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dsPIC30F

"EEB \\U%ﬂ'ﬁ‘]u ';l',??\:

S |1
P|2
P Output A/D ui|l |C
Product i |Flash | SRAM | EE | Timer | Input| Comp~s “é‘:;?lr 10-bit | Quad | A i
n KB Bytes | Bytes | 16-bit | Cap Std 500 Enc [R | (| (
dsPIC(R) DSC | pwm | PWM | ope AR
\V/ Y
) )
dsPIC30F2010 | 28 2 512 1024 3 4 2 6 6 ch Yes 1|1(1
dsPIC30F3010 | 28 24 1024 | 1024 5 4 2 6 6 ch Yes 1 (1)1
dsPIC30F4012 | 28 48 2048 | 1024 5 4 2 6 6 ch Yes 1 (1(1] 1
dsPIC30F3011 | 40 24 1024 | 1024 5 4 4 6 9 ch Yes 2111
dsPIC30F4011 | 40 48 2048 | 1024 5 4 4 6 9 ch Yes 2|11(1( 1
dsPIC30F5015 | 64 66 2048 | 1024 5 4 % 8 16 ch Yes 1 (211
dsPIC30F6010 | 80 | 144 | 8192 | 4096 5 8 8 8 16 ch Yes (2| 2]|1]| 2
)—A»[—;E:,:
ﬁ”f} ﬂ ?ux_ﬂﬁrﬂ o ifﬁ
ezm), -t EL
© —T\ Y) N Q\I%VLJ:ZI"EFU (@) IELf E[J_ =
rt ::: = S
o FHIRRLAN: ?ux_ﬂﬁ‘ﬂ o VTl TELE
—t A/
o ¥

o UPS, sy 7 F% e
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dsPIC30F

IzControl.
— | B
= L 'rI\
s |1
P2
Product Output A/D Uric C
. Flash | SRAM EE Timer | Input P . A Codec
Pins | “ kg | Bytes |Bytes | 16-bit | Capture | COMPare | 12-bit | o | 1 1A L face
dsPIC(R) DSC y y P std PWM [100KsPs | = |3 [T | N
M (M
) )
=) JdsPIC30F3014 | 40 | 24 | 2048 | 1024 | 3 2 2 13ch | 2 [1]1
= dsPIC30F4013 | 40 | 48 | 2048 | 1024 | 5 4 4 13ch | 2 |1|1] 1 | Ac97, 125
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S|
P2
Product Output v e C
. Flash | SRAM EE Timer Input A
Pins KB B B 16-b c Compare A/ZD R A
dsPIC(R) DSC ytes |Bytes | 16-bit|Capture| g, 4 pywim = $ $ N
MM
AD)
dsPIC30F2011 18 12 1024 iC 2 2 12-bit, 8 ch 1 1
dsPIC30F3012 18 24 2048 1024 S 2 2 12-bit, 8 ch 1 1
dsPIC30F2012 28 12 1024 iC 2 2 12-bit, 10 ch 1 1
dsPIC30F3013 28 24 2048 1024 3 2 2 12-bit, 10 ch 2 1
] o 21 E e =0 Rl E 1 = T
o ATHTLZ (A o ;f’F’\I:‘\:ng’ES‘\J?
-, = S e =y TS
o Sl =mikdx [HRA] o [NFHESHRAL, R R
Sl = 3 Al = E S e Re FLRI
S S B R o et EREIN
o AR o BX)VR[ERR
T Bt E |
0 i’ai{p 17 T o FEPHpVRMIEEENH]
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dsPIC A4

SR O
/ur_—[c[[\ ,\%B\J#Hf%

> DR B

> dsPIC e =258 BT~

> dsPIC ?F,—.Jj\

» dsPIC hHgi=

> Hl"ﬁfrﬁjﬁt

> TEIE' | ASM30 & LINK30

> AR i
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dsPIC ’—;Eﬁ)fg = (= )

o LAY Harvard 47— %E'?F%
o 4M X 24-bit 7BL%E HEE SR A2 (PS)
> T Y dsPIC $- ™| Flash A5Ad

o 64 KB {u_ﬁkﬂ J I RR] 2] (DS)
EY?H (e 1TV E[E@ Fl E‘?, 8 / 16-hit

o [V dsPIC Hi* [H £V & EEPROM
o 16 x 16-bit W F;;g«
O /lgF{ JF[J}_‘FI IJ

> MCU % DSP <7kH JfF[ ]

PIG.
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dsPIC Z’,Eﬁ)lﬁ?%l( Z)

o JFHIE [~ O R A
> R et
» Modulo 5H5=4 (Circular buffers)
» Bit Reversed HHEI¢
o DSP 3E ETH) &
> 17-bit x 17-bit F1— Fh= & AR R
> fns 40-bit A8 H5 (ACC)
> 40-stage Barrel Shifter with +/-16-bit shift range
> Rounding and Saturation Logic

PIG.
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dsPIC “Hattfel (=)

o 54 [[il [ 1]/ =}

> 7 (i Flfpl 2 ] TR A

> 8 Wz Bl Hl'wr(Non Maskable Traps)
o [%ﬁj%ﬁﬂjﬁ ﬁg}?{l

> CE=an

> TP i - e YRR =B

> PRy R RIS AR

> [R5 0 SLEEP A1 IDLE f8i-

PIG.
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AT %"Iﬁk’ﬁ%‘

Program Memory
(PS)

PIG.
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SR

o LInear Program Space (PS)
>is 2R E [4M X 24-bit pUAd = R[]
> 1] ﬁ FAVEV P £ 24-bit

PIG.
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FHF IR AR5 % (dSPIC30F6014)
F e 24bitwide —

Reset Vector- 0x000000
GOTO instruction 0x000002
95 BBl 2 Interrupt 0x000004

Vector Table
(0x000004 - 0x00007E) OX00007E

ikt
Gimacll 3 IEES ' 0x000084
Alternate

(0x000084 - 0XxO000FE) { Vector Table
RNy S sogp Ox0000FE
F=UFE-0x100 f i IHEH F[}%ﬂj’v — = 0x000100

o User Flash
PRV TG I < Program Memory
(~48K Instructions)
(0x000100 - Ox017FFE)
" OX017FFE
— 0x018000
[5\[?-[

Data EEPROM Ox7FFO00

(4 K Bytes)
— (0)¢3{0[0]0]0]0]

_ _ Configuration

Configuration Memory << Memory Space

- OXFFFFFE p’n
®
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A SRV

o = FETHFVR'T | FEIEVAET “ TR
> — ARl 23-bit AT ﬁ?(ﬁa
( PC , 24-bit wide Access)
> fﬁﬁ} Table ?@;ﬂﬁﬁ ﬁ (TBLRD and TBLWT)
= ['I'J3] Byte Y Word (=

> FRE A :jcll‘ ’EEE?@JITH 32 KB RAM p g [Ef51=1
(Program Space Visibility, PSV)

= [ I'J35 Byte 59 Word # [ =
PIG.
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U H A Fr Beds (PC)

o 23-bit Program Counter (PC<22:0>)
> i IV PC<0> ﬂﬁagiﬁjul%% 0" (PR 4h)
> PC Eﬁ'rﬁElgh-’JpZJ‘}ﬁEij Ry
= PC Y= - HrfEIVAYRL 32-bit s yf] (E [ L] 24-bit & 3% -

0x000000
+2 | f > 7 24-it 4]
// 24
RN 2]
Program Counter 0
A
22 0

OX7FFFFF

PIG.
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fi¥ ] Table FFIE 4 ()
o 24-bit &I+ I (EA) HYAZ

> F I HRLE “TBLPAG EFTT; A7 e\ E?;T% s e
Ry = E | F5 di

> Table Page fy- | £ 64K bytes 1y 32K words

> Configuration [ ?Vh 5 TBLPAG<7> r*vwl%{u_ﬂ 1
= IV Config. [ JF%JLF, W' [PEERIE

EA<0>
Byte Select
: 8-bit from TBLPAG 16-bit from Wn | /
user/  F7>1  TBLPAG <6:0> | EA<15:0> o
Configuration ; :
Space_select <\ 3 DitS > < i >
bit — —

24-bit ?ny‘f"j"iﬂ*

PIG.
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{12 Table %""}F@#ﬁ—ﬁ =)

o Table %Hlﬂfp [P
> TBLRDL : Table Read Low
> TBLWTL : Table Write Low
> TBLRDH : Table Read High
> TBLWTH : Table Write High
o TBLRDH & TBLWTH ’fl’?ﬁ'?VElf‘Jﬁﬁ,'J Byte &L
T T Y R R R 24-bit B 35 R
> %ﬁ?viﬁl[ﬁﬂﬁﬁ@g@ﬁ%l (Phantom byte) £ fifi £% 0x00

PIG.
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F[|F'] Table ;EE', ,J%’}?V@“Fl[ﬁ
IR

|
|
|
U iﬁiﬁu24bn‘%#ﬁwgqﬁ,

|
TabIEI! jf’F'[ —'&J “EJ ¥ Ay ﬁljj PE:

o

T e e —— — ——

Phantom Byte

23 16 | 15 8|7
) 8-bits g 16-bits | P
g I A | |
Y Y
TBLRDH.W TBLRDL.W
N AN AN AN J
Y Y Y Y
TBLRDH.B TBLRDH.B TBLRDL.B TBLRDL.B
Wn<0>=1 Wn<0>=0 Wn<0>=1 Wn<0>=0

PIG.
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2] PSV BEE RAM ElfJ‘iJ
AR YR
o B~ (AN SR FLELT | 16 K Word fiY 2 ik
=12]]32K Byte [~ RAM
> [ E =T “%Ej}j PSV bit (CORCON<2>) F%t‘:, 1 5 =
EA<15> =1 [ % » PSV ﬁJHu}HF’Jzyjfj

» PSVPAG ( rogram “pace isibility e register) E7
AL Byte 07 (A8 ¢ 7 ; b23: bfe)

= EA<14:1> RLfl I#F*[ THY [Wn] A

I
Select [
I _ EA<14:1> | 0/1 I
| 0 | PSVPAG<7:.0> 'y

8- 2 15-bits

bits e Y
User Space only 24-bit Effective Address Byte Select

© 2004 Microchip Technology dsPIC30F 16-bit Architecture Workshop
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PSV EhHEIz — &fy]

Data Space Program Space
(0)(00]0]0] :
|
|
|
(EA<15>=0) A :
PSVPAG :
0x20 |
& |
Data 16 ., ¢
’ Ox7FFE 18 I
SLECCE S e U 000 ————-Ir ________
y 23 115 0]
EA<15>=1 DELUID =C>+ !
15 23 '
and PSV = 1 :
Address 1
— Concatenation I
EA = 0x9000 |
|
|
|
SEE 1 TP B OXFFFE :
v
EA = 0x9000 001 0000 0000 0000 Data Read
PSVPAG = 0x20 00100000
b f- 0010000 0000 0000 0000 =———————- )y 10 000

© 2004 Microchip Technology
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0x000000

OXOFFFFE
0x100000

Ox10FFFE

PIG.
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F[E) PSV A= F R

o Tig 24-bits HI > FUF[HE{RAY 16-bits [ I [k
2] RAM 8y 1 $11419 32KB 2]

> ﬂmﬁgjpfv 8 bits i@@ﬁﬁ K f\:}ﬁ’;ﬁ’v;ﬁ ﬁ 59 NOP

NOP 5 235454 |

NS 8 16-bits .
—
e e _bit FEHAFI AR
= 5745 4376 = OX3F 24-bit L= ZVEYR

PIG.
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[HIH] PSV Y5

o PSV EAEH Jg Fe R RIIETHT ~ F 35k
o PSV Fdfit — JEE[F=pY data/program 2% @E‘fﬁa

> (\Von Neumann - like)
o Hify]: PSV ffiF |7 FIR yeqd
> One MAC per filter tap, executed W|th|n a REPEAT loop
> PSV allows filter coefficients to be stored in PS saving valuable SRAM

> Minimal performance impact. 1 cycle per REPEAT iteration plus:
= ] extra cycle at REPEAT entry due to PSV data pipe fill

= ] extra cycle at REPEAT exit due to PSV data pipe flush

PIG.
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TPRIFR,

Data Memory

PIG.
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Data Memory s (— )

o LiInear Data Memory

> fﬁifﬂ,’ﬁﬂ‘} 2] 64 KB Data Memory

> Data memory f*I'/ ®| Byte ;=¥ 224t

> FL 4 = dsPIC iv RAM kLT[ 16-bit (word E[fs) £ =

> Sl 934 o5 Byte Fiy Word e = i ZUeop|
o EFR[FHEHYEN T RLI] little-endian f Jir?:“

> LSB W[ e ik (5 41 ({0

> MSB EYH| ¥ e Bl A 41 ()

PIG.
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Little-Eendian f@ 7FF<~C

MSB LSB
15 8 7 0
0x001 Byte 1 Byte O 0x000
0x003 Byte 3 Byte 2 0x002
Byte 5 Byte 4 0x004
Word 0 0x006
Word 1
Long Word <15:0>
Long Word <31:16>

TR+ RAM Y by =4

* B B word UV - M TRL- W fIGET -( EA<0>=0)

dsPIC30F 16-bit Architecture Workshop
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Data Memory g (Z)

o k] PR A ] S
> [ I JERHT— [l X Space [y 2 [t

WI\/ICU{&B erF ka DSPxEf JfF“&J (&
MACHe 71 171)

> il 73 PR 2 (X & Y) A" | DSP 9

MAC #F*[ —"%J

" ot [l ERRIRTER XY R ey
RIBH IR 52V > sk
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2 KB
SFR Space

8 KB
SRAM Space

Optionally Mapped
into
Program Memory

© 2004 Microchip Technology

dsPIC30F6014 ¥V %k

MS Byte
Address

0x0001
{ 0x07FF

<

~— 0x0801

Ox17FF
0x1801

N\~ OXx27FF

/7~ 0x8001

<«

MSB LSB

\~ OxFFFF

Ox07FE
0x0800

X Data Ram (X)

Ox17FE
0x1800

Y Data Ram (Y) Ox1FFE

Ox27FE

0x8000

X Data
Unimplemented (X)

dsPIC30F 16-bit Architecture Workshop

16-bits . LS Byte
Address

: 0x0000 \
SFR $pace

OXFFFE J

<

N

Near Data Memory
8 KB

Addressable Indirectly
or
with File Register ‘MOV’
Instruction

X, Y 6 P RIS PICT i -
’éﬁ'l‘%@tﬁf‘iﬁ%?}fﬂ%ﬁﬁfﬁﬁﬁf il

PIG.
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Data Memory Zifg (=)

-

Indirect EA from W10, W11

Indirect EA from W8,W9

F (P~ i [Win] e !
L5 E | Y X-space #Eg!

[ This section of DSis |

designated as Y- 8
space for DSP g
instructions 2
_____________ X

f=1 MCU £ U] DSP 35

Note: 32 KB Section of PS mapped to DS using PSV, is actually mapped to X-DS
PIG.
28
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O

@)

O

@)

X, Y kg% & Ei
AGUSs

F fft i 2% 4 158 X AGU A1 Y AGU
X > Y AGUs i1 ') % 4% MODULO <5
1E] X AGU fi'I'| ¥ 2 Bit-Reversed i

X AGU Frfi

Y AGU Fr

© 2004 Microchip Technology

-

[y

2[R

B T
B [ LA B

PIG.
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Data Memory Zig (PY)

o RAM [ ﬁ'JFJ‘rJfI 8 KB 72 17 £% “Near” RAM
> b HHE-0x0000 - OX1FFF
> 5 R PR o AR g
= 13-bit Yft frab ﬁﬁé[jf%@ K TUfF[ S HE o BT EJIEB
EX e R
> B ’fﬁﬂﬂj “-’E'gﬁ; ¥ (SFR) - fiF §-£-0x0000 - 0XO7FE

f;l EBFL B IS 2V 64KB fuFEEE! - EF |2 ] Wn ?’TT;
iEak=21%

PIG.
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#Fﬂ@;
st

o DS word i Jv -+ FLRL R F 4
> jﬁgfﬂ DS =2V i 2 00 ARV PR > Y 7]

= MOV 0x1001, W2 ; BFREZvh ot i iUevp ; & v
" Rl EERY (R B fﬁw‘&(l%\%m—f— [l NOP)

> e R i AV SRR e | ] o [ PSV i{%%ﬂfjﬁ@ﬁ
EIRIEVPSVIR (] S8
= MOV OXFEFE, W2 FI%E%J?VPSVE(J?%H'@E EXel G
= {Note: MOV OxFEFE, W2 fgf’—‘[fﬁlﬁ R 0 [EPSVIZAT AT [5G

FATRLATERY - (ER T BTy (R S fi NOP)

PIG.
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dsPIC Zixs
-‘_LLT__t -

PIG.
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dsPIC30F CPU Hl 47254 (~ )

o =y CPU = RIEVHI T :
> DSP 31 £
= 17X17-bit BEHE | i e i >
= 40-bit R FL A e *
40-bit J[1E A [ Rk AN
oA 40-bit RAFH 35
" ISR M E IR S

o U TR

*SEEHREE MCU A P

PIG.

© 2004 Microchip Technology dsPIC30F 16-bit Architecture Workshop 33



dsPIC30F CPU £l Z5='5%(Z )

> 5% MCU = R
= 16-bit ALU
= [Pk e
W B
Ly ;j‘ {I%ik Sis)

> TRPELEEHEHIN ) #2 DO » REPEAT i[5!

PIG.
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dsPIC CPU i

X Address Bus

I} s

Interm pt

Controller FPSW & Tabla

Data Accass
Control Block

Fcu T eca Pl |

Program Courtar

Adddrass Latch

Lo
Zortrol
Logic

Diata Latch

4 Kbytes)

AR

® Data
RARNM
(4 Kbytes)

Addraess

Address
Latzh

Latch
13 ﬁ'lﬁ

11

1G

X RAGL
XoOWWAGL

FProgram Marmory
(1944 Kbyltas)

< | Y Addmess Bus

B

Diata EEFROM
(4 Kbytas)

Diata Latzh

ROM Latch

—

E&

L%

R LK

Instruction

Decoda &

Control

THEey

L

Litaral Data

15

16 x 16
W' Rag Amay

@15 @m

Cortrol Signals
to Warious Blocks

Timing
G anamtion

ot

DSCACLKI

=K—~

MICLR

o

oo, Wes

AVDD, Avss

© 2004 Microchip Technology

FPowar-up
Timear

Dscillator
Start-up Timar

DsP
Engina

POR/BOR
Resat

Whatchdog
Timer

Loww Woltage

Datact

M, AG-biteL

15

=aa— "
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HRAIEE ()

N+ WREG B

WO [t 3k YRy B, BRI Sp L] - A
4 w1 e P i S
W2
W3
w4 —~
Hifpot, BE
W B s vag - DSP
:ETFT@%T':,%EI
o =pIE1 T AR
(:LE}FIJ J_GWH il ¥ ) < w; = j
R DSP S¥H] -
lﬂ"il [\J E‘t Wg I i
(~ [—It- #F‘l v W10 > F [ r_J. _%lé[
w11 )
W12 MAC Prefetch Offset
W13 MAC Write Back Ptr.
w14 Frame Pointer FP
k W15 Stack Pointer [0| SP
15 0]
Stack Pointer Limit SPLIM
DSP E#Hids  ACCA [ accau ACCAH ACCAL
(40-bit) ACCB [ AccBU ACCBH ACCBL
39 32 31 16 15 0]
< SRH > < SRL —M8M8M8M8M
OA |0B | SA | sB [0AB|SAB| DA DCIIPL2IPL1IPLO RA| N|ov|sz]| c ﬁ%%ﬂ?ﬁ
DSP Status MCU Status

© 2004 Microchip Technology
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SRR 5

o OA,0OB, OAB
> Accumulator Overflow Status bit (overflowed into <32:39>)

o SA,SB, SAB
> Accumulator Saturation STICKY Status (bit 31 or 39 overflow)

o DA
> Do Loop Active bit (Read Only)

o DC
> MCU ALU Half Carry/Borrow bit

o RA
> REPEAT Loop Active bit (Read Only)

o N,0OV,Z,C

PIG.
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SIRMIE] ()

22 15
7 0
TBLPAG
7
PSVPAG
13
RCOUNT
13
DCOUNT
22
DOSTART
22
DOEND

15

0
|0| Program Counter (23-bit)

TABLE Data Read Page Address

PSV Page Address

REPEAT Loop Counter

DO Loop Counter N

DO Loop Start Address > DO SERS

DO Loop End Address )

US [EDT |DL2 (DL1 | DLO|SATA

SATB|SATDWACCSAT]

RND| IF Core Control Register

© 2004 Microchip Technology

dsPIC30F 16-bit Architecture Workshop
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B (— )

o W15 L HEAT
> PUSH ij[ '&J
" R ERRHE T F ISR (W) Frg fYRAM G -
= W15 El@#ﬁ@ﬁp—
> POP ?F[ '&J
- WlSE{@f@%@rﬁ@:@@_
= [ VR
> v CALL f5 ?J 5 PC iy f@%’#{ FIETy
> HIE 4 [f - PC * SRL (MCU A=) »J@ F I
iy AR

PIG.
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M ER A (2

P LRI st

15 0

0x1001 0x1000
2
B A A e [
%— o PC[15:0] ik - (Call / Interrupt)
ARy
Aricy 0x00 PC[23:16]

\
£1 3 — P T 2
g 1 i 41k (Call / Interrupt)
2y

l SRL register saved

with PC value.
4R )

Note: i%f'zﬁ‘tﬁ’,%? (W15) %ﬁ?ﬁ{r}ﬁ - [’ B puiEd

© 2004 Microchip Technology dsPIC30F 16-bit Architecture Workshop

)

Fl I3 & P

15 0

PC[15:0]
?’ o {[22:16]
\\
l IPL<3>
(CORCON<3>)
TR .
pit -

PIG.
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JCPREA AR
Frame Pointer
o W14 i I' LR = 75 SEEARTIAZ T S (FP)
o LNK#N ; 75fil (N/2) {[5 word %ﬁﬁﬁiﬁﬁeﬂ@%ﬁﬁl“
> W14 fﬁ[ﬁ R i o g5 W15 ij[[ﬂ [T AV A 5 -

> PEEFTO TR AR > WLA [958 iy g ThLS OB - WS -

> W15 ot oh g8 15 2] W14 (Fr J;Hfjﬂjrﬁ)]@ﬁj:;rﬁ[ﬂ [T Tk SRl pi T AT
FH5)

> T IBABEL Y i 16 RLT 16-bit (word) £G 1 7
> Fl|H] [W14 + n] BU%EFIJJ‘}T%?VE}‘[EW@'J?E?C [ [P~k ey
> W14 i I SV B Rp o s g
o ULNK:; F‘”_FJLE?A [t e
> Aol W14 (B SSFARHYE g R 4-1) pufpds o 45 £ W15
> WIS AR S P U~ ORS00 T w14
> W14 ] OB o g

PIG.
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PUSH WO Vi

Frame of MyRoutine

M 1 -

© 2004 Microchip Technology

MyRoutine:
0x0800 C I;)l-JéH WO 0x0800
cwis € PUSH W1
PUSH W2
<- W15 CALL Func
POP W2
POP W1
POP WO

MyFunc:LNK #4
ULNK
RETURN

wi4g -->

W15 -->

OxFFFE OxFFFE

dsPIC30F 16-bit Architecture Workshop

A gt

#i5 LNK #4 I') &

Frame of MyRoutine

Parameter 1 = WO )

Frame Ptr of MyRoutine

Parameter 2 = W1 £
Parameter 3 = W2 (BD
PC<15:1> 0 > C_Dh
000000000 | PC<22:16> <§
<

c

-}

(@)

Temp Variable 1

Temp Variable 2 Y,

Top Of Stack

PIG.
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REPEAT 547 (- )

o #F'[—.&J . REPEAT #lit14 ﬁ9 REPEAT Wn

> FUHIBRS = [ A N+LT R NPT JE] 14-bit
VL TR B TR W A i
> l[_[ﬁ';fglmﬁj R RCOUNT ?’T@'FE
> TEI %Ju}{k'ﬁﬁif % RA bit 5 Il RCOUNT (i > 1
W@ %quﬁWWFf@?a
> Y RCOUNT pyjifi =1 > f{l rf“/ﬁ AR SR RA Dbit
AR B ey bl

PIG.
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REPEAT 547 (Z)

o REPEAT #F’[ ﬁ L Eﬁﬁfﬁ P Rr| 1
> Fl s = [ > RA bit ff‘ IRl 7 T AT (SRL)
> R [IIETHELE |35 REPEAT *F' E Eﬁ

RCOUNT 25 s p fifl i 7ty

> éﬁﬁiﬂi%[ﬁé?t Iié:OUNT iy e B
o REPEAT i[ﬁ_l%fﬁijﬁifﬁu
> R IR 0T B, REPEAT 4547 > &+
= AU 94 4 DO Fy REPEAT $4)
= DISI, LNK, PWRSAV, ULNK, RESET #F‘}—?J

_/L\s

PIG.
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DO ?’F',—.&J (=)

o DO #7i 1) {1 i W s e "N+ L7 5

> ‘(N!T 'F‘[J

> Loop 3
> Loop ¢!

> Loop 3

o Loop I e 4 8 2

J
i
|

i

L'EILE' @y L'QLE'

B |

—

—

—

1 R

> }“F[ 9 F[ J%%LI—‘T Flﬁgg

© 2004 Microchip Technology

£y 14-bit = J[] ﬁ BrTHEY W F‘
EYE Iy * DOSTART @T: B

i

RN G I DOEND 277 2

i |
* DCOUNT 7%

F 32K {14
o

ol ;L*—[Ejﬁ 152 - m

B e

dsPIC30F 16-bit Architecture Workshop
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DO ?’F',—.&J (Z)

o HHAH > DOFF A E] T HpunerE
> BT e 6 TgEVELTEY DO A
> DO s = 2] JEFﬂ’ﬁinak sk ffH 157 DO SR -
Fﬁl;ﬁm * shadower ([~ "gfvix V)
> 517 Tl | i DO SIS 1 I R e
> DO i[ﬂ_l%lfgﬁfﬁ?ﬁ% v DL<2:0> > Epyf! @%‘ F IR R

> ’g, DL<2:0>#0" » DCOUNT >1 - DA &7 KQF%E 1

PIG.

© 2004 Microchip Technology dsPIC30F 16-bit Architecture Workshop 46



DO ?’F',—.&J (=)

o Setting the EDT bit terminates DO loop execution (drops
the DO level by one)

> DL bits modified by HW to reflect new DO level

o DO loop Is interruptible

> ISRs can contain DO loops

= On entry into ISR, the DA or DL<2:0> bits should be
checked to determine if the DO SFRs need to be stacked
prior to executing any DO loops within the ISR

PIG.
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DO #i4} (1)

o The following Instructions cannot be used as one
of the last two Instructions of a DO loop:

> Flow Control (i.e., GOTO, CALL, BRA)
> RETFIE, RETURN or RETLW Instructions
> DO or REPEAT Instructions

> “Compare-and-Skip” type instructions
(i.e., CPSGT, CPSEQ, CPSLT)

PIG.
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DSP 32 I%# 7l

© 2004 Microchip Technology

Round Logic

Saturate

16

\ 4

16

From W Array

dsPIC30F 16-bit Architecture Workshop

] 40-bit Accumulator A —
- 40-bit Accumulator B —
_>
40
/]
40
140 | -
§ i °g
40 T =
> 85
Sign Extend
A
A A
32
33 ’
// |
17-bit 16) 16
Multiplier/Scaler
Operand Pre-Processing
T v
T To W Array

Zero-backfill

16

Enable

X Data Bus

A

PIG.

49



17x17 TR 5

o FFE [T SE BT e~ [t £
> SRR ETE R P MCU 1 DSP (44
> FFE 32-bit fURH N T ﬁ@%ﬁ;ﬁjfrﬁﬁ
= 1.31 /) EI(Tﬁ}[?C (fractional)
= 32-bit ;EZEI%?“ (integer)
o 17-bit x 17-bit ?J%a%gl’@@jgk £
> (-1.0) * (-1.0) 3 g s L
> VIR BEHY - 2 B

© 2004 Microchip Technology dsPIC30F 16-bit Architecture Workshop
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El IEI\J =G -
ES fJEJJr

o _igzgl?ffﬁf@
> I | BRRI 2's W R e 7,
> fiafEl [-32768 ~ 32767] F} [0x8000 ~ OX7FFF]
I Hers= Q1Y)
> T 14 BEEITTY 2's WIBERITE > 5 iR B
o J B

= 1 {HT-F1BEE 7 + 15 ] B 7
= 115 =" : S FFFFFFFFFFFFFFF
> fi Bl [-1.0 ~ 0.9999]

PIG.
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gl

ENEEEESENNES

grﬁzgl\’f(lnteger) :
15
0 1 0 0] 0 0] 0 0 0 0 0 0 0
-215 9214 213 o212 20
O0x4001 = 214 + 20 = 16384 + 1 =
1.15 'J‘Q(WF?‘,?“ (Fractional) :
15 0]
0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 1
-20 21 I 2-15

N

Ox4001 = 21 + 2-15 = 0.5 + 0.0000305175 =

© 2004 Microchip Technology

dsPIC30F 16-bit Architecture Workshop

PIG.

52



2 il el

| el = FERITE= | 32768

o WLl = 32768 71 | /| e

o TG ..

16 7# 7 [ )74 T BT
0)7¢10010] -32768 -1.0
(0)N0]0[0] -24576 -0.75
0){@{0]0]0] -16384 -0.5
0)¢={0]0]0] -8192 -0.25
0x0000 o) 0.0
0)@400[0] 8192 +0.25
0x4000 16384 +0.5
0)10]0[0] 24576 +0.75
OX7FFF 32767 +0.999969

j[_ﬁgﬁﬁz [ BlrpEEl 0 16385 /32768 = 0.5000305175 78125

© 2004 Microchip Technology

dsPIC30F 16-bit Architecture Workshop
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dsPIC30F gz pemafa!

-2,147,483,648 |-1.0to (1.0 - 2-3%)
2,147,483,647 |(Q31 Format)

-549,755,813,888 | 220010 (256.0 - 2-31)

549 755 813,887 (bCi)tS)l Format with 8 Guard

PIG.
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‘IF" bit, CORCON<0>
Integer/Fractional Select

Multiply
Mixed Mode
Select
(Instruction Decode)

© 2004 Microchip Technology

e g8 IR

To Sign Extend and
DSP Adder

)

\4

st MCU 355§ <15:0>
324 32

Fractional Scaler

A

DSP MCU &5 <31:16>

Shift one bit left
for fractional multiplies

17x17-bit
(SRR
Input 1 Input 2
174 177
2, Mixed Mode Operand
74 g Pre-processor

dsPIC30F 16-bit Architecture Workshop

T

From W Array

<«
P
<

A

To W Array

MCU #5558 b it
Wn+1:Wn leﬁ?fﬁ%ﬁ?j

MCU multiply
unaffected by scaler

Data paths to
W Array and X
Data bus (via W array)

PIG.
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MCU 56 puFei% )

(MUL.UU, MUL.SS, MUL.US, MUL.SU, MUL.J} , MUL.W)

o 16-bit x 16-bit FHyzey: (™ Wnt=Y)
> SRR F SRR R A
> ] Wﬂﬁﬁ%(ﬁlﬁflf [ ) BE e
> j,e%;mt% £ 32-hit pgw; L ?Uﬁ@%EJW?’T“‘ F N
= WL1:W0 > W3:W2 - .. » WI13:W12

> 7] MUL W4, W0, W2 > W4 * W0 & * W3:W2

o Pﬁ’*ﬁ*%%@i (ffi™] MUL.B 5 MUL.W }‘F',-.&J)
> [ WREG A= - [ﬁ By B FII:LE_W_ETW
> 32-bit (UFEAf LI W3 W2 277 G S5
> L35 8 x 8 ek B I FhGER 2 H W2

PIG.
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DSP S5 VT 5 4]

(ED, EDAC, MAC, MPY, MPY.N, MSC)

o HAHHELE * ACCA BY ACCB
o VIR BRE ] Z BN ) ] s

> IF i 7. CORCON<O> » ZEIHEy /| By R FEiEi 5y
> US i 7. CORCON<12> » ¢ | BERyEy = BRI R FE

o Fractional: scaler automatically shifts the
multiplier result one bit to the left

> P RAESEEOR e B (LSB) S L

> This maintains proper alignment of the radix point (product
has a 1.31 numerical format)

PIG.
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| Bty A fy]
(IFf##5 , CORCON<0>=1)

o MPY W4*W5, A
> If W4 = OXFFF7 (-0.000274658) X' gzgggggggii
> If W5 = Ox7FF7 (0.999725341) -.000274582
> WRPAIV=5E £ OXFF FFFB 8051 (40-bits)
> | Bffiu=3 £ OXFF FRE7 00A2 (40-bits)

1.111 1111 1111 0111

%0.111 1111 1111 0111
11.11 1111 1111 1011 1000 0000 0101 0001 el sl

11.111)1111 1111 0111 0000 0000 1010 0010 1.31 results
after scaler shift

Extra sign-extension bit (required for 0x8000*0x8000)

PIG.
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F e 2 | SRR PR R
i e

To 40-bit Adder

o]

Sign Extend

A

[\

A A 32 16

A

A S

X Data Bus

7 33

Fractional Scaler

P

17x17-bit
Signed Multiplier

Mixed Mode Operand
Pre-processor

ED, EDAC, MAC,
MPY, MPY.N, MSC
instructions

PIG.
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Zero Backfill & Sign Extend
Control Block

o Control logic used to interface 16-bit and 32-bit data with the
40-bit accumulator

> Think of it as a “data massager”” which allows data to be properly placed in the
40-bit accumulator

> Data loads are placed into (ACCxH:ACCXxL)
> DSP products are placed into (ACCxH:ACCXL)

o Slign extend logic sign extends from bit 31 through all of
ACCxU

> ACCXU = OxFF for negative values LAC [Wa++], #-3, A
> ACCxU = 0x00 for positive values

W4 2000 2002
ACCA 005125 ABCD|  |FF 9108 0000
39 3231 1615 0 S 1921 1991
ACCxU ACCxH ACCxL SR 0000 4800 (OA,0AB=1)
Before After

PIG.
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40-bit DSP Adder
and Accumulators

Source,Select 2

Accumulator
Bypass

Zero ——

T

T 2
M3 40-bit Accumulator A
t
T >
40-bit Accumulator B From —
Source { Barrel Shifter ‘
Select 1 Saturatio
Status Bits « Saturate [« n
Adder Mode
/\
Negate
1 Negate
I—q— Control

M4

\ 4

To
Round/Saturation
Logic for
Data Space Writes

. Adder Input
\_M> /* select

A

M2
Y

[
»

© 2004 Microchip Technology

M1

B

From Sign Extension Logic

BS Source Select

To
Barrel Shifter

dsPIC30F 16-bit Architecture Workshop

PIG.

61



40-bit Accumulators

o Two Independent 40-bit Accumulators

> 32 result bits + 8 guard bits (for large dynamic range)
> Accumulators are memory-mapped

> Overflow detection, flags and associated branch instructions for each
Accumulator

> Two optional saturation modes
= 31-Bit Saturation - (Normal Saturation)
= 39-Bit Saturation - (Super Saturation)

> Accumulator store mechanism is 16-bits wide
= Optional biased or unbiased rounding
= Includes independent data write saturation logic

PIG.
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40-bit Accumulator Alignment

Accumulator Alignment and Usage

39 32 31 16 15 0
A ACCxU ACCxH ACCxL
D | B E #u & # G

40-bit Accumulator consists of ACCxU:ACCxH:ACCxL
Load and Store Operations

Operations in Normal Saturation mode

Operations in Super Saturation mode

Co w2

DSP instructions LAC, SAC and SAC.R are used to load and store the

accumulators, since they provide sign-extension, shifting and rounding
capabilities.

PIG.
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Four Methods of
Accumulator Storage

o SAC - Stores truncated ACCxH
o SAC.R - Stores rounded ACCxH

o Accumulator Write-Back (via CLR, MAC, MOVSAC,
MSC) - Stores rounded ACCxH

o MOV from memory mapped Accumulator register

> Contents of specified register are stored
> No rounding or DS Write Saturation performed

> Not recommended for most applications
(for storing integer products, this method is OK)

PIG.
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Data Space Write Saturation

o Provides a 16-bit interface to the Data Bus even when
1.31 Saturation IS not used

> For SAC, SAC.R and Accumulator Write-Backs, the 1.15
saturated contents of ACCx are stored

> Contents of Accumulator are not changed
> Mode Is enabled by SATDW (CORCON<1>)
> Example (SATDW = 1, ACCSAT = 0):

= SAC.R A, WO ; Stores ACCA to WO

= |[f ACCA = 0x00 7FFF FFFF, the value stored to WO =
Ox7FFF

PIG.
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Round and Data Write
Saturation

ACCxU<39:31> Overflow OVFL

;8 > :
\ 7 g Logic
0 t
3 _ ¥:
g < » 15th bit carry out 0
@) — .
< v /16 ACCxH<31:16> }‘ q 0
X =) /16 _ (a]
O S = Vi >
O 2 OX7FFF 16, &
16 =l Rounding |_0x0orox1 | § = Q
L~ X
| Logic 0x8000 <
ACCxL<15:0> I s
‘RND’ ‘SATDW’
CORCONK<1> CORCON<5>

PIG.
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Accumulator Rounding

o Only utilized by SAC.R and Acc. Write-Back

o Mode Is selected by RND bit (CORCON<1>)
> Conventional (biased): Rounds up If ...
= ACCxL<15>=1

> Convergent (unbiased/default): Rounds up If..
= ACCXL 1s 0x8000 and ACCxL<16>=1
OR
= ACCXL Is greater than 0x8000

> Rounding does not affect Accumulator

o) 32 31 16 15 0

PIG.
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Accumulator Rounding during

CONVENTIONAL ROUNDING

Memory Store

CONVERGENT ROUNDING

RND =1 RND =0
31 16 15 0 31 16 15 0]
MS WORD LXXX XXXX XXXX XXXX MS WORD 112000 0000 0000 0000
Round Up (add 1 to MS word) when: Round Up (add 1 to MS word) when:
LS word >= 0x8000 * LS word = 0x8000 and bit 16 = 1
* LS word > 0x8000
31 16 15 0 31 16 15 0]
MS WORD OXXX XXXX XXXX XXXX MS WORD 0 {1000 0000 0000 0000

Round Down (add
* LS word < 0x8000

nothing) when: Round Down (add nothing) when:
* LS word = 0x8000 and bit 16 = 0

e LS word < 0x8000

The ‘RND’ bit, CORCON<1>, selects the Accumulator rounding mode during

memory store.
Example 1 (Rou

Example 2 (Truncation):

© 2004 Microchip Technology

[Default is convergent on POR]

nding): SAC.R A, Slit4, Wdo (Slit4 =[-8 ... +7])

dsPIC30F 16-bit Architecture Workshop

SAC A, Slit4, Wdo (Slit4 =[-8 ... +7])

PIG.
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40-bit Barrel Shifter

o 40-bit wide barrel shifter
> Used for both MCU and DSP shift operations
> Shift ACCA, ACCB, W registers or memory

> Maximum shift range is 16 bits to the left or right - varies
by Instruction type

> Overflow recognition and range limit detection

> Integral part of DSP engine so permits shifting
concurrent with other DSP operations

PIG.
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Shift Operation Types

o MCU shifts (arithmetic and logical)

> Operate on 16-bit Working registers
> Lliteral shift range of 15 bits to the left or right
> Variable shift by any value

o DSP shifts (arithmetic only)
> Operate on ACCA or ACCB
> Literal & variable range of 16 bits to the left or right
= Shifts beyond 16 bits cause an arithmetic error trap

> If enabled, saturation is applied to the result
= Saturation correct even for shifts that overflow ACCx

PIG.
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MCU Shifts

> SL, ASR, LSR Instructions

= | iteral shift range of 15 bits to the left or right
« SL Wh, #lit4, Wnd (also ASR, LSR)

= Variable shift by any value in Wns
+ SL Wb, Wns, Wnd (also ASR, LSR)
+ Whns > 15 will result in:
+ SL, LSR: Wnd = 0x0000
+ ASR when Wh<15>=0 : Wnd = 0x0000
+ ASR when Whb<15>=1 : Wnd = OxFFFF

PIG.
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DSP Shifts

o SFTAC Instruction: Literal or variable shift value

= SFTAC B, #slité or SFTAC A, Ws
= Shift range of 16 bits to the left or right

> If enabled, saturation is applied to the result
> Saturation correct even for shifts that overflow ACCx

> Variable shift in excess of maximum range will cause a trap
(accumulator Is preserved)

o LAC, SAC and SAC.R Instructions
> Reduced range of up to 8 bits left or 7 bits right
> Shifting Is optional

PIG.
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dsPIC T‘F’,ﬁﬁ

PIG.
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o ARH 84 fiffEf)
> Jﬁ[ a1t J#F T ELHT— word (24 bit) Fr% - E 'J)EI(T?F} ﬁ 0
[ 1[5 word EJ%
o I R ] K TR A 0 bR Ot A
> Program Flow Changes (2 cycles)
> Branch Instructions (2 or 3 cycles)

> Table instructions (2 cycles)
> MOV.D Instructions (2 cycles)
> DO Instruction (2 cycles)

> Divide Instructions* (18 cycles)

*Note: Division is iterative(used with REPEAT) and interruptible on any cycle

PIG.
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AP

o The dsPIC® 30F ISA features :

> MOVE instructions I
> MATH Instructions
> LOGIC instructions
> SHIFT / ROTATE instructions

MCU il
> BIT Instructions > poth 4 &
> STACK Instructions
> PROGRAM FLOW Instructions
> CONTROL Instructions
> DSP / Accumulator instructions

PIG.
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MCU ﬁ;,-ﬁ**gﬁ“,l

=

o = F|= [EEETT (3-operand) fFYMCU ?F, —ﬁf Jp
> 16751 C ARIGRL R
> A=BZ= CHUEgT
= A =W register
= B =W register or indirect address
= C =W register or indirect address
= |ndirect address can be pre/post modified

ADD W1, W2, W3 W3 = W1+ W2
ADD W1, [W2], [W3++] L AW3++ = W1 + W2
MUL.UU W1, [W2++], W4 W4 = W1 * [FW2++]

PIG.
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DSP jf", H%F;,l

Assembly Syntax Description
ADD Acc Add Accumulators
ADD Wso,#Slit4, Acc [Shift then] Add to Accumulator *
CLR Acc,Wx,Wxd,Wy,Wyd,AWB Clear Accumulator
ED Wm*Wm,Acc, Wx,Wxd,Wy Partial Euclidean Distance
EDAC Wm*Wm,Acc, Wx,Wxd,Wy Euclidean Distance
LAC Wso,#Slit4,Acc [Shift then] Load Accumulator *
MAC Wm*Wn,Acc, Wx,Wxd,Wy,Wyd,AWB Multiply and Accumulate
MAC Wm*Wm,Acc,Wx,Wxd,Wy,Wyd Square and Accumulate
MOVSAC Acc,Wx,Wxd,Wy,Wyd,AWB Store Accumulator and Pre-fetch
MPY Wm*Wn,Acc,Wxd,Wx,Wyd,Wy Multiply Wn by Wm to Accumulator
MPY Wm*Wm,Acc,Wx,Wxd,Wy,Wyd Square to Accumulator
MPYN Wm*Wn,Acc,Wx,Wxd,Wy,Wyd -(Multiply Wn by Wm) to Accumulator
MSC Wm*Wn,Acc,Wx,Wxd,Wy,Wyd,AWB Multiply and Subtract from Accumulator
NEG Acc Negate Accumulator
SAC Acc,#Slit4,Wdo [Shift then] Store Accumulator *
SAC.R Acc,#Slit4,Wdo [Shift then] Store Rounded Accumulator] *
SFTAC Acc,#Slits Arithmetic Shift by Slit5 Accumulator
SFTAC Acc,Wn Arithmetic Shift by (Wn) Accumulator
SUB Acc Subtract Accumulators

Note: Instructions in yellow, form the MAC class of DSP instructions. All instructions execute in 1
cycle and occupy 1 instruction word. Optional shift operations indicated by * p’n
®
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T

o TR faEu B[R [ = R S
> 1 operation on ACCA (or ACCB) with data fetched
Into W register(s) from a previous cycle

> 2 data fetches - 1 each from X- and Y-DS

> 2 updates to the X and Y EAs used for the data fetch
operations

> 1 write back (WB) of the “other” accumulator, ACCB
(or ACCA), to X-DS

PIG.
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° I

T B ]

MAC 441 (-~ )

> MAC WA4*W5, A, [W8]+=2, W4, [W10]-=6, W5, W13

/ Y Y
Source o prefetch prefetch
operand Destination source ||destination
registers accumulator

X X Other Acc.
prefetch prefetch Write-back
source destination destination

~ NG )
~,

5E T SR

© 2004 Microchip Technology

dsPIC30F 16-bit Architecture Workshop
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MAC 441 4 ()

o o [J[ZHE : MPY = MAC ?F"&J
> MPY W4*W5, A, [W8], W4, [W10], W5, [W13]+=2
> MAC WS5*W6, B, [W9]-=6, W4, [W11+W12], W7

o Data fetches are optional and may be made to
only one bus, If so desired

o Accumulator WB is also optional
> MPY A, W4*W7 ; No pre-fetch/base syntax

PIG.
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EHHBE
Addressing Modes

PIG.
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dsPIC30F L7 i

o HLA EHHBIS
> 1072 B
= _Lirﬂ_ﬁuq[ﬁﬁhr&j 8 KB I ” J » & FE £t “Near”
ETFT&'FE'@[}%?E{]}
?Fr@ ke[ ol
> 2 A

> Register indirect with register or literal offset (supported
In some instructions)

PIG.
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FII_J.%E'—L{:L 1=\

F r(Ju@;‘rrﬂll—
A I ﬁTﬁiiS b I'J*| (Near DM)

[Ll

byte H J;LEEFT T

ADD{.b} 0x900 ,{WREG}

, w

ne e A U] Hll4F SRl WREG
MCU H JEFF[ ] Elﬂﬁ wg:;,f;!@m * WREG >
PRI [V R

> {} HIES option EF]
~ PIC.
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RS
Word FViEET

MOV

|

U f B
MOV 445

%“—*1 1Y
F\onit"l E IE[\J—L{]_I—-“E,::C

[P RE 64KB YRRt -

0x2500 , W7

A

F' [’EFF,I I'FJ_' l[_{WF[TLJ‘%E

SIEE| - g W BE LRSS byte FY MOVL?_HE,T[EIF' | WREG Cv T an Ry SR UE ) 8Kb I
ordp

B 5 SV AK BRYERI 1 ¢ | B R LHEV R T

© 2004 Microchip Technology

F I ) p’n
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WO
W1
W2
W3

w14
W15

© 2004 Microchip Technology

W BT

F1I

0,<0000
0,0000
0,0000

0,0000

0,2400

iy PR -

NEET ata ra«’?Vﬁ“”?’J (Word)

]
ADD 0x1000
e
2 pVELAE - —
WREG [*| % f
A IS ET

0x4001 + 0x3001 = 0x7002

> riif%‘%’i*l% S SERES El“ JEeHy
F|'—J‘%§ = MOV?'III J,ﬂ

dsPIC30F 16-bit Architecture Workshop

PV

0x4001

(0)(0]0]0]0)

0,0000
0,<0000

0x0000
(0)40]0[0)

0x1000
0x1002

Ox1FFE
0x2000

OXFFFC
OXFFFE

PIG.
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F [E2CS —L{l =0 -
Data & ZVed ”ﬂ (Word)
PRI

0x0000
0x0000 | OX0002

Near

1]
ADD 0x1000, WREG

-

W R 81 #[pl WREG 0x3001 | 0x1000
WO [Ox70028 | 0x0000 | 0x1002
W1 MO0 \ s
WA 00000 ’
w: B 0x4001 + Ox3001 = 0x7002 Ox1FFE
0x2000
> riif%ﬁiwi el SESS e Er“ JE Y
W14 NOYO000 W BT s » R MOV 4571/ 000000 KOGEEEe
WES) 02400 iy 00000 KOS
© 2004 Microchip Technology dsPIC30F 16-bit Architecture Workshop g’a
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i B A -
Data & ZVed ”fj‘J (Byte)

PV

Near

1]
ADD.B 0x1001

0x4001 0x0000
(0)(0]0]0]0) 0)€0]0[0)

W BT e — 0x1000
WO | 0x4001 WREG r‘J”’Fﬁ’l’Tﬁ 0x1002
Wil 0.<0000 EEEr S
WAl 00000
w: 0Ox01 + Ox30 = 0x31 _ Ox1FFE

0x2000

> riﬁgf_fgg'{{ll-ﬁ U ﬁﬁlﬂ Ay <
W BT & > 2" MOV 43 1) OYOIO0IN OxFFFC

\Wary 0,<0000
W15 pexez oy

00000 OxFFFE

PIG.
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FIH h/”

WO

0x0000

W1

0x0000

W2

0)(0]0]0]0)

W3

O0xABCD

A B -

64KB %’“_ 4‘5(/%'“”?’] (Word)
. ORI
] 0x0000
MOV W3, 0x2000 A
0X0000
0X0000
e oo i
HI%] W3 Z[| 0x2000 [ - 0X0000
EIP=HZST T A 6 W 0x0000
“UF_L'—TU64KBFI R 0x0000

0x2400

© 2004 Microchip Technology

dsPIC30F 16-bit Architecture Workshop

0)(0]0]0]0)
0)€0]0[0)

0x1000
0x1002

Ox1FFE
0x2000

OXFFFC
OXFFFE

PIG.
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F ¥ Ay IV F[‘Jn|:|

£ 3]

> EEF [ RAM puagblrs “.nbss” & “.ndata”  pYarlgh #

.section .nbss
MYBUF:. .space 2
.section .ndata
MYFLAG: .byte Ox0A
> W Bl

i

MOV  0x900, WREG
MOV WREG, MYBUF

© 2004 Microchip Technology dsPIC30F 16-bit Architecture Workshop

* Word Format

,Copy data at 0x900 to WO
;Copy WO to MYBUF

PIG.
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R EE RSy

o E"W{‘“IT;T/@I Ililf_r:l W ?ﬁj& é‘HT“
> WO - W15 (0X0000 - 0X001F 7 RAM [i4 & 45
> 2 byte A1 word [ ]"BF?,?“
o B[y :
> IOR W2, W4, W6
" K W2 #1'W4 fi-OR i ETE SR =+ W6

PIG.
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W 72 B

W13
W14
W15

(0)(0]0]0]0)

0x1009

0x0003

(0)(0]0]0]0)

0x0000

L RS
Wor d =3V

]
ADD W1, W2, W13

Iy 3B

0x1009 + 0x03 = 0x100C
l

0x2400

© 2004 Microchip Technology

dsPIC30F 16-bit Architecture Workshop

BEREl

0x0000

0x1009

0x0000

0x0000

(0)(0]0]0]0)

0x0000

0x0000

(0)(0]0]0]0)

0x0000
(0)40]0[0)

0x1000
0x1002

0x2000
0x2002

OXFFFC
OXFFFE

PIG.
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W 72 B

WO
W1
W2
W3

W14
W15

© 2004 Microchip Technology

(0)(0]0]0]0)

0x1009

0x0003

(0)(0]0]0]0)

———q---

0x0000

0x2400

L#
B
1]
ADD .b W1, W2, W13
113381

0x09 + O0x03 = 0x0C
l

dsPIC30F 16-bit Architecture Workshop

S L
yte &3V

BEREl

0x0000

0x1009

0x0000

0x0000

(0)(0]0]0]0)

0x0000

(0)(0]0]0]0)

0x0000
(0)40]0[0)

0x1000
0x1002

0x2000
0x2002

OXFFFC
OXFFFE

PIG.
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O

7 A el AN

20 W 7 B R g o 5

Y

Y

Y

W 77 B [ 4 R [ 355V 4 (EA)
B ARl Y 64KB YR 4]
~ jfg%‘\ﬁ[ﬁ 7) Elfjjfﬁ —,AJ

= |l 2VE] byte FyE

il RN I RIFSG 2 e R 125" (Source and
Destination )

o R R

>

AT T B0 Winidsesds > ] [WO]

PIG.
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F [ 5[% —L{l ~C
Word |EI~J =]

W 7% 5] . PRI
[T

WO | 0x0000 a 0x0000 | 0x0000

W1 | 0x1000 ADD [WI1], W2, [W3] 0x1000 | 0x0002

W2 | 0x8000 e ;

W3 | 0x2000 : ’
| . OX7FFF | 0x1000
e : 0x0000 | 0x1002
: ' ISR ET

W14 | 0x0000 R

W15 0x2400 0x8000 + OX7FFF = OXFFFF —— 0x2000

0x0000 | 0x2002

(0)'(0]0]0]0) OXFFFC
(0)'0]0]0]0) OxFFFE

PIG.
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P dnfeilRy TIASE -
Byte HN 3V

W 7% 35 e AR R
WO | 0x0000 J 0x0000 | 0x0000
W1 | 0x1000 ADD .b [W1], W2, [W3] 0x1000 | 00002
W2 | 0x1005 e |
W3 | 0x2000 : ’
. - OXAAO03 | 0x1000
e : 0x0000 | 0x1002
: ' 3R ET
W14 | 0x0000
W15 | 0x2400 0x05 + 0x03 = 0x08 Ox2000

OxOOOO 0x2002

(0)'(0]0]0]0) OXFFFC
(0)'0]0]0]0) OxFFFE

PIG.
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F %{‘—L{l —C
Post I\/Iodlflcatlon

o FEA R S RIET YR K E J}?’;ﬂﬁ“ﬁl—(EA) [P
> EA=Wn ?’Tﬁﬁ F’%jfﬁ*ﬂpj
> FE[:_‘P?;EI[ CF[JFJI‘EJ}AFI)F@[ cle‘ij-,Ah ; I7JOD [Wl_l__l_];
~ IW2--]

> Post-modifies [ clﬁm@

e byte ISV o A L

= 7+ word 5NN #F’[ff%rlgﬁp [ & 2

> Post-modification f* I} fEBE'JJE?“ﬂN’FI”B“EIH”?’TZ 3

PIG.
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W 72 B

WO | 0x0000
W1
W2 | 0x8000

W14 | 0x0000
W15 | 0x2400

© 2004 Microchip Technology

b]# i Post-Modification:
Word Access

YR
fif :
0x0000 | 0x0000
ADD [W1++], W2, [W3--] 0x0002
OX7EEE | 0x1000
[0)%0101010) 0x1002

0x2000
0x0000 | 0x2002

Pointer Post-Modification e i
W1 = W1 + 2 = 0x1000 + 2 = 0x1002 0x0000 | OXEFEC
W3 = W3 - 2 = 0x2000 - 2 = Ox1FFE 0x0000 | OXFFFE

PIG.
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W 72 B

W14
W15

(0)(0]0]0]0)

0)¢3]0[0]0)

(0)(0]0]0]0)

0x2400

© 2004 Microchip Technology

b+ i Post-Modification:

Byte Access
PRI

0x0000 0x0000
(0)40]0[0)

Hi)
ADD.b [W1++], W2, [W3--]

1

]

]

]

]

|

|

]

]

]

]
I

Ox7FFF | 0x1000
0x0000 0x1002

JD%# ?iE[ !

OXZOOO
OxOOOO 0x2002

Ox00 + OxFF = OxFF

Pointer Post-Modification I i
W1 =W1 + 1 = 0x1000 + 1 = 0x1001 0x0000 | OXFFFC
W3 = W3 - 1 = 0x2000 - 1 = OX1FFF 0x0000 | OXFFFE

PIG.
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71 o el AN —

Pre modlflcatlon

. fp A (5 RIEE A (EA) B F 22 5 e PRI PR
EA =Wn ?’Tﬁg F’ﬁfﬁ*ﬂpm‘ ;-
> fi?ﬁ?ikf?}ia ] C EJfEf J}‘E@[%clyﬂjzﬂ? I
THAWL] ¥ [-W2]’

> Pre-modifies[= clﬁm@
= 7 byte fIEVE T fﬁ@ﬁap [ V% 1
= 7 word Ai=Nm s fﬁ?ﬁ%rﬁ"ip [ Vi 2

j

> Pre-modification f* I'J ffli ™ s YR B IPH”EFIT“ =2

PIG.
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W 72 B

WO | 0x0000
w1

W2 | 0x8000

W14 | 0x0000
W15 | 0x2400

© 2004 Microchip Technology

b4 i Pre-Modification:
Word Access
VRIS

0x0000 0x0000
(0)40]0[0)

]
ADD [++W1], W2, [--W3]

Ox7FFF | 0x1000

0x4000 | 0x1002
jli:k‘\,l_ﬁa/

Ox1FFE
0x0000 | 0x2000

Pointer Pre-Modification fromm e i
W1 = W1 + 2 = 0x1000 + 2 = 0x1002 0x0000 | OXFFEC
W3 = W3 - 2 = 0x2000 - 2 = Ox1FFE 0x0000 | OXFFFE

PIG.
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i ARt —
ey %E' {ie

(ED, EDAC, LAC, MAC, MOV, MOV AC MPY, MPY.N MSC, PUSH, POP, SAC, SAC.R)

EF USRS LR W T ALY A

FL[ ]:E’[T H j ol ToEn
SR S
i 4

W4 = 0x2000 MOV [W4+W£] [W6++] | W4 = 0x2000
W5 = 0x0004 W5 = 0x0004
W6 = 0x1000 W6 =
[0x2004] = 0x000A [0x2004] = 0x000A
[0x1000] = OXEEEE [0x1000] =
[0x1002] = OxFFFF [0x1002] = OXFFFF

© 2004 Microchip Technology

dsPIC30F 16-bit Architecture Workshop

PIG.
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s BRI AT

> 1 E
07 B 2B
W 37 s PRI
WO | 0x0000 J 0x0000 | 0X0000
W1 | 0x1000 MOV [W1+W2], [W3++] o
W2 | 0x0020 ’ ’
Ox7FFF | 0x1000
W3 pOXxZ002
i 0x1020

W14 | 0x0000 ~ ”E |FEHEEET = 01000 + 0x20
HIZI 4 - 0x 1020 I | ] 31 0x 2000
W15| 0x2400 0x2000
0x2002
Pointer Post-Modification Fooomssooes i
W1, W2 Unaffected 0x0000 | OXFFFC

0)(0]0]0]0) OXFFFE

PIG.
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W3 = W3 + 2 = 0x2000 + 2 = 0x2002




H R A~ EF”*%'%E' PSRl
A A [ 1]

o 5k Pj‘Elﬁ‘Jl[_{WF[ ¥ un

A7

MOV
MOV
NextWordRead: MOV
ADD
BRA

] B R

#MyTableBaseAdr, WO
#Offset, W1

[WO + W1], W2 ;Process contents of W2
W1, #Offset, W1

NextWordRead

PIG.
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S

o TSR B T
> fr T AR 2 ] 16 bits - = fol R LIV
gl iR Ry
= MOV ﬁg{ JH [J E| 16-bit Fli—f EI[E‘(F‘E\ E
JF}FF[ 7' I 4E < Byte iy Word B[ R=pys J[[g
SRE s (IR ARy

PIG.
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W13
W14
W15

F['—J‘ h/”

(0)(0]0]0]0)

0x1000

0x0003

0)(0]0]0]0)

OXAIOAE
(0)'0]0]0]0)

o [Tt

i)
ADD W1, #30, W13

ij;kiagj

0x1000 + Ox1E = Ox101E
l

0x2400

© 2004 Microchip Technology

dsPIC30F 16-bit Architecture Workshop

— 29 j]

PRI
0x0000 0x0000
0x1000 0x0002

(0)'q0]0]0]0) 0x1000
(0)'(0]0]0]0) 0x1002
(0)(0]0]0]0) (0)'9240]0]0)
(0)(0]0]0]0) 0x2002
(0)'0]0]0]0) OxFFFC
0x0000 OxFFFE

PIG.
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o B |FOE SHISFEAR £ W S AT AR AT
> | ’FJQF'JE/\ MOV iFF[ ﬁ
> b E\II:EIV']E[JETEJ B

Bl (- [-1024, 1023] - {7 15 MOV 4
745 word £

= [EIRE MOV §i 547 Byte 150 o i i
B [-512, 511]

—_—

PIG.
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TRV

o MCU #; ﬁ%
= Move Instructions
= Math and Logic Instructions
=  Bit Instructions
= Stack Control Instructions
= Program Flow Control Instructions
= CPU Control Instructions
o DSPf4y&
= MAC class of Instructions

=  QOther Accumulator-based instructions

© 2004 Microchip Technology dsPIC30F 16-bit Architecture Workshop

PIG.
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{17 MOV 4

S MOV?F[ JQ/FEF’%EJFIH&[H@%‘
o ' "7 3V 64 KB prJ [
o — HEERFIYHN

MOV #0x1234,W4 .Immediate operand

MOV W4,W6 ;Register-direct

MOV 0Ox1F00,W4 File-register

MOV [W4++],[--W6] .Indirect with pre
;and post-modifier

MOV [W4+W5],[W8] ;Indirect with
;Register Offset

MOV [WA4+#768],[WS8] ;Indirect with

‘Literal offset

PIG.
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Math #I Logic ?’F',—.&J‘ﬂ‘-ﬁ

o T | T
. E[h’”‘ o8 e

o EWEI I B

o [l A

iy
MUL.SU W2, #31, W2 W3:W2 =W2 * 31
AND W3, [W5++], [W8++]
ADD 0x900, WREG ;W0 = W0+ Mem[0x900]
IOR #0x3FF, W4 ;W4 = W4 OR Ox03FF
REPEAT #17 ;WO = Quot.(W8/W2)
DIV.S W8, W2 ;W1 = Remder.(W8/W2)

PIG.

© 2004 Microchip Technology dsPIC30F 16-bit Architecture Workshop 109



O F I l—} El /E[}%‘ —Lﬁ[—~
o 2V A[IEFHYHE = (3 or 4-bit = J[JEHH =)
O F | é‘mﬁl %‘ R

o HE L
]
BSET.b INTCON1H, #7 ;Sets bit 15 of INTCON1
BTG INTCON1, #15 ;Toggle bit 15 of INTCON1
BCLR [W1++], #9 ;Clears bit 9 of [W1]
BSET WO, #4 ;Sets bit 4 of WO
BTSS WO, #4 , Test bit 4 of WO and skip

‘next instruction if set

PIG.

© 2004 Microchip Technology dsPIC30F 16-bit Architecture Workshop 110



et [ R 4

o Wi
o_ E,[EI i
1 g

@)
fiify)
CP 0x1200 ;Compare Mem[0x1200]
‘with WO
CP W2, #13 ;Compare W2 with 13
CPSGT W3, W5 It W3>WS5 skip next
;instruction

PIG.
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R AR i

?ﬁ* @[% {ﬁb
o I A[[RlepsR =
g5 7] :
REPEAT W2 ;Repeat next instruction
‘W2+1 times
DO #15, Labell ;Execute a block of code
16 times
BRA W3 ' PC<15:0> = W3, PC<23:16> = 0x00
GOTO W1 'PC<15:0> = W1, PC<23:16> = 0x00
CALL W5 'PC<15:0> = W5, PC<23:16> = 0x00
RCALL Subroutinel ‘1-word instruction
GOTO Label2 -2-word instruction
CALL Subroutine2 :2-word instruction

PIG.
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Modulo =g+
=P*7L

=

o Modulo 447 MODCON Ffing‘ EE'F%{
» XMODEN £% X-Modulo ?*HDQLTF 15
> YMODEN £% Y-Modulo Zﬁjtﬂ’fﬁ[ A

o i IJ 2 {[{ Wn BT 35 Ty B e X By Y-DS pth-

Elfr=r
15 0
XMODEN|YMODEN YWM3|[YWM2|YWM1[YWMO|XWM3|XWM2[XWM1{XWMO

MODCON REGISTER

PIG.
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Modulo EgEH=
TS R

#i A -
XMODSRT must be on
£ ey — er] = (0)(010]0]0)
o MEEEYRE =% = 17 words X Data Space /\/X a ‘zero’ power of 2
0x0800 - 0x0821 = 0x22 T boundary.

bytes = 17 words)
- W2 RLEVR] b b Buffer Start w__ XMODSRT = 0x0800
- fﬁlE'J X Modulus
e Y Modulus Z:??'F]Z
e X Bit Reversedéffﬁii
 MODCON = Ox8FF2
e XMODSRT = 0x0800
« XMODEND = 0x0821

MOV #0x0800,W0
MOV WO, XMODSRT

[W2++] or
MOV #0x0821,W0 [++W2]
MOV WO0,XMODEND CaUSes
MOV #0x8FF2,W0 rollover
MOV WO0,MODCON
MOV #55AA,WO0 Buffer End P <«—— XMODEND = 0x0821
MOV #0x0800,W2
DO #16,Loop
Loop:
MOV WO,[W2++] : W2 =0x0800 when DO loop completes p’n
®

© 2004 Microchip Technology dsPIC30F 16-bit Architecture Workshop 114



ECAEAES)

o ERE TR B~ = 17 words
foccupying memory region
0x181E - 0x183F)
« W2 RLEWR] o HHI15
* Y Modulus Buffer
* Disable X Modulus
* Disable X Bit Reversed

« MODCON = 0x4F2F
« YMODSRT = 0x181E
« YMODEND = 0x183F

Note: Byte addresses are used
for YMODSRT and YMODEND
values.

YMODEND must be on a ‘ones’
power of 2 boundary.

© 2004 Microchip Technology

Modulo == :
R D TR

Y Data Space

I

Buffer Start

/ Buffer End

dsPIC30F 16-bit Architecture Workshop

0
Vo4

A

x0000

¢ YMODSRT = 0x181E
N

AN
N
\v\\ [W2--] or
v [-W2]
| causes
rollover

|
|
|
I
|
I
|
|
|
|
|
|

+« «— YMODEND = 0x183F

PIG.
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Example Specifications:

* Buffer Length = 16 words
(occupying memory region
0x1800 - 0x181F)
* W2 is selected register
* Y Modulus Buffer
* Disable X Modulus
* Disable X Bit Reversed

* MODCON = 0x4F2F
* YMODSRT = 0x1800
* YMODEND = 0x181F

Note: Byte addresses are used
for YMODSRT and YMODEND

values.

YMODEND must be on a ‘ones’
power of 2 boundary.

© 2004 Microchip Technology

Modulo == :
5 A I PR,

=i
>
00000 YMODSRT must be on
Ve 2 a ‘zero’ power of 2

Y Data Space

Buffer Start

2" entries

Buffer End

/

~

dsPIC30F 16-bit Architecture Workshop

/ boundary.
YMODSRT = 0x1800

w
N N

[W2--] or
[--W2]
causes
rollover

[W2++] or
[++W2]
causes
rollover

PIG.
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i T R BBl =
(Bit-Reversed)

o Bit-Reversed (BR) addressing Is used to efficiently
Implement data addressing for radix-2 FFT

Pivot Point

A
BEER

EBit Reverzed EA

NOTE 1: Addr pointer contents assumed r rse
HOTE 2: Reve ( I‘I‘ID( iers are created and storec
Con

o BR modifier is added to the base W register, with direction of Carry
propagation reversed, to generate the next EA

PIG.
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Mormal
Address

7 B

="
-

)IIE]E?' (16 _ FE}J‘L f';ﬂj)

Bit-Reversed
Address

=
]
o]
[\,

A AD

r
W
=
Mo

A AO

o

o

DN ||| O] =

w

—L
o

—h
—L

-4
M

-4
L

I

o el Bl el el el el el B=A E= B=2 R=R =] =] N =] R

aflalalalolololol=]=2lal=|olo|lo|o

© 2004 Microchip Technology

= B =1 k=1 B B Nl F=l B Y el Ral P P N
S | OOl OOl O|l=x|O|=]"

= | D] =11 =|O|=10]=|O]=10|=|O1=10
alalololal=alolol=al=alolaol=al=]lolo

—
o

dsPIC30F 16-bit Architecture Workshop

ol el Bl el el Bl el el E= A E = R = Rl w) Nw ) o) N

S | =% =]|=] D1l === DD1




b Ju F BEL Rl =
16 {55 HYEE [y )

A15 A14 A13 A12 A11 A10 A9 A8 A7 A6 A5 A4 A3 A2 Al AO

1000 10/00 111 0/11110/1 1010 0

Rt i3 AP I S - pluged
FYETE R

0x0010
10/000,0000/0001,000/0

th 7 B S

I e

—

1110 OxA6C2

G’ AGU adder
+ 1000

_________________ 1010 01101100 0010
0001

A15 A14 A13 A12 A11 A10 A9 A8 A7 A6 A5 A4 A3 A2 Al AO

4 YT~ (TR

O

Supported only in word mode write operations carried out in X data space

O

BR addressing assumes priority over Modulo addressing for write operations, when the two
are simultaneously enabled

PIG.
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bl b I ET A
(0) OXABCO
(1) OxABC2
(2) OxA6C4
(3) OXA6C6
(4) OxA6CS
(5) OXABCA
(6) OXABCC
(7) OXABCE
(8) OXABDO
(9) OxA6D2

(10) 0xA6D4
(11) O0xA6D6
(12) 0xA6DS8
(13) OXA6DA
(14) 0xA6DC
(15) OXAG6DE

© 2004 Microchip Technology

b Ju K BELTEC R
16 7 FUFS(] ()

Ei] :
It Ui = 0XABDC

fd il = XB*2 = 0x0010

1010 0110 1101 1100
+ 0000 0000 0001 0000

P [F'IJ >>>>>

[ST-H Ui = OXABC2

(0XABDC)
(0x0010)

dsPIC30F 16-bit Architecture Workshop

—‘l}

P ko HEQF[U}"F] =

(0) OXABCO
(8) OXA6DO
(4) OxA6CS
(12) OXA6DS
(2) OxA6C4
(10) OxA6D4
(6) OXABCC
(14) OxA6DC
(1) OXABC2
(9) OxA6D2
(5) OXABCA
(13) OXAGDA
(3) OXABC6
(11) OXA6D6
(7) OXAGCE
(15) OXAG6DE

PIG.
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T o BEL RS -
o
III —

o N Ju o BHAEI =V F' }?4— MODCON ﬂl XBREV H F[
[E2E S
> BREN (XBREV<15>) {7 ] i 7 * fEi et g1 2
> iWM (MODCON<11:9>) & - i W F[Hé"fmz\'z@ﬁ R gk
> XB (XBREV<14:0>) :#1& fif 7 o il fhav e fifi (Modifier

value)
15 MODCON REGISTER 0
BWM3|BWM2(BWM1|BWMO
15 0
BREN XB14 | XB13 | XB12 | XB11 [ XB10 | XB9 | XB8 | XB7 | XB6 | XB5 | XB4 | XB3 | XB2 | XB1 | XBO

BREN - Bit Reversed Addressing Enable XBREV REGISTER
XB<14:0> - X AGU Bit Reversed Modifier

PIG.
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FI l'fg?’rrjjﬁ:

PIG.
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IR =1

o dsPIC30F f|1E)/5=
> E- (il VAR 1 DR O R R (IVT)

= 8 [HZEH EE;# [I%F[E-E (Non-Maskable)

= 54 ([ [IMT[F[ E.I
> rmﬁi?« o7 HRL VR B -
> £ — fif ShE: GUFIAE AT JEE TR T HVF[ 1T R A
> 9] AT [IMT]T[ i (\AD FIJ H e ﬁJH
> [l 5 Iﬁfp ] rl Fil HHEI Fl 1 %E?]F
> Bl 3 i £ RO s

W

PIG.
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Fl PR A G 5

=

7

ol

51 I

© 2004 Microchip Technology

Fl l%’%{mﬁ%i (IVT)

Reset - GOTO Instruction

Reset - GOTO Address

Reserved

Oscillator Fail Trap

Address Error Trap

Stack Error Trap

Math Error Trap

Reserved

Reserved

Reserved

Interrupt Vector O

Interrupt Vector 1

Interrupt Vector 2

Interrupt Vector 53

0x000000
0x000002

157\ 0x000004
14

13
12 R
11 s

10
9

9 _

0x00007E
0x000080
0x000082

0x000084

O0xO000FE

dsPIC30F 16-bit Architecture Workshop
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H |'§J{F|€J ? &ii,?[t@ (—)

> CPU %) 16 72 1% l'i”'ﬂi@g’mﬁ%{g ) ;&Q@F”yﬁﬁﬁq
> = 8- 15 Hé\?f,{f, trap Fl 1R = |

>}[4<F1uirgiﬂu IPL ﬂ“ijfF,LI'E H7 CPU AU 18k @F%“
R

= |PL<3> bit (CORCON<3>)
= |PL<2:0> bits (SRL<7:5)

> IF['F' | (R 0~ SRR R

AL e cTar e am=s
:Jai
> [I8=5 = 0 il R

PIG.
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T R ()

> FI VBRI R AR5 FA RS CPU pusiik i (IPL<3:0)
_}?JFjﬁ‘}JF[I%H:CPU

> IPL<2:0> [ ]| i Fel ) A Rr CPU A

> |IPL<3> @ﬁ:?ﬁzﬁggaﬁ?v ) ¢§3;Jgg4§z<FJ:

> IPL & o v p| rrAE = LR L e I RLAg R 1 i)

> [l 2 [ R IPL<3:0> p@f@ngmfg * R

> HIVBTIRIRE 2 E [P [ REpY = i a2 T el TR = B

> [ REfS L S T R (R

i i

PIG.
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F| T2
Context Fix / FV [

o V&Y F~ 5T

> SRL » PC ¢ P Erfiiss 2 v

> 7' IJffli®'] PUSH(.D) #{1 POP(.D) ﬁ’, il ﬁvaﬁg’}fag
> Bap i i ] PUSH.S #1POP.S ;-4

= CFFIGHPR WO.. W3 AT MCU fYfRFEiEEE (DC,
N, QV, Z, C)Hﬁ[m@

= [EHdH — gt shadow registers

PIG.
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o HEMEN B A I HIEHIRESN A

N— N—
15 0
0x0800
SRL pushed onto
stack to preserve e "
[P v T PC<15:0> «——W15 (F| ré3i % Fi))
MCU ALU status —~ SR<7:O>/i§ | PC<22:16>
(except DC) W15 (f[1g3E & %)
/ OX27FE

IPL3 saved in MS bit of
stacked PC value

\ 4 A 4

PIG.
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F PRSI S e

o fl l%ﬁl@{gﬁ}[&;@ 2
> HIETH T Ef R - FY
> H[%LFEJJL[J‘F%F—\L_FIJ %JE__IE[[F;?;:\L_ NSTDIS @ﬁ]ﬂ"if‘u
(INTCON1<15>) E}%E’ﬂﬂ&{ﬁ Jﬁ:

> {4 NSTDIS=1 - CPU Hl%%%ﬁ}[ﬁjﬁ@;ﬁ%g@ 7
N F%J%JF%J = VO] i O

PIG.
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Traps BAHRIAEL (- )

© ﬁfﬂ’?ﬂﬂl% (Traps)
> [ IR (-8 ~ 12
> [T RURL B NMI i

o TRFRE R 1% (Traps)
> FlIBrEAEH 1§13 ~ 15
> G [ > CPU - Al [ 1]

> Execution cannot resume until trap is acknowledged

© 2004 Microchip Technology dsPIC30F 16-bit Architecture Workshop
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Traps &R IARTE (2)

0 Pﬁ'?ﬁ’p[l% (Traps)
> Bl =B A L (135 11)
= FEREEL T (R EEN)
= AR ERT
= ACCA, ACCB jz 1t (optional)
BrEIf Jﬁﬁﬁj = ACCA or ACCB (optional)
> HEA A ﬁl’éﬁﬁ?—l(ﬂ e 12)
o TIEISHE] 18T (Traps)
> b ﬁkﬁﬁg‘ﬂ(ﬁ Bk 13)
> T’:jﬁ/é"ﬁJH ﬁJ (HIB"HLJ A 14)

© 2004 Microchip Technology dsPIC30F 16-bit Architecture Workshop
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I =

o DISI ?F'&J
>DISI%‘E i Pﬁ*fﬁﬁﬁ%ﬁf S5 1 — 6 ] s 2= LR
FUPJ
S e i Sl or Rl = i LHE
16384 fZE (il rgla i

> DISICNT 277 857 # | 2= 2Bl 1

> FJI DISICNT £ O [ - H B < 5=

> DISICNT puEf B e I') Rissl [ pl TR R = o [
> [ I &= DISICNT pog By il = VIR S rafe
> DISIHJ\E’E A 7u 73 (INTCON2<14>)

PIG.
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[fi*] dsPIC ASM30 & LINK30

PIG.
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Assembly Source
Files (*.s)

C Source Files

C30 C Compiler

Source Files (*.s)

Archiver (Librarian)

ASM30 Assembler

COFF Object Files

'

Object File Libraries
(*.a)

(*.0)

!

© 2004 Microchip Technology

LINK30 Linker

Executable COFF file

Compiler
Driver
Program

A 4

MPLAB IDE
Debug Tool

(*.cof)

dsPIC30F 16-bit Architecture Workshop

A 4

Command Line
Simulator

PIG.
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ASI\/IBO HiE | ElfJFﬂif’F',—,&J
lude

o .Include
> [+ source file Z[[FH=VH
> A2 I 1 B ST e o
BT  URURRERE . MPASM IURIE < > 7 i i
= _include *“c:\pic30_tools\support\inc\p30f6014.inc*

= .include “C:\Program Files\MPLAB IDE
\dsPIC Tools\support\inc\p30f6014.inc”

> EEAHFVER & 0 T ?F[%mﬁ‘,liﬁ
CFIF i1 » AL h g
= #include “p30f6014.h”

PIG.
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ASM30 ¥ f'E'JElerggf",-,&J
.equ .equiv .set

o EA Y £7

o — HHTE - Hi

A S

o wiE FZE MPASM |77

> dsPIC ?ﬁiéﬁ

= equ CORCONH , 0x45

> MPASM Eﬁii
= CORCONH

o .equ fi'EItE EF

equ 0x45

|

o .equiv T g[?ﬁfua&ﬁ v
o .set [ == .equ - 5=

© 2004 Microchip Technology

dsPIC30F 16-bit Architecture Workshop

ﬁ’@({/ﬁ" ; l;ﬁi %g— Liﬂpj £ B S

E E%F a"Fi’[n&I

PIG.
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ASM30 H{E IR 4
ATk £ .section

o Ajlgh ?,?Ejﬁ['f’ [?—‘ﬁiik . .section name [,"Flags”]
o fr:;fzﬁl?tﬁf‘iriﬁ@ﬁ ?,?’ETEJE FE1

> .bss: %F%T{ujﬁﬁf‘, [Hp~ALle st Iak (Uninitialized Data)
> .data: L'F%T{L_’T?Jtlﬁ (ARl sk Ink (Initialized Data)
> .text : FH=" g Iak (Executable Code)

o 'BHE “Flags” [[E | = 7=
> “p” : bss section (F #F*, %u_’?“ﬁﬁ (=i
> “n” : Section iIs not load
> “d” : Data section (§f; &1 (A2 E7)

> “r" . Read-Only data section (PSV window)
> “X” : Execttable section

PIG.
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ASM30 "f’E'JEler—L!ﬁ’F',-,&J
ATlE: €778 .section

| PRI > RS P

é

B EI F
Section Name Default Flag
.bss “b”
.data “d”
text X
]

1 Varl & Var2 gy A E] bss (uninitialized data) iU aE:

.section .bss, "b"
Varl: .space4 ; # 4 [H bytes
Var2: .spacel ; WJF},’ 1 [+ byte

PIG.
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0] BT £ 1 o

allgn

o %ﬁ align n
o B R EETEII N f‘b@%l'ﬁg‘%ﬂ% Jelaligis
o N3 "ﬁﬁ,i[ 2 £ J_L[‘EF[ ijf

o ﬁf,lgﬁﬂ - [EBF' | modulo addressing EK‘J%_I&F"[@@P%
g i
—

]
.section .bss, "b"
.align 8 r‘qf—F B8 ETZ[SQEJ ﬂﬁ:ﬁij,
A Var: .space 6 #‘3}’ I Bytes A A A_Var

PIG.
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}(}5_4 :C 1 fib {l"ﬂ 138 Er[ 1
pallgn %’_
o ?—ﬁj;k . .palign n
o Fl }TEJE%HI} Ei‘,m&ﬂﬁ@ kj” AT F['fifﬂ‘
o N3 ﬂﬁ RLIM 2 BRI JZF:,I,

a7

.section .My Const_Data, “x"

palign 2 ﬁ@’(ﬁ HHEE YR
My Dtat: .hword 0x2000,0x3000,0x4000 6 {l&' Bytes puadgiig Afp A_Var

PIG.
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FYR| 78 €78

dsPIC
Section Name

Description Section Flag

.data General Memory (initial values) “d”
.ndata Near Memory (initial values) “d”
Xdata X Memory (initial values) “d”
.ydata Y Memory (initial values) “d”
.dconst Constants in the General Memory “d”
.ndconst Constants in the Near Memory “d”

PIG.
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PR R 53

Program Space Visibility
Data Window (PSV)

EVE 7 ol H o A

General

.bss, .nbss, .xbss, .ybss:
22 I R B, HE

.data, .ndata, .xdata, .ydata:
I R SR

Near

(SFR) 7K 1

PIG.
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{12 .bss LEABRF H-

5 ?ﬁ?ﬁk . .section .bss, “b”

o Fr;) )~ U Rl £ Uninitialized Data » 277
BV (0x800) | | S g o

® 'fj"iﬂ—ﬂgj@[;}&:rj gld EI'F&[ ’ E[ILIHKBO%L#[E

a7
Uninitialized variables in general data memory
.section .bss, "b"
.align 2
A Var: .space 4 ﬁ' # 4 {id Bytes pUidgiaG A_Var
B Var: .space 20 Hﬁv‘f’ 20 fl# Bytes pUa@gng B_Var
C_Var: .space 4 |Jgk 4 fi# Bytes fi J@E\T’F, C Var

PIG.
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i AR

.nbss

51.1: =+ FR Jdl = 5 T WREG At s e e iFI%“T
== JEEJE[ [ E £| 8K Bytes -

> MOV  0x1000,WREG

> ADD.B 0x17FF,WREG

1010 0100 OBD f ffff ffff ffff

e ~

B: Byte J&i 1
D: iﬁrgﬂ/xm i 2| File Reg iy WREG —
f: Pﬁff* ATE Ak i H 13 bit (8K Bytes)

o@&m£w1H~@ww%ﬁ% B
RS E £| 32K Words -
> MOV OxFOOO,WO ;= : — RN BBt 4t word RIfE

PIG.
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LR I Near Data
.NPbsSs

5 ?ﬁ?ﬁk . .section .nbss, “b”

o HiE
RAN

| N e eR] B Uninitialized Data > 7> VPF'
0x800 — OXlFFF) Fl J FEIJ

A Var:
B_Var:
C Var:

.section .nbss, "b"

.align 2

.space 4 [ﬁf‘,’ 4 [l Bytes puadgeng A_Var
.space 20 [%f‘,’ 20 [ Bytes pui@gens B_Var
.space 4 [#Ff,’ 4 [ Bytes fi J@Eﬂf'ﬁ C_Var

© 2004 Microchip Technology

dsPIC30F 16-bit Architecture Workshop
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AR H-— X Space
Xbss

o ?—ﬁ%ﬁ . .Section .xbss, “b”

o Fip; ')~ VR B Uninitialized Data - 27 hb (7
f( IBata RAM [t 1<

o [fr— K= DSP E ETHY=E] (DSP f547 ' I Al
w2V X & Y Space ) > [J9[1 : A/D ivﬁ}'z Ilg ﬁ
IR Yk > Modulo Buffer ..

a7

.equ SAMPLES, 64 ; AID number of samples

.section  .xbss, "b"
X_input: .space A*SAMPLES ;Allocating space (in bytes) to variable.

PIG.
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TSR -~ Y Space
ybss

o ?—ﬁ%ﬁ . .section .ybss, “b”
I ] £ Uninitialized Data > 7 VFF'
Y IBata RAM [4isb g
o [EixiH A= DSP ij i ' 2 dsPIC [ﬁjﬁﬁ%ﬁﬂ/ X-
Space & Y-Space

O

g 7]
.equ SAMPLES, 64 ; A/ID number of samples

.section .ybss, "b"
y _input: .space 4*SAMPLES ;Allocating space (in bytes) to variable.

PIG.
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'1?' FZE I%Fﬂﬂ S

.spac

0 E,Hii Sspace size [,fill]

> [ size Bl fv Bytes n\ﬁf%@fr’ YIIe ?F‘,ﬁ il [Fill]
E‘H 4 Pt IF“H%”’J £

%EW‘J:
.equ SAMPLES, 64 ;Number of samples
.section  .xbss, "b"
X_input: .space 2*SAMPLES ;Allocating space (in bytes) to variable.

.section  .ybss, "b"
y input: .space 2*SAMPLES

.section .nbss, "b"
Varl: .Space 4 ; 2words of space for variable "varl".

Var2: .Space 2

PIG.
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RAM &¥e| puaht

0x0000

o dSP I C SFR EIT_IE}' %EI EK—J ',j:’ il[_‘i_[._[fh[ 2K Bytes SFR Space A
E 1 0x0000 ~ OX07FF [

X Data RAM
o RAM ¥R 7 f¢-0x0800 (U ALy 4 .y
Al g

Y Data RAM
o ZEL: RAM U] 7 [ 2 | - —
1Y dsPIC ffFF'lJ’EJE[ T\ fﬁj s X Unimplemented
Data & Y Data RAM Size ~J ¢ -

B Frr B T [ [ e
o PSV i,L$2K Bytes » 1= SRLEHT o, < Jomanea
{L_T ,%Eaﬁpfj
N OKFFFE

PIG.
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RAM E¥kR| U

1. .Xbss -- f£-0x0800 [ F",
2. .nbss -- BXIEEE XSS ix [

3. .Pss - BZIELE .nbss [

1. .ybss -- 0x1800 (dsPIC30F6014)
, -~ 0x0900 (dsPIC30F2010)

PIC.



bss gy

.section .bss, "b"
.align 2

A Var: .Space 4

B_Var: .Space 20

C Var: .Space 4

.section .bss, "b"
.align 2
D_Var: .Space 4
E_Var: .Space 2
F_Var: .Space 2

.section .xbss, "b"
X_input: .space 4*SAMPLES ;Allocating space (in bytes) to variable.

.section  .ybss, "b"
y input: .space 2*SAMPLES

.section .nbss, "b"
varl: .space 2 ;Example of allocating 1 word of space for variable "varl"

PIG.

© 2004 Microchip Technology dsPIC30F 16-bit Architecture Workshop 151



W Rl e |
dsPIC30F601

Data Memory Usage

section address alignment gaps total length (dec)

.nbss 0x900 0 o0x2 (2)

.bss 0x902 0 0x24 (36)
Total data memory used (bytes): Oxla6 (422)

Dynamic Memory Usage

region address maximum length (dec)

heap 0x1880 0 (0

stack 0x1880 Oxf18 (3864)
Maximum dynamic memory (bytes): Oxf18 (3864)

PIG.
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W Rl e |
dsPIC30F201

Data Memory Usage

section address alignment gaps total length (dec)
xbss 0x800 0 0x100 (256)
nbss 0x900 0 o0x2 (2)
bss 0x902 0 0x24 (36)
Total data memory used (bytes): Oxla6 (422)
Dynamic Memory Usage
region address maximum length (dec)
heap N CEL 0o (0
stack 0x9a6 0x52 (82)
Maximum dynamic memory (bytes): 0x52 (82)
Stack Request : .ybss (0x926) + Length (0x80) = 0x0926 p’n
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ATV EEE B
Program SEart-Up

o OSPIC fAHZS @ﬁpéﬁ (E | e
> 1 hﬁjfp%i[{@ ﬁﬁﬁ%’@@ﬂ@?ﬁfgﬁ ;=0

- %ﬂ%%%@ ﬁfﬁ%’ﬂ‘@@fmf’;ﬁai =

o %2 B[ AE
» = C:\Program Files\MPLAB IDE\dsPIC_Tools
\support\templates\assembly

> tmp6010.s & tmp6014.s -- AL kAL

> Tmp6010_srt.s & tmp6014_srt.s -- F%%L_'Fiﬁf}ﬁ%@(f

PIG.
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]
tmp6010.s & tmp6014.s

o HIAGIHI7 bss, .nbss , xbss, ybss [H

FJ%

o JZE|[HIFIE “?Sf EAELEE” > dsPIC reset IQ@I}%}H}QL?&UT@*
{F‘, “ reset: “ |1 J?[@F[(Labﬁ)
o Reset Vector 0x000000 F IEuiE * goto _ reset

o IR ERITRAVIRE __reset: [T i oy MR
0X000100

text ;Start of Code section
__reset:
MOV #__SP_init, W15 ;Initalize the Stack Pointer

MOV # SPLIM init, WO ;Initialize the Stack Pointer Limit Register
MOV WO, SPLIM

PIG.
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A= |5|\J e L 2E
o+ If B AR

> Flrh SlIp > 25 55 (disassembly) [k A[[F 15 2EHYHIE
PRV ENGERRY (1] = AR R

] ngram Memnry

mov. W #G'KESSG' wiE

mav. W

mav. W
byl |I|

[
el
oaIoAa

PIG.
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[f0 ] |4 FEPREI A

crtO.o f[y crtl.o
o UL H AU J%g*hp =L lzﬁﬂ[*‘f‘f

> \dsPIC Tools\support\templates\assembIy\tmp6014 Srt.s
o Project ﬁdr%i@ U1+ Object File “Crt0.0” 91 [FFr=.
o [*% ﬁ {0 crt0.0 » YN J Initialized Data [[[ 7" {1 |

Crtl.
m | ab2, mcw [=]B]X]
1. Reset iz > ﬂﬁ‘[ﬁ%ﬁi oy 11 Crt0.0 HIfY _reset = abz fﬂ“’;ﬂ
2. P%Ju%gﬂqmﬂ (W15 & SPLI M) o
3. F%%—_ PSVPAG % CORCON ( .const)

4. %@%’Jﬁﬁ (i E[%JE;}‘%L'
G User s FZCHIEY main ;fzﬂﬁgl

1
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=5

tmp6010_srt.s & tmp6014 srt.s

y in:

text
__main:

.equ _ 30F6014, 1

include "\pic30 tools\support\inc\p30f6014.inc”

.section .xdata, "d"

.align 32

hword 0x1111, 0x2222, 0x3333, 0x4444, 0x5555

.section .ydata, "d"
.hword 0x1234, 0x5678, 0x9abc, Oxdef0, Oxabab

CALL _wreg_init

;Aligns the next word to be stored to a multiple of 32

Start of Code section

;Call _wreg_init subroutine

© 2004 Microchip Technology
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AAFCRY I I PR

[ 2 [HFEOREGE - - crt0.0

'm Program Memﬂry =i=1c3

Y4

i

LW wli?'

3 & ' ; ; ' Yo ) (
K, i ] - - T 1 T
< o 'L I ! A b . I‘n' .["h' L r I"l.' _||_ o<

| | 4 47
I"l.irl_-' r ||_ _"_TI'Ilir_II_ = JI

Wl

-

PIG.

© 2004 Microchip Technology dsPIC30F 16-bit Architecture Workshop 159



¥l

\g

Fﬁ

CrtO.o

section

.hbss
.hdata
.ybss

Total data memory used (bytes): 0x136 (3IQZ4

address

0x8a0
(1)¢.1-V4
0x1800

total length (dec)

(1) 04
Oxa
0x80

2
(10)
(128)

© 2004 Microchip Technology
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SR HYF I [l

data & .ndata

o .section .data, “d”
> LEE R [@p U RAM AV, Ik
section .data, “d”

D1: Jlong 0x12345678 , 4 bytes
D2: .word 0)'GISYAVAY , 2 bytes
D3: byte OxA5

- Watch

o .Section ndata, “d”
> HATE Té’J;f[F"[ [HAEr T near RAM
.section .ndata,"d"
D4. float 3.14259 , 4 bytes
D5: .double 1.01234567890123 ; 8 bytes

PIG.
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TS HYF I [
xdata & ydaﬁ

o .section .xdata, “d”
> ESE G IpYASLT: X Data RAM [ Iz
section .xdata, “d”

D1: Jlong 0x12345678 , 4 bytes
D2: .word Ox55AA , 2 bytes
D3: byte OXA5  —

o section ydata, “d”
TR ?Jﬁplﬁﬁgr} Y Data RAM
.section .ydata,"d"
D4. float 3.14259 , 4 bytes
D5: .double 1.01234567890123 ; 8 bytes

PIG.
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B Bl

S i

> 0001011010, 0B01011010

o - i
» 01234 , 05000
o A 3]
> Ox55AA , 0X00FF

o Floating
> |IEEE-754 format

o Fixed-Point Number
> Q15 format

PIG.
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i
(i

TR

o .byte — 8-bit data format

o .word — 16-bit data format

o .hword — 16-bit data format

o .long — 32-bit data format

o .Int -- 32-bit data format

o .fixed — 16-bit Q15 data format

o .float — 32-bit IEEE -754 float format

o .Single — 32-bit IEEEE-754 float format

o .double — 64-bit IEEE-754 float format

o .ascii —Ig * 3"'5[1[ > E TR null byte (0x00)

o .assiz --Ig * I ’EM FTETKE | null byte (0x00)
PIG.
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ﬁﬁﬁl(LabeD

> BRIV fisat
p PIRIR ey 2~ Bl = 7 0 =0
@FTE'“E“}L)J 3l

® Eﬁﬁﬁ?}l (_OCal Label) print_string:
mov wO,w1l
> HETAEHRY TR, I AR = 1:
r cp0.b [wl]
> H 10 5l p [ [ -] bra z,9f
mov.b [wl++],w0
= 0~9 call print_char
e IS e bra 1b
> EHISEERII D 9:
— , t
> (SRR f e

PIG.
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& ROM Data

o .Section .const, “r
- J&_%ﬁ@kf?rﬂ?ﬂ Program Memory

n n

.section .const, '"r
; The following symbols (C1 and C2) will be placed
; 1n the named section ".const"
Cl: .word 0x3132
C2: .word (0x3334
hello: .ascii "Hello world!\n\0"

-ngram Memory |

COpcode Hl-' bachine | Symbalic

© 2004 Microchip Technology dsPIC30F 16-bit Architecture Workshop
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El Program Memory & 3VergE]

e S
tblpage (name) Get page for Table Read/write operations
tbloffset (name) Get pointer for Table Read/write operations
psvpage (name) Get page from PSV data window operations
psvoffset (name) Get pointer from PSV data window operations
paddr (label) Get 24-bit address of label in Program Memory
handle (label) Get 16-bit reference of label in Program Memory
.Ssizeof. (name) Get size of section name in address units
.startof. (name) Get starting address of section name

PIG.
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Table Read/Write

o Table Read #F’[ '&J
o TBLRDL.B, TBLRDL.W , TBLRDH.B , TBLRDH.W

o Table jf fugh BT [Wn] ks Zed 24 ﬁ“ﬁ[ i) B g TR
F1E E | 16 bl'[

o FIIF'| Page Y & 38 HUmHIEEE]| 24-bit [l

o F[J*'| #tblpage (label name) F%Ju TBLPAG &' i Ea

o #tbloffset (label name) F%{u_ [Wn] (i~ 64KB pyib Ik

PIG.
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Table Read #& (7

;Tone table i1s placed as a loopup table in program memory
.section .const,'r"
.palign 4

ToneTable:
.hword 0x1370,0x1398,0x13B0,0x13C6,0x13D9,0x13E9,0x13F5,0x13FC
.hword Ox13FF,0x13FC,0x13F5,0x13E9,0x13D9,0x13C6,0x13B0,0x1398
.hword 0Ox137F,0x1366,0x134E,0x1338,0x1325,0x1315,0x1309,0x1302
. hword 0x1300,0x1302,0x1309,0x1315,0x1325,0x1338,0x134E,0x1356;

£6g, 9

.section .text, “x

mov #tblpage(ToneTable) , WO ;Get upper address (page)

mov WO, TBLPAG ;Load address into PSVPAG

mov #tbloffset(ToneTable) , WO ;Get Tower address (offset) of text
;1n program memory

tblrdl [WO++],W1 ; Get ToneTable into the W1

PIG.
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5] PSV JE

o Program Space Visibility
o 331%9[:’]’ PSV bit=1 ( CORCON<2>)

o FFZfY Program Memory (16 K Word ) £7
RAI\/I + 0x8000 — OXFFFF H 32K Byte (i~ FE[

o PSV fEi=4"% » Program Memory 24-bit FYEXR[Fl 1
| [XR16-bit AR €7 BLEE - 8-bit fY MSB byte £L%

1 L2 RAM

> [1%| Table ?F[—IA

)

i[/ _F[J J\ %?Hﬁﬁg E[fj 8-b|t (_EL}\*:\I

o PSV i&. |FPVsEEIY EEPROM 238 > FIR , 1R fi9(
§ % REPEAT, DO 441"

© 2004 Microchip Technology
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PSV L4y

;Tone table is placed as a loopup table in program memory
.section .const,"r"
.palign 4

ToneTable:
. hword 0x1370,0x1398,0x13B0,0x13C6,0x13D9,0x13E9,0x13F5,0x13FC
. hword Ox13FF,0x13FC,0x13F5,0x13E9,0x13D9,0x13C6,0x13B0,0x1398
. hword 0x137F,0x1366,0x134E,0x1338,0x1325,0x1315,0x1309,0x1302
. hword 0x1300,0x1302,0x1309,0x1315,0x1325,0x1338,0x134E,0x1356;

k6,99

.section .text, “x

bset.b CORCON, #PSV ; Enable PSV function

mov #psvpage(ToneTable) , WO ;Get upper address (page)
mov W0, PSVPAG ;Load address into PSVPAG
mov #psvoffset(ToneTable) , WO ;Get Tower address (offset) of text

;in program memory

PIG.
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HERUB L

HEAAYA -] ﬁ&‘[ﬁ}ﬁ% Fe{pl B Ay 25 El;{bl?%%ﬁ
f’éﬁi LH JI%JL
> fji™ ] crt0.o IR - F IR W15 & W14

j
> T R F%J'gl.’%ﬁ%{gww K W14

_.i_.

.section .text, “x” ;Start of Code section
__reset:
mov # SP_init, W15 ;Initalize the Stack Pointer
mov # SPLIM_init, WO
mov WO,SPLIM ;Initialize the Stack Pointer Limit Register
nop ;Add NOP to follow SPLIM initialization

PIG.

© 2004 Microchip Technology dsPIC30F 16-bit Architecture Workshop 172



R B
P

PIG.
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a8 By TR VR

o YRUBINPERE (B }F%JuConflguratlon Bits)
> [ (S FR120MHzZ. (A7 30MIPS)
o E.%EJ%E*] Lk (Watchdog Timer)
> RS SR [ R P B A
> A JUEIROT 0 RC =i s
> f AT f“‘iﬁﬁ%{g: 2 ms - 16 sec
o TSI (POR)
> PSS (RS I 0, 4, 16, 64ms
o fxlﬁ’ ’E%EJ[EWE[J (BOR)
> Tl ?E““ [ g ﬁ I EEn il IE?(EU%FH@F%D%
o IS (LVD)
> Fﬁ@j i *”F_,’Ekﬂ“ ﬁﬁ%{bf[[gﬁ ]y

P pIC
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ER TR S

o E\lﬂﬁﬁ El@%j«fffﬁﬁ SN REe Al
o %}‘@#Eﬁﬁ@ﬁ%ﬂﬁ% 1,4, 16, 64 (ﬁIaJL ¥ ‘L—?n&’ﬁﬁfﬁ@)
o [=ZPNEI= (SLEEP mode) :
> —F?ﬁﬁﬁ Teig =T (=
» CPU [ &
> JERE T B R ”ﬁﬁﬁ* SE(WDT, INT ... &)
> ICD2 ?’flﬁg =
o FE F['ﬁ) (IDLE mode) :
'ﬁﬁﬁn*]ﬁ’:’ﬁ = &
» CPU i (&
> °rFr£1§ﬂJ%r' =X F' A Flj?iﬁ@f%ﬁ ¥ AY SIDL n“ipﬁ“ijf}[j
7 IE[ T&E/fjj P?Eijﬁf

PIG.
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ARG I

o ?F[ IJLF]’ETF A I [ 4
o AR T (’FI
> /fff?@'\fﬁfﬁﬁm— 5

= XTL: (EFET = 200 KHz - 4 MHz
= XT: (FlEs 7 =y 4 MHz - 10 MHz
= HS: (ﬁ,’ﬁfﬁﬁ*? EE e 10 MHz - 25 MHz
> <7f3§[$ RC Up to 4 MHz
> <7f§§[$ﬁ\ij’ﬁ’feﬁﬂa’%]‘* (EC): Up to 40 MHz
> mﬁ[ﬁfﬁgjﬁ RC (FRC): 8 MHz
> mﬁ[ﬁﬁﬁﬁﬁﬁ% RC (LPRC): 512 KHz
> fﬂﬁ[ﬁéﬁ: f%iﬁ?l%“i;#’ﬁﬂﬁfﬁ{% ; 32 KHz
o [ SIS (PLL) (248
> XT 1y EC ﬁﬁj H AT PLL: 4 MHz - 10 MHz #i#
> 4X, 8X or 16X: 16 MHz - 120 MHz ﬁﬁ“]ﬁ[%‘ﬁ[ﬁﬂ

> EE R TR FRC SIS fit4XI8X/16X PLL AP

PIG.
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'ﬂfﬂjb \Tfiﬂ—f]iﬁi

i FRs RCY=I B8

— =LAt

8.0 MHz RCH=ij 3 VEisE g »
Eﬁﬁ@ﬁéiﬁg IR

(XA RCY=I, B8 1, 4, 16, 64 >

512 kHz RCH=38

a4

fE
SOSC1
32 kHz [
Timerl Xtal ]
— OSC T
T XTL osc = Eﬁ;{{ = .
| £ IR V] 51 PRI SOSC2
— 200K - 4 MHz R TR F
= TR HS osc s
10 - 25 MHz

PIG.
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© 2004 Microc

Fail-Safe P97 B 58
FSC

FSCM B A T AL
Zeee FCKSM AF s ( FOSC<15>) HE FSCM
jjj"‘:fwc_]\ %l?iﬁiﬁ

ESIC‘:@M? TR j‘ﬁfﬁ 512KHz (LPRC)}[%Q%?E’

> B PR

FSCM e = ﬁ’ﬁgﬁ I Pl “”T’:fﬁ(
R N t Eﬁﬂ mq\ﬁJHl'ﬁ*ﬁr(Osullator =1

Trap)
> NOSC<1:0> g{%’pﬁﬁﬁ;@?ﬁ’ﬁﬂlﬁ (OSCCON Reg.)
PIG.
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FSCM: &2 uifa T/ER]?

Clock Monitoring
System Clock / 4

» Set Q .
LPRC Set CF bit OSCCON<3>
(512KHz) ”| Clear !'Q @_' or
~2ms A OSCFAIL bit INTCON1<1>
PRI 2 i I ] A e
=i
(LPRﬁlear) | | / | | /
(Clock/iﬂj - Set) /
CM FIF | | /
Q Output L |
oscfail |
A A A
CM F/F CM F/F CM F/F
Tested Tested Tested

PIG.
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ST

o [HNE I IIEC i | | A E T P e
E3E Jﬁﬂbi > mWatt/MIPS
o BRI T 1B
> JEIV CPU Ny [k
> F%ﬂfmﬁﬁf IR R AL
o Can not switch directly between PLL modes
> Switch first to the FRC Oscillator then to new PLL

o Te IR PR P R
PIC.
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Old Clock Source

New Clock Source

System Clock

OSWEN

Note: The system clock can be any selected source — Primary, Secondary, FRC or LPRC.

© 2004 Microchip Technology

New Source
Enabled

New Source
Stable

!

R

~

qgﬂl

Old Source
Disabled

12 34567 8 910

js—Both Oscillators Active
|

dsPIC30F 16-bit Architecture Workshop

PIG.

181



R A= [

o FERIIT B PRR
> FCKSM fiF 7 kL7 FOSC configuration register

e Ej]‘:q@ JE&FI 7LJ| ij‘
“Unlock” “ 5] OSCCONH ?’Tﬁna‘ LI'Ff+§é'ﬁ i

By ’Fi LAl J}fﬂ?ﬁ 2 5 ( NOSC bits OSCCON<8:9>)
“Unlock” £ [r] OSCCONL ?Tﬁ“ﬁ‘ SE LT VRS i J
F%Ju OSWEN bit = 1 (OSCCON<0>)

rﬁ OSWEN bit 1@?@?@ £, 7

= JIE! OSWEN Z 3 #as Evfﬂ Jﬁﬂ %{ﬁ'gﬁrﬁ J%P@IEI J—HFI
{ELI}H OSWEN ﬂ“vwﬁ = 2] p

YV V VYV V

PIG.
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OSCCON ZEEIHVE [EE R

DISI #14 ;?@ijf@»ﬁf[l%ﬁjﬁ: (Level 0-6)
mov.b #0x??, w0

mov #OSCCONH, wl

mov  #0x78, w2 , #iV * OSCCONH priedei{i

mov  #0x9A, w3 / Required Sequence!

mov.b w2, [wl
; 1 cycle window for byte write

mov.b w3, [wl]
mov.b wreg, OSCCQ

; low byte unlock sequence and initiate some action
mov #OSCCONL, wl

mov.b #0x??, w0

mov  #0x46, w2

mov_ #0x57, w3

mov.b w2, [wl
mov.b w3, [wl]
mov.b wO0, [wl]

Required Sequence!

; 1 cycle window for byte write

PIG.
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9T B 2 (FSCM) HL
| - HURPVEE
o B~ [ERHIZRT Tk 2R = S 7

> Y FSCM fi_frf F”ﬁfl Eﬁﬁ’:’%ﬁ'l?ﬁf’@i?UP Jﬁ[ﬁpiv FRC #=
J{i_lzil(l:l

> FSCM p'#5f FOSC?’T'—} [N FCKSM bits F# Jflg%‘fjfﬁi
> % I
> R [ R AR B R o SEE AR
= Clear the Clock Fail bit, CF, in OSCCON
= Clear the OSCFAIL trap flag in INTCON1
= Execute a RETFIE

PIG.
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AT

o OSCCON

COSC<1:0> = [ I #=il iy (ST =g,
NOSC<L:0> = FHi=if} 4~ :n%;

POST<1:0> = ﬁﬁ%ﬁﬁh HiF=ARES I (F 1,4,16,64)
LOCK = &1 (PLL) ﬁ‘LﬁJ‘F"ﬁﬁ ',j’

CF = BT e p - o 7

LPOSCEN = 32 KHz LP #5512

OSWEN = P=im ey~ FE?'IF “;chﬁrU fif i

Y V VY V VYV V V

y= set value on POR /BOR

U-0 U-0 R-y R-y U-0 U-0 R/W-y R/W-y
| - | - | COSC<1:0> | - | - | NOSC<1:0> |
bitl5 14 13 12 11 10 9 bit8
R/W-0  R/W-0 R-0 U-0 R-0 U-0 R/W-0 R/W-0
| POST<1:0> | Lock | - | CF | - |[LPOSCEN| OSWEN |

o] 1W4 6 5 4 3 2 1 11 (0] p’n
®
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£ i S

o T i B A I PR 9P [ RC F=ifdls T Sethet
o EIFIEHE

> POR, Watch Dog Timer, BOR, lllegal Operation (Program Address)

o lraps:
» Oscillator fail, Data Address, Stack, and Math errors

o Low VDD Detect (LVD) Interrupt
> Programmable battery voltage level detect

PIG.
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PRl a1y

o FOSC (Configuration ?’* ¥ )
> FCKSM<1:0> = [T if=

A

> FOS<1:0> = FREIEIN - PRl f I e
> FPR<3:0> :F%Jt“ Py s fgi =
U U U U U U U U
L - [ - - ! - -+ -1t - & - 1}
bit23 22 21 20 19 18 17 bit16
R/P R/P U U U U R/P R/P
| FCKSM<1:0> - | - | - | - | FOS<1:0> |
bitl5 14 13 12 11 10 9 bit8
U U U U R/P R/P R/P R/P
L - 1 - - T - 1 FPR<3:0> |
bit7 6 5 4 3 2 1 o]]1(0]
PIG.
187
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2 R BT

o IEBF' p30f6014.inc A A AT HjF[ g config _ FOSC 9«7
Zvn FOSC &z gy [T

I =
> Fd ]
config __FOSC, CSW_FSCM _ON & EC PLLS
> FEaf IEE 7 ﬁ%ﬁﬁé p30F6014.inc

FiY
o = MPLAB IDE { J%*?‘”\ = & Configure --> Configuration
Bits 458 eymy il fE ‘E?ﬁf“

PIG.
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