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Single chip VGA Controller
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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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msdanniiiz1¥meiade §1am 6 mo uazaeilFwnen 2 a1 sznendan

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. (CLK 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 LV SPI interface IAMAAUIARY SPI Hosts Hifiv1Ulumn i milougilnsei
AARBLLY SPI 3149 SD card U1V SPI Channel Usnoudn

1. CS: Host to card Chip Select signal.

2. SCLK: Host to card clock signal.

3. Data In: Host to card data signal.

F S

. Data Out: Card to host data signal.
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A15799 2.2 waRsyARAaDa Ivua SPI

Command

Index

Argument

Response

Data

Abbreviation

Description

CMDO0

None(0)

Rl

GO_IDLE_STATE

Software

reset.

CMD1

None(0)

Rl

SEND_OP_COND

Initiate
initialization

process.

CMD9

None(0)

Rl

Yes

SEND_CSD

Read CSD

register.

CMDI10

None(0)

Rl

Yes

SEND_CID

Read CID

register.

CMD12

None(0)

R1b

STOP_TRANSMISSION

Stop to read

data.

CMD17

Address[31:0]

Rl

Yes

READ_SINGLE _BLOCK

Read a block.

CMD18

Address[31:0]

Rl

Yes

READ_MULTIPLE_BLOCK

Read multiple
blocks.

CMD23

Number of

blocks[15:0]

Rl

SET_BLOCK_COUNT

For only
MMC.
Define
nurnber of
blocks to
transfer
with next
multi-block
read/write

command.

ACMD?23
(*1)

Number of
blocks[22:0]

R1

SET WR_BLOCK_ERASE_
COUNT

For only
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) R1 No APP_CMD Application
specific

command.

CMD358 None(0) R3 No READ OCR Read OCR.

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

2.1.5 Command Response uInuasPI
@ = o P 2 to o o o
msapundululnua sp1 szliegaugiluuy Ao R1, R2 uaz R3 AU 2.7 duegiudidan
Host daun uamdadmuineziinmsasundulugduny R dmn R Taudu 0x00 ueraednladl

a a £ - o v
‘(’l’ﬂﬂﬂ'ﬂﬁ'lﬂlﬂﬂllu TIUMIADUAUOIUU R3 HUIEADUNADIRWIZE CMDS8 iUl

R1 Response R3 Response
ONENERER [R1]  oCrR |
In ldle Stat .
Enra;eeRe:e: gg::fi:'g‘

Migal Command
Command CRC Eiror
Erase Sequense Error
Addiess Ennor
Parameter Error

3UN 2.7 MSRDUNAVULVANE



\ v
2.2 mameloutoyn

2.2.1 Data Packet 1182 Data response

Data Packet
[Data Token| Data Block [ crC |
1 hyte 1- 2048 bytes 2 bytes
Data Token Etror Token
11111]41111] 1] 0] Data roken for CMD17/18/24 IO 0'0 Flags I
1(1]1|1[1]1]0]0]| Data token for CMD2Z5 L Errer
CC errol
1{1]1[1[1{1{0]1]| Stop Tran teken for CMD25 Card ECC failed
Owut of range
Data Response b Cand Is locked
(Xx[x[0] Stawe 1]

0 1 0—— Data accepted
1 0 14— Data rejected due to a CRC emror
1 1 0— Data rejected due to 3 write error

51U 2.8 Tnsaer319903Data Packet
1 ' o ' o
TunsaraToudoya sxiinsawloundenniinis @9 Command Response A7 udondoynes

\ 4 . d
gnowToulugal Data Packet %91/5znou'11/A20 Data Token, Data Block 1492 CRC flanaadlugii 2.8

i 1
o o

o v = 1 é J (XY 1 o []
9211 1431 Data Token 9zNegauuuy Faiusgiuuaazmdanas

2.2.2 A4 Single Block Read

Resp.
DO LJ |  DataPacket

Y
a v o

[ ) [ [ ]
Argument HaovhosidefivziludrmuausamsmSuduvesdoyaiizeu idiedrdaii 145y
i s g
fl

o v o a J J
M3aoundY nszuIumseudoyanzsuiulauyadoyandoanise iy

vxgnaalads Host 1ilo

{4 o o ' o a LY : 4
Host 757990 Data Token Maldu1 Host nazfinisemudendoyahianiunds Token vu ilofinaiy

= a J o { a 1 a d
AanaAnavu UMY Token NuansnufianaInszgndanununuaentoya

2.2.3 idd Multiple Block Read

-D'
Di (<018 | cma CMD12 Cmd
/ Resp. /Resp.
[218) ] | DataPacket | [ paaPacket | A1 [swsr |
Ma Packet

© o d’ 1 : @ o ] 'o =

mmurﬂumsmm’fﬂu‘,aﬂiaasﬂawq Uaﬂﬂil'lﬂﬂ‘lllﬁ'l—lsulﬂﬂlﬂ'iﬁﬁﬂ'lﬂ‘Inlﬂ i?i"lﬂ'lﬂhlllilﬂ'ﬁ
° o o ' ' 4 Smw oA e a4 A ' =
ﬂ'lﬂﬂﬂil'lﬂ'luﬂﬂﬂﬂluﬂ'lSﬂ'luﬂﬂ‘ﬂuﬂﬂﬁQ‘l'J ﬂ'SSU'Juﬂ'ISFJ'l‘NNﬂsﬂ‘lluuﬁﬂluﬂﬁ1ﬂﬁﬂﬂ‘] NI

Vo a 4 o ' >
msaafids cMD12 Tifinise nsemdoyaiifazvyaas
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2.2.4 A4 Single Block Write

2 thyte
——?‘l i
DI | cmp24 | ‘ Data Packet
DO Cmdl I., Data M
Res|. Resp.ﬂ

A o a d’ 9 o [y a o 1 - 9/ = o [ : ﬂ +
ilefideiilASumsaeniu Host Aezdinsdaiininedoyalifinsandaninmiuiiugag
o Y 49 aw a o d ¥ P 4 v
Yszuw 1 Byte unanvvesveyaiinezianyusmiloufiuuininivedoyalud iy Read iedoya
1 = o o o @ |3 [ o ' ' =
gnas linsauda m3anezasuNALNIAI0 Data Response Tuyiufi misa lasaulngszenuisadon
o
doyaldudenas 512 Byte

2.2.5 A1@49 Multipie Block Write

1hyte
1o N
DI CMDZ5 Data Packet Dita Packet ;.;mp p|
1
Do cing A Data A_| Busy nata A 16ney | Busy
Resp? Resp. Resb.

& o a ) 2 d A ° ¥ 7 o
mdalezitigudoyanisasnaiwy vasnadld luuemmsaisisimua Sminlifinssmun
o d ) 1 ay o - [ . '

Sauvdenlumsawlou msarwleudifezduiiudeldiTess suninargavyalae Stop Tran Token
& d ° = .3’ ] ]
Fanvz M 1¥IAA Busy Flag Yuiilue29520¢ 1 Byte #9910 Stop Tran Token

2.2.6 VunBUMINaTiieitlu Master

4

I [ 4
diefmus i Microcontroller 1Ty Master 9z unoua1sq lumsiaudsil

1. $7MUANT Register SPI Clock Counter 1A dayamndinilimmiudesms

2. MuAf Register AIUAUMSHINUYDS SPI Iildmundesns

-t E] o

Y y o X 4 v P S Layva v
3, lﬂuuﬂﬂuﬂﬂﬂﬂﬁ‘lﬂ’ﬁﬂﬁqﬂUﬂ Reg'xster lﬂﬂﬁlﬂllvﬁ'llﬂ\'l SPI ﬂ‘]iﬁ]ﬂl‘lﬂﬂu‘lﬁu“:ﬁ\ﬂlﬂlil.fﬂua\?

K]

e

YouD

B

4. edseyansuniiaudo Tn SPIF 481 SPI Status Register sz DAY 1

5. 9IUMANIULUDY SPI 910 SPI Status Register

6. ﬂ"luﬂ’fﬂyaﬁ'lﬁ"iv‘uil‘lﬂ SPI Data Register

7. ndvldede 3 driideyafidesmsddn
winng : lumsdrsariia SPIF %18 Taen1seumTeilioun1 118 SPI Data Register

227 mstmuamiGududmiumsandeiuginsaii spio

mulululnsaouInsamesnszga LPC2000 Hwvsdmivananeiuiia SPI S 1032903
fio SPI0 uaz SPI1 1aw SPI1 ii%ei3unmmizi1 Synchronous Serial Port (SSP)

M99 INTid T Register PINSELO Muniifordoadinsvinanudiu spio uda Sudemazdos

L] 1 o . =: ﬂ' ar é =) a‘: woow
MHuAM 1¥NDY Register MDY SPLO Fasianum 5 A1
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v [ 1 4
A5 1A 2.3 Register AitNI190417D SPIO 414 5 /2

T

| s
Yo ATINYNEY nISAAAR | AINBISITN Address

SOSPCR | SPI Control Register 19a1unums | emidou 0x00 0xE002 0000

1197404 SPI

SOSPSR | SPI Status Register LeA9a0UNI50] LR 0x00 0xE002 0004

11197409 SPI

SOSPDR | SPI Data Register 8@ 04Mm5 a4 ALY 0x00 0xE002 0008
¥ 9 a 1 o . qy
Toyn 1WiUAIE Register H1u

Truamsiudeya Ieudr9n

b 4

Register i

SOSPCCR | SPI Clock Counter Register 19/ 21U/ 0x00 0xE002 000C
ATURUAIAINE SCKO Y89 Master

SOSPINT | SP] Interrupt Flag 1y Interrupt Flag 81/100u 0x00 0xE002 001C
Y94 SPI

2.3 Yszianveslvann

2.3.1 BMP (Bitmap)

R M o A4 ¥a a d T ] o o ad [ R 7

Bitmap Aemi1i5ondeyanmifueglumizoanuirduiiunmiiuludrvus Pixel Ao

Pixel IatiAudoyadunsunng pixel 5oarulilumisunud doyafvesuaas Pixel szdvinanly
J L. =) = d' L} = ~ . o o
lumsitviuegfiuanuaz@uadhi 14 (vuduiu Bitmap uuy 256 & 1 Pixel 9241 8 Bit (2 184 8)
>
1% 1 Pixel ¥4 Bitmap 256 & 9¢iut14 1 Byte 1A0ANYQIY Y04 Bitmap 256 & Miilu Amay vesdoya
yua 1 Byte ludnymzifortu Suiy 32 Bit Ao Pixel 931491 1 Pixel 19116 4 Byte A0 Pixel LAz
Dulf 2 ndda 32 &
¥ L]

(fiohnszdosldlumsifu Bitmap Tuwiioanudnzifunaguues Byte Ao Pixel, Width uay
" Height Y84 Bitmap #78¢61919 Bitmap D 256 & 19 640 g4 480 91431123104 640 x 480 x 1
Byte

& . o g ) ] o : ﬂ by . = ! e )

{94970 Bitmap Muhveglunitsanuiniusziiludeya Pixel SvsderiulliFosn sunus

[ : = v = o Y . 9/ P 9 1 A s

AN faiuIABsiMIfMuanunNIaEA11ME1IYBe Bitmap 40 e Id Tlsunsuauiid
Bitmap 11/19M31071 Bitmap fin1un31e - o1 m1 ns

2.3.2 JPEG (Joint Photographic Expert Group)

= = ar = o 9 = a LY P
JPEG Asgiluvumsivsaudusmnvugaude Tavdldidoanuazidoadeshiga sUuuy

»
uuEMIVIEn 5T 1AUR jpeg, jpe. e, ifif, fi (@wazTuAUdAnS oA IngA 18) uuuuiy JPEG
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Y de wo o d < - 7 d {
T ifugduuuufuildfulumsfafuuazuannlfougdnmuuduinefidauiniige Tasmniz
' & d a ¥ ¥ /= d d sw Y
nwaw Wesnnamsafuanuazideags 14 lagldvuie anan awnsafunmdldnainnay
o 1 0 = . T d : o 9/
sTAUAMULLUGIVDST (Bit Depth) Anuatunsolunisdevuiniddvesdn IPEG iufnsinns 14
imatiamigevuIAn U uMsTusanadoyandn (Lossy Compression) ¥3on1siudauuuiinny
g W hition1iunmiidu amedu nielensudisq ilesnnez T ldsz@nSamirnsifiy
[ L 4 [
Tugtuuudy 8619 PNG M50 GIF nisiiudaves JPEG viusz ldimatinfiSund1 DCT (Discrete Cosine
P [ 1 - 1 °
Transform) $uilumsulasimnuainvesnmideglugdunudinaud (Frequency Domain) ¥l
A Y o s o & 4 a ' g o @ o
amnsafeninuaiivesduilszaninieluniifonoundgavesiinnuiaieg 1dlaverdeduilshil
v o & A [ 4 o v o w L ¥ o 9/
vedrdgnareduld amsfiaunseaaiedidguesniduavasll1dn 1% amisoanvuinaes
miwanusmiovuia IMan ifua 14
2.3.3 GIF (Graphics Interchange Format)
fiuuana (file extension) v gif 1Wu3En 15ty TManmuvuiudandiofiy IPEG Taniald
udr liasofiun g wnnsssund 1advinadn A uuuy JPEG uaainsofiuaIn imu nn
»
nigu 1Wiiueded uenanil GIF deaunsaifunm 1T ldnatoqaw lulwdidos Segmii T 14ads

L) o

4 ' ' ] Y 1
amvndounideg wu luduweeiuia  lunisfiudaues GIF szifludszinn ligando (ossless

. o Ao P Ey < ' ] a4 A4 a
compressmn) Tﬂﬂiﬂﬁﬂﬂ‘lﬂﬂﬂﬁﬁiﬁ 256 @ ﬁ']ﬂ!“ﬁ]uu'lﬂiﬁ'lu GIF ﬂ\‘flﬂﬂ?’lﬂﬂﬂ!ﬂﬂﬂﬂ]ﬂqfﬂ 1o WUl

=S T

3o v A das = oA a
135ﬂ'lJﬂ‘l'Wmu%uﬂugﬂﬂm]‘lu’)uﬁmﬂﬂ’]‘lu’n:ljﬂ‘J‘l!JFIEquN‘UENE\’

2.4 M3139mM39ni3ua1na (File Allocation Table: FAT)

a wa a g = @ 14 ¢ a o4 1 @
zuuilfianisvesneufiuneiudoy Platform sziinisdnszuyialusiananiuanaieiu
» ,
meszuamsnlFzuy IWd dnawzduvy Tavszvy Idiudumsefildvend wmisvesdoya
) a o o d ' -4 A& s a o Y o v ¥ EY
a9 heguumsananiies lsegase vy Unddedesriadaninlmidesiinmssadoya (Forma 14
d a o9 - ° 9 [V ¢ = o t ¢ o o ]

grfadannoufieziilivssydoya midadeyalusfadandunisuianiadadeaniiudiug
& 15’ = '

Y o [ ]
e lAnouAiumes ] A umwesdoyasgaseinu

o o 1

FAT Hhuszuy IWan 1§ useuua§oan 1390 Microsoft waziiiusz vy Ianlinsianiens
[] 4 - o Py o v ] ] d = o
aoiiios Tasezidnuasie Wlumssmuaninoae vy ng Cluster Tuusazduutisveaaiadad
HAMINTAF1915 19NN 1UIUFD MW IUIUVDS Cluster tNoTIUNMTTEYRWMUINTD Cluster T
d @ d d =) = o a v R © v g 9 =
munudoyaves Idunaz Ina uazlin15199na151905 8091 Directory dmfunudeya s1vazibos
¢ . ' a 9 dd o ¥ a
Y53 1WA 191 Attribute #19) LAZNAIBIAY Cluster ITUAUNINVAITDYD T3
[y L4 o o (] o 9 o n’a’ = o a wn
szuusans iauuy FAT dhuszuud ligenndudou fautagnsesiy smnszuvilfianms
d‘d 1 o o Y o« 1 [ = v a wa P
PagdmiuasuRunesdauyana uazdiazaanlumsuanuldsudeyassvineszvulfiamsh

] o/ é = n’: = 2 = o
llﬁﬂﬂ'lﬂﬂu"lﬁgﬂﬂﬂﬂQUUﬂﬂNW’JmB';Lﬂ?ENLﬂU?ﬂH
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Jofovvosszuudams duun FAT fe o IWdgnau une Indinaignifowuaslyl Fragment
UﬂdllﬁiﬁﬂﬂﬁﬂzﬁIﬂﬂ1ﬂﬂ5$§’ﬂﬂ5$%1ﬂﬂﬂﬂ1ﬂﬂ§}ﬁ?‘ﬁ~1ﬂﬂ’wﬂ’nnﬁ’l danalimsemuanisidiou’lva
188 nsdadsedoyaidunialuiimsi ¥ s fados IWdu FAT Susaifouudezdeains
Sasuadoyneguon unzfunszuaunsiiidinan

szun g FAT Snaeiudaaelui

2.4.1 FATI2

sz FATI2 flugufinunfiqauosaszga FAT 1¥fussuud§ianms Dos 7914 12 bits Tn

»
N13919B9TaMUIIAY Cluster INS 138 HUAINI5081902 Cluster 1AUINEGR 4086 Cluster 52U FATI2

14
a M A

< o ' o da &4 duo A in 1 a ¢ o a Y
Yunwztumissanusniiilen luun nieliiilen lufiu 16 MB uazszuvIWdriiatiomisaldau
o ey o o o ' 3
i lani¥enuhios 8.3 Ardnwanniu
24.2FATI16
9/ v o o owa P j 2R . P ¥
annsoldusduszulfiianisninainnaiela 15u Dos Windows9s, 98, ME ¥41% 16
» ¥ » »
bits (NDB1DIMUIOIAY Cluster MTrzReTUTILIT08 1T 1ANaMuA 65526 Cluster FAT16 QN
F 9 a a0 s o & o d’ o
ponuuuyuie 15y Inda 1 vusadviabn uazsuianale Felidienssun 2048 MB
103 FAT16 fio
> ] »
1. 52U FATI6 19nuiuiiveaniaonnudriaun/feauin iws1281u7uqegaves Cluster Ao
: ° o o : J T Q i IJ
Partition 1ugniimuae 13aed2 (65526 Cluster) Aaiuieniitoanuiniivuah Ingiu
1Y s 1Y) T oa -3 1 u: ]
UATISIMIN Cluster Jun AN AMNIUANVIIVUIAYDL Cluster 93 Ingjiul1ldao adrelu
] o n’: a2 a L] : od ] ]
N38IvBaMUIAE1 ¥17A 2 GB 1NAET Cluster A Inaydie 32 KB vuAnuwanui aeld
oo d A0 o = o ] 41 o «f 2 ﬂ o
AunenasiMonY I 10 A2 uavuiaves IWanesiifs 32 KB Fuiluvunadngaves
Cluster @Y7
A o o A ' o o [ ¥ A ¥ A
2. Fadrnatoruniagegaroaniiauanudnsesiuldims s uAu FATI6 gneenuuuuie
W o i =] [ : = 4
aududannivmnadn daiulugausng Salilymiatuun iesyuy FATI6 1u MS-Dos
¥
gAusn ausasadiumiaoanui ldifies 32 MB winiu usdewigaud Tuldseedy 1ty

128 MB uazFeonuiu 2 GB uilegiiu
o

] 1
ad 4

3. s2UL FATI6 anse e WdRasenuiivs 8.3 dadnysmniu iwuideady FATI2
ud 1 3umsiuyye inumumsaunndulunaidenude fannse ldau iy TWg A
§ot 1 liifv 256 #28nu3 (on FAT16 {uf 41 Virtual FAT %38 VFAT

2.43 FAT32

s¥UY FAT32 19Auszuuifianis Windows 95, 98, ME, 2000 Taovimsud luisauen

- a Y o v . d ol aa = o ' o
FATI16 !Wﬂﬂ‘i]:ﬁ"lﬂn‘inu'lu Cluster 919 Partition Y INYH AUUNUYAITIUAINITONISIDITUNUIUAITIUDT
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4;4 L} é = o lyJ
nilivunvggegn 109 2 TB a9z 19 28 bits (B 4 bits d150u0713) avdfuannsodrsie Cluster 1§

i 4 [
YaMuA 286 81U Cluster Az 32U FAT32 D9 1505095u%0 1W8uuUe17 fie 255 Adnus laond e

#1519 2.4 1SpuIRisusev 319 FAT12, FATI6 1as FAT32

FATI12 FATI16 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 32MB 2GB 4GB
Max number of 4,077 65,517 268,435,437
files
Max 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 No
compression

Transparent Per-volume only with DR-DOS No




2.4.4 Ins9a319v03AanNMan (Main Disk Structure)

15

Boot

sector

More reserved

sectors

(optional)

File

File Root Data Region (for files and

Allocation | Allocation | Directory | directories)...(To end of

Table#1 Table#2 partition or disk)

[

o [ 4 ] @ Y
2uv IWauuy FAT Usznaul1lde 4 daufuanaiadu dail

¢ o ] ] )
1. 1¥AAR3§1389 (Reserved sectors) DY 1udUAU Tav Reserved sector usngaiiiu Boot

4 Y dda - 2
Sector B95IWAUNNS N1 BIOS Parameter Block Tavilndvzsznoudwldnisudu

s J o n’: I ¥ o o
¥0952UVHUAMT F98111909 Reserved sector Manunavzgnszyetluduil doyadiAgy

@199 970 Boot Sector @1s0iND I Insead sz uull§iiants M3und1 Drive Parameter Block

1u DOS uaz 082

[¥] 1 ¥ o [
2. Vinamndaiioslna (FAT Region) dautitsznovluUdemsiamsiadesa 2

A [ @ = o a @
g ganiadmIulFnusSuardngaiiunisdises 31 umarduiiu TavuSnamsidabes

o o k-4 [y = . o { o d .
IWatiszasandoariy vSadoya (Data Region) M1 Aiszduinia Cluster 184 IWd1az Directory

AN

= - . Y . 4 a4 4 o
3. vinalasane3 (Root Directory Region) HfiDf1313 Directory FUNUVYDUAINYINY

¥
File a2 Directory 139 Tuszundanms TWaliuy FATI12 uaz FAT16 M134 Directory Tz gy

= ] n’:’ 1 1 1 o o« .
Y3190 Directory 1y uaziivinagagaiuiuey ualuszundams IWauuy FAT32 1574 Directory

' o ’ s & To  a
vzagsin Indmen TuuSnadeya Framnsoveevuieeen I 14 s ia

= ) § o [ =Y . 1
4. vinudeya Wudi Mddoyange3s vuInuea File 1as Directory dosa1unsn

s 4 uy 1 da - )
lWUﬂu'lﬂl.Vl'l'ﬂll Cluster lﬂﬁﬂﬂﬂ

2.4.4.1 Boot Sector t1az1a39a311 BPB (Bios Parameter Block)

~ 4 ug 2 o o
A13199 2.5 Tnsead1afugIu 36 Byte U5NUDI Boot Sector Ha141unninoituyes FAT

Byte Offset ANED swazidYn
(Byte)
0x00 3 frdanse Tan (Rossdudiniavensym)
0x03 8 %o OEM shitug e Tofidu 3.3 uaz MS-DOS 5.0
0x0b 2 §117% Byte A9 Sector, DABNYBIMIT RS BIOS SSudndiil
0x0d 1 $1UU Sector A9 Cluster
Ox0e 2 Reserved Sector
0x10 1 Iuvesmsumssaiieadoya
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0x11 2 $1UIUEIGAUBA Directory
0x13 2 91U Sector Vi‘lﬁilﬂ
0x15 1 #7155070 Media
0xF8 #111AY7, 80 UNTNABAI, 9 Sector ABLNTN
0xF9 BB4A1Y, 80 LNTNADAIU, 9 Sector ABDUNTN
OxFA #11887, 80 UNINABAIY, 8 Sector ABLINTN
0xFB @04A1Y, 80 UNTAADAIY, 8 Sector ABLNSN
OXFC SUIRYY, 40 UNSNABAIY, 9 Sector ABINTA
0xFD @89414, 40 UNTNABAIY, 9 Sector ABLNIA
OXFE f1UIAY7, 40 UNSNABAIY, 8 Sector ADLNTN
OxEF @09A14, 40 UNTNABAIY, 8 Sector ABIUNSN
0x16 2 §1u7U Sector ADA1T1IM TG VITOYD
0x18 2 $1U72Y Sector @9 Track
0xla 2 1147IUYDY Head
Oxlc 4 §17Uv04 Sector i Ipuaiou
0x20 4 $117UYD4 Sector Vianua (1TunsdinINNT 65535 Sector)
A13197 2.6 1390319994 Boot Sector uA U1 FAT32
Byte Offset A1HEND feazoun
(Byte)
0x24 4 $1mU Sector ADMITIMI TG vadoYD
0x28 2 inSeanevesmsamsaisideyn
0x2a 2 1oTTu
0x2c 4 YuuaY Cluster Y949 Directory Léll?’li'u
0x30 2 BUIWAY Sector Y04 Sector YoYa FS
0x32 2 YUY Sector YBITUU Boot Sector
0x34 12 303
0x40 1 Physical Drive Number
0x41 1 11594
0x42 1 Signature
0x43 4 MUIWLAY Serial
0x47 11 Volume Label
0x52 8 wilavesszuy TWdiuu FAT32
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Ox5a

420

Code Boot sz vufjiianis

Ox1FE

2

Last Sector (0x55 OxAA)

2.4.4.2 @151 Directory

d a o o o o o ’
A1514 Directory 11 Il yilnfiiefiueas Directory (Haguiuisniuluuinues Folder) uaas

o ' a 4 o
IMan3e Directory Usznon11id16 32 Byte uAng Byte sztiufinge 1Wd, uwanalva, andnuusves

a = o o . ] 1 [ -t [y a
Wa (sHimenasdrney, Directory, QNaABY, o' ldeeanen, szuu HazANY), M nam'lﬂﬁgnﬁ%’n

¢ > Y < .
Address Y84 Cluster 15004 1#an 30 Directory YU Az ganioioviInyee Wan3e Directory

14 »
$71U Directory Nanualuvsiaa Directory #az 11 Directory 8003 dunnfi]

A1519% 2.7 TnseerF19904991514 Directory

Byte Offset AT FazIDen
(Byte)
0x00 8 0x00
0x08 3 IS paMILYBIATT1 Inisvedoya
0x0b 1 Bit | Mask SWazIna
0 | oxo1 | enldntraRes
1 | 0x02 | gnaou
2 0x04 | seU1
3 0x08 | Volume Label
4 0x10 | Directory gou
5 | ox20 |senmIdifgy
6 | ox40 | gunsel
7 | oxso | Tl¥
0x0c 1 #1509 gni¥lao NT
0x0d ] naade g, snuazidea 10 Tad3u% A1egsznde 0-199
0x0e 2 Bit swazidun
15- | 4Twq 0-23)
11 | ¥ (0-59)
10- | 3uIW/2 (0-29)
5
4-0
0x10 2 Bit s1wazun
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15- | 1/ (0=1980, 127=2107)
9 | 1Aou (1= un3IAY, 12=FUNAYL)
8-5 | ufi (131)
4-0
0x12 2 Suiildan IWda1ea 9 Byte Offset 0x10 1lszney
0x14 2 avii EA (gnl91lav 0572 uaz NT) Tu FATI12 1iaz FAT16
130 2 Byte QgAY Cluster U301 FAT32
0x16 2 nanfiud 1y 1Wam19a g Byte Offset 0x0e tlszney
0x18 2 Suiudla INdd 1qa § Byte Offset 0x10 1lsznoy
Oxla 2 Cluster 4501 FAT12 uag FAT 16 W30 2 Byte #1983 Cluster usn 1y
FAT32
Oxlc 4 vna'lvd

2.4.4.3 M3 FAT

1 J 1 o = d‘ o .
YUIAVIUATT Cluster YUBLHUYTAYDIs 3 UL INFuuy FAT Alfuazsvuiaves Partition Tay

a ' v 3 < a 3 4 4 gg )
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A5 19N2.9 UAAIA UV UIVDIY) DB-15

A GILTR
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
Pin 7 GREEN RTN Green return
Pin 8 BLUE_RTN Blue return
Pin 9 +5V +5 V (DDC)
Pin 10 GND Ground (VSync, DDC)
Pin11 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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/* Project: Single Chip VGA Controller */

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

JHR R ok Rk ok ok Rk R R ok Kk ok

#include "lpc21xx.h"

#include "SPICardCmd.h"
#include "SPICardDriver.h"
#include "VGAOQOutputCmd.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 SPI0O Function Interface */
/* SPIO Clock Counter Register */
/* SCK SPI = (CCLK/VPBDIVYSOPCCR) */
SOSPCCR = 0x000000F;
/* SPI0 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
1IODIRO |= 0x02000000; // Set 25 as Vertical Sync Output
IODIR1 |= 0x00070000; // Set P1.16 - P1,18 as Colour Output
IODIRO J= 0x000F0000; // Set P0.16 - P0.19 as Card Status
IOCLR1 = 0x00070000; // Clear Pin P1.16 - P1.18

IOCLRO = 0x03CF0000; // Clear Pin P0.22 - P0.25

IODIRO |= 0x00000008; // Set P0.03 as SSELO

IOSETO = 0x00000008; // Set P0.03 DeSelect Card



void SetDutyCycle()

{
PWMMR4 = (int)(PWM_MROINIT*7)/100L);

PWMLER |= (1<<4); // Enable PWM Match4 Latch
}

void InitialisePWM()

{
PINSELO &= OxFFFCFFFF; //P0.8 as PWM4 as VSync
PINSELOQ |= 0x00020000;
PWMTCR = PWMCR_RESET; // reset PWM counter
PWMPR =PWM_PCLK DIV; // set PWM Prescaler
PWMMR0 =PWM_MROINIT; // 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 j= 0x02; // Falling edge interrupt
VICVectAddrQ = (unsigned) isr_eintl;
VICVectCntl0 = 0x20 | 8;
VICIntEnable |= 1<<8§;
}
void UartQ_Set(unsigned int Baudrate)
{
unsigned short u0dl;
u0dl = 29491200/(16*Baudrate);
PINSELO0 {= 0x00000005;
UOLCR = 0x83;
UODLL = u0d] & 0xFF;
UODLM = (u0di>>8);
UOLCR &= 0x7F;
3
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(1(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 HeLL!!'\n\r");
Card_Init();
AccessFile();
PWMMCR [= (1<<0);// interrupt PWM Timer on PWMMRU( match
}
JA R Rk R kR KR KR K KRk ok ok ok sk kR kK ko ok ko
/* 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 == )
return;
while(Length !=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; // ' 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 SPI_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 = 0\n\r");
return 0; // Failure, loop was exited due to timeout
}

else



{

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

}

void Card_Init()

{

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

{

j

SP1_Send(CardRDData, 80);

IOCLRO = SPISel:  // Ciear SPI SSEL Select Card

SPI_Send(CardCmd0, CardCmdSize); //Send CMDO (RESET or
GO_IDLE_STATE) command, all argumentsm are 0x00 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] = 0xFF;

I0SETO = IdleStateTimeout;

IOSETOQ = 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 CMDI1(SEND_OP_COND) to bring out of idle state

{
SPI_Send(CardCmd1, CardCmdSize);

1--

j
while((CardResponse(0x00)!=1) && (i>0) );
if(i==0) // timeout waiting for 0x00 from the Card

{
IOSETO = OPCondTimeout;
IOSETO = SPISel;  // Set SPI SSEL DeSelect Card
printf("CMD]1 Fail!!! Check Card.\n");
while(1);
}

IOSETO = 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];

CardCid[2] = Buffer[1];

CardCmd{3] = Buffer[2];

CardCmd[4] = Buffer[3];

CardCmd[5] = 0xFF;

IOCLRO = SPISel;  // Clear SPI SSEL Select Card

SP1_Send(CardCmd, CardCmdSize);

if(CardResponse(0x00)==0) // if = 0 then there was a timeout waiting for 0x01

IOSETO0 = 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 Catd
{
}
from the Card
{
}

[IOSETQ = ReadBlockDataTokenMissing;

IOSETOQ = SPISel;  // Set SPI SSEL DeSelect Card
printf("Read Block Data Token Missing!!! Check Card.\n");
while(1);

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

1=0;

for(m=0; m<512; m++)

{

¥

printf("%X ", CardRDData[m});
if(l==15)

printf("an");
1=0;
}

else

{

I++;

}

/fprintf("\n");
IOSETO = SPISel;  // Set SP1 SSEL DeSelect Card
SPIReceiveByte();  // Send some dummy clocks after Send OP Cond



// Send some dummy clocks after Send OP Cond

//Find start address of root directory

SPIReceiveByte();

/{printf("Read Block Complete!!!\n");
}
void FindStartAdd()
{

rsv_size = CardRDData[15];

1sv_size =rsv_size<<S§;

rsv_size += CardRDData[14];

ClusterSize = CardRDData[13];
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;

//Number of secter per cluster (Cluster Size

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&0xFF;
for(i=0; i<4; i++)

{
}

Buffer[i] = root_add[i];

}

{

BytePerSector = CardRDData[12];
BytePerSector = BytePerSector<<8;
BytePerSector += CardRDData[11];
CardRead();

void ReceivedColour()

for{g=q; q<512; q++)
{
if(p==0)
if(CardRDData[q}>0x0F)
{

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

else

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



}

ptt;
}
else if(p==1)
{
if(CardRDData[q]>0x0F)
{
Colour += 0x1;
Colour = Colour<<4;
}
else
{
Colour += 0x0;
Colour = Colour<<4;
}
pt+;
}
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;



}

else if{f Colour == 0x1010)
{

}
else if{ Colour == 0x0110)

dis[r][s] = Fuchsia;

dis[r][s] = Yellow;

}
else if(Colour == 0x1100)
{
dis[r][s] = Aqua;
}
else if{Colour ==0x1110)
{
dis[r][s] = White;
}
Colour = 0;
if(s<39)
{
s++;
}
else if(s==39)
{
s=0;
r++;
}

void GetData()

{

SecNum = 0;
while(SecNum<SecTotal+1)

{

file_add[0] = (start_add>>24)&0xFF;
file_add[1] = (start_add>>16)&0xFF;
file_add[2] = (start_add>>8)&O0xFF;
file_add[3] = start_add&OxFF;
for(i=0; i<4; i++)

{

}
CardRead();

if(SecNum==0)
{

Buffer[i] = file_add[i];



BeginningOfBitmapData = CardRDData[ 13];
BeginningOfBitmapData = BeginningOfBitmapData<<8;
BeginningOfBitmapData += CardRDData[12];
BeginningOfBitmapData = BeginningOfBitmapData<<8;
BeginningOfBitmapData += CardRDData[11];
BeginningOfBitmapData = BeginningOfBitmapData<<8§;
BeginningOfBitmapData += CardRDData[10];

q = BeginningOfBitmapData;

BitmapWidth = CardRDData[21];

BitmapWidth = BitmapWidth<<8;

BitmapWidth += CardRDData[20];

BitmapWidth = Bitmap Width<<8;

BitmapWidth += CardRDData[19];

BitmapWidth = BitmapWidth<<8;

Bitmap Width += CardRDData[18];

BitmapHeight = CardRDData[25];

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 & 0xFFFF) == 0)

{
//printf("No data in file, Check Card!!!\n");
CountFile++;
1
}
void GetFile()
{

CheckFile();

start_add = CardRDData[21+(CountFile*32)];

start_add = start_add<<8;

start_add += CardRDDataf20+(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<<8;

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(1I==9)
{
printf("\n");
1=0;

else

I+

}
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/* 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 */
JEREERR R AR ROk R ROk k kR kR R kKRR Rk

#ifndef _SPI_CARD DRIVER _
#define__SPI_ CARD DRIVER__

/* SP1 select pin */

#define SPISel 0x00000008

#define CardDataSize 512

#define CardCmdSize 6

#define MaxTimeout 0xFFF

#define IdleStateTimeout 0x00010000

#define OPCondTimeout 0x00020000

#define ReadBlockTimeOQut 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, OxFF};
unsigned char CardCmd17{6] = {0x51, 0x00, 0x00, 0x00, 0x00, OxFF};

#endif /* _SP]_CARD DRIVER _ */
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/* Project: Single Chip VGA Controller */

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

/* MCU: ET-ARM STAMP LPC2119 */

/* Version: V1.0 Beta */

[ARF ARk AR KRR ARk R Aok ROk kKRR Rk R Rk ok

#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++)
{
IOPINI = dis{jl{k];
}
I0CLR1 = White;
}
void isr_eint1(void) __irq
{

if(j<375)



delay us(36);

Generate();
s
}
else if{(j>374)&&(j<380))
{
IOSETO = VSync;
s
}
else if(j>379)
{

IOCLRO = VSync;
=0;

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

/}**************************************************l

/* 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 // 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 << ()

int j, k;
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Table 55: Pin description for LPC2119/2129/2194

Pin LQFP64 .

Name Pin # Type Description

Vig 17,49 I 11.8V Core Power Supply: This is the power supply voltage for internal circuitry.

Vv 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, | 3.3V Pad Power Supply: This is the power supply voltage for the 1/O ports.

Y 7 | 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.
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LPC2292/2294 PINOUT
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Figure 21: LPC2292/2294 144-pin package
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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

Pin LQFP144
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 seiected via the Pin Connect
,61,68,60,75,7 Block. Pins 26 and 31 of Port 0 are not available.
P0.0 6,78,83- 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
PO.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 output 1.
| P01 RxD0 Receiver input for UARTO,
49 O PWM3 Pulse Width Modulator output 3.
! EINTO External interrupt 0 input.
50 o P0.2 SCL 12C clock input/output. Open drain output (for 12C compliance).
| CAP0.0 Capture input for TIMERO, channei 0.
58 o P0.3 SDA 12C data input/output. Open drain output (for 12C compliance).
(0] MATO0.0 Match output for TIMERGO, channel 0.
] EINT1 External interrupt 1 input.
59 o P04 SCKO Serial Clock for SPI0. SPi clock output from master or input to
slave.
| CAPO.1 Capture input for TIMERO, channel 1.
61 o P0.5 MISOD Master In Slave Out for SPI0. Data input to SPi master or data
output from SPI siave.
(0] MATO.1 Match output for TIMERO, channel 1.
/O P0.6 MOSI0 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.
(@] PWM2 Pulse Width Modulator output 2.
] EINT2 External interrupt 2 input.
75 0 P08 TxD1 Transmitter output for UART1.
(o] PWM4 Pulse Width Modulator output 4.
76 1 P0.9 RxD1 Receiver input for UART1.
O PWMe6 Pulse Width Modulator output 6.
| EINT3 External interrupt 3 input.
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Table 56: Pin description for LPC2292/2294

Pin LQFP144 s
Name Pin # Type Description
78 o P0.10 RTS1 Request to Send output for UART1.
| CAP1.0 Capture input for TTMER1, channel 0.
83 | P0.11  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 Maitch output for TIMER1, channel 1.
0] TD4 CAN4 transmitter output (available in LPG2294 only).
| P0.14 DCD1 Data Carrier Detect input for UART1.
| EINT1 External interrupt 1 input, LOW on this pin while RESET is LOW
97 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.
100 1 P0.16 EINTO External interrupt 0 input.
O MATO0.2' Match output for TIMERQO, channei 2.
) CAP0.2 Capture input for TIMERO, channel 2.
| P017 CAP1.2 Capture input for TIMER1, channel 2.
101 1O 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 o] 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.
o P0.19 MAT1.2 Match output for TIMERA1, channel 2.
122 o MOSI1 Master Out Slave In for SPI1. Data output from SPI master or
data input to SPI siave.
(0] CAP1.2 Capture input for TIMER1, channel 2.
123 O 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 PWMS5 Pulse Width Modulator output 5.
i RD3 CAN3 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 I
Name Pin # Type Description
5 O P0.22 1D3 CAN3 transmitter output (available in LPC2294 only).
! CAPO0.0 Capture input for TIMERO, channel 0.
O MATO.0 Match output for TIMERO, channei 0.
6 | P0.23 RD2 CAN2 receiver input.
8 0 P0.24 TD2 CAN2 transmitter output.
21 | P0.25 RD1 CAN1 receiver input.
| P0.27 AINO AJ/D converter, input 0. This analog input is always connected to
23 its pin.
| CAPO.1 Capture input for TIMERQO, channel 1.
o] MATO.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 TIMERQO, channel 2.
| P0.29 AIN2 AJ/D converter, input 2. This analog input is always connected to
32 its pin.
! CAPO.3 Capture input for TIMERO, channel 3.
O MATO0.3 Match output for TIMERO, channel 3.
| P0.30 AIN3 AJD converter, input 3. This analog input is always connected to
33 its pin.
I 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 CSo Low-active Chip Select 0 signal.
(Bank O addresses range 8000 0000 - 80FF FFFF)
90 (0] P1.1 OE Low -active Output Enable signal.
34 o P1.16 TRACEPKTOTrace Packet, bit 0. Standard 1/O port with internal pull-up.
24 8] 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 .
t
Name Pin # Type Description
7 C P1.19 TRACEPKT3Trace Packet, bit 3. Standard IO port with internal pull-up.
6] 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 PIPESTAT? 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 intemal pull-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 intermal pullup. LOW on
this pin while RESET is LOW enables pins P1.31:26 to operate

52
as a Debug port after reset.
Important: L OW 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
tc; 118,120,124,1] 1/O | Note: All Port 2 pins excluding those that can be used as A/D inputs (P2.30 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 associaled 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

NPin LQ,:-P144 Type Description
ame Pin #
08 [I]e) P2.0 D¢ External memory data line 0.
105 110 P2A D1 External memory data line 1.
106 f{®] P22 D2 External memory data line 2.
108 110 P2.3 D3 External memory data line 3.
109 1] P2.4 D4 External memoery data line 4.
114 o] P25 D5 External memory data line 5.
115 i) P2.6 Dé External memory data line 6.
116 o P2.7 D7 External memory data line 7.
117 [{0] P2.8 D8 External memory data line 8.
118 o P29 D9 External memory data line 9.
120 o] P2.10 D10 External memory data line 10.
124 HO P211 D11 External memory data line 11,
125 l[e} P212 D12 External memory data line 12.
127 Vo P213 D13 External memory data line 13.
129 o P214 D14 External memory data line 14.
130 o P2.15 D15 External memory data line 15.
131 1e] P2.16 D16 External memory data line 16.
132 I[e] P217 D17 External memory data line 17.
133 Vo P2.18 D18 External memory data line 18.
134 o P2.19 D19 External memory data line 19,
136 I¥fo P2.20 D20 External memory data line 20.
137 I} P2.21 D21 External memory data line 21,
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Table 56: Pin description for LPC2292/2294

Pin

LQFP144

Name Pin # Type Description

1 l(e} P2.22 D22 External memory data line 22.

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

11 Ie] P2.24 D24 External memory data line 24.

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

10 P2.26 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.

IO 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 feft
unconnecied.

16
BOOT1:0=00 selects 8-bit memory on CS0 for boot.
BOOT1:0=01 selects 16-bit memory on CS0 for boot,
BOQT1:0=10 selects 32-bit memory on CS0 for boot.
BOQT1:0=11 selects Internal Flash memory.

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

18 110 P2.29 D239 External memory data line 29,

19 [{o] P2.30 D30 External memory data line 30.

} AIN4 AJD converter, input 4. This analog input is always connected to
its pin.

20 [/{6] P2.31 D31 External memory data line 31.

i AIN5 A/D converter, input 5. This analog input is always connected to
its pin.
Port 3: Port 3 is a 32-bit bi-directional IfO 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- /o Note: All Port 3 pins excluding those that ¢an 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,
44,41,40,36,35 pins associated with A/D inputs can be used as 5V tolerant digital 1Q pins. See "A/D
,30-27,97,96 Converter" chapter for A/D input pin voltage considerations.

89 O P3.0 A0 External memory address iine 0.
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Table 56: Pin description for LPC2292/2294

N:ir: e L?:::‘M Type Description
88 0 P3.1 A1 External memory address line 1.
87 0 P3.2 A2 External memory address line 2.
81 (o] P3.3 A3 External memory address line 3.
80 (o] P34 Ad External memory address line 4.
74 O P3.5 A5 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] P33 AS External memory address line 9.
65 O P3.10 A10 External memory address line 10.
B4 O P311 AN External memory address line 11.
63 o] P3.12 A12 External memory address line 12.
62 o] P313 A13 External memory address line 13.
56 0 P3.14 A14 External memory address line 14.
55 o] P3.15 AI15 External memory address line 15.
53 O P3.16 A18 External memory address line 16.
48 O P3.17 A17 External memory address line 17.
47 0 P3.18 A18 External memory address line 18.
46 (o] P3.18 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.
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Table 56: Pin description for LPC2292/2294

Pin LQFP144 .
Name Pin # Type Description
40 1o} P3.23 A23 External memory address line 23.
o] XCLK Clock output.
36 o] 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 Select 1 signal.
(Bank 1 addresses range 8100 0000 - 81FF FFFF)
29 (8] P3.27 WE Low-active Write enable signal,
28 o] P3.28 BLS3 Low-active Byte Lane Select signal {Bank 3).
| AIN7 A/D converter, input 7. This analeg input is always connected to
its pin.
27 0] P3.29 BLS2 Low-active Byle Lane Select signal (Bank 2).
) AING A/D converter, input 6. This analog input is always connected to
its pin.
97 0] P3.30 BLS1 Low-active Byle Lane Select signa! (Bank 1).
96 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 /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 I | Input to the oscillator circuit and internal clock generator circuits.
XTAL2 141 O | Output from the oscillator ampilifier.
3,9, 26, 38, 54,
Vss |67,79,93,103,] | | Ground: OV refererce.
107, 111, 128
Y, 139 | Analog Ground: 0V reference. This should nominally be the same voltage as Vgg, but
§SA should be isolated to minimize noise and error.
Y, 138 l PLL Analog Ground: OV 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.
V18A 143 I ] This should be neminally 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 voltage 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 conly partial exception from the above rule of exclusion is 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 voitage
level 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 0 Read/rite 0x0000 0000 | OxE002C000
PINSEL1 Pin function select register 1 Read/Write 0x1540 0000 | OxE002C004

: . . . See Table 63
PINSEL2 Pin function select register 2 Read/Write and Table 64 0xEQ02C014
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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 - OxE002C000)

PINSELO NPair:e Function when 00 Function when 01 Function when 10 Function when 11 s:fue(:
1:0 P0.0 GPIO Port 0.0 TxD (UARTO) PWM1 Reserved 00
3:2 PO.1 GPIO Port 0.1 RxD (UARTO) PWM3 EINTO 00
5:4 P0.2 GPIQ Port 0.2 SCL (1°C) Capture 0.0 (TIMERO) Reserved 00
76 P0.3 GPIO Port 0.3 SDA (1°C) Match 0.0 (TIMEROQ) EINT1 00
9:8 P0.4 GPIO Port 0.4 SCK (SP10) Capture 0.1 (TIMERQ) Reserved 00

11:10 P0.5 GPIO Port 0.5 MISO (SPI0) Match 0.1 (TIMERQ) Reserved 00
13:12 | P06 GPIO Port 0.6 MQOSI (SPI0) Capture 0.2 (TIMERO) Reserved 00
15:14 PQ.7 GPIO Port 0.7 SSEL (SPI0) PWM2 EINT2 00
17:16 P0.8 GPIO Port 0.8 TxD UART1 PWM4 Reserved 00
19:18 | PO.9 GPIO Port 0.9 RxD (UART1) PWM6 EINT3 00
21:20 | P0.10 GPIO Port 0.10 RTS (UART1) Capture 1.0 (TIMER1) Reserved 00
23:22 | P0O.11 GPIO Pert 0.11 CTS (UART1) Capture 1.1 (TIMERY) Reserved 00
2524 } P0.12 GPIO Port 0.12 DSR (UART1) Match 1.0 (TIMER1) Reserved 00
2726 | P0.13 GPIO Port 0.13 DTR (UART1) Match 1.1 (TIMER1) Reserved 00
29:28 | P0.14 GPiQ Port 0.14 CD (UART1) EINT1 Reserved 00
31:30 | PO.15 GPIO Port 0.15 RI (UART1) EiNT2 Reserved 00
Table 59: Pin Function Select Register 0 for LPC2194/2294 (PINSELO - 0xE002C000)

PINSELO N:i;e Function when 00 Function when 01 Function when 10 Function when 11 5::‘ eet
1:0 P0.0 GPIO Port 0.0 TxD (UARTO) PWM1 Reserved 00
3:2 PO.1 GPIO Port 0.1 RxD (UARTO) PWM3 EINTO 0o
5:4 P0.2 GPIO Port 0.2 SCL (I°C) Capture 0.0 (TIMEROQ) Reserved 0o
7.6 PO0.3 GPIO Port 0.3 SDA {I¥C) Match 0.0 (TIMERO) EINTA1 00
S8 P0.4 GPIC Port 0.4 SCK (SPI0) Capture 0.1 (TIMERQ) Reserved 00

11:10 P0.5 GPIO Port 0.5 MISO (SP10) Match 0.1 (TIMERO) Reserved 00
13:12 P0.6 GPIO Port 0.6 MOSI (SPI0) Capture 0.2 (TIMERQ) Reserved 00
15:14 PO.7 GPIO Port 0.7 SSEL (SP10) PWM2 EINT2 00
17:16 P0.8 GPIO Port 0.8 TxD UART1 PWM4 Reserved 00
19:18 P0.9 GPIO Port 0.9 RxD (UART1) PWM& EINT3 00
Pin Connect Block 127 May 03, 2004



Philips Semiconductors

Preliminary User Manual

ARM-based Microcontroller

LPC2119/2129/2194/2292/2294

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 | P0.10| GPIO Port0.10 RTS (VART1) Capture 1.0 (TIMER1) Reserved 00
23:22 | PO.11 GPIC Port 0.11 CTS (UART1) Capture 1.1 (TIMER1) Reserved 00
25:24 | P0.12] GPIO Port 0,12 DSR (UART1) Match 1.0 (TIMER1) { RD4'(CAN Controller 4)] 00
27:26 | PO.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 G.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 |100DIR register is effective only when the GPIO function is selected for a pin. For other functions direction is controlled

automatically.

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

PINSEL1 N‘;i::e Function when 00 Function when 01 Function when 10 Function when 11 s:l‘: e:
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 {SP)1) Match 1.2 (TIMER1) 00
5:4 P0.18 GPIO Port 0.18 Capture 1.3 (TIMER1) MiSG (SPI1) Match 1.3 (TIMER1) 00
7.6 P0.19 GPIO Port 0.19 Match 1.2 (TIMER1) MOSI (SPI1) Maitch 1.3 (TIMER1) 00
9:8 P0.20 GPIO Port 0.20 Match 1.3 (TIMER1) SSEL (SPI1) EINT3 00

11:10 | P0.21 GPIO Port 0.21 PWMS5 Reserved Capture 1.3 (TIMER1)| 00
13:12 | P0.22 GPICO Port 0.22 Reserved Capture 0.0 (TIMERQ) | Match 0.0 (TIMERO) 00
15:14 | P0.23 GPIC Port 0.23 RD2 (CAN Controller 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 | P0.28 Reserved 00
2322 | PO.27 GPIO Port 0.27 AINO (A/D Convenrter) | Capture 0.1 (TTMERO) | Match 0.1 (T'MERO) 01
25:24 | P0.28 GPIO Port 0.28 AIN1 (A/D Converter) { Capture 0.2 (TIMERO) | Match 0.2 (TIMERQ) 01
27:26 | P0.29 GPIO Port 0.29 AINZ (A/D Converter) | Capture 0.3 (TIMERG) | Match 0.3 (TIMERD) 01
29:28 | P0O.30 GPI0O Port 0.30 AIN3 (A/D Converter) EINT3 Capture 0.0 (TIMERO) | 01
31:30 | PO.31 Reserved 00
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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) 0o
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
8.8 P0.20 GPIO Port 0.20 Match 1.3 (TIMER1) SSEL (SPI1) EINT3 00

11:10 | P0.21 GPIO Port 0.21 PWM5 RD31(CAN Controller 3)] Capture 1.3 (TIMER1) | 00
13:12 | PO.22 GPIO Port 0.22 TD3'(CAN Contraller 3)] Capture 0.0 (TIMERQ) Match 0.0 (TIMERO) 00
15:14 { P0.23 GPIO Port 0.23 RD2 (CAN Controiler 2) Reserved Reserved 00
17:16 | P0.24 GPIC Port 0.24 TD2 (CAN Controller 2) Reserved Reserved 00
19:18 | P0.25 GPIO Port 0.25 RD1 (CAN Controller 1) Reserved Reserved 00
21:20 | P0O.26 Reserved 00
23:22 | PO.27 GPIO Port 0.27 AINO (A/D Converter) | Capture 0.1 (TIMERO) | Match 0.1 (TIMERO) 01
25:24 | P0.28 GPIO Port 0.28 AIN1 (A/D Converter) | Capture 0.2 (TIMERO) { Match 0.2 (TIMERQ) 01
27:26 | P0.29 GPIO Port 0.29 AIN2 (A/D Converter) | Capture 0.3 {TIMERQ) | Match 0.3 (TIMERQO) 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 ali other parts.

Pin Function Select Register 2 (PINSEL2 - 0xE002C014)

The PINSEL2 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 PINSEL2 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 L PC2119/2129/2194 (PINSELZ2 - 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 P1.25:18 are used as GPIC pins. When 1, P1.25:16 are used as a Trace port. TRACESYNCG
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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 M
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. Tﬁfézsi]%é
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 =P141 Oxor10 =OE
Pin P3.31 11 =P3.31 Oxor 10 =BLS0
5.4 Pins P2.15:8 00or11 =P2.15:8 010or10 =D15:8 BOOT1:0
Pin P3.30 00or11 =P3.30 010r10 =BLS1
Pins P2.27:16 Oxor11 =P2.27:16 10 =D27:18
Pins P2.29:28 Ox or 11 ;;29'?5:(2’8 or 10 =D29:28
Pins P2.31:30 Oxor 11 =P2.31:30 or AIN5:4 10 =D31:30
Pins P3.29:28 Oxor 11 = P3.29:28 or AING:7 10 =BLS2:3
6 I bits 5:4 are not 10, controls the use of pin P3.29: 0 enables P3.29, 1 enables AING. 1
7 if 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 -I_\,QJS"—E—(.);%O
0 otherwise
24 Controls whether P3.1/A1 is a port pin (0) or an address line (1). BOO;:Sc;LtJring
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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 = Ncne 100 = A11:2 are address lines, 000 if
27:25 | 001 = A3:2 are address lines. 101 = A15:2 are address lines. ':tORZZ;?m
010 = AS5:2 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 contro!l 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 kQ) or transistors 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 CS0
1 0 32-bit memory on CS0Q
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.

Pin Connect Block
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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 /O
« Driving LEDs, or other indicators

+ Controlling off-chip devices

« Sensing digital inputs

PIN DESCRIPTION

Table 67: GPIO Pin Description

Pin Name Type Description
PO.0 - PO.31 input/ General purpose input/output. The number of GPIOs actually available depends on the use of
P1.16 - P1.31 Output | altemate 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 PORTS3 are available in LPC2292/2294 only.
REGISTER DESCRIPTION

LPC2119/2129/2194 has two 32-bit General Purpose /O ports. Total of 30 out of 32 pins are availabie on PORT0. PORT1 has
up to 16 pins available for GPIO functions. PORTO0 and PORT1 are controlled via two groups of 4 registers as shown in Table
68. LPC2292/2294 has two 32-bit additionat ports, PORT2 and PORTS3, and they are configured to be used either as external
memory data address and data bus, or as GP1Os 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

Generic Reset PORTO PORT1 PORT2 PORT3
Name Description Access Value Address & | Address & | Address & | Address &
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| 0xE0Q28020| O0xE0028030
and mode. Only IO0PIN IO1PIN 102PIN }O3PIN
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 O0xE0028004 ] 0xE0028014 | OxE0028024 | 0xE0028034
register. Writing ones produces highs | Write IO0SET IO1SET I02SET 103SET
at the corresponding port pins. Writing
zerces has no effect,
GPIO Port Direction control register. | p ., | 0X0000] o -00o8008 | 0xE0028018 | 0xE0028028 | 0xE0028038
IODIR }hls r'eglster |nd|v1duall¥ controls the Write 0000 JOODIR I01DIR I02DIR |O3DIR
irection of each port pin.
GPIO Port Output clear register. This
register controls the state of output
pins. Writing ones produces lows at | 0 | 0x0000} o p 650006 | oxe002801C| 0xE002802C | 0xE002803C
IOCLR | the corresponding port pins and Onl 0000 I00CLR IO1CLR I02CLR |O3CLR
clears the corresponding bits in the Y
IOSET register. Writing zeroes has no
effect.
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GPIO Pin Value Register
(JOOPIN - 0xE0028000, I01PIN - 0xE0028010, IO2PIN - 0xE0028020, IO3PIN - 0xE0028030)

This register provides the vaiue of the GPIO pins. Register's value reflects any outside world influence on the GPIO cenfigured
pins only. Monitaring of non-GPIO configured port pins using 1OPIN register will not be valid, since activities on non-GPI10
configured pins are not indicated in the 1OPIN register.

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 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 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.

Table 69: GPIO Pin Value Register {(IO0PIN - 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, I0O3SET - 0xE0028034)

This register is used to produce a HIGH level output at the port pins if they are configured as GPIO in an QUTPUT 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 IOSET has no effect.

Reading the JOSET register returns the value of this register, as determined by previous writes to I0SET and IOCLR {or IOPIN
as noted above). This value does not reflect the effect of any outside world influence on the /O pins.

'(l)'agle 70: GPIO Output Set Register (JOOSET - 0xE0028004, IO1SET - 0xE0028014, 102SET - 0xE0028024, I03SET -
xE0028034)

] Value after
IOSET
S Description 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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(JOOCLR - 0xE002800C, I01CLR - 0xE002801C, 102CLR - 0xE002802C, I03CLR - 0xE002803C)

This register is used to 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 IOCLR has no effect.

Table 71: GPIO Output Clear Register (I00CLR - 0xE002800C, I01CLR - 0xE002801C, JO2CLR - 0xE002802C, 103CLR -
0xE002803C)

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

GPIO Direction Register

(IO0DIR - 0xE0028008, I01DIR - 0xE0028018, I02DIR - 0xE0028028, I03DIR - 0xE0028038)

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

Table 72: GPIO Direction Register (IO0DIR - 0xE0028008, I01DIR - 0xE0028018, JO2DIR - 0xE0028028, IO3DIR -
0xE0028038)

. Value after
10DIR Description Reset
310 Direction controi bits (0 = INPUT, 1 = CUTPUT). Bit 0 in JO0DIR controls P0.0 ... Bit 31 in ICODIR 0
) controis 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 Output Clear
Register (IONCLR), cbserved pin will output level determined by the later write access of IOnSET nad tOnCLR. This means that

in case of sequence:
IOOSET = 0x0000 0080
I0O0CLR = 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 comresponding GPIO Pin Value Register (IOPIN).

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

will produce the same output as following sequence of writes:

IC0SET = 0x0000 C700

IOOCLR = 0x0000 3800
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Solution utilizing access to IO0SET and I00CLR will take more steps compared to a single IO0PIN write access.
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10. UARTO

FEATURES

» 16 byte Receive and Transmit FIFOs.
» Register locations conform {o ‘550 industry standard.
» Receiver FIFO frigger points at 1, 4, 8, and 14 bytes.

« Built-in baud rate generator.

PIN DESCRIPTION
Table 73: UARTO Pin Description

Pin Name Type Description
RxD0 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

set
Name | Description| BIT7 | BIT6 | BIT5| BIT4| BIT3{ BiT2| BIT1| BITO AccessP ‘IZ’ eluz* Address
Receiver
un- | OxEO00CO000
UORBR Buffer MSB READ DATA LsB RC definedl DLAB=0
Register
Transmit
00C000
UOTHR| Holing | MsB WRITE DATA tse | wo | na |OE00OCE
Register
2 |w IS
Interrupt S,8Es |2 2 ol
bo o
UOIER|  Enable 0 0 0 0 o [€2E|LE [ESE] rw | o [OXEDOOCO4
. 020l 20 |pTO DLAB=0
Register 5NE S E ) ZE
& |8 |5
volr | "MemUPHID ¥ oo Enabled| 0 o | iRa | wR2 [ WRT { RO | RO | oxo1 JoxE0coceos
Register
FIFO s 193 2
UOFCR|  Contro! Rx Trigger Reserved - |E8 |8 |28 | wo| o [oxeooocoos
Register R - T
) =3
Line Control { 2 % |2 lcs28l 23 |8 S »| WordLength
UOLCR . Qo 2T |2 Tg |EH= RW 0 0xE000C00(
Register g DE |5 AL N EE: @ Select
Line Status Rx
UOLSR Reqi FIFO | TEMT} THRE Bl FE PE OE DR RO 0x60 | OXEQ00C014
egister .
Error
uoscr| Seraich Pad | y,qp tse | rw | o loxeooocotid
Register
Divisor Latch OxEQD0C000
UoDLL LSB MSB LSB RW Ox01 DLAB = 1
Divisor Latch OxE000CO004
UQDLM 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.

UARTO contains ten 8-bit registers as shown in Table 74. The Divisor Latch Access Bit (DLAB) is contained in UOLCR? 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 FIFO, 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 UORBR. The UORBR is always Read Only.
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Table 75: UARTO Receiver Buffer Register (UORBR - 0xE000C000 when DLAB = 0, Read Only)
UORBR Function Description 5::_' e:

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 - 0xE000C000 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 LSB 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 - 0xEQ00C000 when DLAB = 0, Write Only)

- . Reset
UOTHR Function Description Value

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

the transmitter is available.

Transmit

7:0 Holding Register

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

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

The UARTO Divisor Latch is part of the UARTO Baud Rate Generator and holds the value used to divide the VPB clock (pclk) 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 (DLLAB) 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 ox01

7.0 LSB Register [ baud rate of the UARTO.

Table 78: UART( 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.

UARTO 142 May 03, 2004




Philips Semiconductors Preliminary User Manual

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

UARTO interrupt Enable Register (JUOIER - 0xE000C004 when DLAB = 0)

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

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

- ;s Reset
UOIER Function Description Value
0: Disable the RDA interrupt.
0 RBR Interrupt | 1: Enable the RDA interrupt. 0
Enable UOIERD enables the Receive Data Available interrupt for UARTO. It also controls the
Character Receive Time-cut interrupt.
0: Disable the THRE interrupt.
1 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 | UDIER2 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
73 Reserved reserved bit is not defined. NA

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

The UO!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 UOIIRO is active low. The pending internupt 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!) o
) Identification | 001: 3. THRE Interrupt.
UOIER3 identifies an interrupt corresponding to the UARTO Rx FIFO. All other
combinations of UOIER3:1 not listed above are reserved {000,100,101,111).
. Reserved, user software shouid not write ones to reserved bits. The value read from a
5:4 Reserved reserved bit is not defined. NA
7:6 FIFO Enable { These bits are equivalent to UDFCROD. 0

interrupts are handled as described in Table 81. Given the status of UDIIR[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 o clear the interrupt prior to exitting the Interrupt Service Routine.

UARTO 143 May 03, 2004



Philips Semiconductors Preliminary User Manual

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

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 UARTO Rx FIFO reaches the trigger level defined in UJFCR7.6 and is reset when the UARTQ Rx FIFQ depth
falls below the trigger level. When the RDA interrupt goes active, the CPU can read a block of data defined by the trigger level.

The CTl interrupt {UOHR3:1=110) is a second level interrupt and is set when the UARTOQ Rx FIFQ contains at least one character
and no UARTO Rx FIFO activity has occurred in 3.5 10 4.5 character times. Any UARTO Rx FIFQ activity (read or write of UARTO
RSR) will clear the interrupt. This interrupt is intended to flush the UARTO RBR after a message has been received that is nota
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§ CT! interrupts
(depending on the service routine) resulting in the transfer of the remaining 5 characters.

Table 81: UARTO Interrupt Handling

. - Interrupt Interrupt Interrupt
UONR(3:0] [ Priority Type Source Reset
0001 - none nohe -
0110 Highest | °* Line SIS/ oF or PE or FE or B UOLSR Read
UORBR Reador

Rx Data . . . _ UARTO FIFO

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

{rigger level

Minimum of one character in the Rx FIFO 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 | Character Time-1 'y o't aracter times). U0 RBR Read
out Indication . .
The exact time will be:

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

UO0IR Read (if

0010 Third THRE THRE _source of
interrupt) or

THR write

note: values "0000", “0011", “01017, “0111", “1000", *1001", “1010", “1011","1101","1110","1111" are reserved.

The UARTO THRE interrupt (U0IIR3:1=001) is a third level interrupt and is activated when the UARTO THR FiFQ is empty
provided certain initialization conditions have been met. These initialization conditions are intended to give the UARTO THRFIFO
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 FIFO has heid two or more
characters at one time and currently, the UGTHR 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 UOFCR controls the operation of the UARTO Rx and Tx FIFOs.

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

. P 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 Wn.hng a.log_u:. 1 to UGF CB1 will clear all bytes in UARTO Rx FIFO and reset the pointer 0
logic. This bit is self-clearing.
2 Tx FIFO Reset Wr!lsng a Iogjci 1to UOFCB2 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 level 2 (defauit=8 characters or 0x08h}
7.6 Rx TriggerLeve!{ 11: trigger leve! 3 (default=14 characters or OxOeh) o
) Select
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 (UGLCR - 0xE000C00C)

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)

. I 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 | 4.5 stop bits (1.5 if UBLCR[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 “0Q” 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 {(UOLSR - 0xE000C014, Read Only)

UOLSR| Function Description '\!r:?uf
. 0: UORBR is empty
0 D:‘;c'::ae;y 1: UORBR contains valid data . 0
(ROR) UOLSRO is set when the UORBR 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. f:s as:tive. .
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
FIFO is full. In this case, the UARTO RBR FIFO will not be overwritten and the character
in the UARTO RSR will be lost.
0: Parity error status is inactive.
Parity Error 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 UOLSR2. Time of parity error detection is dependent on UOFCRO.
A parity error is associated with the character being read from the UART0 RBR FIFO.
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 assoclated 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, pafity, stop), a break_ interrupt occurs. Once the break condition has been detected, 0
@B1) the receiver goes idle until RxDO 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.
Trznsrprtler 0: UOTHR contains valid data.
olding | 4" JoTHR is em
5 Register o . pty.. . . 1
Empty THRE is sn_at immediately upon detection of an empty UARTC THR and is cleared on a
(THRE) UOTHR write.
. 0: UOTHR and/or the UOTSR contains valid data.
. T""‘E"rﬁ;"t:‘e’ 1: UOTHR and the UOTSR are empty. ,
(TEMT) TEMT is set when both UOTHR and UQTSR are empty; TEMT is cleared when either the
UOTSR or the UOTHR contain valid data.
0: UORBR contains no UARTO Rx errors or UOFCRO0=0.
Errorin Rx | 1: UARTO RBR contains at least one UARTO Rx error.
7 FiIFC UOLSRY7 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: UARTO Scratchpad Register (U0SCR - OxE0D0CD1C)

UARTO

UOSCR|  Function Description c:lsu‘:
7:0 - A readable, writable byte. 0
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ARCHITECTURE

The architecture of the UARTQ 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 RxD0. 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, U0OTx, 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, TxD0.

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, NBAUDQUT.

The interrupt interface contains registers UOIER and UOIIR. The interrupt interface receives several one clock wide enables from
the UOTx 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.
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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 SP! 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 handie multiple masters and slaves being connected to a given bus,
Only a single master and a single siave can communicate on the interface during a given data transfer. During a data transfer
the master always sends a byte of data to the slave, and the slave always sends a byte of data to the master.

SP1 Data Transfers

Figure 33 is a timing diagram that illustrates the four different data transfer formats that are available 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 MOSI and M{SO signals when
the CPHA variable is 0. The third part describes the MOS! and MISQ signals when the CPHA variable is 1.

In the first part of the timing diagram, note two points. First, the SP!I 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 = 0 {the signal can remain active).
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sceror=o U
sexeroL=n  —\_/ 1\
SSEL | \ [

CPHA=0

Cycle # CPHA=0 1 2 3 4 5 6 7 8

mosicPHa=0)  [JJKBit1 Xsit2 XBit3 X(Bit4 XBit5 XBit6 XBit 7 XEits
MISO (CPHA = 0) Bit3 X Bit4 XBit5 XBit6 b7 XBits f—

CPHA =1
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mso crHA=1)  —{Bit1 Xeit2 XBit3 X Bit4 XBit5 XBit6 XBit7 XBit8 }—

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 Clock 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

CPOL=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 SP1 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 1o 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 SPI 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 senal data. Data is writlen 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 SP! 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 prior to a
transfer taking place, when the SPI block is a master. This register has no function when the SPI block is a slave.

The 1/Os for this implementation of SPI are standard CMOS }/Os. The open drain SP] 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 io the desired clock rate.
. Set the SPI control register to the desired settings.
. Write the data to fransmitted to the SPI data register. This write starts the SPI 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 SP| data
transfer.

. Read the SP! 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.

AW o=

o

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 1o 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 1o 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 occurs 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 io 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 SPI 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 1o be a slave.

Slave Abort - A slave transfer is considered to be aborted, if the SSEL signal goes inactive before the transfer is complete. 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

Serial Clock. The SPI is a clock signa! used to synchronize the transfer of data across the SPI
Input/ interface. The SPI is always driven by the master and received by the stave. The clock is
Qutput | 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.

SCK1, SCKO

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

SSEL1, SSELO Input

Note: LPC2119/2129/2194/2292/2294 configured to operate as SPl master MUST select
SSEL functionality on an apropriate pin and have HIGH fevel on this pin in order to act
as a master.

Master In Slave Out. The MISO signal is a unidirectional signal used to transfer serial data
input/ from the slave to the master, When a device is a slave, serial data is output on this signal. When

MISO1, MISO0 Output | 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.
inout/ Master Out Slave In. The MOSI signal is a unidirectional signal used to transfer serial data
MOSI1, MOSIC OuF:put 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 shown in Table 115. All registers are byte, half word and word accessible.

Table 115: SPI Register Map

G . Reset SPI0 SPI1
: neric Description Access Value® Address & Address &
ame ’ Name Name
SPCR SPI Control Register. This register controls the operation of Read/ 0 OxE0020000 | OxE0030000
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
SPDR transmit and receive data for the SPI. Transmit data is Read/ 0 0xE0020008 | 0xE0030008
provided to the SPI by writing to this register. Data received by | Write S0SPDR S1SPOR
the SPI can be read from this register.
SPCCR SPI Cleck Counter Register. This register controls the Read/ 0 0xE002000C | OxEQ03000C
frequency of a master's SCK. Write S0SPCCR S1SPCCR
SPINT SP) 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 Reset
Value
. Reserved, user software should not write ones to reserved biis. The value read from
20 Reserved a reserved bit is not defined. NA
Clock phase control determines the relationship between the data and the clock 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 staris 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 control. 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)

SPSR Function Description Reset
Value
2:0 Reserved Reserved, us'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 fauit. when 1, this bit indicates that a Mode fault error has occurred. This bit is 0
cleared by reading this register, then writing the SPi control 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.
5 WCOL Wirite 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.

SPI transfer complete flag. When 1, this bit indicates when a SPI 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 (S0SPDR - 0xE0020008, S1SPDR - 0xE0030008)

This bi-directional data register provides the transmit and receive data for the SP1. Transmit data is provided to the SP| 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 0

SPI Clock Counter Register (SOSPCCR - 0xE002000C, S1SPCCR - 0xE003000C)

This register controls the frequency of a master's SCK. The register indicates the number of pclk 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 (SOSPCCR - 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 / VPB 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)

- . Reset
SPINT Function Description Value
SPIl 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, aniy 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 anes to reserved bits. The value read from
7:1 Reserved " NA
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.

MOSL_in
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MISO_in
MISO_out
— SPI Shift Register I E——
Pt d
SCK_in
SCK_out
SPI Clock S8_in
g = Generator& |eg————p»
SPI interrupt Detector
-
SPI Register t
Interface v
VPB Bus
-
>— 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 to 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 optionally 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 optiona! 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 optionally 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 to 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 CAPO.2 function in parallel, their inputs will be logically ored and this
value will be processed as a single input.

CAP0.3..0 Input CAPO0.0 can be selected from/on up to 3 pins at the same time.
CAP1.3..0 CAPO.1 can be selected from/on up to 2 pins at the same time.
CAPQ(.2 can be selected from/on up to 3 pins at the same time.
CAPO0.3 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 1o 2 pins at the same time.
CAP1.3 can be selected from/on up to 2 pins at the same time.

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 dc 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.

MATO.0 can be selected on up to 2 pins at the same time.
MATO.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 be 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.

MAT0.3...0

MAT1.0...0 Output
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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

G ic Reset TIMERO TIMER1
; n::e' Description Access Value* Address & | Address &
a Name Name
Interrupt Register. The IR can be writlen to clear interrupts. The IR
IR can be read to identify which of eight possible interrupt sources are R/W 0 OXE.?.g?}gOOO Ongg)(')g 000
pending.
Timer Control Register, The TCR is used to control the Timer
TCR | Counter functions. The Timer Couriter can be disabled or reset RW 0 0x$gcT)%4£o4 OxI-ErC:Qr%B’gM
through the TCR.
TC Timer Counter. The 32-bit TC is incremented every PR+1 cycles of RW 0 OxE0004008| OxEO008008
pelk, The TC is controlled through the TCR. TOTC T1TC
PR Prescale Register. The TC is incremented every PR+1 cycles of RIW 0 0xE000400C) 0xEC0O0800C
pclk. TOPR T1PR
Prescale Counter. The 32-bit PC is a counter which is incremented
PC | to the value stored in PR. When the value in PR is reached, the TC R/W 0 0xE$ggéo1o 0xE$$ P0(8:01 0
is incremented.
MCR Match Control Register. The MCR is used to control if an interrupt RAW 0 0xE0004014| 0xE0008014
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 | the TC, stop both the TC and PC, and/or generate an interrupt R/W 0 Ox_Erg(:AOSg 18 o;a;g)&oggw
every time MRO matches the TC.
. . O0xE000401C{ OxE0Q0801C
MR1 | Match Register 1. See MRO description. RW 0 TOMRA TIMR1
! ;e OxE0004020| OxEODOS020
MR2 | Match Register 2. See MRO description. RW 0 TOMR2 TIMR2
] i 0xE0004024| OxE0008024
MR3 | Match Register 3. See MRO description. RW 0 TOMR3 TIMR3
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 mu;ggoggze 0x$?2(2?£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 TOCRA T1CRA
. - OxE0004034| OxEC008034
CR2 | Capture Register 2. See CRO description. RO 0 TOCR2 T1CR2
. . 0xE0004038| OXxE0008038
CR3 | Capture Register 3. See CRO0 description. RO 0 TOCR3 T1CR3
EMR External Match Register. The EMR controls the external match pins RIW 0 0xE000403C{ OxEGO0803C
MATO.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: OxE0008000)

IR Function Description s:ls::
0 MRO Interrupt | Interrupt flag for match channe! 0. 0
1 MR1 interrupt | Interrupt flag for match channel 1. 0
2 MR2 Interrupt { 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 CRA1 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 controi the operation of the Timer Counter.

Table 159: Timer Control Register (TCR: TIMERO - TOTCR: 0xE0004004; TIMER1 - TITCR: 0xE0008004)

TCR Function Description Reset
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 Caunter is incremented when the Prescale Counter reaches its terminal court. 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 maximurmn value for the Prescale Counter.
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Prescale Counter Register (PC: TIMERO - TOPC: 0xE0004010; TIMER1 - 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 overflows. The Prescaie
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 pclk. 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 Contro! 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)

. . Reset
MCR Function Description Value
0 Interrupt on MRO When one, an |nte_rru;_nt 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 Iinterrupt on MR 1

4 Reset on 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 TCRJ[C] will be set to 0 if MR1 matches 0
the TC. When zero this feature is disabled.

5 Stop on MR1

When one, an interrupt is generated when MR2 matches the value in the TC. When 0

6 nterrupt on MR2 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
the TC. When zero this feature is disabled,

8 Stop on MR2

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 TCRJ0] 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 Counter 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 - T1ICCR: 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 - T1CCR: OxE0008028)

" I 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 load 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 1o be inaded with 0
rising edge the contents of the TC. When zero, this feature is disabled.
4 Capture on CAPn.1 | When one, a sequence of 1 then 0 on CAPn.1 will cause CR1 fo 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 0 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 disabied.
7 Capture on CAPn.2 | When one, a sequence of 1 then 0 on CAPN.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 one, 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 1o 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 CAPn.3 will cause CR3 to be loaded with 0
falling 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: TIMERO - TOEMR: 0xE000403C; TIMER1 - TIEMR: 0xE000803C)

The Extenal Match Register provides both control and status of the external match pins M(0-3).

Table 162: External Match Register (EMR: TIMERO - TOEMR: O0xE000403C; TIMERT - TIEMR: OxE000803C)

. . Reset
EMR Function Description Value
This bit reflects the state of output MAT0.0/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/MAT1.1, whether or not this output is
1 External Match 4 connected to its pin. When a match occurs for MR 1, this output of the timer can either 0
toggle, go low, go high, or do nothing. Bits EMR[6:7] control the functionality of this
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] contra! 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 MR 3, this output of the timer can either
3 Extemnal Match 3 toggle, go low, go high, or do nothing. Bits EMR[10:11] control the functionality of this 0
output.
. External Match | Determines the functionality of External Match C. Table 163 shows the encoding of
5:4 . 0
Control 0 these bits.
76 Extemal Match | Determines the functionality of External Match 1. Table 163 shows the encoding of
: . 0;
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.
11:10 External Match | Determines the functionality of External Match 3. Table 163 shows the encoding of
: . 0
Control 3 these bits.

Table 163: External Match Control

EMR[11:10], EMR[9:8], Function

EMRI[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 output
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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 to
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 value, the timer enable bit in TCR is cleared, and the interrupt
indicating that a match occurred is generated.

e LV WY
PrescaleCounter 2 L 0 {1 L 2 Yo 1+ Y2 o)1) 2 ) o) 1]
Timer Counter [ 4 X 5 r 6 1 0 [ 1 ]
e st | \_/ l

interrupt [ \ , l

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 L 5 X 6 ]
J

TCRI0)
(Counter Enable) k 1 X 9

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
| InterTupt Jr t—_>
------ | CAP[2:0] 1 (=

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*

T
e
:lD.L[ Prescale Counter  J+——

RESET | | ENABLE MAXVAL
[ Timer Control Register | | Prescale Register |

* Nate 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 availabfe .

FEATURES

+ Seven match registers aflow 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 ouiput 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 contrclled 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 controt 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 controlied PWM outputs will all have a rising edge at the beginning of each PWM cycle, when an PWMMR0
match occurs.
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Three match registers can be used to provide a PWM output with both edges controlled. Again, the PWMMR0 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 falling 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.

Pulse Width Modulator (PWM) 225 May 03, 2004



Philips Semiconductors Preliminary User Manual

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

[ Match Register 0_|_——‘ LShda%ovz'Register 0
“lLoa nable
rMatch Register 1 } ]-Shg%omélRegister 1
Oal nable
| Match Register 2 | Phg%ov«élRegisier 2
“1Loal nagle
[ Match Register 3 | Shadow Register 3
— Load Enable
I_Match Register 4 | Shadow Register 4
— —| Load Enable
| Match Register 5 | LShgtéov»L]Register 5
©0ad Enable
r Match Register 6 | I_Shgtéow; l‘l?egister 6 1
03 na

Q@ Match 0

| 11 1t
Latch Enable Register

Clea

Match 0 S
- Q
__I Match Control Register ] Match 1 EN— m"g;‘\ ]
PWMSEL2
" o pwM2
L interrupt Register | Match 2 |, ENte— PWMENA2
1 PWMSEL3
Control ‘ \(‘ M o pWM3
MiE:0] \65\ - Match 3 | EN~— PWMENA3
~4——————] Interrupt

- >i(= - §—— PWMSEL4

Stop on Match t = — T mux s
Q= PWM4
Match = — -
Reset on Matc \C_ ﬂb\ _ Maich4 _ ENfe— PWMENA4
= - PWMSELS
22 o pWMS
Match 5 . ENlw— PWMENAS
CSN - L
Timer Counter j PWMSELS
o= PWM6
CE Match 6 o EN=— PWMENAG
' TCI
__:D'Ll Prescale Counter | PWMENA1.6  PWMSEL2.6
RESET ENABLE MAXVAL T T
[ Timer Control Register | [ Prescale Register ——I [ PWM Control Register—]

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 to 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 PWMSELRn 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
]
]
[
'
.
]
[

pwms [ . T\ |

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 0 Match 4 Match 3 Match 4

5 Match 0 Match 5 Match 4 2 Match 5 2

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. ltis 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 PWMS 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 match 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 output. This means that the PWM output will remain always in one state, aliowing always low, always high, or

"no change” oulputs,
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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.
PWMS5 Output Output from PWM channel 5.
PWM6E Qutput 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 contrel 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 controlled through the TCR.

0xE0014008

PWMPR

PWM Prescale Register. The TC is incremented every PR+1 cycles of pclk.

O0xE001400C

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 it it is in double-edge mode.

OxE0014018

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.

O0xE001401C

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 mode, 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 PWM3 in either single-
edge mode or double-edge mode, and sets PWM4 if it is in double-edge mode.

0xE0014024

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 PWMS if it is in double-edge mode.

O0xE0014040
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Table 166: Pulse Width Modulator Register Map

Name Description Access Reses 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 In addition, a match between MR5 and the TC clears PWM5 in either single- RIW 0 0xE0014044
edge mode or double-edge mode, and sets PWM6 if it is in double-edge mode.
PWM Match 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.
PWMMRE In addition, a match between MR6 and the TC clears PWMBG 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 O0xEQ01404C
PWMLER | PWM Latch Enable Register. Enables use of new PWM match values. RW 0 0xE0014050

*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 - DxE0014000)

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 c::‘ eet
] PWMMRO Interrupt | interrupt flag for PWM match channel 0. 0
1 PWMMR1 Interrupt | Interrupt flag for PWM match channel 1. 0
2 PWMMR?2 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 168.

Table 168: PWM Timer Control Register (PWMTCR - 0xE0014004)

. 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
areserved 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 to 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 controls division of pclk by some constant value befare 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 (PWMMRO - PWMMRS6)

ThePWM Match register values are continuously compared to 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 register.
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PWM Match Control Register (PWMMCR - 0xE0014014)

The PWM Match Control Register is used to control what operations are performed when cne of the PWM Maich 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)

. Resst
PWMMCR Function Description Value

When one, an interrupt is generated when PWMMRO matches the value in the

0 Interrupt on PWMMRO PWMTC. When zero this interrupt is disabled. ¢

1 Reset on PWMMRO hot.an one, the PWMTC will be reset if PWMMRO matches it. When zero this feature 0
is disabled.
When one, the PWMTC and PWMPC will be stopped and PWMTCRI[0] will be set to

2 Stop on PWMMRO i b\WIMMRO matches the PWMTC. When zero this feature is disabled. 0
When one, 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 ' 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| o uMTC. 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 |Intemupton PWMMRSI byyarc. When zero this interrupt s disabled 0

10 Reset on PWMMR3 'than 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

" Stop on PWMMR3 | 't pWMMR3 matches the PWMTC. When zero this feature is disabled 0
When one, an intemupt is generated when PWMMR4 matches the value in the

12 [ Interrupton PWMMRA| ouuirC. 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 PWMTCR(0] will be set to

14 Stop on PWMMR4 | ('t bWMMRA4 matches the PWMTC. 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 PWMMRS 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 PWMMRS matches the PWMTC. When zero this feature is disabled 0
When one, an interrupt is generated when PWMMRG6 matches the value in the
18 Interrupt on FWMMRG PWMTC. When zero this interrupt is disabled. 0
19 Reset on PWMMR6 }Nhgn one, the PWMTC will be reset if PWMMRG6 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
20 Stop on PWMMRE i bWMMRE 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 channel. The function of each of the bits are shown

in Table 170.
Table 170: PWM Control Register (PWMPCR - 0xE001404C)
PWMPCR|  Function Description Resol
alue
. Reserved, user software should not write ones to reserved bits. The value read from
1.0 Reserved L NA
a reserved bit is not defined.
2 PWMSEL2 When zero, selects single edge controlled mode for PWM2. When one, sefects 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 PWMS. When cone, selects double 0
edge controlled mode for the PWMS output.
6 PWMSELS When zero, selects single edge controlied mode for PWM6, When one, selects double 0
edge controlled mode for the PWM6 output.
. Reserved, user software should not write ones to reserved bits. The value read from
8:7 Reserved a reserved bit is not defined. NA
9 PWMENA1 | When one, enables the PWM1 output. When zero, disables the PWM1 output. 0
10 PWMENAZ2 | When one, enables the PWMZ2 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 output. 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 output. When zero, disables the PWMS output. 0
15 Reserved Reserved, ue.;e'r software should not write ones to reserved bits. The value read from NA
a reserved bit is not defined.
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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 place, 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 occurs).

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 Writing a one to this bit allows the last value written to the PWM Match O register to be
0 Match O Latch become effective when the timer is next reset by a PWM Maich 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 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 last 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 allows the last value written to the PWM Match 3 register io be
3 Maich 3 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 fast value written to the PWM Match 4 register to be
4 Match 4 Latch become effeclive 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 Maltch 5 register to be
5 Match 5 Latch become effective when the timer is next reset by a PWM Match event. See the G
description of the PWM Match Control Register (PWMMCR).
Enable PWM Wiriting 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 Match 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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