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llTWYI 

2-1 LL"~h'litlJqj1ru. sine, Triangle LLfl:: itlJtlJ1ru. PWM ~L~ 3 

2-2 LL "~h'ILL t11J"lI ch'l f1112J ii'tl ch'l itlJ tlJ1 ru. PWM 4 
... '" . 

2-3 LL"~hm11~"2J itlJtlJ1 ru.LY4tl"i\\1 itlJtlJ1 ru. PWM mh~J1[J 4 
~ ~ ~ ~ 

~ ~~~~ z
 
2-4 LL,,~~n11~ "2J"qjqj1 ru. YI L"11"qjqj1ru.Yn~::"1J1"1JULL1J1Jfl1~ (Rising
 

Ramp Carrier Signal) 5 

2-5 LL"~~LL1J1J~ 3 PWM ~t1mi2JLL1J1Jl1n~ (Regular Sampled PWM) 5 
'IJ • , , 

.. .. d 

2-6 LL"~~LL1J1JYI 3 PWM 'Ymn~"2JYl1~fln (Modulation Depth) 6 
'IJ 

3-1 Motor Control PWM Module (MCPWM) 7 

3-2 PTCON Register 8 

3-3 LL"~~ itlJtlJ1 ru.m1u1Jifu~1111J~12J"1Jtl1J (Edge align) 8 
.... "".l' -J.,.... ..

3-4 LL"~~ "tlJ tlJ1 ru.m1U1J"1JUfl~Y1u11J~12Jmnfl1~ (Center align) 9 

3-5 LL"~~ itlJ tlJ1 ru.m1u1J;fufl~ ~1111J~12J~~nfl1~~iim1 1111J111~fh 
... ... . 

(Center Aligned PWM with Double Update) 9 

3-6 LL"~~"1h~L1fl1"1Jtl~ Dead Time 10 

3-7 LL"~~ Dead Time Register DTCON1 LLfl:: DTCON2 10 
, 

.. 0 

3-8 LL"~~1~,;)1Y1Y11~1ULL1J1J complementary mode 11 

4-1 111LL,,~~n11~tl1~,;)1~1Ufhi~~1Ufl11Jfl2J 12 
'IJ • 

4-2 ~1Ufl11Jfl2J111 LL"~~~1Utll1n1m~HlU~1uri1i~ 1JULL~U1::1J1 [J
• 'IJ • 

f1112Ji'tlU 13 
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1.J'YI'YI 1 

lfl~U.:JtJ~mllmffiinn' ~HI.J 'UtJ~::l'YIffi 'YItJmh.:Jll'VlimlltJ 111tJ~1i tJ l~Ulfl~U.:JtJ~1.Jmf11ff 

~ii m~ fl1lJfJJJ m~l1H1UIl1.J1JlU1IU1I (On-Off Control) ~ii~tJmw,j1l~U~fl11.JfJJJ1i'1tJ fJtJ mw,j~~u 
o t1 t1 dd ~ Cll d Cll'- Cll QI 4 ~ 
'YIH1UmtJfl11JJ~UU (Thennostat) 'YIJJ'YI.:JIl1.JlJ mflfl'YI~UUflff, 1'll'.:JrJ11fl'U (Di'gital) l1~m UUlllJ1.J 

i.:Jl~JJ ~l~U'YIH nfl (Mechanic) ~flUmU1lU1lm::llffiYlVll~111'l1'lfl~U.:JtJ~umf11ffl1H1U ~::1.J1.J!!UlJ 
II 

ihl::iinnfl1lJflJJm~l1H1U1U1I(l1H1U 100 %) 1m:: U1I (l1H1U 0 %) 111'l1'm~'~'Vl".:J.:JluiYlVlllJln• 
'uihl\lUuif i1i'iim~ulmlfl1UflJJ'Vl".:J.:J1Ui YlVllJJ1'~ fl1UflJJ m~l1H1U'UU.:Jlfl~U.:JtJ~lJmmff~u 

q o:a q ~ 

, II II" 

'111j., ll~lfliu.:JtJ~lJmmff"u1lu\l::iinmff.:Jn1n::UlJllUlJll.:Jl~JJ Yi lJ.:Jfl.:JUtJJJ '~mh;1 i tJ I ~ ~
 

, • II • II
 

ff1UJJlnll(\'11fliu.:JtJ~uulmffYi'~.:J1Uudll.:Jl~JJl1iuYi(ln~1I,j.:Judll(\'1iJ.ii1i'iim~fl1lJfllJ 
III III cu q 

II • • 

• '" ' • .I_~ '" "'., d "'i ..." • Id ,. I dd dmfl.:J nnl 11l11JJ1::ffJJnUm~'YIH1U umwuflufJwl1.fJJJ'UU.:Jl1U.:J 'YI1ufltJU uJJl fl1~\l::JJm~ 

'" , •.L~ 1" '" ....ci, 4 • I '" . d , Y
fl1lJflJJ'Vlfl.:J.:J1U nnl 11l11JJ1::ffJJnlJUWl1f1JJ'YIfl11.JflJJ U~::lJlJ'UU.:JlmU.:Ju~lJUlmff 1)::JJm~ 'If 

It q III q 

'Vl".:J.:J1U iYlVlll1flltJ'l ff1U ll~ff1Uthflty~UCompressor 
'" , II , 

llU1fl11JJfl1l'UU.:J1m.:J f11~U \l::~'ill~Wl~W11.fJiJ'UU.:Jl1'u.:J~~1I,j.:JlfliU.:JtJ~lJmmffllfl:: 

~Wl1.fJiJ ~9i'u.:Jm~ 1l~1U1JJll~UtY1Iff1u'Um'Vl".:J.:Jlu'YlVll~1)::~ltJ'l1'tilJ Compressor m~fl11.JfJlJ 
'JJ QI dd)l d 'JJ 

1)::ff~HfftytylWfl1lJfJJJ'YIJJmn~ffJJ'YI1.:Jfl11JJn11.:J (Pulse Width Modulation: PWM) 'YIfl11.JfJJJ1I1U 

'" d
Wl1fl11.JfJJJ'U'lJl1lmn (Micro Controller) 

.....1 J
1.1 l~(Ju":i~t'I'.:Jfl• 

ff~H1.:J'il~fl11.JfJJJ ih".:J i YlVll~ ~ltJ'l1' Compressor 'UU.:Jlfl~U.:JtJ~1.Jmmff'UU11l1~n 1i'ltJ 

Q .-" d" 
UUl1U~11lU~ lllJ1.J PWM 'YIfl11.JflJJmU Micro Controller . 
1.2 'lltl1Jl'll~ 

"'" 4 .1'" • .1 dI. 
, 
'll'n1.JlmU.:Ju~ml1mffll1.JlJI lnff'U'lJl1l1ftfl 

2. fl11JJrl~mlJflJJud'U'lh.:J40-50 Hertz. ~ 

3. ~Wl1.fJiJuQ'l'lJ'lh.:J25-30 lc}H'lI~tJff 
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_I ~ J..t , ~ "..,
1.3 1J1::: I.tl"'U'YIfl1~llil:: 1~11.J 

, "... .. .. .ol 1'JI ... , ••U!I .ol. I ... ,:, ,. I d 
]. ~O'\..ll1O·.H~O·.Hl'lO 'lffl11Jtl1Jl'lfFl'll'\..1 Trnl~O'l1tl'HI'lu11J01n1ff ll1JUYll u ~'\..Il~mn. 
111J1J ] L-niT 

<!I

. 
.1" "" 1"'" "". 2. ltl10'lum01n1ff1Jn11 'lfl'lfl'l'll'\..1'Ylfl~fN 



.,j 
\J'tl'tl 2 

dj.l, 01 d 4.d So'o.­
PWM - Pulse Width Modulation l1J'UiuLLUU 'Unl';j~'ff1H"tyqJ1UU1UU'I1'U-3 UUUtl'U'll'li'iln 

tl'Ui1'l ltJ 1'1f'U uuu AM - Amplitude Modulation l~'Unl';j~'fflJl'lH'U'Ul~ 'l1~tl FM- Frequency 
II II •
 

Q,I Q4l::I<d! ~ .IC't Q ,,,,, '" "" ""
 

Modulation 1'1-3 2 11i'U l1J'Um';j~'fflJl'lHmllJO 'UtJlJlJl 'If 'U';j~UU11'1~m~'illm'fftJ-3 UUU PWM 'il~lJ 

,., Q,I tI Q 0 , "" ,., Q Q "0 QI 

mm'fflJ1IllJmllJn1H'Utl-3VH1'ff (Pulse Width) LLll~'UtJlJ'UllJl 'If 'U-31'U1'l1-3~1'U mllfll'lH)'Ufl'ffnlll-3 

1~mh'lf1-311ll11lllJmllJn1WUtl-3~ll~ 1Jll~'Ul1ll11tl~tl~'Utl-3tltlmwih~-3';jtl~1'U~Hl~'U1i1tl~1-3. .. 
'lJtl-3~tytylW Sine wave, Pulse Ull~ pulse ~ f-!'fflJ (modulated) nu ~tyqjlW19fU 

I\j 1\ ---A.-...:~ 11\ r' '\; ~ 
II~ A\ n -~'I, ! II" !\ ~ /\ I ,/\\ 

I

I l 
\ I
I ..
1

I -

I, I \ I I,
I I \ "

I \ IiI' \ "~,,: 

j I I' .I'
,

'd I

"/

I 

\I
\; 

I .,i

I 'I " ; \ ' I 1 . 

,'II"I' \ :. { \ : I \ ,'\ 
'I, . I, "!', Ii I 

I ! , 
, 

I 

,, '\ ,i I I 

I'I \ I 
i.
I 

II, 

",.., 
.. I~ ~\il'"Q,I QI

iul'l 2.1 U'ff~-3'ffqjqjlW sine, Triangle LLll~ 'ffqjtylW PWM l'l ~ [8] 

'" ", 1'" dj '" "';dj. d '" dj '" ...;", •
ft'UlUllWl ft''U fl-311J'Uft'UlUllW 1'111J'U'ff1'U11'U-3'Utl-3'ffUlUllW Sine l1J'U'ffUlUllW l'lfltl-3nl';j'U 11Jl~'fflJ uu uu uu uu 

(Modulating Signal) ri1'U~qjqjlW!tJ ft'l1J1'l1gtJ1Jl~'U~qjtyltll Yfl'l1~~ijml1J~~-3 U';ll~'flf-3~1i~n'U\I~ 

'l1i'nl'HugtJ'UUUll.:J'Utl-3~qjqjlW PWM PWM UU-3tltlm~'U'l1111tJllUU 1'1f'U 

2,1 m·H.j1.Jll\J\Jl~,:mr'W (Linear !l.lodulation) 1~'UnU~ft'lJuuu41tJ~'ff~. 1~tJl1ll11l:lgtJ'Utl-3nT:j 

lh-11'U'U'U-3 pulse lIUllmlJ~~ri1'UnU ~tytylw~ihlJlf-!'fflJ U';j~1 tJ'lfU'Utl·-'!nUf-!ft'lJ uuud.'fitlnlmtJn 

~qjqjlW (Demodulation) yill~41tJ 1~tJnl';jH1-3'il';jmtl-3UUUmllJ~~1(Low pass filter) tl1tl~1.:JiU 
'jJ I d IQ'"
f11'U1ll-3 U'ff~-3UOUmllJO (Spectral) 'Utl·ml';j~'fflJ PWM UUU1'1f-31'ff'U ';j~'l111-3 fm Ull~ fs 
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'nJ~ 2.2 lIffll-:J1It:lU'lJtl-:JfI111J~'lJtl.rffUJUJ1WPWM [8]
.. u u 

2.2 PWM lIuufhn~6[J (Sawtooth PWM) l~lJ1limh-:J~l[J'lJtl-:Jm'jff!HPWM lIUUfI111J~ 

fl-:J~"lmYtyqpw~m,jtl-:J(Analog Signal) Im[JUlll[JUnUfI111JilJl~-:JlfflJ'lJtl-:JfftytylWVllJl~tl[J 9l11J 

nMllJ~l-:J.. 
modulating 

~gJ_l_al__----l 

om})arator Pulse WidthIVW -.------l l\'lodnlated 
caJ1"ler 

tylW'lJltltlf1 (Output Signal) ,,~nTiT,!-:J l~tlfftytylW'lJll,j'l (Input Signal) fftytylWl9ftJ nTil1Jlf1frj, 

fftyqpw YllJl~tl[J 111[Jl~1-:J"'jIm[JUlll[JU (Comparator) . . i""I"v .4 q.a::l ~I" 0 I CI.J

2.3 "'tytylW6\rflJJ'lJ6UluUllJUm-:J (Straight edge) ffl1Jl'jfllJl1Jl 'If llll'lflJ fftytylW'Ynl1~'lJl 

~lJlIUU"ll1 (Rising Ramp Carrier Signal) 111il1'M PWM ~nmHm1J9l11J'lJtlU'lJ1"-:J1I11JttJ~huril~ 
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-

... ~ ..... '... r\ 

'" ­ -~r 
Le~ Trai.linc 

edge edge 

1t1~ 2.4 Uff~.:Jnl·HHnJffqJqJ1W~HffqJqJ1WOW111::'Ill~'ULL1J1JCll~(Rising Ramp Carrier Signal) [8] 

2.4 PWM ~gmi)Ju'lJ'l.nJn~(Regular Sampled PWM) ~ln1t1~1'U1J'U ~::'~'Ilfl1J'Ilfl.:Jnl'j 
Q" QI GI Q.ett:f. 0'''' JlQ CIt. "ffTYl9I ~lnlHI~n'U'Ilfl.:J sine wave Ufl:: triangle 11i'U.:J1V1'Unl'j'Ul t1ff'jl.:J l~vh fllflfl'YI'jfl'Uflff 

U1J1Jrifll~fl.:J (Analog Electronics) uri~::V1n''Un1'jfll'U1WlOW'jl::i'jfl1111'~i'Vll~'U Ufl::nl'jlrlV.:Jl1HI 

i~ Ufl::V.:JVln~~::ff!HffqJqJ1WU1J1J11fllV'Ilfl1J (Multiple edges) lrlflffqJqJ1W nffqJqJ1W'j1Jn1'U 

(Noise) ';1J:olffllffqJqJ1W l'Uil~~u'U ~nff!l.:JU 1J1Jl';.:JIfl'll (Digital) uriU.:Jmi'jfl11lJVln1'U nl'j fll'U1W 

mh.:Jfl::lijV~ 'Ilfl.:JffqJqJ1W~~::,hitlJ:olffll Ufl:: OWl11:: 

" QI" OJl.d ", Q,I I ",

Ufl PWM U1J1J'U (Regular Sampled PWM) ~nff'jl.:J~ln ff~ff1'UfI11lJn11.:J'Ilfl.:JOWflffn1J 

ffqJqJ lW ~,;'fl.:J nl'j111111 J:olffll ~ ~~1~ 1l,;''U f111J'Ilfl.:JffqJqJ1W OW 111::m1l1tI ~l'U cil ~ 
Sample 

r 

I I 
I 

L_---'i 
1t1~ 2.5 Uff~.:JU1J1J~ 3 PWM ~~n~llU1J1Jtln~ (Regular Sampled PWM) [8] 



6 

~ln1U ~~~~'lJD.uh~1J OmYOJt1,Il\ln'l'11Jll1~U1J~::1~l~tI'IJDU'lJD'I~fltf lrtmnuUOu llUU 
•• I II 

fft1,lt1,llWYltllflDU nl~fl111Jori1J fs 1iijl~ 2fs 

t1Dn~lnrl'1ln'1U'lijiim'H'r~l'1fft:\Jt:\J1W PWM ~11i~11~t1~D'I'l1'fl111Jrl'IJD'Iri't:\Jt:\J1WYltll~DU 
II II II II 

fl.:)~ fi'1mh'liil1d'l ~~lult1n,.nh1ul~'11t1111JOU tlD1JTi11~w111fl::ijfilm'HH"1J'YIH~n~1Jln~t1 

(Modulation Depth) 1~uHn"HH"1J llUUfl'lU9l'L1tll~D1(Space Vector Modulation) 

2.5 PWM ~'~;)lnm'1NlTJJflHan(Modulation Depth) tYll1i'UijtlL1D1l~D111UU 1 I~fl'~ 

~fl'1J 1~Um'IlmUlJ1nUU fft1,lt1,llW 19l'U Uil::fft1,lt1,llWYltll~DU t.i'11mUUll1UU fft1,lt1,llW 19l'U~ij'IJtll~ 
.4 Q,I Q,I d dd .4 Q,I Q,oI tI.tClIo sJ I Q,I ", 

~ln -2 fH +2 nUfl't:\Jt:\J1W fl'l1Jll1fW1J'YI1J'lJtll~ -1 fH + 1 fl111Jfl'1J~t11il'Jj''1lfl't1'I::l111'1fl't:\Jt:\J1W'lJl1'IJ1 
II II II II 

11"::fft:\Jt:\J1W1U~U'lJ1DDn'l::l11U1U l~'Il::fft:\Jt:\J1W19l'uijfil1Jlnnil'IJtll~fl''1fl'~'lJD'Ifft:\Jt:\J1W 
Uti Uti • q Uti 

fl'l1JIl1~U1J ~fltf~::ijfilfl111Jni'H\l'ltl~m'I~fl'1J'l::~1J~1~11J~1DtiH1U~1t1fil'1 

---- .......
 

l-lJ
,

I
I '" -------' 

... Id ci d .4 
1u'YI 2.6 llfl'~'111UU'YI 3 PWM 'YI~n~fl'1J'YIHfln(Modulation Depth) [8] 
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.

lJnn

...
3 

3.1 Motor Control PWM Module (MCPWM) 

m'HH)flll1J1J'il:::i~ Digital Signal Controller dsPIC f:ll~m1J 30F hHJi~ Motor Control PWM 

.1 v •
Module (MCPWM) lL~~~;I11J'.iumlHll~ 

'II 

16-bil Time-base 

Duty Cycle 

Generator #4 

Duty Cycle 

Generator #3 

Duty Cycle 

Generator #2 

Duty Cycle 

Generator #1 

Dead Time Unit 

Dead Time Unit 

Dead Time Unit 

Dead Time Unit 

AiD Conversion 
Trigger 

PWM4H 

PWM4L 

PWM3H 

PWM3L 

PWM2H 

PWM2L 

PWM1H 

PWM1L 

Four PWM outpul 
pain wim outpul 
polarity conlrol 

Fault A Two 'ault pins w: 
programmable'au" 

Fault B } stares 

1tJ~ 3.1 Motor Control PWM Module (MCPWM) [5] 

hW1Hl11Jfl1Jn1'.il;":l1lJ l~tJiiflW~flllw:::~-3tf 
... . 

- !llJl1'lllil'Vl1:::-31lJ1J'lJlJl~ Tcy'2 LL1J1J edge resolutlon 

d .a .a =='t 
- 1J output LL1J1J Complementary lin) l'lflflllJlJ lL1J1J Independent 

.c:::I I d)l " " 
- 1J~1lJl1~'.i1-3I1'll;11tJ {Dead time} LL1J1JB1'.i~LL1'.i {Hardware}
 

- nTl1lJ~~1 {polarity} l~tJH Configuration bits
 

- ii!tJll1J1J output 'I1'lltJll1111
 

- ltJ~tJlJlltJ'l-3'111flVhcil1~LL1111 manual {Manual override}
 

... v· 
- 1J'lJl;1'.ilil~fl11'IJfl11fl'Vl'.ifl~ {Fault pins} 

"" 0 QI .. I Q"I I 4 =='t 
- ~'.il.:Jil1~n1'.iWm'Vl1::: {Special event trigger} ~lli'.i11 mmu'l.:J~tlJtlJ1W 9lflLlJfl.:Jl1JlJ 

., "" ~~tlJtlJ1Wl'll'~l'l'IJ '1" (Analog to digital conversion) 

ii'l1 'lltJ'l mh.:J~tll~lJi'il LL'l:::1l1·ltJi~.:JllJ1~41tJ (l~tJn1'.il:UtJlJltJ'.ium1J) cit.:Jn1nrtJ'tJflll 1111 

~ ~ 'JJ I I , ~J l.c::i' 

nl'.ifl11JfJ1J PWM U111Jl~1JlJlJ'il:::;I'tJ':)'tJ'tJml1111~1lJm.:)'ll'l1'lllJ'lJlJ1J1l'tJ.:)'I1'l1tJ'l ~1lJ1JfI111J~.:)tllfl 

ilJ fl1 'j 'tJ 'tJ flU 1111 1l'l:::)jfl'il:::~fl9i'~e)flfl l~D h1'n1'.ifl'tJflLL1111~ltJ~lJ (U1J1Jl~1J H1':)'il'.ifll'lflmfl-Umf) 
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.. . 
dsPIC U~l1Jl'Hl~~H'd'qjtylW PWM i~ 4 outputs ViiiflllJ (Period) l~tl1tl'Ull~ii duty cycle 

~Htl'U lil'11'~l1Jl'HnhhJmlJfJ1Jmnivl1'UlllJlJ 3 lw~i~ llt'l::ihl'lJ1t1 dead time ~'~i16'1tl'Um~ 

am'l 'l~ 1'ii6'1 'lln6Umwli1'l1'U'Yi ~6 1J tl'U•.. . . 
'U6n'llnUu'Iiiff1'Un lil'11'iim~li1J~'UnnliHl'U~6'1ND lil'1i'~11J1HHh'U,j'61Jt'l'lln.. 

fJUmWm1'l~lJ (Sensor) 

3.2 !lUl1t11'U6'1 MCPWM
 

'l::'~ register ~'U1~ 15 bit (PTCON Register) m1JtU~l'U~l'l
 

PTeON Register 
I PTEN I PTSIDL I 

billS 14 13 12 11 10 9 bit8 

I PTOPS3 I PTOPS2 I PTOPS1 I PTOPSO IPTCKPS11 PTCKPSO I PTMOD1 I PTMODO I 

1Jnn'UlJ~'U'YIu~lJm1J~6lJ (Edge align) ~l1Jtmnmn~ 

bit? 6 5 4 3 2 1 bitO 

tU~ 3.2 PTCON Register [5] 

"" ... J .d.I'" .I~ , 

DUTY CYCLE 
UPDATE 

PTMR COUNT 

UULJ 

.....--,.__..,.._~......__"'I""""--1'­ .......r;.-....._ .. Time 

pwrv12H I 
PWM1H 

PDC2 

PDC1 

PTPER 

t t t t INTERRUPTS 

t t t t PERIOD REGISTER 
RELOAD 

... Id (""I Q,I J .d Q,I

tU'YI 3.3 1l~~'Ifftytylrum~'UlJ~'UV1Umm1J~6lJ (Edge align) [5] 

"" <v J .d. I ", oJ .1" ,
11ft:: 1Jm~'UlJ~'UM'YIu~lJm1Jn-1nftl'l (Center align) m1J~u~lUftl'l 
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DUTY CYCLE UPDATE 

I 

Time 

LJ 

PDC2 

PDC1 

PTPER 

PWM2H 

pwr\;11H 

t INTERRUPTSt t 
t PERIODt t 

REGISTER 
RELOAD 

.Id '" '" .1 d.I'" .k
~u'Y1 3.4 llrr~'H"\y\ylf.1Jnl'j'UU'IJ'U~.:J'Y1u'jU~11ln.:Jmn.:J(Center align) [5] 

co ",.1 d.I'" .k d.I .... 1 '''IV 
ll~:: j.ml'j'UU'IJ'U~.:J'Y1u'jU~11ln.:Jnm.:J'Y1umU~.:JfI11~(Center Aligned PWM with Double Update) 

.1 v • 
ml.J'iu~l'Um.:J 

" 

I I I I I DUTY CYCLE 
UPDATE 

I I I 

PWI,11H 

J 
t 

I 
I 
I 

f t 

I 
I 
I 

t 
L 

t INTERRUPTS 

t f t PERIOD 
REC~ISTER 

RELOAD 

ttJ~ 3,5 llrr~.:Jff\y\ylt.1Jnl'jUU~'U~.:J ~1Ji'umll~.:Jmn.:J~iim'j 1Ji'u1J~.:Jth 2 tl.:J (Center Aligned 

PTPER I I---r--I 
PDC1 I I 

I I- - I 
P:JC2 

Time 

PWM with Double Update) [5] 
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. ..
 
d cI .,IcS .d d cI 

fI1llJ'f\::mll'l'IJfl.:l PWM lJ'lJU1'l Tcy/2 ~1flt.ll.:l VI 20 MIPS "I::lJfI1llJ(I 19.5 KHz VI 11 bit 

1I'f\:: PWM "I:: interrupt'1fi'l 1 - 16 fI1U 

ijVl1.:1l~flfi lUfi1'J1Ji'U'lJU1'l (Prescaler options) 

grUI1t'll QfitY~H~111 timer 'lJU1'l 15 bit ~~fl PTMR register 'W~fllJnU prescaler ~ bit IS 

1,,4. ... '"' ,",.1 '"' 4 1"1 _I'"''lJfl.:l PTMR register 'lf1'Wflnll1U'I Vlfl''lJfl.:ln1':iUU (0 UU'lJU 1m:: 1 UU'f\.:I) CJf.:l"l:: 'If Unl':iu':i1JIIUU 

4 
'lJflU 11'f\::IIUUfi.:lfi'f\H 

3.3 Dead Time Control Register 

.c:I d.d'l.a _I"" I dQ
flfi llJ~'f\l1U.:IVlUltYU "Iftfl Dead Time Control Register ~u'llU'f\HlltY'I.:I'lf1.:1I1'f\lVlln'l dead 

time 

Dead Time A Dead Time B 

// 
j ,. 

.:-: 

I I
<", 
'.:J, 

PWM1H r.\. 

I; ':0<:1 
PWM1L I~ ~ 

':i1J~ 3.6 IItY'I.:I'l11.:111'f\1'IJfl.:l Dead Time [5].. 
Dead time ll::~mhl1u'Ilu Dead Time Register l1JA1UrlHlItY'I.:I Dead Time Register ~ij 2 registers 

DTCONI 

I OTBPS 1 I OTBPSO I OTB<5:0> 
billS 14 13 12 11 10 9 bit8 

I OTAPS1 I OTAPSO I OTA<5:0> 
bit? 6 S 4 3 2 bitO 

LIm:: DTCON2 

bitlS 14 13 12 11 10 9 bitS 

OTS4A OT541 OTS3A OTS31 OTS2A OT521 OTS 1A DTS 11 
bit7 6 5 4 3 2 I bitC. 

~1J~ 3.7 IItY'I.:I Dead Time Register DTCONI 1I'f\:: DTCON2 [5] 

~1 lI4 '1 "II] "." "'1" 4 _'1"'''' ..~91.:1ll:: ~'lf ~~fiUn1':iflflmIUU IIUU complementary mode VI 'lfL'WflUfl.:lfiUn1':i'f\'I1.:1ll':i'IJfl.:l~1JmUl 

tY1V1e; ~1J~l'urll.:llltY'I.:I 1.:1ll':i~Yh.:llUIIUU complementary mode 
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+V 
3 Phase 
BLOC or 

1H 2H 3H ACIM 

2L 3L1L 

'jU~ 3.8 llff~-31-3'il'j~nl":Il'I.J1l1J1Jcomplementary mode [5].. 



.
... 
tJfIfI 4
 

nl1tltlnlltJtJ "Dn11f1ADtl~ a'1t.1"a'Utl~lfl1~nl1
 

4.1	 nl1tltlnlltJtJ 

m'HIDOUtJul~dsPIC30F201O Clock 1~ X-TAL: 7.3728 MHz '.hn'U~fftyqj1W\J1Wm 
...	 1" 4 I ... .. " tI'"I "117.9648 MHz 1~fJUltlO Mode PLL 16X 'If ADCO l'Wtltll'Ufl1~W'I1JJ1J 'I1tl-3'Y1~D-3m'.i '.iUtllmf'l 

m'.ifl1Ufl1Jm'.inH1'U'UD-3 lfl~D-3t1i'Utllmf'lUUU I l-nff ~::,~ 'U1'Y1HDDO REO ri1'11i'U PWMI L, 'U1. 
'YIHDDO RE2 ri1'11i'U PWMIH llCl::'U1 RE8 ri1'11i'U FLTA 1~'U'U1~'.i1~~U'lj'D~~'W(ll~(FaultPin} 

...... 
4.2 lfinl1f1ADtl-3 

)I, JI I	 • • 

llU-31rJ'U 2 'Ii'U~D'Ul,"DlmVUlnfJUn'U ~-3~W'I1JJijn9l'D-3m'.i 25 D-3f'11 ~W'I1JJij 'l1'D-31i1Jn 29 D-3f'11 

(lrJ'UDW'I1.nijlll~fJ''U'lh-3l1(ll~'YI~(lD-3) l~fJ~D'Ull'.iO ~~i-3'.i::1JU 1~v',jih::uufI1Ufl1Jm'.inH1'U
• v	 • 

... "'"' .., "	 0"'", "' '" ... , ••I_~ ..,,,
llUUD'Ul1D'.il~D'.i~D'U'YI 2 'lf1-3~'.ifl1Ufl1Jm'.i'YIH1'UllUUD'Ul1D'.i1~D'.i 1~DW'I1.n1Jm::llff nn1'Y1 'If•	 • v 
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'nJ~ 4.4 'J'UlltT1I'ItTWW1W lrlmhu1'1'il'J'n'J'Cl'l 
'V " U u 

F'1Cl nl'J''Y1 ~m Cl'l1l1 JJ ~ 1'J' 1'1 ll"::: n'J' loW ~1 'U cil'1 

Temp Current-1 Current-2 FreQ. 
29 3 3 50 
29 3 3 50 
29 3 3 50 

28.5 3 3 50 
28.5 3 3 50 
28.5 3 3 50 

28 3 3 50 
28 3 3 50 

27.5 2.5 3 45 
28 2.5 3 45 

27.5 2.5 3 45 
27 2.5 3 45 
27 2.5 3 45 

26.5 2.5 3 45 
26.5 2.5 3 45 

26 2.5 3 45 
26 2.5 3 45 

·26 2.5 3 45 
25.5 2.5 3 45 

26 2.5 3 45 
25.5 2.5 3 45 
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25.5 2.5 3 45 
25.5 2.5 3 45 

25 2.2 3 40 
25 2.2 3 40 
25 2.3 3 40 

24.5 2.3 0 40 
25 2.1 3 40 

24.5 2.2 0 40 
24.5 2.2 0 40 
24.5 2.1 0 40 

24 0 0 0 
24 0 0 0 

24.5 2.2 0 40 
24 0 0 0 
24 0 0 0 

24.5 2 0 40 
24 0 0 0 
24 0 0 0 
24 0 0 0 

60 G~--------""--------\' 

50 -J.. 

~ ·1:----------­
30 ~ ff . 

~ ~ 

20 I 
10 -I -­

~""t" n,. ""~_~_~_~_~_~~~J-:J....:J.....,:.~_':...:.~_~_':..:.~.:....; ...__.... .. _" 
o ~ I' r't" 1"1"'1"""''''''''1'''1'''''''''1' I , T" I iI1 I' T" "1"'1"'1'" f' I I f' P r R~'" 

-+- Temp 

- Current-1 

Current-2 

Freq. 

4 7 10 1316 19 22 25 28 31 34 37 40 

':iU~ 4.4 n'Hrlllff~·H·mm'jl1~HHJ.:J.. 
~llJ!l\nllmJ y l~'Ufll'U'Ul~ mlJll'Ul11n'U x l~'U~~'Ufl.:JI1"l~u'Unnfll'\lfl.:J~fl:IJ" 

~ ,,; 'Iii iI. 
Current-I lu'Um:;llff'Ufl.:J compressor llJfll'lfm'jfnUf.)lJ~lt1Inverter 

.et \I') Id $I 
Current-2 llJflllJlJnl':it11Ut1lJ~1t1 inverter. 
Freq. !~'Ufll'\lfl.:JmllJ~'\lfl.:J inverter 

~ , ~ iI .c:i ~ c:i ", d 
Temp. lU'UfI1'Ufl':)~\.U'l1iJlJ'l1fl,:rY11~rY1 flfltlCHtI'U (Fan coil unit) 
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I 

4.3 LTl1JN"'Utl-31fl1-3fl11 

•.1" d. .1'"
'il1mmm·n1A~HH~11Jn·nn~11'\.JU\.J'il::Ll1'U11m::m,. (current-I) 'il::um"A~HIJI11J'U'\.JlA'UfJ~ 

fI111J~ l'n'j1::LL'H~'UlU~1I'il1ninverter 'il::"A"~~111 (m::mn""A"~~111)fI111J~'il::1Ji\mA~11J'Ih~ 
• • JI I 

... 4 ... 4 d '" I d_st I diJl i-.IJlt 1" 
'UfJ~fJWl1IJ1J l1JfJfJWl1IJ1Jfl~~Al1~~ ·J'il::l1~A'il111m::m,. 1111111ufJ'U l1 compressor LL~ Current-211 

l~'Um::m"~~ll1i1J~ compressor ~fhfl~~rifJ'U~fJWl1t1ij'il::o~fhm1J~i~H~nl'j1~'n~~~1'U1J1n. ... 

nil (LL'j ~~'U i vl~lfl~~IJI11J'j ::uuivl~1~) 
4 d p ~ " " d 1fJJ 4. d IVIV IV

ff'j 1J1m fJ ~1J 'j UfJ 1mf1l1f11Ufl1J~1111fJ'Ul1m lA fJ'j 'il::1J nl'j 'If'n"~~1'U "A"~l1JfJll1l1U nu 'j ::UU. . 
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28-pin dsPIC30F2010 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 (0570046). For more information on the device 
instruction set and programming. refer to the dsPIC30F 
Progremmer's Reference Manual (0570030). 

High-Performance Modified RISC CPU: 

Modified Harvard architecture 

•	 C compiler optimized instruction set architecture 

•	 84 base instructions with flexible addressing 
modes 

•	 24-biI wide instructions, 16-bit wide data path 

•	 12 Kbytes on-chip Flash program space 

512 bytes on-chip data RAM 

•	 1 Kbyte non-volatile data EEPROM 

•	 16 x 16-biI working register array 

•	 Up to 30 MIPs operation: 

DC to 40 MHz external clock input 

-	 4 MHz-1 0 MHz oscillator input with
 
PLL active (4x, 8x, 16x)
 

•	 27 interrupt sources 

Three external interrupt sources 

8 user selectable priority levels for each interrupt 

4 processor exceptions and software traps 

DSP Engine Features: 

•	 Modulo and Bit-Reversed modes 

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

17-bit x 17-bit single cycle hardware fractionall
 
integer multiplier
 

•	 Single cycle MUltiply-Accumulate (MAC) 
operation
 

40-stage Barrel Shifter
 

•	 Dual data fetch 

Peripheral Features: 

•	 High current sink/source I/O pins: 25 mAJ25 mA 

Three 16-bit timers/counters; optionally pair up 
16-bit timers into 32-biI timer modules 

• Four 16-bit Capture input functions 

• Two 16-bit Compare/PWM output functions 

- Dual Compare mode available 

• 3-wire SPITM modules (supports 4 Frame modes) 

• 12CTM module supports Multi-Master/Slave mode 
and 7-bit/1 O-bit addressing 

• Addressable UART modules with FIFO buffers 

Motor Control PWM Module Features: 

• 6 PWM output channels 

Complementary or Independent Output 
modes
 

- Edge and Center Aligned modes
 

• 4 dUty cycle generators 

•	 Dedicated time base with 4 modes 

• Programmable output polarity 

• Dead time control for Complementary mode 

Manual output control 

Trigger for synchronized AID conversions 

Quadrature Encoder Interface Module 
Features: 

Phase A, Phase B and Index Pulse input 

•	 16-biI 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 

Analog Features: 

•	 1O-bit Analog-to-Digital Converter (AID) with: 

- 500 Ksps (for 1O-bit AID) conversion rate 

- Six input channels 

- Conversion available during Sleep and Idle 

Programmable Brown-out Detection and Reset 
generation 

© 2004 Microchip Technology Inc. Preliminary	 DS70118E-page 1 
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Special Microcontroller Features: 

•	 Enhanced Flash program memory: 

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

•	 Data EEPROM memory: 
-	 100,000 eraselwrite 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™ (ICSpTM) 

• 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* 

Device Pins 
Program 

Mem. Bytesl 
Instructions 

SRAM 
Bytes 

EEPROM 
Bytes 

TImer 
16-blt 

Input 
Cap 

Output 
ComplStd 

PWM 

Motor 
Control 

PWM 

AID 10-b1t 
500 Ksps 

Quad 
Ene 

~ 
llI: 
c( 
::J 

a.. 
iL 
Ul 

a.. 
u 

':!.. 

Z 
c( 
u 

dsPIC30F2010 28 12K14K 512 1024 3 4 2 6 ch 6ch Yes 1 1 1 -
dsPIC30F3010 28 24K18K 1024 1024 5 4 2 6ch 6ch Yes 1 1 1 -
dsPIC30F4012 28 48K116K 2048 1024 5 4 2 6ch 6ch Yes 1 1 1 1 

dsPIC30F3011 40144 24K18K 1024 1024 5 4 4 6ch 9ch Yes 2 1 1 -
dsPIC30F4011 40144 48K116K 2048 1024 5 4 4 6ch 9ch Yes 2 1 1 1 

dsPIC30F5015 64 66K122K 2048 1024 5 4 4 8ch 16 ch Yes 1 2 1 1 

dsPIC30F6010 80 144K148K 8192 4096 5 8 8 8ch 16 ch Yes 2 2 1 2 

• This table provides a summary of the dsPIC30F2010 peripheral features. Other available devices in the dsPIC30F 
Motor Control and Power Conversion Family are shown for fealure comparison. 

DS70118E-page 2	 Preliminary © 2004 Microchip Technology Inc. 
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Pin Diagrams 

28-Pln SDIP and sOle 

MClR 
EMUD3IANONREF+/CN2IRBO 
EMUC3/AN1NREF-/CN3/RBl 

AN2ISS1/CN4/RB2 
AN3IINDXJCN5IRB3 

AN4/0EAlIC7/CN61RB4 
AN5IOEB/IC8ICN7/RB5 

Vss 
aSC1/ClKI 

OSC2IClKO/RC15 
EMUD1/S0SClfT2CKlU1ATXJCN l11RC13 

EMUC1/S0SCOfT1CKlU1ARXlCNO/RC14 
Voo 

EMUD2/0C2IIC2IINT2IRDl 

28-Pln QFN 

AN2ISS1ICN4/RB2 
AN3IINDXJCN5 RB3 

AN4/0EAlIC7/CN6/RB4 
AN5IOEBlIC8/CN7/RB5 

Vss 
OSC1/ClKIN 

OSC2/ClKO/RC15 

[ 1 
[ 2 
[ 3 

~ ; 
6 
7 
8 
9 
10 
11 
12 
13 
14 

Q. 
III 
"V 
(') 
to> 
0 
"T1 
N 

~ 
0 

28 
27 
26 
25 
24 
23 
22 
21 
20 
19 
18 
17 
16 
15 

AVoo 
AVss 
PWM1UREO 
PWM1HIREl 
PWM2URE2 
PWM2H/RE3 
PWM3URE4 
PWM3HIRE5 
Voo 
Vss 
PGC/EMUC/Ul RXlSDI1/SDAlRF2 
PGD/EMUDIU1TXJSD01/SCURF3 
FlTAIINTO/SCK1/0CFAlRE8 
EMUC2IOC1/ICl/INT1/RDO 

1 • 21 PWM2URE2 
2 20 PWM2H/RE3 
3 19 PWM3URE4 
4 dsPIC30F2010 18 PWM3H/RE5 
5 17 Voo 
6 16 Vss 
7 15 PGClEMUC/U1RXJSDI1/SDAlRF2 
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TO OUR VALUED CUSTOMERS 

It Is our Intention to provide our valued customers with the best documentation possible to ensure successful use of your Microchip 
products. To this end, we will continue to Improve our publications to better suit your needs. Our publications will be refined and 
enhanced as new volumes and updates are Introduced. 

If you have any questions or comments regarding this publication. please contact the Marketing Communications Department via 
E-mail at docerrons@mall.mlcrochlp.com or fax the Ruder Response Form In the back of this data sheet to (480) 792-4150. 
We welcome your feedback. 

Most Current Data Sheet 

To obtain the most up-to-date version of this data sheet. please register at our Worldwide Web site at: 

http://www.microchip.com 

You can determine the version of a data sheet by examining its literature number found on the bottom outside corner of any page. 
The last character of the literature number 15 the version number, (e.g.• OS30000A is version A of document OS3OO00).. 

Errata 

An errata sheet. describing minor operational differences from the data sheet and recommended workarounds, may exist for current 
devices. As device/documentation issues become known to us. we will publish an errata sheet. The errata will specify Ihe revision 
of silicon and revision of document to which it applies. 

To determine if an errata sheet exists for a particular device. please check with one of the following: 

• Microchip's Worldwide Web site; http://wwwmicrochipcom 
• Your lo~al Microchip sales office (see last page) 
• The Microchip Corporate Literature Center; U.S. FAX: (480)792-7277 
When contacting a sales office or the literature center. please specify which device, revision of silicon and data sheet (include 
literature number) you are using. 

Customer Notification System
 

Register on our web site at www.mlcrochlp.com/cn to receive the most current information on all of our products.
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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 InformaUon on the CPU, 
peripherals, register descrlpUons and general device 
functionality, refer to the dsPIC30F Family Reference 
Manual (0570046). For more InformaUon on the device 
Instruction set and programming, refer to the dsPIC30F 
Programmer's Reference Manual (0570030). 

This document contains device specific information for 
the dsPIC30F2010 device. The dsPIC30F devices 
contain extensive Digital Signal Processor (DSP) func­
tionality within a high-performance 16-bit microcontroller 
(MCU) architecture. Figure 1-1 shows a device block 
diagram for the dsPIC30F201 0 device. 

© 2004 Microchip Technology Inc. Preliminary OS70118E-page 5 
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FIGURE 1-1: dsPIC30F2010 BLOCK DIAGRAM 
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Table 1-1 provides a brief description of device I/O 
pinouts and the functions that may be 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" PINOUT I/O DESCRIPTIONS 

Pin Name 
Pin 

Type 
Buffer 
Type 

Description 

ANO-AN5 I Analog Analog input channels. 

Positive supply for analog module. 

Ground reference for analog module. 

External clock source input. Always associated with OSC1 pin function. 
Oscillator crystal output. Connects to crystal or resonator in Crystal 
Oscillator mode. Optionally functions as CLKO in RC and EC modes. A!wa~'s 

associated with OSC2 pin function. 

Input change notification inputs. 
Can be software programmed for internal weak pull-ups on all inputs. 

AVDD P P 

AVss P P 

CLKI 
CLKO 

I 
0 

ST/CMOS 
-

CNO-CN? I ST 

EMUD 
EMUC 
EMUD1 
EMUC1 
EMUD2 
EMUC2 
EMUD3 
EMUC3 

I/O 
I/O 
I/O 
I/O 
I/O 
I/O 
I/O 
I/O 

ST 
ST 
ST 
ST 
ST 
ST 
ST 
ST 

ICD Primary Communication Channel data inpuUoutput pin. 
ICD Primary Communication Channel clock inpuUoutput pin. 
ICD Secondary Communication Channel data inpuUoutput pin. 
ICD Secondary Communication Channel clock inpuUoutput pin. 
ICD Tertiary Communication Channel data inpuUoutput pin. 
ICD Tertiary Communication Channel clock inpuUoutput pin. 
ICD Quaternary Communication Channel data inpuUoutput pin. 
ICD Quaternary Communication Channel clock inpuUoutput pin. 

IC1, IC2, IC?, 
ICB 

I ST Capture inputs. The dsPIC30F2010 has 4 capture inputs. The inputs are 
numbered for consistency with the inputs on larger device variants. 

INDX 
QEA 

QEB 

I 
I 

I 

ST 
ST 

ST 

Quadrature Encoder Index Pulse input. 
Quadrature Encoder Phase A input in QEI mode. 
Auxiliary TImer External Clock/Gate input in TImer mode. 
Quadrature Encoder Phase A input in QEI mode. 
Auxiliary TImer External Clock/Gate input in TImer mode. 

External interrupt 0 
External interrupt 1 
External interrupt 2 

PWM Fault A input 
PWM 1 Low output 
PWM 1 High output 
PWM 2 Low output 
PWM 2 High output 
PWM 3 Low output 
PWM 3 High output 

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

Compare Fault A input (for Compare channels 1,2,3 and 4). 
Compare outputs. 

Oscillator crystal input. ST buffer when configured in RC mode; CMOS 
otherwise. 
Oscillator crystal output. Connects to crystal or resonator in Crystal Oscillator 
mode. Optionally functions as CLKO in RC and EC modes. 

INTO 
INn 
INT2 

I 
I 
I 

ST 
ST 
ST 

FLTA 
PWM1L 
PWM1H 
PWM2L 
PWM2H 
PWM3L 
PWM3H 

I 
0 
0 
0 
0 
0 
0 

ST 
-
-
-
-
-
-

MCLR I/P ST 

OCFA 
OC1-0C2 

I 
0 

ST 
-

OSC1 

OSC2 

I 

I/O 

ST/CMOS 

-

Legend:	 CMOS =CMOS compatible Input or output Analog= Analog Input 
ST =Schmitt Trigger input with CMOS levels 0= Output 
I =Input P Power 
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TABLE 1-1: PINOUT UO DESCRIPTIONS (CONTINUED) 

Pin Name 
Pin 

Type 
Buffer 
Type 

Description 

PGD I/O ST In-Circuit Serial Programming data input/output pin. 
PGC I ST In-Circuit Serial Programming clock input pin. 

RBO-RB5 I/O ST PORTB is a bidirectional 1/0 port. 

RC13-RC14 1/0 ST PORTC is a bidirectional 1/0 port. 

RDO-RD1 I/O ST PORTD is a bidirectional 1/0 port. 

REO-RE5, I/O ST PORTE is a bidirectional 1/0 port. 
REB 

RF2, RF3 1/0 ST PORTF is a bidirectional 1/0 port. 

SCK1 1/0 ST Synchronous serial clock input/output for SPI 1M #1. 
SDI1 I ST SPI #1 Data In. 
SD01 0 - SPI #1 Data Out. 
SS1 I ST SPI #1 Slave Synchronization. 

SCl 
SDA 

1/0 
1/0 

ST 
ST 

Synchronous serial clock input/output for 12C. 
Synchronous serial data input/output for 12C. 

SOSCO 0 - 32 kHz low power oscillator crystal output. 
SOSCI I ST/CMOS 32 kHz low power oscillator crystal input. ST buffer when configured in RC 

mode; CMOS otherwise. 

T1CK I ST Timer1 external clock input. 
T2CK I ST Timer2 external clock input. 

U1RX I ST UART1 Receive. 
U1TX 0 - UART1 Transmit. 
U1ARX I ST UART1 Alternate Receive. 
U1ATX 0 - UART1 Alternate Transmit. 

Voo P - Positive supply for logic and 1/0 pins. 

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

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

VREF­ I Analog Analog Voltage Reference (low) input. .­
legend: CMOS =CMOS compatIble Input or output Analog= Analog Input 

ST =Schmitt Trigger input with CMOS levels 0= Output 
I =Input P = Power 
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2.0 CPU ARCHITECTURE 
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 Informatlon on the CPU, 
peripherals, register descrlptlons and general device 
functionality, refer to the dsPlC30F Family Reference 
Manuel (0570046). For more Informatlon on the device 
instructiof'l set and programming, refer to the dsPIC30F 
Programmers Reference Manual (0570030). 

This document provides a summary of the 
dsPIC30F2010 CPU and peripheral function. For a 
complete description of this functionality, please refer 
to the dsPIC30F Family Reference Manual (DS70046). 

2.1 Core Overview 

The core has a 24-bit instruction word. The Program 
Counter (PC) is 23 bits wide with the Least Significant 
(LS) bit always clear (see Section 3.1), and the Most 
Significant (MS) bit is ignored during normal program 
execution. except for certain specialized instructions. 
Thus, the PC can address up to 4M instruction words 
of user program space. An instruction pre-fetch mech­
anism is used to help maintain throughput. Program 
loop constructs, free from loop count management 
overhead, are supported using the DO and REPEAT 
instructions, both of which are interruptible at any point. 

The working register array consists of 16x16-bit regis­
ters, each of which can act as data, address or offset 
registers. One working register (W15) operates as a 
software stack pointer for interrupts and calls. 

The data space is 64 Kbytes (32K words) and is split 
into two blocks, referred to as X and Y data memory. 
Each block has its own independent Address Genera­
tion Unit (AGU). Most instructions operate solely 
through the X memory AGU, which provides the 
appearance of a single unified data space. The 
Multiply-Accumulate (MAC) class of dual source DSP 
instructions operate through both the X and Y AGUs, 
splitting the data address space into two parts (see 
Section 3.2). The X and Y data space boundary is 
device specific and cannot be altered by the user. Each 
data word consists of 2 bytes, and most instructions 
can address data either as words or bytes. 

There are two methods of accessing data stored in 
program memory: 

The upper 32 Kbytes of data space memory can 
be mapped into the lower half (user space) of pro­
gram space at any 16K program word boundary, 
defined by the a-bit Program Space Visibility Page 
(PSVPAG) register. This lets any instruction 
access program space as if it were data space, 
with a limitation that the access requires an addi­
tional cycle. Moreover, only the lower 16 bits of 
each instruction word can be accessed using this 
method. 

•	 Linear indirect access of 32K word pages within 
program space is also possible using any working 
register, via table read and write instructions. 
Table read and write instructions can be used to 
access all 24 bits of an instruction word. 

Overhead-free circular buffers (modulo addressing) are 
supported in both X and Y address spaces. This is pri­
marily intended to remove the loop overhead for DSP 
algorithms. 

The X AGU also supports bit-reversed addressing on 
destination effective addresses, to greatly simplify input 
or output data reordering for radix-2 FFT algorithms. 
Refer to Section 4.0 for details on modulo and 
bit-reversed addressing. 

The core supports Inherent (no operand), Relative, lit ­
eral, Memory Direct, Register Direct. Register Indirect, 
Register Offset and Literal Offset Addressing inoue::;. 
Instructions are associated with predefined Addressing 
modes, depending upon their functional requirements. 

For most instructions, the core is capable of executing 
a data (or program data) memory read, a working reg­
ister (data) read, a data memory write and a program 
(instruction) memory read per instruction cycle. As a 
result, 3-operand instructions are supported, allowing 
C = A+B operations to be executed in a single cycle. 

A DSP engine has been included to significantly 
enhance the core arithmetic capability and throughput. 
It features a high speed 17-bit by 17-bit multiplier, a 
40-bit ALU, two 40-bit saturating accumulators and a 
40-bit bidirectional barrel shifter. Data in the accumula­
tor or any working register can be shifted up to 15 bits 
right or 16 bits left in a single cycle. The DSP instruc­
tions operate seamlessly with all other instructions and 
have been designed for optimal real-time performance. 
The l>'.AC class of instructions can concurrently fetch 
two data operands from memory, while mUltiplying two 
W registers. To enable this concurrent fetching of data 
operands, the data space has been split for these 
instructions and linear for all others. This has been 
achieved in a transparent and flexible manner, by 
dedicating certain working registers to each address 
space for the MAC class of instructions. 

The core does not support a multi-stage instruction 
pipeline. However, a single stage instruction pre-fetch 
mechanism is used, which accesses and partially 
decodes instructions a cycle ahead of execution. in 
order to maximize available execution time. Most 
instructions. execute in a single cycle, with certain 
exceptions. 

The core features a vectored exception processing 
structure for traps and interrupts, with 62 independent 
vectors. The exceptions consist of up to a traps (of 
which 4 are reserved) and 54 interrupts. Each interrupt 
is prioritized based on a user assigned priority between 
1 and 7 (1 being the lowest priority and 7 being the 
highest) in conjunction with a predetermined 'natural 
order'. Traps have fixed priorities. ranging from a to 15. 
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2.2	 Programmer's Model 

The programmer's model Is shown In Figure 2-1 and 
consists of 16x16-bit working registers (WO through 
W15), 2x4Q-bit accumulators (AccA and AccB), 
STATUS register (SR), Data Table Page register 
(TBLPAG), Program Space Visibility Page register 
(PSVPAG), DO and REPEAT registers (DOSTART, 
DOEND, DCOUNT and RCOUNT), and Program 
Counter (PC). The working registers can act as data, 
address or offset registers. All registers are memory 
mapped. WO acts as the W register for file register 
addressing. 

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

•	 PUSH. S and POP. S 
WO, W1, W2, W3, SR (DC, N, OV, Z and C bits 
only) are transferred. 

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

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

2.2.1	 SOFTWARE STACK POINTERJ 
FRAME POINTER 

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

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

W15 is initialized to Ox0800 during a Reset. The user 
may reprogram the SP during initialization to any 
location within data space. 

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

2.2.2	 STATUS REGISTER 

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

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

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

2.2.3	 PROGRAM COUNTER 

The Program Counter is 23 bits wide. Bit 0 is always 
clear. Therefore, the PC can address up to 4M 
instruction words. 
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FIGURE 2-1: PROGRAMMER'S MODEL 
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TOSHIBA INSULATED GATE BIPOLAR TRANSISTOR SILICON N CHANNEL IGBT 

GT60M303
 
Unit: mm 

HIGH POWER SWITCHING APPLICATIONS 

• Fourth generation IGBT 

• FRD included between emitter and collector 

• Enhancement mode type 

•	 High speed IGBT : tf =0025ps (TYP.) 

FRD : tIT =007ps (TYP.) 

• Low saturation voltage : VeE (sat) =2.1V (TYPo) 

MAXIMUM RATINGS (1a = 25°C) 

1. GATE 
20 COLLECTOR (HEAT SINK) 
3. EMITIER 

5.45tO.15 545:tO.15 

JEDEC 

JEITA 
TOSHIBA 2-21F2C 

Weight: 90759 

CHARACTERISTIC SYMBOL RATING UNIT 

Collector-Emitter Voltage VCES 900 V 

Gate-Emitter Voltage VGES :t25 V 

Collector Current 
DC Ic 60 

A 
1ms Icp 120 

Emitter-Collector 
Foward Current 

DC IECF 15 
A 

1ms IECFP 120 

Collector Power Dissipation 
(Tc = 25·C) Pc 170 W 

Junction Temperature Tj 150 ·C 

Storage Temperature Range Tstg -55-150 ·C 

Screw Torque - 0.8 Nom 

EQUIVALENT CIRCUIT	 MARKING 

Collector
 

Part No. (or abbreviation code)
 

Gate o----J 
Lot No. 

A line indicates 
lead (Pb)-Iree package or 
lead (Pb)-Iree finish. 

Emitter 
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ELECTRICAL CHARACTERISTICS (Ta =25°C) 

CHARACTERISTIC SYMBOL TEST CONDITION MIN TYP. MAX UNIT 

Gate Leakage Current IGES VGE =:t25V. VCE =0 - - :t500 nA 

Collector Cut-off Current ICES VCE =900V, VGE =0 - - 1.0 mA 

Gate-Emilter Cut-off Voltage VGE(OFF) Ic =60mA, VCE =5V 3.0 - 6.0 V 

Collector-Emitter Saturation Voltage VCE (sat)(l) IC =10A, VGE =15V - 1.6 2.2 V 

Collector-Emitter Saturation Voltage VCE (sat) (2) Ic =6OA, VGE =15V - 2.1 2.7 V 

Inoul Capacitance Cies VCE =10V, VGE =0, f =1MHz - 3800 - pF 

Rise Time t, - 0.35 0.60 

IJs 
Tum-On Time Ion ~fF - 0.46 0.75 

S""tching Time 
Fall Time tf 

loYO.fl..r ... 
-15V - 0.25 0.40 

Tum-Off Time totl 600V - 0.60 0.70 

Emrtter-Collector Forward Voltage VECF IEC =15A, VGE =0 - 1.5 2.0 V 

Reverse Recovery Time trr 
IF =15A, VGE =0 
di I dt =-20A/lJs - 0.7 2.5 IJs 

Thermal Resistance Rlh u-c) IGBT - - 0.74 ·C/W 

Thermal Resistance R1h(j-c) Diode - - 4.0 ·C/W 
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