuuwlau3nd (Full-Bridge Inverter) ﬁaﬁaqmgﬂﬁ 4.9



Initialize PWM and
ADC Port

v

Set
sin_term = 1+ f * sing[n]

sine_term2 = 1 +f * sing[n1]

A

!

Calculate PDCn

PDCn=1918

PDCn> 1918

Update PDC1 and

Adapt PID

PDC3

Read ADC

Set pid.setpoint

YES

pid.error <0

v

4

pid.emor =
pid.setpoint - pid.feedback

Calculate PID

.

pid.output

v

a
NO
YES
f<0.2 f=02
NO|
YES
f>1 f=1

f=f+ pid.output

JUN 4.9 fsunisyhavveslulasnoulnsaiaes
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UNA 5
NANISNAAD

5.1 umin
& 4 o a ¢ el
Tuunildunmsmassadievinismageulsssduieiimesilinisauauuuy
- } “ o 2/ ﬂ” é = | d =t  as

Hybrid PID #ildvhnisadrstuiiednulaeveaeuiiefissAnvinavesnislifauauuuy
PID WagnsAIVANKUY Hybrid PID dwun1smiunuesduiesines lnsvinmsiuSesuiieu
[y ot F PR = € & & 1 =
FIATUALLUY PID UWazmIAIUANLUY Hybrid PID iWaNzANYINAUDILUDILIUANITHANY
(Mp) aLinganizaas (t) uazARanaInluanIzaIm (e,) aevinnsiuSeuiiouians
nsuA aeyinsaaaunall

5.2 Fyaaiisuidagidu (Pwm) Aildarniesaugulilasneulvsaiass
(Microcontroller)

Tur9sduliesines ﬁaams%a%’mLLi%ﬁulWﬂwﬁwuaanLﬂugul%ﬂﬁaﬂm‘m
Usunnauazanudauseansls Tasexlddynnuamuaugdlend (sinusoidal control signal)
muANUATReIM TS BuisufuFURduasumas (triangular waveform) Tagannud
yosgUnduanumasufenuiainte

Inglursasmsvmassazairedynrafiduidagdn (PWM) 91n993AUAN
lulasaeulnsawaes (Microcontroller) 7il4 dsPIC30f4011 ’L“ﬁm‘suam@Lamﬁwﬁ'ﬁymmgﬂﬂﬁu
11l (sinusoidal signal) ﬁugﬂﬂ?ﬁ'umumﬁw (triangular waveform) IngvhnisseAnauiad
ATa (F,) Wiy 25 Alawsad (kHz) Tnenmsedndaussiulwiuuuginendiuuyfuma (Shift
Phase) T,maﬁﬁmmnmﬁﬁULﬁagLﬁuﬁaaﬂmn dsPIC30f4011 Tanum 4 v1 lapaosvILsALAe
mnmsuenganimedygugladuletiiuusssunnfiuguaiuaumasiuay Snaosmiinnis
uaﬂ@mmﬁ’wﬁmmwmgﬂ;ﬁﬂmﬁﬁﬂ%’mﬂa‘lﬂ180mmﬁ’ugﬂﬂé‘umum§ﬂu lnedigaiiuveans
Antauvuginas Ae mafeanuiueonsziauiduseuivesusayma 1y awd
aindequnsalidu 10 Alatdsnd (kHz) minmsvhauuugiinans aussiusenazdsznouly
shedanadisudagdu Anrmivanyauayaniudiensueding 2 wihweswuuluinans 7 20
Aladsed (kHz) Taeifnaaitusoudne navesmnudfiivaniuduiduaaavin vilvnng
PONLUVNATNTBINMND L8N Seuazsznda Tneildyaaifuidandy (Pwm) Aldlunis
mupnaesBunefnesidudsil



2015-05-13 18:42:38

|
|
|
|
|
|
|
|
|
i
|
|
|
|
|
|
|
r
|
i
{
|

]
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|

| -
Freq(C1) 25.06266kHz
Freq(C2) 25.06894kHz

2015-,05/13 20:58:07 |

Freq(C2) 25.00000kHz

=10k Normal
100MS/s  10usAdiv

CHI= 1o
2.00 Usdiv

[ D€ Full

1
.

I
!
1

@Position

~1.%0div

110k Normal
100MS/s  10HSAiv

.00 Usdiv {
DC Full |

A => BN
Auto

E HERSL’IRF_j

[@T-Range1l |
-5. Joodi

[ T-Range2

’ 5.

64
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2015-05,13 19:12:29 | - ==z«  Normal
200M8/8  1HsAiv

rmw;mw i v ik o ek sk

i

| A -> BN

~ —2.26ous  ¥1 _ 83.3333mU
-50.0ns 83.3333mV
2.150us 4 0.00000V
465.1163kHz

3U% 5.1 dygraiviudagien (PWM) Aldlunisrauausesdunesines (n) msueguanlag

Tddyanuladuuusssunm (@) nsueganleslidyaalediuudiumely 180 asrm () 1an
Tnslvesdyaaidudagdu (PWM) Feflduaalnsdivindu 2.15 ps

5.3 HAMINAABIIININATDUIDIINDT

waRniugIuesNIsBunesine S dumsuasiumdslnihanus il
nszuamsadulwiinszuaadulugudt 52 aunfdussiulaiiidmesn (v) uaznssualvii
Mugen (i) fuesnsssmiuiigeeenlumiemmenuiio fufuussiunazaszudladi
Ifaefugdlend nanasdurausumutaganumieni fedunseudlniinedmds
usadulni Adslwidueen (p) svfasandunaguuesussiulasnseualiiidiuoan
TngasasivimsneassazldnmsadndauuugBinarsuvuuuma (Shift Phase) Tnevimsusu
wiall 180 o9 wARaagUT 5.3

d io
e — _
o .
+ +
arBunaine s
V = wlaiAgn sz insaq Vv
d o
O O

UM 5.2 ussiulwiuagnszuasiuidiuasiusentesiasdunesinesinafen
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£015,05/13 21:16:06 [¢ == =k Normal
200kS/s  Smsiliv

l
[ [50.0 usdiv

CHT 10:1
¢ Full

Edge CH1
Auto

P-B(CI)  200.0000
Max(C1) 100 .000V

Hin(C1) -100.000V

Freq(C1) 50.03753Hz

JUM 5.3 msainBawuugdlnansuuuuSuma(shift Phase)vesisasdunesines

W YiNNUeTUNEIINeT Ao ussiulwidiueen (v) wagnseualii
fueen (o) BudugueduiildannisalndauuugiinansuuuuSuma (Shift Phase) Tngth
I INTBuefnesiIINsBIALigeenluwmisansmuiddeieanuuls
luuniia wwiiliieniynvensesdunesinesitusuaduled Tneflnanfidfafumniuney
Inandidinshumuaynsutudamioni uansfesolull

[2015,05-19 01:55:20 | SoomTI 1o~ Normal
S50kS/s  20ns/iv
CHi 10:1T |
50.0 Usdiv ’
AC  Full |

II’*P(CIJ 150 .000V Freq(C1) 50.30181Hz Rms(C2)  1.19990a
Max(C1) ?75.0000V P-P(CZ2) 3.41667A Freq(C2) 50.40323Hz
Hin(C1) -75.0000V Hax(C2) 1.75000n

Rms(C1) 51.4634V Hin(C2) -1.66667A

UM 5.4 ussiulnirdueen (v,) waznszudlndidinuesn (,) vensdunedinesiidivan
\udianun




67

£015,05/19 01:56:02 10 Normal
50kS/s  20ms/liv

| [CHT 10:1
50.0 Usdiv
|AC  Full
CHZ 160A:1V
2.00 Asdiv
AC 10kHz

i

f

e

Auto

|

|

|

|

|

|

I Edge CH1 §
1

| 8.0V
[

|

|

ﬁ—P(Cl) 168.750V Freq(C1) 50.50505Hz Rns(C2)  122.856mA
Hax(C1) 85.4167V P-P(CZ)  500.000mA Freq(C2) 51.02041Hz
Hin(C1) -83.3333V Hax(CZ)  250.000nA
Rns(C1) 62.5149V Min(CZ) -250.000nA

JU# 5.5 ussdiulniirduenn (v.) waznszualwiiiaiueen (i,) 19919358uesinesnilvan
Jushsunusseynsuiudmileniy

1NgUT 5.4 uansussiulninduesn (v.) Tasuanaudunswdmdonas
nszualwiiadueen (,) lnesanadunsmademenwsdunesinesndinandusduniy
wrulanussruLaznseuaiinansanu z‘hugﬂﬁ 5.5 wanasssulninsueen (v,) leeuans
Wunswdvdeaznssualiiindueen (i) Tnswanadunsmaidervesnsasduesinesnd
Iwamﬂuﬁ’qﬁmmuﬁaaun‘mﬁuéﬁmﬁmﬁﬂ ﬁ]%ﬁulﬁd’miuL,Lal,ﬁmmﬁé’wé’qmnmaﬁ’u
\osnlanfidamienth vlsiaussuiuTuasnse Lgaumuaamﬂmw 5.4 {09910
Idufiuaudaedduanuinnid SaaLﬂuwa’lmw§1uawmimwﬁvmuLLsmumuaaﬂmw
o3l Fadndusesdiszuumuauunly

5.4 HAN3MIAABININNTBUIDSINETTTFN13AIUANLUY Hybrid PID uazmsiieuiiisu
flursesdunesinesitlénsauauuuy PID
Tnevhlulmungvesssuumugunszuiunisesglugramnssy fe nns
Snndinansid@nddulaunonmai (Temperature) k599U (pressure) 8nsINsiua (Flow
Rate) Arevudunsane (PH) wazduqliialndlfssfudfvmnganfidesnisundian
wihanmgnmsvhausazanimuadoreasullamasaiia fennsauauiifteudy
Mnnsdienuuunisauguiimuizay Taglunismeaesagrinnisaiuauss Fuvesusesy
(Voltage) maa’miﬁun@%LmainﬂamﬁuLﬁa’lﬁﬂﬁmuauﬁmﬁaimw (Stability) wagil
UsvdvSnmgean wansiaguil 5.6 Inggunsaliauielndosinne faadudanssuiunis (pv)
1y gamplnrudiu sasnisiva wagseduveavesvan sy ddluntsmaassi Aousasy
(Voltage) \iewSeuifieusuandnedmioandimuney (Setpoint: sp) ﬂﬂﬂﬁuﬁ’;muqmzﬁn
AAuAAIAARDY (Error: e) Tunsmuauanldlunsfuin iemdyyuimuigandaz
Wavaunszuaunislhidgandmuneiidenis Fathmunglunsmeass A ussduarig
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' 1%
= o

19 50 19ad (V,ng) Inedmunuiniunlimuaunszuiumsiifie fauguuuy PID Tngwa

[
=1

VARINTAIUANLUY PID Uenenadl

+o~ ¢ | dhewau | mv gunsalAUALEAYIY N3EUIUNS .
P 2 (Controller) (Final Control Element) (Process)
pv
L3090

F 3

__(Measuring Instruments) -

JU# 5.6 vdenlaezunsuvessyuumuauwuuoundulaginly

1INUW 5.7 Wunsaauruuuy PID TaeldA Kp wihiu 0.001 wae Ki Av Kd
Ju 0 seiudussdudueenagdadngariinesnisuie 50 Taad (v, wiflanaindu
AUV 300 ms

2015,05,19 0Z:07 :40z - 10} Nornal
1kSss 1s/div
| [CHT 16:1
||50.0 Uiy
I [AC  Full |

W50MS/n

Edge CH1
/| Auto
| 6.0V

P-P(C1) 145.833V Freq(C1) 52.63158Hz Rns(CZ)  1.18909A
Max(C1) ?70.8333V P-P(C2)  3.41667A Freq(C2) 50.00000Hz
Hin(C1) -75.0000V Max(C2) 1.66667A

Rms(C1) 51.0514V Min(C2) -1.75000n

5Ul 5.7 msmuRuuuy PID Tnandasumu (Kp = 0.001, Ki=0, Kd = 0)

Fainsusuan ki dutudu 0.0005 Winan1svaassnuguil 5.8 Seanansn
ANANTUMBSUTHINM 70 ms  uenUden K sedinaviliAansaiulugiusngs
Usead 54 1288 (Vo) LLé'ﬁaama&mL%’ﬂ@‘am’szmﬁ'sﬁ 50 @4 (V) woingldioandng
dunauINnd



£2015,05-19 02:11:10=

P-P(C1)  156.250V
Max(Ci) 77.0833V
Hin(C1) -79.1662V
Rns(C1) 47.1706V
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10 Normal
1kS/s 15/div

} [CH1 18:1 |
50.0 Usdiv |

‘ AC  Full

| CHZ 100A:10
2.00 Asdiv
Anc 10kHz

|
|
|
u50nsj.li.‘
|

AR Il' A
! { | INENAR
' | ..Hr“ Edge CH1 £
vy ¥ Auto
0.0V

“Rns(C2) 1.09341a
Freq(C2) 58.82353Hz

Freq(C1) 52.63158Hz
P-P(CZ)  3.66667A
Max(CZ) 1.83333a
Min(C2) -1.83333a

sU# 5.8 mseuauLUY PID Iandsuvy (Kp = 0,001, Ki=0.0005, Kd = 0)

vinmsvaaeslaenisivisuuladinanlneaynsudiniisnivung 1.5 13
Wl lagiui azwuiwinliiAenisiasundasus suadudssunm 7 e 10 Tad Tutas
wilwmdendugannzasin Feaelldaindudaniivasiauseun 600 ms fsguf 5.9

£015/05-19 02:13:28=

P=P(C1) 160.417V
Max(C1) 79.1667V
Hin(C1) -81.2560U
Rms(C1) 50.8994V

Nornal
1kS/s 15Mkiv
1 | CH1 10:1
| | 50.0 Usdiv
| |AC  Full
| CHZ 100A:1V
Z.00 Asdiv
Al 10kHZ

“100MsAid

T Eage ey F
‘ |l Auto
‘ 0.0V
[

|
Rms(CZ)  838.536mA
Freq(CZ) 52.63158Hz

Freq(C1) 50.00000HZ
P-P(CZ) 3.41667A
Hax(C2) 1.66667A
Min(CZ2) -1.75000A

3U# 5.9 MsmuAukuY PID Tansdunusseynsufiuiamilenii (Kp = 0.001,

Ki=0.0005, Kd = 0)

[ 8/ 0 o = 1 = 1 [ 1
sviuladndanuAuLuY PID Wssanies a1vazldinuniunndaenig
9 ilvursdiaianiseevausiidivasiiaianutianatauiniiuly Seiinsdunaiea
Hybrid PID 114 iveandaidemintulunisauauwuy PID WesALdes Tasnsun PID



70

w189 AAIUAN T uLAaY TNV ﬁ'@gﬂﬁ 5.10 filugrausnazlddn Kp = 0.001, Ki =
0.0005, Kd = 0 wazazsinisusuasuan PID Taeusuan Ki ad Lﬁaﬁwﬁ’mmiﬂqtﬁwm
w59l wananilduilinsaevaussenisiasuwUadvan ity lnganunsnandIadng
annzawimdanasuuladuanliindaiiios 100 ms fgud 5.11 Wevinisuanda
wilenheynsueenainies nuanusadnussduusssuliiegluanzasialfiguieatu
Flaguil 5.12

£015-,05-19 02:17:34= —iox  Normal
1kS/s 15/liv :

CHI 10:1

50.0 Ursdiv

AcC Full

“CHZ 100A:1U
0 Asdiv

nc 10kHz

~W50nsAi

Edge CH1 §
Il Auto
[ 0.0V

|

P-P(C1)  143.750V Freq(C1)  50.00000Hz Ems(CZ) 1.18009a
Max(C1) 70.8333V P-P(C2)  3.33333A Freq(C2) 50.00000Hz
Min(C1) -72.91672V Max(CZ) 1.666670

Rns(C1) 50.8525V Hin(C2) -1.66667A

1or  Normal
1kS/s 15/div

| [CHT 10:1 |

“so.a Urdiv |

| |lAC  Full

| CHZ 100A:1U
2.00 Aasdiv
Aac 10kHZ

|
\
|
I

]
I
|
1
i
]
]
|

Ll
«100ns/liy

Edge CH1 §
Auto
0.0 U

P-P(C1) 139.583V Freq(C1) 50.00000Hz Rms(CZ) 102.959nA
Max(C1) 68.7500V P-P(CZ2)  333.333mA Freq(CZ) 47.61905Hz
Hin(C1) -70.8333V Hax(C2) 166 .667nA
Rms(C1) 51.1202V Hin(CZ) -166.667nA

JUi 5.11 msmuAuwUY Hybrid PID vauslUdsuulasivanlneiiuduniesteynsy




2015,05-19 02:23:142)

P-P(C1)
Max(C1)
Min(C1)
Rms (C1)

143.750V
70.8333v
-72.9162V
50.7713V

Freq(C1)
P-P(C2)
Max(C2)
Min(C2)

7l

Normal
1kS/s 15/div
| [CHT 10:1
’50.0 Usdiv
AC  Full
| CHZ 100A:1U

50.00000Hz

3.33333a

1.66667A
-1.66667A

uiOBmaﬂp

2.00 Asdiv
Aac 10kHz

I Edge cH1 §

Auto

| 0.0V

Rns(C2)
Freq(C2)

1.17954A
50.00000Hz

JUM 5.12 msmuAuLuY Hybrid PID wusildsuuladlwaslaeidasumienieoynsy

5.5 MIIBuLiieun13AIUANKUY PID waz Hybrid PID

A1457999 5.1 Wiguiiiguranisauruivaatuisinumu

. wWesidwiniswaiy | andndaneasds | alananluaniog
AAIUAN i
(Mp) (t.) AR (egs)
uu PID 5.3% Bodis 0.5%
luu Hybrid PID 4.8% 350 ms 0%

o =l = i [ @ ' o @ = o
1499190 5.2 L‘Uﬁﬂ‘ULVlEI’UNﬁﬂ'Tiﬂ’JUﬂﬂJﬁIWaﬂLUUW’JC‘ﬂUWWUWBBL‘IﬂillﬂUGY]L‘Vi‘L!EJ’J‘u”I

g wWesduinmawaiy | andigannizada | Afiawaialuanioy
RIAIUAL 3 o
(M) (t,) AR (&)
uu PID 21.2% B35 0.5%
WUy Hybrid PID 11% 430 ms 0%

NI 5.1 Uae 5.2 smulsinnismiunuuuu Hybrid PID axldanis
AIUANTIANIINITATUANLUY PID




unil 6
unasy dalauauue uazuumen1sufun

6.1 unagu

PNMsTFENwINMSAUALLUY Hybrid PID dwduBuiiesines dslutaqiu
fnslindsnunaunuundy Tnendsnunauumandausnnosnandulningsuansded
wpuslunsiiluldauiiuay Ssfpsmsisunarusuusidulninssuaaduitiags
LLsaﬁuﬁqd‘ﬁu Feilidvouinuazanuumnganlunisldauivarnvatsuiniu laeld

¢ ala

Junesweslumsuamdsulni Fduedimedfunldussdendudunesinosis
Ustdvsamilunisvhaudige Feaz ﬁ’ﬂﬁLﬁﬂUﬁ“’Iﬂ’tjﬁE}ﬂﬂdﬁdﬁﬂiﬂﬂ’liﬂﬁﬁﬁd’m Jaguulad
miUwﬂsaaunasmaﬂwuﬂ'ﬁuawﬁmwmﬂwaamaamL'Ja'l aunasmaiwuﬂlﬂlmﬂuuumaa
nagusey Lﬂmuaanumsmlﬂ’lmwwaaLmau‘uumm muumsmumumeulwﬁwaa
auna‘sLmaﬂwsrgm,;mwuauwmLaumﬁmiﬂm@mmv Hybrid PID ma’lwmamawmwma
lawnfindfiramusenisiasuidamnsimesuaznissuniule Tmaas’t%lmﬁumuau%uﬂu
msmuanfiieniuuunssianua Wevhmsienissmsliihaewuinilussiuanas
Faazanunsomunpussiulinaiildnaonlnensliisauauuuy PID

U%mmﬂﬁwuéaﬁuﬁlﬁﬁﬂmsaaﬂLL‘UU'N%iﬁuna'ﬁ'ma%ﬁﬁﬂﬁmmmLLUU
Hybrid PID Tagimuausasiudunnladanvindu 100 Tad (V) 17995 DC-link wagAnua
wsaiuleminmuosdunesnesiilAwvniy 50 1ad (Vi) Taevinnismunuwuy Hybrid PID
Lﬁ@lﬁﬁﬂmé’ﬂwmxwN“lﬂmﬁnéﬁmwusiam'sLU'E\"auLLﬂmw*mﬁma%uaxmsw naulalagly
NIATUANLTIAY Fafinsdsuudaivan sty Welnaniinisiwdsuwlaslaeiidaiy
Frunmuiiiadauiluluan ssuy N15AUANIZAINITOTUBITEAULTIAULD MW NUD
Sutaesimastiaeilsle muu‘lunWiaaﬂLmummwﬂumamﬂwummmwumanﬁ
Wasuwamisiiwesveslwanuaznissunauld

msnmaesiianinsoagUlad IvinsiFsuiisuseninanisaauauuuuPD
LATNIMUANUUHYbrid PID dmiuduneiines asiuliilunsmuauuuuPDavaunse
novauowionsmuAulslutsmsasuamsiimesvesinaniinau daunismueuuuy
Hybrid PID9zaunsansvausisen smuntlutiansidsuulameduaniinianiinis
AUANLUUPID tasnniinisAsumasdivesiarmuauiuuPID

6.2 YoLauDHUsLaYiDAIT53 I

1. mseenuuudunesinesviussiuaminnianulndidssiudygyialed
yoslwihnssuaadulinniigauaySadunsandansueindlisas

2. msidengunsnilunisadnaiesnisnnasslvinumuizaniviuinve s
ussruLaznseLaliiieuiidens eanmiuidewisiivziatuisasnismaans

3. pasinseenuuunesiiidyyusunulitesiian azldlidamadeses
N19AIUAN (Microcontroller)



73

4. prrsasaaevanwgunsaiflilunmeaeddiiiussaninmanundeunou
WINTNAADUHID

6.3 LUINNITWRIUI

IINNTOBNUVUNITANTATNARDY ILAMUALTITWD I DIBULIDS IS
ItiA iy 50 1986 (Vo) Tngvianasaauauuuy Hybrid  PID (199 56ULUL) Wilo o
audnuairmalauniindfamuseninildeundasmsfimesuaznissuniuldlnglinig
AIUANLSIFY Fafinrsiudsuntasluan Feansathaimunlifiussfuioinnaes
Sunefweslisianiiu 220 Taad (V) wiediluldiuiedoslalniinvilule



[7]

74
LONE15919949

nasEsaumA dhedeansesdns nviw. (2557). Aarmdam WA Inigege. dufy
e 18 a.A. 2557 97N
http://www.egat.co.th/index.php?option=com_content&view=article&id=348&
temid=116

Wadad. (2557). gealdluihmayuads.  Audude 18an. 2557 91n
http://www.dailynews.co.th/Content/economic/84457/ganldlninvayuad
Michael J.Ryan and Robert D. Lorenz. 1995. “A High Performance Sine Wave
Inverter Controller With Capacitor Current Feedback and “Back-EMF”
Decoupling.” 26" Annual IEEE PESC’95. Vol 1 :507-513,

Naser M. Abdel-Rahim and John E. Quaicoe. 1996. “Analysis and Design of a
Multiple Feedback Loop Control Strategy for Single-Phase Voltage-source UPS
Inverter.” IEEE Transactions on Power Electronics. Vol.11, no.4 :532-541,
Michael J.Ryan, William L. Brumsickle and Robert D. Lorenz. 1996. “Control
Topology Options for Single-Phase UPS Inverter”. 26" Annual IEEE PEDES’96.
Vol.1 :493-501.

Tomoki Yokoyama and Atsuo Kawamura. 1994. “Disturbance Observer Based
Fully Digital Controlled PWM Inverter for CVCF Operation.” IEEE Transactions
on Power Electronics. Vol.9, no.5 :473-480.

Annette von Jouanne, Prasad N. Enjeti and Donald J. Lucas. 1996. “DSP
Control of High-Power UPS Systems Feeding Nonlinear Loads.” [EEE
Transactions on Industrial Electronics. Vol.43, no.1 :121-125.

Tzuen-Lih Chern, Jerome Chang, Chien-Hung and Hann-Tzong Su. 1999.
“Microprocessor-Based Modified Discrete Integral Variable-Structure Control
for UPS.” IEEE Transactions on Industrial Electronics. Vol.46, no.2 :340-347.



i

L] ",

AAAASR S
(> AAQ

[)

——— !

0
3D
-

Y v 1) 9
waasifluenmsianuBdmiums IFauiemsanyumniu lioyana il s Temnidunmsm

[ = ¥ 2 = g Y aqg Yo tg Y Y a K 9 g Aa o Y
"lmmm“lmmﬁu annariuil lvaaulauiion Lla8@]@@@1\16\‘]ﬂ%%1ﬂ]6\‘]£@ﬂﬁ131’]‘ﬂﬂi\i“l/liJﬂﬁuﬂ“]JGlG]f



76

AAAAFIAN
a{‘\lp@.u@a

Yal)
3

”,
0
8 nd

Y v 1) 9
waasifluenmsianuBdmiums IFauiemsanyumniu lioyana il s Temnidunmsm

[ = ¥ 2 = g Y aqg Yo tg Y Y a K 9 g Aa o Y
"lmmm“lmmﬁu annariuil lvaaulauiion Lla8@]@@@1\16\‘]ﬂ%%1ﬂ]6\‘]£@ﬂﬁ131’]‘ﬂﬂi\i“l/liJﬂﬁuﬂ“]JGlG]f



77

~ a o v A I3
msmvauileduuulausadaiuiuduneimes

Hybrid PID Control for PV Inverter

aigna I asel Tadin yaaausia g3 duduazannliin wiana

maduimnssiTdih sadmnssumans amifumaliladnszaoundidinammsmanszi

o v ¢
1 WDYNADING 1 MANITZUI NFUNHUHIUAT 10520 iﬂﬁif’l‘l’l‘ﬂ 02-329-8000 (10 3925 ssathapanic@gmail.com

unAade

unanw it sAnun 15NN U0 IAT
wAs EaaurIo iad lunisaauguussfud iy Tnaniia lal %
ugunsaiudnddaihdmmsnd md o adaumaum

4
an1¥luszuu il 18 Tassnuiifnmdunoinos

dmiuTuaaiia Tl Tugduvumsaaugausadu 14
IMATIANITAIUALULY PID uaz Hybrid PID msoanuuuaiiauas
nanouduneines Tnuaus wummAonazimsarunuezeiue
°lu'1mqamﬁuann1ﬂﬁﬁﬁ:ﬁw?ﬂua"§’ﬁ1uﬁ:uﬂnﬂﬂwmuf)uiﬂﬂ“l%’
Fimuguusan 1w lddmsTiaswanauruoan iwamTaiazgn

5 - - 44 g
autiumsuaz sz luInganuil

a_ @ . - d d =] o IR =3
mman: dunaTnolmAn) AINIUAVLUUW lod n 15A3URUNUY

w o @ - o o
Hloundn dynadidudiagdy msaunuusadu

Abstract

A paper presents a study of controlled PV inverter which is
an important device for connecting a renewable energy source. The
voltage mode controlled inverter is studied in this project using the
comparative study between PID and Hybrid PID control techniques.
The design and test of voltage mode controlled inverter is illustrated in
this project. In addition, the effectiveness of power transfer by
controlling voltage, and the dynamic responses of voltage mode

controlled inverter is investigated in this project.

Keywords: Single phase inverter PID controller Feedback control

PWM signal Voltage control
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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 cycle hardware fractional/
integer multiplier

» All DSP instructions single cycle

» * 16-bit single cycle shift

Peripheral Features:

High current sink/source 1/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

Motor Control PWM Module Feafures:

6 PWM output channels

- Complementary or Independent Output
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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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, Idle 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*

" Dovice | pins | am, Byt | SRAM | EEPROM | Timar | nput| i | ongror| AD10 Quad | | 12 |2
Instructions PWM PWM : = L

dsPIC30F2010 | 28 | 12K/AK | 512 | 1024 | 8 | 4 | 2 Ben | ooh 1 v [T 1q 9.
dsPIC30F3010 | 28 | 24kiBK | 1024 | 1024 | 5 | 4 2 Gen- 1 Beh -] Vos Py e
dsPIC30F4012 | 28 48K/16K é048 1024 5 4 2 6 ch . 6-Ch Yes | 1|11 1
dsPIC30F3011 [40/44| 24K/BK | 1024 | 1024 5 B4 4 Bch | 9ch |vYes |2|1]1]-
dsPIC30F4011 | 40/44| 48KI16K | 2048 | 1024 | 5 | 4 4 6 ch och | Yes |2 1] 1]
dsPIC30F5015 | 64 | eBK22K | 2048 | 1024 | 5 | 4 4 Bch | 16ch |Yes |1[2]1]1
dsPIC30FE010 | 80 | 144KM8K | 8192 | 4096 | 5 | 8 8 8ch | 16ch [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.

e ——
DS70135C-page 2
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Pin Diagrams
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dsPIC30F4011/4012

1.0 DEVICE OVERVIEW

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 (DST0046). For more information-on the device
instruction set and programming, refer to the dsPIC30F
Programmer’s Reference Manual (DS70030).

This document contains device specific information for
the dsPIC30F4011/4012 device. The dsPIC30F
devices contain extensive Digital Signal Processor
(DSP) functionality within a high performance 16-bit
microcontroller (MCU) architecture. Figure 1-1 and
Figure 1-2 show device block diagrams for the
dsPIC30F4011 and dsPIC30F4012 device.

© 2005 Microchip Technology Inc.
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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 IIC PIN DESCRIPTIONS

Pin Name Fin Gutar Description
Type Type
AND-ANS | 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 0 - 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 pull-ups on all inputs.
C1RX | ST CAN1 bus receive pin.
C1TX 0] — CAN1 bus transmit pin.
EMUD te} ST ICD Primary Communication Channel data input/output pin.
EMUC I{e] ST ICD Primary Communication Channel clock input/output pin.
EMUD1 f{e} BT, ICD Secondary Communication Channel data input/output pin.
EMUC1 /0 ST ICD Secondary Communication Channel clock input/output pin.
EMUD2 /0 ST ICD Tertiary Communication Channel data input/output pin.
EMUC2 |/O ST ICD Tertiary Communication Channel clock input/output pin.
EMUD3 lfe} ST ICD Quaternary Communication Channel data input/output pin.
EMUC3 I/O 8T ICD Quatemary Communication Channel clock input/output pin.
IC1,1C2, IC7, I ST Capture inputs 1, 2, 7 and 8.
IC8
INDX | ST Quadrature Encoder Index Pulse input.
QEA | ST Quadrature Encoder Phase A input in QElI mode.
Auxiliary Timer External Clock/Gate input in Timer mode.
QEB I ST Quadrature Encoder Phase A input in QEl mode.
Augxiliary 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 | ST PWM Fault A input.
PWM1L 0] - PWM 1 Low output.
PWM1H 0 - PWM 1 High output.
PWM2L (0] — PWM 2 Low output.
PWM2H o] — PWM 2 High output.
PWM3L o} — PWM 3 Low output.
PWM3H ) — PWM 3 High output.
MCLR 1P ST Master Clear (Reset) input or programming voltage 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).
0OC1-0C4 o] — Compare outputs 1 through 4.
Legend: CMOS= CMOS compatible input or output Analog = Analog input
ST = Schmitt Trigger input with CMOS levels (0] =  Output
1 = Input P = Power
AR e Eotam i as |

DS70135C-page 10
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TABLE 1-1: dsPIC30F4011 I/O PIN DESCRIPTIONS (CONTINUED)
Pin Name e Bufter Description
Type Type
0OSC1 | ST/CMOS | Oscillator crystal input. ST buffer when configured in RC mode; CMOS
0sc2 /0 - otherwise.
Oscillator crystal output. Connects to crystal or resonator in Crystal Oscillator
mode. Optionally functions as CLKO in RC and EC modes.
PGD 1/O 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 I/O port.
8RC13-RC15 | 8l/O 8ST PORTC is a bidirectional 1/0O port.
RDO-RD3 I{e] ST PORTD is a bidirectional 1/O port.
REO-RES5, 110 ST PORTE is a bidirectional 1/O port.
RE8
RF0-RF6 /0 ST PORTF is a bidirectional I/O port.
SCK1 J{e] ST Synchronous serial clock input/output for SPI™ 1.,
SDI1 o ST SPI| 1 Data In.
SDO1 0 o SPI'1 Data Out.
SS1 | ST SPI 1 Slave Synchronization.
SCL 110 ST Synchronous serial clock input/output for 1°C.
SDA 11O SiF Synchronous serial data input/output for 12C.
SOSCO O — 32 kHz low power oscillator crystal output.
SQSCI | 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.
U1ARX | ST UART1 Alternate Receive.
U1ATX o —— UART1 Alternate Transmit.
U2RX | S UART2 Receive.
u2Tx o — UART2 Transmit.
VDD g e Positive supply for logic and 1/0 pins.
Vss F — Ground reference for logic and 1/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 (0] =  OQutput
I = Input P = Power
vy s et i

© 2005 Microchip Technology Inc.

Preliminary DS70135C-page 11



dsPIC30F4011/4012

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 dsPIC30F

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 responsible 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 (AIVT) are placed near the begirining
of program memory (0x000004). The IVT and AIVT
are shown in Figure 5-1.

The interrupt controller is responsible for pre-
processing the interfupts 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>
All Interrupt Enable Control bits are maintained in
these three registers. These control bits are used
to individually enable interrupts from the
peripherals or external signals.

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

» |PL<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 INTCON2 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 Flag 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 0 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 lower for a
certain number of instructions, during which the DIS| bit
(INTCON2<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 through
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.

© 2005 Microchip Technology Inc.
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IS SRt et
5.1 Interrupt Priority TABLE 5-1:  INTERRUPT VECTOR TABLE
The user assignable Interrupt Priority (IP<2:0>) bits for INT | Vector Interrupt Source
each individual interrupt source are located in the LS 3- Number | Number
bits of each nibble, within the IPCx register(s). Bit 3 of Highest Natural Order Priority
each nibble is not used and is read as a ‘0’. These bits 0 8 INTO - External Interrupt 0
define the priority level assigned to a particular interrupt 1 9 IC1 -.Input Capture 1
by the user. 2 10 | OC1 - Output Compare 1
Note:  The user selectable priority levels start at 3 11 |T1-Timer 1
0, as the lowest priority, and level 7, as the 4 12 IC2 - Input Capture 2
highest priority. 5 13 OC2 - Output Compare 2
Since more than one interrupt request source may be 6 14 [T2-Timer2
assigned to a specific user specified priority level, a Z. 15 | T8 -Timer3
means is provided to assign priority within a given level. 8 16 SPI1
This method is called “Natural Order Priority”. 9 17 U1RX - UART1 Receiver
Natural Order Priority is determined by the position of 10 18 |U1TX - UART1 Transmitter
an interrupt in the vector table, and only affects 1 19 |ADC - ADC Convert Done
interrupt operation when multiple interrupts with the 12 20 NVM - NVM Write Complete
same user-assigned priority become pending at the 13 21 SI2C - I°C Slave Interrupt
same time. 14 22 MI2C - I°C Master Interrupt
Table 5-1 lists the interrupt numbers and interrupt 15 23 |Input Change Interrupt
sources for the dsPIC devices and their associated 16 24 | INT1 - External Interrupt 1
vector numbers. 17 25 IC7 - Input Capture 7
Note 1: The natural order pnonty scheme has 0 L 20 ~f MOt NG §
as the highest priority and 53 as the 1 2 _FS- ) putepmmon
lowest priority. 20 28 OC4 - Output Compare 4
2: The natural order priority number is the i A {1 I
same as the INT number. 2 SO/ 2 FIES
23 3 INT2 - External Interrupt 2
The ability for.the user.to a§sign every interrupt to one 24 22 UZRX - UART2 Receiver
of seven_pnonty Ievels_ |rr_1p|les that the user can assign 25 33 U2TX - UART2 Transmitter
a very high overall .pn.orlty level to an interrupt with a 26 o Reserved
low natural order priority. For example, the PLVD (Low -
Voltage Detect) can be given a priority of 7. The INTO 27 35 __|C1 - Combined IRQ for CAN1
(external interrupt 0) may be assigned to priority level 28 36 | Reserved
1, thus giving it a very low effective priority. 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 - QEI 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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5.2 Reset Sequence

A Reset is not a true exception, because the interrupt
controller is not involved in the Reset process. The pro-
cessor initializes its registers in response to a Reset,
which forces the PC to zero. The processor then begins
program execution at location 0x000000. A coTO
instruction is stored in the first program memory loca-
tion, immediately followed by the address target for the
GOTO instruction. The processor executes the GOTO to
the specified address and then begins operation at the
specified target (start) address.

5.2.1 RESET SOURCES

There are 6 sources of error which will cause a device
reset.

« Watchdog Time-out:
The watchdog has timed out, indicating that the
processor is no longer executing the correct flow
of cade. :

= Uninitialized W Register Trap:
An attempt to use an uninitialized W register as
an address pointer will cause a Reset.

+ lllegal Instruction Trap: 4
Attempted execution of any unused opcodes will
result in an illegal instruction frap. Note that a
fetch of an illegal instruction does not result in an
illegal instruction trap if that instruction is flushed
prior to execution due to a flow change.

+ Brown-out Reset (BOR):
A momentary dip in the power supply to the
device has been detected, which may result in
malfunction.

« Trap Lockout:
Occurrence of multiple Trap conditions simulta-
neously will cause a Reset.

5.3 Traps

Traps can be considered as non-maskable interrupts
indicating a software or hardware error, which adhere
to a predefined priority as shown in Figure 5-1. They
are intended to provide the user a means to correct
erroneous operation during debug and when operating
within the application.

Note:  If the user does not intend to take correc-
tive action in the event of a trap error
condition, these vectors must be loaded
with the address of a default handler that
simply contains the RESET instruction. If,
on the other hand, one of the vectors
containing an invalid address is called, an

address error {rap is generated.

Note that many of these trap conditions can only be
detected when they occur. Consequently, the question-
able instruction is allowed to complete prior to trap
exception processing. If the user chooses to recover
from the error, the result of the erroneous action that
caused the trap may have to be cormrected.

There are 8 fixed priority levels for traps: Level 8
through Level 15, which impligs that the IPL3 is always
set during processing of a trap.

If the user is not currently executing a trap, and he sets
the IPL<3:0> bits to a value of ‘0111’ (Level 7), then all
interrupts are disabled, but traps can still be processed.

534 TRAP SOURCES

The following traps are provided with increasing prior-
ity. However, since all traps can be nested, priority has
little effect.

Math Error Trap:

The Math Error trap executes under the following three
circumstances:

1. Should an attempt be made to divide by zero,
the divide operation will be aborted on a cycle
boundary and the trap taken.

2. [Ifenabled, a Math Error trap will be taken when
an arithmetic operation on either accumulator A
or B causes an overflow from bit 31 and the
Accumulator Guard bits are not utilized.

3. If enabled, a Math Error trap will be taken when
an arithmetic operation on either accumulator A
or B causes a catastrophic overflow from bit 39
and all saturation is disabled.

4. If the shift amount specified in a shift instruction
is greater than the maximum allowed shift
amount, a trap will occur.

@ 2005 Microchip Technology Inc.
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Address Error Trap:

This trap is initiated when any of the following

circumstances occurs:

1. A misaligned data word access is attempted.

2. A data fetch from our unimplemented data
memory location is attempted. ‘

3. A data access of an unimplemented program
memory location is attempted.

4. An instruction fetch from vector space is
attempted.

Note:  In the MAC class of instructions, wherein
the data space is split into X and Y data
space, unimplemented X space includes

~all of Y space, and unimplemented Y

space includes all of X space.

5. Execution of a “BRA #1literal”instruction or a

“GOTO #literal”instruction, where literal

is an unimplemented program memory address. .
6. Executing instructions after modifying the PC to
point to unimplemented program memory
addresses. The PC may be modified by loading
a value into the stack and executing a RETURN
instruction.

Stack Error Trap:
This trap is initiated under the following conditions:

1. The stack pointer is loaded with a value which is
greater than the (user programmable) limit value
written into the SPLIM register (stack overflow).

2. The stack pointer is loaded with a value which is
less than 0x0800 (simple stack underflow).

Oscillator Fail Trap:

This trap is initiated if the exteral oscillator fails and
operation becomes reliant on an internal RC backup.

5.3.2 HARD AND SOFT TRAPS

It is possible that multiple traps can become active
within the same cycle (e.g., a misaligned word stack
write to an overflowed address). In such a case, the
fixed priority shown in Figure 5-2 is implemented,
which may require the user to check if other traps are
pending, in order to completely correct the fault.

‘Soft’ traps include exceptions of priority level 8 through
level 11, inclusive. The arithmetic error trap (level 11)
falls into this category of traps.

‘Hard’ traps include exceptions of priority level 12
through level 15, inclusive. The address error (level
12), stack error (level 13) and oscillator error (level 14)
traps fall into this category.

Each hard trap that occurs must be acknowledged
before code execution of any type may continue. If a
lower priority hard trap occurs while a higher priority
trap is pending, acknowledged, or is belng processed
a hard trap conflict will occur.

The device is automatically Reset in a hard trap conflict
condition. The TRAPR status bit (RCON<15>) is set
when the Reset occurs, so that the condition may be
detected in seftware.

FIGURE 5-1: TRAP VECTORS
Reset - cOTO Instruction 0x000000
"' Reset - GoTC Address 0x000002
‘ ___Reserved 0x000004

| Address Error Trap Vector |
ath Error Tr: r
Reserved Veactor
| esernv eclor
Reserved Vector
| Interrupt O Vector __ |0x000014
Interrupt 1 Vector

Decreasing
Priority
3

Jr ' | Interrupt 52 Vector |

Interrupt 53 Vector | 0x00007E
Reserved 0x000080
Reserved 0x000082
A B?ﬁnﬁﬂ 0x000084

scillator Fail Trap Veector

t rror Trap Vector
Add rror Trap Vector

| Math Error Trap Vector |
AIVT Reserved Vector
Reserved Vector
Reserved Vector
| Interrupt O Vector |

| Interrupt 1Vector |

¥ e e ovo000re

0x000094
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54 Interrupt Sequence

All interrupt event flags are sampled in the beginning of
each instruction cycle by the IFSx registers. A pending
interrupt request (IRQ) is indicated by the flag bit being
equal to a ‘1’ in an IFSx register. The IRQ will cause an
interrupt to occur if the corresponding bit in the interrupt
enable (IECXx) register is set. For the remainder of the
instruction cycle, the priorities of all pending interrupt
requests are evaluated.

If there is a pending IRQ with a priority level greater
than the current processor priority level in the IPL bits,
the processor will be interrupted.

The processor then stacks the current program counter
and the low byte of the processor status register (SRL),
as shown in Figure 5-2. The low byte of the status reg-
ister contains the processor priority level at the time,
prior to the beginning of the interrupt cycle. The proces-
sor then loads the priority level for this interrupt into the

" status register. This action will disable all lower priority

interrupts until the completion of the Interrupt Service
Routine.

FIGURE 5-2: JINTERRUPT STACK

FRAME

0x0000 15 0

PC<15:0>
SR IPL3| PC<22:163]
<Free Word> [-— W15 (after CALL)

W15 (before CALL)

Stack Grows Towards
Higher Address

—
-

POP : [--Wik]
PUSH : [W15++]

Note 1: The user can always lower the priority level
by writing a new value into SR. The Interrupt
Service Routine must clear the interrupt flag
bits in the IFSx register before lowering the
processor interrupt priority, in order to avoid
recursive interrupts.

2: The IPL3 bit (CORCON<3>)is always clear
when interrupts are being processed. i is
set only during execution of fraps. ]

The RETFIE (Return from Interrupt) instruction will
unstack the program counter and status registers to
retum the processor to its state prior to the interrupt
sequence.

5.5 Alternate Vector Table

In Program Memory, the Interrupt Vector Table (IVT) is
followed by the Alternate Interrupt Vector Table (AIVT),
as shown in Figure 5-1. Access to the Alternate Vector
Table is provided by the ALTIVT bit in the INTCON2
register. If the ALTIVT bit is set, all interrupt and excep-
tion processes will use the alternate vectors instead of
the default vectors. The alternate vectors are organized
in the same manner as the default vectors. The AIVT
supports emulation and debugging efforts by providing
a means to switch between an application and a sup-
port environment, without requiring the interrupt vec-
tors to be reprogrammed. This feature also enables
switching between applications for evaluation of
different software algorithms at run time.

If the AIVT is not required, the program memory allo-
cated to the AIVT may be used for other purposes.
AIVT is not a protected section and may be freely
programmed by the user.

5.6 Fast Context Saving

A context saving. option is available using shadow reg-
isters. Shadow registers are provided for the DC, N,
OV, Z and C bits in SR, and the registers W0 through
Wa3. The shadows are only one level deep. The shadow
registers are accessible using the PUSH.S and POP. S
instructions only.

When the processor vectors to an interrupt, the
PUSH. S instruction can be used to store the current
value of the aforementioned registers into their
respective shadow registers.

If an ISR of a certain priority uses the PUSH.sS and
POP. s instructions for fast context saving, then a
higher priority ISR should not include the same instruc-
tions. Users must save the key registers in software
during a lower priority interrupt, if the higher priority ISR
uses fast context saving.

B.7 External Interrupt Requests

The interrupt controller supports five external interrupt
request signals, INTO-INT4. These inputs are edge
sensitive; they require a low-to-high or a high-to-low
transition to generate an interrupt request. The
INTCONZ register has five bits, INTOEP-INT4EP, that
select the polarity of the edge detection circuitry.

5.8  Wake-up from Sleep and Idle

The interrupt controller may be used to wake up the
processor from either Sleep or Idle modes, if Sleep or
Idle mode is active when the interrupt is generated.

If an enabled interrupt request of sufficient priority is
received by the interrupt controller, then the standard
interrupt request is presented to the processor. At the
same time, the processor will wake-up from Sleep or
Idle and begin execution of the Interrupt Service
Routine (ISR) needed to process the interrupt request.

==
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15.0 MOTOR CONTROL PWM
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 GPU,
peripherals, register descriptions and general device
functionality, refer to the dsPIC30F Family Reference

Manual (DS70046).

This module simplifies the task of generating multiple,
synchronized Pulse Width Modulated (PWM) outputs.
In particular, the following power and motion control
applications are supported by the PWM module:

« Three Phase AC Induction Motor

« Switched Reluctance (SR) Motor

« Brushless DC (BLDC) Motor

* Uninterruptible Power Supply (UPS)

The PWM module has the following features:

» 6 PWM I/O pins with 3 duty cycle generators
« Up to 16-bit resolution

* ‘On-the-Fly’ PWM frequency changes

+ Edge and Center Aligned Output modes

+ Single Pulse Generation mode

* Interrupt support for asymmetrical updates in
Center Aligned mode

+ Output override control for Electrically

Commutative Motor (ECM) operation

‘Special Event’ comparator for scheduling other

peripheral events

« FAULT pins to optionally drive each of the PWM
output pins to a defined state

This module contains 3 duty cycle generators, num-
bered 1 through 3. The module has 6 PWM output pins,
numbered PWM1H/PWM1L through PWM3H/PWM3L.
The six I/O pins are grouped into high/low numbered
pairs, denoted by the suffix H or L, respectively. For
complementary loads, the low PWM pins are always
the complement of the corresponding high 1/0 pin.

The PWM module allows several modes of operation
which are beneficial for specific power control
applications. ‘

© 2005 Microchip Technology Inc.
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PWM MODULE BLOCK DIAGRAM

FIGURE 15-1:
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151 PWM Time Base

The PWM time base is provided by a 15-bit timer with
a prescaler and postscaler. The time base is accessible
via the PTMR SFR. PTMR<15> is a Read Only Status
bit, PTDIR, that indicates the present count direction of
the PWM time base. If PTDIR is cleared, PTMR is
counting upwards. If PTDIR is set, PTMR is counting
downwards. The PWM time base is configured via the
PTCON SFR. The time base is enabled/disabled by
setting/clearing the PTEN bit in the PTCON SFR.
PTMR is not cleared when the PTEN bit is cleared in
software.

The PTPER SFR sets the counting period for PTMR.
The user must write a 15-bit value to PTPER<14:0>.
When the value in PTMR<14:0> matches the value in
PTPER<14.0>, the time base will either reset to 0, or
reverse the count direction on the next occurring clock
cycle. The action taken depends on the operating
mode of the time base.

Note: If the period register is set to 0x0000, the
timer will stop counting, and the interrupt
and the special event trigger will not be
generated, even if the special event value
is also 0x0000. The module will not update
the period register, if it is already at
0x0000; therefore, the user must disable
the module in order to update the period
register. :

The PWM time base can be configured for four different
modes of operation:

* Free Running mode
« Single Shot mode
= Continuous Up/Down Count mode

« Continuous Up/Down Count mode with interrupts
for double updates

These four modes are selected by the PTMOD<1:0>
bits in the PTCON SFR. The Up/Down Counting modes
support center aligned PWM generation. The Single
Shot mode allows the PWM module to support pulse
control of certain Electronically Commutative Motors
(ECMs).

The interrupt signals generated by the PWM time base
depend on the mode selection bits (PTMOD<1:0>) and
the postscaler bits (PTOPS<3:0>) in the PTCON SFR.

15.1.1 FREE RUNNING MODE

In the Free Running mode, the PWM time base counts
upwards until the value in the Time Base Period regis-
ter (PTPER) is matched. The PTMR register is reset on
the following input clock edge and the time base will
continue to count upwards as long as the PTEN bit
remains set. '

When the PWM time base is in the Free Running mode
(PTMOD<1:0> = 00), an interrupt event is generated
each time a match with the PTPER register occurs and
the PTMR register is reset to zero. The postscaler
selection bits may be used in this mode of the timer to
reduce the frequency of the interrupt events.

15,12 SINGLE SHOT MODE

In the Single Shot Counting mode, the PWM time base
begins counting upwards when the PTEN bit is set.
When the value in the PTMR register matches the
PTPER register, the PTMR register will be reset on the
following input clock edge and the PTEN bit will be
cleared by the hardware to halt the time base. .

When the PWM time base is in the Single Shot mode
(PTMOD<1:0> ='01), an interrupt event is generated
when a match with the PTPER register occurs, the
PTMR register is reset to zero on the following input
clock edge, and the PTEN bit is cleared. The postscaler
selection bits have no effect in this mode of the timer.

15.1.3 CONTINUOQUS UP/DOWN
COUNTING MODES

In the Continuous Up/Down Counting modes, the PWM
time base counts upwards until the value in the PTPER
register is matched. The timer will begin counting
downwards on the following input clock edge. The
PTDIR bit in the PTCON SFRis read only and indicates
the counting direction The PTDIR bit is set when the
timer counts downwards.

In the Up/Down Counting mode (PTMOD<1:0> = 10),
an interrupt event is generated each time the value of
the PTMR register becomes zero and the PWM time
base begins to count upwards. The postscaler selec-
tion bits may be used in this mode of the timer to reduce
the frequency of the interrupt events.

rmm———
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15.1.4 DOUBLE UPDATE MODE

In the Double Update mode (PTMOD<1:0> = 11), an
interrupt event is generated each time the PTMR regis-
ter is equal to zero, as well as each time a period match
occurs. The postscaler selection bits have no effect in
this mode of the timer.

The Double Update mode provides two additional func-
tions to the user. First, the control loop bandwidth is
doubled because the PWM duty cycles can be
updated, twice per period. Second, asymmetrical cen-
ter-aligned PWM waveforms can be generated, which
are useful for minimizing output waveform distortion in
certain motor control applications.

Note:  Programming a value of 0x0001 in the
period register could generate a continu-
ous interrupt pulse, and hence, must be
avoided.

1515 PWM TIME BASE PRESCALER

The input clock to PTMR (Fosc/4), has prescaler
options of 1:1, 1:4, 1:16, or 1:64, selected by control
bits PTCKPS<1:0> in the PTCON SFR. The prescaler
counter is cleared when any of the f_ol[owing oceurs:

» a write fo the PTMR register

» a write to the PTCON register

» any device Reset

The PTMR register is not cleared when PTCON is
written.

15.1.6 PWM TIME BASE POSTSCALER

The match output of PTMR can optionally be post-
scaled through a 4-bit postscaler (which gives a 1:1 to
1:16 scaling).

The postscaler counter is cleared when any of the
following occurs:

« a write to the PTMR register

« a write to the PTCON register

+ any device Reset

The PTMR register is not cleared when PTCON is written.

15.2 PWM Period

PTPER is a 15-bit register and is used to set the count-
ing period for the PWM time base. PTPER is a double
buffered register. The PTPER buffer contents are
loaded into the PTPER register at the following instants:

» Free Running and Single Shot modes: When the

PTMR register is reset to zero after a match with

The PWM period can be determined using
Equation 15-1:

EQUATION 15-1: PWM PERIOD

Tcy * (PTPER + 1)
(PTMR Prescale Value)

TPwWM =

If the PWM time base is configured for one of the Up/
Down Count modes, the PWM period will be twice the
value provided by Equation 15-1.

The maximum resolution (in bits) for a given device
oscillator and PWM frequency can be determined using
Equation 15-2:

EQUATION 15-2: PWM RESOLUTION

log (2 ® TPWM / TCY)
‘log (2)

Resolution =

15.3 [Edge Aligned PWM

Edge aligned PWM signals are produced by the module
when the PWM time base is in the Free Running or Sin-
gle Shot mode. For edge aligned PWM outputs, the out-
put has a period specified by the value in PTPER and a
duty cycle specified by the appropriate duty cycle regis-
ter (see Figure 15-2). The PWM output is driven active
at the beginning of the period (PTMR = 0) and is driven
inactive when the value in the duty cycle register
matches PTMR.

If the value in a particular duty cycle register is zero,
then the output on the corresponding PWM pin will be
inactive for the entire PWM period. In addition, the out-
put on the PWM pin will be active for the entire PWM
period if the value in the duty cycle register is greater
than the value held in the PTPER register.

FIGURE 15-2: EDGE ALIGNED PWM

New Duty Cycle Latched

B

the PTPER register. ' ,

« Up/Down Counting modes: When the PTMR —! Buly Cycle i ! ] !_
register is zero. ' Bt .

The value held in the PTPER buffer is automatically

loaded into the PTPER register when the PWM time

base is disabled (PTEN = 0).
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15.4 Center Aligned PWM

Center aligned PWM signals are produced by the mod-
ule when the PWM time base is configured in an Up/
Down Counting mode (see Figure 15-3).

The PWM compare output is driven to the active state
when the value of the duty cycle register matches the
value of PTMR and the PWM time base is counting
downwards (PTDIR = 1). The PWM compare output is
driven to the inactive state when the PWM time base is
counting upwards (PTDIR = 0) and the value in the
PTMR register matches the duty cycle value.

If the value in a particular duty cycle register is zero,
then the output on the corresponding PWM pin will be
inactive for the entire PWM period. In addition, the out-
put on the PWM pin will be active for the entire PWM
period if the value in the duty cycle register is equal to
the value held in the PTPER register.

FIGURE 15-3: CENTER ALIGNED PWM
Period/2

Period

15.5 PWM Duty Cycle Comparison
Units

There are three 16-bit special function registers (PDC1,
PDC2 and PDC3) used to specify duty cycle values for
the PWM module.

The value in each duty cycle register determines the
amount of time that the PWM output is in the active
state. The duty cycle registers are 16-bits wide. The LS
bit of a duty cycle register determines whether the
PWM edge occurs in the beginning. Thus, the PWM
resolution is effectively doubled.

15.571 DUTY CYCLE REGISTER BUFFERS

The three PWM duty cycle registers are double buff-
ered to allow glitchless updates of the PWM outputs.
For each duty cycle, there is a duty cycle register that
is accessible by the user and a second duty cycle reg-
ister that holds the actual compare value used in the
present PWM period. ’

For edge aligned PWM output, a new duty cycle value
will be updated whenever a match with the PTPER reg-
ister occurs and PTMR is reset. The contents of the
duty cycle buffers are automatically loaded into the
duty cycle registers when the PWM time base is dis-
abled (PTEN = 0) and the UDIS bit is cleared in
PWMCON2.

When the PWM time base is in the Up/Down Counting
mode, new duty cycle values are updated when the
value of the PTMR register is zero and the PWM time
base begins to count upwards. The contents of the duty
cycle buffers are automatically loaded into the duty
cycle registers when the PWM time base is disabled
(PTEN = 0). ;

When the PWM time base is in the Up/Down Counting
mode with double updates, new duty cycle values are
updated when the value of the PTMR register is zero,
and when the value of the PTMR register matches the
value in the PTPER register. The contents of the duty
cycle buffers are automatically loaded into the duty
cycle registers when the PWM time base is disabled
(PTEN = 0).

15.6 Complementary PWM Operation

In the Complementary mode of operation, each pair of
PWM outputs is obtained by a complementary PWM
signal. A dead-time may be optionally inserted during
device switching, when both outputs are inactive for a
short period (Refer to Section 15.7).

In Complementary mode, the duty cycle comparison
units are assigned to the PWM outputs as follows:

+ PDC1 register controls PWM1H/PWM1L outputs

= PDC2 register controls PWM2H/PWM2L outputs

* PDC3 register controls PWM3H/PWMB3L outputs
The Complementary mode is selected for each PWM
1/O pin pair by clearing the appropriate PMODx bit in the
PWMCON1 SFR. The PWM I/O pins are set to
Complementary mode by default upon a device Reset.

m———
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15.7 Dead-Time Generators

Dead-time generation may be provided when any of
the PWM 1/O pin pairs are operating in the Comple-
mentary Oufput mode. The PWM outputs use Push-
Pull drive circuits. Due to the inability of the power out-
put devices to switch instantaneously, some amount of
time must be provided between the turn off event of one
PWM output in a complementary pair and the turmn on
event of the other transistor.

The PWM module allows two different dead-times to be

programmed. These two dead-times may be used in

one of two methods described below to increase user
flexibility:

+ The PWM output signals can be optimized for dif-
ferent turn off times in the high side and low side
transistors in a complementary pair of transistors.
The first dead-time is inserted between the turn
off event of the lower transistor of the complemen-
tary pair and the turn on event of the upper tran-
sistor. The second dead-time is inserted between
the turn off event of the upper transistor and the
turn on event of the lower transistor.

» The two dead-times can be assigned to individual
PWM 1/O pin pairs. This Operating mode allows
the PWM module to drive different transistor/load
combinations with each complementary PWM 1/O
pin pair.

15.7.1 DEAD-TIME GENERATORS

Each complementary output pair for the PWM module
has a 6-bit down counter that is used to produce the
dead-time insertion. As shown in Figure 154, each
dead-time unit has a rising and falling edge detector
connected to the duty cycle comparison output.

15.7.2 DEAD-TIME RANGES

The amount of dead-time provided by the dead-time
unit is selected by specifying the input clock prescaler
value and a 6-bit unsigned value.

Four input clock prescaler selections have been pro-
vided to allow a suitable range of dead-time, based on
the device operating frequency. The dead-time clock
prescaler values are selected using the DTAPS<1:0>
control bits in the DTCON1 SFR. One of four clock
prescaler options (Tcy, 2Tcy, 4Tcy or 8Tcy) may be
selected.

After the prescaler value is selected, the dead-time is

adjusted by loading 6-bit unsigned values into the

DTCON1 SFR. - :

The dead-time unit prescaler is cleared on the following

events:

* On a load of the down timer due to a duty cycle
comparison edge event.

» On a write to the DTCONT1 register.

* On any device Reset.

Note:  The user should not modify the DTCON1
value while the PWM module is operating
(PTEN = 1). Unexpected results may
occur.
FIGURE 15-4: DEAD-TIME TIMING DIAGRAM
Duty Cycle Generator
PWMxH
PWMxL
— g
1 ]
Dead Time A (Active) Dead Time A (Inactive)
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15.8 Independent PWM Output

An independent PWM Output mode is required for driv-
ing certain types of loads. A particular PWM output pair
is in the Independent Output mode when the corre-
sponding PMOD bit in the PWMCONT1 register is set.
No dead-time control is jimplemented between adjacent
PWM 1/O pins when the module is operating in the
Independent mode and both I/O pins are allowed to be
active simultaneously.

In the Independent mode, each duty cycle generator is
connected to both of the PWM I/O pins in an output
pair. By using the associated duty cycle register and
the appropriate bits in the OVDCON register, the user
may select the following signal output options for each
PWM 1/O pin operating in the Independent mode:

/O pin outputs PWM signal
* |/O pin inactive
+ /O pin active

159 Single Pulse PWM Operation

The PWM module produces single pulse outputs when
the PTCON control bits PTMOD<1:0> = 10. Only edge
aligned outputs may be produced in the Single Pulse
mode. In Single Pulse mode, the PWM 1/O pin(s) are
driven to the active state when the PTEN bit is set.
When a match with a duty cycle register occurs, the
PWM 1/O pin is driven to the inactive state. When a
match with the PTPER register occurs, the PTMR reg-
ister is cleared, all active PWM 1/O pins are driven to
the inactive state, the PTEN bit is cleared, and an
interrupt is generated.

15.10 PWM Output Override

The PWM output override bits allow the user to manu-
ally drive the PWM 1/O pins to specified logic: states,
independent of the duty cycle comparison units.

All control bits associated with the PWM output over-
ride function are-contained in the OVDCON register.
The upper half of the OVDCON register contains six
bits, POVDxH<3:1> and POVDxL<3:1>, that determine
which PWM [/O pins will be overridden. The lower half
of the OVDCON register contains six bits,
POUTxH<3:1> and POUTxL<3:1>, that determine the
state of the PWM I/O pins when a particular output is
overridden via the POVD bits.

15.10.1  COMPLEMENTARY OUTPUT MCDE

When a PWMxL pin is driven active via the OVDCON
register, the output signal is forced to be the comple-
ment of the corresponding PWMxH pin in the pair.
Dead-time insertion is" still performed when PWM
channels are overridden manually.

15.10.2  OVERRIDE SYNCHRONIZATION

If the OSYNC bit in the PWMCON2 register is set, all
output overrides performed via the OVDCON register
are synchronized to the PWM time base. Synchronous
output overrides occur at the following times:

« Edge Aligned mode, when PTMR is zero.

« Center Aligned modes, when PTMR is zero and
when the value of PTMR matches PTPER.

Y T
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15.11 PWM Output and Polarity Control

There are three device configuration bits associated
with the PWM module that provide PWM output pin
control:

« HPOL configuration bit
« LPOL configuration bit
« PWMPIN configuration bit

These three bits in the FFORBOR configuration regis-
ter (see Section 21) work in conjunction with the three
PWM Enable bits (PWMEN=<3:1>) located in the
PWMCON1 SFR. The configuration bits and PWM
Enable bits ensure that the PWM pins are in the correct
states after a device Reset occurs. The PWMPIN con-
figuration fuse allows the PWM module outputs to be
optionally enabled on a device Reset. If PWMPIN = o,
the PWM outputs will be driven to their inactive states
at Reset. If PWMPIN = 1 (default), the PWM outputs
will be tri-stated. The HPOL bit specifies the polarity for
the PWMxH outputs, whereas the LPOL bit specifies
the polarity for the PWMxL outputs.

15.11.1  OUTPUT PIN CONTROL

The PEN<3:1>H and PEN<3:1>L ¢ontrol bits in the
PWMCON1 SFR enable each high PWM output pin
and each low PWM output pin, respectively. If a partic-
ular PWM output pin not enabled, it is treated as a
general purpose |/O pin.

15.12 PWM FAULT Pin

There is one FAULT pin (FLTA) associated with the
PWM module. When asserted, these pins can option-
ally drive each of the PWM I/O pins to a defined state.

15.12.1 FAULT PIN ENABLE BITS

The FLTACON SFR has 3 control bits that determine
whether a particular pair of PWM 1/O pins is to be
controlled by the FAULT input pin. To enable a
specific PWM /O pin pair for FAULT overrides, the
corresponding bit should be set in the FLTACON
register.

If all enable bits are cleared in the FLTACON register,
then the corresponding FAULT input pin has no effect
on the PWM module and the pin may be used as a
general purpose interrupt or I/O pin.

Note:  The FAULT pin logic can operate indepen-
dent of the PWM logic. If all the enable bits
in the FLTACON register are cleared, then
the FAULT pin could be used as a general
purpose interrupt pin. The FAULT pin has
an interrupt vector, Interrupt Flag bit and |

Interrupt Priority bits associated with it.

15.12.2 FAULT STATES

The FLTACON special function register has 6 bits that
determine the state of each PWM 1/O pin when it is
overridden by a FAULT input. When these bits are
cleared, the PWM /O pin is driven to the inactive state.
If the bit is set, the PWM 1/O pin will be driven to the
active state. The active and ‘inactive states are refer-
enced to the polarity defined for each PWM I/O pin
(HPOL and LPOL polarity control bits).

A special case exists when a PWM module I/O pair is
in the Complementary mode and both pins are pro-
grammed to be active on a FAULT condition. The
PWMxH pin always has priority in the Complementary
mode, so that both I/O pins cannot be driven active
simultaneously.

15.12.3 FAULT INPUT MODES
The FAULT input pin has two modes of operation:

« . Latched Mode: When the FAULT pin is driven
low, the PWM outputs will go to the states defined
in the FLTACON register. The PWM outputs will
remain in this state until the FAULT pin is driven
_high and the corresponding interrupt flag has
been cleared in software. When both of these
actions have occurred, the PWM outputs will
return to normal operation at the beginning of the
next PWM cycle or half-cycle boundary. If the
interrupt flag is cleared before the FAULT condi-
tion ends, the PWM module will wait until the
FAULT pin is no longer asserted, to restore the
outputs.

* Cycle-by-Cycle Mode: When the FAULT input
pin is driven low, the PWM outputs remain in the
defined FAULT states for as long as the FAULT
pin is held low. After the FAULT pin is driven high,
the PWM outputs return to normal operation at the
beginning of the following PWM cycle or
half-cycle boundary.

The Operating mode for the FAULT input pin is
selected using the FLTAM control bit in the FLTACON
Special Function Register.

The FAULT pin can be controlled manually in software.

=
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15.13 PWM Update Lockout

For a complex PWM application, the user may need to
write up to three duty cycle registers and the time base
period register, PTPER, at a given time. In some appli-
cations, it is important that all buffer registers be written
before the new duty cycle and period values are loaded
for use by the module.

The PWM update lockout feature is enabled by setting
the UDIS control bit in the PWMCON2 SFR. The UDIS
bit affects all duty cycle buffer registers and the PWM
time base period buffer, PTPER. No duty cycle
changes or period value changes will have effect while
uDIS = 1.

15.14 PWM Special Event Trigger

The PWM module has a special event trigger that
allows A/D conversions to be synchronized to the PWM
time base. The A/D sampling and conversion.time may
be programmed to occur at any point within the PWM
period. The special event trigger allows the user to min-
imize the delay between the time when A/D conversion
results are acquired and the time when the duty cycle
value is updated. 1

The PWM special event trigger has a SFR named
SEVTCMP, and five control bits to control its operation.
The PTMR value for which a special event trigger
should occur is loaded into the SEVTCMP register.
When the PWM time base is in an Up/Down Counting
mode, an additional control bit is required to specify the
counting phase for the special event trigger. The count
phase is selected using the SEVTDIR control bit in the
SEVTCMP SFR. If the SEVTDIR bit is cleared, the spe-
cial event trigger will occur on the upward counting
cycle of the PWM time base. If the SEVTDIR bit is set,
the special event trigger will occur on the downward
count cycle of the PWM time base. The SEVTDIR
control bit has no effect unless the PWM time base is
configured for an Up/Down Counting mode.

15.14.1 SPECIAL EVENT TRIGGER
POSTSCALER

The PWM special event trigger has a postscaler that
allows a 1:1 to 1:16 postscale ratio. The postscaler is
configured by writing the SEVOPS<3:0> control bits in
the PWMCON2 SFR.

The special event output postscaler is cleared on the
following events:

= Any write to the SEVTCMP register
* Any device Reset

15.15 PWM Operation During CPU Sleep
Mode

The FAULT A input pin has the ability to wake the CPU
from Sleep mode. The PWM module generates an
interrupt if the FAULT pin is driven low while in Sleep.

15.16 PWM Operation During CPU Idle
Mode

The PTCON SFR contains a PTSIDL control bit. This
bit determines if the PWM module will continue to
operate or stop when the device enters Idle mode. If
PTSIDL = o0, the module will continue to operate. If
PTSIDL = 1, the module will stop operation as long as
the CPU remains in Idle mode.

© 2005 Microchip Technology Inc.
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20.0 10-BIT HIGH SPEED ANALOG-
TO-DIGITAL CONVERTER (A/D)
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 o the dsPIC30F Family Reference

Manual {DS70046).

The10-bit high-speed analog-to-digital converter (A/D)
allows conversion of an analog input signal to a 10-bit
digital number. This module is based on a Successive
Approximation Register (SAR) architecture, and pro-
vides a maximum sampling rate of 500 ksps. The A/D
module has 16 analog inputs which are multiplexed into
four sample and hold amplifiers. The output of the sam-
ple and hold is the input into the converter, which gen-
erates the result. The analog reference voltages are
software selectable to either the device supply voltage
(AVDD/AVsS) or the voltage level on the (VREF+/VREF-)
pin. The A/D converter has a unique feature of being
able to operate while the device is in Sleep mode.

The A/D module has six 16-bit registers:

= A/D Control Register1 (ADCON1)

= A/D Control Register2 (ADCON2)

« A/D Control Register3 (ADCON3)

« A/D Input Select Register (ADCHS)

+ A/D Port Configuration Register (ADPCFG) -

« A/D Input Scan Selection Register (ADCSSL)

The ADCON1, ADCON2 and ADCON3 registers con-
trol the operation of the A/D module. The ADCHS reg-
ister selects the input channels to be converted. The
ADPCFG register configures the port pins as analog

inputs or as digital I/O. The ADCSSL register selects
inputs for scanning.

Note: The SSRC<2:0>, ASAM, SIMSAM,
SMPI<3:0>, BUFM and ALTS bits, as well
as the ADCON3 and ADCSSL registars,
must not be written to while ADON =

This would lead to indeterminate resu!ts :

The block diagram of the A/D module is shown in
Figure 20-1.

© 2005 Microchip Technology Inc.
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FIGURE 20-1: 10-BIT HIGH SPEED A/D FUNCTIONAL BLOCK DIAGRAM
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20.1 A/D Result Buffer

The module contains a 16-word dual port read-only
buffer, called ADCBUFO0...ADCBUFF, to buffer the A/D
results. The RAM is 10-bits wide, but is read into different
format 16-bit words. The contents of the sixteen A/D
conversion result buffer registers, ADCBUFO0 through
ADCBUFF, cannot be written by user software.

20.2 Conversion Operation

After the A/D module has been configured, the sample
acquisition is started by setting the SAMP bit. Various
sources, such as a programmable bit, timer time-outs and
external events, will terminate acquisition and start a con-
version. When the A/D conversion is complete, the result
is loaded into ADCBUFO0...ADCBUFF, and the A/D
interrupt flag ADIF and the DONE bit are set after the
number of samples specified by the SMPI bit.

The following steps should be foilowed for doing an
A/D conversion:
1. Configure the A/D module:
- Configure analog pins, voltage reference and
digital 1/O
- Select A/D input channels
- Select A/D conversion clock
- Select A/D conversion trigger
- Turn on A/D module
2. Configure A/D interrupt (if required):
- Clear ADIF bit
- Select A/D interrupt priority
Start sampling.
Wait the required acquisition time.
Trigger acquisition end, start conversion
Wait for A/D conversion to complete, by either:
- Waiting for the A/D interrupt
7. Read A/D result buffer, clear ADIF if required.

Qo A D

20.3 Selecting the Conversion
Sequence

Several groups of control bits select the sequence in
which the A/D connects inputs to the sample/hold
channels, converts channels, writes the buffer memory,
and generates interrupts. The sequence is controlled
by the sampling clocks.

The SIMSAM bit controls the acquire/convert
sequence for multiple channels. If the SIMSAM bit is
‘0’, the two or four selected channels are acquired and
converted sequentially, with two or four sample clocks.
If the SIMSAM bit is ‘1, two or four selected channels
are acquired simultaneously, with one sample clock.
The channels are then converted sequentially. Obvi-
ously, if there is only 1 channel selected, the SIMSAM
bit is not applicable.

The CHPS bits selects how many channels are sam-
pled. This can vary from 1, 2 or 4 channels. If CHPS
selects 1 channel, the CHO channel will be sampled at
the sample clock and converted. The result is stored in
the buffer. If CHPS selects 2 channels, the CHO and
CH1 channels will be sampled and converted. If CHPS
selects 4 channels, the CHO, CH1, CH2 and CH3
channels will be sampled and converted.

The SMPI bits select the number of acquisition/conver-
sion sequences that would be performed before an
interrupt occurs. This can vary from 1 sample per
interrupt to 16 samples per interrupt.

The user cannot program a combination of CHPS and
SMPI bits that specifies more than 16 conversions per
interrupt, or 8 conversions per interrupt, depending on
the BUFM bit. The BUFM bit, when set, will split the
16--word results buffer (ADCBUF0...ADCBUFF) into
two 8-word groups. Writing to the 8-word buffers will be
alternated on each interrupt event. Use of the BUFM bit
will depend on how much time is available for moving
data out of the buffers after the |nterrupt as determined
by the application.

If the processor can quickly unload a full buffer within
the time it takes to acquire and canvert one channel,
the BUFM bit can be ‘0" and up to 16 conversions may
be done per interrupt. The processor will have one
sample and conversion time to move the sixteen
conversions.

If the processor cannot unload the buffer within the
acquisition and conversion time, the BUFM bit should
be ‘1". For example, if SMPI<3:0> (ADCON2<5:2>) =
0111, then eight conversions will be loaded into 1/2 of
the buffer, following which an interrupt ocecurs. The next
eight conversions will be loaded into the other 1/2 of the
buffer. The processor will have the entire time between
interrupts to move the eight conversions.

The ALTS bit can be used fo alternate the inputs
selected during the sampling sequence. The input mul-
liplexer has two sets of sample inputs: MUX A and
MUX B. If the ALTS bit is ‘0", only the MUX A inputs are
selected for sampling. If the ALTS bit is ‘1’ and
SMPI<3:0> = 0000, on the first sample/convert
sequence, the MUX A inputs are selected, and on the
next acquire/convert sequence, the MUX B inputs are
selected.

The CSCNA bit (ADCON2<10>) will allow the CHO
channel inputs to be alternately scanned across a
selected number of analog inputs for the MUX A group.
The inputs are selected by the ADCSSL register. If a
particular bit in the ADCSSL register is ‘1’, the corre-
sponding input is selected. The inputs are always
scanned from lower to higher numbered inputs, starting
after each interrupt. If the number of inputs selected is
greater than the number of samples taken per interrupt,
the higher numbered inputs are unused.

Preliminary
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20.4 Programming the Start of
Conversion Trigger

The conversion frigger will terminate acquisition and
start the requested conversions.

The SSRC<2:0> bits select the source of the
conversion ftrigger. :

The SSRC bits provide for up to 5 alternate sources of
conversion trigger.

When SSRC<2:0> = 000, the conversion trigger is
under software control. Clearing the SAMP bit will
cause the conversion trigger.

When SSRC<2:0> = 111 (Auto Start mode), the con-
version trigger is under A/D clock control. The SAMC
bits select the number of A/D clocks between the start
of acquisition and the start of conversion. This provides
the fastest conversion rates on mulfiple channels.
SAMC must always be at least 1 clock cycle.

Other trigger sources can come from timer modules,
Motor Control PWM module, or external interrupts.

. Note:  Tooperate the A/D at the maximum spec-
ified conversion speed; the Auto Convert
Trigger option should be selected (SSRC
= 111) and the Auto Sample Time bits
shoud be set to 1 TAD (SAMC = 00001).
This configuration will give a total conver-
sion period (sample + convert) of 13 TAD.

The use of any other conversion trigger |
will result in additional TAD cycles to
synchronize the external event to the A/D.

20.5 Aborting a Conversion

Clearing the ADON bit during a conversion will abort
the current conversion and stop the sampling sequenc-
ing. The ADCBUF will not be updated with the partially
completed A/D conversion sample. That is, the
ADCBUF will continue to contain the value of the last
completed conversion (or the last value written to the
ADCBUF register).

If the clearing of the ADON bit coincides with an auto
start, the clearing has a higher priority.

After the A/D conversion is aborted, a 2 TAD wait is
required before the next sampling may be started by
setting the SAMP bit.

If sequential sampling is specified, the A/D will continue
at the next sample pulse which corresponds with the
next channel converted. If simultaneous sampling is
specified, the A/D will continue with the next
multi-channel group conversion sequence.

20.6 Selecting the A/D Conversion
Clock

The A/D conversion requires 12 TAD. The source of the
A/D conversion clock is software selected using a six
bit counter. There are 64 possible options for TAD.

EQUATION 20-1: A/D CONVERSION .CLOCK

TAD = TCY * (0.5%(ADCS<5:0> +1))
TAD

ADCS<5:0>=2
Toy

-1

The internal RC oscillator is selected by setting the
ADRC bit.

For correct A/D conversions, the A/D conversion clock
(TAD) must be selected to ensure a minimum TAD time
of 154 nsec (for VDD = 5V). Refer to the Electrical
Specifications section for minimum TAD under other
operating conditions. - :

Example 20-1 shows a sample calculation for the
ADCS<5:0> bits, assuming a device operating speed
of 30 MIPS.

EXAMPLE 20-1:  A/D CONVERSION CLOCK

CALCULATION
Minimum TAD = 154 nsec
Tcy = 33 nsec (30 MIPS)
TAD
ADCS<5:0>=2 T /] 1
V.. 154 nsec -
33 nsec
=8.33
Therefore,
Set ADCS<5:0>=9
Actual TAD = ICTY (ADCS<5:0> + 1)
_ 33 nsec ©+1)
2
= 165 nsec

e e L IS e
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20.7 AJD Acquisition Requirements

The analog input model of the 10-bit A/D converter is
shown in Figure 20-2. The total sampling time for the
A/D is a function of the internal amplifier settling time,
device VDD and the holding capacitor charge time.

For the A/D converter to meet its specified accuracy,
the charge holding capacitor (CHOLD) must be allowed
to fully charge to the voltage level on the analog input
pin. The source impedance (RS), the interconnect
impedance (Ric), and the internal sampling switch
(Rss) impedance combine to directly affect the time
required to charge the capacitor CHOLD. The combined
impedance of the analog sources must therefore be
small enough to fully charge the holding capacitor
within the chosen sample time. To minimize the effects
of pin leakage currents on the accuracy of the A/D con-
verter, the maximum recommended source imped-
ance, Rs, is 5 k. After the analog input channel is
selected (changed), this sampling function must be
completed prior to starting the conversion. The internal’
- holding capacitor will be in a discharged state prior fo .
each sample operation.

The user must allow at least 1 TAD period of sampling
time, TsAMP, between conversions to allow each sam-
ple to be acquired. This sample time may be controlled
manually in software by setting/clearing the SAMP bit,
or it may be automatically controlled by the A/D con-
verter. In an automatic configuration, the user must
allow enough time between conversion triggers so that
the minimum sample time can be satisfied. Refer to the
Electrical Specifications for TAD and sample time
requirements.

A/D CONVERTER ANALOG INPUT MODEL

FIGURE 20-2:
DR RIC<2600  samoling RS <3k
e
VT = 0.6V Ny & P
' RsS
"lkr‘r A .I
------- CHOLD
= DAC capacitance
vr=o6v (| )} 18akage T 2 Al |
J_VSS

Legend: CPIN = input capacitance
VT = threshold voltage

I leakage = leakage current at the pin due to
various junctions

Ric = interconnect resistance
Rss = sampling swilch resistance
CHOLD = sample/hold capacitance (from DAC)

Note: CPIN value depends on device package and is not tested. Effect of CPIN negligible if Rs < 5 kQ.

© 2005 Microchip Technology Inc.
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20.8 Module Power-down Modes

The module has 3 internal power modes. When the
ADON bit is ‘1", the module is in Active mode; it is fully
powered and functional. When ADON is ‘0’, the module
is in Off mode. The digital and analog portions of the
circuit are disabled for maximum current savings. In
order to return to the Active mode from Off mode, the
user must wait for the ADC circuitry to stabilize.

20.9 AJ/D Operation During CPU Sleep
and Idle Modes

20.9.1 A/D OPERATION DURING CPU
SLEEP MODE

When the device enters Sleep mode, all clock sources
to the module are shutdown and stay at logic ‘0’.

If Sleep occurs in the middle of a conversion, the con-
version is aborted. The converter will not continue with
a partially completed conversion on ‘exit from Sleep
mode.

Register contents are not affected by the device
entering or leaving Sleep mode.

The A/D module can operate during Sieep mode if the
A/D clock source is set to RC (ADRC = 1). When the
RC clock source is selected, the A/D module waits one
instruction cycle before starting the conversion. This
allows the SLEEP instruction to be executed, which
eliminates all digital switching noise from the conver-
sion. When the conversion is complete, the Done bit
will be set and the result loaded into the ADCBUF
register.

FIGURE 20-3:

A/D OUTPUT DATA FORMATS

If the A/D interrupt is enabled, the device will wake-up
from Sleep. If the A/D interrupt is not enabled, the A/D
module will then be turned off, although the ADON bit
will remain set.

20.9.2  A/D OPERATION DURING CPU IDLE
MODE

The ADSIDL bit selects if the module will stop on Idle or
continue on Idle. If ADSIDL = o, the module will con-
tinue operation on assertion of Idle mode. If ADSIDL =
1, the module will stop on Idle.

20.10 Effects of a Reset

A device Reset forces all registers to their Reset state.
This forces the A/D module to be turned off, and any
conversion and acquisition sequence is aborted. The
values that are in the ADCBUF registers are not modi-
fied. The A/D result register will contain unknown data
after a Power-on Reset,

20.11 Output Formats

The A/D result is 10-bits wide. The data buffer RAM is
also 10-bits wide. The 10-bit data' can be read in one of
four different formats. The FORM<1:0> bits select the
format. Each of the output formats translates to a 16-bit
result on the data bus.

Write data will always be in right justified (integer)
format.

RAM Contents:

Read to Bus:

d09|d08 | d07 [ d06 | d05 | d04 | d03 [ d02 [dO1 | dOO

Signed Fractional (1.15)  |d09|d08 |d07 | d06 |d05 | do4 |d03 |do2 |do1|{doo] o o | o | o | o | o

Fractional (1.15) | d09 [d08 [ d07 | d06 | 05 | d04 | d03 |d02 |dO1{d00| O | O | O | O | O 0

Signed Integer | d09 | d09 | d09 | d09 | d09 | d09 | d09 | dO8 | d07 | d06 | dO5 | do4 | do3 | do2 | do1 | doo

Integer 0| 0] 0|0 0| O |dO9|d08|d07|d06|d05|d04|d03|d02|do1|doo

e S
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20.12 Configuring Analog Port Pins

The use of the ADPCFG and TRIS registers control the
operation of the A/D port pins. The port pins that are
desired as analog inputs must have their correspond-
ing TRIS bit set (input). If the TRIS bit is cleared (out-
put), the digital output level (VoH or VoL) will be
converted.

The A/D operation is independent of the state of the
CHOSA<3:0>/CH0SB<3:0> bits and the TRIS bits.

When reading the PORT register, all pins configured as
analog input channels will read as cleared.

Pins configured as digital inputs will not convert an ana-
log input. Analog levels on any pin that is defined as a
digital input (including the ANx pins), may cause the
input buffer to consume current that exceeds the
device specifications.

20.13 Connection Considerations

The analog inputs have diodes to VDD and Vss as ESD
protection. This requires that the analog input be
between VDD and Vss. If the input voltage exceeds this
range by greater than 0.3V (either direction), one of the
diodes becomes forward biased and it may damage the
device if the input current specification is exceeded.

An external RC filter is sometimes added for anti-
aliasing of the input signal. The R component should be
selected to ensure that the sampling time requirements
are satisfied. Any external components connected (via
high impedance) to an analog input pin (capacitor,
zener diode, etc.) should have very little leakage
current at the pin.

© 2005 Microchip Technology Inc.
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23.0 DEVELOPMENT SUPPORT

The PICmicro® microcontrollers are supported with a
full range of hardware and software development tools:
« Integrated Development Environment

- MPLAB® IDE Software
+ Assemblers/Compilers/Linkers

- MPASM™ Assembler

- MPLAB C17 and MPLAB C18 C Compilers

- MPLINK™ Object Linker/
MPLIB™ Object Librarian

- MPLAB C30 C Compiler
- MPLAB ASM30 Assembler/Linker/Library
« Simulators
- MPLAB SIM Software Simulator
- MPLAB dsPIC30 Software Simulator
+ Emulators
- MPLAB ICE 2000 In-Circuit Emulator
- MPLAB ICE 4000 In-Circuit Emulator
In-Circuit Debugger
. - MPLABICD 2
‘“+ Device Programmers
- PRO MATE® |l Universal Device Programmer
- PICSTART® Plus Development Programmer
- MPLAB PM3 Device Programmer
« Low-Cost Demonstration Boards
- PICDEM™ 1 Demonstration Board
- PICDEM.net™ Demonstration Board
- PICDEM 2 Plus Demonstration Board
- PICDEM 3 Demonstration Board
- PICDEM 4 Demonstration Board
- PICDEM 17 Demonstration Board
- PICDEM 18R Demonstration Board
- PICDEM LIN Demonstration Board
- PICDEM USB Demonstration Board
» Evaluation Kits
KeeLoq®
PICDEM MSC
- microlD®
- CAN
- PowerSmart®
- Analog

23.1 MPLAB Integrated Development
Environment Software

The MPLAB IDE software brings an ease of software
development previously unseen in the 8/16-bit micro-
controller market. The MPLAB IDE is a Windows®
based application that contains:
= An interface to debugging tools
- simulator
- programmer (sold separately)
- emulator (sold separately)
- in-circuit debugger (sold separately)
« Afull-featured editor with color coded context
= A multiple project manager
+ Customizable data windows with direct edit of
contents
* High-level source code debugging

. * Mouse over variable inspection

- Extensive on-line help
The MPLAB IDE allows you to:

+ Edit your source files (either assembly or C) '
* One touch assemble (or compile) and download:'
to PICmicro emulator and simulator tools
{automatically updates all project information)
* Debug using:
- source files (assembly or C)
- mixed assembly and C
- machine code

MPLAB IDE supports multiple debugging tools in a
single development paradigm, from the cost effective
simulators, through low-cost in-circuit debuggers, to
full-featured emulators. This eliminates the learning
curve when upgrading to tools with increasing flexibility
and power.

23.2 MPASM Assembler

The MPASM assembler is a full-featured, universal
macro assembler for all PICmicro MCUs.

The MPASM assembler generates relocatable object
files for the MPLINK object linker, Intel® standard HEX
files, MAP files to detail memory usage and symbol ref-
erence, absolute LST files that contain source lines and
generated machine code and COFF files for
debugging.

The MPASM assembler features include:

* Integration into MPLAB IDE projects

* User defined macros to streamline assembly code
« Conditional assembly for multi-purpose source
files

Directives that allow complete control over the
assembly process

Preliminary
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23.3 MPLAB C17 and MPLAB C18
C Compilers

The MPLAB C17 and MPLAB C18 Code Development
Systems are complete ANSI C compilers for
Microchip’s PIC17CXXX and PIC18CXXX family of
microcontrollers. These compilers provide powerful
integration capabilities, superior code optimization and
ease of use not found with other compilers.

For easy source level debugging, the compilers provide
symbol information that is optimized to the MPLAB IDE
debugger.

23.4 MPLINK Object Linker/
MPLIB Object Librarian

The MPLINK object linker combines relocatable
objects created by the MPASM assembler and the
MPLAB C17 and MPLAB C18 C compilers. It can link
relocatable objects from precompiled libraries, using
directives from a linker script. '

The MPLIB object librarian manages the creation and
modification of library files of precompiled code. When
a routine from a library is called from a source file, only
the modules that contain that routine will be linked in
with the application. This allows large libraries to be
used efficiently in many different applications.

The object linker/library features include:

« Efficient linking of single libraries instead of many
smaller files

» Enhanced code maintainability by grouping
related modules together

» Flexible creation of libraries with easy module
listing, replacement, deletion and extraction

23.5 MPLAB C30 C Compiler

The MPLAB C30 C compiler is a full-featured, ANSI
compliant, optimizing compiler that translates standard
ANSI C programs into dsPIC30F assembly language
source. The compiler also supports many command
line options and language extensions to take full
advantage of the dsPIC30F device hardware capabili-
ties and afford fine confrol of the compiler code
generator.

MPLAB C30 is distributed with a complete ANSI C
standard library. All library functions have been vali-
dated and conform to the ANSI C library standard. The
library includes functions for string manipulation,
dynamic memory allocation, data conversion, time-
keeping and math functions (trigonometric, exponential
and hyperbolic). The compiler provides symbolic
information for high-level source debugging with the
MPLAB IDE.

23.6 MPLAB ASM30 Assembler, Linker
and Librarian

MPLAB ASM30 assembler produces relocatable
machine code from symbolic assembly language for
dsPIC30F devices. MPLAB C30 compiler uses the
assembler to produce it's object file. The assembler
generates relocatable object files that can then be
archived or linked with other relocatable object files and
archives to create an executable file. Notable features
of the assembler include:

* Support for the entire dsPIC30F instruction set
* Support for fixed-point and floating-point data

+ Command line interface

+ Rich directive set

= Flexible macro language

« MPLAB IDE compatibility

23.7 MPLAB SIM Software Simulator

The MPLAB SIM software simulator allows code devel-
opment in a PC hosted environment by simulating the
PICmicro series microcontrollers on an instruction
level. On any given instruction, the data areas can be
examined or modified and stimuli can be applied from
afile, or user defined key press, to any pin. The execu-
tion can be performed in Single-Step, Execute Until
Break or Trace mode.

The MPLAB SIM simulator fully supports symbolic
debugging using the MPLAB C17 and MPLAB C18
C Compilers, as well as the MPASM assembler. The
software simulator offers the flexibility to develop and
debug code outside of the laboratory environment,
making it an excellent, economical software
development tool.

23.8 MPLAB SIM30 Software Simulator

The MPLAB SIM30 software simulator allows code
developmentin a PC hosted environment by simulating
the dsPIC30F series microcontrollers on an instruction
level. On any given instruction, the data areas can be
examined or modified and stimuli can be applied from
a file, or user defined key press, to any of the pins.

The MPLAB SIM30 simulator fully supports symbolic
debugging using the MPLAB C30 C Compiler and
MPLAB ASM30 assembler. The simulator runs in either
a Command Line mode for automated tasks, or from
MPLAB IDE. This high-speed simulator is designed to
debug, analyze and optimize time intensive DSP
routines.
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23.9 MPLAB ICE 2000
High-Performance Universal
In-Circuit Emulator

The MPLAB ICE 2000 universal in-circuit emulator is
intended to provide the product development engineer
with a complete microcontroller design tool set for
PICmicro microcontrollers. Software control of the
MPLAB ICE 2000 in-circuit emulator is advanced by
the MPLAB Integrated Development Environment,
which allows editing, building, downloading and source
debugging from a single environment.

The MPLAB ICE 2000 is a full-featured emulator sys-
tem with enhanced trace, trigger and data monitoring
features. Interchangeable processor modules allow the
system to be easily reconfigured for emulation of differ-
ent processors. The universal architecture of the
MPLAB ICE in-circuit emulator allows expansion to
support new PICmicro microcontrollers.

The MPLAB 1CE 2000 in-circuit emulator system has
been designed as a real-time emulation system with
advanced features that are typically found on more
expensive development tools. The PC platform and
Microsoft® Windows 32-bit operating system were
chosen to best make these features available in a
simple, unified application.

23.10 MPLAB ICE 4000
High-Performance Universal
In-Circuit Emulator

The MPLAB ICE 4000 universal in-circuit emulator is
intended to provide the product development engineer
with a complete microcontroller design tool set for high-
end PICmicro microcontrolliers. Software control of the
MPLAB ICE in-circuit emulator is provided by the
MPLAB Integrated Development Environment, which
allows editing, building, downloading and source
debugging from a single environment.

The MPLAB ICD 4000 is a premium emulator system,
providing the features of MPLAB ICE 2000, but with
increased emulation memory and high-speed perfor-
mance for dsPIC30F and PIC18XXXX devices. Its
advanced emulator features include complex triggering
and timing, up to 2 Mb of emulation memory and the
ability to view variables in real-time.

The MPLAB ICE 4000 in-circuit emulator system has
been designed as a real-time emulation system with
advanced features that are typically found on more
expensive development tools. The PC platform and
Microsoft Windows 32-bit operating system were
chosen to best make these features available in a
simple, unified application.

23.11 MPLAB ICD 2 In-Circuit Debugger

Microchip’s In-Circuit Debugger, MPLAB ICD 2, is a
powerful, low-cost, run-time development tool,
connecting to the host PC via an RS-232 or high-speed
USB interface. This tool is based on the Flash
PICmicro MCUs and can be used to develop for these
and other PICmicro microcontrollers. The MPLAB
ICD 2 utilizes the in-circuit debugging capability built
into the Flash devices. This feature, along with
Microchip’s In-Circuit Serial Programming™ (ICSP™)
protocol, offers cost effective in-circuit Flash debugging
from the graphical user interface of the MPLAB
Integrated Development Environment. This enables a
designer to develop and debug source code by setting
breakpoints, single-stepping and watching variables,
CPU status and peripheral registers. Running at full
speed enables testing hardware and applications in
real-time. MPLAB ICD 2 also serves as a development
programmer for selected PICmicro devices.

23.12 PRO MATE Il Universal Device
y Programmer '

The PRO MATE Il is a universal, CE compliant device
programmer with programmable voltage verification at
VDDMIN and VDDMAX for maximum reliability. It features
an LCD display for instructions and error messages
and a modular detachable socket assembly to support
various package types. In Stand-Alone mode, the
PRO MATE [l device programmer can read, verify and
program PICmicro devices without a PC connection. It
can also set code protection in this mode.

23.13 MPLAB PM3 Device Programmer

The MPLAB PM3 is a universal, CE compliant device
programmer with programmable voltage verification at
VDDMIN and VDDMAX for maximum reliability. It features
a large LCD display (128 x 64) for menus and error
messages and a modular detachable socket assembly
to support various package types. The ICSP™ cable
assembly is included as a standard item. In Stand-
Alone mode, the MPLAB PM3 device programmer can
read, verify and program PICmicro devices without a
PC connection. It can also set code protection in this
mode. MPLAB PM3 connects to the host PC via an
RS-232 or USB cable. MPLAB PM3 has high-speed
communications and optimized algorithms for quick
programming of large memory devices and incorpo-
rates an SD/MMC card for file storage and secure data
applications.

© 2005 Microchip Technology Inc.
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23.14 PICSTART Plus Development
Programmer

The PICSTART Plus development programmer is an
easy-to-use, low-cost, prototype programmer. It con-
nects to the PC via a COM (RS-232) port. MPLAB
Integrated Development.Environment software makes
using the programmer simple and efficient. The
PICSTART Plus development programmer supports
most PICmicro devices up to 40 pins. Larger pin count
devices, such as the PIC16C92X and PIC17C76X,
may be supported with an adapter socket. The
PICSTART Plus development programmer is CE
compliant.

23.15 PICDEM 1 PICmicro
Demonstration Board

The PICDEM 1 demonstration board demonstrates the

capabiliies of the PIC16C5X (PIC16C54 to

PIC16C58A), PIC16C61, PIC16C62X, PIC16C71;

PIC16C8X, PIC17C42, PIC17C43 and PIC17C44. All

necessary hardware and software is included to run-
basic demo programs. The sample microcontrollers

provided with the PICDEM 1 demonstration board can.
be programmed with a PRO MATE Il device program-

mer or a PICSTART Plus development programmer.

The PICDEM 1 demonstration board can be connected

to the MPLAB ICE in-circuit emulator for testing. A

prototype area extends the circuitry for additional appli-

cation components. Features include an RS-232

interface, a potentiometer for simulated analog input,

push button switches and eight LEDs.

23.16 PICDEM.net Internet/Ethernet
Demonstration Board

The PICDEM.net demonstration board is an Internet/
Ethemet demonstration board using the PIC18F452
microcontroller and TCP/IP firmware. The board
supports any 40-pin DIP device that conforms to the
standard pinout used by the PIC16F877 or
PIC18C452. This kit features a user friendly TCP/IP
stack, web server with HTML, a 24L256 Serial
EEPROM for Xmodem download to web pages into
Serial EEPROM, ICSP/MPLAB ICD 2 interface con-
nector, an Ethernet interface, RS-232 interface and a
16 x 2 LCD display. Also included is the book and
CD-ROM “TCP/IP Lean, Web Servers for Embedded
Systems,” by Jeremy Bentham

23.17 PICDEM 2 Plus
Demonstration Board

The PICDEM 2 Plus demonstration board supports
many 18, 28 and 40-pin microcontrollers, including
PIC16F87X and PIC18FXX2 devices. All the neces-
sary hardware and software is included to run the dem-
onstration programs. The sample microcontrollers
provided with the PICDEM 2 demonstration board can
be programmed with a PRO MATE Il device program-
mer, PICSTART Plus development programmer, or
MPLAB ICD 2 with a Universal Programmer Adapter.
The MPLAB ICD 2 and MPLAB ICE in-circuit emulators
may also be used with the PICDEM 2 demonstration
board to test firmware. A prototype area extends the
circuitry for additional application components. Some
of the features include an RS-232 interface, a 2 x 16
LCD display, a piezo speaker, an on-board temperature
sensor, four LEDs and sample PIC18F452 and
PIC16F877 Flash microcontrollers.

23.18 PICDEM 3 PIC16C92X
Demonstration Board

The PICDEM 3 demonstration board supporfs the
PIC16C923 and PIC16C924 in the PLCC package. All
the necessary hardware and software is included to run
the demonstration programs.

23.19 PICDEM 4 8/14/18-Pin
Demonstration Board

The PICDEM 4 can be used to demonstrate the capa-
bilities of the 8, 14 and 18-pin PIC16XXXX and
PIC18XXXX MCUs, including the PIC16F818/819,
PIC16F87/88, PIC16F62XA and the PIC18F1320
family of microcontrollers. PICDEM 4 is intended to
showcase the many features of these low pin count
parts, including LIN and Motor Control using ECCP.
Special provisions are made for low-power operation
with the supercapacitor circuit and jumpers allow on-
board hardware to be disabled to eliminate current
draw in this mode. Included on the demo board are pro-
visions for Crystal, RC or Canned Oscillator modes, a
five volt regulator for use with a nine volt wall adapter
or battery, DB-9 RS-232 interface, ICD connector for
programming via ICSP and development with MPLAB
ICD 2, 2 x 16 liquid crystal display, PCB footprints for
H-Bridge motor driver, LIN transceiver and EEPROM.
Also included are: header for expansion, eight LEDs,
four potentiometers, three push buttons and a proto-
typing area. Included with the kit is a PIC16F627A and
a PIC18F1320. Tutorial firmware is included along with
the User’s Guide.
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23.20 PICDEM 17 Demonstration Board

The PICDEM 17 demonstration board is an evaluation
board that demonstrates the capabilities of several
Microchip microcontrollers, including PIC17C752,
PIC17C756A, PIC17C762 and PIC17C766. A pro-

. grammed sample is included. The PRO MATE |l device |

programmer, or the PICSTART Plus development pro-
grammer, can be used to reprogram the device for user
tailored application development. The PICDEM 17
demonstration board supports program download and
execution from external on-board Flash memory. A
generous prototype area is available for user hardware
expansion.

23.21 PICDEM 18R PIC18C601/801
Demonstration Board

The PICDEM 18R demonstration board serves to assist
development of the PIC18C601/801 family of Microchip
.microcontrollers. It provides. hardware implementation
of both 8-bit Multiplexed/Demultiplexed and 16-bit
Memory modes. The board includes 2 Mb external
Flash memory and 128 Kb SRAM memory, as well as
serial EEPROM, allowing access to the wide range of
memory types supported by the PIC18C601/801.

23.22 PICDEM LIN PIC16C43X
Demonstration Board

The powerful LIN hardware and software kit includes a
series of boards and three PICmicro microcontrollers.
The small footprint PIC16C432 and PIC16C433 are
used as slaves in the LIN communication and feature
on-board LIN transceivers. A PIC16F874 Flash
microcontroller serves as the master. All three micro-
controllers are programmed with firmware to provide
LIN bus communication.

23.23 PICkit™ 1 Flash Starter Kit

A complete “development system in a box”, the PICkit
Flash Starter Kit includes a convenient multi-section
board for programming, evaluation and development of
8/14-pin Flash PIC® microcontrollers. Powered via
USB, the board operates under a simple Windows GUI.
The PICKit 1 Starter Kit includes the User’s Guide (on
CD ROM), PICkit 1 tutorial software and code for
various applications. Also included are MPLAB® IDE
(Integrated Development Environment) software,
software and hardware “Tips 'n Tricks for 8-pin Flash
PIC® Microcontrollers” Handbook and a USB interface
cable. Supports all current 8/14-pin Flash PIC
microcontrollers, as well as many future planned
devices.

23.24 PICDEM USB PIC16C7X5
Demonstration Board

The PICDEM USB Demonstration Board shows off the
capabilities of the PIC16C745 and PIC16C765 USB
microcontrollers. This board provides the basis for
future USB products..

23.25 Evaluation and
Programming Tools

In addition to the PICDEM series of circuits, Microchip
has a line of evaluation kits and demonstration software
for these products.

« KEeLoq evaluation and programming tools for
Microchip’s HCS Secure Data Products

» CAN developers kit for automotive network
applications

» Analog design boards and filter design software

“+ PowerSmart battery. charging evaluation/

calibration kits

« IrDA® development kit

= microlD development and rfLab™ development
software .

« SEEVAL® designer kit for memory evaluation and
endurance calculations

- PICDEM MSC demo boards for Switching mode

power supply, high-power IR driver, delta sigma
ADC and flow rate sensor

Check the Microchip web page and the latest Product
Selector Guide for the complete list of demonstration
and evaluation kits.
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24.0 ELECTRICAL CHARACTERISTICS
This section provides an overview of dsPIC30F electrical characteristics. Additional information will be provided in future
revisions of this document as it becomes available.

For detailed information about the dsPIC30F architecture and core, refer to dsPIC30F Family Reference Manual
(DS70046).

Absolute maximum ratings for the dsPIC30F family are listed below. Exposure to these maximum rating conditions for
extended periods may affect device reliability. Functional operation of the device at these or any other conditions above
the parameters indicated in the operation listings of this specification is not implied.

Absolute Maximum Ratings(f)

Ambient temperature under bias.......coiiicisaivini BB e e s ecisesioi anei emoe s s o4 ssivmsnssnsnassssnnnas =30°C 10 4125°C
Storage temperature .. vores o PP e enasnnens “00 o 10 +150°C
Voltage on any pin thh respect to Vss (except VDD and MCLR) (Note 1) ceseesemes P . <0.3V 16 (VDD + 0.3V)
Voltage on VDD with respect to VSEP.. . ... e e S ok d b L Lol ot riisisninninn i B <003V 10 +5.5V

Voltage on MCLR with respecidl WIS ......... e e e ol Lot reesiasstuncs s sivss s B s

Maximum current OUt OF VSTIDIIF.........ccor e rorvmma s soee e onds ons ness ssalhrtion dlh Sovans g amsePTT T easenscsanssonrsess Mo Warveres
Maximum current into VDP pift (Note@)e) s B A0 . Q)i B e e omvmere Lo 0
Input clamp current, lIK (Vi< 0 or VI > VDD)....
Output clamp current, 1ok (Vo < 0 or Vo > VDD).....
Maximum output current sunk by any O BIR. .. e«
Maximum output current sourced by any 1O PiN ....co oot as st e E e et e e et s e s eares
Maximum current sunk by all ports ..
Maximum current sourced by all ports (Note 2)

Note 1: Voltage spikes below Vss at the MCLR/VPP pin, mducmg currents greater than 80 mA, may cause latchup.
Thus, a series resistor of 50-10022 should be used when applying a “low" level to the MCLR/VPP pin, rather
than pulling this pin directly to Vss.

2: Maximum allowable current is a function of device maximum power dissipation. See Table 24-2.

TNOTICE: Stresses above those listed under "Absolute Maximum Ratings” may cause permanent damage to the
device. This is a stress rating only and functional operation of the device at those or any other conditions above those
indicated in the operation listings of this specification is not implied. Exposure fo maximum rating conditions for
extended periods may affect device reliability.

241 DC Characteristics
TABLE 24-1: OPERATING MIPS VS. VOLTAGE

Max MIPS
VDD Range Temp Range
dsPIC30F401x-30I dsPIC30F401x-201 dsPIC30F401x-20E
4,5-5.5V -40°C to 85°C 30 20 —
4.5-55V -40°C to 125°C — —— 20
3.0-3.6V -40°C to 85°C 20 15 —
3.0-3.6V -40°C to 125°C — — 15
2.5-3.0V -40°C to 85°C 10 75 e

=
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TABLE 24-2: THERMAL OPERATING CONDITIONS

Rating Symbol | Min Typ Max Unit

dsPIC30F401x-30I

Operating Junction Temperature Range TJ -40 +125 °C

Operating Ambient Temperature Range TA | -40 +85 i e
dsPIC30F401x-20I

Operating Junction Temperature Range TJ -40 +150 o

Operating Ambient Temperature Range TA -40 +85 °C
dsPIC30F401x-20E

Operating Junction Temperature Range TJ -40 +150 °C

Operating Ambient Temperature Range TA -40 +125 °C
Power Dissipation:
Internal chip power dissipation:

PI‘NT = VD[; x ([DD =3 [OH) Pp PINT + PifO w
I/0 Pin power dissipation:

Pro= £ ({ Vipp ~ Vol X Iow) T E (Vo x1oy ). /
Maximum Allowed Power Dissipation PDMAX (To-Ta) /0o w

TABLE 24-3: THERMAL PACKAGING CHARACTERISTICS

Characteristic ; Symbol | Typ Max Unit". | Notes
Package Thermal Resistance, 28-pin SPDIP (SP) 0JA 41 °C/W 1
Package Thermal Resistance, 28-pin SOIC (SO) BJA 45 °C/W y
Package Thermal Resistance, 40-pin DIP (P) BJA 37 °C/W 1
Package Thermal Resistance, 44-pin TQFP (10x10x1mm) 0JA 40 °C/W 1
Package Thermal Resistance, 44-pin QFN BJA 28 °C/W 1

Note 1: Junction to ambient thermal resistance, Theta-ja (6JA) numbers are achieved by package simulations.

TABLE 24-4: DC TEMPERATURE AND VOLTAGE SPECIFICATIONS

Standard Operating Conditions: 2.5V to 5.5V

(unless otherwise stated)

Operating temperature  -40°C < Ta < +85°C for Industrial
-40°C < TA £ +125°C for Extended

DC CHARACTERISTICS

P:lr:m Symbol Characteristic Min | Typ" | Max | Units Conditions
Operating Voltage®®
DC10 (VoD Supply Voltage 2:5 — B V | Industrial temperature
DC11 VDD Supply Voltage 30 — 5.5 V | Extended temperature
DC12 |VDR RAM Data Retention Voltage® [ — 1.5 = v
DC16 |VPOR Vop Start Voltage — Vss — V
to ensure internal
Power-on Reset signal
DC17 |SvbD VDD Rise Rate 0.05 Vims [ 0-5Vin 0.1 sec
to ensure internal 0-3Vin 60 ms
Power-on Reset signal

Note 1: Datain“Typ” columnis at 5V, 25°C unless otherwise stated. Parameters are for design guidance only and
are not tested.
2: These parameters are characterized but not tested in manufacturing.
3: This is the limit to which VDD can be lowered without losing RAM data.

e 1o ot e S i s
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TABLE 24-5: DC CHARACTERISTICS: OPERATING CURRENT (lpb)
Standard Operating Conditions: 2.5V to 5.5V
unless otherwise stated
e (Operating temperature -)40°C < Ta < +85°C for Industrial
-40°C < Ta < +125°C for Extended
Pa'meter Typical() Max Units Conditions

Operating Current (Iop)?)

DC20 —— — mA 40°C

DC20a 2.5 - mA 25°C 3.3V

DC20b — - mA 85°C

DC20c e — mA 125°C

Deo0d = e = 30°C 1 MIPS EC mode
DC20e 4.5 — mA 25%C

Dc20of — - mA 85°C 5V

DC20g — — mA 125°C

- | DC23 - — mA 40°C

DC23a 1 — mA 25°C 3.3V

DC23b — — mA 85°C L

= - - L L 4 MIPS EC mode, 4X PLL
DC23d — mA -40°C ' .
DC23e 18 — mA 25°C Y

DC23f — — mA 85°C

DC23g — — mA 12550

DC24 — S mA -40°C

DC24a 25 — mA 25°C 3.3V

DC24b — — mA 85°C

DG o n A JED 10 MIPS EC mode, 4X PLL
DC24d —— — mA -40°C '
DC24e 43 — mA 25°C 5v

DC24f - — mA 85°C

DC24g — e mA 125°C

DC25 — — mA -40°C

DC25a 24 — mA 25°C

DC25b — — mA 85°C !

DC25c - — mA 125°C

8 MIPS EC mode, 8X PLL

DC25d == —-— mA -40°C

DC25e 41 — mA 25°C .

DC25f — — mA 85°C

DC25g — - mA 125°C

Note 1: Data in “Typical” column is at 5V, 25°C unless otherwise stated. Parameters are for design guidance only

and are not tested.

2: The supply current is mainly a function of the operating voltage and frequency. Other factors such as I/O
pin loading and switching rate, oscillator type, internal code execution pattern and temperature also have
an impact on the current consumption. The test conditions for all IDD measurements are as follows: OSC1
driven with external square wave from rail to rail. All /0 pins are configured as Inputs and pulled to VDD.
MCLR = VDD, WDT, FSCM, LVD and BOR are disabled. CPU, SRAM, Program Memory and Data
Memory are operational. No peripheral modules are operating.

D e TR S
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TABLE 24-5: DC CHARACTERISTICS: OPERATING CURRENT (lop) (CONTINUED)

DC CHARACTERISTICS

Standard Operating Conditions: 2.5V to 5.5V

(unless otherwise stated)

Operating temperature -40°C < Ta < +85°C for Industrial
-40°C < TA < +125°C for Extended

Fa r:l::eter Typical | - Max Units Conditions
Operating Current (Ipp)i?)
DC27 - P mA 40°C
DC27a 52 = mA 25°C 3.3V
DC27b — oy mA 85°C
DC27¢ — = mA 40°C 20 MIPS EC mode, 8X PLL
DC27d 94 — mA 25°C -
DC27e — — mA 85°C
DC27f = 7 mA 125°C
DC28 — # mA 40°C
DC28a - 41 s mA 25°C . 3.3V
DC28b = = mA 85°C
DC28c i = mA 40°C 16 MIPS EC mode, 16X PLL
DC28d 74 — mA 25°C -
DC28e 7 - mA 86°C
DC28f & . mA 125°C
DC29 - - mA 40°C
el £ 4 Z I E7C 5V |30 MIPS EC mode, 16X PLL
DC29%b X o mA 85°C ’
DC29¢ | i 8 mA 125°C
DC30 . ) mA 40°C
DC30a 7 — mA 25°C B
DC30b n = mA 85°C
DC30c L ¥ = mA 125°C
DC30d 3 — mA 40°C PRS2
DC30e 12 X mA 25°C s
DC30f — - mA 85°C
DC30g — e mA 125°C
DC31 - = mA 40°C
DC31a 1 - mA 25°G 3.3V
DC31b - h mA 85°C
DC31c = - mA 125°C
— — - s T LPRC (~ 512 kHz)
DC31e 2 — mA 25°C g
DC31f == = mA 85°C
DC31g - - mA 125°C

Note 1: Data in “Typical” column is at 5V, 25°C unless otherwise stated. Parameters are for design guidance only

and are not tested.

2: The supply current is mainly a function of the operating voltage and frequency. Other factors such as /O
pin loading and switching rate, oscillator type, internal code execution pattern and temperature also have
an impact on the current consumption. The test conditions for all Ibb measurements are as follows: OSC1
driven with external square wave from rail to rail. All /O pins are configured as Inputs and pulled to VDD.
MCLR = Vop, WDT, FSCM, LVD and BOR are disabled. CPU, SRAM, Program Memory and Data
Memory are operational. No peripheral modules are operating.
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TABLE 24-6: DC CHARACTERISTICS: IDLE CURRENT (liDLE)
Standard Operating Conditions: 2.5V to 5.5V
(unless otherwise stated)
BEEHARAETERISTICS Operating temperature -40°C < Ta < +85°C for Industrial
-40°C < Ta < +125°C for Extended
Pa’f"':ete' Typical(! Max Units Conditions’
Idle Current (IIDLE): Core OFF Clock ON Base Current(?
DC40 — —_ mA -40°C
DC40a 1.5 — mA 25°C
3.3V
DC40b — — mA 85°C
DC40c — — mA 125°C
1 MIPS EC mode
DC40d — — mA -40°C
DC40e 3 — mA 25°C ”
DC40f — — mA 85°C
DC40g — —_ mA 125°C
DC43 — — mA -40°C
DC43a 8 — mA 25°C
: 3.3v
DC43b — — mA 85°C
DC43c . — — mA 125° ‘
c % 4 MIPS ET mode, 4X PLL
DC43d — — mA 40°C
DC43e 12 — mA 2506 By
DC43f s — mA 85°C
DC43g — —_ mA 125°C
DC44 — — mA -40°C
DC44a 17 — mA 25°C
3.3V
DC44b o P— mA 85°C
Siseinn = =3 el uocins 10 MIPS EC mode, 4X PLL
DC44d — — mA -40°C il
DC44e 27 —_ mA 25°C 5V
DC44f - — mA 85°C
DC44g A Y N mA 125°C
DC45 — — mA -40°C
DC45a 15 — mA 25°C
3.3V
DC45b — — mA 85°C
DC45 — — A 125°C
- & 8 MIPS EC mode, 8X PLL
DC45d - - mA -40°C
DC45e 26 - mA 25°C ~
DC45f —_ — mA 85°C
DC45g — s mA 125°C

Note 1: Data in “Typical’ column is at 5V, 25°C unless otherwise stated. Parameters are for design guidance only
and are not tested.
2: Base liDLE current is measured with Core off, Clock on and all modules turmed off.
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TABLE 24-6:

DC CHARACTERISTICS: IDLE CURRENT (lipLe) (CONTINUED)

DC CHARACTERISTICS

Standard Operating Conditions: 2.5V to 5.5V
(unless otherwise stated)
Operating temperature  40°C < Ta < +85°C for Industrial

-40°C < Ta < +125°C for Extended

Par:r:eter Typical() Max Units Conditions
Idle Current (IIDLE): Core OFF Clock ON Base Current(?)
DC47 — — mA -40°C
DC47a 33 - mA 25°C 3.3V
DC47b s — mA 85°C
DC47c — — mA 40°C 20 MIPS EC mode, 8X PLL
DC47d 56 = mA 25°C Y
DC47e — — mA 85°C
DCA4T7f = r mA 125°C
DC48 i . mA 40°C
DC48a 26 — mA 25°C 3.3V
DC48b = e mA 85°C .
DC48c — — mA -40°C 16 MIPS EC mode, 16X PLL
DC48d . 46 st mA 25°C 5\'} '
DC48e & -\ mA 85°C
DC48f ¥ L mA 125°C
DC49 2 o mA -40°C
DC49a 85 . mA 25°C

5V 30 MIPS EC mode, 16X PLL

DC49b — - mA 85°C
DC49¢ n >l mA 125°C
DC50 : - mA 40°C
DC50a 4 — mA 25°C
DC50b A Y — mA 85°C 17/
DC50c 3 < mA 125°C FRG (~ 2 MIPS)
DC50d — — mA 40°C
DC50e 7 o’ mA 25°C o\
DC50f = & mA 85°C
DC50g - b mA 125°C
DC51 — e mA -40°C
DC51a 0.5 — mA 25°C k2
DC51b = s mA 85°C
DC51c e — mA 125°C LPRG (~ 512 kHz)
DC51d — = mA -40°C
DC51e 0.9 — mA 25°C -
DC51f - — mA 85°C
DC51g — s mA 125°C

Note 1: Data in “Typical’ column is at 5V, 25°C unless otherwise stated. Parameters are for design guidance only

and are not tested.
2: Base lIDLE current is measured with Core off, Clock on and all modules turned off.
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TABLE 24-7:

DC CHARACTERISTICS: POWER-DOWN CURRENT (IPD)

DC CHARACTERISTICS

Standard Operating Conditions: 2.5V to 5.5V

(unless otherwise stated)

Operating temperature 40°C < Ta < +85°C for Industrial
-40°C < TA £ +125°C for Extended

Par:lr:eter Typicall! Max Units Conditions’
Power Down Current (Ipp)®)
DC60 — — A -40°C
DC60a 1 s WA 25°C
3.3V
DC60b — — LA 85°C
DC60c e — A 125°C
= Base Power Down Current(®)
DC60d — — HA -40°C
DC60e 1 - pA 25°G e
DC60f —_ - HA 85°C
DC60g — —_ pA 125°C
DC61 - — — pA -40°C
DC61 4 - 25°C
: Y 3.3V
DC61b - — HA 85°C
DCé1c. y o pA 125°C; 3
Watchdog Timer Current: AlwpT(®)
DC61d — —_ pA -40°C
DCé1e 10 - WA 25°C -
DCB1f — — pA 85°C
DC61g - —_ pA 1258°F
DC62 - — pA -40°C
DC62a 5.5 - pA 25°C
3.3V
DC62b - £ A 85°C
DC62c — — pA 125°C
Ti : AITi3288)
Soezd - - A 20°C imer 1 w/32 kHz Crystal: AITI3
DC62e 7.5 — pHA 25°C A\
DC62f — — HA 85°C
DC62g A A A 125°C
DC63 — = A 40°C
DC63 32 - A 258C
= = 3.3V
DC63b = N A 85°C
DC63 — — A 125°C
© L BOR On: Algor®
DC63d — —_— pA 40°C
DCB3e 38 = WA 25°C -
DC63f — —_ HA 85°C
DC63g — — HA 125°C

Note 1: Data in the Typical column is at 5V, 256°C unless otherwise stated. Parameters are for design guidance
only and are not tested.

2: Base IPD is measured with all peripherals and clocks shut down. All I/Os are configured as inputs and
pulled high. LVD, BOR, WDT, etc. are all switched off.

3: The A current is the additional current consumed when the module is enabled. This current should be

added to the base IPD current.
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TABLE 24-8: DC CHARACTERISTICS: I/O PIN INPUT SPECIFICATIONS
Standard Operating Conditions: 2.5V to 5.5V
(unless otherwise stated)
DG CHARACTERISTICS Operating temperature 40°C < Ta < +85°C for Industrial
-40°C < TA < +125°C for Extended
Pah;';m Symbol Characteristic Min Typ(” Max | Units Conditions
VIL Input Low Voltage(@
DI10 I/O pins:
with Schmitt Trigger buffer Vss — |02VoD| V
D15 MCLR Vss — |02VoD| V
D16 OSC1 (in XT, HS and LP modes) | Vss — |02VDD| V
DI17 0SC1 (in RC mode)® Vss — |03vop| VvV
DI18 SDA, SCL TBD —— TBD V | SM bus disabled
DI19 SDA, SCL TBD - TBD V | 8M bus enabled
VIH Input High Voltage®
DI20 1/0 pins: ’ :
with Schmitt Trigger buffer 0.8VoD| — VDD \"
DI25 MCLR 08vop| — | Vop Y
DI26 OSC1 (in XT, HS and LP modes) | 0.7 VDD | — VoD V
DI27 '0SC1 (in RC mode)® 09Vop| — | Vop %
DI28 SDA, SCL TBD — TBD V | SM bus disabled
DI29 SDA, SCL TBD — TBD V | SM bus enabled
IcNPU | CNxXx Pull-up Current(@)
DI30 50 250 400 wA | VoD =5V, VPIN = Vss
D131 TBD TBD TBD pA | VDD =3V, VPIN = Vss
L Input Leakage Current(2H4)(5)
DI50 I/O ports - 0.01 +1 pA | Vss < VPIN < VDD,
Pin at hi-impedance
DI51 Analog input pins — 0.50 — pA | Vss < VPIN £ VDD,
Pin at hi-impedance
D155 MCLR — 0.05 +5 pA | VSS<VPIN < VDD
DI56 0scC1 — 0.05 &5 pA | Vss < VPIN £ VDD, XT, HS
and LP Osc mode
Note 1: Datain“Typ” columnis at 5V, 25°C unless otherwise stated. Parameters are for design guidance only and
are not tested.

2: These parameters are characterized but not tested in manufacturing.

3: In RC oscillator configuration, the OSC1/CLKI pin is a Schmitt Trigger input. It is not recommended that
the dsPIC30F device be driven with an external clock while in RC mode.

4: The leakage current on the MCLR pin is strongly dependent on the applied voltage level. The specified
levels represent normal operating conditions. Higher leakage current may be measured at different input
voltages.

5: Negative current is defined as current sourced by the pin.

ot notinma e =

DS70135C-page 174

Preliminary

© 2005 Microchip Technology Inc.



dsPIC30F4011/4012

TABLE 24-9: DC CHARACTERISTICS: /O PIN OUTPUT SPECIFICATIONS

Standard Operating Conditions: 2.5V to 5.5V
unless otherwise stated
DC CHARACTERISTICS (Operating temperature -)40"(3 < Ta < +85°C for Industrial
-40°C < TA < +125°C for Extended
Pah:gm Symbol | Characteristic | Min | Typ™| Max | Units Conditions
VoL Output Low Voltage'
DO10 I/O ports — — 0.6 V |loL=8.5mA, VDD = 5V
— — TBD V loL = 2.0 mA, VDD = 3V
DO16 QSC2/CLKOUT —_ — 0.6 V |loL=1.6 mA, VDD = 5V
(RC or EC Osc mode) — — TBD V |loL=2.0mA, VoD = 3V
VOH Output High Voltage®
D020 I/O ports Vob-0.7]| — - V  [loH =-3.0 mA, VDD = 5V
TBD - — V. |loH =-2.0 mA, VDD = 3V
DO26 OSC2/CLKOUT Vbb-0.7| — — V  |IoH =-1.3 mA, VDD = 5V
' (RC or EC Osc mode) TBD H |SX V |loH=-20mA, VDD =3V
Capacitive Loading Specs
on Output Pins?)
DO50 [Cosc2 |0OSC2/SOSC2 pin = — | 15 | pF |InXTL, XT, HS and LP modes
/ " when external clock i$ used to
drive OSC1.
DO56 |Clo All I/O pins and OSC2 - — 50 pF |RC or EC Osc mode
DO58 |Ce SCL, SDA -~ — | 400 | pF |(InI2C mode

Note 1: Datain “Typ” column is at 5V, 25°C unless otherwise stated. Parameters are for design guidance only and
are not tested.
2: These parameters are characterized but not tested in manufacturing.

FIGURE 24-1: BROWN-OUT RESET CHARACTERISTICS

VDD

----------------------- 7 (Device not in Brown-out Reset)

BO10 ——-@-RarpRIGs Fe- 6= - - - e
(Device in Brown-out Reset)

RESET (due to BOR) ?

‘Power Up Time-out

e <= T
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TABLE 24-10: ELECTRICAL CHARACTERISTICS: BOR

DC CHARACTERISTICS

Standard Operating Conditions: 2.5V to 5.5V
(unless otherwise stated)
Operating temperature  40°C < Ta < +85°C for Industrial

-40°C < TA £ +125°C for Extended

PaNr:m Symbol Characteristic Min Typ(" Max | Units Conditions
BO10 VBOR BOR Voltage® on BORV=00® | — — — V  [Not in operating
VDD transition high to range
low BORV=01 | 27 | — |28 | Vv
BORV = 10 4.2 — 4.46 \
BORV = 11 45 - 4.78 V
BO15 VBHYS — 5 — mV
Note 1: Datain “Typ" column is at 5V, 25°C unless otherwise stated. Parameters are for design guidance only and

TABLE 24-11:

are not tested.
These parameters are characterized but not tested in manufacturing.
.00 values not in usable operating range.

DC CHARACTERISTICS: PROGRAM AND EEPROM

DC CHARACTERISTICS

Standard Operating Conditions: 2.5V to 5.5V
(unless otherwise stated) :
Operating temperature  -40°C < Ta < +85°C for Industrial

-40°C < TA < +125°C for Extended
Pﬂ:m Symbol Characteristic Min | Typ!" | Max | units Conditions
Data EEPROM Memory'@)

D120 ED Byte Endurance 100K | 1M — E/W |-40°C < TA < +85°C

D121 VDRW VDD for Read/Write VMIN — §:5 V | Using EECON to read/write
VMIN = Minimum operating
voltage

D122 Toew |Erase/Write Cycle Time - 2 — ms

D123 |TReTD |Characteristic Retention 40 100 — Year |Provided no other specifications
are violated

D124 IDEW IbD During Programming - 10 30 mA | Row Erase

Program Flash Memory(?)

D130 [EP Cell Endurance 10K | 100K - E/W |-40°C < TA<+85°C

D131 VPR VDD for Read VMIN — 2.5 V | VMIN = Minimum operating
voltage

D132 VEB VDD for Bulk Erase 4.5 — 5.5 V

D133 |VPEw |VDD for Erase/Write 3.0 — 5.5 \"

D134 TPew  |Erase/Write Cycle Time — 2 — ms

D135 |TReETD |Characteristic Retention 40 100 — Year | Provided no other specifications
are violated

D136 TeB ICSP Block Erase Time — 4 — ms

D137 IPEW IbD During Programming — 10 30 mA | Row Erase

D138 IEB IbD During Programming — 10 30 mA | Bulk Erase

Note 1: Datain “Typ” column is at 5V, 25°C unless otherwise stated.

2: These parameters are characterized but not tested in manufacturing.
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24.2 AC Characteristics and Timing Parameters

The information contained in this section defines dsPIC30F AC characteristics and timing parameters.

TABLE 24-12: TEMPERATURE AND VOLTAGE SPECIFICATIONS - AC
Standard Operating Conditions: 2.5V to 5.5V
. . (unless otherwise stated) :
AC CHARACTERISTICS Operating temperature 40°C < Ta < +85°C for Industrial
-40°C < TA < +125°C for Extended
Operating voltage VDD range as described in DC Spec Section 24.0.

FIGURE 24-2: LOAD CONDITIONS FOR DEVICE TIMING SPECIFICATIONS
Load Condition 1 - for all pins except OSC2 Load Condition 2 - for OSC2
Vbo/2

RL Pin T CL

Vss

Pin —— O RL = 4640
‘ CL.= 50 pF for all pins except 0sc2
Vss 5 pF for OSC2 output

FIGURE 24-3: EXTERNAL CLOCK TIMING

Q4 0 5 AN oyl Q1

0SC1

CLKOUT

-
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TABLE 24-13: EXTERNAL CLOCK TIMING REQUIREMENTS

AC CHARACTERISTICS

Standard Operating Conditions: 2.5V to 5.5V
(unless otherwise stated)
Operating temperature  -40°C < Ta < +85°C for Industrial

-40°C < TA < +125°C for Extended

Param

No. | Symbol | Characteristic Min Typ" | Max | Units Conditions
0S10 |[Fosc  |External CLKIN Frequency(® DC - 40 MHz |EC
(External clocks allowed only 4 — 10 MHz [EC with 4x PLL
in EC mode) 4 e 10 MHz |EC with 8x PLL
4 - 7.5 MHz |EC with 16x PLL
Oscillator Frequency(z) DC — 4 MHz [RC
0.4 — 4 MHz [XTL
4 Sk 10 MHz |XT
4 A 10 MHz |XT with 4x PLL
4 A 10 MHz |XT with 8x PLL
4 o\ 75 MHz |XT with 16x PLL
10 = 25 MHz |HS
31 = 33 kHz |LP
— 7.3728 — MHz |FRC internal
" 512 A\ kHz |LPRC internal -
0820 (Tosc Tosc = 1/Fosc — — === — |See parameter 0S10
. : for Fosc value:.
0825 |Tey Instruction Cycle Timel2H3) 33 L DC ns |See Table 24-15
0S30 |TosL, |Extemal Clock® in (OSC1) |45x Tosc| — b ns |EC
TosH High or Low Time
0831 |[TosR, |Extemnal Clock®®) in (OSC1) - — 20 ns |EC
TosF Rise or Fall Time
0S40 |[TckR  |CLKOUT Rise Time(2(4) = 6 10 ns
0S41 |TckF CLKOUT Fall Time(2)4) ot 8 10 ns

Note 1: Datain “Typ” column is at 5V, 25°C unless otherwise stated. Parameters are for design guidance only and
are not tested.

23
3:

These parameters are characterized but not tested in manufacturing.
Instruction cycle period (Tcy) equals four times the input oscillator time-base period. All specified values
are based on characterization data for that particular oscillator type under standard operating conditions

with the device executing code. Exceeding these specified limits may result in an unstable oscillator
operation and/or higher than expected current consumption. All devices are tested to operate at “min.”
values with an external clock applied to the OSC1/CLKI pin. When an external clock input is used, the
“Max.” cycle time limit is “DC" (no clock) for all devices.
Measurements are taken in EC or ERC modes. The CLKOUT signal is measured on the OSC2 pin.
CLKOUT is low for the Q1-Q2 period (1/2 Tcy) and high for the Q3-Q4 period (1/2 Tcy).
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TABLE 24-14: PLL CLOCK TIMING SPECIFICATIONS (Vbp = 2.5 TO 5.5 V)

Standard Operating Conditions: 2.5V to 5.5V

(unless otherwise stated)
AL CHARACTERISTICS Operating temperature -40°C < Ta <+85°C for Industrial

-40°C < Ta < +125°C for Extended
P:lr:m Symbol | Characteristic!’ -~ | Min | Typ® | Max | Units Conditions
0S50 |FpLL PLL Input Frequency Range®® 4 — 10 MHz |EC, XT modes with PLL
0S51 |[Fsys On-chip PLL Output(® 16 —_ 120 | MHz |EC, XT modes with PLL
0852 |TLoc PLL Start-up Time (Lock Time) — 20 50 us
0853 |DcLk CLKOUT Stability {Jitter) TBD 1 TBD % |Measured over 100 ms
period

Note 1: These parameters are characterized but not tested in manufacturing.
2: Datain “Typ” column is at 5V, 25°C unless otherwise stated. Parameters are for design guidance only and

are not tested.

TABLE 24-15: INTERNAL CLOCK TIMING EXAMPLES

o,,ff;'f.’.ffor Fosc Tey (usec)? mips® MIPS®) mMips®) MIPS®)
i (MHz)™" K wlo PLL w PLL x4 w PLL x8 w PLL x16
EC 0.200 20.0 0.05 - i B .
4 1.0 1.0 4.0, / 8.0 16.0
10 04 2.5 10.0 20.0 3
25 0.16 6.25 - = =
XT 4 1.0 1.0 4.0 8.0 16.0
10 0.4 2.5 10.0 20.0 =

Note 1: Assumption: Oscillator Postscaler is divide by 1.
2: Instruction Execution Cycle Time: Tcy = 1/ MIPS.
3: Instruction Execution Frequency: MIPS = (Fosc * PLLx) / 4 [since there are 4 Q clocks per instruction

cycle].

© 2005 Microchip Technology Inc.
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TABLE 24-16: AC CHARACTERISTICS: INTERNAL RC ACCURACY

AC CHARACTERISTICS

Standard Operating Conditions: 2.5V to 5.5V

(unless otherwise stated)

Operating temperature

-40°C < Ta < +85°C for industrial
-40°C < TA < +125°C for Extended

P?::m Characteristic Min Typ Max | Units Conditions
Internal FRC Accuracy @ FRC Freq = 7.37 MHz!")

FRC TBD % +25°C VoD = 3.0-3.6V

TBD % +25°C VDD = 4.5-5.5V

TBD Y% -40°C £ TA< +85°C Voo = 3.0-3.6V

TBD % -40°C < TA<+85°C VDD = 4.5-5.5V

TBD % -40°C < Ta < +125°C VDD = 4.5-5.5V

FRC with x4 PLL TBD % +25°C VDD = 3.0-3.6V
TBD % +25°C VoD = 4.5-5.5V

TBD %. -40°C < TA<+85°C | VDD = 3.0-3.6V

TBD % -40°C £ TA < +85°C VDD = 4.5-5.5V

TBD % 40°C < TA £ +125°C VDD = 4.5-5.5V

FRC with x8 PLL TBD % +25°C VoD = 3.0-3.6V
TBD % +25°C ; VDD = 4.5-5.5V

TBD % -40°C < TA<+85°C VoD = 3.0-3.6V

TBD % -40°C < TA<+85°C VDD = 4.5-5.5V

TBD Y% -40°C £ TA £ +125°C VDD = 4.5-5.5V

FRC with x16 PLL TBD % +25°C VoD = 3.0-3.6V
TBD % +25°C VoD = 4.5-5.5V

TBD % -40°C < TA< +85°C VoD = 3.0-3.6V

TBD % -40°C £ TA< +85°C VDD = 4.5-5.5V

TBD % -40°C < TA<+125°C VoD = 4.5-5.5V

Note 1:

Frequency calibrated at 25°C and 5V. TUN bits can be used to compensate for temperature drift.
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TABLE 24-17: AC CHARACTERISTICS: INTERNAL RC JITTER

AC CHARACTERISTICS

Standard Operating Conditions: 2.5V to 5.5V
(unless otherwise stated)

Operating temperature

-40°C £ TA < +85°C for industrial
-40°C < TA < +125°C for Extended

PaN':m Characteristic Min Typ Max 'Units Con.ditions
Internal FRC Jitter @ FRC Freq = 7.37 MHz!")

FRC TBD % +25°C VDD = 3.0-3.6V

TBD % +25°C VDD = 4.5-5.5V

TBD % -40°C < TA < +85°C VDD = 3.0-3.6V

TBD % -40°C < TA < +85°C VDD = 4.5-5.5V

TBD % | -40°C<TA<+125°C | VDD =4.5-55V

FRC with x4 PLL TBD % +25°C VDD = 3.0-3.6V
TBD % +25°C VDD = 4.5-5.5V

TBD % -40°C < TA<+85°C | VDD =3.0-3.6V

TBD "% -40°C < TA<+85°C | VDD =4.5-55V

TBD % | -40°C<TA<+125°C.| VDD=4.555V

FRC with x8 PLL TBD % +25°C VDD = 3.0-3.6V
TBD % +25°C VDD = 4.5-5.5V

TBD % -40°C < TA<+85°C | VDD =3.0-3.6V

TBD % 40°C < TA<+85°C | VDD =4.5-5.5V

TBD % -40°C < TA<+125°C VDD = 4.5-5.5V

FRC with x16 PLL TBD % +25°C VDD = 3.0-3.6V
TBD % +25°C VDD = 4.5-5.5V

TBD % 40°C < TA<+85°C | VDD =3.0-3.6V

TBD % -40°C < TA<+85°C | VDD = 4.5-55V

TBD % | -40°C<TA<+125°C | VDD =4.5-55V

Note 1: Frequency calibrated at 25°C and 5V. TUN biis can be used to compensate for temperature drift.

TABLE 24-18:

INTERNAL RC ACCURACY

AC CHARACTERISTICS

Standard Operating Conditions: 2.5V to 5.5V
(unless otherwise stated)
Operating temperature -40°C < Ta < +85°C for Industrial

-40°C < TA < +125°C for Extended

Pi.’:'" Characteristic Min Typ | Max | Units Conditions
LPRC @ Freq = 512 kHz!")
F20 TBD - TBD % |-40°C to +85°C  |VDD = 3V
F21 TBD = TBD % |-40°C to +85°C  |VDD = 5V
Note 1: Frequency at 25°C and 5V.
[
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FIGURE 24-4: CLKOUT AND /O TIMING CHARACTERISTICS

1/0 Pin ] :
(Input) : : { } : :
D35
DI40

l(’guz)'ﬂ ) 0ld Value K New Value

—=, = DO31
D032

Note: Refer to Figure 24-2 for load conditions.

TABLE 24-19: CLKOUT AND I/O TIMING REQUIREMENTS
‘ Standard Operating Conditions: 2.5V to 5.5V
(unless otherwise stated)
Operating temperature  -40°C < TA < +85°C for Industrial
-40°C < TA < +125°C for Extended

AC CHARACTERISTICS

P:Ir:m Symbol Characteristic(1)(2)3) Min | Typ | Max | Units Conditions
D031 TIOR Port output rise time — 10 25 ns e
D032 TIOF Port output fall time — 10 25 ns —_
DI35 TINP INTx pin high or low time (output) 20 - — ns —
DI40 TRBP CNx high or low time (input) 2 Tey — — ns —

Note 1: These parameters are asynchronous events not related to any internal clock edges
2: Measurements are taken in RC mode and EC mode where CLKOUT output is 4 x Tosc.
3: These parameters are characterized but not tested in manufacturing.
4: Datain “Typ” column is at 5V, 25°C unless otherwise stated.

_ S e e
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FIGURE 24-5: RESET, WATCHDOG TIMER, OSCILLATOR START-UP TIMER AND POWER-UP
TIMER TIMING CHARACTERISTICS

¢

VoD

Internal "
POR I

P2l

(4

2P

PWRT

1
Time-out !

0sC SY30

Time-out

Internal
RESET

Watchdog
Timer
RESET

IO Pins

P R

SY35
FSCM

-=f ==

Delay

Note: Refer to Figure 24-2 for load conditions.

[FEr——
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TABLE 24-20: RESET, WATCHDOG TIMER, OSCILLATOR START-UP TIMER, POWER-UP TIMER
AND BROWN-OUT RESET TIMING REQUIREMENTS

Standard Operating Conditions: 2.5V to 5.5V
(unless otherwise stated)
AC CHARACTERISTICS Operating temperature -40°C < Ta < +85°C for Industrial
-40°C < Ta < +125°C for Extended
P:Ir:m Symbol Characteristic(!) Min Typ® | Max | Units Conditions
SY10 |TmcL |MCLR Pulse Width (low) 2 — — us | 40°C to +85°C
SY 1N TPWRT [Power-up Timer Period TBD 0 TBD ms | -40°C to +85°C
TBD 4 TBD User programmable
TBD 16 TBD
TBD 64 TBD
SY12 |TPOR Power On Reset Delay 3 10 30 pus | 40°C to +85°C
SY13 ([Tioz I/0 Hi-impedance from MCLR — — 100 ns
Low or Watchdog Timer Reset
SY20 TwoT1  |Watchdog Timer Time-out Period 1.8 2.0 2.2 ms |[VDD =5V, 40°C to +85°C
' (No Prescaler). ' ‘ ‘ ; ’
TwDT2 1:9 2 2.3 ms |VDD = 3V, 40°C to +85°C
SY25 |TBOR Brown-out Reset Pulse Width!?) 100 | — — us | Vop £ VBOR (D034)
SY30- |TosTt Oscillation Start-up Timer Period — | 1024 Tosc| — — |Tosc = OSC1 period
SY35 |Trscm |Fail-Safe Clock Monitor Delay -— © 100 - pus [-40°C to +85°C

Note 1: These parameters are characterized but not tested in manufacturing.
2: Datain “Typ” column is at 5V, 25°C unless otherwise stated.
3: Refer to Figure 24-1 and Table 24-10 for BOR.

FIGURE 24-6: BAND GAP START-UP TIME CHARACTERISTICS

VBGAP
/ i
ov !

I

Enable Band Gap :
(see Note) |l :
| .

Band Gap
~— SY40 Stable

Note: Band gap is enabled when FBORPOR<7> is set.

TABLE 24-21: BAND GAP START-UP TIME REQUIREMENTS

Standard Operating Conditions: 2.5V to 5.5V
(unless otherwise stated)

AC CHARACTERISTICS Operating temperature <40°C <Ta <+85°C for Industrial
-40°C < Ta £ +125°C for Extended
P:'r:tm Symbol Characteristic(!) Min | Typ® | Max | Units Conditions
SY40 TBGAP Band Gap Start-up Time | — 20 50 us |Defined as the time between the

instant that the band gap is enabled
and the moment that the band gap
reference voltage is stable.
RCON<13>Status bit

Note 1: These parameters are characterized but not tested in manufacturing.
2: Datain “Typ” column is at 5V, 25°C unless otherwise stated.

=
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FIGURE 24-7: TIMER 1, 2, 3, 4 AND 5 EXTERNAL CLOCK TIMING CHARACTERISTICS
| | I
Y R S
TXCK I | | | |
. :.q_'rxm——-i |*"<"'TX11_-'| : ) |
I
:f- Tx15 =!= Tx20— |
- 0SB0 o |
TMRX X |

Note: Refer to Figure 24-2 for load conditions.

TABLE 24-22: TIMER1 EXTERNAL CLOCK TIMING REQUIREMENTS

AC CHARACTERISTICS

Standard Operating Conditions: 2.5V to 5.5V
(unless otherwise stated)
Operating temperature 40°C<Ta< +85°C for Industrial

-40°C < TA < +125°C for Extended

P:r:ml. Symbol Characteristic Min Typ | Max | Units Conditions
TA10 TTxH TxCK High Time [Synchronous, |[0.5Tcy +20| — — ns |Must also meet
no prescaler parameter TA15
Synchronous, 10 — - ns
with prescaler
Asynchronous 10 — —_ ns
TA11 TTXL TxCK Low Time  |Synchronous, |0.5Tcy+20| — — ns [Must also meet
no prescaler parameter TA15
Synchronous, 10 a3 - ns
with prescaler
Asynchronous 10 — — ns
TA15 TTxXP TxCK Input Period | Synchronous, Tcy + 10 — — ns
no prescaler
Synchronous, Greater of: — — — [N = prescale
with prescaler 20 ns or value
(Tcy + 40)/N (1, 8, 64, 256)
Asynchronous 20 — — ns
0s60  |Ft1 SOSC1/T1CK oscillator input DC — 50 kHz
frequency range (oscillator enabled
by setting bit TCS (T1CON, bit 1))
TA20 TcKeXTMRL [Delay from External TxCK Clock 2 Tosc 6Tosc| —
Edge to Timer Increment
e it rmact = ==
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TABLE 24-23: TIMER2 AND TIMER4 EXTERNAL CLOCK TIMING REQUIREMENTS
Standard Operating Conditions: 2.5V to 5.5V

(unless otherwise stated)

AC CHARACTERISTICS Operating temperature 40°C < TA < +85°C for Industrial
-40°C < Ta < +125°C for Extended
P:;:m Symbol Characteristic - Min Typ Max | Units Conditions

TB10 |TixH TxCK High Time |Synchronous, |0.5 Toy +20| — — ns |Must also meet
no prescaler parameter TB15
Synchronous, 10 — — ns
with prescaler

TB11 TtxL TxCK Low Time |Synchronous, [0.5Tcy +20| — — ns |Must also meet
no prescaler parameter TB15
Synchronous, 10 — — ns
with prescaler

TB15 ([TxP TxCK Input Period | Synchronous, Tcy +10 — — ns |N =prescale
no prescaler value
Synchronous, | Greater of: (1. 8, 64, 256)
with prescaler 20 ns or

(Tcy + 40)/N
TB20 |TckexTMRL [Delay from External TxCK Clock 2 Tosc — | 6 Tosc -
+|Edge to Timer Increment

TABLE 24-24: TIMER3 AND TIMERS5 EXTERNAL CLOCK TIMING REQUIREMENTS

AC CHARACTERISTICS

Standard Operating Conditions: 2.5V to 5.5V
(unless otherwise stated)
Operating temperature  40°C < Ta < +85°C for Industrial

-40°C < TA < +125°C for Extended

P:Ir:m Symbol Characteristic Min Typ Max | Units Conditions
TC10 |TtxH TxCK High Time  |Synchronous 05Tcy +20| — — ns |Must also meet
parameter TC15
TC11 TixL TxCK Low Time Synchronous 05Tcy +20| — 77 ns |Must also meet
parameter TC15
TC15 |TtxP TxCK Input Period |Synchronous, Tcy + 10 - S ns |N = prescale
no prescaler value
Synchronous, Greater of: (1, 8, 64, 256)
with prescaler 20 ns or
(Tey + 40)/IN
TC20 |TckexTtMRL |Delay from External TxCK Clock ) 2 Tosc — |6Tosc| —
Edge to Timer Increment
=i S R e
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FIGURE 24-8:

TIMERQ (QEI MODULE) EXTERNAL CLOCK TIMING CHARACTERISTICS

POSCNT

TABLE 24-25: QEI MODULE EXTERNAL CLOCK TIMING REQUIREMENTS

AC CHARACTERISTICS

Standard Operating Conditions: 2.5V to 5.5V

(unless otherwise stated)

Operating temperature -40°C < Ta < +85°C for Industrial

‘ -40°C < TA < +125°C for Extended

P:Ir:m Symbol Characteristic(!) Min Typ " Max | Units Conditions
TQ10 |[TtQH TQCK High Time |Synchronous, JoESED L — ns |Must also meet
. |with prescaler parameter TQ15
TQ11 (TtQL TQCK Low Time |Synchronous, Tcy + 20 — ns |Must also meet
with prescaler parameter TQ15
TQ15 [TtQP TQCP Input Period | Synchronous, |2 * Tcy + 40 — ns —
with prescaler
TQ20 |[TckexTMRL [Delay from External TxCK Clock Tosc 5Tose | ns —
Edge to Timer Increment
Note 1: These parameters are characterized but not tested in manufacturing.
| o o st i Sk Byt
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FIGURE 24-9: INPUT CAPTURE (CAPx) TIMING CHARACTERISTICS

: IC15

Note: Refer to Figure 24-2 for load conditions.

TABLE 24-26: INPUT CAPTURE TIMING REQUIREMENTS

Standard Operating Conditions: 2.5V to 5.5V

(unless otherwise stated)

Operating temperature  40°C < Ta < +85°C for Industrial
-40°C < TA < +125°C for Extended

AC CHARACTERISTICS

P:;:T Symbol Characteristic(!) ~ Min Max | Units | Conditions
IC10 . |TecL ICx Input Low Time |No Prescaler 0.5 Tey + 20 — . ns
With Prescaler 10 — ns
IC11 TecH ICx Input High Time |No Prescaler 0.5 Tey + 20 o ns
With Prescaler 10 — ns
IC15 TccP ICx Input Period (2 Tey + 40)/N - ns |N = prescale
value (1, 4, 16)

Note 1: These parameters are characterized but not tested in manufacturing.

FIGURE 24-10: OUTPUT COMPARE MODULE (OCx) TIMING CHARACTERISTICS

OCx jl: :*

(Output Compare ' Y

'
1
'
t
"

Note: Refer to Figure 24-2 for load conditions.

TABLE 24-27: OUTPUT COMPARE MODULE TIMING REQUIREMENTS

Standard Operating Conditions: 2.5V to 5.5V
(unless otherwise stated)
AL CHABAGTERISTICS Operating temperature  -40°C < Ta < +85°C for Industrial
-40°C < TA < +125°C for Extended
P:r:’“ Symbol Characteristic(? Min | Typ@ | Max | Units Conditions
OC10 |TecF OCx Output Fall Time —_ 10 25 ns o
OC11  |TeeR OCx Output Rise Time — 10 25 ns —

Note 1: These parameters are characterized but not tested in manufacturing.
2: Datain “Typ” column is at 5V, 25°C unless otherwise stated. Parameters are for design guidance only and
are not tested.

= - v e |
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FIGURE 24-11:

OC/PWM MODULE TIMING CHARACTERISTICS

OCFA/OCFB —\

0OCx

0C20

TABLE 24-28: SIMPLE OC/PWM MODE TIMING REQUIREMENTS

AC CHARACTERISTICS

Standard Operating Conditions: 2.5V to 5.5V

(unless otherwise stated)
Operating temperature

-40°C < Ta < +85°C for Industrial
-40°C < TA < +125°C for Extended

P:;:m Symbol Characteristic(!) Min | Typ® | Max | Units Conditions
OC15 |TrD Fault Input to PWM 1/O — — 25 ns VoD =3V | -40°C to +85°C
Change : TBD | ns | Vop=5v
0C20 |TFLT Fault Input Pulse Width — — 50 ns Vbop =3V | -40°C to +85°C
TBD ns VoD = 5V
Note 1: These parameters are characterized but not tested in manufacturing. ;

2:

Data in “Typ” column is at 5V, 25°C unless otherwise stated. Parameters are for design guidance only and
are not tested.
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FIGURE 24-12: MOTOR CONTROL PWM MODULE FAULT TIMING CHARACTERISTICS

i MP30 ;
FLTAB : /
+—— MP20 ——~
PWMx X

FIGURE 24-13: MOTOR CONTROL PWM MODULE TIMING CHARACTERISTICS

MP11  MP10

PWMx ' /, 4

Note: Refer to Figure 24-2 for I6ad conditions.

TABLE 24-29: MOTOR CONTROL PWM MODULE TIMING REQUIREMENTS

Standard Operating Conditions: 2.5V to 5.5V
(unless otherwise stated)
AC CHARACTERIQTRES Operating temperature  -40°C < Ta < +85°C for Industrial
-40°C < Ta < +125°C for Extended
P;‘:m Symbol Characteristic(!) Min | Typ® | Max | Units Conditions
MP10 | TFPWM PWM Output Fall Time —- 10 25 ns |VDD =5V -40°C to +85°C
MP11 | TRPWM PWM Output Rise Time| — 10 25 ns (VDD =5V -40°C to +85°C
MP12  [TrPwm  |PWM Output Fall Time - TBD | TBD ns |VDD=3V -40°C to +85°C
MP13 | TRPWM PWM QOutput Rise Time| — TBD TBD ns |VDD =3V -40°C to +85°C
MP20 TFD Fault Input + to PWM — — 25 ns |VbD=3V -40°C to +85°C
/O Change TBD | ns [VbD=5V
AP0 TFH Minimum Pulse Width - — 50 ns |VoD =3V -40°C to +85°C
TBD ns |VbD=5V

Note 1: These parameters are characterized but not tested in manufacturing.
2: Datain “Typ” column is at 5V, 25°C unless otherwise stated. Parameters are for design guidance only and
are not tested.
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FIGURE 24-14: QEA/QEB INPUT CHARACTERISTICS

I |

(input)
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TABLE 24-30: QUADRATURE DECODER TIMING REQUIREMENTS

Standard Operating Conditions: 2.5V to 5.5V

(unless otherwise stated)

Operating temperature  40°C < Ta < +85°C for Industrial
-40°C < Ta < +125°C for Extended

AC CHARACTERISTICS

P:':m Symbol | Characteristic(?) Typ? Max | Units Conditions

TQ30 TaulL Quadrature Input Low Time 6 Ty — ns —

TQ31 TauH Quadrature Input High Time 6 Tcy - ns —

TQ35 TaulN Quadrature Input Period 12 Tey - ns —

TQ36 TauP Quadrature Phase Period 3 Tey — ns —

TQ40 TaurL Filter Time to Recognize Low, 3N 1 TCy; - ns |N=1,2, 4,16, 32, 64,
with Digital Filter 128 and 256 (Note 2)

TQ41 TaurFH Filter Time to Recognize High, JetaNeEdTey —_ ns N=1,2,4,16, 32, 64,
with Digital Filter 128 and 256 (Note 2)

Note 1: These parameters are characterized but not tested in manufacturing.
2: N = Index Channel Digital Filter Clock Divide Select Bits. Refer to Section 16. “Quadrature Encoder
Interface (QEI)” in the dsPIC30F Family Reference Manual.

—
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FIGURE 24-15:

QEI MODULE INDEX PULSE TIMING CHARACTERISTICS
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TABLE 24-31:

QEI INDEX PULSE TIMING REQUIREMENTS

AC CHARACTERISTICS

Standard Operating Conditions: 2.5V to 5.5V
(unless otherwise stated)
Operating temperature  -40°C < Ta < +85°C for Industrial

-40°C < TA < +125°C for Extended

Pfqr:“’ Symbol Characteristic(!) Min Max | Units Conditions

TQ50 TqlL Filter Time to Recognize Low, 3*N*Tecy — ns N=1,2, 4,16, 32, 64,
with Digital Filter 128 and 256 (Note 2)

TQ51 TqiH Filter Time to Recognize High, 3| NE By — ns |N=1,2, 4,186, 32, 64,
with Digital Filter 128 and 256 (Note 2)

TQ55 |Tqidxr |Index Pulse Recognized to Position 3 Tey — ns —
Counter Reset (Ungated Index)

Note 1: These parameters are characterized but not tested in manufacturing.

2: Alignment of Index Pulses to QEA and QEB is shown for Position Counter reset timing only. Shown for

forward direction only (QEA leads QEB). Same timing applies for reverse direction (QEA lags QEB) but

Index Pulse recognition occurs on falling edge.

DS70135C-page 192

Preliminary

© 2005 Microchip Technology Inc.



146

dsPIC30F4011/4012

FIGURE 24-16: SPI MODULE MASTER MODE (CKE = o) TIMING CHARACTERISTICS
SCKx y \ ' "
(CKP = 0) / !k ¥l \ Sﬁ
(CKP = 1)
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+ SP40 ! SP41!
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Note: Refer to Figure 24-2 for load conditions.

TABLE 24-32: SPI MASTER MODE (CKE = 0) TIMING REQUIREMENTS

Standard Operating Conditions: 2.5\! to 5.5V
(unless otherwise stated)
AG CHARAGTIRETIE) Operating temperature -40°C < TA < +85°C for Industrial
-40°C < TA < +125°C for Extended
P:;:m Symbol Characteristic(!) Min Typ® | Max | Units Conditions
SP10 |TscL SCKx Output Low Time®) Toy /2 215 | ns io
SP11  |TscH SCKx Output High Time® Toy /2 — = ns E
SP20  |TscF SCKx Output Fall Time!* . 10 25 ns 3
SP21 |TscR SCKx Qutput Rise Time® = 10 25 ns —
SP30 |TdoF SDOX Data Output Fall Time(*) —~ 10 25 ns 4
SP31 |TdoR SDOx Data Output Rise Time® — 10 25 ns gy
SP35 |TscH2doV, |SDOX Data Qutput Valid after — — 30 ns —
TscL2doV |SCKx Edge
SP40 |TdiV2scH, |Setup Time of SDIx Data Input 20 — — ns —
TdiV2scL |to SCKx Edge
SP41 |TscH2diL, |Hold Time of SDIx Data Input 20 - e ns —
TscL2diL  |to SCKxX Edge
Note 1: These parameters are characterized but not tested in manufacturing.
2: Datain “Typ” column is at 5V, 25°C unless otherwise stated. Parameters are for design guidance only and
are not tested.
3: The minimum clock period for SCK is 100 ns. Therefore, the clock generated in Master mode must not
violate this specification.
4:  Assumes 50 pF load on all SPI pins.

© 2005 Microchip Technology Inc.

Preliminary DS70135C-page 193



147

dsPIC30F4011/4012

FIGURE 24-17: SPlI MODULE MASTER MODE (CKE =1) TIMING CHARACTERISTICS
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Note: Refer to Figure 24-2 for load conditions.

TABLE 24-33: SPI MODULE MASTER MODE (CKE = 1) TIMING REQUIREMENTS

Standard Operating Conditions: 2.5V to 5.5V
unless otherwise stated
AL GHARACTE HISERS (Operating temperature —)40"C < Ta < +85°C for Industrial
-40°C < Ta £ +125°C for Extended
P?qr:m Symbol Characteristic(" Min Typm Max Units Conditions
SP10  [TscL SCKx output low timet?) Toy /2 L Ju ns )
SP11 TscH SCKx output high time(®) = — — ns —
SP20  |TscF SCKx output fall time(*) = 10 25 ns 2
sP21  |[TscR SCKXx output rise timet*) — 10 25 ns ~
SP30 |TdoF SDOXx data output fall time{* — 10 25 ns —
SP31  |TdoR SDOX data output rise timet) = 10 25 ns v
SP35 TscH2doV, |SDOX data output valid after — — 30 ns —4
TscL2doV |[SCKx edge
SP36 |TdoV2sc, |SDOx data output setup to 30 e — ns —
TdoV2scL |first SCKx edge
SP40 |TdiV2scH, |Setup time of SDIx data input 20 — — ns —
TdiV2scL [to SCKx edge
SP41 TscH2diL, |Hold time of SDIX data input 20 — — ns —
TscL2diL |to SCKX edge

Note 1: These parameters are characterized but not tested in manufacturing.
2: Datain “Typ” column is at 5V, 25°C unless otherwise stated. Parameters are for design guidance only and
are not tested.
3: The minimum clock period for SCK is 100 ns. Therefore, the clock generated in master mode must not
violate this specification.
4: Assumes 50 pF load on all SPI pins.
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FIGURE 24-18: SPI MODULE SLAVE MODE (CKE = 0) TIMING CHARACTERISTICS
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Note: Refer to Figure 24-2 for load conditions:.

TABLE 24-34: SPI MODULE SLAVE MODE (CKE = 0) TIMING REQUIREMENTS

Standard Operating Conditions: 2.5V to 5.5V
unless otherwise stated
AL CHARACTR ST gperating temperature -L0°C < TA < +85°C for Industrial
-40°C < TA < +125°C for Extended
P:Em Symbol Characteristic!! Min Typ@ Max Units | Conditions
SP70 TscL SCKx Input Low Time 30 — — ns —
SP71 TscH SCKx Input High Time 30 - - ns -
SP72  |TscF SCKx Input Fall Time!®) — 10 25 ns LA
SP73  |TscR SCKx Input Rise Time®) o 10 25 ns y,
SP30  |TdoF SDOx Data Output Fall Time(®) = 10 25 ns —_
SP31  |TdoR SDOx Data Output Rise Time!®) B 10 25 ns =
SP35 TscH2doV, |SDOx Data Output Valid after — - 30 ns —
TscL2doV |SCKx Edge
SP40 TdiV2scH, | Setup Time of SDIx Data Input 20 h— — ns e
TdiV2scL |to SCKx Edge
SP41 TscH2diL, |Hold Time of SDIx Data Input 20 — —— ns -
TscL2diL |to SCKx Edge
SP50  |TssL2scH, [SSxd to SCKx™T or SCKx Input 120 — — ns —
TssL2sclL
SP51 TssH2doZ |SSxT to SDOx Output 10 — 50 ns —
Hi-Impedance(®!
SP52 | TscH2ssH |SSx after SCK Edge 15Tey +40 [ — s ns —
TscL2ssH

Note 1: These parameters are characterized but not tested in manufacturing.
2: Datain “Typ" column is at 5V, 25°C unless otherwise stated. Parameters are for design guidance only and
are not tested.
3: Assumes 50 pF load on all SPI pins.

e e e
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FIGURE 24-19: SPI MODULE SLAVE MODE (CKE = 1) TIMING CHARACTERISTICS

—o! — [

SP73 SP72 :

SCKx :
(CKP = 1) -
SDOx ‘
o SP30,5P31 sP51
g . ' ( = % o
SDIx —i MSb IN HBITM-%}_@ .
v 8P4t} b

$P4p !

Note: Refer to Figure 24-2 for load conditions.
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TABLE 24-35: SPI MODULE SLAVE MODE (CKE = 1) TIMING REQUIREMENTS

Standard Operating Conditions: 2.5V to 5.5V
(unless otherwise stated)
AG CHARRCTERIBTICS Operating temperature -40°C < Ta < +85°C for Industrial
-40°C < TA < +125°C for Extended
P:r:m | Symbol Characteristic!") Min | Typ®@ Max | Units | Conditions
SP70 |TsclL SCKx Input Low Time 30 — — ns =
SP71 TscH SCKX Input High Time 30 — — ns —
SP72  |TscF SCKx Input Fall Time!®) — 10 25 ns —
SP73 |TscR SCKX Input Rise Time®®) — 10 25 ns -
SP30 |TdoF SDOXx Data Output Fall Time® s 10 25 ns —
SP31  |TdoR SDOx Data Output Rise Time!®) — 10 25 ns e
SP35 |TscH2doV,|SDOx Data Output Valid after — — 30 ns —
TscL2doV |SCKx Edge
SP40 |TdiV2scH, |Setup Time of SDIx Data Input 20 — —_ ns —
TdiV2scL |to SCKx Edge 4 ; ‘ .
SP41 TscH2diL, |Hold Time of SDIx Data Input 20 — - ns e
TscL2diL [to SCKx Edge . !
SP50  |TssL2scH, [SSx{ to SCKxd or SCKxT input 120 | — - ns’ X
TssL2scL . ol !
SP51 |TssH2doZ [SS™ to SDOX Output 10 r 8 50 ns -
Hi-Impedance® 7
SP52 |TscH2ssH | SSxT after SCKx Edge 1.5Toy +40| — ! ns gt
TsclL2ssH
SPB0 |TssL2doV |SDOx Data Qutput Valid after — - 50 ns —
SSx Edge

Note 1: These parameters are characterized but not tested in manufacturing.
2: Data in "Typ” column is at 5V, 25°C unless otherwise stated. Parameters are for design guidance only and
are not tested.
3:  The minimum clock period for SCK is 100 ns. Therefore, the clock generated in master mode must not
violate this specification.
4: Assumes 50 pF load on all SPI pins.

TR o A st )
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FIGURE 24-20: IC BUS START/STOP BITS TIMING CHARACTERISTICS (MASTER MODE)
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Note: Refer to Figure 24-2 for load conditions.

FIGURE 24-21: I2C BUS DATA TIMING CHARACTERISTICS (MASTER MODE)
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Note: Refer to Figure 24-2 for load conditions.
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TABLE 24-36: 12C BUS DATA TIMING REQUIREMENTS (MASTER MODE)

Standard Operating Conditions: 2.5V to 5.5V
unless otherwise stated
AE CHARAGTERISTIES (Operating temperature -)40°C < Ta < +85°C for Industrial
-40°C < Ta < +125°C for Extended
P:Ifm Symbol Characteristic Min{) Max | Units Conditions
IM10  |Tro:scL |Clock Low Time |100 kHz mode | Tcy /2 (BRG + 1) e us -
400 kHz mode | Tcy /2 (BRG + 1) - us —
1 MHz mode® | Tey /2 (BRG + 1) | — s s
IM11 THi:scL |Clock High Time [100 kHz mode | Tcy /2 (BRG + 1) - us e
400 kHz mode | Tcy /2 (BRG + 1) — us -
1 MHz mode® | Tey /2 (BRG +1) | — us —
IM20 |Tr:scL |SDAand SCL  |100 kHz mode - 300 ns Cs is specified to be
Fall Time 400 kHz mode | 20 +0.1Cs 300 ns |from 10to 400 pF
1 MHz mode(? — 100 ns
IM21 TR:scL |SDA-and SCL  [100 kHz mode — 1000 - ns [CBis specified to be
Rise Time 400kHzmode | 20+0.1Ce 300 ns |from 10 to 400 pF
1 MHz mode(? - 300 ns
IM25  [Tsu:pAT |Data |nput 100 kHz mode | 250 — ns —
Setup Time 400 kHz mode | 100 ol ns
1 MHz mode? TBD d £ ns
IM26  [THD:DAT |Data Input 100 kHz mode 0 — ns —
Hold Time 400 kHz mode 0 0.9 js
1 MHz mode(? TBD Ve ns
IM30  |Tsu:sTa |Start Condition [100 kHz mode | Tcy /2 (BRG + 1) — pus  |Only relevant for
Setup Time 400 kHz mode | Tey /2 (BRG +1) | — us |repeated Start
1MHz mode® | Tov /2 (BRG +1) ] — A% )
IM31 THD:STA |Start Condition |100 kHz mode | Tcy /2 (BRG + 1) - ps  |After this period the
Hold Time 400 kHz mode | Tcy /2 (BRG + 1) > 1S first clock pulse is
1 MHz mode® | Tov /2 (BRG + 1) | — -
IM33  |Tsu:sTO |Stop Condition |100 kHz mode | Tcy /2 (BRG + 1) — Hs -
Setup Time 400 kHz mode | Tcy /2 (BRG +1) | — is
1 MHz mode®® | Tey/2 (BRG +1)| — us
IM34  [THD:sTO |Stop Condition |100 kHz mode | Tcy /2 (BRG + 1) e ns -
Hold Time 400 kHz mode | Tcy /2 (BRG + 1) — ns
1 MHz mode® | Tev /2 (BRG +1) | — ns
IM40 TaA:scL |Output Valid 100 kHz mode e 3500 ns -
From Clock 400 kHz mode = 1000 ns —_
1 MHz mode(? — s ns s
IM45  |TBF:sDA |Bus Free Time |100 kHz mode 4.7 — ps  |Time the bus must be
400 kHz mode 1.3 = s free before a new
FTTTE—) TBD T uE transmission can start
IM50 |CB Bus Capacitive Loading — 400 pF
Note 1: BRG is the value of the I°C Baud Rate Generator. Refer to Section 21 “Inter-Integrated Circuit™ (12C)”
in the dsPIC30F Family Reference Manual.
2:  Maximum pin capacitance = 10 pF for all I°C pins {for 1 MHz mode only).

© 2005 Microchip Technology Inc.
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FIGURE 24-22:

I°C BUS START/STOP BITS TIMING CHARACTERISTICS {SLAVE MODE)
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FIGURE 24-23:

I’C BUS DATA TIMING CHARACTERISTICS (SLAVE MODE)
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TABLE 24-37: 12C BUS DATA TIMING REQUIREMENTS (SLAVE MODE)

AC CHARACTERISTICS

Standard Operating Conditions: 2.5V to 5.5V

(unless otherwise stated)

Operating temperature  -40°C < TA < +85°C for Industrial
-40°C < TA < +125°C for Extended

P;r:m " Symbol Characteristic Min Max | Units " Conditions
I1S10 Tro:scL |Clock Low Time |100 kHz mode 4.7 — ps  |Device must operate at a
minimum of 1.5 MHz
400 kHz mode 1.3 — ps  |Device must operate at a
minimum of 10 MHz.
1 MHz mode(") 0.5 gy s —
1511 THizscL  |Clock High Time |100 kHz mode 4.0 — ps  |Device must operate at a
minimum of 1.5 MHz
400 kHz mode 0.6 — pns | Device must operate at a
minimum of 10 MHz
1 MHz mode(®) 0.5 \ ¥ us N
1S20 Tr:scL  |SDA and SCL 100 kHz mode —_ 300 ns |Cs is specified to be from
Fall Time 400 kHzmode [20+0.1Cs| 300 | ns |101t0400pF
1 MHz mode(™ - 100 | ns '
1S21 TrR:scL  |SDA and SCL 100 kHz mode — | 1000 | ns |CBis specified to be from
Rise Time 400 kHzmode [20+0.1Cs | 300 [ ns |10to400pF
1 MHz mode(") X 300 | ns
1525 Tsu:DAT |Data Input 100 kHz mode 250 S ns .
Setup Time 400 kHz mode 100 i ns
1 MHz mode() 100 AN ns
1526 THD:DAT |Data Input 100 kHz mode 0 = ns = 2
Hold Time 400 kHz mode 0 09 | ps
1 MHz mode(" 0 0.3 s
1S30 Tsu:sTA |Start Condition 100 kHz mode 4.7 - ps | Only relevant for repeated
Setup Time 400 kHz mode 0.6 i us Start condition
1 MHz mode!") 0.25 I~ 1S
1S31 THD:STA |Start Condition 100 kHz mode 4.0 — us | After this period the first
Hold Time 400 kHz mode 0.6 S us clock pulse is generated
1 MHz mode(!) 0.25 1T ps
1S33 Tsu:sTO |Stop Condition 100 kHz mode 4.7 — 1S —
Setup Time 400 kHz mode 0.6 — us
1 MHz mode(") 0.6 - us
1S34 THD:sTO |Stop Condition 100 kHz mode 4000 — ns —
Hold Time 400 kHz mode 600 — ns
1 MHz mode(") 250 ns
1S40 TaaiscL  |Output Valid From | 100 kHz mode 0 3500 ns -
Clock 400 kHz mode 0 1000 | ns
1 MHz mode(" 0 350 ns
1S45 TBF:SDA |Bus Free Time 100 kHz mode 4.7 e us | Time the bus must be free
400 kHz mode 13 _ us before a new transmission
1 MHz mode(" 0.5 — pe [oan s
1S50 Cs Bus Capacitive e 400 pF —
Loading
Note 1: Maximum pin capacitance = 10 pF for all 12c pins (for 1 MHz mode only).

© 2005 Microchip Technology Inc.
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FIGURE 24-24. CAN MODULE /O TIMING CHARACTERISTICS
(Cfﬂgu%in ' Old Value K : New Value
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: CA20 :

TABLE 24-38: CAN MODULE I/0 TIMING REQUIREMENTS

AC CHARACTERISTICS

Standard Operating Conditions: 2.5V to 5.5V
(unless otherwise stated)
Operating temperature  40°C < TA < +85°C for Industrial

-40°C < Ta < +125°C for Extended

P;':'m Symbol Characteristic!!) Min | Typ® | Max | Units Conditions
CA10 TioF Port Output Fall Time — 10 25 ns e
CA11 TioR Port Output Rise Time — 10 el ns —
CA20 Tewf Pulse Width to Trigger 500 » ns o

CAN Wakeup Filter
Note 1: These parameters are characterized but not tested in manufacturing.

2

Data in “Typ” column is at 5V, 25°C unless otherwise stated. Parameters are for design guidance only and

are not tested.

DS70135C-page 202

Preliminary

© 2005 Microchip Technology Inc.



dsPIC30F4011/4012

TABLE 24-39: 10-BIT HIGH-SPEED A/D MODULE SPECIFICATIONS
Standard Operating Conditions: 2.5V to 5.5V
(unless otherwise stated)
ACICHARRGTERISTICS Operating temperature  -40°C < Ta < +85°C for Industrial
-40°C < TA < +125°C for Extended
P :l':m Symbol Characteristic ‘Min. Typ Max. | Units Conditions -
Device Supply
ADO1 [AVDD Module VDD Supply Greater of Lesser of \ —
Vop - 0.3 VoD + 0.3
or2.7 or5.5
AD02 |AVss Module Vss Supply Vss - 0.3 Vss+0.3| V -
Reference Inputs
ADO5 |VREFH Reference Voltage High AVss+2.7 AVDD Vv —_
ADO6 |VREFL Reference Voltage Low AVss AVDD-2.7( V —
ADO7 |VREF Absolute Reference Voltage [AVss-0.3 AVDD +0.3] V —
ADO8 |IREF Current Drain - 200 300 pA - |A/D operating
.001 3 pA  |A/D off
- Analog Input %
AD10 |VINH-VINL |[Full-Scale Input Span VREFL VREFH .1 —
AD11  |VIN Absolute Input Voltage AVss - 0.3 AVDD + 0.3 V ) - .
AD12 |— Leakage Current - +0.001| +0.244 pA  |VINL = AVSS = VREFL = 0V,
AVDD = VREFH = 5V
Source Impedance = 5 kQ
AD13 |— Leakage Current - +0.001| £0.244 pA  [VINL = AVSS = VREFL = 0V,
AVDD = VREFH = 3V
Source Impedance = 5 kQ
AD15 |Rss Switch Resistance - 5K — Q —
AD16 |CsaMPLE [Sample Capacitor - 2:5 pF —
AD17 |RIN Recommended Impedance — 5K Q —_
Of Analog Voltage Source
DC Accuracy
AD20 |Nr Resolution 10 data bits bits —
AD21 [INL Integral Nonlinearity — 0.5 < 1 LSb [VINL = AVSS = VREFL = 0V,
AVDD = VREFH = 5V
AD21A |INL Integral Nonlinearity — 0.5 <1 LSb |VINL = AVSs = VREFL = 0V,
AVDD = VREFH = 3V
AD22 |[DNL Differential Nonlinearity — +0.5 <1 LSb |VINL = AVSS = VREFL =0V,
AVDD = VREFH = 5V
AD22A |DNL Differential Nonlinearity — +0.5 <#1 LSb [VINL = AVSS = VREFL = 0V,
AVDD = VREFH = 3V
AD23 |GERR Gain Error — +0.75 TBD LSb |VINL = AVSS = VREFL = 0V,
AVDD = VREFH = 5V
AD23A |GERR Gain Error — +0.75 TBD LSb |VINL = AVsSS = VREFL =0V,
AVDD = VREFH = 3V
Note 1: Because the sample caps will eventually lose charge, clock rates below 10 kHz can affect linearity
performance, especially at elevated temperatures.
2: The A/D conversion result never decreases with an increase in the input voltage, and has no missing
codes.
firstsa it e S B A T e i
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TABLE 24-39: 10-BIT HIGH-SPEED A/D MODULE SPECIFICATIONS (CONTINUED)

Standard Operating Conditions: 2.5V to 5.5V
(unless otherwise stated)
Ak CHARACTERISTICS Operating temperature  -40°C < TA £ +85°C for Industrial
-40°C < TA £ +125°C for Extended
P:;:m, Symbol Characteristic Min. Typ Max. Units " Conditions
AD24 |EcFF Offset Error — +0.75 TBD LSb |VINL = AVSS = VREFL = 0V,
AVDD = VREFH = 5V
AD24A |EoFF Offset Error —_ +0.75 TBD LSb [VINL = AVSS = VREFL = 0V,
AVDD = VREFH = 3V
AD25 |— Monotonicity(?) o - = — |Guaranteed
AD26 |CMRR |Common-Mode Rejection S TBD — dB —
AD27 |PSRR Power Supply Rejection — TBD — dB e
Ratio
AD28 |CTLK Channel to Channel — TBD — dB —
Crosstalk
Dynamic Performance
AD30 |THD Total Harmonic Distortion e TBD — dB —
AD31 |SINAD [Signal to Noise and — TBD — dB -
p Distortion 3 / -
AD32 |SFDR |Spurious Free Dynamic — TBD L dB 4
Range
AD33 |FnYa Input Signal Bandwidth — — 250 kHz -
AD34 |ENOB Effective Number of Bits — TBD TBD bits —

Note 1: Because the sample caps will eventually lose charge, clock rates below 10 kHz can affect linearity
performance, especially at elevated temperatures.
2: The A/D conversion result never decreases with an increase in the input voltage, and has no missing
codes.

ey = T St
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FIGURE 24-25: 10-BIT HIGH-SPEED A/D CONVERSION TIMING CHARACTERISTICS
(CHPS = 01, SIMSAM = 0, ASAM = 0, SSRC = 000)
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@ - Software sets ADCON. SAMP to start sampling.

@ - Sampling starts after discharge period.
TsamP is described in the dsPIC30F MCU Family Reference Manual, Section 17.

@ - Software clears ADCON. SAMP to start conversion.
- Sampling ends, conversion sequence starts.

- Convert bit 9.

- Convert bit 8.

- Convert bit 0.

- One TAD for end of conversion,

©OPee®
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FIGURE 24-26:

10-BIT HIGH-SPEED A/D CONVERSION TIMING CHARACTERISTICS

(CHPS = 01, SIMSAM = 0, ASAM = 1, SSRC = 111, SAMC = 00001)

Apsg

® ©

@ - Convert bit 8.

P

@ - Sampling starts after discharge period.
Tsawmp is described in the dsPIC30F
Family Reference Manual, Section 17.

@ - Convert bit 5.

L R S SO U N R RN - D T S
somupuptipip g pip iy ipipipNpipipipiplyipigiy
Instruction ¥ ) [ [ | 1] 1 1 o i i 1 1 [ 1 " " ]
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s N . e s - . e N L 5
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1 1 1 1 Ll 1 ] Ed [ T T
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1 L} 1 ' 1 1 Ir( ; | 1 1 ) 1 1 1 1 1 L] L] L] ] 1 1
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1 1 1 1 1 1 1 1 1 1 1 1 1 I); 1 1 1} 1 : ’I : :
eoc v it M xR MM L/ A E h N
' (] " ' P I Tt " V7 S 1 | et ' [ 1 R
v v i T— YN U e - R
1 Ll L 1 L] Ll ' 1 L l 1 Ll L] ' ' 1 1 [} 1 L] 1 1
| =T+ [SAMReT— | 1 ' ' By ] " ' ' i = [SAMRe— f '
ADS55 ADS5 T —r
i =GN TS Y~
DONE W RS el WP ) Jo WiFRNN'S PR 1 O il
or 7§ AT - @2 N (I — KA
) L ! 1 1 ! lss ! ! ! 1 ! 1 I:, 1 1 ] I r il 1 1 ]
1 T [ | 3 | | R | 1 ' | T T ' ' ' i
frE cc e
ADRES(0) ol % r q =
R
ADRES(1) ; > & e
L

P00 6O ® 06

@ - Software sets ADCON. ADON to start AD operation.

(B - Convert bit 0.
@ - One TAD for end of conversion.
@ - Begin conversion of next channel

- Sample for time specified by SAMC.
TsAMP is described in the dsPIC30F

Family Reference Manual, Section 17.
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TABLE 24-40: 10-BIT HIGH-SPEED A/D CONVERSION TIMING REQUIREMENTS

AC CHARACTERISTICS

Standard Operating Conditions: 2.5V to 5.5V
(unless otherwise stated)
Operating temperature  -40°C < Ta < +85°C for Industrial

-40°C < Ta < +125°C for Extended

performance, especially at elevated temperatures.

P*’Nf’" Symbol Characteristic Min. | Typ | Max. | Units Conditions -
Clock Parameters
AD50 |TaD A/D Clock Period 154 ns |VDD =5V (Note 1)
256 VDD = 2.7V (Note 1)
AD51 |tRC A/D Internal RC Oscillator Period 700 900 1100 ns -
Conversion Rate
AD55 |tconv  [Conversion Time 13 TAD ns —
AD56 |FcNv | Throughput Rate 500 ksps |VDD = VREF = 5V
100 ksps |VDD = VREF = 2.7V
AD57 |Tsamp |Sample Time - 1 TAD —_ ns VoD = 3-5.5V
’ Timing Parameters _
ADB0 |tPcs Conversion Start from Sample — — TAD ns —
Trigger : ;
|ADB1 |trss Sample Start from Setting 0.5 Tap — 1.5TAD | * ns —
: Sample (SAMP) Bit
ADB2 |tegs Conversion Completion to =Y b TBD ns -
Sample Start (ASAM = 1)
AD63 |[toPu Time to Stabilize Analog Stage - — TBD us -—
from A/D Off to A/D On
Note 1: Because the sample caps will eventually lose charge, clock rates below 10 kHz can affect linearity

© 2005 Microchip Technology Inc.
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25.0 PACKAGING INFORMATION

Package Marking Information

28-Lead PDIP (Skinny DIP) Example
30/SPe3)
O A YYWWNNN O ) 0510017 O
28-Lead SOIC Example
XXXXXKHKHXXXXXKXXXX dsPIC30F4012
XHXXXXXIXXKHXXXKXHXHXXXX 3011503
XXXXXIXXHKXKXKXXXXXXXX
A\ YYWWNNN A\0510017
O O
44-Lead QFN Example
XXXXXXXXXX dsPIC
XXXXXXXXXX 30F4012
XXXXXXXXXX 30I/ML(3)
YYWWNNN 0510017
40-Lead PDIP Example
XXXXKUXXXXUHXXXAXX dsPICSOF401 1
) O XXKXXOXIXXIHXXNK D O 30/P@3) &,
YYWWNNN 0510017
MicrocHIP MicrocHIP

Legend: XX..X Customer-specific information

YY
WWw
NNN

L)

Y Year code (last digit of calendar year)

Year code (last 2 digits of calendar year)
Week code (week of January 1 is week ‘017)
Alphanumeric traceability code

Pb-free JEDEC designator for Matte Tin (Sn)

This package is Pb-free. The Pb-free JEDEC designator (@)

can be found on the outer packaging for this package.

Note:

In the event the full Microchip part number cannot be marked on one line, it will
be camied over to the next line, thus limiting the number of available
characters for customer-specific information.

* Standard PICmicro device marking consists of Microchip part number, year code, week code and
traceability code. For PICmicro device marking beyond this, certain price adders apply. Please check with
your Microchip Sales Office. For QTP devices, any special marking adders are included in QTP price.

© 2005 Microchip Technology Inc.
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40-Lead Plastic Dual In-line (P) — 600 mil Body (PDIP)

ft—— 1 —o]
g h
g o
q 0
{ 0
{ 0
{ 0
{ 0
(s 0
g 3]
q i)
d b ¢
g o
{ H
{ 0
q h
q b
{ O
{ 0
d 0 2
n 4~ ODbh1

1
|

B J L_
p Al—d
eB —m=| l=—28 p
Units INCHES* MILLIMETERS
Dimension Limits MIN [ Nom | wMAX MIN | NoM [ MAX
Number of Pins n 40 40
Pitch P .100 2.54
Top to Seating Plane A .160 175 190 4.08 4.45 4.83
Molded Package Thickness A2 .140 .150 160 3.56 3.81 4.06
Base to Seating Plane A1l .015 0.38
Shoulder to Shoulder Width E .505 .600 .625 15.11 16.24 15.88
Molded Package Width E1 530 .545 .560 13.46 13.84 14.22
Overall Length D 2.045 2.058 2.065 51.94 52.26 52.45
Tip to Seating Plane L 120 .130 135 3.05 3.30 3.43
Lead Thickness c .008 .012 015 0.20 0.29 0.38
Upper Lead Width B1 .030 .050 .070 0.76 1 1.78
Lower Lead Width B .014 .018 .022 0.36 0.46 0.56
Overall Row Spacing § eB 620 .650 .680 15,75 16.51 17.27
Mold Draft Angle Top o 5 10 15 5 10 15
Mold Draft Angle Bottom B o 10 15 5 10 15
* Controlling Parameter
§ Significant Characteristic
Notes:

Dimensions D and E1 do not include mold flash or protrusions. Mold flash or protrusions shall not exceed
.010" (0.254mm) per side.

JEDEC Equivalent: MO-011

Drawing No. C04-016
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Infernational
@R Rectitier

Applications

SMPS MOSFET

164

PD- 91880

IRFP460A

HEXFET® Power MOSFET

s Switch Mode Power Supply ( SMPS ) Vbss Rds(on) max Ip
e Uninterruptable Power Supply 500V 0.27Q 20A
¢ High speed power switching
Benefits
e Low Gate Charge Qg results in S|mp!e ‘
Drive Requirement
e Improved Gate, Avalanche and dynamic
dv/dt Ruggedness
o Fully Characterized Capacitance and
Avalanche Voltage and Current Yo oate -G D 8
e Effective Coss specified ( See AN1001)
Absolute Maximum Ratings
Parameter Max. Units
Ip@ Te = 25°C Continuous Drain Current, Vgs @ 10V 20
Ip @ Tg = 100°C | Continuous Drain Current, Vgs @ 10V 13 A
lom Pulsed Drain Current ©® 80
Pp @T¢ = 25°C Power Dissipation 280 W
Linear Derating Factor 22 WreC
Vas Gate-to-Source Voltage + 30 \%
dv/dt Peak Diode Recovery dv/dt @ 3.8 Vins
Ty Operating Junction and -55 to + 150
Tsto Storage Temperature Range | A
Soldering Temperature, for 10 seconds 300 (1.6mm from case )
Mounting torge, 6-32 or M3 screw 10 Ibf+in (1.1N+m)
Typical SMPS Topologies:
e Full Bridge
e PFC Boost
Notes ©® through ® are on page 8
www.irf.com 1
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Static @ T, = 25°C (unless otherwise specified)

Infernational

165

TR Rectifier

Parameter Min. | Typ. | Max. |Units Conditions
Vierpss Drain-to-Scurce Breakdown Voltage 500 | — | — | V | Vgs=0V,Ip=250pA
AVipripss/dTy| Breakdown Voltage Temp. Coefficient | — |0.61 | — VI*C  Reference to 25°C, Ip = TmA
Ros(on) Static Drain-{o-Source On-Resistance | — | — [0.27 | Q | Vgs =10V, Ip=12A @
Vas(h) Gate Threshold Voltage 20 | —| 4.0 V | Vps=Vgs, Ip = 250pA
- Drain-to-Source Leakage Curent | 25 | pa | Vos™maRl Ngg = OV
— | —— | 250 Vps = 400V, Vgs =0V, T, = 125°C
| Gate-to-Source Forward Leakage — | — | 100 A Ves = 30V
Gos Gate-to-Source Reverse Leakage |\ VS P ee™ 20
Dynamic @ T, = 25°C (unless otherwise specified)
' Parameter Min. | Typ. | Max. | Units Conditions
Jfs Forward Transconductance M | — | — | S | Vps=50V,Ip=12A
Qq Total Gate Charge = fi—=/| (105 Ip = 20A
Qqs Gate-to-Source Charge — | — | 26 | nC | Vpg=400V
Qqa Gate-1o-Drain ("Miller”) Charge —_— —| 42 Vas = 10V, See Fig. 6 and 13 @
td(on) Turn-On Delay Time — 18 | — Vpp = 250V
fr Rise Time = (U85 (=)l neVl lBiF.204
ta(ofn Turn-Off Delay Time — | 456 | — Rg=4.3Q
te Fall Time — | 39 | — Rp = 13Q,See Fig. 10 @
Ciss Input Capacitance — | 3100 — Vs =0V
Coss Qutput Capacitance — | 480 | — Vps = 25V
Crss Reverse Transfer Capacitance -~ | 18 | =— | pF | f=1.0MHz, See Fig. 5
Coss Qutput Capacitance — | 4430| — Vgs =0V, Vps=1.0V, f=1.0MHz
Coss Qutput Capacitance — | 130 | — Vgs = 0V, Vps =400V, f=1.0MHz
Cass eff. Effective Qutput Capacitance — | 140 | — Vs = 0V, Vpsg = QV to 400V ®
Avalanche Characteristics
Parameter Typ. Max. Units
Eas Single Pulse Avalanche Energy® e 960 mJ
lar Avalanche Current® — 20 A
Ear Repetitive Avalanche Energy® —_ 28 m.J
Thermal Resistance
Parameter Typ. Max. Units
ReJjc Junction-to-Case e 0.45
Recs Case-to-Sink, Flat, Greased Surface 0.24 —_ °CIW
Raua Junction-{o-Ambient —_— 40
Diode Characteristics
Parameter Min. | Typ.| Max. | Units Conditions
Is Continuous Source Current o B MOSFET symbol &
(Body Diode) & showing the
Ism Pulsed Source Current integral reverse &
(Body Diode) ® e e L p-n junction diode. s
Vsp Diode Forward Voltage —_— =] 1.8 V | T;=25°C,lg=20A, Vgs =0V @
ter Reverse Recovery Time — | 480| 710 | ns | Ty=25°C, g =20A
Qi Reverse RecoveryCharge ~— | 60| 75 | pC | di/dt=100Aus @
tan Forward Turn-On Time Intrinsic tum-on time is negligible (fum-on is dominated by LgtLp)
2 www.irf.com
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TR Rectifier
100 vos TH—T— ]
TOP 15V
10V
2 i
< ooy /
5 50V
= BOTTOM 4.5V
3
a
@ fot
5
o
® ]
2 P
< A
£
&' 7 :
R — 4.5V
L Vi Pl T
A [TTT]
b 20ps PULSE WIDTH
: 1 T4=25°C
0.1
0.1 1 10 100
Vpg  Drain-to-Source Voltage (V)
Fig 1. Typical Output Characteristics

100

-
(=]

Ip, Drain-to-Source Current (A)

0.1

e i
L ”
Ty=150°C__ =~
A
I‘a> 4
-
1;=25°C
Vps= 50V
20ps PULSE WIDTH
4.0 5.0 6.0 7.0 8.0 9.0

Vgg. Gate-to-Source Voltage (V)

Fig 3. Typical Transfer Characteristics

www.irf.com

RDS(on) , Drain-to-Source On Resistance

Ip, Drain-to-Source Current (A)

100
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IRFP460A

TOP

5.0V
BOTTOM 4.5V

-
o

1

20ps PULSE WIDTH

TJ=150°C

Va

10 100

Vpg. Drain-to-Source Voltage (V)

Fig 2. Typical Qutput Characteristics

3.0

25

(Normalized)
= ™
(4] (=]

-
o

0.5

Ip=

20A

Vag=10V

0.0
-60 -40 -20 0 20 40 60 80 100 120 140 160

T, Junction Temperature (°C)

Fig 4. Normalized On-Resistance

Vs. Temperature
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100000
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1000

100

C, Capacitance (pF)

10

HVgs = OV, f=1MHz
Ciss =Cgs + Cgq . Cys SHORTED
Crss =Cyd
E.E = 'EE‘?E‘.E":EC_AS b C‘g‘d, e p——
| m |
L U |
S Ciss
= = H
Cos
Ll "l-.__-_
[~
%
L
Crss.
= i |
I
|
o 1]
1 10 100 1000

Vpg , Drain-to-Source Voltage (V)

Fig 5. Typical Capacitance Vs.

100

10

Isp, Reverse Drain Current (A)

0.1

Drain-to-Source Voltage

: e
[ T,=150°C "f
=
1/
& y A
J
V4 J
/ I
7
/ T)=25°C
I
] I
/
L VGS=0V

0.2 0.4 0.6 0.8 1.0 1.2 1.4 1.6

Vgp Source-to-Drain Voltage (V)

Fig 7. Typical Source-Drain Diode

Forward Voltage
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4 D= 20A | |

Vps= 400V
= - Vpg = 250\
g, VDS= 100\"-
8
©
>
o 12
8
=
o
@
e 38
[}
8
o _—#
4 « A
< 4

/ FOR TEST CIRCUIT
SEE FIGURE 13

0 20 40 60 80 100
Q. Total Gate Charge (nC)

Fig 6. Typical Gate Charge Vs.
Gate-to-Source Voltage

1000 e o e 5 s o e £ s s e
OPERATION IN THIS AREA LIMITED
BY Rps(on)
//
= 11
=100
= Tr gkl e
g TR = 10us
U \\ N \-‘ M
£ h LTI S
@ ST §100us
o L N
- 10 = t
a -
SSTTNIms,
g 1 [T
galiaits N
)= 150°C M1oms
4 Single Pulse HIA
10 100 1000 10000

Vps., Drain-to-Source Voltage (V)

Fig 8. Maximum Safe Operating Area
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TGR Rectifier

R
20 Vbs WA
N
\\ Y D.U.T.
L ~ o L
% < +-Voo
=
£ N,
Pulse Width < 1
(é 10 N l Dulyer—'aéiorso.lp‘;
‘E \ —i—
5 1
3 2 Y v Fig 10a. Switching Time Test Circuit
5
Vbs
90% D/ A [

i |
: N i
0 ' ' | |
25 50 75 100 125 150 [ [ |
Te. Case Temperature (°C) : : :
10% [, | |

Fig 9. Maximum Drain Current Vs. o) I taem
Case Temperature

Fig 10b. Switching Time Waveforms

1

_

1) D = 0.50.

2 —

= ____.———
N oy fess020 o

@ t —

7]

g =040 T

o _0.05 =T

% ! —---,/ T3

gt

o 00— Tt ol

T 001 0011 SINGLE PULSE

E (THERMAL RESPONSE) u-{
@
ﬁ t2— ]

Notes:
1.Duty factorD= 1/t 2
66 2.Peak T j=Ppux Zihyc +To
0.00001 0.0001 0.001 0.01 01 1

t1, Rectangular Pulse Duration (sec)

Fig 11. Maximum Effective Transient Thermal Impedance, Junction-to-Case
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Toov -.'ﬂ;
lp 0.014
Al\/\v

Fig 12a. Unclamped Inductive Test Circuit
V(BR)DSS
e lp—*r

las
Fig 12b. |Unclamped Inductive Waveforms
Qg "
10V

-

~ Qgs »<— QoD —

Ve

Charge -—-+
Fig 13a. Basic Gate Charge Waveform

Cumenl Regulator
Same Type as D.UT.

50K
12v 2pF
I I d3F
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Current Samgpling Resistors

Fig 13b. Gate Charge Test Circuit
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, Avalanche Voltage (V)
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Fig 12c. Maximum Avalanche Energy
Vs. Drain Current
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lay + Avalanche Current (A)

Fig 12d. Typical Drain-to-Source Voltage
Vs. Avalanche Current
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TSGR Rectifier

Peak Diode Recovery dv/dt Test Circuit

D.ULT p——<t Circuit Layout Considerations
T — = Low Stray Inductance
a ® o Ground Plane
s Low Leakage Inductance
Current Transformer
___<.
g
® |
- & e
“ AR
(i AAN
0 -
“ &
Rg e dv/dt controlled by Rg g
= Driver same type as D.U.T. -+~ Vop
« |gp controlled by Duty Factor "D" 2
e D.U.T. - Device Under Test

0] Driver Gate Drive oW
Period D

DI AR N = “Period

Vge=10V *

@ |D.U.T. I Waveform

Reverse A ;
Recaovery | Body Diode Forward
Current Current

@ D.U.T. Vpg Waveform

Diode Recove
/ _ i N 3
o DD
’ (3

Re-Applied | — Bl
Voltage Body Diode * ’ Forward Drop

@ |inductor Curent
S___\w_

Ripple s 5% 'sp
:

* Vgs = 5V for Logic Level Devices

Fig 14. For N-Channel HEXFETS
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Package Outline

TO-247AC Outline
Dimensions are shown in millimeters (inches)

3.65 (.143)
N 15.30 (1526 3.55 (.140)
14.30 (.602) 77 0.25 (010) | D|B @)
] I_AI_ : [D[B @)
ﬁ / SN N> x i
& P\
20.30 (.800) [~ i
19.70 (.775 5.50 (.217)
bl L ax 450 (1717
1 2 J {
W
14.80 (.583)" ; ]
e | e
2.40 (.004) 1.40 (.056)
2,00 (.0?9). X 1.00 (.039) .
2X
e
2X 3.00 (118)
Part Marking Information
TO-24TAC

EXAMPLE : THIS IS AN IRFPE30
WITH ASSEMBLY
LOT CODE 3A1Q

LOGO

1L

International
TR Rectifier

TR
5.30 (.209)
4.70 (.185)

| 2.50 (,089)
1,50 (.058)

/—{-

INTERNATIONAL
RECTIFIER -

]

NOTES:

1 DIMENSIONING & TOLERANCING
PER ANSIY14.5M. 1882,

2 CONTROLLING DIMENSION :INCH.

3 CONFORMS TO JEDEC QUTLINE
‘TO-247-AC,

0.80 (.031)
*J 3% 0,40 (.016)
| 2.60(.102)

2.2

0
20 (.087)

LEAD ASSIGNMENTS

1-GATE
2 - DRAIN
3-8OURCE
4 - DRAIN

D @/ PART NUMBER

IRFPE30
~ ISR

{rfsd daualig
ASSEMBLY DATE CODE

LOT CODE

Notes:

@ Repetitive rating; pulse width limited by
max. junction temperature. ( See fig. 11)

@ Starting T, = 25°C, L = 4.3mH
Rg = 25Q, Ias = 20A. (See Figure 12)

€] ISD < 20A, dildt < 125A/ps, VDD < V(ER)DSS!
Ty<150°C

(YYWW)
YY = YEAR
WW WEEK

@ Pulse width < 300ps; duty cycle < 2%.

® Cos;s eff. is a fixed capacitance that gives the same charging time
as Coss While Vg is rising from 0 to 80% Vpss

International
TSGR Rectifier

WORLD HEADQUARTERS: 233 Kansas St., El Segundo, California 90245, Tel: (310) 322 3331

IR GREAT BRITAIN: Hurst Green, Oxted, Surrey RH8 9BB, UK Tel: ++ 44 1883 732020

IR CANADA: 15 Lincoln Court, Brampton, Ontario L6T3Z2, Tel: (905) 453 2200

IR GERMANY: Saalburgstrasse 157, 61350 Bad Homburg Tel: ++ 49 6172 98590

IR ITALY: Via Liguria 49, 10071 Borgaro, Torino Tel: ++ 39 11 451 0111

IR FAR EAST: K&H Bldg., 2F, 30-4 Nishi-lkebukuro 3-Chome, Toshima-Ku, Tokyo Japan 171 Tel: 81 3 3983 0086
IR SOUTHEAST ASIA: 1 Kim Seng Promenade, Great World City West Tower, 13-11, Singapore 237994 Tel: ++ 65 838 4630
IR TAIWAN:16 Fl. Suite D. 207, Sec. 2, Tun Haw South Road, Taipei, 10673, Taiwan Tel: 886-2-2377-9936

http:/fwww.irf.com/
8

Data and specifications subject to change without notice. 6/99
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TOSHIBA TLP250
173
TOSHIBA Photocoupler GaAlAs Ired & Photo-IC
Transistor Inverter
Inverter For Air Conditionor ** .
Unit in mm

IGBT Gate Drive
Power MOS FET Gate Drive

The TOSHIBA TLP250 consists of a GaAlAs light emitting diode and a

integrated photodetector.
This unit is 8-lead DIP package.

TLP250 is suitable for gate driving circuit of IGBT or power MOS FET.

¢ Input threshold current: IF=bmA(max.)
e Supply current (Icc): 11mA(max.)
e Supply voltage (VC(): 10-35V
.o Qutput current (I0): +1.5A (max.)
» Switching time (tpLH/tpHL): 1.5ps(max.)
e Isolation voltage: 2500Vrms(min.)
¢ UL recognized: UL1577, file No.E67349
e Option (D4) type

VDE approved: DIN VDE0884/06.92,certificate No.76823

Maximum operating insulation voltage: 630VPK
Highest permissible over voltage: 4000VPK

(Note) When a VDE0884 approved type is needed,
please designate the "option (D4)"
e Creepage distance: 6.4mm(min.)
Clearance: 6.4mm(min.)

M incd

TOSHIBA 11-10C4

Weight: 0.54 g

Schmatic Pin Configuration (top view)
Vee 10 58
|
4 2 E} _ 17
2+ Vo g
Vg } == >~ 3 I: ] 6
3- Vo
oL s
o
5 BNE 1:N.C.
A 0.1yF bypass capcitor must be 2 : Anode
connected between pin 8 and 5 (See Note 5). 3 : Cathode
4:N.C.
5:GND
6 : Vo (Output)
7:Vo
8:Vce
Truth Table
— | Tr2
Input On On Off
LED Off off On
1 2004-06-25



TOSHIBA TLP250
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Absolute Maximum Ratings (Ta = 25°C)
Characteristic Symbol Rating Unit
Forward current IF 20 mA
Forward current derating (Ta 2 70°C) Alp/ ATa -0.36 mA/°C
% Peak transient forward curent (Note 1) IFpT 1 A
Reverse voltage VR 5 \
Junction temperature Tj 125 °C
“H"peak output current (Pyy < 2.5ps,f < 15kHz) (Note 2) lopH -1.5 A
“L"peak output current (Pyy = 2.5ps,f < 15kHz) (Note 2) lopL +1.5 A
(Tas 70°C) 35
Output voltage Vo \
n (Ta =85°C) 24
8 P (Ta s 70°C) ¢ 35 v
2 | Supply voltage cc
o (Ta=85°C) 24
Output voltage derating (Ta = 70°C) ) AVo ! ATa —0.73 vieC
Supply voltage derating (Ta = 70°C) AVee l ATa -0.73 V/°C
Junction temperature Tj 125 °C
Operating frequency * (Note 3) f ves kHz
Operating temperature range Topr -20~85 °C
Storage temperature range Tstg -55~125 °G
Lead soldering temperature (10 s) (Note 4) Tsol 260 °C
Isolation voltage (AC, 1 min., R.H.= 60%) (Note 5) BVs 2500 Vrms

Note 1:  Pulse width Py < 1us, 300pps

Note 2:  Exporenential wavefom

Note 3:

Note 4: It is 2 mm or more from a lead root.

Note 5:

Note 6:

Recommended Operating Conditions

together.

Exporenential wavefom, lopH < —1.0A( = 2.5ps), lopL = +1.0A( < 2.5ps)

Device considerd a two terminal device: Pins 1, 2, 3 and 4 shorted together, and pins 5, 6, 7 and 8 shorted

A ceramic capacitor(0.1uF) should be connected from pin 8 to pin 5 to stabilize the operation of the high

gain linear amplifier. Failure to provide the bypassing may impair the switching proparty. The total lead
length between capacitor and coupler should not exceed 1cm.

Characteristic Symbol Min. Typ. Max. Unit
Input current, on (Note 7) IFON) 7 8 10 mA
Input voltage, off VF(OFF) 0 — 0.8 Vv
Supply voltage Vee 15 —_ 30 20 \'
Peak output current lopH/lopL —_ —_ 0.5 A
Operating temperature Topr -20 25 70 85 {0

Note 7: Input signal rise time (fall time) < 0.5 ps.
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TOSHIBA TLP250
1ch
Electrical Characteristics (Ta = —20~70°C, unless otherwise specified)
Test
Characteristic Symbol Cir- Test Condition Min. Typ.* Max. Unit
cuit
Input forward voltage VE — Ir=10mA, Ta=25°C 1.6 1.8 \'
Temperature coefficient of _ - _ | _ o
forward voltage AVE ! ATa Ip=10mA 2.0 mv/°C
Input reverse current Ir — |VR=5V, Ta=25C —_ 10 pA
Input capacitance - Cr —_ V=0,f=1MHz, Ta=25°C — 45 250 pF
i Ip =10 mA B _
H” level loPH 3 Voo = 30V Y -0.5 1.5
Output current *1) h A
w n F = _
L” level lopL 2 Vag= 28V 0.5 2
g Vceq = +15V, VEg1 = -15V
H” level VoH 4 R( = 2000, I = 5mA 11 12.8 —
Output voltage v Uy P Vv
= cc1 = +15V, VEg1 = - — s i
L” level VoL 5 |RI22000, V= 0.8V 142 [ 125
Vee =30V, If = 10mA _ 7 _
“H" level IccH — |Ta=25°C
Ve = 30V, [f = 10mA — — 1
Supply current : mA
Ve = 30V, I = 0mA _ 75 A
“L” level lcoL — |Ta=25C ]
Vee = 30V, IF = 0mA — - "
Threshold input “Output I Voot = +15V; Vegq = -15V :
; FLH — — 1.2 5 mA
current L—H RL =200Q, Vo > OV
Threshold input “Output i Vge1 = +15V, VEgq = 16V 08
: — 2 — a Y
voltage H-L o R =200Q, Vo < 0V
Supply voltage Vce —_ 10 — 35 \%
Capacitance C s Vg=0,f=1MHz AY 10 20 F
(input-output) > Ta=25 : : p
. ) =500V, Ta = 25° 12 14
Resistance(input—output) Rs o N e et 1x10"2 | 10 — Q
* All typical values are at Ta=25°C  (*1): Duration of lp time < 50ps
S5 2004-06-25
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Switching Characteristics (Ta = -20~70°C , unless otherwise specified)
Test
Characteristic Symbol Cir- Test Condition Min. Typ.* Max. Unit
cuit
Propagation L—H tpLH — 0.15 0.5
delay time Hoil. toHL IF = 8mA (Note 7) g 0.15 05
6 Veeq = +15V, VEgq =15V ps
Qutput rise time tr RL = 2000 — ey -
Qutput fall time f —_— - i
Common mode transient
. B 2 Veu = V. g =
immunity at high level CMH 7 Vghc‘ - 388 :faF= zasrgé -5000 — — V/ps
output
Common mode transient
- 3 Veum = 600V, Ig = OmA
mgﬂ[my at low level i n | gov, LI 5000 | — R R

* All typical values are at Ta = 25°C
Note 7: Input signal rise time (fall time) < 0.5 ps.
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Test Circuit 1 :

Test Circuit 3 : IOPH

Test Circuit 2 : IOPL

1[0
C
[l
4[]

177

Test Circuit 4 : VOH

N i I
{——¢ @

0.1pF

Vee
& .
lopL ‘
i Ve-5

4

8
1[0 T - 0 NQ
]. l Vee I Veer
:' = 0.1pF = A :' L 01pF 4
IF Vas I QD 3
‘ loPH VoH
4 E ]—" 4 ]—0
| - 1
' TVEE1
Test Circuit 5 : VoL
8
1] :}I
J_—_'E ] = onF g
VE 2 R
L"I ] 2 AW
‘ VoL
d M9
7
T Veet
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Test Circuit 6: torH, toHL, tr tf

[
L [

1000 3 []

Test Circuit 7: CpH, CmL

L1 L
— &

il

1 [
A:o:
1]

l Veet

0.1uF
= Vo
RL
]
VEE1

2
o)

0.1pF
:l T 1 Vec

° Vo

I [

N

Vem
(M) et
. . g ,J,
_, 600V
¢ " 90%
cM
10% " t
I 1
SW :A(IF=8mA)
Vo N 26\
SW :B(lg=0)

CmH

ChL

Vot

Lo 480 (V)
T

480 (V)
" e

178

CML(CMmR) is the maximum rate of rise (fall) of the common mode voltage that can be sustained with the output
voltage in the low (high) state.
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IF—VE * Vgl Ja-Ig
100 ———— = 28
Ta=25°C
50 ,v
30 P
ya
O -24
—_ / g -
g0 §2
5 7 8 < 22
A 3 7 ER [~
55 e, =n
§ 1 &y 20
8 05 - 5 >
.3 7
B 0 7 Tt a8
7 L 28
- TEB= 2%
0.05 8 18
0.03 71
0.01 l 1.4
1.0 1.2 1.4 1.6 1.8 20 0.1 03 05 1 3 5 10 30
Forward voltage VE (V) Forward current If (mA)
IF-Ta , Ve -Ta
40 40
e
T 30 o 30
£ o \
E >
e o
B =3
ZE 3
S 20 S 20
o L =
% 3
= n
=2 °
< 10 o 10
E
o
<
0 ]
0 20 40 60 80 100 0 20 40 60 80 100
Ambient temperature Ta (°C) Ambient temperature Ta (°C)
lopH, lopL—Ta
L
PW+ 25ps, f+ -15KHz
€ 2
o
5
B,
5
8
3 7
% O
g~ \
a I 1
@ o
50
[
=
o
z
0
0 20 40 60 80 100

Ambient Temperature Ta (°C)
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RESTRICTIONS ION PRODUCT USE

« The information contained herein is subject to change without notice.

+ The information contained herein is presented only as a guide for the applications of our products. No responsibility is assumed
by TOSHIBA for any infringements of patents or other rights of the third parties which may result from its use. No license is
granted by implication or otherwise under any patent or patent rights of TOSHIBA or others.

+ TOSHIBA is continually working to improve the quality and reliability of its products. Nevertheless, semiconductor devices in
general can malfunction or fail due to their inherent electrical sensitivity and vulnerability to physical stress. It is the responsibility
of the buyer, when utilizing TOSHIBA praducts, to comply with the standards of safety in making a safe design for the entire
system, and to avoid situations in which a malfunction or failure of such TOSHIBA products could cause loss of human life,
bodily injury or damage to property.

In developing your designs, please ensure that TOSHIBA products are used within specified operating ranges as set forth in the
most recent TOSHIBA products specifications. Also, please keep in mind the precautions and conditions set forth in the
“Handling Guide for Semiconductor Devices,” or “TOSHIBA Semiconductor Reliability Handbook” etc..

e The TOSHIBA products listed in this document are intended for usage in general electronics applications (computer, personal
equipment, office equipment, measuring equipment, industrial robotics, domestic appliances, etc.). These TOSHIBA products
are neither intended nor warranted for usage in equipment that requires extraordinarily high quality and/or reliability or a
malfunction or failure of which may cause loss of human life or bodily injury (“Unintended Usage”). Unintended Usage include
atomic energy control instruments, airplane or spaceship instruments, transportation instruments, traffic signal instruments,
combustion control instruments, medical instruments, all types of safety devices, etc.. Unintended Usage of TOSHIBA products
listed in this document shall be made at the customer’s own risk.

e The products described in this document are subject to the foreign exchange and foreign trade laws.

 TOSHIBA products should not be embedded to the downstream products which are prohibited to be produced and sold, under
any law and regulations.

¢ GaAs(Gallium Arsenide) is used in this product. The dust or vapor is harmful to the human body. Do not break, cut, crush or
dissolve chemically.

8 2004-06-25
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ET-BASE dsPIC30F2010/4011

ET-BASE dsPIC30F2010/4011 iuvefaluiasroulnniae flunsna dsPIC30F Jaienld
lulasrauvaiaafiu 28 Pin wef dsPIC30F2010 w7 fu 40 Pin wef dsPIC30F4011 189
Microchips \flu MCU Uszanuafa e dsPIC30F2010/4011 iflu MCU %‘q'l'ﬁmmizmﬂuaiiauﬂa
wuy 16 dm aanene Microchips éqﬁﬁgmLﬁ'u'luﬁ'mﬂa\:m'mmmmlumﬁ_ﬁ?:mauﬂﬂ’ﬂgﬂﬁmmm
u.uuﬁﬁmﬂamuw:ﬂﬁﬁqﬁaﬁﬁu%’uﬂ’ﬂﬂﬁ‘;‘:qnm‘lﬂmﬂumuauﬁhqq T TareaFranieluazifiunis
nanna sz lulazaauinsaiaes (MCU) uazaeas DSP (Digital Signal Processing) #auidnl3
e vTaenaFun MCU mezna dsPIC30F duilu DSC via Digital Signal Controller 1161

Tnelaseaineesuedn ET-BASE dsPIC30F2010/4011 ldfuniseanuuulivefadaunaidn
wzdenniviilszgnideudundn laanelwefnldusenaidnduiensldon uaz

saansiam e TLsunsy dannutinvgu mu'ﬁ'nﬂﬁJLﬂé"ﬁuﬂ’rury'lm /0 Lﬁﬂﬁﬁ‘lﬂﬂianmﬁmu

TuanwnzsneWasapdasazvinzanivaudemnisldoulahmaiedneneausdenis
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afansldnuueinlulasraulnsaiaasiu ET-BASE dsPIC30F2010/4011 ETT

e, 4
amﬁu‘um*um uaTm

" @anld MCU msena dsPIC30F2010 %78 dsPIC30F4011 984 Microchips il MCU 1g24n
vafn InaanuauTRisiug e MCU Tdun _

O fiwmiaeAlNAn Flash 12KByte(dsPIC20F2010) 178 48KByte(dsPIC30F4011)
fmdauAnuan RAM 917m 512Byte(dsPIC30F2010) 178 2KByte(dsPIC30F4011)
HiauAnuan EEPROM 17m 1KByte Auiuifiudiayaldeu
fwafa 110 1u1A 19 Bit(dsPIC30F2010) ¥i78 29 Bit(dsPIC30F4011)

{1 16Bit Timer/Counter 4147 3 4A(dsPIC30F2010) ¥¥8 5 4A(dsPIC30F4011)

i Input Capture 471474 4 184

il Output Compare A119u 2 184(dsPIC30F2010) 72 4 184(dsPIC30F4011)

i1 ADC 10Bit/500Ksps 47471 6 184(dsPIC30F2010) Whe 9 Fe(dsPIC30F4011)
i PWM Motor Control 47171 6 1849 W¥an Quadrature Encode Interface(QEI)

fl UART 47714 1 483(dsPIC30F2010) %8 2 184 (dsPIC30F4011)

O"m@, Oghky© 0 O O O O O

1 SPI A7uau 1 989 uax 1 12C 47u9U 1 189
O Hheag Watchdog, Power-ON Reset, PWM

® 14 Crystal A7 7.3728MHz 811904 PLL Anuan e Run AmE 29.4912MHz 16

" fnefndaanraynsy UART uuu RS232 §7uau 1 489 d w3y dsPIC30F2010 uaz 2 184
@1115U dsPIC30F4011 wHen Jumper dmFuiaanidanu UART vte GPIO Iémudaanis
Tneddasie UART utis CPA-4 Pin inmsgnu 8

" fid IcsP AU ICD2 Wit RUT1 fmfuldfauiugeaimunlsunsuuas Debugger?‘;
09 FUNIIINURINNIATII ICD2 89 Microchips 14114 ICD2 Wia Pickit2 I

B {I Switch AmFuaauATyy 1Tz Program/Debug(PGM) uae 1daulsna(RUN) wisu
LED uamsuanIsingnuaasLada

" ﬁ‘i"i"wiﬂﬁn‘;fyﬁm /O WU Header 9141A 2x5 471491 3 TR WAz Header 1x8 Pin an 1 § [

®  Header 14Pin 4% Character LCD w381 VR UFuauadng

" 3 Switch Reset dAm¥uda Reset mMaineuzes MCU neluueda

= §LED Amiuvaseuniadinanu Inald RBO Tunisatuan wien Jumper diasiadtynns

®  pPower AC/DC Input W¥au Regulate Uil Switching LUa§ LM2575 1una 5V/1A amtloymd
ANMNTAUAININAT Regulate LAY LED UAMIADTUZUNAIE"E Power

® 9115 PCB Size ANLAWEN 8 x 6 cm.

ETT CO.LTD -2- WWW.ETT.CO.TH



184
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-

MCLR

EMUDS3/ANO/VREF+/CN2/RBO
EMUCS/AN1/VREF-/CN3/RB1
AN2/SS1/CN4/RB2

ANJ/INDX/CN5/RB3
AN4/QEA/ICT/CNG/RB4
ANS/QEB/IC8/CN7/RB5S

Vss

0OSC1/CLKI

OSC2/CLKO/RC15
EMUD1/SOSCI/T2CK/U1ATX/ICN1//RC13
EMUC1/SOSCO/T1CK/U1ARX/CNO/RC 14
VDD

QOO Onerin

EMUD2/0C2/IC2/INT2/RD1

y
2
3
4
5 &
6 )
7 8
8 S
9 o
10 s
1 o
12
13
14

28
27
26
25
24
23
22

1 AVDD

] AVss

1 PWM1L/REO

] PWM1H/RE1

] PWM2L/RE2

] PWM2H/RE3

] PWM3L/RE4

211 PWM3H/RES

20 Vop

197 Vss

18] PGC/EMUC/U1RX/SDI1/SDA/RF2
17 [ PGD/EMUD/U1TX/SDO1/SCL/RF3
16 ] FLTA/INTO/SCK1/OCFA/RES8

15 [0 EMUC2/0OC1/IC1/INT1/RD0O

FUusaRINITIRYIR Y IUADY dSPIC30F2010

. - :
MCLR [] 1 J 40 [0 AVDD
EMUD3/ANO/VREF+/CN2/RBO E 2 391 AVss
EMUC3/AN1/VREE-/CN3/RB1 [ 3 38 [1 PWM1L/REOD
AN2/SS1/CN4/RB2 [ 4 37 1 PWM1H/RE1
AN3/INDX/CN5/RB3 [ 5 36 [1 PWM2L/RE2
AN4/QEA/ICTICNG/RB4 [ 6 a 350 PWM2H/RE3
ANS5/QEB/IC8/CN7/RB5 [17 0 34 0 PWM3L/RE4
ANB/OCFA/RB6 [ 8 h) 330 PWM3H/RE5
AN7/RB7 O 9 o 320 VoD
ANS/RBS [ 10 PR 310 Vss
Vvop O 11 = 300 C1RX/RFO
Vss O 12 = 290 CITX/RF1
OSC1/CLKI 1 13 o 28 1 U2RX/CN17/RF4
OSC2/CLKO/RG15 [ 14 = 27 [1 U2TX/CN18/RF5
EMUD1/SOSCIT2CK/U1ATX/CN1/RC13 ] 15 26 [0 PGC/EMUC/UTRX/SDI1/SDA/RF2
EMUC1/SOSCO/T1CK/U1ARX/CNO/RC14 [] 16 25 [] PGD/EMUD/U1TX/SDO1/SCL/RF3
FLTA/INTO/RES [ 17 24 [0 SCK1/RF6
EMUD2/0C2/IC2/INT2/RD1 ] 18 23 [0 EMUC2/0C1/IC1/INT1/RDO
OC4/RD3 [ 19 22 [0 OC3/RD2
Vss [0 20 210 Vob

suudnINIaR IR QYU B dSPIC30F4011

Dovic | pins | wam. Byisi | SRAM EEPROW | Timer | nput i | oy A2 104t Quad 2. |2, | 2
Instructions PWM PWM S|e %

dsPIC30F2010 28 12K/4K 512 1024 3 4 2 6ch 6 ch Yes [1 1] 1]~
dsPIC30F3010 | 28 24K/BK 1024 | 1024 5 L 2 6ch 6¢ch Yes [1{1]1]-
dsPIC30F4012 | 28 48K/MBK | 2048 1024 5 4 2 6ch 6¢ch You |4 1A | Ty
dsPIC30F3011 | 40/44 24K/BK 1024 1024 5 L 4 6ch 9ch Yes [2 (1 (1]~
dsPIC30F4011 | 40/44 | 48K/16K | 2048 1024 5 <+ 4 6ch 9ch Yag |2 |11 V|1
dsPIC30F5015 | 64 66K/22K | 2048 1024 5 4 4 8ch 16¢ch Yas |1 [2] 9 ]1
dsPIC30F6010 | 80 144K/48K | 8192 4096 5 8 8 8ch 16ch Yes1 2 |12 112

ANTNUAAY ANUFNTAAINUANAINTDY dsPIC30F LUBFA9 )
ETT CO.LTD -3 WWW.ETT.CO.TH
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TAs3d9190245 A ET-BASE dsPIC30F2010/4011

- omE EmOE R R RS R RERE
3 FR YR y &

W OO IO

»
ik

N HHWLETT.CO.TH
¢, ET-BASE dsPIC3er
d3PICIBF2018/ 4014
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v k7

® weLaa 1 A dasaunadngiiidneasesuaia iuuwmaseneW 7-20vAc/DC

® UNELAT 2 AB IC Regulate k11 Switching 941/ 5V/1A

® unagELAY 3 Ae LED TEST Amiumagaunisinueaduain laaauAxnain RBO

o wuEAT 4 Aa Jumper AWEL F dg dyaunns RBO A LED TEST

® wnaElaa 5 An VR UiuA dminlduiuanuadnaemtiaauanna LCD

* wuma 6 Aa Tasie 14PIN IDE dwFuidansaiu LCD uuy Character

® WNIELA 7 A9 Jumper AMLI@BNZUULLNITATLANTY RW 284 LCD Taaifnld MCU {u
28Pin fasidan’idmu GND insuazliannsodssudayaan LCD 1§

® uuqeLAY 8 An A3AY Reset A1iL Reset N19111911a189 MCU Lﬁﬂﬂq"lu‘tuum Run

 wunELan 9 Ae dase ICD2 dmsulddauserutsalsunsua LALNANNIMI§IU ICD2

® wanELaa 10 An 43ad duiidanNANTIMNIUTEMINe Run(RUN) WAz Program(PGM)

® wungaY 11 Aa LED RuAd LaAIan1uz PGM u‘ﬂ'aum’mﬁwmlw Program Mode

o wuneiau 12 Ao LED Al wanssnius RUN davuefavnenidu Run Mode

o wanmian 13 Ap 4asie UART2 efliamzlu MCU U 40 Pin (dsPIC30F4011) winiiu Tag
Whidtynnuuy RS232 Tanld Pin 989 RF4(RX2) UAs RF5(TX2) Lﬁuﬁ’ryry'lmﬁ;auﬁﬂ

o winELa 14 Aa A dase UART1 Taefludayoyiniuuy RS232 flaglu Mcu ﬁ’qiu 28 Pin
uAz{u 40 Pin 8414 Pin 989 RC13(TX1).RC14(RX1) dutynnudanse

® wiELaY 15 A Jumper AMFLIASNNNTEBNABATYCYIOL RC13,RC14,RFA,RF5 d1azld
mﬁryrmmﬁ«:nﬁwv‘iwﬁ'}ﬁLﬁumﬁ’curmmfudwm RS232 vi%e GPIO dwiuidemuialy

® UPNIELAY 16 AD %Qﬁfﬂﬁtuty’lm RC13,RC14,RD0,RD1,RD2 uay RD3 dwmiuldeu tneidn
\flu MCU $u 28Pin azllfidtycyrnd RD2 wax RD3 1dyqyinisanannazilanndneld

o wamLa 17 Ae dasiedtyans Port-RF Fad it MCU 14 40 Pin azdl 7 im A9 RF[0..6]
ustiniflu MCU $u 28 Pin ailiiies 2 in Ain RF[2] Az RF[3] widu

® wansLad 18 An LED Auiuudmianiue 189umnatanslw +5v 1nuain

o wanean 19 Ae dasedtynyns Port-RE dvazil 7 in Ae RE[0.6 uaz 8]

o gAY 20 A Taradtyrynns Port-RB Fadnifiu MCU4OPIn a2i 8 Tim A RB[0.7] uddn
{1 MCU 28Pin axilifle 6 Din e RBI0..5] Wil

® et 21 An MCU Uszdruada Taaduilu {u 28Pin azldwef dsPIC30F2010 waid il
14 40Pin Az l4waf dsPIC30F4011

ETT CO..LTD -5 WWW.ETT.CO.TH
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& 1 s 1
AIRDAY YU HN )

ET-BASE dsPIC30F2010 ET-BASE dsPIC30F4011

reo | [] [ | re reo | ] [] | re
re2 L[] [] | res rez [ ] [] | res
res W[ ] [] | res res B[] [] | res
res '] [] |ne res '] [] | ne
+AVDD D D GND +AVDD D D GND

PORT-RE[0..5,8] : PORT-RE[0..5,8]

NC D . D NC | RFO D D RF1
RF2 D D RF3 RF2 D D RF3
NC D D NC RF4 D D RF5
NC D D NC RF6 D D NC
+VDD D D GND +VDD D D GND

PORT-RF[2..3] PORT-RF[0..6]

reo | [] [] |ret reo | [] [] |res
re2 [ ] [] | res re2 p[] [] | res
res @[ ] [] | res res @[] [] |res
ne L] [ [ne res [ ] []|re7
~voo | [] [] [eno wvoo | [] [] [eno

PORT-RBI[0..5] PORT-RBI0..7]
[ 1112113 4 5116117 8 ] [ 1 2 3114115 6|17 8 ]
8 Q 3- o — [m] o ﬂ 3 o — o ™ [m]
2 o 9o 0o Q9 2 Q O O o a a =z
s K X E X 2 2 O T E X ¥ E X E O

sudns nMsamFeedynaamasda 0 A juasuasa ET-BASE dsPIC30F2010/4011
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