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4.1.5 Using the serial port: Example program TMTM.COM

The following section contains the listing for an interrupt driven terminal emuiation
pragram. This program shows how the serial port can be used in an applications
program. The seriai port routines {(TMIO. ASM) contain comments showing how the
same thing could be performed on an IBM PC. This will allow users familier with the
IBM PC to see how to modify existing software.

The program consists of several files:

TMUNC Equates

TMTM. ASM Main routine
TMKY ASM Keyboard routines
TMDP.ASM Display routines
TMIO.ASM Serial port routines

TMIO.ASM will be of most interest to those developing software for the serial port.

The other files have been included for completeness. TMTM.ASM should be linked in
as the first module create TMTM.COM.

The program will set the serial port to 1200 baud, 8 data bits, 1 stop bits and no parity.
The top data bit will be cleared. ALT Q can be used to exit from the program.

tm

Include file for Demo terminal

TR T T T AT EEEC R e R R R &

; Definitions for accessing 82C50 on serial port

SER_BASE equ 400h v serial base address in ROM

; Offsets from base address of 82C50 control registers

RBR equ Oh ; receiver huffer register

THR equ Oh ; transmitter holding register

IER equ 1h ; interrupt enable register

IIR equ 2h ; interrupt identification register
LCR equ 3h ; line control register

MCR equ 4h ; modem control register

LSR aqu Sh ; line status register

MSR equ 6h ; modem Status register

i Interrupt Controller

INT_REG equ 807fh ; address of serial vector reg (SIVR)
INT_ON equ 0lh ; enabie interrupt on char in
INT_OFF eqgu Q0h ; disable all serial interrupts
INT_NUM eqL Och ; interrupt number for serial port

i Control bytes

DTR equ 01h ; bit in MCR for DTR



RTS equ 02h ; bit in MCR for RTS
THRE_MASK equ 20h ; bit in LSR for transmitter ready
; Memory allocation blocks
BUF_LEN equ 100h i Tength of serial input buffer
STK__LEN equ 200h i Tength of program stack
; Miscellaeous definitions
CR equ Odh . carriage return character
LF equ Oah line feed character
PORT_DEFAULT equ 83h i serial port defaults
STRP_TQP equ 7th i clear top bit
name tmtm
; LR R R L R S TR P RS e R e A dr e Ve o e vy vy o e Srovn o e 4 4 Fehli o didr Yo e |
tmtn_main !

Terminal emulator for Pocket PC Serial Port

This terminal emulator is fully interrupt
driven and shows how serial port appiications
] can be written for the Pocket PC

{ This module should appear at the start of
linked objects
. tmtm_main is the entry point

R R R R L L e LR o R Tl o P R SR

extrn tmic_inon: near
extrn tnHo_init: near
extrn tmky_gtky: near
extrn tmio_char: near
extrn tmio_intc: near
extrn tmio_offc: word
extrn tmic_segc: word

include tm.inc

code segment byte public
org 100h

code ends

; pgroup allows the linking of several modules in such a way that the
; total code size can be determined

paroup group code, endseg
assume Cs:pgroup, ds:pgroup
code segment byte public

tmtm_main proc near
; Free unused memory to allow apptications/hotkeys to work

MoV ah, 4ah - ; modify memory allocation
mov bx, offset pgroup:iast_byte + STK_LEN + Ofh
mov cx, 4
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; terminal emulator
endseg segment byte public

last_byte: ;end of the program
endseg ends

end tmtm_main

name tmky

LR U S R R R L I - A S R R A A N AT B R A R L R X

0 tmky

3 Terminal keyboard handier

;

: This module controis the terminal keyboard

g Wilt allow emulator to quit on ALT Q

; A N T N A e N N N R S LR R R o L R I

public tmky_gtky
extrn tmdp_prbf: near
extrn tmic_exit: near
include tm.inc
code segment byte public
assume ¢s:code, ds:code
; Sefedefi i eSSk defidr o de i L R R T T R L P T o T T e
tmky_gtky
terminal keyboard handler

; wait and process key from keyhoard
f returns valid ASCIT character in AL

ALT will call command key
ALT Q will leave program

: Parameters: :
: NONE |
: Returns:

a ASCII character code
; Destroys: i

; NONE
; o A o R R s R L S S MO S Y
tmky_atky proc near
gtky_wtky:
call tmdp_prb
mov ah, 1
int 16h
jz gtky_wtk y
Rov ah, O
int 1éh
or al, al
Pz gtky_test
ret

EREE O TR S o e e SR R O L M e

check and display input buffer
check key status for key stroke
ready

wait for a key (no power down!)
key ready so get it

from keyboard buffer

extended code?

use extended codes as special



shr bx, ci ; divide by 10h; bx has paragraphs
int 21h ; do it! '
jnc tmtm_mmok ;  jump if modified ok

y memory modification failed: print message and exit
mov ah, 9h ; dispiay message
mov dx, offset tmtm_fail ; failed on allocation
int 21h
mov ax, 4c00h ; terminate program
int 21h

; memory modification succeeded: continue starting up

tmtm_mmok : b §

; set up stack in allocated space

_ mowv sp, offset pgroup:iast_byte + STK_LEN

i intialise Pocket PC LCD screen using DIP specific services
mov ax, 0ellh i Set external screen mode
mowv dl, 02 ; to 80%25 tracked
int : 6lh '
mov ax, 1001 h ; Set screen position '
mov dx, 0 ; to top th corner of display
int 61h
mov ah, 9 ; display start up message
mov dx, offset tmtm_strt
int 21h :

i grab interrupt Och (COM1 interrupt service routine)
cli ; disable interrupts
push hx
push es : '
Mo v ax, 350ch i get current int Och vector
int 21h
mov tmio_offc, bx ; save offset
mov tmio_segc, es ; save segment
pop es
pop bx
mov dx, offset tmio_intc ; Set up our own Och service
mov " ax, 250ch ; routine as tmio_intc
int 21h :
sti
call tmio_ini t ; initialise terminal emulator
call tmic_inon ; enable serial interripts

; main emulator routine: exit from program is via tmky_gtky
main_next:

call tmky_gtky ; ASCII key in al from keyhoard
call - tmio_char ; send it to serial port
imp main_next

tmtm_main endp

; Message table

tmtm_fail db "Failed To Allocate Memory', CR, LF, '$"

tmtm_strt db 'DIP PPC Terminal Emulator Demo Program‘, CR, LF, '$"
code ends . ' _ -

; endseg is a dummy segment that will appear at the end of the
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icheck for ALT codes
gtky_test:

cmp ah, 10h . check for ALT Q

jne gtky_wtky ; Jump 3f not ALT Q

call tmic_exit i Prepare to leave terminal emulator
int 20h i Teave it

tmky_gtky endp

code

name
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ends
end

tmdp

L I P I R R A O
tmdp

This module handles screen output

R T R R R PR RS R
pubTic tmdp_prbf
public tmdp_bptr

include tm.inc

code

s Ede T ki odr Ao s oS g e
1

segment byte public
assume cs:code, ds:code

tmdp_prbf
Display serial input buffer contents

The interrupt can place additional characters

in the buffer, except when the buffer is being
modified. '

Parameters:
NONE

Returns:
NONE

Destroys:
NONE

o T e e fo e he Ao Sy T S o fe e e dove fr e EEEER T LU L Tt (T I R P R

tmdp_prbf proc near

push ax
push dx
push ©osi

prbf_ next:
» are we at the heginning of the serial input buffer?

cmp tmdp_bptr, offset tmdp_chuf

jne prbf_char ; 1T not then print contents
pop si

pop dx

pop ax

ret



; &t least one character needs to he printed

prbf_char:
MoV di, offset tmdp_cbuf ; start of buffer
mov - dl, {di] ; move first character
mov a2 ; into AH nes
int 21h ' i display character-

» shift serial buffer along

; first disable interrupts to prevent new charcters being added while
; buffer is being altered

cli ;disable interrupts

cld : ;direction up

mov Cx, tmdp_bptr ;end of buffer+l

dec Cx . ;last character of buffer

sub cx, offset tmdp_chuf ;no. bytes to move in CX
mov si, offset tmdp_cbuf+l :start of string to move

i at this point, es:di points to the start of the buffer and

; ds:si points to one character in. The buffer will be shifted down one
; character by the use of movsh.

rep  movsb ilds:isi] -~ > [es:di] CX times
dec tmdp_bptr snew end of huffer
sti ;allow interrupts again
; buffer may receive characters again W e
Jjmp prhf_next ; loop for next character

tmdp._prbf endp

i Buffer storage s Ai et
tmdp_.cbuf db BUF_LEN dup (00) ;serial input buffer
tmdp_bptr dw offset tmdp_chuf ;pointer to top input buffer
code ends : 42 . b

end
name tmio
N R R R g R R L A A Er
) :

RIS UESR T R R S A R ) P
tmio _
This module interfaces with serial port

The interrupt routine assumes that an interrupt
g signifies the presence of a serial input
; character

No handshaking is performed by the emuiator
A baud rate of 1200 is assumed

8 data bits/no parity is assumed

Top data bit is stripped off

AR R L e R A A A A MV RS T R S L

public tmic_char

public tmio_init
public tmic_7inon
public tmio_inof

3
e
a
4
-
-
a
-
-
-
:
.
:
2
=
2
>
>
:
.
s
-
-
é
-
-
a
-
>
-
o
>
“
>
-
é
e
a
é
é
e
=
a
&
a
>
&
&
&
a
“
-a
=
a




[33dddddddddddJddddddddddddddddddddddddddddddddddddddddddddde

'

public tmic_exit
public tmio_intc
public tmio_offc
pubTic tmio_segc
extrn tmdp_bptr: word
include tm.inc
code segment hyte public
assume cs code ds code
"'r S R B fh o o e EER T T o R v TR, R P T S .':f::':'.’::’.“,‘:f:a‘cf::’:;‘.“.’:;'c'.‘n'::‘.‘:':i
tm1o_char |
Sends a character to the serial port
I Parameters:
1 al: ASCII character te send

Returns:
NONE
Destroys:
NONE
e T e e e N Y e A e e LR R o R R RO R L N MR

tmio_ char proc¢ near

push dx
push di
push ax
mav di, tmio_base ; get base address of COML 82C50
mov dx, LSR ;i line status register
. add dx, di
char_wthr:
in al, dx » wait for transmitter ready
test al, THRE_MASK
jz char_wthr i loop if not ready
pop ax
mov ax, THR ; address of transmitter holding
add dx, di ; register
out dx, al ; send character to serijal
pop di
pop dx
ret
tmwo charendp

RN U S G ERR D et S ol GO IR RO LT A A B
¥

tm1o_1n1t
performs] initialisation of serial port

; Port is intialised to 1200 baud, 8 bits,
’ no par1ty

; DTR is set high: I'm always ready
Interrupt register on port setup as INT_REG

Parameters:
NONE
Returns:



; NONE :
: Destroys: ;
; NONE :
; LR R T R SR T R T R WU . S S M RO A B Tl h i AAde Sty ;
tmio_init pro¢ near
" push ax
push s3
push dx
push di
Xor ax, ax
push ds
MoV ds, ax ; segment zero
. mov di, ds:[SER_BASE] ; gét base of comi
pop . ds ; restore ds to local
mov . tmio_base, di ; save base address
call tmio_inof ; disable serial interrupts
Mmov al, PORT_DEFAULT ; set up port as in header
call tmio_inpt. v oset up 80cS50

. Set up interrupts for the serial port
. On an IBM PC the following code could he used

in al, 21ih ; access 82C59 PIC
and al, Oefh "~ ;”"enable int Och
out 21h, al L |
i This will not work on the Pocket PC, but the following code can be used
mov- .- ax, INT_NUM ; ‘interrupt number
call tmio_sint ; set up serial interrupt
; set up modem control register o SR
mov dx, MCR ; Tell the world we are ready
add RN G P ] L 4 :
mov al, DTR or RTS; set RTS/DTR
. On an IBM PC the interrupt line needs to be enabled:
mov al, DTR or RTS or 8
out dx, al ; set up modem control register
call tmic_inon ; enable serial interrupts
mov dx, di ; clear input buffer on 82C50
in al, dx
pop di
pop dx
pop s
pop ax
ret

tmio_init end
RO T O R L R i e e i R R R i T o R S P M S 8
]

tmio_inon
Enables serial interrupts
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Parameters:
NONE
Returns:
NONE
- Destroys:
; al, dx

REEUE LR R R g T Tt e S e A S
'

L o R g e RLT A ey
tmio_inon proc near

E

mov dx, IER +; interrupt enable register
acdd dx, cs:tmio_base
mov al, INT_ON ; interrupt enabled
out dx, ai
ret
tmic_inon endp
; AR EE R T T T i S S LA S S M R S o e LR L E o e R TIRE . SR
tmic_inof
Disable serial interrupts

i Parameters:
! NONE
! Returns:
NONE
Destroys:
al, dx

VO E A e e S de e e e e S e S S e e Ve Yo e e £ 2 e S g e e de o e e K Tk e e

’
tmio_inof proc near

mov dx, IER ; interrupt enable register
add dx, cs:tmio_base '
mov al, INT_OFF : disable interrupts
out dx, al
ret
tmio_inof endp

i tmio_intc

: Serial read interrupt service

: Invoked by serial input register being full
] Places character in buffer and returns

i Parameters:
| NONE
: Returns:
NONE
Destroys:
NONE
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tmio_intc proc near

push ax

push dx

push di

MmOV dx, RBR ; address of receiver buffer

add dx, cs:tmio_base

in al, dx i 9€t received character into al

and al, STRP_TOP ; strip top bit

mov di, cs:tmdp_bptr ; place character at top

mov cs:[dil, al ; of buffer

inc cs:tmdp_bptr ; advance buffer peinter
; On an IBM PC the interrupt must be acknowledged by the following code:
; mov al, 20h
; out 20h, ai
; On the Pocket PC this is unnecessary

pop di

pop dx

pop ax

iret

tmio_intc endp
o'.':'.':;’rf.",‘::’:f::‘::’::’::‘c:‘::‘:‘.‘:s‘:1‘:'.‘::’:7:'.'::‘:‘.’:1’::‘:'.’:;’:a‘c-::‘.':fn‘c:':
1

; tmic_exit

g Ensures safe exit from terminal emulator

kﬁk*#ﬁ**%***kﬁ#*ﬁ#**&*ﬁ

; Parameters:
; NONE
: Returns:
c NONE
g Destroys:
z NONE _
;-.':.‘:'s’:fa*:“.'fn':fef:'.’.‘fe:'::’.“.‘ﬂ'(a‘.-‘.‘::{n‘.—a‘::’.‘f(:'r:’::‘:f::’::’:s‘::‘::’::’:3‘::‘::’:1‘(a‘:‘,‘::’n‘ef:‘.‘:fr'.‘::':‘.‘::'::’:‘.‘:f:;‘:f;‘.‘:l’:
tmio_exit proc near
push ax
push bx
push dx
call tmic_inof ; Disable interrupts
: but old interrupt service routine back
push ds
MoV ds, tmio_segc ; get oid segment
mov dx, tmio_offc ; get old offset
mov ax, 250ch
int 21h 3 redirect serial interrupt
pop ds
mov al, 48h ; reset default interrupt vector
call tmio_sint
pop dx
pop bx
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pop

ret
tmio_exit endp
3 tmio_sint

ax

; Set interrupt vector register

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

; Will replace existing entry if possible
: This routine uses int 61h service ich to ensure

vector register

1
(]
L

(]

that power down will not corrupt serial port

first non-reserved entry

max table entry+1l
if got here then entry no exist
return table entry
table entry number
return table entry

; have we found location in table
; no than always replace

1nterrupt humber back

put value to write intgo bi
table entry to use

address of SIVR

write entry number

find empty table entry
first entry to check

Parameters:
al: interrupt number
5 Returns:
; NONE
; Destroys:
: NON
§ R dr d e ¥ S e e e g e g e YT e B B e W e R e
tmio_sint proc near
push ax
push bx
push Cx
push dx
; check for vector already being set up
push ax
mov cl, 3
sint_srch:
ing c
cmp @l il
je sint_seti
mov ax, 1lcOlh
mov bh, ci
int 61h
i check if SIVR has been set up before
cmp dx, INT_REG
jne sint_srch
; have found location in table for interrupt vector number
stni_wral:
pop ax
mo v bl, al
Mo v bh, ¢I
Moy dx, INT_REG
Mo v ax, 1c00h
int &1lh
jmp sint_exit
; find an empty entry table to use
sinf_seti:
Mmowv €l y, 3
sint_srdd:



inc ¢l
cmp cl, 11
je sint_bodg
mov ax, icoih
mov bh, 1
int 61h
cmp dx, 0
jne sint_sro0
jmp sint_wral
sint_bodg: i
1 no table entry has been foun
pop ax
mov dx, INT_REG
out dx, al
sint_exit:
Fon dx
i ]u] cX
Ao bx
pan ax
ret

tMa_s1nt endp
; ST W s B Ay

tmio_inpt

Initialise 80c50 (based on int 14h service 0)

Parameters:

al:

Returns:

araliefers {qgs
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Bits

RO X &
O

Bit

[l e (N

Bits 1
10
11

d.to d

PCPRPROROKLo

i max table entry+1
i 1 got here then entry no exist
» return table entry
; table entry number
» return table entry
: have we found empty location in table ?
1 no than always replace
5 yes go-and write it
i no table entry
0 it the bad way

corruption of SIVR may occur
i on power down

int ldah)

EBAID RATE

110
150
300
600
1200
2400
4800
9600

» 3 PARITY

none
add
aven

STOP BITS
1 bit
Z hits

» O WORD LENGTH

7 hits

8 bits

}
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NONE
Destroys:
NONE
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Imic_inpt proc near

push ax i Preserve parameters
mov ct, 5 v Set up shift count
shr ail, cl i Get bits to shift
jz init_spec ! Special case of 110 baud
mov Gl il Get count in CL
mov ch, 06&h
shr &R @l ; Get divisor in CX
jmp short init_norm
init_spec:
mov cx, 417h ; Divisor for 110 baud
init_norm:
mov dx, tmio_base ; Base address
add dx, LCR : Get line control reg port
mov al, 80h . Access divisor regs
out dx, al
mov dx, tmio_base ; Lower divisor latch
MoV al, cl v Get low divisor
out dx, al v Write divisor
inc dx i Upper divisor latch
mov al, ch Get high divisor
out dx, al Write divisor
pop ax i Restore parameters
and al, 1fh i Get bits 4 to 0
mov dx, tmio_base ; Base address
add dx, LCR ; Line control register port
out dx, al ; Write data
ret
tmio_inpt endp
tmio_base dw 0 . hase address
tmio_offc dw 0 ; offset of old int Och
tmic_segc dw O i+ segment of old int Och
code ends
end



RUN FILES GREATER THAN 64K

in order to buiid a .RUN file with a code size greater than B4k, it is necessary to
have more than one code segment. One way of achieving this is to build the
program using the MEDIUM memory model. In this way the code size is only limited
to the avaitable space on a CCM (up to 128k).

Unlike an .EXE file, which has fixups resolved ai run time, a .RUN file must have the
fixups resolved before the program is commited to a ROM card. Therefore it is
necessary to resolve the fixups based upon an absolute memory address for the file,
and it must be known in advance where the file wili reside on the card. i the
program is the first file on the card, its position can be calculated as follows -

Fixup Address (in paragraphs) =

CO0CH + (Boot sectors + FAT sectors + Root Dir sectors)* (sector size in
paragraphs) '

The number of sectors used can be found by using a disk utility program (such as
Norton Utilities).

Example :-

For a 128k card forma"t'ted with _5.12 by‘tés per sector, 1 sector for the Boot Record, 1
sector for the FAT, and 8 sectors for the Root Dir, the address (in paragraphs) of the
first file on the card will be C140H.. .

This value should then be used for the fixup segmen't'-address, before the program
is copied to the ROM card. _ .

Due to the mechanism used by the operating system to execute RUN files. the file
must have an apparent size less than 64k. Therefore after the program has been-
copied to the card, the file size entry in the Root Dir must be set to a value less than
64k.

Since data fixups must be resolved at' run time, it is. not possible to have more than
64k of data. This means that the HUGE memory model cannot be used.
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