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OVERVIEW

ARM LPC2138 Mini Development Board is a miniature and powerful hardware platform to evaluate
LPC2138 Flash memory microcontroller. The eCee ARM LPC2138 Board contains all hardware components
that are required in a single-chip LPC2138 controller system plus 1 COM port for serial RS232 interface.

I rhudoLZOSBZ"‘



L P( : USERS GUIDE )

2138

1.1. KEY FEATURES OF PIC16F877A DEVELOPMENT BOARD-MINI

©COoNoU,~WNE

29.
30.
31.

32.

Compact design and user friendly

LPC 2138 is integrated onto the board

No separate Programmer required (Built in Bootloader)

On-board 12 MHz crystal for controller

Multiple power input options (USB, RMC Connector, DC barrel jack) with jumper selection
Reverse supply voltage polarity protection

On-board 5V and 3.3V regulators

3.3 and 5V output available on berg strip

Power indication LED(Red)

. Servo, LCD & Zigbee can be easily interfaced through on-board connectors

. Zighee communication through UARTO

. Provision for Zigbee connectors on either side of the board

. Potentiometer for LCD contrast control

. On-board buzzer

. 4 on-board switches including a reset switch & 3 others connected to port pins via jumpers
. 3 on-board SMD LED s connected to port pins via jumpers

. Potentiometer connected to ADC

. Temperature sensor (MCP 9700)

. On Board ICD Connector for Debugging

. All port pins are accessible through both male & female berg strips

. UARTO communication possible through Zigbee, DB9 connector and on-board connector
. UARTO on can be used in 3.3V and 5V levels(with jumper selection)

. UART1 communication possible through berg strip connector

. Breadboard can be attached to the board

. 32.768 kHz crystal for internal RTC

. Battery holder for external battery used to power RTC

. Multiple programming options — USB, Serial port

. Programmer switch to select 2 programming modes :

* Auto - noreset, no ISP jumper

* Manual - Press reset switch, use ISP jumper
ISP jumper should be removed for code execution
For UARTO communication, programmer switch should be in manual mode
Professional EMI/RFI Complaint PCB Layout Design for Noise Reduction

High quality two layer PTH PCB
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1.2. CONTROLLER SPECIFICATION

10.
11.
12.

13.
14.
15.
16.
17.

18.
19.

20.

Fast GPIO ports enable port pin toggling up to 3.5 times faster than the original LPC213x. They also
allow for a port pin to be read at any time regardless of its function.

Dedicated result registers for ADC(s) reduce interrupt overhead.

UARTO/1 include fractional baud rate generator, auto-bauding capabilities and handshake flow-control
fully implemented in hardware.

Additional BOD control enables further reduction of power consumption.

16/32-bit ARM7TDMI-S microcontroller in a tiny LQFP64 or HVQFN64 package.

8/16/32 kB of on-chip static RAM and 32/64/128/256/512 kB of on-chip flash program memory. 128-bit
wide interface/accelerator enables high-speed 60 MHz operation.

In-System Programming/In-Application Programming (ISP/IAP) via on-chip bootloader software. Single
flash sector or full chip erase in 400 ms and programming of 256 B in 1 ms.

Embedded ICE RT and Embedded Trace interfaces offer real-time debugging with the on-chip
RealMonitor software and high-speed tracing of instruction execution

One (LPC2131/32) or two (LPC2134/36/38) 8-channel 10-bitADCs provide a total of up to 16 analog
inputs, with conversion times as low as 2.44us per channel.

Single 10-bit DAC provides variable analog output (LPC2132/34/36/38).

Low power Real-time clock with independent power and dedicated 32 kHz clock input.

Multiple serial interfaces including two UARTSs (16C550), two Fast 12C-bus (400 kbit/s), SPI and SSP
with buffering and variable data length capabilities.

Vectored interrupt controller with configurable priorities and vector addresses.

Up to forty-seven 5 V tolerant general purpose I/O pins in tiny LQFP64 or HYQFN package.

Up to nine edge or level sensitive external interrupt pins available.

60 MHz maximum CPU clock available from programmable on-chip PLL with settling time of 100
On-chip integrated oscillator operates with external crystal in range of 1 MHz to 30 MHz and with
external oscillator up to 50 MHz.

Power saving modes include Idle and Power-down.

Individual enable/disable of peripheral functions as well as peripheral clock scaling down for additional
power optimization.

Processor wake-up from Power-down mode via external interrupt or BOD.
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PACKAGE CONTENTS

*  Fully Assembled and Tested eCee ARM LPC2138 Mini Development Board

» Software CDROM with
*  Schematic
* Programming Software
* Sample Hex Code
* Example Codes

5
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HARDWARE INTRODUCTION

2.1. BLOCK DIAGRAM
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2.2. INTERFACE OVERVIEW

J7,J9 (USART)

SW5 (PROGRAMMER)

J15 (1SP)
LED (POWER)

EERRERERRERY oo vl J8 (JTAG)

&~ T -

_______ T SW4 (RESET)

SWITCH

Top view of the Development board -Mini

J11, J12 (TEMP, ADC)

J4,J5, J6 (SW)
J13 (VUSB) SE J1,J2,J3 (LED)
¥ i +-. 2
J14 (USB LINK) o s J10 (BUZZER)
¥ i ) B K14 (UARTO)
1 c. e« K13 (SERVO)
£ L]
2 ' e ¢ J16 (UARTO-3V3/5V)

LCD K12 (UART1)

Bottom view of the Development board -Mini
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2.3. PERIPHERAL DESCRIPTION

ISP(J15) ISP Connector,To program the IC
K6,K7 PORT pins on male berg strip
K1 USB Socket
K2 To select power source as USB/DC
K3 2 pin male RMC connector for power
K4 DC barrel jack
K5 UART Interface via Female DB9 Connector
K14 RMC connector for 3V3/5V UARTO
K13 Servo connector pin
K8-K9-K10-K11 PORT pins on female berg strip
LED1-LED3 Light Emitting Diodes
PWR Power indication LED
SW1-SW3 Pull-Up Switches
RESET(SW4) Reset Button
PROGRAMMER(SWS5) To select Auto/ Manual mode of programming
LCD CONT (P1) LCD Contrast control Pot
ADC (P2) Potentiometer used as ADC input
Ul ARM LPC 2148
u2 LM7805(5V regulator IC)
U3 LD1117 (3V3 regulator IC)
U4 CP2102(USB interface)
us MAX232(Level converter)
U6 Temperature Sensor (MCP9700)
u7 Zigbee module connectors
IDC1 JTAG connector
BUZ1 Buzzer
LCD1 LCD
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2.4. JUMPER SET DESCRIPTION

Power Supply 1-2 Select USB power

K2 Options 2-3 Select external DC power

J16 UARTO Shortto access  Select 3.3/5 V level for UART communication via
RMC connector

J12 Potentiometer Short access Enables ADC connection via POT

J11 Temperature Sensor | Short access Enables temp sensor connection

J1, 32,33 LED Short access Enables LED connection

J4,35,J6 Pull-Up Key Short access Enables Pull-Up Key connection

J10 Buzzer Short access Enables buzzer connection

J8 JTAG Short access Establish J connection

1-2 RS232 Connection
37,39 USART 2-3 USB Connection
9
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2.5. POWER SUPPLY

ARM LPC2138 Mini Development Board has 3 provisions for giving power supply input

* USB connector

* DC Barrel Jack

e 2 Pin Male RMC Connector
The input source can be selected as DC/USB using the jumper. If DC source is selected, then either DC Barrel
Jack or RMC connector can be used and the supply voltage should be in the range of 7-12 V. Diode D4 is used
for supply voltage reverse polarity protection. Voltage regulator ICs LM7805 & 1117 regulate the input to 5V and
3.3V respectively. Output pins, are provided on the board with 5V and 3.3V out, which will be very helpful while

testing circuits on bread board as well as to power up other external modules. When the board is powered, the
power LED(red LED on the board) glows.

The external Power Supply circuit is given below:

USB

POWER SUPPLY Use proper jumper (K2) Selection According to the power supply
F4
VUSB 45 =
Kl K2 O
== § Fl osa =
vee | A\ (=
@ D f—————  JRD BR__D- 2 7
0l b —3 2
=] NC |4 R13 B3R D+ i =
GND [ R37 BR | b I47uf’16\f z
z
—_ e [=]
2 = £

R3R 2R pyog

i

u2
LM7805 U3 1117 3V3 W3
$—— Vin Vour 1= ' I——-‘ in Voust-=—9
79V DC
K4 i 13 £
| N g4 = c17

Tzzom:'zsv 0.1uf

I
L0

+| 2

(5]

EWrE

Ri4
2K2

Cl4
C15 = Cle =13

==
4Tup16Y 0.1uf 47ur DS
WPWR
"

220ul25V

7-9V DC

I_

2.6. CLOCK SOURCE

LPC2138 Mini Development Board uses

e 32.768 KHz crystal as the RTC clock source
e 12 MHz crystal as the MCU clock source

10
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2.9. JTAG CONNECTION

The Joint Test Action Group (JTAG), is an integrated method for testing interconnects on printed circuit
boards (PCBs) that are implemented at the integrated circuit (IC) level.

The microcontroller can also be programmed and be used to test the operation of the microcontroller
with the JTAG programmer. In order to enable the JTAG programmer to be used, it is necessary to place jumper
J8 in the position

o
b

11 i2
I3 14
15 16

OG0 00 Ehl
B

T

||I1I

13
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2.10. LED INTERFACE

LED’s are semiconductor diodes, electronic devices that permit current to flow in only one direction. The
diode is formed by bringing two slightly different materials together to form a PN junction. In a PN junction, the P
side contains excess positive charge ("holes") while the N side contains excess negative charge (“electrons”).
When a forward voltage is applied to the semi conducting element forming the PN junction, electrons move from
N area toward P area and holes move from P area toward N area. Near the junction, the electrons and holes
combine. As this occurs, energy is released in the form of light that is emitted by the LED. The material used in
the semi conducting element of an LED determines its color. LED’s are the simplest devices to test port
functioning.

LPC 2138 mini development board has 3 SMD LED s connected to port pins P0.17, P0.18 & P0.19 via
jumpers J1 , J2 & J3. If any jumper is left open, then the corresponding port pin can be used independently. The
LEDs turn ON when the port pins are at logic high state and they get turned OFF when the port pins are at logic
low state. Each LED is interfaced via a current limiting resistor.

£V
3 R B3
1K 1K 1K
Lt} L}
= |18 |8
B ] Dz D3
e u
¥Y.YY.
_J_" LED3 PO.19
[RIRE:

I
'-Em"fs

QE PO1T
D1

Remove J1,]2 &J3,while P0.19,P0.18 &P0.17 are used for other purpose

Note: Remove J1,J2 & J3 when P0.19,P0.18 & P0.17 are used for other purpose.
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2.11. LCD INTERFACE

The display is a standard 16x2 LCD which displays 2 lines of 16 characters. Each character is
40 pixels, making it 1280 pixels overall. The display receives ASCIl codes for each character at the
data inputs (DO-D7). The data is presented to the display inputs by the MCU, and latched in by
triggering the E (Enable) input. The RW (Read/Write) line can be tied low (write mode), as the LCD is receiving
data only. The RS (Register Select) input allows commands to be sent to the display. RS selects
command/data mode. The display itself contains a microcontroller; the standard chip in this type of
display is the Hitachi HD44780. It must be initialized according to the data and display options required.
The module can be used 4-bit or 8-bit mode. The development board uses 4-bit interface. Data pins are P1.20-
P1.23 and control pins are P1.17(RS),P1.18(R/W) and P1.19(E). LCD contrast can be adjusted by using the

potentiometer.

x5 e
1 LED-
- 4}{?] i = : LU}
GND 0N

P1.I7 £

PLI% -5l

P1.19 i

—I

—

— ] m

T

P1.20 3

P1.71 =4l =

Pl.32 1| pe

- P1.23 L
T . B e
l'.'SL J_ﬂ’ 8

—— .
ui 0, Tuf T
GND nﬁn r.ﬁl::
15
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2.12. PULL-UP KEY INTERFACING

The simplest input to a microcontroller is a switch or push button. This can operate with just one
additional support component, a pull-up resistor. The board has 3 externally pulled up switches (SW1,SW2 &
SW3) connected to port pins P0.14, P0.15 & PO0.16 via jumpers J4, J5 & J6 respectively. On shorting these
jumpers, the switches can be used as general matrix keypad and if left open, then the port pins can be used for
other purposes.

When a switch is open, then the corresponding port pin gets pulled up to 5V by the pull-up resistor &

£

PO.LS
- R10 J6
Iy T o
SWITCH IR SW3
GND

Remove J4,15 &J6,while P(.14,P0.15 &P0.16 are used for other purpose

Note : Remove J4,35,J6 when P0.14, P0.15 & P0.16 are used for other purpose.

16
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2.13. BUZZER INTERFACING

Buzzer is a simple I/O device. Normally we use piezo electric element as buzzer. Buzzer is driven using
a simple NPN transistor with biasing. The transistor's base is connected to P0.21 of the microcontroller via
jumper J10. If the port pin is configured as output pin and logic high, the transistor will be triggered on which
in turn switch on the Buzzer. If logic low is provided, the buzzer will be turned off.

BUZER

1

P01 "

BUZR

GND GND

Remove jumper J10, when P0.21 is used for other purpose

Note : Remove J10 when P0.21 is used for other purpose
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2.14. UNIVERSAL ASYNCHRONOUS RECEIVER TRANSMITTER

LPC2138 has two UART modules namely UARTO and UARTL1. It has only asynchronous(no clock

connection) mode of operation. For UARTO, transmission & reception pins are respectively P0.0 & P0.1. UART1
communicates through P0.8(TXD1) and P0.9(RXD1).

In the mini development board, UARTO can communicate through

1.

2.
3.
4

UARTO

Serial port via MAX232
USB port via CP2102

RMC connector (GND,TXDO0,RXDO0, Vout) in 3.3V/5V levels
Zigbee connectors on either side of the board

UARTO communication via USB/Serial port is selected using jumpers J7 and J9. Through RMC

connector, UARTO can be used in two voltage levels of 3V3/5V which can be selected by jumper J16.

Note: While using UARTO for communication, PROGRAMMER switch should be in manual mode

RS232 Interface via DB9 connector

The RS232 interfacing is done by using the serial driver IC MAX 232 and a DB9 connector.

The MAX232 is an IC that converts signal from RS232 serial port to signal suitable for use in TTL
compatible digital logic circuit. The MAX 232 is a dual driver/ receiver and typically converts RX, TX,
CTS and RTS

RE8232 INTERFACE s

Pl

2 RESET

Use proper jumper J7&J9, while using RS232 & USB.
Remove 17&J9, while using Zigbee or UART with level converter.

Remove 17819, while P00 & PO.1 are used for other purpose.

Use Proper Switch (SW3) Selection while programming
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* USB Interface using CP2102

CP2102 is a highly-integrated USB-to-UART Bridge Controller providing a simple solution for updating RS-
232 designs to USB using a minimum of components and PCB space. CP2102 includes a USB 2.0 full-speed
function controller, USB transceiver, oscillator, EEPROM, and asynchronous serial data bus (UART) with full
modem control signals in a compact 5 x 5 mm MLP-28 package. No other external USB components are
required.

Bz —— mST USB INTERFACE
| S
1K
L
a S 3 A 115
10K
o, 5 <SR- = i =] a
(24 (i 38 ey = 2 E Z XD 26 CP-TXD
4. Fuf LR B = % ¢
i : PRXD ==
GND 32 e 2 PR =
= 4 7 Z 24
vusE  oRD REGIN RTS
£ vuss crs wa
! £ D+ L3l " oo L
g o] z i
B Thie b iln o [T LSHLINK.
[ &
D6
| ay = = Cpae {.LSBLINK
GNp
L 33
0K 3308,
PO

30 &l
& Tuf

.||H

Use proper jumper (17&19) selection, while using USB

il
2

Use Proper Switch (SW5) Selection while programming

e 3V3/5V UARTO via RMC connector

Through RMC connector, UARTO can communicate in two voltage levels of 3.3 & 5 V. This makes it
possible to interface both 3.3 & 5 V TTL modules. The voltage level is selected using jumper J16.

UARTO 3V3/5V
V3 Vint +5 w3
116 JUMPER3
Rax 49 E=)
10K o4 10K Ki4
— Vint
ro.1 ol -
BSS138 =
V3 Vint i
UARTO 3V3/5V
RS0 1
10K] Qs 10K
PO :,]':’FLﬁ =
BSS13 GND

Remove jumper J7&J9,while using UART with level converter.
Use proper jumper (J16) Selection According to the interfacing Voltage required.
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* Zigbee Module Interface

XBEE

v
i .
[ juf
L7
rn RAs 1K

S oon oo = i .
—s-{ ool BoUr =

= iy DN | 5L

Ll IR DG fee— ]
B TE ; a7 1K
— o m1s REsET =

T s i
— HES Do 5

e O RES I
——:';— ':r'! fnily -'-I-II—~
—L ] e ]

ZIGBEE MODLLE

o

Note: Remove jumpers J7&J9, while using Zigbee

UART1

UART1 of LPC 2138 communicates through connector K12 on the board that has 3 pins namely
GND,TXD1 & RXD1.

* TXD1 - Transmission pin of UART1 (P0.8)
* RXDL1 - Reception pin of UART1 (P0.9)
* GND - Common ground

UARTI1
K12
3 RXDI
TXD!
2
I
UARTI

GND

20
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USING REALTERM IN PC

Real term is a testing, analyzing and simulation tool for serial communication protocols. It allows us to
monitor communication between two serial devices or to test the serial communication of a single devices.
Realterm can be download by (download)

Steps for creating RealTerm in PC

The serial data transmitted through USART can be viewed on a PC using a Windows tool for Serial Port
Communication called Realterm.

Step 1: All programI::>ReaITerm |:|'>realterm

@ Set Program Access and Defaults
w2 wWindows Catalog
& windows Update

[T Accessories 3
Internet
tMozilla Firefox @ Avira 4
@ E-mail i@ crum o
Qutlook Express @ Foxit Reader 5.1 3
—
[ﬁ Calculator @ Games E
[ HI-TECH Software »
'&» BYR Studio 4 i) Micrachip »
&5 OpenOffice 4.1.1 >
f.q Keil u¥isiond
- s | 2z
Startks 3 It COM1 57K
Shortcut to arduir @ Bl h pEE
) winRaR v |} Bm realterm COM1 115K

é Internet Explorer | i realterm register server
Keil utisiond

d Foxit Reader 5.1 @ mozila Firsfox

@ Ciutlook Express

@ HyperTerminal ¢ Remote Assistance

(&) Windows Media Player
AL paint
w £ 3 Windows Messenger
ﬁ windows Movie Maker
Shorkout ko LPCZ2 100
I Atmel AvR Todls r
gm0
o PLAE IDE Keil uiision3
E
@ Philips Serniconductors >

allPrograms B | Digi ’

21
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Step 2: Display Tab- Here the output text format selected is ANSI and Half Duplex mode is
enabled to view the data sent by the user.

~_ RealTerm: Serial Capture Program 1.99.0.34

| %
1F'0rt 1 Capture1 Finz 1 Send ] Echo F'orti 12C ] Mizc 1 \n| Clear| Freeze

“Display As [ {lv Half Duplex [ Binary Svnc Chars S_tlatus

= o] Connected
- : T e ABCD -

T8 Bnei 2| [ InvettData 1 =l |« change] " IRND [2)
" Hes + Asci Sl | | =oR I THD (3)
7 uintd D ata Frames | j AND _|ETS5 (3
(f: ;TS Bytes 2 :{:' Sunc i ; _|DED (1)

ex :
7 intE [~ Single _ Gulp | & Mone  ASCH  Mumber jgiz [[QB]]
" uint1B
" s Font _ g _|BREAK
el P e Termninal Eant | I‘IE 'v] _|Emor |
Char Count: 0000000 CPS:0 [Mo UART Overun Mo Buffer Overflow | Mo Other Errars [Park: 15760 .1'

Step 3: Port Tab-To test the connection - make sure the Open button is
pressed, Select required baud rate and the “Port” dropdown here, select the number of
your COM port and then press the Change button.

~_ RealTerm: Serial Capture Program 1.99.0.34

4 | >
Display i Capture] Fins l Send ] Echo F'ort] 12C ] Misc ] _\_Q] C|Eﬂ!i Freeze
- : = e | [ Status ]
Baud |9600 -} @ ﬂ [Qpen Sp_lg] |I _ | Connected
—— _l R [2]
Parity Drata Bits | [ Stop Bits 1 1 Software Flow Contral 1 | THD (3]
@ Mone || & Bhitz | | & 1bi " 2 bits [ Receive Xon Char:}ﬂ’ | CTS (8]
£ Odd {™ Z bit e ==
s Its | ~Hardware Flow Control— 1 [[™ Transmit 3off Char: ]13— _|DCO 1)
 Mark " Bhits | | & Mone  RTS/ACTS | _ |DSR (5]
£ Gpace || ¢ Ghitz || T DTR/DSH™ RS485R) | Ring (9]
' _|BRE&K.
| Error [
Char Count:0000000  |CP5:0 Mo UART Overrun Mo Buffer Dverflow Mo Other Errors . |Fort: 1 5760

- rhudoLZ)&BZ”



USERS GUIDE

LPC

2138

Step 4: Send Tab- Insert the desired data to be transmitted and press "Send ASCII" button.

= RealTerm: Serial Capture Program 1.99.0.34

e

< | 2

Displa_l,l1 Part ] Capture] Pins i Echa F'ort] 12C ] Mizc ] m ClEﬂfi Freeze

e “EOL | Status 1
rhpdolabz. com L] Send HUmhe[sl '|"': +CR __| Connected|

| ——— il I _|R=ED (2]

| | 5erd Ngmbers‘ Send A5CH H: R | T

i :
= - _|CTS 18]

- _D] .E] Repeats (1 % I Lieral [ Stiip Spaces '_‘ Horc |DCD ]
‘Dlump File to Port: e 2 _|DSR 6]
|c:\temp’xcapture.txt Lj .| SendFie | ¥ Stop ] = J Ring (9]

Errar Mat In-Progress o —:— | __|BREAK
Hepeatz 11 __v_] |D =i | Enrer |
Char Count:0000000  |[CP5:0 Ho UART Overurn  MWo Buffer Overflow Mo Other Ermors (\Port: 15760 2

Step 5 : The output after data transmission to the controller is shown in the following diagram.
The text sent by user and controller is highlighted by callouts in the figure.

“_ RealTerm: Serial Capture Program 1.99.0.34

m rhydo labz .com

Sent by controller

w
| < 3
Display | Port | Capture| Pins ~ Send | EchoPart| 12 | Misc | in| Clear] Freeze|
Stabus
[ihydolabz com | Send ﬂumbﬂ _ ; | Connected
Pl = i |BXD 2]
| o~ | Send Ngmb&m‘ Send ASCH H__ :ﬁf | TXD (3)
[ ¢ = WCTss)
iJ _c Repeats ]1 > ™ Litersl T Ship Spaces ™ +erc W DCo (1)
D_ump File to Port F iﬂ DSR [ﬁ’
|c:'\terfq:\|:apture.lxt | J Send File [ X Stop | 0—“.‘:'1 | Ring [3]
Error Mot In-Progress : £ | BREAK
Repeats [1 2] [0 2] | Envor
Char Count: 28 CP5:0 Mo UART Overun | Mo Buffer Owverflow (Mo Dther Erors Port: 1 9600 E
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Step 6: To check reception, go to Send option, type the string in the space provided(encircled in
green) and click Send ASCII button. The first "hello" in green colour is transmitted from PC
& that in yellow colour is retransmitted by the controller

"2 RealTerm; Serial Capture Program 1.99.0.34

Sent from controller

bt 11

< I | »
Displa_l.Jl Port l Eapturel Finz chD F'th] 12C ] Mizc ] _‘\E] C|Eﬂ!i Freeze
s — e = ="Statu8' .
{Ihelln } Lj Send Humbﬁq : _ | Disconmect
T alF _|R¥D 2]
I v| Send Ngmbers] Send ASCI ‘ir +CR ITHD (3
e He oo
—1 =i Fepeats || ] T Literal [~ Stip Spaces I +oic)) | DED 1)
~Dump File to Port 3 — _|D5R B
ic:\temp'\capture.tut _:] J Send File I x Stog‘ 0 s | Ring (3]
Enor Nat In-Progress - = | BREAK
Bepeats j‘l _,‘,j JD 5 | Enrer
Char Count 0000000 CPS:O [MoUART Dvenun |Mo Buffer Overflow (Mo Other Enors | Port 19500 841 Nane 2

24
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2.15. SERVO MOTOR INTERFACING

Servos are small mechanical motorized devices whose sole purpose is to rotate a tiny shaft attached to
a servo wheel in a specified position. Servos are controlled by sending a pulse width signal from an external
electronic device that generate PWM signal values. PWM signal send to the servo are translated into position
values by electronics inside the servo. In the mini development board, servo is connected to P1.24.

SERVO MOTOR

3 +5

R32 -
RS3 10K & =
10K 0f it =

pae | TSI, |

BSSI38

Lad pogh —

2.16. ANALOG-TO-DIGITAL CONVERTER

LPC 2138 mini development board has a potentiometer connected to its ADC pin P0.29 (channel2) via
jumper J12.

ADC

V3

PQ [

1)
0. fuf
ADC

C44

0. luf

GND =

Remove jumper J12, when P0.29 15 used for other purpose

Note : Remove J12 when P0.29 is used for other purpose

25
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2.17. TEMPARATURE SENSOR INTERFACE

MCP 9700 temperature sensor can be used to measure temperature. It is connected to P0.28(channel
1) via jumper J11.

TEMPERATURE SENSOR
L& V3
4 I
e 3 L i P28
Vou C v —
2 1K *
GND TEM:
MCPY700 —— P —
0, luf 0. luf
GRD  GND GND

Remove J1 1while P0.28 is used for other purpose

Note: Remove J11 when P0.28 is used for other purpose

26
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SOFTWARE DEVELOPMENT

3.1. TOOLS AND SOFTWARE

FAMILIARIZATION OF Keil uVision4

Open Keil uVision4 from start menu or Desktop shortcut
Create new Project File and Select CPU.

Create New Source Files.

Add Source Files to the Project.

Set Tool Options for Target Hardware.

Create a HEX File.

Build Project and Generate Application Program Code.

N o g s~ DN e

Launch Keil uVision4

Internet } My Documents
¥ Mozilla Firefox
«f My Recent Documents #
f_ -I E-mail x
Cugtlook Express ﬁ My Pictures
@ Calculator [ = My Music
g’ My Computer
B Mokepad :
@ My Metwork Places
w Paink ————————————
@P Conkral Panel
& Foxit Reader 5.1 Set Program Access and
s Defaules
g MPLAE IDE vt 36 }\f’% Printers and Faxes
i |
e
Eeil uvision @) I
p Search
E OpenOffice Writer
=71 Run...
All Programs D

@| Liowg OFf r@ | Turmn OFf Computer

27
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The Keil uVision4 window opens as shown below

File Edit ‘iew Project Flash Debug  Peripherals Tools SWC5  ‘Window
plgd il el ool e LR

Elr. | e []%T. e |

Create new Project File and Select CPU.

This section provides a step-by-step tutorial that shows you how to create a simple Keil uVision4 project.

Step 1: To create a new project, select Project > New uVision Project from menu bar

Project | Flash Debug Peripherals Tools SWCS  Window  Help
[ Hew pision Project. .
| Mew Mult-Project Workspace. ..

Open Project...
Close Project
Expork

Manage

Select Device For Targeb. ..

Rermove Item

§ Optians. .. BlEF7

Clean target
Euild barget

ebuild-all target files

§58 Batch Build...
=P, 2 i 8
=] [.@.E Oy1. ; CHIHET

Translate, .,
Create a new piision

Stop build

28
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Step 2: Save the project in a suitable location with appropriate name

Y Create Mew Project

File Edit ‘iew f Save in IE}Sample L’ E o = B~
G LEE A —3
.E 55‘) & i*-"é s My Recent
Documents

&l

"

ty Computer

£

I Py Metwark File: niarmne: Sample 5 Save
i=lp. | €5E, i p | |
=P | a2 |U?TJ Places I

Sawve as type: IF'loiec:t Files [*.urvproj) vl Cancel !

Step 3: The following window opens. Select LPC 2138 (listed under NXP) from the drop-down
list

Select Device for Target "Target 1°...

Yendor:  MEP [founded by Philips)
Device:

Toolset;

Data baze Desc:liption:

[ & Analag Devices |
G ARM e
.@ Atmel —
.@ AuztriaMicroSystems

.@ Cirrus Logic

.@ Freescale Semiconductor
.@ Generic

.@ Lurninary Micro

.@ Huvoton
- T
£31 LH75400

£1 LH75401

£31 LH75410

~£3 LH7s4m

i ol B

)

o O O oy O e O g IO B |

[T

|

(1] 4 I Cancel Help |

29
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Step 4: Click ‘Yes'’ for the following question to copy the Startup code to Project folder and add file to

project

ErDject Flash  Debug  Peripherals Tools SWCS  Window Help

Yoot @ e e | ge b | e Pa

bde_lad U TL ";,E = ﬂ_—:_#:;

e

S [ Target 1 - LS g

p¥ision

\ ? } Copy Philips LPC2100 Startup Code ko Praject Folder and Add File ta Project 7

Yes o

Elp. [€Fe. D1 | {3F

Step 5: This creates a target to the project
‘W Sample - pVision4

File Edit  Wiew Eroject Flash  Debug Peripherals  Tools  SWCS  window

J-'I.I Ept ;5 a -

Help

= Ji= Jis |1 i

£4  Targetl
> 3 X

[#-471 Target 1

. | e |[]§T.J {1r.|




Create New Source Files

Step 6: Create a new file either by clicking the New File icon, or by selecting File > New or
using keyboard shortcut CTRL + N

[ Sample - p¥ision4

File Edit Wiew Project Flash  Debug  Peripherals Tools  SYCS  Window  Help

HINr=A=F- TR SR .. 0. LB i sy
D”Ne.\lu. (Ell:rH.-i‘.l) . ]iEH = ';& h %

Pro Create an empty document D Textl ] X
377 Target 1 | 3

e [@e |01 ] 5] <] ] _'|_J

For Help, press Fl SimL, -

Step 7: Save the file with .c extension in the project folder

Add Files to Group Source Group 1°
Loak in: |E} Sample ;I - I:_'hi( =
Bl "

File:  Edit

ek

=824 Target
=425 Sou

File name: Isample |i_|
Files of type: | € Source fil (“c) = _E'UL!
B [@e ]l 4

Sire -

31
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Add Source Files to Project

Step 8: Right click Source Group 1 to add C file to source group

[ Sample. - p¥ision4

Edit View Project Flash Debug  Peripherals  Tools ﬁ\-‘(iS Window
dllb i o ool e e IR s RS s e e | 3 [ -]
: $ Taoett A R

IM Startup.s | .
| ‘ .

A ;f(: Options For Group 'Source Group 1., Alk+F7 M

File

Help

Open File | Walue
Gpen List File
Open Map File v

WPE Clock = CPU Clock [ 4
#CLE Pin = CPU Clock [ 4

Rebuild all target files

Build karget F7

I3
Translate File 5
Skop build 2
I3
| Add Group.... . r
| AddFiles to Group *Source Group 1"..
]
e ﬁﬁ: U-! R.emoxe Group 'Source Group 1' and its Files
Add Files ta curren ﬁ Manage Components. .. Simy .t

| Show Include File Dependencies

Step 9: Select the C file created and click Add

(¥l sample -
Add Files to Group "Source Group 1°

File: Edit Wi : -
; = ) Lockin [= Sample x| A =F BB
= |3 = = =
sample
P ck 3
l_:_l-- Target i
=5 Sou
Filz name: |sample &J
Files of type: IC Source file [*.c] .li &!
e [@a ]l N
SimL_--

32

I rhudoLf&BZ’“




LPC

2138

Step 10: Now the c file gets added to the Source

| Sample - pVisiond

File  Edit “jew Projeck Flash  Debug  Peripherals Tools SWCS  Window  Help

=] 423 Source Group 1
Lo [ 2] startup.s
sample.c

Ele [@e [0, ] 0k ] [1«] ]

RN N NN N RN W VA - |
& S 83 Targed 2 A

Project i 1[ sample.c* l v X
=== Target 1 1 Ej

Sirnl -
H#include<lpcZlxx.hs
void Delaviunsigned long val):
int maini)
{
IOODIR = OXFFFFFFFF; £# Fet Portd as output L
while (1) A* Infinite loop £
{
ISQOSET = OXOOOQEOQOOO; A% Sat DR.IT,PR.18,P0.19 at logic high state b
Delay(1000000) ; A% Delay of 100ms *
IOOCLE = OEOQQOQEOQOOO; A% Fet PR 17,P0.18,P0.19 gt logic low state #4
Delay (1000000 ;
H
H

void Delayiunsigned long wval)
{

while [(val>0)

{

wval--:

H

H

33
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Step 11: Double click on “ Startup.s” to open the configuration window

@l Sample - pVision4

File Edit Wiew Project Flash Debug  Peripherals  Tools SWCS  Window Help
B / ’ : o T = = s = [z
= - B EENr . : P R TR P 2= =l e | [l i -
& E et 1ot AN R
X 3X|! ; Startup.s I v X
: Targek 1 I
E}--@ Source Group 1 Callapse All | Help |
- [#] startup.s
Option | value
[+ Stack Configuration (Stack Sizes in Bytes)
[+- Heap Corfiguration
[+1- ¥PBDIY Setup ¥
+-PLL Setup v
% MAM Setup v
¥ Exkernal Memory Contraller (EMC) [
| e, [@e. 0,7 [ OF [ [ TotEdter ) configuration wizard /
For Help, press Fi Sing -

Step 12: Set the options as shown below and save. The PLL setup is done for 122MHz crystal. The
divider &multiplier must be selected such that the PLL output is 30 MHz ((12/2)*5).If
crystal frequency schanged, thenthese values must be Changed accordingly

%] Sample - pVision4 =19
File Edit Wiew Project  Flash Cebug  Peripherals  Tools 3vCs  window  Help
B ) . o | i = e s M= =
HRN=2" N~ EEW = LB P P | P SE g i | i =|
SEES S B e Yy
Project: - O X Startup.s* l -
[=]-#=9 Target 1 B
EJ--@ Source Group 1 Expard &l I Collapse Al i Help I
Startup.s
sample.c Option | Yalue
[ Stack Configuration {Stack Sizes in Bytes)
[#- Heap Configuration
=1- VPEDIY Setup I
- WPBDIY: ¥PEB Clock WPB Clack = CPU Clock [ 2
LHCLEDIV: $CLE Pin HCLK Pin = CPU Clock. f 4
=bup v
“ MSEL: PLL Multiplier Selection 5
: “ PSEL: PLL Divider Selection 2
[ MAM Setup v
- External Memory Controller (EMC) |
] Eer. @B 0,71 | {3r Text Editor ), Configuration Wizard |
{5 of

34
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Step 13: Right click on Target1 to set target file options. You can also do this by using the icon on ‘Build

toolbar’ or Project > Options for Target ‘Target 1

[ Sample: - pVision4

Step 14: Configure Target, Output and Linker options as shown below

Target

[ b _uificiand

File Edit Wiew Praject Flash  Debua  Peripherals Tools SWiZS  Window ﬂelp
AN AN - SR PR B | SE e g | O i -]
Ll | : | Target1 AR
Startup.s ] - X
Options for Target 'Target 1°,.. Alk+E7 | Help i
Cpen Filz i Yalue |
Cipen List File Bytes) |
Open .\Sample.Map
v |
Rebuild all target files YPE Clock = CPU Clock {2 |
Build Farget F7 HCLK Pin = CPU Clock [ 4
Translate File =
=H Bl =
g build
op build 5 |
Add Group... v =
— ]
#dd Files be Group
Remove Ikem
Ee. |Ge I 1/
Configure targek ﬁ‘ Mansge Comporantsy: Sim! :
Show Include File Dependencies

¥ Options for Target "Target 1°

I_ Dewvice Target I Dutputl Listingi Llzer I C.-'EI++§ Az I Linker ] Debugi Utilitiesl =5
z MxP [founded by Philips] LPC2148
' ~ Code Generation
= tal [MHz): [aRMMode =]
il DOperating suster: INone ™ Usze Cross-Module Optimization
I Use MicioLIB [ Big Endian
I Use Link-Time Code Generation
— Fead/Only Memory Areas . ReadMwiite Memony Areas
default  off-chip Start Size Startup default  off-chip Start Size Malnit
™ ROMI: | | r r Rami: | | =
I ROMZ | | & ~ Ramz | | I
™ ROMZ: | | ‘gl ™ RaM3: | | =
= “on-chip on-chip:
W IROMI: |00 [ IS ¥ IRAM1 |0%40000000  |05000 [ -
Bl =
— - RaMz: | | 5  IRamz: | | -
| Ok I | Cancel I | Drefaults I
Simulaki -:
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Output

Options for Target ‘Target 1°

Devicel Target  Output IListingI Uszer I C.-’E++| Az I Linkerl Debugl Utilitiesi
Select Folder for Objects. . | tame of Executable: iSample e
I ki
* Create Executable: ASample <
v Debug Information I Create Batch File i
¥ Create HEX File
¥ Browse Information
" Create Library:  A\Sample. LIB
’T‘ Cancel | Defaultz Help l :

Linker

I% Options for Target "Target 1°

Devicel Targetl Dutput'] Listingl Uszer I C.-'C++! Azm Linker IDebugi Utilitiesl

W Usze Memary Layout fram Target Dialog

I Make RBw Sections Pogzition Independent B0 Base: Iljm'j!_‘;:j;'j:'j!_‘;:jﬁ
I Make RO Sections Position Independent
I Don't Search Standard Libraries

I+ Feport 'might fail' Conditions az Erors

Fifed Base [(=40000000 [
-

dizable “»arnings: l

S catter =zl
O_ea |

Mgz

controls
Linker |--device DARMFPE *.a --ztrict --scatter 'S ample. zct'" e
contral  |--autoat --zummary_stderr --info zummaryzizes --map --#ref -callgraph --zpmbols ===
string it

ak I | Cancel I | Defaults I _
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Step 15: Type the code

[ Sample - p¥ision4

File Edit Wiew Project Flash Debug Peripherals Tools 3S¥C5  Window Help
A= - B W, A = A = s | B i e @ e o8
: EARERES $5 Taget1 BN
sample.c* ] v X
01 #include<lpezlxx. hs :i
02 dint i,3,k;
03 void Delayivoid):
04 dint main()
05
UE ICODIR = OEXFFFFFFFF: XSt port pins PO T, PELR,D0AD a8 04D A
07 IOOCLE = OZFFFFFFFF:
08  while(1)
09 {
10 ICOSET= OZ000EQOOO: A% Bet port pins at logic high state 24
11 Delayi): /* Wait Ffor sometime 57
12 IOOCLR= OXOOOEQODOO; #* Set port pins at logic low state 4
13 Delay(]: A# Wait for sometime £
G
15 )
16 woid Delay()
18 o
18 for (i=0; i<Z50; i++)
19 Ffor (3=0;3<500;3++)
[
21 , x
Er. |5 U1 | 3] |[4] b
Sirnulatior: .

Create HEX File

Step 16: Click the build icon (encircled in figure) to build the project. Errors (if any) get listed in the Build output
window. Correct them and build again. On successful building, the hex file will be generated in the project folder

Build Project

Build option can be taken from Project > Build Target.

(% Sample. - pVision4

File Edit Wew Project Flash  Debug  Peripherals  Tools  S%CS Window  Help

s Ed s BB 00 pEBD

wﬁ il i %Q Target1 ';}.i t él
sy —y_.ﬂ.xj| sample.c* r - X
 Buld {F 01 #include<lpezlux.h> —
Build target files 02‘ I =
DS“ void Delayivoid);
04 int main()
05 1
05 IOODIR = OXFFFFFFFF; /# et port pins PO.17,P0.15,P0.15 as O/R #/
D? . ICOCLE = QXFFFFFFFF;
08  while(1)
09
10 - IOOSET= 0X000EOOO0: J#% Bet port pins at logic high state £ e
1  Delayi): A% Wait for sometims i
12‘  IOOCLR= 0X000E0000; /* Set port pins at logic low state £/
13:  Delay(): /% Wait for sometime £/
e 3
i ] B
EP- @B' []-tT {}.F: ,_!_‘_!__' _’l_l
—— e —
Build target files | Simulakion
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Now the hex file of the program will be generated in the working folder in the name of the project we created.
When you build an application, Keil uVision4 will display errors and warning messages in the Build page/Build
output. Double clicking a message line opens the corresponding error in the correct location in the Keil

uVision4 editor window. In this example the Hex file is Sample.hex. This file will be available in the folder
Sample.

(¥ Sample - pVisiond

File Edt \iew Project Flash  Debug  Peripherals  Tools SYCS  Window  Help
AR T IR AR X X N AL Y lafllle o
Gl S B Tt TSN RS
! v 1 X 4 sample.c l P
=8 Target 1 01 #include<lpeZixx.h> =
=124 Source Group 1 02 dint 1i,3,k;
Startup.s ué] vold Delay(void);
] sample.c 04 int maini)
|
I00DIR = OXFFFFFFFF; /% Set port pins PO.17,P0.18,P0.1% as O/F *:I;]l
»

asserwbling Startup.s...
compiling sample.c...

linking... I
Program Size: Code=928 RO-data=32 Ri-data=12 ZI-data=1260 =
"lample.axf™ - 0 Error(s), 0 Warningis).

)

=E

Build target files

Simulation

SETTING UP ARM LPC2138 mini

Now the code can be flashed to the controller
In the board, do the following jumper connections
* Select the power source as USB cable or DC source
* Select USB or serial port using jumpers J 7 &J 9 for flashing the code . Both jumpers on bottom side
means USB programming . Both jumpers on top side means RS232 serial programming

* Select mode using programmer switch. In manual mode, insert ISP jumper and press reset button
before programmingln auto mode, leave it open and proceed to programming
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PROGRAMMING STEPS

Now power up the board. The power LED(red LED on the board) glows. Open Flash Utility. Select the correct
COM port and suitable baud rate

L

= LPC2000 Flash Utility
File Buffer Help

m LPC2000 Flash Utility V2.2.3

Flazh Frogramming — Eraze / Blank ~ Communication

Filenarme: Connected To Port:
: f* Entire Device |EDM1: vl

Eilark Fbeck " Selected Sectors

- Evatits Bode Uge Baud Rate;

|pload to Flash - | vl

I after Upload Start Sectar: I 0 B8P

Eraze i_ -

Compare Flash Manual Reszet | e = Time-Out [zec); ] [

r Device Use DTR/ATS
Device: | for Reset and
ILPE2138 vi Rlesd Part ID.I W Bl
HTAL Freq. [kHz]: 112[“30 Device 1D Baoot Loader ID:! Selection

Step 17: Open the desired hex file

% LPC2000 Flash Uti

et Help

Laok, in: |E:| Sample

@ Sample. hex

@

hy Recent
Documents

]
I
o
50
D
=]
L=l
o
=2
2.
S
&
‘!‘ 3
]

l Dezkiop

Uplaad to Flazh

by D t
Compare Flash Al

@

Device
Device: | LPCY by Computer

#TAL Freq. [kHzL: I1 20

My Metwork. File name; |Sam|:ule. _'_i Open I

| Flaces
Files of type: IHEH Files [*.hex] Cancel 1

&
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Step18:Read device ID If auto mode is selected, simply clicking the ‘Read device ID' button will read
the ID. But in manual mode, press reset switch and click

File Euffer Help

m LPC2000 Flash Utility Vv2.2.3

- Flash Programming ~Eraze / Blank - Communization
Filenarme; Connected Ta Fart:
!E:\Sample\Sample..hex &' Entire Device !EEINH: v!
ki " Selected Sectors
B gnls Cotla p=—————— Uze Baud Hate:
IIpload ta Flazh ! v!
i m after Upload Start Sector: ! 0 skt
Eraze -
Canpare Flash Marual Feset | End Sector: ! kil Tirme-Out [sec]: ! 5
-Device

Uz DTR/RTS

Device: !LPC21 28 .I — Part ID:! " for Reset and
Device 1D |

Boot Loader
HTaL Freq. [kHz: 11 2000 Boot Loader ID:! Selection

Step 19: Click ‘Upload to Flash’

ki LPC2000 Flash Utility

File Buffer Help

m LPC2000 Flash Utility V2.2.3

i~ Flazsh Programming i~ Eraze / Blank. - Cammunication
! Filename: = Connected To Port;
C:ASamplehSample. hex * Entire Device iEDM‘I: 'l
Ktk 7 Selected Sectors
Escute Cade — Usze Baud Fate;
! Upload to Flash 1] - i vl
; ; after Upload Start et I_"L; 3600
Eraze l-——
Compare Flazh Manual Reset | I B i Time-Out [sec]: I_E-
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/O DISTRIBUTION

4.1. THE PIN DISTRIBUTION OF ARM LPC2138 DEVELOPMENT BOARD MINI

1 P0.21 /0 BUZZER/PWM5
2 P0.22 /0 UNUSED

3 RTXC1 - CRYSTAL

4 P1.19 /0 LCD(E)/TRACEPKT3

5 RTXC2 - CRYSTAL

6 VSS - GROUND

7 VDDA - 3v3

8 P1.18 /0 LCD(R/W), TRACEPKT2

9 P0.25 110 ADO.4

10 P0.26* 110 ADO

11 P0.27 110 AD1

12 P1.17 /0 LCD(RS)/TRACEPKT1

13 P0.28 /0 TEMPERATURE SENSOR/ADO.1

14 P0.29 /0 POTENTIOMETER/ADO.2

15 P0.30 /0 ADO.3/EINT3

16 P1.16 /0 TRACEPKTO

17 P0.31 /0 UP_LED

18 VSS - GROUND

19 P0.0 /o TXDO/PWM1/ZIGBEE/ MAX 232(T2IN)/CP2102(RX)
20 P1.31 /0 TRST

21 PO.1 /0 RXDO/PWM3/ZIGBEE/ MAX232(R20UT)/CP2102(TX)
22 PO.2 /0 SCLO

23 VDD - 3V

24 P1.26 /0 RTCK

25 VSS - GROUND

26 P0.3 /0 SDAO/ENTIL

27 P0.4 /0 SCKO

28 P1.25 /0 EXTINO

29 P0.5 /0 MISO0
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30 P0.6 110 MOSIO
31 PO.7 I/0 PWM2/SSELO
32 P1.24 I/0 SERVO MOTOR/TRACECLK
33 P0.8 1/0 TXD1/PWM4
34 P0.9 1/0 RXD1/PWM6/EINT3
35 PO0.10 1/0 RTS1
36 P1.23 110 LCD(D7)
37 PO.11 1/0 SCL1
38 P0.12 1/0
39 P0.13 1/0
40 P1.22 I/0 LCD(D6)
41 P0.14 I/0 SDAL1/EINT1/SWITCH
42 VSS - GROUND
43 VDD - 3v3
44 P1.21 I/0 LCD(D5)
45 PO.15 I/0 EINT2/SWITCH SW2
46 PO0.16 I/0 EINTO/SWITCH SW3
47 PO.17 I/0 SCK1/LED1
48 P1.20 1/0 LCD(D4)/TRACESYNC
49 VBAT - 3v3
50 VSS - GROUND
51 VDD - 3Vv3
52 P1.30 I/0 T™MS
53 P0.18 110 MISO1/LED2
54 P0.19 I/0 MOSI1/LED3
55 P0.20 I/0 EINT3
56 P1.29 I/0 TCK
57 RESET - RESET
58 P0.23 I/O Vbus
59 VSSA - GROUND
60 P1.28 I/0 TD1
61 XTAL2 - CRYSTAL
62 XTAL1 - CRYSTAL
63 VREF - 3Vv3
64 P1.27 I/0 TDO
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TECHNICAL SUPPORT

If you are experiencing a problem that is not described in this manual, please contact us.
Our phone lines are open from 9:00 AM - 5.00 PM (Indian Standard Time) Monday
through Saturday excluding holidays. Email can be sent to support@rhydolabz.com

DISCLAIMER

Copyright © Rhydo Technologies (P) Ltd.

Allrights are reserved. Reproduction in whole or in part is prohibited without the prior written consent of the
copyright owner. The information presented in this document does not form part of any quotation or
contract, is believed to be accurate and reliable and may be changed without notice.

Contact Us

Rhydo Technologies (P) Ltd.

(An 1SO 9001:2008 Certified R&D Company)

Golden Plaza, Chittoor Road, Cochin - 682018, Kerala, India.

Tel: 0091 484 2370 444, 2371 666, Cell: 0091- 99466 70444

Fax 0091484 237 0579, Email: info@rhydolabz.com, sales@rhydolabz.com
For more information please visit: www.rhydolabz.com
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