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1 Getting Started

This chapter provides installation and programming instructions for the starter Kit MSP-STK430x320, and
the evaluation Kits MSP-EVK430x320 and MSP-EVK430x320.

NOTE:
This manual covers both the MSP-STK430x320 and MSP-EVK430x320 kits. The
actual icons and/or windows on the computer screen may differ from those shown
in the book due to software version upgrades.

In this documentation, the term STK/EVK is used interchangeably to represent both kits. The programs used
in this manual are provided in the installation directory ..\stk\examples, or in ..\evk\examples. These
programs demonstrate the user-friendly environment of the MSP430 starter and evaluation kits.

The main difference between the MSP-EVK430x320 and the MSP-EVK430x330, besides the peripheral
blocks, is the memory map. The memory map is described in chapter 2 under Memory Organization.

1.1 Installing the Software
Exit all MS-Windows[ programs prior to loading this software.

The setup program installs all necessary files for running programs on the STK/EVK. The setup program
adds the appropriate program group and icons to the Windows program manager.

To install the software:
1. Insert MSP430-STK/EVK disk 1 in the floppy drive and run setup.exe.

2. In the Select Components window, choose the applications to load. The Starter Kit and
Simulation Environment button are the default. Make a choice and select Next.

3. Choose the desired COM port for the hardware connection. The default is set to COM port 2.
Select the port to be used, then select Next.

4. Read the licensing agreement and answer the question at the bottom of the screen. If YES is
selected to the licensing agreement, a prompt to close all other applications running in Windows
will appear.

5. The setup.exe program automatically creates and loads the MSP430-STK/EVK software to the
recommended directory (C:\ADT430), unless otherwise indicated. Choose the directory and
select Next.

6. Insert Disk 2 when prompted. Select OK when disk 2 is in the floppy drive.

7. Setup.exe places MSP430 icons in the ADT430 program folder, unless otherwise indicated.
Select Next.

8. Setupis complete. Please take a momenttofill out and return the registration card to ensure
receiving further software updates.

The ADT430 program folder should contain the following icons: Simulation Environment, Read me SIM,
Help SIM, ASM430 Assembler, Sensor Demo, and Uninstall the STK430 and EVK430 Terminals.

MS-Windows is a trademark of Microsoft Corp.
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& C:\WINDOWS \Start Menu\ Programs\ADT430 _ [O] x|

ASkA30 Read me STE. 5 nsor Demno; STEA30 Unlnstall STE

Azzembler ) Teminal

EE"\-"K43|:IE ASk430 Read me EVE  Unlnstal EVE.
Terminal: Aszsernbler

Figure 1-2. MSP/EVK430 Program Group

NOTE: EVK/STK430 Terminal icon
Before clicking the EVK/STK430 Terminal icon, ensure the standard Windows Applications
Terminal and Notepad are installed in the Windows directory. The Windows terminal emulator
is configured to use serial port COM2 by default.

1.2 Hardware Installation

The STK/EVK kit hardware includes the STK/EVK-PCB and one 9-pin cable for connection to the PCs serial
communication port. The EVK also contains the PRG430 along with the necessary cables.

1.2.1 The STK/EVK-PCB Operating Conditions

Temperature range 10°C —45°C

Humidity 40% — 70%

Current consumption =0.7 mA at 3V, 25°C, no connection to serial port
(Approximate Values) =1 mA at 5V, 25°C, no connection to serial port

=5 mA at 3V, 25°C, serial port connected
=5.5 mA at 5V, 25°C, serial port connected

Note: The current consumption is measured without any additional external
connections.

Operating voltage 3Vor5V

Note: The operating voltage is selectable as 3V or 5V on the STK/EVK-PCB
by making the appropriate connections (see Figure 1-5 or 1-6,
depending on the system you have).
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1.2.2 How to Install the Hardware

This section targets three main parts: the setup of the serial interface, the programming adapter, and the
power supply.

LCD and UVEPROM

The EVK is supplied with the LCD and a UVEPROM, separate from the EVK PCB. Install the EPROM and
LCD into the EVK PCB before proceeding. Refer to the STK/EVK target connectors section for the correct
LCD orientation. The STK has a one-time programmable (OTP) device mounted on the PCB.

Serial Communication

Connect the STK/EVK-PCB to the serial communications port of the PC using the 9-pin cable that is
supplied. Use the Settings/Communications. . .command to set the communication port to which the cable
is connected. The default selection is COM2.

The HyperTerminal (which uses the Terminal icon) is used to communicate to the STK/EVK MSP430 chip
via a Monitor Program that has already been downloaded into the EPROM of the chip. The HyperTerminal
settings used are: data bits—7; parity—even; stop bits—1; flow control—none.

Voltage Sources
The following four sources supply the voltage for the STK/EVK-PCB:

1. PCserial interface
Typically, the serial interface of the PC supplies the STK/EVK-PCB voltage using the 9-pin cable.
The user must determine if the serial interface can meet the electrical requirements of the
STK/EVK PCB. Some PC manufacturers do not source enough current and voltage from the
serial port to power the STK/EVK devices. If this is the case, a 9-volt battery can be connected in
parallel to the serial port.

2. 3.6 Vlithium battery
A battery can be assembled onto the STK/EVK that supplies the STK/EVK-PCB with power.

3. Programming Adapter
The Programming Adapter’s power supply is stabilized to 5V (this can only be used on the EVK).

4. Target system
The power supply from a target system can be connected to the STK/EVK-PCB. A supply voltage
of 3V to 5V can be used.

CAUTION: Different Power Supplies
If there is more than one power supply connected, the STK/EVK is supplied
with the higher voltage, provided the data sheet supply voltage ranges are
not exceeded.

If the HyperTerminal program is running on the PC, the serial communication cable has been installed, the
proper com port is selected, and the proper voltage is supplied, the screen will look like Figure 1-3.
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“ & STE1W3%5 - HyperT erminal
File Edit Miew LCal Transfer Help
MSP-STK430A320 ;I
>_
4 I I [
|Eu:unneu:teu:| 0:01:23 |.-’-'-.ut|:| detect Auto detect SCROLL |E.-’3.P'S 4

Figure 1-3. Terminal Screen

A help message is displayed on the screen automatically if the Monitor message MSP-STK430x320 is not
received by the STK/EVK control software, where x is the current revision letter.

Reset Button

NOTE: Pins for the STK Demo Program
Some pins of the MSP430 device will be used for the sensor demo program (only available on
the STK):

¢ A5 (connected to the sensor)

¢ SegO...Segl3 (connected to the LCD Display)
¢ Coml...Com4 (connected to the LCD Display)
¢« RO03...R33 (connected to the LCD R-Ladder)

«  P0.0 (connected to the Trigger button)

e The string MSP-STK430x320 should appear in the HyperTerminal window (white background
area of the STKW95 HyperTerminalC window). In addition, the LCD display on the evaluation
board (EVK or STK) should display MSP430.

« If both do not appear, simply press the reset button on the evaluation board (identified with an
RES etched next to it) one time.

NOTE:
The MSP430 evaluation board requires very low supply voltages due to its ultra-low
power consumption characteristics. In this case, the RS232 interface, or a 3.6 V
lithium battery (if installed) provides the supply voltage for the STK/EVK.

Due to PC com port differences, it may be necessary to jumper the board down to
3V or supply an external battery. To jumper the board, refer to the diagram in the
STK/EVK Target Connectors section, and place one jumper across the Vcc holes,
and another across the Vcc/LCD holes where the default for both of these is open.

HyperTerminal is a trademark of Hilgraeve.
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Changing the RS232 interface to another COM port (other than COM2) of a personal computer, requires
a change to the COM port assignment in the current version of the terminal emulator.

1.2.3

1.

2
3.
4

Programming the Monitor Software Into an Erased EPROM (EVK Only)

The following steps are recommended to program the Monitor into an EPROM after it has been erased:

Connect the programming adapter to the PC.

Start the Program Device software and:

Connect the EVK-PCB to the programming adapter.

— select the file mon_140.txt in the STK directory

— select with Verify

— select EPROM device
— select the correct parallel port where the adapter is connected
— click on the Program button.
For detailed information see the MSP430 Family Programming Adapter Manual.

Apply the power supply to the programming adapter (not included in the kit).

Figure 1-4 shows the pop-up that will appear when programming the Monitor software into an erased
EPROM EVK.

»2 PROGRAM DEVICE MSP 430

A

Filename: |mun_1 41 txt

— Program
[w! with Yerify
["] with Blow

Path: chadtd30hevk
Files: Duwectones:
mon 141 et [--]
readme_txt [examples]

[-a-]

[-e-]

[-d-]

[-e-]

[-f]

[-a-]

—Erase Check —
[ by file

—Device Type —
P/E325
EPROM 1GkB
RAM 512B

—Range for Eraze Check / Readout

Start: ([CO00 |h  Length: (4000 |k

— Parallel Port —
ILPT1
CLPT2

OLPT3

Program |
Yerifp |
Eraze Check |
Blow Fuze |
Read Out |

Help |
About |
Cloze |

- Status

Communication Control Messages

Figure 1-4. Programming the Device
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1.2.4

1-6

MSP-STK/EVK430x320 Target Connectors

External Supply 3-5V dc Digital Signals:
Only Required If Stand Pin 1 XIN Pin 9 NC Pin 17 PO.0
Alone Operation Pin2 | XOUT Pin10 | CI Pin18 | PO.1
Pin 3 XBUF Pin 11 TP.O Pin 19 PO.2
Pin 4 RST/NMI Pin 12 TRl Pin 20 PO.3
Pinl | A4 Pin 5 TCK Pin 13 TP.2 Pin 21 PO.4
Pin2 | A5 Pin 6 TMS Pin 14 TP.3 Pin 22 PO.5
Pin3 | A2 Pin7 | TDI Pin15 | TP4 Pin23 | PO6
pina | A3 Pin8 | TDO Pin16 | TP5 Pin24 | PO.7
Pin5 | SVCC
Pin 6 | REXT
Pin7 | AO
i 74l
Pin8 | Al ;3 .‘r'__J
—] D i
39° ] EI: BES)
3V Close o P | —n T ) —_ |} -
- | :
f/V Open = + 3
cc Lop T, |l oo |3
5V 3V Open — L1 ——1 = H =
5V 5V Close 4 ED——— g g Q0 ||3
3V 3V Close —] D ——| B g Q0 (=
=l am = j 3
Default IR g 2 Q0 ||
—— 8 : =
v e 7 ‘ a NEPADR 328IPH & & Q0 |3
pp-Input — = g g m -
Apply 12-20Vdc If | F m | = @ =
Programming Using Serial E] . Q0 |3
Port 1
F ‘.,'J = -, {2 14 P 30 -
b} S £ 1 || LD / @B o
Vpp Fuse F250 mA .
LCD Signals: LCD (Only STK)
Pin 1 R33 Pin 11 SEG6 Pin 21 SEG16
. Pin 2 R23 Pin 12 SEG7 Pin 22 SEG17
Connector To Programming Pin3__ |RI13 Pin 13| SEG8 | Pin 23 | SEG18
Adapter MSP-PRG430x Pina _ |RO3 Pin14 | SEG9 | Pin24 | SEG19
(Only EVK) Pin 5 SEGO Pin15 | SEG10 | Pin25 | SEG20
Pin 6 SEG1 Pin 16 SEG11 | Pin 26 COMOo
Pin 7 SEG2 Pin 17 SEG12 | Pin 27 comi
Pin 8 SEG3 Pin 18 SEG13 | Pin 28 COomM2
Pin 9 SEG4 Pin 19 SEG14 | Pin 29 COM3
Pin 10 SEG5 Pin 20 SEG15 | Pin 30 NC

Figure 1-5. MSP-STK/EVK430x320 Target Connectors




1.25 MSP-EVK430x330 Target Connectors

Vpp-input

Apply 12-20V DC if Connects to Serial

programming via Serial Port of PC Pin z = Power
Vpp Fuse F250mA P ort (not assembled) | / g = Ground
(not assembled)

\ External Supply 3-5V DC
Only required if stand
O alone operation
Connector to
Programming -
Adapter =ye - Ground
MSP-PRG430B Voo
3V close
5V *open
Vee LCD
~ 5V 3V *open
= s |8V 5V close
1C201-1004-028 E 3V __ 3V close
Digital Signals: = | * Default
P1.0| P1.1 \ t
P1.2]|P1.3 \E |___{—Reset button
P1.4]|P15 e = T
P1.6|P17 v g, Digital Signals:
p20[P21 N s L7 ne P0O.7
P2.2| P2.3 o v 0.6 P05
P2.4| P25 u3 YAMAICHI NN - -
P261P2.7 = N P0.4 P0.3
P0.2 P0.1
P3.0} P3.1 QWidl = %0
Paoleas S L \ LcD 29 P0.0 TPO.5
P3.4| P35 \ TP0.4 TPO.3
P3.6 | P3.7 ! A TP0.2 TPO.1
P4.0 | P4.1 + TP0.0 Cl
P4.21P4.3 |8 8 83 8 8 8 l - RST/NMI_[XBUF
P4.41P4.5 O """'"‘\“'""'l' 8 TDO TCK
P4.6 | P4.7 T™S TDI
\ \
Buzzer (not assembled) LCD (not assembled)
LCD-Signals:

CoM2 | coMo |SEG1|SEGS | _... | SEG27| SEG29| R13 |Vee | NG
COM3 | COMT [SEGO|SEG2 | ... |SEG26] SEG28| R03 |R23 | NC

Figure 1-6. MSP-EVK430x330 Target Connectors
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1.2.6
Figure 1-7 shows the segment type LCD supplied with the STK/EVK.

1-8

The LCD

40.00 £ 0.25

4

B

VEWING AREA

2.00 ) ¢

6.00

£
[0==¢
OEE]
==
D=
(B

14.40% 0.25

Digit

7 6 5 4 3 2 1 0

Figure 1-7. Supplied LCD Mechanical Data




The LCD is connected to the STK/EVK as shown in Table 1-1.

Table 1-1. LCD Connector

PIN NO. COM1 | COM2 | COM3 | COM4
1 - - COomM3 -
2 - - - COM4
3 - COoM2 - -
4 CcoM1 — - -
5 — — — —
6 6C 6F 6H 6E
7 6A 6B 6D 6G
8 5C 5F 5H 5E
9 5A 5B 5D 5G
10 4C 4F 4H 4E
11 4A 4B 4D 4G
12 3C 3F 3H 3E
13 3A 3B 3D 3G
14 2C 2F 2H 2E
15 2A 2B 2D 2G
16 1C 1F 1H 1E
17 1A 1B 1D 1G
18 ocC OF OH OE
19 0A 0B oD 0G
20 COM1 — — —

\ A/

F B

EDUC] <8

E c

Z D
N

Digit 7 Digit 6-0

Figure 1-8. LCD Segment Digits
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Schematic for the MSP-STK/EVK430x320
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Schematic for the MSP-EVK430x330
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1.2.9 Starting the STK Demo Program

In the HyperTerminal program, type ad to start the demo program. If the HyperTerminal program has been
closed, double click on the Sensor Demo icon to start the demo program.

LUXMETER Demo Program:

The STK Monitor includes a demo program that shows a metering application. The application hardware
consists of the light sensor, a trigger button, and a voltage reference for the analog-to-digital converter.

When the program starts, the screen displays demo and the measured light values are shown on the LCD
display (measured in irradiance). The values are updated every 5 seconds. The A on the left side of the
LCD indicates that the shown value is less than one second old. Any keystroke interrupts the demo program
and switches back to the Monitor/HyperTerminal program. If the STK is disconnected with the demo running,
the program will run until a mounted battery is discharged. To correctly exit the program push the <ESC>
key.

Voltage Reference

Trigger Button / Light Sensor

Dic_,{tal/ A0

NE2EE
K — 8 8)

+—
Jer

Figure 1-9. LUXMETER Demo Program
1.2.10 Executing a Program with the STK

To execute a program, write a test program or use the gs_stkl.asm file, which is located in the
C:\ADT430\STK\EXAMPLES directory. Figure 1-11 is the Getting Started demo program.

NOTE: Programming Hint
During development, a program should reside in the free RAM area (240h-3FFh for the
MSP430x320, and 272h-50Ch for the MSP430x330) making program modification during
debug phase possible. Any code written to the device’s EPROM area on the STK cannot be
erased. The stack pointer for the MSP430x33x device resides at 005DEh.



How to use the command line parameters of the assembler:
The default command line parameters of the assembler (asm430.exe) are -z and -I. These

parameters are set in the Properties of the Assembler icon after installation. For further
information on command line parameters see the Assembly Language Tools User’s Guide.

To change the parameters, select the ASM430 Assembler icon with one left mouse click. Click on
the file menu in the Windows Program Manager and select the Properties command. Select the
shortcut tab. Depending on the version of Windows being used, the screen will show the following
dialog on the screen:

Command

ASM430 Assembler Properties

C:HADT430NA5 MAASMA30.EXE | 2

CAADT 4308 TEAERAMPLES|

Nomalwindow g

_BndTaget. | Chamgelcon. |
ok | cowel | ooy |

Figure 1-10. Properties

NOTE: File | Properties...
If the installation is not changed, the parameters -z and -1 will be added to the target’s statement.
If the Start in: properties are adjusted to the source code directory, the path of the source file

should not be entered.

1-13



EEE Ik o R R R ok o kO R R R o kO R kR SRR Ik R R SRR o

;Getting Started 1 Deno Program

CEE R O S I O O I S O

SI'M

RAM ori g
SP orig

; —— Control

| E1
| E2
| FGL
| F&2
ME1
ME2

WDTCTL
WDTHol d
WDT_wr key

G E

(C© TEXAS | NSTRUMENTS on 2/ 96

. set 0 ;1 = Sinul ator
; 0 = STK/ EVK

. set 00240h ; Free Menory startadress

. set 003DEh ; stackpointer

regi ster definitions

.equ Oh

.equ Olh

.equ 02h

.equ 03h

.equ 04h

.equ 05h

.equ 0120h

.equ 80h

.equ 05A00h

.equ 08h

EEE R ok Rk R b o bk O Rk R kS R IR R o kS b o R R o kb O R R

;Reset : Initialize processor

CE R O S O I O O I O O kI
)

; —— O ear

File gs_stkl.

. sect
RESET
MOV
MoV

Speci al

MOV. B
CLR. B
CLR. B
CLR B

JMP
asm

“MAIN" ,RAM orig

#SP_ori g, SP

#(WDTHol d+WDT_wr key) ,

Functi on Registers
#08h, |E1
| E2
| FGL
| F&
$

&WDTCL

’

initialize stackpointer
St op Wat chdog Ti ner

I Monitor !

Endl ess Loop

Figure 1-11. Getting Started Demo Program



Use the assembler icon in the ADT430 Program Folder to assemble the gs_stk1.asm file, which is located
inthe C:\ADT430\STK\EXAMPLES directory, and is shown in Figure 1-11. Ensure that the Startin: property
of the assemble icon is set to the source directory (C:\ADT430\STK\EXAMPLES). Click on the ASM430

Assembler icon.

¥
S5M430
&azembler

The following screen will appear (the version number, date, and copyright date may differ from that shown
below):

CoAD T TSR S bl Tl

LD Macro Assembler  Uersion 1.8 [89796]
iopgright (c] 1995, 1996 Texas Insktruments Imcorporated

| E L

Soprce Fille [ .asm]:

* |

Figure 1-12. ASM430 Assembler Window
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Enter the source name gs_stk1 and press ENTER. This will cause the assembler to assemble gs_stkl.asm
into gs_stk1.txt. The following display will appear:

File / Source

B (Inactive C-\ADT430\ASM\ASM430.EXE)

HEP43l Macro Assembler Uersion 1.88 [B9/94]
Copyright {c) 19951994 Texas Instruments Incorporated

Source File [.asn]: gs stk

FASE 1

PRASS 2

sections = & begin eni
texk unipitialized
data unipitialized
55 uninitialized
HAlH L] et 1

Tize of initialized data: BFCh

Assenbler run completed For gs_stk1.asm *®

1 ]

Figure 1-13. gs_stkl.asm Window Display

The assembler output file is named gs_stk1.txt. This file is created only if the assembler is invoked with the
option -z. To verify that the gs_stk1.txt file was created, check the ADT430\STK\EXAMPLES directory.

An additional listing of gs_stk1.Ist is created when the option -l is used. To review the gs_stk.Ist output,
double-click on the file name and view using an appropriate viewer. Figure 1-14 is a listing of gs_stk1l.asm:



MSP430 Macro Assenbl er Version 1.08 [09/96] Tue Jun 30 07:20: 38 1998
Copyright (€ 1995, 1996 Texas |nstrunents |ncorporated

c:\ adt 430\ st k\ exanpl es\ gs_st k1. asm Page 1

1-***************************************************************************
2;CGetting Started 1 Deno Program (C TEXAS | NSTRUMENTS on 2/ 96

3- EE R S S S S I S R R S O
)

4
5;*** Set this variable to '1" for the use on the Sinul ator***

6 00 SIM . set 0 ;1 = Sinmulator
7 ; 0 = STK/EWK
8 0240 RAM orig .set 00240h ; Free Menory startadress
9 03de SP orig . set 003DEh ; stackpoi nter
10

11 ;—— Control register definitions

12

13 00 | E1 . equ Oh

14 01 I E2 .equ 01h

15 02 | FGL . equ 02h

16 03 | FQ . equ 03h

17 04 MEL .equ 04h

18 05 VE2 . equ 05h

19

20 0120 WDTCTL .equ 0120h

21 80 WDTHol d .equ 80h

22 5a00 WDT_wr key . equ 05A00h

23

24 08 G E .equ 08h

25

26 R I S S O O S R O O
’

27; ; Reset : Initialize processor

28 LRk b S S Rk O S
’

29 0240 .sect “MAIN' ,RAM orig
30 0240 RESET
31 0240 403103de MOV #SP_ori g, SP ; initialize stackpointer

32 0244 40b25a800120 MOV # (WDTHol d+WDT_wr key) , &WDTCTL
; Stop Watchdog Ti ner

33

34 ; —— Clear Speci al Function Registers
35 024a 42f20000 MOV. B #08h, | E1 ; I Monitor !

36 024e  43c20001 CLR B |E2

37 0252 43c20002 CLR B |FGL

38 0256 43c20003 CLR B |IF&

39

40 025a +3fff JMP $ ; Endl ess Loop

No Errors, No War ni ngs
gs_stkl.| st

Figure 1-14. gs_stkl.asm
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Next, the object file gs_stk1.txt will be downloaded to RAM of the MSP430-STK/EVK.

The PC downloads the object file gs_stkl.txt to RAM of the MSP430_STK/EVK. The PC uses the
HyperTerminal to communicate with the Monitor Program in the EVK/STK EPROM or ROM.
Windows95 (NT) provides a terminal emulator icon under Start/Programs/Accessories.

Double-clicking with the mouse on the STK430 terminal icon also starts the HyperTerminal. The STK430
icon is located under the ADT430 program group.

Serial communication is set up for the STK/EVK as needed. When the serial interface of the STK/EVK is
connected to the COM2 port of the PC, the LCD display on the STK/EVK will show MSP430, and the Monitor
in the MSP430 device will send the following string:

“ & 9TK1W35 - HyperT erminal
Eile Edit Miew LCall Transfer Help
VBP—STK430A320 1=
>_
[« | ,
|Eu:unneu:teu:| 0:01:23 |.-'1'-.ut|:| detect Auto detect SCROLL ||:.-'3.P'S -

Figure 1-15. Terminal Window



Open the pulldown menu Transfer in the HyperTerminal to load the program using the RS232 into the
STK/EVK, as shown in Figure 1-16. Select the Send Text File menu item.

NOTE:
. perl e 5 - | O} =
File Edit “iew Calki@Zeg Help
0|z @|$| end Text File
Receive text file... ﬂ

View Text File...

Send Binary File...
Receive Binary File...

I | on
|Eu:unneu:teu:| 00512 |.ﬁ.ut|:| detect Auta detect SCROLL |E.-'-‘-.F'S oz

Figure 1-16. Terminal Transfer
NOTE: The help menu can be displayed by typing an h.
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Select the assembler output file gs_stk1.txt in the examples directory from the Send Text File . . dialog box.
Figure 1-17 shows the HyperTerminal screen displaying the following data after loading gs_stk1.txt into the
STK/EVK.

# S TK1W35 - HyperT erminal

D=l 5|5 | &

Init

MBP-STK430A320

>@?240

31 40 DE 03 B2 40 80 5A 20 01 F2 42 00 00 C2 43

01 00 C 43 02 00 C2 43 03 00 FF 3F

q

>downl oaded _PC_ _SP_ _SR_

reg 0000 4204 03de 0008 0000 f48c cd9f 0069 000e
reg 0008 : 0c62 4071 0000 ffdO 2051 0el0 O8ac f84e

Figure 1-17. HyperTerminal Display

1-20



In the HyperTerminal , type rO <ENTER> to modify the program counter of the user program. The program
displays the current content of r0. Next type 0240 <ENTER> to set the start address as defined in
gs_stkl.asm. Exit the modify register mode by pressing the <ESC> key.

Each time the SPACE bar is pressed, the program executes one single step and the program displays the
registers contents. Typing a g followed by <ENTER> causes the program to continue from the current
address stored in the program counter. Pressing the <ESC> key stops the program.

NOTE: Single Step
The single step command should only be executed if the program counter points to an
instruction in the RAM. Otherwise this command acts like a go command.

“g STK1W35 - HyperT erminal

File Edit “iew Cal Transfer Help

>@240 =]
31 40 DE 03 B2 40 80 5A 20 01 F2 42 00 00 C2 43
01 00 C2 43 02 00 C2 43 03 00 FF 3F

q
>downl oaded _PC__SP_ _SR_
reg 0000 4204 03de 0008 0000 f48c cd85 2ed4 10de
reg 0008 0c42 4068 0000 ffdO 2051 0Oel0 08ac b8
>r0
=reg 0000 4204 0240
=reg 0001 03de

reg 000: 0008
>step
>executed _PC_ _SP_ _SR_
reg 0000 0244 03de 0008 0000 f48c cd85 2ed4 10de
reg 0008 0c42 4068 0000 ffdO 2051 0elO 08ac b842
>go.
>user break _PC_ _SP_ _SR_
reg 0000 025a 03de 0008 0000 f48c cd85 2ed4 10de
reg 0008 0Oc42 4068 0000 ffdO 2051 0el0 08ac b842
>

-

I — o
|Eu:unneu:teu:| 0:12:56 |.¢.utu:- detect |.-'1‘-.ut|:| detect SCROLL |E.-'-‘-.F'S 4

Figure 1-18. Terminal | execute gs_stk1.txt

Another way to start this program is to write the start address (in this instance 0240h) into memory location
03FEh. Each time the u user command is executed or the reset button is pressed, the start address (in this
instance 0240h) is written to the user program counter. Switch to the word mode by entering a w, and then
enter m3fe and <ENTER>. Now the start address can be entered (in this instance 0240), and press
<ENTER> and <ESC> to exit. Pressing u and then g starts the program.

NOTE: Use of the examples in MSP430 Simulation Environment
If the examples are used in the MSP430 Simulation Environment, the SIM constant (located
at the top of the assembler code) must be set to 1.

1-21



1.2.11 How to Use Breakpoints

Continue the Getting Started exercise by assembling and downloading the file gs_stk2.asm in the examples
directory as described previously.

This program includes a section for the reset vector, so the program counter is initialized after the download
and each time a user performs a reset.

EEE R S R R S I R I R R O R R R S S R

; Interrupt vectors

EEE S S O R S S R S R S S O O O

p w0 N PR

6.

. sect “I'nt_Vect”, USER END-1
.word RESET ; POR, ext. Reset, Watchdog
.end

Start the program by typing g <ENTER>. The display indicates 0, then 1 on the LCD.
Press the <ESC> key to stop the program.
Type u <ENTER> to execute a user reset.

Set the breakpoint by typing s, and then 0264 (address) <ENTER>. This breakpoint stops the
program prior to changing the display.

Type s <ENTER> to stop the program. It stops prior to changing the display. Step through the
program by pressing the space bar showing how the display changes.

Clear the breakpoint by typing c, and then 0264 (address) <ENTER>.

Figure 1-19 shows these commands as they appear on the display.

1-22



Enter The g-command to start the program

Press <ESC> to Interrupt the program

Enter the u-command to execute a user reset

\Enter the address of the breakpoint

// Enter the s-command to set a breakpoint

“& STE1'W35 - HyperT erminal

SR

0008 0000 f48c 0010 0000 15de
0000 ffd0 2153 Oel4 28ad feff

0000 0000 15de
0000 ffdO 2153 0eld 28ad 34af
f48¢c 0000 0000 15de
2153 0el4 28ad 34af
>
>go_
>BP\halted PC__SP_ SR
re 000 0264 03de 000b 0000 f48c 0000 0000 15de
reg \0Q08 0e62 404d 0000 ffdO 2153 0el4 28ad 0000
>ste
>>ekeguted _PC_ _SP_ _SR_
reg\00Q0 026a 03de 0008 0000 f48c 0000 0000 15de
reg 000 0e62 404d 0000 ffdO 2153 0el4 28ad 0000
>
| R =
4| N\ v
|Eu:unneu:teu:| I:I:EI'I:\)%'I \ \|.-'1'-.ut|:| detect Auta detect SCROLL |E.-'-‘-.F'S |NL|M‘£*

Enter the g-command to start the program
Automatic stop on breakpoint

Press the SPACE key to execute a single step

Figure 1-19. Terminal Breakpoint

1.2.12 Accessing the Port on the MSP430x320 STK/EVK
Assemble and download the file gs_stk3.asm in the examples directory, as described previously.

Press the trigger button on the demo to start the program. Press the trigger button to toggle the display

between 0 and 1.
The following instructions are necessary:

i—— | nit Port

BI C. B #01h, PODI R ; Set

PO.0 as i nput

BIC. B #01h, PO E ; Disable PO.0 interrupt

; —— Test of Port
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$ML1 BIT.B #01h, POI N ; Test PO.O
INz $ML1 ; Do nothing if PO.0 | ow

1.2.13 How to Use an Interrupt Routine
Assemble and download the file gs_stk4.asm in the examples directory, as described previously.

1. When an interrupt occurs, the program sends the contents of the program counter and status
register to the stack.

2. Next, the program branches to the starting address of the interrupt routine.
3. The interrupt routine normally ends with the RETI instruction.

4. The RETIinstruction loads the data, which was saved to the stack at the beginning of the interrupt
routine, to the status register and program counter.

5. The program continues from the point of interruption.

Using interrupt routines allows the MSP430 to use low power modes. Selecting a low power mode causes
the program to stop at the current position, and an activity that causes an interrupt automatically clears the
low power mode. The interrupt continues program execution at the starting address of the corresponding
interrupt routine. The RETI loads the saved program data to the status register and program counter.
Loading the status register and program counter clears out the low power mode bits, and the program
continues with the next instruction. Figure 1-20 is the Basic Timer Interrupt routine.

Bl S #CPUOFF, SR ; set CPUoff Bit

R SRR R R R R R R R R R R R R R RS E RS EEEEEEEEEREEEEEEEEEEEEES]
’

; Basic Timer Interrupt routine

EEE Rk kO O kR S Rk R O S R Rk S S S O R
’

Int_BT ; Basic Timer 128 Hz (7.8 ns)

DEC. B lcd_tiner ; decrement SWI cd-tiner

JINZ Int_BT _end ; 10 : no action

Bl C #CPUOFF, O( SP) ; Clear CPUoff Bit

MOV. B #l cd+ival ,lcd_tiner ; =0 : load again
Int_BT end

RETI

To use the interrupts, the interrupt vector table must be set up as follows:

EEE R S I Rk S b o S R R R R S O S S R R o kS S S R R S o S R R S S S R S S

; Interrupt vectors

EEE Rk R R Rk Rk R R b kO R Rk R R O

.sect "int_Vect”, USER END- 31

.word RESET ;' no source
.word Int_BT ; Basic Timer
.word RESET ; No source
.word RESET ;' no source
.word RESET ; No source

.wor d RESET ; No source
.word RESET ;' No source
.word RESET ; No source
.word RESET ;' NO source
.word RESET ; No source
.word RESET ; Nno source
.word RESET 7 NO source
.word RESET ; Nno source

.wor d RESET ; No source
.word RESET ; NM, Gsc. fault
.word RESET ; POR, ext. Reset, Watchdog
.end

Figure 1-20. Basic Timer Interrupt Routine
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Set a breakpoint at address 025Eh, and single step through the program. A longer reaction time can be
expected for any step beyond address 025Eh. At this time, the CPU is off and waiting for the Basic Timer
interrupt.

NOTE: Only two breakpoints may be set at any one time.

# 9 TK1W35 - HyperT erminal

D=l 53] Dls| &

Figure 1-21. Terminal | Interrupt

1.3 Loading a Program Into the EPROM Via the Terminal

After debugging, the program is ready to load. The program is loaded to the EPROM for the EVK, or ROM
for the STK. The STK requires a programming voltage. The EVK requires a jumper between pins 13 and
14 of the programming connector. Figure 1-22 show the locations for the programming voltage and the
connector jumper.
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Vpp -Input \ —(‘-} |
Apply If

| IS
programming via serial 7] = |_]
por e

/ ;’"1. 2 14 ?——
Vpp fuse F250 mA Sy SR L
Connects to programming Jumper for programming the EPROM
adapter MSP-PRG430x of an EVK with the Monitor

(EVK only)

Figure 1-22. Programming Voltage and Jumper Location

To load a program into the MSP430 EPROM/ROM using the HyperTerminal, the following points must be
considered:

¢ The Monitor code must already be programmed into the EPROM/ROM (only the EVK is supplied
with the code for the monitor program mon_x.txt).

e The STK/EVK 9-pin D-SUB-connector must be connected to the serial interface (the default is
COM2) of the PC.

«  The supply voltages of the STK/EVK must be applied by connecting the STK/EVK to the serial
interface of the PC and by connecting the programming supply voltage.

NOTE: Programming the EVK using the Serial Port
Attach a jumper between PIN 13 and PIN 14 on the Programming Adapter connector (see
Hardware Installation in Chapter 9).

Ifthe assembled file gs_stk5.asm is downloaded, the program routines for the LCD, and the interrupt routine
of the previous example will be written into the EPROM/ROM (see sections in the code).
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EEE Ik o R R R ok o kO R R R o kO R kR SRR Ik R R SRR o
’

; Section in EPROM

CEE R O S I O O I S O
’

.sect “PrepLCD’, EPROMoorig
; —— Prepare LCD and Basic tiner

PrepLCD MOV.B #-1h, LCDM ; LCD : Anal og generator on Low
; i npedance 4 Mux active
; all outputs are Seg
MOV. B #057h, BTCTL ; Basic Tinmer : SSEL=0 DI V=0 Reset=1
; ACLK
; 32768/256 = 128 Hz
; (7.8 nms debounce tine)
; LCD frane frequency @4 Mix: 64 Hz
BIS. B #BTME, ME2 ; Enabl e basic tinmer nodul e
BIC. B #040h, BTCTL : Basic Tinmer reset disabled
BIS.B #BTI E, | E2 ; enable basic tinmer interrupt
MOV. B #lcd ival,lcd tinmer ; load SWlcd tinmer
CALL #show cir ; clear LCD
El NT ; enable interrupts
; —— clear LCD
.sect “show_ clr:”, EPROM ori g+50h
show _clr
#15, r5 ; clear display nenory
show clrl
MV. b #0, LCD1-1(rb5)
DEC r5
JINz show clrl
RET

EEE R S S Sk S b o b S R R o kS S R R I b o R R R Sk o S R O S kR S R R S S o

; Basic Timer Interrupt routine

EEE R S R S S R R O R R R R S S L R
’

. sect “Int_BT" , EPROM ori g+100h

I nt _BT ; Basic Tinmer 128 Hz (7.8 ns)
DEC. B lcd_tiner ; decrenment SWI cd-timer
INZ Int_BT end ; 10 : no action
Bl C #CPUOFF, 0 ( SP) ; Clear CPUoff Bit
MOV. B #lcd_ival ,lcd_tinmer ; =0 : |oad again
Int_BT end
RETI

Figure 1-23. EPROM LCD and Interrupt Routine

Now these routines can be used in any other program. This section does not have to be downloaded again,
even if the STK/EVK is disconnected from the power supply.

To load a program using the HyperTerminal, double click the terminal icon in the MSP-STK/EVK430 program
group in the Windows Program Manager. The HyperTerminal window appears as follows in Figure 1-24.
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# STE1W495 - HyperT erminal

DIz 55| Dls| &

MBP-STK430A320

Figure 1-24. HyperTerminal Window

To load a program into the MSP430 using the HyperTerminal, activate the Transfers/Send Text File. . .

command as shown in Figure 1-25.

# STE1W4A5 - HyperT erminal

Transfer

=2 -@-E [SendTextFiIe

Receive text file...
View Text File...

Send Binary File...
Receive Binary File...

Figure 1-25. Transfers \ Send Text File

Figure 1-26 shows the Send Text File dialog box.
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Choose your Text File Press Open to Send TXT File
Send Text File

EECH RN =) -

| Mon_141.bat
2 Fleadme. bt

Tesﬂ t:-:t

I_

Figure 1-26. Send Text File Dialog Box

Figure 1-27 represents a burn fail screen. If an error occurs during the programming of the EPROM, the
screen shows the message burn failed at XXXX. Where XXXX is the address where the programming cycle
failed the first time.
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“# STE1W35 - HypperT erminal

Eile Edit “iew Cal Transfer Help

>@oo00 .:J
F2 43 30 00 F2 40 57 00 40 00 F2 DO 80 00 05 00
F2 CO 40 00 40 00 F2 DO 80 00 01 00 FO 40 80 00
01 42 BO 12 50 G0 32 D2

@050

35 40 OF 00 C5 43 30 00 15 83 FC 23 30 41

@100

DO 83 1F 41 06 20 B1 CO 10 00 00 00 FO 40 80 00
11 41 00 13

@3E0

40 02 00 C1 40 02 40 02 40 02 40 02 40 02 40 02
40 02 40 02 40 02 40 02 40 02 40 02 40 02 40 02

q

>purn failed at c000

>downl oaded _PC_ _SP_ _SR_

reg 0000 0240 03de 0008 0000 f48c c010 0000 0010
reg 0008 0c62 4098 0000 ffdO 2051 0el4 28ac f84e

>

po

N I
|Eu:unneu:teu:| 0:12:56 |.-’-'-.ut|:| detect Buto detect SCROLL |E.fl'-.F'

o
B

Figure 1-27. Burn Failed Message
In the gs_stk6.asm example, in the examples directory, only the addresses of the routines in the EPROM
are labeled. This supports easy use of program sections in the EPROM.

EEE R S S R O S

Addr esses i n EPROM

EEE Ik R R o kO R R R o kSRR kO R R Rk o kO R
’

PrepLCD .equ EPROM ori g ; EPROM Addr ess of PrepLCD
;—— clear LCD
show clr .equ EPROM ori g+50h ; EPROM Address of show clr
; Basic Timer Interrupt routine
I nt_BT . equ EPROM ori g+100h ; Basic Tinmer 128 Hz (7.8 ns)
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2 Monitor Commands

This chapter describes the syntax conventions and the available commands of the Monitor Program.

2.1 Syntax Conventions

e The numbers in brackets [ ] are optional.

e xIis ahexadecimal address.

¢ nis the hexadecimal number of bytes to show.

e iis the hexadecimal register number.

¢ Only ther, m, and e commands expect <ENTER> or <ESC> commands.

¢ The <ESC> key provides a keyboard interrupt for all command inputs except m.

¢ The half-duplex UART prevents keyboard interrupts while entering a large number of bytes to
show the results of an action.

¢ The registers are named in hexadecimal format from RO to RF.

¢ All addresses or memory/register contents must be entered in hexadecimal mode. Entering
zeros in the MSB is optional.

e Errors in address or memory/register contents in the terminal input must be corrected by
re-entering all four hexadecimal digits. The leading (MSB) zeros are optional.

«  The Arrow, Insert, Delete, or Backspace keys can not be used to change an incorrect terminal
input.

2.2 Memory Organization

To use some commands, itis necessary to know the memory locations and their functions (see Figure 2-1).
In memory locations 000h to OFFh, only the byte mode is possible. In memory locations 100h to 1FFh, only
the word mode is possible. Memory locations 010h to OFFh are reserved for 8-bit peripheral modules, and
the locations between 100h and 1FFh are reserved for 16-bit peripheral modules.

FFFFh FFFFh
. INT. VECTOR
FEEOh INT. VECTOR FEEON CTO
FFDFh FFDFh
16 KB EPROM 32 KB EPROM
C000h 8000h
I I I I
I I I I
I I I I
I I I I
03FFh 05FFh
0200h 512 B RAM 0200h 1 KB RAM
01FFh 01FFh
0100h 16 Bit Peripheral Modules 0100h 16 Bit Peripheral Modules
00FFh - - 00FFh - -
0010h 8 Bit Peripheral Modules 0010h 8 Bit Peripheral Modules
000Fh Special Function Register 000Fh Special Function Register
0000h 0000h
MSP430x320 MSP430x330

Figure 2-1. Memory Organization
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2.3 Commands

h The h command displays the Help Command screen shown in Figure 2-2 with the available
commands.

Enter h at the command prompt

# S TK1W35 - HyperT erminal

Dig| 5|3 =je| &

hel p
byte, word node
nonitor, user reset
i nspect registers
i nspect nenory
eprom erase check
| oad program
run DEMO
set breakpoi nt
cl ear breakpoi nt
go (free run)
<space> single step
<ESC> exit command
>

Figure 2-2. Help Command
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b,w The b and w commands shown in Figure 2—3 switch to byte or word indication mode. The two
indication modes are only important for the memory inspect command m. The Monitor completes the
entered command (byte or word).

Enter b at the command prompt
Enter w at the command prompt

# STK1W195 - HyperT erminal

D] 515 ol =

40 00 80 80 00 00 52 00 41 10 01 06 04 20 02 00

>nD300 10
mem 0300 : 0040 8080 0000 0052 1041 1601 2004 0002

Figure 2-3. Byte, Word Commands
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2-4

The i command, shown in Figure 2—4, initializes the entire monitor program. This command performs
a software reset of the STK/EVK, but is only possible if the monitor is still running. If the contents of
memory location 3DEh are AA55h, the i command will start the user application. Turn off the hardware
supply voltage to return control to the monitor. This clears the bit-pattern AA55h.

Enter i at the command prompt

# STE1'%495 - HyperT erminal

Dl 518 ofE| =

MBP-STK430A320

Figure 2—4. Initializing the Terminal Program Command



u The u command, shown in Figure 2-5, sets the user PC to the start vector of the loaded user program.

This