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ABSTRACT

This thesis presents theory and implementation procedures of how to reduce
vibration of emergency bed which is transporting a patient who has a bad injury of
backbones while being on the vehicle. A simulation of emergency bed is done using
PID controller to make system more stable. The performance of emergency bed
control system provides good absorption to make patient comfortable by using shock
absorber and it can adjust 2 levels for each surface of the road. It has been found that
DsPIC30F2010 is using for controlling shock absorber to a suitable level of vibration
and also use linear potentiometer to detect position of shock absorber when it is

vibrating to reduce vibration of the road.
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&3 gunsalnIugueIziamsiumnnuAanain Taes: (Tavaalda Eror finualy) ieds
1A iy G4 U 9 . s v
wilsaruguegiauthnineudginsainruguaiugaiie (Final Element Control) a8l

° £ = 1 T i o o 3 a a o
9 Faaadliviun szuvegluanngadiudiiues duiulumsmuguuuuduinga

Vv
2z Ll 1A1Raa Offset N

2.1.2.4 M3AIVYNBLVIA31I0TH (Derivative Control Active)
3 A I o3 I 1 v w - a ~
Wunsmvquinuewiynitudadududasinsuldoundaswesdunn  Tasd

@ @ Jdao 4
ﬂ')'lllﬁllwuﬁﬂﬂﬁllﬂ'liﬁ 2.710g 2.8

de(t)
=K :
m(t) b X = 2.7
a M(s)
=K :
Y50 ) oS (2.8)

Taoh K, dlusnsiiennsadiuald
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o =] @ a [ §
uNuAeuTen vesdInIuguuULAseTinuTas ldaegali 2.8

m(t)

- o < 'Y a =
310 2.8 unudaudenveIRINIUgUUU LIRS BTV

A A .. A o A
WoUMINIUAUUUY  Derivative  lllwnaSosnruguezifiumsunayinilunies
& do & ' v A

VAU IWIVALYO AN Gluﬂ\‘lﬂ‘lfuﬂ'lﬂiﬂu “]f\‘l"’ll‘]J'}]uﬂ'liﬁ’Juelﬁfg %znmynrﬂuu‘uuyumn

2351 2.9

U

a+c
c
t
)
e
a+c
Za*t+c
c : ¢
0 0.5 1
)
T,*a
t
0 1

G



2T, *a
t
0.5
o 1
)
e
atc
c
t
0
(@)
t
0
®)

ﬂﬁ 2.9 Namuaumﬁmmmuumuuu”lmaqmsmmmmummaww
M waneumuedyaadids linsnuguuunnediv
) wanouduesdygafiinsnuguuuLeSeiiv
@ ranevumuesdyaadiselifinsniuguuunniredi
@ wareuauesdaaiimsaIuguMULRS HeTiu
@) wanpuTuesdyanwiss liinsaIuguIULRSeTiv

(®) WarRUAUBITYYIUNTMIAIIUUULIAS1IBTN

11
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2.1.2.5 msﬂmﬂmmuﬁ"la (Proportional and Integral Control Active)

I~ Ay ' I~ s ] = Y =) [
Wumsaruguiiduemyn WudadiuFadusunaswvesmdunn uagm

[

suiinfaanmvesdunn Tasaunsouaasnnudusius lddsaumsi 2.9 uag 2.10

m(t)=[ K ,e@) ]+ [%J ;je(t)dt 2.9)
ED) MG) _ g (1 +i] (2.10)
Eis) "\ Ts

A 3 1 . .
Tneh K » Fua1veq Proportional Sensitivity %30 Gain

T, {lushues Integral Time

Q)

m) P+l

Q)

5 210 msnuquunudile

4 3

() uaspNuduRusszninanuadndfunaneumssulgeszu

@) uaanuduRussznitdyananiuguiunat aendimsaedieda
ANV PI Controller

Fofvosmsnruguuuuii lefednruguduiiniaezsida Offset voadanURULDL

daauldvuatal
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2.1.2.6 ﬂ]iﬂ?ﬂf]ﬂ!!ﬂﬂﬁﬁ (Proportional and Derivative Control Action)
I~ & '3 I~ [ ] Y] =) Y]
Wumsnruguassaueninndudadulasassiunaswvesmduyniunanal

[y [ = a 9/ [N} dy
AUy s ima/asuuilasvesdunn Tasaansonansdlsaumsaeae 1l

m(t)=[ K e ]+ {KPTD ii‘;(t—’)] (2.11)
A M(S) _
159 —E(s) =K, (1+71,S) (2.12)

Taoh K » Husves Proportional Sensitivity 30 Gain

T, L‘ﬂuﬂ'ﬁjﬂﬂ Derivative Time

e
t
o
()
m(t) P+
|

/ P

3 t
o
o

Q)
d. =4y
UM 2.1 MIURUUUUNG
v o 4 T o o ' [y
(M ANUFURUTsEHINANUAANIAunaNoumMIUSULlgeszUY
v @ d r s (Y @ Y
@) uaasanuduRuiTeredyaIuaLAUALNT MendImMIsaredeA Y

14Uy PD Contoller

A A Ao

<3 o
Jofvosmsnruguuuuiade elidyanauduiuFadu Ramp) wiinanouausims

pavldnSeunimsmuguuuudadiuiivesta@on
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2.1.2.7 HANBUAHBIVRITTUUNDT YA VDUNNT AR 1Y

A9EUN1T 2.14

lﬂ'; ~\ Qr o é v LY Q dy
TNz AT U N UAUBIVBITSUUBUAUNTI AL S UAIADY Aatl
2.1.2.7.1 HOADUAUDIABITUVOUALNILI (Response of First-order System)

= L L3 é \ l;’
wmsmwzuuauwwuma"lﬂu

a dJc)z’(tt ) a () = x(t) = ¢ 2.13)
Taefi
() = wiywnrsedusmu
x(1) = UM
t = nm
a,,a,b,c = ?‘hmﬁ

a a @ o o
§1W15841 o T0ULITUAY (Initial Steady State) V052UV IAANUTURUS

a,y(0)=bx(0)+c (2.14)

[

v @ d 1 VA d”
Li'lﬁ'lll'liﬂﬂ'lﬂ’J'liJﬁll‘W‘Ll"ﬁiZﬂ’JNﬂ'lLiiJG?I}u“UEN xUasy vligll U

a, Y) a,y(0)+a,y(t) =bx(t)-hx(0)+c—c (2.15)

dt
175
& 2D g, [y0)- )] =81 - 0] 2.16)
i YH) = y(t) - y(0) (2.17)
X(t) = x(t) — x(0) (2.18)
22187
al%—aom) =bX(f) (2.19)

1 I~/ o Y oA 1 1 t 1
Lm‘luﬂmmﬂmmm’sm A8 AR TTUUANAINTEHINNAT 2 L'Jﬁ'ﬂﬂ"']

L0}
dt

v 1 T 3
fiua a gasuAY 391a7

d(t) _dr ()

2.20
dt dt (220
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[ :'I <
AU HEANNIT (2.20) aznaeilu

a O v =bx(r) 2.21)
W - 4 _ gadfivesnm
)
K - 951N TVANSTYY I B ADIULAIAD (Steady State Gain)
a,
a'ldn
O vy =kx (2.22)
Y(s) =(L)X(s) (2.23)
Ts+1

- wanoUAUBIRD R UAIAL (Step Response)

i ax = viavesFyn Ml (Magnitude)

u(t) = AnFudam 1mwumma (Unit Step Function)

<

wwldan x(t) =ax-u(t) s u(t) =1

x(s) = ax (2.24)
s

UNUANNS (2.24) aaluaums (2.23) 92 1@
K
Y(s)= ( )(A—x) (2.25)
Ts+1 )\ s

Y()=Kax[u(t)—e™"] (2.26)

dunosaalawezla

- HARDUAUBULBIMIHU M (Response with Time Delay)
1 - 1 L4 . R
”luﬂi:mumimaamamwmmmanmmmvg*n (Time Delay or Transportation Lag

9
or Dead Time) laudigiuvuaumsasil

, K —IOS
Y(s)= ( ¢ JX(S) 2.27)
Ts+1
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: v o A A ,
Senauns (2.27) M “I2VVOUAVHUINUNITHUIIAT (First Order Plus Dead Time:

FOPDT)” Mdayay a8 unnyoessuuianuuana1aii gumsveamsninnmazuand1aiy
4
Tal@sdi

Tyanaady  Y() =[KAvxu(t —t)][1-e " ] (2.28)

s = Y K Te_(t_tO)/T
yaausaudy Y@ =u(t—t,)| ——— |+[K, (¢t -1, - 7] (2.29)
T

o 4
amglaauy

KAox t—tg)/z K4 .
Y(t)=u(t—t0){(m)e* ) +(1_+r2_w2)sm(a)(t—to)+9)} (2.30)

2.1.2.7.2 HAABUAUBINDISULOIUAVADY (Response of Second-Order
System)
7 %3 dy -~ T W dg’ LY L
HOABUTNBIVRITTUUBUAYTaItazlinMNUANA AU YBA LA 1N YD
[ [] d o 1 ] 1 [] v
daarnluedduore Toundaumlng &
Y ot ) o =N ~ 1 PR
- 01 51ATUTIUINDTI HARDUAUDINLISINIT “TEUVNTATLUIUNS
AMMUNUN 41N (Over Damped)”
1 o a9 ~ v ey ] 3/
- andlusuGeieu mansuauoIzBen “szuvfitinnunyetios

A 4 = dld L9 LY \ L Y
(Under Damped)” Wﬂuﬂ%glﬂﬂiuﬂiﬁ,’ﬂ?uﬂ'liﬂiJ’Eluﬂqu\?ﬂ'J'l’ﬂuﬂiJﬁ@\?

@ W v @ 1 @ o
sTuvsuduaRIdIITauaasn NuFuRUT sEu i mlsihuazdutlsoen
v t4
Tugduuvaunsia 1@ deil

a, [dizz(t)J+al %+a0y(t) =bx(t)+c (2.31)
Taei  yo = sulsesn
x® = dwilsdn
a,,a,,a,,b,c = A1ni

a a2 Ao
auyd WMaums a dazEududanilu

a,y(0)=bx(0)+c (2.32)
haums (2.31) audeaunis (2.32) 32 1d



dy ~ N o [ v = = ' 5 ! v ) v o v
wnansiidwenasianubidmsunislsnuienisnyiniuu lweyginlmilulsdssleguaunisan

SO S QRPVI R gy & voY oo ¥ $oda_ 0w on?
lunnsdllag Nsdu Snnanuillvdaudasilonuaznesendiisaivetenasynasaninisinlly
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¢ HaRDUTUBN (Response)
¢ >1 5EUIUMSHIANUNUI9A (Over Damped)
¢ =1 ﬂizmumiﬁﬁmmwﬁaﬁﬂqﬁ (Critically Damped)
0<¢ <1 AsTUIUMIRIANUNLTes (Under Damped)
£ =0 sz H WiTAuNLe (Undamped)
~1<¢ <0 AszUIUMsH iados (Unstable)
¢ <-1 ATEUIUMSHNIIon (Run— Away)

MM 2.1 HaNITABUAUBULDAIUBITATIANUNUITUANAINTU

2.1.2.8 NQUYHUFGIUNMIAIVNH oA

=4 = 3 Y o ¥ A o = Ay ¥
msaruguuuud ledtdy 1dhunldivedsvlyessvuveuisshdesnisaruauid

= o PO 4 v o o q % o oA 4
5zﬂuuwaﬁﬂﬂﬁua\1ﬂf’ﬁ]m31ﬁﬂﬂ]u WIDUS ﬂ‘]Jmﬁnﬂﬂiz']J']JmﬁaUiﬂTWllmﬂm Zﬂuﬂﬂ

v 4
Tao lvesmsaauguuuuii leAeansoliswiunionlaesunsylddsse T4

E(s)

3 212 Tassedevesszuuaiuguuuuillod

v F4
=1 as

4 =y = Vo ~ o A
"l]'lﬂIﬂ5\1ﬁi'N‘U’0\158‘]J1Jﬂ’3‘]Jﬂ3J‘Wvl’ﬂﬂllﬁﬂ\i‘lﬂﬂﬂg‘ﬂﬂ 2.12 U 2 AU uAD

D) Di
(o] o

A Y Y 2 o P
K. flo ’0ﬁi'l‘i]fl'lﬂﬂ]’f]\‘]ﬁ’)ﬂ’)ﬂF;l?J‘l’EJG]Nm‘lﬂ']J —

K, f9 8n5198189038n0auuULi

K

-~

Qr Y dé 1 o
IV VDINIAIVAUUVUAFUNINY KpTd

@

MaNuRaNaInsEn Tyt udyaseen
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& @ T o
HanFunie louvosnou Insamos Ao

G.(s)=K, +£’¥+de (2.39)
s
n30
G, (s)=K,(1 +L+Tds) (2.40)
7,8

i

A d

Jd 4 Y]
2.1.2.9 35%tnaes-Hlnad (Ziegler-Nichols Method) tHaldlumsilSuasansiveng
.Y o =
vosfInIuANTHAN loA
o A o A d a 3 9 =<
A1500ALUVAININRUHT oA 1rAITe TasdTnaoan1uAusIntuIzdeaniiuda
o =Y o £ ° I
syudraeendiacmaniveeszuudilunnszuversliaunisuiouuuiiaediigien Seomn
= = 1 3 FIY 1 a o Y :é
nan@esdlyruraniulagldiimsdsznasimnniimeivesdiniugunnnane uauoad
10 9/ o ) o A ant & oA
Tudufudesmunuirassneadiemansvosszun 33 umsiszurananouaussdsvilde
Y oA ~ g A add ¢ o
MsoenILLAINIURUTTAR loAR103EMS TBdinaes-ilaad
& ~ 1T a :3 A 1 =Y o @ o o dy
ienanaUaUeIRIliMIuNIUfaTy SEMsmammsimesvesdanuguiineil
1. tudnrugurilafind/5um k suldnsmAtimsuniaiig i (& faunudua-
NIN)

2.1 K 15u'lA fe a1 &, thai1d Tdunumar lumse 2.2)

oy K T, T,
Type
P 0.6k, - -
Fr 0.45k, 1 -
EPH
PID 0.6k, 0.6k, l p
8 i

$ o 1 a o 1 @ 4 J
ﬂ]i]\‘]ﬁ 2.2 ﬂllﬂ'liﬂ'lu'Jﬂlﬂ']‘W’li'lll!ﬂ'ﬂiﬂlﬂﬂl!ﬂﬁ&’ﬂ'Jﬂ')‘]JQlILﬁﬂwﬂﬂﬂﬂﬁuﬂﬁﬁﬂ'ﬁl!ﬂjﬁ
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2.1.2.10 awuaugumazilszanana
¥ 4 < @ o
Tulasenuilnld lulasaouInsames dsPic3or2010 Eudinrunumsvinauves
- o P [ P A ~ [~ Y | =
woaziimsdszulanalunisiezdasseennindoud ldves Igadwilloifianis

o A
gUasinou

2.1.211 winnvesduauguuazilszunana
[y [ ' ~ . . 3 Y a =

- FULOLIAUAIYBITLYZNI Linear Potentiometer U lAinansildsunalasany
Y A 9o a o '
dumudie ldimsaindes 11U a ganieg

- dadgyga ldaruguamshiniuvesisisasduiasseenisiniouiuazniy

o A

duaztnouve 15now
° o o W ) 1 9 A =
- arugumsiinunemesvesIFasnuazausediua Idimuns auiiefanis

Fudziiiow o gAA19

d' L] o 9 s v U d' 9 9

mmmﬂmuﬂauqmmzﬂszmawafonflummamﬁnmwaweamwaiwaamam
@ o dyxﬁ =} 9 o
Aumseenuy waznsninn I lassnuiitadenldlulasaouInsames dsPIC30F2010

» o I o 4 a o ~
Taemeginih lnsenu ladenldussaduiogivesssv ETT AannsoasTilsunsuazay

@

Mud1d Taefidnyuzassdn 2.13

U

5ufl 2.13 uamsvesadusogil dspic3or2010 A1Flumsnanes
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U
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2.1.2.12 puaniiniuvedlulnsneulnsamos dsPIC30F2010

=~ P e
duluTlnsaouInsamesnlsdNguuy RISC
<] o £ 3 o O 1A a
AT UMM 30 HiumdededIui
o z;; = 1=y s/ 9/ 1=y
gamdalvia 24 dia aansalszuanadoyald 16 da
[} o <] ~ ] ] [
nuleaNnyi 1dsunsutlunvusday mseavtaz@eulny'ld ludesndn
k4
100,000 59 awsatflesdunseuld wazarvsalydsunsudaes law
AsEUIUMINIOris
== do | o do £ a LY =y g o
BunaiSUANNNBIIIUIULIN T9T0ITUMIAB T UBITY U UINDS TUA

)

9
1202

S

= @ @ :? ° 1T o 4
fhasasmiuuseau desinhimuauuu Tdsunsuld
. ~ a Y 3 LY ' 9 ] o o . .

Timer/Counter Huu19 16 U Litloand 3 #2 dens a1 uswdly Timer
32 in'ld
WITAWITOATNABUMSNNUVeTITAuTadya R 1d
soafums ldsunsululeesuvueynsy AICSP :  In-Circuit  Serial
Programming)
musadien Tnualumslandaanu 1@
Watchdog-Timer uuy 11/sunsu 1@

] o a 4
#i29AMu$1 EEPROM 1 f1aluv

Y¥9IAIVUAY Motor PWM 6 599

2.1.2.13 veanazvoraelumsdonldlulasneulnsatass dsPIC30F2010

9
4 LY =y =y
lunisdenid luTnsaeuInsamss dsPIC30F2010 HuIMsATandidoduazdoide

¥

Yoa

1. AMUSIAAI PIC LUDFSTUAT 3-4 911

k4
2. annsaldsunsudoyalane 100,000 ass

v
uUdLae

= g A o a = o
1. CPU 1193']11!5'311\1 lllﬂ'ﬂ']ﬂ']ﬁiﬂﬁllﬂillﬂglﬂﬂﬂ'ﬁlﬁﬂﬂ'w‘lﬂﬁ']ﬂ
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2.1.3 @IuATIdULAz ATz Melum stndouNvsufea
dy YA 9/ o ) ) A A A =
Tasanmil ldenldueras lunisasesuuaz daszeznilumsindoufiilofianis
P =% g g o = = 4 =
FudasifiouvouAeInfie twuwesiaszosnI lmnuneeine SuUITUdY (Linear

Potentiometer)

d =Y
2.1.3.1 Tnmufieodtne UV U (Linear Potentiometer)
=Y = I'4 [~ @ =Y z§ d' g [ 1
Twmunesiimes  Wuddwmuni ihsdanisnamudazamsaddua e

o = =Y o @ @ W
Tassadrana lilves Inmusioelimesuanslddegy Uszneudronthdude (Sliding Contact)
v ¥ 9 4
AR ouTUNS pa U NANVEIvBIIIRANAUMU R Taenihduiansouiensa

= = ' 4 . ”dy v A @ v v A Y Y
HeuiFond “lades (Wiper)” Hlazgnaaifounuunsiadgnsagiuingfidesnisnstsaey
@ o v = o o A .t
seozvin Taena lludrglunvvesnihdudaves Tnnuiiealimesindnseonuuuuanedie
@ y 3 Y @ 4 o n 11 = @ =
fueen ldduegivilstouazifou lvlunsdssgndldeau ua ludesligiuuy vy Saqi
° Yo Y v v @ a o [ = ' A g v dyd '
inldimhdudadnisninnannlanenewaswamiluoduunn Adugudiimszi
5 ' @ o_ o 3 ' v 3 o s
Tangnewawaudanuangudrgenh llsuginswudieg 18 sawiedalinaautia
o Vs 9 1 9/ =) = u’z = °
Tumsth Wi 1888nde dauatannudumuvesiwmuiiseiinefiiuilouimuinnaia

] a o ] o A g
NIDUNDAAUY u1m‘wu5ammumﬂuamuma"l%lﬁ1

- -t
’-1—> AFHDDUNVDIUNU
uny (Shaft
— (Skatt)

i "] guu {Wiper)

@ ' . AN NMUATUNIN Cs
mamnsia

= v = = J
7N 2.15 uaasaanilsznevves lwmuiealines

v a = d
2.1.3.2 msseluimunieatiines
& = 9 =) a I 4 dy
Wesnnmalasuudasanudiumuiisudunmsiavesginssilszinnd
E4 ]
Aoudnege Auuazldresuiwssdu(voltage Divider) Tumsasiadumsnldounilas
anudn gasagsahundSufondiunsedala ms1¥ Potentiometer 112995984

anyazAIzla 2.16
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4 3 o =Y -4
31U 216 uanresmsde lwmuiioaiines

gl s vV, = IR, (2.41)
uag V,=1IR, (2.42)
Farfu ~V,+IR +IR, =0 2.43)
R
Haag'ld I=—"r (2.44)
(Rl + R2 )
o 5’ b3 Rl
SNITERE A b V,=——V, (2.45)
R, +R,

1 b
UALI9991n R, + R, ABATINAIUNIUYOY Potentiometer, R, A91iU

RV,
Vy == (2.46)
Rtotal
- R .V
Y30 R = "’I’/"’ ¢ (2.47)

o [ YL { v 1 [~ vt [ z
TumsSasrezan v, Mflu output daua R, uaz vs ifudiismsn datu 91n
& ' Y A Yy o = = o
aunistisansama R, 18 e ldm R, isienuisarildulSeuifeusussesuu
é = 1 dy 1 ~ 4 [
Potentiometer 1A FIHINITITNYA Potentiometer H1¥AmNNAIUNIIFUdUFIMIVTAI
[y = @ 1 o {
wannsaminisuda ld laemsilSendadau dusld Ar, flumsulfoundasanudiuniy
et o o 4 s} [N ~
ninganiimsadailugud is1ee lamsusadsauns 2.48
AR,L

total
« = (2.48)

total
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v
@

A A v @ i S v A 1 A WY
e L, ABNI5UIATIINUAYDA Potentiometer 1 JonasszisnfenAiL, = 0 1ild

' a (d" L] ' ar o
MNEANUN R, = 0 51z Tnstndvzlianuduninluginssifiogie ufmsusaszdy

I3 v =3 o A T @ A o 1% o
gudionu aene lsha milansonSeniald Teelidnvazdegild 2.17

y = ) J =
3Uf 217 TwnuiieelimosuuuFudu



=).

unn 3

NIOBNUULASHANMI TININIH

dy 4 =2 o L4 =
El.uﬂﬂui]zﬂﬁ']’)ﬂﬁﬂ']i’f]ﬂﬂuﬂﬂ ﬂ']i‘]/]’]\i']u‘ilﬂﬂ’f;ﬂﬂiﬂl uazmswauiﬂmﬂmmmu

TudiuveelulnsasuInsames Tasvzuanuiiu IWadesa (Flowchart)

3.1 MIooNUUUIATINY

3 o &2 &

4 g A o w VA A Ty
memsazanlumsidau mssenuuvlulludedifaeisteidesiiteds Tudee

< = = =] ) ] s 4 Y
Lﬂummmmmm gﬂl!‘]J‘lJ‘iJ’ENLﬂEN ﬂ’]il’ﬁ@ﬂﬂ'llmuxﬂuﬂ’liﬂﬂl“]ful“]fﬂ‘i Lfluﬂu

311 msvenuuulnssaiie sazmsaeniagililumslsynou
A = Y 3 S o A ¥ a v o v & a
eannmesvuiedihetusutiunesdestianuaunsolumssmbmin - daiuda
o A ¥ A o da 3 & < Y v o
Iutlunzdeudeniaghinnuudausinumu Ae wan  Tassnuilldimsesnuuuy
, o .. 2 ~
TaseardrelaeldTsunsu Solid Works asgd 3.1 Fudeslatvwannuniie 50 wuAmas
a 3 3 o = [ P o 1Y g
817 180 Ixudmas niu ldihmsiszneueedegili 3.2 Tashunlszneufuuemesves
v W § { o ' [ Y 4 ° v @
T¥ndndsgli 3.3 uazgili 3.4 uaasdwmiavesIadwile Idviimslszasudhdusuifes
4 { = = 3 Y { o [ J
uazuewes lasfiwdSevesldaldfadedegii 35 wdnhwhdudaveusuresintall

fulFadndagih 3.6

quUn 31 mzeenuuylaseadelaeld Tasunsw Solid Works
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31 3.4 uansdumisves1fncw

31 35 a1lSeveslFncw
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d' a 3 o =Y 4 a 9w o o
sUn 3.6 MsAaas TnmunoslinesuuuFaduny Isnow

312 msaenlfusedulih

dmsuTaseansd Huseduifhianua 2 mdaotu fe 5 Taad uae 12 Taad Tag
user i 5 Taad 1¥dwmsululasaouInsameiuas lodluaeas luTasaeu Insataey
uazuseu Wi 12 Taad Wdmsuaastunemesvesldasn Taiudannyliazainly
asne I ldn s annsaudamaensesnuuuiesneusedu i 12 Taadldiu
vomed uazlifenldsad (Relay) vu1a 12 Taad Taelfuuamesuiufeouviin 12 Toad
fugrtronszualdsuvemeseudasusiulihvuna 12 Toad du 5 Toad tietii 114

fuluTasneuInsames §9299531% 3.7 uaz 3.8

o [y o
31l 3.7 1asdBin S
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Transfer Function YDIURE

3293s” + 227, 0005 + 1,300, 000
I(s)=

(3.3)
s

Y
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K, =329

(1 14
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Transfer Function U949%D

Y(s) (2.09x10%)s +7.22x10°

B 4 3 7 8 (34)
U(s)  8750s™ +313500s° +(5.833x10" )+ (2.09x10°)s + 5054

nnsEnuansamm K, uaz K, 18dil
K, =722x10’
K,=2.09x10°

K, =190000 wim
K, =38000 n/m
B=1100 n/m-sec’!
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Step response with Proportion Control
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#include<p30£2010.h>
#include<adc10.h>

#include <stdio.h>

void Init_ade() //flandu 1911 ADC
{
unsigned int Channel , PinConfig , Scanselect , Adcon3_reg , Adcon2_reg, Adconl reg

- )szmemaaunalsh e
ADCON1bits. ADON = 0 ; /1lan15%14911 ADC

Channel = ADC_CHO _POS_SAMPLEA_ANO &
ADC_CHO_POS_SAMPLEA_AN1 &
ADC_CHO_POS_SAMPLEA_AN2 &

ADC_CHO POS_SAMPLEA_AN3 &
ADC_CHO NEG_SAMPLEA NVREF ; /$1ua# Channel
0 AN0-AN3 (il Positve g M1 Channel 0 NVREF i

Negative
SetChanADC10(Channel); /1A Channel 114

PinConfig = ENABLE_ANO_ANA &
ENABLE_AN1 ANA &
ENABLE AN2 ANA &
ENABLE_AN3_ANA ; /S MMUANDIA ANO-AN3

mansoldauld

Il

Scanselect SKIP SCAN AN4 &

SKIP SCAN AN5;  // 91uM3 SCAN 191 AN4-ANS

14
Adcon3_reg . | = ADC _SAMPLE TIME 10 &. .// NARGITUATIIUIUL0A S



ADC_CONV_CLK_SYSTEM & // iFenldaudaanannii

melu
ADC_CONV_CLK 2Tcy;
Adcon2 reg = ADC_VREF_AVDD AVSS & // 81989mauag fndi
Vdd 1Ay Vss
ADC SCAN ON&  //¥1m5 SCAN dmsuilassu ADC
ADC_ALT BUF_OFF & // Ua1%15 alternate buffer
ADC_ALT_INPUT_OFF & // a5 alternate input
ADC_CONVERT CHO& // {80n%i1m3 convert # CHO
ADC_SAMPLES_PER_INT 1 ; // quUBUWA1A15Z0I19MS
Bumasni
Adconl reg = ADC_MODULE_ON & // Wlam514911 module ADC
ADC_IDLE_CONTINUE &/ fvual# ADC via1u 1y idle
mode 18
ADC_FORMAT SIGN_INT & // MyuadyaIss Output
Audruaudu
ADC _CLK_MANUAL &// ADC Auto clock
ADC_SAMPLE_SIMULTANEOUS &/ ADC qusi1i20619
wiouaiu
ADC_AUTO_SAMPLING_ON ;// ADC qufi 1620819
on Tua

OpenADC10(Adconl_reg , Adcon2_reg, Adcon3_reg , PinConfig , Scanselect) ;;  //
1lan13%1197U ADC module

DisableIntADC 3/ Yamsldaumsdumasniilu ADC
}
int diff value(unsigned int valuel,unsigned int value2)  // Waﬁ%’umﬁm'smﬁhaﬁﬂé’fﬁi"umﬁ
Authu+

{

unsigned int.ans ;



if(valuel<=value2)

{

ans = value2 - valuel ;
}
else
{

ans = valuel - value2 ;
}
return ans ;

. . S ' v o A
int chk_value(unsigned int x) // HengFuasnaeumanuaAndivelaadna
{

unsigned int bits ;
if(x <= 50)
{

bits = 1;
}
else
{

bits = 0;
}
return bits ;

void delay led(unsigned long int count1) // Hardu delay
{

while(count1>0)

{

countl--;



int main()

{
Init_adc() ;
unsigned int old_result[4] , result{4] , answer[4] , bas[4] ;
unsigned int i,j,k,1;
while(1)
{
for(i=0;i<4;i++)
{
ADCON 1bits.SAMP = 1 ; /1 G
while(lADCON1bits.SAMP) ;  // seAszUaumsguat mliiade
nou
ConvertADC10() ; // Convert ADC
while(BusyADC100); /1 asaaeuluilan

aszuuUMIFumMduT A
. . Y 1 s
result[i] = Read ADC10() ; # Susuuau'ld

delay led(500); // vidaaaneusuase 11

for (j=0;j<4;j++)
{
answer[j] = diff_value(result[j],old_result[j]) /) ﬂm”lﬁﬂﬂﬁ’%'u
diff value navunudyl3
}

TRISEbits. TRISE0 = 0 ;
TRISEbits. TRISE1 = 0 ;

TRISEDits. TRISE2 = 0 ;

TRISEbits. TRISE3 = 0 ; / fviuanese E 114 Output



for(k=0;k<4:;k++)
{

bas[k] = chk_value(answer[k]) ; // hanendu chk value ﬂﬁumgﬁu'ﬁ

LATEDits. LATEQ = bas[0] ;
LATEbits. LATE1 = bas[1] ;
LATEDbits.LATE2 = bas[2] ;

LATEbits.LATE3 = bas[3] ; // ¥ bas[k] Hauilu 1 azuaninafinesa E 41

58!
-3

if(bas[0]==0||bas[ 1]==0||bas[2]==0||bas[3]==0)
{
delay_1ed(1000000); / fviualiuaainadia 1l

for(1=0;1<4;1++)
{

[~ Vo Ao ¥ o ~ Iy J ]
old_result{l] = result[l] ; / thumASIduuie luSsufsusuai In

ao'ly

delay 1ed(500000); // BonmslFanu delay
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MICROCHIP dsPIC30F2010

28-pin dsPIC30F2010 Enhanced Flash
16-bit Digital Signal Controller

Peripheral Features:

* High current sink/source I/O pins: 25 mA/25 mA

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

* Four 16-bit Capture input functions
» Two 16-bit Compare/PWM output functions

. . - Dual Compare mode available
High-Performance Modified RISC CPU: « 3-wire SPI™ modules (supports 4 Frame modes)

» Modified Harvard architecture  12C™ module supports Multi-Master/Slave mode

+ C compiler optimized instruction set architecture and 7-bit/10-bit addressing _
« 84 base instructions with flexible addressing * Addressable UART modules with FIFO buffers

modes
- 24-bit wide instructions, 16-bit wide data path Motor Control PWM Module Features:
» 12 Kbytes on-chip Flash program space * 6 PWM output channels
* 512 bytes on-chip data RAM - Complementary or Independent Output
» 1 Kbyte non-volatile data EEPROM modes
* 16 x 16-bit working register array - Edge and Center Aligned modes
« Up to 30 MIPs operation: * 4 duty cycle generators

- DC to 40 MHz external clock input » Dedicated time base with 4 modes

- 4 MHz-10 MHz oscillator input with * Programmable output polarity

PLL active (4x, 8x, 16x) » Dead time control for Complementary mode
* 27 interrupt sources  Manual output control
» Three external interrupt sources - Trigger for synchronized A/D conversions
« 8 user selectable priority levels for each interrupt
» 4 processor exceptions and software traps Quadrature Encoder Interface Module
Features:

DSP Engine Features: * Phase A, Phase B and Index Pulse input

* Modulo and Bit-Reversed modes < 16-bit up/down position counter
* Two, 40-bit wide accumulators with optional « Count direction status
saturation logic » Position Measurement (x2 and x4) mode
* 17-bit x 17-bit single cycle hardware fractional/ « Programmable digital noise filters on inputs

integer multiplier

» Single cycle Multiply-Accumulate (MAC)
operation

« 40-stage Barrel Shifter

+ Dual data fetch

* Alternate 16-bit Timer/Counter mode
* Interrupt on position counter rollover/underflow

Analog Features:

« 10-bit Analog-to-Digital Converter (A/D) with:
- 500 Ksps (for 10-bit A/D) 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



dsPIC30F2010

Special Microcontroller Features: * 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

* 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 CMOS Technology:

» Power-on Reset (POR), Power-up Timer (PWRT) * Low power, high speed Flash technology
and Oscillator Start-up Timer (OST) « Wide operating voltage range (2.5V to 5.5V)

* Flexible Watchdog Timer (WDT) with on~chip fow « Industrial and Extended temperature ranges
power RC oscillator for reliable operation + Low power consumption

+ Fail-Safe clock monitor operation

dsPIC30F Motor Control and Power Conversion Family*

Program " Output Motor . = |=
Device Pins | Mem. Bytes/ ':R':::l EEBI;?;:M :::l:: Ig;;ut Comp/Std | Control g:)l()) :(os'b't Cét;acd 5 E i <zt
Instructions | =Y Pl pwm | pwm ps S|o|L|©
dsPIC30F2010 28 12K/4K 512 1024 3 4 2 6 ch 6 ch Yes |11 ]| 1]}-

v_s i

* 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 feature comparison.

DS70118E+-page 2 Preliminary ©2004 Microchip Technology inc!
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Pin Diagrams

28-Pin SDIP and SOIC

MCLR []1 28[3 AVoD
EMUD3/ANG/VREF+/CN2/RBO [ 2 2717 Avss
EMUC3/AN1/VREF-/CN3/RB1 [ 3 26[] PWM1L/REO
AN2/SST/CN4/RB2 14 25 PWM1H/RE1
ANS3/INDX/CN5/RB3 [ 5 & 247 PWM2L/RE2
AN4/QEA/ICTICNG/IRB4 6 3 23] PWM2H/RE3
AN5/QEB/IC8/CN7/RBS [ 7 Q 227 PWM3L/RE4
Vss []8 = 21[3 PWM3H/RE5
OSC1/CLKI 9 n 20 VoD
OSC2/CLKO/RC15 ] 10 =4 197 Vss
EMUD1/SOSCIT2CK/U1ATX/CN1/RC13 [ 11 C 18] PGC/EMUC/U1RX/SDI1/SDA/RF2
EMUC1/SOSCO/T1CK/U1ARX/CNO/RC14 []12 170 PGD/EMUD/U1TX/SDO1/SCL/RF3
vop []13 16 FLTA/INTO/SCK1/OCFA/RES
EMUD2/OC2/IC2/INT2/RD1 [ 14 157 EMUC2/OC1/IC1/INT1/RDO
28-Pin QFN
-0
m m
& o
M N
22
Qo
v+
[Ty T
wl i
o
2 g3
¥ xK
B8 g, 28
(=23
22|80 0
[&]
39222 %
OO FTON
NNNNNANN
AN2/SS1/CN4/RB2 | 1 @ 21| PWM2LRE2
AN3/INDX/CN5 RB3 | 2 20| PWM2H/RE3
AN4/QEA/ICT/CNG/RB4 | 3 19 | PWM3LRE4
ANS5/QEB/IC8/CN7/RB5 | 4 dsPIC30F2010 18 | PWM3H/RES
Vss | 5 17| vop
OSC1/CLKIN } & 16§ Vss
OSC2/CLKO/RC15 | 7 < 151 PGC/EMUC/U1RX/SDI/SDA/RF2

Vop 10

EMUD2/0C2/IC2/INT2/RD1 J11

EMUC2/OC1/IC1/INT1/RDO 12

FLTA/INTO/SCK1/OCFA/RE8S [13
PGD/EMUD/UATX/SDO1/SCL/RF3

EMUD1/SOSCI/T2CK/U1ATX/CN1/RC13 8
EMUC1/SOSCO/T1CK/U1ARX/CNO/RC14 9
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FIGURE 1-1: dsPIC30F2010 BLOCK DIAGRAM
Y Data Bus
X Data Bus
! @6
J} 16 16 %1 6 16
Interrupt Data Latch| |Data Latch
Controller PSV & Table Y Data X Data
Data Access 3 6 RAM RAM
Control Block
(256 bytes) |(256 bytes
Address Address
4 Latch Latch
]§4
PCU| PCH| PCL
Program Counter N
Stack Loo
Address Latch Control Cont?ol Ly
Program Memory| Logic Logic
(12 Kbytes)
Data EEPROM
(1 Kbyte) Effective Address PORTB
Data Latch 16 NN
£ ROM Latch {— 5
24
R = —
va
% = ;g
16x 16
|Decode|_ 1 W Reg Array PORTC
Instruction
Decode & K @6 6
Control
Control Signals‘ * * ‘ ‘ DSP Divide
to Various Blocks Power-up Engine Unit
Timer
OSC1/CLKI Timing — Oscillator = D]]
Generation Start-up Timer
DX POR/BOR ALU=16> PORTD
|Z Reset
oL Watchdog 16 16
Timer
I
>
Input Output
10-bit ADC Capture Compare 12c
Module Module
i i i 1N
U v U 4 %
SPI1 Timers QEI M°“|’,’vsh‘l’1""°' UART1
PORTE
= LR

PORTF

ANO/CN2/RBO
AN1/CN3/RB1
AN2/SST/LVDIN/CN4/RB2
AN3/INDX/CN5/RB3
AN4/QEA/CNG/RB4
ANS/QEB/CN7/RBS5

EMUD1/SOSCI/CN1/RC13
EMUC1/SOSCO/T1CK/ICNO/RC14
OSC2/CLKO/RC15

EMUC2/0C1/RD0
EMUD2/0C2/RD1

PWM1L/REO
PWM1H/RE1
PWM2L/RE2
PWM2H/RE3
PWM3L/RE4
PWMB3H/RES
FLTA/INT1/RES8

UTRX/RF2
UITX/RF3
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dsPIC30F2010

Table 1-1 provides a brief description of device /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 1/O DESCRIPTIONS

. Pin Buffer i
Pin Name Type Type Description

ANO-AN5 | Analog |Analog input channels.

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

EMUD 110 ST ICD Primary Communication Channel data input/output pin.

EMUC 110 ST ICD Primary Communication Channel clock input/output pin.

EMUD1 110 ST ICD Secondary Communication Channel data input/output pin.

EMUCA1 110 ST ICD Secondary Communication Channel clock input/output pin.

EMUD2 110 ST ICD Tertiary Communication Channel data input/output pin.

EMUC2 /O ST ICD Tertiary Communication Channel clock input/output pin.

EMUD3 110 ST ICD Quaternary Communication Channel data input/output pin.

EMUC3 110 8T ICD Quaternary Communication Channel clock input/output pin.

IC1, 1C2, IC7, l ST Capture inputs. The dsPIC30F2010 has 4 capture inputs. The inputs are

IC8 numbered for consistency with the inputs on larger device variants.

INDX ] ST Quadrature Encoder Index Pulse input.

QEA i ST Quadrature Encoder Phase A input in QEI mode.
Auxiliary Timer External Clock/Gate input in Timer mode.

QEB I ST Quadrature Encoder Phase A input in QEl mode.
Auxiliary Timer External Clock/Gate input in Timer mode.

INTO | ST External interrupt O

INT1 | 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 (0] — PWM 3 Low output

PWM3H o] — 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 | ST Compare Fault A input (for Compare channels 1, 2, 3 and 4).

0C1-0C2 (0] — Compare outputs.

0SC1 | ST/CMOS | Oscillator crystal input. ST buffer when configured in RC mode; CMOS
otherwise.

0SC2 /O — Oscillator crystal output. Connects to crystal or resonator in Crystal Oscillator
mode. Optionally functions as CLKO in RC and EC modes.

Legend: CMOS =CMOS compatible input or output Analog=  Analog input
ST =Schmitt Trigger input with CMOS levels O= Output
| =Input P = Power

©.2004 Microchip Technology Iric. Preliminary DS70118E-page 7
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TABLE 1-1: PINOUT I/O DESCRIPTIONS (CONTINUED)

. Pin Buffer .
Pin Name Type Type Description
PGD 110 ST In-Circuit Serial Programming data input/output pin.
PGC | ST In-Circuit Serial Programming clock input pin.
RBO-RB5 /0 ST PORTB is a bidirectional 1/O port.
RC13-RC14 o ST PORTC is a bidirectional I/O port.
RDO-RD1 /10 ST PORTD is a bidirectional /O port.
REQO-RES, /0 ST PORTE is a bidirectional /O port.
RE8
RF2, RF3 1[0] ST PORTF is a bidirectional 1/O port.
SCK1 /0 ST Synchronous serial clock input/output for SPI™ #1.
SDH l ST SPI #1 Data In.
SDO1 (0] — SPI #1 Data Out.
SS1 | ST SPI #1 Slave Synchronization.
SCL 110 ST Synchronous serial clock input/output for 12C.
SDA 110 ST Synchronous serial data input/output for 12C.
S0OSCO 0] — 32 kHz low power oscillator crystal output.
SOSCI 1 ST/CMOS |32 kHz low power oscillator crystal input. ST buffer when configured in RC
mode; CMOS otherwise.
T1CK 1 ST Timer1 external clock input.
T2CK 1 ST Timer2 external clock input.
U1RX | ST UART1 Receive.
UITX 0] — UART1 Transmit.
U1ARX | ST UART1 Alternate Receive.
U1ATX 0] — UART1 Alternate Transmit.
VDD P — Positive supply for logic and I/O 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 O= Output
| =lnput P = Power

DS70118E-page 8 Preliminary © 2004 Microchip Technology Inc.
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2.0 CPUARCHITECTURE
OVERVIEW

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 8-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 modes.
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 MAC 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 8 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 8 to 15.

©'2004 Microchip Technology‘Inc:
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22 Programmer’s Model

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

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

* PUSH.S and POP. S
W0, W1, W2, W3, SR (DC, N, 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.

2.21 SOFTWARE STACK POINTER/
FRAME POINTER

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

tack acces 5<0>

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

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

222 STATUS REGISTER

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

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

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

223 PROGRAM COUNTER

The Program Counter is 23 bits wide. Bit 0 is always
clear. Therefore, the PC can address up to 4M
instruction words.

DS70118ELpage’10
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FIGURE 2-1: PROGRAMMER’S MODEL
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2.3 Divide Support

The dsPIC devices feature a 16/16-bit signed fractional
divide operation, as well as 32/16-bit and 16/16-bit
signed and unsigned integer divide operations, in the
form of single instruction iterative divides. The following
instructions and data sizes are supported:

1. DIVF - 16/16 signed fractional divide

DIV.sd ~ 32/16 signed divide

DIV.ud - 32/16 unsigned divide

DIV.sw— 16/16 signed divide

DIV.uw— 16/16 unsigned divide

o e

The 16/16 divides are similar to the 32/16 (same number
of iterations), but the dividend is either zero-extended or
sign-extended during the first iteration.

The divide instructions must be executed within a
REPEAT loop. Any other form of execution (e.g. a
series of discrete divide instructions) will not function
correctly because the instruction flow depends on
RCOUNT. The divide instruction does not automatically
set up the RCOUNT value, and it must, therefore, be
explicitly and correctly specified in the REPEAT instruc-
tion, as shown in Table 2-1 (REPEAT will execute the
target instruction {operand value+1} times). The
REPEAT loop count must be set up for 18 iterations of
the DIV/DIVF instruction. Thus, a complete divide
operation requires 19 cycles.

TABLE 2-1: DIVIDE INSTRUCTIONS

Instruction Function
DIVF Signed fractional divide: Wm/Wn — W0; Rem —» W1
DIV.sd Signed divide: (Wm+1:Wm)/Wn — W0; Rem —» W1
DIV.sw {(or DIV.s) Signed divide: Wm/Wn — W0; Rem —» W1
DIV.ud Unsigned divide: (Wm+1:Wm)/Wn — W0; Rem — W1
DIV.uw {or DIV.u) Unsigned divide: Wm/Wn —» W0; Rem — W1

DS70118E-page' 12
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24 DSP Engine

The DSP engine consists of a high speed 17-bit x
17-bit multiplier, a barrel shifter, and a 40-bit adder/
subtractor (with two target accumulators, round and
saturation logic).

The DSP engine also has the capability to perform inher-
ent accumulator-to-accumulator operations, which
require no additional data. These instructions are ADD,
SUB and NEG.

The DSP engine has various options selected through
various bits in the CPU Core Configuration Register
(CORCON), as listed below:

1. Fractional or integer DSP multiply (IF).

2. Signed or unsigned DSP multiply (US).

3. Conventional or convergent rounding (RND).

4. Automatic saturation on/off for AccA (SATA).

5. Automatic saturation on/off for AccB (SATB).

6. Automatic saturation on/off for writes to data

memory (SATDW).
7. Accumulator Saturation mode selection
(ACCSAT).

A block diagram of the DSP engine is shown in
Figure 2-2.

TABLE 2-2: DSP INSTRUCTION SUMMARY
Instruction Algebraic Operation ACCWwB?
CLR A=0 Yes
ED A= (x—y) No
EDAC A=A+ (x—y)? No
MAC A=A+ (x*y) Yes
MAC A=A+x? No
MOVSAC No change in A Yes
MPY A=x*y No
MPY.N A=—-x*y No
MSC A=sA—-x*y Yes

©+-2004 Microchip Technology-Inc:
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FIGURE 2-2: DSP ENGINE BLOCK DIAGRAM
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241 MULTIPLIER

The 17x17-bit multiplier is capable of signed or
unsigned operation and can multiplex its output using a
scaler to support either 1.31 fractional (Q31) or 32-bit
integer results. Unsigned operands are zero-extended
into the 17th bit of the multiplier input value. Signed
operands are sign-extended into the 17th bit of the mul-
tiplier input value. The output of the 17x17-bit multiplier/
scaler is a 33-bit value, which is sign-extended to 40
bits. Integer data is inherently represented as a signed
two’s complement value, where the MSB is defined as
a sign bit. Generally speaking, the range of an N-bit
two’s complement integer is -2 to 2N1— 1. For a 16-
bit integer, the data range is -32768 (0x8000) to 32767
(0x7FFF), including 0. For a 32-bit integer, the data
range is -2,147,483,648 (0x8000 0000) fo
2,147,483,645 (0x7FFF FFFF).

When the multiplier is configured for fractional multipli-
cation, the data is represented as a two’s complement
fraction, where the MSB is defined as a sign bit and the
radix point is implied to lie just after the sign bit (QX for-
mat). The range of an N-bit two's complement fraction
with this implied radix point is -1.0 to (1-2'™N). For a
16-bit fraction, the Q15 data range is -1.0 (0x8000) to
0.999969482 (0x7FFF), including 0 and has a preci-
sion of 3.01518x10°5. In Fractional mode, a 16x16 mul-
tiply operation generates a 1.31 product, which has a
precision of 4.65661x10°1°,

The same multiplier is used to support the MCU multi-
ply instructions, which include integer 16-bit signed,
unsigned and mixed sign multiplies.

The MUL instruction may be directed to use byte or
word sized operands. Byte operands will direct a 16-bit
result, and word operands will direct a 32-bit result to
the specified register(s) in the W array.

242 DATA ACCUMULATORS AND
ADDER/SUBTRACTOR

The data accumulator consists of a 40-bit adder/
subtractor with automatic sign extension logic. It can
select one of two accumulators (A or B) as its pre-
accumulation source and post-accumulation destina-
tion. For the ADD and LAC instructions, the data to be
accumulated or loaded can be optionally scaled via the
barrel shifter, prior to accumulation.

2421 Adder/Subtractor, Overflow and
Saturation

The adder/subtractor is a 40-bit adder with an optional
zero input into one side and either true or complement
data into the other input. In the case of addition, the
carry/borrow input is active high and the other input is
true data (not complemented), whereas in the case of
subtraction, the carry/borrow input is active low and the
other input is complemented. The adder/subtractor
generates overflow status bits SA/SB and OA/OB,
which are latched and reflected in the status register.

» Overflow from bit 39: this is a catastrophic
overflow in which the sign of the accumulator is
destroyed.

*» Overflow into guard bits 32 through 39: this is a
recoverable overflow. This bit is set whenever all
the guard bits are not identical to each other.

The adder has an additional saturation block which
controls accumulator data saturation, if selected. it
uses the result of the adder, the overflow status bits
described above, and the SATA/B (CORCON<7:6>)
and ACCSAT (CORCON<4>) mode control bits to
determine when and to what value to saturate.

Six status register bits have been provided to support
saturation and overflow; they are:

1. OA:
AccA overflowed into guard bits

2. OB:
AccB overflowed into guard bits

3. SA:
AccA saturated (bit 31 overflow and saturation)
or
AccA overflowed into guard bits and saturated
(bit 39 overflow and saturation)

4. SB:
AccB saturated (bit 31 overflow and saturation)
or
AccB overflowed into guard bits and saturated
(bit 39 overflow and saturation)

5. OAB:
Logical OR of OA and OB
6. SAB:

Logical OR of SA and SB

The OA and OB bits are modified each time data
passes through the adder/Subtractor. When set, they
indicate that the most recent operation has overflowed
into the accumulator guard bits (bits 32 through 39).
The OA and OB bits can also optionally generate an
arithmetic warning trap when set and the correspond-
ing overflow trap flag enable bit (OVATEN, OVBTEN) in
the INTCON1 register (refer to Section 5.0) is set. This
allows the user to take immediate action, for example,
to correct system gain.

© 2004 MicrochipTechnology Inc.
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The SA and SB bits are modified each time data passes
through the adder/subtractor, but can only be cleared by
the user. When set, they indicate that the accumulator
has overflowed its maximum range (bit 31 for 32-bit sat-
uration, or bit 39 for 40-bit saturation) and will be satu-
rated (if saturation is enabled). When saturation is not
enabled, SA and SB default to bit 39 overflow and thus
indicate that a catastrophic overflow has occurred. If the
COVTE bit in the INTCON1 register is set, SA and SB
bits will generate an arithmetic waming trap when satu-
ration is disabled.

The overflow and saturation status bits can optionally
be viewed in the Status Register (SR) as the logical OR
of OA and OB (in bit OAB) and the logical OR of SA and
SB (in bit SAB). This allows programmers to check one
bit in the Status Register to determine if either accumu-
lator has overflowed, or one bit to determine if either
accumulator has saturated. This would be useful for
complex number arithmetic which typically uses both
the accumulators.

The device supports three Saturation and Overflow
modes.

1. Bit 39 Overflow and Saturation:
When bit 39 overflow and saturation occurs, the
saturation logic loads the maximally positive 9.31
(0x7FFFFFFFFF) or maximally negative 9.31
value (0x8000000000) into the target accumula-
tor. The SA or SB bit is set and remains set until
cleared by the user. This is referred to as ‘super
saturation’ and provides protection against erro-
neous data or unexpected algorithm problems
(e.g., gain calculations).

2. Bit 31 Overflow and Saturation:
When bit 31 overflow and saturation occurs, the
saturation logic then loads the maximally positive
1.31 value (0x007FFFFFFF) or maximally nega-
tive 1.31 value (0x0080000000) into the target
accumulator. The SA or SB bit is set and remains
set until cleared by the user. When this Saturation
mode is in effect, the guard bits are not used (so
the OA, OB or OAB bits are never set).

3. Bit 39 Catastrophic Overflow
The bit 39 overflow status bit from the adder is
used to set the SA or SB bit, which remain set
until cleared by the user. No saturation operation
is performed and the accumulator is allowed to
overflow (destroying its sign). If the COVTE bit in
the INTCON1 register is set, a catastrophic
overflow can initiate a trap exception.

2.4.2.2 Accumulator ‘Write Back’

The MAC class of instructions (with the exception of
MPY, MPY.N, ED and EDAC) can optionally write a
rounded version of the high word (bits 31 through 16)
of the accumulator that is not targeted by the instruction
into data space memory. The write is performed across
the X bus into combined X and Y address space. The
following addressing modes are supported:

1. W13, Register Direct:
The rounded contents of the non-target accumuta-
tor are written into W13 as a 1.15 fraction.

2. [W13]+=2, Register Indirect with Post-Increment:
The rounded contents of the non-target accumu-
lator are written into the address pointed to by
W13 as a 1.16 fraction. W13 is then
incremented by 2 (for a word write).

2423 Round Logic

The round logic is a combinational block, which per-
forms a conventional (biased) or convergent (unbiased)
round function during an accumulator write (store). The
Round mode is determined by the state of the RND bit
in the CORCON register. It generates a 16-bit, 1.15 data
value which is passed to the data space write saturation
logic. If rounding is not indicated by the instruction, a
truncated 1.15 data value is stored and the LS Word is
simply discarded.

Conventional rounding takes bit 15 of the accumulator,
zero-extends it and adds it to the ACCxH word (bits 16
through 31 of the accumulator). If the ACCxL word (bits
0 through 15 of the accumulator) is between 0x8000
and OxFFFF (0x8000 included), ACCxH is incre-
mented. If ACCxL is between 0x0000 and Ox7FFF,
ACCxH is left unchanged. A consequence of this
algorithm is that over a succession of random rounding
operations, the value will tend to be biased slightly
positive.

Convergent (or unbiased) rounding operates in the
same manner as conventional rounding, except when
ACCxL equals 0x8000. If this is the case, the LS bit (bit
16 of the accumulator) of ACCxH is examined. Ifitis ‘1’,
ACCxH is incremented. If it is ‘0, ACCxH is not modi-
fied. Assuming that bit 16 is effectively random in
nature, this scheme will remove any rounding bias that
may accumulate.

The sAC and SAC.R instructions store either a trun-
cated (SAC) or rounded (SAC. R) version of the contents
of the target accumulator to data memory, via the X bus
(subject to data saturation, see Section 2.4.2.4). Note
that for the MAC class of instructions, the accumulator
write back operation will function in the same manner,
addressing combined MCU (X and Y) data space
though the X bus. For this class of instructions, the data
is always subject to rounding.

DS70118E-page 16
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2424 Data Space Write Saturation

In addition to adder/subtractor saturation, writes to data
space may also be saturated, but without affecting the
contents of the source accumulator. The data space
write saturation logic block accepts a 16-bit, 1.15 frac-
tional value from the round logic block as its input,
together with overflow status from the original source
(accumulator) and the 16-bit round adder. These are
combined and used to select the appropriate 1.15 frac-
tional value as output to write to data space memory.

If the SATDW bit in the CORCON register is set, data
(after rounding or truncation) is tested for overflow and
adjusted accordingly. For input data greater than
0x007FFF, data written to memory is forced to the max-
imum positive 1.15 value, 0x7FFF. For input data less
than OxFF8000, data written to memory is forced to the
maximum negative 1.15 value, 0x8000. The MS bit of
the source (bit 39) is used to determine the sign of the
operand being tested.

If the SATDW bit in the CORCON register is not set, the
input data is always passed through unmodified under
all conditions.

243 BARREL SHIFTER

The barrel shifter is capable of performing up to 15-bit
arithmetic or logic right shifts, or up to 16-bit left shifts
in a single cycle. The source can be either of the two
DSP accumulators or the X bus (to support multi-bit
shifts of register or memory data).

The shifter requires a signed binary value to determine
both the magnitude (number of bits) and direction of the
shift operation. A positive value will shift the operand
right. A negative value will shift the operand left. A
value of 0 will not modify the operand.

The barrel shifter is 40 bits wide, thereby obtaining a
40-bit result for DSP shift operations and a 16-bit result
for MCU shift operations. Data from the X bus is pre-
sented to the barrel shifter between bit positions 16 to
31 for right shifts, and bit positions 0 to 15 for left shifts.

© 2004 Microchip Technology‘inc:
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3.0 MEMORY ORGANIZATION FIGURE 3-1: PROGRAM SPACE MEMORY
— . MAP FOR dsPIC30F2010
'y Reset - GOTO Instruction ] 000000
Reset - Target Address 000002
Reserved 000004
Ext. Osc. Fail Trap
Address Error Trap
= frtlackt_Er\nﬁr Tra__F
. w:elgewael'?._mp Vector Tables
Reserved
Reserved
31 Program Address Space Vector 0 000014
The program address space is 4M instruction words. It .
is addressable by a 24-bit value from either the 23-bit Vect:)r52
PC, table instruction Effective Address (EA), or data Veotor 53 00007E
space EA, when program space is mapped into data > Alternate Vector Table 000080 Y
space, as defined by Table 3-1. Note that the program g, o
space address is incremented by two between succes- 3 User Flash
sive program words, in order to provide compatibility 8¢ F(’K(gram Memor)y
N . o instructions;
with data space addressing. 001FFE
User program space access is restricted to the lower Reserved 002000
4M instruction word address range (0x000000 to (Read 0s)
Ox7FFFFE), for all accesses other than TBLRD/TBLWT, 7FFBFE
which use TBLPAG<7> to determine user or configura- Data EEPROM 7FFC00
tion space access. In Table 3-1, Read/Write instruc- \j (1 Kbyte) JEEEFE
tions, bit 23 allows access to the Device ID, the User ID —_
and the configuration bits. Otherwise, bit 23 is always A 800000
clear.
Reserved
[
o
E
Q
2, 8005BE
58 UNITID (32 & 8005C0
E‘% ITID (32 instr.) B005FE
..g 800600
0° Reserved
F7FFFE
Device Configuration F80000
Registers F8000E
F80010
Reserved
FEFFFE
FF0000
!_ DEVID 2) FFFFFE
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TABLE 3-1: PROGRAM SPACE ADDRESS CONSTRUCTION
Access Type Access Program Space Address
Space <23> <22:116> | <15> | <14:1> <0>
Instruction Access User 0 PC<22:1> 0
TBLRD/TBLWT User TBLPAG<7:0> Data EA <15:0>
(TBLPAG<7> = 0)
TBLRD/TBLWT Configuration TBLPAG<7:0> Data EA <15:0>
(TBLPAG<7> = 1)
Program Space Visibility |User 0 | PSVPAG<7:0> | Data EA <14:0>

FIGURE 3-2: DATA ACCESS FROM PROGRAM SPACE ADDRESS GENERATION
1 ! 23 bits 11
Using I L
Program [ o] Program Counter 0
Counter
] |
I ] Select I
elec
. L] EA i
Using | |
Program 0 PSVPAG Reg I |
Space - >l |>
Visibility I [ 8wits 15 bits ||
| | | ||
I |
| L EA
Using J
Table . ‘1/0 TBLPAG Reg — !‘I
Instruction l‘ | 8 bits 'I -~ 16 bits :' |
_ %
A ¢ A
User/
Configuration 24-bit EA 1 Byte
Space Select
Select |

Note: Program Space Visibility cannot be used to access bits <23:16> of a word in program memory.
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3.141 DATA ACCESS FROM PROGRAM
MEMORY USING TABLE
INSTRUCTIONS

This architecture fetches 24-bit wide program memory.
Consequently, instructions are always aligned. How-
ever, as the architecture is modified Harvard, data can
also be present in program space.

There are two methods by which program space can
be accessed; via special table instructions, or through
the remapping of a 16K word program space page into
the upper half of data space (see Section 3.1.2). The
TBLRDL and TBLWTL instructions offer a direct method
of reading or writing the LS Word of any address within
program space, without going through data space. The
TBLRDH and TBLWTH instructions are the only method
whereby the upper 8 bits of a program space word can
be accessed as data.

The PC is incremented by two for each successive
24-bit program word. This allows program memory
addresses to directly map to data space addresses.
Program memory can thus be regarded as two 16-bit
word wide address spaces, residing side by side, each
with the same address range. TBLRDL and TBLWTL
access the space which contains the LS Data Word,
and TBLRDH and TBLWTH access the space which
contains the MS Data Byte.

Figure 3-2 shows how the EA is created for table oper-
ations and data space accesses (PSV = 1). Here,
P<23:0> refers to a program space word, whereas
D<15:0> refers to a data space word.

FIGURE 3-3:

A set of Table Instructions are provided to move byte or
word sized data to and from program space.

1. TBLRDL: Table Read Low
Word: Read the LS Word of the program
address;
P<15:0> maps to D<15:0>.
Byte: Read one of the LS Bytes of the program
address;
P<7:0> maps to the destination byte when byte
select = 0;
P<15:8> maps to the destination byte when byte
select = 1.

2. TBLWTL: Table Write Low (refer to Section 6.0
for details on Flash Programming).

3. TBLRDH: Table Read High
Word: Read the MS Word of the program
address;
P<23:16> maps to D<7:0>; D<15:8> always
be = 0.
Byte: Read one of the MS Bytes of the program
address;
P<23:16> maps to the destination byte when
byte select = 0;
The destination byte will always be = 0 when
byte select = 1.

4. TBLWTH: Table Write High (refer to Section 6.0
for details on Flash Programming).

PROGRAM DATA TABLE ACCESS (LS WORD)

PC Address
0x000000 |
0x000002
0x000004
0x000006,

Program Memory
‘Phantom’ Byte
(Read as ‘0’).

TBLRDL.W

TBLRDL.B (Wn<0> = 0)

TBLRDL.B (Wn<0> = 1)

©/2004 Microchip! Technology:Inc.
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FIGURE 3-4:

PROGRAM DATA TABLE ACCESS (MS BYTE)

TBLRDH.W

16 8 0

PC Address 23
0x000000 6
0x000002 00000000
0x000004 | 0000¢
0x000006 00000000

Program Memory
‘Phantom’ Byte
(Read as ‘0’)

TBLRDH.B (Wn<0> = 1)

TBLRDH.B (Wn<O0> = 0)

3.1.2 DATA ACCESS FROM PROGRAM
MEMORY USING PROGRAM SPACE
VISIBILITY

The upper 32 Kbytes of data space may optionally be
mapped into any 16K word program space page. This
provides transparent access of stored constant data
from X data space, without the need to use special
instructions (i.e., TRLRDL/H, TBLWTL/H instructions).

Program space access through the data space occurs
if the MS bit of the data space EA is set and program
space visibility is enabled, by setting the PSV bit in the
Core Control register (CORCON). The functions of
CORCON are discussed in Section 2.4, DSP Engine.

Data accesses to this area add an additional cycle to
the instruction being executed, since two program
memory fetches are required.

Note that the upper half of addressable data space is
always part of the X data space. Therefore, when a
DSP operation uses program space mapping to access
this memory region, Y data space should typically con-
tain state (variable) data for DSP operations, whereas
X data space should typically contain coefficient
(constant) data.

Although each data space address, 0x8000 and higher,
maps directly into a corresponding program memory
address (see Figure 3-5), only the lower 16-bits of the
24-bit program word are used to contain the data. The
upper 8 bits should be programmed to force an illegal
instruction to maintain machine robustness. Refer to
the Programmer’s Reference Manual (DS70030) for
details on instruction encoding.

Note that by incrementing the PC by 2 for each pro-
gram memory word, the LS 15 bits of data space
addresses directly map to the LS 15 bits in the corre-
sponding program space addresses. The remaining
bits are provided by the Program Space Visibility Page
register, PSVPAG<7:0>, as shown in Figure 3-5.

. Not SV rarily ]

For instructions that use PSV which are executed
outside a REPEAT loop:
» The following instructions will require one instruc-
tion cycle in addition to the specified execution
time:
- MAC class of instructions with data operand
pre-fetch
- MOV instructions
- Mov.D instructions
*» All other instructions will require two instruction

cycles in addition to the specified execution time
of the instruction.

For instructions that use PSV which are executed
inside a REPEAT loop:

» The following instances will require two instruction
cycles in addition to the specified execution time
of the instruction:

- Execution in the first iteration

- Execution in the last iteration

- Execution prior to exiting the loop due to an
interrupt

- Execution upon re-entering the loop after an
interrupt is serviced

» Any other iteration of the REPEAT loop will aliow
the instruction, accessing data using PSV, to
execute in a single cycle.
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FIGURE 3-5: DATA SPACE WINDOW INTO PROGRAM SPACE OPERATION
Data Space Program Space
0x0000 T 0x100100
|
15 PSVPAG( |
EA<15> =0
[ OxOé) |
I
Data 16 I
Space 0x8000
EA 15 * A 23 s 9
EA<15>=1 15 Concatenation '23‘ 0x001200
[
Upper half of Data |
Space is mapped
into Program Space ]
OXFFFF 1 0x001FFE
BSET CORCON, #2 ; PSV bit set
MOV #0x00, WO ; Set PSVPAG register
MOV W0, PSVPAG
MOV 0xS200, WO ; Access program memory location \j
; using a data space access Data Read
Note: PSVPAG is an 8-bit register, containing bits <22:15> of the program space address
(i.e., it defines the page in program space to which the upper half of data space is being mapped).

3.2 Data Address Space

The core has two data spaces. The data spaces can be
considered either separate (for some DSP instruc-
tions), or as one unified linear address range (for MCU
instructions). The data spaces are accessed using two
Address Generation Units (AGUs) and separate data
paths.

3.21 DATA SPACE MEMORY MAP

The data space memory is split into two blocks, X and
Y data space. A key element of this architecture is that
Y space is a subset of X space, and is fully contained
within X space. In order to provide an apparent linear
addressing space, X and Y spaces have contiguous
addresses.

When executing any instruction other than one of the
MAC class of instructions, the X block consists of the
256 byte data address space (including all Y
addresses). When executing one of the MAC class of
instructions, the X block consists of the 256 bytes data
address space excluding the Y address block (for data
reads only). In other words, alt other instructions regard
the entire data memory as one composite address
space. The MAC class instructions extract the Y
address space from data space and address it using
EAs sourced from W10 and W11. The remaining X data
space is addressed using W8 and W9. Both address
spaces are concurrently accessed only with the Mac
class instructions.

A data space memory map is shown in Figure 3-6.

©'2004 Microchip! Technology-inc.
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FIGURE 3-6: DATA SPACE MEMORY MAP
MS Byte . LS Byte
Address - 16 bits Address
MSB LSB >
r— ' 0x0000  ~
SFR Space 0x0001 SFR Space
(Note) :
L_ OxO7FF | 0x07FE
— 0x0801 | 0x0800
. 2560 bytes
X Data RAM (X) g:far
25
6 bytes Space
1
512 bytes Ox08FF | 0x08FE
SRAM Space 0x0901 | 0x0900
]
Y Data RAM (Y)
256 bytes
|
Ox09FF I 0x0A00
~ ~
I
(Note) |
~ 0x8001 ' 0x8000
[
[
X Data
Unimplemented (X)
|
Optionally |
Mapped |
into Program
Memory |
|
I
!
I
OxFFFF . OxFFFE
~
Note: Unimplemented SFR or SRAM locations read as '0’.
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FIGURE 3-7: DATA SPACE FOR MCU AND DSP (Mac CLASS) INSTRUCTIONS
r—— - — - a
SFR SPACE I I SFR SPACE "
| I Q
UNUSED =
| | ]
| I >
| I
(Y SPACE) W Y SPACE | UNUSED |
(&)
< | [
o
———————— (7]
x
I I
I I w
| UNUSED | <
| f 7]
| | x
I I
b — e —_- . = -
Non-MAC Class Ops (Read/Write) MAC Class Ops Read Only
MAC Class Ops (Write)
Indirect EA using any W Indirect EA using W8, W9  Indirect EA using W10, W11
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