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ke s sa g Jazelle s Thumb (ARM (gla, sicns oS 5 5 asi 5
(S99 A (B aficua suidlo s alla gouiiS adiiie €PST (5,0 (Thumb) T 4 (Jazelle) ] slacus
ARM caa sy 50 sas)loyy 0dss Jlasl alia syls 518 ARM Jla o osillags «xali"0" (T ]
Sl sy i gl ol L3 Thumb cua sy 5o sassl s il T="T e SHals 1,8
ARM  Thumb sla; sicus de gane Sladiie V.Y Jgan 0 s oo suliia] pold Olazall ) sl
S o dewslBe |,
Jazelle .wss s 8520 300, Jazelle als 4 ) sivis 31 gois ge saas « ARM glal )b
@l S e al H18la 5 5 Hldledin S A Slasse ) kel G A TS el sla ) sl
b)) JUM 5l sas paliaial gl s g Jazelle o, 58 cléha © 5L 1sla sla, s gl ya)
ailoadd oy S5l [0 Lla (slas siews ) Siandd g 4 S da 55 oadls aaalsa (1ol (s5las
B 5 65k dand 515810 5 b g5 b s

Table 2.2 ARM and Thumb instruction set features.

ARM (cpsr T = 0) Thumb (cpsr T = 1)
Instruction size 32 - bit 16 - bit
Core . 53 30
instructions
Conditional only branch instructions
. most
execution(1)

Data processin . separate barrel shifter
. P . g access to barrel shifter and ALU P . .
instruction and ALU instructions

Program status  read - write in privileged mode no direct access
register

State
Byte code *

Ty
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8 general - purpose
registers
+ 7 high register + pc

Register usage 15 general - purpose registers

+pcC

VY Joaa
Table 2.3 Jazelle instruction set features.

Jazell (cpsr T=0, J=1)

Instruction size 8 - bit

Over 60% of the java bytecodes are implemented in
Core instructions hardware:
The rest of the codes are implemented in software.

VY Joaa
(89— gan0 Sl da V.Y J&JA A-u‘..\.: J‘)j QM M‘J‘JT 9 8d g L ]azelle (_gLAJJL.uJ

aas o il 1, Jazelle sla ) s

&‘9 slaswls YUY

&Jéﬁ-ﬁu\g.}Jﬁwbd‘ﬁl&‘uauc.sl.hjauﬁ@ddta_i“ﬂtsé‘}l;JJKm‘Lf‘m\gtsu&uLn

.J}aisnlll UL&LJJ).A (6448 5 ‘43341'1' LAC;%: &3‘ u.a\im REYYPIY.) LSJ‘K O Y

ay
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byl slaaa g Y.VO
Joola saasis 3l 5 (pasligo an o Ysans |5 foud 50 S o€ (adidio lacu) by slans
LB_J‘).&SJJ:_‘.HJ")_ﬂ.JJ.‘i‘;n'l'x‘xcpsr‘)dz‘m%)g<ﬁb)§mx‘x¢al%:SfJJSUBS 4y

ol s 80551 a8l CPST (5 Kis 51y paddie ala

Table 2.4 Condition flags.

Flag Flag name Set when

Q Saturation the result causes an overflow and/or saturation

Vv Overflow the result causes a signed overflow

C Carry the result causes an unsigned carry

Z Zero the result is zero,frequently used to indicate equality
N Negative Bit 31 of the resultis a binary 1

Sady Bae Q s s s oo 8 5o (DSP) Jlaass YU 55k 5y wlilae 51 a8 olasails 5 o
S8l b 53 88 a5 ol ol I3 0550 DSP s o alials (saa Telal b g " 505
i g CPST & 950 58 wb (ias S S sl (Jy v g oo ' 1]

Joun D5l el by &) sads dilg o byd slacis ool 5l saliiel L ARM gl sis i
s e olds Glisdiag ,uil Jele 5 plaolass 55 ol e G 1) bbb slaas s S XY

o) o3 DSP s Jazelle @as 5380 50 5a o 5o 4 aas oo GLas 1, CPST ) € gad Hlate S ¥F S

Al Jlas

6|J|J¢LSbuiuﬁ)_.g.A:..s4..:uﬂ|‘)"Mbjw‘du%u&‘Pgawﬁuﬁ‘G‘y

s laie ghyls €15 olagyT 5 (Z s an e Yao) S5 Cigoa b aiian 'T' i

Overflow
Saturation ¥

¢


http://mohandesyar.com

od 8a)lo atius Hiie Saa N2V slacas i 5 a0 C o sad 1" e L v K (Jle Lo
JMJ#FIQGLAQB\QJJLL&IRQGLA@B\Q(MP]Jtc.e:s\s..\).b)JJ‘JJ‘J}ARM ‘:’f""éj

daseud

I3—s3)-a0ls LI =3 Supervisor g LS codla 5o su 3k 5 i o0 S 5l lan Lol Lo
(mode[4:0]=10011

31 30292827 24 7.:0:°5 4 0
0|0|1(0|0 0 o710 10011
| J I L |
nzCvq ] iF t SVC
cpsr = nzCvqjiFt SVC «< 585 gl JGe - Y57 S
V.0 Jsua
Table 2.5 Condition mnemonics.

Mnemonic Name Condition flags
EQ equal Z
NE Not equal yA
CS HS carry set/unsigned higher or same C
CCLO carry clear/ unsigned lower C
MI minus/negative N
PL plus/positive or zero n
VS overflow \Y
VC no overflow \%
HI unsigned higher zC
LS unsigned lower or same Zorc
GE signed greater than or equal NV or nv
LT signed less than Nv or nV
GT signed greater than NzV or nzv
LE signed less than or equal Zor NvornV
AL always (unconditional ) ignored

10
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Conditional Execution®
Pipe Line

Fetch ™

Decode *

Execute ©
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e 5 Tl s (saingle) O suliil

Fetch Decode Execute

Time | Cycle | ADD )——-O )——-0
Cycle2 () suB H-f] ADD H-f)
| Cycle3 (] cMP_}-f) suB }{} ADD )

dJJL.&)JL&J}L—uJ(S‘ﬁ‘%&:):_Y-AJs&

O Fetch )—'ODecode)—'OExecule)-—-O Memory)—-o Write )

ARMO i@y 4lsl b= va K

O Fetch }—-{) Issue )—'ODecode)—’O Executc)—’oMemory Write ]

ARMT0 @il (it oyl i - ¥\ S

0 Lty b 53 ARMO Jlaa sl s ool o sliie 5,850 L ARM ool sila a gal gl ba Al b

a4 50, dhila §mn 550 gaiib 50 ARMO ool saal V.4 (S8 50 4S5 gbiylan osls 4ibs

\Y/ «< 1.1 DhrystoueMIPS LT LS Jsion Sae 4 Slinb (il ool .ol su S 4ilsl )
.l 3YLARMY7 51 50 ARM9 o SIS LB QuilS 58 o st il o ol ARM7 ) iy

gl I el sols (158 5 1y sl i ol Jb et (gl (0 a3 3LI b 55 ARM10

MHZ 58 (13 40 1.3 MIPS 4y La sl 5u o S5 T, cmaal sl YoV - S5 50 ARM10

Sl lal sladie GLSLS Lol wiyls o 5lis ARM7 LARM10 5 ARM9 gl b 4y S
aial a1, al 5.0 ARM10 3 ARMY 5, 50 ARM7 (gl s suis it g5 slasS oS ae fpas o yls
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Dependency
Instruction Scheduling ¥
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| Cycle4
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Time 0x8000 LDR pc, [pc,#0]
0x8004 NOP
0x8008 DCD jumpAddress

Y

Fetuh Execute
() oco LDR |
pc+8

(0x8000 + 8)

pc=address + 8 «< 335 sl Jlhe— YAV Kk
.‘;:‘;S:.L;laJL.i.lQTQ\;QJJ;;_\M:\J.\?‘&S.\SJJAHJQ\,JL&LglxéAL;MM
S ge Sels ol ulal 5 sliieds PC s (o S0s b 5 Ol sins S shoal Sl J !
WSS 1 4l X ol ARM (el «S
Tl gl b oS JA olilae slad ) clads b 5380 0l 0 oo suliil ¢ Oladal A i ) 4Sgpl poo
S50 O U olatil alie (ool (55850 gioladil ssny Gn i b LIS Gl s e (2alK
LIV IR SRR PO
Lo s gaai3las (A ead Hal Ll Bigola o siws @il alad ) al8ia 4S0pl o gun (4GS

S e dn Tl Jges obgiae b1, san

"dhicua gladag ¥l YO

~aa HUS G S a8l glial Jold wgd o GAlayn o © Gias ool 5o oS olads 533l
sLas SO Gasstaal s 5 plie cunas ( 2THLS Gl bag T sl 5 .05,58 oo 5158 swidlasg s
el el slas IS s Lo TS Gaal3il gl Ll

Cugsie TCM 5°5Les selatla s als 5y aaal s Lap T 4 (s ol 5o 4S W5l s sa s 45580 4
Vo3l S Ll s 5 (MMU) abiila

Branch Prediction®
Pipe Line Flush *
Vector Table
Core Extentions ¥
Cache ®
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( ARM core J

(Uniﬁed cache]

( Logic and control J

Y
e
—(AMBA bus interface unit}— [((Main memory)

On-chip AMBA bus
Ole cdidls sl yaa & Von Neumann gsads sdles golame — YAY K

-

ARM core J

|
Logic and control ]

D !
Data || Instruction D I
TCM TCM ~
2.}
_£AMBA bus interface unit}— [((Main memory)

D+1

On-chip AMBA bus
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ARM{x}{yHzHTHDHMHIHEH)HFH-S]

x—family
y—memory management/protection unit
z—cache

T—Thumb 16-bit decoder
D—JTAG debug
M—fast multiplier
I—EmbeddedICE macrocell
E—enhanced instructions (assumes TDMI)
J—]Jazelle
F—vector floating-point unit
S—synthesizible version
ARM (slasaipla s oSal o sy — TP U

> s Lo S5 (6550 5SS sty b dlieus 505 Jla 5o Ole) @IS b aBgsa g sl o)
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53 0T gealiial 5 ye ol st sols s 5 1149.1 (oo ,las U IEEE ulstinl Lo JTAG -
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| ‘s_m 0 stdxsg

Processor Family
Debug "
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Table 2.7 Revision history.

Revisin  Example core ISA enhancement
implementation

Break Point
Watch Point ¥
Synthesizable *
Source Code ¥
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ARMv1

ARMv2

ARMv2a

ARMv3

ARMv3M

ARMv4

ARMvVAT

ARMvV5TE

ARMV5TE]

ARMv6

ARM1 First ARM processor
26-bit addressing

ARM?2 32-bit multiplier
32-bit coprocessor support

ARM3 On-chip cache
Atomic swap instruction
Coprocessor 15 for cache management

ARM6 and ARM7DI 32-bit addressing
Separate cpsr and spsr
New modes-undefined instruction and
abort
MMU support-virtual memory

ARM7M Signed and unsigned long multiply
instructions
StrongARM Load-store instructions for signed and

unsigned halfwords/bytes

New mode-system

Reserve SWI space for architecturally
defined operations

26-bit addressing mode no longer
supported

ARM7TDMI and Thumb
ARMOIT

ARMOE and ARM10E Superset of the ARMv4T
Extra instructions added for changing
state between ARM and Thumb
Enhanced multiply instructions
Extra DSP-type instructions
Faster multiply accumulate

ARM7E] and ARM926E] Java ecceleration

ARM11 Improved multiprocessor instructions
Unaligned and mixed endian data
handling

Yo
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New multimedia instructions

ARAUCEES
Table 2.8 Description of the cpsr

Parts Bits Architectures s
Mode 4:0 all Processor mode
T 5 Armv4T Thumb state
[&F 7:6 all Interrupt masks
| 24 ARMVS5TE] Jazelle state
Q 27 ARMV5TE Condition flag
\' 28 all Condition flag
C 29 all Condition flag
Z 30 all Condition flag
N 31 all Condition flag
YA Jsas
Table 2.9 Description of the cpsr
ARM9 ARM10 ARM11
Pipeline depth Three-stage Five-stage Six-stage Eight-stage
Typical MHz 260 335
mW/MHz(a) 0.19mW/MHz 0.5mW/MHz 0A mW/MHz
( +cache) ( +cache) ( +cache)
MIPS(b)/MHz 1.3 )Y
Architecture Harvard Harvard Harvard
Multilier 8x32 16x32 16x32

(a) Watts/MHz on the same 0.13 mocron process.

(b) MIPS are Dhrystone VAX MIPS.
VA Jsu

i iila o pas aaly s TCM (ol sdiila Joli € Lilias ¢l sl ARM goolsila 5a o

s s st Bl slads 538 5 Las,lasd olass gdamss Jla 5o Lasls « ARM =St i ls s sas

v
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s ol ) et sl o 4 50 98 «S Intel =, ) Xscale s Strong ARM

s (ml gielul sl 8058 e ygd 15 G SL S glasaihla sy Al sladine YoV - Jgaa

ol paal s 153 dallhs 5o it |, ARM (slasol sila

Table 2.10 Description of the cpsr

MMU/MPU

Jazelle

Thumb

ISA

CPU core Cache E (a)

ARM7TDMI none none no yes v4T no

ARM7E]-S none none yes yes v5TE]  yes

ARM720T MMu Unifined__8K cache no yes v4T no

ARM920T MMU Separate__16K/16K D+l no yes v4T no
cache

ARMO922T MMU Separate__8K/8K D+I no yes v4T no
cache

ARMO926E]-S MMU Separate__ cache and yes yes v5TE]  yes
TCMs configurable

ARM940T MPU Separate_4K/4K D+I] no yes v4T no
cache

ARM946E-S MPU Separate__ cache and no yes v5TE yes
TCMs configurable

ARMO960E-S none Separate__ TCMs no yes v5TE yes
configurable

ARM1020E MMU Separate__ 32K/32K D+l no yes v5TE yes
cache

ARM1022E MMU Separate__ 16K/16KD+I no yes v5TE yes
cache

ARM1026E]-S MMU and Separate__ cache and yes yes v5TE yes

MMP TCMs configurable

ARM1136]-S MMU Separate__ cache and yes yes v6 yes

TCMs configurable
MMU Separate__ cache and yes yes v6 yes

TCMs configurable

(a) E extension provides enhanced multiply instructions and saturation.

ARARIUCRES
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90 Jlie

s Ko Undefined Instruction « b g yo (59555080 o0 L3 1y 5loss Joaa S FY Kb

uz)—égb‘cs)ifdtsu)b):‘Assg;“uz):f°d‘:‘3‘—ii)"3JJL“JL5°ﬂg§d:}““Jd|JJ‘?45‘:"""“&-’"’-":‘:‘:“

i€ oo sulii LDR | gius 3 suliieal b oga ujol 4 paficus st
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0x00000008: 0xe59ffa38 SWI : 1dr pc, [pc, #swi]
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Ir is not defined on a Reset — Reset

points to the instruction that Ir-8 Data Abort
caused the Data Abort exception
return address from the FIQ Ir-4 FIQ
handler
return address from the IRQ Ir-4 IRQ
handler
points to the instruction that Ir-4 Prefetch Abort
caused the Prefetch Abort
exception
points to the next instruction Ir SWI
after the SWI instruction
points to the next instruction Ir Undefined Instruction

after the undefined instruction
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handler
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<handler code>

LI.DD'/IFD rl3!,{r0-r3, pc}” ; return
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MSR cpsr_c, rl
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A B Inten'upt stack
Heap T
Code
Code
0x00008000
0x00000000 Vector table 0500000000 Veitoitibla
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4.y Jle

Jae b eaiplapy Gud o5 5 aas o) gan il elaiAl wils glaiiy el alla sa (gl s
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L) adasla caline ol gh oS wload sula 518 Il 5o B,bad 51 (glde sane lidla (onads alasl
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Gty il o 0x20000 Lugal slyls 5 sl |, USR-Stack cuwg 5 5o, saidy (Jls sl

ol IRQ iy 31 iaS sae VYA Jolae o0l (51,0 Supervisor

USR_Stack EQU 0x20000
IRQ Stack EQU 0x8000
SVC Stack EQU IRQ Stack-128

_)__\.\béd_}‘)‘d_&‘_q_t\“c;_)lsC_\_“A4_1LJJJACA&JJALA&JSJ‘J#C;Y‘AJﬂﬂﬁlJJUSAb(5“):\

5k s0lERLI CPST 5235 (5 50 w5 co Ldsiun 5o () aiS co 525 (5 5a s¢he pl bau

Usr32md EQU 0x10
FIQ32md EQU 0x11
TRQ32md EQU 0x12
SVC32md EQU 0x13
Abt32md EQU 0x17
Und32md EQU 0x1lb
Sys32md EQU 0Ox1f

User mode

FIQ mode

IRQ mode

Supervisor mode

Abort mode

Undefined instruction mode
System mode
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0x8000
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‘el SVC_Stack s o 50 Hlaie (JUos o) (sl .0l o SVC_New Stack

LDR rl3, SVC NewStack ; rl3 svc
SVC NewStack
DCD SVC_ Stack
SIS Gl sl 5uas TRQ adls & Wb swihlayg alls JRQ iy alss gl RO alls sizy @
alasl epsr 12 Hu,S (S Gus 512 (5553 G CPST 4 bsase slacis S Gu S (S L
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Interrupt

2. | Save context

\

3. | Interrupt
handler

¥

4. | Service

interrupt
routine

Return to
task

5.| Restore
context
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Interrupt

| —%ter interrupt handler
2. | Save context —1
3

Return to task ~ Complete

Not complete

Service
interrupt

-

' |

4. | Restore context 5.| Prepare stack

!

6.| Switch to mode

v

7. | Start constructing
a frame

Finish
frame
construction

Interrupt

10. [ Complete

servicing
the interrupt

Return to task Interrupt

¥
11. | Restore context
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<USB Host /OTG /Device I2S.CAN .Ethernet —

{UARTS SPI/SSP FMT I2S -

1 MHz Jus iS50 au\WADC -

i30S RTC -

«Quadrature Encoder Ly 5 55900 J5S (o gonna PWM - —
ol Gty oo Alide glagandias 5o -

NXP ARM Cortex™ Microcontroller
Product Series Overview m

A
i
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i LPC1100 LPC1300 ] LPC1700
Low Power Mixed Signal High Performance
16-ba spplications 16/32-ba applications 16/32-bit spplicstons
battery operated, power management, {ast communications,
SENSOCS human mitedface motor control,

industrial contrals
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Industry’s lowest
active power
LPC1100L consurnption

(only 130pA / MHz)

Changing,the MCU landscape for

low:power 8-bit'and 16-bit applications

i VY (308 5m0aS LPC1100 — 0.y K

Jlaa w{)ﬁ

53 IDMIPS/MW 55 oT,LS Ls 4 eunlia s 4SDMIPS/mw  .T,LS il L . LPC1100
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Sl 1S 0led 5 ilolio Hluas 5 smiay lagis, S sloal 510 4Sh sl (S Bl
LS55 b TS ) s Gl ol 538 B30 B sems (sline 4 Lasiins it sLas siews 51
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CoreMark Code Performance

2

1.8

1.6

1.4

1.2

CoreMark Scores

0.8

0.4

0.4

0.2

LPC1100L Competitor A Competitor B
32-bit Cortex-M0 16-bit B-bit

LPC110 S ey — OF K2

38 (50 1) (S oS
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CoreMark Code Size

20 KB

18 KB

16 KB

14 KB

12 KB

10 KB

L KB

& KB

4 KB

2 KB

QKB

LPC1100L Competitor & Competitor B
32-bit Cortex-MD 16-bit B-bit

LPC1100. S (g0l euy s — 0.0 JSib

Jixb ) 58 e (3 aS
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Lower Active Power
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() Rom
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slave
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.
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CPU PLL
Brown Cut Detect
Power On Reset
Multi-layer AHB Matrix

:
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Advanced Peripheral Bus
! } ! { {
] s ] [ e [onm

DA St
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i oo 535 a1y Ll g S 5 e 0l (K sle

Up to 1 MB
Dual Bank

ROM JOTP

MEMORY

Up ta 150 MHz EEU R
v ‘ Up te 200 KB

CONFIGURABLE INTERFACES
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Upto 32 KB R :
1SP/IAP Flach E-ICE/RT interface
Vectored
Up to B KB SRAM interrupt contraller

JO-MHz, 22 kit ARMITDMI-5 core
with AHB and APB interfaces

Powrer management, real-time clock,
Watchdeg timer, PLL

Two 32-bit timers, tero 18-bit times
{with capture and compare)

LIART 0-1
1JART 1 with modem contral) Two 120
10-bit ADC
{eight channels) SPI, 55P

32 high-speed Y0 Ports
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Up to 512 KB ISF/IAP E-ICE/RTHM Interface
118-bit wide Flash Embedded Trace

Yectorad

Up to 40 KB SRAM Interrupt
Controller

AHB Interface
32-bit ARMTTDMI-S™
APB Interface

Power management, RTC, WDT, PLL

10-bit A/D convertar USE 2.0 full speed device

Capture/compare
timer 0/1

'Y
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128/256/512-KB
ISP/IAP

E-ICE/RTM interface embedded

1268-b wi;!e FLASH trace macrocell
16-;;_,.3"1[?1-'{5 Enhanced vectored interrupt controller

16+ 32-bit ARMITDMI-S core

Povwsar management, ‘Watchdog timer, internal RC, PLL

104100 Ethemet MAC
with 16-KB SRAM

CAND, 1

LISE 2.0 full-speed device with
PHY, DMA, and 4-KB RAM FIFC

General-purpose DMA contraller

2-channel’10-bit A/D corserter

1-channal/10-bit VA corvertar

Capturs/compars timer 0, 1, 2, 3

PNM O, 1

UARTO, 2,3
UART 1 with modem contral

SIVMMC card interface

IS FCO, 1,2
S RTC with 2-KE battary RAM

VO Ports (70)
]

{104 for LP

DAY S

YYA



http://mohandesyar.com

LPC24XX (s you sla g yidS g jSas  O.X.YF

ARM7TDMI- s laas 72 MHZ G s Slae uilS 8
w0 AHB oK, L S

SRAM o la sladtisla JLoasl gl by Llao
Flash , SDRAM

stb—ly s DMA L Ethernet MAC L.,
MII/RMII

2.0 s« . USB Device/ Host/ OTG L,
<DMA  PHY sl 0a

tonnl sat sw3la: S LCD TFT/STN s J 3 (s jlach odas o

. .s PWM ADC .I’S .CAN suilan 3la ol 51 (slos i o0 suns

(el slad b

ol il i los AHB e 50 o€, s ylann ool s « LPEZAXX 5y sla 5 555 5 oo
Ly LPC24XX &)1 5 53c .5l o Ethernet 5 USBCAN s s LPC23XX siler (5 pun
lamiie ol el IS LA 53 1, 1/0) 6 i Bas3 5 ala oSS USB/ Host/ OTG
ol 83 S e LISk o3 ARM7 (sla )5 558 5 S 0 siiec 58 4 15 o

JoES sl oud 8 gLile 5o 0338 LPC247X (go,la b (s mm ol (sla 5038 5 S0 0 SSaa
(a5 e T &5, bl b STN/TFT g5 51 LCD oS

LPC2468

6l il s oalanil o0 512 KB sl 5 (55 oo o8l8 sabaila sl ol 55585 S 0l
sAals g8a S, 3K gl )la LPC2468 ool osa Gl oK us ain fus sBuin olbls )
L Device/Host/OTG ¢ o 51 USB (seus< J,3€.10/100 Mbps = 5o L Ethernet MAC
o) a3l ol ) 5 gle sane s CAN JUIS Y UART Lul, ¥ 4 KB iy ol selaila

End Point

YYA4


http://mohandesyar.com

LPC2478 5 LPC2470
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512 KB E-ICE/RTM interface embedded
128-b wide FLASH trace macrocall

%6 KB of total SRAM Enhanced vectored interrupt controller

72 MHz, 32-bit ARMTTDMI-S core with dual AHE buses

Fower management, single 3.3-Y supply.
real-time clock, Watchdog timer, internal RC, PLL

10100 Ethernet MAC Twa CAMN buses
with 16-KB SRAM with acceptance filters

USE 2.0 full-speed (12 Mbps)
OTG.-"DHCE.-’De-.-rne plus General-purpose DMA controller
PHY, DMA, and 4-KB RAM FIFO

10-bit A/D converter 10-bit DVA converter
[eight channels) {one channal)
Four 32-bit timers Toea PWM units

iwith capture/compare channels)

Four UARTs

{UART 1 with modem control) SOVMMC memory-card interface

125 Three I'C
One SP1and Real-time clock with
twa 55P 2-KB battery-backed RAM

LCD contraller for OWGA ST and TFT displays

180 YO ping

8.AY S

A
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Power On Reset
: : i1

Multi-Hayer AHB Matrix

.
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External Memory Controller

Advanced Peripheral Bus
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EVENT GPIO SDIOVCE-ATA
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TIMERS =4 CODEC

SECURE

QTR ****
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SYSTEM LCD
COMNTROL INTERFACE
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POWER 10-bit ADC
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CPU subsystem
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D-Cache

System functions

Communication
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LPC4000
Cortex-M4
+TE50MHZ LPC4300 DSC = MCU with powerful DSP extensions
LPC1000
Cortex-M3 LPC1800 Memory options up to 1MB flash, 200k SRAM
Up to 150MHz
LPC1700 High-performance with USB, Ethernet, LCD, and more
LPC1300 USB solution, incl. en-chip USB drivers
- D
Cortex-MO LPC1200 Memory options up to 128k flash
Up to 50MHz
LPC1100 Best-in-class dynamic power consumption
DN K&

LPC43xx S gLAJ.I‘gJ;C\S’JS:u HYXN
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6olS wlS,8 L a0 YY ARM Cortex-M4 gaiwa  —
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5 (SCT) antas J5 oulla Ly w0y SPI (288
¢«JL_w GPIO

Digital Signal Control - DSC
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1st single-chip -
digital baseband - DaVinci
DSP/ARM
multi-core +3

TMS570

Stellaris

i

2 Stellaris®
¢ Introduced DaVinci™ TWOARM g 1o DustDevil Tl
processors for Cortex-R4 ury Class
digital video cores
g Class
— ARM9-based SoCs for

automotive icanses

Cortex-A9

1993 1995 2002 2005 2006 2008

1st multi-core Stellaris®

applications Vinc Tempest
processor, Stellaris® DaVinci Class
ARM9-based Sandstorm @ announces
C1 s:tARxls Class *5 31 new
ortex- i
based silicon Newest DaVinci A;l\oll d?ligd
solution for and
OMAP flexible, introduces
TS HD video Sitara™
e family

ARM (sliss s cladd 5 (gea2a)B 5 (K o8 =0: Ka

Tl a o o)) oS58 Gl ARM glise 5 olal @ s4a3 06 50 K (5,00 K3 50
853 4o 01y oS ,a ol ARM oY sina s’y wa |, Luminary Micro o<, 2009 Jl.
Wl o3 A aY gans

DaVinci s5,S jles Jolt ARM (gloa 5 B8508un (seinadsn T oS, alaid 5 o5 Slaa
.35 oo Stellaris 4 Sitara OMAP

Galu ARM Cortex M3 gulcul s gaiicua sod Al s Lo Stellaris sla i< Son
(Luminary Micro i) oudag eS i G gaae 5 asa Glad o @l L 5558 5 Sue cpl  ilonss
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VEY


http://mohandesyar.com

Performance + Integration

TI’s ARM Processor-Based Products « Video

» Ethernet

Ethemet
MACHPHY ~ pai
S158 PHY

Device/ Upto3

« USB eUpto2 4 ygB
Device/ ~ BoSChCAN poyices
Host/On-

e 6o *3D *3D  Rich

graphics graphics
tiasie NG

Image power VF
«EMAC  Sensor o LCD « CAN
«FsHs UF controller EMAC
LM3S200r LM3S300c  LM3S6xxx PR atvy) * USB 2.0 * USB w/
LM3Sho. « eCAP controller HS OTG PHY
*EMAC/ *Upto3 e Device/ o * DDR2
EPHY Bosch CAN  Host 1588
e CAN2.0 2.0A/B ¢ Ethernet « UPP/SATA
MACs MAC+PHY o
E Ha“as":dded 20 MHz - 100 MHz 135 MHz-16Hz
Starting at U.S.$1.00 Starting at sub US.$5.00
Cortex™-M3 ARM926 Cortex™-A8 >
. Stellaris .Sitara . DaVinci C D OomAp™
MCUs ARM MPUs video processors mobile application processors

ARM glaswsjlas glsil — 0. K
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35—l Hu sl Glulad QU5 4 pdulad gladpa glacalils 5 Sluidy gl o ealiw )y @
a1, LCD (sla Siulay (sl ys 5o sead (sola) Huaas 5 Guila s oS5, slad Jouss

AM3517 suuls cladiiie OX)LY

Power VR™ Sl € ;5550 S o0y 5o adle 5 0,00 15, AM3505 cladiis alas el s cpl @

bl U (HMI) LslS Lal s S sl olal a4 bl cabls ool .ol ls 551, SGX

S sl 1, 10 Mpolygon/Sec [jla s ool s caiasolin ol aas o I pln) o Jlad
i€ o Sluns, Open GL®ES2.0

Wi} AM3517 / AM3505

Display Subsystem
3D LD yigeo
Graphics troller| ENC | 10-Bit DAC
Accelerator :
(AM3517) L

Processing
Front End Video Inpit

L3/L4 Interconnect

m Timers USB HS Host x2
GP x12 | 1-Wire B ysg oG w/ PHY |
m - USB OTG w/ PHY

McBSP x5
UART 3 DDR2 MMC/SD/
- McSPI x4 |{+1w/IrDA GPMC SDIO x3

0.YY K
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ARM®
Cortex -A8
CPU

Peripherals

Serial Interfaces

m How1-wire [ SDRC | e
ST | GPMC |

McBSP
x5

USB 2.0 HS usB
0TG Host
Controller | Controller x2

Beagle Board - 6.Yy K&

Display Subsystem
;F:_ Video [ 10-bit DAC
roller | ENc [ 10-bit DAC

Camera I/F

C64x+™ DSP and
Video Accelerators
(3525/3530 only)

3-D Graphics
Acceleration Image

(3515/3530 only)

L3/L4 Interconnect

System

Timers
GP x12
WDT x2

Program/Data Storage

Connectivity

OYF S

) wlEsle bagT JolK gundios ol 13 waa slagandGiuws 5o ), OMAP slasaisls

OMAP4 suuls cladiiia OX.Y.)

SL;“JL‘.‘:J.Q% oL, J‘ LS'“" L;LA&KL.“J _)i_g.\ 9 \LAC:.J..G Qo oA (5‘..&05.‘3 Lg‘}‘él‘bb LS‘)‘ (]
s /i8S o, FUll HD 1080 s stss 3 soliieat (slys VA3 o158 slassiasclis o

f\)ﬂJLAAS GJJ‘ASL‘A:\% @L}S

20 Mega Pixels G jiSlaa 5l s5, 5 SLR-Like culs 5 opws pslas (8 S @

(SMP) o 880 odjlo iy atewss L ARM Cortex A9 (glaiiua go gowidlsy @

Tablet®
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1.5 GHz s Sl Luil$ s L OMAP4440


http://mohandesyar.com

UOJSIAB[3)
OH
19AUp
0P

VOXNM o IJNNR
S10SZ10dL

2]
|euas-jajesed
J101U0D aS/INW/ONWe
Aeydsia

M0/434

shax ‘1AM 34nas ‘Wid ‘SIV ‘ONY ‘S30€/S30
‘SAW/1-VYHS :ABojouyda) ALN9ag v, PIAIUS-W

INOY 21n09s/1008
Xogjew Ja{j01u02 Jdnuayu| ‘1ot

YINQ/29]104u09 AiowWwaw paleys

(dS1) 105530014 10)813|329¢€ Sojydess
feubis abew OPSX9S .. HAHIMO

alempieH EYAI

R 2150 mldll XyvdYINO

m 2ISY wuldIN
910 Z 8sn pedkay W § 1nonuod B s9)00u00 @ uopenwg
paads-ybiH eubig §  Wveas HSYH /vir
[ ] -] [ ]
pediay EECCORY 7qad] awhﬁﬁ

DY JSi&

\0.


http://mohandesyar.com

OMAP36x ox.v.y

Jess (15 0l g0uiS o 85 o sLacublB ol an 40 (YL 1,18 OMAP3 (gouit ol g lans
5 slasaidla sy 4 o (53 GuilS 8 o sal Sl Gl S oo HLEAT o ol san (SlaGAD (gua
ol elyen 4wl TS aalhsl e ¥ oas GARMIT @ e g 50 S IS OMAP

-= o lisa S Gl 53 4l 5 S 4 suas ¥ 5 Y Power VR SGX (g 5 e Lacal
aas o wll g led

EASIa o5l 555 L gl (solailicalain 5 Jol€ (2 51 gl iy ghisa @las S, L
aia b gla Sasla s WXGA (i 5o sla Saula 51 Guineas il 5 0l oS oo olaidy 720 pHD
S Slutdy 50 LCD

sads alsle 12 MP JiSlaa 0 sl 955 b sl sesion asficns Jlal (15 Y s g JUSaia (goi 3l

.C.u-u‘

Image Signal Processor-1SP *

Vo)


http://mohandesyar.com

SINpoig L degdsyg Aejdsig

aNInal Lilioms 141 sojey ISLNATVE piy
wox WOAD Al alas/as
yane] . n ) FIWHISIH
———— -
(hawmeg OROZISL £
e | L

pediay [ sag-ppeseg [l ©opin-S dsgm
FEN LTI a
a3l Ae| o3PIA omaE
.e.uucnmm \x JeAlaIsURL) Aa|odypuosy ahay R , asn #
~ o | 850 SH 510 7850 , v=~_..n_§. .m WHd 'S3y 02020Z MeemmSe. A
gy = (S5H) paads-yBiH DNY ‘SITESIA 'SAW/L-VHS euuIUY
... = . 1ARDIoUYIBY KIINIFS s PIRIYS-IN 45801
d T wljloclang
s : \h 2BpoY 458°W WOY aansagooag e e
sayeads (1 8 sapepsorpny T 1avn CT) *
XOG e 43| [oauo] ydnaaEu) sasug R —

sabeweyy
Jamog

|eshis ZHY TE

A
i) ed Aiowaly paieys EI NYTMw Lo
Wiasae=|p W pasey, iU %

1d5)) Jossanouy ADYRAR[FITY
|eubig afiewg saydesn Qe

Jabeuely Yo
ﬂUnU—_ -H:n-_m
anejlayu] Wwaysks

safaeyy
famyyeq

DE0STML

FIWMPUITH By oD

+T WA

sdo
wAUAEN

L
euuaguy

BB g |BMag-RISWRY

X9ed¥YWO

|o]|eing jeLiag

4/) eawe) L
3 vas

e J¥0s INAD e
- =

Yoy


http://mohandesyar.com

TL2 Jyua

ARM sla g yiss g ;sue g STMicroelectronics css i 0¥

Jlad (5 il 3 - oLl oS 58 S STMicroelectronics o<

Il 5o S5 ol ol (sola dad 5 S g S ol 5 (geiney 59

y, » LI SGS Microelettronica =S, o alizul L VAV

eadl b e £ K& aal,s 928 Thomson Semiconducteurs

(eola Lan o€ 0l sla oS, n b it gla callad alasl 5 ST oS5t cullad 5l das puin
e sl e 5o SsSali sla 4l 3 la suiiS w53 0 5850 51 (S 0 SS5E Gl S
SO Gea GBS 0l 5 5l ol BUA 5 ol GBS e bl ) (S S o 52
Yoof Yl s e, ol oS peud o ) ol S Silis ol 5o 5 ST M sola das a5l
(300 mm) zaul VY sla Ha s ad 5 G, 5 (200 mm) Zul A sl 535 ad 5 GG Gl

AR 65nm390nm ‘013um ‘018um oAl LSLA MJ‘)..QL:)_:\AQIGYWMJJQA

1S el 09,8 (i 43 Ol 98 (o0 | S i ()l BY guae

35500 5 La st S ais o (g Olajuin S pmne — Joa Ll o Gl din olbls,) @
oo 5 diat 58 SELIS (e s ASIC MPEG-4 ;s MPEG-2 (5l s

Serial (NOR ; NAND)Flash E?PROM Jgicu il sla 55— diila oY gmne @
twad LIS gNumonyx e£ ;& s NOR s NAND als sla aliils (65 aa . Flash

Y smas plole sl Jliiman 5 Sl sla Cali— psousa plio oY mne @
08 Gals il s J IS (slasl g 3 5 She 5 (2 s2als oo S S semne L 55055

sLasls TS EiKie 5 40das e (S HIBT ol e — 15085 S 5 wias e (SILT oy S @
.ST6, ST7, uPSD, ST9, ST10, STR7, STR9, STM8, STM32 : STM (seulssla
(e sola das olald clad g

Fabless Semiconductor Companies '
Silicon Wafer '

e (930 e anad S 5 ba st 5 5 S oI g meS lal gl T

oY


http://mohandesyar.com

ALl oo Biley @

5 ARMO y ARM7 (sla i 51 € W (oo pacai 058 (i 5 oS50 (ol (sl 5o 085 Sao
S o suliiol ARM Cortex-M3
Sy ila Bl 3 5S84 gana LI, ARM7TDMI (saiiua . STR7 goul s
4 STR750 s STR730 . STR710 oLl s 5 0S o €5 0.18um [uli gabasla
1y LS I ila cplciad 0 53 ls ARMOE™ (gaui3ls 5y (seiand ool 53 STRO ajiily Y
°‘A—.’:)|JJ=_'L.)—..“L£’J.AJ£L""J:)|AS@‘)?‘JS&‘“&JJLG:GJL;‘A‘JQNGMBGJJ:)
S o,z USB 4 CAN . Ethernet « ol oo
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STM32F10x typical current
(V- 3.3 Von 128-Kbyte device @ 25 °C)

14 ph _"‘ Ea
+
3.4 pA
Stop
2pA —
1.4 pA ] Standby Ea
RTC off ¥
RTCV,,

' Ultra Low Power
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ol S5 a4l s STM32L152 5 STM32L151 (g u 50 o - STM32L asl sila
a5 sla culilE gl sul Bl
0.27YA : B yme (I 5 (A s slols -
230pA/MHZ 1 al Jla s byeme Ol —
S i STM32 &5 soul sl i Sulis STM32F cla,l, i€, Sun ¥
ARM 4508 (st 5) 2l (il gadiila U STM32F iu YY (gla) s 58 5 Suo
SUls 5 aS OlsS Boan b 1) Yb oIS Lasl s 518 5 S cpl i g0 8 540 Cortex-M3
OV e sdle il idiel aa 5o ila Jolas g 5 0055 (sl 4o pans ol ad @ ol
O 0SS a5 La Sl lyl s enli) Jol e (e o (g5l paiae (p i
ol Al caalie Hlaeas G SUSS Jobeus 5o suliiaal ) 15 La gl 35S 5 S
B sad 4l B8 LG & aid s b iy 50 STM32FIXX (sla )l 55 5 oo
psiane ) S Ha el 3 s Sl ol (Sl al Sk
STM32F10x block diagram

Power supply

Cortex-M3 ' < » Flash Up to 512 KB

CPU g -t IF Flash memory - Reg 1.8V
3672 MHz Ll POR/PDR/PVD
|
o ARM Lite XTAL oscillators
i h Upto 84 B backup data o e
bus matrix/ FSMC*
Nested vectored arbiter SRAM/NOR/NAND/CF/ Intemal RC oscliaiors

interrupt controller (max. LCD parallel interface

72 MHz)
il iy Coono |
Clock control
L <>

up to 12 channels ARM peripheral bus

Rt~

2 x 16-bit PWM Gx16-bittimer & B =

e o

2 x waichdogs

-~ e, DR
window)

 wermws <

3 x 12-bit ADC / 1Msps
up to 21 channels
-+
Temperaiure sensor

:

ARM peripheral bus
(max. 72 MHz)

2-channel 12-bit DAC* =% —Sil = 2

e

i

< I

*For part numbers starting at 256 Kbytes of embedded Flash Memory and peripheral combinations depend on the part numbers

STM32F10x S sl al Sk — 0.YA S

Yoo
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Performance line STM32F103

2-channel x 12-bit DAC*
Up to 6 x 16-bit timers

=

Main oscillator 4-16 MHz
Internal 8 MHz and 40 kHz RC oscillators

JxSPL 2x
FSMC*

Real-time clock with battery domain and
32 kHz external oscillator

2 x watchdogs
Reset circuitry and brown out wamning
Up to 12-channel DMA

*For part numbers starting at 256 Kbytes of embedded Flash

STM32F10X sl s a4 — 0.Y4 JSi5

Flash size
(bytes)
[ ] STM32F103RE STM32F1 D3VE STM32F1 03ZE
512K
STM32F101RE STM32F1 HVE STM32F HZE
STM32F103RD STM32F1 03VD STM32F10320
384K
STM32F101RD STM32F1 01VD STM32F10120
5TM32F1 03RC STM3ZF1 D3VC STM32F103ZC
256 K
STM32F101RC STM32ZF101VC STM3ZF101ZC
STM32F1 : STM32F1 D3VE
128K STM32F102CB STM32F102RB
STM32F101CB STM32F10HRB STM3ZF01VE
STM32F103T8 TM3ZF STM32F103R8 5TM32F1 03V
B4K STM3ZF102C8 STM32F102R8
STM32F101T8 STM32F101G8 STM32F101R8 STM32F1 01 V8
STM32F103T6 TM3ZF1 M32F103R6
32K STM32F102C6 STM32F102R6
STM32F104T6 STM3ZF101CE STM32F10HRE
STM32F103T4 TM3ZF
16K STM32F102C4 STM32F102R4
STM32F104T4 STM3ZF101C4 STM32F10HR4 _
36 pins 48 pins 64 pins 100 pins 144 pins
QFN (6 x 6 mm) LOFP (7 x 7 mm) LQFP {10 x 10 mm) LOFP (14 x 14 mm) LQFP (20 x 20 mm)
Performance line . -

USB Access line
BGA (10 x 10 mm) BGA (10 x 10 mm)

STM32F10x cabise glasaiylon— oy J<&

Access line

(5LA4—}J;A3L§;STM32 Guﬂjﬁs\’_)s_.u)ébduh‘d)ycortex M3 M@‘J‘S‘)ﬂ‘}ﬁa‘)d
el st wlie «aliie LIS slawil$ L, 5o ARM7TDMI
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rating

100 ==

Cortex-M3

=
=1
= ARM7TDM
§ 607 (ARM)
E
£ ARM7TDMI
E 40 =+
S

2{1 L

0 1 1 ¥ 1 1 1 1 g
0 10 20 30 40 a0 G0 70 fop (MHzZ)

Cortex-M3 LT, jlagai— 0¥ JSi&
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LPC ola ] i€ 5 Sun 5o La3laisluss 5 GPIO

s LPC ,s CAN §USB_USART SPI (s Sa
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ol S8R Slad 5 Shass clwses SIS & ST G span Gl 50 Y sane s 958 o S
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Brown-Out cuw, £
Shasli ool s e Jlad wdl ol padde gas ) i 501y oKia o€ ol cuw ) e 9
.;ﬁfg);keﬁ;\A#J;ﬁu\pl&dﬁl; J‘A&JJ&JPJ&M“G‘P‘

ATI1 sla g hiasg ,Sas  £.Y
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i S g LS @ el saui,lad Brown-out ceew ; e e dNRST s june Jold caaly o
1 o) sladtSen 5 00 ,S L (Show Clock) cruly edes SIS L (@it 0ol adly oo oy il

1S o wal g3

watchdog i (Lo iatas 5 owi3ls sy sy A :Proc_nreset  —

S o oo 1y 5 oSe AN (slaataniany oIS (s4c gans :Periph_nreset -

WS o g ollely o S el olsie 4 1, NRST g4l :Nrst out  —

o 88) WS o ey 1 05 g 8 0333 VDDBU U o< slaaionni 5 alas :Backup nreset  —
(AT91SAM9 (.,

3808 slas sis g (aola Sulsa 3151 LU (B Gl b 8 sud w8 5 slaJUS

S oo Bl slaslins u S e 5150 15 NRST JUSaes 50 NRST e (i o
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5 (POR) o oy, alKia s, Watchdog o ‘KETG‘QL@ teal pie ¥ glols e
$9505 E0at Ko 5 oxat) 54l S RESET sely (BOD) Brown OUt jlulSal las cacus
o< "0X0000 0000" Lo yul 51 ousdhoy e g il ys v 5 o€ ulanl wlla € oKia ol
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external Reset to the
reset || v c on-chip circuitry

Q
watchdog
reset ’ 5 | Resetto
POR PCON.PD
BOD —

WAKEUP TIMER

power | START
down — COUNT2" —8— C

internal RC Q 1
——
EINTO wakeup oscillator P 5
EINT1 wakeup
EINT2 wakeup fwmeA;B
EINT3 wakeup rom
RTC wakeup reset

BOD wakeup

Ethemnet MAC wakeup APB read of
USB need_clk wakeup
CAN wakeup >O_> EDFE:;LN

GPIOO port wakeup

GPIO2 port wakeup -
osc
:>_> to other

blocks

£ K

Ml J S GLAGLE il PN
i ey Joaas 5ol 358 Sl JAS slacls
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ouga] Jlase £ b 55 als
gl bt

o5 slaadsy
EXTINT
0XE003 C004 0 R/W EXTMODE
0XE003 C008 0 R/W EXTPOLAR
Reset
0XE003 C010 0 R/W RSID
AHB suus S (slacls
0XE003 C018 0 RO AHBCFG1
0XE003 C01C 0 RO AHBCFG2
Syscon <5 ,ais slacls
0XE004 0008 0 RO SCS

AANEREN

plsden a3 s o yiaS sldaa e FYNY

ilesal la ol 5o w58 b (sl S0 slagioss 15 50 S pgo slapn s Ol (o

lads s 93 Llads alas S
o
0 GPI0 & ol alls ol GPIOM 0
sLPC2000aslea 1 50 slac ;s 0 (oousicus 0
580 @30 APB 55k 5
Sediee oAl 4 0 slac s sl e GPIO 1
ol adadla sui€ SIS s  saiS ) 36 EMC Reset | 1
0 0 Disable
. —
0 ol gabbla gdin s SIS EMC Burst | 2
Ja 5y lla 0 Control
I sk sy ol 1 ]
0 MCIPWR wl, J i< MCIPWR 3

DS Ll Hlass (a5 (i 5 wlyl i - Reset Value
Hled b ks RO« g g qulsa LE:RIWT
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el sly las 5o MCIPWR (sl
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ol YU o s MCIPWR el

U=

Active
Level

20MHz 5 IMHZ 3leug)lcn s oedlS 5 (509 50m0

.C.u-u‘

i 15MHz bL—HbL‘_ﬂj:l u.a.ullsﬂ (503 gin0
.2ss) 25MHzZ

OSCRANGE

el Sl s gl Jlas

e Jlad e Leal Slas bl s

Golte € J, gm0 ol Jlad Leal Sl g
sudy Juaio XTALZ o XTALL slasly & coslis
S es OIS 4 gy il

OSCEN

0 kol Hlaglu g carsy

SUS e Gl i 4o suliial gl s Lol Sl L o

NUIVIY) N

SUS e ol i 4o suliial gl s Lol Hlav L o
OSCEN L s wb dial gl s .ol sule]

OSCSTAT

NA (g4 LsLAaJL&L.u‘ 6‘)-.‘
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YA Jgas
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EXTERNAL

ETHERNET
PHY
usbelk
USB
46 MH
L MAIN cLock | 2,] uss BLOCK
L[| osciLLator DIVIDER 25 0r
PLL
pliclk USB clock config 50 MHz
(USBCLKCFG)
system CES(L:JK cclk ARMT
clock BYPASS DIVIDER TDMI-S
select SYNCHRO-
(CLKSRCSEL) NIZER CPU clock config || ETHERNET |, |
(CCLKCFG) BLOCK
INTERNAL
C EMC, LCD,
OSCILLATOR WATCHDOG DMA, FAST 110
N TIMER
vIC
wDT
clock CCLK/8
select CCLK/6
(WDTCLKSEL) PERIPHERAL T d | other peripherals
CLOCK  p—=r=re— see PCLKSELD/
GENERATOR CCLK2
CCLK .
pelkwot K CAN1
LD\ pelkcan
PCLK
SELO[1:0] -
PCONP[13
oo | Pokae T PCLK 13
PRESCALER SELO[27:26]
= RTC rtclk [ REAL-TIME PCONPIS] E(E:Hfm 8 .
" =] | osciLLaTOR LH CLOCK [19:18] :
MCI
RTC clk
clock > kB BATTERY | DAL RAM — 1
select RAM Ik,
Pcikpac)
(CCR) T
PCLK ]
SEL1[1:0]
pcLk PCONP[28]
SEL1[25:24]
SYSTEM
CTRL
ry
pelksyscon

PCLK
SEL1[29:28]

£X S
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Sl g sl Hlaag b s 5 wile e baslaglass ols Jiiue bl o 4w « LPC2400
solilal gl S 5l Gl (5100 Bl 85 e LSl s 5 0l 5V S5 58 RTC Ll sy 5 M8l RC
e,
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095 ol Yl S 45 38 IS hitl 59 (a1 RO lglun i 51 soliiend s o g GLATI 5 Ko
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(IRC) (A RC Sl 5o

-8l SIS Gyl sie 4 b Watchdog mis Loy 158 SIS e ol e 4 sl (Sae Slesylea s 0l
S miaan ail o culia USB ids 50 sulaiel s, IRC widsou S suléin) CPU 5 PLL 3l
15 TRC il 3 oSS soliien) Syl g 0l 31 el 53200 100K bits 51 CAN Lacaly 5L £
.cuul 4 MHz

SIS paie Glgae 4 IRC SILPC2400 caiies s385 JLaSl b 5 oy 45858 5 aas
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LPC24xx

XTAL1 XTAL2 |

G Cq
6 Clock

LPC24xx

XTAL1 LJ XTAL2 LJ
[ —

—1  Xia _1__
Coy—— -1 Cx

b)

Y K

lsael Y4 9 Y. JJ.\; BE ‘L;JL..uuLa.uJ.; alla BE) Jtu.ug‘)s L;LAUJ[A (5‘_).\ s Lo 5 )ﬂAG.A

Fundamental Crystal load Maximum crystal External load
oscillation frequency capacitance C; series resistance Rg  capacitors Cyq, cx2
Fosc
1MHz - 5 MHz 10 pF <3000 18 pF, 18 pF

20 pF <3000 39 pF, 39 pF

30 pF <3000 57 pF, 57 pF
5 MHz - 10 MHz 10 pF <300Q 18 pF, 18 pF

20 pF <2000 39 pF, 39 pF

30 pF <1000 57 pF, 57 pF
10 MHz - 15 MHz 10 pF <160 Q 18 pF, 18 pF

20 pF <600 39 pF, 39 pF
15 MHz - 20 MHz 10 pF <80Q 18 pF, 18 pF
Fundamental Crystal load Maximum crystal External load
oscillation frequency capacitance C series resistance Rg capacitors Cxq, cx2
Fosc
15 MHz - 20 MHz 10 pF <180 Q 18 pF, 18 pF

20 pF <100 Q 39 pF, 39 pF
20 MHz - 25 MHz 10 pF <160 Q 18 pF, 18 pF

20 pF <800 39 pF, 39 pF

¥ooo¥ sladsaa
RTC Jhalusd

PLL 45,5 Watchdog i oLy b s RTC (5158 SHUS pie o)) 3e 45 w3l 5500 « RTC Sl

\RA

3o suldi) CPU Loy
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<l 15, LPC2300 (slac sy (solad (555 D3 992 50 488L 053 Olas smds (s4e gane \YY Jgaa
uS e

S de sane alo€ a5k 5 o5 4 sins € US paddie wlb 5K PORTO/T ) suliia alKaa
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L GPIO (souliicdl 50 923 ) laJlia  FYYFP

£ Jhe
JOCLR S IOSET 35,k 5 casly So a0 a5 55 g yiews

i oo (a3 [OCLR S IOSET (slacls s oid s Gask 5oy sulioa cunis s

25 JBe o
IOODIR = 0x0000 0080 ;pin PO.7 configured.as output
IOOCLR = 0x0000 0080 ;P0.7 goes LOW
IOOSET = 0x0000 0080 ;P0.7 goes HIGH
IOOCLR = 0x0000 0080 ;P0.7 goes LOW

0 e place £ PO.7 e (I00DIR Ly 88 ) Sl slid w5 o 553 ol & < PO.T sy

.AJ.a.uu.a

£¥ Jlie
GPIO 95 s sl 50 2 5a
0,5 Dl a1, ) S

IOOPIN = (IOOPIN && OXFFFFOOFF) || Ox0000A500

NS L;LAC;‘)\H‘L\Q:%AVY L’_}\:\L.ud‘)‘ suldicl ) d;bb

FIOOMASK = OxFFFFOOFF;
FIOOPIN = 0x0000A500;

R GLAQJ‘%MG:%J \Yd ua\fla.ud\ﬂ soldiol Y d;bb

FIOOMASKL = 0xO00FF;
FIOOPINL = 0xA500;
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1olad Bio

¢edbye g Jlwyl FIFO galisls culi Ve —

faiiaa 5850w 550 dais ol b lacls o,8,058 K. —
AY 5A X O cob glaas o FIFO cdiils S jas gabads  —
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S o suliionl o538 o gobe bl ) gl DA adls S 5 —

YVYA


http://mohandesyar.com

UART o bys o slaialy  #¥¥.)

N\

&
&

(%

yv4


http://mohandesyar.com

UART luisl guiso sy PYYLY

1S o 5o Sy I, UART () slacls 5 sslainl

(058 "1' 1, (el UART (go,lait oLt X) PCUARTX (slacass PCONP old Lol

A0S alais "X" & PCLKSELOTT islacsls 5o 1, PCUARTX (slacy il ilows SIS Y

5915 SomesS 5 5Ls 55 <1 s s sde asns 5153 DLAB=1 i UXCLR slacsls o iasb 55 ¥
i€ aalai3 16.362 Jgun (55 (500 pandi glacls

UOFCR ol i o lacs e 31 FIFO ialus Jlas sl UART @ bguye FIFO galiila ¥
(S aolail

45€ Clanl PINMODEN | PINSELN slacls Lo 1, aal alla s UART glawly awsly 0

Juad wls (UART sl o slawsly 55,5 s pull down glaces slis «S wi€ 8o

asal A i UXIER oo LSl b casas 51,8 DLAB=0 ey (gl Jlad gl ladis s #
L g oo Jlad VICIntEnable «ls b 55 VIC o ladis g .cuiils

UART L bl s FYXYF

Example: Left Shifting Bits.c Code COP_1

1  void UARTSend (BYTE *BufferPtr, DWORD Length )
2|

3 while ( Length != 0 )

4 {

5 // THRE status, contain valid data

6 while ( ! (UARTOTxEmpty & 0x01) );

7 UOTHR = *BufferPtr;

8 UARTOTxEmpty = 0; // not empty in the THR until it shifts
9 | out
10 BufferPtr++;
11 Length--;
12 }
13 return;
14 }
15
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16  volatile DWORD UARTOStatus;

17  volatile BYTE UARTOTxEmpty = 1;

18 | volatile BYTE UARTOBuffer [BUFSIZE];
19 | volatile DWORD UARTOCount = 0;

20

21  DWORD Fdiv;

22 | PINSELO = 0x00000050; // RxDO and TxDO

23

24 | UOLCR = 0x83; // 8 bits, no Parity, 1 Stop bit
25 | Fdiv = ( Fpclk / 16 ) / 115200 ; //baud rate

26 | UODLM = Fdiv / 256;

27 | UODLL = Fdiv % 256;

28  UOLCR = 0x03; // DLAB = 0

29 | UOFCR = 0x07; // Enable and reset TX and RX FIFO
30

31

32 | if ( install irqg( UARTO INT, (void *)UARTOHandler,
33 HIGHEST PRIORITY ) == FALSE )

34 {

35 return (FALSE);

36 |}

37

38 | UOIER = IER RBR | IER THRE | IER/RLS; //Enable UARTO interrupt
39

40 while (1)

41 { // Loop forever

42 if ( UARTOCount != 0 )

43 {

44 UOIER = IER THRE .| IER RLS; // Disable RBR

45 UARTSend ( (BYTE *)UARTOBuffer, UARTOCount );

46 UARTOCount = 0;

47 UOIER = IER, THRE | IER RLS | IER RBR; // Re-enable RBR
48 }

49 }

CAN1/2 slaouias Jyaas  £YXD
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Ol OV S sa ol pladaa s el o CAN SIS, faiy Sluisy U153 CAN (gousi< 3
O (s oo Gate way L s (Switch) gy guu (router) ol suwe S ()l sie 4wl g5 o olalad
g sulite) Caline slas € 4o CAN oK,

ledal il LS Sy oS S el (B 59 ol CAN 530
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CAN Glawsly gpuii  FYOF

painn oo CAN-T Jgaa 501, CAN & Lss o sladaly

Multi-master *
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CAN luiy) guise ysas #Y00

(a5S 51" 4 PCONP o5 s 1, PCANT/2 slacy siis

51 (53l Lt & ogess) PCLK ACF s 5 PCLK CAN1/2 (sl :pila Jslous SYS ¥
11 s PCLK ACF 5 PCLK CAN1/2 slacyy i€ a1 4y PCLK SELO ot
il AL i

SYS pie i & IRC 5wl sl 100 Kbit/S 31 i CAN S £33 S

|
23 o sulii)

clla 511, 558 5 Sie w3l gt CAN Ll S0l gls INTWAKE =l 51 ialsa 5l gy
S suliial sl olsa

43S aulas PINMODEN  PINSELN (slacls ,ulytas] el 5 CANT/2 glawsly acly ¥

‘0 g o Jlad CAN1 /2 IER (slacls ) suliinl L CAN (gladis g :ladssy 0

sl CANMOD o8 :CAN (5o L3S sel sl oo lide  #

USB Device gouiis Jyais  £YP

1) "ol (selinns Ontin b s oliine S o bLSLI lSel 4S sl 4 - 5len oS53 S USB
I sadfeaio lAslSi i 4 b g3 30 (gouls Wb (sligy (G Lioae (gouiiS JHES aas o |, (VYV Bl
-QJS:H. K} f"‘slS:\.g_.\ K] b._\_.\:)" JL‘A]‘ :)| ‘b‘g‘)ﬁ Oﬂ‘ .AAJL’.A uaLAA:.A‘ VOSJI uut.‘.u“):‘ LSJSSJJT-.' &\)Ja")‘
S g0 fo e Gliae o g SYED) 5 JB olad € o Sl by sab

Host
Peripheral *
Token ™

Hot Plugging ¥
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oo Ko gl b 5 0 e sagley AMS glags 5 e 1) SYED) 5 S8 Lo
- olSiun ;A aiS e JEe Tlacs gl 4 b g 5 Lasuls 4S el Y 3K 35 55 5 (SOF) "au 8 g 5"
il (Kb i el TY L ke e ol VF (51l w3l 53

B ya3 e s suis Sy sl T AS Gl ol sud (& 523 ey gl sl suls JEDI g5 ¥
2 sl s g o 5 JLERI 5, LIS G Lasuls (sl 5o slaJlEnl (gl F(ghds s SVERI 5 J5 wlead
2 o cilans 1) gl ae g FGlaspn JBEI 5 e ags JEDB) 50 S 0,00 LIS 4 oS00
A alba maaad 4 50K 4 Spma

L, USB Device (sous€ J,5€ .ani€ danlyo o] ooy colo 0 cUSB 5, 50 Lo sids cleMbl gl
el Gae gouiiS J,3S L 12 Mbit/S (sauls JEBI & (sl ValS e e

aula L8 http://www.usb.org (sl ;o USB sawsy cule

@

_\-&AL;A%‘J“JUSB GG&SJ}}SQL\”)ACJJLAB‘\HGLJ@xx‘}JJA?

slasal Tl 9
AHB AHB Advanced High-performance bus
ATLE ATLE Auto Transfer Length Extraction
ATX ATX Analog Transceiver
DD DD DMA Descriptor
DDP DDP DMA Description Pointer
DMA DMA Direct Memory Access
EOP EOP End-Of-Packet
EP EP Endpoint

Transaction ®
End Point ¥
Control *
Interrupt ¥
Bulk ®
Isochronous *
Full Speed ¥
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EP_RAM EP_RAM Endpoint RAM

FS FS Full Speed

LED LED Light Emitting Diode

LS LS Low Speed

MPS MPS Maximum Packet Size

NAK NAK Negative Acknowledge

PLL PLL Phase Locked Loop

RAM RAM Random Access Memory

SOF SOF Start-Of-Frame

SIE SIE Serial Interface Engine

SRAM SRAM Synchronous RAM

UDCA UDCA USB Device Communication Area

USB USB Universal Serial Bus
USB-1 Jsua

USB suiis s olbadidia £Y50

a5k JAS Gie 5w LUSB 2.0 slndiiie LIS @

A Syl V) (S5 0l VY 31 bty

Oledad 5 (sloa 55 igleds s (IS slaci il 5 sty @

ol gle) 5o Lo il gusulde calils o
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s IS oS ol placi ol alad 555 5 DMA glagmst gl @

S gusw DMA L 5 CPU L g J3S slacdls g ol oo (Al 40 @

1o 5 pledpd slachy gl gl G4s BLasay @

Lacss gausl (gaiso ySuy FYPY
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Endpoint Realization *
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: 2 USB_D+1
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2 REGISTER iz;;w IN;ES,';:';:E = USB_D+2
@ | INTERFACE S5 - Tz
B CONTROL ENGINE 21 . USB_D-1,
T ] T [~ ” USB_D-2
. USB_UP_LED1,
. ¥ USB_UP_LED2
- L
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interface EP_RAM
(AHB slave) USB DEVICE (4K)
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£ JSa

KUl goai & sl B
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(SIE) Sy sl 5 5550
st g5l saliy g, la8led o M8 cand Gl S o 5k suly WIS 1, USB S5 553 s4¥ SIE
o9 sl sla 8L Lasaly JLED) ga 8l g coacad ool oo ol pan a1 WL G ys S il
i oo dah @Sl andit 1 el G2 ol (sl 5l sage s |, USB sl8,38 , EP_RAM
o33 PID o B s CRC LislasT 5 a3 bit Stuffing/deStuffing «s 3 s /Jb s

R \‘;AJCL\-HJJ ‘;::‘:A:)J‘ K u.u‘)dT A&]\}S ‘u.u‘)di

(EP_RAM) Cas gaadl RAM sadddla  FPYPY¥
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YA


http://mohandesyar.com

QJ‘_::: GLAQ:\..:J#..\J‘JSJL\:SL)L;LHEP-RAM Jl:x:\..\)yu_‘scsw Q.a.u‘EP-RAM CSJJ.)'.’"’J'&
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b Jlall 5l s sapal p el | (B ras 15 o502 (8150 9 Ol e (it 0 S Glsela
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el FYVY
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B8R so5b gule clla 4 i Gl o 50 SIS JLaSI L
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Idle

Sleep *
Power-Down ™
Deep Power Down *
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Name Description Access Reset Address

valuelll

PCON Power Control Register. This register R/W 0x00 OxEOQ1F COCO
contains confrol bits that enable the two
reduced power operating mades of the
LPC2400. See Table 4-60.

INTWAKE Interrupt Wakeup Register. Controls which R/W 0x00 OxEOQ1M1F C144
interrupts will wake the LPC2400 from
power-down mode. See Table 4-62

PCONP Power Control for Peripherals Register. This  R/W OxEOQ1F COC4
register contains control bits that enable and
disable individual peripheral functions,
allowing elimination of power consumption by
peripherals that are not needed.

0% Jsua
ssdi o JUUS PCON ol b g5 8 puae ol 5 (ol slacdla
Bit Symbol Description Reset
value
0 PMO (IDL) Power mode control bit 0. See Table 4—61 for details. 0
1 PM1(PD) Power mode control bit 1. See Table 4—61 for details. 0

2 BODPDM  Brown-Qut Power-down Mode. When BODPDM is 1, the Brown-Qut 0
Detect circuitry will turn off when chip Power-down mode is entered,
resulting in a further reduction in power usage. However, the possibility
of using Brown-Out Detect as a wakeup source from Power-down mode
will be lost.

When 0, the Brown-Out Detect function remains active during
Power-down mode.

See Section 3—4 for details of Brown-Out detection.

3 BOGD Brown-Out Global Disable. When BOGD is 1, the Brown-Out Detect 0
circuitry is fully disabled at all times, and does not consume power.

When 0, the Brown-Qut Detect circuitry is enabled.
See Section 3—4 for details of Brown-Out detection.

4 BORD Brown-Out Reset Disable. When BORD is 1, the second stage of low 0
voltage detection (2.6 V) will not cause a chip reset.

When BORD is 0, the reset is enabled. The first stage of low voltage
detection (2.9 V) Brown-Out interrupt is not affected.

See Section 3—4 for details of Brown-Out detection.

63 - Reserved, user software should not write ones to reserved bits. The NA
value read from a reserved bit is not defined.
T PM2 Power mode control bit 2. See Table 4-61 for details. 0
IEIRUTRES
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PM2, PM1, PMO
000
001

101

010

110

Others

Description
Normal operation

Idle mode. Causes the processor clock to be stopped, while on-chip peripherals
remain active. Any enabled interrupt from a peripheral or an external interrupt
source will cause the processor to resume execution. See Section 4—-3.4.1 for
details.

Sleep mode. This mode is similar to Power-down mode (the oscillator and all
on-chip clocks are stopped), but the flash memory is left in Standby mode. This
allows a more rapid wakeup than Power-down mode because the flash
reference voltage regulator start-up time is not needed. See Section 4-3.4 2 for
details.

Power-down mode. Causes the oscillator and all on-chip clocks to be stopped.
A wakeup condition from an external interrupt can cause the oscillator to
re-start, the PD bit to be cleared, and the processor to resume execution. See

Section 4—3.4 3 for details.

Deep power-down mode. This is the most extreme power saving mode. As in
Power-down mode, Deep power-down mode causes the oscillator and all
on-chip clocks to be stopped, but also turns off the on-chip DC-DC converter
that supplies power to internal circuitry. See Section 4-3.4 4 for details.

Reserved, not currently used.

I NURXES
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Bit Symbol

0 EXTWAKED

1 EXTWAKET

2 EXTWAKE2

3 EXTWAKE3

4 ETHWAKE

5 USBWAKE

6 CANWAKE

7 GPIOOWAKE

8 GPIOZWAKE

139 -

14 BODWAKE

15 RTCWAKE

Description

When one, assertion of EINTO will wake up the processor from
Power-down mode.

When one, assertion of EINT 1 will wake up the processor from
Power-down mode.

When one, assertion of EINT2 will wake up the processor from
Power-down mode.

When one, assertion of EINT3 will wake up the processor from
Power-down mode.

When one, assertion of the Wake-up on LAN interrupt
(Wakeupint) of the Ethernet block will wake up the processor
from Power-down mode.

When one, activity on the USB bus will wake up the processor
from Power-down mode. Any change of state on the USB data
pins will cause a wakeup when this bit is set. For details on the
relationship of USB to Power-down Mode and wakeup, see the
relevant USB chapter(s).

When one, activity of the CAN bus will wake up the processor
from Power-down mode. Any change of state on the CAN
receive pins will cause a wakeup when this bit is set.

When one, specified activity on GP10O pins on port 0 enabled for
wakeup will wake up the processor from Power-down mode.
Far configuring the port 0 pins, see Section 10-6.6 .

When one, specified activity on GP10O pins on port 2 enabled for
wakeup will wake up the processor from Power-down mode.
Far configuring the port 2 pins, see Section 10-6.6 .

Reserved, user software should not write ones to reserved bits.
The value read from a reserved bit is not defined.

When one, Brown-Out Detect interrupt will wake up the
processor from Power-down mode.

Note: since there is a delay before execution begins, there is
no guarantee that execution will resume before Vpp(3v3) has
fallen below the lower BOD threshold, which prevents
execution. If execution does resume, there is no guarantee of
how long the processor will continue execution before the lower
BOD threshold terminates execution. These issues depend on
the slope of the decline of Vpp(pcpe)avs)- High decoupling
capacitance (between Vpppcpc)3v3) and ground) in the vicinity
of the LPC2400 will improve the likelihood that software will be
able to do what needs to be done when power is in the process
of being lost.

When one, assertion of an RTC interrupt will wake up the
processor from Power-down mode.

Reset
value

NA

Y Joua
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Bit Symbol Description Reset

value

0 - Unused, always 0 0
1 PCTIMO Timer/Counter 0 power/clock control bit. 1
2 PCTIM1 Timer/Counter 1 power/clock control bit. 1
3 PCUARTO UARTO power/clock contral bit. 1
4 PCUART1 UART1 power/clock control bit. 1
5 PCPWMO  PWMO power/clock control bit. 1
6 PCPWM1  PWM1 power/clock control bit. 1
T PCI2C0O The 12C0 interface power/clock control bit. 1
8 PCSPI The SPI interface power/clock control bit. 1
9 PCRTC The RTC power/clock control bit. 1
10 PCS5SP1 The S5P1 interface power/clock contral bit. 1
1 PCEMC External Memary Controller 1
12 PCAD A/D converter (ADC) power/clock control bit. 0

Note: Clear the PDN bit in the ADOCR before clearing this bit, and set

this bit before setting PDN.
13 PCCAN1 CAN Controller 1 power/clock control bit.
14 PCCAN2 CAN Controller 2 power/clock control bit.
1815 - Reserved, user software should not write ones to reserved bits. The

value read from a reserved bit is not defined.
19 PCI2C1 The 12C1 interface power/clock control bit. 1
20 PcLCDU  LCD controller power control bit. 0
21 PCSSPO The SSPO interface power/clock control bit. 1
22 PCTIMZ2 Timer 2 power/clock control bit. 0
23 PCTIM3 Timer 3 power/clock control bit. 0
24 PCUART2 UART 2 power/clock control bit. 0
25 PCUART3 UART 3 power/clock control bit. 0
26 PCIl2C2 I2S interface 2 power/clock control bit. 1
27 PCI2S IS interface power/clock control bit. 0
28 PCSDC SD card interface power/clock control bit. 0
29 PCGPDMA GP DMA function power/clock control bit. 0
30 PCENET Ethernet block power/clock control bit. 0
31 PCUSB USB interface power/clock control bit. 0

FQIRUTREN
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NP A
CPOL and CPHA settings First data driven Other data driven Data sampled
CPOL=0,CPHA =0 Prior to first SCK rising edge SCK falling edge SCK rising edge
CPOL =0, CPHA =1 First SCK rising edge SCKrising edge SCK falling edge
CPOL=1,CPHA=0 Prior to first SCK falling edge SCK rising edge SCK falling edge
CPOL =1, CPHA =1 First SCK falling edge SCK falling edge SCK rising edge
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Pin
Name
SCK

SSEL

MISO

MOSI

Type

Input/
Qutput

Input

Input/
Qutput

Input/
Qutput

Pin Description

Serial Clock. The SPI is a clock signal used to synchronize the transfer of data
across the SPI interface. The SPI is always driven by the master and received
by the slave. The clock is programmable to be active high or active low. The SPI
is only active during a data transfer. Any other time, it is either in its inactive
state, or tri-stated.

Slave Select. The SPI slave select signal is an active low signal that indicates
which slave is currently selected to participate in a data transfer. Each slave has
its own unique slave select signal input. The SSEL must be low before data
transactions begin and normally stays low for the duration of the transaction. If
the SSEL signal goes high any time during a data transfer, the transfer is
considered to be aborted. In this event, the slave returns to idle, and any data
that was received is thrown away. There are no other indications of this
exception. This signal is not directly driven by the master. It could be driven by a
simple general purpose I/O under software control.

On the LPC2400 (unlike earlier NXP ARM devices) the SSEL pin can be used

for a different function when the SPI interface is only used in Master mode. For
example, pin hosting the SSEL function can be configured as an output digital

GPIO pin and used to select one of the SPI slaves.

Master In Slave Out. The MISO signal is a unidirectional signal used to transfer
serial data from the slave to the master. When a device is a slave, serial data is
output on this signal. When a device is a master, serial data is input on this
signal. When a slave device is not selected, the slave drives the signal high
impedance.

Master Out Slave In. The MOSI signal is a unidirectional signal used to transfer
serial data from the master to the slave. When a device is a master, serial data
is output on this signal. When a device is a slave, serial data is input on this
signal.
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3o 550 4 I, ADC3_DR s s sesnls —d0 8 55— b s DMAL " Lo

A o S ADC3_ConvertedValue

e sk 5 55 ADC w58 has bl ol sud aulais 1TAMHZ 55, 55 Lo ADC SIS uilS 3
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ol ADC JLis
PC.02 VY Jbis
PC.03 VW Jbis
PC.04 VLIS

1 /* System clocks configuration —-—-——-—-———-----"-"—---——————— ¥
2 RCC Configuration();
3
4 /% WYIC coniileuraiilion —==s=ssssssssssssosssosssoossoo==s Wi/
5 NVIC Configuration();
6
7 /% GRPIO comEilicuiration ====sssss=ss=s=sssssso=ssoss=o==== ¥
8 GPIO/Configuration();
9
10 /* DMA1l channell configuration --—-—-—---—----"-"-"—-"——--—-"—————— =/
11 DMA DelInit (DMAl Channell);
12 DMA InitStructure.DMA PeripheralBaseAddr = ADC1 DR _Address;
13 DMA InitStructure.DMA MemoryBaseAddr =
14 (u32)&ADClConvertedValue;
15 DMA InitStructure.DMA DIR = DMA DIR PeripheralSRC;
16 DMA InitStructure.DMA BufferSize = 1;
17 DMA InitStructure.DMA PeripheralInc =
18 | DMA PeripherallInc Disable;
DMA InitStructure.DMA MemoryInc = DMA MemoryInc Disable;
19 DMA InitStructure.DMA PeripheralDataSize =
20 | DMA PeripheralDataSize HalfWord;
21 DMA InitStructure.DMA MemoryDataSize =
22 | DMA MemoryDataSize HalfWord;
23 DMA InitStructure.DMA Mode = DMA Mode Circular;
24 DMA InitStructure.DMA Priority = DMA Priority High;

Yn.
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25
26
27
28
29
30
31
32
33
34
35

36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53

54
55
56
57
58
59
60
61
62
63
64
65
66

67
68
69
70
71
72
73
74
75
76

DMA InitStructure.DMA M2M = DMA M2M Disable;
DMA Init (DMAl Channell, &DMA InitStructure);
/* Enable DMAl channell */
DMA_Cmd(DMAl_Channell, ENABLE) ;

/% DMAZ channeld CONELGUEATLION =sossmmo=emos=ooosmommm=s =/
DMA DelInit (DMA2 Channel5);
DMA InitStructure.DMA PeripheralBaseAddr = ADC3 DR Address;
DMA InitStructure.DMA MemoryBaseAddr =
(u32) &ADC3ConvertedValue;
DMA InitStructure.DMA DIR = DMA DIR PeripheralSRC;
DMA InitStructure.DMA BufferSize = 1;
DMA InitStructure.DMA Peripherallnc =
DMA PeripherallInc Disable;
DMA InitStructure.DMA MemoryInc = DMA MemoryInc_Disable;
DMA InitStructure.DMA PeripheralDataSize =
DMA PeripheralDataSize HalfWord;
DMA InitStructure.DMA MemoryDataSize =
DMA MemoryDataSize HalfWord;
DMA InitStructure.DMA Mode = DMA Mode Gircular;
DMA InitStructure.DMA Priority = DMA /Priority High;
DMA InitStructure.DMA M2M = DMA M2M Disable;
DMA Init (DMAZ2_ Channel5, &DMA InitStructure);
/* Enable DMA2 channel5 */
DMA Cmd (DMA2 Channel5, ENABLE) ;

[+ ADEIE configuratilon ——————————————————— i ———————— =/
ADC InitStructure.ADC Mode = ADC Mode Independent;
ADC_InitStructure.ADC ScanConvMode = DISABLE;
ADC InitStructure.ADC_ContinuousConvMode = ENABLE;
ADC_InitStructure.ADC ExternalTrigConv =

ADC ExternalTrigConv None;
ADC_InitStructure.ADC DataAlign = ADC DataAlign Right;
ADC InitStructure.ADC NbrOfChannel = 1;
ADC Init (ADC1l, &ADC InitStructure);
/* ADC1l regular channels configuration */
ADC_RegularChannelConfig(ADC1, ADC Channel 14, 1,

ADC SampleTime 28Cyclesb);
/* Enable ADC1 DMA */
ADC DMACmd (ADC1, ENABLE);

/% RADCZ CONTilGuFatilion ====sss=sss=sso=sso=ssosssos=oo= &
ADC InitStructure.ADC Mode = ADC Mode Independent;
ADC/ InitStructure.ADC ScanConvMode = DISABLE;
ADC InitStructure.ADC ContinuousConvMode = ENABLE;
ADC InitStructure.ADC ExternalTrigConv =
ADC ExternalTrigConv_None;
ADC InitStructure.ADC DataAlign = ADC DataAlign Right;
ADC InitStructure.ADC NbrOfChannel = 1;
ADC Init (ADC2, &ADC InitStructure);
/* ADC2 regular channels configuration */
ADC RegularChannelConfig (ADC2, ADC Channel 13, 1,
ADC SampleTime 28Cycles5);
/* Enable ADC2 EOC interupt */
ADC_ITConfig(ADC2, ADC IT EOC, ENABLE);

AR
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77
78
79

80
81
82
83
84
85
86
87
88
89
90
91
92
93
94
95
96
97
98
99
100
101
102
103
104
105
106
107
108
109
110
111
112
113
114
115
116
117
118
119
120
121
122
123
124
125
126
127
128
129
130

/% ADCY eoniiglration —ss==s=ssocsssscscossosossosssooss 4
ADC InitStructure.ADC Mode = ADC Mode Independent;

ADC InitStructure.ADC ScanConvMode = DISABLE;

ADC InitStructure.ADC ContinuousConvMode = ENABLE;

ADC InitStructure.ADC ExternalTrigConv =

ADC ExternalTrigConv_ None;

ADC InitStructure.ADC DataAlign = ADC DataAlign Right;
ADC InitStructure.ADC NbrOfChannel = 1;

ADC Init (ADC3, &ADC InitStructure);

/* ADC3 regular channell4 configuration */

ADC RegularChannelConfig (ADC3, ADC Channel 12, 1,

ADC SampleTime 28Cycles5);

/* Enable ADC3 DMA */
ADC_DMACmd(ADC3, ENABLE) ;

/* Enable ADC1l */
ADC_Cmd(ADCl, ENABLE) ;

/* Enable ADC1l reset calibaration register */

ADC ResetCalibration (ADC1) ;

/* Check the end of ADCl reset calibration register */
while (ADC GetResetCalibrationStatus (ADC1)) ;

/* Start ADCl calibaration */

ADC StartCalibration (ADC1) ;

/* Check the end of ADC1 calibration */
while (ADC GetCalibrationStatus (ADC1)) ;

/* Enable ADC2 */
ADC_Cmd(ADC2, ENABLE) ;

/* Enable ADC2 reset calibaration register */

ADC ResetCaldbration (ADC2) ;

/* Check the end of ADC2 reset calibration register */
while (ADC GetResetCalibrationStatus (ADC2)) ;

/* Start ADC2 calibaration */

ADC StartCalibration (ADC2) ;

/* Check the end of ADC2 calibration */
while (ADC GetCalibrationStatus (ADC2));

/* Enable ADC3 */
ADC_Cmd(ADC3, ENABLE) ;

/* Enable ADC3 reset calibaration register */

ADC ResetCalibration (ADC3);

/* Check the end of ADC3 reset calibration register */
while (ADC GetResetCalibrationStatus (ADC3)) ;

/* Start ADC3 calibaration */

ADC StartCalibration (ADC3) ;

/* Check the end of ADC3 calibration */
while (ADC GetCalibrationStatus (ADC3)) ;
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131 /* Start ADC1 Software Conversion */
ADC SoftwareStartConvCmd (ADC1, ENABLE) ;
/* Start ADC2 Software Conversion */
ADC_SoftwareStartConvad(ADC2, ENABLE) ;
/* Start ADC3 Software Conversion */
ADC_SoftwareStartConvad(ADC3, ENABLE) ;

while (1)
{
}
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unsigned int i = 0xFOFO; // 1111 0000 1111 0000
unsigned int left 0xFOFO | (1 << 10); // 1111 0100 1111 0000

Holae Sl eoliial L Gugs g s0ls cdud s cras 0 G Ve e 15T e S YL JBs o

padse sla Ghaaa oK o 1, 0T OR

slaaionw Ho € sl Sblee 3l ala SIS 9 OV oals sla 5 "o S S cdak
ila sty S G0 S Ghaela b s Gt T 9uSlae ls 5 5l8 Sl (S, S

coeral BB 0 elad B sias Saa b

e Olsie 4.0 Jae Wl 5 p0 550 saalie Ol slae samme 505 5o S ) gee s it Slac

unsigned int orig = 0xFQFO; // 1111 0000 1111 0000
unsigned int insert = 0x000A; // 0000 0000 0000 1010

unsigned int a
unsigned int b

orig | (dnsert << 8); // 1111 1010 1111 0000
orig | (insert X< 6); // 1111 0010 1111 0000

pins ooy ol il L YL sl Slae b 3 oS53 oladigad ) 50

unsigned int.orig = 0xFOFO0; // 1111 0000 1111 0000
unsigned int insert = 0x000A; // 0000 0000 0000 1010
unsigned int OR = orig | (insert << 6); // 1111 0010 1111 0000

unsigned dnt AND orig & (insert << 6); // 0000 0000 1000 0000

unsigned int XOR = orig ”~ (insert << 6); // 1111 0010 0111 0000

‘)_‘s‘}dl_&mg.d‘)bd‘):uls‘}elun%ussuQJJ‘J&JJ‘GLI)SJJJ:AJ\SJ:;QJ)LC%Q@J&L
S da

unsigned long testValue = OxFFOOFF00;

// Check if the fifth bit is equal to 1 (hint: it isn't!)

if (testValue & (1 << 4))

{
// Fifth bit is equal to 1

YV.
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}

else
{

// Fifth bit is equal to 0
}

Jlads 5(0000 0000 0001 0000) sus suls cusd o 0 OIS ¥ 1 sae luil VU Jle o
AND o wal 'l Sis Huate aaty oy S)ssi s AND itest value suc b fsls
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cstartup.s

1| /%

2 IAR startup file for AT91SAM7X microcontrollers.

3| */

4

5 MODULE ?cstartup

6

7 ;; Forward declaration of sections.

8 SECTION IRQ, STACK:DATA:NOROOT (2)

9 SECTION CSTACK:DATA:NOROOT (3)
10
1l | F e
12 | e
13| // Headers
1 | Vi i e
15 | e et
16

17 | #define  ASSEMBLY
18  #include "board.h"

19

20 | Vi et i
21 e

22 | // Definitions

23 | Ve
24 @ e

25

26  #define ARM MODE ABT 0x17

27 | #define ARM MODE FIQ 0x11

28  #define ARM MODE IRQ 0x12

29 | #define ARM MODE_SVC 0x13
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30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60
61
62
63
64
65
66
67
68
69
70
71
72
73
74
75
76
77
78
79
80
81
82
83
84

#define ARM MODE_ SYS 0x1F
#define I BIT 0x80
#define F _BIT 0x40
=
// Startup routine
/=
/*
Exception vectors
*/
SECTION .vectors:CODE:NOROOT (2)
PUBLIC resetVector
PUBLIC irgHandler
EXTERN Undefined Handler
EXTERN SWI Handler
EXTERN Prefetch Handler
EXTERN Abort Handler
EXTERN FIQ Handler
ARM

__iar init$$done:

resetVector:

; The interrupt vector is not needed
; until after copy initialization is done

; All default exception handlers (except reset) are
; defined as weak symbol definitions.
; If a handler is defined by the application it will take

precedence.

LDR
LDR
LDR
LDR
LDR
B

LDR
LDR

Undefined Addr:
SWI_Addr:
Prefetch Addr:
Abort Addr:

FIQ Addr:

/*

pc,
pc,
pc,
pc,
pc,
pc,
pc,
DCD
DCD
DCD

DCD
DCD

=resetHandler ; Reset
Undefined Addr ; Undefined instructions
SWI_Addr ; Software interrupt (SWI/SYS)
Prefetch Addr ; Prefetch abort
Abort Addr ; Data abort
; RESERVED
=irgHandler ; IRQ
FIQ Addr ; FIQ

Undefined Handler
SWI_Handler
Prefetch Handler
Abort Handler

FIQ Handler

Handles incoming interrupt requests by branching to the

corresponding

handler, as defined in the AIC. Supports interrupt nesting.

*/

YYA
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85 | irgHandler:

86 /* Save interrupt context on the stack to allow nesting
87  */

88 SUB lr, 1lr, #4

89 STMFD sp!, {1lr}

90 MRS lr, SPSR

91 STMFD sp!, {x0, 1r}

92

93 /* Write in the IVR to support Protect Mode */

94 LDR lr, =AT91C BASE AIC

95 LDR r0, [rl4, #AIC_IVR]

96 STR lr, [rl4, #AIC_IVR]

97

98 /* Branch to interrupt handler in Supervisor mode */
99 MSR CPSR_c, #ARM MODE SYS

100 STMFD sp!, {rl-r3, r4, rlz, 1lr}

101 MOV lr, pc

102 BX r0

103 LDMIA sp!, {rl-r3, r4, rl2, 1lr}

104 MSR CPSR_c, #ARM MODE IRQ | I/BIT

105

106 /* Acknowledge interrupt */

107 LDR lr, =AT91C BASE AIC

108 STR 1r, [rl4, #AIC EOICR]

109

110 /* Restore interrupt context and branch back to calling
111 | code */

112 LDMIA sp!, {r0, 1r}

113 MSR SPSR ¢cxsf, 1r

114 LDMIA sp!, {pck”

115

116

117 /*

118 After a reset, execution starts here, the mode is ARM,
119 | supervisor

120 with interrupts disabled.

121 Initializes the chip and branches to the main() function.
122 =/

123 SECTION .cstartup:CODE:NOROOT (2)

124

125 PUBLIC resetHandler

126 EXTERN LowLevelInit

127 EXTERN ?main

128 REQUIRE resetVector

129 ARM

130

131 resetHandler:

132

133 /* Set pc to actual code location (i.e. not in remap
134 | zone) */

135 LDR pc, =label

136

137 /* Perform low-level initialization of the chip using
138 | LowLevelInit () */

139  label:

yYva
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140 LDR r0, =LowLevellInit

141 LDR r4, =SFE (CSTACK)

142 MOV sp, r4

143 MOV lr, pc

144 BX r0

145

146 /* Set up the interrupt stack pointer. */

147 MSR cpsr_c, #ARM MODE IRQ | I BIT | F BIT ; Change
the mode

148 LDR sp, =SFE (IRQ STACK)

149

150 /* Set up the SYS stack pointer. */

151 MSR cpsr_c, #ARM MODE SYS | F BIT ;

152 | Change the mode

153 LDR sp, =SFE (CSTACK)

154

155 /* Branch to main() */

156 LDR r0, =?main

157 MOV lr, pc

158 BX r0

159

160 /* Loop indefinitely when program is finished */

161  loop4:

162 B loop4

163

164 END

1,38 o aalyl Al (sels o s Sl s30T 5l sonseal bl i o 1) L3 0]
L) LAY (o ".\lé..:i‘ “) LSJ‘:)J“:".;"'“ 64.).‘\9‘ @JJ‘JE—A “LAU‘).} J‘S “© :)L&T < “LA‘.::‘):: &JJ.:.TA ‘s‘.ilh A
oald sl S iy [Se il e alaB Jlie ol gic
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vector
e Jump to cstartup
cstartup
* Set up stack pointer
ROM « Initialize variables to zero
— e Initialize variables
2 e Call main()
main( ) and other code
Initializers
n
Stack
RAM
region Zero-initialized variables
I_ Initialized variables

V¥ K

vector
e Jump to cstartup

cstartup
e Set up stack pointer
¢ |nitialize variables to zero

RO.M ¢ Initialize variables
region s Call main()
main( ) and other code
Initializers
Stack
RAM

region Zero-initialized variables < O

L

Initialized variables
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inti=0;

Vo

1335 S JBe Gl sie 4 aiulis oo zero initialized data oL L 1, Lassls o)

J:\yi-w LF:S RAM L_s K] ROM X BE) _}‘ L__JJ‘ ‘)Lﬁ.o L.)f‘ xd.f.‘J‘ J‘..\B.o 6‘_)‘4 GLAA.J‘J 6“):1 Y

inti=6;

ROM

region

RAM
region

_

vector
® Jump to cstartup

cstartup
e Set up stack pointer
e |nitialize variables to zero

o |nitialize variables ~

e Call main()

main( ) and other code

Initializers L

Stack

Zero-initialized variables

Initialized variables 1\,,

V.r

JBe Ol

Copy

s e Slsalimain wb lule  f
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vector
e Jump to cstartup
cstartup
* Set up stack pointer
e |nitialize variables to zero
ROM i .
s e |nitialize variables
g ¢ Call main()
main( ) and other code
Initializers
Stack
RAM
region Zero-initialized variables
| Initialized variables
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& Workspace Launcher i} 5]

Select a workspace

Eclipse Platform stores your projects in a folder called a workspace.
Choose a workspace folder to use for this session.

Workspace: lD:\.Projekte\.EcIipseWorkspace :] Browse... I

[V Use this as the default and do not ask again;

oK l Cancel |

va Js
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& Resource - Eclipse Platform N -10f x|
File Edit Mavigate Search Project Run Window Help

Welcome to Eclipse

(Y Overview ﬂ Tutorials
X
Get an overview of the features L R Go through tutorials
@4, Samples /\_ What's New
[ Try out the samples V Find out what is new

[[in |
VAR
Help>Install New (550 51.c il (CDT) C/CH+ (saas g5 15—l omd oS5 9 Slaa

Software...

lows | Help

Welcome

(7) Help Contents

5@9 Search

Crynamic Help

kKey Assist, .. CErl+Shift+L
Tips and Tricks. ..
) | Cheat Sheets. ..

Check for Updates

Install Mew Software. ..

#bout Eclipse PlatForm
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Available Software
Select a site or enter the location of a site,

. 9

Wark with: | type or select a site

Find maore saftware by working with the "&vailable Software Sikes” preferences,

Itype filker bexk

Mame | Version |
@ There is no site selecked.

— Details

-.J
]

I¥ show only the |atest versions of available software | Hide items that are already installed
¥ Group items by category What is already installed?

I¥ Contact all update sites during install to find required software

® = Bach Mexk = Eimist Cancel
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& Install
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=10l x|
bt
D -
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COT - jar:file:iC:/Temp/cdt-master-7.0,1-1201009241 320, zip! |

x| add. |
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Itvpe filker text
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¢ CJC++ Development Platform
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Ere CPC++ GNU Toolchain Build Suppart
=Jr CfC++ GMNU Toolchain Debug Support
=fe C/C++ Memory Yiew Enhancements
¢ C/C++ Remote Launch
== C99LR Parser
e C99 LR Parser SDK
L CDT Tests
e Eclipse Debugoer For C/C++
O it Miscellaneous CjC++ Utilities
¢ P2 CC++ Toolchain Inskaller
O @ Unified Parallel C Berkeley UPC Toolchain Support
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\:‘) effect. You may try to apply the changes without restarting, but this may
Cause errars,

Mok Mo | Apply Changes Mow |

AV )
w9 asal i ), Eclipse 68 ael i sa so a0y Eclipse saas I8 4 g5 51 u
Window> Open " s s ,a8 swws 4 .S KK YL 0l e La ), "Work bench" 5T
il walpa 5) wilea las o 9SIaa "Perspective> Other...
Y

!

-

A e

. s
-

VAV S

Yy
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i 15 "OK" 5 a3 S SLATI 1, "C/CHH L3 oo pmy ok 5L L

& Open Perspective 9 =] 9]

bicict ]
ﬁ&Debug
Eﬁ Remote System Explorer
f&nResource (default)
éUTeam Synchronizing

OK I Cancel |

VAA K
S alal 1 waa sls3 55 "File> New> C Project” s sie 3ok 51 5 80 S gola

508 5108 535 aes 5 DB 55 50 LA dagl 5o
C:\Temp\SAM7x256Test

& C/C++ - Eclipse Platform 18] x|
Fle Edt Source Refactor Mavigate Search Project Run Window Help
» jiect wi .
Maksfile Project with Existing Code |@ - J BT J . o . . E[Eoce
Cpen File. [c] C++ Praject = = — =
— B[ ow 2 @mk| =0
Close Chrb C t e ———
Close All cirltstifttyy [ Praject... N outling is not available.
Saye (e Convert to & CfC++ Project
Save A {2 Sourecs Folder
Save Al Corbeshift+s [ Folder
Aevert & Source File
3 "
Mavs. . b Header File
Rename. .. 2 | ¥ File From Template
& Refresh ] (& Class
Conwvert Line Delimiters To 4 4 Other... Ctritn
Print... CErlHP
Switch Workspace »
Restart
{15 Impart...
7 Expart. .,
Properties Alt+Enter
Exit
& Problems &3 Z. Tas)@W =] Console} E=| Properties} ¥ =0
0 items
Descripkion ~ | Resource | Path | Location | Type |

[ |
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& C Project . =]

C Project —>
Create C project of selected type [

Project name: I SAM7X256Test

IV Use default location

Location; | Di\ProjektelEclipseWorkspacel SAM7XZ56Test Browse, ., I

Project type: Toolchains:
% Executable -- Other Toolchain --
(7% Shared Library Cross GCC
l/E‘/ Static Library MinGW GCC
[=-(Z= Makefile project

i @ Empty Project

[V Show project types and toolchains only if they are supported on the platform

(?) ceack | omets [[ Ensh | cancel
VY- J<a

Make Flle " c;l_hc_m_uﬁOﬁl_.lzC_\_a.u)@_aj)l\gbdée&léj\")—;&‘ﬁwuam}gsb&)d
.05 "Finish" ¢, g<laa o< Slawsl |, "--Other Toolchain" , "Project

Build " sea K 5 438, "Project” s 5ie 4 .wlas S alasl 15 0 52 Eclipse o355 ol sl dacpl 5o

sy 5 "Properties" cias 4 sie lea 3ok ) losas .asS Jlai e |, "Automatically

Y¢o
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Search | Project Run  Window Help
T Open Project
- G_"’ v
Close Project

v

016 Build Al Ctr+g
Build Configurations >
= Build Project
Build Working Set 4
Clean...
v Build Automatically

Make Target »

Properties

|
‘ V.Y K

Search IProject Run Window Help

Open Project

v é_’, -
Close Project

v

014 Build All Ctr+8
Build Configurations >
Build Project
Build Working Set »
Clean...

Build Automatically

1]

Make Target »

Properties

VXY U

€ olaml 1, "GNU Elf Parser” 5 4is, "C/CH+" ciawd 4 sudi 56 g85a3 3

AR
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Propetties for SAM7X256Test

Resource

Builders

CfC++ Build

~Build Yariables

- Discavery Options
~Environment

-~ Toal Chain Editar
CIC++ General
Project References
- RunjDebug Settings

type filter text

O Mach-0 64 Parser

O EF Parser

O FE windows Parser

O Hr-ux 50M Parser

O Mach-0 Parser (Deprecated)
GMU EIF Parser

O cvawin PE Parser

O AIx XCOFFa2 Parser

YV
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S=E

Select
Import resources from the local file system into an existing project. | g - 5 I

Select an import source:

El= General
[, archive File
-1 Existing Projects into Workspace

; £l Preferences
H-= CIC++

&G Run/Debug
[ Team

@ < Back I MNext > I Finish Cancel

VXY S
olanll, oLl Jas Gusel "From Directory” ciacsd o053 56 "Import” s o,
L) i€ olaml 15 Lagsls alas (aslea S sulitn) C:\temp\SAM7x256Test ) la gl 50) .auS

a1, "Finish" 5 (kg ye K Hu3&s

YEA
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& Import

File system

Import resources From the local file syskem,

=10l x|

i

-

From directory: | C:\Temp|SAM75256 Test

j Erowse, .. |

Filter Tvpes... | Select All Deselect Al

| & makefile

Into Folder: | Sam7x2seTest

Browse, .. |

—opkions
r Crverwrite existing resources withouk warning
™ Create complete Folder structure

¥ Create selected Folders only

Advanced == |

® < Back | Mext = | Finish I Cancel

VYo JSa

olAS 55 s aiyailes |y olaaliis o gd o 5LwSL 835, B s, "Project> Clean..." s

AR

85 15 "0K" 5 4
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Clean will discard all build problems and built states, The next time a build
occurs the projects will be rebuilt from scratch,

¢ Clean all projects &' Clean projects selected below

=0l x|

=5 5AMT7X256Test

I~ Start a build immediately:

% Euild the entire workspace

" Build only the selected projects

[ 1]

Cancel I

V.YF S

Jid..\;\.&‘\,.’;@-u‘)wm‘)d‘)gkuOT&:}%M&G&H}‘L&J&L&\S&)A%;L&:S‘QL?@‘JJ

in.c - Eclipse Platform i ] 4]
Fle Edt Sowce Refactor Mavigate Segrch Project Run Window Help
[Nt e g-a-d-e- R -®-|H-0-Q%-|®m - 411 mi (B cicer
g 7 =« =
[ Project Explorer 22 = B[] = 0[5 outh 2 Maﬂ =0
= - | a 5 @ -
- 8 = /% DEFINE: i1l code exported B W o
B [ SAM7AZSETest ; # _MAINC_

B inc

= pri

Bl G sre

[ low_level_init.c
[ main.c

[8] startup.s

R a
£F 0 main
R d a e R T R T T

int main (void)

{
DWORD &
DWORD b
DWORD o
float
float
float.

H
o
[

1
2
o:
1.3:
z.7;
3.9;
fa = fa + fd:
a =a+d;
while (1)
{

At

bt+:

c = a + h;

fa = fa + 2.6;

< |

-

S typedefs.h

& 4 const DWORD
©C £ ; const float

®  main(vaid) : ink

[ problems [+ Tasks [ B Console 32 B Dmpameq

G olg] ekt B-ri-=0

C-Build [SAM7X256Test]

rm -f test_rom.hex

rm -f ./sre/lov_level init.c.bak ./sro/main.c.bak
rw -f ./src/lov_level init.lst ./src/wain.lst

rm —-f ./sroc/startup.s.bak

rm -f ./src/startup.lst

rm -fR .dep

Bl

(K1l

=
]

‘ Writable ‘ Smart Insert 6211 J

V.YV S

Yoo
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S alu3l Project> Build Project sk 51 6355 ol sladls ciale sl

nain.c - Eclipse Platform

sarch | Project Run Window Help
o Open Project
m -

Close Project

——  GipBuid &l cr+B |
Build Configurations »

Build Project lnit i
— Build Working Set 1 S,
Clean...
Build Automatically ====

code
Make Target »
Properties EEEE
/% main
fﬁtt‘.‘.“.‘.‘.‘.'ﬂ#.‘.‘.“.“.‘.“:‘.’.t.‘.‘.‘.‘ﬁ‘.‘.?

VYA S

i aalsa sl A Lo elf B S s pis dal o plld b LB il o S

& C/C++ - SAM7X256Test/src/main.c
File Edit Source Refactor Navigate S

L£3- | | @i -6
J‘.,lT M ":, vt <":,v .
X

(['-\ " 5 : ;

=

n4e

E =% SAM7X256Test
; --{;’ Binaries
‘= inc
& pri
’#& test_ram.elf - [arm/le]
ﬁ& test_rom.elf - [arm/le]
L@ makefile

“ = test_ram.hex

=] test_ram.map

\=| test_rom.hex

\= test_rom.map

&

v.ya <
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(54-.*:”_)53&.,9&—“4:’4-}&,9.}‘1‘*\’-}MJJ'%J&ngquﬁEJ@QW‘MC&‘)Q

a5l ol sladanl

cboue ue <

-

5L "Debug Perspective" (u,ul 5u 1) b g e s by (sbicue mlilac sde gans alasl 5l

zct | Window Help

MNew Window ; e
New Editor F-0-Q-|® 5
2 Show View » E0 Team Synchronizing L]
b Customize Per‘.spectwe. o Other...
Save Perspective As...
~_ ResetPerspective.. |
""" Close Perspective )
-m:a Close all Perspectives i
ma  MNavigation »
Preferences
JOR s .
IORD h = 2:
VY. K

355 "Window> Open Perspective Debug" (a1« ;shiie (pas oS

Debug " suss55L (s se 3ok 315 00,8 ST, 505 65T Cloce (suie S (150 Sl
i€ ol |, "Configuration...

5 v

Yo¥

Debugger®
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t/src/main.c - Eclipse Platform

r  Mavigate Search Run Project Wir

-0 Q- @ -

(nolaunch history)

& Debug As »

Debug Configurations...
Organize Favorites...

vy K
Ay 1, "New" w K g 80, < olaml |, "GDB Hardware Debugging! sac: 50 g8 5o 5

WO aalpA S ) UK 4 g Sape sy

Yoy
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Debug Configurations

Create, manage, and run configurations

SAMT256Test Defaul:

|type filker texk

] cic++ Application

-~ [E] CiC++ attach to Ap "

E CIC++ Postmartem | % li li
-~ [T] CiC++ Remate appl

-4 D5 DA Application || | [ caprase Teet

= E GDE Hardware Debu

@ Launch Group Default |—

‘ Snapshat Album
-l

Filter matched 9 of 9 items

— VXY i

Yot
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A€ slaml |, test ram.elf LG 5 803 1, "Search Project..." wK

& Program Selection i i =] S|

Choose a program to run:

Binaries:

n. elf
2 test_rom.elf

Qualifier:

’i‘C& armle - JSAM7X256Test/test_ram.elf

75
'\'_?/l | OK l Cancel |

VY K
"SAM7X256Test-RAM" «, "SAM7X256Test Default" 31, 8355, als 5 a3 1, "OK"

o9 48 ol T ailen da gl GBS QS Glicue p55 a8l 58 ge 500 Gy 59 aas s
i oo 3 S 53 GuSlan 1) s Suy seay ol sad SLAT el U

Yoo
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Marne: |SP.M?><25E~TESI:-RP.M
x Main . % Debugger} = Startup] E. Su:uuru:e] = Q:ummu:uﬂ

CiC++ Application:

|test_ram.eIF Searu:IJF‘rDject...l Browse, ., |

Projeck:

| Sam7xzseTest Browse. .. |

Build {if required) before launching

Build configuration: IDeFauIt j
" Enable auto build " Disable auto build

¥ Lse workspace settings Configure \Waorkspace Settings. ..

Change here the Debugqging Launcher

E_Ising Standard GDE Hardware Debugging Launcher - ] Apply Rewverk

\AR gy -
"arm-none-eabi-gdb" ;I "GDB Command" c.. s o 54335, "Debugger" coa s«
whlas 1, "Use Remote Target" < cedle L Lo gyl 5o S solii

Yo1
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SAMTRZSETest-RAM

Standard (Windows) |_

b Sk

s aladl 1 ) oladais 5 433, "Startup” ced «

Yov


http://mohandesyar.com

SAM7 250 Test-RAM

Wiorkspace, .,

il Systen, ..

AT
o3 s s B b giae ol sud il Jis 51 3 Sam7x256_ram_jlink.gdb AL« LG
S oSG K 5o ] cans

YoA
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S 0 5aA 3 1) SIS 5 G 1) 308 ooy ol sar; GLk 4 aue Sy alilae dagpl 5o

QHQS boue gsa VXYY

5 e bl 4 1, JLInK Gbose oS aaalsa solined GDB ) Eclipse b s obcae sl
S al 50 1, JLINK-GDB-Server g so S cpdig, 1y 9 suiss .S Jate Giobe)l )0 9
Lo asd waa (sabe Sy (550 o 9o a) saise Sy (s53e Gaob 51 Ul Lb 6l (obicue bl

sy 1, Debug wiK 5 <, " SAM7x 256Test— RAM" 4L

& Debug Configurations

Create, manage, and run configurations

o [I=» —+l
IREER | ] S T Mame: |snM?><256Test-Rp.M

Main #33 Debuggerw =3 Startup\l T‘aﬁ Source} =] gommonw
[T] cfc++ Application

C/C++ Application:
[T] Cfc++ Attach to Application
[T] CC++ Pastmartem Debugger I test_ram.lf
CiC++ Remote Application
4 DSF PDA Application [SammizseTest
E| E GDE Hardware Debugging
- LA

Itype filker bext

SearchProject...l Etowse, ., |
Project:

Browse. .. |

Build {if required) before launching

B Launch Group Build configuration: IDeFauIt
{88 snapshot Album

[
" Enable auto build " Disable auto build
&+ Lse workspace settings Configure Workspace Settings. ..

Using Standard GDE Hardware Debugging Launcher - Select
Filter makched 9 of 9 items other...

@

Ay | Reyert |

Debug I Close |

VYV JSa

el aalsa o )y K&« Eclipse buas syl o

YoQ
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& Debug - SAM7X256Test/src/main.c - Eclipse Platform =13l x|

Ele Edt Source Refactor Mavigate Segrch Project Bun Window Help

| - B -0-@-|®%-| | . = - = | %5 Debug | [ Cic++
45 Debug 3 WP ® [ 3. o =[P 3 7 = O)[0:verisbles 23 O Breakpoints| i Regsters | mi Modues | =0
&l [E] sam7ke5eTest-RAM [GDE Hardwars Debugging] )| &0 4
&% GDE Hardware Debugger (11.09,10 22113 (Suspended)
Fl o Name | value |
i B Threa U] (sispended) : [T 2853311530
= lma:() :‘;\Pro]ekte\EchpseWor)Gpace\SAM?XZSGTEst\src\maln.c‘71 0XD0200456 oS eeaa11530
arm—nun:t—ea .I—g (nig‘m 22:13) . e e e
DuyProjekielEcipseworkspacel SAM7X2S6Testtest_ram.elf (11.09,10 22:13) - fa O EAEE L3
= fb -3.0316488E-13
= fc -3.031 6488E-13
1 |
€] main.c 52 = B[ 5= outine &2 =8
/e = | 4 Y =
N @
/% DEFINE: i1l code exported wf 2 G i
MATN_C
7% o : _MATN_C__
R L L sy =1 typedefs.h
& 4 const DWORD
/% main = :
SC
RN R TR TR TR TR RR AR A RN E AN RN ETEETERTERTERTARTR AT AR R AR AR R AR, ©F fd: const float

int main (void] ®  main(void) : int

{

DWORD & = 1
DWORD b = 2 J
DWORD c = 0O}
float fa = 1.3;
fleat fb = 2.7;
fleat fo = 3.9; -
1l _’l_I
EJ Console 52 % Tasks | [ Problems | (3 Executables | ( Memory | ] |G cBlEl@| B |2 B -r5-=0
SAM7FEZ56Test-RAM [GDE Hardware Debugging] arm-none-eabi-gdb (11.09.10 22:13)
continue |
Temporary breakpoint 1, main () at src/main.c:71
71 DWORD & = 1;
=
K »

J e ‘ Writable ‘ Smart Insert | 7101 J
VYA JS

ook o craw YU (so,a3 5 "GDB Debugger"  siws goaiy csin o by o 4S (gle oy
g A—A‘\,’; “)A_‘ 45 C.\_A.u‘ QS'L.A IV \S:JJ)% (malnC) c:a:m ds J:iLa B 45 ‘;B.; CA-i-u‘ "Debug"

Break " {Lasle oI5l 3upb 5 oSl o aas e plis | Lajuitie ol crans YU (58 5a0
slael Lacsl Ho lauats pulie .anlasSs buas ol yo 301, "Modules" ; "Register" "Points

iloadds 4l gl a0 lake Layaaie cpl 4 cuulol o cile aiiiua uac
(sean 5 G Ol bt 4 LA e oS B (50 o il e Sl sesaky 59 25 e Gk )

%‘J‘)_A‘
T

Highlight ®

Y1
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i T
(=)= Yariables &3 Sa Ereakpu:uints} §i81 Registers | =24 Mnduleﬂ = O
= B | §° v
Mame |HaMe |
(= a 1
9= b 2
()= n
()= fa 1.3
)= fb 2.7
()= fc 3.9
vya K
real S0 50 paie BB so 5l
-
€] main.c 2
float fa = 1.3;
float fh = 2.7;
float fo = 3.9;
fa = £fa + fd:
a = a + dr

while (1)
{
at++;
b++;
o =a + b:

fa = fa + Z.6:

V¥ Kb

'Ol bE ali VXYY
GQH%M&JGMBMJJJLSw‘G‘yM‘G‘bdu)@_ﬂsmk&‘mﬁaﬁ
i€ 1S5 1 LIS lea Toase o s (513 (Double Click) s SuK 5L gu aie Jols

Break Point

ARR
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fa = fa + 2.6;

fh = fb + 1.6%7;
foc = fa + fh:
K
VY K&

= o b aal s el el gdaly g gla bA 4 G, B 46l M'Resume” WK o5, » UKL

) PP IRV\ - PG P

fa = fa + 2.6;

fh = fb + 1.6%7;
foc = fa + fh:
K
VXY K

I, GDB Server s Eclipse wsusa 5 IS a0 b Cbcue lyal b g Gulicw) aul s ju SIidsidis

S 5 1 Lag T Tasae 5 0058 a1 950 i

Yy
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e.um Jad
b s 9 (5 el

Jead ilsa

f g oo BBl 55 a5lse b Led (s 0l 0L L
¢ Ss Jlink v/

onls il syl slgis, v

Jlink 25Y el AL

sbdla iutsbing sl (Susre olMled by S
Ol wcal ARME (glasas 1o 5 51 gobs) wlass obicue 5 uls
- = J—als Laowilase ool & SWD S JTAG Gssb 5 bl
solii il JTAG ey slaasly slaas U glasaisla sy .o s
L33 il soieS slawly wluas € Slaswslay g wiS o
seaisls 5 5 LSWD K o ol SWD Lis ) )
e (g 3aS gladsly slaas Bl bl s ool .ok 4l LCortex
S e suliil JTAG 4

L bl sl (A1 (5 YY aasilagg 3 5 sl ol
Ol 3 sab) wlasl ) 6iSIan oS o suliia] daa slasaiyla

.ﬁﬁwbd&m‘}émﬁjﬁ @Jﬂ‘w)d\)&‘ﬁﬁ‘
sas sbui &y Rowley Keil JAR slea o jlalil (g4 53 sladains 31 ol olass Lo Jlink

L.)fJ—.“JJJ-"‘“ :)‘ u&_.]llnk “_“t..m _).l-u“).a-u BE J\}:YJ—A‘ ‘}i‘ :)‘ b‘i.u.ud 60,000 :)‘ U“L':*:’ U:'J‘)é L} CZ.u-u‘

JLInK cibiad s AN

ARM (sla )] 5 558 5 Ko ) (5 ks (B8 (galilla (555 52 oS malils wolils @
‘USB 20 Ja.i“) L]
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CortexM0/M1/M3/M4 Cortex-A5/A8 ARM7/9/11 :su Sl iy slassisla,y o
«ortex-R4

SWD 5l sluiz, e

SWV 5l slais, e

icua HSUA jaudas e

<12 MHz G JTAG [Slua cie 5o @

oeyw 950 MHz Luil< 3 ;0 ARM7 1 ,1) 720 Kbyte/Sec jiSlaa U5 oS s lild e you @
(12 MHz JTAG

el oo GIAR HlAbL 5o o815 @

9sd oo alasl USB 5u5b 5iflink swias @

O padpguld SUS 51 Slis, e

5 58 e sl Gl 5 st 558 5lsl Caua o 3B1, 5 JTAG glaJl€un ol @

AL YEJTAG o lsbicd Lyl, o

Adaptive ®

A}
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JLink.1 Jsus
G a e oy sam o 4alis 850 |y Lyal Jla 5o ol a g walsa Luls (JLink 3 soliie U
L Oigad aaas il 15 g T b 5 swilsa | didla 5 LaolS ol sias s 5o 58 50 .S hal dda 5o
S S 1 ol ghoal g b bl b s et Ll 31 ssliiu)

ULink Ay

Ol aolaS e LA Hu el e slacussaas U, JLink oGl Keil oS s «all Ulink
el HE S (s S st 5 slakine b 5Y ol

Wiggler Ay

ol (ol e 5 Ga S al,S g oLl 5 sad Jale J36u0alS (53] 50 )0 4 LY 9ol
G 0 o sole 4 ) s ;1500 el Slg e cpl 3 sulail sl asla 1, S3se ARM slaaion
ot 53 O, S see o pa O14S) HAjtag 51580a 5 51 olsi o (al oo 2 50 K1, o) 00

B8 suliic! (cal

GDB jg,u AY¥

st Gl ol adid ol T GPL oLl pulial s S el K01, Gbicne K CGNU 8355 Gbne
Iy aols u s ol aa & GDB Server ,5sls 3 & aS gl dlea Cue G858 & JLasl LU oL
GDB Server < sl jaa s GDB 3l sl o Eclipse gaaw g buno b oboue sbieds .ol ylo
S 5 MB 1B 5T EYLas) sl su S s 1 JLINK L1l 5wl dacpl o e o suliie
9 Start e 3 4l ol .S 5lel 301, "JLink GDB Server" .ozl fig, giule) o) 50

el 3 sa 90 Segger> J-Link ARM gaals

GNU Project Debugger-GDB *

Y10
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3. SEGGER J-Link GDB Server ¥4.10i {non-commercial/evaluakio o ] (5

File Help

v St t
GDE I'W'aiting for conniection I [mitial JTAG zpeed |5 kHz I r Shaélwulr;guuimduw
J-Link |Eu:unnected I Current JTAG speed |5 kHz E %;EEEE;E%ME
Target [ARM7. Core 1d: D3F0F0FDF || [ 323V [ [Litle endian ] [ Werity download
¥ |nit regs on start
|D Bytes downloaded |1 ITAG device |
VXY K

%%ﬁx\}ﬁMbefgLAMwwad

3. SEGGER J-Link GDB Server ¥4.10i (non-commercial/evaluakio o ] 1
File Help
GOE I'W'aitin for connection I Iritial JTAG 2 eedIE kH vI L
g p z v
J-Link IEonnected I Current JTAG zpeed |5 kHz I': E
Target [ARM7, Core 1d 0x3F0FOFDF || [~ 3.29v [ [Litle endian =] [ ¥eiify download
¥ Irit regs on ghart
Log output: %I
SEGGER J-Link GDE Serwver V4 .101 =
JLinkaRM d11 ¥4 101 (DLL compiled Jan 25 2010 14:43:57)
Listening on TCP-IP port 2331
J-Link connected
Firmware: J-Link ARM V8 compiled Dec 1 2009 11:42:48
Hardware: VE. OO0 |
S<H:
QOEM: SEGGER-EDU
Featurei(=s): Fla=hBF
4| | v
|EI Bytes downloaded |1 ITAG device | A
VY K

f“.’f:)‘dJl.’Lfa da GLAM Lo ﬁ‘ad‘d {.\L_;..:‘ ‘J ;_4‘..:*;.:.3.2 CALA;&EI! (Cracud L.)i‘ L
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A g pias g Sae (ol galiSla s Gayaebiyy AL

3 @052 S JTAG oS 20liil JTAG Lol 5 ol s3ee < ARM (gla )5 535 5 e (533540l (5150
Sl sual Jaiass « s [IEEE1194.1 o jlastial 5o oS ol o plailics) sla S 5 5500 (slae sane
bl S oS b cue bs a0 wling 1) Aliae 5l 4abiy sladdl 5 Gl 55 ee o ol ek
' SWD 3l suliicul . ARM COrtex «iuua Ls slals miS s Sue 55 4ol (sl Koo wluilioal
X Ty G 5 s (Sl kg oluns (11 45 COTEX suluw (slas) 558 5 Ko ) adas 5o -l
555 o soliie] dass

mso Lol g m 5 Se ol apla g s 50 La 1 s TS 5 e il (630540l (108 0Saa w6l 5 S
oo 1o asa b dilss 5 55 OLa A ROM (55 5o w50 o sdoss Shealiinl Ly wil 5
5/ LPC 5 STM32F . Debug Jb e =0 b 5 USB 31 ATO1SAM Jlie ol sie ) oS (g3l
ra e 45 JLdl b g e e L1, 0 3ok ool 3175 (aiS o g0lii) USART o 5
LPC I Flash Magic . AT91SAM (5,3 SAM-BA) b 53 50 sl 51381 3 (51l 5 61, 45 s
3 s 50 0S5 540l 1 5 S3e el HleS o (STM32F (51, Flash Loader
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touch.c
1)// X1 Y2 X2 Y1
21// mmmm— —mmem —mmee o
3| // LPC2148 P0.22 P0.21 P0.28 P0.29
4
5  #include "touchsecreen.h"
6
7| // Initialise touch screen
8  woid tsInit(void)
9
10 // Enable power for ADC1
11 SCB PCONP |= SCB PCONP_PCADI1;
12
13 // Make sure P0.28 and 0.29 are set to GPIO (just in case)
14 // They are used to toggle between GND and 'floating'
15 PCB_PINSELl &= ~PCB7PINSEL17PO287MASK;
16 PCB_PINSELl |= PCB PINSELl P028 GPIO;
17 PCB_PINSELl &= ~PCB_PINSEL1 P029 MASK;
18 PCB_PINSELl |= PCB PINSELl P029 GPIO;
19
20 // Initialise ADC converters (using 12MHz PCLK)
21 AD1 CR = AD CR CLKS10 // 10-bit precision
22 | AD CR_PDN // Exit power-down mode

YA

X
GND
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23 | ((3 - 1) << AD CR CLKDIVSHIFT) // 4MHz Clock

24 | AD CR _SEL6 | AD CR SEL7; // Use channel 6 and 7
25 1}

26

27 | // Read the current X position using ADC1.6

28 unsigned int tsReadX (void)

29 | {

30 // Set P0.21 as ADl.6

31 PCB_PINSELl &= ~PCB PINSELl P021 MASK;

32 PCB_PINSEL1 |= PCB PINSEL1 P021 AD16;

33

34 // Provide 3.3v with P0.22

35 PCB_PINSELl &= ~PCB PINSELl P022 MASK;

36 PCB_PINSEL1 |= PCB PINSEL1 P022 GPIO;

37 GPIOO IODIR |= (1 << 22); // Set 0.22 as output
38 GPIOO IOSET |= (1 << 22); // Set 0.22 high (provides 3.3v)
39

40 // Provide GND with P0.28

41 GPIOO IODIR |= (1 << 28); // Set 0.28 as output
42 GPIOO IOCLR |= (1 << 28); // Set 0.28 low (ppovides GND)
43

44 // Set 0.29 'floating' (by setting it to input)
45 GPIO0 IODIR &= ~(1 << 29); //>séet 0.29 as input
46

47 // Start AD conversion

48 AD1 CR &= ~(AD CR_START MASK | AD CR SELMASK) ;

49 AD1 CR |= (AD CR _START NONE | AD CR SEL6);

50 AD1 CR |= AD CR START NOW;

51

52 // Wait for the conversion to complete

53 while (! (AD1 DR6 & AD DR DONE))

54 ;

55

56 // Return the processed results

57 return ((AD1 DR6 & AD DR RESULTMASK)

58 >> AD DR RESULTSHIFT);

59 |}

60

61 | // Read the current Y position using AD1.7
62  unsigned int tsRead¥ (void)

63 |

64 // Set P0.22 as AD1.7

65 PCB PINSELl &= ~PCB_PINSEL1l P022 MASK;

66 PCB/PINSEL1l |= PCB PINSEL1 P022 AD17;

67

68 // Provide 3.3v with P0.21

69 PCB_PINSEL1l &= ~PCB _PINSEL1l P021 MASK;

70 PCB _PINSELl |= PCB PINSELl P021 GPIO;

71 GPIOO IODIR |= (1 << 21); // Set pin to output

72 GPIOO IOSET |= (1 << 21); // Set pin high (providing 3.3V)
73

74 // Provide GND with P0.29

75 GPIOO_IODIR |= (1 << 29); // Set 0.29 as output

76 GPIOO IOCLR |= (1 << 29); // Set 0.29 low (provides GND)
77
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78 // Set 0.28 'floating' (by setting it to input)

79 GPIOO IODIR &= ~(1 << 28); // Set 0.28 as input
80

81 // Start AD conversion

82 AD1 CR &= ~(AD _CR START MASK | AD CR_SELMASK) ;
83 AD1 CR |= (AD CR_START NONE | AD CR_SEL7);
84 AD1 CR |= AD CR START NOW;

85

86 // Wait for the conversion to complete

87 while (!(AD1 DR7 & AD DR DONE))

88 ;

89

90 // Return the processed results

91 return ((AD1 DR7 & AD DR RESULTMASK)

92 >> AD_DR_RESULTSHIFT);

93 |}

94
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volatile unsigned int 1i;

static const Pin pinsSdram = PINS SDRAM;

volatile unsigned int *pSdram = (unsigned int *)
AT91C EBI SDRAM;

unsigned short sdrc dbw = 0;

unsigned int tmp = 0;

switch (busWidth) {
case 16:
sdrc_dbw = AT91C SDRAMC DBW 16 BITS;
break;

case 32:

default:
sdrc_dbw = AT91C_SDRAMC DBW 32 BITS;
break;

}

// Enable corresponding PIOs
PIO Configure (&pinsSdram, 1);

// Enable EBI chip select for the SDRAM

tmp = READ(AT91C BASE MATRIX, MATRIX EBI) |
AT91C _MATRIX CS1A SDRAMC;

ATO1C BASE MATRIX->MATRIX EBI = tmp;

// CFG Control Register
AT91C BASE SDRAMC->SDRAMC CR = AT91C_SDRAMC NC_9
| AT91C_SDRAMC NR 13
| AT91C_SDRAMC CAS 2
\

AT91C SDRAMC NB 4 BANKS
| sdrc dbw

| AT91C_SDRAMC TWR 1

| AT91C_SDRAMC TRC 4

| AT91C_SDRAMC TRP 1

| AT91C_ SDRAMC TRCD 1

| AT91C_SDRAMC TRAS 2

| AT91C_SDRAMC TXSR 3);

for (i1 = 0; 1 < 1000; i++);

AT91C_BASE SDRAMC->SDRAMC MR = AT91C_SDRAMC MODE NOP CMD; //
Perform NOP
pSdram[0] = 0x00000000;

AT91C BASE SDRAMC->SDRAMC MR =
AT91C_SDRAMC MODE PRCGALL CMD; // Set PRCHG AL

pSdram[0] = 0x00000000; // Perform PRCHG

for (i = 0; 1 < 10000; i++);
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57
58
59
60
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62
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65
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67
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70
71
72
73
74
75
76
77
78
79
80
81
82
83
84
85
86
87

//

//

//

//

//

//

//

//

//

AT91C BASE SDRAMC->SDRAMC MR
Set 1lst CBR
pSdram[1l] = 0x00000001;
AT91C BASE SDRAMC->SDRAMC MR
Set 2 CBR
pSdram[2] = 0x00000002;
AT91C BASE SDRAMC->SDRAMC MR
Set 3 CBR
pSdram[3] = 0x00000003;
AT91C BASE SDRAMC->SDRAMC MR
Set 4 CBR
pSdram[4] = 0x00000004;
AT91C BASE SDRAMC->SDRAMC MR
Set 5 CBR
pSdram[5] = 0x00000005;
AT9lC_BASE_SDRAMC—>SDRAMC_MR
Set 6 CBR
pSdram[6] = 0x00000006;

AT91C BASE SDRAMC->SDRAMC MR

Set 7 CBR

pSdram[7] = 0x00000007;
AT9lC_BASE_SDRAMC—>SDRAMC_MR
Set 8 CBR

pSdram[8] = 0x00000008;

AT91C BASE SDRAMC->SDRAMC MR
Set LMR operation
pSdram[9] = Oxcafedede;

AT91C BASE_SDRAMC->SDRAMC TR

AT91C SDRAMC MODE RFSH CMD;
// Perform CBR

AT91C_SDRAMC MODE RFSH CMD;

// Perform CBR

AT91C SDRAMC MODE RFSH CMD;
// Perform CBR

AT91C SDRAMC MODE RESH CMD;

// Perform CBR

AT91C SDRAMC MODE RESH CMD;

// Perform CBR

//

//

AT91C SDRAMC MODE_RFSH_CMD;
// Perform CBR

AT91C_SDRAMC MODE_RFSH_CMD;
// Perform CBR

AT91C SDRAMC MODE RFSH CMD;

Perform CBR

AT91C SDRAMC MODE LMR CMD;

lat=2

Perform LMR burst=1,

(48000000 * 7) / 1000000);

// Set Refresh Timer
AT91C_BASE SDRAMC->SDRAMC MR =
AT91C SDRAMC MODE NORMAL CMD); // Set Normal mode
pSdram[0] = 0x00000000; // Perform Normal mode
}
SDRAM.1 <

BELYY L g V2 05 e «S ol 88,X sl « Bus Width
S w3 wua ..y Hynix SAMSUNG Micro slacs i daail s opl oBuiS w63 o535 seadin )
.A;\AJTA 4__3“)‘ b Lasaly calin, GL&‘AAAJ CAJ[—Q:A angAS (5\_\.413 \_i CA‘A_)JJ:‘)‘ (s 9 ;94_.]9


http://mohandesyar.com

u-‘&‘d SDRAM 6&4_.\35 J):.S ‘sb‘d S 84 9 ARM7 GLAJJJJLSJ‘)SfA S 9dae J‘ LPC2478
o3 b (bl (5 5 o0 8540 oS J3S 3l 51 ARMO (sl ) 555 Sao it o

sadl QJJJT Q;t\\; LSLA SDRAM suly (5[.&45‘)..\ :)l 6..\‘..\33 <;.;‘:\S b‘J.AA DVD o

Sl

(ovD)

SIIECE) ol Huaslesas] 5o sasuolS allas 5o NAND abisls 5 abasla ol Jlal o sui
ol sa suliil Jlate Kuiilu NAND s SDRAM gladkisla 5 (afise slasasla s

soate (R22 Sg%’ga
chs
RAS
SDUE
SDCKE
SDCK
NANDHE
NANDOE
NRO/GFOE
NHR3/NBS3/CFION
NHRL/NBS4/CFIOR vop (2208
'NHR@/NLE/CFHE 1704 _aa_m.ﬂ
NCS4/5DCS 1702 _Qi_ﬂzﬂ
NCse voa (52 M2
os
. o P
A21/NANDALE R vos 3PS
A28 [-L @ voy (D2
A9 3.3V
pio [22 u
pazsppy [0 M7 z R L —
pi6/pae B BALS
ais (B2 - 5 B |
Prpg - | L S— a g SXXGABUXM 4]
] i
a2 (82 % Y
aiy (85 A RE
ate B2 AlO _PC13 ROYBSY ' — RNBJ
o |82 A9 R
e B2 AB
b ﬁ y, N\ DIP..311 ~
:g 54 Ul U4
at [ a2 28 ["ya \ o |2 048 2 [pgg\ — J e |28 —
3 g; A3 247 4 1 \_M;; paL AL §;
A2 —EE—ds 2 n2 a2 \_mg_7 Da2 A2 x—ﬁiﬁ
[ AL a3 Da3 NSENN 11 - 2 1 n3 —ﬁsﬁ
so/Npse |25 AB Ag 23 | ae D34 N 029 B8] pg as [23 A
e Das —_— ] o ——
3L N Do 41 3L
s g R —— N e Ll e p—
b1 |-128 /—‘5-5—3S a7 Da7 35 oor a7 as—asﬁ
D14 _DJ.:_LH /_ﬂia—:“ ] 0GB J—*1 D@8 Al —m_m
B —— a3 _ s 31
B e SA1B 22 1 hio/ne Dmtp D255 ] oose mevep (2250010
pra [£22 DAL |, —12 — 22 ms oot P2 37 ] paas e (32043 |
pie [£2L Qi@ /_ﬂii—ss iz w2 g N 028 %8 | hos  aen i‘s—ﬁ.ﬂ.ﬂﬁ
[ E— oma 22 —
o . a1+ —_—
o K — 28 | pha  oms (22 e
pe |12 D6 o A17 21 | pay B |2L A17
141 D5 .
il o 0o 45 f b vooL vone oo 43
D3 %ﬂﬁ— crweese e 39 | pgy Yooz UDDZ  DoMH |29 cnoiesswes
o2 (188 D2 uooa unna
L uooaL unoaL
mo [tes D0 1., DAz unogz
uoDas unoes
D3t & vooa4 vnogt
Pee/D%0 hag = SR ok st vsst ook (9 POCLK
PC28/D28 CKE  uesz vgsz  cke |37 SDCLKEN
PC26/D28 % vesa ussa
PC27./D27 vssaL ussaL
pcze/mz6 |38 —D26 — 338 ussaz sz
pezo/mzs 133 070 ussas ussE3
PC24/D24 —g;—mﬂ—uza 8 wcr o ussat ussat  no (12
PCZZ/D;;%E:: M3 Dzg R2_ K4S561632C-TC/L75 561632C-TC/L75
pcz1/mzuerion L2 D2l 470K
el i socs
PC19/018/5p11_NPCs? [HE3L
PC18/D18/5PILNPCs1 38— D18
PC17/D17/sPia_Npes3 (28— Dl N — 4
PC16/D16/5PIR NPCsz LB D18 A DIB..311 p,

VeAY K


http://mohandesyar.com

H
<

EEREEEECELE]

an
8
a1
Az
NE

256 Mbits.

—
B

SDRAM

=0
o en
oo a0

VoY UKE

Feaa3888305550

2:32172233%%

=
e

)

apa [

LN

cron s s [
2005 st [


http://mohandesyar.com



http://mohandesyar.com

233l

Jad Sl
f g oo BBl 55 a5lse b Lad (s 0l 0LG L
Alila S b o] v

ks o ,ls glgsl 1)

e sMaila olie 1y iy ool s p1,3a0 1980 aal o oS, b 5 didla slac,lS ol
2Ll 1083 ad s 3115 553 (555 s oaid agadd @leMbl GBIGIE 301y oS ald b o sl
Ol oS e 8 il dhdla LA IS (55 3 1) v gl Se s slagm s (JBe Glse 4
5 b e Sy 353 0 L 5 IS (555 2 53w 8033 3 ams LapuSe

J‘ @LAJJ:‘J[S Q:)J‘).d ._\lj.iuu.a ul_&l..ul u:sa;ua K) US&SJ‘)SS." ‘_;LA':KL.HJ U'.“J‘)é 4.} 4.]&5\; GLAC;JlS
‘b“)_uh CSLAUAB ‘LS“%J LSLAL.);":‘JJJ ‘@ALZ GLA‘):;&::_LAK HER =) uiLmLiL.uJ BE “) sl QJ‘S
u:i:x_‘.u\}a (_gLAb._\ZuS u:ln;:s ) La PDA ;GPS U_}L_‘Ql&o L;LAAKL.A.-J ‘LbsSJ:\CJJS (6\)‘.}‘).}.4\.‘3.5 GLACE:‘JJJ
PR s

oY gmns o S ulae slasl&iny (ol slantown @Sl olhaad aaed Sais slasling o
st ge sanliie Laalidla ol Jlab 5 pda 558 s (S


http://mohandesyar.com

558 o 12l NOR G s NAND @l (5550555 50 pubal s alidla slacs,IS

o9 e Lo a1 Buleal e i b 5 YU e e b didlas 0 s s (2153 NOR (58

¢l 52 NOR ) w2y NAND (sladhisla assls 5015 cubs S 4 obieus oK) NOR slaksla

dads o s yind 5 255 Sy 4o NAND (6551 55 j0 adibla 4 o yins 1K) sus

MR 53 3 S oo S (Sl g OVY YOF Y sana o o oty s iy 3l slie ane Page)

29 DRU R seliila slac,lS alas )y ool S 4 e siws NAND sladiiils s ta NOR

1S oLl ) a4 Gl e dhaa O 51 wusa go (S5 s SN B pems 5y wlabaimlad 55150
Smart Media (SM) K

:Multi Media (MMC(C) &,k -

«Compact Flash (CF) =k -

:‘Memory Stick (MS) o K -

:Micro Drive - ,K —

.Secure Digital (SD) = K -

#S‘;Aw.u))au‘d‘)d|)uu"'ﬂwmb‘ﬂ@bd‘}lab(su&)‘s‘)‘(s‘).‘.éls.a

Smart Media o ls V).

S eulS Gl sl s Saab s Al Toshiba o< s b 51995 Yl 5o o58 ol
il 835015 slac IS a8 G FSHL wslS Gl ass (SSFDC) "walas s (0368 Sass
3 1 aulS al ) lasses ol Gals el 3 Sy Jald LS o] Jads 5 Sanldly o) gedadae 45
sl eolS ol .8 gr ks 0T 055 5 45%37x0.76 MM IS ¢l sla) ot oo V)Y JS2
el Gl YY Lo, S, oSS

20071 g o umbac, K ol GBS (b yens saac Fuji 5 Olympus Jliass slagc;so
s Laabisla cpl HLEA) 5o dlidla slac,S L0 ages 50% Koo



http://mohandesyar.com

N K
Gisl3d b aass 2 MB/S Lo ag T ledl Jinl cue yow 5 128 Mb [iSlua lacs LIS oyl il
S s cnlsaie Lac IS Cpl i 5L 0, 50 gabiila cudsb S 5 Yl lagms 9o Gdislsoo
ID <5l g wist e ialw 3.3 V 35 Vi 5La15 55 90 Lo Laadiila ol asiols s
99 dsmans ol Gl LS Lo oo soliiad 5T Jals cleMal cbidlas (sl 5 934 yanie
0 soliied XD ol 4 Sos LIS 5 sSie oS

MMC &yls VY)Y

o9 .bas il San Disk y Intgemix o<,z 5o b 551970 saas 5o 5L gnls) La MMC
slac LS 0 o soliinl lac,IS ol 5 sy 5 (gl 859 50) 5 8l yan (30 slaslKiy lui
Wola b A s e 24x32x1.4 mm s MMC sl .uls 41,8 SD

Transcend A |

VY S
a8 w3 50l il 2.5 MB/S Lo o1 Lo suls JED) e yew 5 3.3 Ve, IS ol auias 561

ol 80aT AVY S Hu oS ol 5 10 sad a0 54 GB @ Lag T e b JiSlaa 5 asls

Compact Flash (CF) gslacs,ls VYV

—oadh o Lac,S ool wud W sie 1994 L 5 «S wu g San Disk oY sans oo 31 s CF
Lm0 5o Ladkila ool souliiad o) go aieua 100 GB 52 MB s s )l U lac K o 5
[ g5 wsa o il (Type I s Type I T 5T g5 g0 5o lac IS ol sl ciasd o1 S Jliass
1453500 MA Llae 5070 MA ssan 50 5T s Ghoa s il 5iS cwlas [ g0
5 wlebe CF glac, € sblze .o 5V L 5 3.3V T 6,K 560 sl oo


http://mohandesyar.com

fien 53p 5l s (S50 dal s g 4sed il o8 Ses lac S G s @

5l (6ot 3l 05020 slacuib Logac @

Wsls oYL suly JED) e yuw @

o elin 53380l w35 e Gy wSS o Sl iy IDE/ATA o)l 51 LaCF @
sl Sasay,la

et cliilas (B 5 Koo slac,S b twlie 5o 38,5 slal & olsigs < CF ulas

45 s Lzl (Write Protect) adasls (i, 0 cidss

el saeT VLY UKE o a8 ol ) (g1 gl

Transcend A
Compactrash®

Memory Stick (MS) slac,ls V)V ¥

ol MS LS tsla K ad gte 1998 Jla 5o SONY €5t b 55 5L ol sl el ol
ey oo 30 16 GB 3V s MS gadlasla 0 58,55 855500 Lol o g (als saasla 128 MB

a8y e LES 1 el ol 51 gl gas VY JSE
sals MS Pro-HG ; MS Duo MS Pro <1, ssa sl o551 5 0 g oad aal 53 Koo el o) MS
sl San Disk sSony =<, & g0 g (Soide g Kaa 31 5 2003 Yl ,o MS Pro el
JaE MS DU .cils s i suls JLEB) e 5w 5 53 gl s,uad gliad oIS ol ok
2006 Jiw o 5o MS Pro-HG .o adsl slac, K e pou (aul3il 5 s3lal (2alS gl (206
60 MB/S o ,L< ol Lo Lasals JLED) e yuu .o < <z San Disk 5 Sony s, Kaa ol s
1, MS Pro slac LS cie uw ol 4o Lo 5 o0 ss S5y 05 (5 sladeds (s0a ) <S ool

.JJ‘J


http://mohandesyar.com

Speed Rating Speed (MB/s)
G 09
32x 4.8
Al 6.0
GG 10.0

100 15.0
133x 20.0
150 22.5
200 30.0
266 40.0
300 45.0

SONY

MEMORY STILK PRO Duo

MAGICGATE

Micro drive slacs,ls V110

s suls sla [T 55 CF eSS (suudt s o o€ ol e Sawns S Lult < Micro drive
e 4 0T Ol Cipems Lol ccnead LS, CF slac IS go31ul b e LIS ool so5)) win 58 .cul
S same o yumsal€ sLaskisu 5o 15 Lae,lS Gl 050, @l Gaan ool CF glac S 51 jid
VO JSd o @l gl 51 gl sas caal i 8 GB 51 Y sane a8 ol g6510) cual 3a L
ool sk suls Hlis

G ol a8 Ghs 9 el 42.8%36.4%5.0 mm 1, Micro drive gl o ,K S olal
wad 0,1 1999 Jlu ju s wa g IBM cale (sul s sla Micro drive o) .o, 16 gr
5355340 MB 5170 MB lagan lols daila 50 oyl

L sladigas s S alyll, 572 GB (i slac 503 2003 Jlu Lo Hitachi o< a (oS galals U
wai aiale Seagate , Hitachi K L2008 Jla jo 50 jidn 38 GB o3l

K00 g5 ) Laalisla ol 5o (s sladSaw lass <€ cuwll 5o Micro drive glac S e

‘)J‘L‘Lua.nc)___s‘dj_fcha;CJJL.SG})HOZ_JJ}Q‘ALSSAC;JLSGgm;“&‘ixb\shC_\-u.-‘):‘_)é

Y.9


http://mohandesyar.com

it Lac LS ol oS i 31 o6 oS e olanl 51 Kie Micro drive glacs <
sols JUESI s yeu o ial s Gl lalsd il (o) 5o it b1 M plas ) 51 81 el o Liia s
Ol S ge Jae 5 (g5 550l sl IS S (s ki b wlis Hu 4S el 5 MB/S ladiaila ol o

lsads Al 50 0l g1 5o LIS 6l Lac K

.

HITACHI A

4GB
. Microdrive:

1.0 JS&

PN
) FUJIFILM

xD-Picture Card

M2GB N

V\.5 S

XD gslacs,ls VAP

Uiy slagas ;9058 oulS Gl Ll suliiul oy 50 5 o0 €Xtreme Digital casas . xD
L2002 gL 5o XD glac, S ot MP3 glassii€ (aay 5 Jluass glas slaswi€ bus
slacS, i b g Joans ool wl g 5 calu g .wai ol Fujifilm § Olympus o< s 59
slac 8 sas e Sl T, Lac IS opl 51 gl sad AV F S8 il 4ol SAMSUNG , Toshiba
Type M+ ;Type H Type M :u 55 oo 45l) .55 4w 50 XD

uolS Gl a8 5 WA e e wl,) 2 GB o lua s L 52005 Jle Lo Type M
ol 25 MB/S 54 Ll oS5 a

35 (5 s (g8aly JLEDI cae 5 gl € s W 530 2005 Jlw 5o Type H g5 XD glac,i<
OLaYb sinda ale & Lie,lS ol il 5w s 4 MB/S 55 lac IS onl i 5 il sa o s

35 2 GB dac IS ol sa3lal SiShan coal sadd (38 55y giSIan

\RK


http://mohandesyar.com

el s 59 XD oL S e LS Gl e w55 2008 Jle 5 Type M+ slac <
soslasl <l a a3 3.75 MB/S 56 1l s o Gailed 5 Gl g eae yew 2 g e ,S

asae0 2 GB 4 50 ]
o) S S ool ol GLa sYG @ yw MS s MMC SM slac K 4 e lass, € ol coye
Loy T Colas 31 cnal 2L Garalie B yemonS (slaelicus 31 gl Lu 1 LagT 5 suliieal dacs IS
s IS (ol Bla3 ipge e 5 5 Sl el (IS S0 gl b 4 s GLE IS5 se)ll
G lapl sse 5o s Oledsl &€ s winu gaa &S Las (pas ol Fujifilm  Olympus slacs ;s

ol s s el g5 QS ©o e

Secure Digital (SD) stacsyls VY

~eS 5 b g el 5o SD oS ais diila slac IS G 300, s5a 8550l < SD slac K

SD lac L wa i suls 42w 3 2000 JLo o Toshiba sSan Disk Matsushita La

L5 5120lS dla PDA sl yan (slagcali (Jlnsss slacmssss osa oelKins 5 5lgls slas oK

4 54 MB slasylasl glyls a,lwlid SD glae,lS wilsa S lay s alis slasaiS v (s

ssuid aaa (gl S wilsat uil s SDHGAL L lassIS ol 31 58 0 sage oo 58 10a) aiiua GB

S Lac LS ol 5 K00 e s dus )y Srcos dplaal 3ob painaa.an 8 32 GB L4 5L

aaalga 502 TB G ol s puad slacus b « wlas £ o6 (SDXC) eXtended Capacity

)

raiilea b plac sl gl bl was aile s MMC ulul s SD slac K

e MMC (L) 4o gnds slacS sos 5o 5 0050 Sads MMC glac, € 51SD glac, € —
£35S

1 LagT Gheieas cplpbis wita 5,Eaeb JKi gl ks MMC glac, € YA, SD slac i€ —
ala 513 Gldsla 5o usSas Hsb 4

e Ol 50 @S gu ol Al glacls Jhal. —

AR


http://mohandesyar.com

32.0mm

NTUTYSVITO
MADC 1N 28RN

3ylualicd SD slac,ls VYAV

micro SD ; mini SD . Jsess SD s oo Gl calins g83lu) 4w ,u SD slac 4K
a0 e plas | Lae, Kl aliag gl gl VY K

S S & a0 24.0%32.0%2.1 mm slal l,ls 5805 2 8T Jses SD slac <
OV 59 sald JIES) ee s a5l HI8 @IS Gl 555 o3 (Bulia Gu S S L s il 5l cddlas (gl
ol QLA ol oL ol i e 8 2.7 V-3.6 V o 5615 L 5 el 15-20 MB/S (0
1gr. 7555 520.0x21.5%x1.4 mm = ,L< ol slas) .os 45al 2003 Yl o Mini SD
VW gl 5003 2.7-3.6 V T (s LS 505 aslas s a s eolS cpl Ho ot ) cbadlae Wil el
16 MB slacuish 5o s el 15 MB/S Ll Louis aaslS ol 5o basols JESI ey ool 4l
Logage 8 GB G

microSD miniSD SD araan

AR



http://mohandesyar.com

11 mm 20 mm 24 mm s
15 mm 21.5 mm 32 mm Jsb
1 mm 1.4 mm 2.1 mm oelas
05g 1lg 2g NSY)
2.7V - 3.6V 2.7V - 3.6V 2.7V -3.6V 3 Slae 3614
8 11 9 Ll olass

: Mini
SD

ADAPTER

WA JSa

055 5 11.0x15.0x10.0 mm slasl gl s sadii 430 2008 JLow ;o . micro SD slac,<
GLA s S & lss ol L sa g MINESD Gl lac )€ ol olad iyl .ol 0.5 gr
Wi ewib 4 GB ) (iu 564 MB lasylal 5o 5 wiiiua

S S lac,lE 3 K e wlsad 4enlis oIS 55t Gl Sladdie ol (MC-2 Jua o
(VWA JS) 5 st saliind ¢l sans SD IS sla a4 oy gialaT S ) ol b sl 5 g

S 4SFAT 16 air (016 S Lo e 5 o0t 3L 2 GB G glagan 5o Jgens < SD (slac

.MJ&&J}({&L—:&‘bdaibdld)‘ﬂLAQTch)xJea

\BAI



http://mohandesyar.com



http://mohandesyar.com

Mdjbd Jad

J:slée.w.u.w

Jead ilsa

f g oo BBl 55 a5lse b Lad (s 0l 0LG L

1558 5,500 LSD s MMC LLs i g2 s,

FAT 551, sl FatFS  EFSL 401, glaclists
fuliens 4 (ilS atews slayls

YAFES , UBIFS JFFS2

ASRNEE NI

FAT o Lju VY.

Bill L s (o5 e aabis 50 EAT32(, FAT16 FAT12 slaabti b «<) 'FAT LG st
Lot oy et GALS 5 0 3 il Ssu suls «aw s Marc Mc Donald ; Gates
ahaiila glac IS 5 Jole slagiow it 5o soliiel o) 5e Ll

S us Julan ) soliin ShIA & FAT (5,160 ws Gala Sy g4 cusas ¢l «FAT
1 0 S 555 52 OLEES LIS O 5 lahls geuliinl uy5e al s sasbo0 1) (Sled!
FedS Al S a5l S o LAl G Sns Ll (Jgan o5l Hu S 5 gane
3 g oo 5 a3 (Cluster)

(80 i e slaciy slaad 5 LTS (i shasd daiws (LalSS a5 o) @S L
alid 51 S slace s wlaas FAT goui Gadzie goslad .ol 48l (i3l 5 L y3u)S
ius FAT lagsus

FAT aicwss ol glailel, VYN

8 oo s 65 ) OGBS cpl Sl snliioal (g0 90 ((has cpl o wlond sl sud sl sla

File Allocation Table ®

Yye


http://mohandesyar.com

aaly8 55 SPT by 5ok 5l MMC/SD sabisla b Ll sl osls APT il 55 51 (sl sans

.lsasl

SD/MMC L Lls,l Y.Y

5L el ol (gl Lalaial) o« sitiaa (38 gl b alidla o ,l€ 50 MMC 4 SD slac,K
LLQJ‘&).EJ|SD QJ‘SL\LL\SJ‘ laady i'l;L.uJ,ndqu LSLA‘:KL.“JL;‘JAJL&JJ\,AJYLP:
S 0sd oo )3, Power 4 v 5 Data Lay Command (Clock :Jsla wb 4 sl ,a
oo S wilswss Al 30 ..y micro SD mini SD RS-MMC laali b« 58 S (slas)lul

9

el Sl ) g 3halely w153 5u MMC 5 SD slac,S cp Lol o 5lis |

i

SD/MMC Lacslg VY.X.Y
|JUTU‘JJJA‘bJuL.Q‘JJJ.ALSéJB:)‘ng&\9:8‘-:!%JSOJQQSQJ\%QJLAL:&‘J&.SD/MMC Jn.-.u‘J
‘S:.‘ By ‘L;Aidj CSLA‘:AIS J‘)ﬁ La LS.)K:)L"“ (5‘)5 SD/MMC GLAC:U‘S e ‘)lg O i A Y

lssed MMC.1 Jsua 5o« SD/MMC =, slacly

1


http://mohandesyar.com

Table 1. SDC/MMC pin assignment

Pin No. Name Type Description

SDC/MMC Bus Mode!”

1 CD/DAT3 110, PP Card detect/Data line [Bit 3]
2 CMD 1o, PP Command/Response

3 Vss1 S Supply voltage ground

4 Vdd S Supply voltage

5 CLK | Clock

6 V552 S Supply voltage ground

7 DATO 110, PP Data line [Bit 0]

8 DAT1 /o, PP Data line [Bit 1]

9 DATZ2 110, PP Data line [Bit 2]

SPI Bus Mode

1 Cs | Chip Select (active low)

2 Dataln I Host-to-card Commands and Data
3 Wss1 S Supply voltage ground

4 vdd S Supply voltage

5 CLK | Clock

6 V552 S Supply voltage ground

7 DataOut 0 Card-to-host Data and Status
8 RSV — Reserved

9 RSV - Reserved

[1] Fer MMC, enly cne data line, DATO, is used.
MMC-1 Jsua
&*&f@‘)ég‘)ﬁSﬁGJJ‘HﬂQGM‘:‘)‘SL“:’:)‘G"p‘\Y\ ds-:b‘)d

Yyv
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WYY S

Table 2. Micro SD card pin assignment

Pin No. Name Type Description

SDC Bus Mode

1 DATZ2 I/O, PP Data line [Bit 2]

2 CD/DAT3 I/0, PP Card detect/Data line [Bit 3]
3 CMD /0, PP Command/Response

4 Vdd S Supply voltage (2.7v / 3.6v)

5 CLK I Clock

6 Vss S Supply voltage ground

7 DATO I/0, PP Data line [Bit 0]

8 DAT1 /0, PP Data line [Bit 1]

SPI Bus Mode

1 RSV — Reserved

2 CcSs I Chip Select (active low)

3 Dataln I Host-to-card Commands and Data
4 Vdd S Supply voltage

5 CLK I Clock

6 Vss S Supply voltage ground

7 DataOut 0] Card-to-host Data and Status
8 RSV — Reserved

YY.
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Al Sl a gl so e als sl A 5Ls als ol o (Hdefine) ay,las alasl ol
38, Config.h Ll 4 b ol 5033 51 asles S sulinet HW_ENDPOINT_LPC17xx_SD
S Jae 25 ol

/* Hardware target

Here you will define for what hardware-endpoint EFSL should be
compiled.

Look in interfaces.h to see what systems are supported, and add your
own there if you need to write your own driver. Then, define the name
you selected for your hardware there here. Make sure that you only
select one device!

Yvye
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*/

/*#define HW ENDPOINT LINUX*/

/*#define HW ENDPOINT ATMEGA128 SD*/

//#define HW ENDPOINT LPC2000 SD

/* defines the interface for LPC213x (0=SPI0 1=SPI1l) */
// #define HW ENDPOINT LPC2000 SPINUM (0)

//#define HW ENDPOINT LPC2000 SPINUM (1)

/*#define HW ENDPOINT DSP TI6713 SD*/

/* define the interface for LPCl7xx SSP0 */

#define HW ENDPOINT LPCl7xx SD

e sloula gl g3l (g0 3laal uaad N\ YFYLY

b 3 el (Kae) S S S 5550 s Lo Ty a5 oS i i 5 508 30 1, InC/typesth s

(il o sa g0 LA juiis ol 51 (goluas a0

typedef char eint8;

typedef signed char esint8§;
typedef unsigned char euint8;
typedef short eintlo6;

typedef signed short esintl6;
typedef unsigned short euintlé6;
typedef int eint32;

typedef signed int esint32;
typedef unsigned int euint32;

ais wlslinterface.h ol ciu gassl VY XYY

1S ailal 55 aslas inc/interface.h ol 51, ey spal U

#if defined (HW ENDPOINT LINUX) || defined(HW ENDPOINT LINUX64)

felif
felif
#elif

#elif

#else

#endif

#include "interfaces/linuxfile.h"
defined (HW ENDPOINT ATMEGAL28 SD)
#include "interfaces/atmegal28.h"
defined (HW ENDPOINT DSP _TI6713 SD)
#include "interfaces/dsp67xx.h"
defined (HW _ENDPOINT LPC2000_SD)
#include "interfaces/1pc2000 spi.h"
defined (HW_ENDPOINT LPC17xx_SD)
#include "interfaces/if lpcl7xx.h"

#error "NO INTERFACE DEFINED - see interface.h"

YYo
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EFSL suo y<aa AYXXY
ey Sy (Jols ol 5o S e cuae |, LS s, \efsl\conf\config.h (suus <y LG
35 0 5l S Slalas s, 50as 6 5L LT O ol S b usa s SSES slaks

lonal ¥ Jsaa 5o atisls

Table 3. Configurations of EFSL in this project

Item Configuration Description
Hardware target #define HW_ENDPOINT_LPC17xx_SD Access SDC/MMC via LPC17xx SSPO
Memory [* #define BYTE_ALIGNMENT */" Specify that the MCU can not access

memory byte oriented

cache #define IOMAN_NUMBUFFER 6 6x512 byte (3 KB) RAM used for
#define IOMAN_NUMITERATIONS 3 cache
#define IOMAN_DO_MEMALLOGC

Cluster pre-allocation  #define CLUSTER_PREALLOC_FILE 2 The number of clusters pre-allocated
#define CLUSTER_PREALLOC_DIRECTORY 0  When writing files.

Item Configuration Description

Endianess #define LITTLE_ENDIAN All FAT structures are stored in Intel
little endian order

Date and Time support /*#define DATE_TIME_SUPPORT*/ Disable date and time support
Error reporting support #define FULL_ERROR_SUPPORT Enable error recording for all object
List options #define LIST_MAXLENFILENAME 12 Configure what kind of data you will

get from directory listing requests

Debugging /* #define DEBUG */ Disable debugging behavior

AISEXEN

e Jld alagl A YXYY

S,ls ,lus sre\interfaces u,al jo pais sladss s inc\interfaces (u ol 5o aa ladls
LPC17xx_sd.c(h) L 5 su5 SSPO U Lis,l sl )5 Jola  LPC17xx_spi.c(h) L
.2l SSPO 35k 51 SD/MMC L L) ml 55 ssla
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Ol hocs aal g5 (S 3les oubay VY

hwinterface
JJJJJ;LéciiGLAGJJJjJ|uﬂé&?ﬁeﬁEFSL-CA&“SJ}“QAHJGQﬁAJc*A}LJuALACg
el 45 S S e i B AL ol €S caal Sigs o 4ss3 (slapusses

/*************************************************************\

hwInterface

* long sectorCount Number of sectors on the file.
\*************************************************************/

struct hwInterface({
euint32 sectorCount;
b
typedef struct hwInterface hwlInterface;

If_init Interface

- alsl oauslats €STINIE() b 5 H1380oay (385 0 walpd S8 HLS, Ll oyl
.LL&JUAJS4QéJuTCJb-é%‘Ql))bﬂcﬁouS}‘Cmu§CEhd}i

L) 4 5y aalio uae U I, hwinterface s w15 Sector Count jluss < s s g0 4o 53

(o s

esint8 if initInterface (hwinterface* file, eint8* opts)

{
SDCFG SDCfg;

if (LPC17xx SD Init() == false)
return (-1);

if (LPC17xx SD ReadCfg (&SDCfg) == false)
return (-2);

file->sectorCount = SDCfg.sectorcnt;

return 0;

If_read Buf
oS3l S 59 O GuS s ad s Saws 31 e S iAol (ol el

ARRY
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-t slacdls g8y el 8L (a5l u gs Sy oS i eiBa G8h ga sl Slam)

Wy oo gloais S .E;i?

/*

read a sector from the disc and store it in a user supplied
buffer.

note that there is no support for sectors that are not 512
bytes large
*/

esint8 if readBuf (hwIinterface* file,euint32 address,euint8* buf)

{

if (LPCl7xx SD ReadSector (address, buf, 1) == true)
return O;

else
return (-1);

If_write Buf

/*

write a sector.

note .that there is no support for sectors that are not 512
bytes large.
*/

esint8 if writeBuf (hwinterface* file,euint32 address,euint8* buf)

{

if ((LPCl7xx SD WriteSector (address, buf, 1) == true)
return 0;

else
return (-1);

YYA
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Sl Arrry
50058 al 1 sl Keil laras 8355 S0 alanl 5 KoaSs JUS 5o Laguls gals L3 L
PR A B TR R ENTRES

2 Tera Term - COM1 VT
File Edit Setup Control Window Help

MMC/SD Card Filesystem Test (P:LPCI1788 L:EFSL)
CARD init...ok
Directory of "root’:

Marne 5. Type EFSLLFTITHT, 0x24 bytes
EFSLDIRT  , 0x bytes

Ihefsldirl File Folder EFSLTSTITHT, 0x1D bytes
' ' EFSLDIRZ  , 050 bytes

I efsldir2 File Folder EFSLTSTZTHT, 01D bytes

4] erlantest.F?ft 1KB Text Document
E) t{ 1KB Text Document
E] efsltst2 kxt 1 KB Text Document

File efsltstl.txt open. Content:
efsltstl.txt for EFSL test.

File efsltsti.txt open for append. Appending...ok

File efsltst].txt open. Content:
efsltst1.txt for EFSL test.
Appending this line on 14:27:58 Jan 8 2010

EFSL test complete.

VYo b

LPC1768 (55, FATFS (s s csy9s  \YF¥

oS aleas (8503 fRLC s o uls) ol g8 ol sud suls o Las VY& S 50 FAT FS al.
-sohbs . ..o fwrite f_read f_close f open :Jlis ol sie & .wias o 0l wis slas S,
ssas Jssle ol s olled i d (Sl e il 58500 ANST ol L C SLLelS «
RTC J 3L S ol 48l alaial (So5as Sewa 31 ouiled /i 6l 1/0 U3l S asls

el sad 43858 Gl 0 lad el (S (6l ¢

FatFs module

A&

0
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VW KA

b LS ol i cua los FAT FS 513LLS RTC e glo) 5 Sews 555 5 < 1/0 Js3le oo
55> 5 FAT FS 45,8 o5 s sl (FAT FS o3 508 @59 1) st sulol s lS bana 3
S o JLs 1y ) Jale LPC1768

oo lasl gojlaal Yy
5 e YYAP/A s 5 s long/short/char gsylal «< el 55 a8 ¢dFAT FS U350 0
JAlss G & ol sa 8 525 integer.h Sl Lo LasHlasl ol ol s YY Lig o Int ol
e Bob s il e (8 a8 Gl B uulie b
/* These types must be 16-bit, 32-bit or larger-integer */
typedef int INT;

typedef unsigned int UINT;

/* These types must be 8-bit integer */

typedef signed char CHAR;
typedef unsigned char UCHAR;
typedef unsigned char BYTE;

/* These types must be 16-bit integer */

typedef short SHORT;
typedef unsigned short USHORT?;
typedef unsigned shoxrt WORD;

typedef unsigned short WCHAR;

/* These types.must be 32-bit integer */

typedef long LONG;
typedef unsigned long ULONG;
typedef unsigned long DWORD;

FATFS Jgjle gamseysay  VY.XXY

Lol bo S Slaabs .ol susl ffcongh LG Lo ladinis olavs 5 5 Lagais Soy ol
‘s:sl;uLsA ¥ JJJ.A BE |J alead soldil

Y.
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Item Configuration Description

Function and Buffer #define _FS_TINY 0 Use the sector buffer in the individual file data transfer.
Configurations

#define _FS_READONLY 0 Enable both read and write functions.

#define _FS_MINIMIZE 0 Enable full function.

#define_USE_STRFUNC 0 Disable string functions.

#define _USE_MKFS 1 Enable f_mkfs function

#define _USE_FORWARD 0 Disable f_forward function
Locale and #define _CODE_PAGE 850 OEM code page “Multilingual Latin 17 will be used on
Namespace the target system.
Configurations

#define _USE_LFN 1 Enable LFN

#define _MAX_LFN 255 Maximum LFN length to handle

#define _LFN_UNICODE 0 Disable Unicode.

#define FS RPATH 1 Enable the relative path feature and f_chdir and

f_chdrive function are available.

Physical Drive #define _DRIVES 1 Only 1 physical driver is allowed.
Configurations

#define _MAX_SS 512 Maximum sector size to be handled

#define_MULTI_PARTITION 0 Each volume is bound to the same physical drive
number and can mount only first primary partition.

System #define _WORD_ACCESS 0 Enable the Byte-by-byte access
Configurations
#define _FS REENTRANT O Disable reentrancy.
ARSERES

_USE_LFN

oS o Slutdy 50 (LFN) Lt sl bt 51 FAT FS 30

S S 3 s S B Y LY lade 0 1, _USE_LFN jluie LFN o5l Jlas ol
S il o35 4 1, (f_wtoupper  ff_convert ia) ' Ss 5 clasS Jius ol 55

i o 0S5 CBBA e (sLauS (gl 1y GBI galidla o 31y oS go3lal & Jgaa Lo

Code Page (Byte eua 53) ROM o3l izl 3l
SBSC 2796

Unicode ®

AR
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CP932 (Japanese Shift-]IS) 61656

CP936 (Simplified Chinese GBK) 176856
CP949 (Korean) 138912
CP950 (Traditional Chinese 110544
Big5)

0 Jsu>

Ol hocs aal g5 (S 3leu oalas VYR
)5 ol ol o RTC 5 Sns 2 502 /50555 wlilae 51 LK FAT FS 3L & ola T 5
S wal 8 5,8 s 5 b

disk_initialize

Js3be 53 ometitinly ot w3158 51 ol cnl i€ o sl a1y (S5 sl o0 o oS5k ol
ol b 55wl s ol il Jlas FAT FS o3l aS ol o 5t oo 515158 FAT FS
1, fomount wls w S Lyl paulatie 1) Jold atis Tosme wialgd o 81 st SIeals8 5o
S (Sleal 8

DSTATUS disk_initialize (
BYTE drv /* Physical drive number (0) */
)
{
if (drv) return STA NOINIT; // Supports only single drive
// if (Stat & STA NODISK) return Stat; // No card in the socket

if (LPC17xx_SD Init() && LPCl7xx_SD ReadCfg(&SDCfg))
Stat &= ~STA NOINIT;

return Stat;

disk_status
(ol a4l gl Ao late Sy «S iyl gsaias Lzs STA_NOINIT -

Y'Yy
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35 90 \91")"’ 9o s ‘éﬂ):\s (541:...“‘\9 = «< C,u.u‘uf‘ XY X ul..lu STA_NODISK -

fCA.A.u:\:l
il o Sews (b gdauly oS el gsaian oLas STA_PROTECTED -
ool sud abslas
K */
/* Get Disk Status */
K */
DSTATUS disk_status (
BYTE drv /* Physical drive number (0) */
)
{
if (drv) return STA NOINIT; // Supports only single drive
return Stat;
}
disk_read
K AL */
/* Read Sector (s) */
2 */
DRESULT disk_read (
BYTE drv, /* Physical drive number (0) */
BYTE *buff, /* Pointer to the data buffer to
store read data */
DWORD sector;, /* Start sector number (LBA) */
BYTE count /* Sector count (1..255) */
)
{
if (drv || !count) return RES PARERR;

if (Stat & STA NOINIT) return RES NOTRDY;
if (LBC17xx SD ReadSector (sector, buff, count) == true)
return RES OK;

else
return RES ERROR;

disk_write
e e S 550 2 1 LS B LS

DRESULT disk_write (
BYTE drv, /* Physical drive number (0) */

Y'Yy
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const BYTE *buff, /* Pointer to the data to be written */

DWORD sector, /* Start sector number (LBA) */
BYTE count /* Sector count (1..255) */
)
{
if (drv || !count) return RES PARERR;
if (Stat & STAﬁNOINIT) return RES NOTRDY;
// if (Stat & STA PROTECT) return RES WRPRT;
if ( LPCl7xx SD WriteSector (sector, buff, count) == true)
return RES OK;
else
return RES_ERROR;
}
disk_ioctl
(s oo aladl 1 puilea 5 id e S 0) S b b s oladdais gy S s o)
Command Description

Device independent

CTRL_SYNC Ensures that the disk drive has finished pending write process. When

the disk I/O module has a write back cache, flush the dirty sector
immediately. This command is not required in read-only configuration

GET_SECTOR_SIZE Returns sector size of the drive into the WORD variable pointed by

Buffer. This command is not required in single sector size configuration,
_MAX_SSis 512.

GET_SECTOR_COUNT Returns total sectors on the drive into the DWORD variable pointed by

Buffer. This command is used in only f_mkfs function.

GET_BLOCK_SIZE Returns erase block size of the memory array in unit of sector into the

DWORD variable pointed by Buffer. This command is used in only
f_mkfs function.

Device dependent

MMC_GET_TYPE Get card type flags (1 byte)
MMC_GET_CSD Receive CSD as a data block (16 bytes)
MMC_GET_CID Receive CID as a data block (16 bytes)
MMC_GET_OCR Receive OCR as an R3 response (4 bytes)

MMC_GET_SDSTAT Receive SD status as a data block (64 bytes)

IGUTREN

Yye
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{

This is a real time clock service to be called from
FatFs module. Any valid time must be returned even if

get_fattime

Wla S o5 1y as ole)

the system does not support an RTC.
This function is not required in read-only cfg.
DWORD get_fattime ()

RTCTime rtc;

/* Get local time */
rtc gettime (&rtc);

/* Pack date and time into a DWORD< variable */
return ( (DWORD) (rtc.RTC Year - 1980) << 25)

(

(DWORD
(DWORD
(DWORD
(DWORD

DWORD) rtch.
rtc.
rtc.
rtc.
rtc.

RTC Mon << 21)
RTC Mday << 16)
RTC_Hour << 11)
RTC Min << 5)
RTC_Sec >> 1);

oL o128 DVD o s dssle sololels s KEIL Sl58la 50 b sad it b (g85 55 5 sl s

a5 e e JLina 53 (48l S o e @ Gasb O O JLail 5 9 sllely b ol 3 sa 50

sat Sl slasgis Vdgan S sualitie |, o slaga g3 5w a4 1) a0Y slas sty

Yvo

Ay o Glas |,


http://mohandesyar.com

Command

Disk functions

Description

Di Initialize the disk
Ds Show disk status
dd [<lba>] Dump a specific sector

File functions

fi

Force initialize the logical drive

fs Show logical drive status

fl [<path>] Directory listing

fo <mode> <file> Open a file

fc Close a file

fe Seek file pointers

fd <len> Read and dump file from current fp
fr <len> Read file

fw <len> <val> Write file

fn <old_name> <new_name>

Change file/dir name

fu <name> Unlink a file or dir
fv Truncate file
fk <name> Create a directory

fa <atrr> <mask> <name> Change file/dir attribute

ft <year> <month> <day> <hour> Change timestamp
<min> <sec> <name>

fx <src_name> <dst_name> Copy file

fg <path> Change current directory

fj <drive#> Change current drive

fm <partition rule> <cluster size> Create file system

fz [<rw size>] Change R/W length for fr/fw/fx command

Time functions

t [<year> <mon> <mday> <hour> Get or set the current date and time
<min> <sec>]

AR
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I Tera Term - COM1 VT
Eile Edit

Setup

dow  Help

Vidses

B Tera Term - COM1 VT

File Edit Setup Control MWindow Help

FatFs module test monitor for LPC1
>di

re=i

>ds

Drive size: 3842048 sectors
Sector size: 512

Erase block sizer 8192 sectors
MMC/3DC type: 4

C3D:
00000000 00 2E 0D 32 5B 54 83 A9
lJUIJﬁDDUIJ 02 54 4D 53 44 30 32 47
OCR:

00000000 50 FF 80 00 ....
SD Status:

00 00 00 00 00 00 00 28
00000010 00 00 0O 00 00 00 00 OO
00000020 00 00 00 00 DO 0O 0D 00
00000030 00 00 00 00 00 00 00 0O
>

rc=0 FR_OK

k]

FAT type = 3

Bytes/Cluster = 4096

Number of FATs = 2

Root DIR entries = 0

Sectors/FAT = 3745

Number of clusters = 479247

FAT start (Iba) = 176

DIR start (Iba.clustor) = 2

Data start (lba) = 7665

5 files, 217 bytes.

2 folders.

1917188 KB total disk space.
1905948 KB available.

o
----h 2010/01/08 14:22 36
D---- 2010/01/08 14210 0
A 2010/01708 14:30 4
- 2010/01/08 14:20 0

D

---=~A 2010/01/08 14:30 29
3 File(s), 139 bytes tot

| 2 Dir(s),

Txx (Dec 21 200915:27:41)

FF FF FF 80 16 60
38 A7 53 99 92 00

0o 81 ...
93 D1

02 02 80 02 00 42
00 00 00 00 00 00
00 00 00 00 00 00
00 00 00 00 00 00

EFSLLF1.THT efslifntest.txt
efsldirl

efsltstl. txt

efsldir2

efsltst2, txt

al

1951690752 bytes free

a. Card and file system information test

>fo 10 2
re=0 FR_OK
>fw 100000 1
100000 bytes written with 283 kB/fsec.
>fw 100000 2
100000 bytes written with 847 kB/sec.
>fw 100000 3
100000 bytes written with 783 kB/sec.
........ >fw 100000 4
100000 bytes written with 800 kB/sec.
>fw 100000 §
;20000 bytes written with 826 kB/sec.
=
re=0 FR_OK
Of |
----# 2010/01/08 14:22 86 EFSLLF™1.TXT efslifntest.txt
- 2010/01/08 14:10 0 efsldir!
4 2010/01/08 14:30 74 efslisti. txt
- 1980/00/00 00:00 01
A 2010701701 00:01 500000 2
- 2010/01/08 14:20 0 efsldir2
---=4 2010/01/08 14:30 29 efsltstZ.txt
5 Filels), 500139 bytes total
2 Dir(s), 1351186944 bytes free
>fo 12
rc=0 FR_OK
>fr 100000
100000 bytes read with 1351 kB/sec.
>fr 100000
100000 bytes read with 1219 kB/sec.
>fr 100000
100000 bytes read with 1298 kB/sec.
>fr 100000
100000 bytes read with 1282 kB/sec.

>fc

rc=0 FR_OK

ot

2010/1/1 00:02:12
ot

2010/1/1 00:02:50
>

b. Card R/W and RTC test

WY S

YAFFS vy

s Gdg g allkAleph One o<, & 4, s Charles Manning L_.. s 'YAFFS

O\Y C::L;ia.cc;bbd(sNand GLA@‘_;L;JJJAJJy&th‘MugJ‘YAFFS];
23S0, (Out Of Band ;lea LOOB) (1L \# ¥ Sw alg s sde 4 b

olosile bbb FY Sw als olyan & DL Y-FA 58,5 olaie 3 suaa Nand glacsl 5
(128Kbyte o313 L) S Sby Sl s p3ly dabin 5 .05 g0 8542 a5 Sdes GLd 5

Yet Another Flash File System '
Spare Area '
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ook dpan SLaas) 5 Gl b Gl sl « YAFFS2 558 it 50 S5 L 5 a5 5ob 0 b
ol sy

By ol ol @8 cal 8053 YAFFST (ol 5 sus it 5 oS Gulial 5o « YAFFS2Z il ¢ b
Cbp dadn 5 50 Seb o858 ooled S (Oinad ol culi OVY (595 b 8501 Hu g =l 5o
Sy go sals 5158 sk

sals (a5 LSs (5565 ulad 5 (13 Shae aa8 oS cul LOG Al b Jols alesscs S5 « YAFFS
~pieres 51 ok BN BB atis Gl S g5 4 ¥l oIS LB e (pl 4 58 Sua o)
ol o 5 el Gl u S o5 cnlilE b Jobs atcwse 6 YAFFS oo 51K gl sla
3 S solews 5 ThreadX .eCos pSOS WiInCE LinuX wiles <5550 slaJale st )|
YAFFS/Direct abs au Jols atewss opl 51 108 ol suds soliiel 5 pola Jole slagtous
g po 8 S SIS @, ga g sk 4l Jole st oS SLel o

JFFS2  \v.¥

sa alyl (il gabdla clald o suliial gl e el LOgTLGALL L Llptann S JFFS2
Open (I, JFSS2 oo il on s s slaa€ T o S 5301 2.4.10 gaaos 31 JFFS2 e )
ool Gusid o 50 Red Boot s sle s s €Cos RTOS Firmware

L olabd 5o 5T aslS g -ols 1 daliataan Gl adils 08 LOGFS 4l b susas ilipiens
ol (512 MB 564 MB () YU sabaila

UBIFS vy

o9 el aiein b solitil o) go ool LOGFS (3, s JFFS2 uay lucals 51 (<0 UBIFS
Jlow dasll 50 hils s (pl 4§55 (alob ol (ol (gaualls (50 o) ala Juls sladdiils
Il 5381 55 2.6.27 aa s LINUX (g5 0T suss I3 T Slasly aacs Gl sl 5w 555 2007

el 80 50 2008
La MTD (55, 0 50 lag T S wi€ o KT UBI (55, 4o s i Llsd 5 UBIFS € S s
A€ e Jae S0 G3E 50 Gals gladasla 59, s JFFS2 G wwlss o UBIFS i< o L

Unsorted Block Image File System - UBIFS '
Unsorted Block Image
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20 i Jusd
S S (sl s 3 9 61930 (5 3hadle

Jins Cilaal
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AC 5 DC iy sla, 550 gl s3laslsl, v/
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sl sla,gige VYN
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Stepper Motor '

AC Inducation Motor "

Brushed DC Motor "

Brushless DC Motor-BLDC *
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Double-stack motor has
/ 2 sets of magnets

Stator teeth #, 50 rotor teeth

on each pole
\ S\ BV North pole
Q — South pole
Stator coils ' %
Front bearing
Shaft —/
Wy Kl

£ CeoSls Bsdes Gl aala sLiy0aT 09 5 aals GLGEAT G ¢ 59 50 sy slas 35
Lo by slooal Gaw s mls slsoal oladine S 5w s gs il 55l < sl 55550
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A suls Lalaial

XYZW &) 0 [P lagu,al s g galal s Gy aiies S ¥Y IP slase,01 [PV4 Gk
Jlis sl a3l 255 5 0 o olael 0 8IS Lo W 4 Z F X Sgsa 3 So a5l Hu oS el
192.168.1.7

guyal golaaddl  1F.0.).

FoaalS KL IP uyoT bl i ool s e 0T S5 (sl S 555 5 [P a1 Ss 5
il S8 ymnio b ol HIS @ Jpidie G 5o &€ olades b 5 4Sad G559 o0

saliicl seaola b0l 3 &€ fold laguyal wal suse o 585w Jae o [P slaguyal
ileasl KLY Jgan 5o wilendd 4385l i il 5l ¢ Kaus

sl gites Slal 5 s Lag] 5auds b ot 0Ll 50 52 P ool o a0 610
S soliil (oS 5l 555 ) ifCOnfig 5 (5505 555 ) ipconfig
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TCP g UDP 3l suliiel L Lalias Jola VY7

palss &y UDP 5 TCP (slagSs s ks 55 sl @0 suls il (s8555 5590 53 BB 0ol oo
WS e Ll Syl S5 5 puae geolitul € agSS s 9550 oo (S8 Gl il oS

3 Sl aledbl sles 4 eyl Lol wi€ oo K& LAN o€ o, o ladhli JUEml & e 53!
AAS ey AICwd (5855 oS suliiil (54l (D 5 (58 Lk (u 0]

S el Glhalee a3y amlio a0 il Gledl cain 5 ¢liabsl ¢ Jleu sl g8 solact
Lha Gibasl 5 lac s soolad bs oS ol Soolos ISy 50 UDP ,1€ o5ksal 4o "TCP
A€ o wanlie S LI, UDP 3 TCP cliaaiie 00 Jgas aiplo oo |,

&Y LUDP  TCP .aas o ol 4Sut sla S5 55 sty 5o 1, TCP 5 UDP olSsla VFAY S
i1 5L TCP L UDP w4 ladali s ) oo S o eleMal Juls ¥ g 5,1S aoliys sau¥ 5 [P
S 53 bl a3 Slwslsl, B s TP cas¥ bladie el (Sas

LAQJ5.33LACAS3.¢.«- \FPN

S o eS8 b e alail TeSe b bl 4kl 5o 0 UDP L TCP LLs ) s
sl [P w‘)ﬂ&ija‘)xsa‘)m

058 L g i cu b il sladacal s (g8 aSS (ot s calis g Tase (slausol w3l asd Ko oo
L LS ol o oo oo iib 53380 s 95 4 003, uyal UDP 3 TCP ) suliial b aiiiua
K B K ) iJ_s.a TCP s 058 alad) wiaie 6l 5 Py 9 o plad S als 158 o) suldil
sooled sl,ls 50 UDP albls ) blsas Jlu ) bS5 Lasals aas o olis «S sl &5 5 sooleds
a8l oo 53k UDP o) Stius 5o 65lad cnl 4 (L iienn 5 Tase o5 5

DT S mp e 4l St o a5 saelS 51 S 5 Gl oo b 3 s [l RN 5l
6|0J|J\:AA—A-MJJJ—A“—}ut“)\j_t.u:)‘LS&J.AJ‘.muajﬁﬁm&Tgut‘Jwﬁd;ﬁJJ
S ee JEe
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Transfer Control Protocol ¥
Application Layer *
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Taud ALl glac ;s 15V YY B G slasjladd iais sa s sy sl slad ) AliA 5 9 S 4
1y Loy solerct Sal 5l (golia 0.Y Jgin iseb o suliical ol (gladolis Lo g5 4 wial s

el 80 S a4
LS FANOY oy slac s s puculin o "ot o slac, s 2l L1, FANDY 51T o sl s
Lac s sossane b g lacss 0l 5 S 58 gl oo AL " pis sl slac 5" AL 4 #OOYO
il st suliieal b o050 05T el (San b g wiicas old (slacelis & 3laie

ulP \rv

sl i) Uy 58 5 Sm 555 2 TCP/IP U5 550 b ool Bl ) shol 51 Sil3ile 0 <ty o
JMJ@C&L# uf..\.x%‘l.t_\.xsu.a J[:_J.-‘ ‘LAL\‘).\ uﬂ“tstg._\s bJL.\.:‘ M‘AMTPJ‘D (u:x:u/\ sl
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pa33ly ot
Jlaas JhSaw (a5 5

Jad Slaal

s oo Lt T 505 0 lse b lad (Juad o) LG L
Gomann Jlasns S 23l Y

dIR , FIR @bl s5lasolsy v/

FFT (5:)‘_‘.“&_\‘_.;'_:) v

Aﬁwbd&h‘é%d&th&e&uG‘ﬁ“} JJ&Jﬁ‘hO‘J}LﬁJ&@L&J\WJﬁJéﬁ u:‘}J‘).o‘
sd sl s slpan slagali 5 Mass slaces ;50 (MP3 Player) i ss slassi€ (zay b Jlaal
Shalee a5 "YU Sledll Jobs e a4 JBinss i (551 5 i L] Sl

"y

1o a5 s

slo= ARM T LS il sl slasly 4 onas gl u ool 3l (MAC &

fuls a3l psd 90 cdan BBL sud diad ol K oS il su g J sl 4 S0 a3 5
ladlSas d5ae DSP (gousiilasg Soig 80,8 (Sunn; 00lS sladanils 45 Sl 55m8 5 S0e S
S o B 1 s wiles Jluass

0158 O el ol Sl S suliiinl 358 5 5lhe g0 58 (5 saisls sy Ko 5wl 5 o Ladki 859 5]
w518 S8 Guis 58 aly 4o 8) ) 1S el (i s slasaila sy YL (55 50 SIS 5 YL
1o eaeS sinia Mlia s ok G cad " Tl S sl S pull s (s b
A po Byeae | (555 Gl 5 008 Jread pleus

slads p38l Sheni 3l e w a0 o S aas slasusylo sy s ARMIE 5 «S ARMVSTE (5, less
sk S5 glassiilsy (ool S o suliinal Wb (o3l 5 Ol 4 (plieus Holieds JUSuiw (1315
Al B &80 (usm LIS 4 b el Jliass JUBSa (3515 B8 4S asius MAC ) giius gl)ls
e 5o Sl s 5o ol S e il 1, DSP geuiilase K L5, Sel€ ARMIE (o 535
w513 6553 DSP s SIS ARM Ll 55€ 5 Ko 5125 0y 50 ol 1,38 sla
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S o Vo5l 85083 65850 5 oys sla sies 3 glos il gsaliind Lo gac < DSP sladals s
G e slas 4 0 VP Slaceedle sae o os Jolid S il 'MAC (ool Slae S
il e i TY lacede a,ll b ol

@99 Ot S e amlie Sou L1, ARM calins slades (555 52 218 Gl AN Jgus
VY oS SO L pan sled 4 cn VP o c VP o olilac gl Gaiile sladSn wlaxs
o b pan ol et 4 S VY o s YV Cuud (sl DL 0550 sladSa alasd a g ) sien -l
ool e 5l MP3 G sa 1458 iy slaais; I gl HAT 5550 sl (G £Y cusS

suliiwul 358 wlalae (gl L) siss (she sae (a5 O lad S conslinl 53 428 0N Jsua S0
-in (5599 (WLl g8 K6 s slilac 5l aay «S) interlock S 5a SheS g a4 wlss S
o aadl A NOY (B Hu ), ped e ol Slisa Ll

el il o Vb 1L 5 oledb) Jols ce yon 4 5L DSP laaty, KU pis s 50 € ooyl )
&89 SO b La i€ o suliianl el (L5 4 sad 4l siislansS 51 Laply, SI) ol Gt s 50
slagis, (SuiaS ole 4 al Gal ) iws gaugley iy soliinl o) s slaols 55
S99 0= B8 (G o 30l (3 (ol LI ET ol a2 DSP il (slagsy , SI
S aaal ga S5 g o saliioal aats SISV (5w @S DSP (g0 5,8 5wl slagis,
= 22158 ARM (soui3l o psis G35l s Sy JUSun S aS aan oo Hlas A0 iy
oA gol aaal g2 15 DSP slaai; &I it g8 5 aSla IS 003168 VDY (il 5o 05

- "9SSl 5 KBS slau s, Sheed DSP s clilae fp 50 50,08 0 51 S Ylaal il
VO.F 5 V0T sla ias jua g s il b JiSuw (o5l su i o LadU&u Blas s g3 Bia 4o )63
TS (540558 o w850 Ak, I Sos il asal i (S e slasils ol 4 380 IS
m e oeSe 5 b gl 8 855 59 Gllad 4 Lol sl L9 Gl S JUSh Sy oS
WSS paalgd ces 5 AD iR 5 50 1, DFT a

Jlaaso JUSaws <o paslad V0.

S Sl LA LT (sl el (g smd o€ el e Jlans IS (5305 51 U3
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s OIS 4 g 4eling 50 € o) Ol e s S o

QZ:\LA;\ LX) gléﬁll V0.0
xduﬁdid_}z(s‘ﬁ.mﬁ_‘uﬁé:\;;xduAitJXCA_“\ASJJ_).A(X[t] ST s K 0
X[t] seules S o 0lEl i (5 a5 s saulle S (50 gane slaad Bl (Jlasas slad g K]

iiaa X[ ] Sle ) (slads sad oyl Lo
1 / J\
0.5
x[f] = sin(2me/8)

O] (1] x12]1 x3] %] xI5] x6] x[7] 8] x19] +[10]

V0. U

Joass JLass sl gal s g ¥ oY ) o0 (gulopnds sl LIE o dS 1, s JUS0 S5 V0L S
@) b e Dy @ (Se slas IS Lol USE ) il AU aas oo LES | oo
ot 5o It 55 44,100 ias) 44,100 HZ 5,165 55 2CD (g0 g 5o oJlio
sl 1/44,100 HZ=22.71S ins s ipstisad ol dals cocumrs Loy ¢t ol ol el (45l

e Jlael la Sl 4 oS ol (2 g3 Dlacedle U1 X[ (B go (souii (a3, Gl 050 o0

:JS‘CA:\M‘JFJJRJJ‘uhiulgbpg@‘d‘)y‘)d
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- A AN sadolae b oS S Sl s ol puss dadn | JES N Selug gsagans L)

o3 eu
M = max|x[t]| overall t=0,1,2,3 ...

dt\iﬂdﬂ&%&éd&@}‘&“)d&‘j&ﬁ@#‘_J@&im&ép)db‘:ﬁJJJ—ACA:QJ Y
83 90 ne 53 b X[t] S ol Line (o0 100 ppm s (Jlie (5150 0 5k oo 433 L3 50
A
E=Mx 0.0001=0.0001 volts
YU
pl 5o as e By 5 Saolins gougins 4 aa 8 b L X[ el sl (o i anly Jls
Lo slaglint Lain (alas go a3 ol aniS suliianl JUSacu 55 Lel (gadals b Sl 51 asil g5 o Lo
slasuiie U wlael ol (o Shs (opinan .o S wial sa suj 5l s c8u 5 Saolins (s83 5050 050 9
i 1S s e gy La 0T 51 US e g S g wal g sdles 5l 58 € (L5 o float ¢ 5
U—." ol a..\‘___x_:g 9 J_usu_u ‘;:LL.:A_A.Z.:} LSJ‘)J‘;";""" Jl...ml g4y C:LA-A-UL&-A J| ARM GLA‘:..UJ‘Jﬁ
o8 ‘,_;_.SU_A AJLQS_‘.JYQ.:B (cdas uf*;*LN (869 Jl QLu.uL;n Uﬁ‘ BARE Y- AVRLIV VI T @L&L.u.\ 6‘)—’
(e polie e S b Gll) sl 5alie Gialad (5l e wlael 5 piulad (o520 £55 0!
AJ.;.:LQ.A suldio)
s s T, Yo sindn Hlas lagal 50) &5 £0.0001 glad 5 (oliiens g JBe sl
1S suliial 0 g o 80l8 ) (sdaly b g5 S X[t] o) wlael ol Gralad glos el

X[t] = round_to_nearest_integer(5000 x x[t])

3 oo—d Lyt ghlas suly a3 o suliinal (g 95 sapeliie 512 2 slaglss Bl Jae Lo Lo
OlsS @SS ois adla fol s s e aladl it La sl ook 51 8l o wlla Gl Ho pas
S 5385 8 Olss el € 21328192 jay ey 58 oo 5350155000 3 idy (S oS g0

) el K[t] € QK s i il X[] € a8 o Lol 5 <ael 5000

X[t] = round_to_nearest_integer(2k x[t])

S suliieal 5L 5550 SB0b Ghalsd (515 Q13 51 Lo VL Jtie o

Dynamic Range '
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oS aalsa 50a3 +8192 §-8192 (s X[t] i€ po suuis wl g +1 5 aly -1 o X[t] < olagl )

K o sla aaly wshort gua 5 A0 VP Hustie SO o gaae Ll (ol
sLassiie 5o slael Gusies 5o hdd S1QL5 o) aisd o 65033 55 QL5 L Y sane LaJlSeus
whiel Ginlad (pl 5o +1 € Wi =80 s o 1 suliinl J3laa (32768 G +32767 sy short
ook olan g Sl as ge cu B coad 1-2715 Julas S 432767 L1, T Lo 5 4l Jido Gtules
L o 59 1) ot (o 5a soarl bl i (st Ta B olae] gy pulillo s wealsa funy &€

S5 pealod 5ot slael 5y e slaa

sanHl&l Gslal 10

S osd Slae 40 (355 (igen ol (S50 Saalios s gans sl (59555 JiSaw a5 5
bJLﬁ_‘.u‘&)&JJG@J&L&}‘L&‘}?@&L&@‘JJJﬁwbdxj‘sﬁg)mﬁjwc_u
TN

ylt] = loga(x[t])

i Slilac das oo LSl abl s B L 1, (1]
x[a] = x[b] x x[c]

L

yla] =y[b] +ylc]
wad oblac

x[a] =x[b] + x[c]
L

yla] = y[b] +logz(1 + 2 ¥ivib)
L 15 f1x) = loga(1+2%) s y[e]Sy[b] : ams b 4 caalinln 255 o s8 9550 5o S o3Sola
S dnlas Sbosm by sataa Jgaa 5 solin

Sl gakads slaJlSa, é:\JSS‘gbAA \[-RRy
dalae Jouss wnlilae ol g0 gae eilla

ylt] = x[t] + c[t]
ol B b 4 (Say ol ol B LB &
Y[t] = 24 y[t] = 27 (x[¢] + c[t]) = 2¢n X[¢t] + 2¢m C[¢]
ol C ok 5a ks
Y[t] = (X[t]<<(d-n))+(C[t]<<(d-m));
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plad) S S 5o, 368 alilae asl 55 0 ARM sui3lay 5o 552 50 Barrel Shifter 5l salival b

(paas
Y[t] = X[t] + C[t]<<(d-m))
Y[t] = C[t] + (X[t]<<(d-n))
c;\,ali sl gudus.“u 9‘).;5 V0N Y
ylt] = x[t] c[t]
0l cuB b 4 (P o) ul gl LIB
Y[t] = 24 y[t] = 24 x[t]c[t] = 24n-m X[t]C[¢]
ol C ol ou
Y[t] = (X[t]*C[t])>>(n+m-d) ;

d:m+n&5&)§6§d‘.‘.‘a6‘x‘)§‘
Y[t] = X[t]*C[t];

Gl (gdlads sla b h\.u.\ﬁ:: \0ND
dolae Joas cnlilae ol g0 gae eilla
ylt] =x[t] /clt]

0l B b 4 (P o) ul el QIB

YIe] = 2¢y[¢] = 2¢ x[¢]/c[E] = 24 X[¢]/CL¢]
sl Cobs oa e

59
ct
Il

(X[t]<<(d-n+m)) / C[t]l;
m:n‘x__ﬁtst’éﬁéd‘a&@‘”;‘
Y[t] = (X[tl<<(d)) / CLtl:

Cul galals glaliSac o go dudiny V0N P
ylt] = Vx[t]

a0l LB b 4 (Pan ol ool el LB @
Y[t] = 24 y[t] = 24 \x[t] = \ (2247 X[t])
ol C ol sa ke
Y[t] = isqgrt (X[t]<<(2*d-n));
m=n < a8 Solw gl S
Y[t] = (x[t]<<(d)) / C[t];

ARM (5l o DSP us (yidigs slasal, VO.Y

i da 3 G5 (i w ARM (55, 53 DSP (sl oS i s 50
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e 0 platl 5 solitel S suliiel gl 31 4 se 5 Glia 1, DSP slagi, &I
L 5318 45 S sy el i 15 LU casl (L) (sl S (58 a0
‘il Gala &puz

(S suliiol Store  Load slaas g y3eS 51 4S wuw g olin 15 Laas, KUY

el oS soliinl S (is g o interlock GualS ) glaie 4 iawad slassics 51 Y
(350 3l 535 L yieud o JSew (paia B Store j Load sla ) sicus

Gosb A oy Ho oo gae slassliiid gl r14 s r12 B0 oS VY L Y
A suliia) S L olE VF ) oS s g 4y

ARM7TDMI (sl o DSP us (yiddi g slaial, VOX

AJ'SU_AJJ_IQL;‘)[SJS__A“Y 64&)‘..\3.&&*6);)@(5‘)3\9bd&éﬁ]_‘oad‘)}hd A
sLDM sy «asuis Store 5 Load (sla sius ) cabadla/ds gy s yius (sl
IS S s slal Store b g Load Jae o sl pslaygios ool aaS soliin! STM
Barrel 5ol o cdla gyl sodena dias s SBIa Gy 5 pan L gieus )
(S suldil sud (g yulide o ollee (gl ADD osieus ol yan 4 Shifter
Ol oo £24% 284 2€ Qo a4 (il s ala (51 - 240x = (x<<8) - (x<<4) s
S soliiil 368 sl aall ) gicus 3

10.) Jtis
MLA L caise oLity ARMZTDMI gl 0 isgs sV (shidal oy g5 3Leusolay cJli ool
S e Jsb S ¥eadla 50 0

X RN 0 ; input array x[]

c RN 1 ; input array cl]

N RN 2 ; number of samples (a multiple of 5(
acc RN 3 ; accumulator

x 0 RN 4 ; elements from array x[]
x 1 RN 5

X 2 RN 6

x 3 RN 7

x 4 RN 8

c 0 RN 9 ; elements from array cl]
c 1 RN 10

Yay


http://mohandesyar.com

RN 11
RN 12
RN 14
; int dot 1lé6byl6 arm7m(int *x, int *c, unsigned N)
dot 16byl6 arm7m
STMFD sp!, {r4-rll, 1lr}
MOV acc, #0
loop 7/m ; accumulate 5 products

Q Q Q
DSw N

LDMIA x!, {x 0, x 1, x 2, x 3, x 4{
LDMIA c!, {c 0, c 1, c 2, c 3, c_4{
MLA acc, x 0, c 0, acc
MLA acc, x 1, c 1, acc
MLA acc, X 2, c 2, acc
MLA acc, x 3, c 3, acc
MLA acc, x 4, c 4, acc
5

SUBS N, N, #
BGT loop 7m
MOV r0, acc
LDMFD sp!, {r4-rll, pc}

LDM | sicus 51 asdl 53 oo e0pl b coad O 51 (s s Lol s alaal aS el oyl 5s 08 «JBo o
7/4Cycle oyl suload sa Gle) aiS saliil e g il 3] Hglite 4 sl4alS-0 5, S5L sl
Cpoias o Al gadla ol 5 sis 58 gl JSaw Y S EDRG sio U wwlie 50 = 1.4 Cycle
4 8w 38/5=7.6 Jolae DSP ¢ 53 (slias 4 () S o Jsb JSoos 7+7+5%4+143=38 clls

.2l ARM7TDMI o Clazsl ja sl

ARMOIE (5,3 DSP us (yidigd slanal, V0¥

S 534S 05l (B 1250 G YY s sl o) ba slasuiSos i 5 glal,T « ARMIE (saiiua
1o o Gl Sl Ko ity Guyiens 5o ams (S 5u OIS (el aas e aladl 1 Jee ol S
il 5 o) 50 MAC slilee (55 S
w5 i VP olEe 4 Su YY paulie fo S Ciay U3 ARMVSTE (g leas Y
vY Load gla ;s 51 g sl sl 5 solaiaul o igs gl auls 1) Lo oo sad
oS solitoal i
s 5 oo sbilae Hlealiin) gla 4ol (S MAC Joe cie ps b G s cie s Y
S solaiid SMLAXY | sicus 5 cs€laa

0.\ Jlis
Lol oo waas oo oLis I, ARMOE (ol 4 sud dugs (A VP (glahalls O s (g 5lwsulsy (Jle o
Big-endian cla o .ol sud alass Little-endian cdla o dadla aiinnis oS el sads 458
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‘sb.;‘(s‘xumacro:)‘J‘AHJS‘;A;@‘.‘L‘QSUAJLL&JJLJJJ‘JTJB CSLA"‘:'J""‘:,'(SL;{‘:‘:"JSL;A

i suliiel IS0l
X RN 0 ; input array x[]
c RN 1 ; input array cl]
N RN 2 ; number of samples (a multiple of 8)
acc RN 3 ; accumulator
x 10 RN 4 ; packed elements from array x[]
x 32 RN 5
c 10 RN 9 ; packed elements from array c[]
c 32 RN 10

; int dot 16byl6 arm9e (short *x, short *c, unsigned N)
dot 16byl6 arm9e
STMFD sp!, {r4-r5, r9-r10, 1lr}
MOV acc, #0
LDR x 10, [x], #4
LDR c_10, [c], #4
loop 9e ; accumulate 8 products
SUBS N, N, #8
LDR x 32, [x], #4
SMLABB acc, x 10, c 10, acc
LDR ¢ 32, [c], #4
SMLATT acc, x 10, c 10, ace
LDR x 10, [x], #4
SMLABB acc, x 32, c_32, acc
LDR c 10, [c], #4
SMLATT acc, x 32, c 32, acc
LDR x 32, [x], #4
SMLABB acc, x 10, c_10, acc
LDR c_ 32, [c], #4
SMLATT acc, x_ 10, c_ 10, acc
LDRGT x 10, [x], #4
SMLABB acc, /x 32, ¢ 32, acc
LDRGT c_10, [c], #4
SMLATT acc, x 32, c 32, acc
BGT loop 9e
MOV rQ, acc
LDMFD sp!y, {r4-r5, r9-rl0, pc}

JJ‘J‘}L«QQLA:)%:‘)...AJ.AAL;A C)JJS&“;LS‘):"J&.“"‘Y’ Gl&‘dﬂl:

FIR sl il 100

s 03 yS Bia ;) cala slauwilS 58 )58 e dla il ol ) suliiad blasslo (gt da s s
g solwenly © gl oo asS Jlael JiSaw 0 1) pald lacSBI L 5 o0 S o585 ) LauilS 53
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MJDHJGLA‘)@&J_»“JJ&J‘_M‘FIRGLA‘)@‘a:;JLSﬁu.nARM (SJJJ‘L&J@W‘(S

:&Jbél.ufxtts.ﬁj‘)\’(suﬁ}&sb‘(sd\gmJ‘_\ASL)U_‘Q&QJHL:ytbm‘)ﬂ:&@jJ&
M—1

Y= E CiXe—i

=0
X = agmd 53555 S 3o ol o S8l e e aly Glsie 4 15 G LAOES ey
G il golwsoly .ol y = (€0, 1, ..2) jils ol s 0T agsa S Jlael 5141, (1,0,0,...)
S W
Alt] = C[O]*X[t] + C[1]*X[t-1] + ... + C[M-1]*X[t-M+1]
0 YY L 5 V8 A Lo gac K) ol a0 2K (suae Alt] J&kwdlnlyw(:[i] 5 X[t]
.ﬁ;ﬁ@|‘,ijL;LA_\J:UlSUﬂ.“s_g‘,_\uumlwycﬁmx‘}hj\g.&?‘,a(ml

Application o a5 X[t] s o cwen 5 Cfi] eds e s 5 Aft] 280
Syl 8 8 16

ol s jolas 16 16 32

2iS L slaa 32 32 64

S0 oMo o 5a M aS ol s L ola il & il (slayilis a5l s pe il (sla il @ La gl o
WS sla Lols o ol cls € g ol

AN JGe
O el ARMvV5TE GLAAJJ‘}‘.JJ::: Gl ouf LSSJ_L’ s K LS.}L"“’JL:.*;? Sl gl sad (Jo oyl
el 83 5 e yew (g ltings (s1m GG T cle ol Y gls Gy Jl g,

a RN 0 ; array for output samples al]

x RN 1<; array of input samples x[] (32-bit aligned)
c RN /2 ; carray of coefficients c[] (32-bit aligned)
N RN 3 ; number of outputs (a multiple of 6)

M RN 4 ; number of coefficients (a multiple of 6)

c 10 RN 0 ; coefficient pairs

c 32 RN 3

x 10 RN 5 ; sample pairs

x 32 RN 6

x 54 RN 7

a 0 RN 8 ; output accumulators

a 1l RN 9

a 2 RN 10

a 3 RN 11

Impulse Response '

Ydo
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a 4 RN 12
a 5 RN 14
;void fir 16byl6 arm9e
; (int *a,
;short *x,
;struct { short *c; unsigned int M; } *c,
;unsigned int N (
fir 16byl6 arm9e
STMFD sp!, {r4-rll, 1r}
LDMIA ¢, {c, M}
next sample armS9e
STMFD sp!, {a, N, M}
LDMIA x!, {x 10, x 32, x 54} ; preload six samples
MOV a O, #0 ; zero accumulators

MOV a 1, #0
MOV a 2, #0
MOV a 3, #0
MOV a 4, #0

4
MOV a_5, #0
next tap arm9e
;perform next block of 6x6=36 taps
LDMIA c!, {c 10, c 32} ; load four coefficients
SUBS M, M, #6

SMLABB a 0, x 10, c 10, a O
SMLATB a 1, x 10, c 10, a 1
SMLABB a 2, x 32, c 10, a 2
SMLATB a 3, x 32, c_ 10, a_ 3
SMLABB a 4, x 54, c,10, & 4
SMLATB a 5, x 54, c 10, a 5
SMLATT a 0, x 10, c 10, .a O
LDR x 10, [x], #4 ; load two coefficients
SMLABT a 1, x 32, c 10, a 1
SMLATT a 2, x_ 32, c 10, a 2
SMLABT a 3, x 54, c 10, a 3
SMLATT a_ 4, (x_54, ¢ 10, a 4
SMLABT a_5, x 10, ¢ 10, a 5
LDR c_10, [c], #4

SMLABB a 0, x 32, c 32, a 0
SMLATB a 1, x 32, c 32, a 1l
SMLABB a 2, x 54, c 32, a 2
SMLATB a 3, x 54, c 32, a 3
SMLABB.a 4, x 10, c 32, a 4
SMLATB a 5, x 10, c 32, a 5
SMLATT a 0, x 32, c 32, a 0
LDR x 32, [x], #4

SMLABT a 1, x 54, c 32, a 1l
SMLATT a 2, x 54, c 32, a 2
SMLABT a 3, x 10, c 32, a 3
SMLATT a 4, x 10, c 32, a 4
SMLABT a 5, x 32, c 32, a_5
SMLABB a 0, x 54, c 10, a 0
SMLATB a 1, x 54, c 10, a 1
SMLABB a 2, x 10, c 10, a 2
SMLATB a 3, x 10, c 10, a 3
SMLABB a 4, x 32, c 10, a 4

yan
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SMLATB a 5, x 32, c_ 10,
SMLATT a 0, x 54, c_ 10,
LDR x 54, [x], #4
SMLABT a 1, x 10, c 10, a
SMLATT a 2, x 10, c 10, a
SMLABT a 3, x 32, c 10, a
SMLATT a 4, x 32, c 10, a
SMLABT a 5, x 54, c 10, a
BGT next tap arm9e

LDMFD sp!, {a, N, M}
STMIA a!, {a 0, a1, a 2, a 3, a 4, a 5}

SUB ¢, ¢, M, LSL#1 ; restore coefficient pointer
SUB x, x, M, LSL#1 ; advance data pointer

SUBS N, N, #6

BGT next sample armQe

LDMED sp!, {rd4-rll, pc}

ARM (549, = FIR sla jildd idigs V0.0
1y soolie €ai B 5 ol yed ity S oS SIS 030l & FIR (gla il Lol s slans &1
slLacls slaas alla ool o il (1S5 ol s Slige iy JEN .l Lasls o
fcuily wial sA (nalS 5Ly 60
S soliieal RXR L RX(R-1) (Sl 536 o3 5580 51 ol il FIR jils Jsb 81 ¥
S QA yts 5o (oagae ST Sl saliiil b)) (Sae R latie 0 38,5
S SRS L o500 51 o yes 1y g0 sl dob Y

IIR sla ks V0.7

-4 gad ) (gu gaas wlaad 4 (ad ol 4 oS el Jlass 538 S Vo gaael s b b il S
Als ol SR Solie 4ol (S (8 s g 5a LAk b ) (o gane slaal 5 ad 0,5 sla
fsdges Ol pa (pl 0 o dasly ol 38 (13 sla a9 08 51 (Sousd  FIR il 51 oS 5

M L
Vi = Z bixi—i — Z ajye—j
i—0 j=1

CSLAQJ‘)S L’)A..‘ 4_: .J—AJTA C.\—A-HJ4—3 ‘)—.l ‘C\:}Q-] K} ‘):@‘)-A_H Jt:u.uf L;"::"\,J M=L=2 :)‘ aJL&L‘ :uLA.C. BE
d}aianA C\K blquad (@UJJ

yi = boxr +byxe_ + boxe_y — ayye—) — ayi—o

Infinite Impulse Response - IIR '

Yav
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Z Joa ) soliinl L . anS solinid L biquad 3 s S 5 andl 55 0 < TR S3L8 (g 5Lasoly 51

y(z) = H(z)x(z), where H(z) =

ZH‘)‘A ‘J _):\_) (5_}L4.ubd|:s;3
(1 taz '+ RLZ_L) y(z) = (bg +bhz '+t IJM:Z_M) x(z)

iJolas ok b

bo+biz '+ 4 byz ™

l4+az V4. 4az7 L

e K558 e s sl ke

ANF Jlis

idla ;a0 o g5lwssly ARM7TDMI (g5, 501, 1x2 (Sl 5ils S 51 g4 g0 (JBo

)
2
S wWN R o

0 RN
1 RN
1 RN
2 RN
1 RN
2 RN
1 RN
s 2 RN

oo XNXZZ0 XK

~.

O ~J O NS

9
10
11

S oo Jlael (gaas 53555 L8 wll p s a0 aole Sy

address for output samples y[]
address of input samples x[]

address of biquads
number of samples to
number of biquads to
; input samples

; biquad coefficient
; biquad coefficient
; biquadicoefficient
; biquad coefficient

; slt-1] then s[t-2]
;4 s[t-2] then s[t-1]

accO RN 12 ; accumulators
accl RN-1
; typedef struct {

;int al,a2;
;int bl,b2;

4

;int sl,s2; /* s[t-11,

’

} biquad;

;void iir_q14_arm7m

’

; (int *y,

;int *x,

;struct { biquad *b;

;unsigned int N);

iir gl4 arm7m

STMFD sp!, {r4-rll, 1lr}
LDMIA b, {b, M}

filter (a multiple of 2)

apply

] at Q14
] at Q14
] at Q14
+b[2] at Q14

(alternates)
(alternates)

/* coefficients -a[l],-al[2]
/* coefficients +b[1l],+b[2] at Q14 */

s[t-21%*/

unsigned int M;

YaA

at Q14 */

*D,
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next biquad arm7m

LDMIA b!, {a 1,

a2, bl, b2,

STMFD sp!, {b, N, M}

next sample arm7m

;use a 2x1 block IIR

LDMIA x!, {x O,

;apply biquad to sample 0

x 1}

MUL accO, s 1, a 1

MLA acc0, s 2,

a 2, acc0

MUL accl, s 1, b 1

MLA accl, s 2,

b 2, accl

ADD s 2, x 0, accO, ASR #14
ADD x 0, s 2, accl, ASR #14

;apply biquad to sample 1 (x 1)
MUL accO, s 2, a 1

MLA accO, s 1,

a 2, accO

MUL accl, s 2, b 1

MLA accl, s 1, b 2, accl
ADD s 1, x 1, accO, ASR #14
ADD x 1, s 1, accl, ASR #14
STMIA y!, {x 0, x 1}

SUBS N, N, #2

BGT next sample arm7m
LDMFD sp!, {b, N, M}

STMDB b, {s_1,

s 2}

SUB vy, vy, N, LSL#2

MOV x, y
SUBS M, M, #1

BGT next biquad arm7m
LDMFD sp!, {r4-rll, pc}

i VP TIR sla yilsd (s jlwoulas

Y44

s 1,

(x_0)

s 2}

bJ‘JJ‘L’_.u.uL.LAg:_\BJ..\*A;SGJZSJJ:SG‘AJJ%JJGLAQA.A:)'@LA‘LC\,A.A.A'JIIR‘M

S Jlael (S TR i, K1 S5 g 00 S aacad S0 slaaasd 4 15 59500 JESew

A

Y

V0.0
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‘diceusS (sday 98 basi VOV
mso s (S8 e aon S 4 1) Gle) 850 (800 S Sy S (54558 JpaS
pladl ) 353 Joae puSe S uls oy 50 IDFT oL 45 38 bhas b oS 5o o sSae Jpasd Ky a8

.Mdu.a

08 doa Lo 4 Tenles ol 5 SISy o g o il YU (E518 5y L9 lada 4l KI5l
msalyy 4 A Gl Hu el susad Saaly 5 Sp e sl 15 DFT (g5laeoly 4 usls s s ' m e
sy asal 3 ARM (s leas 595 5 FFT 5l € gaditnaia o5l

oo (a8l s B bt G N 1) Lol 5 00 S Jae Jle) babide 33N (55, 52 DFT

i oo 5a 53 1) 368wk sSI (g 5lwsnly )l sladgans oS o
N—-1 )
y = DFT y(x) means y; = Z X wf{f . where wy = ¢ TN
t=0

N—1
1 .
x = IDFT y(y) means x; = N Z )’kW‘f{, where wy = """
k=0

o S8 Jaa VOV
4 a8 ol (LN (sl S 4 S (sea598 Bl Gl o e (599598 oasS sl
J:uSﬁu.uI\SLsé‘)‘d.ﬂLSJLRM‘J&JJJJJR(S‘:J‘JJ‘L:SJLS‘L:“)G.AJPN:RXS

k=nR4+m forn=0,1,....,5—1 and m=0,1,...,R—1
t=r5+s forr=01,...,R—1 and s=0,1,...,5—1

o
R—15-1 _
}’[YIR +ml= Z Zx[rS n s]wj"‘\',rH””':’Hﬂ
r=0 s=0
5—1 R-1
y[nR + m] = Z we Wi (Z x[rS+ s]v.r}j”)
5=0 r=0

S o Jsasi (514l —R DFT 4e sano S 4 1, ghtais N DFT YU alolas

Discrete Fourier Transform - DFT !
Fast Fourier Transform - FFT *
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w3l ¥V SIS N S s g oo dola 85 s a3 |

suoslaie s Barrel Shifter 51 w< ol 5o anin oo 55 58 15 FFT (5lasulsy 51 gl g

x0 r
x0 1
x1l r
x1l 1
X2 r
x2 1
X3 r
x3 1
y3 r
y3 1

RN
RN
RN
RN
RN
RN
RN
RN
RN
RN

’

’

C,u.u‘ X% 4;\_..\4_.1 sulai) TLXPX]

4 ; data register (real part)

5 ; data register (imaginary part)
6
7
8

9

10

11

x3 1

X3 r

;Four-point complex Fast Fourier Transform

(x0,x1,x2,y3)=DFT4 (%0, %2 >> s,x1 >> s,x3 >> s)/4

;%0 = (x0 + (x2.5> 8) + (%1 >> s) + (x3 >> s))/4
;x1l = (x0 - i*(x2 >> s8) - (x1 >> s) + 1i*(x3 >> s))/4
;x2 = (x0 - A(x2 .>> s) + (x1 >> s) - (x3 >> s))/4
;v3 = (%0 # 1*(x2.>> s) - (x1 >> s) - 1i*(x3 >> s))/4
MACRO
C FFT4/Ss
;(x2,x3) = (x2+x3, x2-x3)

ADD x2 ¥, .x2 r, X3 r
ADD x2 i, x2 i, x3 i
SUB x3.r, x2 r, x3 r, LSL#1
SUB x3 1, x2 i, x3 1, LSL#1

5 (x0,x1) = (x0+(x1 >> s), x0-(x1 >> s))/4

MOV x0 r, x0 r, ASR#2
MOV x0 i, x0 i, ASR#2
ADD x0 r, x0 r, x1 r, ASR#(2+S3s)
ADD x0_ i, x0 i, x1 i, ASR#(2+Ss)

SUB x1 r, x0 r, x1 r, ASR#
SUB x1 i, x0 i, x1 i, ASR#

1+$s)
1+$s)

ADD x0 r, x0 r, x2 r, ASR#(2+S3s)
ADD x0 i, x0 i, x2 i, ASR#(2+S$s)
SUB x2 r, x0 r, x2 r, ASR#(1+Ss)
SUB x2 i, x0 i, x2 i, ASR#(1+Ss)

(
(
(
(
;(x0,x2) = (x0+(x2 >> s)/4, x0-(x2 >> s)/4)
(
(
(
(

€4
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;(x1,y3) = (x1-1i*(x3 >> s) /4, x1+i*(x3 >> s)/4)
ADD x1 r, xl1 r, x3 i, ASR#(2+$s)
SUB x1 i, x1 i, x3 r, ASR#(2+S$s)
SUB y3 r, xl r, x3 i, ASR#(1+$s)
ADD y3 i, x1 i, x3 r, ASR#(1+Ss)
MEND

oS o ool baliae 5ulie (S50 5 083 6l ) slasSle 5l ((ninen

; complex load, x=[a], at=offset
MACRO

C_LDR S$x, Sa, Soffset

LDRSH $x. i, [Sa, #2]

LDRSH $x. r, [Sa], Soffset

MEND

; complex store, [al=x, at=offset
MACRO

C_STR $x, Sa, Soffset

STRH $x. i, [$a, #2]

STRH $x. r, [$a], Soffset

MEND

ANV Jlis

el solare i lide gl el gl 1 Yol SV F FFT (g5lasaly 51 sl sad (JBs 0l o

RN
RN
RN
RN
RN
RN

Tz X oK

x0 1
x1l r
x1 1
X2 ¥
x2 1
x3 r

4
5
6
RN 7
8
9
1

o) N=4P LIS slaas 4SS o 58 st 0o ARMVA

; Complex conjugate multiply a=(xr+i*xi)* (cr-i*ci)
; X = Xr + 1*xi
; w = (cr-ci) + i*ci
MACRO
C MUL9m $a, $x, Sw
SUB tl,/Sx. i, Sx. r ; (xi-xr)
MUL t0, tl, Sw. i ; (xi-xr)*ci
ADD t1, Sw. r, Sw. i, LSL#1 ; (cr+ci)
MLA $a. i, $x. i, $w. r, t0 ; xi*cr-xr*ci
MIA $a. r, $x. r, tl, t0 ; xr*crt+xix*ci
MEND
; output complex array vyI[]
; coefficient array
; 1nput complex array x[]
; number of samples (a power of 2)
; the number of blocks
; the number of samples in each block
; data register (real part)
; data register (complex part)

0
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x3 1 RN 11
y3 r RN x3 i
y3 1 RN x3 r
t0 RN 12 ; scratch register
tl RN 14
; void fft 16 arm9m(short *y, short *x, unsigned int N)
fft 16 _arm9m
STMFD sp!, {r4-rll, 1lr}
MOV t0, #0 ; bit reversed counter
first stage arm9m
; first stage load and bit reverse
ADD tl, x, tO, LSL#2
C LDR x0, t1,
C LDR x2, ti,
C_LDR x1, tl,
C_LDR x3, tl,
C_FFT4 0
C STR x0, y, #4
C_STR x1, y, #4
C STR x2, y, #4
C_STR y3, y, #4
EOR t0O, tO, N, LSR#3 ; increment third bit
TST t0, N, LSR#3 ; from the top
BNE first stage arm9m
EOR t0, t0, N, LSR#4 ; increment fourth bit
TST t0, N, LSR#4 ; from the top
BNE first stage arm9m
MOV tl, N, LSR#5 ; increment fifth
bit reversed count_arm9m ; bits downward
EOR t0O, t0, tl
TST t0, tl
BNE first stage arm9m
MOVS tl1, tl, LSR#1
BNE bit reversed count armSm
; finished the first stage
SUB x, y, N, LSL#2 ; x = working buffer
MOV R, #16
MOVS S, N, LSR#4
LDMEQFD sp!, {r4-rll, pc}
ADR c, fft table arm9m
next stage arm9m
; S = the number of blocks
;' R = the number of samples in each block
STMED sp!, {x, S}
ADD t0, R, R, LSL#1
ADD x, x, tO
SUB S, S, #1 << 16
next block arm9m
ADD S, S, R, LSL#(16-2)
next butterfly arm9m
; S=((number butterflies left-1) << 16)
; + (number of blocks left)
C LDR x0, x, -R
C_LDR x3, c, #4
C MUL9m x3, x0, x3

zZZz2=z

ey
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C LDR x0, x, -R
C_LDR %2, c, #4
C MULSm x2, x0, x2
C LDR x0, x, -R
C LDR x1, c, #4
C MUL9m x1, x0, x1
C LDR x0, x, #0
C FFT4 14 ; coefficients are Q14
C STR x0, x, R
C STR x1, x, R
C STR x2, x, R
C_STR y3, x, #4
SUBS S, S, #1 << 16
BGE next butterfly arm9m
ADD t0, R, R, LSL#1
ADD x, x, tO
SUB S, S, #1
MOVS tl, S, LSL#l6
SUBNE ¢, c, tO
BNE next block arm9m
LDMFD sp!, {x, S}
MOV R, R, LSL#2 ; quadruple block size
MOVS S, S, LSR#2 ; quarter number of blocks
BNE next stage arm9m
LDMFD sp!, {r4-rll, pc}

fft table arm9m
; FFT twiddle table of triplets E(3t), E(t), E(2t)
; Where E(t)=(cos(t)-sin(t))+i*sin(t) at Q14
; N=16 t=2*PI*k/N for k=0,1,2,..,N/4-1
DCW 0x4000,0x0000, 0x4000,0x0000, 0x4000,0x0000
DCW 0xdd5d,0x3b21, 0x22a3,0x187e, 0x0000,0x2d41
DCW Oxa57e,0x2d4l, 0x0000,0x2d41, 0xc000,0x4000
DCW 0xdd5d,0xe782, 0xdd5d, 0x3b21, O0xa57e,0x2d41
; N=64 t=2*PI*k/N for k=0,1,2,..,N/4-1
DCW 0x4000,0x0000, 0x4000,0x0000, 0x4000,0x0000
DCW Ox2aaa,0x1294, 0x396b,0x0646, 0x3249,0x0c7c
DCW 0Ox11a8,0x238e, 0x3249,0x0c7c, 0x22a3,0xl1l87e
DCW 0xf721,0x3179, 0Ox2aaa,0x1294, 0x11a8,0x238e
DCW Oxdd5d, 0x3b21, 0x22a3,0x187e, 0x0000,0x2d41
DCW 0xc695,0x3fbl, 0xlad46,0xle2b, Oxeeb58,0x3537
DCW Oxbdbe,0x3ec5, 0x11la8,0x238e, 0xdd5d,0x3b21
DCW 0xa%963,0x3871, 0x08df,0x289a, Oxcdb7,0x3ec5
DCW Oxa57e,0x2d41, 0x0000,0x2d41, 0xc000,0x4000
DCW 0xa963,0x1le2b, 0xf721,0x3179, Oxbdbe,0x3ec5
DCW Oxbdbe, 0x0c7c, 0xeeb58,0x3537, 0Oxac6l,0x3b21
DCW 0xc695,0xf9%a, Oxebba,0x3871, 0xa73b,0x3537
DCW 0xdd5d,0xe782, 0xdd5d,0x3b21, 0xa57e,0x2d41l
DCW 0xf721,0xd766, 0xd556,0x3d3f, 0xa73b,0x238e
DCW 0x11a8,0xcac9, 0Oxcdb7,0x3ech5, 0Oxac6l,0x187e
DCW Ox2aaa,0Oxc2cl, 0xc695,0x3fbl, Oxbdbe, 0x0c7c
; N=256 t=2*PI*k/N for k=0,1,2,..,N/4-1
;... continue as necessary
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; Complex conjugate multiply a=(xr+i*xi)* (cr-i*ci)
; x = xr + i*xi (two 1l6-bits packed in 32-bit)
; w=cr + i*ci (two 1l6-bits packed in 32-bit)
MACRO
C _MUL9e $a, $x, Sw
SMULBT t0, $x, $w ; xXr*ci
SMULBB Sa. r, $x, Sw ; xr*cr
SMULTB $a. i, $x, $w ; xi*cr
SMLATT Sa. r, $x, Sw, $a. r ; xr*cr+xi*ci
SUB $a. i, $a. i, t0 ; xi*cr-xr*ci
MEND
; void fft 16 arm9e(short *y, short *x, unsigned int N)
fft 16 _armde
STMFD sp!, {r4-rll, 1r}
MOV t0, #0 ; bit-reversed counter
MVN R, #0x80000000 ; R=0x7FFFFEFE
first stage arm9e
; first stage load and bit reverse
ADDS tl1l, x, t0, LSL#2 ; tl=&x[t0] and clear carry
C_LDR x0, tl, N
C LDR x2, t1, N
C LDR x1, t1, N
C LDR %3, tl, N
C_FFT4 0
C STR x0, y, #4
C_STR x1, y, #4
C _STR x2, y, #4
C_STR y3, y/, #4
; bit reversed increment modulo (N/4)
RSC t0,/t0, N, .LSR #2 ; t0 = (N/4)-t0-1
CLZ t1, tO0 ; find leading 1
EORS t0, t0, R, ASR tl ; toggle bits below leading 1
BNE first stage arm9%e ; loop if count nonzero
; finished the first stage
SUB x, vy, N, LSL #2 ; x = working buffer
MOV R, #16
MOVS S, N, LSR#4
LDMEQFD sp!, {r4-rll, pc}
ADR c, fft table arm9e
next stage arm9e
; S = the number of blocks
; R = the number of samples in each block
STMFD sp!, {x, S}
ADD t0, R, R, LSL#1
ADD x, x, tO
SUB S, S, #1 << 16
next block arm9e
ADD S, S, R, LSL#(16-2)
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next butterfly arm9e

; S=((number butterflies left-1)
; + (number of blocks left)

LDR x2 r, [x], -R ; packed data
LDR x2 i, , #4 ;
LDR x1 r, -R
LDR x1 i, , #4
LDR x0 r, , -R
LDR x0 i, #4
C MUL%e x3, x2 r,
C MULSe x2, x1 r,
C MUL%e x1, x0 r,
C LDR x0, x, #0

C FFT4 15 ; coefficients are Q15
C STR x0, x, R

C STR x1, %, R

C STR x2, %, R

C STR y3, x, #4

SUBS S, S, #1 << 16

BGE next butterfly arm9e

ADD t0, R, R, LSL#1

ADD x, x, tO

SUB S, S, #1

MOVS tl, S, LSL#l6

SUBNE c, c, tO

BNE next block arm9e

LDMFD sp!, {x, S}

MOV R, R, LSL#2 ;

MOVS S, S, LSR#2 ;
BNE next stage arm9e
LDMFD sp!, {r4-rll,

x2 1
xl i
x0 1

pc}

fft table armOe
; FFT twiddle table of triplets E(3t),
at Q15

; Where E(t)=cos(t)+i*sin(t)
; N=16 t=2*PI*k/N for k=0,1,2,..,
DCW 0x7fff,0x0000, 0Ox7fff,0x0000,
DCW 0x30fc,0x7642, 0x7642,0x30fc,
DCW Oxab7e,0x5a82, 0x5a82,0x5a82,
DCW 0x89be,Oxcf04, 0x30fc,0x7642,
; N=64 t=2*PI*k/N for k=0,1,2,..,
DCW 0x7fff,0x0000, O0x7fff,0x0000,
DCW 0x7a7d,0x2528, 0x7f62,0x0c8c,
DCW Ox6a6e,0x471d, 0x7d8a,0x18f9,
DCW 0x5134,0x62f2, 0x7a7d,0x2528,
DCW 0x30fc,0x7642, 0x7642,0x30fc,
DCW 0x0c8c,0x7f62, 0x70e3,0x3c57,
DCW 0xe707,0x7d8a, 0Ox6abe,0x471d,
DCW 0xc3a9,0x70e3, 0x62f2,0x5134,
DCW Oxab57e,0x5a82, 0x5a82,0x5a82,
DCW 0x8fld,0x3c57, 0x5134,0x62f2,
DCW 0x8276,0x18f9, 0x471d,0x6abe,
DCW 0x809e,0xf374, 0x3c57,0x70e3,
DCW 0x89be,O0xcf04, 0x30fc,0x7642,
DCW 0x9d0e,Oxaecc, 0x2528,0x7a7d,
DCW 0xb8e3,0x9592, 0x18f9,0x7d8a,

130

<< 16)

packed coefficients

quadruple block size
quarter number of blocks

E(t), E(2t)

N/4-1
Ox7fff,0x0000
0x5a82, 0x5a82
0x0000,0x7fff
Oxa57e, 0x5a82

N/4-1
Ox7fff,0x0000
0x7d8a, 0x18f9
0x7642,0x30fc
Ox6abe, 0x471d
0x5a82, 0x5a82
0x471d, Ox6abe
0x30fc, 0x7642
0x18f9,0x7d8a
0x0000, 0x7fff
0xe707,0x7d8a
Oxcf04,0x7642
0xb8e3, 0x6ate
O0xa57e, 0x5a82
0x9592,0x471d
0x89%be, 0x30fc
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DCW Oxdad8,0x8583,
; N=256 t=2*PI*k/N for k=0,1,2,..,N/4-1

’

0x0c8c, 0x7f62,

. continue as required ....

0x8276,0x18£9

ada  \0A

GJL‘.ubJ[:\g ARM GJLaa.n LS‘)" b DSP (547'."’.. (5&._\.")‘.“ LSLMS&L J| u_d::_\.n CSL&‘LQJ.AJ ‘J...As Uf‘ BE
&ewbuéw@ﬂﬁ%ﬁ |J LA._\Suf‘}‘é@i@ué@@‘)&xﬁbd\g‘.\;)d‘agJJS

16-bit dot- 16-bit block 32-bit block 16-bit block
product FIR filter FIR filter IIR filter
Processor core (cycles/tap) (cycles/tap) (cycles/tap) (cycles/biquad)
ARM7TDMI 7.6 5.2 9.0 22.0
ARMSTDMI 7.0 4.8 8.3 22.0
StrongARM 4.8 3.8 5.2 16.5
ARMS9E 2.5 1.3 4.3 8.0
XScale 1.8 1.3 3.7 7.7

16-bit complex FFT (radix-4)

ARMITDMI (cycles/FFT)

ARMOE (cycles/FFT)

64 point
256 point
1,024 point
4,096 point

3,524
19,514
99,946

487,632

2,480
13,194
66,196
318,878



http://mohandesyar.com



http://mohandesyar.com

aa ylds Juad
C g ol slaus (5o diaga

Jad Glaal

fa g ge Ll 55 05lee b Lad Jusd 0l LG L
el OL5 08 LS il gV

€ ol 0 s Hlutng Vv
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tanly 55 3l ole slas sy 550 s 515 g0 Jaally s
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2 ToLS s s s liied s conal 45,58 ity slaplSe 1 suliieal 5 15 58 suls Lalaial
foncel abidla 4 L pbicuus oluad (24l Gladus .ol o 9 4elis o yiens o iSTaa

09 b8 oy sladaadl; sins 5 byl lasS S pany Al 4 JolS st by gl Y
o 4ol 5 1) (sl man )y (liand (L) (slas st (5l Ll 530S uacl
G183 o9 oo S eals8 SiaS) Wiy B yume y S olAsS (g5l dings ) S o Jraa
S 8 O 2las e s @l ) S S (gl dagr 0 Jsidie S S0 LS
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S @ pad K4S o el sa B Gl o a3l ee ARM liaii) o 3 4y (Soae 4 £ (B
ol OF ol i 0 G 5 008 ass hanl 0Ly 4 4 Se 15 C pb) G sus Ga g
paalsn 23 1, ARM (g lane (sl (lianal (i 3 b adaaly 5o (5l g s slaghgy coupes
lom Lol la o 155 oS s soliiead Thumb e 5o sus 53 55 slasS 3 ol 5o .08
O 0 i YY eli_,ASS:“tSUolinJé_,ba_,.ulSCQle‘}gammyguﬁe;umls
Oy i .ol ARM clla 5 soliinal ol o3 lie « 15 cp i 4 (obows sl
65 sl J6 Thumb 5 ARM (IS clla 59 58 (sl es3bes iags Salio 5o suid oo (sla

el
Alie Gl 5l (S 35 suliead 550 (s lans g53 0 latoling pe) 5o Sk Lo elacs 05340
i g OLSal a Sl el [l sa s (glodms cvanl 31 UK an (3515 sl 5 49 Ls guad
5 S 51 Sl gl v HUA 51 g0 i g ARM sladien olas gl S olasS
LS sLadSeu slaas 5 ole) stoulae sl c ARMITDMI') (oas gl sladlie Hu o et
Cugs s 4 ARM7TDMI slaciwun (555 5 adlie ol win5a) A€ oo suliical Ladali o)

e slaas idigs VPN

“ol 32 B e e e 53 1 il Glaaned G ik (G Ky Jlie K S3 b Gty Gl Lo
G Sl 58) wiicaalinl oo lsasl A sdaes 50 SARM LLocl ool gics b € ool
Oto Lo S ol 5o (A Onipad y(aadls Gl LagT o L3S wigsa K ol i s
.(C_u.u‘ sady suls e

S a8 e GBaan asleu S soliiul armasm AU b ARM [liad 5 e 5 salie sealsl 5o
S saliial 50 8as ab L GNU Lleaw

£ Jtis

S (g5l g S ala s Gall) i o 1 OBl aansl (55500 4 € B S Jaass (so a3 (Sl il 5o
2oa LA G alael g se oS WS Sl G0 1, 505 € ol 4 sul (sl € sal (laac!
t (peleassl Mmain.c 1, L onl) oS o Gla

#include <stdio.h>
int square(int 1i);
int main (void)

{

1A
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int 1i;
for (i=0; 1<10; 1i++)
{
printf ("Square of %d is %d\n", i, square(i));
}
}
int square(int i)
{
return i*i;

}

2L € ims o, Slay el (s saSquare pb sl Gu3Sils Gl 0558 min suly
Square.S als L Joli Sy i 0050 coens (a0 b 50) oF oel awbel aiiils s 1, Square
(el laael ol S (s l) a5 (oS 0T 00 0 1 ) Slisine 5 83uS

AREA |.text|, CODE, READONLY
EXPORT square
;int square (int 1)
square
MUL rl, r0, rO ; rl = r0 * r0
MOV r0, rl ; r0O = rl
MOV pc, lr ; return rO0
END

3 oSS e A8l 1 i S8 s T 5o Ladaliy 4K aS ) glaal « AREA Y glaal,
XN BYPCN Y k W) PR, G aa&|@l§@|6\)|3§eu6|x slael b 5 By 5 sue ola KIS
ol e Sleaal (51 La SIS Gl S (goloons s smiel st 5 washs 1 (59 sae Loshad G

s S s 1 et Al 4 M nal A s S gals S YL oS @ g o S e ola
(Lol b b Sadiisl ) bl ol 51 gold o st 515 1, Square sl Export slasal,

pad S 2l oS g olsie @ ) Square i b o oS e aal )

W g o 438K HIS 50 s 5o s jad (lgie 40 T4A8 5 o5 slagie armasm s

Directive
Read-only *
Non-Indent *

AR
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09 b 5y woluliad (3520 58) ATPCS 501 8 s La el 5l JEDI 6 a3 Square Sl salys 5o
olas 31 55 asoa slie g end uyly 0 Gk 3l o5, OlesS,T .owul (Thumb s ARM ¥l
L wls (iaale yial )l 4S ol cus sans (nl 61510 o md Jandl) sius w0 g oo suls S 55 Gasb
G 0l HILETT o lail 1 o g3 (seaal cale e ol GLaSs (ilsa o Sl cnly!
piS e JE T0 & 1, 1T (6l gins
" S e S L 50 (A slass 5 cnl e BB sl geaias Lis END (glaal,
paiS o alaiinl 5 Sl 5L Yl (5500 sladhls iala (gl dipa g0 £ 5k

armcc -c mainl.c

armasm square.s
armlink -o mainl.axf mainl.o square.o

S suliial Wb BX ) sicus ) ¢ el 8 slgm) ula s suliin Thumb

£.Y Jlis
JUie G a5 05 g Thumb cdls o st hlial€ € glaS 51 ARM (glasS 3l 521 alS0a
Thumb L s ARM cdls L Lr o3 0 ety 4 s BX et BX € 350 iy juis .
sal sl 53 il g3 o Thumb clla 3ha s s ARM clls 5 da 4ol ool o0l b 00 S a5l
L Square2.s abs 4o sussa Joubs w S salisi ) BX I 55500 51 - MOV PC 511 sla 4 a5

S Gyt 3 ol sins

AREA |.text|, CODE, READONLY
EXPORT square
;int square(int 1)
square
MUL rl, r0, rO ; rl = r0 * r0
MOV r0, rli ; r0O = rl
BX 1lr ; return r0
END

23S o bl teC ol & Thumb LGS 51 sslinad L1, € Ll (b ol o

tcc -c mainl.c
armasm -apcs /interwork square2.s
armlink -o main2.axf mainl.o square2.o

FA N |7

ey
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1 £) Pl ani€ sl i 1 4l S laacd el 51 6 K4S wa aaal s (Jlis ol 5o
L hmain3.s hawl Ll S o Seal58 4ol ) S olsae 4 1, Printf oL 4 C glulats
S alasl 55 ol siae

AREA |.text|, CODE, READONLY
EXPORT main

IMPORT |Lib$$Request$$armlib|, WEAK
IMPORT main ; C library entry
IMPORT printf ; prints to stdout
i RN4
;int main (void (
main
STMFD sp!, {i, 1lr{
MOV i, #0
loop
ADR r0O, print string
MOV rl, 1
MUL r2, i, i
BL printf
ADD i, i, #1
CMP i, #10
BLT loop
LDMFD sp!, {i, pc{
print string
DCB "Square of %d is %d\n", 0

END

ol olas sy e SLSHL Koo sla bl Lo snd soliinl slasls (i ya3 (sl  IMPORT slaal,
Sl sl C ol pl b Siad ool s s il g3 ,0 Lib$$Request$$armLib gsac
ol C 0llS (a5l oS 5LeT (-main) o gu goad o)y oled wiS o suba |5 55t

61 2iSila AU lgie 1 5 dacyl 5o aas e 1) Lol s b Ol go)lal (RN slaal,
S o Sl y 1y oS waae g ISAL cpl Bl soliinl aules S soliil 14

soalie Lagl 5o Gsp S Laia 1, 8P 5711 614 Suslie wlb ol ATPCS 3ib «S w5l ol @
Lty ol go ol el glaisl o @i oo 5,0 1 (Printf Slsalys b ) Lr 4i(r4)
d&5L usal 5 sl A sh ity 515 seolie 0l  LDMFD | st aans o 513 4iiy 50 STMFD

s 53 00 PC a1,

ey
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GLA;%L):)‘GH.C}Q.?.AE‘\,\LAJSSL)‘SJ‘MJQQJJ.A.A@‘JC&L}&\,S:)‘@LAQJ‘J‘DCB GLASA‘J
V.G TRPL PRV PV g0 NEUPU I A N (S SV R L RPN
‘a:usu.a saldia! BYS) %JS.‘-H‘ J| ‘Jlla L)“..‘ ulsl.‘.u 6‘)“

armasm main3.s
armlink -o main3.axf main3.o

el 0 Ssalss c ARM S (S 51 5l 5 oS 4 caaalinl s (a8 £F Jlo
¥ ATPCS 3o aficun sue ¥ 5 jii oli 4 s, slasiell S ol 53 0258 was JBe o
"‘\:‘\}ﬁ'wJMG‘j‘%L.)JJJJJ"“\SL“uj[fJ“\:‘J;w‘)‘);r3 Gr0 OJ\)JJJJJ‘\)&A:\A

LAY
JAJLHJcp_..aal.m\‘}hl.\a.‘i‘,.aoé‘)scg;ufubz45435w;13)a55um0f‘4|.3¢5u.a.gb JGe oyl
sliacal 50 SUMOL W5 oitius ad s cudy o) sm 4 slac) SBa 5 alael slaxs 50955 slagle ST
Jol 5015 C Lo su s b e S o 58 s sbu e © 1) OlesS,T olans Ha yesd G g

rasay 5158 55 ol siae Lmaind.c

#include <stdio.h>

/* N is the number of values to sum in list ... */
int sumof (int N, ...):;

int main (void)

{
printf ("Empty sum=%d\n'", sumof (0));
printf ("1=%d\n", sumof (1,1));
printf ("1+2=%d\n", sumof (2,1,2));

printf ("1+2+3=%d\n", sumof (3,1, 2 3));
printf("1+2+3+4=%d\n", sumof (4,1,2,3,4));
printf("1+2+3+4+5=%d\n", sumof(5 1,2,3,4,5));
printf ("1+2+3+4+5+6=%d\n", sumof (6,1,2,3,4,5,6));

(S (& 528 4 Kl SUmMoL.s LG a1, Sumof ml «ue

AREA | .text|, CODE, READONLY
EXPORT sumof
N RN O ; number of elements to sum
sum RN 1 ; current sum
;int sumof (int N(... ,

sumof
SUBS N, N, #1 ; do we have one element

String

Ve
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MOVLT sum, #0 ; no elements to sum!
SUBS N, N, #1 ; do we have two elements
ADDGE sum, sum, r2
SUBS N, N, #1 ; do we have three elements
ADDGE sum, sum, r3
MOV r2, sp ; top of stack

loop
SUBS N, N, #1 ; do we have another element
LDMGEFD r2!, {r3} ; load from the stack
ADDGE sum, sum, r3
BGE loop
MOV r0, sum
MOV pc, lr ; return r0
END

ol oo 5SSl L 15 358 JUe

armcc -c maind.c
armasm sumof.s
armlink -o maind.axf main4d.o sumof.o

Sols sladsa i jlad 9 G ldy Gladio cuy s VPNLY
elag] Jad BTHIS 58e5hnl 5 Slas gladel o) 9 S Ty (ol g aul 58 5o al& cplyl
s 30al 1 alinpn) S8 5o Soae AU uluai b g sud U yus Gle)y «S ol (5,150 « Profiler
> Cycle Counter .o oo lasy 1y (Bloas glad sl sy sl ol 5 soliil b lad 0,8 oo
sl slaxs (iolad b ol oo Iy el 5 oo sl (5w slaSin sluas oS il 5,1
Cuags 3158 59 (5558 2O 3me il 5 oo s dls e Sl o 5 U8 S 5l ciarsd 58 50 sub (5 op
-sasl aal 3 ARMulator ol L ADS 1.1 5138055 5o Laslisl ol 51 s s i€ (a3 1 () Big L

|

L Jaadly gicua saaaley  VFNY

Sl slie samainy Gl 58 sl (S ool o) 90 ad gl b g 95 o dadaall) sius slial o)
.JJ‘ﬁu-o ‘)L;xal BE ARMgTDMI c:“) Gu)jmd J‘)J-o o9 QLQ)U:‘

LJ..A.TJQJ—ALS&JJJTH CAJHJJ:J_.:SGAAJ&LA‘CPSF Joﬁc;u%)‘ﬁéﬁ (5LA‘)‘9:\-LUJ‘)J
aSha o) Ol el sy (5505850 ) sue L9 S o (Sop Loy Sidus (LIS JSa S Gl 8, 90

:u.u-l‘

Yo
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Coli et Kb el D58 e 1) S K e Slilae 5 33,8 s wilea ALU slilac
oS S o ol S lae b ot ) soliieal & e 3 S o (g9 0ael5 Gpaan 31 5
oo Bl S gu i 55 00 PC 550 40 53 05 50 5 st S g 0 il

Sece N LDM 5 LDR siilen i€ e 5,8, 1 3 7Y salS N €€ (6,850 sl sies
5l 5l LIS (gl udile

LDRH LDRSB LDRB siiles «i€_a soliieal 1y L VY 5 17 oolie o€ 558,50 csla st
(ool was JSaew 59 59 5800 @l S e Jsb udls JSow S5 LDRSH

S o Sl S e cobatih gla g

595 505 LS cae g laie 5 STM .S o Jsb JSoce N liia N (30 a3 (slay, sice
2iS e Jsb S

.JJ‘JG)&A.SAJJJQ“T;P‘AJJA;JLALJ‘A;A@Mu_.;).a.é‘)‘}:a.u..\

pamdl sty b Sialy s ARM gl gd LA 5 (euse SHo el sile diags Sigs aed Hsbieds
1980 o aladl 1 551 ge dae s ARMITDMI (sou3la

Gt (558 4 Ol 85 0 siews S o (LS lidla 53 PCGusal S Jaall st oSl
05k oo Culaa s gl hdad 550 4 s sad 5550

A o oli& e, | sl LSl LS Kiw 50 4S (g shwn 1 oli& e,

3 el L9 Jandl s oS wiS da 3w o a1 Ul JSa 5o sud (olaS e ) sis :ALU
52 808 LSl (Thumb &a S5)PC - 4 L (ARM adla o) PC- 8 (oo

0033 b 5 S0l oosT b 5 80l GO 5y pgiens S Olsa staalae Jolit ¥ gane 5 sins slsal

JJ:_""'J‘LJ&'AL.}‘\B:"CQ"A:ngs"nd\)"'c‘JGMOBJM\F&‘JJL&JPJM‘JJ&@G;L&

S o Byl sl K old S juusa e sl G el L g o

ol IS Gl Hamlalae ool il (Ol 05023 b 5 (55S0L L sty Sy siews S1LST
0 g g0
1 sad oSobs eali ol 5o Lo g ol il 033 5 6 S0L Lo sieus 3, 90 9 :LS2

B oo dau 53 L s S asc e

Instruction address PC¢ pc—4 pc—8 pc—12  pc-16
Action | Fetch |Decode | ALU | LS1 | LS2 |
AT AN

Half Word *

AN
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GJL.A"—_).:.AL;JL;JJ6)@@@‘45@&3)@4}‘&@59‘&4.})\93444.}&3;‘1.‘\9.‘]@5_}4;‘
S ol sias 0y g0 @l ol el oo LIS 3 sl T Lo o€ w8l o G s (adl sads
osInter lock L shazard slaabo bl clla cpl ool Jalias Hlocws i jls st slyal Jsb

ralinh o 4l gl lad

£.0 Jlis
ol inter lock o o o€ aas oo glis 1, s Jle ol

ADD r0, r0O, rl
ADD r0, r0, r2

AS@(MLQ.AJS_AA:&“JJ‘JFO‘Frl ‘_J.‘.a‘.;ALU ..\.:‘9.4.74@ ‘J.;| Mugﬁy\sd‘)d LAJJL.uJ u:"

ol psla 59 sl (5950 Sall Olsie 4 gans JSa 50 10 (geas® (ol s

#.5 Jls
i oo 1 oS0b sy @salinnd 31 el S SsInter lock S G ol
LDR rl, [r2, #4]
ADD r0, r0, rl
oS oS il 3 b Aliws ool el o cptile JSaw 0 oLaSe ;) (sdla o 53 @90 sieu
M‘QJA.;AADDJPJJJAJ_AIJ%‘Stall &‘.A;SUA)A.A[AM{LJS&A&JJJJ‘Jrl C;J;JL.‘
S 3 ohasmad VAY UK aialaily 130 o gaiibe JSh i o ey s JS (sloal €€ 5 g o

MJL;AOLIS‘JLA‘)PJL;‘)%‘

Pipcline | Fetch | Decode [ALU [ LS1 [ 1S2 |
Cycle 1 it ADD LDR

Cycle 2 e ADD LDR Sy
Cycle 3 e ADD - LDR
VY S

dla gla,bale VPO
S oS8 ARM gladila oiies dils S Jolid Ylaial o Sloas T, L gladel s o sidus

S asins o Ao (pl 5o S e Jae S e g o0 Gl Sie S 4 g 00 S S oa by San

1ARY
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uugu&@i,uu@lpla%@udmgwﬁﬁ%&Ml,u,u@huﬁ%
ala sy asalsd Gldind

ounsls JGALS g oal guli 60 yaudi sdlla V£ YL
omle o, 1 SO LN B il gowiylod o N LS5 L suil (ialS gadls S gl
MOV i, N
loop
;loop body goes here and i=N,N-1,...,1

SUBS i, 1, #1
BGT loop

EYA
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Cob) o dup g alipn V7Y

@l i 5 85 s o S w5 € L5 6 (pladeli s € S o SIS ek 4 (2 0
o C sladaliy Joass o s 4S el aualsa Sl (S5 oS sl 4 .05t JolislS ARM (5 Lons
o abolal 5 lles " BLolS" bl 58 4 e €€ oK ks wialpa L 1y SLLalS w55 Liac
Line Lac iS5 oyl oabls waalga 1, 07 0S5 5 oy € doligs panddis o5 51 oladd s S
250550 4SB C 555 2 s gl 5o Lo g wiieus Golio 58 CH (sl

plSia filose dn b LasllalS oS ol s oL (sl g w158 5 C slasblislS 5 (55 b
S 4S8 ar s aladals s anil 55 go (Jilio (pl 5o JolS Bl L aiien 554 55 Ladolins (g5l inge
il g YU ghial e e 5 oS (ghali s ans Llal

Sl 4.'.\.3@..:3(: slalilasls 0 s5900 VAV

ol (e 5 sl GLD B (o (1l 5 005 BBTE L5 b aS sl 5o 608 (Ghd cpl Lo
S oo aal 55 SLLIS oS olagn 5o agd 5o Lad & LES G G e b oL T )ls 5
Sl oo 0L

el b s M ladeling )" L LlelUS e aS 1 4sling (pUlsa 5 su s saglel welin Ol g
S g dam 55 Lt S e g | lieun SIESGRE LTS 5o 5 Spdee Ssa18 olats & &
S ol 95 Gaob 5ol 5 g S saldial (WS o g5l it 1) ARM diis oS (5515800 5 slaslsl 5
039331 L 5 S (o5l dies | 3 s put slas )l dhag canlu 1) W g o (S350 olads 4
sl 5550 san 1y sl o dalise Slask Wiy, Molbus s

aas eSlal oS o (had (el (L5 ol 4 il opse o)) sad Al el £ slasblnls
N slasaimemelr mls .o slaily A Wl 8 oL Shlel€ & SWEL ) (S s JEe b
A o Shydata g gk el S saly el

void memclr (char *data, int N)
{
for (; N>0; N--)
{
*data=0;
data; ++

Comment '
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Sm iyt b g sie e w0 N oS sl pad ol Lol sl sladsa Huddn SLLwlS «S e age

otola3T Lo sm 1 s Gl ol cila € ik )5 31 U (seanls SLLolS el olis 0ty 45l

V.

S0l 58 Ly s posd b ¥ ol jldata glal,l Seslal oS wls o GLlelS

(Oapad 0 o saliil char g o3 sla wint g5 glasuiie 5 T GuS Sk 6l HLLLIS wal

A o LSS 450 P dila HLLelS wals ¥ 5l o e N Ko bl ¥ 5 pusa N S wls oo

58 g0 SLNE ¢ 55 31 (5 pmite e 55 0, 4 by ¥ 58 ABL ¥ 31 e 4S Gsem 59

sN loe (S soolie alad Jewls (JBo Cpl ool Gl ) adY @iy Gilsa alad 4wl GLLLIS

i | data g Ses slacis ) als

GLIS adadlae LagyT 5o HhLalS &€ SIS 4 Gl sa el <€ oL 4 g el 15 6l

Oniaad 5 03K o JnbalS (T sl € HhLelS oS ()l 8lean (s lare slacus gans S oo Jae

9 =0l S 5a3 Jol o 59 (50 9 SR (OiAs Gl 53 all ga et LIS s glacus sase

i ols < C laglilal€ als s sud i€ Lllkas

saliiol 5 sbie Gl (5158 5 e LLLelS 5o 5 Bl gy pats Glas Gl sladlie Sl 6l

raalea S

o) 3520 0l 55 o — (ADS 1.1) ARM Developer Suite V1.1 4.l jlarmec jLlnlS  —
‘i ol ARM e s u a5, el s

C Ll slajyliila s 51 (a5 sam o LS 00l - 2.95.2 geans Arm-elf-gec -
.2l GNU (gec )

=0 glacs Sl Sitest.e s s Juls S 51 e lia ol el s wal 55 g @armec ) soldind ()

:egsuaaaulm\

armcc -Otime -c -o test.o test.c
fromelf -text/e test.o > test.txt

ba s Sleoliial Glea i) el a0 S g5 02 80k sob w1, Glulag il dugs sl arm
s 590 o Baae 5 0 o diags 15 YU e s 51 1l sotime gsw ) soliil (-02 oles
3 o) A de i€ e suliil 8CC LIS 5o 51 K1 ls S a3 While  for sladila o5l
S o w55 15 4 b e el 2 g0a
arm-elf-gcc -02 -fomit-frame-pointer -c -o test.o test.c
arm-elf-objdump -d test.o > test.txt
-fomit-frame- gy s witiwn (5 geld (25800 Hsb 4 JolS g5l wugs « GNU slasblulS 5o
X o (Frame Pointer Register) a3 ,Ss,lal ols Bda 4 s |, LLLsIS pointer
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@TJ[S‘\S@MUD#JJL&OTGJ‘J&JAAS@«SASMU){QJJSSQJJJ&}GLA;Q‘)LL‘

el Gos e 5 s e ol (YL

C ol yalacala glgdl  APYY

3 it 4S W aualsa o 5lail Lassls 1530 L C slasblalS o555 5 (558 4 A was o3la]
S o Jae 55p > (LOcal Variables) las slasslin il 5o s ¢l ol 4 e Lasals ol
ol s gm s Lasals 85080 5 (s S50 al&ia aspusal plsil 5o plaes 5l (pinaa

A d (S YV 50 wias e alasl Lasals (555 4S Slilee iyl 30 YY slacls ARM glasasjla s

(ARMv3 s ARMV1 3l) ARM <l slada o aas oo oo Shilee alibla g, 5 Lasdio

s (Unsigned 8 bit) 51 A cedle ¢ 5um 520l8e (5w 8,38y oSl sl a0 Lldlean
- = 83 ARM7TDMI 31 Js8 5 LAl ol aiiiale ) (Su VY cedlels b cuadle o sas sulie

YRV

Architecture Instruction Action

Instruction Action

Pre-ARMv4 LDRB
STRB
LDR
STR
ARMv4 LDRSB
LDRH
LDRSH
STRH
ARMv5 LDRD

STRD

load an unsigned 8-bit value

store a signed or unsigned 8-bit value
load a signed or unsigned 32-bit value
store a signed or unsigned 32-bit value
load a signed 8-bit value

load an unsigned 16-bit value

load a signed 16-bit value

store a signed or unsigned 16-bit value
load a signed or unsigned 64-bit value

store a signed or unsigned 64-bit value

JJ.A_AJG_AQLJBL‘)ARMJJSLAGLAMGJJ‘H(5‘}@5)3&3/6):5‘)L3(5LA)\9L40.\ BEREN
S8 1) soolie i€ oo Jae (A VP LA saulie (555 50 € (50500 slas sis eud Gl Jas
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LA saolie 53l 65083 (sl Lpsliie .03 o Joass s YY Lolie & 21 slacls s, 4 oidg
g o 6 Al abidla ju ald ol e VP LA LEs au VP

i VA ol 85033 5 5550 cmaa sladaall) st Gk 31 0T 51 3L s ARMVA (5 Leas
Seload LI ARM (g lane Susaa sladas 5ol sivs (ol S0l aile 4 .auS o olutiiy 1,
S Sty asgusal glacdla ol

o9 -0sS bl A FY ool a8 5 oS00 o) Sluidy gl ola) sis cARMVS (g lass
i oo 15 L) sieus ol Hseiaa o) 51 aas s ARMIE slaciiia

JSiie o VP Slade 58 5 slacedle g A slael (55l 50 ARM glaswsls 5 ARMVA 51 (3
s A cnadle G gam suulie ol sie anly char guia 5l sad (i jas sulis € slasblulS sl
S3s olacedle (A A Saolie Bl soliia i geu o (g5 Sl Huan S e 5l 50

A€ e nal Ko 4 alins glasals ¢l 610.Y Jgaa ub gCC s armec sla,bilslS

Loy g s s dila suisladii 4 0 S ol susse 3 OlsSee ChAr gala clla S5 sl e olsic
355 Al vl enoMe o ARM sla,LlelS (sl Sliie «S (BT 51 el 120 dila aoll
lBo™a80 oo o gande 0l b Hlba) aliy S 81 5e Gl Do ArMCC alians 5o . oly aalas (LG
S e Sl char o S locedle (sl e s SIALLLLIS M 0 L cedle ) gas sae

S o slacsedle | char ulie geC HLLLIS u-fsigned -char gles ba mu ses (JBe ol sie 4
S b S ool 5o a8 alal po o gt o alaSN-ZC b g5 armCC HLLLIS Hu LIS Gaes
Ol ) o slasassla s golas s ARM7TDMI ) shiis S o suldi] ey 4 ARMvV4 clasaisls s

.u.u-l‘

C Data Type Implementation
char unsigned 8 bit byte

short signed 16 bit halfword

int signed 32 bit word

long signed 32 bit word

long long signed 64 bit double word

Unsigned Comparison with 0 '
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shoe (sLayuiis g1l VFYX

A Shad,le B YY 5V A slassls ool s 5mad 5 558 ,L Ul c ARMVE slasasyls 5
S OSel &) s 5o Sl cile Craa 4ol S YY L3 ARM sols (55l sla) siws S
short L g char suls ¢l g3 51 .0 S suliin) Jas slasuiie sl (long Lint Jas) (S YY suls gl g3
el a0 ol Ho Bl e e S LSS saliiiul ¢ (An VL A saalie o, alKia o Aa
char § 5 5l (5 uite Mo 0 3 3oy e cdien s o 093 Shin 4 48 LolKia yaulie wsal g3 Lo oS s
ey go 4 YOO 4 Gany 9 liplads 5l s

AL Al aaal s A sole Jlie S 4 A T O s gt 5 ae slasudle 51 Qs sl
“JSS 08 i S o pan suls G S Hu ] soolie «S cudly aaal A Checksum b L Gaec
sladics obcue ;0 CRC Ly Checksum gaalas sl M, (TCP/IP Jud o) s ) sla
.J:)J‘._\ xbd‘d

olds Jlie ol o o |y K Y L suls s 6 o Checksum auulsts (610 B calal o
23S suldig) wli char s (gla yuiie 51 a4 uas oo

int checksum vl (int *data)
{
char i;
int sum = 0;
for (1 = 0; 1 < 64; 1i++)
{
sum += datali];
}

return sum;

}

JJ&]M‘O&A.M‘%&A‘}‘Ji6|)§Char‘);silo:)‘bducu.u‘4sMJ@#@‘JJ‘QKB)J
IS8 ol (s 99 Lol oS o a1 (s 53 sadasla slasint g g3 4 s char pade «S WS
6‘)—’ AAL.‘.-AU_EHVV ‘O."LSLAGJJJJ ‘ALA:J%J:LAQLA:ARM B ) ALL.B‘ARM ESN IS
a5b 255 Lalid) wal sl 12255 alla g5, peld als fewl HLLLK it s (g5l suly
oL 5 b S S50 505 Ha ) DLLlS et sa caon adl Glls Sus il gl

il S iy 1 Loy sieus agh olasas 53

checksum vl
MOV r2,r0 ; r2 =d
MOV r0,#0 ; sum =
MOV rl,#0 ; 1 =0
checksum vl loop
LDR r3,[r2,rl,LSL #2] ; r3 = datali]
ADD rl,rl,#1 ; rl = i+l
AND rl,rl,#0xff ; i = (char)rl
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CMP rl, #0x40 ; compare i, 64

ADD r0,r3,r0 ; sum += r3

BCC checksum vl loop ; if (i<64) loop
MOV pc,rl4 ; return sum

.alea S i yas unsigned int o) gie 4 151 aS WS GBI 15 ) a0 OsSIaa

checksum v2
MOV r2,r0 ; r2 =d
MOV r0,#0 ; sum
MOV rl,#0 ; 1 =
checksum vZ2 loop
LDR r3, [r2,rl,LSL #2] ; r3 = datal[i]
ADD rl,rl,#1 ; rl++
CMP rl,#0x40 ; compare i, 64
ADD r0,r3,r0 ; sum += r3
BCC checksum v2 loop ; if (i<64) goto loop
MOV pc,rl4 ; return sum

ata
0

ol

L;s\_..‘elz\.aJlJﬁA’aal:~ xdmi..)iC)JJS..\JAA—A(S‘)?‘JANDJPJ&AL&K&JJ‘JJ}Q‘)J

.J\)‘_\SJ\};J‘:JJCJBJJJ&LJ&‘.ASS@@L&‘&\‘

g OlegS,l glgdl  VPYYLY
Ctolydlly oI, dnt g5 < char L gshort ¢ s 5 Jas slanite Lol «S mws 0.Y.) (2ds 5o
:A:\S‘_;AC.A%‘A.AL]“)L;\&-}\f‘)‘ﬁ-ﬂdd‘tséf‘):st\‘)ﬁ‘)dt)x‘}&Jl.t.uc_.iu

short add vl (short a, short b)
{

return a + (b>>1);

}

e S e o5 Lag T L DLLelS &8 (38 Ganaien (sl ol el e s (S s 0l
g o soliil AU YY slacld oo 4 e Llaie 3 b sa suss alie ol

Ol 4 s s (8l Sl e Mol iicd 3 VP s D@ aolie «S0ul 5550 Lo LLLLIS LT
ol Al ) G el el gladS 4 g s 5o

add vl
ADD r0,r0,rl1,ASR #1 ; r0O = (int)a + ((int)b >> 1(
MOV r0,r0,LSL #16
MOV r0,r0,ASR #16 ; r0O = (short)r0

MOV pc,rl4d ; return r0
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add vl gcc
MOV r0, r0, LSL #16
MOV rl, rl, LSL #16
MOV rl, rl, ASR #17 ; rl = (int)b >> 1
ADD rl, rl, rO, ASR #1l6 ; rl += (int)a
MOV rl, rl, LSL #16
MOV r0O, rl, ASR #16 ; r0O = (short)rl
MOV pc, lr ; return r0

oo Slsl gl bas 4K i o S o soliiul aline C HLLLIS @ gl gu 51 VLS & g 59

wlass £

soldinl 3w YY int gla e 51 2885 suolie 5 ol slagle ST (sl &S ol Sigs

aadl s it IO ) e (ol 5ol ks 5L Su A glassie S Ja S

.u.a.u‘d

Caodle G gas yaalle il s ja Hlacsede ualls  VAYLYY

Ol o9 ppaso char g short yaulSe 5l ssldiol) Llie Hu 1) int polie 5 suldie] oo (J8 (2as Hu
228 o0 4uwlis |, unsigned int  signed int ¢ 55 59 PR Y-

:)|‘)S/‘LA‘.JJ‘_\:|J\9~AJ uﬁ\,u}&&lj.}&i‘&ﬁ‘_\fﬁw ul.&l..ulgplf\,&)ﬁ (tag:)‘ou_\s‘)d;‘
:ﬁlwaf;J&AJaﬁquq\,;J@\,m «Afﬁwb.}‘jl.u‘ﬁ.‘.n&

int average<{vl (int a, int b)

{

return (a+b)/2;

}

idalgelS 5l aas

average vl
ADD r0,r0,rl1 ; rO = a + b
ADD r0,r0,r0,LSR #31 ; if (r0<0) rO++
MOV r0,r0,ASR #1 ; r0O = r0 >> 1
MOV pc,rld4 ; return r0

Glialsae K1y ad (el it paaduala K1) cly & cdud 3 U8 GLLLK € WS e s
i€ e G 3Sola ) eobie LILX/2 (Sos ojle 4 K e
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(x<0) 2?2 ((x+1) >> 1): (x >> 1)
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a3 31 ouliiiul alS0a oMo Gl saale Sl soliial (el euls e VP L 5 A Sl saliinl
oS L suls g5 51 W pion @olS dliila o 4S o gae slasuaie 5 LT slagagsy @
6,Ad g (_;‘);Jl_} 3 REE W e ARMv4 Golers << (ﬁtéu’i' B ._\*.;.S 9[533‘ J[:u 3,0 goslwl
S usse itla ana IS S Lo Slutdy (S0 VY 9 VA sladsh b osols ¢l (5L

faau oo Rl |,
3 oSO sl o Sad lasaiS has ) Ol pe SSeuSs 4 Lasaite ¢l il aS sl @
S soldil (g5l 8 a0

C sddla slabal VPYY

O dabl oS asal s sias cwhile 5 for gladila (gngs (s5lw soby (5895 8550 L3 (LB 0l o
pall o AIK uate SIS wlaad b sladila @ Guges el 1SS slaad b sladals
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Culh 1,5 olaad U sladila VPV
S aas e ol (JUie ool ol K PY (s05,5 b checksum i, 5 €gad oAl () Jba
S e 355300 Ladila L S5 LS

int checksum v5(int *data)
{
unsigned int 1i;
int sum=0;
for (i=0; i<64; 1i++)
{
sum += * (data++);
}

return sum;

©asdiee SlelS <

checksum v5

MOV r2,r0 ; r2/= data

MOV r0, #0 ; sum =0

MOV rl, #0 ;1 =0
checksum v5 loop

LDR r3, [r2],#4 ; r3 = *(data (++

ADD rl,rl,#1 ;o i+t

CMP rl1,#0x40 ; compare i, 64

ADD r0,r3,r0 ; sum += r3

BCC checksum v5 loop ; 1f (i<64) goto loop

MOV pc,rl4d ; return sum

10 54 o soliiiul fOr (saila (55l soly (sl Hsia ¥

i s GLal gl, (ADD @

Wi o GabadT 1, 2P S ogs S S S dwlin @

Ay o dalol wonl 1<64 4 alole | dila S oyl Gladsl S5 @

il Gl gl 59 b8 WL ARM (55, s dla S s dugs (hg) ol cin o

bt a5 o 1 o aS slaaa 5y Gl «S) dla ganijlad (ualS (Gl BB S @
(S o

bt ol H s S e

weld sae S cas 4 5 b G iolad sla G b Al ensled S syl Ll 5o e S

Lo 5 PBlaal Gl s Hlafe Ly aa® o S dnlie lacpl o ajplad j3a B 5 by e 4

Do 85300 by (slaan 5y (550 o9 4 ) S

IARY


http://mohandesyar.com

0.Y Jlis

int checksum v6 (int *data)
{
unsigned int i;
int sum=0;
for (i=64; 1i!=0; i--)
{
sum += * (data++);
}

return sum;

checksum v6

MOV r2,r0 ; r2 = data

MOV rO,#0 ; sum = 0

MOV rl,#0x40 ; i = 64
checksum v6 loop

ILDR r3, [r2],#4 ; r3 = *(data++)

SUBS rl,rl,#1 ; i--_and set flags

ADD r0,r3,r0 ; sum += r3

g e olEs

mdioe blelS o) S @ S

BNE checksum v6 loop ; dif (i!=0) goto loop

MOV pc,rl4 ; return sum

Jf:-uad ¥ JE‘A.; ‘L.;L.)"..‘ B ‘CheCksum J‘JJ J:L.SSL;A (5:)‘-‘-0 AJL::: ‘J N BNE K SUBS Jju.ud KB

ool Gl 3 g Sl AR G s 4K gl

i>0 L__AJI':O G%GM‘A‘LJ‘}‘.‘C&JJJA.}“L}S‘J:& ‘i QA)LCQJQG&G&&)MJJJ—A)J

SUBS rl,rl,#1 ; compare i with 1, i=i-1

BGT loop ; if (i+1>1) goto loop

SUB rl,rl,#1 ; i--
CMP rl,#0 ; compare i with 0
BGT loop ; if (i>0) goto loop
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o) mlaalid s 5ulS Logae HLLalS o g 0 -0X80000000 Lol s s 1 5laiie Jac Lo il
S LIS @ gy adidiali 1S5 sluas b dila Sl pad s el
S solil ) cedle Gows b g Hlacedle pulie gl 1120 gddla w0 Guls L by 51wl ol by
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35S o ouldliul judie gdila I SH slaad jf dS ladila  VEYXLY

N Lol 5o amlon yS (o s 5uato slaad b su s oo w1, checksum i) € w258
U;LA‘}D‘#BHTJ_:\BL;@\gad@LAwJa Sl suls s jolagu g, slaas SSLLG
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int checksum v7(int *data, unsigned int N)
{
int sum=0;
for (; N!=0; N--)
{
sum += * (data++);
}

return sum;

s5hn Bl 68 )

checksum v7

MOV r2,#0 ; [sum = Q

CMP rl,#0 % compare N, O

BEQ checksum v7 end ; if (N==0) goto end
checksum v7 doop

LDR r3, [r0],#4 ; r3 = *(data++)

SUBS rl,rl,#1 ; N-- and set flags

ADD x2,r3,r2 ; sum += r3

BNE checksum v7 loop ; if (N!=0) goto loop
checksum v7 end

MOV x0,r2 ; r0O = sum

MOV pc,rl4 ; return r0

aal (55t LB Hhs 4uk ool il gl oS gluisl o N laie Siule)T
ol s 53 o€ do-while gladila 51 soliil el 5o

0¥ Jlis
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do-while 3l as e ¢, fOr gaila 5o &€ N Hlaie (uss sies GisleT 3 5aa s sl Lol oo
ples S suldi

int checksum v8 (int *data, unsigned int N)
{

int sum=0;

do

{

sum += * (data++);
} while (--N!=0);
return sum;

il 658 B 2353 58]

checksum v8
MOV r2,#0 ; sum = 0
checksum v8 loop
LDR r3, [r0],#4 ; r3 = *(data++)
SUBS rl,rl,#1 ; N-- and set flags
ADD r2,r3,r2 ; sum += r3
BNE checksum v8 loop ; if (N!=0) goto loop
MOV r0,r2 ; r0O = sum
MOV pc,rl4d ; return r0

Hﬁ%iﬁ‘)&ﬁ“)&&@\,db‘}fﬁL:.\_..\:\sﬁaﬁu.achecksum_v7@JF‘*‘J@J)&O&‘
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Initialization ®

Global Variable ¥

Memory Handling *

Static *

Dynamic ®

Physical Memory Layout
Interrupts and Exceptions ¥

1A


http://mohandesyar.com

0 Gl g2l sLaslis) 595 9 (oS00 o HalEsl 51 Jaleatowns (Ll o s4la ) suliinl
g o olas

slagle) 59 (2ol slaadsy slanl oga 'oulie g Gle)y S 51 Jaleslanions 51 iy oo
a3 5 58 e dalae s sladd [ ooy i b g3 (Solos 45 Loy ol o b e suliianl Gald
s pood saisbet T 5l aay o5 8 e o e ) asslaBe S 5o pi o) Cnl Slad it
88y o (Sany Jlgs S 0o w85 (S g Glo HMEs & Ga; a8 5 0K o by s GBoled
g 8355 65550 e oloy S 59 59 15 (95 8 a3 M 4207 Ballas) (ssan sl
(3550 89l s 55 Tany suislol 9550 50) WS ge Il 1y (55800 Gald 055 b s "o le)
sladsleai v Jolie Ho b e Al Mg laail" sl L Uadaleatans ¢35 o0l
" o e S ) b ey S s s0liial G sLite (sladiB s 51 S 550 I " g lianil 2"
O (a0 a0 8us Hu curs g g clla HuaS geaalin 5 liieds o glas LIS Heu) WS Lo soliiol
o) (sl s a3 U3 51 4S) LIS a5 50 s g b laS 5o pasanal caluusin Cunud g 50ai5 alSia
WS e a1 i el (b € gam (58 et oSlel g, SI gangle)y" o g oo
o s haS" s LagT GasSealis 51 (S 4S wiblada s saugle) sl (lids slagi, KU
g e al (o sn IS S 5860 3 e (S oIS Bl et Gl 5ol

Context Switch 3o,k 51 camlb oo ans 5 Jidislla s sl (Ll 1) GBS " aiple)" (B
L8 il g cuais g b g o suila s sl alas 5o 5aas Context Switch «ids g . g (o 925
sl su3 3l 5 (slas LS Gl cium gadls 5 (slasals Gula 5158 5 suls HBALL S o

OF Gkl Josleatruns 4 o 5mbSa) ol " Fol& s Slaslely Gsaole” 4o sane ol AT 32
(9ol L1350 9 sa O SBS Hn8leaw slhal s Dl (bl

@ waa slaslpiledn faas Blal Gask T 5148 058 e Hlaise 1) ool Lo wwsaoly o
(ol lei e 5a S olind (515 59008 Wl Ko asS o0 Sp e Fal) 4 Jeleaion
a8 1 i3 ihealon s oo 5o JolS el a5 5Sie osale sl Vel Hlalsl, 4 5L
O oS sla waly plidleda S a alins el o Gledan pwsian 3 (Jbe Glgie 4 ala
sl Jae

Periodic Timer®

Scheduler *

Preemptive *

Polling *

Round-Robin ®

Device Driver Frame Work *
Device Driver ¥

¢Yo


http://mohandesyar.com

aiSla ) calilas aaly  AVALY
solii il ' (Sals g i Jole slagicuns Ly 5 (S slagionnn 5l s daand slagionn s
slal PEAT G0 (LS saib s LIS Ko LS b ) S oS WS fals lueb! Gl o 0€ o
u_)‘:\:\_a.ué J_.il:ﬁ.a BE] ‘)S:s..s JﬂL]éj K] L;Ala.ue.a.u cvtm :)‘ C,u.u‘).; ‘TI. Ca]é.é‘.s.a U;M 4.: "QBLs_a" _s;Su.u

sl il A6

Yaddla Cupsasaaly VALY

Oidigh 5m plasl asly ol e M (Kab g win (gead 4l glaatins Slsaliial AK0a
500! (soat i (slaaiounis 5l (s ks aadl Gtls (g S line gladdab s sloal 5 5 S00
slaaicnw Slaobalae dislis Gl Jaguad Hsbieds colaial JiSTglaaiin 5l soliin sla
S o suliii) g5l dleans MMU 5 dis g Jole slaplons . wi€ o suliiel Jole

09 JEis sladalin olsie 4 L8 by cisiae U1 MMU (slacad sius G 3l 51 (S
bl S0 ulS Ayl 5l ajsme akidla (58 HIN8 dae 5 o SN &S asls (O WS e LIS
Akl il

3esls Sl 1y il I8 Jalepione JHES a3 4 (5,8 il s 5 Ssa alib sl o
Jols oo alibla slind Soas Lasss 3l Gol pus S caanes didla 5l cliilas o) 5e 4o s

s 5 e 885l s 53 s w5 el (LIS el s S sl s il asusal
Lt pad 0T (sls st JilialS €l 5 0 3 o solitinl Lol sabiila 4 (ol gslye
S 59 S Jae S cacaling G s ool sl adlie aladla o Glodan b 4 a5 e il
s 50 S5 (sl me Guoul Sl 5o el oo aling 58 ) ol Hlsda ((Siibs s dip s

(5)‘.5;.’&3‘_1&\9 64.43\944.‘4‘.:)4 ;(5:)‘._;‘0 dsls ) sulaiil (5|):\ ua.uLsA)L.u.:L;JL.u ‘xh‘)s‘.s «MMU
suds Jalio LS"E‘J dssils 5l < el (5‘4.1@‘4; @ "qdadla (5‘..«.'4.5" £(5:)L~AA (54.1&.5[;) JASL;A solw |

Multi Tasking '
Memory Management Unit-MMU ¥

Virtual Memory ¥

A


http://mohandesyar.com

a1 €S 15 alasals 5 Ladali s sl amsio S ol sie & MMU (el JEiiis picures 40
Ladali s oS a8ly alidla & bgs yo ' (Si3d ol & 1) wload BlolS (g5lae sabidla sliad 5o
S oladaliy aas go ) bl (ol dan 5 (sn gy -0 o basd ailsadd 5 a3 gyl o Lasals
ek el Sl Ysolae Gusal o alaas K 5158 dadls caline glaglKa o

sLagus9l 5 s3lae Lagusal s oo 0lan Gusal g5 59 a5y 4 sais alidla 5 G 0w
e il aling o (als 518 aLS58 TSl Lol ke 5 (55 Lme (slagsal (o5
59 Ladl s Ladali s oS (ola o) e a3l s (ool (slial & o Ll (sl (o308 slagesal 5 Wb o
g o suliio] wilonid 5 a0 eyl

Sl ealiiul L Lasws sl sy ol ol 80 S byl Jals MMU o jaa 4 suilol (s4iud paia « ARM
o9 (Sledal (i ool 5o S e Sluity (Shiby sin sladeins 51 350 sI0k 0 (lae Guso]
paas oo byl (5l galatla Sl saliial goobsn wly Jusl win s ARM (galasla e yau0 35 90
MMU Lo 55 4S olacbls & Gupes 5 a8 o .58 MPU b suis 4ol ) iliilas (slacalls b

MMU & MPU < 5f J&asl AV ¥
2205 re diila 3 cliilae 5 ganleld cga 1, "k ol " MPU @ bss e (33 5
03 48 s glasla b oS ol (sl o Jlad alg 25 pali b wis Jlad b iliilas ol
s st solital Jla 5o 4S st galis 1y gloals b oS s ,aal algh (JilEe Lo wlesliza Jla
il g s g5 ol b fmal st cdailasis Al aal S wsd e Jlad Koo sanT o Ylaal

s oy 5 al Jla 5o oS
Sladdio ol 1 GLELE 0550 ol s oleddn jaradd cya colaidl ldlea, MPU
cealirl s GAG8 wasin o VRN Jgaa Lo 1 S oo suls pebalal sud clidlas saal K 4 o
—oa i slagane 3K @ lagpl Ha sl JolS il s g ye Slodleai s MPU LIS i, 5 S

Physical Address
Virtual Address *
Linker ¥

region *

Active Or Dormant ®

&Yy


http://mohandesyar.com

calile ) bty oga MMU & 5Ll Jbilei gud 6Lal MPU s MMU ¢ Ll ol
el 0 (S ool gdiila 4 (VF) Jgan) oladidis Jgan JUE!

GuiS oo HlS A g8a (gilae alddla \VNLD

sLagusol 5o ((Shul g aiy ase 5o (5,lS Ay 58 «S sud suls Gl MPU @ b e sae o
gt sdies al sl clidlae (gl Sy 5o LS by 5o ad e a5 BlalS (B 5 15ae
b s Lol galiila o U saas slaouysT 15 st hal Call 51 <

Sy JrlealS al il L usol SLigan alss 5o al sl S1 i il s MMU s
Sl s N olas sabila saal fpaiy S slie ol gl MMU L el wiil 5 go s sud
Gl 1y Lt sh sdbla Lot Sl (sl Cinll s i€ o soliieul o ,iie S i aliila g4
I e son cibidla glaguol a0 Lo soliiol Yyl Jaa aadad 5 MMU l8lea, ausl
S0 gl ol cpoSesl a i co (a5l ol gdibla 4 anes ;S 1S el s (g b g
3803505 i s s MMU (550 " Jae aiaad Gl & (380S0 550 uonl stan 5 olilae
el Lol salsila

Ol o w815 s5lae ol VL sl MMU i€ o il 55 (s5lae ool S suidla g S ol
Wa S 50wl ol S e 0Kl (o508 Gusol il g5 sl Jas sl ol sbgisa L

O P |

Virtual Memory Map
Address Relocation *
Relocation Register *

EYA


http://mohandesyar.com

Virtual Physical
memory Memory
Base  Offset

Virtual 0x0400 | 00e3 Task |

address Page
SO e
relocation i

register
Task 1 :

Page 4 (x040000e3 | Tegion 0x0800
0x04000000 } Offset J
0x0800 | 00e3

Translated Physical
address address

W K

ol el (oo gadibla Lo Gela syl S oS sl wuisT S g las Gual Gl (aas
ool el (A eIl JiSlan baiu 5 o ok daan 53 Al 53 oo 3a0b (ol 51 4S ola ol sugunae
D5l o Jgdae (s5lae

silssla 0% 4000 0000 Luyul Hulyal gl S el G g 5,8 il s K Silas VWY K
el 15, 0% 4000 0000 (g3las gatabla ool Jras aoual el ool sud Sl g5las
4 o 4an3 0% 8000 0000 <55 salsila

o9 el sas JlelS Hlas atibla 5l SLLS Guoal s sl gl (o8 LS sy S
dsa e yolie ;i b agSs gla (64 KB) 0% 10000 5 oy 58 o 0l 55 o0 (S8 galadla
OSLS Soo8 slaGusal 5 GLaiSs s5lae ol i S (Sul 4 Yoo wuss ol o
T

abibla 5l aaalh Gl el ) dadla ) wal <o clalS culilB L wdie Jae waad old S
an 5 al8 MMU L 5 405 (S salaila ) slaals o s oo ia bt Page ab b shles
pawlid o Page Frame ab b1, o0 oo aolal Gl

AR


http://mohandesyar.com

Wirtual MMLI Physical

MEmory memaory
Translation
lookaside
buffer
Page
— tables
I g
B .| |
. PTE
I K Relocation
P v .
register F ]
Po
e
Page Page
frame
VAR

ARM ,u MMU ,ly8lea i avin oo WY K3 501, Page Frame s MMU Page o ikl
W01 (58 gediila o s5lae ahdla ) usul ghea 5 clidac gl Jae waas ol Gaaiy
e a3 Lol onl 51 okl slaad G 30 Lpu,sl stan 5 5 Jaass sl 59 culd e sl MMU
ol

coida o S e o pad s @M ol B850 ARM slassislass MMU Lo € olaels i sans
wsbia 30 TLBRB L oles il ool ol Jos a3 ol £Y s Jaite ol saliila
-4zl o S e 5uald ) slieds lal gabadla o a3l Jglaa SIMMU (as wasd slacld 5o sde
L s ouoal saa s olilae slasls syla sladsun ool oS oo saliinl 50" (g 5lae eliila sla
oleMb) S5y Page Table slad sl 5o 5 5o 5o oledl 51 S 54 avwlis o Page Table ab
el (S5 sabils 5l Page Frame S« ghlas gaisls jlPage S Joass gl o0

silae uliila sla Page o) 50 50 1) 525 oledb! (aswlbis oo 'PTE L «S) lag sl 0ol 51 S5 o
st 438 8 I3 50 T g S Jsae g ge saliianl dan 5 (sl 45 (So5ud Base Gl il s
VFA Jsaa 4o ,S) s a5 Page s, Write buffer s olg sabila saus <o Page 1

Translation Lookaside Buffer
Page Table Entry *
Access Permission "

120


http://mohandesyar.com

o3 silae slaPage Lassh uue s S L s 8l 5 b s MMU o Jliblas ol gh st

'K e o JaLceSu:\.w \v.Y
st ey K Lol 5 Ladali 0 Slascend sl oS el lole giw . RTOS
Al o oS3l 5o S SHs 5 8 o) ol Ted Siju o elepiinn S Lol
s T G0 ss gases Lo g3l RTOS alpls 5o glaal Ciua aiican s i "o 5 plail 0 S " (50,508
Sl Glate o aab sdsa Ol oladte pliwb a5 b ot glas)sa 51 S 5o o b
slagle) & Laise «S I RTOS 5 g0 el (il alasl sl LG ole) 1ol «S RTOS

iy o S 1) cul wiuly

by (S 59 5alS 00308 ol “uinples (sl e W35S S (slls (RTOS
¢+ L& 5l (Thread Suitching) laglews; passas 5o ol (asiaS s (Interrupt Latency)
ot BB g e s o RTOS S (o501 G i Lol aileus &0 o Jolepionsn S albb o
a3 aladl Bl g5 po (Plod s Sau0 S L8 Gliae Bl aupaly 5o Gas

salb slagis, V.Y

il 25 Cpl 0 LW RTOS alibs 5o 05585 G5 99

oa e @l (Sar; 4o 5L YL an B Lulan ) O € LA ln ) by I Sulu,y, @
pammlis o Vad® wgle)y b 5 solandl auB A L1, (B (ol S e

Sy 5 B8 4y aliis (il S Gull s | Al il A Sles SIAEIG bl e

Ay S o0 Aoy OBso Ol 4 S e ol pa e

Real_time Operating System_RTOS "
Hard RTOS ¥

Task

Soft RTOS ¥

Scheduling °

Preemptive Priority *

Priority Scheduling ¥

Time Sharing *


http://mohandesyar.com

S e alaal (500 T (Sl g s (B Col WS e oal at e sy 1) Bl ole) Sl i,
G0 22 1ol Jla 5o s4alin Lei lad (geelin 45 S o ulal 5L L 5 dn gy 9 15 LS Gl
olalee obHoamidls 5l BB (il g (s 5o (gl suidin JSaw slaad a8 sla CPU
l_) 68000 u.ai._\_'i L5°4;’\}‘JJ€ BE) du.a 6‘)—' RV RV G‘QJL&L.“‘ du50 SLAI. QAS:)‘J‘);y (JfLBJ U925
S dewlio o aadS o Job 20 MS (K bl g (as sa3 e s 520 MHZ (6,8 uilS 3
Al o9 e0m8 lagas 525 5l (Sae a B aS s g Gl 5 G330 ) Jole slapianas 5o il

S golansAa

Teasgley  \V.YLY

b Glls )5 e aliae Ella i diuls § S o gad ok S o
(running) =l Js 50 (A

f(ready) ‘J..;‘ CS‘J'.’ a..\LaT (Y

(blocked) 558 b 5 59505 Sk (¥

sl & 5o CPU 1, .aiwa ready b g blocked slacuas g Ho gole clls o calls g i
Sl e | i s g

Window CE \v.y.v

6:)_3.6\9‘) GLA‘{A_a.uS _}‘ ‘A+ “4:\_4.4& K] J.ALC.‘Q:\.A.uf.a.u sSﬂ WlndOWS CE Al Gal K] L’A“)Ja ‘UAB
Windows <5 sa S Jele slapione b wls 5 (o Lo T soud sules (54 5a3) sl 5
s 438 S sl (el sud AL NT uliul ;s «<) XP Embedded

Round.robin
Multi tasking *
Scheduling *
Kernel ¥


http://mohandesyar.com

HU Microsoft
:. Windows CE
WY s

as o La OEM 5 LaslKicus oBujlas 4 1)y Jooleatvunns ol 5 soliial 5 sae ccdlin 5 5SGL
S (5518 15 5T ol 53 (sl Tl a5 (i 5 liieds il 5 g0 ool oS5k
+s Super H  ARM MIPS Intel X86 52 35500 slasassla s ) s ks ;o Windows CE
b yal gal,
2o Win CE i ua) .ol susu S ings o daand (slaslius ju lhal gl s 590 5 s ol
L oot el Joleptunnas S B3 LWIN CE (w5800 sla a4 il 5 gblSe foia
iy an® i YOF 3l aas 4 ¥ i 3 Joleatonnn ool ol Bl " ppae gaii y i S
S oo (Sl
ol Glaws 5 K dasns cnl 5o (@bal eoa Gassluly
o O D)oo 05 Sy wldie (Sl S slabune ) Jalegionis tol sl sladius Gulyl
Jole slaatownis 51 ok bl 5 Gl <L s Sas slaslKins @ s yaas L33 Windows CE
.d S 51,8 ... s Smart Phone Windows Mobile Pocket PC Auto PC , saea
S el 5o @il g Sl Jole slaat v Sod @ s Joleatin Gl &l (tmdiiie
ol @ Ol 0 OIS B SRR 1 et s Tpie S o pes 4 o lacand B g5k
Lo 15 aS ol i) 53 0 gy T ey - o 801 4l 51 (g1 8hemdins ol hgad (it 558 4 puie oS oS
buas oS i,k sl Platform Builder b« o515 51 cpupes aiag Gadss 058 51o8led,
(5 5mBe | al LI3dlod g, S ssubs sladhs) Image sladls ol Bl 5 5oy
J8 e a5 CPU iy s @y 40 5L €S olaaS 5 lahls 31 (g 5loons 35S o ol

Sl ¥ G gi slayl sl VY.YD

MS Visual Studio

&gl 48 S L€ & Windows Mobile L Win CE

« .ol Net € OB 3 glde gans ) (Net Compact framework) .Net gsuid s,IS O

Gladiie I8l s 0l 2010 s 3 il Sl a0 Sy VB.Net 5 C slas3 s 5

Thread
Source Code *


http://mohandesyar.com

oskie ol sl Windows Phone7 ab 4 (LS 5 was baas S 5 b ge 5008 Baa | 368
LS o suliil

&€ oo Sluisy Net Compact framework 31 50 Code gear =<, Delphi Prism l330a 5
S sulaiinl 358 sladals ys o 53 (510 35 o1 3 Olss o

Lab .GL Basic Basic 4PPC Free Pascal :, 5o afids slad ol 5} osladi s fuinan
Ad usied 59 WIN CE cas 6515808 55 4o 53 (513 -y View

i oo CE-1 Jgaa 501, Win CE (abia gladais oladin

‘eCos \V.Y¥

st ad slagiones (gl 4S il Spu g 5 5Ll 3o (s Sbpsu s Jolepiuns Sy ceCos
b "ol 5 ot (s T sy o (slole a5 e Laidlaatiusc bl sass S ol
DIl gl ralio 5 st o lien YolS oS el sb s @S 4 Jole pianscs ol Al
&= 2L APL 5 il 55 sl 5 coad 8053 C/CH+ SL5 4 Joleatowsi 0l (5l suly sl Bua
a3l POSIX

eCos al b \V.XYY¥.

Sosaim oSlae 5 b slS waiGauia BN s G gaidla b b (bl 6l Jole gl o)
&)= RAM S [lute S alaat v o o3l 85 o (Jaly & cdolealons Gl ol sud alib
ol sulay (0l L RAM (gabisla 2 MB 4 Jilaa 4S) w0 "o aaaad oS gl 51 sty
PR

Calm RISC ARM :JLss (gl i s | pa) w8l 95 oo (551580 slaa il 51 (s ks Lo €COS
...youper H SPARC Power PC Niosll MIPS Motorola 68000 JA-32

a0l 59 Sl 5L s sl S Red Boot s oo 555 50 Red Boot €Cos s yan 4

embedded Configurable Operating System-eCOS *
Process ¥
Thread


http://mohandesyar.com

Spaas ECT diBJa‘;g‘)aLseﬁﬁugau.Se @esa  \V.YL

K) A_.\’S Gué_a.ultg QT BE «< Allgu.n salaial @*m Jg.u.a\,: 6‘)..\ "SSJJ‘;_'" 653‘\5 :)‘ ‘T‘J}" OLH-IJ:\-@-A
\C.\_a.a‘).é&f\).‘;““ﬂ\’..\f.u.l\)\)uc&l@-ﬁ\):ﬁi\)d#‘Qm&‘.@yﬁbujdﬁ£bL.\:uj.n‘<5LA.ca.ul;|
o o3 sl sage 51, ABS 5o 5 IS S (g 1080a 5 SHJBe (5l i dials 5 S alail (6l
il Sl aladl sles GEL SUL

Deadline

tto


http://mohandesyar.com



http://mohandesyar.com

anaas Jusd
sl Lo gyl

Jad Sl
f g oo BBl 55 a5lse b Lad (s 0l 0LG L
ARM byl slas s palsh gla s ylies v/

paalsn s aa L1, ARM (gla g 3 5 S (ulial s Blias Sl58leas Gadia ((Bas 0ol Lo
sla s TS 5 Sua U oila ISl il U ol T (sla ) 5538 5 Ko Jalit sl 0l S
o= oS 5 S ot a3 S oo Wb oo ol Jaleaionn (Ldng) 5o 4S (55408 5k
il sl 5 oYLl i 5 Sy (58 33 2055 malsd aais 1 sl ila ol ol (s 31slsl,
(So—e slabal; s USB (s (s 548 d (oila Slgal & G @S o s 0 1) (2o 5550
St gl s3lsly (SLasS ol yan & Las s ol (slaetds s ssal s LCD (sla Sl 5 i !

lea sa,9) SUS 8l 508 CD o

LPC2103 ubesl 4 dabiags Al ) gl VAN

5 SRAM (s tiila 8 KBS il LPC2000 ool i isla o)y 35S s Sen oy sosles 5 LPC2103
olaus 4 ARM (sla 5o 55 5 S 0 5500500 5 e salen Sl il 5 ool o ylo (uls galasla 32 KB
SSP SPI siled s s (slfzealils L o luilical JUsce sladasl, 3u V - ADC il b sl
295 es3esls SURTC) K050 s SIS waly s 5 ol IS (sla s 31 il 1531 12C s UART
el 5 5B e ol sladaly s e Hlad & (30 YY (sl L5535 See G 5ibe Jla e
il 50 155 V skl (Bl

b e B 18 V as )T (seiua (5hlsly (sl sl Aals 561 5 55Y S5 538 5 See 0
e ila sl (sl 3 LS5 K0 3.3 V 5Lal S el w5 L5 511, 1.8V 30
33 51.8V slashily b 55Y S5 59 5o Sl rars 59 0aoB (5l o wconl S 3550 43
2o 59 oY S, S L aalass B LM1117 5, 8¥ S5 g0 51 olee DS ol 5150 masls V
i oo VALY U8 5o 15 LIS se s oS sulii) « MIC5320 wuilea


http://mohandesyar.com

VIN L.o,;1;\;|7 3.3V
I I 1

VAN U
VAY JS alen 308 sae g 5 12 MHZ Jl S S 51 sl U aicu SIS (g3lulsl

10y
!

a3l e RTXE2 SRTXCT slacsls 4 o Jlail oS o soliiel

SUTPICEre

o)) el 0 alo (Gl (5,40l BUIGI Plail sl Lolaial <€ )5 s, soslo s
]TAG JJ‘AB‘:&—A—U‘L—I—U‘J\L«!‘}‘ “AJJL;AJJJJ.‘A&L}GA :(M‘ﬂw@i‘j GJJROM QJ‘)J‘)JJS
VALY U 5o HLS oy - paS e sullial 515 558 5 She 555 slasS (obicue 5 4l sl

RCIVIN IPSEVE- VST RY OL..‘Z.J

Boot Loader '


http://mohandesyar.com

3.3U

9

JTAG [I]:LBII(

R48[I]FH7 R4S
10K LJ1e< 18K

R49
2 1
3 3 L TRSTN
S 5 (01
R 7 ]
18] 12 TCK
17 11 RTCK
14 13 TLQ
&1 i P T
Toe " Tlisegvoi 1I
UBG_E
p1Ee [R114 [RS8 [ |Rs1
1ok ek |iex| e«
WY JSk

i 50l 4miid lal sl € Jiias &l salb 5o 50 sSs slag sl 3l solitl

o e aalpa 515558 5 e e 53l 0SSO @ e g A ol (oS LS L pue ol (5

1 C5 Al.tw

1194n

e o

48

UDO1.B<CORED

VDD3-11/0)
|_“'E§B_'_IT UDD3-2X1/0)
c2

s

WY S
- 2353 VggA s VDDA Geob 3l lagel 5o ADC [las) SIGT ol plas 4 b ssye (sladsly (saudis
o) 6= RC L 5 LC sobes slajilia 51 Lo gac o ply oy sem oslin slasilis 3ok 51wl (s pu

e

UBS1L
19
UBS2
43 | ysss3
—  LPc2103

23 gl oo suliinl LIS


http://mohandesyar.com

()*——JﬁLﬁ[:::FE—:Izﬁg—
3.3V
42
| —RiB—2 [1eon 31| Joo
VAD U
OV (B8 da 3 Sl saS 5 Sue Hldled (alob o Sl icaula 155585 S ago slatsly 5l e

JLA“.‘(S‘HA_‘:.‘SS%JCJRH&JA:)‘(MJ@L&)AJ‘}‘@@‘JLJJJJ\,A&A‘P
wal osa GeoSela G WlEs oo 58 4das Jla!
3.30
RL
18k Uz
~HLP130T

UCC  RESET
GND d

Tk
. RST

FRST

A S
&u&\AVMJdﬁdﬁJJJ&)ﬁ_}‘LJ@¢RTCJ@JJ}@JJ\}AQWG‘*G}[{JL&]‘
ailad 4335 gu ol oS (838 3.3 Vo gwins badl Juoy s 50 Sl s oo alasl ol suls
S8 3.3V 5l ole 5L Ygans fsa ) S o Jae VBAT sl 361 onels sl ol

(o sdieas sandS Slsa o 51 50l oo ahad (5530 (530 0 0 333 Jladl alK0a (sl

g

02
BATS4C

KRl

WAY s
il S 4 a0 canlio Llas 5a b s 61 w0 0T Jlad! 5 UART JU e asly 3) suliient (sl

JJ‘)L_SU:LJ‘).JJ‘J&J_@.CJ_)buiBJ&‘MAX3232 ;JJJ:.Acsu‘)Iﬁ)‘JJ‘:u‘}mJCJQMJJAA
ol saal VAA JSs

£0.


http://mohandesyar.com

1

D/R¥D@
Y] A

-44“1 5.:\,1:5\,\5 Qf‘ ‘..\;\..\Su.o a_sl.é:.....l 6:);;‘)4.0‘3‘)..\ ‘5“)..\ 4.:2-“)3 c‘aa.u\;d)d‘gjbﬁ :)‘;l
(‘)_‘JJISJJS_.}A C).:sl B P0.14 64_.3‘...::) ISP_E K] Reset 64:_1‘.4 KEK) UART U.EL}SJ‘ GLA
sl saaT VAA Ut 50 oS sl (s5hae i HIS Gl (518 b ss e Slae 59 s o alad)

F

XD/TXDa@

o
EDH

4 L4
i+
1geng | o |
5 e —
- Teorll 1
1PB
= R
11 14 1
TAIN T40UT =
18 | o TeouT 2 |—2-£ 2—-;—
12 ] mour RN —%a—l_—“-a-—c H-
R20UT R2IN AL—E-ﬁ-E—
cTS MAX3232 3.3 dbS—female

VAA S

¢o)

15 U4PUR
EEDE LICC
'1aan“



http://mohandesyar.com

L - ==
- 1—; TAIN TiOUT —;" %—t’. p 47
TZIN T20UT 3 C }—?—
r T
12 13 41: e
R1OUT RLIM 21—
RXpel 9 | p2our  RZIN E —K K-
MAX3232
3.3V 16 15
¥ ]
S 2.3V UzPLB ISP_E 3.3V
RST_E R8 .
18K Ra [ RiB
D1 22K []Q12 22k
s . 1k
McPa3eT  BATSHC [
o " c2e uF!ESET T2
3>—2luce  ReESET 17°== °h . JS—EBCS:L?
GND
— NA 1N4148
l RSTN 1 1 i
ISP _E
4.2K 3,3U 3.3U N
AL S

olial o ola a5 315 susm olail Sl o7 Slbls,) calb 5oy ol oladdn sl

Jﬂ.’S‘Jﬁgebﬁé‘NCD_)d@JGJG@}%JJ%Q‘&w‘)dﬁ&lb@&c&cs@{.\3\’))‘9@

LPC2148 ; suliivul L Whioge ol ¥ gl VALY

ol aasls 3123 LPC2000 (sul ssla s o g sael V(550 lw o 4S (5140 sad aiilan wud)la ool
O S sl ol s s A (5,0 Lo USB Device gou xS 5,38 S (sl ls 55,58 5 S
Gk 3 Ll sl S3saelS 4o (aiiua Al USB (gouii 3 (sl 45) (oola sl 55085 She
3 zola 53 USB Juse sl o3l 50 alob onl 5o wcnad sud Llia 5 aly sl USB
el a2 515 58 5 Ko

ailon 515,508 5 5<0s Gl (5l S 350 QM5 e w0 STV (gl wilan 15 0 ool a1k
3Ly SO o Sl bss Lagsl 5o« olis ol b ok G LPC2103 o) 50 5o € el s30 o]
33V

80 =l 5 S5 4 5L (VREF) ADC pase 0l 05 oo pladl U8 wiles 55 < ADC (sepias
Wase O O Plaial glads o ol culasls e

¢oy


http://mohandesyar.com

sLa b 1,lo USB (slasun€ 55 L ylo sobes " Jlas jue (s4alsd foiia 4 5L Lis USB L bbs )
135 ol Haai,ls .y USB Jlas) souias olas sl (D- 5 D+ slacsly 4o s gdle) (s ,S00 Sl
USB- olas L (553 0 Jlab Jld) pmm (5515852 21808 &S L3l slaeyly) USB Jlsl sty 3|

i oo 15 358 S¥Lasl Gy AN - UK Ho aalea S sl (LED o0 S s, 61 Link

3.3V
3.3V
R31[] R28
¢se| | 1@k
USB_LINK
USB_LINK “IQ .
USB_CDNNECT g

UsSBC/USBSC
| ‘

USB
- p2s M
L2l s £
U2D- “2:5 33 D-
_L::B:I. a2
T~ T~
R.3U
AN UK

S e T S iales S ol 35 SD/MMC gelsila oIS (55lloly sl 5l ey ol alsb o
153 SPTUL s b)) 51 e, SD/MMC salasla (gouii€ 08 wsa G950 5o JgsiS 5 Sae ol
S 5 oA e slie st JLadl Ly caand ssbia IS 50 5m3 arlon S soliies) abiila ol b bl

el st aaa LIS ol laila oS SIS

Passive '

toy


http://mohandesyar.com

33V

3,3y 3.3V
O
R31[1 R28
&88| | 18k
T3
USB_LINK BCER7
USB_LINK “IQ
1))
0 ]
USB_CONNECT ) UQSBC i
[ ]
W :)I
o R0 m
2 6BOR T| wuse
[ ]
m
)] A1 0- (]
U20+ = n2.5—.33 D+ [ 0+ 3|n
R26 =
20— 0-

=

is]
=
o
is]
(%]

8p E_Bp
3.3U

VAN U

to¢



http://mohandesyar.com



http://mohandesyar.com

PR35 98 Juad
Lasals HayS yoy slaada 63l

Jad Sl
f g oo BBl 55 a5lse b Lad (s 0l 0LG L
RSA 3l soliiet U Lassls 08 3o, sy ¥

RSA g, da jas ylaje, V40

slacia s dagig, cpl 3 alS 5o aiiwa RSA 5 DES dasals G0 S Jladey 5a 95,0 Gy 99
5l 5 su s 53OLWT RSA (1581 55 (5l sulyy Sl ale @ a8 i 5l0 15 053 slac 58
e sl il g @b, Sl a g g5l soby (Sala cpne 5o J Gl b asls g ssabla slasS
sl soles olagn g, (s ol 5 asls ol sen GG s id SIS Ee i 0 SHIS sl o gee
S o L) s gan g o gee slanl a3 sl plagi s, ol ses © RSA o, KU (50w suly
(unsigned long long) s #Y maais slael 4 o gaas a4l GouiS oy 55350 Ul
S35 53805 sl L &S il (plasS 4 s 1S il (glins 44 gl 5o Gl Bl e
Db enial Sl aais oy pl il sl basoly (Juala S aSana o (Sol e 5o win 5o ilsad
Al 5 5 (5 R

Jal 1, (ol gabsls 51 1.6 KB (Cortex-M3 cdiua L (saiil 55 G gad Ko (595 o <y sSde oS
S

/***********~k**************************************************

************/
/%)
\file rsa.h
Basic RSA-encryption using 64-bit math (32-bit keys).
*/
/**************************************************************

************/

#ifndef RSA H
#define RSA H
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/* In a secure implementation, huge t should be at least 400
decimal digits, *

* instead of the 20 provided by a 64-bit value. This means
that key values *

* can be no longer than 10 digits in length in the current
implementation. */
typedef uint64 t huge t;

/* Structure for RSA public keys. */
typedef struct rsaPubKey s
{
huge t e;
huge t n;
}
rsaPubKey t;

/* Define a structure for RSA private keys. */
typedef struct rsaPriKey s
{
huge t d;
huge t n;
}

rsaPriKey t;

void rsaTest();

void rsaEncrypt (huge t plaintext, huge t *ciphertext,
rsaPubKey t pubkey);

void rsaDecrypt (huge t ciphertext, huge t *plaintext,
rsaPriKey t prikey);

#endif

/*k*k*k*k*k*k*k*k*k*k*k*k**k*k****k*k*k*k~k*k*k*k*k*k*k*k*k*k*k*k*k*k*k*k************************
************/
/>

\file rsa.c
*/
/*k*k*k**k*k*****‘k**k*k*k*k*k*k*k*k*k*k*k*k*k*k*k*k*k*k*k*k*k*k*k*k*k************************
************/

#include <cross_studio io.h>

#include "rsa.h"

static huge t modexp(huge t a, huge t b, huge t n)
{

huge t y;
y = 1;

toyv
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/* Compute pow(a, b) % n using the binary square and

multiply method. */

}

while (b != 0)
{
/* For each 1 in b, accumulate y. */
if (b & 1)
{
y=(y *a %n;
}

/* Square a for each bit in b. */
a= (a * a) % n;

/* Prepare for the next bit in b. */
b =Db > 1;

return y;

void rsaTest ()

{

huge t rsaOrig, rsaDecrypted, rsakEncrypted;
rsaPubKey t publicKey;

rsaPriKey t privateKey;

int i;

debug printf ("Encrypting with RSA\n");

// Values based on 64-bit math (huge t = unsigned long long)
// which will résult in more secure encryption, but also

// increases the size of the encrypted text

publicKey.e«= 21;

publicKey.n = 16484947;

privateKey.d 15689981;

privateKey.n = 16484947;

///Alternative values with 32-bit math (huge t = unsigned

long)

// or when smaller encrypted text is desired
// publicKey.e = 17;

// publicKey.n = 209;

// privateKey.d = 53;

// privateKey.n = 209;

debug printf ("d=%11ld, e=%11ld, n=%11ld\n",
privateKey.d, publicKey.e, publicKey.n);

for (i = 0; 1 < 128; i++)
{

£OA


http://mohandesyar.com

rsaOrig = 1i;
rsaEncrypt (rsaOrig, &rsaEncrypted, publicKey);
rsaDecrypt (rsakEncrypted, &rsaDecrypted, privateKey):;

if (rsaOrig == rsaDecrypted)
{
debug printf ("In=%511d, Encrypted=%1011d, Out=%511ld
(OK) \n",
rsaOrig, rsaEncrypted, rsaDecrypted);

}

else
{
debug printf ("In=%511d, Encrypted=%1011d, Out=%511d
(ERROR) \n",
rsaOrig, rsaEncrypted, rsaDecrypted);

}
}

void rsaEncrypt (huge t plaintext, huge t *ciphertext,
rsaPubKey t pubkey)

{
*ciphertext = modexp (plaintext; pubkey.e, pubkey.n);

return;

}

void rsaDecrypt (huge t ciphertext, huge t *plaintext,
rsaPriKey t prikey)

{
*plaintext = modexp (ciphertext, prikey.d, prikey.n);

return;
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5 ole aliils at e LI (o slane ol pan & ARM (slasusils s ciline slasal il 55 Jsaa

MJGAL.)L":‘:‘&AJL.\SJJ‘JL;JLSU@LS}

sul g3la s las ) . Cache Typical
ARM s R— (I/D), | MIPS@
ARM ARM MMU it
First
ARM1 [ARMv1l ARM1 ] _ None
implementation
ARMv?2 added the g x I:ZS @
ARMv2 ARM2 MUL Itipl N
! instrlggtlilimlp y) o 0.33 DMIPS/
MHz
ARM?2 Integrated MEMC
(MMU), Graphics
and 10 processor.
ARMv2a |ARM250. |ARMv2aadded the 11:]/1(1)3?:(:13 Z;’[S’HSZ@
SWP and SWPB
(swap)
instructions.
12 MIPS @
First integrated 4K 25 MHz
ARM3 ARMv2 ARM3
@ memory cache. unified |0.50 DMIPS/
MHz
ARMv3 first to
ARM60 f:ffrﬁzt Z—;iss None |[OMIPS@
Y . 12 MHz
ARM6 |[ARMv3 space (previously
v 26-bit)
As ARM60, cache
ARM600 4K_ . 28 MIPS @
and coprocessor |ynified |33 MHz

bus (for FPA10

EAD
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oul g3a 6 slaza ) . Cache Typical
ARM wiua dndfio (1/D), MIPS @
ARM ARM MMU MHz
floating-point
unit).
As ARM60, cache, AK ;; xgzs @
ARM610
Ez:omocesgor unified {0.65 DMIPS/
' MHz
ARM700 8 KB 40 MHz
unified
As ARM700, no 8 KB
ARM710 40 MH
ARM7 |ARMv3 coprocessor bus. 7 |unified z
8 KB 40 MHz
ARM710a As ARM710 . 0.68 DMIPS/
unified
MHz
15 MIPS @
ARM7TDMI(- |3-stage pipeline, Hone 16.8 MHz
S) Thumb 63 DMIPS @
70 MHz
8 KB
ARM710T As ARM7TDM]I, unified, 36 MIPS @
cache MMU 40 MHz
ARMEIY ARMVAT
MI
8 KB
unified,
As A MMU 60 S
RM7TDM], : MIP
ARM720T |°° . with 2 @
cache Fast . vA
Context
Switch
Extensio

EAY
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oul g3a 6 slaza ) . Cache Typical
ARM wiua dndfio (1/D), MIPS @
ARM ARM MMU MHz
n
As ARM7TDMI
ARM740T | ' |MPU
cache
5-stage pipeline,
Thumb, Jazelle
ARM7E] |ARMvV5TE] |ARM7E]-
J voTE] 7EJ-S DBX, Enhanced hone
DSP instructions
5-st.age pipeline, 84 MIPS @
static branch 8 KB 79 MHz
ARMS8 ARMv4 ARMS810 prediction, double= |unified,
] 1.16 DMIPS/
bandwidth MMU
MHz
memory
16 203-
StrongA o KB/8-16|206 MHz
ARMv4 SA-1 5-st |
RM v SHge pipeine yp 1.0 DMIPS/
MMU MHz
- Deli
ARMoTDM] |- Stagepipeline, | oo
Thumb
16
KB/16
ARM9TD KB,
MI ARMvat As ARMO9TDMI MMU 200 MIPS
ARM920T  |°° . ©|with T @
cache FCSE MHz
(Fast
Context
Switch
Extensio

EAY
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oul g3a 6 slaza ) . Cache Typical
ARM wiua dndfio (1/D), MIPS @
ARM ARM MMU MHz
n)
8 KB/8
ARM922T ?:Cﬁfe{:/[gTDMl' KB,
MMU
As ARM9TDM], 4 KB/4
ARM940T
940 caches KB, MPU
variable,
Thumb, Enhanced |tightly
ARM946E-S |DSP instructions, |coupled
caches memorie
s, MPU
ARMVS5TE
Thumb, Enhanced |no cache,
ARM -
RS DSP.instructions |TCMs
ARMOE ARMOGBESS |As ARMOG6E-s  |nCcache
TCMs
Thumb, 11 iable,
umb, Jazelle variable 220 MIPS @
ARMV5TE] [ARM926E]-S |DBX, Enhanced TCMs, 200 MHz
DSP instructions |MMU ’
Clockless ho
caches,
ARMvV5TE |ARM996HS |processor, as TCMs
ARM966E-S ’
MPU
6-stage pipeline, |32
ARM10E |ARMVSTE |ARM1020E | umb Enhanced TKB/32
DSP instructions, |KB,
(VFP) MMU

EAE
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oul g3a 6 slaza ) . Cache Typical
ARM wiua dndfio (1/D), MIPS @
ARM ARM MMU MHz
16
KB/1
ARM1022E |As ARM1020E KB/ 6
MMU
Thumb, Jazelle variable
ARM1026E]J- |DBX, Enh \
ARMVS5TE] 026E] (Enhanced gt
S DSP instructions, MPU
(VFP)
7-stage pipeline Ra
" |KB/32 |133-
MMU
32
Wireless MMX,
o5 KB/32 |312-624
Bulverde Wireless
KB, MHz
SpeedStep added MMU
XScale |[ARMvVSTE
32
KB/32
KB (L1),
Wireless MMX2 optional |up to
Monahans added L2 cache |1.25 GHz
up to
512 KB,
MMU
8-stage pipeline, 740 @ 532-
SIMD, Thumb 665 MHz
ARM1136](F ’ ’ iable,
ARM11 |ARMVG | JE) || azelle DBX, (VFP), ‘1\,:1:/113 ¢ (1.MX31
Enhanced DSP So(C), 400-
instructions 528 MHz

¢Ao
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oul g3a 6 ke ) . Cache Typical
ARM dicua i (1/D), MIPS @
ARM | ARM MMU MHz
9-stage pipeline,
ARM1156T2(|SIMD, Thumb-2, |variable,
ARMv6T2
Vol p)s (VFP), Enhanced |MPU
DSP instructions
965 DMIPS
. @ 772MHz,
ARM1176JZ( |As ARM1136E)(F)- | 2712018 1 t0 2600
ARMv6ZK MMU+T
VORI s I DMIPS with
ustZone
four
processors
ARM11 As ARM1136E](F)- |variable,
ARMv6K
VoK IMPcore S,1-4 coreSMP. | MMU
VFP, NEON, 11 iabl
L Jazelle ‘(,:;fm; 1.57 DMIPS /
Cortex-A5 ’ " IMH
ortex Thumb/Thumb-2, |MMU+Tr Zper
core
1-4 cores ustZone
up to 2000
(2.0
VFP, NEON, Jazelle |variable |[DMIPS/MHz
Cortex-A8 RCT, Thumb-2, 13- |(L1+L2), |in speed
Cortex JaRMViQ stage superscalar |MMU+Tr |from
pipeline ustZone |600 MHz to
greater than
1 GHz)
Application profile,|32 KB/3 |2.5
Cortex-A9  |VFPv3 FPU, NEON, |2 KB L1, |DMIPS/MHz
MPCore Thumb-2, Jazelle |up to per core, 10
RCT/DBX, out-of- |4 MB L2, |000 DMIPS
order speculative |MMU+Tr|@ 2 GHz on

¢AT
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oul g3a 6 slaza ) . Cache Typical
ARM wiua dndis (1/D), MIPS @
ARM | ARM MMU MHz
issue superscalar, |ustZone |Performance
1-4 core SMP Optimized
TSMC 40G
(dual core)
Application profile,
VFPv4 FPU, NEON,
Thumb-2, Jazelle
RCT/DBX, out-of- |32 KB/3
order speculative: |2 KB L1,
Cortex-A15 |issue superscalar,|up to
MPCore Large Physical 4 MB L2,
Address MMU+Tr
Extensions (LPAE), |ustZone
Hardware
virtualization, 1-4
SMP cores
variable
Real-time profile, |cache, 600 DMIPS
Cortex-R|ARMv7-R [ |Cortex-R4(F) Thumb-2, (FPU) | MPU @ 475 MHz
optional
Microcontroller
profile, Thumb-2
subset (16-bit
Thumb
Cortex- instructions & BL, |No 0.9
M ARMVE-M |Cortex-MO |/ 0 MSR,ISB,  |cache. | DMIPS/MHz

DSB, and DMB).
Hardware multiply
instruction
optional

EAY
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oul g3a 6 slaza ) . Cache Typical
ARM dicua dndlio (1/D), MIPS @
ARM ARM MMU MHz
Upto 136
" DMIPS @
. None, 170 MHz
profile, Thumb-2 )
subset (16-bit tightly /(0.8
Cortex-M1 Thumb coupled |DMIPS/MHz,
. . memory [MHz
instructions & BL, optional. |achievable
MRS, MSR, ISB, PO e
DSB, and DMB).
dependent)
Microcontroller 16 cache
profile, Thumb-2 ’1125 DMIPS
ARMv7-M |[Cortex-M3 MPU
v ortex only. Hardware , @ 100 MHz
AP . optional.
divide instruction.
Microcontroller
profile; both
h
ARMv7- . umb and MPU  |1.25
ME Cortex-M4 Thumb-2, FPU. optional. | DMIPS/MHz
Hardware MAC, p '
SIMD and divide
instructions.

EAA
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ARM aicua ARM w3

&Y gaaa

ARM1 ARM1

ARM Evaluation System
second processor for BBC
Micro

ARM2 ARM?2

Acorn‘Archimedes,
Chessmachine

ARM250 |ARM250

Acorn Archimedes

ARM3 ARM3

Acorn Archimedes

ARM60 ARM60

3DO Interactive
Multiplayer, Zarlink GPS
Receiver

ARM610 |ARM610

Acorn Risc PC 600, Apple
Newton 100 series

ARM700 |ARM700

Acorn Risc PC prototype
CPU card

ARM710 |ARM710

Acorn Risc PC 700

ARM7100, ARM 7500 and

ARM710a /) p V75 00FE

Acorn Risc PC 700, Apple
eMate 300, Psion Series 5
(ARM7100), Acorn A7000
(ARM7500), Acorn
A7000+ (ARM7500FE),
Network Computer

(ARM7500FE)

Atmel AT91SAM7, NXP
ARM7TDMI(-S) Semiconductors LPC2000 and
LH754xx, Actel CoreMP7

Game Boy Advance,

Nintendo DS, Apple iPod,
Lego NXT, Juice Box

ARM710T

Psion Series 5mx, Psion

Revo/Revo
Plus/Diamond Mako

ARM720T |NXP Semiconductors LH7952x

Zipit Wireless Messenger

StrongARM Digital SA-110, SA-1100, SA-1110

SA-110

Apple Newton
2x00 series, Acorn

Risc PC

Rebel/Corel
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Netwinder,

Chalice CATS
SA-1100

Psion netBook
SA-1110

LART (computer),

Intel Assabet, Ipag

H36x0,Balloon2,

Zaurus SL-5x00,

HP Jornada 7xx,
[ornada 560

series, Palm Zire
31

Acorn Risc PC prototype

ARM310 CPU card
Armadillo, GP32, GP2X
(first core), Tapwave
Atmel AT91RM9200, AT91SAMY, Zodiac (Motorola i.MX1),
ARM920T Cirrus Logic EP9302, EP9307, Hewlett-Packard HP-
EP9312, EP9315, Samsung S3C2442 |49/50 Calculators, Sun
and S3C2410 SPOT, HTC TyTN, FIC Neo
FreeRunner), TomTom
navigation devices
ARM922T |NXP Semiconductors LH7A40x
GP2X (second core),
ARM940T Meizu M6 Mini Player
Texas Instruments OMAP1710, Mobile phones: Sony
OMAP1610, OMAP1611, OMAP1612, [Ericsson (K, W series);
OMAP-L137, OMAP-L138; Qualcomm Siemens and Benqg (x65
MSM6100, MSM6125, MSM6225, series and newer); LG
MSM6245, MSM6250, MSM62554A, |Arena; , GPH Wiz,
MSM6260, MSM6275, MSM62380, Squeezebox Duet
MSM6300, MSM6500, MSM6800; Controller (Samsung
ARM926E]-S [Freescale i.MX21,i.MX27, Atmel S3C2412). Squeezebox

AT91SAM9, NXP Semiconductors,

Samsung S3C2412 LPC30xx, NEC
C10046F5-211-PN2-A SoC -
undocumented core in the ATi
Hollywood graphics chip used in the
Wii, Telechips TCC7801, TCC7901,
ZiiLABS ZMS-05, Rockchip RK2806

Radio; Buffalo
TeraStation Live (NAS);
Drobo FS (NAS); Western
Digital MyBook I World
Edition; Western Digital
MyBook Il World Edition;
Seagate FreeAgent
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and RK2808, NeoMagic MiMagic
Family MM6, MM6+, MM8, MTV.

DockStar STDSD10G-RK;
Seagate FreeAgent GoFlex

Home; Chumby Classic

Nintendo DS, Nokia N-

Gage, Canon PowerShot

ARM946E-S A470, Canon EOS 5D
Mark II, Conexant 802.11
chips, Samsung S5L2010

ARM966E-S |ST Micro STR91xF

ARM968E-S |NXP Semiconductors LPC29xx

ARM1026EJ-S

Conexant so4610 and so4615 ADSL
SoC

XScale

Intel 80200,80219, PXA210,
PXA250, PXA255, PXA263, PXA26x,
PXA27x%, PXA3xx, PXA900, 1XC1100,
IXP42x

80219
Thecus N2100
I0P321
Iyonix
PXA210/PXA250
Zaurus SL-5600,
iPAQ H3900, Sony
CLIE NX60,
NX70V, NZ90
PXA255
Gumstix basix &
connex, Palm
Tungsten E2,
Zaurus SL-C860,
Mentor Ranger &
Stryder, iRex
ILiad
PXA263
Sony CLIE NX73V,
NX80V
PXA26x
Palm Tungsten T3
PXA27x
Gumstix verdex,
"Trizeps-
Modules"
"eSOM270-
Module" PXA270
COM, HTC
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Universal, HP
hx4700, Zaurus
SL-C1000, 3000,
3100, 3200, Dell
Axim x30, x50,
and x51 series,
Motorola Q,
Balloon3
Trolltech
Greenphone, Palm
TX, Motorola Ezx
Platform A728,
A780,A910,
A1200, E680,
E680i, E680g,
E690, E895, Rokr
E2, Rokr E6,
Fujitsu Siemens
LOOX N560,
Toshiba Portégé
G500, Treo 650-
755p, Zipit Z2, HP
iPaq 614c
Business
Navigator, [-mate
PDA2

PXA3XX
Samsung Omnia

PXA900
Blackberry 8700,
Blackberry Pearl
(8100)

[XP42x
NSLU2

ARM1136J(F)-S

Texas Instruments OMAP2420,
Qualcomm MSM7200, MSM7201A,
MSM7227, Freescale i.MX31 and

MXC300-30

OMAP2420
Nokia E90, Nokia
N93, Nokia N95,
Nokia N82, Zune,
BUGbase, Nokia
N800, Nokia N810

MSM7200
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Eten Glofiish, HTC
TyTN II, HTC Nike
Freescale iMX31
original Zune
30gb, Toshiba
Gigabeat S and
Kindle DX
Freescale MXC300-30
Nokia E63, Nokia
E71, Nokia 5800,
Nokia E51, Nokia
6700 Classic,
Nokia 6120
Classic, Nokia
6210 Navigator,
Nokia 6220
Classic, Nokia
6290, Nokia 6710
Navigator, Nokia
6720 Classic,
Nokia E75, Nokia
N97, Nokia N81
Qualcomm MSM7201A
HTC Dream, HTC
Magic, Motorola
il, Motorola Z6,
HTC Hero,

Samsung SGH-
i627 (Propel Pro),

Sony Ericsson
Xperia X10 Mini
Pro

Qualcomm MSM7227
ZTE Link

ARM1176JZ(F)-
S

Conexant CX2427X, Nvidia GoForce

GOLD 213

6100; Telechips TCC9101, TCC9201,
TCC8900, Fujitsu MB86H60,

Samsung S3C6410, S3C6430,
Qualcomm MSM7627, Infineon X-

Apple iPhone (original
and 3G), Apple iPod touch

(1stand 2nd Generation),
Motorola RIZR 78,
Motorola RIZR 710,
Nintendo 3DS

S3C6410
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Samsung Omnia
1I, Samsung
Moment, SmartQ
5, Tablet PC
Qualcomm MSM7627
Palm Pixi and
Motorola
Calgary/Devour
lelllzzlolri Nvidia APX 2500
SBM7000, Oregon State
University OSWALD,
Gumstix Overo Earth,
Pandora, Apple iPhone
3GS, Apple iPod touch
(3rd and 4th Generation),
Apple iPad (A4), Apple
iPhone 4 (A4), Archos 5,
Texas Instruments OMAP3xxx series, BeagleBoard, Motorola
FreeScale i.MX51-SOC, Apple A4, Droid, Motorola Droid X,
Cortex-A8 |ZiiLABS ZMS-08, Qualcomm Motorola Droid 2,
Snapdragon Motorola Droid R2D2
QSD8x50(A)/MSM7x30/MSM8255 |Edition, Palm Pre,
Samsung Omnia HD,
Samsung Wave S8500,
Samsung i9000 Galaxy S,
Sony Ericsson Satio,
Touch Book, Nokia N900,
Meizu M9, Google Nexus
S, Sharp PC-7Z1
"Netwalker".
Texas Instruments
OMAP4430/4440, ST-Ericsson
U8500 / U5500, Nvidia TegraZ2,
Qualcomm Snapdragon
Cortex-A9 |QSD8672/MSM8260/MSM8660,
Samsung Orion, STMicroelectronics
SPEAr1310, Xilinx Extensible
Processing Platform, Trident
PNX847x/8x/9x STB SoC
Cortex-A15 |Qualcomm Snapdragon

€9¢



http://en.wikipedia.org/wiki/Samsung_Omnia_II
http://en.wikipedia.org/wiki/Samsung_Omnia_II
http://en.wikipedia.org/wiki/Samsung_Moment
http://en.wikipedia.org/wiki/Samsung_Moment
http://en.wikipedia.org/wiki/SmartQ_5
http://en.wikipedia.org/wiki/SmartQ_5
http://www.dealextreme.com/details.dx/sku.41984~r.34774240
http://en.wikipedia.org/wiki/Palm_Pixi
http://en.wikipedia.org/wiki/Nvidia_APX_2500
http://en.wikipedia.org/wiki/ARM_Cortex-A8
http://en.wikipedia.org/wiki/OMAP
http://en.wikipedia.org/wiki/Freescale_Semiconductor
http://en.wikipedia.org/wiki/System-on-a-chip
http://en.wikipedia.org/wiki/Apple_A4
http://en.wikipedia.org/wiki/ZiiLABS
http://en.wikipedia.org/wiki/Snapdragon_%28processor%29
http://en.wikipedia.org/w/index.php?title=OSWALD&action=edit&redlink=1
http://en.wikipedia.org/wiki/Gumstix
http://en.wikipedia.org/wiki/Pandora_%28console%29
http://en.wikipedia.org/wiki/Apple_iPhone_3GS
http://en.wikipedia.org/wiki/Apple_iPhone_3GS
http://en.wikipedia.org/wiki/IPod_touch
http://en.wikipedia.org/wiki/IPod_touch
http://en.wikipedia.org/wiki/Apple_iPad
http://en.wikipedia.org/wiki/Apple_A4
http://en.wikipedia.org/wiki/Apple_iPhone_4
http://en.wikipedia.org/wiki/Apple_iPhone_4
http://en.wikipedia.org/wiki/Archos_5
http://en.wikipedia.org/wiki/BeagleBoard
http://en.wikipedia.org/wiki/Motorola_Droid
http://en.wikipedia.org/wiki/Motorola_Droid
http://en.wikipedia.org/wiki/Motorola_Droid_X
http://en.wikipedia.org/wiki/Motorola_Droid_2
http://en.wikipedia.org/wiki/Motorola_Droid_2
http://en.wikipedia.org/wiki/Motorola_Droid_2
http://en.wikipedia.org/wiki/Palm_Pre
http://en.wikipedia.org/wiki/Samsung_i8910
http://en.wikipedia.org/wiki/Samsung_Wave_S8500
http://en.wikipedia.org/wiki/Samsung_i9000_Galaxy_S
http://en.wikipedia.org/wiki/Sony_Ericsson_Satio
http://en.wikipedia.org/wiki/Smartbook#Always_Innovating_Touch_Book
http://en.wikipedia.org/wiki/Nokia_N900
http://en.wikipedia.org/w/index.php?title=Meizu_M9&action=edit&redlink=1
http://en.wikipedia.org/wiki/Nexus_S
http://en.wikipedia.org/wiki/Nexus_S
http://en.wikipedia.org/wiki/Smartbook
http://en.wikipedia.org/wiki/Smartbook
http://en.wikipedia.org/wiki/ARM_Cortex-A9_MPCore
http://en.wikipedia.org/wiki/OMAP#OMAP4
http://en.wikipedia.org/wiki/ST-Ericsson
http://en.wikipedia.org/wiki/Nvidia_Tegra#Tegra_250
http://en.wikipedia.org/wiki/Snapdragon_%28processor%29
http://en.wikipedia.org/wiki/Samsung
http://www.st.com/internet/mcu/product/250658.jsp
http://en.wikipedia.org/wiki/ARM_Cortex-A15_MPCore
http://en.wikipedia.org/wiki/Snapdragon_%28processor%29
http://mohandesyar.com

ARM dicun

ARM w3

MSM8270/MSM8960, Texas
Instruments OMAPS5, Samsung, ST
Ericsson

Cortex-R4(F)

Broadcom, Texas Instruments
TMS570

Cortex-MO

NXP Semiconductors LPC11xx, Triad

Semiconductor, Melfas, Chungbuk

Technopark, Nuvoton,

austriamicrosystems, Rohm

Cortex-M1

Actel ProASIC3, ProASIC3L, IGLOO

and Fusion PSC devices, Altera

Cyclone 111, other FPGA products are
also supported e.g. Synplicity

Cortex-M3

Texas Instruments Stellaris, ST

Microelectronics STM32, NXP

Semiconductors LPC17xx,Toshiba

TMPM330, Ember EM3xx, Atmel

AT91SAM3, Europe Technologies
EasyBCU, Energy Micro EFM32, Actel

SmartFusion; mbed microcontroller

Cortex-M4

Freescale Kinetis, NXP
Semiconductors LCP4300,STMicro

¢q0



http://en.wikipedia.org/wiki/Broadcom
http://en.wikipedia.org/wiki/NXP_Semiconductors
http://www.standardics.nxp.com/products/lpc1000/lpc11xx/
http://en.wikipedia.org/w/index.php?title=Triad_Semiconductor&action=edit&redlink=1
http://en.wikipedia.org/w/index.php?title=Triad_Semiconductor&action=edit&redlink=1
http://en.wikipedia.org/w/index.php?title=Melfas&action=edit&redlink=1
http://en.wikipedia.org/w/index.php?title=Chungbuk_Technopark&action=edit&redlink=1
http://en.wikipedia.org/w/index.php?title=Chungbuk_Technopark&action=edit&redlink=1
http://en.wikipedia.org/wiki/Nuvoton
http://en.wikipedia.org/wiki/Austriamicrosystems
http://en.wikipedia.org/wiki/Rohm
http://www.actel.com/products/mpu/CortexM1/default.aspx
http://www.actel.com/products/mpu/CortexM1/default.aspx
http://www.arm.com/fpga/
http://www.arm.com/fpga/
http://www.synplicity.com/partners/readyip/
http://en.wikipedia.org/wiki/Texas_Instruments
http://focus.ti.com/mcu/docs/mculuminaryprodoverview.tsp?sectionId=95&tabId=2486&familyId=1755&DCMP=Luminary&HQS=Other+OT+stellaris
http://en.wikipedia.org/wiki/ST_Microelectronics
http://en.wikipedia.org/wiki/ST_Microelectronics
http://mcu.st.com/
http://en.wikipedia.org/wiki/NXP_Semiconductors
http://en.wikipedia.org/wiki/NXP_Semiconductors
http://www.standardics.nxp.com/products/lpc1000/lpc17xx/
http://en.wikipedia.org/wiki/Toshiba
http://www.toshiba.com/taec/news/press_releases/2008/mcus_08_542.jsp
http://en.wikipedia.org/wiki/Ember_%28company%29
http://en.wikipedia.org/wiki/Atmel
http://en.wikipedia.org/wiki/AT91SAM
http://en.wikipedia.org/w/index.php?title=Europe_Technologies&action=edit&redlink=1
http://www.europe-technologies.com/easyBCU.php
http://en.wikipedia.org/wiki/Energy_Micro
http://en.wikipedia.org/wiki/EFM32
http://en.wikipedia.org/wiki/Actel
http://www.actel.com/products/SmartFusion/default.aspx
http://en.wikipedia.org/wiki/Mbed_microcontroller
http://mohandesyar.com

C.’:bjlud 5‘J..;| (54.\.\ou

GJJ‘)__':)_:::...J‘{_E.&L;QCHLAQ:Q}O&S%AAJQJ\%J@AJ‘JSL&S:\J&é.ul&f._v&:“)jl.ud
81 mls iy |y Ladal, (58 b Lat gl st byl ) 5 slael i li€ue 5560 She ey
~0 3 Ml (sl s S suliial gl (sl i 51wl doal Glad dnlae bo i o3s

S g sa s OB suls (slaeS s iy la) 0 5050

ARM7TDMI s ol sius slyal saugle)

GAli el gtda po S L b gk Y dgl ba S Gdld 53 ARM7TDMI susls s 4ieea
ol (S aas b U8 ol shiua ds Lo gae ol ja) sl ulaas ool suk

Slade s (Se ML, sl slaas conabons A saieas TY sl & Jolds sai€o s Hlas
aolaRs o

M Rsrange (use the first applicable range) Rs bitmap s =sign bit x = wildcard-bit

1 —28 c_:x«:Z8 S55SSS555 SSSSSSSS SS55555SS XXXXXXXX
2 216 < < 2l6 $S5555555 SSSSS555 XXXXXXXX XXXXXXXX
3 M << SSSSSSSS XXXXXXXX XXXXXXXX XXXXXXXX
4  remaining x XXXXXXXX XXXXXXXX XXXXXXXX XXXXXXXX
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Instruction class  Cycles Notes

ALU 1 +1 if you use a register-specified shift Rs.
+2 if Rd is pc.

B, BL, BX 3

CDP 1+B

LDC 1+B+N

LDR/B/H/SB/SH 3 +2 if Rd is pe.

LDM 2+N +2 if pcis in the register list.

MCR 2+B

MLA 2+ M

XMLAL 3+ M

MRC 3+B

MRS, MSR 1

MUL 1+ M

xMULL 2+ M

STC 1+B+N

STR/B/H 2

STM 1+ N

SWI 3

SWP/B 4

ARMOTDMI 4 &, siws glyal sangle)

il 5o 5 oloal Gala yo K e b glids —0 4l ) ba S ulisl s ARMITDMI 653l 5 iua
Js8 wsls ssasLoad ;i 3 aas 5Al IS 50 b SO Y sane ol sud AL aladls ) asl
NCI PPN KPR PP L Y

auylaRs ol
M  Rsrange (use the first applicable range) Rs bitmap s = sign bit x = wildcard-bit
1 28 < x <28 55555555 55555555 SSS5S5555 XXXXXXXX
2 26 <yl SSSS5555 SSSSSSSS XXXXXXXX XXXXXXXX
3 —2M << SSSSSSSS XXXXXXXX XXXXXXXX XXXXXXXX
4 remaining x XXXXXXXX XXXXXXXX XXXXXXXX XXXXXXXX

1%
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Instruction class Cycles Notes

ALU 1 +1 if a register-specified shift Rsis used.
+2 if Rd is pc.

B, BL, BX 3

coP 1+B

LDC B+N

LDRB/H/SB/SH 1 Rd is not available for two cycles.

LDR Rd not pc 1 Rd is not available for one cycle.

LDR Rd is pc 5

LDM not loading pc N +1if N = 1 or the last loaded register used in
the next cycle.

LDM loading pc N+4

MCR 1+B

MRC Rd not pc 1+B Rd is not available for one cycle.

MRC Rdis pc 3+B

MRS 1

MSR 1 +2 if any of the csx fields are updated.

MUL, MLA 2+ M

XxMULL, xMLAL 3+ M

STC B+N

STR/B/H 1

STM N +1if N =1.

SWI 3

SWP/B 2 Rd is not available for one cycle.
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Instruction Class Cycles  Notes

ALU Rd not pc 1 +1 if a register-specified shift is used.

ALU Rd is pc 3 +1 if the operation is logical or any shift is used.

B, BL, BX, BLX 3

cop 1+B

LDC B+N

LDRB/H/SB/SH 1 Rd is not available for two cycles.
+1 if the load offset is shifted.

LDR Rd not pc 1 Rd is not available for one cycle.
+1 if the load offset is shifted.

LDR Rd is pc 5 +1 if the load offset is shifted.

LDRD 2 R(d+1) is not available for one cycle.

LDM not loading pe N +1if N = 1 or the last loaded register used in the next
cycle.

LDM loading pc N+4

MCR 1+B

MCRR 2+B

MRC Rd not pc 1+B Rd is not available for one cycle.

MRC Rd is pe 4+B

MRRC 2+B Rn is not available for one cycle.

MRS 2

MSR 1 +2 if any of the csx fields are updated.

MUL, MLA 2 Rd is not available for one cycle, except as an
accumulator input for a multiply accumulate.

MULS, MLAS 4

xMULL, xMLAL 3 RdHi is not available for one cycle, except as an

accumulator input for a multiply accumulate.
xMULLS, xMLALS 5
PLD 1
QxADD, QxSUB 1
SMULxy, SMLAxy, SMULWx, SMLAWx 1

Rd is not available for one cycle.

Rd is not available for one cycle, except as an
accumulator input for a multiply accumulate.
SMLALxy 2 RdHi is not available for one cycle, except as an
accumulator input for a multiply accumulate.

STC B+N

STR/B/H 1 +1 if a shifted offset is used.
STRD 2

STM N +l1if N =1.

SWI 3

SWP/B 2 Rd is not available for one cycle.

ARMI0E s &l gias shyal gaisples
sadt AL Gt 00 S ity b sl —0 alg) baa S5 uleal 53 ARM10E 533l dicus
sols 4 Ol el 51 UB Wil ga s oo b s Load | sis 5 any A6 e S Y gans ol
= solaws ;a0 5 5850 ol sy Gy ol s FY sols sligs s1,ls ARMIOE sl e
olas 1, ARMI0E ol sis lal saingle) 5ad Jgan S (i |) o #F JSaw 58 50wl

..A.AJL;A
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Instruction class

Cycles Notes

ALU

B, BX

BL, BLX

CbP

LbC
LDR/B/H/SB/SH
Rd not pc

LDR Rd is pc

LDRD
LDM not loading pc

1

[SS 3 8]

—

+1 if a register-specified shift, or RRX, is used.
+4if Rd is pe.

An exception is MOV pc, Rn. This takes 4 cycles.
+4 if the branch is mispredicted.

+4 if the branch is mispredicted.

Data availability depends on the coprocessor.

Rd is not available for one cycle.

+1 if the addressing mode is register preindexed with the option of a
(constant) shift.

+1 if the offset (pre- or postindex) is a shifted register.

[2 cycles if not executed].

Rd and R(d + 1) are not available for one cycle.

The first data item is not available for one cycle. Once the address is 8-byte
aligned, data items are loaded in pairs, at two per cycle. Therefore the kth
data item will be available after (k + a + 1)/2 cycles, where a is bit 2 of the
base address. You cannot start another load or store until this one has
finished.

LDM loading pc L+6 L=(N+a)/2,and ais bit 2 of the base address.

MCR, MCCR 1

MR{R}C Rdnot pc 1 Rd is not available for one cycle.

MRC Rd is pc 2

MRS 1

MSR to ¢psr 1 +3 if any of the csx fields are updated.

MSR to spsr 3 [2 if the instruction is not executed. ]

MUL, MLA 2 Rd is not available for one cycle.

MULS, MLAS 4

XMULL, xMLAL 3 RdHi is not available for one cycle.

XMULLS, xMLALS 5

Instruction class  Cycles Notes

PLD 1 +1 it a shifted register offset is used.

QxADD, QxSUB 1 Rd is not available for one cycle.

SMULxy, SMULWx 1 Rd is not available for one cycle.

SMLAxy, SMLAWx 2

SMLALxy 2 RdHi is not available for one cycle.

STC 1

STR/B/H 1 +1 if a preindexed shifted register offset is used.

STRD 1

STM 1 Registers are stored two per cycle once the address is 8-byte aligned. You
cannot write a register in the register list until its value has been stored.
You cannot start another load or store until this one is complete.

SWP/B 2

ARMI11 L &) sius lual sangle)
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LDR r0, [rl] ; rO not available for 2 cycles
MOV r2, r0, ASR#3 ; rO0 required one cycle early

LS—J B |J ol GLG_HJ‘)JT J_“\’:Lra < @Jﬂ:l“‘:ilg‘._\% ouJT b-\:\:\SAﬁJJS ..\A‘J 6‘)‘4 ARMll Aua

sLeills slelon slaad 55 Jgan i€ o Jsb (558 JSamuss oanny Slpasal a8 a5 (Ko
a8 g GLEN T & glata U.mau.u)ﬂ

A Addressing modes

1 [Rn, #<signed-offset>]{!}
[Rn], #<signed-offset>
[Rn, Rm {, LSL #2} 1{!}
[Rn], Rm{, LSL #2}
2 [Rn,-Rm] {!}
[Rn], -Rm
[Rn, {-}<shifted_Rm>]{!} where shift is not LSL #0 or LSL #2
[

Ru], {-}<shifted_Rm> where shift is not LSL #0 or LSL #2

was o olis 1, ARMIT o) sicns slhal gaugle)y s Jsaa
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Instruction class Cycles Notes
ALU operations except a 1 R is required one cycle early if shifted by a constant shift.
MOV to pc (for MOV to
pe, see BX) +1 if a register-specified shift is used. In this case Rs is
required one cycle early and R is not required until the second
cycle.
+6 if Rd is pe.

B <immed> 1 Assumes successful dynamic prediction. Some dynamically

BL <immed> predicted branches may be folded, to be zero cycles.

BLX <immed>
+3 for successful static prediction.
+4 for unsuccessful static or dynamic prediction. In this case
the flags are required two cycles early.

BX Ir 4 +1 if unconditional and return stack is empty.

MOV pc, Ir +3 if unconditional and return stack mispredicts.
+1 if conditional. In this case the flags are required two cycles
early.

BX Rm (not Ir) 5 If no shift on MOV and conditional, the flags are required two

BLX Rm cycles early.

MOV pe, Rm (not Ir) +1 if a constant shift is used for MOV. In this case Rm is required
one cycle early. If conditional, then the flags are required one
cycle early.
+2 if a register-specified shift is used for MOV. In this case Rsis
required one cycle early, and R is not used until the second
cycle.

CPS 1 +1 if a mode change occurs.

LDR/B/H/SB/SH/D A Rd is not available for two cycles. R(d + 1)is not available

Rd not pc for two cycles for LDRD.

If the load is potentially unaligned (base or offset unaligned),
then you cannot start another memory access on the next cycle.
If the load is unaligned, then Rd is not available for three cycles
for LDR/H/SH. For LDRD Rd is not available for two cycles and
R(d + 1) for three cycles.
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Instruction class Cycles Notes

LDR pe, [sp, £off] {1} 4 +4 if unconditional and return stack is empty.

LDR pe, [sp], #off +5 if unconditional and return stack mispredicts
+4 if conditional.

LDR pcnot using a A+7

constant stack offset

LDM not loading pe 1 You cannot start another memory access for the next
(N + a — 1)/2 cycles, where a is bit 2 of the address.
The kth register in the list not available for (k 4+ a + 3)/2 cycles.

LDM sp{!} loading pc 4 +5 if conditional or return stack empty or return stack
mispredicts. You cannot start another memory access for
(N + a)/2 cycles. The kth register in the list not available for
(k+ a+5)/2 cycles.

LDM loading pc not from 8 You cannot start another memory access for (N + a)/2

the stack cycles. The kth register in the list not available for (k + a + 5)/2

cycles.

MCR/MCRR 1 This counts as a memory access.

MRC/MRRC 1 This counts as a memory access. The result registers are not
available for two cycles.

MRS 1

MSR to cpsr 1 +3 if any of the csx fields are updated.

MSR to spsr 5

MUL, MLA 2 Rd is not available for two cycles, except as an accumulator
input for another multiply accumulate when it is not available
for one cycle.
Rm and Rs are required one cycle early. R#u is not required until
the second cycle for MLA.

MULS, MLAS 5 R and Rs are required one cycle early. R# is not required until
the second cycle for MLAS.

xMULL, xMLAL 3 RdLo is not available for one cycle. RdHi is not available for
two cycles. Reduce these latencies by one if these registers are
used as accumulator inputs for another multiply accumulate.
R and Rs are required one cycle early. RdLo is not required
until the second cycle for MLAL.

xMULLS, xMLALS 6 R and Rs are required one cycle early. RdLo is not required

PKHBT, PKHTB

until the second cycle for MLAL.
R is required one cycle early.
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Instruction class Cycles Notes
PLD A
QxADD, QxSUB 1 Rd is not available for one cycle. Rn is required one cycle early
for QDADD and QDSUB.
REV, REV16, REVSH 1 R is required one cycle early.
{S,SH,Q,U,UH,UQ} 1 Rd is not available for one cycle for saturating or halving
ADD16, ADDSUBX, operations (SH, Q, UH, UQ prefix).
SUBADDX, SUB16, R is required one cycle early for ADDSUBX and SUBADDX
ADD8, SUB8 operations.
SEL 1
SETEND 1
SMULxy, SMLAxy, 1 Rdis not available for two cycles, except as an accumulator input
SMULWy, SMLAWy for another multiply accumulate when it is not available for
SMUAD, SMLAD, one cycle.
SMUSD, SMLSD Rim and Rs are required one cycle early.
SMLALxy, SMLALD{X}, 2 RdLo is not available for one cycle. RdHi is not available for
SMLSLD{X} two cycles. Reduce these latencies by one if these registers are
used as accumulator inputs for another multiply accumulate.
R and Rs are required one cycle early. RdHi is not required
until the second cycle.
SMMUL{R}, SMMLA{R}, 2 Rd is not available for two cycles, except as an accumulator
SMMLS {R} input for another multiply accumulate when it is not available
for one cycle.
R and Rs are required one cycle early. Rn is not required until
the second cycle.
SSAT, USAT, SSATI16, 1 Rd is not available for one cycle. R is required one cycle early
USAT16 for SSAT and USAT.
STR/B/H/D A If the store is potentially unaligned (base or offset unaligned),
then you cannot start a memory access on the next cycle.
For STRD you cannot start another instruction that writes to
R(d + 1) for one cycle.
STM 1 You cannot start another memory access for the next
(N + a — 1)/2 cycles, where a is bit 2 of the address.
You cannot start an instruction that writes to the kth register in
the list for k/2 cycles.
SWI 8
SWP/B 2 Rd is not available for one cycle.
SXT, UXT 1 Rm is required one cycle early.
Instruction class Cycles Notes
UMAAL 3 RdLo is not available for one cycle. RdHi is not available for

USAD8, USADA8

two cycles. These latencies are reduced by one for another
accumulate.

Rm and Rs are required one cycle early. RdLo is not required
until the second cycle.

Rd is not available for two cycles, with the exception that the
result of USADS is available as the accumulator for USADAS after
one cycle.

R and Rs are required one cycle early.
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