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Abstract

This report describes a design of the device that generates VGA signal to display
image data from the SD Card. It consists of two parts, a data storage unit and a VGA
signal generator. The SD Card stores the image file in Bitmap using FAT32 file system
and interfaces with the generator unit, the ARM7 microcontroller, via SPI Bus. The

ARMT7 generates VGA signal to drive the external monitor through D-Sub port.
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1. CMD: Command is bi-directional signal.(Host and card driver are operating in push pull mode.)
2. DATO-3: Data lines are bi-directional signals. (Host and card drivers are operating in push pull
mode.)
3. CLK: Clock is a host to cards signal. (CLLK operates in push pull mode.}
4. VDD: VDD is the power supply line for all cards
5. VS8S: VSS are two ground lines
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SD Card LU SPI interface AR 1ASY SPI Hosts HifivialdIumaa miteugulnssid
AARBLLY SPI 817 SD card 4111 SPI Channel U5noudan

1. CS: Host to card Chip Select signal.

2. SCLK: Host to card clock signal.

3. Data In: Host to card data signal.

4. Data Out: Card to host data signal.
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1
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FIIAIANLLAY

A15799 2.2 ansyafaee Ivua SPI

v 1 ) ] 1 4
Wirutidhufssiida laon2 1Un1ed v unsoms Weusas Initial Card 13U

Command | Argument Response | Data | Abbreviation Description
Index

CMDO None(0) R1 No GO_IDLE_STATE Software
reset.

CMD1 None(0) R1 No SEND_OP_COND Initiate
initialization
process.

CMD9 None(0) R1 Yes | SEND_CSD Read CSD
register.

CMDI10 None(0) Rl Yes | SEND_CID Read CID
register.

CMDI12 None(0) R1b No STOP_TRANSMISSION Stop to read
data.

CMD17 Address[31:0] R1 Yes | READ_SINGLE BLOCK Read a block.

CMD18 Address[31:0] R1 Yes | READ MULTIPLE BLOCK Read multiple
blocks.

CMD23 Number of R1 No SET_BLOCK_COUNT For only

blocks[15:0] MMC.
Define
number of
blocks to
transfer
with next
multi-block
read/write
command.

ACMD23 | Number of R1 No SET _WR_BLOCK_ERASE _ For only

(*1) blocks[22:0] COUNT SDC. Define




number of
blocks to pre-
erase

with next
multi-block
write

command.

CMD24 Address[31:0] R1 Yes WRITE_BLOCK Write a
block.

CMD25 Address[31:0] R1 Yes | WRITE_MULTIPLE BLOCK | Write

multiple

blocks.

CMDS55 None(0) Rl No APP_CMD Application
specific

command.

CMD58 None(0) R3 No READ OCR Read OCR.

*1: ACMD <n> means a command sequence of CMD55-CMD <n>,

2.1.5 Command Response TuInuaspl
o s o P £ to o w e
misaeundululnua sp1 szliegeugiluuy Ao R1, R2 uaz R3 Ay 2.7 Yuegiudidan
Host daun uamdeduuineednsasunduluzluus R1 dmn R Siaudu ox00 uanednlaidl

= - ; ) u’a o/ 1) n’:
%ﬂﬂﬂﬂﬁ'lﬂlﬂﬂ‘llu TIUNMIADUAUOILDY R3 HUIZADUAALIRNWIZ CMDS58 iN1UU

R1 Response R3 Response
CORNENRERR [R1| , OCR , |
In ldle State
, OCR (32bit}
Erase Reset Same a5 IR 1

Migal Command
Command CRC Error
Erase Sequense Error
Addiess Enor
Parameter Error

3UN 2.7 MIRDUNAULUL VAN



2.2 msmeleudeya

2.2.1 Data Packet 182 Data response

Data Packet
[Data Token| Data Block [ crC |

1 byte 1- 2048 bytes 2 bytes
Data Token Error Token
1]1]1]1]9]1]1]0] Data token for cun17/18724  [o]0]0] Fiags |
1[1[1]1]1]1]0]0] Data token for CMD25 L Ener
A[1[1[1]3[1]0]1] Stop Tran token for CMD25 e falled

Owut of range

Data Response L Cand Is locked
(X[x[x[o] Stows [

0 1 0—— Data accepted
1 0 1—— Data rejected due to a CRC error
1 1 0— Data rejected due 10 a write ertor

31U 2.8 Tnsaerd19v04Data Packet
1 ' o ' -]
Tunsaio Teudoya vzlimsdio Teunda91niin1s 89 Command Response &2 vdondeyas:

. 4 . 4
gnnieToulugal Data Packet #9152nou'l1/A70 Data Token, Data Block uaz CRC Aauaad luguli 2.8

3 ]
9r

of ' -] & J (XY ' o [}
931 18731 Data Token 9zlegaiuuuy Fa¥usgiuunazfdann

2.2.2 A4 Single Block Read

Resp.
DO Ll | Data Packet

4w A o o dvve

[] y L d ]
Argument Nnevhadideilsziiuddimunienmsaiuduvesdoyanozs i emdail 145y
=1

] ¥ 3
a

or 4 b o a ; 9 =g J ) o -
nyagunNau ﬂsxmumsmu'uagammwuiﬂuqmagammmsmuuuﬂﬂzﬂﬂm1ﬂua Host 118

N

i 1 o o v o a o 3 4
Host 7579WY Data Token Hdau1 Host nazdinisemuiendoyainiunds Token Wy ialiniu

= = 3 ° { a 1 A d
NﬂWﬁ]ﬂlﬂﬂﬁlufiuﬂ]i“?QTu Token ﬁllﬁﬂQﬂ'JTﬂJNﬂwa']ﬂ‘D:»’Qﬂﬁﬁllnlﬂuﬂuaﬂﬂ'ﬁﬂgﬁ

2.2.3 A4 Multiple Block Read

1-8hyte
- =
Dt [£HD18 |  cma CMD12 cmad
/ Resp. /Rnsp.
Do ] | DataPacket | [ paaPacket | A ] s |
Ma Packet

o w l: T ﬂ’d’ =] o ] { o 1ot

fdsliflunisemdoyaniiaznatng udonndumiseamsaiinimua dminliting
° o o ' ' 4 Sy I T 4 ' o
ﬂ‘]”Uﬂﬂ'lu']u‘Uﬁﬂﬂluﬂ’]ﬁﬂ‘luﬂﬂﬁuﬂﬂﬁth ﬂixU'Juﬂ'ﬁa"uui)xﬂ’lluuﬂﬂluﬂqnlﬂﬁﬂﬂc] IUNIITY

' 1 S
msdafids cmpi2 Tiinisa msdmdeyaiifsesngaas
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2.2.4 M1d4 Single Block Write

Zthyte
"?‘l i
DI [ chp24 | ‘ Data Packet
DO cmd A | Data M
Res). Resp.ﬂ

A o & Ao o 4 o v d 5 4 ¢ w H Ko
iefdeiilAfumsaeniu Host Dezdinisdauiansdoyalifinmfandanimiuiiugag
d yd a o o o @ g
2370 1 Byte unminvvesdoyatinvzlanuusivilousuuin Yoy 3 Read tijod"
Uszu104 1 Byte uN JatinvzlianyusmisuAuuAnNIve I oyaluf1da Read iiodeya
1 P o ¢ o @ 3 o o ' v el
gnas Anseauds Mianezasundun IR Data Response Turiud msalasdmlngszamnsodon
JoyalAuAenas 512 Byte

2.2.5 A1d@9 Multiple Block Write

1hyte
1o N
DI CMDZ5 Data Packet Dita Packet %tnp p|
1o
Do cing A pata A_|BUSY pata A_]Busy | Busy
R‘nsp. Rnp./ Ras.:l./

¢ 4 a ¥ o o o ° 1Y Ty o
Adelazitgudoyanisaznawy vaonas I luuemmsaiisisimun dmnlifinsfmua
° o ’ 1 . o A 1 4 '

§nuvdenlumsaigTeu msarwleudifezduiiudelUiFos yuni1azgangalae Stop Tran Token
2 o ° - .3' 1 '
Fahezyh 1¥ifia Busy Flag 3ullus195202 1 Byte #0910 Stop Tran Token
2.2.6 YumoumImanuiloih Master
A o v . a4 3 4 o Y d’
iiefmua ¥ Microcontroller 11y Master 32 UVUADURA Tumsiamnadl
1. AMuRA Register SPI Clock Counter 1A dyniuuiiniiininudoans
2. AIMUAM Register AIUAUAIR NNV SPI I Tismanundeenms
» ¥ ] )
3. Woudeyafideansdaluda Register ifudoyaves sPr msidoudeoyailazdeliizududs
14
Joya
y
4. iedsdeyansumniinuda Tn SPIF 489 SPI Status Register 1A 1
5. 97TUMADIULVDL SPI 910 SPI Status Register
6. 81uvoYaN 1A3U91n SPI Data Register
7. ndulldsde 3 SrilidoyanAeinisdedn
ninmg : Tumsdrsariia SPIF %118 Taensguwieiliounlafs SPI Data Register
2.2.7 maimuamiGududmivmsAadeniugunsaleiu spio
meluluTnsneuInsamesnszga LPC2000 193 dmivAadesua SPI s uauanaases
- ad A ' .
D SPIO WA SPI1 Tny SPT1 H¥@(58nMN 1291 Synchronous Serial Port (SSP)
o 1 T L4
Ma9INATIN Register PINSELO 1¥vriunevesdimsvianndu sp1o uda Tusonivzdos

a ' o o 2 o 4 ad v o
Amuni 1Ay Register MiDBIY097Y SPI0 Feilanus 5 #2991519
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v v ooy 1 4
AT5MA 2.3 Register AUNYIVOINU SPIO ¥4 5 A2

T

| s
Yo AN MIAAAB | AMMBIITN Address

SOSPCR | SPI Control Register 19m1unums | smidoy 0x00 0xE002 0000

NI91UYD9 SPI

SOSPSR | SPI Status Register (@AIAOINAITE | 874 0x00 0xE002 0004

1197404 SPI

SOSPDR | SPI Data Register 1868401583 214U 0x00 0xE002 0008
i
doya MWidvunmibs Register 611y

Tnuamssudoya e wdinn

>
Register U

SOSPCCR | SPI Clock Counter Register 19 U/ 0x00 0xE002 000C
ATURUAINING SCKO Y83 Master

SOSPINT | SPI Interrupt Flag Dy Interrupt Flag 1AT0Y 0x00 0xE002 001C
404 SPI

2.3 dsztanveslvann

2.3.1 BMP (Bitmap)

oo { i ' o & ad ar . 4

Bitmap fof1i 1i5ondeyanmAifueglumizsanuirwaiiunmihuludrvus Pixel Ao

Pixel lasiudoyadvosunng Pixel 5oyl lunilvanui Yoyafvoaunay Pixel szfivinanly
-] J Ly = sa 9 9/ . a . = . o o
TunisinviusgiunnuazBoadn 1y (suduilu Bitmap uuy 256 & 1 Pixel 9zilivuia 8 Bit (2 f1da 8)
L4
14 1 Pixel 494 Bitmap 256 & 9234114 1 Byte 1A0ANYQIL Y04 Bitmap 256 & Miilu Amay vosdoya
vuA 1 Byte TudnvmziAsy Sy 32 Bit e Pixel 921891 1 Pixel 417 4 Byte A9 Pixel uagee
'l 2 ondidesz @
- 4 [}

iflofifinzdosldTumsifiu Bitmap lunihennuszilunagaives Byte 6o Pixel, Width uag
" Height %94 Bitmap #706791% Bitmap HUL 256 & 1119 640 g4 480 9ziiuu1atlszaiol 640 x 480 x 1
Byte

A . o d ' v o o 'i‘_] 3/ . = ' @ A

{14910 Bitmap Mhvegluntiasanudniveziiudeya Pixel Fesnoruliifooq vunua

AN s Y . ¥ A Ee ' P

AN FNUIRRINNIIATMUAR NN 1LEEAITNU1IYDS Bitmap a0 o 1 Tulsunsuauind
Bitmap 1119951071 Bitmap Ta1un319 - 012 o1 Ins

2.3.2 JPEG (Joint Photographic Expert Group)

JPEG fagunvumsiusauduninuuvgaude TaodildiduanuaziBoadosfiga s1uuy

¥
ududmIIEnsi1Aun jpeg, jpe, Jpe, jfif, jfi (GwazdududnniedIngf1ld) suuuuudy sPEG
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L d o o o o ] - " 1
i Wuzduouduildfulumsiadouozuannlfougdnmuusumesidauniige Taomnis
] A o d’ =3 d
amae iesnnansanuauazdoageia laldvuia TWaiian awsafuami ldnainnais
»
STAUANNLLUS1DAE (Bit Depth) AnuaiuisalumsdevuiaIidvewdy IPEG shudnsinns 14
MATIAMSEUUIANIMIUUNISTUSARIYOYANEN (Lossy Compression) n3on1stiudauuuiinau
gadoin b hition1Funmidlu amodu nielensudieq iesnnee i ldsz@nsamiminisifiu
1 } 4 v
Tuguuudu 8413 PNG n30 GIF msiiudaves JPEG Huss ldimalinniSuni1 DCT (Discrete Cosine
P [ ] - 4 °
Transform) FuiumsuasdmiuaievesnmideglugauuuFanud (Frequency Domain) ¥l
A ' o a o a b a ' a @ P
ansafenunuavesdulszninieluniifenoundyavesdinnudeien 1a lasorfodulsal
w oo w_ A o 3 o v o w ' ¥ o 9
vWedfgiarenuls mshamiseaatediigvesmiduavasldidd idamnsoanvuinves
' ° 7l o
nieanusmIovwia Ianlanuanlal1é

2.3.3 GIF (Graphics Interchange Format)
- d I3 Y w o
flurwana (file extension) Av .gif 1WuiTasiuIMdnmunyiivdandrofy IPEG Tawialyl
] { ¢ o 1 o 1 o v
ndr liawsofuaidwnnsssund 1A vuadnvinfuuuy JPEG uaamsohiuain isu nm
o v ¥ o g L4 <
migu WWiluedred wenvinil GIF Searansafun w13 ldnarennm lulddimos Segminlal1dadha
4 ] ' ¢ o [ 1
anaou Inadieg iwu ludumesitla  lunistiudaves GIF szifluilszianligado (ossless
. " Aeaa - & - ' v A A A a
compression) Tausasunmiiidgage 256 & Arumaiinasgu GIF Selinnuaeiiieavesd fe to

8 o v A dAas a ' a v A a
1‘Hﬂ1Jﬂ‘I'Wﬂ‘lU°]i~u‘ﬂ‘ugﬂ‘vm‘n‘l'u’Juﬁ’n‘lﬂﬂ’l’lu‘ﬁznﬂ‘J'I!J{FIElmEN‘UENﬁ

2.4 M3513M39ai3u914 (File Allocation Table: FAT)
- wa a < = [ o s a  dd 1 ar
szunlfiamsvesnsuiunesuras Platform sxfinsiaszuy Wd lugisadanfuanaisfiu
3 ,
meszvvamse Wizuu Id Idvaopluuy TasszuuIdfuiiumseiildvendumisvesdoya
) A ¢ o o ) ad 4 d a o 'y ° v 9 3
d199 heguuemsaaanies lsegaseInu dndilesemiadanilnidesiinisiadeya (Formar) 14
= 1 $ ° o = d t d o o 1

s1sadanneufiezivliussydeyn mistadeynlusiadanilunisudsesadanesniiudiug

A 3 < £y o [} 9 ]
LWBI”ﬂﬂUW')Lﬂﬂ?ET}ﬂ'II,L'HN#'HJEN‘UBHﬁﬂgFIiQNlH‘U

s o 1

FAT Wuszun ai 1§ lussuud fiian 1590 Microsoft waziflussvuIWaniinis Wanneode
] 4 - o o o v ] ] ¢ o o
anifies Tavazlidpuazfo Wumsimuaninomyliiuyng Cluster luusasdumisveseriadan
1A1MN158319m15 AN IUTE AWMUV Cluster tVaITuAITIEYR MM INTD Cluster N
d v ¢ 1 ¢ a - o o ' . e (Y- «
msnudoyavesIndusas Wa uazlins198nn19199156n71 Directory dmTuinudoya s1eazivos
d 1 . ' a ¥ d4d o ¥ a
¥53 1WA 19 Attribute #1399} UBZNIUIAY Cluster ISUAUNNDAITDYD 537
[y < < EURR) o 8 o n’/‘ = o a wa
szuviants suwy FAT dluszsuui higanndudou dntudagnsesiu vinssuulfians
= 1 g o Y o 1 o o ' a wa P
niiegdmiuneuiunssdiuynna uazdazadnlunisuanudsudeyasyniieszvudfiansi

] o/ é = ﬂ’/’ = 4 4 ar
t!ﬂﬂﬂNﬂN‘NQﬂﬁ)ﬂﬁﬁﬂuﬂﬂMﬂ’JmE)idlﬂ?ﬂdlﬂtl’]ﬂu
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y_ ¥ o 2 ) ¢ v
Yodoouaaszuudans Wauuy FAT fe e IMdagnau uazInalmignifiuualyl Fragment
' o [ " o n,: ' ° 1 1 =
vowanz Idezii lomansziansznween legiianissanui dawaldnsemuasnis@on Ind
o 39 a o P o [ [ °
18 nadaSvedeyafiunidaluiimeiildmsiasod auun FaT duszdouudezdesyims
o ot o) - g
TaGsadoynegiios noitunszyaumsfilsaainn
¢ 1 e 1 y
szuuWd FAT finatejussae lali
2.4.1 FAT12
L) { 1 1 H o = wa ‘&
seu FATI2 dlujuiinunigavesnszga FAT 198uszuin§iiants Dos #9149 12 bits Tu
»
1591984 MLBIAY Cluster tW51ERLTUAINIT0819D9 Cluster 1AWINGA 4086 Cluster 52111 FATI2
= @ i oq'n:zd'l Aud’(&-a ¢ o b
sanmnghumitsaudiiiiled liwn niefile Tufiu 16 MB uazssuy Idsdadiamnsoldau
o ddad S W o "
i Ianiiyesruiios 8.3 Aadnwsimniv
24.2FAT16
U o = e { [} é
annsoldauswtussyul§ians ivarnnatn’ld 15u Dos Windows9s, 98, ME #114 16
» } 4 L4 ¥y
bits tDS1IDIMWIOIY Cluster IMTITRLIUAII50819041ANIMUA 65526 Cluster FATI6 1ugn
g @ ) A = 4 {
ponuuunuie 1Fudy Tdae vudadsvuindn wazvanaie FaliiioNszunm 2048 MB
e FATI16 fio
» v L4
1. 52U FAT16 1HmAufivesmiaonnudidunfesuin ms1z$1u2ugagaued Cluster #e
Q’: [ o o g 4 T [ 4 Ié’
Partition WugnfmMuae1 1 3meA (65526 Cluster) Asuuiiomizoanuilivinanlng vy
1y s s T a 1 u: 1
UAIISINIY Cluster SUNUAY AMNIBATINIIVNIAYDI Cluster 92 Inajain'li/dao sdrelu
L4 T L4
n5BlveIMIBANNS YA 2 GB WHazH Cluster # IMnjis 32 KB tudvuionud asld
s o da o o =1 @ ' g3 = g 2 o
Rnienmsiiidadsnysiios 10 M uAvuaues Izt 32 kB Faufluvumdngaves
Cluster 1a#iAY?
A o w di ] o P [ 9 a 3 d‘
2. IadinSesvuagagavesmianudNsesiuldmszisudu PATI6 gnesnuuunive
] 3 [
WHouduaasninnadn daiulugausng Salilyminiww diessuy FATI6 Ty MS-Dos
¥
gausn ansasasiumtiaonud difes 32 MB iy uadenigaud Tuldseedu 1Aty
128 MB uaziFeouiiiu 2 GB luilegiiu
1] » ¥
3. sTUU FATI6 amnsaldnuduWdndvesuiies 8.3 d2dnysminiv iwwdeany FATI2
] o o J 1] d o H
w185 umsSudse Wi numusnunniulunmmenie e wnsa s IWd /g
] P 4
¥o01218 Lt 256 A0nYs (Sun FAT16 Uil Virtual FAT #1358 VFAT
2.4.3 FAT32
s2uu FAT32 1 ussuuid§iiAnis Windows 95, 98, ME, 2000 Tagvinisud luiiau@uein

A A Y o v . d o2 aa o o ' ®
FATI16 lWﬂVﬁl’Julﬂll'ﬂ'm'Ju Cluster 99 Partition ¥1NUYUH ASUHTIUANUAINTITONITIDITUH UGN
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c;q L} é = o lyJ
tlvwangjgaga 190 2 TB @99z 19 28 bits (B0 4 bits d150011%) azuamisndreie Cluster 18

L 4
o

MaMuA 286 31U Cluster Uae 521V FAT32 Seauisasessudin IWsuuuen Ae 255 aadnys 1aenany

35799 2.4 1SeuNeUTEY 119 FAT12, FAT16 oz FAT32

FATI12 FAT16 FAT32

Developer Microsoft
Full Name File Allocation Table

(12-bit version) (16-bit version) (32-bit version)
Introduced 1977 (Microsoft Disk July 1988 (MS-DOS August 1996

BASIC) 4.0) (Windows 95 OSR2)

Structures
Directory contents Table
File allocation Linked List
Bad blocks Linked List
Limits
Max file size 32 MB 2GB 4GB
Max number of 4,077 65,517 268,435,437
files
Mazx file name size 8.3 or 255 when using LFNs
Max volume size 32MB 2GB4GB 2TB
Features

Dates recorded

Creation, modified, access

encryption

Date range January 1, 1980 — December 31, 2107

Forks Not natively

Attributes Read-only, hidden, system, volume label, subdirectory, archive
Permissions No

Transparent Per-volume, Stacker, DoubleSpace, Drive Space Ne
compression

Transparent Per-volume only with DR-DOS No




2.4.4 Ins3a$19v09AaNMan (Main Disk Structure)

15

Boot More reserved | File File Root Data Region (for files and
sector sectors Allocation | Allocation | Directory | directories}...(To end of
(optional) Table#1 Table#2 partition or disk)
&

o ] ‘ 1 [ o
szuu IWduny FAT Uszneulidae 4 daufuanaiadu dail
é o ] ' )
1. 1¥ARD 31309 (Reserved sectors) By 11dUAUY Tab Reserved sector ttsngaiiin Boot

Sector $13WAURTEFONT) BIOS Parameter Block TavtniazilseneudanTandudu
vosszupl§IiAnts Fef1uanves Reserved sector ﬁwum:gni:yag‘ludauf{q’fagafhf'fiy
A199 970 Boot Sector A13INAIHTH Inssard sz vyl fiang #3091 Drive Parameter Block
1u DOS waz 082

2. ¥inmmsndaisoelHa (FAT Region) duinlsznonlUdemsenissaieeIig 2

A o @ = o a < o =4
g ganindmivlFnusSuastngaunmsdises 318 unaduiiu TaouSnuasidases

< y o - R o d ° ] '3 .
IWdtiszasandosriy vSadoya (Data Region) M1 AIsz@mna Cluster v0¢ IWALAag Directory

A9
a o . L da . Y
3. v3nulasanes (Root Directory Region) Hfi9A1319 Directory SBilnUYDUDNIINY

¥
File un¢ Directory 1199 Tuszuusans IWlduuy FATI2 uag FATI16 #1374 Directory fivzogtu

- ' n’l’ 4 ] 1 o d .
U318 Directory iy uaziivuiagegaiiuiney us luszuudanms Iduuy FAT32 115749 Directory

[ o 3 Py <& To o
vzegsuiy Idamen Tuufnadeya dsamisovssvnasen 1@ isida
4. vinadeya Wudui IMddoyaegas vu1nves File 1oz Directory doa1150
a2 vy s da a )
AL 1A Al Cluster mAney
2.4.4.1 Boot Sector tazlns3a313 BPB (Bios Parameter Block)

4 ) P ¢ o
M13199 2.5 Tsead1afugIu 36 Byte 5AUDA Boot Sector ¥19 1unniosfuves FAT

Byte Offset AN swazdn
(Byte)
0x00 3 fidanszTan (Ressdmdauiavonisym)
0x03 8 $o OEM ﬁ’]'ﬁﬂﬂ‘m'ﬁﬂ ToDidu 3.3 uaz MS-DOS 5.0
0x0b 2 $1147U Byte A0 Sector, LADAYBINT 1A BIOS Sududiii
0x0d 1 $71U7U Sector A0 Cluster
0x0e 2 Reserved Sector
0x10 1 uvesmsemsdauadeya
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0x11 2 $1UIUGIGAVD Directory
0x13 2 91U Sector Fanue
0x15 1 #7U73078 Media
O0xF8 MUIALY, 80 LINTAABAIY, 9 Sector ABLINTN
0xF9 ABIA1Y, 80 UNTNADAIY, 9 Sector ADIUNTA
0xFA AUIRYY, 80 UNINABAIY, & Sector ABUNITA
OxFB 10441, 80 UNTAABAIY, 8 Sector ROLNTN
OXFC AUIALY, 40 UNTAADATY, 9 Sector ABLNTA
0xFD @09A1Y, 40 LNTNABATU, 9 Sector ABLNIA
OXFE $UIPE7, 40 UNSNABAIY, 8 Sector ABLNIN
OxEF 98441, 40 UNTARDAIY, 8 Sector ABINSA
0x16 2 §1u7U Sector AoMITINIITAG BIdOYD
0x18 2 §1149U Sector AB Track
Oxla 2 91UIUVDY Head
Oxlc 4 $1U2MvB4 Sector 7 Tauapy
0x20 4 §1MIUVB4 Sector aNLA A4 lunsdiuinnii 65535 Sector)
19197 2.6 TAT9er319909 Boot Sector AL FAT32
Byte Offset AN eaz@un
(Byte)
0x24 4 §1un Sector AoMITIMIIAG VIdOYD
0x28 2 inSeamIeveIms M Sassdoyn
0x2a 2 refiu
0x2c 4 YuwiaY Cluster Y89 Directory L?nﬁ'u
0x30 2 BUIWIDY Sector Y04 Sector Yoya FS
0x32 2 MDY Sector YOIT U Boot Sector
0x34 12 A1509
0x40 1 Physical Drive Number
0x41 1 1304
0x42 1 Signature
0x43 4 HuulaY Serial
0x47 11 Volume Label
0x52 8 yiinuoaszun IWdiuy FAT32
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0x5a 420 Code Boot 32 1U§1iAn1s
Ox1FE 2 Last Sector (0x55 OxAA)
2.4.4.2 #1514 Directory

Yo o

#1974 Directory 1 I gy ilafiiruiiuans Directory (Hlogtiudsniuluuinues Folder) uday
IWdu3e Directory Usznov'lU§as 32 Byte usias Byte sxiiuiinde Ind, wwanaIWg, qaudnuusves
Mg (vilenansdifty, Directory, gnaou, s ldataded, sz uazauy), Ju nmﬁ"lﬂa’gnﬁ%’n
Address 994 Cluster 11581 IWéM38 Directory 111 Lz qatheAeviaves g wSe Directory

$119U Directory Famualuuiion Directory 421U Directory dauﬁgﬂuuuﬁaﬁ’

A13199 2.7 Insead139039913749 Directory

Byte Offset ATINENT Tgazpen
(Byte)
0x00 8 0x00
0x08 3 iSoemuIvveImsiaissidoya
0x0b 1 Bit | Mask 5WazI0nA

0 | oxot | owlAedrufun
1 | ox02 | gnaeu
2 0x04 | szuu
3 0x08 | Volume Label
4 0x10 | Directory gou
5 | ox20 | enmsdingy
¢
6 | 0x40 | @Un7ni

7 | oxso | uly

0x0c 1 d1504 gnidlae NT
0x0d 1 nmad s, anvazida 10 TadIuii A1egszning 0-199
0x0e 2 Bit swazivua

15- { 92104 (0-23)
11 | W (0-59)
10- | 3u%/2 (0-29)

0x10 2 Bit sUazIdYA

82209
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15- | 1/ (0=1980, 127=2107)
9 | 1RDU (1= un31AN, 12=TUNAN)
g-5 | Sui (1-31)
4-0
0x12 2 SuiildaIndd qn 9 Byte Offset 0x10 Uszney
0x14 2 #wil EA (pnl¥1au 0S/2 uaz NT) 14 FATI2 uaz FATI6
130 2 Byte QgAY Cluster U304 FAT32
0x16 2 i v Inda e @ Byte Offset 0x0e 152w
Ox18 2 Fufudlv IWdd 1 § Byte Offset 0x10 sznoy
Oxla 2 Cluster 45014 FAT12 uaz FAT 16 30 2 Byte #1984 Cluster usnIu
FAT32
Ox1c 4 wnaWd
2.4.4.3 1131 FAT

\J 3 1o = d‘ .
YUIAVBIUATY Cluster YUBLIUTIATDIsT UL INGuuY FAT Alfuasyuiaved Partition lay

a ' v 3 L4 a ;4 4 .é‘ ]
UnAvIAYDY Cluster 9304521319 2 KB 019 32 KB usaz IMdo19vsfuiiloNuinnii 1 Cluster Yusy

fuvuinves d ua lusuduiesdoadiy Cluster nAadU

o

o o 9 A Cui o ‘o o ] o '
msumstnGudeyaiiuayasioves Idanduusiusmmis Cluster v Wa uany

o =2 ¢ o ay
Cluster T4 FAT sziiunndoya 1 Tu 5 dail

- Address Y84 Cluster 6a TvoslWd

Y ¢
- anuzuaaadugaves Mg

- @0 mzuaadIuily Bad Sector

! d o
- aouznansinilu Cluster Ngndiseall

¢ A ' i 1
- guieuansiuiu Cluster 7'lign 14

1 o o ¢ o g}
llﬂ'ﬁznﬂi‘liu'llﬂﬂiz‘llllllﬂﬁlll}']_iﬂ'li'lﬂﬂ'ﬁ‘Dﬂl?tN‘UﬂiJﬁ ilzﬁ‘UU'lﬂ‘UﬂQ Cluster 1uﬂ151ﬂﬂ'l‘i

o A 84 1 o o4 & 1 ¢ o ] o
TALTUIVBHBNATINY =rrwu1mzgnszuiﬁwawaumznawu 1%FU 53111)17\'13 FAT16 Cluster 324

o - { ¥
Yu14a 16 Bit 114'\13!:“ FAT32 aguvula 32 Bit ATNYUIAYD4 Partition 'ﬁiﬂﬁgﬂlu 93 FAT32 o)

h

]

oo 1 = A; T Vet o -3 ¥ J
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Pin 1 RED Red video

Pin2 GREEN Green video

Pin 3 BLUE Blue video

Pin 4 N/C Not connected
Pin 5 GND Ground (HSync)
Piné6 RED_RTN Red return

Pin7 GREEN RTN Green return

Pin 8 BLUE_RTN Blue return

Pin 9 +5V +5 V(DDC)
Pin 10 GND Ground (VSync, DDC)
Pin 11 N/C Not connected
Pin 12 SDA I2C data

Pin 13 HSync Horizontal sync
Pin 14 VSync Vertical sync
Pin 15 SCL I'C clock
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3.2.2 SD Card
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3.4 MINUIN Resolution
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/***************************************[

/* Project: Single Chip VGA Controller */

/* Program: Main Function */
/* Name: MainFunc.c */
/* MCU: ET-ARM STAMP LPC2119 */
/* Version: V1.0 Beta */

/***************************************/

#include "Ipc21xx.h"

#include "SPICardCmd.h"
#include "SPICardDriver.h"
#include "VGAOutputCmd.h"
#include "VGAOutputDriver.h"
#include "Stdio.h"

#define CR 0x0D

void SPISet()

{
/* Initial SPIO Pin Connect on P0.4 to P0.7 */
PINSELO |= 0x00005500; // Set P0.4 is SCK (SP10)
/* Initial SPI0 Function Interface */
/* SPI0 Clock Counter Register */
/* SCK SPI =(CCLK/VPBDIVYSOPCCR) */
SOSPCCR = 0x000000F;

/* SP10 Control Register */

SOSPCR &= 0x000000F7; // CPHA = 0 -> Rising Clock Shift Data
SOSPCR &= 0x000000EF; // CPOL = 0 -> Normal Clock

SOSPCR [= 0x00000020; // MSTR = 1 -> Master SPI

SOSPCR &= 0x000000BF; // LSBF = 0 -> MSB First

SOSPCR &= 0x0000007F; // SPIE = 0 -> Disable SPI Interrupt

void OutputSet()

{
PINSEL1 = 0x00000000;  // Set P0.00 - P0.31 as GPIO
PINSEL2 |= 0x00000000;  // Set P1.16 - P1.31 as GPIO
IODIRO |= 0x02000000; // Set 25 as Vertical Sync Output
IODIR1 |= 0x00070000; // Set P1.16 - P1,18 as Colour Output
10DIRO = 0x000F0000; /1 Set P0.16 - P0.19 as Card Status
I0OCLR1 = 0x00070000; // Clear Pin P1.16 - P1.18
I0CLRO = 0x03CF0000; // Clear Pin P0.22 - P0.25
IODIRO |= 0x00000008; // Set P0.03 as SSELOQ
I0SETO = 0x00000008; // Set P0.03 DeSelect Card



void SetDutyCycle()

{
PWMMR4 = (int)}(PWM_MROINIT*7)/100L);
PWMLER |= (1<<4); // Enable PWM Match4 Latch
}
void InitialisePWM()
{
PINSELOQ &= OxFFFCFFFF; //P0.8 as PWM4 as VSync
PINSELO |= 0x00020000;
PWMTCR =PWMCR_RESET; // reset PWM counter
PWMPR =PWM_PCLK DIV; // set PWM Prescaler
PWMMRO = PWM_MROINIT; /1 set MatchO (for the Single Edge PWM-
Channels)
PWMLER [= (1<<0); // Enable PWM Match0 Latch
PWMMCR |= (1<<1); // reset PWM Timer on PWMMRO0 match
PWMPCR &= ~((1<<4)); // Speciefied PWM
PWMPCR [= (1<<12); // enable outputs for specified PWM
PWMTCR = PWMCR_ENABLE | (1<<3); // Counter Enable & PWM Enable
EXTMODE |= 0x02; // Falling edge interrupt
VICVectAddr0 = (unsigned) isr_eintl;
VICVectCntl} = 0x20 | §;
VICIntEnable |= 1<<8;
}
void Uart0_Set(unsigned int Baudrate)
{
unsigned short u0dl;
u0dl = 29491200/(16*Baudrate);
PINSELO {= 0x00000005;
UOLCR = 0x83;
UODLL = u0d] & 0xFF;
UODLM = (u0di>>8);
UOLCR &= 0x7F;
j
int getchar (void) // Read character from Serial Port
{
while(}(UOLSR &0x01));
return(UORBR);
}
int putchar(int ch) // Write character to Serial Port

{
if(ch == \n')



while(}(UOLSR & 0x20));
UOTHR =CR;

}

while(}(UOLSR & 0x20));

return (UOTHR = ch);

)
void main()
{
SPISet();
OutputSet();
InitialisePWM();
SetDutyCycle();
Uart0_Set(9600); // Set UARTO = 9600,8.N, 1
//printf("What the HeLLL!!'\n\r");
Card_Init();
AccessFile();
PWMMCR [= (1<<0);// interrupt PWM Timer on PWMMRG match
}
S ek o ko ok ok Rk ok ook ko ok e o sk e s o s e sk ok ok ok o koK ok f
/* Project: Single Chip VGA Controller */
/* Program: SPI and Card command interface module */
/* Name: SPICardCmd.h */
/* MCU: ET-ARM STAMP LPC2119 */
/* Version: V1.0 Beta */

/**************************************************/

#include "lpc21xx.h"

#include "SPICardDriver.h"
#include "VGAOutputDriver.h"
#include "Stdio.h"

void SPI_Send(unsigned char *Buf, int Length)
{
unsigned char Dummy;
if{Length == 0)
return;
while(Length 1= 0)
{
SOSPDR = *Buf;
//printf("SPI Send = %X\n\r", *Buf);
while((SOSPSR & 0x80) != 0x80); // wait until the busy bit is cleared
Dummy = SOSPDR;
Length--;



Buf++;

}

return;
}
unsigned char SPIReceiveByte(void)
{

unsigned char data;

SOSPDR = 0xFF; /I ' Write dummy byte out to generate clock, then read data
from MISO

while((SOSPSR & 0x80) != 0x80); // wait until the busy bit is cleared

data = SOSPDR;

return{data);
}
void SP]_Receive(unsigned char *Buf, int Length)
{
int i;
for(i=0; i<Length; i++)
{
*Buf = SPIReceiveByte();
Buf++;
}
return;
}

int CardResponse(unsigned char Response) // Repeatedly reads the CARD until we get
the response we want or Timeout
{

int count = 0xFF;

unsigned char result;

while(count>0)

{
result = SPIReceiveByte();
if(result==Response)
{
break;
}
count--;
}
if(count==0)
{
/fprintf("Card Response = O\n\r");
return 0; // Failure, loop was exited due to timeout
}

else



{

return 1; // Normal, loop was exited before timeout
}

i

void Card_Init()

{

I0SETO0 = SPISel; // Set SPI SSEL DeSelect Card
for(i=0; i<80; i++)

{

}
SPI_Send(CardRDData, 80);

IOCLRO = SPISel; // Ciear SPI SSEL Select Card

SPI_Send(CardCmd0, CardCmdSize); /fSend CMDO (RESET or
GO_IDLE_STATE) command, all argumentsm are (x00 for the reset command,
precalculaed checksum

if(CardResponse(0x01)==0) // if = 0 then there was a timeout waiting for 0x01
from the Card

{

CardRDData[i] = O0xFF;

I0SETO = IdleStateTimeout;

IOSETO = SPISel;  // Set SPI SSEL DeSelect Card
printf("CMDO Fail!!! Check Card.\n");

while(1);

)

IOSETO = SPISel;  // Set SPI SSEL DeSelect Card

SPIReceiveByte();  // Send some dummy clocks after go idle state
IOCLRO = SPISel; // Clear SPI SSEL Select Card

i = MaxTimeout;

do // send Card CMD1(SEND_OP_COND) to bring out of idle state

{
SPI_Send(CardCmd1, CardCmdSize);
i--;
}
while((CardResponse(0x00)!=1) && (i>0) );
if(i==0) / timeout waiting for 0x00 from the Card
{
IOSETO0 = OPCondTimeout;
IOSETO = SPISel;  // Set SPI SSEL DeSelect Card
printf("CMD]1 Fail!!! Check Card.\n");
while(1);
}

IOSETO0 = SPISel;  // Set SPI SSEL DeSelect Card
SPIReceiveByte();  // Send some dummy clocks after Send OP Cond
//printf("Initial Card Complete\n");



void CardRead()

{
CardCmd[0} = 0x51;
CardCmd[ 1} = Buffer[0];
CardCmd[2] = Buffer[1];
CardCmd{3] = Buffer[2];
CardCmd[4] = Buffer[3];
CardCmd[5] = 0xFF;
I0CLRO = SPISel;  // Clear SPI SSEL Select Card
SPI_Send(CardCmd, CardCmdSize);
if(CardResponse(0x00)==0) // if = 0 then there was a timeout waiting for 0x01
from the Card
{
IOSETO = ReadBlockTimeOut;
IOSETO = SPISel;  // Set SPI SSEL DeSelect Card
printf("Read Block TimeQut!!! Check Card.\n");
while(1);
}
if{CardResponse(0xFE)==0) // if = 0 then there was a timeout waiting for 0xFE
from the Card
{
IOSETO0 = ReadBlockDataTokenMissing;
IOSETO =SPISel;  // Set SPI SSEL DeSelect Card
printf("Read Block Data Token Missing!!! Check Card.\n");
while(1);
}

SP1_Receive(CardRDData, 512);
/*printf("\n");

I=0;
for(m=0; m<512; m++)
{
printf("%X ", CardRDData[m]);
if(l==15)
{
printf("\n");
1=0;
}
else
{
1++;
}

¥

/fprintf("\n");

IOSETO0 = SPISel;  // Set SP1 SSEL DeSelect Card
SPIReceiveByte();  // Send some dummy clocks after Send OP Cond



}

void FindStartAdd()

{

SPIReceiveByte();  // Send some dummy clocks after Send OP Cond

//printf{"Read Block Complete!!!\n"};

rsv_size = CardRDData[15];
ISv_size =rsv_size<<S§;
rsv_size += CardRDData[ 14];

ClusterSize = CardRDData[13]; //Number of secter per cluster (Cluster Size

in Sector)

}

{

fat = CardRDData[16];

fat_size = CardRDData[37];

fat_size = fat_size<<8;

fat_size += CardRDData[36]);
root_start = rsv_size + (fat*fat_size);
root_start = root_start*(0x200;
root_add[0] = (root_start>>24)&0xFF;
root_add[1] = (root_start>>16)&0xFF;
root_add[2] = (root_start>>8)&0xFF;
root_add[3] = root_start&O0xFF;
for(i=0; i<4; i++)

{

}
BytePerSector = CardRDData[12];

BytePerSector = BytePerSector<<8;
BytePerSector += CardRDData[11];
CardRead();

Buffer[i] = root_add[i];

void ReceivedColour()

for(q=q; q<512; q++)
{

if(p==0)

if(CardRDData]q}>0x0F)

{
Colour += 0x1;
Colour = Colour<<4;

}

else

{

Colour += 0x0;
Colour = Colour<<4;

//Find start address of root directory



}

ptt;
}
else if(p==1)
{
if(CardRDData[q]>0x0F)
{
Colour += 0x1;
Colour = Colour<<4;
}
else
{
Colour += 0x0;
Colour = Colour<<4;
}
ptt;
}
else if{(p==2)
{
if(CardRDData[q]>0x0F)
{
Colour += 0x1;
Colour = Colour<<4;
}
else
{
Colour += 0x0;
Colour = Colour<<4;
}
p=0;
if{ Colour == 0x0000)
{
dis{r|[s] = Black;
}

else if(Colour == 0x0010)
{

}
else if(Colour == 0x0100)

{

dis[r][s] = Red;

dis[r][s] = Green;

}
else if(Colour == 0x1000)

{
dis[r][s] = Blue;



}
}
}
void GetData()
{

SecNum = 0;

else if{f Colour == 0x1010)
{

dis[r][s] = Fuchsia;
else if(Colour == 0x0110)
dis[r][s] = Yellow;

}
else if(Colour == 0x1100)
{

}
else if{Colour == 0x1110)

{

disfr][s] = Aqua;

dis[r][s] = White;

}
Colour=0;
if(s<39)
{
s++;
}
else if(s==39)
{
s=0;
r++;
}

while(SecNum<SecTotal+1)

{

file_add[0] = (start_add>>24)&0xFF;

file_add[1] = (start_add>>16)&0xFF
file_add[2] = (start_add>>8)&OxFF;

file_add[3] = start_add&OxFF;
for(i=0; i<4; i++)

{

Buffer[i] = file_add[i];
}
CardRead();

if(SecNum==0)

{

>



BeginningOfBitmapData = CardRDData[13];
BeginningOfBitmapData = BeginningOfBitmapData<<8;
BeginningOfBitmapData += CardRDData[12];
BeginningOfBitmapData = BeginningOfBitmapData<<g;
BeginningOfBitmapData += CardRDData[11];
BeginningOfBitmapData = BeginningOfBitmapData<<8;
BeginningOfBitmapData += CardRDDataf10];

q = BeginningOfBitmapData;

BitmapWidth = CardRDData[21];

Bitmap Width = BitmapWidth<<8;

BitmapWidth += CardRDData{20];

BitmapWidth = BitmapWidth<<8;

BitmapWidth += CardRDData[19];

BitmapWidth = BitmapWidth<<8;

Bitmap Width += CardRDData[18];

BitmapHeight = CardRDDataf25];

BitmapHeight = BitmapHeight<<8;

BitmapHeight += CardRDData[24];

BitmapHeight = BitmapHeight<<8;

BitmapHeight += CardRDData[23];

BitmapHeight = BitmapHeight<<8§;

BitmapHeight += CardRDData[22];

BitDept = CardRDData[28];

s=0;
r=0;
ReceivedColour();
}
else
{
q=0;
ReceivedColour();
}
start_add = start_add+0x200;
SecNum++;
}
/fprintf("Get data Complete!!\n");
}
void CheckFile()
{

FileName = CardRDData[0];

if(FileName == 0)

{
printf("No File in card, Check Card!!!\n");
while(1);



}
start_add = CardRDData[2 1+(CountFile*32)];

start_add = start_add<<8$,;

start_add += CardRDData[20+(CountFile*32}];
start_add = start_add<<8;

start_add += CardRDDataf27+(CountFile*32)];
start_add = start_add<<8§;

start_add += CardRDData[26+(CountFile*32)];
if((start_add & OxFFFF) == 0)

{
//printf("No data in file, Check Card!!!\n"),
CountFile++;
}
}
void GetFile()
{
CheckFile();

start_add = CardRDData[2 [+(CountFile*32)];

start_add = start_add<<8;

start_add += CardRDData]20+(CountFile*32)];

start_add = start_add<<8;

start_add += CardRDData[27+(CountFile*32}];

start_add = start_add<<8;

start_add += CardRDData[26+(CountFile*32)];

start_add = (start_add-0x02)*ClusterSize*BytePerSector;

start_add = start_add-+root_start;

FileSize = CardRDData[3 1-+(CountFile*32)];

FileSize = FileSize<<8;

FileSize += CardRDData[30+(CountFile*32)];

FileSize = FileSize<<S8;

FileSize += CardRDData[29+(CountFile*32)];

FileSize = FileSize<<8;

FileSize += CardRDData[28+(CountFile*32)];

SecTotal = FileSize/BytePerSector;

if(1((CardRDData[8-+(CountFile*32)]==0x42) &&
(CardRDData[9+(CountFile*32)]==0x4D) & &
(CardRDData[ 10+({CountFile*32)]==0x50)))

{
printf("Wrong file type. File type is %C%C%C\n",
CardRDData[8+(CountFile*32)], CardRDData[9+(CountFile*32)],
CardRDData[ 10+(CountFile*32)]);
while(1);
}
printf("File type is %C%C%C\n", CardRDData[8+(CountFile*32)],
CardRDData[9+(CountFile*32)], CardRDData[10+(CountFile*32)]);



GetData();
}

void AccessFile()
{
CardRead(};
FindStartAdd();
GetFile();
for(r=0; r<BitmapHeight; r++)
{
for(s=0; s<BitmapWidth; s++)
{
printf("%X" dis[r][s]);
if(1==9)
{
printf("\n");
1=0;

else

]++;

}

AR oo ok ok ok ok ok o R R o R ok ok ke ok ok ok ook ok ok ok ok

/* Project: Single Chip VGA Controller */

/* Program: SPI Mode SD/MMC Card interface driver */

/* Name: SPICardDriver.h */

/* MCU: ET-ARM STAMP LPC2119 */

/* Version: V1.0 Beta */
SRR ook ok Rk sk ok ok ok sk sk ok ok ok kK |

#ifndef _SPI_CARD DRIVER _
#define__SPI CARD DRIVER__

/* SPI select pin */

#define SPISel 0x00000008

#define CardDataSjze 512

#define CardCmdSize 6

#define MaxTimeout 0xFFF

#define IdleStateTimeout 0x00010000

#define OPCondTimeout 0x00020000

#define ReadBlockTimeOut 0x00040000

#define ReadBlockDataTokenMissing 0x00080000



inti, l, m, n, p, g, 1, 5, BitDept, rsv_size, fat, fat_size, root_add[4], Buffer[4], SecNum,
SecTotal, file_add[4], BytePerSector, ClusterSize;

int CountFile, FileName, Colour;

unsigned int root_start, start_add, FileSize, BeginningOfBitmapData, BitmapWidth,
BitmapHeight;

unsigned int dis[40][40];

unsigned char CardRDData[512];

unsigned char CardCmd[6];

unsigned char CardCmd0[6] = {0x40, 0x00, 0x00, 0x00, 0x00, 0x95};
unsigned char CardCmd1{6] = {0x41, 0x00, 0x00, 0x00, 0x00, 0xFF};
unsigned char CardCmd17]6} = {0x51, 0x00, 0x00, 0x00, 0x00, OxFF};

#endif /* _SP]_CARD DRIVER _ */

/**************************************************/

/* Project: Single Chip VGA Controller */

/* Program: VGA Output */
/* Name: VGAOutputCmd.h */

/* MCU: ET-ARM STAMP LPC2119 */

/* Version: V1.0 Beta */
R L L e Y

#include "lpc21xx.h"
#include "VGAOutputDriver.h"
#include "SPICardDriver.h"

void delay_us(long intus)  // Delay 0.4 us

{
long int i;
for(i=0; i<us; i++);
}
void Generate()
{
for(k=0; k<24; k++)
{
IOPINT1 = dis{j]{k];
}
1I0CLR1 = White;
}
void isr_eintl(void) __irq
{

if(j<375)



delay us(36);

Generate();
i+
3
else if{(7>374)&&(j<380))
{
IOSETO = VSync;
jt
}
else if(7>379)
{

IOCLRO = VSync;
J=0;

}
PWMIR = (1<<0);
VICVectAddr=0; //Acknowledge interrupt

/}**************************************************/

/* Project: Single Chip VGA Controller */

/* Program: VGA Output Driver */
/* Name: VGAQutputDriver.h */

/* MCU: ET-ARM STAMP LPC2119 */

/* Version: V1.0 Beta */
/**************************************************/
#define Red 0x00010000 // Define Red at P1.16

#define Green 0x00020000 // Define Green at P1.17

#define Blue 0x00040000 // Define Blue at P1.18

#define Fuchsia 0x00050000 // Define Fuchsia at P1.16 and P1.18
#define Yellow 0x00030000 // Define Yellow at P1.16 and P1.17
#define Aqua 0x00060000 // Define Aqua at P1.17 and P1.18
#define White 0x00070000 // Define White is P1.16 - P1.18 are active
#define Black 0x00000000 // Define Black is P1.16 - P1.18 no active
#define VSync 0x02000000 // Define Vertical Sync at P0.25

#define PWMFreq 29000 /f Define The desired PWM Frequency in Hertz
#define CPUCIk 58982400 // Define Core Clock for CPU
#define PBSD 2 /! Define Pin Output divider value

#define PCLK (CPUCIK/PBSD)

#define PWM_PCLK DIV 2

#define PWMTICSperSEC (PCLK / (PWM_PCLK_DIV+1))

#define PWM_MROINIT (unsigned long){(PWMTICSperSEC/PWMFreq) + 0.5)
#define PWMCR_RESET (1<<1)

#define PWMCR_ENABLE (1 << ()

intj, k;
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2. LPC2119/2129/2292/2294 MEMORY ADDRESSING

MEMORY MAPS

The LPC2119/2129/2194/2292/2294 incorporates several distinct memory regions, shown in the following figures. Figure 2
shows the overail map of the entire address space from the user program viewpoint following reset. The interrupt vector area
supports address re-mapping, which is described later in this section.

4.0GB

AHB Peripherals

3.75GB

VPB Peripherals

35GB

3.0GB [

Reserved for
External Memory

20GB

Boot Block
(re-mapped from On-Chip Flash memory})

Reserved for
On-Chip Memory

16 kB On-Chip Static RAM

1.0GB

256 kB On-Chip Non-Volatile Memory
(LPC2125/2194/2292/2294)

128 kB On-Chip Non-Volatile Memory
(LPC2119)

0.0GB

OXFFFF FFFF
0xFO00 0000

0xE000 0000

0xC000 0000

0x8000 0000

0x4000 3FFF
0x4000 0000

0x0004 0000
0x0003 FFFF

0x0002 0000
0x0001 FFFF

0x0000 0000

Figure 2: System Memory Map
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40GB OXFFFF FFFF
AHB Peripherals
OxFFEO 0000
4075k -2 MB OxFFDF FFFF
Notes:
- AHB section is
128 x 16 kB blocks
(totaling 2 MB).
Reserved
- VPB section is
128 x 16 kB blocks
{totaling 2 MB).
0xF000 0000
3.75GB OXEFFF FFFF
Reserved
0xE020 0000
3.5GB+2MB OXEQ1F FFFF
VPB Peripherals

Figure 3: Peripheral Memory Map

Figures 3 through 5 show different views of the peripheral address space. Both the AHB and VPB peripheral areas are 2

megabyte spaces which are divided up into 128 peripherals. Each peripheral space is 16 kilobytes in size. This allows simplifying
the address decoding for each peripheral. All peripheral register addresses are word aligned (to 32-bit boundaries) regardless of
their size. This eliminates the need for byte lane mapping hardware that would be required to allow byte (8-bit) or half-word (16-
bit} accesses to occur at smaller boundaries. An implication of this is that word and half-word registers must be accessed all at
once. For example, it is not possible to read or write the upper byte of a word register separately.
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Vectored Interrupt Controller

OxFFFF FODO (4G - 4K)

OxFFFF C000

{AHB peripheral #126)

OxFFFF 8000

{AHB peripheral #125)

OxFFFF 4000

(AHB peripheral #124)

OxFFFF 0000

))
.

)|

—
p—

OxFFE1 0000

(AHB peripheral #3)

OxFFEO CO00

(AHB peripheral #2)

0xFFEOQ 8000

(AHB peripheral #1)

0xFFEO 4000

(AHB peripheral #0)

OxFFEO 0000

Figure 4: AHB Peripheral Map
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System Contro! Block OxEQ01F FFFF
(VPB peripheral #127) 0xEO1F CO00
L (VPB peripherals #14-126) A
T not used T
0xE003 8000
10 bit A/D
(VPB peripheral #13) OxE003 4000
SPI1
{VPB peripheral #12) OxE003 0000
Pin Connect Block
(VPB peripheral #11) OxE002 CO00
GPIO
(VPB peripheral #10) 0xE002 8000
RTC
(VPB peripheral #9) OxE002 4000
SPIO
(VPB peripheral #8) 0OxE002 0000
I“C
(VPB peripheral #7) OxE001 C0O00
not used
(VPB peripheral #6) 0xE001 8000
PWMO
(VPB peripheral #5) OXE001 4000
UART1
(VPB peripheral #4) 0xE001 0000
UARTO
(VPB peripheral #3) OxE000 CO00
TIMER1
(VPB peripheral #2) OXE000 8000
TIMERO
{VPB peripheral #1) OxE000 4000
Watchdog Timer
(VPB peripheral #0) OxE000 0000

Figure 5: VPB Peripheral Map
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LPC2119/2129/2194/2292/2294 MEMORY RE-MAPPING AND BOOT BLOCK

Memory Map Concepts and Operating Modes

The basic concept on the LPC2119/2129/2194/2292/2294 is that each memory area has a "natural" location in the memory map.
This is the address range for which code residing in that area is written. The bulk of each memory space remains permanently
fixed in the same location, eliminating the need to have portions of the code designed to run in different address ranges.

Because of the location of the interrupt vectors on the ARM7 processor (at addresses 0x0000 0000 through 0x0000 001C, as
shown in Table 3 below), a small portion of the Boot Block and SRAM spaces need to be re-mapped in order to allow alternative
uses of interrupts in the different operating modes described in Table 4. Re-mapping of the interrupts is accomplished via the
Memory Mapping Control feature described in the System Control Block section.

Table 3: ARM Exception Vector Locations

Address Exception
0x0000 0000 Reset
0x0000 0004 Undefined Instruction
0x0000 0008 Software Interrupt
0x0000 000C Prefetch Abort (instruction fetch memory fault)
0x0000 0010 Data Abort (data access memory fault)
0x0000 0014 Reserved *
0x0000 0018 IRQ
0x0000 001C FiQ

* |dentified as reserved in ARM documentation, this location is used by the Boot Loader as the Valid User Program key. This is
descibed in detail in Flash Merory System and Programming on page 262.

Table 4: LPC2119/2129/2194/2292/2294 Memory Mapping Modes

Mode Activation Usage

The Boot Loader always executes after any reset. The Boot Block interrupt vectors are
mapped to the bottom of memory to allow handling exceptions and using interrupts
during the Boot Loading process.

Boot Loader | Hardware activation
mode by any Reset

Activated by Boot Loader when a valid User Program Signature is recognized in memory
and Boot Loader operation is not forced. Interrupt vectors are not re-mapped and are
found in the bottom of the Flash memory.

User Flash Software activation
mode by Boot code

User RAM Scftware activation | Activated by a User Program as desired. Interrupt vectors are re-mapped {o the bottom
mode by User program | of the Static RAM.

Activated by the Boot Loader when either or both BOOT pins are low at the end of
Activated by RESET low. Interrupt vectors are re-mapped from the bottom of the external memory
BOOT1:0 pins not | map.
11 at Reset

User External
mode

Note: This mode is available in LPC2292/2294 only!
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Memory Re-Mapping

In order to allow for compatibility with future derivatives, the entire Boot Block is mapped to the top of the on-chip memory space.
In this manner, the use of larger or smaller flash modules will not require changing the focation of the Boot Block (which would
require changing the Boot Loader code itself) or changing the mapping of the Boot Block interrupt vectors. Memory spaces other
than the interrupt vectors remain in fixed locations. Figure 6 shows the on-chip memory mapping in the modes defined above.

The portion of memory that is re-mapped to allow interrupt processing in different modes includes the interrupt vector area (32
bytes) and an additional 32 bytes, for a total of 64 bytes. The re-mapped code locations overlay addresses 0x0000 0000 through
0x0000 003F. A typical user program in the Flash memory can place the entire FIQ handler at address 0x0000 001C without any
need 1o consider memory boundaries. The vector contained in the SRAM, external memory, and Boot Block must contain
branches to the actual interrupt handlers, or to other instructions that accomplish the branch to the interrupt handlers.

There are three reasons this configuration was chosen:

1. To give the FIQ handler in the Flash memory the advantage of not having to take a memory boundary caused by the re-
mapping into account.
2. Minimize the need to for the SRAM and Boot Block vectors to deal with arbitrary boundaries in the middie of code space.

3. To provide space to store constants for jumping beyond the range of single word branch instructions.

Re-mapped memory areas, including the Boot Block and interrupt vectors, continue to appear in their original location in addition
to the re-mapped address.

Details on re-mapping and examples can be found in System Control Block on page 64.
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0x8000 0000
20GB 8K byte Boot Block Ox7FFF FFFF
(re-mapped from top of Flash memory)
20GB-8K[ 777" " (Boot Block interupt veclors) " """ """~

Reserved for
On-Chip Memory

0x4000 4000
0x4000 3FFF
16 kB On-Chip SRAM
10GB f=----"-""1 (SRAM interrupt vectors) ~ ~ ~ """ """ 0x4000 0000
0x3FFF FFFF

Reserved for
On-Chip Memory

0x0002 0000
_ {Bk byte Baot Block re-Mapped to higher address range} | 0x0001 FFFF

................................

0.0 GB Active interrupt vectors (from Flash, SRAM, or Boot Block)

0x0000 0000

Note: memory regions are not drawn to scale.

Figure 6: Map of lower memory is showing re-mapped and re-mappable areas (128 kB Flash).

LPC2119/2129/2292/2294 Memory Addressing 54 May 03, 2004



Philips Semiconductors Preliminary User Manual

ARM-based Microcontroller LPC2119/2129/2194/2292/2294

PREFETCH ABORT AND DATA ABORT EXCEPTIONS

The LPC2119/2129/2194/2292/2294 generates the appropriate bus cycle abort exception if an access is attempted for an
address that is in a reserved or unassigned address region. The regions are:

. #::ea_s of the memory map that are not implemented for a specific ARM derivative. For the LPC2119/2129/2194/2292/2294,

is is:

- Address space between On-Chip Non-Volatile Memory and On-Chip SRAM, labelled "Reserved for On-Chip Memory" in
Figure 2 and Figure 6. For 128 kB Flash device, this is memory address range from 0x0002 0000 to Ox3FFF FFFF, while for
256 kB Flash device this range is from 0x0004 0000 to 0x3FFF FFFF.

- Address space between On-Chip Static RAM and External Memory. Labelled “Reserved for On-Chip Memory" in Figure 2.
This is an address range from 0x4000 3FFF to O0x7FFF DFFF.

- External Memory other than that provided by the EMC in the 144-pin package.

- Reserved regions of the AHB and VPB spaces. See Figure 3.

» Unassigned AHB peripheral spaces. See Figure 4.
» Unassigned VPB peripheral spaces. See Figure 5.

For these areas, both attempted data access and instruction fetch generate an exception. In addition, a Prefetch Abort exception
is generated for any instruction fetch that maps to an AHB or VPB peripheral address.

Within the address space of an existing VPB peripheral, a data abort exception is not generated in response tc an access toan
undefined address. Address decoding within each peripheral is limited to that needed to distinguish defined registers within the
peripheral itself. For example, an access to address 0xE000D000 (an undefined address within the UARTO space) may result in
an access to the register defined at address OxEQ00C000. Details of such address aliasing within a peripheral space are not
defined in the LPC2119/2129/2194/2292/2294 documentation and are not a supported feature.

Note that the ARM core stores the Prefetch Abort flag along with the associated instruction (which will be meaningless) in the
pipeline and processes the abort only if an attempt is made to execute the instruction fetched from the illegal address. This
prevents accidental aborts that could be caused by prefetches that occur when code is executed very near a memory boundary.
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4. SYSTEM CONTROL BLOCK

SUMMARY OF SYSTEM CONTROL BLOCK FUNCTIONS

The System Control Block includes several system features and control registers for a number of functions that are not related
1o specific peripheral devices. These include:

+ Crystal Osciilator.

« External Interrupt Inputs.
+ Memory Mapping Control.
* PLL.

« Power Control.

* Reset.

« VPB Divider.

» Wakeup Timer.

Each type of function has its own register(s) if any are required and unneeded bits are defined as reserved in order to allow future
expansion, Unrelated functions never share the same register addresses.

PIN DESCRIPTION

Table 11 shows pins that are associated with System Control block functions.

Table 11: Pin summary

Pin name Pin direction Pin Description
X1 Input Crystal Oscillator Input- Input to the oscillator and internal clock generator circuits.
X2 Output Crystal Oscillator Output- Output from the oscillator amplifier.

External Interrupt Input 0- An active low general purpose interrupt input. This pin may be
used to wake up the processor from Idle or Power down modes.

EINTO Input Pins P0.1 and P0.16 can be selected to perform EINTO function.
LOW level on this pin immediately after reset is considered as an external hardware
request to start the ISP command handier. More details on ISP and Flash memory can be
found in "Flash Memory System and Programming” chapter.
External Interrupt Input 1- See the EINTO description above.

EINT1 input
Pins P0.3 and P0.14 can be selected to perform EINT1 function.
External Interrupt Input 2- See the EINTO description above.

EINT2 Input
Pins P0.7 and P0.15 can be selected to perform EINT2 function.
External Interrupt Input 3- See the EINTO description above.

EINT3 Input
Pins P0.9, P0.20 and P0.30 can be selected to perform EINT3 function.

RESET Input External Reset input- A low on this pin resets the chip, causing l/O ports and peripherals

P to take on their default states, and the processor to begin execution at address 0.
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REGISTER DESCRIPTION

Al registers, regardiess of size, are on word address boundaries. Details of the registers appear in the description of each

function.

Table 12: Summary of System Control Registers

Name Description Access 5:;:1 Address
External Interrupts
EXTINT | External Interrupt Flag Register. R/W 0 OxEO01FC140
EXTWAKE | External Interrupt Wakeup Register. RW 0 OxEO1FC144
EXTMODE | External Interrupt Mode Register. RW 0 OXEOQ1FC148
EXTPOLAR | External interrupt Polarity Register. R/W 0 OxE01FC14C
Memory Mapping Control
MEMMAP | Memory Mapping Control. R/W 0 OxEOQ1FCO040
Phase Locked Loop
PLLCON | PLL Control Register. R/W 0 0xEQ1FCO080
PLLCFG | PLL Configuration Register. R/W 0 OxEQ1FCO084
PLLSTAT | PLL Status Register. RO 0 OxEQ1FCO088
PLLFEED | PLL Feed Register. wo NA | OxEO1FCOBC
Power Controf
PCON Power Control Register. R/W 0 OxEO01FCOCO
PCONP | Power Control for Peripherals. RW 0x3BE | OxEO1FCOC4
VPB Divider
VPBDN | VPB Divider Control. R/W 0 O0xEO1FC100
*Reset Value refers to the data stored in used bits only. It does not include reserved bits content.
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CRYSTAL OSCILLATOR

While an input signal of 50-50 duty cycle within a frequency range from 1 MHz to 50 MHz can be used by LPC2119/2129/2194/
2292/2294 if supplied to its input XTAL1 pin, this microcontroller's onboard oscillator circuit supports external crystals in the range
of 1 MHz to 30 MHz only. If on-chip PLL system or boot-loader is used, input clock frequency is limited to exclusive range of 10

MHz to 25 MHz.

The oscillator output frequency is called F g and the ARM processor clock frequency is referred to as cclk for purposes of rate
equations, etc. elsewhere in this document. Fogc and cclk are the same value unless the PLL is running and connected. Refer to

the PLL description in this chapter for details and frequency limitations.
Onboard oscillator in LPC2119/2129/2194/2292/2294 can operate in one of two modes: slave mode and oscillation mode.

in slave mode the input clock signal should be coupled by means of a capacitor of 100 pF (Cc in Figure 12, drawing a), with an
amplitude of at least 200 mVrms. X2 pin in this configuration can be left not connected. If slave mode is selected, F ¢ signal of

50-50 duty cycie can range from 1 MHz to 50 MHz.

External components and models used in oscillation mode are shown in Figure 12, drawings b and ¢, and in Table 13. Since the
feedback resistance is integrated on chip, only a crystal and the capacitances Cy and Cy, need to be connected externally in
case of fundamental mode oscillation (the fundamental frequency is represented by L, G and Rg). Capacitance Cp in Figure 12,
drawing ¢, represents the parallel package capacitance and should not be larger than 7 pF. Parameters F¢, C|, Rg and Cp are

supplied by the crystal manufacturer.

Choosing an oscillation mode as an on-board oscillator mode of operation limits Fogc clock selection to 1 MHz to 30 MHz.

LPC2119/26/94 LPC2119/29/94

LPC2292/2294 LP(C2292/2294

X1 X2 X1 X2 L

L c = <=
< —_—
cC ——C
Clock ] ' i
By, T Xtal ——c,, Rs
a) b) c)

Figure 12: Oscillator modes and models: a) s/lave mode of operation, b) oscillation mode of operation,
c) external crystal model used for Cyy/x; evaluation

Table 13: Recommended values for Cyqx2 in oscillation mode (crystal and external components parameters)

Fundamental Oscillation Crystal Load Max. Crystal Series External Load
Frequency F¢ Capacitance C Resistence Rg Capacitors Cy4, Cx2
10 pF n.a. n.a.
1-5MHz 20 pF n.a. n.a.
30 pF <300 Q 58 pF, 58 pF
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Table 13: Recommended values for Cyq/xz in oscillation mode (crystal and external components parameters)

True

True

on-chip PLL used
in application?

Faise

min foge = 10 MHz
max e = 25 MHz

(Figure 12, mode a and/or b)

ISP used for |nma)
code download?

LFaIse

<

external crystat
oscillator used?

¢False

Fundamental Oscillation Crystal Load Max. Crystal Series External Load
Frequency F¢ Capacitance Cy Resistence Rg Capacitors Cyq, Cx2

10 pF <300 Q 18 pF, 18 pF

5-10 MHz 20 pF <300 Q 38 pF, 38 pF
30 pF <300Q 58 pF, 58 pF
10 pF <300 0Q 18 pF, 18 pF

10 - 15 MHz 20 pF <2200Q 38 pF, 38 pF
30 pF <140 Q 58 pF, 58 pF
10 pF <2200 18 pF, 18 pF

15-20 MHz 20 pF <140 Q 38 pF, 38 pF
30 pF <80Q 58 pF, 58 pF
10 pF <160 Q 18 pF, 18 pF

20 - 25 MHz 20 pF <90Q 38 pF, 38 pF
30 pF <50Q 58 pF, 58 pF
10 pF <130 Q 18 pF, 18 pF

25 - 30 MHz 20 pF <50 Q 38 pF, 38 pF
30 pF n.a. n.a.

True

min foec = 1 MHz
max fog. = 50 MHz

(Figure 12, mode a)

;

min foge = 1 MHZ
max foec = 30 MHZ

(Figure 12, mode b)

System Control Block

Figure 13: Fggc selection algorithm
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EXTERNAL INTERRUPT INPUTS

The LPC2119/2129/2194/2292/2294 includes four External Interrupt Inputs as selectable pin functions. The External Interrupt
Inputs can optionally be used to wake up the processor from the Power Down mode.

Register Description

The external interrupt function has four registers associated with it. The EXTINT register contains the interrupt flags, and the
EXTWAKEUP register contains bits that enable individual external interrupts to wake up the LPC21 19/2129/2292/2294 from
Power Down mode. The EXTMODE and EXTPOLAR registers specify the level and edge sensitivity parameters.

Table 14: External Interrupt Registers

Address Name Description Access

The External Interrupt Flag Register contains interrupt flags for EINTO, EINT1,
OxEO1FC140 | EXTINT g FINT2. See Table 15. R

The External Interrupt Wakeup Register contains three enable bits that control
OxE01FC144 EXTWAKE | whether each external interrupt will cause the processor to wake up from Power RW
Down mode. See Table 16.

The External Interrupt Mode Register controls whether each pin is edge- or level- RIW
sensitive.

The External interrupt Polarity Register controls which level or edge on each pin RIW
will cause an interrupt.

OxE01FC148 EXTMODE

OxEO1FC14C | EXTPOLAR

External Interrupt Flag Register (EXTINT - 0xE01FC140)

When a pin is selected for its external interrupt function, the level or edge on that pin selected by its bits in the EXTPOLAR and
EXTMODE registers will set its interrupt flag in this register. This asserts the corresponding interrupt request to the VIC, which

will cause an intrerrupt if interrupts from the pin are enabled.

Writing ones to bits EINTO through EINT3 in EXTINT register clears the corresponding bits. In level-sensitive mode this action is
efficacious only when the pin is in its innactive state.

System Control Block 69 May 03, 2004



Phitips Semiconductors Preliminary User Manual

ARM-based Microcontroller LPC2119/2129/2194/2292/2294

Table 15: External Interrupt Flag Register (EXTINT - 0xE01FC140)

; " Reset
EXTINT Function Description Value

In level-sensitive mode, this bit is set if the EINTO function is selected for its pin, and
the pin is in its active state. In edge-sensitive mode, this bit is set if the EINTO
function is selected for its pin, and the selecied edge occurs on the pin.

0 EINTO Up to two pins can be selected to perform EINTO function (see P0.1 and P0.16 0
description in "Pin Configuration” chapter.)

This bit is cleared by writing a one to it, except in level sensitive mode when the pin
is in its active state.
In level-sensitive mode, this bit is set if the EINT1 function is selected for its pin, and

the pin is in its active state. In edge-sensitive mode, this bit is set if the EINT1
function is selected for its pin, and the selected edge occurs on the pin.

1 EINTA Up to two pins can be selected to perform EINT{ function (see P0.3 and P0.14 0
description in "Pin Configuration” chapter.)

This bit is cleared by writing a one to it, exceptin level sensitive mode when the pin
is in its active state.
In level-sensitive mode, this bit is set if the EINT2 function is selected for its pin, and

the pin is in its active state. In edge-sensitive mode, this bit is set if the EINT2
function is selected for its pin, and the selected edge occurs on the pin.

2 EINT2 Up to two pins can be selected to perform EINTZ2 function (see P0.7 and P0.15 0
description in "Pin Configuration” chapter.)

This bit is cleared by writing a one to it, exceptin level sensitive mode when the pin
is in its active state.

In level-sensitive mode, this bit is set if the EINT3 function is selected for its pin, and

the pin is in its active state. In edge-sensitive mode, this bit is set if the EINT3
function is selected for its pin, and the selected edge occurs on the pin.

3 EINT3 Up to three pins can be selected to perform EINT3 function (see P0.9, P0.20 and 0
P0.30 description in "Pin Configuration” chapter.)

This bit is cleared by writing a one to it, except in level sensitive mode when the pin
is in its active state.

Reserved, user software should not write ones to reserved bits, The value read NA

T4 Reserved from a reserved bit is not defined.

External Interrupt Wakeup Register (EXTWAKE - 0xE01 FC144)

Enable bits in the EXTWAKE register allow the external interrupts to wake up the processor if it is in Power Down mode. The
related EINTn function must be mapped to the pin in order for the wakeup process 1o take place. It is not necessary for the
interrupt to be enabled in the Vectored Interrupt Controller for a wakeup to take place. This arrangement allows additional
capabilities, such as having an external interrupt input wake up the processor from Power Down mode without causing an
interrupt (simply resuming operation}, or allowing an interrupt to be enabled during Power Down without waking the processor
up if it is asserted (eliminating the need to disabie the interrupt if the wakeup feature is not desirable in the application).
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Table 16: External Interrupt Wakeup Register (EXTWAKE - 0xED1FC144)

EXTWAKE Function Description 5::::
0 EXTWAKEO | When one, assertion of EINTO will wake up the processor from Power Down mode. 0
1 EXTWAKE1 { When one, assertion of EINT1 will wake up the processor from Power Down mode, 0
2 EXTWAKE2 | When one, assertion of EINTZ2 will wake up the processor from Power Down mode. 0
3 EXTWAKE2 | When ane, assertion of EINT3 will wake up the processor from Power Down mode. 0
7:4 - — Reserved, user sc.uft-ware should not write ones to reserved bits. The value read NA
from a reserved bit is not defined.

External Interrupt Mode Register (EXTMODE - 0xE01 FC148)

The bits in this register select whether each EINT pin is level- or edge-sensitive. Only pins that are selected for the EINT function
(chapter Pin Connect Block on page 126) and enabled via the VICIntEnable register (chapter Vectored Interrupt Controller (VIC)
on page 96) can cause interrupts from the External interrupt function (though of course pins selected for ) other functions may

cause interrupts from those functions).

Note: Software should only change a bit in this register when its interrupt is disabled in VICIntEnable, and should write
the corresponding 1 to EXTINT before re-enabling the interrupt, to clear the EXTINT bit that could be set by changing

the mode.

Table 17: External Interrupt Mode Register (EXTMODE - 0XE01FC148)

EXTMODE Function Description Reset
Value

o EXTMODEO | When 0, level-sensitivity is selected for EINTO. When 1, EINTO is edge-sensitive. 0

1 EXTMODE1 | When 0, level-sensitivity is selected for EINT1. When 1, EINT1 is edge-sensitive. 0

2 EXTMODE2 | When 0, level-sensitivity is selected for EINT2. When 1, EINT2 is edge-sensitive. 0

3 EXTMODE3 | When 0, level-sensitivity is selected for EINT3. When 1, EINT3 is edge-sensitive. 0

7-4 S —" Reserved, user sqftyvare should not write ones to reserved bits. The value read NA
from a reserved bit is not defined.

External Interrupt Polarity Register (EXTPOLAR - 0xE01 FC14C)

In level-sensitive mode, the bits in this register select whether the corresponding pin is high- or low-active. In edge-sensitive
mode, they select whether the pin is rising- or falling-edge sensitive. Only pins that are selected for the EINT function (chapter
Pin Connect Block on page 126) and enabled in the VICIntEnable register (chapter Vectored Interrupt Controller (VIC) on page
96) can cause interrupts from the External Interrupt function (though of course pins selected for other functions may cause

interrupts from those functions).

Note: Software should only change a bit in this register when its interrupt is disabled in VICIntEnable, and should write
the corresponding 1 to EXTINT before re-enabling the interrupt, to clear the EXTINT bit that could be set by changing

the polarity.
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Table 18: External Interrupt Polarity Register (EXTPOLAR - OxEO1 FC14C)
EXTPOLAR| Function Description 5:;":

0 EXTPOLARO When 0, EINTO is low-active or falling-edge sensitive (depending on EXTMODEDQ). 0
When 1, EINTO is high-active or rising-edge sensitive (depending on EXTMODED).

1 EXTPOLAR1 When 0, EINT1 is low-active or falling-edge sensitive (depending on EXTMODE1). 0
When 1, EINT1 is high-active or rising-edge sensitive (depending on EXTMODE1).

2 EXTPOLAR2 When 0, EINTZ is low-active or falling-edge sensitive (depending on EXTMODE2). 0
When 1, EINT2 is high-active or rising-edge sensitive (depending on EXTMODE2).

3 EXTPOLAR3 When 0, EINT3 is low-active or falling-edge sensitive (depending on EXTMODES3). 0
When 1, EINT3 is high-active or rising-edge sensitive (depending on EXTMODES3).

Reserved, user software should not write ones to reserved bits. The value read from NA

w4 Reserved a reserved bit is not defined.

Multiple External Interrupt Pins

Software can select multiple pins for each of EINT3:0 in the Pin Select registers, which are described in chapter Pin Connect
Block on page 126. The external interrupt logic for each of EINT3:0 receives the state of a!l of its associated pins from the pins’
receivers, along with signals that indicate whether each pin is selected for the EINT function. The external interrupt logic handles
the case when more than one pin is so selected, differently according to the state of its Mode and Polarity bits:

« In Low-Active Level Sensitive made, the states of all pins selected for EINT functionality are digitally combined using a positive
logic AND gate.

- In High-Active Level Sensitive mode, the states of all pins selected for EINT functionality are digitally combined using a positive
logic OR gate.

- In Edge Sensitive mode, regardless of polarity, the pin with the lowest GPIO port number is used. (Selecting multiple EINT pins
in edge-sensitive mode could be considered a programming error.)

The signal derived by this logic is the EINTi signal in the following logic schematic (Figure 14).

When more than one EINT pin is logically ORed, the interrupt service routine can read the states of the pins from GPIO portusing
JOOPINO and IO1PIN registers, to determine which pin(s) caused the interrupt.
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Figure 14: External Interrupt Logic
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MEMORY MAPPING CONTROL

The Memory Mapping Control alters the mapping of the interrupt vectors that appear beginning at address 0x00000000. This
allows code running in different memory spaces to have control of the interrupts.

Memory Mapping Control Register (MEMMAP - 0xE01FC040)

Table 19: MEMMAP Register

Address Name Description Access
Memory mapping control. Selects whether the ARM interrupt vectors are read
OxEQ1FC040 [ MEMMAP | 0 ihe Flash Boot Block, User Flash or RAM. ROV

Table 20: Memory Mapping Control Register (MEMMAP - 0xEO01FC040)

Reset
MEMMAP | Function Description Value*

00: Boot Loader Mode. Interrupt vectors are re-mapped to Boot Block.

01: User Flash Mode. Interrupt vectors are not re-mapped and reside in Flash.

10: User RAM Mode. Interrupt vectors are re-mapped to Static RAM.

1:0 MAP1:0 11: User External memory Mode. Interrupt vectors are re-mapped to external memory. 0
) ) This mode is available in L2292/2294 only and must not be specified when

LPC2119/2129/2194 are used.

Warning: Improper setting of this value may result in incorrect operation of the device.

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

72 Reserved | oserved bit is not defined.

*: The hardware reset value of the MAP bits is 00 for LPC2119/21 29/2194/2282/2294 parts. The apparent reset vaiue that the
user will see will be altered by the Boot Loader code, which always runs initially at reset. User documentation will reflect this

difference.

Memory Mapping Control Usage Notes

Memory Mapping Control simply selects one out of three available sources of data (sets of 64 bytes each) necessary for handling
ARM exceptions (interrupts).

For example, whenever a Software Interrupt request is generated, ARM core will always fetch 32-bit data "residing" on 0x0000
0008 (see Table 3, “ARM Exception Vector Locations,” on page 52). This means that when MEMMAP[1:0]=10 (User RAM Mode),
read/fetch from 0x0000 0008 will provide data stored in 0x4000 0008. If MEMMAP[1 :0]=01 (User Flash Mode), readffetch from
0x0000 0008 will provide data stored in on-chip Flash location 0x0000 0008. In case of MEMMAP[1:0]=00 (Boot L.oader Mode),
read/etch from 0x0000 0008 will provide data availble also at 0x7FFF E008 (Boot Block remapped from on-chip Flash memory).
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PLL (PHASE LOCKED LOOP)

The PLL accepts an input clock frequency in the range of 10 MHz to 25 MHz only. The input frequency is multiplied up into the
cclk with the range of 10 MHz to 60 MHz using a Current Controlled Oscillator (CCO). The multiplier can be an integer value from
1 to 32 (in practice, the multiplier value cannot be higher than 6 on the LPC2119/2129/2194/2292/2294 due to the upper

frequency limit of the CPU). The CCO operates in the range of 156 MHz to 320 MHz, so there is an additional divider in the loop
to keep the CCO within its frequency range while the PLL is providing the desired output frequency. The output divider may be
set to divide by 2, 4, 8, or 16 to produce the output clock. Since the minimum output divider value is 2, it is insured that the PLL

output has a 50% duty cycle. A block diagram of the PLL is shown in Figure 15.

PLL activation is controlled via the PLLCON register. The PLL multiplier and divider values are controlied by the PLLCFG register.
These two registers are protected in order to prevent accidental alteration of PLL parameters or deactivation of the PLL. Since
all chip operations, including the Watchdog Timer, are dependent on the PLL when it is providing the chip clock, accidental
changes to the PLL setup could result in unexpected behavior of the microcontroller. The protection is accomplished by a feed
sequence similar to that of the Watchdog Timer. Details are provided in the description of the PLLFEED register.

The PLL is turned off and bypassed following a chip Reset and when by entering power Down mode. PLL is enabled by software
only. The program must configure and activate the PLL, wait for the PLL to Lock, then connect to the PLL as a clock source.

Register Description

The PLL is controlled by the registers shown in Table 21. More detaited descriptions follow.

Warning: Improper setting of PLL values may result in incorrect operation of the device.

Table 21: PLL Registers
Address Name Description Access

PLL Control Register. Holding register for updating PLL control bits. Values
OxE01FC080 PLLCON written to this register do not take effect until a valid PLL feed sequence has taken R/W
place.

PLL Configuration Register. Holding register for updating PLL configuration
OxEO01FC084 PLLCFG values. Values written to this register do not take effect untif a valid PLL feed R/W
sequence has taken place.

PLL Status Register. Read-back register for PLL control and configuration
information. If PLLCON or PLLCFG have been written to, but a PLL feed

OxEQ1FCO088 PLLSTAT sequence has not yet occurred, they will not reflect the current PLL state. RO
Reading this register provides the actual values controlling the PLL, as well as the
status of the PLL.
PLL Feed Register. This register enables loading of the PLL control and

OxEQ1FC08C PLLFEED configuration information from the PLLCON and PLLCFG registers into the wO

shadow registers that actually affect PLL operation.
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Figure 15: PLL Block Diagram

PLL Control Register (PLLCON - 0xE01FC080)

The PLLCON register contains the bits that enable and connect the PLL. Enabling the PLL allows it to attempt to lock to the
current settings of the multiplier and divider values. Connecting the PLL causes the processor and all chip functions to run from
the PLL output clock. Changes 1o the PLLCON register do not take effect until a correct PLL feed sequence has been given (see
PLL Feed Register (PLLFEED - 0xE01FCO8C) description).
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Table 22: PLL Control Register (PLLCON - 0xE01FC080)
. . Reset
PLLCON Function Description Value
0 PLLE PLL Enable. When one, and after a valid PLL feed, this bit will activate the PLL and 0
allow it to lock to the requested frequency. See PLLSTAT register, Table 24.
PLL Connect. When PLLC and PLLE are both set to one, and after a valid PLL feed,
1 PLLC connects the PLL as the clock source for the LPC21 19/2129/2194/2292/2294. 0
Otherwise, the oscillator clock is used directly by the LPC21 19/2120/2194/2292/2284.
See PLLSTAT register, Table 24.
Reserved, user software should not write ones to reserved bits. The value read from a
7.2 Reserved o NA
reserved bit is not defined.

The PLL must be set up, enabled, and Lock established before it may be used as a clock source. When switching from the

oscillator clock to the PLL output or vice versa, internal circuitry synchronizes the operation in order to ensure that glitches are
not generated. Hardware does not insure that the PLL is locked before it is connected or automatically disconnect the PLL if lock
is lost during operation. In the event of loss of PLL lock, it is iikely that the oscillator clock has become unstable and disconnecting

the PLL will not remedy the situation.

PLL Configuration Register (PLLCFG - 0xE01FC084)

The PLLCFG register contains the PLL multiplier and divider values. Changes to the PLLCFG register do not take effect until a
comrect PLL feed sequence has been given (see PLL Feed Register (PLLFEED - 0xEQ1FCO08C) description). Calculations for the
PLL frequency, and multiplier and divider values are found in the PLL Frequency Calculation section.

Table 23: PLL Configuration Register (PLLCFG - 0xE01FC084)

PLLCFG Function Description Resct
Value
PLL Multiplier value. Supplies the value "M" in the PLL frequency calculations.
40 MSEL4:0 Note: For details on selecting the right value for MSEL4:0 see section "PLL Frequency 0
Calculation” on page 79.
PLL Divider value. Supplies the value "P" in the PLL frequency calculations.
B RREL1U Note: For details on selecting the right value for PSEL1:0 see section "PLL Frequency 0
Calculation” on page 79.
7 rom— Reserved, }J§er software should not write ones to reserved bits. The value read froma NA
reserved bit is not defined.

PLL Status Register (PLLSTAT - 0xE01FC088)

The read-only PLLSTAT register provides the actual PLL parameters that are in effect at the time it is read, as well as the PLL
status. PLLSTAT may disagree with values found in PLLCON and PLLCFG because changes to those registers do not take effect
until a proper PLL feed has occurred (see PLL Feed Register (PLLFEED - 0xE01FCO08C) description).

System Control Block 77 May 03, 2004



Philips Semiconductors

Preliminary User Manual

ARM-based Microcontroller

LPC2119/2129/2194/2292/2294

Table 24: PLL Status Register (PLLSTAT - 0xE01 FC088)

; A Reset
PLLSTAT Function Description Valué
4:0 MSEL4:0 Read-back for the PLL Multiplier value. This is the value currently used by the PLL. 0
6:5 PSEL1:0 Read-back for the PLL Divider value. This is the value currently used by the PLL. 0
Reserved, user software should not write ones to reserved bits. The value read from
7 Reserved s NA
a reserved bit is not defined.
Read-back for the PLL Enable bit. When one, the PLL is currently activated. When
8 PLLE zero, the PLL is tumed off. This bit is automatically cleared when Power Down mode 0
is activated.
Read-back for the PLL Connect bit. When PLLC and PLLE are both one, the PLL is
connected as the clock source for the LPC2119/21 29/2194/2292/2294. When either
9 PLLC PLLC or PLLE is zero, the PLL is bypassed and the oscillator clock is used directly 0
by the LPC2119/2129/2194/2292/2294. This bit is automatically cleared when Power
Down mode is activated.
Refiects the PLL Lock status. When zero, the PLL is not locked. When one, the PLL
10 PLOCK . 0
is locked onto the requested frequency.
15:11 Rasorved Reserved, user software should not write ones to reserved bits. The value read from NA
a reserved bit is not defined.
PLL Interrupt
The PLOCK bit in the PLLSTAT register is connected to the interrupt controller. This allows for software to turn on the PLL and

continue with other functions without having to wait for the PLL to achiev

may be connected, and the interrupt disabled.

PLL Modes

The combinations of PLLE and PLLC are shown in Table 25,

Table 25: PLL Control Bit Combinations

e lock. When the interrupt occurs (PLOCK = 1}, the PLL

PLLC PLLE PLL Function
0] 0] PLL is turned off and disconnected. The system runs from the unmodified clock input.
0 1 The PLL is active, but not yet connected. The PLL can be connected after PLOCK is asserted.
1 0 Same as 0 0 combination. This prevents the possibility of the PLL being connected without also being
enabled.
1 1 The PLL is active and has been connected as the system clock source.

PLL Feed Register (PLLFEED - 0xE01FC08C)

A correct feed sequence must be written to the PLLFEED register in order for changes to the PLLCON and PLLCFG registers to
take effect. The feed sequence is:

1. Write the value OxAA to PLLFEED
2. Write the value 0x55 to PLLFEED.
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The two writes must be in the correct sequence, and must be consecutive VPB bus cycles. The latter requirement implies that
interrupts must be disabled for the duration of the PLL feed operation. If either of the feed values is incorrect, or one of the
previously mentioned conditions is not met, any changes to the PLLCON or PLLCFG register will not become effective.

Table 26: PLL Feed Register (PLLFEED - 0xE01FC08C)

PLLFEED|  Function Description Besel
Value
7:0 PLLFEED The PLL fged sequence mus.t be written to this register in order for PLL iindefined
configuration and control register changes to take effect.

PLL and Power Down Mode

Power Down mode automatically turns off and disconnects the PLL. Wakeup from Power Down mode does not automatically
restore the PLL settings, this must be done in software. Typically, a routine to activate the PLL, wait for lock, and then connect
the PLL can be called at the beginning of any interrupt service routine that might be called due to the wakeup. It is important not
to attempt to restart the PLL by simply feeding it when execution resumes after a wakeup from Power Down mode. This would
enable and connect the PLL at the same time, before PLL lock is established.

PLL Frequency Calculation

The PLL equations use the following parameters:

Fosc the frequency from the crystal oscillator

Feco the frequency of the PLL current controlled oscillator

cclk the PLL output frequency (also the processor clock frequency)
M PLL Multiplier value from the MSEL bits in the PLLCFG register
P PLL Divider value from the PSEL bits in the PLLCFG register

The PLL output frequency (when the PLL is both active and connected) is given by:

FOCO

cclk = M*Fge or cck =
2*P

The CCO frequency can be computed as:

Feo = CClk*2*P  Or  Fgeo = Fosc*M*2*P

The PLL inputs and settings must meet the following:

* Fqsc is in the range of 10 MHz to 25 MHz.
« ¢clk is in the range of 10 MHz to Fppay (the maximum allowed frequency for the LPC2119/2129/2194/2292/2294).

* Feo is in the range of 156 MHz to 320 MHz.
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Procedure for Determining PLL Settings

If a particular application uses the PLL, its configuration may be determined as follows:

1. Choose the desired processor operating frequency (cclk). This may be based on processar throughput requirements,
need to support a specific set of UART baud rates, etc. Bear in mind that peripheral devices may be running from a lower
clock than the processor (see the VPB Divider description in this chapter).

2. Choose an oscillator frequency (Fosc). cclk must be the whole (non-fractional) multiple of Fg.
3. Calculate the value of M to configure the MSEL bits. M = cclk / Fogc. M must be in the range of 1 to 32. The value written
1o the MSEL bits in PLLCFG is M - 1 (see Table 28).

4. Find a value for P to configure the PSEL bits, such that F, is within its defined frequency limits. F, is calculated using
the equation given above. P must have one of the values 1, 2, 4, or 8. The value written to the PSEL bits in PLLCFG is 00

forP=1:01forP=2; 10 for P=4; 11 for P = 8 (see Table 27).

Table 27: PLL Divider Values

PSEL Bits
(PLLCFG bits 6:5) Value of P

00 1
01 2
10 4
11 8

Table 28: PLL Multiplier Values

MSEL Bits
(PLLCFG bits 4:0)

00000
00001

Value of M

00011

1
2
00010 3
4

11110

3

11111

32

PLL Example
System design asks for F,s.= 10 MHz and requires cclk = 60 MHz.
Based on these specifications, M = cclk / Foge = 60 MHz / 10 MHz = 6. Consequenty, M-1 = 5 will be written as PLLCFG 4:0.

Value for P can be derived from P = F ., /{cclk * 2), using condition that F., mustbe inrange of 156 MHz to 320 MHz. Assuming
the lowest allowed frequency for Fo, = 156 MHz, P =156 MHz / (2*60 MHz) = 1.3. The highest F ., frequency criteria produces
P = 2.67. The only solution for P that satisfies both of these requirements and is listed in Table 27 is P = 2. Therefore, PLLCFG

6:5 = 1 will be used.
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POWER CONTROL

The LPC2119/2129/2194/2292/2294 supports two reduced power modes: Idle mode and Power Down mode. In Idle mode,
execution of instructions is suspended until either a Reset or interrupt occurs. Peripheral functions continue operation during ldle
mode and may generate interrupts to cause the processor to resume execution. Idle mode eliminates power used by the
processor itself, memory systems and related controllers, and internal buses.

In Power Down mode, the oscillator is shut down and the chip receives no internal clocks. The processor state and registers,
peripheral registers, and intemal SRAM values are preserved throughout Power Down mode and the logic levels of chip pins
remain static. The Power Down mode can be terminated and normal operation resumed by either a Reset or certain specific
interrupts that are able to function without clocks. Since all dynamic operation of the chip is suspended, Power Down mode

reduces chip power consumption to nearly zero.

Entry to Power Down and Idle modes must be coordinated with program execution. Wakeup from Power Down or Idle modes via

an interrupt resumes program execution in such a way that no instructions are lost, incomplete, or repeated. Wake up from Power
Down mode is discussed further in the description of the Wakeup Timer later in this chapter.

A Power Control for Peripherals feature allows individual peripherals to be turned off if they are not needed in the application,
resulting in additional power savings.

Register Description

The Power Control function contains two registers, as shown in Table 29. More detailed descriptions follow.

Table 29: Power Control Registers

Address Name Description Access
Power Control Register. This register contains control bits that enable the two
0xEO1FCOCO PCON reduced power operating modes of the LPC2119/2129/21 94/2292/2294. See R/W
Table 30.
Power Control for Peripherals Register. This register contains control bits that
OXEO1FCOC4 PCONP enable and disable individual peripheral functions, Allowing elimination of power R/W

consumption by peripherals that are not needed.

Power Control Register (PCON - 0xE01FCOCO)

The PCON register contains two bits. Writing a one to the corresponding bit causes entry to either the Power Down or Idle mode.
If both bits are set, Power Down mode is entered.
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Table 30: Power Control Register (PCON - 0xE01FC0CO0)

: . Reset
PCON Function Description Value

idle mode - when 1, this bit causes the processor clock to be stopped, while on-chip
0 DL peripherals remain active, Any enabled interrupt from a peripheral or an external interrupt 0
source will cause the processor to resume execution.

Power Down mode - when 1, this bit causes the oscillator and all on-chip clocks to be
1 PD stopped. A wakeup condition from an external interrupt can cause the oscillator to re- 0
start, the PD bit to be cleared, and the processor to resume execution.

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

72 Reserved reserved bit is not defined.

Power Control for Peripherals Register (PCONP - 0xE01 FCOC4)

The PCONP register allows turning off selected peripheral functions for the purpose of saving power. A few peripheral functions
cannot be turned off (i.e. the Watchdog timer, GPIO, the Pin Connect block, and the System Controt block). Each bit in PCONP
controls one of the peripherals. The bit numbers correspond to the related peripheral number as shown in the VPB peripheral
map in the LPC2119/2129/2292/2294 Memory Addressing section.

Table 31: Power Control for Peripherals Register for LPC2119/2129/2292 (PCONP - 0XEO1FCOC4)

PCONP| Function Description 5:.5:;
0 — bRiT?:nNoidd' :r?ne;' :oftware should not write ones to reserved bits. The value read from a reserved 0
1 PCTIMO | When 1, TIMERO is enabled. When 0, TIMERO is disabled to conserve power. 1
2 PCTIM1 | When 1, TIMER1 is enabled. When 0, TIMER1 is disabled to conserve power. 1
3 PCURTO | When 1, UARTO is enabled. When 0, UARTO is disabled to conserve power. 1
4 PCURT1 | When 1, UART1 is enabled. When 0, UART1 is disabled to conserve power. 1
5 PCPWMO | When 1, PWMO is enabled. When 0, PWMO is disabled to conserve power. 1
6 Reserved LJ:ﬁer: esg‘ftware should not write ones to reserved bits. The value read from a reserved bit is not 0

PCI2C | When 1, the I2C interface is enabled, When 0, the 1°C interface is disabled to conserve power. | 1
PCSPI0 | When 1, the SPI0 interface is enabled. When 0, the SPI0 is disabled to conserve power. 1
9 PCRTC | When 1, the RTC is enabled. When 0, the RTC is disabled to conserve power. 1
10 PCSPI1 | When 1, the SPI1 interface is enabled. When 0, the SPI1 is disabled to conserve power. 1
11 Reserved | User software should write 0 here to reduce power consumption. 1
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Table 31: Power Control for Peripherals Register for LPC2119/2129/2292 (PCONP - 0xE01FC0C4)
- Reset
PCONP] Function Description Value
12 PCAD | When 1, the A/D converter is enabled. When 0, the AJ/D is disabled to conserve power. 1

When 1, CAN Controller 1 is enabled. When 0, it is disabled to save power.

13 PCCAN!1 1
Note: the Acceptance Filter is enabled if any of CAN Controllers 1-2 is enabled.

14 PCCAN2 | When 1, CAN Controller 2 is enabled. When 0, itis disabled to save power. 1

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

31:15 | Reserved | o ot defined.

Table 32: Power Control for Peripherals Register for LPC2194/2294 (PCONP - 0xE01FCOC4)

PCONP | Function Description Seset
alue
Reserved, user software should not write ones to reserved bits. The value read from a reserved
0 Reserved| | ., 0
bit is not defined.
1 PCTIMO [ When 1, TIMERO is enabled. When 0, TIMERO is disabled to conserve power. 1
2 PCTIM1 | When 1, TIMER1 is enabled. When 0, TIMER1 is disabled to conserve power. 1
3 PCURTO | When 1, UARTO is enabled. When 0, UARTO is disabled to conserve power. 1
4 PCURT1 | When 1, UART1 is enabled. When 0, UART?1 is disabled to conserve power. 1
5 PCPWMO | When 1, PWMO is enabled. When 0, PWMC is disabled to conserve power. 1
User software should not write ones to reserved bits. The value read from a reserved bit is not
6 Reserved 0
defined.
PCI2C | When 1, the I2C interface is enabled. When 0, the I°C interface is disabled to conserve power. 1
8 PCSPI0 | When 1, the SPI0 interface is enabled. When O, the SPI0 is disabled to conserve power. 1
PCRTC | When 1, the RTC is enabled. When 0, the RTC is disabled to conserve power. 1
10 PCSPI1 | When 1, the SPI1 interface is enabled. When 0, the SPI1 is disabled to conserve power. 1
1 PCEMC When 1, the External Memory Controller is enabled. When 0, the EMC is disabled to conserve 1
power.
12 PCAD | When 1, the A/D converter is enabled. When 0, the A/D is disabled to conserve power. 1
13 PCCAN1 | When 1, CAN Controller 1 is enabled. When 0, itis disabled to save power. 1
14 PCCAN2 | When 1, CAN Controller 2 is enabled. When 0, it is disabled to save power. 1
15 PCCAN3 | When 1, CAN Controlter 3 is enabled. When 0, it is disabled to save power. 1
16 PCCAN4 | When 1, CAN Controller 4 is enabled. When 0, itis disabled to save power. 1
3117 | Reserved Re:served. user software should not write ones to reserved bits. The value read from a reserved 0
bit is not defined.
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POWER CONTROL USAGE NOTES

After every reset, PCONP register contains the value that enables all interfaces and peripherals controlled by the PCONP to be
enabled. Therefore, apart from proper configuring via peripheral dedicated registers, user’s application has no need to access

the PCONP in order to start using any of the on-board peripherals.

Power saving oriented systems should have 1s in the PCONP register only in positions that match peripherals really used in the
application. All other bits, declared to be "Reserved” or dedicated to the peripherals not used in the current appiication, must be

cleared to 0.
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RESET

Reset has two sources on the LPC2119/2129/2194/2292/2294: the RESET pin and Watchdog Reset. The RESET pinis a
Schmitt trigger input pin with an additional glitch filter. Assertion of chip Reset by any source starts the Wakeup Timer (see
Wakeup Timer description later in this chapter), causing reset to remain asserted until the external Reset is de-asserted, the
oscillator is running, a fixed number of clocks have passed, and the Flash controller has completed its initialization. The
relationship between Reset, the oscillator, and the Wakeup Timer are shown in Figure 16.

The Reset glitch filter allows the processor to ignore external reset pulses that are very short, and also determines the minimum
duration of RESET that must be asserted in order to guarantee a chip reset. Once asserted, RESET pin can be deasserted only
when crystal oscillator is fully running and an adequate signal is present on the X1 pin of the LPC2119/2129/2194/2292/2294.

Assuming that an external crystal is used in the crystal oscillator subsystem, after power on, the RESET pin should be asserted
for 40 ms. For all subsequent resets when crystal osillator is already running and stable signal is on the X1 pin, the RESET pin

needs to be asseried for 300 ns only.

Speaking in general, there are no sequence requirements for powering up the supplies (V4g, Va, Vqga and V3pa). However, for
proper reset handling It is absolutely necessary to have valid voltage supply on Vg pins, since on-chip Reset circuit and oscillator
dedicated hardware are powered by them. V3 pins enable microcontroller's interface to the environment via its digital pins.
Consequently, not providing V3 power supply will not affect the reset sequence itself, but will prevent microcontroller from

communicating with external world.

When the internal Reset is removed, the processor begins executing at address 0, which isinitially the Reset vector mapped from
the Boot Block. At that point, all of the processor and peripheral registers have been initialized to predetermined values.

External and internal Resets have some small differences. An external Reset causes the value of certain pins to be latched to
configure the part. External circuitry cannot determine when an internal Reset occurs in order to allow setting up those special
pins, so those laiches are not reloaded during an internal Reset. Pins that are examined during an external Reset for various
purposes are: P1.20/TRACESYNC, P1.26/RTCK, BOOT1 and BOCTO (see chapters Pin Configuration on page 110, Pin
Connect Block on page 126 and External Memory Controller (EMC) on page 56). Pin P0.14 (see Flash Memory System and
Programming on page 262) is exemined by on-chip bootloader when this code is executed after reset.

it is possible for a chip Reset to occur during a Flash programming or erase operation. The Flash memory will interrupt the
ongoing operation and hold off the completion of Reset to the CPU until internal Flash high voltages have settled.

External
Reset Reset fo
[} kFlash shell

s Reset to
> PCON.PD

Power Down _____,_.__D__ Wakeup Timer
Start Count 2" o] VPB Read

Watchdog
Reset

EINTO Wakeup .
E:m; \xal;eup Oscillator > Q of PDbit
akeup Qutput (F, in PCON
EINT3 Wakeup utput (Fosc) S
Write "1*
from VPB

CAN1 Wakeup
CANZ Wakeup

CAN3 Wakeup®
CAN4 Wakeup® Reset } F?g'c
PLL

*LPC2194/2292/2294 only

Figure 16: Reset Block Diagram including Wakeup Timer
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VPB DIVIDER

The VPB Divider determines the relationship between the processor clock (cclk) and the clock used by peripheral devices (pclk).
The VPB Divider serves two purposes. The first is to provides peripherals with desired pclk via VPB bus so that they can operate
at the speed chosen for the ARM processor. In order to achieve this, the VPB bus may be slowed down to one half or one fourth
of the processor clock rate. Because the VPB bus must work properly at power up (and its timing cannot be altered if it does not
work since the VPB divider control registers reside on the VPB bus), the default condition at reset is for the VPB bus to run at
one quarter speed. The second purpose of the VPB Divider is to allow power savings when an application does not require any
peripherals to run at the full processor rate.

The connection of the VPB Divider relative to the oscillator and the processor clock is shown in Figure 17. Because the VPB
Divider is connected to the PLL output, the PLL remains active (if it was running) during idle mode.

VPBDIV Register (VPBDIV - 0xEQ1FC100)

The VPB Divider register contains two bits, allowing three divider values, as shown in Table 34.

Table 33: VPBDIV Register Map

Address Name Description Access

0xE01FC100 VPBDIV Controls the rate of the VPB clock in relation to the processor clock. R/W

Table 34: VPB Divider Register (VPBDIV - 0xE01FC100)

. Reset
VPBDIV Function Description Value

The rate of the VPB clock is as follows:

0 0: VPB bus clock is one fourth of the processor clock.
0 1: VPB bus clock is the same as the processor clock.
1.0 VPBDIV 1 0: VPB bus clock is one half of the processor clock. 0]
1 1: Reserved. If this value is written to the VPBDIV register, it has no effect (the
previous setting is retained).

Reserved, user software should not write ones to reserved bits. The value read froma 0
reserved bit is not defined.

In the LPC2292/2294 (parts in 144 packages) only, these bits control the clock that can
be driven onto the A23/XCLK pin. They have the same encoding as the VPBDIV bits

above. A bit in the PINSELZ register (Pin Connect Block on page 126) controls whether
the pin carries A23 or the clock selected by this field. 0

3.2 Reserved

54 XCLKDIV

Note: If this field and VPBDIV have the same value, the same clock is used on the
VPB and XCLK. (This might be useful for external logic dealing with the VPB
peripherals).

Reserved, user software should not write ones to reserved bits. The value read from a 0

76 Ressoed reserved bit is not defined.
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WAKEUP TIMER

The purpose of the wakeup timer is to ensure that the oscillator and other analog functions required for chip operation are fully
functional before the processor is allowed to execute instructions. This is important at power on, all types of Reset, and whenever
any of the aforementioned functions are turned off for any reason. Since the oscillator and other functions are turned off during
Power Down mode, any wakeup of the processor from Power Down mode makes use of the Wakeup Timer.

The Wakeup Timer monitors the crystal oscillator as the means of checking whether it is safe to begin code execution. When

power is applied to the chip, or some event caused the chip to exit Power down mode, some time is required for the oscillator to
preduce a signal of sufficient amplitude to drive the clock logic. The amount of time depends on many factors, including the rate
of Vdd ramp {in the case of power on), the type of crystal and its electrical characteristics (if a quartz crystal is used), as well as
any other external circuitry (e.g. capacitors), and the characteristics of the oscillator itself under the existing ambient conditions.

Once a clock is detected, the Wakeup Timer counts 4096 clocks, then enables the Flash memory to initialize. When the Flash

memory Initialization is complete, the processor is released to execute instructions if the external Reset has been de-asserted.
In the case where an external clock source is used in the system (as opposed to a crystal connected to the osciliator pins), the
possibility that there could be little or no delay for oscillator start-up must be considered. The Wakeup Timer design then ensures
that any other required chip functions wilt be operational prior to the beginning of program execution.

The LPC2119/2129/2194/2292/2294 does not contain any analog function such as comparators that operate without clocks or
any independent clock source such as a dedicated Watchdog oscillator. The only remaining functions that can operate in the
absence of a clock source are the external interrupts (EINTO, EINT1, EINT2 and EINT3) and the CAN controllers. When an
external interrupt is enabled for wakrup, and its selected event occurs, an oscillator wakeup cycle is started. Similarly,if a CAN
block is enabled for wakeup and activity occurs on its CAN bus, an oscillator wakeup cycle is statrted. The actual interrupt (if any)
occurs after the wakeup time expires, and is handled by the Vectored Interrupt Controller (VIC).

However, the pin multiplexing on the LPC21 19/2129/2194/2292/229 (see Pin Configuration on page 110 and Pin Connect Block
on page 126) was designed to allow other peripherals to, in effect, bring the device out of power down mode. The following pin-
function pairings allow interrupts from events relating to UARTO or 1, SPI 0 or 1, or the I2C: RxD0 / EINTO, SDA / EINT1, SSELO
/EINT2, RxD1 / EINT3, DCD1/ EINT1, RI1 / EINT2, SSEL1/ EINTS3.

To put the device in power down mode and allow activity on one or more of these buses or lines to power it back up, software
should reprogram the pin function to External Interrupt, select the appropriate mode and polarity for the Interrupt, and then select
power down mode. Upon wakeup software should restore the pin mulitplexing to the peripheral function.

All of the bus- or line-activity indications in the list above happen to be low-active. If software wants the device to come out of
power -down mode in response to actity on more than one pin that share the same EINTi channel, it should program low-level
sensitivity for that channel, because only in level mode will the channel logically OR the signals to wake the device.

The only flaw in this scheme is that the time to restart the oscillator prevents the LPC2119/2129/2194/2292/229 from capturing
the bus or line activity that wakes it up. Idie mode is more appropriate than power-down mode for devices that must capture and
respond to external activity in a timely manner.

To summarize: on the LPC2119/2129/2194/2292/2294, the Wakeup Timer enforces a minimum reset duration based on the
crystal oscillator, and is activated whenever there is a wakeup from Power Down mode or any type of Reset.
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5. MEMORY ACCELERATOR MODULE (MAM)

INTRODUCTION

Simply put, the Memory Accelerator Module (MAM) attempts to have the next ARM instruction that will be needed in its latches
in time to prevent CPU fetch stalls. The method used is to split the Flash memory into two banks, each capable of independent
accesses. Each of the two Flash banks has its own Prefetch Buffer and Branch Trail Buffer. The Branch Trail Buffers for the two
banks capture two 128-bit lines of Fiash data when an Instruction Fetch is not satisfied by either the Prefetch buffer nor Branch
Trail buffer for its bank, and for which a prefetch has not been initiated. Each prefetch buffer captures one 128-bit line of
instructions from its Flash bank, at the conclusion of a prefetch cycle initiated speculatively by the MAM.

Each 128 bit value includes four 32-bit ARM instructions or eight 16-bit Thumb instructions. During sequential code execution,
typically one Flash bank contains or is fetching the current instruction and the entire Flash line that contains it. The other bank
contains or is prefetching the next sequential code line. After a code line delivers its last instruction, the bank that contained it

begins to fetch the next line in that bank.

Timing of Flash read operations is programmable and is described later in this section as well as in the System Control Block
section.

Branches and other program flow changes cause a break in the sequential flow of instruction fetches described above. When a
backward branch occurs, there is a distinct possibility that a loop is being executed. In this case the Branch Trail Buffers may

already contain the target instruction. If so, execution continues without the need for a Flash read cycle. For a forward branch,
there is also a chance that the new address is already contained in one of the Prefetch Buffers. If it is, the branch is again taken

with nc delay.

When a branch outside the contents of the Branch Trail and Prefetch buffers is taken, one Flash Access cycle is needed to load
the Branch Trail buffers. Subsequently, there will typically be no further fetch delays until another such “Instruction Miss™ occurs.

The Flash memory controller detects data accesses to the Flash memory and uses a separate buffer to store the results in a
manner similar to that used during code fetches. This allows faster access to data if itis accessed sequentially. A single line buffer
is provided for data accesses, as opposed to the two buffers per Flash bank that are provided for code accesses. There is no
prefetch function for data accesses.

Memory Accelerator Module Blocks

The Memory Accelerator Module is divided into several functional blocks:

A Flash Address Latch for each bank. An Incrementer function is associated with the Bank 0 Flash Address latch.

+ Two Flash Memory Banks.
« Instruction Latches, Data Latches, Address Comparison latches.

+ Wait logic

Figure 18 shows a simplified block diagram of the Memory Accelerator Module data paths.

In the following descriptions, the term “fetch” applies to an explicit Flash read request from the ARM. “prefetch” is used to denote
a Flash read of instructions beyond the current processor fetch address.

Flash Memory Banks

There are two banks of Flash memory in order to allow two parallel accesses and eliminate delays for sequential accesses.
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Flash programming operations are not controlled by the Memory Accelerator Module, but are handled as a separate function. A
“boot block™ sector contains Flash programming algorithms that may be called as part of the application program, and a loader

that may be run to allow serial programming of the Flash memory.

The Flash memories are wired so that each sector exists in both banks, such that a sector erase operation acts on part of both

banks simultaneously. In effect, the existence of two banks is transparent to the programming functions.

Memory Address L

Flash Memory Flash Memory

< : > Bus Bank 0 Bank 1
ARM Local Bus InteHats

Bank
Selection

<r Memory Data

Figure 18: Simplified Block Diagram of the Memory Accelerator Module

Instruction Latches and Data Latches

Code and Data accesses are treated separately by the Memory Accelerator Module. There are two sets of 128-bit Instruction
Latches and 12-bit Comparison Address Latches associated with each Fiash Bank. One of the two sets, called the Branch Trail
Buffer, holds the data and comparison address for that bank from the last Instruction miss. The other set, called the Prefetch
Buffer, holds the data and comparison address from prefetches undertaken speculatively by the MAM. Each Instruction Latch
holds 4 words of code (4 ARM instructions, or 8 Thumb instructions).

Similarly there is a 128-bit Data Latch and 13-bit Data Address latch, that are used during Data cycles. This single set of latches
is shared by both Flash banks. Each Data access that is not in the Data latch causes a Fiash fetch of 4 words of data, which are
captured in the Data latch. This speeds up sequential Data operations, but has little or no effect on random accesses.

Flash Programming Issues

Since the Flash memory does not aliow accesses during programming and erase operations, it is necessary for the MAM to force
the CPU to wait if a memory access to a Flash address is requested while the Flash module is busy. (This is accomplished by

asserting the ARM7TDMI-S local bus signal CLKEN.) Under some conditions, this delay could result in a Watchdog time-out. The
user will need to be aware of this possibility and take steps to insure that an unwanted Watchdog reset does not cause a system

failure while programming or erasing the Flash memory.
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In order to preciude the possibility of stale data being read from the Flash memory, the MAM holding latches are automatically
invalidated at the beginning of any Flash programming or erase operation. Any subsequent read from a Flash address will cause
a new fetch to be initiated after the Flash operation has completed.

MEMORY ACCELERATOR MODULE OPERATING MODES

Three modes of operation are defined for the MAM, trading off performance for ease of predictability:

0) MAM off. All memory requests result in a Flash read operation (see note 2 below). There are no instruction prefetches,

1) MAM partially enabled. Sequential instruction accesses are fulfilled from the holding latches if the data is present, instruction

prefetch is enabled. Non-sequential instruction accesses initiate Flas

h read operations (see note 2 below). This means that all

branches cause memory fetches. All data operations cause a Flash read because buffered data access timing is hard to predict

and is very situation dependent.

2) MAM fuily enabled. Any memory request (code or data) for a value that is contained in one of the corresponding holding latches
is fulfilled from the latch. Instruction prefetch is enabled. Flash read operations are initiated for instruction prefetch and code or
data values not available in the corresponding holding latches.

Table 35: MAM Responses to Program Accesses of Various Types

MAM Mode

Program Memory Request Type

0

1

2

Sequential access, data in MAM latches

Initiate Fetch #

Use Latched Data '

Use Latched Data '

Sequential access, data not in MAM latches

Initiate Fetch

Initiate Fetch '

Initiate Fetch 1

Non-Sequential access, data in MAM latches

Initiate Fetch 2

Initiate Fetch 1+ 2

Use Latched Data '

Non-Sequential access, data not in MAM latches

Initiate Fetch

Initiate Fetch

Initiate Fetch 1

Table 36: MAM Responses to Data and DMA Accesses of Various Types

MAM Mode

Data Memory Request Type

1

2

Sequential access, data in MAM latches

Initiate Fetch 4

initiate Fetch <

Use Latched Data

Sequential access, data not in MAM latches

Initiate Fetch

Initiate Fetch

Initiate Fetch

Non-Sequential access, data in MAM latches

Initiate Fetch 2

Initiate Fetch 2

Use Latched Data

Non-Sequential access, data not in MAM latches

Initiate Fetch

Initiate Fetch

Initiate Fetch

—_

Instruction prefetich is enabled in modes 1 and 2.

2. The MAM actually uses latched data if it is available, but mimics the timing of a Flash read operation. This saves power while
resulting in the same execution timing. The MAM can truly be turned off by setting the fetch timing value in MAMTIM to one

clock.
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MAM CONFIGURATION

After reset the MAM defaults to the disabled state. Software can turn memory access acceleration on or off at any time. This
allows most of an application to be run at the highest possible performance, while certain functions can be run at a somewhat

slower but more predictable rate if more precise timing is required.

REGISTER DESCRIPTION

All registers, regardless of size, are on word address boundaries. Details of the registers appear in the description of each
function.

Table 37: Summary of System Control Registers

e Reset
Name Description Access Value* Address
MAM

Memory Accelerator Module Control Register. Determines the MAM

MAMCR | functional mode, that is, to what extent the MAM performance RW 0 OxEO1FCO000
enhancements are enabled. See Table 38.
Memory Accelerator Module Timing control. Determines the number of

MAMTIM clocks used for Flash memory fetches (1 to 7 processor clocks). R GO7 | EOTRCOM

*Reset Value refers to the data stored in used bits only. it does not include reserved bits content.
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MAM Control Register (MAMCR - 0xE01FC000)

Two configuration bits select the three MAM operating modes, as shown in Table 38. Following Reset, MAM functions are
disabled. Changing the MAM operating mode causes the MAM to invalidate all of the holding latches, resulting in new reads of
Flash information as required.

Table 38: MAM Control Register (MAMCR - 0xE01FCO000)

Reset

MAMCR Function Description
Value

These bits determine the operating mode of the MAM as follows:
0 0 - MAM functions disabled.

1:0 MAM mode | ¢ 1 - MAM functions partially enabled. 0
1 0 - MAM functions fully enabled.
11 - reserved
. Reserved, user software should not write ones to reserved bits. The value read from a
7:2 Reserved NA

reserved bit is not defined.

MAM Timing Register (MAMTIM - 0xE01FC004)

The MAM Timing register determines how many cclk cycles are used to access the Flash memory. This aliows tuning MAM timing
to match the processor operating frequency. Flash access times from 1 clock to 7 clocks are possible. Single clock Flash
accesses would essentially remove the MAM from timing calculations. In this case the MAM mode may be selected to optimize
power usage.

Table 39: MAM Timing Register (MAMTIM - 0xE01FC004)

Reset

MAMTIM Function Description Value

These bits set the duration of MAM Flash fetch operations as follows:
000 =0 - Reserved.

001=1 - MAM fetch cycles are 1 processor clock (cclk) in duration.
010=2 - MAM fetch cycles are 2 processor clocks (cclks) in duration.
011 =3 - MAM fetch cycles are 3 processor clocks (cclks) in duration.

2.0 g‘ ﬁlh: :::;h 100 =4 - MAM fetch cycles are 4 processor clocks (cclks) in duration. 0x07
y 9 1101=5 -MAMfetch cycles are 5 processor clocks (cclks) in duration.
110=6 - MAM fetch cycles are 6 processor clocks (cclks) in duration.
111 =7 - MAM fetch cycles are 7 processor clocks {cclks) in duration.
Warning: Improper setting of this value may result in incorrect operation of the device.
7.3 Reserved Reserved, user software should not write ones to reserved bits. The value read from a NA

reserved bit is not defined.

MAM USAGE NOTES

When changing MAM timing, the MAM must first be turned off by writing a zero to MAMCR. A new value may then be written to
MAMTIM. Finally, the MAM may be tumed on again by writing a value (1 or 2) corresponding to the desired operating mode to
MAMCR.

For system clock slower than 20 MHz, MAMTIM can be 001. For system clock between 20 MHz and 40 MHz, Flash access time
is suggested to be 2 CCLKs, while in systems with system clock faster than 40 MHz, 3 CCLKs are proposed.
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6. VECTORED INTERRUPT CONTROLLER (VIC)

FEATURES

+ ARM PrimeCell™ Vectored Interrupt Controller

» 32 interrupt request inputs

« 16 vectored IRQ interrupts

« 16 priority levels dynamically assigned to interrupt requests
« Software interrupt generation

DESCRIPTION

The Vectored Interrupt Controller (VIC) takes 32 intefrupt request inputs and programmably assigns them into 3 categories, FIQ,
vectored IRQ, and non-vectored |RQ. The programmable assignment scheme means that priorities of interrupts from the various

peripherals can be dynamically assigned and adjusted.

Fast Interrupt reQuest (FIQ) requests have the highest priority. If more than one request is assigned to FIQ, the VIC ORs the
requests to produce the FIQ signal to the ARM processor. The fastest possible FIQ latency is achieved when only one request
is classified as FIQ, because then the FIQ service routine can simply start dealing with that device. But if more than one request
is assigned to the FIQ class, the FIQ service routine can read a word from the VIC that identifies which FIQ source(s) is (are)

requesting an interrupt.

Vectored IRQs have the middle priority, but ony 16 of the 32 requests can be assigned to this category. Any of the 32 requests
can be assigned to any of the 16 vectored IRQ slots, among which slot 0 has the highest priority and slot 15 has the lowest.

Non-vectored IRQs have the lowest priority.

The VIC ORs the requests from all the vectored and non-vectored IRQs to produce the IRQ signal to the ARM processor. The
IRQ service routine can start by reading a register from the VIC and jumping there. If any of the vectored IRQs are requesting,
the VIC provides the address of the highest-priority requesting IRQs service routine, otherwise it provides the address of a default
routine that is shared by all the non-vectored IRQs. The default routine can read another VIC register to see what IRQs are active.

All registers in the VIC are word registers. Byte and halfword reads and write are not supported.

Additional information on the Vectored Interrupt Controller is available in the ARM PrimeCell™ Vectored Interrupt Controller
(PL190) documentation.
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REGISTER DESCRIPTION

The VIC implements the registers shown in Table 40. More detailed descriptions follow.

Table 40: VIC Register Map

g Reset
Name Description Access Value* Address
IRQ Status Register. This register reads out the state of those interrupt
viGIRGStatos requests that are enabled and classified as IRQ. RO 0 UKFFRF FO0
FIQ Status Requests. This register reads out the state of those interrupt
VIGFIGstatis requests that are enabled and classified as FIQ. RO B BxFFFF FOO4
Raw Interrupt Status Register. This register reads out the state of the 32
VICRawlintr | interrupt requests / software interrupts, regardless of enabling or RO 0 O0xFFFF F008
classification.
Interrupt Select Register. This register classifies each of the 32 interrupt
iGiniSetes! requests as contributing to FIQ or IRQ. RW B OXFREF RIOC
Interrupt Enable Register. This register controls which of the 32 interrupt
VICIntEnable | requests and software interrupts are enabled to contribute to FIQ or R/W 0 OxFFFF FO10
IRQ.
VICINENCIr Interrupt Enab'le F:Iear Register. This registgr allows software to clear W 0 OxFFEF F014
one or more bits in the Interrupt Enable register.
Software Interrupt Register, The contents of this register are ORed with
VICSoftint the 32 interrupt requests from various peripheral functions. b 0 DxFFEFFR12
Software Interrupt Clear Register. This register allows software to clear
ViGSattiniClear one or more bits in the Software Interrupt register. W v OXFFFF FO1C
VICProtection Prqtectlon enable reg':ster..Thl's, reqns_ter allows limiting access to the VIC RIW 0 OxFFEF F020
registers by software running in privileged mode.
Vector Address Register. When an IRQ interrupt occurs, the IRQ service RIW
ViCVectAdar routine can read this register and jump to the value read. 0 BxFEFEFO30
Default Vector Address Register. This register holds the address of the RIW
ViGEstiastaddr Interrupt Service routine (ISR} for non-vectored IRQs. 4 OxETFF g3
Vector address 0 register. Vector Address Registers 0-15 hold the
VICVectAddrO | addresses of the Interrupt Service routines (ISRs) for the 16 vectored R/W 0 OxFFFF F100
IRQ slots.
VICVectAddr1 | Vector address 1 register R/W 0 OxFFFF F104
VICVectAddr2 | Vector address 2 register R/W 0 OxFFFF F108
VICVectAddr3 | Vector address 3 register RW 0 OxFFFF F10C
VICVectAddr4 | Vector address 4 register R/W 0 OxFFFF F110
VICVectAddr5 | Vector address 5 register R/W ¢ OxFFFF F114
VICVectAddré | Vector address 6 register RW V) OxFFFF F118
VICVectAddr7 | Vector address 7 register R/W 0] OxFFFF F11C
VICVectAddr8 | Vector address 8 register R/W 0 OxFFFF F120
VICVectAddr9 | Veclor address 9 register R/W 0 OxFFFF F124
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Table 40: VIC Register Map
Name Description Access 5;3:‘* Address
VICVectAddr10 | Vector address 10 register RW 0 OxFFFF F128
VICVectAddrt1 | Vector address 11 register RW 0 OxFFFF F12C
VICVectAddri2 | Vector address 12 register RW 0 OxFFFF F130
VICVectAddr13 | Vector address 13 register R/W 0 OxFFFF F134
VICVectAddri4 | Vector address 14 register RW 0 OxFFFF F138
VICVectAddr15 | Vector address 15 register R/W 0 OxFFFF F13C
Vector control 0 register. Vector Control Registers 0-15 each control one
VICVectCntl0 | of the 16 vectored IRQ slots. Slot 0 has the highest priority and slot 15 R/W 0] OxFFFF F200
the lowest.
VICVectiCnti1 | Vector control 1 register R/W 0 OxFFFF F204
VICVectCntl2 | Vector control 2 register RW 0 OxFFFF F208
VICVectCntl3 | Vector control 3 register R/W V] OxFFFF F20C
VICVectCnti4 | Vector control 4 register RW 0 OxFFFF F210
VICVectCntl5 | Vector control 5 register RwW 0 OxFFFF F214
VICVectCnti6 | Vector controi 6 register RW 0 OxFFFF F218
VICVectCntl7 | Vector control 7 register RW 0 OxFFFF F21C
ViCVectCnti8 | Vector control 8 register RW 0 OxFFFF F220
VICVectCntl9 | Vector control 9 register RW o OxFFFF F224
VICVectCntl10 | Vector control 10 register R/W 0 OxFFFF F228
VICVectCnti11 | Vector control 11 register RW 0 OxFFFF F22C
VICVectCntl12 | Vector control 12 register RW 0 OxFFFF F230
VICVectCntl13 | Vector control 13 register R/W 0 OxFFFF F234
VICVectCntt14 | Vector control 14 register RW 0 OxFFFF F238
VICVectCntl15 | Vector cantrol 15 register R/W 0 OxFFFF F23C
*Reset Value refers to the data stored in used bits only. It does not inciude reserved bits content.
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VIC REGISTERS

This section describes the VIC registers in the order in which they are used in the VIC logic, from those closest to the interrupt
request inputs to those most abstracted for use by software. For most people, this is also the best order to read about the registers
when learning the VIC.

Software Interrupt Register (VICSoftint - 0xFFFFF018, Read/Write)

The contents of this register are ORed with the 32 interrupt requests from the various peripherals, before any other logic is
applied.

Table 41: Software Interrupt Register (VICSoftint - 0xXFFFFF018, Read/Write)

VICSoftint Function Reset Value

1:force the interrupt request with this bit number.
31:0 0: do not force the interrupt request with this bit number. Writing zeroes to bits in VICSoftint has 0

no effect, see VICSoftintClear.

Software Interrupt Clear Register (VICSoftintClear - 0xXFFFFF01C, Write Only)

This register allows software to clear one or more bits in the Software Interrupt register, without having to first read it.

Table 42: Software Interrupt Clear Register {VICSoftintClear - 0xFFFFF01C, Write Only)

ViCSoftintClear Function Reset Value

1: writing a 1 clears the coresponding bit in the Software Interrupt register, thus releasing
31:0 the forcing of this request. 0
0: writing a 0 leaves the corresponding bit in VICSoftint unchanged.

Raw Interrupt Status Register (VICRawlIntr - 0xFFFFF008, Read Only)

This register reads out the state of the 32 interrupt requests and software interrupts, regardless of enabling or classification.

Table 43: Raw Interrupt Status Register (VICRawlIntr - 0xFFFFF008, Read-Only)

VICRawintr Function Reset Vaiue
31:0 1: the interrupt request or software interrupt with this bit number is asserted. 0
) 0: the interrupt request or software interrupt with this bit number is negated.
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Interrupt Enable Register (VICIntEnable - 0xFFFFF010, Read/Write)

This register controls which of the 32 interrupt requests and software interrupts contribute to FIQ or IRQ.

Table 44: Interrupt Enable Register (VICINtEnable - 0xFFFFF010, Read/Write)

VICintEnable Function Reset Value

When this register is read, 1s indicate interrupt requests or software interrupts that are enabled

to contribute to FIQ or IRQ.
31:0 When this register is written, ones enable interrupt requests or software interrupts to contribute

to FIQ or IRQ, zeroes have no effect. See the VICIntEnClear register (Tabie 45 below), for how
to disable interrupts.

Interrupt Enable Clear Register (VICIntEnClear - OxFFFFF014, Write Only)

This register allows software to clear one or more bits in the Interrupt Enable register, without having to first read it.

Table 45: Software Interrupt Clear Register (VICIntEnClear - 0xFFFFF01 4, Write Only)

VICIntEnClear : Function Reset Value

1: writing a 1 clears the corresponding bit in the Interrupt Enable register, thus disabling

31:.0 interrupts for this request.
0: writing a O leaves the corresponding bit in VICIntEnable unchanged.

Interrupt Select Register (VICIntSelect - 0xFFFFF00C, Read/Write)

This register classifies each of the 32 interrupt requests as contributing to FIQ or IRQ.

Table 46: interrupt Select Register (VICIntSelect - 0xFFFFFO0C, Read/Write)
Function Reset Value

ViCintSelect

310 1: the interrupt request with this bit number is assigned to the FIQ category. 0
’ 0: the interrupt request with this bit number is assigned to the IRQ category.

IRQ Status Register (VICIRQStatus - 0xFFFFF000, Read Only)

This register reads out the state of those interrupt requests that are enabled and classified as IRQ. It does not differentiate
between vectored and non-vectored IRQs.

Table 47: IRQ Status Register (VICIRQStatus - 0OxFFFFF000, Read-Only)

VICIRQStatus Function Reset Value
31:0 1: the interrupt request with this bit number is enabled, classified as JRQ, and asserted. 0
100 May 03, 2004
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FIQ Status Register (VICFIQStatus - 0xFFFFF004, Read Only)

This register reads out the state of those interrupt requests that are enabled and classified as F1Q. If more than one request is
classified as FIQ, the FIQ service routine can read this register to see which request(s) is (are) active.

Table 48: IRQ Status Register (VICFIQStatus - 0xFFFFF004, Read-Only)

VICFIQStatus Function Reset Value

31:0 1: the interrupt request with this bit number is enabied, classified as FIQ, and asserted. 0

Vector Control Registers 0-15 (VICVectCnti0-15 - 0xFFFFF200-23C, Read/Write)

Each of these registers controls one of the 16 vectored IRQ slots. Slot 0 has the highest priority and siot 15 the lowest. Note that
disabling a vectored IRQ slot in one of the VICVectCntl registers does not disable the interrupt itself, the interrupt is simply

changed to the non-vectored form.

Table 49: Vector Control Registers (VICVectCntl0-15 - 0xFFFFF200-23C, Read/Write)

VICVectCntl0-15 Function Reset Value
5 1- this vectored IRQ slot is enabled, and can produce a unigue ISR address when its 0
assigned interrupt request or software interrupt is enabled, classified as IRQ, and asserted.

The number of the interrupt request or software interrupt assigned to this vectored IRQ slot.
As a matter of good programming practice, software should not assign the same interrupt
4:0 number to more than one enabled vectored IRQ slot. But if this does occur, the lower- 0
numbered slot will be used when the interrupt request or software interrupt is enabled,
classified as IRQ, and asserted.

Vector Address Registers 0-15 (VICVectAddr0-15 - 0xFFFFF100-13C, Read/Write)

These registers hold the addresses of the Interrupt Service routines (ISRs) for the 16 vectored IRQ slots.

Table 50: Vector Address Registers (VICVectAddr0-15 - OxFFFFF100-13C, Read/Write)

VICVectAddr0-15 Function Reset Value
When one or more interrupt request or software interrupt is (are} enabled, classified as IRQ,
31:0 asserted, and assigned to an enabled vectored IRQ slot, the value from this register for the 0
) highest-priority such slot will be provided when the IRQ service routine reads the Vector
Address register (VICVectAddr).

Default Vector Address Register (VICDefVectAddr - 0xFFFFF034, Read/Write)

This register holds the address of the Interrupt Service routine (ISR) for non-vectored IRQs.

Table 51: Default Vector Address Register (VICDefVectAddr - 0xFFFFF034, Read/Write)

VICDefVectAddr Function Reset Value
31:0 When an IRQ service routine reads the Vector Address register (VICVectAddr), and no IRQ 0
’ slot responds as described above, this address is returned.
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Vector Address Register (VICVectAddr - 0xFFFFF030, Read/Write)

When an IRQ interrupt occurs, the IRQ service routine can read this register and jump to the value read.

Table 52: Vector Address Register (VICVectAddr - 0OxFFFFF030, Read/Write)

VICVectAddr Function Reset Value
If any of the interrupt requests or software interrupts that are assigned to a vectored IRQ slot
is (are) enabled, classified as IRQ, and asserted, reading from this register returns the
address in the Vector Address Register for the highest-priority such slot (lowest-numbered)
31:0 such slot. Otherwise it returns the address in the Default Vector Address Register. 0]
Writing to this register does not set the value for future reads from it. Rather, this register
should be written near the end of an ISR, to update the priority hardware.
Protection Enable Register (VICProtection - 0xFFFFF020, Read/Write)
This one-bit register controls access to the VIC registers by software running in User mode.
Table 53: Protection Enable Register (VICProtection - 0xFFFFF020, Read/Write)
VICProtection Function Reset Value
0 1: the VIC registers can only be accessed in privileged mode. 0
0: VIC registers can be accessed in User or privileged mode.
102 May 03, 2004

Vectored Interrupt Controlter (VIC)



Philips Semiconductors Preliminary User Manual

ARM-based Microcontroller LPC2119/2129/2194/2292/2294

INTERRUPT SOURCES

Table 54 lists the interrupt sources for each peripheral function. Each peripheral device has one interrupt line connected to the
Vectored Interrupt Controlier, but may have several internal interrupt flags. Individual interrupt flags may also represent more
than one interrupt source.

Table 54: Connection of Interrupt Sources to the Vectored Interrupt Controller

Block Flag(s) VIC Channel #
WDT Watchdog Interrupt (WDINT) 0
- Reserved for software interrupts onty 1
ARM Core Embedded ICE, DbgCommRXx 2
ARM Care Embedded ICE, DbgCommTx 3
TvERD | 2 0 R0, R Oz, OR9) 4
TeRt | ot % CRo, oRt, GR2, ORY) s
Rx Line.Status (RLS) .
unrro | Femsritadng Fegelr Emot (THEE) s
Character Time-out Indicator (CTI)
Rx Line Status (RLS)
Transmit Holding Register Empty (THRE)
UART1 Rx Data Available (RDA) 7
Character Time-out Indicator (CTI)
Modem Status Interrupt (MSI)
PWMO Match O - 6 (MRO, MR1, MR2, MR3, MR4, MR5, MR6) 8
I’c Sl (state change) 9
N Fr L o
S e o 2
PLL PLL Lock (PLOCK) 12
S TS 2
System Control | External interrupt O (EINTO) 14
Systern Control | External Interrupt 1 (EINT1) 15
System Control | External Interrupt 2 (EINT2) 16
System Control | Extemal interrupt 3 (EINT3) 17
AD A/D Converter 18
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Table 54: Connection of Interrupt Sources to the Vectored interrupt Controller

Reserved

Block Flag(s) VIC Channel #
CAN and Acceptance Filter (1 ORed CAN, LUTerr int) 18
CAN1 Tx 20
CANZ Tx 21
CAN3 Tx (LPC2194/2292/2294 only, otherwise Reserved) 22
CAN4 Tx (LPC2194/2292/2294 only, otherwise Reserved) 23
CAN Reserved 24-25
CAN1 Rx 26
CAN2 Rx 27
CAN3 Rx (LPC2194/2292/2294 only, otherwise Reserved) 28
CAN4 Rx (LPC2194/2292/2294 only, otherwise Reserved) 29
30-31
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Interrupt Request, Masking, and Selection
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Figure 19: Block Diagram of the Vectored interrupt Controller
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SPURIOUS INTERRUPTS

Spurious interrupts are possible to occur in the ARM7TDMI based microcontrolier such as the LPC21 19/2129/2194/2292/2294
due to the asynchronous interrupt handling. The asynchronous character of the interrupt processing has its roots in the interaction
of the core and the VIC. If the VIC state is changed between the moments when the core detects an interrupt and the core actually

processes an interrupt, problems may be generated.

Real-life application may experience following scenario:

1) VIC decides there is an IRQ interrupt and sends the IRQ signal to the core.
2) Core latches the IRQ state.

3) Processing continues for a few cycles due to pipelining.

4) Core loads IRQ address from VIC.

Furthermore, It is possible that the VIC state has changed during the step 3. For example, VIC was modified so that the interrupt
that triggered the sequence starting with step 1) is no longer pending -interrupt got disabled in the executed code. In this case,
the VIC will not be able to clearly identify the interrupt that generated the interrupt request, and as a result the VIC will return the

default interrupt VicDefVectAddr (OxFFFF F034).
This potentialy disastrous chain of events can be prevented in two ways:

1. Application code should be set up in a way to prevent the spurious interrupts to ever happen. Simple guarding of changes 1o
the VIC may not not be enough, since for example glitches on level sensitive interrupts can also cause spurious interrupts.

2. VIC default handler should be set up and tested properly.

Details and Case Studies on Spurious Interrupts

This chapter contains details that can be obtained from the official ARM website (http://www.arm.com), FAQ section under the
*Technical Support” link: hitp://www.arm.com/support/faqip/3677.html.

What happens if an interrupt occurs as it is being disabled?

Applies to: ARM7TDMI

If an interrupt is received by the core during execution of an instruction that disables interrupts, the ARM7 family will still take the
interrupt. This occurs for both IRQ and FIQ interrupts.

For example, consider the follow instruction sequence:

MRS r0, cpsr
ORR r0, r0, #I Bit:OR:F_Bit ;disable IRQ and FIQ interrupts
MSR cpsr_c, rd

If an IRQX interrupt is received during execution of the MSR instruction, then the behavior will be as follows:

» The IRQ interrupt is latched
» The MSR cpsr, r0 executes to completion setting both the | bit and the F bit in the CPSR

+ The IRQ interrupt is taken because the core was committed to taking the interrupt exception before the | bit was set in the
CPSR.

« The CPSR (with the | bit and F bit set) is moved to the SPSR_irq
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This means that, on entry to the IRQ interrupt service routine, one can see the unusua! effect that an IRQ interrupt has just been
taken while the | bit in the SPSR is set. In the example above, the F bit will also be set in both the CPSR and SPSR. This means
that FIQs are disabled upon entry to the IRQ service routine, and will remain so until explicitly re-enabled. FIQs will not be re-

enabled automatically by the |IRQ return sequence.

Although the example shows both IRQ and FIQ interrupts being disabled, similar behavior occurs when only one of the two
interrupt types is being disabled. The fact that the core processes the IRQ after completion of the MSR instruction which disables
IRQs does not normailly cause a problem, since an interrupt arriving just one cycle earlier would be expected to be taken. When

the interrupt routine returns with an instruction like:

SUBS pc, lr, #4

the SPSR_IRQ is restored to the CPSR. The CPSR will now have the | bit and F bit set, and therefore execution will continue
with all interrupts disabled.

However, this can cause problems in the following cases:

Problem 1: A particular routine maybe called as an IRQ handler, or as a regular subroutine. In the latter case, the system
guarantees that {RQs would have been disabled prior to the routine being called. The routine exploits this restriction to determine
how it was called (by examining the | bit of the SPSR), and returns using the appropriate instruction. If the routine is entered due
to an IRQ being received during execution of the MSR instruction which disables IRQs, then the | bit in the SPSR will be set. The
routine would therefore assume that it could not have been entered via an IRQ.

Problem 2: FIQs and IRQs are both disabled by the same write to the CPSR. In this case, if an IRQ is received during the CPSR
write, FIQs will be disabled for the execution time of the IRQ handler. This may not be acceptable in a system where FIQs must
not be disabled for more than a few cycles.

Workaround:

There are 3 suggested workarounds. Which of these is most applicable will depend upon the requirements of the particular
system,

Solution 1: Add code similar to the following at the start of the interrupt routine.

SUB ir, 1r, #4 ; Adjust LR to point to return
STMFD sp!, {..., 1lr} ; Get some free regs

MRS lr, SPSR ; See if we got an interrupt while
TST lr, #I_Bit ; interrupts were disabled.
LDMNEFD sp!, {..., pc}” : If so, just return immediately.

The interrupt will remain pending since we haven’t
acknowledged it and will be reissued when interrupts are
; next enabled.

Rest of interrupt routine

This code will test for the situation where the IRQ was received during a write to disable IRQs. If this is the case, the code returmns
immediately - resulting in the {RQ not being acknowledged (cleared), and further IRQs being disabled.

Similar code may also be applied to the FIQ handler, in order to resolve the first issue.

This is the recommended workaround, as it overcomes both problems mentioned above. However, in the case of problem two,
it does add several cycles to the maximum length of time FIQs will be disabled.
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Solution 2: Disable IRQs and FIQs using separate writes to the CPSR, eg:

MRS r0, cpsr

ORR r0, r0, #I_Bit ;jdisable IRQs
MSR cpsr_¢, rO0

ORR r0, r0, #F Bit ;disable FIQs
MSR cpsr_c, x0

This is the best workaround where the maximum time for which FIQs are disabled is critical (it does not increase this time at all).
However, it does not solve problem one, and requires extra instructions at every point where IRQs and FlQs are disabled

together.

Solution 3: Re-enable FIQs at the beginning of the IRQ handler. As the required state of all bits in the ¢ field of the CPSR are
known, this can be most efficiently be achieved by writing an immediate value to CPSR_c, for example:

MSR epsr_c, #I_Bit:OR:irq MODE ;IRQ should be disabled
;FIQ enabled
;ARM state, IRQ mode

This reguires only the IRQ handler to be modified, and FIQs may be re-enabled more quickly than by using workaround 1.
However, this should only be used if the system can guarantee that F1Qs are never disabled while IRQs are enabled. It does not

address problem one.
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VIC USAGE NOTES

if user's code is runing from the on-chip RAM and an aplication uses interrupts, interrupt vectors must be re-mapped to fiash
address 0x0. This is necessary because all the exception vectors are located at addresses 0x0 and above. This is easily achieved
by configuring MEMMARP register (located in System Control Block) to User RAM mode. Application code should be linked such
that at 0x4000 0000 the Interrupt Vector Tabe (IVT) will reside.

Although multiple sources can be selected (VICIntSelect) to generate FIQ request, only one interrupt service routine should be
dedicated to service all available/present FIQ request(s). Therefore, if more than one interrupt sources are classified as FIQ the
FIQ interrupt service routine must read VICFIQStatus to decide based on this content what to do and how to process the interrupt
request. However, it is recommended that only one interrupt source should be classified as FIQ. Classifying more than one
interrupt sources as F1Q will increase the interrupt latency.

Following the completion of the desired interrupt service routine, clearing of the interrupt flag on the peripheral level will propagate
to corresponding bits in VIC registers (VICRawIntr, VICFIQStatus and VICIRQStatus). Also, before the next interrupt can be
serviced, it is necessary that write is performed into the VICVectAddr register before the return from interrupt is executed. This
write will clear the respective interrupt flag in the internal interrupt priority hardware.

In order to disable the interrupt at the VIC you need to clear corresponding bit in the VICINtEnClr register, which in tum clears
the related bit in the VICIntEnable register. This also applies to the VICSoftint and VICSoftintClear in which VICSoftintClear will
clear the respective bits in VICSoftint. For example, if VICSoftint=0x0000 0005 and bit 0 has to be cleared,
VICSoftintClear=0x0000 0001 will acomplish this. Before the new clear operation on the same bit in VICSoftInt using writing into
VICSoftintClear is performed in the future, VICSoftintClear=0x0000 0000 must be assigned. Therefore writing 1 to any bit in Clear
register will have one-time-effect in the destination register.

If the watchdog is enabled for interrupt on underfiow or invalid feed sequence only then there is no way of clearing the interrupt.
The only way you could perform return from interrupt is by disabling the interrupt at the VIC(using VICIntEnClr).

Example:

Assurming that UARTO and SPI0 are generating interrupt requests that are classified as vectored IRQs (UARTO being on the
higher level than SPI0), while UART1 and I2C are generating non-vectored IRQs, the following could be one possibility for VIC

setup:

VICIntSelect = 0x0000 0000(SPIO, 12C, UART1 and UARTO are IRQ => bit10, bit9, bit7 and bit6=0)

VICIntEnable = 0x0000 06C0{SPI0, 12C, UART1 and UARTO are enabled interrupts => bit10, bit9, bit 7 and bit6=1)
ViCDefVectAddr = 0x.. (holds address at what routine for servicing non-vectored IRQs (i.e. UART1 and 12C) starts)
VICVectAddr0 = 0x. (holds address where UARTO IRQ service routine starts)

VICVectAddrl = 0x. (holds address where SPIO0 IRQ service routine starts)

VICVectCntl0 = 0x0000 0026(interrupt source with index 6 (UARTO) is enabled as the one with priority 0 (the highest))
VICVectCntll = 0x0000 002A(interrupt source with index 10 (SPI0) is enabled as the one with priority 1)

After any of IRQ requests (SPI0, 12C, UARTO or UART1) is made, microcontrolier will redirect code execution to the address
specified at location 0x00000018. For vectored and non-vectored IRQ's the following instruction couid be placed at 0x18:

LDR pc, [pc,#-0xFF0)]
This instruction loads PC with the address that is present in VICVectAddr register.

In case UARTO request has been made, VICVectAddr will be identical to VICVectAddr0, while in case SPI0 request has been
made value from VICVectAddr1 will be found here. if neither UARTO nor SPI0 have generated IRQ request but UART1 and/or
i2C were the reason, content of VICVectAddr will be identical to VICDefVectAddr.
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7. PIN CONFIGURATION

LPC2119/2129/2194 PINOUT

54 l P0.19/MAT1.2/MOSI1/CAP1.2
53 | P0.18/CAP1.3/MISO1/MAT1.3

55 I P0.20 / MAT1.3/ SSEL1 /EINT3

Pin Configuration
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P1.17/TRACEPKT1 [12 37 | P0O.11/CTS1/CAPL.1
PO.28/AINT/CAPO.2/MATD.2 [13 36 ) P1.23/PIPESTAT2
PO.26/AIN2/CAPO.3/MATO.3 {14 35_| PO.10/RTS1/CAP1.0
PO.30/AIN3/EINT3/CAPD.0 [15 34_] PO.9/RxD1/PWME/EINT3
P1.16/TRACEPKTO [16 33| PO.B/TxDHPWM4
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Figure 20: LPC2119/2129/2194 64-pin package
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PIN DESCRIPTION FOR LPC2119/2129/2194
Pin description for LPC2119/2129/2194 and a brief of corresponding functions are shown in the following table.

Table 55: Pin description for LPC2119/2129/2194

Pin LQFP64 i
Namé Pin # Type Description
Port 0: Port 0 is a 32-bit bi-directional /O port with individua! direction controls for each bit. The
operation of port 0 pins depends upon the pin function selected via the Pin Connect Block.
Pins 26 and 31 of port ¢ are not available.
P0.0 o
to Note: All Port 0 pins excluding those that can be used as A/D inputs (P0.27, P0.28, P0.29 and
P0.31 P0.30) are functionally 5V tolerant. If the A/D converter is not used at all, pins associated with A/
D inputs can be used as 5V tolerant digital 10 pins. See "A/D Converter” chapter for AJD input pin
voltage considerations.
19 0 P0.0 TxDO0 Transmitter output for UARTO.
0 PWM1 Pulse Width Modulator output 1.
| P0.1 RxDO Receiver input for UARTO.
21 o PWM3 Pulse Width Modulator output 3.
| EINTO External interrupt 0 input.
22 /0 P0.2 SCL I2C clock input/output. Open drain output (for I2C compliance).
| CAPO0.0 Capture input for TIMERO, channel 0.
1o P0.3 SDA I2C data input/output. Open drain output (for I°C compliance).
26 0 MATO0.0 Match output for TIMERO, channel 0.
EINT1 Extemal interrupt 1 input.
27 /0 P04  SCKO Serial Clock for SPI0. SPI ciock output from master or input to slave.
| CAPO0.1 Capture input for TIMERQ, channel 1.
/0 P0.5 MISO0 Master In Slave Out for SPI0. Data input to SPI master or data output
29 from SPI slave.
0] MATO0.1 Match output for TIMERO, channel 1.
[{®] P0.6 MOSIO Master Cut Slave In for SPI0. Data output from SPI master or data
30 input to SPI slave.
] CAP0.2 Capture input for TIMERG, channel 2.
! P0.7 SSELO Slave Select for SPI0. Selects the SPI interface as a slave.
31 o] PWM2 Pulse Width Modulator output 2.
! EINT2 External interrupt 2 input.
33 0 P0.8 TxD1 Transmitter output for UART1.
o PWM4 Pulse Width Modulater output 4.
i P0.9 RxD1 Receiver input for UART1.
34 O PWM6 Pulse Width Modulator output 6.
| EINT3 External interrupt 3 input.
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Table 55: Pin description for LPC2119/2129/2194

Pin LQFP64 ;
e Pin # Type Description
35 0] P0.10 RTS1 Request to Send output for UART1.
1 CAP1.0 Capture input for TIMER1, channel 0.
a7 | P0.11 CTS1 Clear to Send input for UART1.
| CAP1.1 Capture input for TIMER1, channe! 1.
| P0.12 DSR1 Data Set Ready input for UART1.
38 o] MAT1.0 Match output for TIMER1, channel 0.
| RD4 CAN4 receiver input (available in LPC2194 only).
6] P0.13 DTR1 Data Terminal Ready output for UART1.
39 0] MAT1.1 Match output for TIMER1, channel 1.
6] TD4 CAN4 transmitter output (available in LPC2194 only).
| P0.14 DCD1 Data Carrier Detect input for UART1.
I EINT1 External interrupt 1 input. LOW on this pine while RESET is LOW
41 forces on-chip boot-loader to take over control of the part after reset.
important: LOW on pin P0.14 while RESET is LOW forces on-chip boot-loader to
take over control of the part after reset.
45 ] P0.15 RN Ring Indicator input for UART1.
| EINT2 External interrupt 2 input.
| P0.16 EINTO External interrupt 0 input.
46 0 MATO0.2 Match output for TIMERO, channel 2.
| CAP0.2 Capture input for TIMERO, channel 2.
| P0.17 CAP1.2 Capture input for TIMER1, channel 2.
47 11O SCK1 Serial Clock for SPI1. SPI clock output from master or input to slave.
0] MAT1.2 Match output for TIMER1, channel 2.
I P0.18 CAP1.3 Capture input for TIMER1, channel 3.
53 o MISO1 Master In Slave Qut for SPI1. Data input to SPI master or data output
from SPI slave.
0 MAT1.3 Match output for TIMER1, channel 3.
0o P0.19 MAT1.2 Match output for TIMER1, channel 2.
54 1o MOSH1 Master Out Slave in for SPI1. Data output from SPI master or data
input to SPI slave.
O CAP1.2 Capture input for TIMER1, channel 2.
o) P0.20 MAT1.3 Match output for TIMER1, channel 3.
55 ] SSEL1 Slave Select for SPI1. Selects the SPI interface as a slave.
I EINT3 External interrupt 3 input.
o P0.21 PWMS5 Pulse Width Modulator output 5.
1 | RD3 CANS3 receiver input (available in LPC2194 only).
| CAP1.3 Capture input for TIMER1, channel 3.
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Table 55: Pin description for LPC2119/2129/2194

Pin LQFP64 ;
Name Pin # Type Description
0] P0.22 TD3 CAN3 transmitter output (available in LPC2194 only)
2 i CAPO0.0 Capture input for TIMERO, channel 0.
O MATO0.0 Match output for TIMERO, channel 0.
3 | P0.23 RD2 CAN2 receiver input.
5 0 P0.24 TD2 CAN2 transmitter output.
9 | P0.25 RD1 CAN1 receiver input.
| P0.27 AINO A/D converter, input 0, This analog input is always connected to its pin.
11 | CAPO.1 Capture input for TIMERO, channel 1.
0] MATO.1 Match output for TIMERQO, channel 1.
| P0.28 AIN1 A/D converter, input 1. This analog input is always connected to its pin.
13 | CAPO0.2 Capture input for TIMERO, channel 2,
0 MATO.2 Match output for TIMERO, channel 2.
| P0.29 AIN2 A/D converter, input 2. This analog input is always connected to its pin.
14 1 CAPO0.3 Capture input for TIMERO, channel 3.
o] MATO0.3 Match output for TIMERO, channel 3.
| P0.30 AIN3 A/D converter, input 3. This analog input is always connected to its pin,
15 | EINT3 External interrupt 3 input.
| CAP0.0 Capture input for TIMERO, channel 0.
Port 1: Port 1 is a 32-bit bi-directional /O port with individual direction controls for each bit. The
operation of port 1 pins depends upon the pin function selected via the Pin Connect Block.
P1.16 /o Only pins 16 through 31 of port 1 are available.
to
P1.31 Note: All Port 1 pins are 5V tolerant with built-in pull-up resistor that sets input level to high when
corresponding pin is used as input.
16 0 P1.16 TRACEPKTOTrace Packet, bit 0. Standard VO port with internal pull-up.
12 o] P1.17 TRACEPKT1Trace Packet, bit 1. Standard I/0 port with internal pull-up.
8 O P1.18 TRACEPKT2Trace Packet, bit 2, Standard I/O port with internal pull-up.
4 0 P1.19 TRACEPKT3Trace Packet, bit 3. Standard 1/O port with internal pull-up.
(0] P1.20 TRACESYNCTrace Synchronization. Standard 1/O port with internal pull-up. LOW on
this pin while RESET is LOW enables pins P1 .25:16 to operate as a
Trace port after reset.
48
Important: LOW on pin P1.20 while RESET is LOW enables pins P1.25:16 to
operate as a Trace port after reset.
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Table 55: Pin description for LPC2119/2129/2194

Pin LQFP64
Name Pin #
44 0 P1.21 PIPESTATO Pipeline Status, bit 0. Standard I/O port with internal puli-up.

Type Description

40 0 P1.22 PIPESTAT1 Pipeline Status, bit 1. Standard 1/O port with internal pufl-up.
36 0 P1.23 PIPESTAT2 Pipeline Status, bit 2. Standard I/O port with internal pull-up.
32 o] P1.24 TRACECLK Trace Clock. Standard I/O port with internal pull-up.

28 | P1.25 EXTINO External Trigger Input. Standard I/O with internal pull-up.

e P1.26 RTCK Returned Test Clock output. Extra signal added to the JTAG port.
Assists debugger synchronization when processor frequency varies.
Bi-directional pin with internal pullup. LOW on this pin while RESET is
24 LOW enables pins P1.31:26 to operate as a Debug port after reset.

Important: LOW on pin P1.26 while RESET is LOW enables pins P1.31:26 to
operate as a Debug port after reset.

64 O Pt.27 TDO Test Data out for JTAG interface.
60 H Pt.28 TDI Test Data in for JTAG interface.
56 | P1.29 TCK Test Clock for JTAG interface.
52 | P1.30 TMS Test Mode Select for JTAG interface.
20 | P1.31 TRST Test Reset for JTAG interface.
TD1 10 O |TD1:CAN1 transmitter cutput. Pin is 5 V tolerant with built-in pull-up.
External Reset Input: A LOW on this pin resets the device, causing /O ports and peripherals to
RESET 57 I | take on their default states, and processor execution to begin at address 0. TTL with hysteresis,
5V tolerant. :
XTAL1 62 | | Input to the oscillator circuit and internal clock generator circuits.
XTALZ 61 O | Output from the oscillator amplifier.
Vss 6'412852: ’ | | Ground: OV reference.
Vv 59 I Analog Ground: 0V reference. This should nominally be the same voltage as Vgg, but should be
354 isolated to minimize noise and error.
v 58 | PLL Analog Ground: 0V reference. This should nominally be the same voltage as Vgg, but
SSAPLL should be isolated to minimize noise and error.
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Table 55: Pin description for LPC2119/2129/2194

Pin LQFP64 .

Name Pin # Type Description

Vig 17, 49 I ]1.8V Core Power Supply: This is the power supply voltage for internal circuitry.

v 63 | Analog 1.8V Core Power Supply: This is the power supply voltage for internal circuitry. This
18A should be nominally the same voltage as V18 but should be isolated to minimize noise and error.
V3 235: 3, I ] 3.3V Pad Power Supply: This is the power supply voltage for the /O ports.

v 7 I Analog 3.3V Pad Power Supply: This should be nominally the same voltage as V3 but shouid
3A be isolated to minimize noise and error. Level on this pin is used as a reference for AD convertor.

Pin Configuration
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LPC2292/2294 PINOUT

P222/022 T ]

P0.22ITD3YCAPO.MATO.0 5
PO.23R0OZ [T F
P1.19/TRACEPKT3 [ T}
PO.24/T02 T}

vssT |

P2.23/023 1]

P2.25/m25 12}
P2.26/D2600T0 1T

vaA ]

P11BTRACEPKT2 15 ]
P2.27/027Mo0T1 1]
P2.3208/028

P2.28/028

P2.30/D30/AINA 1]
P2,31D34AINS [ AT ]

PO.25RD1 [ Z1]

1 [

PO.2T/AINO/CAPO. MATO.1 T2
P1LI7ITRACEPKTS 20 ]
PO.28IAINTCAPD. 2/IMATO.2 2]

VSS
P3.29/BLS2/AING

P3.2BLEVANT 2]
P3.27WE 7]

Pa.26/51 (8]

var i)

PO ZWAINICAPO.IMATO.3 32

POIVAINSEINTIICAPO.C
P11GTRAGEPKTO

P3.25i1052 15
PI.2acSI K]

[ 1211 P0.20/MAT 1. VSSEL1EINT2
[ 12271 PO19MAT 1. 2MOSHICAP1 2
121" ] PO.1B/CAP1.3/MISO1/MAT1 3
[ 12301 P2.10/010

[ 1] P1.27TDO
|- T37 ] P2.21/D21
[136_1 P2.20/020
| 135 ] RESET

| 133 ] F2.18/018
L 132 ] P217/D17
[ 130 ] P2.15D15
[ 128 ] P2.14/D14

| 134 1 P2.19/018

]
<
%

¢
L)

vaCZ]
vss[ )
PO.21PWMNRDI/CAP1.3T 3]

P2.241024 11

[ 118 1 P2.9/D5
112 1 F2.8108
[ 11§ ) P2.707

[ 108 1 P2.41D4

08— P2.3/03

[T ves

[0E ) P2 202

%) P2.1/D1

[T v

[T vss

P1.20/TRACESYNG
[TOT ] PO.17/CAP1.2/SCK1/MAT1 2
[T ) PO.1S/ENTOMATD, 2/CARD.2
[ B ] POAS/RITEINT2

T B ) P2.0/D0

g7 ] Pa.30/BLS1

I P3 a1/mL50

[T 1 P1.2UPIPESTATO
[ Jvs

AT ] vss

[ I PO.A4CDIEINTY
BT 1P1.0/CS0

[/ 3 P1.9/0E

T B 1P3.QIAD

P3.1/A1

Pa2A2

[ &) P1 22/PIPESTATY

[ B POASDTRIMATL. 1/TDS’
(BT PO.12/DSRIMATL.ORDS!
B ] PO11/CTSV/CAPTA
P123/FPESTAT2
B Ps.aias

B0 P34
vss

PO.MWRTSCAPLD
[T v

[ 7] PO OReD1PWME/EINTS
[ 5] Po.arTsDiPwmae
[T ] P1.SIAS

[T |Pasias

vis Car ]

vss ]

va 3]
P3.23A23XCLK [l
P3.18/A18 [T ]
P34TIA7 L3

P01 /RxDO { PWM3 1 EINTO 2]
va 5]

P1.26 /RTCK 55}
vss (=]

P3.15/A15 (55 ]
Pa.dinte L35
Ll e |

P0.3/SDA  MAT0.0/ EINTY [ 55

P32A22 3T

PO.0/TxDO / PWM1 L]
P31/ TRST
P32UA21
P3.20/A20
PAINALD
P0.27SCL 1 CAPO.D B
P3.16/a16 5]
P1.251 EXTiNG (2]
Po.5/ MISO0 / MATD.1 [T

PO.41SCKD/ CAPO.1 [E5 ]

CAN3 and CAN4 arc available in LPC2254 only

vas TE]
P0.6/ MOSI0 | CAPD.2 [E]
PO.71 SSELO / PWM2! EINT2 [T

P3.13/A13 %
Pa At [}
P3.10/A10 (B8]
Pa.o/ae [T ]
Paamas 7T 3
PamAT [T2]

PRA2AIZ

P1.24 1 TRACECLK [0 ]

Pin Configuration

Figure 21: L.PC2292/2294 144-pin package

May 03, 2004



Philips Semiconductors

Preliminary User Manual

ARM-based Microcontroller

LPC2119/2129/2194/2292/2294

PIN DESCRIPTION FOR LPC2292/2294

Pin description for LPC2292/2294 and a brief of corresponding functions are shown in the following table.Pin Description

Table 56: Pin description for LPC2292/2294

LQFP144

Pin
Name Pin # Type Description
Port 0: Port 0 is a 32-bit bi-directional /O port with individual direction controls for each bit.
42,49,50,58,59 The operation of port 0 pins depends upon the pin function selected via the Pin Connect
,61,68,69,75,7 Block. Pins 26 and 31 of Port 0 are not available.
P0.0 €,78,83- o
to 85,92,99,100,1 Note: All Port 0 pins excluding those that can be used as A/D inputs (P0.27, P0.28, P0.29
P0.31 | 01,121-123,4- and P0.30) are functionally 5V tolerant. if the A/D converter is not used at all, pins
6,8,21,23,25,3 associated with A/D inputs can be used as 5V tolerant digital 10 pins. See "A/D Converter"
2,33 chapter for A/D input pin voltage considerations.
42 0 P0.0  TxDO Transmitter output for UARTO.
0 PWM1 Pulse Width Modulator cutput 1.
| P0.1 RxD0 Receiver input for UARTO.
49 O PWM3 Pulse Width Modulalor output 3.
! EINTO External interrupt 0 input.
50 e] P0.2 SCL I°C clock input/output. Open drain output (for 12c compliance).
| CAPO0.0 Capture input for TIMERO, channei 0.
58 I[0] P03 SDA 12C data input/output. Open drain output (for 12C compliance).
0 MATO0.0 Match output for TIMERO, channel 0.
| EINT1 External interrupt 1 input.
59 o P04 SCKO Serial Clock for SPI0. SPI clock output from master or input to
slave.
| CAP0.1 Capture input for TIMERQO, channel 1.
61 O P0.5 MISO0 Master In Slave Out for SPIQ. Data input to SPi master or data
output from SPI slave.
(0] MATO.1 Match output for TIMERQO, channel 1.
I} P06 MOS0 Master Out Slave In for SPI0. Data output from SPI master or
68 .
data input to SPI slave.
| CAP0.2 Capture input for TIMERG, channel 2.
69 | P0.7 SSELO Slave Select for SPI0. Selects the SP! interface as a slave.
O PWM2 Pulse Width Modulator output 2.
] EINT2 External interrupt 2 input.
75 0 Po.8 TxD1 Transmitter output for UART1.
o] PWM4 Pulse Width Modulator output 4.
76 1 P0.9 RxD1 Receiver input for UART1.
O PWM6 Pulse Width Modulator output 6.
| EINT3 External interrupt 3 input.
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Table 56: Pin description for LPC2292/2294

Pin LQFP144 I
Name Pin # Type Description
78 o P0.10 RTS1 Request to Send output for UART1.
| CAP1.0 Capture input for TTMER1, channel 0.
83 | PO.11  CTS1 Clear to Send input for UART1.
| CAP1.1 Capture input for TIMER1, channel 1.
I P0.12 DSR1 Data Set Ready input for UART1.
84 o MAT1.0 Match output for TIMER1, channel 0.
| RD4 CAN4 receiver input (available in LPC2294 only).
85 o P0.13 DTR1 Data Terminai Ready output for UART1,
o MAT1.1 Match output for TIMER1, channel 1.
0 TD4 CAN4 transmitter output (available in LPC2294 only).
| P0.14 DCD1 Data Carrier Detect input for UART1.
| EINT1 External interrupt 1 input. LOW on this pin while RESET is LOW
a2 forces on-chip boot-loader to take over control of the part after
reset.
Important: LOW on pin P0.14 while RESET is LOW forces on-chip boot-
loader to take over control of the part after reset.
99 | P0.15 RN Ring Indicator input for UART1.
| EINT2 External interrupt 2 input.
160 I P0.16 EINTO External interrupt 0 input.
(o] MAT0.2' Match output for TIMEROQ, channei 2.
| CAPO0.2 Capture input for TIMERO, channel 2.
| P0.17 CAPt1.2 Capture input for TIMER1, channel 2.
101 e} SCK1 Serial Clock for SP11. SPI clock output from master or input to
slave.
O MAT1.2 Match output for TIMER1, channel 2.
i P0.18 CAP1.3 Capture input for TIMER1, channe) 3.
121 1o MISO1 Master In Slave Out for SPI1, Data input to SP! master or data
output from SPI slave.
0] MAT1.3 Match output for TIMER1, channel 3.
0] P0.18 MAT1.2 Match output for TIMER1, channel 2.
122 @] MOSH Master Out Slave In for SPI1. Data output from SPI master or
data input to SPI slave.
0 CAP1.2 Capture input for TIMER1, channel 2.
123 Q P0.20 MAT1.3 Match output for TIMER1, channel 3.
| SSEL1 Slave Select for SPI1. Selects the SP! interface as a slave.
1 EINT3 External interrupt 3 input.
4 O P0.21 PWM5 Pulse Width Modulator output 5.
i RD3 CANS receiver input (available in LPC2294 only).
| CAP1.3 Capture input for TIMER1, channel 3.
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Table 56: Pin description for LPC2292/2294

Pin LQFP144 -
Name Pin # Type Description
5 O P0.22 1D3 CAN3 transmitter output (available in LPC2294 only).
! CAPO.0 Capture input for TIMERO, channel 0.
O MAT0.0 Match output for TIMERO, channel C.
6 | P0.23 RD2 CAN2 receiver input.
8 O P0.24 TD2 CAN2 transmitter output.
21 | P0.25 RD1 CAN1 receiver input.
| P0.27 AINO AJD converter, input 0. This analog input is always connected to
23 its pin.
| CAPO.1 Capture input for TIMERQO, channel 1.
0 MATO0.1 Match output for TIMERO, channel 1.
| P0.28 AINt AJD converter, input 1. This analog input is always connected to
25 its pin.
| CAP0.2 Capture input for TIMERO, channe! 2.
o] MATO0.2 Match output for TIMERQ, channel 2.
| P0.29 AIN2 A/D converter, input 2. This analog input is always connected to
32 its pin.
! CAP0.3 Capture input for TIMERO, channel 3.
O MATO0.3 Match output for TIMERO, channel 3.
| P0.30 AIN3 A/D converter, input 3. This analog input is always connected to
33 its pin.
| EINT3 External interrupt 3 input.
! CAPO.0 Capture input for TIMERO, channel 0.
Port 1: Port 1 is a 32-bit bi-directional /O port with individual direction controls for each bit.
91,90,34,24,15 The operation of port 1 pins depends upon the pin function seiected via the Pin Connect
P1.0 ,7,102,95,86,8 /o Block. Pins 2 through 15 of port 1 are not available.
to 2,70,60,52,144
P1.31 ,140,126,113, Note: All Port 1 pins are 5V tolerant with built-in pull-up resistor that sets input leve! to high
43 when corresponding pin is used as input.
91 (o] P1.0 CcSso Low-active Chip Select 0 signal.
(Bank 0 addresses range 8000 0000 - 80FF FFFF)
90 o P1.1 OE Low -active Output Enable signal.
34 e} P1.16 TRACEPKTOTrace Packet, bit 0. Standard /O port with internal pull-up.
24 o] P1.17 TRACEPKT1Trace Packet, bit 1. Standard /O port with internal pull-up.
15 o] P1.18 TRACEPKT2Trace Packet, bit 2. Standard /O port with internal puli-up.
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Table 56: Pin description for LPC2292/2294

Pin LQFP144 .
Name Pin # Type Description
7 C P1.19 TRACEPKT3Trace Packet, bit 3. Standard /O port with internal pull-up.
0] P1.20 TRACESYNCTrace Synchronization. Standard I/O port with intemal pull-up.
LOW on this pin while RESET is LOW enables pins P1.25:16 to
102 operate as a Trace port afler reset.
Important: LOW on pin P1.20 while RESET is LOW enables pins P1.25:16
to operate as a Trace port after reset.
95 O P1.21 PIPESTATO Pipeline Status, bit 0. Standard )/O port with internal pull-up.
86 o] P1.22 PIPESTAT1 Pipeline Status, bit 1. Standard 1/O port with internal pull-up.
82 0 P1.23 PIPESTAT2 Pipeline Status, bit 2. Standard /O port with internal pull-up.
70 (0] P1.24 TRACECLK Trace Clock. Standard /O port with internal pull-up.
60 1 P1.25 EXTINO External Trigger Input. Standard /O with internal pufl-up.

o P126 RTCK Returned Test Clock output. Extra signal added to the JTAG
port. Assists debugger synchronization when processor
frequency varies. Bi-directional pin with internal pullup. LOW on
this pin while RESET is LOW enables pins P1.31:26 to operate

52
as a Debug port after reset.
Important: LOW on pin P1.26 while RESET is LOW enables pins P1.31:26
to operate as a Debug port after reset.
144 O P1.27 TDO Test Data out for JTAG interface.
140 [ P1.28 TDI Test Data in for JTAG interface.
126 | P1.29 TCK Test Clock for JTAG interface.
113 | P1.30 TMS Test Mode Select for JTAG interface.
43 | P1.31 TRST Test Reset for JTAG interface.
Port 2: Port 2 is a 32-bit bi-directional 1/O port with individual direction controls for each bit.
The operation of port 2 pins depends upon the pin function selected via the Pin Connect
98,105,106,10 . Block.
P20 8,109,114-
to. 118,120,124,1] 1/O | Note: All Port 2 pins excluding those that can be used as A/D inputs (F2.30 and P2.31)
P2 31 25,127 ,129- are functionally 5V tolerant. Port 2 pin configured to perform an input function will use built-
) 134,136,137,1, in pull-up resistor to set the default input level to high. If the A/D converter is not used at all,
10-13,16-20 pins associated with A/D inputs can be used as 5V tolerant digital 10 pins. See "A/D
Converter" chapter for A/D input pin voltage considerations.
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Table 56: Pin description for LPC2292/2294

N':':e L%’::LM Type Description
08 VO P2.0 DO External memory data line 0.
105 0 PzA D1 External memory data line 1.
106 Vo P22 D2 External memory data line 2.
108 l{e] P23 D3 External memory data line 3.
109 f[0] P24 D4 External memory data line 4.
114 ie] P25 D5 External memory data line 5.
115 [l]e] P2.6 Dé External memory data line 6.
116 fle] P2.7 D7 External memory data line 7.
117 Vo P2.8 D8 External memory data line 8.
118 o P29 D9 External memory data line 9.
120 I{e] P2.10 D10 External memory data line 10.
124 HO P2.11 Dt External memory data line 11.
125 [[0] P212 D12 External memory data line 12.
127 Vo P213 D13 External memory data line 13.
129 o P2.14 D14 External memory data line 14,
130 iro P2.15 D15 External memory data line 15.
131 o] P2.16 D16 Extemnal memory data line 16.
132 o P217 D17 External memory data line 17.
133 e P2.18 D18 External memory data line 18.
134 o P219 D19 External memory data line 19,
136 Ifo P2.20 D20 External memory data line 20.
137 /O P221 D21 External memory data line 21,
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Table 56: Pin description for LPC2292/2294

Pin

LQFP144

44,41,40,36,35
,30-27,97,96

89

Pin Configuration

Name Pin # Type Description

1 IO P2.22 D22 Externat memory data line 22.

10 1o P2.23 D23 External memory data line 23.

11 Vo P2.24 D24 External memory data line 24.

12 ) P2.25 D25 External memory data line 25.

io Pz.26 D26 External memory data line 26.

13 | BOOTO While RESET is low, together with BOOT1 controls booting and
internal operation. Internal pullup ensures high state if pin is left
unconnected.

Ie] P2.27 D27 External memory data line 27.
| BOOT1 While RESET is low, together with BOOTO controls booting and
internal operation. Internal pullup ensures high state if pin is left
unconnected.

16
BOQOT1:0=00 selects 8-bit memory on CS0 for boot.
BOOT1:0=01 selects 16-bit memory on CS0 for boot,
BOOT1:0=10 selects 32-bit memory on CSO0 for boot.
BOOT1:0=11 selects Internal Flash memory.

17 Vo P2.28 D28 External memory data line 28.

18 1[e] P2.29 D29 External memory data line 29,

19 o P2.30 D30 External memory data line 30.

} AIN4 AJ/D converter, input 4. This analog input is always connected to
its pin.

20 o P2.31 D31 External memory data line 31.

i AINS5 A/D converter, input 5. This analog input is always connected to
its pin.

Port 3: Port 3 is a 32-bit hi-directional I/O port with individual direction controls for each bit.

The operation of port 3 pins depends upon the pin function selected via the Pin Connect

89- Block.
87,81,80,74-

P3.0 71,66- 1o Note: All Port 3 pins excluding those that can be used as A/D inputs (P3.28 and P3.29)
to 62,56,55,53,48 are functionally 5V tolerant. Port 3 pin configured to perform an input function will use built-
P3.31 in pull-up resistor to set the default input level to high. If the A/D converter is not used at all,

pins associated with A/D inputs can be used as 5V tolerant digital IQ pins, See "A/D
Converter" chapter for A/D input pin voltage considerations.

P30  AD External memory address iine 0.
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Table 56: Pin description for |LPC2292/2294

N:ir: e L?::;M Type Description
88 o] P3.1 A1 External memory address line 1.
87 o] P3.2 A2 External memory address line 2.
81 0 P3.3 A3 External memory address line 3.
80 O P34 A4 External memory address line 4.
74 O P3.5 AS External memory address line 5.
73 o] P3.6 AB External memory address line 6.
72 0 P3.7 A7 External memory address line 7,
71 o] P3.8 A8 External memory address line 8.
66 O P38 A9 External memory address line 9.
65 (o] P3.10 A10 External memory address line 10.
64 o] P3.11 AN External memory address line 11.
63 o] P3.12 A12 External memory address line 12.
62 (0] P3.13 A13 External memory address line 13.
56 (0] P3.14 A14 External memory address line 14.
55 o] P3.15 A15 External memory address line 15.
53 O P3.16 A16 External memory address line 16.
48 (e} P3.17 A17 External memory address line 17.
47 o] P3.18 A18 External memory address line 18.
46 o} P3.19 A19 External memory address line 19,
45 O P3.20 A20 External memory address fine 20.
44 O P3.21 A21 External memory address line 21.
41 0 P3.22 A22 External memory address line 22.

Pin Configuration

123

May 03, 2004



Philips Semiconductors

Preliminary User Manual

ARM-based Microcontroller

LPC2119/2129/2194/2292/2294

Table 56: Pin description for LPC2292/2294

Pin LQFP144 e
Name Pin # Type Description
40 e} P3.23 A23 External memory address line 23.
o] XCLK Clock autput.
36 0 P3.24 CS3 Low-active Chip Select 3 signal.
(Bank 3 addresses range 8300 0000 - 83FF FFFF)
35 o P3.25 Cs2 Low-active Chip Select 2 signal.
{Bank 2 addresses range 8200 0000 - 82FF FFFF)
30 0 P3.26 CS1 Low-active Chip Setect 1 signal.
(Bank 1 addresses range 8100 0000 - 81FF FFFF)
29 (8] P3.27 WE Low-active Write enable signal,
28 0 P3.28 BLS3 L ow-active Byte Lane Select signal (Bank 3).
| AIN7 AJD converter, input 7. This analog input is always connected to
its pin.
27 0 P3.29 BLS2 Low-active Byte Lane Select signal (Bank 2).
) AING AJ/D converter, input 6. This analog input is always connected to
its pin.
97 o P3.30 BLS1 Low-active Byte Lane Select signa! (Bank 1).
g6 o] P3.31 BLSO Low-active Byte Lane Select signal (Bank 0).
TD1 22 O | TD1:CAN1 transmitter output.Pin is 5 V tolerant with built-in puli-up.
External Reset input: A LOW on this pin resets the device, causing l/O ports and
RESET 135 I | peripherals to take on their defauit states, and processor execution to begin at address 0.
TTL with hysteresis, 5V tolerant.
XTAL1 142 | Input to the oscillator circuit and interna! clock generator circuits.
XTAL2 141 O | Output from the oscillater amplifier.
3,9, 26, 38, 54,
Vss |67,79,93,103,] | | Ground: OV reference.
107, 111, 128
Analog Ground: OV reference. This should nominally be the same voltage as Vgg but
Vgsa 139 | : L : '
should be isolated to minimize noise and error,
Vv 138 l PLL Analog Ground: 0V reference. This should nominally be the same voltage as Vgg but
ssA_PLL should be isolated to minimize noise and error.
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Table 56: Pin description for LPC2292/2294

Pin LQFP144 .
Name Pin # Type Description
V18 37,110 | 1.8V Core Power Supply: This is the power supply voltage for internal circuitry.
Analog 1.8V Core Power Supply: This is the power supply voltage for internal circuitry.
V1i8A 143 1 | This should be nominally the same voltage as V18 but should be isofated to minimize noise
and error,
2,31,39, 51,
V3 57,77,94,104, 1 | 3.3V Pad Power Supply: This is the power supply voltage for the /O ports.
112,119
V3A 14 | Analog 3.3V Pad Power Supply: This should be nominally the same voliage as V3 but

should be isolated to minimize noise and error.
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8. PIN CONNECT BLOCK

FEATURES

« Allows individuai pin configuration

APPLICATIONS

The purpose of the Pin Connect Block is to configure the microcontroller pins to the desired functions.

DESCRIPTION

The pin connect block allows selected pins of the microcontroller to have more than one function. Configuration registers control
the multiplexers to allow connection between the pin and the on chip peripherals.

Peripherals should be connected to the appropriate pins prior to being activated, and prior to any related interrupt(s) being
enabled. Activity of any enabled peripheral function that is not mapped to a related pin should be considered undefined.

Selection of a single function on a port pin completely excludes all other functions otherwise available on the same pin.

The only partial exception from the above rule of exclusion is the case of inputs to the A/D converter. Regardiess of the function
that is selected for the port pin that also hosts the A/D input, this A/D input can be read at any time and variations of the voitage
leve! on this pin will be reflected in the A/D readings. However, valid analog reading(s) can be obtained if and only if the function
of an analog input is selected. Only in this case proper interface circuit is active in between the physical pin and the A/D module.
In all other cases, a part of digital logic necessary for the digital function to be performed will be active, and will disrupt proper
behavior of the A/D.

REGISTER DESCRIPTION

The Pin Conirol Module contains 2 registers as shown in Table 57. below.

Table 57: Pin Connect Block Register Map

Name Description Access Reset Value Address
PINSELO Pin function select register ¢ Read/Nrite 0x0000 0000 | OxE002CO00
PINSEL1 Pin function select register 1 Read/Write 0x1540 0000 | OxE002C004

s . . . See Table 63
PINSEL2 Pin function select register 2 Read/Write and Table 64 0xE002C014
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Pin Function Select Register 0 (PINSELO - 0xE002C000)

The PINSELO register controls the functions of the pins as per the settings listed in Table 65. The direction control bit in the
IO0DIR register is effective only when the GPIO function is selected for a pin. For other functions, direction is controlled

automatically.

Table 58: Pin Function Select Register 0 for LPC2119/2129/2292 (PINSELD - 0xE002C000)

PINSELO N:ir:e Function when 00 Function when 01 Function when 10 Function when 11 5:; eet
1:0 P0.0 GPIC Port 0.0 TxD (UARTO) PWM1 Reserved 00
32 P0.1 GPIO Port 0.1 RxD (UARTO) PWM3 EINTO 0o
54 P0.2 GPIO Port 0.2 SCL (I°C) Capture 0.0 (TIMERQ) Reserved 00
76 P0.3 GPIO Port 0.3 SDA (1°C) Match 0.0 (TIMEROG) EINT1 00
9:8 P04 GPIO Port 0.4 SCK (SPI0) Capture 0.1 (TIMERO) Reserved 00

11:10 P0O.5 GPIO Port 0.5 MISO (SPI0) Match 0.1 (TIMERQ) Reserved 00
13:12 | P0.6 GPIO Port 0.6 MOSI (SPI0) Capture 0.2 {TIMERO) Reserved 00
15:14 P0.7 GPIO Port 0.7 SSEL (SPI0) PWM2 EINT2 00
17:16 | P0O.8 GPIG Port 0.8 TxD UART4 PWM4 Reserved 00
19:18 | P0.9 GPIO Port 0.9 RxD (UART1} PWME EINT3 0o
21:20 | P0.10 GPIO Port 0.10 RTS (UART1) Capture 1.0 (TIMER1) Reserved 00
23:22 | PO.11 GPIO Port 0.11 CTS (UARTH1) Capture 1.1 (TIMER1) Reserved 00
2524 | P0.12 GPIO Port 0.12 DSR (UART1) Match 1.0 (TIMER1) Reserved 00
27:26 | P0.13 GPIO Port 0.13 DTR (UART1) Match 1.1 (TIMER1) Reserved 00
29:28 | PO.14 GPIC Port 0.14 CD (UARTY) EINT1 Reserved 00
31:30 | PO.15 GPI0O Port 0.15 RI (UART1) EINT2 Reserved 00
Table 59: Pin Function Select Register 0 for LPC2194/2294 (PINSELO - 0xE002C000)

PINSELO N:inr:e Function when 00 Function when 01 Function when 10 Function when 11 ‘R;:Isu ‘:
1:0 P0.0 GPIO Port 0.0 TxD (UARTO) PWM1 Reserved 00
32 P0.1 GPIO Port 0.1 RxD {UARTO) PWM3 EINTO 00
5:4 P0.2 GPIO Port 0.2 SCL (I%C) Capture 0.0 (TIMERQ) Reserved 00
7.6 P0.3 GPIO Port 0.3 SDA {I¥C) Match 0.0 (TIMERO) EINT1 00
g:8 P0.4 GPIC Port 0.4 SCK (SPID) Capture 0.1 (TIMEROQ) Reserved 00

11:10 PO.5 GPIO Port 0.5 MISC (SPID) Match 0.1 (TIMERO) Reserved 00
13:12 P0.6 GPIO Port 0.6 MOSI (SPI0) Capture 0.2 (TIMERD) Reserved 00
15:14 P0O.7 GPIO Port 0.7 SSEL (SPI0) PWM2 EINT2 a0
17:16 PO.8 GPIO Port 0.8 TxD UART1 PWM4 Reserved 00
19:18 PO.9 GPIO Port 0.9 RxD (UART1) PWME EINT3 00
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Table 59: Pin Function Select Register 0 for LPC2194/2294 (PINSELO - 0xE002C000)

PINSELO N::':e Function when 00 Function when 01 Function when 10 Function when 11 c:l‘: eet
21:20 | PO.10 GPIO Port 0.10 RTS (UART1) Capture 1.0 (TIMER1) Reserved 00
23:22 | PO.1M GPIO Port 0.11 CTS (UART1) Capture 1.1 (TIMER1) Reserved 00
25:24 | P02 GPIO Port 0.12 DSR (UART1) Match 1.0 (TIMER1) | RD4'(CAN Controller 4){ 00
27:26 | P0.13 GPIO Port 0.13 DTR (UART1) Match 1.1 (TIMER1) | TD4'(CAN Controlier 4)| 00
29:28 [ P0.14 GPIO Port 0.14 CD {(UART1) EINT1 Reserved 00
31:30 [ PO.15 GPIO Port 0.15 RI (UART1) EINT2 Reserved 00

TCAN Controller 4 is available in LPC2294 only. Fields in the table related to CAN4 have Reserved value for all other parts.

Pin Function Select Register 1 (PINSEL1 - 0xE002C004)

The PINSEL1 register controls the functions of the pins as per the settings listed in following tables. The direction control bit in
the IO0DIR register is effective only when the GPIOQ function is selected for a pin. For other functions direction is controlled

automaticatly.

Table 61: Pin Function Select Register 1 for LPC2119/2129/2292 (PINSEL1 - 0xE002C004)

PINSEL1 Nzir:e Function when 00 Function when 01 Function when 10 Function when 11 3:;1 ‘::
1:0 P0.16 GPIO Port 0.16 EINTO Match 0.2 (TIMERQ) ] Capture 0.2 (TIMERO){ 00
3:2 P0.17 GPIO Port 0.17 Capture 1.2 (TIMER1) SCK {8P)1) Match 1.2 (TIMER1) 00
5:4 P0.18 GPIO Port 0.18 Capture 1.3 (TIMER 1) MiSC (SPI1) Match 1.3 (TIMER1) 00
7:6 P0.19 GPIO Port 0.19 Match 1.2 (TIMER1) MOSI (SPI1) Match 1.3 (TIMER1) 00
9:8 P0.20 GPIO Port 0.20 Match 1.3 (TIMER1) SSEL (SP) EINT3 00

11:10 | PO.21 GPIO Port 0.21 PWMS5 Reserved Capture 1.3 (TIMER1)| 00
13:12 | P0.22 GPIO Port 0.22 Reserved Capture 0.0 (TIMERO) | Match 0.0 (TIMERO) 00
15:14 | P0.23 GPIO Port 0.23 RD2 (CAN Coniroller 2) Reserved Reserved 00
17:16 | P0.24 GPIC Port 0.24 TD2 (CAN Controlier 2) Reserved Reserved oo
19:18 | P0.25 GPIO Port 0.25 RD1 (CAN Controller 1) Reserved Reserved a0
21:20 | P0.26 Reserved 00
23:22 | PO.27 GPIO Port 0.27 AINO (A/D Converter) | Capture 0.1 (TIMERO) | Match 0.1 (T'"MERQ) 01
25:24 | P0.28 GPIO Port 0.28 AIN1 (A/D Converter) { Capture 0.2 (TIMERO) | Match 0.2 (TIMERGQ) 01
27:26 | P0.29 GPIO Port 0.29 AIN2 (A/D Converter) | Capture 0.3 (TIMERC) | Match 0.3 (TIMERD) 01
29:28 | PO.30 GPI0 Port 0.30 AIN3 (A/D Converter) EINT3 Capture 0.0 (T'TMERG) | 01
31:30 | PO.31 Reserved 0o
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Table 62: Pin Function Select Register 1 for LPC2194/2294 (PINSEL1 - 0xE002C004)

PINSEL1 Nzir:e Function when 00 Function when 01 Function when 10 Function when 11 5::; eet
1:0 PO.16 GPIO Port 0.16 EINTO Match 0.2 (TIMEROQ) | Capture 0.2 (TIMERO) | 00
32 P0.17 GPIO Port 0.17 Capture 1.2 (TIMER1) SCK {SPI1) Match 1.2 (TIMER1) 00
54 P0.18 GPIO Port 0.18 Capture 1.3 (TIMER1) MISQO (SPI1) Match 1.3 (TIMER1) 00
7.6 P0.19 GPIO Port 0.19 Match 1.2 (TIMER1) MOSI (SPI1) Match 1.3 (TIMER1) 00
9:8 P0.20 GPIO Port 0.20 Match 1.3 (TIMERT) SSEL (SPI1) EINT3 00

11:10 | PO.21 GPIO Part 0.21 PWM5 RD37(CAN Controller 3)] Capture 1.3 (TIMER1) | 00
13112 | P0.22 GPIO Port 0.22 TD3(CAN Controller 3)| Capture 0.0 ({TIMERO) | Match 0.0 (TIMERO) 00
15:14 { P0.23 GPIO Port 0.23 RD2 (CAN Controller 2) Reserved Reserved 0o
1716 | P0.24 GPIO Port 0.24 TD2 (CAN Controller 2) Reserved Reserved 0C
19:18 | P0.25 GPIO Port 0.25 RD1 (CAN Controller 1) Reserved Reserved 00
21:20 | P0.26 Reserved 00
23:22 | PO.27 GPIO Port 0.27 AINC (A/D Converter) | Capture 0.1 (TIMERO) | Match 0.1 {TIMERQ) 01
25:24 | P0.28 GPIO Port 0.28 AIN1 (A/D Converter) [ Capture 0.2 (TIMERD) { Maich 0.2 (TIMERO) 01
27:26 | P0.29 GPIO Port 0.29 AIN2 (A/D Converter) | Capture 0.3 (TIMERO) | Maich 0.3 (TIMERO) 01
29:28 | P0.30 GPIO Port 0.30 AIN3 (A/D Converter) EINT3 Capture 0.0 (TIMERQ) | 01
31:30 { P0.31 Reserved 00
TCAN Controlier 3 is available in LPC2294 only. Fields in the table related to CAN3 have Reserved value for all other parts.

Pin Function Select Register 2 (PINSEL2 - 0xE002C014)

The PINSELZ register controls the functions of the pins as per the settings listed in Table 63. The direction control bit in the
I01DIR register is effective only when the GPIO function is selected for a pin. For other functions direction is controlled

automatically.

Warning: use read-modify-write operation when accessing PINSELZ2 register. Accidental write of 0 to bit 2 and/or bit 3 results in
loss of debug and/or trace functionality! Changing of either bit 4 or bit 5 from 1 to 0 may cause an incorrect code execution!

Table 63: Pin Function Select Register 2 for LPC2119/2129/2194 (PINSEL2 - 0xE002C014)

PINSEL2 Description Reset Value
1:0 Reserved. 00
2 When 0, pins P1.36:26 are used as GPIO pins. When 1, P1.31:26 are used as a Debug port, P1.26/RTCK
. . X . P1.20/
3 When 0, pins P1.25:16 are used as GPIO pins. When 1, P1.25:16 are used as a Trace port. TRACESYNC
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Table 63: Pin Function Select Register 2 for LPC2119/2129/2194 (PINSEL2 - 0xE002C014)

PINSEL2 Description Reset Value
Reserved.
45 Note: These bits must not be altered at any time. Changing them may result in an incorrect code "
execution.
6:31 Reserved. NA
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Table 64; Pin Function Select Register 2 for LPC2292/2294 (PINSEL2 - 0xE002C014)

PINSEL2 Description Reset Value
1:0 Reserved. 00
2 When 0, pins P1.36:26 are used as GPIO pins. When 1, P1.31:26 are used as a Debug port. P1.26/RTCK
3 When 0, pins P1.25:16 are used as GPIO pins. When 1, P1.25:16 are used as a Trace port. ?TR{(%%J:;_NC
Controls the use of the data bus and strobe pins:
Pins P2.7:0 11 =P2.7.0 Oxor10 =D7:0
Pin P1.0 11 =P1.0 Oxor 10 =CS0
Pin P1.1 11 =P11 Oxor10 =OE
Pin P3.31 11 =P3.31 Oxor 10 =BLS0O
5.4 Pins P2.15:8 00or11 =P2.15:8 010or10 =D15:8 BOOT1:0
Pin P3.30 00ori11 =P3.30 010r10 =BLS1
Pins P2.27:16 Oxor11 =P2.27:16 10 =D27:186
Pins P2.29:28 oxor 11 [ F22%a8r 10 =D29:28
Pins P2.31:30 Oxor 11 =P2.31:30 or AIN5:4 10 =D31:30
Pins P3.29:28 Oxor11 =P3.29:28 or AiNE:7 10 =BLS2:3
6 ¥ bits 5:4 are not 10, controls the use of pin P3.29: 0 enables P3.29, 1 enables AING. 1
7 it bits 5:4 are not 10, controls the use of pin P3.28: 0 enables P3.28, 1 enables AIN7. 1
8 Controls the use of pin P3.27: 0 enables P3.27, 1 enables WE. 0
10:9 | Reserved. -
11 Controls the use of pin P3.26: 0 enables P3.26, 1 enables CS1. 0
12 Reserved. -
13 If bits 25:23 are not 111, controls the use of pin P3.23/A23/XCLK: 0 enables P3.23, 1 enables 0
XCLK.
15:14 | Controls the use of pin P3.25: 00 enables P3.25, 01 enables CS2, 10 and 11 are reserved values. 00
17:16 { Controis the use of pin P3.24: 00 enables P3.24, 01 enables CS3, 10 and 11 are reserved values. 00
19:18 | Reserved. -
20 If bits 5:4 are not 10, controls the use of pin P2.29:28: 0 enables P2.29:28, 1 is reserved. 0
21 If bits 5:4 are not 10, controls the use of pin P2.30: 0 enables P2.30, 1 enables AIN4, 1
22 If bits 5:4 are not 10, controls the use of pin P2.31: 0 enables P2.31, 1 enables AINS. 1
1if
23 Controls whether P3.0/A0 is a port pin (0) or an address line {1). aBtO 'IR’QQ_E_QFZ%O
0 otherwise
24 | Controls whether P3.1/A1 is a port pin (0) or an address line (1). Boog;;l:rmg
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Table 64: Pin Function Select Register 2 for LPC2292/2294 (PINSEL2 - 0xE002C014)

PINSEL2 Description Reset Value
Controls the number of pins among P3.23/A23/XCLK and P3.22:2/A2.22:2 that are address lines:
000 = None 100 = A11:2 are address lines, 000 if
725 | 001=A3: dress i 101 = A15:2 are address lines BOOT1:0=11
27 001 = A3:2 are address lines. = :2 are address lines. at Reset, 111
010 = A5;2 are address lines. 110 = A19:2 are address lines. otherwise
011 = A7:2 are address lines. 111 = A23:2 are address lines.
31:28 | Reserved. -

Pin Function Select Register Values

The PINSEL registers control the functions of device pins as shown below. Pairs of bits in these registers correspond to specific

device pins.

Table 65: Pin Function Select Register Bits

Pinsel0 and Pinsel1 Vaiues Function Value after Reset
0 0 Primary (default) function, typically GPIC Port
0 1 First alternate function 00
1 0 Second alternate function
1 1 Reserved

The direction control bit in the IO0DIR/IO1DIR register is effective only when the GPIO function is selected for a pin. For other
functions, direction is controlled automatically. Each derivative typically has a different pinout and therefore a different set of

functions possible for each pin. Details for a specific derivative may be found in the appropriate data sheet.
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BOOT CONTROL ON 144-PIN PACKAGE

In the 144-pin package only, the state of the BOOT1:0 pins, while RESET is low, controls booting and initial operation. Internal
pullups in the receivers ensure high state if a pin is left unconnected. Board designers can connect weak pulldown resistors

{~10 k) or transistars that drive low while RESET is low, to these pins to select among the following options:

Table 66: Boot Control on BOOT1:0

BOOT1 BOOTO
(latched from P2.27/D27 on | (latched from P2.26/D26 on Boot from
Reset pin rising edge only} | Reset pin rising edge only)
0 0 8-bit memory on CSO
0 1 16-bit memory on CS0Q
1 0 32-bit memory on CSQ
1 1 Internal Flash Memory

Note that if an application enables the Watchdog Timer to Reset the part if it's not serviced, transistors driven by RESET should

not be used.
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9. GPIO

FEATURES

= Direction control of individual bits
» Separate control of output set and clear
+ Al /O defauit to inputs after reset

APPLICATIONS

» General purpose /0
« Driving LEDs, or other indicators

+ Controlling off-chip devices

« Sensing digital inputs

PIN DESCRIPTION

Table 67: GPIO Pin Description

Pin Name Type Description
P0.0 - P0.31 input/ General purpose input/output. The number of GPIOs actually available depends on the use of
P1.16-P1.31 Output | alternate functions.
External bus data/address lines shared with GPIO, digital and analog functions. The number of
P2.0 - P2.31 Input/ GP10s/digital and analog functions actually available depends on the selected bus structure.
P3.0 - P3.31 Output
PORT2 and PCRT3 are available in LPC2292/2294 only.
REGISTER DESCRIPTION

LPC2119/2129/2194 has two 32-bit General Purpose 1/O ports. Total of 30 out of 32 pins are available on PORT0. PORT1 has
up to 16 pins available for GPIO functions. PORTO and PORT1 are controlled via two groups of 4 registers as shown in Table
68. LPC2292/2294 has two 32-bit additicnat ports, PORT2 and PORTS3, and they are configured to be used either as external
memmory data address and data bus, or as GPIOs sharing pins with a handful of digital and analog functions. Details on PORT2
and PORT3 usage can be found in Pin Configuration and Pin Connect Block chapters.

GPIO
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Table 68: GPIO Register Map

G i Reset PORTO PORT1 PORT2 PORT3
: neric Description Access Value Address & | Address & | Address & { Address &
ame a Name Name Name Name

GPIO Port Pin value register. The
current state of the GPIO configured
port pins can always be read from this

IOPIN register, regardless of pin direction Read NA 0xE0028000| OxE0028010| OxEQ028020| 0xE0028030
and mode. Only IOOPIN I01PIN JO2PIN IO3PIN
Activity on non-GPIO configured pins
will not be reflected in this register.
GPIO Port Output set register. This
register controls the state of output 0X0000

IOSET pins in conjunction with the IOCLR Read/ 0000 0xE0028004 | 0xE0028014 | OxE0028024 | OxE0028034
register. Writing ones produces highs | Write IOCSET IO1SET I02SET I03SET
at the carresponding port pins. Writing
zerces has no effect,
GPIO Port Direction control register. 0x0000

IODIR { This register individually controls the Fxf‘;‘t‘;’ 0000 | OxF O028008 ] OxEOnZte 8 0"?83;?328 °"Fg§§?§38
direction of each port pin.
GPIO Port Output clear register. This
register controls the state of output
pins. Writing ones produces lows at |y, | 0X0000} o 10558000 oxe002801¢ )| 0xE002802C | OxE002803C

IOCLR | the corresponding port pins and Onl 0000 |OOCLR IO1CLR I02CLR I03CLR
clears the corresponding bits in the Y
IOSET register. Writing zeroes has no
effect.
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GPIO Pin Value Register
(JOOPIN - 0xE0028000, JO1PIN - 0xE0028010, IO2PIN - 0xE0028020, IO3PIN - 0xE0028030)

This register provides the vaiue of the GPIO pins. Register's value reflects any outside world influence on the GP1O configured
pins only. Monitaring of non-GPIQO configured port pins using IOPIN register will not be valid, since activities on non-GPIO
configured pins are not indicated in the 1OPIN register.

Selection of a single function on a port pin compietely excludes all ather functions ctherwise available on the same pin.

The only partial exception from the above rule of exclusion is in the case of inputs to the A/D converter. Regardless of the function
that is selected for the port pin that also hosts the A/D input, this A/D input can be read at any time and variations of the voltage
level on this pin will be reflected in the A/D readings. However, valid anaiog reading(s) can be obtained if and only if the function
of an analog input is selected. Only in this case proper interface circuit is active in between the physical pin and the A/D maodule.
in all other cases, a part of digital logic necessary for the digital function 1o be performed will be active, and will disrupt proper

behavior of the A/D.

Table 69: GPIO Pin Value Register (I00PIN - 0xE0028000, IO1PIN - 0xE0028010, 102PIN - 0xE0028020, IO3PIN -
0xE0028030)

. Value after
IOPIN Description Reset

31:0 | GPIO pin value bits. Bit 0 in IO0PIN corresponds to P0.0 ... Bit 31 in IOOPIN corresponds to P0.31 Undefined

GPI0 Output Set Register
(IO0SET - 0xE0028004, IO1SET - 0xE0028014, IO2SET - 0xE0028024, 1O3SET - 0xE0028034)

This register is used to produce a HIGH level output at the port pins if they are configured as GPIO in an OUTPUT mode. Writing
1 produces a HIGH level at the corresponding port pins. Writing 0 has no effect. If any pin is configured as an input or a secondary
function, writing to 10SET has no effect.

Reading the JOSET register returns the value of this register, as determined by previous writes to IOSET and IOCLR {or IOPIN
as noted above). This value does not reflect the effect of any outside world influence on the /O pins.

Table 70: GPIO Output Set Register (JODSET - 0xE0028004, IO1SET - 0xE0028014, 102SET - 0xE0028024, IO3SET -
0xE0028034)

IOSET Description Value after
Reset
31:0 | Output value SET bits. Bit 0 in IO0SET corresponds to P0.0 .., Bit 31 in IO0SET corresponds to P0.31 0

GPIO Output Clear Register
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(IO0CLR - 0xE002800C, IO1CLR -~ 0xE002801C, 102CLR - 0xE002802C, I03CLR - 0xE002803C)

This register is used fo produce a LOW level at port pins if they are configured as GPIO in an OUTPUT mode. Writing 1 produces
a LOW level at the corresponding port pins and clears the corresponding bits in the IOSET register. Writing 0 has no effect. If
any pin is configured as an input or a secondary function, writing to JOCLR has no effect.

Table 71: GPIO Output Clear Register (IO0CLR - 0xE002800C, I01CLR - 0xE002801C, J02CLR - 0xE002802C, 103CLR -
0xE002803C)

. Value after
{IOCLR Description Reset
31:0 Output value CLEAR bits. Bit 0 in {O0CLR carresponds to P0.0 ... Bit 31 in JOOCLR corresponds to o
) P0.31

GPIO Direction Register

(IO0DIR - 0xE0028008, I01DIR - 0xE0028018, 102DIR - 0xE0028028, I03DIR - 0xE0028038)

This register is used to control the direction of the pins when they are configured as GPIOQ port pins. Direction bit for any pin must
be set according to the pin functionality.

Table 72: GPIO Direction Register (IO0DIR - 0xE0028008, IO1DIR - 0xE0028018, JO2DIR - 0xE0028028, I03DIR -
0xE0028038)

. Value after
10DIR Description Reset
. Direction controi bits (0 = INPUT, 1 = CUTPUT). Bit 0 in JO0DIR controls P0.0 ... Bit 31 in ICODIR
31:0 6
controls P0.31
GPIO USAGE NOTES

If for the specified output pin corresponding bit is set both in GPIO Output Set Register (IONSET) and in GPIO Qutput Clear
Register (IONCLR), cbserved pin will output level determined by the later write access of IOnSET nad IOnCLR. This means that

in case of sequence:
IO0SET = 0x0000 0080
IO0CLR = 0x0000 0080

pin P0.7 will have low output, since access to Clear register came after access to Set register.

Applications that require instanatneous appearance of zeros and ones on the respected parallel port can use direct access to
port's coresponding GPIO Pin Vaiue Register (IOPIN).

Assuming that pins P0.8 to P0.15 are configured as output, write to iO0PIN:
100PIN = 0x0000 C700

will produce the same output as following sequence cf writes:

IOOSET = 0x0000 C700

IOOCLR =0x0000 3800
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Solution utilizing access to IO0SET and 100CLR will take more steps compared to a single IOCPIN write access.
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10. UARTO

FEATURES

* 16 byte Receive and Transmit FIFOs.

» Register locations conform to ‘550 industry standard.
* Receiver FIFO trigger points at 1, 4, 8, and 14 bytes.
« Built-in baud rate generator.

PIN DESCRIPTION
Table 73: UARTO Pin Description

Pin Name Type Description
RxDO Input Serial Input. Serial receive data.
TxDO Output | Serial Output. Serial transmit data.

UARTO
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REGISTER DESCRIPTION
Table 74: UARTO Register Map
Reset
Name | Description| BIT7 | BIT6 | BIT5 | BIT4| BIT3{ BiT2| BIT 1| BIT0 | Access Value* Address
Receiver
un- | OxE000CO000
UORBR|  Buffer | msB READ DATA tsB | RO |yor A SiAB S 0
Register
Transmit
00C000
UOTHR| Holding | MSB WRITE DATA s | wo | na |OxEO00CK
Register
2 |w |8
Interrupt J,8fs|22%
be »»
UOIER|  Enable 0 0 0 0 o [€2E|"LE [E2E] riw | o [OXEDOOCO04
A e 20 20 |pT D DLAB=0
Register SWE|CE | E
P S P
ui u
vonr | "MemuptiD | oo Enabled| 0 0 nR3 | nr2 | 1R1 | nro | RO | oxot |oxE000C008
Register
FIFO Ow |0« o
UoFCR|  Contro! Rx Trigger Reserved - |E3 |8 |28 | wo| o [oxeooocoos
Register XE [ | b
— o o
Line Control | 2 % lx21c28 22 |8 5 »] wordLength
UOLCR . [} 2T [2E 2 Twg |EDE R/W 0 OxE000C00C
Register g ns oL iy 8 g 5 3% m Select
Line Status Rx
UOLSR Redqi FIFO | TEMT} THRE Bl FE PE OE DR RO 0x60 | OxE000C014
egister .
Error
uoscr| ScratchPad | yop tse | rw | o loxecoocoid
Register
Divisor Latch OxEQ00C000
UoDLL LSB MSB LSB RW 0x01 DLAB = 1
Divisor Latch 0xE000C004
UODLM MSB MSB LSB RW 0 DLAB = 1

*Reset Value refers to the data stored in used bits only. It does not include reserved bits content.

UARTQ contains ten 8-bit registers as shown in Table 74. The Divisor Latch Access Bit (DLAB) is contained in UOLCR7 and
enables access to the Divisor Latches,

UARTO Receiver Buffer Register (UORBR - 0xE000C000 when DLAB = 0, Read Only)

The UORBR is the top byte of the UARTO Rx FIFQ, The top byte of the Rx FIFO contains the oldest character received and can
be read via the bus interface. The LSB (bit 0} represents the “oldest” received data bit. if the character received is less than 8
bits, the unused MSBs are padded with zeroes.

The Divisor Latch Access Bit {DLAB) in UOLCR must be zero in order to access the UIRBR. The UORBR is always Read Only.
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Table 75: UARTO Receiver Buffer Register (UORBR - 0xEO00C000 when DLAB = 0, Read Only)

. e Reset
UORBR Function Description Value

Receiver Buffer | The UARTO Receiver Buffer Register contains the oldest received byte in the UARTO Rx un-

7.0 Register | FIFO. defined

UARTO Transmitter Holding Register (UOTHR - 0OxE000C000 when DLAB = 0, Write Only)

The UOTHR is the top byte of the UARTO Tx FIFO. The top byte is the newest character in the Tx FIFO and can be written via
the bus interface. The L.SB represents the first bit to transmit.

The Divisor Latch Access Bit (DLAB) in UOLCR must be zero in order to access the UOTHR. The UOTHR is always Write Only.

Table 76: UARTO Transmit Holding Register (UOTHR - 0xE000C000 when DLAB = 0, Write Only)

- . Reset
UOTHR Function Description Value

Transmit Writing to the UARTO Transmit Holding Register causes the data to be stored in the
7:0 UARTOQ transmit FIFO. The byte will be sent when it reaches the bottom of the FiFO and N/A

Holding Register the transmitter is available.

UARTO Divisor Latch LSB Register (UODLL - 0xE000C000 when DLAB = 1)

UARTO Divisor Latch MSB Register (UODLM - O0xE000C004 when DLAB = 1)

The UARTOQ Divisor Latch is part of the UARTO Baud Rate Generator and holds the value used to divide the VPB clock (pelk) in
order to produce the baud rate clock, which must be 16x the desired baud rate. The UODLL and UODLM registers together form
a 16 bit divisor where UODLL contains the lower 8 bits of the divisor and UODLM contains the higher 8 bits of the divisor, A 'h0000
value is treated like a *h0001 value as division by zerg is not allowed.The Divisor Latch Access Bit (DLAB) in UOLCR must be
one in order to access the UARTO Divisor Latches.

Table 77: UARTO Divisor Latch LSB Register (UODLL - 0xE000C000 when DLAB = 1)

UoDLL Function Description Reset
Value

Divisor Latch | The UARTO Divisor Latch LSB Register, along with the UODLM register, determines the 0x01

7:0 | SBRegister | baud rate of the UARTO.

Table 78: UARTO Divisor Latch MSB Register (UODLM - 0xE000C004 when DLAB = 1)

UODLM Function Description Reset
Value

Divisor Latch | The UARTO Divisor Latch MSB Register, along with the UODLL register, determines the 0

7:0 | \1sB Register | baud rate of the UARTO.
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UARTO Interrupt Enable Register (UOIER - 0xE000C004 when DLAB = 0)

The UDIER is used to enable the four UARTO interrupt sources.

Table 79: UARTO Interrupt Enable Register Bit Descriptions (U0IER - 0xE000C004 when DLAB = 0)

- i e Reset
UOIER Function Description Value
0: Disable the RDA interrupt.
0 RBR Interrupt | 1: Enable the RDA interrupt. 0
Enable UDIEROD enables the Receive Data Available interrupt for UARTO. It also controls the
Character Receive Time-out interrupt.
0: Disable the THRE interrupt.
y THRE Interrupt { 1: Enable the THRE interrupt. 0
Enable UOIER1 enables the THRE interrupt for UARTO. The status of this interrupt can be read
from UOLSRS,
0: Disable the Rx line status interrupts.
2 Rx Line Status | 1: Enable the Rx line status interrupts. 0
Interrupt Enable | UOIER2 enables the UARTO Rx line status interrupts. The status of this interrupt can be
read from UOLSR[4:1].
. Reserved, user software should not write ones to reserved bits. The value read from a
3 Reserved reserved bit is not defined. NA

UARTO Interrupt Identification Register (UOIIR - 0xE000C008, Read Only)

The UG!R provides a status code that denotes the priority and source of a pending interrupt. The interrupts are frozen during an
UOJIR access. If an interrupt occurs during an UOJIR access, the interrupt is recorded for the next UOIIR access.

Table 80: UARTO Interrupt 1dentification Register Bit Descriptions (UOHR - 0xE000C008, Read Only)

UOIIR Function Description Reset
Value
0: At least one interrupt is pending.
0 Interrupt 1: No pending interrupts. 1
Pending Note that UOIIRO0 is active low. The pending interrupt can be determined by evaluating
UOIER3:1.
011: 1. Receive Line Status (RLS)
010: 2a.Receive Data Available (RDA)
31 interrupt 110: 2b.Character Time-out Indicator (CT) 0
) ldentification | 001: 3. THRE Interrupt.
UOIERS identifies an interrupt corresponding to the UARTO Rx FIFO. All other
combinations of UGIER3:1 not listed above are reserved {000,100,101,111).
5.4 Reserved Reserved, user software shouid not write ones to reserved bits. The value read from a NA
reserved bit is not defined.
76 FIFG Enable { These bits are equivalent to UOFCRO. 0

interrupts are handled as described in Table 81. Given the status of UOIIR[3:0), an interrupt handler routine can determine the
cause of the interrupt and how to clear the active interrupt. Interrupts are handled as described in Table 81. The UOIIR must be

read in order to clear the interrupt prior to exitting the Interrupt Service Routine.
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The UARTG RLS interrupt (U0IIR3:1=011) is the highest priority interrupt and is set whenever any one of four error conditions
occur on the UARTO Rx input: overrun error (OE), parity error (PE), framing error (FE) and break interrupt (Bl). The UARTO Rx
error condition that set the interrupt can be observed via UOLSR4:1. The interrupt is cleared upon an UOLSR read.

The UARTO RDA interrupt (UOIIR3:1=010) shares the second level priority with the CTl interrupt (UOIIR3:1=110). The RDA is
activated when the UARTOQ Rx FIFQ reaches the trigger level defined in UOFCR7?:6 and is reset when the UARTO Rx FIFO depth
falls below the trigger level. When the RDA interrupt goes active, the CPU can read a block of data defined by the frigger level.

The CTl interrupt (U0IIR3:1=110) is a second level interrupt and is set when the UARTO Rx FIFO contains at least one character
and no UARTO Rx FIFO activity has ocgurred in 3.5 10 4.5 character times. Any UARTO Rx FIFO activity (read or write of UARTO
RSR) will clear the interrupt. This interrupt is intended to flush the UARTO RBR after 2 message has been received that is not a
multiple of the trigger level size. For example, if a peripheral wished to send a 105 character message and the trigger level was
10 characters, the CPU would receive 10 RDA interrupts resulting in the transfer of 100 characters and 1 to 5 CTl interrupts
(depending on the service routine) resulting in the transfer of the remaining 5 characters.

Table 81: UARTO Interrupt Handling

. o Interrupt Interrupt Interrupt
UONR(3:01 [ Priority Type Source Reset
0001 - none none -
0110 Highest | RXHine S18S T 6 or pE or FE or B UOLSR Read
UORBR Read or

Rx Data . . . _ UARTO FIFO

0100 Second Available Rx data available or trigger Jevel reached in FIFO (UOFCRO=1) drops below

trigger level

Minimum of one character in the Rx FIFC and no character
input or removed during a time period depending on how many
.| characters are in FIFO and what the trigger level is set at (3.5
1100 | Second | CharacterTime-j, 'y o aracter times). UO RBR Read
out [ndication - .
The exact time will be:

[(word length) X 7 - 2] X 8 + {(trigger level - number of
characters) X 8 + 1] RCLKs

UOIR Read (if

0010 Third THRE THRE _source of
interrupt) or

THR write

note: values "00007, “00117, *0101", *0111", “10007, “1001", “1010", “1011","1181","1110","$111” are reserved.

The UARTG THRE interrupt (UOIIR3:1=001) is a third level interrupt and is activated when the UARTO THR FiFO is empty
provided certain initialization conditions have been met. These initialization conditions are intended to give the UARTO THR FIFO
a chance to fill up with data to eliminate many THRE interrupts from occurring at system start-up. The initialization conditions
implement a one character delay minus the stop bit whenever THRE=1 and there have not been at least two characters in the
UOTHR at one time since the last THRE=1 event. This delay is provided to give the CPU time to write data to UOTHR without a
THRE interrupt to decode and service. A THRE interrupt is set immediately if the UARTO THR FiFC has heid two or more
characters at one time and currently, the UOTHR is empty. The THRE interrupt is reset when a UOTHR write occurs or a read of
the UOIR occurs and the THRE is the highest interrupt (UONR3;1=001),
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UARTO FIFO Control Register (UOFCR - 0xE000C008)
The UQFCR controls the operation of the UARTO Rx and Tx FIFOs.

Table 82: UARTO FIFO Control Register Bit Descriptions (UGFCR - 0xE000C008)

N I Reset
UOFCR Function Description Value
Active high enable for both UARTQ Rx and Tx FIFOs and UOFCRY:1 access. This bit
0] FIFO Enable | must be set for proper UARTO opearation. Any transition on this bit will automatically 0
clear the UARTO FIFOs.

1 Rx FIFO Reset Writing a logic 1 to UOFCR1 will clear all bytes in UARTO Rx FIFO and reset the pointer

logic. This bit is self-clearing. 0
2 Tx FIFO Reset Writing a Iogiq 1to UOFCBz will clear all bytes in UARTO Tx FIFO and reset the pointer 0
logic. This bit is self-clearing.
. Reserved, user software should not write ones to reserved bits. The value read from a
5:3 Reserved . NA
reserved bit is not defined.

00: trigger level 0 (default=1 character or 0x01h)
01: trigger level 1 (default=4 characters or 0x04h)
10: trigger leve! 2 (default=8 characters or 0x08h)
7.6 Rx Trg;gler Level| 11: trigger leve! 3 (default=14 characters or 0x0eh) o
) elect
These two bits determine how many receiver UARTO FIFO characters must be written
before an interrupt is activated. The four trigger levels are defined by the user at
compilation allowing the user to tune the trigger levels to the FiFO depths chosen,
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UARTO Line Control Register (UOLCR - 0xE000CO00C)

The UOLCR determines the format of the data character that is to be transmitted or received.

Table 83: UARTO Line Control Register Bit Descriptions (UOLCR - 0xE000C00C)

. _ Reset
UOLCR Function Description Value
00: 5 bit character length
1:0 Word Length | 01: 6 bit character length 0
) Select 10: 7 bit character length
11: 8 bit character length
. 0. 1 stop bit
2 | StopBitSelect | 15 0o bits (1.5 if UOLCR[1:0]=00) 0
. 0: Disable parity generation and checking
3 Parity Enable 1. Enable parity generation and checking 0
00: Odd parity
) . 01: Even parity
54 Parity Select 10: Forced “1” stick parity 0
11: Forced “0” stick parity
0: Disable break transmission
6 Break Control | 1: Enable break transmission. 0]
Output pin UARTO TxD is forced to logic 0 when UOLCRS is active high.
7 Divisor Latch | 0: Disabie access to Divisor Latches 0
Access Bit 1: Enable access to Divisor Latches

UARTO Line Status Register (UOLSR - 0xE000C014, Read Only)

The UOLSR is a read-only register that provides status information on the UARTO Tx and Rx blocks.
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Table 84: UARTO Line Status Register Bit Descriptions (JOLSR - 0xE000C014, Read Only)

UOLSR| Function Description '\!I:I‘?at
. 0: UORBR is empty
0 D:{?;Z;;y 1: UORBR contains valid data 0
(RDR) UOLSRO is set when the UOREBR holds an unread character and is cleared when the
UARTO RBR FIFO is empty.
0: Overrun error status is inactive.
Overrun 1: Overrun error status. i_s afztive. .
1 Error The overrun error condition is set as soon as it occurs. An UOLSR read clears UOLSRA1, 0
(OE) UOLSR1 is set when UARTO RSR has a new character assembled and the UARTO RBR
FIFQ is full. In this case, the UARTO RBR FIFO will not be overwritien and the character
in the UARTO RSR will be lost.
0: Parity error status is inactive.
Parity Eror 1. Parity error status is active. ’ .
2 (PE) When the parity bit of a received character is in the wrong state, a parity error occurs. An 0
UOLSR read clears UOL.SR2. Time of parity error detection is dependent on UOFCRO.
A parity error is associated with the character being read from the UARTO RBR FIFQ.
0: Framing error status is inactive.
1: Framing error status is active.
Framing When the stop bit of a received character is a logic 0, a framing error occurs. An UOLSR
3 Error read clears UOLSR3. The time of the framing error detection is dependent on UOFCRO. 0
(FE) A framing error is associated with the character being read from the UARTO RBR FIFO.
Upon detection of a framing error, the Rx will attempt to resynchronize to the data and
assume that the bad stop bit is actually an early start bit. However, it cannot be assumed
that the next received byte will be correct even if there is no Framing Error.
0: Break interrupt status is inactive.
1: Break interrupt status is active.
Break When RxDO0 is held in the spacing state (all 0’s) for one full character transmission (start,
4 Interrupt data, pal_rity, stop), a break_ interrupt occurs. Once the break condition has been detected, 0
(B the receiver goes idle until RxD0O goes to marking state (all 1's). An UOLSR read clears
this status bit. The time of break detection is dependent on UOFCRO.
The break interrupt is associated with the character being read from the UART0 RBR
FIFO.
Trsglsdrinnrtgter 0: UOTHR contains valid data.
5 Register 1: UGTHR is empty. 1
Empty THRE is s_et immediately upon detection of an empty UARTO THR and is cleared on a
(THRE) UOTHR write.
. 0: UOTHR and/or the UOTSR contains valid data.
. T’?E";;;‘e’ 1: UOTHR and the UOTSR are empty. ,
(TEMT) TEMT is set when both UOTHR and UOTSR are empty; TEMT is cleared when either the
UOTSR or the UOTHR contain valid data.
0: VORBR contains no UARTO Rx errors or UOFCR0=0.
Errorin Rx | 1: UARTO RBR contains at least one UARTO Rx error.
7 FIFC UOLSRY is set when a character with a Rx error such as framing error, parity error or 0
(RXFE) | break interrupt, is loaded into the UORBR. This bit is cleared when the UOLSR register is
read and there are no subsequent errors in the UARTO FIFO.
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UARTO Scratch Pad Register (UOSCR - 0xE000C01C)

The UOSCR has no effect on the UARTO operation. This register can be written and/or read at user’s discretion. There is no

provision in the interrupt interface that would indicate to the host that a read or write of the UOSCR has occurred.

Table 85: UARTG Scratchpad Register (UOSCR - 0xE000C01C)

UARTO

UOSCR|  Function Description \F;:Ist::t
7:0 - A readable, writable byte. 0
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ARCHITECTURE

The architecture of the UARTG is shown below in the block diagram.
The VPB interface provides a communications link between the CPU or host and the UARTO.

The UARTO receiver block, UORx, monitors the serial input line, RxDO0, for valid input. The UARTO Rx Shift Register (UORSR)
accepts valid characters via RxDO0. After a valid character is assembled in the UORSR, it is passed to the UARTO Rx Buffer
Register FIFO to await access by the CPU or host via the generic host interface.

The UARTO transmitter block, UOTx, accepts data written by the CPU or host and buffers the data in the UARTO Tx Holding
Register FIFO (UOTHR). The UARTO Tx Shift Register (UOTSR) reads the data stored in the UOTHR and assembles the data to
transmit via the serial output pin, TxDO.

The UARTO Baud Rate Generator block, UOBRG, generates the timing enables used by the UARTO Tx block. The UOBRG clack
input source is the VPB clock (pclk). The main clock is divided down per the divisor specified in the UODLL and UODLM registers.
This divided down clock is a 16x oversample clock, NBAUDOUT.

The interrupt interface contains registers UOIER and UOIHIR. The interrupt interface receives several one clock wide enables from
the U0Tx and UORx blocks.

Status information from the U0Tx and UORX is stored in the UOLSR. Control information for the U0Tx and UORX is stored in the
UOLCR.

UARTO 149 May 03, 2004



Philips Semiconductors Preliminary User Manual

ARM-based Microcontroller LPC2119/2129/2194/2292/2294
I UoTx NTXRDY
»| UOTHR || UOTSR TxDo
[y
UOBRG
I~ UODLL NBAUDOUT
-t UoDLM RCLK
! V
UORxX
INTERRUPT | NRXRDY _
<! | UORBR |« UORSR |« RxDO
 UOINTR UOIER |at—— -
- ]
UOIR
UOFCR
UOLSR |g
UOSCR
UOLCR
PA[2:0] |
PSEL |
PSTB |
PWRITE |
> VPB DDIS
- PD[7:0] - Interface w
AR
MR
pelk |

Figure 22: UARTO Block Diagram
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13. SPI INTERFACE

FEATURES

* Two complete and independent SPI cintrollers

» Compliant with Serial Peripheral Interface {SPI) specification.
+ Synchronous, Serial, Full Duplex Communication.

« Combined SPI master and slave.

« Maximum data bit rate of one eighth of the input clock rate.

DESCRIPTION

SPi Overview

SPI0 and SP)1 are full duplex serial interfaces. They can handle multiple rasters and slaves being connected to a given bus.
Only a single master and a single slave can communicate on the interface during a given data transfer. During a data transfer
the master always sends a byte of dala to the slave, and the slave always sends a byte of data to the master.

SPI Data Transfers

Figure 33 is a timing diagram that illustrates the four different data transfer formats that are avaiiable with the SPI. This timing
diagram illustrates a single 8 bit data transfer. The first thing one should notice in this timing diagram is that it is divided into three
horizontal parts. The first part describes the SCK and SSEL signals. The second part describes the MOS| and MISO signals when
the CPHA variable is 0. The third part describes the MOS! and MISO signals when the CPHA variable is 1.

In the first part of the timing diagram, note two points. First, the SPl is illustrated wit CPOL set to both 0 and 1. The second point
to note is the activation and de-activation of the SSEL signal. When CPHA = 1, the SSEL signal will always go inactive between
data transfers. This is not guaranteed when CPHA = O (the signal can remain active).’
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Figure 33: SPI Data Transfer Format (CPHA =0 and CPHA = 1)

The data and clock phase relationships are summarized in Table 113. This table summarizes the following for each setting of
CPOL and CPHA.

* When the first data bit is driven.
« When all other data bits are driven.

« When data is sampled.
Table 113: SPI Data To Clack Phase Relationship

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

SCK rising edge

SCK falling edge

CPOL=1,CPHA=0

Prior to first SCK falling edge

SCK rising edge

SCK falling edge

CPCL =1, CPHA =1

First SCK falling edge

SCK falling edge

SCK rising edge

The definition of when an 8 bit transfer starts and stops is dependent on whether a device is a master or a slave, and the setting

of the CPHA variable.
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When a device is a master, the start of a transfer is indicated by the master having a byte of data that is ready to be transmitted.
At this point, the master can activate the clock, and begin the transfer. The transfer ends when the last clock cycle of the transfer

is complete.

When a device is a slave, and CPHA is set to 0, the transfer starts when the SSEL signal goes active, and ends when SSEL goes
inactive. When a device is a slave, and CPHA is set to 1, the transfer starts on the first clock edge when the slave is selected,
and ends on the last clock edge where data is sampled.

SPI Peripheral Details
General Information
There are four registers that control the SPI peripheral. They are described in detail in “Register Description” section.

The SPI control register contains a number of programmable bits used to control the function of the SPI biock. The settings for
this register must be set up prior to a given data transfer taking place.

The SPI status register contains read only bits that are used to monitor the status of the SPI interface, including normal functions,
and exception conditions. The primary purpose of this register is to detect completion of a data transfer. This is indicated by the
SPIF bit. The remaining bits in the register are exception condition indicators. These exceptions wilt be described later in this

section.

The SP1 data register is used to provide the transmit and receive data bytes. An internal shift register in the SPI block logic is
used for the actual transmission and reception of the serial data. Data is written to the SPI data register for the transmit case.
There is no buffer between the data register and the internal shift register. A write to the data register goes directly into the internal
shift register. Therefore, data should only be written to this register when a transmit is not currently in progress. Read data is
buffered. When a transfer is complete, the receive data is transferred to a single byte data buffer, where it is later read. A read
of the SPI data register returns the value of the read data buffer.

The SPI clock counter register controls the clock rate when the SPI block is in master mode. This needs to be set priorto a
transfer taking place, when the SPI block is a master. This register has no function when the SPI block is a slave.

The I/Os for this implementation of SPI are standard CMOS }/Os. The open drain SPI option is not implemented in this design.
When a device is set up to be a slave, its I/Os are only active when it is selected by the SSEL signal being active.

Master Operation

The following sequence describes how one should process a data transfer with the SPI block when it is set up to be the master.
This process assumes that any prior data transfer has already completed.

. Set the SPi clock counter register to the desired clock rate.
. Set the SPI control register to the desired settings.
. Wirite the data to transmitted to the SPI data register. This write starts the SP! data transfer.

Wait for the SPIF bit in the SP! status register to be set to 1. The SPIF bit will be set after the last cycle of the SPI data
transfer.

. Read the SPI status register.
6. Read the received data from the SPI data register (optional).
7. Go to step 3 if more data is required to transmit.

ST NN

[44]

Note that a read or write of the SPI data register is required in order to clear the SPIF status bit. Therefore, if the optional read
of the SPI data register does not take place, a write to this register is required in order to clear the SPIF status bit.

Slave Operation
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The following sequence describes how one should process a data transfer with the SP! block when it is set up o be a slave, This
process assumes that any prior data transfer has already completed. It is required that the system clock driving the SPI logic be

at least 8X faster than the SPI.

1. Set the SPI control register to the desired settings.

2. Write the data to transmitted to the SPI data register (optional). Note that this can only be done when a slave SPI transfer
is not in progress.

3. Wait for the SPIF bit in the SPI status register to be set to 1. The SPIF bit will be set after the last sampling clock edge of
the SPI data transfer.

4. Read the SPI status register.

5. Read the received data from the SPI data register (optionat).

6. Go to step 2 if more data is required to transmit.

Note that a read or write of the SPI data register is required in order to clear the SPIF status bit. Therefore, at least one of the
optional reads or writes of the SP] data register must take place, in order to clear the SPIF status bit.

Exception Conditions

Read Overrun - A read overrun ocecurs when the SPI block internal read buffer contains data that has not been read by the
processor, and a new transfer has completed. The read buffer containing valid data is indicated by the SPIF bit in the status
register being active. When a transfer completes, the SP) block needs to move the received data to the read buffer. If the SPIF
bit is active (the read buffer is full), the new receive data will be lost, and the read overrun (ROVR) bit in the status register will

be activated.

Write Collision - As stated previously, there is no write buffer between the SPI block bus interface, and the internal shift register.
As a result, data must not be written to the SPI data register when a SPI data transfer is currently in progress. The time frame
where data cannot be written to the SPI data register is from when the transfer starts, untii after the status register has been read
when the SPIF status is active. If the SP| data register is written in this time frame, the write data will be lost, and the write collision
(WCOL) bit in the status register will be activated.

Mode Fault - The SSEL signal must always be inactive when the SPI block is a master. If the SSEL signal goes active, when
the SP! block is a master, this indicates another master has selected the device to be a slave. This condition is known as a mode
fault. When a mode fault is detected, the mode fault (MODF) bit in the status register will be activated, the SPI signal drivers will
be de-activated, and the SP! mode will be changed to be a slave.

Slave Abort - A slave transfer is considered to be aborted, if the SSEL signal goes inactive before the transfer is complste. In
the event of a slave abort, the transmit and receive data for the transfer that was in progress are lost, and the slave abort (ABRT)
bit in the status register will be activated.
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PIN DESCRIPTION

Table 114; SPI Pin Description

Pin Name

Type

Pin Description

SCK1, 8CK0

Input/
Qutput

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

SSEL1, SSELO

Input

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 tc 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 /O under software
control.

Note: LPC2119/2129/2194/2292/2294 configured to operate as SPl master MUST select
SSEL functionality on an apropriate pin and have HIGH Jevel on this pin in order to act

as a master.

MISO1, MISO0

Input/
OQutput

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.

MOSI1, MOSIO

Input/
Output

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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REGISTER DESCRIPTION

The SPI contains 5 registers as showni in Table 115. All registers are byte, half word and word accessible.

Table 115: SP| Register Map

G . Reset SPI0 SPI1
; neric Description Access Value* Address & Address &
ame ’ Name Name
SPCR SPI Centrol Register. This register controls the operation of Read/ 0 OxE0020000 | OxEQ030000
the SPI. Write S0SPCR S1SPCR
} . . Read O0xE0020004 | 0xE0030004
SPSR | SPI Status Register. This register shows the status of the SPI. Only 0 SOSPSR S1SPSR
SPI Data Register. This bi-directional register provides the
SFDR transmit and receive data for the SPI. Transmit data is Read/ 0 0xEC020008 | 0xE0030008
provided to the SPI by writing to this register. Data received by | Write SOSPDR S1SPDR
the SPI can be read from this register.
SPCCR SPI Cleck Counter Register. This register controls the Read/ o 0xE002000C | OxE003000C
frequency of a master’s SCK. Write SOSPCCR S1SPCCR
SPINT SPI Interrupt Flag. This register contains the interrupt flag for | Read/ 0 0xE002001C | OxE003001C
the SPI interface. Write SOSPINT S1SPINT
*Reset Value refers to the data stored in used bits only. It does not include reserved bits content.
SP! Control Register (SOSPCR - 0xE0020000, S1SPCR - 0xE0030000)
The SPCR register controls the operation of the SPI as per the configuration bits setting.
Table 116: SP1 Control Register (SOSPCR - 0xE0020000, S1SPCR - 0xE0030000)
SPCR Function Description Resat
Value
i Reserved, user software should not write ones to reserved bits. The value read from
20 Reserved a reserved bit is not defined. NA
Clock phase control determines the relationship between the data and the clack on
SPI transfers, and controls when a slave transfer is defined as starting and ending.
When 1, data is sampled on the second clock edge of the SCK. A transfer starts with
3 CPHA the first clock edge, and ends with the last sampling edge when the SSEL signal is 0
active.
When 0, data is sampled on the first clock edge of SCK. A transfer starts and ends
with activation and deactivation of the SSEL signal.
4 CPOL Clock polarity contral. When 1, SCK is active low. When 0, SCK is active high. 0
Master mode select. When 1, the SPI operates in Master mode. When 0, the SP!
5 MSTR : 0
operates in Slave mode.
LSB First controls which direction each byte is shifted when transferred. When
6 LSBF 1, SP} data is transferred LSB (bit 0) first. When 0, SPI data is transferred MSB (bit 0
7) first.
7 SPIE Serial peripheral interrupt enable. When 1, a hardware interrupt is generated each 0
time the SPIF or MODF bits are activated. When 0, SP! interrupts are inhibited.
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SPI Status Register (SOSPSR - 0xE0020004, S1SPSR - 0xE0030004)

The SPSR register controls the operation of the SPI as per the configuration bits setting.

Table 117: SPI Status Register (SOSPSR - 0xE0020004, S1SPSR - 0xE0030004)

. _ Reset
SPSR Function Description Value
2:0 Reserved Reserved, u§e.r software should not write ones to reserved bits. The value read from NA
a reserved bit is not defined.
3 ABRT Slave abort. When 1, this bit indicates that a slave abort has occurred. This 0
bit is cleared by reading this register.
4 MODF Mode fault. when 1, this bit indicates that a Mode fault error has occurred. This bit is 0
cieared by reading this register, then writing the SPI controf register.
Read overrun. When 1, this bit indicates that a read overrun has occurred. This bit is
5 ROVR \ . . 0
cleared by reading this register.
6 WCOL Write collision. When 1, this bit indicates that a write collision has occurred. This bit 0
is cleared by reading this register, then accessing the SPi data register.

SPI1 transfer complete flag. When 1, this bit indicates when a SP| data transfer is
complete. When a master, this bit is set at the end of the last cycle of the transfer,
7 SPiF When a slave, this bit is set on the last data sampling edge of the SCK. This bit is 0
cleared by first reading this register, then accessing the SP| data register.
Note: this is not the SPI interrupt flag. This flag is found in the SPINT registrer.

SPI Data Register (SOSPDR - 0xE0020008, S1SPDR - OxE0030008)

This bi-directional data register provides the transmit and receive data for the SPI. Transmit data is provided to the SPI by writing
to this register. Data received by the SPI can be read from this register. When a master, a write to this register will start a SP|
data transfer. Writes to this register will be blocked from when a data transfer starts to when the SPIF status bit is set, and the

status register has not been read.

Table 118: SPI Data Register {SOSPDR - 0xE0020008, S1SPDR - 0xE0030008)

SPDR Function Description Reset
Value
7.0 Data SPI Bi-directional data port 1]

SPI Clock Counter Register (SO0SPCCR - 0xE002000C, S1SPCCR - 0xE003000C)

This register controls the frequency of a master's SCK. The register indicates the number of pcik cycles that make up an SPI
clock. The value of this register must always be an even number. As a result, bit 0 must always be 0. The value of the register
must also always be greater than or equal to 8. Violations of this can result in unpredictable behavior,

Table 119: SP! Clock Counter Register (SO0SPCCR - 0xE002000C, S1SPCCR - 0xE003000C)

SPCCR Function Description Reset
Value
7:0 Counter SPI Clock counter setting 0
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The SPI rate may be calculated as: PCLK rate / SPCCR value. The pclk rate is CCLK / VIPB divider rate as determined by the
VPBDIV register contents.

SPI Interrupt Register (SOSPINT - 0xE002001C, S1SPINT - 0xE003001C)

This register contains the interrupt flag for the SPI interface.

Table 120: SPI Interrupt Register (SOSPINT - 0xE002001C, S1SPINT - 0xE003001C)

SPINT Function Description Reset
Value

SPl interrupt flag. Set by the SPI interface to generate an interrupt. Cleared by writing
a 1 to this bit.

0 SP!Interrupt | Note: this bit will be set once when SPIE=1 and at least one of SPIF and WCOL bits 0
is 1. However, oniy when SP! Interrupt bit is set and SPI Interrupt is enabled in the
VIC, SPI based interrupt can be processed by interrupt handling software.

Reserved, user software should not write ones to reserved bits. The value read from NA

71 Reserved a reserved bit is not defined.
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ARCHITECTURE

The block diagram of the SPI solution implemented in SPIC and SPI1 interfaces is shown in the Figure 34.

MOSLin
MOSI_out
MISO_in
MISO_out
— SPI Shift Register I E——
} SCK _in
SCK_out
SPI Clock SS8_in
g p! Generator & ———
SPI interrupt Detector
-
SPI Register
Interface v
VPB Bus
- ——
P SPI State Control
t SCK_out_en
MOSI_out_en
Output MISO_out_en
- Enabie - —
Logic

Figure 34: SPI Block Diagram
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15. TIMERO AND TIMER1

Timer0 and Timer1 are functionally identical except for the peripheral base address.

FEATURES

A 32-bit Timer/Counter with a programmable 32-bit Prescaler,

+ Up io four 32-bit capture channels per timer, that can take a snapshot of the timer value when an input signal transitions. A
capture event may also opticnally generate an interrupt.

» Four 32-bit match registers that allow:

- Continuous operation with optional interrupt generation on match.

- Stop timer on match with optional interrupt generation.
- Reset timer on match with opticnal interrupt generation.
*» Up to four external outputs corresponding to match registers, with the following capabilities:
- Set iow on match.
- Set high on match.
- Toggle on match.
- Do nothing on match.,

APPLICATIONS

* Interval Timer for counting internal events.
+ Pulse Width Demodulator via Capture inputs.
= Free running timer.
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DESCRIPTION

The Timer is designed to count cycles of the peripheral clock (pclk) and opticnally generate interrupts or perform other actions
at specified timer values, based on four match registers. It also includes four capture inputs to trap the timer value when an input
signal transitions, optionally generating an interrupt.

PIN DESCRIPTION

Table 156 gives a brief summary of each of the Timer related pins.

Table 156; Pin summary

Pin name Pin direction Pin Description

Capture Signals- A transition on a capture pin can be configured 1o load one of the
Capture Registers with the value in the Timer Counter and optionally generate an interrupt.
Capture functionality can be selected from a number of pins. Also, if for example 2 pins are
selected to provide CAP0.2 function in parallel, their inputs will be logically ored and this
value will be processed as a single input.

CAPO.0 can be selected from/on up to 3 pins at the same time.
CAPO.1 can be selected from/on up to 2 pins at the same time,
CAPQ.2 can be selected from/cn up to 3 pins at the same time.
CAPQ.3 can be selected from/on 1 pin.
CAP1.0 can be selected from/on 1 pin.
CAP1.1 can be selected from/on 1 pin.
CAP1.2 can be selected from/on up to 2 pins at the same fime.
CAP1.3 can be selected from/on up to 2 pins at the same time.

CAF0.3..0

CAP1.3.0 Input

External Match Output 0/1- When a match register 0/1 (MR3:0) equals the timer counter
(TC) this output can either toggle, go low, go high, or do nothing. The External Match
Register (EMR) controls the functionality of this output. Match Output functionality can be
selected on a number of pins in parallel. It is also possible for example, to have 2 pins
selected at the same time so that they provide MAT1.3 function in parallel.

MATO0.3...0 Outout MATO0.0 can be selected on up to 2 pins at the same time.
MAT1.0...0 P MATO0.1 can be selected on up to 2 pins at the same time.
MATO.2 can be selected on up to 2 pins at the same time.
MATO0.3 can be selected on 1 pin.
MAT1.0 can bhe selected on 1 pin.
MAT1.1 can be selected on 1 pin.
MAT1.2 can be selected on up to 2 pins at the same time.
MAT1.3 can be selected on up to 2 pins at the same time.
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REGISTER DESCRIPTION

Each Timer contains the registers shown in Table 157. More detailed descriptions follow.

Table 157: TIMERO and TIMER1 Register Map
Generic Reset TIMERO TIMER1
e n::e Description Access Value* Address & | Address &
a Name Name
Interrupt Register. The IR can be written to clear interrupts, The IR
IR can be read to identify which of eight possible interrupt sources are R/W 0 msgg:zéooo OXE.,O.??’E 000
pending.
Timer Control Register. The TCR is used to control the Timer
TCR | Counter functions. The Timer Counter can be disabled or reset RW 0 Oxigg%d'g 04 0*522?,304
through the TCR.
Tc Timer Counter. The 32-bit TC is incremented every PR+1 cycles of RW 0 0xE0004008| OxEO008008
pclk. The TC is controlled through the TCR. TOTC TITC
PR Prescale Register. The TC is incremented every PR+1 cycles of RIW o 0xE000400C| OxEC00800C
pclk. TOPR T1PR
Prescale Counter. The 32-bit PC is a counter which is incremented
PC | tothe value stored in PR. When the value in PR is reached, the TC R/W 0 OXE-?gFO,émO OXE-?.? P0(8301 0
is incremented.
MCR Match Control Register. The MCR is used to control if an interrupt RIW 0 0xE0004014| OxED008014
is generated and if the TC is reset when a Match occurs. TOMCR TIMCR
Match Register 0. MRO can be enabled through the MCR to reset
MRO 1the TC, stop both the TC and PC, and/or generate an interrupt RW 0 Ox?ggnoég 18 Mﬁgfggw
every time MRO maiches the TC.
. . O0xE000401C{ OxE0Q0801C
MR1 | Match Register 1. See MRO description. RW 0 TOMRA1 TIMRA
! i OxE0004020] OxEQDD8020
MR2 | Match Register 2. See MRO description. RW 0 TOMR2 TIMR2
. i 0xE0004024| OxE0008024
MR3 | Match Register 3. See MRO description. R/W 0 TOMR3 T1IMR3
Capture Control Register. The CCR controls which edges of the
CCR | capture inputs are used to load the Capture Registers and whether R/W 0 0x$8%0é£28 0x$(1){é(2:8£28
or not an interrupt is generated when a capture takes place.
CRO Capture Register 0. CRO is loaded with the value of TC when there RO 0 | 0xE000402C| OXEQ00802C
is an event on the CAP0.0(CAP1.0) input. TOCRO T1CRO
: . O0xE0004030( OxECQ08030
CR1 | Capture Register 1. See CRO description. RO 0 TOCRA1 T1CR1
. - OxE0004034| OxEC008034
CR2 | Capture Register 2. See CRO description. RO 0 TOCR2 T1CR2
. - 0xE0004038| OXxE0008038
CR3 | Capture Register 3. See CRO description. RO 4] TOCR3 TI1CR3
EMR External Match Register. The EMR controls the external match pins RIW 0 OxE000403C{ 0xECO0B03C
MAT0.0-3 (MAT1.0-3). TOEMR T1EMR

*Reset Value refers to the data stored in used bits only. It does not include reserved bits content.
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Interrupt Register (IR: TIMERO - TOIR: 0xE0004000; TIMER1 - T1iR: 0xE0008000)

The Interrupt Register consists of four bits for the match interrupts and four bits for the capture interrupts. If an interrupt is
generated then the corresponding bit in the IR will be high. Otherwise, the bit will be low. Writing a logic one to the corresponding
IR bit will reset the interrupt. Writing a zero has no effect.

Table 158: Interrupt Register (IR: TIMERO - TOIR: 0xE0004000; TIMER1 - T1IR: 0xE0008000)

IR Function Description 5:?::
0 MRO Interrupt | Interrupt flag for match channel Q. 0
1 MR1 interrupt | Interrupt flag for match channel 1. 0
2 MR2 Interrupt 1 Interrupt flag for match channel 2. 0
3 MR3 Interrupt | Interrupt flag for match channel 3. 0]
4 CRO Interrupt | Interrupt flag for capture channel 0 event. 0
5 CR1 Interrupt | Interrupt flag for capture channel 1 event. 0
6 CR2 Interrupt | Interrupt flag for capture channel 2 event. o
7 CR3 interrupt | Interrupt flag for capture channel 3 event. 4]

Timer Control Register (TCR: TIMERO - TOTCR: 0xE0004004; TIMER1 - TITCR: 0xE0008004)

The Timer Control Register {TCR} is used to control the operation of the Timer Counter.

Table 159: Timer Contro! Register (TCR: TIMERO - TOTCR: 0xE0004004; TIMER1 - T1TCR: 0xE0008004)

. Reset
TCR Function Description Value
0 Counter Enable When one, the Timer Cc?unler and Prescale Counter are enabled for counting. When 0
zero, the counters are disabled.
1 Counter Reset When one, the Timer Counter and the Prescale Counter are synchronously reset on the 0
next positive edge of pclk. The counters remain reset until TCR[1] is returned to zero.

Timer Counter (TC: TIMERO - TOTC: 0xE0004008; TIMER1 - T1TC: 0xE0008008)

The 32-bit Timer Counter is incremented when the Prescale Counter reaches its terminal count. Unless it is reset before reaching
its upper limit, the TC will count up through the value OxFFFFFFFF and then wrap back to the value 0x00000000. This event
does not cause an interrupt, but a Match register can be used to detect an overflow if needed.

Prescale Register (PR: TIMERO - TOPR: 0xE000400C; TIMER1 - T1PR: 0xE000800C)

The 32-bit Prescale Register specifies the maximum value for the Prescale Counter.
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Prescale Counter Register (PC: TIMERO - TOPC: 0xE0004010; TIMER? - T1PC: 0xE0008010)

The 32-bit Prescale Counter controls division of pclk by some constant value before it is applied to the Timer Counter. This allows
control of the relationship of the resolution of the timer versus the maximum time before the timer overfiows. The Prescale
Counter is incremented on every pclk. When it reaches the value stored in the Prescale Register, the Timer Counter is
incremented and the Prescale Counter is reset on the next pctk. This causes the TC to increment on every pclk when PR =0,
every 2 pclks when PR = 1, etc.

Match Registers (MRO - MR3)

The Match register values are continuously compared to the Timer Counter value. When the two values are equal, actions can
be triggered automatically. The action possibilities are to generate an interrupt, reset the Timer Counter, or stop the timer. Actions
are controlled by the settings in the MCR register.

Match Control Register (MCR: TIMERO - TOMCR: 0xE0004014; TIMER1 - TIMCR: 0xE0008014)

The Match Control Register is used to control what operations are performed when one of the Match Registers matches the Timer
Counter. The function of each of the bits is shown in Table 160.

Table 160: Match Control Register (MCR: TIMERO - TOMCR: 0xE0004014; TIMER1 - TIMCR: 0xE0008014)

MCR Function Description Reset
Value
0 Interrupt on MRO When one, an mte_rrupt is generated when MRO matches the value in the TC. When 0
zero this interrupt is disabled.
1 Reset on MRO | When one, the TC will be reset if MRO matches it. When zero this feature is disabled. 0

When one, the TC and PC will be stopped and TCR[0] will be set to 0 if MRO matches 0
the TC. When zero this feature is disabled.

When one, an interrupt is generated when MR1 matches the value in the TC, When 0
zero this interrupt is disabled.

2 Stop on MRO

3 Interrupt on MR1

4 Reseton MR1 | When one, the TC will be reset if MR1 matches it. When zero this feature is disabled. 0
When one, the TC and PC will be stopped and TCR[0] will be set to 0 if MR1 matches 0

5 | StoponMR1 e TC. When zero this feature is disabled.

6 Interrupt on MR2 When one, an mtelrru;.:t is generated when MR2 matches the value in the TC. When 0
zero this interrupt is disabled.

7 Reset on MR2 | When one, the TC will be reset if MR2 matches it. When zero this feature is disabled. 0

When one, the TC and PC will be stopped and TCR[0] will be set to 0 if MR2 matches 0

8 Stopon MR2 | 4116 YC. When zero this feature is disabled.

When one, an interrupt is generated when MR3 matches the value in the TC. When 0

9 Interrupt on MR3 zero this interrupt is disabled.

10 Reset on MR3 | When one, the TC will be reset if MR3 matches it. When zero this feature is disabled. 0

When one, the TC and PC will be stopped and TCR[0] will be set to 0 if MR3 matches 0
the TC. When zero this feature is disabled.

11 Stop on MR3
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Capture Registers (CRO - CR3)

Each Capture register is associated with a device pin and may be loaded with the Timer Counier value when a specified event
occurs on that pin. The settings in the Capture Control Register register determine whether the capture function is enabled, and
whether a capture event happens on the rising edge of the associated pin, the falling edge, or on both edges.

Capture Control Register (CCR: TIMERO - TOCCR: 0xE0004028; TIMER1 - TICCR: 0xE0008028)

The Capture Contro! Register is used to control whether one of the four Capture Registers is loaded with the value in the Timer
Counter when the capture event occurs, and whether an interrupt is generated by the capture event. Setting both the rising and

falling bits at the same time is a valid configuration, resulting in a capture event for both edges. In the description below, "n”
represents the Timer number, 0 or 1.

Table 161: Capture Control Register (CCR: TIMERO - TOCCR: 0xE0004028; TIMER1 - T1ICCR: 0xE0008028)

. e Reset
CCR Function Description Value
0 Capture on CAPn.0 | When one, a sequence of 0 then 1 on CAPn.0 will cause CRO to be loaded with 0
rising edge the contents of the TC. When zero, this feature is disabled.
1 Capture on CAPn.0 | When one, a sequence of 1 then 0 on CAPN.0 will cause CRO to be loaded with 0
falling edge the contents of TC. When zero, this feature is disabled.
2 Interrupt on CAPn.0 | When one, a CRO lcad due to a CAPn.0 event will generate an interrupt. When 0
event zero, this feature is disabled.
3 Capture on CAPn.1 | When one, a sequence of 0 then 1 on CAPN.1 will cause CR1 fo be ioaded with 0
rising edge the contents of the TC. When zero, this feature is disabled.
4 Capture on CAPn.1 | When one, a seguence of 1 then 0 on CAPn.1 will cause CR1 to be loaded with 0
falling edge the contents of TC. When zero, this feature is disabled.
5 interrupt on CAPn.1 | When one, a CR1 load due to a CAPn.1 event will generate an interrupt. When 0
event zero, this feature is disabled.
6 Capture on CAPn.2 | When one, a sequence of § then 1 on CAPn.2 will cause CR2 to be loaded with 0
rising edge the contents of the TC. When zero, this feature is disabled.
7 Capture on CAPn.2 | When one, a sequence of 1 then 0 on CAPR.2 will cause CR2 to be loaded with 0
falling edge the contents of TC. When zero, this feature is disabled.
8 Interrupt on CAPn.2 | When ohe, a CR2 load due to a CAPn.2 event will generate an interrupt. When 0
event zero, this feature is disabled.
9 Capture on CAPn.3 | When one, a sequence of 0 then 1 on CAPn.3 will cause CR3 to be loaded with 0
rising edge the contents of TC. When zero, this feature is disabled.
10 Capture on CAPn.3 | When one, a sequence of 1 then 0 on CAPR.3 will cause CR3 to be loaded with 0
failing edge the contents of TC. When zero, this feature is disabled.
1 interrupt on CAPn.3 | When one, a CR3 load due to a CAPn.3 event will generate an interrupt, When 0
event zero, this feature is disabled.
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External Match Register (EMR: TIMERC - TOEMR: 0xE000403C; TIMER1 - T1IEMR: 0xE000803C)

The External Match Register provides both control and status of the external match pins M(0-3).

Table 162: External Match Register (EMR: TIMERO - TOEMR: 0xE000403C; TIMER1 - TIEMR: 0xE000803C)

. . Reset
EMR Function Description Value
This bit reflects the state of output MATO0.0/MAT1.0, whether or not this output is
0 External Match 0 connected to its pin. When a match occurs for MRO, this output of the timer can either 0
toggle, go low, go high, or do nothing. Bits EMR[4:5] control the functionality of this
output.
This bit reflects the state of output MAT0,1/MAT 1.1, whether or not this cutput is
connected to its pin. When a match occurs for MR1, this output of the timer can either
1 External Match 1 toggle, go low, go high, or do nothing. Bits EMR[6:7] control the functionality of this 0
output.
This bit reflects the state of output MAT0.2/MAT 1.2, whether or not this output is
connected to its pin. When a match occurs for MR2, this output of the timer can either
2 External Match 2 toggle, go iow, go high, or do nothing. Bits EMR[8:9] contro! the functionality of this 0
output.
This bit reflects the state of output MAT0.3/MAT1.3, whether or not this output is
connected to its pin. When a match occurs for MR3, this output of the timer can either
3 External Match 3 toggle, go low, go high, or do nothing. Bits EMR[10:11] control the functionality of this 0
output.
5.4 External Match | Determines the functionality of External Match C. Table 163 shows the encoding of 0
) Control 0 these bits.
. External Match | Determines the functionality of External Match 1. Table 163 shows the encoding of
7:6 . o
Control 1 these bits.
98 External Match | Determines the functionality of External Match 2. Table 163 shows the encoding of 0
) Control 2 these bits.
) External Match | Determines the functionality of External Match 3. Table 163 shows the encoding of
11:10 . 0
Control 3 these bhits.

Table 163: External Match Control

EMR[11:10], EMR[9:8], Function
EMR[7:6], or EMR[5:4]
00 Do Nothing
01 Clear corresponding External Match output to 0 (LOW if pinned out)
10 Set corresponding External Match output to 1(HIGH if pinned out)
11 Toggle corresponding External Match ocutput
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EXAMPLE TIMER OPERATION

Figure 39 shows a timer configured to reset the count and generate an interrupt on match. The prescaler is set to 2 and the match
register set to 6. At the end of the timer cycle where the match occurs, the timer count is reset. This gives a full length cycle fo
the match value. The interrupt indicating that a match occurred is generated in the next clock after the timer reached the match

value.
Figure 40 shows a timer configured to stop and generate an interrupt on match. The prescaler is again set to 2 and the match

register set to 6. In the next clock after the timer reaches the match vaiue, the timer enable bit in TCR is cleared, and the interrupt
indicating that a match occurred is generated.

AV EATATAWAWAWAWEAWANRWAN
PrescaleCounter 2 L 0 Y 1 Y 2 Yo {1+ Y2 o)1) 2 ) o) 1]
Timer Counter [ 4 X 5 r 6 1 0 [ 1 ]
[l | \_/ l

interrupt [ \ : ’

Figure 39: A timer cycle in which PR=2, MRx=6, and both interrupt and reset on match are enabled.

Prescale Counter 2 0 1 2 0

|
Timer Counter | 4 | 5 ) 6 ]
J

TCR[0]
(Counter Enable) K 1 1o

Interrupt r _\ ]

Figure 40: A timer cycle in which PR=2, MRx=6, and both interrupt and stop on match are enabled.
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ARCHITECTURE
The block diagram for TIMERO and TIMER1 is shown in Figure 41.

LMatch Register 0 JL
LMatch Register 1 JL
| Match Register 2_lL

[ Match Register 3 }——

——I_ Match Control Register ]

External Match Register |

| Interrupt Register j

T
Control
- .- MAT{3:0] l
| Interrupt Jr t—_
------ | CAP[3:0] v (=

Stop on Match L (=
Reset on Match —
r— Load]3:0] =)

LCapture Control Registeﬂ

CSN

Capture Register 0 Timer Counter |
Capture Register 1
Capture Register 2 I CE

Capture Register 3*

TC!
pclk
Prescale Counter |-—_.

RESET ENABLE MAXVAL
[ Timer Control Register | | Prescale Register |

* Note that Capture Register 3 cannot be used on TIMERO

Figure 41: Timer block diagram
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16. PULSE WIDTH MODULATOR (PWM)

LPC2119/2129/2194/2292/2294 Pulse Width Modulator is based on standard Timer 0/1 described in previous chapter.
Application can choose among PWM and match functions available .

FEATURES

+ Seven match registers allow up to 6 single edge controlied or 3 double edge controlled PWM outputs, or a mix of both types.
The match registers also allow:
- Continuous operation with optional interrupt generation on match.

- Stop timer on match with optional interrupt generation.
- Reset timer on match with optional interrupt generation.

» An external output for each match register with the following capabilities:
- Setlow on match.

- Set high on match.
- Toggle on match,

Do nothing on match.

« Supports single edge controlled and/or double edge controlled PWM outputs. Single edge controlled PWM outputs ali go high
at the beginning of each cycle unless the output is a constant low. Double edge controlled PWM outputs can have either edge
occur at any position within a cycle. This allows for both positive going and negative going pulses.

+ Pulse period and width can be any number of timer counts. This allows complete flexibility in the trade-off between resolution
and repetition rate. All PWM outputs will occur at the same repetition rate.

+ Double edge controlled PWM outputs can be programmed to be either positive going or negative going pulses.

+ Match register updates are synchronized with puise outputs to prevent generation of erroneous pulses. Software must
"release” new match values before they can become effective.

« May be used as a standard timer if the PWM mode is not enabled.
» A 32-bit Timer/Counter with a programmable 32-bit Prescaler.

« Four 32-bit capture channels take a snapshot of the timer value when an input signal transitions. A capture event may also
optionally generate an interrupt.

DESCRIPTION

The PWM is based on the standard Timer block and inherits all of its features, although only the PWM function is pinned out on
the LPC2119/2129/2194/2292/2294. The Timer is designed to count cycles of the peripheral clock {pclk) and optionally generate
interrupts or perform other actions when specified timer values occur, based on seven match registers. It also includes four
capture inputs to save the timer value when an input signal transitions, and optionally generate an interrupt when those events
occur, The PWM function is in addition to these features, and is based on match register events.

The ability to separately control rising and falling edge locations allows the PWM to be used for more applications, For instance,
multi-phase motor control typically requires three non-overlapping PWM outputs with individual control of all three pulse widths
and positions.

Two match registers can be used to provide a single edge controlled PWM output. One match register (PWMMRO) controls the
PWM cycle rate, by resetting the count upon match. The other match register controls the PWM edge position. Additional single
edge controlled PWM outputs require only one match register each, since the repetition rate is the same for all PWM outputs.
Multiple single edge controlled PWM outputs will all have a rising edge at the beginning of each PWM cycle, when an PWMMRO
maich occurs.
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Three match registers can be used to provide a PWM output with both edges controlled. Again, the PWMMRO match register
controls the PWM cycie rate. The other match registers control the two PWM edge positions. Additional double edge controlled
PWM outputs require only two match registers each, since the repetition rate is the same for all PWM outputs.

With double edge controlied PWM outputs, specific match registers contro! the rising and faliing edge of the output. This allows
both positive going PWM pulses {when the rising edge occurs prior to the falling edge), and negative going PWM pulses (when
the falling edge occurs prior to the rising edge).

Figure 42 shows the block diagram of the PWM. The portions that have been added to the standard timer block are on the right
hand side and at the top of the diagram.
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Note: this diagram is intended to clarify the function of the PWM rather than to suggest a specific design implementation.

Figure 42;: PWM block diagram
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A sample of how PWM values relate {o waveform outputs is shown in Figure 43. PWM output logic is shown in Figure 42 that
allows selection of either single or double edge controlled PWM outputs via the muxes controlled by the PWMSELn bits. The
match register selections for various PWM outputs is shown in Table 164. This implementation supports up to N-1 single edge
PWM outputs or (N-1)/2 double edge PWM outputs, where N is the number of match registers that are implemented. PWM types
can be mixed if desired.

The waveforms below show a single PWM cycle and demonstrate PWM outputs under the following conditions:

* The timer is configured for PWM mode, * The Match register values are as follows:
» Match 0 is configured to reset the timer/counter MRO= 100(PWM rate)

when a match event occurs, MR1=41, MR2 = 78(PWM2 output)
+ Control bits PWMSEL2 and PWMSEL4 are set. MR3= 53, MR4 = 27(PWM4 output)

MR5= 65(PWMS5 output)

PWM2

PWM4

4
)
]
1
]
]
[
'
.
]
[

Pams [ : Do\ |

nulnnllnnlnn‘unlnnll|ulnuiuulnn‘uulnulunlnulunlnnlunlnuInnlnnluulnnlunlnn

0 27 41 53 &5 78 100

(counter is reset)

Figure 43: Sample PWM waveforms

Table 164: Set and Reset inputs for PWM Flip-Flops

PWM Single Edge PWM (PWMSELnN = 0) Double Edge PWM (PWMSELn = 1)
Channel Set by Reset by Set by Reset by
1 Match 0 Match 1 Match 07 Match 1°

2 Match 0 Match 2 Match 1 Match 2

3 Match 0 Match 3 Match 2 2 Match 32

4 Match O Match 4 Match 3 Match 4
5 Match 0 Match 5 Match 4 2 Match 52

6 Match 0 Match 6 Match 5 Match 6

Notes:

1. ldentical to single edge mode in this case since Match 0 is the neighboring match register. Essentially, PWM1 cannot be a
double edged output.

2. Itis generally not advantageous to use PWM channels 3 and 5 for double edge PWM outputs because it would reduce the
number of double edge PWM outputs that are possible. Using PWM 2, PWM4, and PWME for double edge PWM outputs
provides the most pairings.
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Rules for Single Edge Controlled PWM Outputs

1. All single edge controlled PWM outputs go high at the beginning of a PWM cycle unless their match value is equal to 0.

2. Each PWM output will go low when its match value is reached. if no match occurs (i.e. the match value is greater than the
PWM rate), the PWM output remains continuously high.

Rules for Double Edge Controlled PWM Outputs
Five rules are used to determine the next value of a PWM output when a new cycle is about to begin:

1. The malch values for the next PWM cycle are used at the end of a PWM cycle (a time point which is coincident with the
beginning of the next PWM cycle), except as noted in rule 3.

2. A match value equal to 0 or the current PWM rate (the same as the Match channel 0 value) have the same effect, except as
noted in rule 3, For example, a request for a falling edge at the beginning of the PWM cycle has the same effect as a request
for a falling edge at the end of a PWM cycle.

3. When match values are changing, if one of the "old" match values is equal to the PWM rate, it is used again once if the neither
of the new match values are equal to 0 or the PWM rate, and there was no old match value equal to 0.

4. If both a set and a clear of a PWM output are requested at the same time, clear takes precedence. This can occur when the
set and clear match values are the same as in, or when the set or clear value equals 0 and the other value equals the PWM
rate.

5. If amatch value is out of range (i.e. greater than the PWM rate value), no match event occurs and that match channel has no
effect on the cutput. This means that the PWM output will remain always in one state, allowing always low, always high, or

"no change” oufputs,
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PIN DESCRIPTION

Table 165 gives a brief summary of each of PWM related pins,

Table 165: Pin summary

Pin name Pin direction Pin Description
PWHM1 Output Output from PWM channel 1.
PWM2 Output Output from PWM channel 2.
PWM3 Output Output from PWM channel 3.
PWM4 Output Output from PWM channel 4.
PWM5 Output Output from PWM channel 5.
PWME Cutput Output from PWM channel 6.
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REGISTER DESCRIPTION

The PWM function adds new registers and registers bits as shown in Table 166 below.

Table 166: Pulse Width Modulator Register Map

Name

Description

Access

Address

PWMIR

PWM Interrupt Register. The IR can be written to clear interrupts. The IR can
be read to identify which of the possible interrupt sources are pending.

0xE0014000

PWMTCR

PWM Timer Control Register. The TCR is used to control the Timer Counter
functions. The Timer Counter can be disabled or reset through the TCR.

0xE0014004

PWMTC

PWM Timer Counter. The 32-bit TC is incremented every PR+1 cycles of pclk.
The TC is cantrolled through the TCR.

0xE0014008

PWMPR

PWM Prescale Register. The TC is incremented every PR+1 cycles of pclk.

0xE001400C

PWMPC

PWM Prescale Counter. The 32-bit PC is a counter which is incremented to the
value stored in PR. When the value in PR is reached, the TC is incremented.

0xE0014010

PWMMCR

PWM Match Control Register. The MCR is used to control if an interrupt is
generated and if the TC is reset when a Match occurs.

0xE0014014

PWMMRO

PWM Match Register 0. MRO can be enabled through MCR to reset the TC,
stop both the TC and PC, and/or generate an interrupt when it matches the TC.
In addition, a match between MRO and the TC sets all PWM outputs that are in
single-edge mode, and sets PWM1 if it is in double-edge mode.

0xE0014018

PWMMRA1

PWM Match Register 1. MR1 can be enabled through MCR to reset the TC,
stop both the TC and PC, and/or generate an interrupt when it matches the TC,
in addition, a match between MR1 and the TC clears PWM1 in either single-
edge mode or double-edge mode, and sets PWM2 if it is in double-edge mode.

0xE001401C

PWMMR2

PWM Match Register 2. MR2 can be enabled through MCR to reset the TC,
stop both the TC and PC, and/or generate an interrupt when it matches the TC.
In addition, a match between MR2 and the TC clears PWM2 in either single-
edge mode or double-edge mede, and sets PWM3 if it is in double-edge mode.

0xE0014020

PWMMR3

PWM Match Register 3. MR3 can be enabled through MCR to reset the TC,
stop both the TC and PC, and/or generate an interrupt when it matches the TC.
In addition, a match between MR3 and the TC clears PWMS3 in either single-
edge mode or double-edge mode, and sets PWM4 if it is in double-edge mode.

O0xE0014024

PWMMR4

PWM Match Register 4. MR4 can be enabled through MCR to reset the TC,
stop both the TC and PC, and/or generate an interrupt when it matches the TC.
in addition, a match between MR4 and the TC clears PWM4 in either single-
edge mode or double-edge mode, and sets PWM?S if it is in double-edge mode.

OxE0014040
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Table 166: Pulse Width Modulator Register Map

Name Description Access Rese& Address
Value
PWM Match Register 5. MR5 can be enabled through MCR to reset the TC,
stop both the TC and PC, and/or generate an interrupt when it matches the TC.
PWMMRS | | addition, a match between MRS and the TC clears PWMS5 in either singte- | 0" | © ] 0xE0014044
edge mode or double-edge mode, and sets PWM6 if it is in double-edge mode.
PWM Maich Register 6. MR6 can be enabled through MCR to reset the TC,
stop both the TC and PC, and/or generate an interrupt when it matches the TC.
PWMMR6 In addition, a match between MR6 and the TC clears PWMB in either single- RW 0 OxE0014048
edge mode or double-edge mode.
PWM Control Register. Enables PWM outputs and selects PWM channel types
PWMPCR as either single edge or double edge controlled. RW 0 OxE001404C
PWMLER | PWM Latch Enabie Register. Enables use of new PWM match values. R/W 0 OxE0Q014050

*Reset Value refers to the data stored in used bits only. it does not include reserved bits content.
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PWM Interrupt Register (PWMIR - 0xE0014000)

The PWM interrupt Register consists of eleven bits (Table 167), seven for the match interrupts and four reserved for the future
use. If an interrupt is generated then the corresponding bit in the PWMIR will be high. Otherwise, the bit will be low. Writing a

logic one to the corresponding IR bit will reset the interrupt. Writing a zero has no effect.

Table 167: PWM Interrupt Register (PWMIR - 0xE0014000)

PWMIR Function Description 5::‘ eet
0 PWMMRO Interrupt | interrupt flag for PWM match channel 0. 0
1 PWMMR1 Interrupt | Interrupt flag for PWM match channel 1. 0
2 PWMMR?Z Interrupt | Interrupt flag for PWM match channel 2. 0
3 MR3 Interrupt Interrupt flag for PWM match channel 3. 0
4 Reserved. Application must not write 1 to this bit. 0
5 Reserved. Application must not write 1 to this bit. 0
6 Reserved. Application must not write 1 to this bit. 0
7 Reserved. Application must not write 1 to this bit. 0]
8 PWMMR4 Interrupt { Interrupt flag for PWM match channel 4. 0
9 PWMMRS Interrupt | Interrupt flag for PWM match channel 5. 0
10 PWMMRSE Interrupt | Interrupt flag for PWM match channel 6. 0
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PWM Timer Control Register (PWMTCR - 0xE0014004)

The PWM Timer Control Register (PWMTCR) is used to control the operation of the PWM Timer Counter, The function of each
of the bits is shown in Table 1568.

Table 168: PWM Timer Control Register (PWMTCR - OxE0014004)

. Reset
PWMTCR Function Description Value
When one, the PWM Timer Counter and PWM Prescale Counter are enabled for 0

0 Counter Enable counting. When zero, the counters are disabled.

When one, the PWM Timer Counter and the PWM Prescale Counter are
1 Counter Reset | synchronously reset on the next positive edge of pclk. The counters remain reset until 0
TCR[1] is returned to zero.

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

When one, PWM mode is enabled. PWM mode causes shadow registers to operate
in connection with the Match registers. A program write to a Match register wili not
have an effect on the Match result until the corresponding bit in PWMLER has been
3 PWM Enable | set, followed by the occurrence of a PWM Match 0 event. Note that the PWM Match 0
register that determines the PWM rate (PWM Match 0) must be set up prior to the
PWM being enabled. Otherwise a Match event will not occur to cause shadow register
contents to become effective.

2 Reserved

PWM Timer Counter (PWMTC - 0xE0014008)

The 32-bit PWM Timer Counter is incremented when the Prescale Counter reaches its terminal count. Uniess it is reset before
reaching its upper limit, the PWMTC will count up through the value OxFFFFFFFF and then wrap back te the value 0x00000000.
This event does not cause an interrupt, but a Match register can be used to detect an overfiow if needed.

PWM Prescale Register (PWMPR - 0xE001400C)

The 32-bit PWM Prescale Register specifies the maximum value for the PWM Prescale Counter.

PWM Prescale Counter Register (PWMPC - 0xE0014010)

The 32-bit PWM Prescale Counter contrals division of pclk by some constant value before it is applied to the PWM Timer Counter.
This allows control of the relationship of the resalution of the timer versus the maximum time before the timer overflows. The
PWM Prescale Counter is incremented on every pclk. When it reaches the value stored in the PWM Prescale Register, the PWM
Timer Counter is incremented and the PWM Prescale Counter is reset on the next pclk. This causes the PWM TC to increment
on every pclk when PWMPR = 0, every 2 pclks when PWMPR = 1, etc.

PWM Match Registers (PWMMRO0 - PWMMRS®6)

ThePWM Match register values are continuously compared ta the PWM Timer Counter value. When the two values are equal,
actions can be triggered automatically. The action possibilities are to generate an interrupt, reset the PWM Timer Counter, or
stop the timer. Actions are controlled by the settings in the PWMMCR regjister.
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PWM Match Control Register (PWMMCR - 0xE0014014)

The PWM Match Contral Register is used to control what operations are performed when one of the PWM Match Registers

matches the PWM Timer Counter, The function of each of the bits is shown in Table 169.

Table 169: PWM Match Control Register (PWMMCR - 0xE0014014)

. Reset
PWMMCR Function Description Value

When one, an interrupt is generated when PWMMRO matches the value in the

0 ]lnterrupton PWMMRO| byuTc. When zero this interrupt is disabled. ¢

1 Reset on PWMMRO }Nhgn one, the PWMTC will be reset if PWMMRO0 matches it. When zero this feature 0
is disabled.
When one, the PWMTC and PWMPC will be stopped and PWMTCR|0] will be set {o

2 Stop on PWMMRO i sWIMMRO matches the PWMTC. When zero this feature is disabled. 0
When ane, an interrupt is generated when PWMMR1 matches the value in the

3 Interrupt on PWMMR1 PWMTC., When zero this interrupt is disabled. 0

4 Reset on PWMMR1 Whgn one, the PWMTC will be reset if PWMMR1 matches it. When zero this feature 0
is disabled.
When one, the PWMTC and PWMPC will be stopped and PWMTCR[0] wilt be set to

5 Stop on PWMMRT 1 ¢ it PWMMR1 matches the PWMTC. When zero this feature is disabled 0
When one, an interrupt is generated when PWMMR2 matches the value in the

6 [Interrupton PWMMR2| oyumtc. When zero this interrupt is disabled. 0

7 Reset on PWMMR2 }Nhgn one, the PWMTC will be reset if PWMMRZ2 matches it. When zero this feature 0
is disabled.
When one, the PWMTC and PWMPC will be stopped and PWMTCR][0] will be set to

8 Stop on PWMMR2 0 if PWMMR2 matches the PWMTC. When zero this feature is disabled 0
When one, an interrupt is generated when PWMMR3 matches the value in the

9 [ Intermupton PWMMRS| bvyn 1T, When zero this interrupt is disabled 0

10 Reset on PWMMR3 }Nhgn one, the PWMTC will be reset if PWMMR3 matches it. When zero this feature 0
is disabled.,
When one, the PWMTC and PWMPC will be stopped and PWMTCR][0] wili be set to

1 Stop an PWMMR3 | ' b\WMMR3 matches the PWMTC. When zero this feature is disabled 0
When one, an interrupt is generated when PWMMR4 matches the value in the

12 [ Interrupton PWMMRA| ouuniTG. When zero this interrupt is disabled. 0

13 Reset on PWMMR4 !Whgn one, the PWMTC will be reset if PWMMR4 matches it. When zero this feature 0
is disabled.
When one, the PWMTC and PWMPC will be stopped and PWMTCRI0] will be set to

14 Stop on PWMMR4 { 1 b\WMMR4 matches the PWMTG. When zero this feature is disabled 0
When one, an interrupt is generated when PWMMRS matches the value in the

15 Interrupt on PWMMRS PWMTC. When zero this interrupt is disabled. 0

16 Reset on PWMMRS .Whgn one, the PWMTC will be reset if PWMMRS5 matches it. When zero this feature 0
is disabled.
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Table 169: PWM Match Control Register (PWMMCR - 0xE0014014)

. Reset
PWMMCR Function Description Value
When one, the PWMTC and PWMPC will be stopped and PWMTCRI[0] will be set to
17 Stop on PWMMRS | i BWMMRS matches the PWMTC. When zero this feature is disabled 0
When one, an interrupt is generated when PWMMRB matches the value in the
18 | Interrupton PWMMRS| oiirc. When zero this interrupt is disabled. 0
19 Reset on PWMMR6 }Nhgn one, the PWMTC will be reset if PWMMRGE matches it. When zero this feature 0
is disabled.
When one, the PWMTC and PWMPC will be stopped and PWMTCR[0] will be set fo
20 Stop on PWMMRE [ 3¢ o\vMMRE matches the PWMTC. When zero this feature is disabled 0

PWM Control Register (PWMPCR - 0xE001404C)

The PWM Control Register is used to enable and select the type of each PWM channet, The function of each of the bits are shown

in Table 170.
Table 170: PWM Control Register (PWMPCR - 0xE001404C)
PWMPCR Function Description Reset
Value
1:0 Reserved Reserved, uge'r software should not write ones to reserved bits. The value read from NA
a reserved bit is not defined.
> PWMSEL2 When zero, selects single edge controlled mode for PWM2. When one, selects double 0
edge controlled mode for the PWM2 output.
3 PWMSEL3 When zero, selects single edge controlled mode for PWM3, When one, selects double 0
_ edge controlled mode for the PWM3 output.
4 PWMSEL4 When zero, selects single edge controlied mode for PWM4. When one, selects double 0
edge controlled mode for the PWM4 output.
5 PWMSELS When zero, selects single edge controlled mode for PWM5S. When one, selects double 0
edge controlled mode for the PWMS5 output.
6 PWMSELS6 When zero, selects single edge controlied mode for PWME6, When one, selects double 0
edge controlled mode for the PWM6 output.
8:7 Reserved Reserved, u§e_r software should not write ones to reserved bits. The value read from NA
a reserved bit is not defined.
9 PWMENA1 | When one, enables the PWM1 output. When zero, disables the PWM1 output. 0
10 PWMENAZ2 | When one, enables the PWM2 output. When zero, disables the PWM2 output. 0
11 PWMENA3 | When one, enables the PWM3 output. When zero, disables the PWM3 output. 0
12 PWMENA4 | When one, enables the PWM4 ocutput. When zero, disables the PWM4 output. 0
13 PWMENAS | When one, enables the PWMS5 output. When zero, disables the PWM5 output. 0]
14 PWMENAG | When one, enables the PWM6 ocutput. When zero, disables the PWM8 output. 0
Reserved, user software should not write ones to reserved bits. The value read from
15 Reserved a reserved bit is not defined. NA
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PWM Latch Enable Register (PWMLER - 0xE0014050)

ThePWM Latch Enable Register is used to control the update of the PWM Match registers when they are used for PWM
generation. When software writes to the location of a PWM Match register while the Timer is in PWM mode, the value is held in
a shadow register. When a PWM Match 0 event cccurs {normally also resetting the timer in PWM mode), the contents of shadow
registers will be transferred to the actual Match registers if the corresponding bit in the Latch Enable Register has been set, At
that point, the new values will take effect and determine the course of the next PWM cycie. Once the transfer of new values has
taken piace, all bits of the LER are automatically cleared. Until the corresponding bit in the PWMLER is set and a PWM Match 0
event occurs, any value written to the PWM Maich registers has no effect on PWM operation.

For example, if PWM2 is configured for double edge operation and is currently running, a typical sequence of events for changing
the timing would be:

» Write a new value to the PWM Match1 register.

+ Write a new value to the PWM Match2 register.

« Write to the PWMLER, setting bits 1 and 2 at the same time.

» The altered values will become effective at the next reset of the timer (when a PWM Match 0 event oceurs).

The order of writing the two PWM Match registers is not important, since neither value will be used until after the write to
PWMLER. This insures that both values go into effect at the same time, if that is required. A single value may be altered in the
same way if needed.

The function of each of the bits in the PWMLER is shown in Table 171.

Table 171: PWM Latch Enable Register (PWMLER - 0xE0014050)

. Reset
PWMLER Function Description Value
Enable PWM Wiriting a one to this bit aliows the last value written to the PWM Match O register to be
0 Match 0 Latch become effective when the timer is next reset by a PWM Match event. See the o
description of the PWM Match Control Register (PWMMCRY).
Enable PWM Writing a one to this bit allows the last value written to the PWM Match 1 register to be
1 Match 1 Latch become effective when the timer is next reset by a PWM Match event. See the 0]
description of the PWM Match Control Register (PWMMCR).
Enable PWM Writing a one to this bit allows the Jast value written to the PWM Match 2 register to be
2 Match 2 Latch become effective when the timer is next reset by a PWM Match event. See the 0
description of the PWM Match Control Register (PWMMCR).
Enable PWM Writing a one to this bit aliows the last value written to the PWM Match 3 register o be
3 Match 3 Latch become effective when the imer is next reset by a PWM Match event. See the 0
description of the PWM Match Control Register (PWMMCR).
Enable PWM Writing a one to this bit allows the fast value written to the PWM Match 4 register to be
4 Match 4 Latch become effective when the timer is next reset by a PWM Match event. See the 0
description of the PWM Match Control Register (PWMMCR).
Enable PWM Writing a one to this bit allows the last value written to the PWM Match 5 register to be
5 Match 5 Latch become effective when the timer is next reset by a PWM Match event. See the c
description of the PWM Match Control Register (PWMMCR).
Enable PWM Writing a one to this bit allows the last value written to the PWM Match 6 register to be
6 Match 6 Latch become effective when the timer is next reset by a PWM Malch event. See the 0
description of the PWM Match Control Register (PWMMCR).
7 Reserved Reserved, user software should not write ones to reserved bits. The value read from NA
a reserved bit is not defined.
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