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DISCLAIMER

User’s Manual and other documentation:

This user’s manual and the accompanying documentation such as schematic diagrams — in soft or
hard form - contains descriptions of copyrighted products, which are not explicitly indicated as
such. The absence of the trademark symbol does not infer that a Product is not protected.
Additionally, registered patents and trademarks are similarly not expressly indicated in these
documents.

The information in these documents has been carefully checked and is believed to be entirely
reliable. However, SPJ Embedded Technologies Pvt. Ltd. (henceforth “Company”) assumes
no responsibility for any inaccuracies. The Company, neither gives any guarantee nor accepts
any liability whatsoever for consequential damages resulting from the use of these documents or
associated product. The Company reserves the right to alter the information contained herein
without prior notification and accepts no responsibility for any damages that might result.
Additionally, The Company offers no guarantee nor accepts any liability for damages arising
from the improper usage or improper installation of the hardware or software. The Company
further reserves the right to ater the layout and/or design of the hardware without prior
notification and accepts no liability for doing so.

SPJ Embedded Technologies Pvt. Ltd.
101, Beaver Grandeur,

Baner Road, Baner,

Pune 411045.

INDIA

Phone : +91 (20) 27293002

Fax : +91 (20) 27293003

Email : spj@spjsystems.com

Web Site: http://www.spjsystems.com/

© SPJETPL All Rights Reserved. (http://www.spjsystems.com/) Page 3 of 33




@ 5P1 Embedded Technologies Pyt. Lid,
SRSNTEESE UsersManual_23xx

Table of Contents

L INTRODUCTION ...ttt sttt sttt ettt ae b sbess e hesbeebeshesb e eae s Ee b e aeesE e b e ebeebeaEeeEesE e b e eeeseens e e seenbenbesaenbennis 6
2. GETTING STARTED. ..ottt ettt bbbt e e bt e e e b et e s e e s b e e e sb e b e ebeebesbeebeebesb et e seesbeneennesbenbenneas 7
2L UNPACKING. ..ttt stestestesuestestesueaseseesbesbesaesbesbesaesseeseaaesbeabeeae s b e eEeeaeeh e eb e Sheeh e eE e eEe AR e eE e AR e AE e eEe SRt e b e ebeeheabenbeshenbeebesbeneeenis 7
2.2 POWER SUPPLY REQUIREMENTS! ....utitistiattstestesttssestesuestessessessessessessessessessesssssessessssasssessesaessessessessensessessessessessenses 7
2.3 CONNECTING THE SYSTEM: ..tteuteesteeeteesuteesseeasseessesasseseasesasseesssesssssasseessesansesssseeassesssseessessssesssessnsessssesnessnsessssensns 7
L1V oo 1 N SRS 7

3. HARDWARE DESCRIPTION ...ttt sttt sttt b ettt s ae s be b bt besbe bt ssesbeeaesbesbeseesbesbesnesbesbesneas 8
SPECIFICATIONS OF MINIARM-2368 AND MINIARM -2378 BOARDS:.......coutitirtiriesteneeseestesreseestesseseesresseseesseseesseseesnes 8
4. CONNECTORS, JUMPERS, SWITCHES, POTSAND LEDS.......ccoooi ittt e 9
CONNECTOR LOCATIONS: ....titetetestestessessestesuessessessessessesssssessessessesssssessessssssssessessessesssssessenseseessensessessensessensessessessenses 9
CONNECTOR DETAILS: ..euteuteteueeeeseeseeeeseeseeseeeeseeseeseeseeseesesseeseessessensensessensenseseesessssssensensensensenseseeseenessessessesnseneenens 10
PWR JACK (POWEE JACK): .. veitiitieitiiiisieeitesieesiee st ae e saeste st st et stessaesseesbeesbessaasseessesaenssesbeesbaensesseensesssesssnssens 10
UARTO CONNECTON: .. .eeiiiteeeie ettt ee ettt et s et sae e be e sate e sateesbe e s aee e sbee et e e sabeesheeeabseeaeeesbe e et e e sabeesaseeseesabeesbeesnteenaes 10

L A I 0 ] 1 () 10
CANL CONNECLOL: ....eieeieitieetee ettt ettt b e bt esee e she e e be e e eeesbeeeabeesaseesseeebeeeabeeebeeeabeesaneesseeeseeenbeesnbeenseesaneenseanas 11
CANZ CONNECLOL: ....eieeeetee ettt et sttt et e e bt e aee e she e e bt e e ee e sbeeeabeesabeeshbeebeeeabeeebeeeabeesabeesseeeseeenbeeenbeenseesaneanseenas 11
LCD CON CONMNECLON: ... eeiieieteesieeesteesitee e e siee bt essseesseesabeesaee s sateebeeaabeeaaeesabeesaseeaseeesbeeeabeesaneesabeenseeenneesnbesntesnaes 11
EtNErNEt RIA5 CONMNECION: ....eiviitieiticiesieeie sttt e e a e st st st st stesaaesse e be e s bessaesbeeasesaeesaesbeesbeentesseenbeansessnensens 12

L0 1S =100 N[ @0 o] 1 () 12

IS D 1@ N O] ="k o P 12
B o401 ot (o] TSR UPRPP 12
(O W L@ R = 3 ©0 g1 = ot (o] =PTSRS 13

(O I O L@ B ©0 g1 =i o] =PTSRS TPRRPRP 15
JUMPERS, SWITCHES AND POT LOCATIONS: ....eeitttesteeeteesseressessnsaeessesaseessesassessssesssssssssssssessnsesssessssessnseessesssssssnsessnes 18
JUMPER DESCRIPTIONS: .....uteeitteeteesueeeteessteesasessseeasseessesessesansesanssanseeansessssesssssessesansessasesnsessnsessssnessesemsessnsesssessnsessnes 19
Jumper “ PWRMODE” (Power SOUrce SEIECHION): ...oceiiiieiii ittt 19
JUMPEE “ PGIM” ettt ettt bttt bt et e e b e e st e e she e e ke e s et e e e abe e s aee e be e sab e e be e s beesaeeeenbeenneeenreas 20
8100 01 R A ISP 20
Jumpers “BKLT1” and “ BKLT2" (LCD Backlight Control):........ccceceiiiiiiiiiinieiesessie et 20
Jumper “ UMODE" (USB device MO SEIECHION): ....cviviieeiieeeeieestise ettt 20
Jumpers “D-" and “ D+” (D- and D+ USB LineS, reSPECiVEIY): .....ccoiviriiereriree e 21
Jumper “ADO0.0” (Connect potentiometer t0 ADO.0): ...oviiiiiieriieieriree e s 21
Jumper “ RTCK” (fOr JTAG INEEITACE): ....c.eiuireeiiieeiteseee ettt ettt 21
Jumper “ SDPWR’ (SD card POWEN SEIECHION): ...uuiiieieeiiiiee ettt sttt ssaesnesnsessaesreens 21
SWITCHES DESCRIPTIONS: ..uttteuttesteeeteessteesseesssesessesssseessesasesssesesseseasessnsesssssensessseessesensesensesssseessssansessnseessessnsessnsees 22
Switch “ RESET” (ReSet PUSH BULLON): ......oviiiiiiiitieeie s 22
POT DESCRIPTIONS! ....tttttetestessessessesuessessessessassessessessesssssessessassansesssssensessessessesseseessensensensensensensensessensensaseasessessenses 22
“POTL” (LCD CONLrast AQJUSIMENL): ...cc.viiiieiiiierieeeeseeseesiesieesiesaessesassseessesssesseessessssssesssessesssesssessssssesssesseses 22
“POT2” (SMUIALE ADC INPUL): ..ottt sttt se e e ne st st b e s e ns e st s s e ns s se et sne e sne e sne s 22
LED LOCATIONS: .. uiitteiteetesteestesseestesstessessseasseassesseessesssesssasssssesssessssssssssesnsessssssesssssssssessssssenssessssssenssessenssessenssesenns 23
L ED S DESCRIPTION: ..uttiuteeeuteesseesueeesseseaseasesasseessseessesassesasessseasseesnsesssseessessnsessnseessesansesssseessesensesansessnsesnsessnsesssenans 24
P R et ettt ettt A e e e e e e oA e e R e e R £ ehEehe R £ oA £ e AR e AR e R e R e eEeAEe R e Rt SR eRe et e nE et et e benreeeneenrenans 24

L O TSSOSO PR 24
. ittt et et et et R et e £entea e e Ao £ e e e AAeRe At e eAenten e e eentene e AenteneenAeEeeeneeneenteneeneeneetenteneensereaneas 24
] SRR 24
L1 3 PSSR 24
00 2SS 24
O OSSOSO PSP 24
LN ettt ettt ettt E £ e e e e oA £ SR £ oA £ eR £ S heeR £ e AR e e e AR e R e R e R e AEe R e Rt SR eRe e e e e et et e bent et e neenrenns 24

© SPJETPL All Rights Reserved. (http://www.spjsystems.com/) Page 4 of 33




ﬁ 5P1 Embedded Technologies Pvt. Ltd.

SRSNTEESE UsersManual_23xx

5. RUNNING USER PROGRAMS ON MINIARM ..ottt enas 25
TOPROGRAM THE FLASH: .....tiutiteteteseestesteseeseeseeeesseseseessesseseessessaaeaseeseeaeasseneensessans e s e beseaheebeeheeseebeaaeabenbeabesbenbenneas 25
PROGRAM THE MINIARM-23XX BOARD AND RUN PROGRAM ... .utiitieitieeteesreesteeastesssessseesssesssesssessssessssessnsessneens 25
DESCRIPTION OF EXAMPLE PROGRAMS. ......ceteuteutestestesseseessessessesseseesessessaseassessasssssensassessensensessesessessensssnsensensenessenses 28

L [ 1 o H PSPPSR 28
11 o ST 28

[ [ 1o 2 I LTSRS 29
SOUAIEWVAVES ...ttt ettt ettt sttt e sttt e st e e e bt e sateesbeeeabe e she e e s beeeae e e sabeeshe e et e e shee e beesabeenbseesnbeenaeesnneanseanas 29
FASISQUAIEWWAVE .......c.eeee ittt s e e e st e e r e e nesreer e see e e neerenne e 29

LI I3 o USSR 29

L1 o S 29
LS 2 S 29
ADIC: .ttt h bR R Rt ehe R e R £ eRe R £ SR e SRe SR £ SR e SR E e £ oA £ e RE oA £ eR £ e Re AR e eReeReeE e eRe e e e e eReene e Rt eRe e Rt b e eaesne e 29
3 5SS 30

L 1 PSS 30
SRS 30
L S 30

6. OPTIONAL ACCESSORIES OF MINIARM ...ttt e e e ene e snesneenesseens 31
LCD MODULE: ...ttiutiitttsteete sttt e sttt et et e s bt et st s b e st e e st ens e saeeshe e bt e st e e ae e b e e a s e sh e e as e AE e e bt e aeena e e abeshe e e beenbesbeeeenaeenbeenbennnens 31
SGL-ARM BOARD: ....ciitititistestestestestesteseesessessessessesseseesseseeseeaeeseeseeaeaaeaseeseaaeeseeaeeaeeaeeReeReebeeReeReebeeReeheeb e e s et eneeneene e 31
7. MINIARM APPLICATIONS. ..ottt et see et see et e e aes e e e se e seesaenseeeseeneeneeseeseesesseenseneenseneeneenenseenessenses 32

© SPJETPL All Rights Reserved. (http://www.spjsystems.com/) Page 5 of 33




@ 5P1 Embedded Technologies Pyt. Lid,
wrany BTl m bedded . com USerSManuaI_ZSXX

1. Introduction

Thisisuser’s manual for MinitARM-2368 and MiniARM-2378 Evaluation Boards (MiniARM-
23xx) based on LPC2368 and L PC2378 micro-controllers, respectively. Thisisagenera-
purpose board designed as a development tool; this board has afacility to download user
programs into the on-chip flash memory of the micro-controller. It is strongly recommended to
read this manual carefully before you start using the MiniARM-23xx board.

CAUTION: This board contains components that are sensitive to Electro-Static Discharge
(ESD). The board must be handled carefully, so as not to subject it to ESD. Asfar as possible, do
not touch any conducting part on the board — including any component or connector pins—as
this may damage parts of the board permanently. While handling the board, hold it only by it's
edges. If you must touch any of the parts, make sure to discharge yourself to earth. Parts
damaged due to ESD are not covered by the limited warranty.

© SPJETPL All Rights Reserved. (http://www.spjsystems.com/) Page 6 of 33
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2. Getting Started

2.1 Unpacking:

Y ou will find following items in the package:

MiniARM-23xx board

Serial communication cable

Power adaptor*

CD-ROM

USB Cable
* Power adaptor isincluded only if the board is shipped in India. If the board is shipped to any
country other than India, only a power jack with a pair of red and black wiresis supplied. The
user is required to provide nominal +8VDC supply across the 2 wires. Red=positive,
Black=negative. This supply voltage maybe in the range 8 to 9 VDC only. Higher voltage may
cause excessive heating and may cause permanent damage to the board.

2.2 Power Supply Requirements:

The power adaptor works with 230V olts AC. It produces approximately 8 Volts DC, and the
MiniARM uses on-board regulators to provide 5 Volts and 3.3V olts DC to all components on the
board.

2.3 Connecting the system:

The serial communication cable supplied with the board should be used to connect the board to a
PC running Windows2000/X P Operating System. This cable uses all 9 wires and connections are
“one-to-on€’. If you must use another cable, be sure that it hasal 9 wiresin it. Further, it must
have DB9 female connector on one end (PC end) and DB9 male connector on another end
(MintARM end). The 9 wiresin the straight cable must be connected as.

DB9Female.Pinl <-> DB9Male.Pinl

DB9Female.Pin2 <—-> DB9Male.Pin2

DB9Female.Pin3 <> DB9Male.Pin3

DB9Female.Ping <-> DBOMde.Fing

Powering ON:

After connecting the serial communication cable as described above, you may insert the power
adaptor output jack into the on-board power socket. Plug the power adaptor into 230VAC mains
outlet and turn it on. The power-on indication Red LED will turn on.

CAUTION: Please do not connect or disconnect the serial communication cable while the board
is powered ON. Doing so can damage the serial port of the MiniARM board and/or PC.

© SPJETPL All Rights Reserved. (http://www.spjsystems.com/) Page 7 of 33
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3. Hardwar e Description

Specifications of MinitARM-2368 and MiniARM-2378 boards:

1) LPC2368/LPC2378* with 12 MHz main crystal.

2) Operating speed up to 72 MHz using on-chip PLL.

3) Ethernet Interface Standards support:

a. 10/100 Mbps Ethernet (10 Base-T, 100 Base-TX, 100 Base-FX and 100 Base-T4).
b. Fully compliant with IEEE standard 802.3.

4) USB2.0 device interface standard support.

5) Includes one SD memory card connector that allows you to connect awide range of memory
cards.

6) LCD interface circuit with 16-pin connector for directly connecting text LCD module.

7) Four UARTSs. Two of them (UARTO and UARTY) available as RS232 (3 wire) on 2 separate
DB9 female connectors. Remaining two (UART2 and UART?3) are available as low-voltage
TTL (3.3V) on connectors.

8) On-board regulatorsto supply 5V, 3.3V to the board.

9) Includes AC adaptor (230 VAC input, 8 VDC output, 500 mA).

10) CD-ROM containing:

a) Evauation version of SCARM — C Compiler for ARM — a product of SPJ Embedded
Technologies Pvt. Ltd.

b) Sample programs to access LCD, serial port, RTC and most other peripherals etc.

c) Flash Magic ISP utility program, courtesy of http://www.flashmagictool.com/ .

11) Unused / optionally used port pins are available on convenient connectors.

12) Push-button to reset the micro-controller.

13) Jumpers to select between Program (I1SP) mode and RUN mode.

14) MiniARM-2368 and MiniARM-2378 boards include Real Time Clock (RTC) with battery.
Please note, it can maintain date and time even when power is switched off only if the RTC
isinitialized to correct mode of operation by software.

15) The same battery will also power 2KB NVRAM.

Please note, LCD is NOT supplied with the MiniARM. It may be purchased separately and
connected to MiniARM.

* LPC2368/LPC2378 chip soldered on MiniARM board may have different revisions — indicated
by one of the suffix (-, A, B). NXP Semiconductors may have published errata corresponding to
various chip revisions. Please refer to appropriate errata sheet form NXP Semiconductors
website (http://www.nxp.com/).

© SPJETPL All Rights Reserved. (http://www.spjsystems.com/) Page 8 of 33
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4. Connectors, Jumpers, Switches, POTsand LEDs

Connector |ocations:
Figure 1 shows the locations of all connectors on the board.

USB Connector LCD Connector Ethernet Connector (RJ45)
141. 73088 Twmms
* - x
~ [l Junu. Spj sYst ems. com A )
(--’l O - e § | Eln—'j P12 pram. \/
—~9§°°1;"[: Juws UARTO Jrae
I’: L Dxsa JTAG Connector
; T on bottom side
LI_'W EELTI

|

Loy .
D

T oMgg 1OA specard b ] T [
! & -Car g
[ Jesr | Connector on I0OB + 3
10_C bottom side 2
1 o 8
FGH =
1 IO D— > z
I;;l N SEIEDN_ [
} o .ﬁ '\l. o
E S 1 _—’
QT D mmmrw+mmmm‘n § CAN1 @)
| e bbb L 6230 U2l
UART1 Power Jack

Figure 1: Connector locations

© SPJETPL All Rights Reserved. (http://www.spjsystems.com/) Page 9 of 33




@ 5P1 Embedded Technologies Pyt. Lid,
wrany BTl m bedded . com USerSManuaI_ZSXX

Connector Details:

PWR JACK (Power Jack):

Thisis power input connector. The supplied power adaptor (if board is shipped in India) has
power jack compatible with this connector.

UARTO Connector:

Thisis a DB9 female connector, used for RS232 serial communication with the PC:

Pin 2 = TxDO — RS232 level output from MiniARM23xx Board. Corresponding 3.3V pin
(PO.2/TXDO) is also available on Pin27 of 10_C connector.

Pin 3 = RxD0 — RS232 level input to MinlARM23xx Board. Corresponding 3.3V pin
(PO.3/RXD0) is aso available on Pin28 of 10_C connector.

Pin4 =1SP_RESET — RS232 level input to MinlARM23xx Board. Used to (optionally) reset the
board under control of ISP utility software.

Pin 5= GND — Ground.

Pin 7 =1SP_MODE — RS232 level input to MiniARM23xx Board. Used to (optionally) control
the mode of processor (ISP mode or RUN mode).

All other pins of UARTO are unused. This UARTO connector is also used for ISP (In-system
Programming).

Note: UARTO isavailable as 3 wires RS232 only. The signals at pin 4 and 7 of UARTO
connector are not used as RS232 handshake signals. Rather, these 2 signals are only used for
controlling operating mode of the micro-controller (normal “run” mode or |SP mode) and to
reset the micro-controller. This feature is useful while programming the board using FlashMagic.
If you wish, appropriate jumper setting can disable this feature, as described later.

UART1 Connector:

ThisisaDB9 female connector, used for RS232 serial communication with the PC:

Pin 2 =TxD1 —RS232 level output from MiniARM23xx Board. Corresponding 3.3V pin
(PO.15/TXD1/SCKO/SCK) is also available on Pin35 of 10_C connector.

Pin 3=RxD1 - RS232 level input to MiniARM23xx Board. Corresponding 3.3V pin
(PO.16/RXD1/SSELO/SSEL) is aso available on Pin33 of 10_C connector.

Pin 5= GND - Ground.

All other pins of UART1 are unused.

© SPJETPL All Rights Reserved. (http://www.spjsystems.com/) Page 10 of 33
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CAN1 Connector:

Thisis DB9 male connector, used for CAN High-speed communication:
Pin2=CANL

Pin7=CANH

The CANL output drives the low side of the CAN differential bus.

The CANH output drives the high side of the CAN differential bus.

All other pins of CAN1 are unused.

CAN serial Input to MiniARM23xx board PO.0/RD1/TXD3/SDA1, which isaso available on
Pin 27 of 10_B connector. CAN serial Output from MiniARM23xx board
PO.1/TDY/RXD3/SCL 1, which is also available on Pin 29 of 10_B connector. User may not
connect anything to these pins as these are used on-board for CAN.

CAN2 Connector:

Thisis DB9 male connector, used for CAN High-speed communication:
Pin2=CANL

Pin7=CANH

The CANL output drives the low side of the CAN differential bus.

The CANH output drives the high side of the CAN differential bus.

All other pins of CAN2 are unused.

CAN serial Input to MiniARM23xx board P0.4/12SRX_CLK/RD2/CAP2.0, which is also
available on Pin 23 of 10_B connector. CAN serial Output from MiniARM23xx board
PO.5/I12SRX_WS/TD2/CAP2.1, which isaso available on Pin 25 of 1O_B connector.
User may not connect anything to these pins as these are used on-board for CAN.

LCDCON Connector:

Thisisa 16 pin, single line connector, designed for connection to standard, text LCD modules.
The pin/signal correspondence is designed to be matching with that required by such LCD
modules.

Pin1=GND

Pin 2 =+5V

Pin 3 = Vlcd (Contrast control Voltage)

Pin4=P131 (Used asRS of LCD)

© SPJETPL All Rights Reserved. (http://www.spjsystems.com/) Page 11 of 33
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Pin5=GND

Pin 6 = P1.29 (Used as EN of LCD)

Pin 7 to 10 = No Connection

Pin 11 to 14 = P1.19 to P1.22 (Used as D4-D7 of LCD, respectively)
Pin 15 = Backlighting

Pin 16 = GND

Ethernet RJ45 Connector:

The Ethernet Interface on the MiniARM23xx board is available via this connector. It can be used
to connect the board to LAN.

USBCON Connector:
The USB device Interface on the MiniARM23xx board uses this connector. Thisis femae B

type connector. It can be typically connected to USB port of your PC through the supplied USB
cable.

SDCON Connector:

Thisis mounted on the bottom side of the PCB. Standard SD memory card can be inserted in it.
Once avalid card isinserted, it can be accessed through software.

JTAG Connector:

This standard 20 pin JTAG connector provides debugging support for the LPC23xx. Thisis
connector is mounted bottom side of the board as shown in figurel. JTAG cables like SIJT-S or
SJT-U can be connected to this connector, while other end of the cable can be connected to PC
COM port or USB port, respectively. Debugger software (like the debugger built into SCARM)
allows JTAG based debugging. It is aso possible to use third party JTAG based emulators/
debuggers. The pin-out of JTAG Connector is given below:

Pin  Signal name.

1 3.3V
3 NTRST
5 TDI

7 TMS
9 TCK
11 RTCK
13 TDO
15 NRST
17 GND
19 GND
2 3.3V
4 GND

© SPJETPL All Rights Reserved. (http://www.spjsystems.com/) Page 12 of 33
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10
12
14
16
18
20

GND
GND
GND
GND
GND
GND
GND
GND

10 A, 1O B Connectors:

These are 32 pin dual line headers. These connectors bring out 1/0 and most of the pins of the
LPC23xx micro-controller. Further, 5V and 3.3V are also made available on these connectors.

These female headers are intended for use to connect external peripherals.

The pin/signal detailsof IO_A and 10_B are as below:

I0_A:
Pin

P O~NOUOTWPEk
[

Signal name.
P0.24/AD0.1/I12SRX_WS/CAP3.1
P2.10/EINTO
P0.21/RIZ/MCIPWR/RD1
P1.26/PWM1.6/CAP0.0
P1.25/MAT1.1
P1.23/PWM1.4/M1SO0
PO.10/TXD2/SDA2/MAT3.0
USB-B

P1.19/CAPL.1
PO.20/DTRUMCICMD/SCL1
P1.22/MAT1.0
P1.29/PCAP1L.1/MATO.1
P2.1VEINTUMCIDATLI2STX_CLK
P0.17/CTS1/MISO0/MISO
P0.22/RTSI/MCIDATO/TD1
P0.19/DSR1I/MCICLK/SDA1

GND

GND

sV

P2.8/TD2/ITXD2/TRACEPKT3
P1.24/PWM1.5/MOSIO
P0.9/I12STX_SDA/MOSIT/MAT2.3
P2.13/EINT3/MCIDAT3/12STX_SDA
P1.31/SCKV/ADO.5
P1.20/PWM1.2/SCKO

© SPJETPL All Rights Reserved. (http://www.spjsystems.com/)
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20
22
24
26
28
30
32

IO_B:
Pin

P1.21/PWM1.3/SSELO
P1.28/PCAP1.0/MATO0.0
P2.12/EINT2/MCIDAT2/12STX_WS
3.3V
PO.7/12STX_CLK/SCK1/MAT2.1
GND

GND

Signal name.
P0.6/I2SRX_SDA/SSEL1/MAT2.0
P1.15/ENET_REF CLK
P1.14/ENET_RX_ER
P1.O/ENET_TXDO
P1.9/ENET_RXDO
P1.8/ENET_CRS
P1L4/ENET_TX_EN

P1.1/ENET _TXD1
P0.25/AD0.2/12SRX_SDA/TXD3
P0.8/I2STX_WS/MISOI/MAT2.2
P1.27/CAPO.1
P0.4/12SRX_CLK/RD2/CAP2.0
PO.5/12SRX_WS/TD2/CAP2.1
PO.O/RDLUTXD3/SDA1
PO.J/TDL/RXD3/SCL1
P1.10/ENET_RXD1

GND
GND

5V

5V

GND
GND
GND
3.3V
3.3V
GND
GND
GND

5V (NC) 2
5V (NC) 2
GND
GND

© SPJETPL All Rights Reserved. (http://www.spjsystems.com/)
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10 C, 10 D Connectors:

These are 36 pin dual line headers. These connectors bring out 1/0 and most of the pins of the
LPC23xx micro-controller. Further, 5V and 3.3V are also made available on these connectors.

These female headers are intended for use to connect external peripherals.

The pin/signal details of IO_C and 10_D are as below:
10_C:

Pin  Signal name.

1 P0.29/U1D+

3 P1.18/U1UP_LED/PWM1.1/CAP1.0
5 P2.9/U1CONNECT/RXD2/EXTINO
7 P3.25/MATO0.0/PWM1.2

9 {P3.23/CAPO.0/PCAP1.0}

11 P0.27/SDAO

13 P0.28/SCLO

15 {P0.3/U2D+}

17 {PA.LAL}

19 {P4.3/A3}

21 {PA.5/A5}

23 {PATIAT}

25 {P4.9/A9}

27 P0.2/TXDO

29 P0.18/DCD1Y/MOSIO/MOSI

31 5V

33 P0.16/RXD1/SSEL 0/SSEL

35 PO.15/TXD1/SCKO/SCK

2 P0.30/U1D-

4  PL30/VBUS/ADO.4

6 P3.26/MATO./PWM1.3

8  {P3.24/CAPO.UPWM1.1}

10  {P0.13/U2UP_LED/MOSIT/ADO.7}
12 {P0.14/U2CONNECT/SSEL 1}
14  {P0.12/MISOVADO.6}

16 {P4.0/A0}

18 {P4.2/A2}

20  {P4.4/A4}

22 {P4.6/A6}

24 {P4.8/A8}

26 {P4.10/A9}

28 P0.3/RXDO

30 GND
32 YY)

34 3.3V
36 GND
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Signal name.

P1.16/ENET_MDC
P0.26/AD0.3/AOUT/RXD3
{P3.7/D7}

{P3.5/D5}

{P3.3/D3}

{P3./D1}

{P4.24/OE}

P4.28/MAT2.0/TXD3
{P4.30/CS0}
P0.11/RXD2/SCL2/MAT3.1
{P4.15/A15}

{P4.13/A13}

{P4.11/A11}
P2.0/PWM1.UTXDVUTRACECLK
P2.2/PWM1.3/CTSL/PIPESTAT1
P2.4/PWM1.5/DSR1I/TRACESYNC
P2.6/PCAP1.0/RIJTRACEPKT1
3.3V

P1.17/ENET_MDIO
P0.23/AD0.0/I2SRX_CLK/CAP3.0
{P3.6/D6}

{P3.4/D4}

{P3.2/D2}

{P3.0/DO}

{ P4.25/WE}

P4.29/MAT2.1/RXD3
{P4.31/CS1}
P2.7/RD2/RTSUTRACEPK T2
{P4.14/A14}

{P4.12/A12}
P2.1/PWM1.2/RXD1/PIPESTATO
P2.3/PWM1.4/DCDL/PIPESTAT2
P2.5/PWM1.6/DTRUTRACEPKTO
5V

GND

GND

Notel: Many pins have multiple functions, hence the signal names include many options

separated by ‘/’. For details, please refer to LPC23xx data-sheets.
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Note2: Signal names enclosed in curly braces{} are available only in MiniARM-2378. In case
of MinlARM2368, these pins of connectorsIO_A, 10_B, 10_C and 10_D have no connection.

Note3: Pin numbers 26 and 28 of IO_B connector have no connection (NC) in PCB revision
V2.1. Pin numbers 26 and 28 of 1O_B connector bring out 5V in PCB revisions higher than
V2.1
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Jumpers, switches and POT locations:

Figure 2 shows locations of al jumpers, switches and potentiometers on the board:

POT1 (LCD Contrast Adjustment)

|

141. 79088 (mm)

POT2 (Simulate input to ADC)

=

PoTL

L1 JUbil. Spisystems.
z LCoon ]

USECOH,
b [ Tues
2| F e BKLT1 RTCK |
| |: ADO.0
} 1 D+ |
ljj.ml L ‘
D- g
UMODE o - PWRMODE z
Ly @— BKLT2 S
o o eTa:
=4
4 D}f\ \\\ + b g
RST B
arii] =
1 PGM 5
E SDPWR
E L L |
O ﬂl‘lﬂﬂ‘ll‘l’!l‘ll‘lﬂl‘lh‘l § O
- WY \LI R AT IH HiniARM-23x¢ U2.1

RESET push-button

Figure 2: Jumpers, switches and POT locations
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Jumper Descriptions:

Viewpoint Reference: Look at the MinlARmMM23xx board from front side. The LCD connector
should be near the upper edge. Two CAN connectors should be near the right edge. Two RS232
connectors should be near the left edge.
Conventions used:
2 pin jumpers: These can be shorted or open. These 2 conditions are noted as Short or
Open, respectively.
3 pin jumpers: 3 conditions are possible in this case: middle and rightmost pin shorted,
middle and leftmost pin shorted, or open (no pins shorted). These 3 conditions are noted
as Right, L eft or Open, respectively.
“Don’'t care” condition of ajumper isnoted as X.
The jumper setting is clearly described in the table. Row marked with asterisk (*) indicates
factory setting.

Jumper “PWRMODE” (Power Source Selection):

Power to the board can be supplied by one of the 2 sources: The power adaptor or 5VDC
available from PC through USB connector. This 3-pin jumper lets you select one of these 2
sources. Right jumper position selects Adaptor as power source. Left jumper position selects PC
(through USB port) as power source. The jumper setting is clearly described in the table below:

PWRMODE Board will be powered from:
jumper position

* | Right Adaptor
Left USB port (i.e. power from PC)
Open No power

CAUTION: When powering the board from USB, thereis arestriction on current. So user may
not connect additional peripheralslikes LCD, LAN cable etc. so asto stay within current limit.
This may harm your PC! Power consumption of the board varies depending on what peripherals
are connected and what is the operating speed. The table below indicates typical power
consumption under various conditions:

Test Condition Supply current
(milli-amp)

Board without any peripherals connected, operating at 12 MHz. | 100

Board + LCD with backlighting ON, operating at 12 MHz. 130

Board + LCD with backlighting ON, operating at 72 MHz and 210
LAN cable not inserted.

Board + LCD with backlighting ON, operating at 72 MHz and 300
LAN cable inserted.

ALL Port Pins ON + USB Cable + LCD with backlighting ON, | 710
operating at 72 MHz and LAN cable inserted.
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Jumper “PGM”:
PGM jumper | Description
position
* | Right Mode (ISP mode or RUN mode) will be controlled by FlashMagic.
Left I SP mode selected manually. (FlashMagic can not control mode).
Open RUN mode selected manually. (FlashMagic can not control mode).
Jumper “RST”:
RST jumper Description
position
* | Short Allow FlashMagic to automatically reset the board.
Open Do not alow FlashMagic to automatically reset the
board.

Note: In either case, user can aways manually reset the board by momentarily pressing the
RESET push-button.

Jumpers “BKLT1” and “BKLT2" (LCD Backlight Control):

BKLT1 BKLT2 Description

position position

Open Open LCD Backlight dways OFF.

Open Short L CD Backlight controlled by software.
* | Short X L CD Backlight always ON.

Jumper “UMODE” (USB device mode Selection):

Positioning this jumper on right side allows soft-connect of the USB device by P2.9. Positioning
this jumper on left side gives a power-up sequence for the USB detection.
P2.9/U1CONNECT/RXD2/EXTINO is aso available on Pin5 of 10_C connector.

UMODE Description
jumper
position
* | Right USB device Connect is controlled by Soft-connect port pin P2.9.
Left USB device Connect is controlled by hardware.
Open USB device will not work; port pin P2.9 can be used for other purpose.
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Jumpers “D-" and “D+” (D- and D+ USB Lines, respectively):

These Connect the USB Lines P0.30/U1D- and P0.29/U1D+ to the USB connector. P0.30/U1D-
isalso available on Pin2 of 1O_C connector. P0.29/U1D+ isaso availableon Pinl of IO_C
connector. If you wish to use P0.29 and P0.30 as GPIO pins, then you must |eave both these
jumpers open. If you wish to use them as USB pins, then you must short both these jumpers.

D- position | D+ Position | Description

Open Open USB device will not work; port pins P0.30 and P0.29 can be
used as GPIO.
* | Short Short USB device interface will work. Port pins P0.30 and P0.29 can

not be used for any other purpose, even though those are
available on 10_C connector.

Note: Any other combination of these jumpersisinvalid and will cause malfunctioning of USB
interface.

Jumper “ADO0.0” (Connect potentiometer to ADO0.0):

Connects the POT2 potentiometer to Port pin P0.23/AD0.0/12SRX_CLK/CAP3.0 for simulating
analog input (AD0.0). P0.23/AD0.0/I2SRX_CLK/CAP3.0isaso available on Pin4 of 10 _D
connector.

ADO.0 Description
position
Open POT2 will not be connected to ADO.0. External input maybe connected to
ADOQ.0.
* | Short Connects the port pin P0.23 to POT2 for ADC simulation. Y ou may not
connect external input to ADO.0 even though this pinisavailableon 10_D
connector.

Jumper “RTCK” (for JTAG Interface):
When shorted, this jumper connects pull-down resistor to RTCK signal of JTAG interface.

RTCK Description
position

* | Open No pull-down to RTCK.
Short 10K pull-down to RTCK.

Jumper “SDPWR” (SD card Power Selection):

This jumper provides 3 options for SD-Card power: always ON, software controlled or always
OFF.
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SDPWR jumper Board will be powered from:
position
* | Right SD Power is software controlled by port pin PO.21. Note that this pin
isalso available on pin5 of IO_A.
Left SD Power is always ON.
Open No SD power.

Switches Descriptions:

Switch “RESET” (Reset Push Button):

Thisis Reset push button switch is used to give hardware reset pulse to RST pin of micro-
controller.

POT Descriptions:

“POT1” (LCD Contrast Adjustment):
This potentiometer is used to adjust the contrast of 16x2 LCD module.

“POT2” (Simulate ADC input):

This potentiometer is used to for analog input simulation of ADC channel AD0.0i.e. pin
P0.23/ADO0.0/I2SRX_CLK/CAP3.0. This pinis aso available on Pin4 of 10_D connector.
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LED locations:
Figure 3 shows locations of all LEDs on the board:

141, 79088 C(mm)- - —
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SD (SD-Card Power Indication)  PWR (Board Power Indication)
Figure 3. LED locations
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L EDs Description:

PWR:
PWR isared LED that indicates power ON.

P1..P8:

P1 to P8 are yellow LEDs that indicate status of port pins P2.0 to P2.7, respectively. If port pin
output is HIGH, the corresponding LED will glow. These LEDs can be used for testing purpose.
Note that the port pins P2.0 to P2.7 are also available on 10_D connector. Please refer to
connector details for pin numbers.

SD:
SD isablue LED that indicates power to SD-card.

UGL1:
UGL1isablue LED that indicates good USB link.

USC1:
USClisared LED that indicates a USB soft connect from P0.14 or by hardware.

100MBPS:

100MBPSisared LED that indicates a 100Mbit Speed Ethernet LAN connection. If it is OFF,
that indicates a 10Mbit Speed Ethernet LAN connection.

ACT:

ACT isayellow LED that indicates LAN traffic. |.e. when Ethernet packets are sent or received,
this LED will blink. This LED maybe present in the RUMODES connector itself or on the PCB,
as shown in Figure3.

LINK:

LINK isagreen LED that indicates good LAN link. I.e. it will normally glow when LAN cable
is plugged in the connector. This LED maybe present in the RUMODES connector itself or on
the PCB, as shown in Figure3.
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5. Running user programson MiniARM

The LPC23xx micro-controllers include on-chip flash for storing user program and non-volatile
data. The LPC2368 / LPC2378 on MiniARM-2368 / MiniARM-2378 have 512K Bytes flash.
Thisflash is In-System-Programmable (ISP). The LPC23xx micro-controllers have a built-in
boot-load program. Upon power-on, this boot-load program takes control; it passes control to the
user program if pin P2.10 is HIGH and some other conditions are satisfied. Please refer to the
LPC23xx data-sheet for further details.

On the MiniARM board, the P2.10 pin is made available on ajumper marked PGM, just above
the jumper SD-PWR (please refer to Figure?).

To program the flash:

There are 2 ways to put the LPC23xx in ISP mode:

Y ou may do it manually, by placing ajumper. Alternatively, you may set the jumpersin such a
way that the I SP software running on PC will automatically put the LPC2378 in ISP or RUN
mode. Please refer to setting of related jumpers for more details. Then run Flash Magic (Version
3.71.245 or above). The CD you received with MiniARM board contains evaluation version of
SCARM C Compiler for ARM. When you install it, you will see the folder SCARM\UTMilities.
Thisfolder contains FlashMagic3.71.zip.

NOTE: Flash Magic is not an SPJ product. It has been downloaded from FlashMagic
web site.

To install the ISP software, you may extract the appropriate zip file and then run
SETUP.EXE from the extracted files.

Program the MiniARM-23xx board and run program:

1) Start Flash Magic (using Start — Programs — Flash Magic) and configure the COM Port
interface asillustrated.
From the device list, select appropriate device (LPC2378 or LPC2368).
Enter crystal frequency correctly (12.0 MHz).
Select COM port.
Select Baud Rate. Usually it works fine at 115200 baudrate. If you face problems at this
baudrate, you may try alower baudrate.
These setting are shown below.
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i« Flash Magic
File ISF Options Tools Help

GHQARGVvRS> v H OB

Step 1 - Communications

COM Part: |COM 1 | [E ~
Baud Rate: | 115200 =] e Ml
Device: [LPC2378 ENE
Interface: (Mone [15P] - - R e -
1 =l ™ Erase all Flash+Cods Rd Prot

Dzcillator Freq. [MHz): 11 2000000 v Eraze blocks used by Hex File

Hex File: ]E:HS CARMAE wampleshhinid B b W intd B -2 2w Hello0hHello. hew Browsze. .
Modified: Tuesday, September 11, 2007, 5:10:38 P4 more info

Step 4 - Optiohs

Step 5 - Start!

[ “erify after programming | Set Code Read Prat Start |
[ Fill unuzed Flazh
[T Genblock cf
[ Eu

Get 1AP Flazh zource code for MxP microcontrollers with Flazh memaorny:

w ezacadeny. comdfag/progzflash B

2) You may have to check or un-check the High Speed Communications option,
depending on your jumper setting. If jumper PGM isRIGHT and RST is SHORT, then
you must check this option; otherwise you must un-check it. To check or un-check this
option, select Options/Advanced Options from menu and then select the
Communications tab, as shown below.

Advanced Options [5__<]

Communications l Hardware Eu:unfigl Seu:uritﬂ Just In Time I:u:u:le1 Timeu:uuts1 Misc 1

v High 5peed Communications

b amirmum Baud B ate: | 230400 -

Cancel QK
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3) You may have to check or un-check the Use DTR and RTSto control RST and P0.14
option, depending on your jumper setting. If jumper PGM isRIGHT and RST is SHORT,
then you must check this option; otherwise you must un-check it. To check or un-check
this option, select Options/Advanced Options from menu and then select the Har dware
Config tab, as shown below.

Advanced Options g]

Communications Hardware Config l Seu:urit_l,l] Just In Time I:cu:le] Timeu:uuts] hizc 1

v UzeDTR and BTS to control BST and PO.14
[ EeepRTS aszerted while COM Port open

T1: 150 me T2 (100 ms

[~ Aszzert DTR and BTS while COM Port open

Cancel k.

4) To verify the correct connection, you may select | SP/Read Device Signature... from the
menu. When you do this, awindow like this should pop-up. Simply click on Close button
to closeit.

Dewice Signature [§|

Device ID: 0= 117702437

Bootloader Wer: 31

Cloge |

5) Click onthe"Browse..." button. Select appropriate HEX file. You may use one of the
example programs included in the SCARM software. MiniARM-23xx examples can be
found under the folder SCARM\Examples\MiniARM\MiniARM-23xXx.

6) Click on"Start" button.

7) Erasing and/or Programming progress will be displayed. When done, depending on your
jumper setting, the board may automatically reset and goto RUN mode, or you may have
to do it manualy. If jumper PGM is RIGHT and RST is SHORT, then board will reset
and goto RUN mode automatically. Otherwise, you may have to open both — PGM and
RST — jumpers and press the RST push-button.
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CAUTION: Pin P2.10 is also available in the connector |O_B. If you have connected an external
device to this connector, ensure that P2.10 is not pulled low during reset. If it is pulled low
during reset, the L PC23xx may enter |SP mode and may not run user program.

Description of example programs:

As mentioned above, the SCARM software includes a set of examples programs for MinlARM-
23xx. All these example programs are written in C and their pre-compiled HEX filesalso exist in
each example' s folder. However, some of these example programs are fairly complex and the
evaluation version of SCARM C Compiler (which isincluded with the board) may not allow you
to compile such big programs. Y ou may need the full commercial version of SCARM to be able
to change and re-compile such big programs. However, many small example programs can be
compiled using evaluation version of SCARM. Y ou may try to modify some such example
programs and experiment with the MiniARM-23xx board. This section provides a brief
description of these example programs. Before that, it describes an important software tool —
SPJTermina - that is part of SCARM.

SPJTerminal: Terminal Emulation utility:

When you run the SCARM main program (SIDE_ARM), you will seea“Tools” menu. Under
this menu, thereis an option “ SPJTerminal”. When you click on this option, the SPJTerminal
program opens. It isasimple terminal emulation program. Select Port/Settings from it’s menu to
set the COM port setting appropriately (19200 baud, 8 data bits, 1 stop bit, echo OFF, no parity).
Then select Port/Open from menu to open the COM port. Now any characters received by the
computer over the selected COM port will be displayed in the main window of SPJTerminal
program. Also, any characters you type will be transmitted by the PC over the same COM port.
NOTE: The ISP flash utility and SPJTerminal program — both use COM port of PC. However,
Windows does not allow more than one programs to use the same COM port at the same time.
As aresult, these 2 programs can’t run simultaneously. Y ou must close port of SPJTerminal
before you start ISP utility.

Hello:

Transmit "Hello" to UARTO and then echo characters. Before running this program, connect the
MiniARM board to PC COM port and have SPJTerminal running with appropriate setting
(19200 baud, 8 Data Bits, 1 Stop Bits, Echo Off, Parity None). When you switch on power to the
board, you should see "Hello" appearing in the main SPJTerminal window. Then if you type any
key, you should see the same character appearing in SPJTerminal window (because the board
echoesit).

Hellol:

Thisis same as Hello, except that it uses UART1 (instead of UARTO). Hence, to test this
program, you will need to Connect UART1 of board to COM port of PC.
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HelloLCD:

Thissimilar to Hello, but it additionally displays the “Hello” string on LCD and also echoes
charactersto LCD.

SquareWave:
Produces a squarewave at P0.24 (i.e. pin 1 of connector I0_A).

FastSquareWave:

Produces a squarewave at P0.24 (i.e. pin 1 of connector IO_A). Thisis much faster squarewave
because it uses PLL multiplier and MAM.

LEDRINg:
Turnson the P1...P8 LEDs (connected to P2.0...P2.7 pins), one after the other cyclically.

Clock:

Uses on-chip RTC (battery powered) and displays date/time on LCD aswell on UARTO serial
port (i.e. can be seen in SPJTermina window, if board is connected to PC). However, at power-
on, it waits maximum 5 seconds to check reception of any character from serial port. If a
character isreceived within 5 secondsand if it is'S, then it will allow user to set the clock (via
serial port). If no character received within 5 seconds or of some other character isreceived, it
simply starts displaying the time (updates every second). Battery backed-up RAM (2 KB)
Test: Also this example verifies the Battery backed-up RAM. It checks the signature string in
first locations of Battery backed-up RAM. If it finds ok it will show message "Bat RAM is Ok..."
on serial window, otherwise it will write the signature string into RAM locations and shows
message "Bat RAM isnot Ok... " on serial window.

USB:

USB Test demonstrates the Mass Storage Example. User can see "README.txt" file on PC
having contents: “Thisisa USB Memory Device demonstration for the MINIARM 23X X Board
with Philips LPC23XX." User can copy thisfileto local hard-disk of PC. Also user can
delete/modify thisfile. However, such modifications are saved in RAM. |.e. after switching OFF
and ON, it will once again show the origina README.txt file.

ADC:

Analog input smulation is facilitated for AD0.0 channel with on-board potentiometer (POT?2).
This program displays ADC reading on LCD aswell on UARTO seria port (i.e. can be seenin
SPJTermina window, if board is connected to PC). It smply starts displaying the ADC reading
(updates every second). User may turn POT2 to change analog input voltage connected to
ADO.0; accordingly updated reading is displayed on LCD. ADC reading is the range (0x000 to
Ox3FF).
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DAC:

This example program generates a ramp wave on DAC port pin P0.26, which is available on
Pin3 of 1O_D connector.

CAN:

This example program attempts to test communication between CAN1 and CAN2 ports, by
sending messages from both ports and checking their reception on the other port. Result of the
test isindicated by LEDs P1 and P2. P1 indicates that message sent by CANZ2 isreceived by
CAN1. P2 indicates that message sent by CAN1 isreceived by CANZ2. Please note, this program
will work correctly only if astraight cable is connected between CAN1 and CAN2 connectors.
Note that such a cableis not supplied with the board.

EMAC:

This example tests the TX and RX of Ethernet port. Note that the board does not include or
provide a unique MAC address. Y ou may need to obtain or purchase it separately. Since thisis
only atest program, it hard-codes 0x010203040506 as it’s own MAC address. When this
program isrun, it will wait until it receives an Ethernet packet with destination address matching
with it’'s own MAC address. When such a packet is received, it smply sends it back to the
source.

MCl:

This example program tests SD-Card. It checks for presence of SD-Card and then writes data
into SD card and read it back. After reading, the data is compared with what was written, and
result (matching or not) is displayed on serial window.
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6. Optional Accessoriesof MiniARM

This chapter describes optional accessories of the MiniARM evaluation board:

LCD module:

The MiniARM board has been specially engineered for easy LCD connection. 16 char X 2 rows,
text LCD module can be mounted directly on the MiniARM board. The board also provides
appropriate mounting holes, so the LCD can be fixed to the MiniARM board with ssmple screw
arrangement. Due to the direct connection, no cableis required.

SGL-ARM board:

This board provides Graphics LCD interface to the MiniARM boards. This board can be
mounted right on top of the MiniARM board. It provides 2 different types of connectors — these
are directly matching with some of the popular Graphics LCD module. Supported resolutions are
128 X 64, 240 X 64, 240 X 128, 320 X 240 and so on. Note that graphics LCDs with T6963 and
SEDxxx controllers are supported. Further, it also provides 2 PS/2 ports. Y ou may connect a
PS/2 keyboard and a PS/2 mouse to these. Optionally, touch-screen interface is also offered
with a4-pin connector (for 4 wire touch screen). The SL-ARM-GL, SL-ARMPS, SL-ARM-TS
libraries (fully compatible with SCARM C Compiler) provide interface functions for graphics
LCD, PS/2 keyboard, PS/2 mouse and Touch-screen. Thus you can develop GUI applications
using MiniARM board, SGL-ARM add-on board, SL-ARM-XX libraries and SCARM C

Compiler.
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7. MiniARM Applications

The MiniARM evaluation board is designed to be used in many different configurations. Some
of them are described here:

1

2.

As atest platform for your ARM applications. Using the default configuration, you can
download your program (HEX file) into the on-chip flash memory of the nC and run it.
Since the board provides standard 20-pin JTAG pins on a connector, debugging is easily
possible with the help of debugger software (on PC). JTAG cable maybe needed for such
debugging.

The sample programs provided with the MiniARM evaluation board include programsto
interface with LCD, USB, CAN, and Ethernet etc. Thus, you can connect the required
peripherals externally and have your application ready in a short time.

. Asan experimenting platform for self-learning or for training. Students may find it especially

useful for implementing their projects.

© SPJETPL All Rights Reserved. (http://www.spjsystems.com/) Page 32 of 33




SPJ) Embedded Technologies Pvt. Ltd.

101, Beaver Grandeur, Baner Road, Pune — 411045,
Phone: (020} 27293002, Fax: (020) 27293003
hittpe/ Ansncspisystems com



