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As various number systems are in use, such as binary, decimal,
hexadecimal, etc., the base or radix of a number system is placed as a
subscript to the lower right of a number to identify whether the
number is decimal, hexadecimal, octal, or binary as shown in Fig. 1-3.

1001, (Binary 1001)
10g (Octal 10)

1070 (Decimal 10)
10,6 (Hexadecimal 10)

Fig. 1-3 Number Notation (with Base m)

Unless otherwise specified, the hexadecimal notation is used
throughout this manual to express the contents of memory and registers
which are represented by binary numbers. Characters represented by
ASCII codes may be enclosed by single quotation marks (ex: 'ABCD').
Symbol A represents a space.

The MCU is provided with the internal registers shown in the following
Table. The registers are abbreviated as follows.

Table 1-1 Internal Registers

| Address Register Abbreviation
00 Port 1 Data direction register DDR1
01 Port 2 Data direction register DDR2
02 Port 1 Data register PORT 1
| 03 Port 2 Data register PORT 2
04 Port 3 Data direction register DDR3
05 Port 4 Data direction register ’ DDR4
06 Port 3 Data register PORT 3
| 07 Port 4 Data register PORT 4
08 Timer control and status register TCSR
09 Counter (high-order bytes) 7]
oA Counter (low-order bytes) Jd pre
0B Output compare register 7
(high-order bytes)
ocC Output compare register OCR
(low-order bytes) A
oD Input capture register T
(high-order bytes)
OE Input capture register ICR
(low-order bytes) _
oF Port 3 control and status register
10 Rate and mode control register RMCR
11 Transmit/receive control and TRCSR
status register
12 Receive data register RDR
13 Transmit data register TDR
14 RAM control register
| 15 to 1F | Reserved
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. .~ CHAPTER 1 GENERAL

1.1 Descriptive Expressions Used in This Manual

The HX-20 incorporates two HD6301 microprocessors. One of the
microprocessors has a 64K-byte memory area to control the entire HX-20
components and is called the master MCU (Micro Computer Unit). The

. other plays an auxiliary roI" Namely, it controls I/O devices such as
‘the microprinter, cassettes etc., and is called the slave MCU. Each
MCU has a CPU, a ROM, a RAM, ‘serial I/O port, a parallel I/0 port,
and tlmer function. Fig. 1- ows the arrangement of the registers in

4
cumulator D (whlch is a comblnatlon,of
cn,ulators AKand B). 5
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1.2 Sample Program Format
Table 1-3 shows the standard format of a sample program.

Table 1-3 Standard Format of Sample Program

| Column number Description
| 1 to 5 Error message flag
6 to 10 Source line number (decimal)
| 11 Location counter section flag (see Note 1.)
| 13 to 16 Location counter value (hexadecimal)

18 to 19 Operation code (hexadecimal)

21 to 28 Non-branch instructions

21 to 22| First byte of operand
23 to 24| Second byte of operand

Part which 26 Section flag of operand

depends on (See Note 2.)

instructions Branch instructions

21 to 22|Relative address of branch
destination

24 to 27| Location address of branch
destination

28 Branch error warning flag
("*" is displayed if relative
address is in the range $70 to

B $90.)

30 to 31 M1, M2, M3, M4: Macroexpansion statements
(The digit following "M"
indicates the nesting level.)

IF: Statement skipped by the, IF control
u instruction
| 35 to 40 Label field

42 to 47 Operation field

49 to 56 Operand field

58 to last Comment field

column
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Table 2 lists the abbreviations for the respective bits of each
internal register.

Table 2 Bits of Internal Registers and Their Abbreviations

| Address register Bit Abbreviation
02 Port 1 [} P10
1 P11
2 P12
3 P13
4 P14
5 P15
6 P16
o 7 P17
03 Port 2 0 P20
B 1 P21
06 Port 3 (0} P30
1 P31
2 P32 T~
3 P33 »
4 P34
5 P35
6 P36
- 7 P37
07 Port 4 0 P40
1 P41
2 P42
3 P43
N 4 P44
5 P45
6 P46
7 P47
08 TCSR 0 (Output level) OLVL
1 (Input edge) IEDG
2 (Enable timer overflow ETOI
interrupt)
3 (Enable output compare EOCI
interrupt)
4 (Enable input capture EICI
interrupt)
5 (Timer overflow flag) TOF
6 (Output compare flag) OCF
| 7 (Input capture flag) ICF
11 TRCSR ® (Wake up) WU
1 (Transmit enable) _ TE
2 (Transmit interrupt TIE
enable)
3 (Receive enable) RE
4 (Receive interrupt enable) RIE
5 (Transmit data register TDRE
empty)
6 (Overrun framing error) ORFE
| 7 (Receive data register full)
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1.3 How to Read Subroutine Lists

The subroutine lists in each chapter contain the subroutine names,
entry points, descriptions of subroutines, and parameters. The
parameters shown are divided into those to be output for subroutine
call and those to be input for subroutine return. In describing the
CPU registers, symbols are used: (A) for accumulator A, (B) for
accumulator B, and (X) for the index register. For the condition code
register, (C) stands for carry, (N) for a negative flag, and (2) for a
zero flag. Details of registers are listed under "Registers retained".
"Subroutines referenced" lists the subroutines called in the course of
execution. The I/0 routines normally use addresses 0050 to 0077 as a
work area. The actual locations used are represented as variables.
(See Chapter 13.)

"(C): Abnormal I/O flag" appears quite often in the description of
parameters at the time of subroutine return. This indicates that the
I/0 operation has not been performed correctly due to a drop in
voltage, the power switch being turned OFF, or the BREAK key being
pressed. (C)=1 indicates abnormal I/O operation and (C)=0 indicates
normal I/O operation.
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*x+ 6301 CROSS MACROASSEMBLER

SEQ

0C001
00002
00003
C0004
€00CS
00006 -
00007
00008A
00009
00010
00011
00012
00013
C0014
0G0154A
00016A
00017A
000184
00019
00020
00021
00022
000232
C00244A
CD025A
000264
000274
00G28A
000294
000304
0C0314
700324
00D33A
C0034n
D0035A
000364
000374
000384
000394
C0040A
CO041A
00042
TOTAL

LOC O0BJECT

1000

1000 37
1001 36
1002 3C
1063 30

1006 A6
1006 E6
1008 3C
1005 37
1004 A6
100C Eé¢
1008 3D
100F 37
1010 A6
1012 E6
1014 3D
1015_ 30
1016 AR
1018 AB
1014 38
1018 38
101C 38
101D 39

ERRORS

02
01

03
00

03
01

0o

0000
0

>

> 3

PROGRAM

-
*
*
*
*
*
M

P

L2

VER1.0 ==«

10721782

MULT16 -== 16 BITS UNSIGNED MULTIPLY ===

FILE

16 BIT UNSIGNED MULTIPLY (16 BIT RESULT)

NAM MULT16

TTL === 16 BITS UNSIGNED MULTIPLY ===

NAME °*EX53* BY K.A

CcPY PAGE=SS5S
OPT LOAD

ORG $1000

REENTRANT CODE (USES 6 BYTES ON STACK)

A, B

Y16

STAC

+D
+1
+2
+3

TIMES X RESULT

PSH B

PSH A

PSHX

TSX

K NOW LDOKS LIKE
MS BYTE MULTIPLICA
LS 8YTE

MS BYTE MULTIPLIER
LS BYTE
LCA A  2,X
LDA B 1,X
MUL
PSH
LDA
LDA
MUL
PSH
LDA
LDA §
MUL
TSX
ADD A
ADD A
PUL X
PUL X
PUL X
RTS
END

> o >» w
- N [ V2]
> X >

L N B O A 2

-0

»

AsB

TION

[+ 4}
R 3
(@]

CLEAN UP STACK

LI I A

"

crccccee--—-

09:41:224
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2.1 General

The keyboard, connected to the master MCU, has 8 lines each of which
fetches 10 data. In other words, the keyboard is an 8 x 10 matrix
Structure. The pressed key can be found by inputting the data for each
line. Interrupt IRQ1 occurs each time a key is pressed. The keyboard
matrlx incorporates the Prlnter ON/OFF and DIP sw1tches ln addition to
_the alphanumerlc-keys..e : .
Key input is processed by Lnterrupts and lnput data 1s stored ln “the
8-byte key stack. A power. ON"key stack,_whlch stores data to be lnput
automatlcally from the keybcard.when«the~power is turned ON, is also
prcv1ded. The contents of . th power ON key stack are. first fetched and
the data in the key stack _ nput 'hen the power. ON key stack. becomes
;emptyr The contents«of the power ON“key stack can,be restored by
turning the power ON (reset).




2.3 Key Scan

As shown in Fig. 2-1, ten data can be input from each of the eight
lines connected to the keyboard. Line L® inputs data from keys 0, 1,
2, 3, 4, 5, 6, 7, the PF1 key and DIP switch 1. In the same way, data
from keys @, A, B, C, D, E, F, G, the PF3 key and DIP switch 3 are
input through line L2. This means that to input all of the data from
the keyboard, lines LO to L7 must be selected in turn and the data
fetch operation repeated eight times.

Lo L1 L2 L3 L4 5 L6 L7
! ; i i ! i
: . ; ; !
! i ? | ? |
Do = - A : i :
“o i ~ e | | ! i
{8 [ ; .
~ A ‘ ' | | ' ?
D1 S e "’ i B
1 -} A ' ! i
02 = = 5
s B
D3 = = =
3 C
D4 = = =
4 , "D
5 ~ ~ P\
D = = =
5 : E
Dé = = <>
6 . F
D7 = = 3
7 P G
D8 = = =
PF1 PF2 PF3
Do < = =
" DIPY DIP2 DIP3

Fig. 2-1 Key Matrix

In some cases, data may not be input correctly from the keyboard due
to this circuit configuration. For example, when keys 1, 8 and 9 are
pressed, the circuit recognizes key 0 as having been pressed. That is,
if key 9 is pressed while holding down keys 1 and 8, the input is
recognized as 1, 8, 0. There are several such combinations which will
cause incorrect data to be received. Key scan is performed by the
following procedure.
(1) Close key input interrupt mask
P264 (bit 4 at address 26) is an IRQ1 key input interrupt mask.
As an interrupt occurs if the key is pressed (i.e., the line to
scan is specified and the key on the line is pressed) if this
mask is open, the interrupt is disabled.
(2) Specify line to scan
There are 8 lines, LO® to L7, and any line can be specified for
input. When line L® is specified, the data on the line LO can
be input. If all lines LO to L7 are specified, any key can be
detected. The bit 0 at address 20 specifies line LO. When the



value of this bit is 'Q', scan is enabled and when '1', scan
is not performed. The value FE (line LO is scanned and the other
lines are not scanned) is output first to address 20.

(3) Fetch data
When the contents of the address 22 are input, the data in DO
through D7 can be obtained. When the contents of address 28 are
input, the data in D8 and D9 (bit O, bit 1) can be obtained.
(There is a wait of several tens of microseconds to obtain correct
data after the line is specified.) Now, input from keys 9 to 7,
PF1 and DIP switch 1 is enabled.

(4) Scan lines
Lines L1 through L7 are sequentially scanned and procedures 2 and
3 above are repeated. In this way all the data from the keyboard
as well as the DIP switch values can be input. Table 2.2 shows the

arrangement of the key matrix. Table 2.3 shows the arrangement of
the keyboard matrix.

2.4 Keyboard input interrupt

An IRQ1 interrupt is enabled when the keyboard data is input. The

following procedure is used to issue an IRQ1 interrupt.

(1) Specify the key line
The line where an interrupt occurs when a key is pressed is
specified. Set 'Q' in address 20 to specify the key scan line.
Once '0' is set, an interrupt occurs when any key is pressed. Note
that the keys and switches on D9 such as DIP switches 1 to 4,
shift key, control keys, and Printer ON/OFF switch are excluded
from the keyboard input interrupt.

(2) Open the keyboard input interrupt mask
Write '1' to bit 5 of address 26 (P265) where the keyboard input
interrupt mask is performed.

(3) Open the CPU interrupt mask
The CPU interrupt mask is opened by a CLI command.

(4) Confirm the keyboard interrupt
If the P15 is '0' when an IRQ!1 interrupt occurs, it 1nd1cates the
occurrence of the key input interrupt.

2.5 Timing of Key Input Process

An IRQ1 interrupt occurs when a key is input. Sampling (OCR interrupt)
is performed using the MCU free running counter.

20mesc . 20rmec 20msec

ON T :

Keyboard ] . : [ ——
v oFF. ! Co P

Kcv interrupt Open
Cloud . .;

OCF interrupt Omn.! H
mask _ L
c:oscd : : :
Scan 7,-‘ ‘ n n i
o 0L I__,_qu JLmJL
£8f ¢ ggg g2 8§ 2 Fig. 2-2 Timi
P Eiuoww ok 2 o& ig. 2- iming of Key Input
298 8 88988 £ 8

N
|
w
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After a key is pressed as shown in Fig. 2-2, the Output Compare
Register (OCR) issues interrupts at intervals of 20 msec (the key
interrupt mask is closed) and auto repeat process is performed by key
scan. If the same key is pressed continuously for a certain number of
key scans after issuance of an OCF interrupt, it is assumed that the
key has been newly pressed. The received data from the keyboard is
stored in the First In, First Out (FIFO) key stack.

2.6 RAutomatic Key Input at Power ON

The 18-byte variable KYISTK contains key input data that can be
specified by a monitor K command during reset (refer to Memory Map).
When the value of the variable KYISFL is OA, the KYISTK contains key
input data. When the value is 0B, key input data is currently being
fetched from the KYISTK. If the value of the KYISFL is 0B when the
subroutine KEYIN (to fetch the key input data from the key stack) is
called, the value obtained from the KYISTK is used as the key input
data.

2.7 Key Input Subroutines

The following subroutines for key input are provided.

(1) INITKY: Initializes the keyboard and sets the default value.

(2) KEYSCN: Performs the key scan operation and obtains input data
from the pressed key.

(3) KEYIN: Fetches one character from the key input buffer.

(4) XKEYSTS: Obtains the number of characters in the key input buffer.
(5) KYSSTK: Specifies the automatic input key data.

2.8 Sleep Function

The MCU is provided with a sleep function to reduce power consumption
when it is not functioning. The sleep mode is entered during
execution of the KEYIN subroutine to wait for key input when the key
input buffer is empty.

2.9 Special Keys

(1) BREAK key
When the BREAK key is pressed, the data is not taken into the key
stack, but the I/0O operation is cancelled. (Subroutine BREKIO is
called.) Then, the break process is performed to the slave MCU and
bit 7 of variables MIOSTS (address 007D) and SIOSTS (address 007C)
become ON. The data input from the power ON key stack is
cancelled. If bit 7 of the variable RUNMOD (address 0®7B) is '1°',
control returns from the key input interrupt. When bit 7 is 'Q’,
the subroutine is called starting at the address specified by
address (0120, 0121). The default values of address (0120, @121)
is (FF, B2). The subroutine RSTRIO (re-start of I/O operation) is
executed at the entry point of the address FFB2 and control jumps
to the menu routine. In addition to the BREAK key, the specified
subroutines are executed when the MENU, PAUSE, CTRL/PF3, CTRL/PF4
and CTRL/PF5 keys are pressed. Any addresses can be specified.



(2) MENU key
When the MENU key is pressed and bit 7 of the variable RUNMOD is
'1', the code FC is input to the key stack and control raturns
from the interrupt. When bit 7 is '0', contrnl returns from the
interrupt after executing the subroutine starting at the address
specified by address (2122, 0123).

(3) PAUSE key
When the PAUSE key is pressed, bit 6 of the variable MIOSTS
becomes '1'. Then, control returns from the interrupt if bit 7 of
the variable RUNMOD is '1', If bit 7 is '0', control returns from
the interrupt after executing the subroutine starting at the
address specified by address (9124, 0125).

(4) CTRL/PF3, CTRL/PF4 and CTRL/PF5 keys
When the CTRL/PF3, CTRL/PF4 or CTRL/PF5 keys are pressed, contronl
returns from the interrupt after executing the corresponding
subroutine starting at the address specified by the address (9126,
2127), (2128, ©129) and (912A, D12B). If, for example, (FF, 10)
(the entry point of Monitor) is written to the address (2126,
7127), the Monitor will be executed when the CTRL/PF3 keys are
pressed.

2.10 Key Input Modes

The current key input mode (numeric and uppercase, shift, etc.) is
indicated by the 1-byte variable KEYMOD. The address of this variable
is (FFE4, FFE5). The current data in this address is 0169. Referring
to the contents in the address, the current mode, (in this case, the
keyboard mode) can be recognized. To force-set a certain mode, change
the contents of the current address to those of the mode to be set.
The following three modes are available.

Bit 1: Numeric mode

Bit 2: CAPS mode (lowercase letter mode is assumed when bit
2 is '"1'.)

Bit 4: Graphic mode

Only one of these bits may be '1' or all of them may be '0'.
The current mode is indicated by the bit which is '1'.

2.11 Changing Constants

The constants on the RAM are the following.

Key stack size, time interval until the second key input is accepted
for auto repeat, time interval until the third or subsequent key input
is accepted for auto repeat, sampling interval of key scan and power
ON key stack. The default values for these constants are set when the
keyboard is initialized. Values set after the default values have been
set are used. (For details, refer to Memory Map).

Key scan

The keyboard value read by key scan is assigned to variable NEWKTB (10
bytes, starting address: FFDO, FFD1). Fig. 2-3 shows the format of the
keyboard values read by key scan.

2-5
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Bit5 Bit4 Bit 3 Bit 2 Bit 1 BitO
UL Loy DALY D2y DIgLar DAL

TL2)
(L3)
GoCLL)
................... Do{L3
NV B2 DT LA, DE(LE) wrorererrs s f_))t,t, ,‘?‘
Rt k= T e Tt 2 T o N H S R R R DolLos
NN I Dol . . -
:,\‘ E"-‘:!‘:’FB;T T T TS TR T T e s o U?(:_" \)
NEWRTE=6 ,DR(LY) D&(L3) D3(L2) Da(L1) DS(Le)
NEWKTR-0 Dot DO(L4) D9(L3) D9(L2)y DO(Li) Dy{Ld)!
Fig. 2-3 Key Scan Values
. In this case, the DIP switches and the PRINTER ON/OFF switch are set
P : according to the values at address 7F. (In other words, software
/ . specification takes precedence over the key scan specification.)
2.12 Tables
Table 2.2 Key Matrix
~.Line 3 ‘ : ) f
Rnt’dfh*- | L 1 L 2 L 3 L 4 L o} ]_ 6 ; L 7
dere o 1 i
Do 28 10 13 20 28 30 38
J 2 @ H e X RET CLR
{
| D1 01 0@ 11 16 21 29 31 38
! 9 A I Q Y SPACE SCRN

([
192}
F‘T
)
i

(&)
p—g
de
@
:\
;
[y
—
)
~J
La
)
)
')
310

D L T DET
N 3 ] 3T 1= 1 ol ) = A
i Dz 22 D 15 1D 2 2D 2 > D
- — joy A T .- T N -
£ u : . NeXi T
™ 2 . - - -
D s a4 I 1A 1T DI 7" T
J jul o0 s F ol < -
2 I3 b 3
. N i
- - = P 5= ™ o -
D - i [ - I} i r [V
Y ~y AR1 IR oYy
’ AN - LD
I < 4_ 7 4 4 _) 4 T') -
= JRR i (AN S ez
| 1B FE 400 EERY I B ' E [
“vn - e T =
Div DR DIP Dib o] PRINT

Note: The hexadecimal values in the above Table indicate the
v positions of the key layout on the keyboard matrix table.
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2.13 Keyboard Input Subroutines
Name of Entry Description
Subroutine | Point
INITKY FFAQ Initializes key input. Sets the initial values
(including default values). Specifies the vectors
jumped to when the BREAK, MENU, PAUSE, CTRL/PF3,
CTRL/PF4, and CTRL/PF5 keys are pressed. Specifies
default values for timing such as sampling time,
etc. Specifies the number of key stack data, and
the key stack used when the power is turned ON.
°Parameters: :
At Entry
None
At Return
None
°Registers retained
None
°Subroutines referenced
None
°Variables used
None
KEYSTS FFID Inputs the number of key stack data (Excluding
the key stack used when the power is turned ON.)
°Parameters:
At Entry
None
At Return
(C): Abnormal I/0 flag
(A): Number of key stack data (in bytes)
(z): According to the value of (A)
°Registers retained
(B) and (X)
°Subroutines referenced
None
°Variables used
None
Note: When a PF key is pressed, the number of
stack data increases by 2. L
KEYIN Inputs one character from the key stack. If no

FFI9A

data exists in the key stack, this subroutine lets
the MCU sleep and waits until data is input from
the keyboard. If data exists in the key stack when
the power is turned ON, this data is recognized as
input data. If both key stack data and keyboard
data are available, the key stack data take
precedence over keyboard data.

°Parameters:
At Entry
None
At Return
(C): Abnormal I/O flag
(A,B): Character code. 1-byte codes are stored
in (A) and 2-byte codes ((A)=FE) arc
stored in (A,B).




Name of Entry Description
Subroutine | Point
°Registers retained
(x)
°Subroutines referenced
None
°Variables used
None
KEYSCN FF6A Scans the key matrix. The result of the key scan
is stored in NEWKTB (10 bytes). Note that the DIP
switches and Printer ON/OFF switch are set
according to the value of the variable SDIPS2,
The contents of NEWKTB are:
Bit 7 Bit 6...Bit 0
NEWKTB+0: D7 D6 eveee DOeeeees LD
NEWKTB+1: D7 D6 ¢eoe DO.veess L1
NEWKTB+38: L7 L6 ¢eee Lleveses D8
NEWKTB+9: L7 L6 eoee Lleasees D9
°Parameters:
At Entry
None
At Return
— None
°Registers retained
None
°Subroutines referenced
None
°Variables used
K® and K1 (The values of these variables are
retained.)
KYSSTK Fr22 Inputs data to the key stack when the power is

turned ON. The size of the key stack is 18 bytes.
If more than 18 bytes of data are input, the
excess data is ignored.

°Parameters:

At Entry

(X): Starting address of character strings
(B): Number of characters (9 to 18: the key

stack is cleared when the number is 0.)

°Parameters:

At Return

None
°Registers retained

None
°Subroutines referenced

None
°Variables used

None
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2.14 Keyboard Work Area

Addr=ss
(from) (to)

Variable
nane

Bytes

Description

2140

2140

KSTKSZ

1

The size of the key stack. The default
value is 8. May be specified in the
range 1 to 15. If the value is '1°',
input of PF keys is not accepted.

®141

e e e

2141

KICNT1

Time until the first key input is
accepted for auto repeat. The unit
depends on sampling time. The default
value for sampling time is 20 msec. The
default value is 40 (800 msec).

P 0142

0142

KICNT2

Time until the second or subseguent key
input is accepted for auto repeat. The
unit are the same as those of KICNT1.
The default value is 6 (120 msec).

9143

0144

KICNTHM

Sampling time. The unit 1 egquals approx.
1.6 psec. The default value is 12,288
(20 msec). :

- 0145

014E

NEWKTB

10

Value of the key scan matrix. The status
after the key scan is stored in this
area. '1' denotes the ON condition.

Bit 0 at the first address of the work
area corresponds to 00 of the key
matrix table and bit 7 corresponds to
07. In this manner, bit 7 of the last
address corresponds to 4F.

¢ 014F

0158

OLDKTB

10

The value of the previous key scan. The
previous value of NEWKTB is stored in
this variable.

i 0159

0162

CHKKTB

10

Stores the data for the position of the
newly pressed key after key scan.

0163

0164

KYISAD

Address of automatic key input when
power is turned ON. Set to 016F at reset.

0165

0165

KYISFL

Flag indicating whether or not data
exists in the key stack when power is
turned ON. When this flag is 0A, data
exists in the key stack but the fetch
operation ends. When the flag is 0B,
data is currently being fetched from the
stack. If the flag is other than OA and
0B, no data exists in the key stack.

0166

0166

KYISCN

The number of data in the automatic
input key stack. Value is in the range
® to 255.

0167

0167

KYISPN

The number of data input from the
automatic key input. The number is in
the range 0 to the value specified by
KYISCN.

0168

2168

STKCNT

The number of data in the input key
stack. The number is in the range 0 to
the value specified by KSTKSZ.

1 0169

0169

KEYMOD

Input key modes. This address indicates
the uppercase, numeric modes, etc.
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Address
(from) (to)

Variable
name

Bytes

Description

Bit 1: Numeric mode when this bit is
'1‘.

Bit 2: Lowercase mode when this bit is
1,

Bit 3: Unused

Bit 4: Graphic mode when this bit is
1.

Bit 5: SHIFT mode when this bit is '1'.

Bit 6: The CTRL key has been pressed
when this bit is '1°'.

Bit 7: Indicates that a special keys
such as the BREAK, PAUSE, MENU
or one of the PF keys has been
pressed when this bit is '1'.

One of bits O through 4 must be ON or

all bits must be OFF.

016A

016A

ONKFLG

Indicates the key input status.

M0: Inhibits key reception. Waits until
the pressed key is released.

FF: Key input enabled.

01: Auto repeat function

016B

016B

KPRFLG

For auto repeat, this variable
indicates the number of times the same
key input has been received. When this
value equals that of KICNT1 or KICNT2,
the pressed character is taken to be
input once.

016C

016C

KEYRPT

Indicates the auto repeat key position

on the matrix. Refer to the Matrix
Table.

016D

016E

CKEYRD

Input key code
A PF key is 2 bytes.

016F

0180

KYISTK

Work area for the power ON key stack

0181

0188

CHRSTK

Work area for the key stack

0189

018F

This area is secured for expansion of

the key stack.
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3.1 General
The Liquid Crystal Dlsplay (LCD) has a resolution of 120 horizontal
dots and 32 vertical dots and LCD controllers which enable the
specification of data for each dot.

6 LCD controllers together control the LCD, each of which controls an
area 40 horizontal by 16 vertical dots.

Normally, a single character is displayed in a matrix of 6 horizontal
'by 8 vertical dots. Alphanumeric characters, however, are actually

- formed in. a matrlx 5 by 7 dots as spaces are left between characters
.on the screen.

-39 40* 79 80 119
Controller 1 | Controller 2 |:Ca troller 3
,,(bank'O) “f (bank 0) | (bank Q@)

Controller 1| Controller 2| Controller 3
‘ | tbank 1) | (bank 1)
Controller 5 Controller 6
" (bank 1} | (bank 0) (bank  0)
Controller 4| Controller 5 QOnxroller 6
R S :.(bar‘.k'ﬂ“ '-*fbank 1)
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3.3 I/0 Ports for Display and Input

Table 3-2 I/O Ports Related to LCD Controllers

Master 1: Command
MCU 28 7 Input BUSY signal of LCD controller

Address | Bit Description
position
()] Output Selection of LCD driver
1 1-6: Controllers 1 to 6 selected.
2 0: No controller is selected.
3 Output Selection of data or command for
LCD driver
0: Data

26

Q: Busy

2A Output Serial clock to LCD controller
2B Output Serial clock to LCD controller
Output Output data to LCD controller

Output Output data to LCD controller

Output Output data to LCD controller

Output Output data to LCD controller

Output Output data to LCD controller

Output Output data to LCD controller

Output Output data to LCD controller

Output Output data to LCD controller

2A

Qo unidlwin(—e

3.4 Data Display Procedure
Data is displayed on the LCD by the following procedure.

(1)

(2)

(3)

Selection of controller .

One of the 6 controllers is selected by specifying an appropriate
value in the bits 0 to 2 of address 26 using subroutine WRTP26. If
0 is specified, no controller is selected. System default is 0

for power conservation. ’

Command setting

The bit 3 of address 26 is a bit used to select either data or
command for the selected controller. When this bit is set to "1",
a command is selected. This data/command selection may be
performed simultaneously with the controller selection described
in (1) above. Set a command in address 2A and confirm that the LCD
controller is ready (when the bit 7 of address 28 is "1"). Then
apply 8 serial clock pulses to the controller. (Address 2A is read
8 times. Since address 2B is also for serial clock input, 8 serial
clock pulses are given to the controller upon execution of
"LDD$2A" 4 times.)

Data _

When the bit 3 of address 26 is set to "O0", data is selected. The
data setting procedure is the same as the command setting
described above. Depending on the type of command, data must be
continuously output for display.



3.5 Input of Display Data
The bit indicating that the controller is busy (i.e., bit 7 of address
28) becomes the input data for display.

3.6 Display Subroutines
The HX-20 has the following three subroutines for character display:

(1) DSPLCN: Displays n characters of data (ASCII code) on the physical
screen.

(2) DSPLCH: Displays one character of data (ASCII code) on the
physical screen.

(3) DISPIT: Displays one character of data (ASCII code) on the
physical screen.

3.7 Coordinates on the LCD
(x,y) indicates the coordinates on the LCD. X is the coordinate in the
horizontal directions (columns) and y is the coordinate in the
vertical direction (rows). (0,0) indicates that the positions of
both the vertical and horizontal coordinates are the upper left edge
of the LCD. The values of X,y coordinates on the text screen must be
in the range shown below.

O <x <19 and 0 <y <3
The values of X,y coordinates on the graphic screen must be in the
range shown below.

O <x <119 and 0 <y < 31

(0.0) §I9.0)

03 (19,3)

Fig. 3-2 Coordinates on thg LCD (Tex} Screen)

. g~

N i




3.8 LCD Subroutines

Subroutine
name

Entry point

Description

DSPLCN

FF49

Displays or clears n characters on the
physical screen.

Parameters:

At Entry

(B): Number of characters displayed
The screen is cleared when (B) is 0.

(x): Starting address of data packet
This parameter need not be
specified when (B) is 0.

Data packet

Byte 0: x coordinate (@ to 1999) of
the display position of
the first character.

Byte 1: y coordinate (0 to 31g) of
the display position of
the first character.

Byte 2: Character code (ASCII)

Byte 3: Character code (ASCII)

Byte n+1: Character code (ASCII)

At Return

Nore

Registers retained
None

Subroutines referenced
'DSPLCH'

Variables used

None

DSPLCH

FF4C

Displays one character on the physical
screen. The display data is first
written into the screen buffer PSBUF.

Parameters:
At Entry
(p): ASCII character code
(x): Display position on ICD (high,
low)=x coordinate (0 to 19),
y coordinate (0 to 3)
At Return
None
Registers retained
(a), (B), and (X)
Subroutines referenced
CHRGEN, LCDMOD and DATMOD
Variables used
None

v o

DISPIT

FF5B

Displays one character on the physical
screen. The display data is not written
into the screen buffer (PSBUF).

Parameters at entry and return, registers
retained, subroutines referenced and
variables used are the same as those for
subroutine DSPLCH.

3-4




Subroutine | Entry point Description
name
CHRGEN FF67 Generates the character pattern. A

character pattern (6x8 dots) is
provided for display of the character
specified by the ASCII code on the
ILCD., Certain character patterns may
change according to the value set by
the DIP switch for different
countries.

Parameters:
At entry
(A): Character code
(X): Starting address where 6-byte
character display pattern is
stored
At Return
Character display pattern (specified
address)

Bit 7 Bit 0
. Specified TRERERERE 0
address | | Display pattern of
character ‘A"’
| | Unspecified bits
| | are logic 0.
' Specifiec11 NIRIRIN]
_ address 15 0 0

Registers retained
None

Subroutines referenced
None

Variables used
None

Others
Re-entrant




3.9 Screen Routine Work Area

Address

Variable
name

No. of
bytes

Description

220

26F

PSBUF

80

Positions of data (ASCII codes) displayed
on the physical screen represented in
(column, row) format as follows:

(0,0), (1,0) ... (1919, O)

(0,1) ... (1979, 3)

270

271

SCRTOP

Starting address of the virtual
screen buffer

272

273

SCRBOT

Ending address of the virtual screen
buffer

274

275

DISTOP

Starting position of the physical screen
on the virtual screen

The address of position (0,0) of the
physical screen' in the physical screen
buffer

276

276

VSCRX

Virtual screen width indicated as the
maximum values of x coordinate.

277

277

VSCRY

Virtual screen length indicated as
the maximum value of y coordinate.

278

278

CURX

x coordinate of the cursor position
(on the physical screen)

279

279

CURY

y coordinate of the cursor position
(on the physical screen)

27A

27A

LRMODE

Scroll step x (left and right)

27B

27B

UDMOD

Scroll step y (up and down)

_27C

27C

CURMRG

Scroll margin (1 through 10)

27D

27D

SSPEED

S]]

Vertical scrolling speed (0 to 9)

When the scrolling speed is set at 8,
there is a 130-msec wait between each
scroll. This wait is increased in
130-msec increments for each setting:
7,6,5 eoe 0.

When a scrolling speed of 9 is specified,
there is no wait between vertical scrolls.

27E

27E

DISPX

x coordinate (@ to 191¢) of the character
to be displayed on the physical screen by
a virtual screen routine

27F

27F

DISPY

y coordinate (@ to 3) of the character
to be displayed on the physical screen by
a virtual screen routine

280

280

DISSTS

Indicates the display status.

Bit 0: Indicates whether or not left and
right scrolling is permitted.
1: Scrolling disabled
0: Scrolling enabled

Bit 1: Not used

Bit 2: Not used

Bit 3: Not used

Bit 4: Indicates whether or not there is
a wait in vertical scrolling.
1: Wait executed




Address

Variable
name

No. of
bytes

Description

Bit 5:

Bit 6:

Bit 7:

Note:

Cursor ON/OFF switch

Determines whether the cursor
('_j below the character) will
be displayed on the physical
screen.

1: Cursor ON

0: Cursor OFF

Indicates cursor ON/OFF status.
1: Cursor ON

0: Cursor OFF

Flag to indicate whether or not
the entire screen is to be
rewritten

0: Display for only one character

1: Rewrites for entire screen.
All screen data must be checked
and rewritten even if only one
character is to be displayed.
However, since doing this
adversely affects operating
speed, this switch is used to
reduce the amount of screen
data checked and rewritten.
Bits 5 and 6
The following two operations
are required to display a
character at the cursor
position and then move the
cursor to the next position:

1. Display of the character at
the cursor position
The cursor is turned OFF and
the character is displayed
at the cursor position.

2. Cursor movement
A space character is
displayed where the cursor
is ON.
Bit 5 is used to control
cursor ON/OFF condition and
bit 6 determines whether the
cursor will be displayed on
the screen.

281 285

Used as temporary work area.

286 28B

CHRPTN

Contains the character font (result
of subroutine CHRGEN).

3-7
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ERR SEQ

00056
00057
00058
000594
00060A
00061A
00062A
D005 3A
000644
000654
00066A
00067A
C0068A
000694
00070A
000714
00072
DOD73A
00074
00075
00076
00077
00078
00079
00080
00081
00082
0C083A
CO0084A
000854
00086
00087
0DDB8A
00089
000904
00091
000924
000934
C00%944A
000954
000964
0009 7A
000984
00099A
00100A
001014
001024
001034
CD0104
00105
00106A
001074
00108
00109
00110

LoC

1000
1003
1004
1005
1006
1009
100C
100D
100E
100F
1011
1013
1015

1017

10138
1014
1018

101D
101F

1020
1021
1022
1024
1025
1026
1028
1024
102D
102t
1030
1031

1032
1033

OBJECT
1000 A
72 0170 A
37
I¢
3C
CE 0286 A
BD FF67 A
32
33
38
81 13 A
25 02 1015
86 13 A
C4 03 A
39
1018 A
8D E6 1000
3C
2C 15 1032
101D A
8D E1 1000
3C
37
36
B¢ 14 A
3D
30
EB 00 A
A¢ 02 A
CE 0220 A
3A
A7 DO A
32
33
1032 A
37
36

PROGRAM LCD

VER1.(0 »»=x

10721782 09:43:01

* REGISTER PRESERVE (X) <==-= (A,B)
*
DPCHEK EQU *
OIM #$1,MI0STS « SET FLAG LCD IS ON WRITING
PSH B
PSH A
PSHX
LDX #CHRPTL * SET CHARACTER PATTERN TO °CHRPTL®
JSR CHRGEN
PUL A
PUL B :
PULX + NOTE. (X)) <===> (A,B)
CMP A 219 *+ IS COLUMN LIMIT QUT OF RANGE ?
BCS NONOVX * NO.
LDA A 219 * YES. LIMIT= 19
NONOVX AND B #3
*
RTS

DISPLAY ONE CHARACTER TO REAL SCREEN WITHOUT WRITING TO SCREEN BUFFE

*

= ON ENTRY
* (A): CH
* (X): DI
*
*
o}

ENTRY PO
ISPIT EQU
BSR
PSHX
BRA
+ ENTRY PO
DSPLCH EQU
BSR
*
PSHX
%
PSH
PSH
LDA
MUL
TSX
ADD
LDA
LDX
ABX
STA
-PUL
PUL
=CALCULATE
NONSET EQU
PSH
PSH

ARACTER (ASCII CODE)
SPLAY ADDRESS (HIGH:CLOLUMN, LOW:LINE)
INT
*
DPCHEK
* SAVE VALUE OF (A,B)
NONSET
INT
. .
DPCHEK
* SAVE (A,8)
B
A
A %20
B 0,X * ADDRESS OFFSET <=== (B)«WIDTH + (A)
A 2,X
#PSBUF * (X) <-=-- PHISICAL SCREEN BUFFE® ADDRESS
A 0,X
A
B
ADDRESS IN LCD DRIVER

*
B *
A

SAVE LOCATION POINTER (X,Y)
* ALREADY SAVE FOUR BYTES

v STACK+0: COLUMN, STACK+1:LINE
*  STACK+2: (A) STACK+3:(B)

3-9
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RR SEQ LOoC

m

00001
00002
06003
C0004
Q00GS
Q0006
goo07
Qo008
0Q00¢9
ggo1o
00011
00012
00013
00014
0Ca15
00016
goo17
00018
00019
00020
00021
00022
00023
C0024
00025
00026
00027
00028
00029
ocao3e
00031
00032
« 00033
C0034
000353
0Qa036A 1000
00037
goo3ss8
goa3e
€0040
00041
00042
00043
€004
00045
Q0046
00047
00048
00049
00050
00051
00052
00053
00054
00055

OBJECT

< FED&4
FF67

007D
- 0286

0220
0280

> >

PROGRAM

*

»

% K o X % % % % % % % o #

*

WRTP2s EQU SFED4

C9:432:01
Lc ee-e-- LCD DRIVER ROUTINE====-

NAM LCD

LCD DRIVER”S ROUTINE

TTL -===-LCD DRIVER ROUTINE==---
FILS NAME PEX39°  8Y K.A -

oPT LOAD

oPT PAGE=55

[/0 PORT
$28
7:R LCD DRIVER BUSY (0:BUSY 1:READY)

$26

LCD COMMAND/DATA 1

LCD COMMAND/DATA 2

LCD COMMAND/DATA 4

LCD COMMAND/DATA SELCTION (0:DATA 1:COMMAND)
KEY 3CARD INTERRUPT MASK (0:CLOSE 1:0PEN)
PERIPHERAL CONTROL (70 SERIAL)

TO PLUG IN 1

TO PLUG IN 2 AND SLAVE PaQ

90 06 e ee 0s se o0 we
CELETEEETEL

NOCWnMEsWN-O

SUSROUTINE ENTRY POINT

CHRGEN EQU SFF&7

®

WORK AREA

MIOSTS EQU s7D * MAIN I/0 STASTUS

®

* BIT 0: ON READ/WRITE TO LCD 1:SEADING/WRITING

CHRPTL EQU $286 ¥ WJIRK AREA TO STORE CHARACTER PATTERN
PSBUF EQU $220 *+ CHARACTER CODES ON PHISICAL SCRESN.
DISSTS EQU $230 « DISPLAY STATUS

*

* %

CE N T TN T N N I I R AR A )

* . BIT 5: CURSOR ON WITH CHARACTER PATTERN FL2A
* (1:0N)
*
*

ORG $1000

DISPLAY ONE CHARACTER TO REAL LCDH SCRZEN

ROUTINE “DISPIT®: DISPLAY 1 CHARACTER TO LCD WITHOUT SUFF=R
*DISPCH*: DISPLAY ONE CHARACTER TO LCD AND WRITE TO BUFFE®
ON ENTRY

(A): ASCII CHARACTER CODE

(X): LCC POSITION (HIGH:sCOLUMN, LOW:LINZ)
ON EXIT

(X): NEXT DATA POSITION (IF ILLEGAL ADDRESSING, CHANGE TO LEGAL)
REGISTER PRESERVE A,B

CHECK DISPLAY PQOSITION AND GENERATE CHARACTER FONT

ON ENTRY
(X)>:DISPLAY ADDRZDSS (HIGH BYTS:COLUMN, LOW RYTE:LINE)
(A):DISPLAYED CHARACTER

ON EXIT
(A,B8):MODEFIED POSITION
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SEQ

00166A
00167
00168
001694
00170A
DO1714A
0C172A
001734
00174A
00175A
00176A
001774
001784
D0179A
001804
C01814
00182
00133A
C0184A
001854
001864
00187
00188
0n189
00190
00191
00192
00193
00194
00195
0019¢
00197
00198
00199
00200
00201
002024
002034
002044A
0020CSA
N0206A
002074
002084
002094
002104
002114
00212A
00213
002144
002154
00216A
D02174A
002184
002194
002204

LocC

1082

1084
1087
1089
1084
1088
108¢C
108D
108E
1D8F
1091
1093
1094
1095

1097
109A
1098
109C

109D
109E
106F
10A0
1041
1DA3
1044
10A¢
1048
10AB
10AD

10AF
1082
1084
1086
1087
1028
1089

0BJECT
20 D3 1057
CC 0F08 A
8D 53 10DC
3
38
38
32
33
4C
81 14 A
26 04 1097
4F
5C
Csé D3 A
1097 A
71 FE7D A
38
18
39
109D A
3C
37
30
SF
80 28 A
c
24 FB 10A1
Bg 28 A
68 0100 A
27 02 10AF
8A 40 A
10AF A
63 0200 A
27 02 10Bé
€8 03 °~ A
31
38
36
CA 08 A

ONLY RZTUR

VERT1.0 wx= 1N721782 09:43:01
PROGRAM LCD = ecew- LCD DRIVER ROUTINE=--=---
BRA WRTLOP *
*
*
ENDDIC LDD #S0FD8 « CHIP SELECT OFF. COMMAND MODE
BSR DATMOD ®
INS *+ RECOVER STACK POINTER (+5)
PUL X
PUL X
PUL A + RESTORE POSITION ON LCD
PUL B
INC A
, CMP A %20 « NEXT POINTER.
BNE DIC100
CLR A
INC B
AND B #3D3
DIC100 EQU +
AlM #$FF=-$1,MI0STS « LCD FLAG LCD NOT 3uSY
PULX
XGDX *RETURN NEXT DISPLAY POINT.
RTS -
*
*
« .
* SELECT LCD DRIVER AND CALCULATE B3ANK AND ADDRESS POINTER
* NOTE. SET 70 $26 DIRVER ADDRESS, BUT NOT SET TO LCD DRIVER,
* LCD ADDRESS 70 (A).
+ ON ENTRY
* (A): DOT LINE COLUMN POSITION (00 - 119)
® (3): LINE (0 - 3
*+ ON EXIT
* (A): DOT POINTER IN THE LCD DRIVER
* (B): CHIP NOe. (BIT3=1>
« REGISTER PRESERVE X ¢
*
LCADDR EQU *
PSHX + SAVE (X)
g:: B * STACK VALUE OF (B)
1
CLR B
LCADIO SU3 A =40 (A) <=--- ADDRESS AND BANK
INC B (B) <=<- CHIP ND.
BCC LCAD1D
ADD A #40 * GET START ADDRESS. (BY: 1=-3
TIM #51,0,X + CHECK BANK (ODD LINE NO. = BANK 1)
EEQ LCAD2D
ORA A 2%40
LCAD2D EQU *
TIm #%$2,0,X * CHECK DRIVER CHIP ( £ >= -
3E0 Ll ' CHI LINE >=2, 4-¢)
ADD B %3 * CHI® IS 4 , 5 OR 6
LCAD3D INS
PUL X
PSH A
ORA B 2308 * BIT3= DATA MODE BIT (1:COMMAND)

3=11
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Sec

00111A
001124
00113A
CO01144
001154
001164
gc117
00118
00119
00120
00121
00122
001234
CD124A
00125
0012%
00127
001284
031294
00130A
00131A
J0132A
00133
C0134A
03135a
001364
C01374A
00138A
001394
0014CA
CC141A

- 001424

051434
CR146A
001454
00146A
00147A
001434
001494
0C150A
00151A
G01524A
J0152A
001544
001554
0N156A
00157A
001584
001594
C0160A
001614
001¢2A
00163A
C0164A
00165A

Loc

1034
1035
1036
1037
1038
1039

103A
1038

103C
103F
1040
1041
1042

1043
1045
1047
1048
104A
104C
104D
104F
1031
1054
1057
1059
1053
10sC
10SE
1060,
1C62
1065
1047
1069
1068
106D
106E
1070
1072
1074
1076
10738
107A
107¢C
107E
1080

CBJECT
37
48
16
68
18
33
37
36
CE 0286 A
3C
SF
37
30

1043 A
EC 03 A
8D 56 109D
16
86 64 A
8D 76 10C2+«
17
8A 80 A
80 71 10C2=
CC c800 A
BD 10pC A
E6 0D A
EE 01 A
3A
A6 00 A
C1 05 A
27 09 1063
F6 028N A
cs 20 A
27 02 1063
8A 80 A
8C 55 10cC2
30
6C 00 A
A6 00 A
81 06 A
27 0E 1084
6C 03 A
As 03 A
81 28 A
27 C5 1043
31 50 A
27 C1 1043

PROGRAM LC

VER1.0 wxuw 10721782 09:43:01
D e LCD DRIVER ROUTINE==-==-
PSH B - ’ :
ASL A * (A) <=== (A) « & (DOT COLUMN)
TAR
ASL A
A3SA
PUL B
*
*  WORK USE STACK
®- STACK 00: DOT COUNTER (1 CHARACTER = & DOT LINES)
* 01,22: CHARACTER FONT ADDRESS
* 03,042 COT COLUMN, LINE
*
PSH B
/PSH A
£ 1
# #*uksx LCD DRIVE RUCTINE wewees (X):CHARACTER PATTERN TOP ADDRESS
= SET CHARCTER TO DRIVER
LDX #CHRPTL
PSHX
CLR B
PSH B -
TSX
DISCHL EQU * * SET COUNTER.
Lon 30X - ’
BSR LCADOR * GET CHIP NO. 8 DATA ADD®ESS.(DATADD,CHIPNG)
TAB * SAVE LCD ACCRESS TO (3)
LDA A 2364 « SELZCT WRITE MODE,
BSR LCOMOD « SET COMMAND
T3A .
ORA A 2330 * SET DATA ADCR TQ LCD DRIVER.CAUTO INCRSMENT)
BSR LCDMOD
LD #30800 * SET DATA MODE CODE FOR *WRTP25° ROUTINE
JSR DATMOD % LCD DRIVER: ENTER DATA MODE (NOT COMMAND)
WRTLOP LDA B 0Q,X * GET 8 BITS PATTERN
LOX 1, X * (B): DOT POSITION (Q - 5)
A3X
LDA A 0, X
CMP B8 25 * LAST DOT (& TH): WITHOUT CURSGOR
BEQ DISC20
LDA 3 DISSTS * CURSOR ON 2
8IT 8 2320
3EQ DIsScC20
ORA A 2380
DI1SC20 B3R WITDAT * WRITE ONE 3YTE 3IT PATTERN
TSX
INC 0, X * COMPLETE TO WRITE 6 BYTES 2
LDA A 0,X :
CMP A #6
BEQ ENDDIC + YES . END
INC 3,X
LDA A 3,X *+ INCREMENT DATA ADDRESS
CMP A 4D * BOUNCARY OF DRIVER = 40.
8EQ DISCHL
CMP A 280

BEQ DISCHL *

CHIP LAST aADD 2
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'R SEQ LOC CBJECT PROGRAM LCD = eece-- LCD DRIVER ROUTINE~-=----
00276 *
00277A 10F3 8D 18 110D BSR LCDCLR « CLEAR SCREEN .
00278 *
00279A 10F5 8¢ 09 A LDA A #$09 « DISPLAY ON COMMAND.
00280 *
00281 *
00282 *tsxxxxx SET COMMAND ALL DRJIVERES.
00283 7 * SET COMMAND TO LCD DRIVER
00284 + ON ENTRY
00285 * (A): COMMAND FOR LCD DRIVER
00286 + ON.-EXIT :
00287 * REGISTER PRESERVE X
00288 * NOTE., THIS ROUTINE MUST BE CALL ONLY *INITLC.
00289 * BECAUSE .COMMAND WILL BE CHANGED.
00290 *
D0291A 10F7 5F STRALL CLR B = (8): DRIVER NUMSBER
00292A 10F8 SC STRAMD INC 8
00293A 10F9 37 PSH B
00294A 10FA CA OB A ORA B #%8
00235A 10FC 36 PSH &
00296A 10FD 86 OF A LDA A #SQF = SELECT DRIVER AND COMMAND MODE
00297A 10FF BD FED4 A JSR WRTP26
002984 1102 32 PUL A
00299A 1103 8D BD 10C2 BSR LCDMOD « SET COMMAND TO DRIVER .
003004 1105 B84 FD A ) AND & #3FF-%2 « TO CHANGE °*1E° (SMM COMMAND) COMMAND 7O °1C°
002C1A 1107 33 PUL B * OTHER COMMANS ARE $10, 3508, SC9.(NOT EFFECT
00302A 1108 C1 06 A CMP B 3¢
003034 110A 26 EC 10F8 BNE STRA1D
C0304A 110C 39 RTS
00325 *
00306 *
cC307 + CLEAR LCD SCREEN
00308 * ON ENTRY
00309 * PARAMETER NONE
00310 + ON EXIT
00311 * (x>:0
00312 * REGISTER PRESERVE NONE
00313 *
00314 110D & LCDCLR EQU *
00315A 110D CE 0000 A LDX 20 * POINTER SET.
00316A 1110 86 20 A LCDC10 LDA & #3520 = SET SPACE CODE.
003174 1112 8D 101D A JSR DSPLCH
00318A 1115 08 INX * IX HAS DISPLAY POINTER.
003194 1116 09 DEX
00320A 1117 2¢ F7 1110 BNE LCDCI10 + NOT END.
002214 1119 39 RTS
00322 *
00323 *
00324 * DISPLAY CHARACTER STRING 7O LCD
00325 * ON INTRY
D0326 * (B): NEMBER OF CHARCTER STRING (0 - 80)
00327 * (X): ADDRESS OF DATA PACKET
00328 " DATA PAKET:(ADDRESS X), C(ADDRESS Y), DATATyecees
00329 *+ ON EXIT
00330 4 PARAMETER NONE
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Z]R 3eQ LOC O0OBJECT PROGRAM LCD W e===-- LCD DRIVER ROUTINE===--
00221A 1083 86 OF A LDA A #sQF * SET CHIP NO.
002224 108D BS FED& A JSR = WRTP26 “« SELECTSD DRIVER CHIP, AND ENTER COMMAND MQODS
0n223 *
C02244 10CO 32 PUL- A _ * SET DATA ADDRESS TO DRIVER
0nN225A 10C1 39 RTS :
00224 *® :
00227 *
00228 10C2 A WITDAT EQU *
00229 10C2 A LCDMOD EQU *
00230A 10C2 37 PSH B '
0C0231A 1GC3 1% ’ TA8
nND2324 10C4 26 PSH A ,
00223A 10CS 07 TPA
00234A 10C6 OF SEI
00235A 1G0C7 3C PSHX
00236A 1Q0C8 D7 2A A STA 8 32A * SET ADD OR MOCE.
$50237A 10CA 7C 0028 A LCOM1Q2 TST $28 = 7 BIT IS LCD SUSY FLAG.
ND232A 10CD 2A F3 10CA 3PL LCDMI10 = WAIT.
£32394 1GCF DE 2A A LDX $2A * LDD SEND 2 PULSES ,SO 2 QIT SHIFT
0Q240A 1021 DE 2a A LOX $2A
00241A 1CC3 DE 2A A LOX $2A
00242A 10CS OF 2A A Lex $2A
002434 10D7 32 PUL X
CO244A 1008 D6 TaD
C224SA 10D 32 PUL A
0C245A 10DA 332 PUL B
Co2474 10058 39 RTS
0n248 *
g02649 *
ns2s0 * AFTER CHICKX LCD 2USY, CALL °WRTP26°
03251 « ON ENTRY, (SAME AS °*WRTP26°)
0cas2 *  (A):TARGET 31T POSITION
002s3 « (8): DATA
c025¢ x
0G25S 100C A DATMOD EGU «
0nN2s6A 10D0C 7D 0N2R & TST $28 « 7 88IT IS LCD BUSY FLAG.
02257A 10CF 2A F8 100C 3PL DATMID * WAIT.
NN258a 1CE1 7F FSD4 A DT¥D10 JMP WRTP26 + SET INTERRUPT MASK.
00259 . *
00260 *
00261 %
00262 *
NN263 * INITIALIZE LCD ROUTINE
00264 * DRIVER INITIALIZT AND CLEAR CURSOR ON FLAG
0G265 % ON ENTRY PARAMETER NONE
00265 *
002674 1054 86 10 A INITLC LCA A 231D « SFF (SET FRAME FREQUENCY) COMMAND
0026%4 106 82 OF 10F7 BSR STRALL « SET IT FOR EACH DRIVER.
CG25%4 10€3 34 1€ A LDA A #S1E + ACCA : SMM (SET MULTIPLEXING MODE) COMMAND
nO270A 10EA 8D 02 10F7 BSR STRALL * MIOTE, 1 ST DRIVER: SMM VALUE=S1E
€n271 * ' 2ND - 6 TH DRIVER: SMM=$1C
002724 10FC 8¢ 03 A LDA A 2308 * ACCA : DISP QFF COMMAND. ACCB : CHIP NO.
00273a 105 8D 07 10F7 asRr STRALL
C0274 *
C02754 10FQ 7F 0287 A CLR DISSTS «+ CLEAR DISPLAY STATUS FOR NON CURSOR CLSAR.
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ZRR SEQ

00331
00332
00333
00334
00335
00336A
00337A
00338A
00339A
003404
003414
00342A
00343A
CO244A
00345A
003464
00347A
063484
00349A
003504
003514
003s52A
00353A
C03544A
C3355A
00356A
00357A
00358
00359
«vexx TOTAL

LOC Q3JECT

111A SD
1118 27
111D 37
111E 3C
111F EE
1121 3C
1122 SF
1123 30
1124 EE
1126 3A
1127 A6
1129 38
112A 380
1120 3C
112 sC
112F 30
1130 E1
1132 26
1134 38
1135 38
1136 33
1137 3¢

ERRORS

FO 110D
00 A
02 A
02 A
1010 A
04 A
FC 1124
gooo A
0]

PROGRAM LCD

WORK

LR

DSPLCN

DSPL10

VER1,0 #wx

USE

75T 8
BEQ
PSH B
PSHX
LDX
PSHX
CLR B
TSX
LDX
ABX
LDA A
PULX
JSR
PSHX
INC 8
TSX
c™p 28
BNE
PULX
PULX
PUL B
RTS

END

.
N

STACK

LCDCLR

0, X

25X

2,X

DSPLCH

4y X
DSPL10

REGISTER PRESERVE NONE
ENABLE REENTRANT

10721782 £9:43:01

STACK + 0,1 :LOCATION OF CHARACTER ON LCD

*

»

* * # %

2,3 :ADDRESS OF STORED CHARACTER
4 SDISPLAYED CHARACTER NUMBER
IF (8>=0, CLEAR SCREEN. :

GET LOCATION OF DISPLAY

COUNTER OF DISPLAYED CHARACTER

(A) <--- DISPLAYED CHARACTER
(X): LOCATION ON LCO
DISPLAY ONE CHARACTER TO SCREEN.

FINISHED ?

3-/4



4.1 General
Serial communication is performed by the start-stop synchronous
transmission system. In start-stop transmission, the signal is logic 1
while no data is being sent and becomes 0 to show the start of data.
(See Fig. 4-1.) This first bit is called the start bit. Bits are then
transmitted sequentially from the lowest order bit. A stop bit (logic
1) is always included to end transmission of the character. Stop bits
. may be 1 or 2 bits long. The word length (data bits) must be 5 to 8
.2 ‘bitse. Bit time varies according to the bit rate. At 300 BPS (bits per
’ second), the duratlon of a 51ngle blt is 3. 3 msec.

PO -

_'T4

3.3 msec
(300 bit/sec)

Bit6
Bit7 ..

' (3A=001110102)

yeoo

e anvese

paresenve-
yemeemayan




The status signal lines are RTS (output), CTS (input), DTR (output),

DSR (input), and CD (input). These signals are ON when high and OFF
when low (Fig. 4-4).

RTS 18V i _ on "

oV -

-8v ot

Fig. 4-4 Signal Line Output Status (RTS)

The HX-20 is provided with two types of interfaces. These are serial
and RS-232C. The serial interface uses the serial port of the MCU and
the bit rates and word length are fixed. The RS232C interface,
however, performs handshaking by software. It can therefore support
bit rates up to 4800 bps and both the bit rate and word length can be

set by the user. Fig. 4-5 shows the respective range of functions for
the serial and RS-232C interfaces.

Transmission | Word Stop bit | Control lines| Control
speed length (bits) (input) lines
: (bits) (output)
Serial| 38.4K BPS 8 1 1
4,.8K BPS
600 BPS
150 BPS
RS232C | 4.8K BPS max. | 5, 6, 7| 1 or 2 3 (CTS, DSR, | 2 (RTS
or 8 and CD) and DTR)

Fig. 4-5 Functions of Serial and RS-232C Interfaces

The serial interface is used for communication between the master and
slave MCUs and for the floppy disk units.

4.2 I/0 Ports ’
Table 4-1 I/O Ports for Serial Communication

MCU Port Input/ Signal name or Signal Port bit
(address) output| function state state
Master | P10 Input DSR (RS-232C) High o
Low 1
P11 Input CTS (RS-232C) High 0
Low 1
P16 Input PIN (serial High 0
control line) Low 1
P21 Output | TXD (RS-232C) High [)
Low 1
P22 Output Selection of 0: Slave
slave or serial 1: Serial
for CPU serial
communication
RMCR Output Serial bit rate
(0010) control

4-2



MCU Port Input/ Signal name or Signal Port bit
L (address ) output function state state
TRCSR Input Serial control
(0011) and status
SRDR Input Serial receive
(0012) data
STDR Output | Serial transmit
(0013) data
$26 Output | POUT (serial High Q
B Bit 5 control line) Low 1
Slave P20 Input RXD (RS-232C) High 0
Low 1
P31 Output | RTS (RS-232C) High Q
Low 1
P36 Output Serial and 0: On
RS-232C interfac 1: OFF
driver ON/OFF -
P45 Output | P20 signal 0: RS=-232C
selection 1: Micro- -
cassette
P47 Input CD (RS-232C) High Q
Low 1

Note: DSR: Data set ready
CTS: Clear to send
TXD: Transmit data
RTS: Request to send
DTR: Data terminal ready
RXD: Receive data
CD: Carrier detect

4.3 Serial Communication Procedure
The SCI (serial communication interface) in the MCU performs serial
communication in the following procedure.
(1) Driver ON
The communication driver is turned ON. The port for driver ON is
connected to the slave MCU. Subroutine SERONF turns the drivers .
ON/OFF. , o
(2) Serial switching
The serial communication lines of the MCU can be used either for
external data communication or for communication with the slave
MCU. Normally, the slave MCU is selected. To select external com-
munication, port P22 of the main MCU is set to 1.
(3) Bit rate setting
RMCR (address 10) sets the bit rate. The bit rate is normally set
to 38.4K BPS. Table 4-2 shows selection of bit rates by RMCR.




Table 4-2 SCI Bit Time and Bit Rates

Lower 4 bits Hexadecimal | Bit time/bit rate
0100 4. 26 sec/38.4 BPS
0101 5 208 sec/4.8K BPS
0110 6 1.67msec /600 BPS
0111 7 6.67msec/150 BPS

(4) Data transmission (one byte) '
TRCSR (address 0011) is input and when it is confirmed that TDRE
(bit 5 of TRCSR) is 1, one byte of data is transmitted by writing
it to TDR(address 0013).
(5) Data reception (one byte)
TRCSR is input and if RDRF (bit 7 of TRCSR) is 1, serial data can
be received by SRDR (address 12). One byte of Serial data is then
received. Note that if the received data is not fetched before the
next data is received, an overrun error occurs (ORFE is set at 1).
(6) Termination procedure
The bit rate is set to 38.4K bps (procedure 3) and the driver is

turned OFF. This procedure is followed because transmission of
commands to the slave MCU is always performed at 38.4K PBS.

4.4 Control Lines

Two control lines are available: PIN (input) and POUT (output). PIN
is connected to P16 (bit 6 of port 1) and POUT is connected to bit 5
of address 26. Both of these signals are set at 1 when the signal goes
high and at © when the signal goes low. Subroutine WRTP26 is used to
set data in address 26. Fig. 4-6 shows the relationship of the
signals and ports.

/\ Transmitted data

+8V
TXD +0V
-8V
1
26
Bit5
0
+8V
POUT oy
-8V - -

Output side




Received data

AN
[ [T [TTT]

+8V
RXD 4 3
-8V &
1
P16 0
+8V
PIN +0V -~
-8V . . . Lo
Fig. 4-6 Relationship of Signals and Ports
4.5 High-Speed Serial Communication
EPSP (EPSON Serial Communication Protocol) is provided to enable
serial communication between the HX-20 and a floppy disk unit (TF-20)
or between two HX-20s.
Tx
HX -20
Rx Tx |Rx Tx|Rx
Master
TF-20 TF-20
!
- l e -
Slaves

Fig. 4-7 Connection of Slave Devices to HX-20 for Serial Communication

Fig. 4-7 shows how slave devices can be connected by data lines to the:
HX-20. Up to two slave devices can be connected to a single master
device. Each slave is assigned a device number by the master. The
master then uses the device number to select which of the slaves to
perform communication with. The master can only communicate with one
slave at a time. Communication between slave devices cannot be
performed.

Fig. 4-8 shows the format for messages sent from the HX-20 to a slave
device.




N

N

Text checksum
/

End of text

Dats byte n

Text block _

Dats byte 1 —_—

Data byte 0 § ——

Ksun..of text
\ /L

5 i olt cKs
ps oo | 10 | ena| son | emT| DID | s1D | FNC|siz | Hes | STX | DBO | DBY / DBn | ETX

- 7/
’ ‘ |— Header checksum 7

Data size-1

F ion code

S device 1D Header
Destination device ID block

Message format

Start of heeding
ENQ(Enquiry cheracter)

ce device ID ENQ
Sour block

I\

Destination device 1D
Polli " ) on

Fig. 4-8 Message Format

Messages sent from the master can be divided into three blocks
described below.

(1)

(2)

(3)

ENQ block

PS to ENQ in Fig. 4-8. The master sends this block to request
connection with a slave.

Header block
SOH to HCS in the above figure.
This block specifies the data format etc.

Text block

STX to CKS in the above figure. The text block contains the actual
data transmitted. '

Details of each block are as follows.
ENQ block
The contents of the ENQ block are shown below

[ps | pip | sip | ENQ |

The master device selects one of the slave devices and issues a
connection request to it, using this block. When connection with
the slave has been established, the header and text blocks are
sent. Once a slave device has been connected, this procedure is
not repeated until a new slave device is selected for

~communication. The selected slave device issues an ACK signal in

response to ‘the connection request from the master (Fig. 4-9).



Master Slave

PS
DID

ENQ

Fig. 4-9 ENQ Block Procedure

PS specifies polling/selection. At present, however, only selection is
supported. The code for PS is 31,4 = 1.
DID indicates the destination device ID. The following destination
device IDs are available.
3146 : Floppy disk drive
3216 : Floppy disk drive
3346 : Floppy disk drive
34,6 : Floppy disk drive

2016 : Master HX-20
The code for NEQ is 0544,

OO w»

Header block

The master transmits the header block to specify the message format
and the function codes as well as text size to be sent to the floppy
disk unit in the text block that follows.

The contents of the header block are shown below.

[som | eMr | pip | sp | Fnc | s1z | Hes|

SOH: Indicates the start of the header. The value is 01.

FMT: Indicates the header block format.

00 indicates that the master device is transmitting a message to
a slave device.

01 indicates that a slave device is transmitting a message to the
master device.

DID: Indicates the destination device ID. The codes for DID are the
same as in the ENQ block.

SID: Indicates the source device ID.

FNC: Specifies the function of the disk unit. Must be 00 to FF. For
details of each function, refer to the descriptions in the
corresponding sections.

SIZ: Indicates the text block size. This value is the number of bytes
in the text block (excluding STX and CKS) minus 1. The value of
SIZ must be in the range 0 to 255,

HCS: Indicates the checksum of the header block. The value is such
that the lower 8 bits of the sum of the values of the header
block (SOH to HCS) will all be 0.

When the slave device receives a correct header block, it responds by

sending 'ACK' to the corresponding source device. If the slave device

- receives an incorrect header block, it responds by sending 'NCK' to

the source device.

Text block
The text block contains the actual
data to be sent to the selected FETXI,DQQ| DB1| ~ JﬁDBnl CKSI

device. The text block follows the
header block.
The contents of the text block are
shown at right.
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STX: Indicates the start of text. The value is 02.

DB@: Data 0

DB,: Data n (n < 255)

EXT: Indicates the end of text.

CKS: Indicates the checksum of the text block. The value is such that
the lower bits of the sum of the values of the text block (STX to
CKS) will be 0.

When the slave device receives a correct text block, it responds

by sending ACK to the source device. If the slave device receives

an incorrect text block, it responds by sending 'NCK' to the

source device.

Switching Transmit State

There are cases when the master (HX-20) will request data
transmission from a slave device (e.g., floppy disk unit). In this
case, the sending and receiving sides (master and slave) are reversed.
Switching over from master-to-slave to slave-to-master data
transmission is accomplished by the following procedure.

The master sends EOT (code 04) to the slave after it has received an
ACK from the slave indicating the slave has correctly received the
text block. The slave device, after receiving EOT, sends the header
and text blocks to the master device. It then sends EOT to the master
and the transmit state returns to master-to-slave. (Fig. 4-11).

Master (HX-20) Slave
PS
DID
SID
ENQ
P ACK
SOH ~
FNT
DID
SID
FNC
SIZ
HCS
_— ACK
STX <
DBy
S \\
DBn
CKS ‘E_——————“"'—————_———_ ACK
EOT. = SOH
FMT
DID
SID
FNC
SI1IZ
HCS
ACK
T 5 s
DBO
S
DBn
ACK \ CKS
EOT
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.Details of protocol are shown in the EPSP standard at the end of this

chapter.

4.6 Subroutines for Serial Communication

The following four subroutines support serial communication using EPSP
procedures: :

1.
2.
3.
4.

SERONF: Turns ON/OFF the serial communication drivers.
SEROUT: Transmits the ENQ, header, and text blocks.

SERIN: Receives the header and text blocks.

SRIWIT: Sets constants and performs initialization.

|
g
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4.7 High-Speed Serial Subroutines

Subroutine
name

Entry
point

Description

SERONF

FF73

Turns ON/OFF the high-speed serial driver.
This subroutine checks bit 4 of 'SRSTS' and turns
ON the driver only when both are off.

The contents of the SERONF parameters are the
same as those of RSONOF.

SEROUT

FF70

High-speed serial data output (EPSP-based data
transmission). This subroutine transmits the ENQ,
header, and text blocks to the specified device
according to the ENQ... SOH... STX procedure.

Parameters:

At Entry

(X): Head address of a data packet

(A): Indicates whether to proceed to the receive
procedure after completion of the transmit
procedure.
00: Transmit procedure only.
01: (LSB=1) proceeds to the receive

procedure after completion of the

transmit procedure.
Packets

1. EMT (1 byte)
2. DID (1 byte)
3. SID (1 byte)
4. FNC (1 byte)
5. SIZ (1 byte)
6. (data string) (1 byte)
.
At Return
(C): Abnormal I/O flag
(A): Return codes
00: Normal end
BO: Time out
B1: Not linked (device error)
B2: Communication error
B3: Driver OFF.
(z): according to the value of (A)
Registers retained
None
Subroutines referenced
CHKRS
Variables used
RO, R1, R2, R3, R4, and R5H

SERIN

FF6D

Receives the header and text blocks according to

the SOH ... STX ... procedure (high-speed serial
data block reception.)

Parameters:
At Entry
(X): Head address of receive data block.
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Subroutine | Entry Description
name point
Parameters:
At Return
(C): Abnormal I/O flag
(A): Return codes
00: Normal
'BO: Time out
B2: Error during receive procedure
(B): Indicates the receive block status when (A)
is 00.
00: Data with a header string
(SOH...) received.
01: Data without a header string
received.
(2): According to the value of (A).
Note: The format of a data block received is the
same as that of the data block transmitted.
1. FMT
2. DID
3. SID
4, FNC
5. SI2
6. Data
{
n
Registers retained
None
Subroutines referenced
CHKRS
Variables used
RO, R1, R2, R3, R4, and R5H
SRINIT FFIC

Sets constants and performs high-speed serial
initialization.
Values of constants on initialization.

SRTCN +« 3

SRTMO +« 104,
SREMO <+ 10010
SRAMO <« 1044
SRTDL <« 1
Others <+ [}
Parameters:
At Entry

(A): Value of SRMODE 00 or 01 (Q00: master)
At Return

None
Registers retained

None
Subroutines referenced

None
Variables used

None
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4.8 High-Speed Serial Communication Work Areas

ﬁddress Variable Byte Description
name count

1C4 1C4 SRFMT 1 FMT (format) data

1C5 1C5 SRDDEV 1 DID (Destination Device ID) data

1C6 1C6 SRSDEV 1 SID (Source Device ID) data

1C7 1C7 SRFNC 1 FNC (function) data

1C8 1C8 SRS1Z 1 SIZ (Size) data

1C9 1C9 SRACKC 1 ACK character (Sent from destination
device on completion of block
transmission)

1CA 1CA SRTRCN 1 Number of time same block has been
sent.

1CB 1CB SRTIMO 1 Time out for received characters
(unit: msec)

1CC 1CC SRETMO 1 Time out for received block
reception (unit: msec)

1CD 1CD SRATMO 1 Time out for received
ACK characters (unit: msec)

1CE 1CE SRMODE 1 Relationship between devices
(0: Master, any other value: Slave)

1CF 1CF SRETDL 1 Idle time after EOT transmission
(unit: msec)

1DO 1DO SRBICN 1 Number of received data (block
reception)

1D1 1D1 SRERMD 1 Error (block reception)

1D2 1D2 SRRVFL 1 Not used

1D3 1D4 SREIX 2 Address where received data is

stored (block reception)




APPENDIX SERIAL COMMUNICATION PROTOCOL (EPSP)

« BASIC LINE SPECIFICATION
1 Transmission Speed
2 Synchronization
3 Communication

4 Transmission

5 Response System
6

7

8

3
.

1
1
1
1
1.
1
1
1
1

Error Control
Transmission Codes
Bit Transmission Sequence bit 0, bit 1, cecesceeses bit 7

2. TRANSMISSION CHARACTERS AND SEQUENCE

PS

DID

SID Request receiving side to prepare to receive data
ENQ -
SOH Indicates start of header block.

STX Indicates start of text block.

ETX Indicates end of text block.

ACK Acknowledge

NAK Negative acknowledge

DLE ; Waits for WAK, acknowledge or transmission.

ENQ Prompt for block response.

EOT Releases data lines.

PS must be '1'=31,4, Control characters, DID and SID must be
8 bits (MSB=0).

3. MESSAGE FORMAT
3.1 Header Format
SOH Start of header
FMT Text format
00: Indicates that the master is transmitting a block.
01: Indicates that a slave is transmitting a block.

DID Destination ID

SID Source ID

FNC Text function J
SIZ Text size (in bytes)

This value is the length of the text block (excluding STX, ETX
and CSK) minus 1.
HCS Checksum of header block
This is a value such that the lower 8 bits of the sum of
SOH to ACS are 0.
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3.2 Text Format

STX: Start of text

DBO@: Data ©

DB1: Data 1

Dén: Data n

ETX: End of text

CKS Checksum of a text block

The value of CKS is such that the lower 8 bits of the sum of STX to
CKS are 0.

Text length excluding STX, ETX and CKS must be within 256 bytes.

4, RESPONSE TO SLAVE SELECTION SEQUENCE

(a) ACK (Acknowledgement)
Indicates that that slave can receive a block. The master then
initiates data transmission.

(b) NAK (Negative acknowledgement)
Indicates that the corresponding I/O device is not connected or
that an error has occurred and the slave cannot receive data.
The master then issues EOT and terminates the data link.
The master will also send EOT to terminate the data link by
transmitting if no response is received within a fixed period of
time or an invalid response other than ACK and NAK is received
after a selection sequence has been sent.

S. HEADER BLOCK TRANSMISSION

5.1 Response to a Header Block

(a) ACK (Acknowledge)
Indicates that the slave has received a correct header block.
The master proceeds to the next phase.

(b) NAK (Negative acknowledge)
Indicates that the slave has received an incorrect header block.
In this case, the master repeats transmission of the same block.
If the master still receives NAK after the block has been
transmitted a specified number of times, it assumes a line error
and terminates the data link (by send EOT).

(c) WAK (Acknowledge and temporary wait)
Indicates that the slave has received a correct block but that it
cannot yet receive the next block. The master will wait and then
issue ENQ to prompt a response from the slave.



(d) No response or invalid response
If no response is made within a given time or a response other
than ACK, NAK or WAK is received, the master will issue ENQ to
prompt a response from the slave.
If no correct response is received even after ENQ has been
transmitted a specified number of times, the master assumes an
error and terminates the data link.

6. TERMINATION

(a) When, after sending EXT to the slave, the master receives ACK, it
sends EOT to the slave and terminates the data link.

(b) When a transmission error occurs after the data link has been
established, or during data transmission, the master will
terminate the data link by transmitting EOT.

7. TIME SUPERVISION

(1) Number of selection sequences transmitted
The master will repeat the selection sequence after receiving a
response other than ACK from the slave for the number of times N
listed in the table below. '

Mode 0 Mode 1
NAK One time One time
No response or invalid | Three times Three times
response (at 1-sec (at 3-sec
intervals) intervals)

(2) Number of transmitted ENQs (response retransmit request)

Mode 0 Mode 1
No response or Three times Three times
invalid response (at 1-sec (at 3-sec

intervals) intervals)

(3) Timers

Mode 0 Mode 1
Response wait timer 1 sec 3 sec
Interblock supervision | 32 sec 96 sec
Character supervision 1 sec 3 sec

8. TERMINAL NUMBERS

3146 : Floppy disk drive A
3216 : Floppy disk drive B
3316 : Floppy disk drive C
3416 : Floppy disk drive D




Terminal numbers (slave): 301g through 3F1¢ for mode 0

4016 through 5F16 for mode 1
Center number (master) : 204¢

9. OMISSION OF A HEADER BLOCK
If the terminal previously transmitted to is still selected and the
header to be transmitted is the same as the last transmission, the

header may be omitted. In this case, the master need only transmit the
data block following STX. The slave treats this data block without

header as if it included the header of the previously received data
block.

10. TRANSMISSION CONDITIONS SUPPORTED BY VER-1
Transmission speed is 38.4K BPS.

Mode @ is used for a time supervision.

Header block cannot be omitted.
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TRANSMISSION PROCEDURE DIAGRAMS

1. WITHOUT ERRORS

(1) When the slave does not send a data block to the master in
response to the master's transmission and a header is not omitted.

Master Slave

DID

ENQ

/

\

SOH

DID
SID

SIZ

stx&—
DBg

DB,
ETX
CKS
ACK
SOH
FMT

HCS

ACK

Y

EOT




(2) when the terminal does .not transmit a data block to the master in
response to the master's transmission but the header is omitted.

Master Slave

3116
DID

20,6
ENQ

/

ACK.

/ SOH
FMT
DID

) SID

FNC

S1Z

\\ HCS

ACK

STX
DBy

ETX
CKS
ACK

VAvA

/ STX
(Portions which are exactly the same as in (2)
are omitted.)

DB,

DBy
ETX
\ CKs

ACK

EOT

\
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(3) When the terminal transmits a data block to the master in
response to EOT from the master and the header is not omitted.

Master Slave
36
DID
ENQ ACK
SOH <f—4—*—/——”’—’
FMT
DID
SID
FNC
SIZ
HCS <E_—_—’—___’___________- ACK
STX
DBy
DBn
STX
EOT
SOH
FMT
DID
SID
FNC
SIZ
HCS
ACK
— STX
DBO
DBn
ETX
CKS
ACK
T = gor
DID
2016
ENQ

4-19



(4) when the slave responds with WAK to a block transmission with
header from the master.

Master Slave

SOH
FMT
DID
SID
FNC
S12
HCS

DLE
: (WAK)

1-sec wait

-‘~§N§§§--“$> ACK (ready)

DBy,

f

DBy,
ETX
CKS

ENQ

ACK



2. WITH ERRORS

(1) When the slave responds by sending NAK in response to ENQ from the
master.

Master Slave

3116
DID

SID
ENQ

—

NAK.

(2) When no response or an invalid response is received from the slave
in response to ENQ from the master.

Center Terminal

316
DID

SID

o T

(Wait by timer)
EOT

3146
ENQ

DID
ENQ is transmitted three times.
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(3) when the master receives an invalid code from the slave in
response to transmitting a header to the terminal.

Cancel Terminal

SOH
FMT
DID
SID
FNC
SIZ
HCS

_—(Invalid code)

ENQ =
L — ACK

(4) When no response is received from the slave in response
transmission of a header from the master.

Master Slave

SOH
FMT

DID -
SID '\
FNC
SI1Z

HCs

(1-sec wait)

ENQ —_—

ENQ

ENQ \

EOT

4-22



(5)

(6)

(7)

(8)
(9)

When NAK is sent from the slave in response to transmission of a
header from the master.

Master Slave
SOH
FMT
DID
SID
FNC
S1z
HCS

: NAK
SOH /

FMT

DID

SID

FNC

S1z

HCS
. NAK

EOT N

If the master receives NAK three or more times, it terminates

the data link by transmitting EOT.

If the slave transmits NAK three times in succession, the master

will not send the header but will send EOT to terminate the data

link. —

When the master receives an invalid response code from the slave

in response to text transmission, the master handles this as in

(3) above.

If no response is received from the slave, the master handles this

as in (4) above.

If the slave responds with NAK when the master transmits text, the

master handles this as in (5) above (text retransmission).

When the master does not receive a correct response after sending

EOT to the slave.

a. If there is no response, the master waits for 1 second and
terminates the data link by transmitting EOT.

b. If the master receives a code other than EOT from the slave, it
terminates the data link by transmitting EOT.

(10) Wwhen the slave has not correctly received and responded to EOT

sent from the master (when response from the slave is necessary)

4-23
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Ae

If the slave has not received EOT and does nct respond to the
master, the master will wait (3 seconds in mode 0), terminate
the data link and restart the link procedure from the
beginning.

If the slave receives a code other than EOT, the master assumes
that the terminal has made no response. If the slave does not
receive EOT after the master has sent EOT the specified number
of times (3 times), the center returns to the link start
procedure.

(11) If the slave does not transmit a header after the master
transmits EOT, the master requests the slave to transmit the
header by retransmitting EOT after waiting for a given time. If
the slave does not transmit the header even after EOT has been
transmitted the specified number of times, the master assumes
that an error occurred and terminates the data link.

Function character code table

0 1
DLE

SOH
STX
ETX
EOT
ENQ | NAK
ACK

HiEo|Qjwipio]ojio]unldlwIN =

4-24






«xx 6301 CROSS MACRODASSEMRLER VER1.0 =2x . . 10724782 13:48:3%

IRR SEQ

CCaoo1
£0002
06003
(Co04
C000s
0C006
goocev
cooos
cooo9
00010
co011
g0C12
Joo13
C0014
00015
00016
00017
00018
oon19
€ooz20
ccon21
00022
00023
(D024
00025
_ 00026
an027
0C0z8
orLo2e
£2039
02031
gccoze
nop33
£0034
00035
0003%
aco3s?
£0038
20029
00040
00041
00042
CCO43A
0004 4-
0D04S
00046A
CCD47A
000438
000494
000504
00051
020524
0C0S52A
00054
C0055A

LocC

0050
0051

00s2
0053

0054
0055

0056

08JECT

0000

00e2
0003
00Cs

G011
J010
D813
get12

FF4F
Fest
FF&D
FF70
FF73
FFoA
FFoC

0050
0001
0001
J05°2
0001
00C
0054
€001
001
0054
0001

2

> 1>

» PP P b

P XBr PP P>

PROGRAM

P S S Y

"

EPSP. === SERIAL (EPSP) EXBMPLE =--~

NAM EPSP

RCAD CHARACTER FROM KEY20ARD aND SEND CHARACTERS T0O A'OTHER HC~- ZO~
2Y gPSP,

- AND AT ANOTHER HC-20.

PECEIVED CHARACTZR FROM EPSP,. DISPLAY CHﬂRACT‘?S “N TH‘ VIRTUAL
SCREEN.

FILE NAME CEXS$1°- BY K.A . :
TTL ~ ==~ SERIAL (EPSP) FXAMPLC c=e

oPT LOAD

0T PAGE=55

* -
* .. .
= STRIAL COMMUNICATION
*
t CONDITION. SWITCH
SRSL  ECU 0 - + SERIAL SELECT PROCEDURE
- i L
« COMMON DEFINITION
*
* MPU 6301 1/0 PORT
PORTY1 EQU - 302 + 1/0 PORT 1
PORT2 EQU $03 « 1/0 PORT 2
PORTZ EQU $06 « 1/0 PORT 3
*«
*« OTHZ® REGISTERS
TRCSR  EQU $11 + TRANSMIT/PECEIVE CCNTROL 8 STATUS REGISTER
RMCR  EOU $10 = RATZ § ¥DODE CONTROL REGISTER (RMCR)
STCR  EDQU $13 « SERIAL TRANSMIT DATA'REGISTER
SRDR  E2U s12 + SERIAL DATA RECEIVE DATA RESISTER
*
% suaoouwlns ENTRY POINT
DSPSCR =CU . SFF4LF *+ DISPLAY ONE CHARACTER TO VIRTUAL SCREEN
SCRENC ECU SFFSE = VIRTUAL SCXEEN FUNCTION
SERIN EQU $FF6D + SERIAL PECEIVE
SEROUT EQU SFF70 « SERIAL TRANSMITTE
SERONT EQU $FE?3 = STRIAL DRIVER ON/OFF
KEYIN EQU SFF9A * GET ONT CHARACTER FROM KSY20ARD PUFF R
KEYSTS EQU SFFID « GET NUMBER OF CHARACTERS IN THE KEY 2UFFER
*
ORG $50
+ GENZRAL REGISTERS USED EY 1/0 ROUTINE
RO EQU * + 2 BYTES REGISTER (RQH,RNOL)
ROH RME 1
ROL RMB 1
R1 . EJU * *+ 2 2YTES 2WGISTER (R1H,R1L)
R1H RMB 1 R
RIL RMB 1
R2 EQU * + 2 BYTES REGISTER (R2H,R2L)
R2H RMR 1
R2L R™ME 1
R3 EQU * + 2 BYTES REGISTER (R3IH,R3L)
RIH RM3 1

1 yY~25



raw 6301 CROSS MACROASSEMBLER VER1.0 wx» 107246782 13343339

IRR SEQ LOC OBJECT PROGRAM =PSP -=- SERIAL (EPSP) EXAMPLE ===
0005%A 0057 0001 A R3L RMB 1
00057 0058 A RG EQU * * 2 BYTES REGISTER (R4H,R4L)
00058A 0058 0001 A R4H RMB 1 ) :
00059A 0059 0001 A R4l RMB 1
00060 005A A RS EQU * * 2 3YTES REGISTER (RSH,R5L)
00061A 005A c001 A RSH RMB 1
00062A 00SB 0001 A RSL RMB 1
00063A 007A ORG 374
C0064A 007A 0001 A SRSTS RMB 1 * SERIAL STATUS
00065 * ’ * BIT 0,1: RS232 MODECQO:STOP Q1:INTERRUPT READ
Q0066 * 02:READ ONE CHARACTER)
00067 * « BIT 2: EXECUTE/PAUSE (0:0N EXECUTE 1:PAUSE)
00068 * * BIT 3: RS232 DRIVER (0:0FF 1:DRIVER ON
00069 * * BIT 4: SERIAL DRIVER (Q:0FF 1:DRIVER ©
00070 : * + B3IT S5,6,7: CPU SERIAL RECEIVE INTERRUPT MONE
00071A 0078 0001 A RUNMOD RMB 1 * RUN MODE ($80:3ASIC $0N:SYSTEM)
00072A QO7C 0001 A SIOSTS RMB 1 * SLAVE [/0 STATUS CEACH BIT 0:0FF, 1:0N)
a0073 * « BIT Q: PRINTER
00074 * * BIT 1: EXTERNAL CASSETTE
00075 * * 3IT 2: INTERNAL CASSETTE
00076 * * BIT 3: RS232C ON (READ)
06077 * * BIT 4: SPEAKER ON
00078 * = 2IT S: PROM CASSETTE
00079 * * 8IT 6: BAR CODE READER
00080 - # BIT 7: SREAK SLAVE CPU (0:0ON EXECUTE
00081 * * 1:8ROKEN BY INTERRUPT
00082A 007D 0001 A MIOSTS RMS3 1 * MAIN 1/0 STATUS EACH RIT (0:0FF 1:3N)
00083 * * BIT D: LCD ON READ/WRITE CHARACTERS
00084 * * BIT 1: ON CONTINUE SEND COMMAND TO SLAVE CPU
00085 * « BIT 2: ON CONTINUE TO SSND SERIAL LINE (1:90N)
00086 * * BIT 3: ON CLOCK INTERRUPT (1:0N)
00087 * + BIT 4: (POWER FAIL)
00088 * *+ BIT S: (OFF POWER SWITCH)
00089 * *+ BIT 6: ON PAUSE KEY
00090 * * BIT 7: ON BREAK KEY
00091 *
00092 *
00093 - - * RAM COMMON WORK AREA '
00094A 01C4 0RG $1C4
00095 *
00096 *+ WORK FOR SERIAL COMMUNICATION
00097 01C4 A SRWKTP EQU * « SERIAL WORK TOP ADDRESS
00098A 01C4 0001 A SRFMT RM3 1 » FORMAT (€))
00099A 01CS 0001 A SRDDEV RMB 1 * DESTINATION DEVICE 1)
CC100A 01Cé6 00C1 A SRSDEV RMB 1 * SOURCE DEVICE (&3]
00101A Q1C7 0001 A SRFNC RMB 1 * FUNCTION (&)
00102A 01C8 ooc1 A SRSIZ RMg 1 * TEXT SIZE &3]
00103A 01C9 . 0001 A SRACKC RMB 1 + RECEIVED ACK CHARACTER 5)
CO104A 01CA 0001 A SRTRCN RMB 1 *+ SEND TRY COUNT )
00105A 01C8 0001 A SRTIMD RMB 1 # FOR RECEIVEZ CHARACTER TIME OVER LIMIT «(?)
00106A 01CC 0001 A SRETMO RMS 1 * FOR RECEIVE BLOCK TIME OVER LIMIT" (8
00107A 01COD 0001 A SRATMO RMB 1 * FOR RECEIVE ACK TIME OVER LIMIT 9)
00108A D1CE cQoo01 A SRMODE RMB 1 *+ SERIAL MASTER/SLAVE MODE (Q:MASTER) C10)
00109 * * (NOT:SLAVE)
00110A 01CF 0001 A 1 * AFTER SEND “EOT”, IDLING TIME (1 = 1 MILI SE

SRETCL RMS
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**+ 6301 CROSS MACRQASSEMBLER

SEQ LOC OBJECT PROGRAM EP
00111a 01DO 0001 A SRBLCN
00112A 01D1 0001 A SRERMD
00113A 01D2 0001 A SRRVFL
0C114A D01D3 0002 A SREIX
00115S 01C5S A SRWKEBT
00116 s -
00117 *
00118 + SERI
00119 . *
00120 0001 A -. SOH
00121 0002 A STX
00122 0003 A STX
00123 0004 A EOT
00124 0005 A ENC
00125 0006 A ACK
00126 0015 A NAK
00127 Q010 A DLE
00128 €038 A WAK
00129 0031 A DEVCRT
00130 B
00131A 1000
00132 *
00132 *
03134 +« OUT
C0135 *
00136 * INI
00137 1.
00138 2,
00139 3,
08140 . * b
00141 + S,
00142 *
0Q143 *
0C144 * RECE
NC1¢5 ; = ON E
00146 * PAR
00147 + ON E
0n148 * [}
00149 * (4]
00150 ‘ *  £A)
00151 + REGI
00152 *
001534 1000 36 D1CR A SRVSGL
0N1s 4 « ENTR
0D155A 1003 37 SRVYSXX
OC156A 1004 16
00157A 1005 80 0D 1014 SRVS4D
001584 1007 25 09 1012
DD159A 1009 28 07 1012
0N1¢0A 1008 5D
001614 100C 27 F7 1005
00162A 100E 5A
2016324 100F 26 F& 1005
001&64A 1011 03
00165A 1012 33 SRVSSO

VER1.0 #2x 1N/26/82 13:48:39
sp === SERIAL (EPSP) EXAMPLE ---
RMB 1 + FOR RECEIVE BLOCK, BLOCK COUNTFR
RMB 1 s+ FOR RECEIVE 8LOCK, ERRC® MODE -
RMB 1 « FOR RECEIVE BLOCK, RECEIVED CHARACTER FLAG
RM3 2 « FOR RECEIVE.BLOCK, .DATA STORED ADDRESS
EOU * + WORK 'BOTTOM ... ~ .

AL COMMUNICATICN ROUTINE

- EQU $01 + SOH
EQU $02 + STX
£QU $03 « ETX
EQU S04 + EOT
EQU s$0S + ENO
ECQU s06 + ACK
EQU $15 * NAK
EQU $10 + DLE
EQU $38 t WAK (3)
EQU £31 + DEVICE NO. {(CRT)
ORG $1000
TO SERIAL ROUTINE
TIALIZATION OF SERIAL
CLEAR FMT, DID, SID, FNC, SIZ WORK
SET “NAK°® CODE TO ACK CHARACTER AREA

SET RETRY COUNT (INITIAL 5)
SET TIME CVER COUNT CINITIAL N.5 SEC) ..
SET START BLOCK TIME OVER COUNT CINITIAL 10 SEC)

IVE ONE CHARACTER FROM SERIAL PORT

NTRY

AMETER NONE

XIT

: I/0 ZRROR FLAG (0:0K 1:ERROR

: TIME OVER FLAG D:0K 1:TIME OVER (TIME OVER = 0.1 SEC)

2 RECEIVED CHARACTER (IF (C)>=0 AND (2)=1)

STER PRESERVE B,X

LDA A SRTIMO # SET TIME OVER COUNTER
Y POINT (PARAMETER (A):TIME OVER LIMIT)
PSH B

TAB

2SR SRVRYT * RECEIVE ONE CHARACTER
ECS SRVYS50 * 1/0 ERROR ?

BvC SRYSSD = 0K ?

TST 8 «* TIME OVER LIMIT CHECK
EEQ SRVS4D

CEC B

BNE SRVS40

SEV + TIME OUT

PUL B



*«x 6301 CROSS MACROASSEMBLER

IRR SEQ

00166A
00167
00168
00169
00170
00171
001724
001734
001744
G0175A
C0176A
0C177A
00178A
C0179A
00180A
001814
00182A
001834
001844
00185
001864
00187A
00183A
00189
00190
00191
00192
00193
C0194
00195
00196
00197
00198
00199
00200
00201
00202
00203
00204
00205
00206
00207
00208
00209
00210
00211A
Q0212A
00213a
CC214A
00215A
002164
00217
00218
00219A
00220A

LocC

1013

1014
1015
1018
1019
101A

1018

101D
101E
1021
1023
1026
1028
1028

1020
102F
1030

1031
1033
1035
1037
1039
1038

1030
103F

0BJECT

39

3C
CE
4F
09
o8
27
}]o)
78
26
78
26
70
2A

96

39

DD
86
97
86
97
20

DD
86

0888 A

12 102F

BO7D A
0oC 102F
Q403 A
07 102F
go11 A
EB 1018

12 A

51 A
0s A
53 A
31 A
50 A
2E 1068

51
05

> >

VER1.0 ##= 10726782 13:48:39
PROGRAM EPSP --~ SERIAL C(EPSP) EXAMPLE ---

RTS

*

*

« RECEIVE ONE BYTE

+ REGISTER PRESERVE B8,X

*

SRVBYT PSHX )
LDX %3000 * 21#1.6+3000 = 100,000

SRVS1Q CLR A * (C)<=---0, (V)<=-=-=- 0 (1 C7sH
DEX « NOT RECEIVED, CHECX TIME OVER (1 C/S)
SEV - * PRESST (V) (1 C7/3H
8EQ SRVS30 * . : (2 C/3)
SEC « PRESET I/0 ERROR FLAG 1 CsSY
TIM #380,MI0STS « . (3 ¢/
aNE SRVS30 * 2 ¢/
TIM #34,PORT2 = CONNECTED EXTERNAL SERIAL (3 ¢/S)
3NE SRVS30 * (2 ¢/3%)
TST TRCSR * RECEIVED 2 (3 C/3)
BPL SRV310 * (2 °C/sy 21

= RECEIVED * (A) <--- RECEIVED CHARACTER
LDA A SRDR & (C),(V) <=== 0 BY “TST® INSTRUCTION

SRVS30 PULX
RTS

*

« WAIT TO BE SELECTED

* RECEIVE SEQUZNCE

* 1« WAIT SERIAL IDLING

* 2. CHECK °“EOT*

« PARAMETER

* ON ENTRY :

*+ (A):DESTINATION DEVICE (FOR SENDING SIDE)

* (B):SOURCE DEVICE (FOR SENDING SIDE)

* (X):TIME OVER LIMIT (1=0.1 SEC, O0:NO LIMIT)

* ON EXIT

« (C):1/0 ERROR FLAG (0:NORMAL 1:ERROR)

* (A)IRETURN CODE . (D:NORMAL) (3B3:TIME OUT ERROR)

* (Z):DEPEND ON VALUE OF (A)

*

*+ WORK USE AS REGISTER

* ROH:31

* ROL:DID

* R1H:SID

* RILIENQ

*

* ENTRY POINT: RECEVED °EOT*, CHECK ENQ PATTERN.

SRSLET STD ROL *+ SET ENQ PATTERN
LDA A ®ENQ
STA A R1IL
LDA A #$31
STA A RQOH * SET P1
3RA SRSL18

4

* ENTRY POINT: WAIT “EOT* ‘P1°, ... °“ENQ° PATTERN

SRSLCT STD ROL *+ SET ENQ PATTERN
LDA A ®#ENQ

4-28
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»++ 6301 CROSS MACROASSEMBLER

SEQ

00221A
002224
DC223A
00224

Do22s

0D226A
00227

002284
00229

0G230A
D0231A
002324
D0233A
00234A
002354
00236A
00237A
002284
002394
00240A
00241A
00242

ND243A
0024 4A
0C245A
002464
002474
002484
0D249A
00250A
002514
D0252A
D02534A
002544
C0255A
0C256A
00257
go258

N02594A
002604
002614
0C262A
00263

002644
002654
00266A
002674
0026 8A
0C269A
00270A
00271A
00272

00273

00274

00275

LoC

1041
1043
1045

1047
1044

104D
1050
1052
1053
1056
1058
1054
105C
105E
1060
1063
10¢5

1067
10¢9
1068
1¢eC
1C6F
1071

1078
107A
1078
107D
1072
1080

1082
1084
1087
10€8

1689
108cC
108E
108F
1091
1093
1096
1067

ORJECT
97 53 A
36 31 A
97 50 A
1047 A
71 FBO3 A
104A A
72 0111 A
104D A
7B 0111 A
27 DE 1060
0D
73 0403 A
26 30 1088
96 11 A
2A F1 104D
96 12 A
20 EA 104A
3D 1014 A
25 23 1088
29.22 1089
81 D4 A
26 1E 1089
SF
BD 1014 A
25 18 1089
25 15 1088
3C
CE 0050 &
3A
A1 00 A
38
26 0C 1089
5C
C1 04 A
26 EA 1D6C
86 06 A
BD 1098 A
4F
39
8C 0000 A
27 B9 1047
09
26 B6 1047
36 B3 A
7F 01CS A
&D
39

PROGRAM

*
SR
SR
SR

SR
®

SR
S’

*

SR
*

SR

L B

SEND ONE CHARACTER TO SERIAL PORT

ON ENTRY
(A):

SEND CHARACTER

VER1.D *x» 10726782
EPSP ~~= SERIAL (EPSP) EXAMPLE ---
STA A R1L
-LDA A #531 -
STA A ROH + SET P1
SL10 ECQU * . .
S AIM #SFF-$4,PORT2 * SELECT EXTERNAL. SERIAL
SL11 EQU * : .
OIm #81,TRCSR « SET WAKE UP FLAG
SL13 EQU .
TIiM #8$1,TRCSR » IDLE ?
EEQ SRSL1S :
SEC
TIM #3$4L,PORT2 .
BNE SRSL3D + 3ROKEN SERIAL 2
LDA A TRCSR =+ IGNORE RECEIVED CHARACTER
BPL SRSL13 . .
LDA A SRDR
3RA SRSL11
SL1s JSR SRVBYT + READ CHARACTER
BCS SRSL3D « 1/0 ERROR ?
BVS . SRSL4OQ .
RECIEVD °EOT* ?
CMP A 2EQT -
ENE SRSL40
SL18 CLR B * (B):RECEIVED COUNTER DID:0 SID:1
SL20 JSR SRVBYT
BRVS SRSL40 + TIME OVER 2
aCs SRSL30 + 1/0 ERROR ?
PSHX
LDX #RO
ARX
CMP A D,X
PUL X
BNE SRSL4O
INC B
CMP B #¢ + RECEIVED 00 “DID® °SID’ ‘ENQ*® ?
ENE SRSL20
REZCEIVED °*ACKX* SEQUENCE®*
LDA A #ACK
JSR SSRSGL
CLR A ‘
SL3D RTS
TIME OUT 2
SL4D CPX #0 + CHECX TIME OUT ?
BEQ SRSL10
DEX
BNE SRSL10
LDA A =833 + TIME OUT ERROR RETURN
CLR SRDOCEV
TST A
RTS

13:48:39



+**« 6301 CROSS MACROASSEMBLER VER1.0 ##x 10726782 13:&5:3:

ZRR SEQ LOC OQRJECT PROGRAM EPSP ~-~ SERIAL (EPSP) EXAMPLE =---
00276 *~ ON EXIT
00277 * (C): 1/0 BREAK FLAG 0:0K 1:ERROR
00278 . + REGISTER PRESERVE ALL
00279 ) *
00280 . . 1098 A SSRSGL EQU *
00281A 1098 0D SSRS10 SEC + PRESET 1/0 ERROR FLAG
00282A 1099 73 807D A TIM #$80,MI0STS « BREAK ?
0D283A 109C 26 0D 10AS8 BNE SSRS20
00284A 109E 7B 0403 A TIM #864,PORT2 + CONNECT TO EXTERNAL SERIAL ?
D0285A 10A1 26 08 10AB BNE SSRS20
00286A 10A3 7B 2011 A TIM #3520, TRCSR * SEND READY ?
00287A 10A6 27 FO 1098 BEQ SSRS10 o
00288A 10A8 97 13 A . STA A STDR
N0289A 10AA 0OC _ cLe - " % 0K RETURN
00290A 10AB 39 , SSRS20 RTS
00291 * SERIAL INITIALIZE
00292 * ON ENTRY
00293 * (A):MODE (MASTER:Q SLAVE:NONZERO)
00294 *
CD295A 10AC 36 SRINIT PSH A
00296A 10AD CC 0011 A LDD #SRWKBT-SRWKTP = CLSAR WORK (A):PATTERN, (2):CCUNT
00297A 10B0 CE 01C4 A LDX ESRWKTP .
00298A 1083 3C 7 PSHX
00299A 1084 A7 0O A ~ CLRSB STA'A 0,X
00300A 1086 08 — INX
C03C1A 1087 54 DEC &
00302A 1088 26 FA 1084 BNE CLRB
00303 *
.00304A 10BA 38 PULX
0030SA 10EB 32 PUL A '
00306A 10BC A7 O0A A ' STA A SRMODE-SRWKTP,X * SET MASTER/SLAVE MODE
00307A 10BE 62 0306 A 0IM #3,SRTRCN=-SRWKTP,X * SEND RETRY COUNT = 3
00308A 10C1 CC 0A64 A LDD #102256+100 )
00309A 10C4 ED 07 A STD SRTIMO-SRWKTP,X # TIME OVER LIMIT = 1 SEC
00310 x _ * RECEIVE BLOCK TIME OVER LIMIT=10
00311A 10C6 A7 09 A STA A SRATMO-SRWKTP,X % RECEIVE ACK TIME OVER = 1 SEC
00312A 10C8 64C 08 A INC SRETDL-SRWKTP,X * AFTER “E0T*, IDLING TIME
00313 *
00314A 10CA 39 RTS
00315 * .
00316 *
00317 * RECEIVE FROM SERIAL (FOR SLAVE DEVICE)
00318 * ON ENTRY
00319 * (X):RECEIVED DATA STORED ADDRESS
00320 * ON EXIT
00321 * CA) :RETURN CODE 0:0K $B0:TIME OVER $82:RECEIVE ERROR
00322 * $88: RECEIVED °*EOT”
00323 * (B): Q:RECEIVED WITH HEADER 1:RECEIVED WITHOUT HEADER
00324 * (EFFECTIVE (A)=0)
00325 * (Z):DEPEND ON VALUE OF (A) .
00326 *
00327 * WORK USE AS REGISTER .
00328 * ROH:TOP CHARACTER OF BLOCK (s1 OR $2)
00329 * R1:ADDRESS OF STORED DATA
00330 * R2L:BLOCK LENGTH

4-30
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SEQ

00331
00332
0N333
00334
00335
00336
00337
00338
00339
00340
00341
003424
D0343A
00344
003454
D0346A
00347A
00348A
00349
003504
003514
00352
003534
00354
00355
00356
00357
00358
00359
0030
003s12
00362A
003634
C0364
00365
003664
003674
00368
00369
D0370A
0C371A
003724
003273
003744
00375A
0037 6A
DO377A
003784
00379
00380A
003814
003824
0N383A
0C384A
003854

LoC

10C8
10CD

10CF
10D1
1003
1005

10D7
1009

100C

10DF
10E1
10E4

10E6
108

10EA
10E3
10EE

10F1
10F2
10F3
10F5
10F 38

10FA
1CFC
10FF
1102
11064
1106

OBJECT
86 BO A
20 OA 10D9
86 B1 A
20 06 1009
86 B8 A
20 02 10D¢9
86 83 A
7F D1CS A
100C A
78 117F A
DF 52 A
78 107A A
27 F1 1007
956 11 A
97 SB A
10EA A
OF
71 EF11 A
71 FBDO3 A
10F1 A
4F
4C
97 59 A
B6 D1CA A
97 56 A
DE 52 A
B6 01CC A
8D 1003 A
25 D8 19DC
29 C5 10¢C8
Cé 04 A

VER1.0 www . 10726782 13:48:39

PROGRAM EPSP

-=- SERIAL (EPSP) EXAMPLE ---

* R3IH:RETRY COUNT
* R3IL:TIME OVER COUNTER .
* R4H:TOP CHARACTER OF sLOCK :
* - - R4L:OMITTED HEADER FLAG (D:NOT 1:CMITTED)
. .
y
®
*
*+ ERROR RETURN ROUTINE -
* SET ERROR CODE TO (A), CLEAR (C)
* .
SRERBO LDA A #s80 + ERROR $BO (TIME OVER) :
BRA SRER1D :
. .
SRERBY1 LDA A #s81 + ERROR $B1 (
8RA SRER10
SRER88 LDA A #3ES + ERROR $81 (RECEIVED “EOT*)
BRA SRER10
*
SRERS3 LCA A #3B3 + ERROR R3 (DRIVER OFF)
SRER10O CLR SRDDEYV « CLEAR DID (FOR START FROM END PROCESS)Y (O)
SRER20 EQU *
T Jwp SRR390
*
*
* EPSP RECEIVE (SLAVE DEVICE) SUSROUTINE
« RECEIVE FROM SZRIAL
*+ ON ENTRY
* (X):RECEIVED DATA STORED ADDRESS
- .
SERRCV STX R1
TIM #310,SRSTS » DRIVER ON ?
BEQ SRERR3
*
* SELECT SERIAL (DETATCH SLAVE)
LDA TRCSR *+ SAVE TRCSR FOR FECOVER RS232
STA A RSL
*
SERINS EQU *
Szl *
AIM #$FF-$10,TRCSR * SERIAL INTERRUPT DISARLE
AIM #SFF-34,PORT2
INSROS EQU i .
CLR A
INC A
SRRB10 STA A R4l * OMITTED HEADER BLOCK (INITIAL)
SRRB20 LDA A SRTRCN « SET RETRY COUNT
STA A R3H
+ RECEIVE FIRST CHARACTER
SRR330 LDX R1 = (X): STORED DATA ADDRESS
LDA A SRETMO + SET TIME OVER FOR WAITING RLOCK
JSR SRVSXX
aCs SRER20
BVS SRERBOQ «+ TIME OVER ERROR ?
LDA B 4 + (2): PLOCK SIZE (PRESET FOR HEADER BLOCK)
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IRR SEQ

00386A
00387A
003884
00389A
00390A
00391A
003924
00393A
00394A
00395A
00396A
00397

00398

003994
00400A
004C1A
00402

00403

00404

00405A
004044
00407A
00408A
00409A
004104
00411

00412A
0Cs13A
C04144
006415

00416

00417

00418

004619A
00420A
00421A
00422A
00423A
00424

00425A
00426A
00427A
00428A
00429A
00430A
004314
00432A
00433A
00434

00435A
004364
00437A
004384
004394
00440A

Loc

1108
110A
110C
1100
110E
1111
1113
1115
1117
1119
1118

1110
1120
1122

1124
1126
1129
1123
1120
1130

1132

1135
1138

113A

1138.

1130
113F
1141

1142
1145
1147
1149
1143
114C
114D
114E
1151

1153
1156
1158
1154A
1158
115¢C

OBJECT
31 01 A
27 2E 1134
5C

3A

F6 01C8 A
81 02 A
27 25 113A
81 05 A
27 19 1132
81 04 A
27 86 10D3
8D 1014 A
25 5D 117F
28 F9 111D
86 15 A
B7 01C9 A
D6 56 A
27 A2 10CF
7A 0056 A
27 9D 10CF
86 01C9 A
3D 1098 ‘A
20 CO 10FA
5¢C

D7 S5 A
97 58 A
97 50 A
16

BD 1000 A
25 38 117F
29 DB 1124
A7 00 A
08

18

16

7A 0055 A
26 EF 1142
BD 1000 A
25 27 117F
29 CA 1124
18

16

7A.0050 A

PROGRAM =PSP ==~ SERIAL (EPSP) EXAMPLE ---

CMP A #SOH
BEQ SRR850

INC B * (B): S

ASX * (X): DATA STORED ADDRESS

LDA B SRSIZ * (B): BLOCK SIZE (FOR DATA BLOCK)
CMP A #STX

BEQ SRRBS0

CMP A #ENQ

BEQ SRCE10

CMP A #EOT * EQOT 2

BEQ SRERB3 -

.

*

* OTHER CODES (SKIP CURRENT BLOCK AND SEND ‘NAK®)

SRRB40 JSR SRVBYT *+ RECEIVED ONE CHARACTER ?
8CS SRRB90
BvC SRRB4O

= TIME OVER (NOT RECEIVED DATA 0.1 SEC)

*

* ERROR °NAK*® SEND

SRCSER LDA A #NAK

STA A SRACKC * SET NAK CHARACTER FOR “ENQ°
LDA B8 R3H * RETRY COUNT CHECK

BEQ SRERB1

DEC R3H

BEQ SRERE1

* ENTRY FROM °ENQ°

SRCE10 LDA A SRACKC
JSR SSRSGL + SEND NAXK
BRA SRR830

*

*

* RECEIVE DATA BLOCK (SOHeees OR STXeses)

*

SRRBSO INC B
STA B R2L
STA A R4H * R4HIRECIEVD FIRST CHARACTER
STA A RQOH « ROH:S1 (SOH) OR 3$2 (STX)
TAB * (B):CHECKSUM

* RECEIVE DATA STRING LOOP
SRRB70 JSR SRVSGL
BCS SRR390
BVS SRCSER * TIME OVER ?

STA A 0,X
INX
ABA
TAB
DEC ° R2L

BNE SRRB70
*
SRRB?75 JSR SRVSGL * RECEIVE CHECKSUM
BCS SRRB9O
BvS SRCSER
ABA
TAB
DEC ROH * IF STXees, RECEIVE *ETX>
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SEQ

DC441A
004424
0044 3A
00444

00445A
0044 6A
D0&447A
00448A
004494
0G6450A
004514
00452

D045S3A
00454A
0D455A
004564
00457

00458

004594
00460A
00461A
00462A
00463

CC4L64A
00465A
00466A
00467

00468

0DsL69A

00470A

00471

00472A
DD&4734A
004744
004754
C0476A
004774
00478A
004794
004380

004814
004824
00483

T 00484

00486
00487
00488
00489
00490
00491

Loc

115F
1161
1162

1164
1166
1169
116C
116E
1170
1172

1174
1176
1178
1178

117€
117F
1180
1182

1185
1188
118A

1188
118E

1130
1191
1193
1194
1196
1199
1193
116D

119E
1140

OBJECT

26
sD
26

86
87
BD
25
DC
88
26

DE
Eé6
F?7
7€

4LF
(¢]3
DE
71

78
27
0D

78
27

36
86
LA
2%
72
96
97
32

BA
39

F2 1153
€0 1124

06
01Co
1098
11 117
58

01
DA 117

me»»T>»>» >

52
04
c1C8
10F3

> > > >

52 A
F27D A

BO7D A
01 1188

1183 A
037A A
0E 119E

32 . A

FD 1193
0403 A
58 A
11 A

00 A

00492A 11A1 86 01 A
00493A 11A3 BD FF73 A

PROGRAM EPS

VER1.0 s . 10726782  13:42:39
P --- SERIAL (EPSP) EXAMPLE ---

BNE  SRRB7S

ST 8 « CHECKSUM OK ?

BNE  SRCSER

LDA A #®ACK - o : a

STA A SRACKC  * SAVE SEND ACK CODE FOR *ENQ*

JSR  SSRSGL A :

BCS  SRRB9O . S

LDD R4 . * R4H<--- FIRST CHARACTER OF 3LOCK, (B):MODE
TEOR A #SOH o

BNE  SRRB8O  + IF °*SOH’, RECEIVED HEADER BLOCK (A=0)

LDX  R1 _ « SET. COUNTER

LDA B SRSIZ-SRFMT,X

STA 8 SRSIZ

JWP  SRRB10

+ COMPLETED TO RECEIVE DATA BLOCK

*

SRRB3O CLR A

SRRBOO CLI
LDX R1 ’
AIM #$FF-34,MIOSTS = STATUS, STOP SERIAL COMMUNICATION
* RECOVER RS232 (NOT CHANGE C)
. TIM #380,MI0STS = BROKEN ?
BEQ SRR39A *+ NOTE. AFTER °CLI® INSTRUCTION, “BREAK®
SEC * MAY BEE CAUSED. .
*
SRRB9A EQU *
TIM #83,5RSTS * ON RS232 READ RUNNING ?
EEQ SRRB9?2
* WAIT 250 MICRD SEC (FOR SERIAL TERMINAL TO RECEIVE CHARACTER)
PSH A
LDA A #50
SRRB91 DEC A
BNE SRRB91
0IM #$4,P0XT2 = SELECT SSRIAL SLAVE CPU
LDA A RSL « RECOVER TRCSR
STA A TRCSR
PUL A
*
SRRR292 o$A A #S0 * FOR RECOVER (Z) (UNCHANGE C)
RTS
*
*
-
* PROGRAM OF SENDING SIDE (MAIN DEVICE)
* GET CHARACTERS FROM KEYBCARC AND SEND 2Y EPSP,
*
*
*
OPNBIS LDA A #1 *+ DRIVER ON
JSR SERONF
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SRR SEQ

00494A
00495A
004964
00497A
004984
00499A
0CS500A
00501

00502A
00503A
00504

00505A
00506A
00507A
00508A
00509A
00S10A
00511

005124
00513A
00514

a0s51s

00516

00518
00519
00520
00521
00522
00523
00524
00525A
005264
005274
005284
005294
005304
005314
005324
005334
005344
005354
00536
005374
005384
005394
005404
00541A
005424
005434
0054 4A
005454

005464

Loc

1146
11A9
11A8
11AD
11AF
1180
1181

1183
11B6

1189
118C
11BE
11C1
11C2
11C5

11C8
11CA

11C8
11CD
1100
11D2
1105
1108
11DA
110C
11DE
11DF
1150

11E2
11ES
11E8
11€E8B
11EE
11F1
11F4
11F7
11FA
11FD

0BJECT

cE
cé
A6
A7
08
5A
26

CE
BD

3D
25
87
4F
cE
BD

20

39

12868
02
(e]0]
a3

>»» >

F8 1148

12C0 A
FFSE A

gF9A A
0C 11CA
1231 A

122C A
FF70 A

EF 1189

01
FF73

01CE
132€
0E
00
92

>33 P P > > >

F8 11DA

12€0
FFSE
12C8
FFSE
12CD
FFSE
12CF
FFSE
1202
FFSE

> > >>>>

PROGRAM EPSP

LDOX
LDA
INIT10 LDA
STA
INX

DEC’

BNE

LDX
JSR
*
REPEAT JSR
8CS
STA
CLR
LOX
JSR
*
BRA
BRKRTN RTS

*

ECSID LDA
JSR

LDA

’ STA
“LOX

LDA

RECS10 LDA

STA
INX
DEC
BNE

LDX
JSR
LDX
JSR
LDX
JSR
LDX
JSR
LOX
JSR

» »

VERT1.0 =*x

10726782 13:48:39

-=-- SERIAL (EPSP) EXAMPLE ---

#SCRPSD

* SET SCREEN PACKET X:DATA ADDRESS

#SCRPSE-SCRPSD = (B):NUBER OF DATA

0,X

SCRPK1-SCRPSD, X

INIT10

#SCRPK1

_ SCRFNC

KEYIN
BRKRTN
BUF

#SNDPKT
SEROUT

REPEAT

#1
SERONF
T
SRMODE
#SCRPRD

* INITIALIZE SCREEN
+ SELECT SCREEN DEVICE (DISPLAY CCNTROLER)

* SERIAL TRANSMITTE

PROGRAM OF RECEIVING SIDE (SLAVE DEVICE)
GET CHARACTERS FROM EPSP AND DISPLAY ON THE VIRTUAL SCREEN. -

* DRIVER ON
* SERIAL MASTER/SLAVE MODE = SLAVE

* SET SCREEN PACKET X:DATA ADDRESS

#SCRPRE-SCRPRD * (B):NUSER OF DATA

O’x

SCRPK1=-SCRPRD, X

RECS10

#SCRPK1
SCRFNC
#SCRPK2
SCRFNC
#SCRPK3
SCRFNC
#SCRPK4&
SCRFNC
#SCRPKS
SCRFNC

10

*

INITIALIZE SCREEN
SELECT SCREEN DEVICE

»

SET SCREEN SIZE AND BUFFER ADDRESS
SET CURSOR MARGIN
SET SCROLL STEP

SET SCROLL SPEED

4-34
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SEQ

00547
0054 8A
005494
GOS5S0A
005514
00552
D0553A
00554A
005554
005564
005574
005584
005594
00560A
00561A
005624
00563
00564A
00565A
DDS66A
00567
00568
00549
005704
005714
005724
00573A
005744
005754
005764
00577
00578
00579
005804
005814
00582A
005834
00584A
005854
00585%
00537
005884
00s894A
00590
00591
00592
00593
00594
00595A
005964
005974
00S98A
00599a
00600A
A

1200
1203
1206
1209

1208
120E
1211
1213
1215
1217
1219
121C
121F
1222

1224
1227
1224

122¢C
122D
122E
122F
1230
1231
1222

1233
1234
1235
1236
1237
1238

1238
1289

12BA
12C0
12C1
12C2
12¢c8
12C9
12CA

cc
CE
8D
25

CE
BD
25
27
81
26
cc
CE
BD
20

B6

20

CRO3S MACROASSEmMDLER VER1.0 »wx 10726782 13:4B8339

JECT
3020 A
0000 A
103D A
BF 11CA
1233 A
10DF A
B7? 11CA
OF 1224
B8 A
F2 1208
3020 A
0000 A
1031 A
E5 1209
1238 &
FF4F A
DF 1208
00 A
30 A
20 A
92 A
00 A
00 A
00 A
00 A
30 A
20 A
92 A
00 A
0080 A
84 A
30 A
12BA A
0006

84

22

=
[«]
o
o
>e P>

ROGRAM EPSP === SERIAL (EPSP) EXAMPLE =---

*+ DEVICE s TREAT AS DISPLAY CONTROLLER.
LDD #$3020 « WAIT TO 3E EPSP SELECTED
LDX #0
JSR SRSLCT

RCVR10 BCS BRKRTN

*

RCVRPT LDX #RCVPKT  « RECEIVE DATA
JSR SERRCV ’ _ .
3CS BRKRTN
BEQ RCVR20 * ERROR 2 .
CMP A #3B8 * RECEIVED *EOT* 2

BNE RCVRPT
LDD #3020 = WAIT TO 8E EPSP SELECTED

LDX #0
JSR SRSLET
BRA RCVR10

*

RCVR2D LDA A RCVPKT+5 DISPLAY RECEIVED CHARACTERS ON THE VIRTUAL

JSR DSPSCR
BRA RCVRPT

»

SCREEN (LCD)

&

* PACKET OF SEND DATA STRING

*

SNDPKT FCB $D *+ FORMAT
FCB $30 « SID (DISPLAY CONTROLLER)
FCB = s20 "+ DID (HC-20D)" '
FCB $92 + FUNCTION
FCB -0 * DATA LENGTH
BUF FCB 0 * DATA
FC8 0

*

» PACKET OF RECEIVE DATA STRING

*

RCVPKT FCB $0 + FORMAT |
FCB $30 + SID (DISPLAY CONTROLER)
FCB $20 * DID (HC-2D)
FCB $92 = FUNCTION
FC8 0 + DATA LENGTH .
RMB 128 + DATA

*

* SCREEN PACKET FOR SENDING SIDE

SCRPSD FCB £3-2% *+ SCREEN DEVICE SELECT (DISPLAY CONTROLER)
FC8 $30

*

SCRPSE EQU *

®
1

+ WORK AREA

RMB 6
SCRPK1 F(C8 $84 * SELECT SCREEN DEVICE
FCB $22
RMB [
SCRPK2 FCB $87 = SET SCREEN SIZE AND BUFFER ADDRESS
FCB 19,3

11
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ZRR SEQ

006014
00602
00603A
C0604A
00605
00606A
00607A
00608A
00609
006104
00611A
00612.
00613A
00614
00615A
00616A
00617
00618A
00619A
A
00620A
00621
006224
00623A
00624
00625A
00626A
00627A
00628
00629A
00630A
00631
00632
00633
00634
09635
*exxx TOTAL

LOC O0BJECT

12C3

12CD
12CE

12CF
1200
12D1

1202
12D3

12D4

132E
132F

1330
1331
1332
1333

1335
1336

1337
1338
1339

1334
1338

ERRORS

1204

C3
04

Ca
0A
03

cs8
09

005A

84
22

87
13
03
12D4

Cc3
04
Cs
0A
03

cs
09

133C

gaon
0

>

VER1.0 #*x

10726782

(EPSP) EXAMPLE =---

SET CURSOR MARGIN

SET SCROLL STEP
X .
Y

SET SCROLL SPEED

SCREEN DEVICE SELECT (LCD)

SET SCREEN SIZE AND BUFFER ADDRESS

SET CURSOR MARGIN

SET SCROLL STEP
X
Y

SET SCROLL SPEED

PROGRAM EPSP --- SERIAL

FDB8 SCR3UF

+*

SCRPK3 FCB $C3 *

' FC8 4

*

SCRPK4 FCB sCs *
FC3 10 *
FCB 3 *

* ’ R

SCRPXS5 FCB sc8 *
FCB 9

*

SCRBUF RMB 90

* SCREEN PACKET FOR RECEIVING SIDE

SCRPRD FCB $84 *
FC8 $22

*
FC3 $87 *
FCB 19,3
FD3 SCR3UF

o
FCa $C3 *
FCB 4

. >
FC3 sC4 *
FC3 10 *
FCB 3 *

*
FCB sC3 *
FC3 9

*

SCRPRE EQU *

*

*
END

4-36
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5.4 DATA COMMUNICATIONF::

5 NOTES "ON .1/0.




5.1 General

The RS-232C port performs communication by the start-stop
synchronization method (refer to the description of serial
communication in Chapter 4). Generation of the TXD binary signal and
read of the RXD binary signal are performed by software. The master
MCU transmits data (TXD) and the slave MCU receives data (RXD).

The slave MCU receives 1 character of data which it sends to the
master MCU via the SCI. The master MCU then uses an SCI interrupt to
store this data in the receive buffer (Fig. 5-1).




brorigger 1 I i | I i I

Sampling

Fig. 5-3 Sampling of Receive Data

One character of data is then transmitted to the master MCU via the
SCI (Fig. 5-4).

The master MCU enables receive interrupt by the SCI. The SCI receive
) interrupt routine stores the receive data in the receive buffer. When
. the buffer becomes full, an error flag is set and data received
subsequent to this will be discarded. The slave MCU cancels input of
data through the RS-232C port when a command is sent to it from the
master MCU.

L One character | One character |
) T i
Start bit Stop bit Stop bit .
! 1 Start bit l Start bit Stop bit
: d
RX
(reception) l l l | ] 1 | 1 l l L_J—]
SCI
Slave MCU w m ”B’
. ! b !
Master MCU The slave MCU sends The slave MCU sends
received data to the master received data to the master
MCU. MCU.

Fig. 54 Timing of Data Reception

5.4 Data Communication
Data communication via the RS-232C port is performed by the following
procedures.

(1) Setting Parameters
Values for bit rate, word length, parity bit, stop bit length, CD,
RTS, DSR detection, are specified by subroutine RSMST. This
subroutine specifies the values for constants used in data
communication in the I/O work area.



(2)

(3)

(4)

(5)

(6)

(7)

5.5

5.6

Driver ON T
Subroutine RSONOF turns the RS-232C driver ON.

When the driver is turned ON, both RTS and TXD go low (RTS is

turned OFF and TXD becomes logic 1).

A 10-bit preamble (logic 1) is then output. DTR is directly

connected to the driver power and therefore goes.high (ON) when

the driver is turned ON.

Receive buffer open

The receive buffer in the master MCU is opened by subroutine
RSOPEN. Once the receive buffer has been opened, the slave MCU
begins sending data. The RTS value is set to the value specified
procedure (1) above.

Input of one character
Data is fetched from the receive buffer using subroutine RSGET.

The data received by the slavé MCU is stored in the receive buffer
during SCI interrupt processing.

Output of one character T N
Subroutine RSPUT outputs one character of data. Note that no Ve
buffer is used when outputting data.

Termination of data reception
Subroutine RSCLOS terminates RS-232C data reception.

Driver OFF
RSONOF is used to turn the RS-232C driver OFF.

Notes on I/O Open Condition

The main MCU enable SCI interrupt during RS-232C reception.

When the SCI port is accessed directly, the SCI interrupt must be
disabled. When the slave MCU receives new data from the SCI port,
it cancels data reception from the RS-232C port. The master MCU
uses subroutine SNSCOM to send a command to the slave MCU during
RS-232C reception and calls subroutine CHKRS (resumption of the
interrupted RS-232C data reception) upon completion of
transmission of the command.

Bit Rate Setting L.,/
Subroutine RSMST is used to set bit rates for RS-232C transmission
(110, 150, 300, 600, 1200, 2400, 4809 and 9600 BPS). To set a
transmission speed other than one of those listed above, RSMST
must be called and the desired bit rate set directly in variable
RSBAUD (01AF, 01B0). This 2-byte variable indicates the number of
MCU clock pulses and is set at 1000, for a bit rate of 150 BPS. A
bit rate of 75 BPS is therefore obtained by setting 20004¢ in
variable RSBAUD. Note that this value is used directly by the
transmission subroutine so the bit rate will change as soon as the
value of RSBAUD is altered.
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5.7 RTS Operation and Carrier Detection
When using a half-duplex MODEM, the RTS output must be changed and the
carrier ON/OFF must be detected. Both RTS and the carrier ports are

connected to the slave MCU. RTS control and CD detection are performed
by the procedures described below.

(1) RTS Control
Method 1: Subroutine RSOPEN
RTS is set when reception is opened by subroutine RSOPEN.
Reception is temporarily closed (subroutine RSCLOS) and the
appropriate parameters are set by subroutine RSMST (the previously
set parameters remain effective if this is not performed).
Reception is then reopened by subroutine RSOPEN. (Fig. 3-5).

ON
RTS
OFF — -—- -
Space
> P ST [ S A AP A HVRN 5 O R B O L I N
Mark
Sapce
RX - Hd e cmemcrcecmecee—n-
Mark
— ‘RSOPEN’
— ‘RSOPEN’
— ‘RSCLOS* — ‘RSCLOS’

Fig. 5-5 RTS Control (1)

Method 2: Slave MCU command

When performing half-duplex communication, RTS is normally turned
ON while data is being transmitted and turned OFF when data is
being received. Command 4D, sent to the slave MCU, controls the
RTS. This command should be used to turn RTS ON before the start

of data transmission. RTS should be turned OFF to open reception
(Fig. 5-5)0



RTS [o] Y PRI 5 DR —_—
OFF

Tx space  ({ ¢ttty W

Space .
Rx P :

Mark L

Reception open L— RTS ON command
—— RTS ON command

—— Reception close

Fig. 5-6 RTS Control (2)

(2) Carrier detection

When the reception is opened, the carrier status is set in port P12

of the master MCU (port P47 of the slave MCU actually detects the
carrier status but this data is set in port P12 of the master MCU

by software). When the carrier is OFF, P12 of the master MCU is set

to 1. When the carrier is ON, P12 is set to 0. Note that after

reception has been opened, if carrier OFF status has been

detected, carrier ON will cause data reception to start but P12

will not become 0.

The system waits for carrier ON by the following two methods.

Method 1: If P12 is 1 when the reception is opened, reception is
closed and then reopened. This is repeated until carrier
ON is detected.

Method 2: Command 80, which sets the value of the slawve MCU port
in port P12 of the master MCU, is executed for the slave
MCU until the carrier is set ON (P12 is set to 0).
Reception is then opened.

5.8 Communications Using a MODEM

When using a MODEM, in addition to the data lines for transmission and
reception, the control lines must be operated. Fig. 7 shows the timing
for a 1200-BPS, half-duplex MODEM.

When data communication is performed as shown in this figure, RTS
control as well as CTS and CD detection must be confirmed.

™



tRCon

—3 — tRCoff

Off

Space

mark

Space

mark

Transmit
carrier

Receive:

—

Data’

carrier

7
”~

Data

tRCon

—:tRCoff

— tCDon

— k— tCDoff

Off

The reception routine provides a mode in which data can be received
even if no carrier has been detected.
of great importance, the reception can be opened in this mode and the

carrier ignored.

1200-BPS reverse channels

A 1200-BPS MODEM may use a 75-BPS reverse channel. This is performed

Fig. 5-7 Timing of 1200-BPS, Half-duplex MODEM

by the following two procedures.

(i) 1200-BPS transmission and 75-BPS reception. This is enabled by
opening reception (RSOPEN) at 75 BPS and then setting the mode

(RSMOD) at 1200 BPS.
(ii) 1200-BPS reception and 75-BPS transmission
Reception is opened at 1200 BPS and the bit rate is set to 75 BPS
(2000,¢ in variable RSBAUD).
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rRCon: Interval from when RTS is set ON to when

CTS is set ON

tRCoff: Interval from when RTS is set OFF to

when CTS is set OFF

COon: Interval from when the carrier is received

to when the CD is set ON
COoff: Interval from when the carrier is turned OFF
to when the CD is set OFF

If the carrier OFF state is not



Since master MCU interrupt is disabled during data transmission,
data received at this time will be lost as shown in Fig. 5-8.

‘ Received data is lost.

I
RX
The arrows indicate that
v V. Y V¥V v v V the slave MCU is transmitting
data to the master MCU.,
Start 0 1 2 3 4 5 6
= 7 Stop
!

133msec Interrubt inhibit
Fig. 5-8 Full-duplex Communication at 1200 and 75 BPS

To protect receive data, the data transmission routine in which

interrupt inhibit instruction SEI is omitted must be used. (See end of
this chapter.)

5.9 Cautions For Serial Driver ON/OFF
(1) When the Driver is Turned ON

Signal rise may be unstable when the driver is turned ON as shown
in Figo 5‘-90

1
Slave MCU
P36
3 0
+8v space
RS232C
Tx ov

mark

/N
-8V l \
!‘__,

100 usec to 1 msec
Fig. 5-9 Voltage Change when Driver is Turned ON
In this case, the receiving side may receive incorrect data because it

interprets the space state when the driver is turned ON as the start
bit.

.

N




(2) When the Driver is Turned OFF

Slave MCU !
P36 0

RS232C / \
Tx ov /

-8V mark

space

I 10 to 200 msec |

Fig. 5-10 Voltage Change when Driver is Turned OFF

The voltage may change as shown in Fig. 5-10 when the driver is turned
OFF. Again, the receiving side may interpret the resulting several
tens or hundreds of bits of space states as data, resulting in
erroneous data reception.

The driver is turned OFF when the input through the RS-232C port is
closed in BASIC. Turn the serial driver ON if you wish to leave the
driver on after the RS-232C output is closed. (In terms of software,
the serial and RS-232C driver are treated as separate elements.
Therefore the driver will only be turned OFF when both drivers are set
to OFF from software.)

Press the BREAK key and check the contents of bit 7 of address 7A.

When bit 7 is 0, the driver is ON and when it is 1, the driver is OFF.
The default value for bit 7 is 0.



5.19 Another Method of Managing Control Lines

Since the RTS and CD control lines are connected to the slave MCU,
during RTS control and CD detection there is an idle time (time
required for exchanging the master MCU commands) which may cause the
user inconvenience.

To avoid this, serial POUT and PIN can be used instead of RTS and CTS
as control lines (Fig. 5-11).

POUT corresponds to bit 5 of address 26, and is active low.
Subroutine WRTP26 is used to set data in address 26. PIN corresponds
to bit 6 of port 1 and is also active low.

(Example)



Note:

As the floppy disk unit does not use PIN and POUT for serial

communication, the RS-232C port can use them as control lines.
DB-25
cD RST DSR CTS DTR RXD TXD
v A
\'% Y A Y A
RS-232C
Serial RS
8¢l>§nector ~NY Connector
l N T I o T TTTTTT 2‘/
E i i 2
1 : : l
= R |
i ' !
: i 1 [cb RTs DSR CTs DTR RXD TXD | !
' TXD  PIN o :
! RXD POUT s e s
L ed e ccccecccmn—of - -l oo e - - o - - o S S
------ HX-20
Serial RS-232C

Fig.5-11 Modification of RS-232C Control Lines




5.11 RS-232C Subroutines

Subroutine | Entry | Description
name point
RSMST FF8A Specifies the RS-232C mode. Sets values in

variables RSBITL, RSMODS, and RSBAUD.

Communications with the slave MCU are not per-
formed.

Parameters:
At Entry
(A): Mode
Bit 0 and 1: Stop bit length (1, 2 or 3)
Bit 2: Specifies whether or not carrier detection
will be performed.
0: Carrier detection
e < 1: No carrier detection
Bit 3: RTS (0: OFF 1: ON)
T 2oV Bit 4: DRS
0: Checks DSR
1: Does not check DSR
Bit 5: CTS
0: Checks CTS
cAcepldoc ' 1: Does not.: check CTS
Bits 6 and 7: Parity
®: Even
1: odd
2 or 3: None
(B): Bit rate and word length
Bits 0 through 3: Word length (5, 6, 7, and 8)
Bits 4 through 7: Bit rate
0: 110 BPS
1: 150 BPS
2: 300 BPS
3: 600 BPS
4: 1200 BPS
5: 2400 BPS
6: 4800 BPS
7: 9600 BPS (transmission only)
At Return
None
Registers retained
(a), (B), and (X)
Subroutines referenced
None
Variables used
None

RSONOF FF85 Turns ON/OFF the RS-232C driver. When bits 3 and
4 of SRSTS are off, this subroutine turns the
driver ON and transmits a 10-bit preamble

(data logic 1).

If the driver is already ON, the ON procedure
will be ignored but no error will occur.




Subroutine
name

Entry
point

Description ‘

Parameters:

At Entry

(A) 0: Turns OFF the driver power.
1: Turns ON the driver power.

At Return

(a): Error code

(C): Abnormal I/0 flag

(Z): According to the value of (A).

Registers retained :

(B) and (X)

Subroutines referenced

SNSCOM

Variables used

None

RSOPEN

FF82

Opens the RS-232C input, initiates fetching data
into a buffer, and exchanges commands between
the master and slave MCUs. Receive data is stored
in the receive buffer via the SCI (interrupt
processing). When the RS-232C input is opened, RTS
is set at the value specified in subroutine RSMST.

Parameters:

At Entry

(A, B): Receive buffer size

(X): Starting address of the receive buffer

At Return

(C): Abnormal I/O flag

(A): Return codes
00: RS-232C input has been correctly opened.
01: The driver is OFF.

Registers retained

None

Subroutines referenced

SNSCOM, SNSCOW and SNSDAT

Variables used

None

(Example)

In this example, a 260-byte monitor buffer is

opened as the receive buffer.

LDA A #$0OD Even parity, CTS/DSR check, RTS high

CD check, 1 stop bit

LDA B #$27 300 BPS 7-bit word length

JSR RSMST

LDA A #1 Driver ON

JSR RSONOF

LDD #260 Buffer size = 260 bytes

LDX #CASBUF

JSR RSOPEN

RSCLOS

FF7F

Closes input to the RS-232C port and sends a
command to the slave MCU to terminate reception.
This subroutine does not turn the driver OFF.
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Subroutine
name

Entry
point

Description

Parameters:

At Entry

None

At Return

(C): Abnormal I/O flag

(A): Return codes
09: RS-232C has been correctly closed.
(Only this code is currently available.)

(Z): According to the value of (A)

Registers retained

(B) and (X)

Variables used

None

Subroutines referenced

None

RSGSTS

FF7C

Inputs the value of the status register.

When a receive error occurs, this subroutine
fetches the error status from the slave MCU and
inputs this value to the master MCU. Then, the
error status of the slave MCU is cleared. Logic 1
in any bit indicates an error.

Parameters:
At Entry
None
At Return
(C): Abnormal I/O flag
(A): Status managed by master MCU
(RS=-232 transmitting side)
Bit 7: 1: Receive buffer overflow
(B): Status managed by the slave MCU
(RS=232C receiving side)
Bit @: Carrier disconnection (OFF)
Bit 1: Parity error
Bit 2: Overrun error
Bit 5: Receive error
Registers retained
(X)
Subroutines referenced
SNSCOM and CHKRS
Variables used
None

RSGET

FF79

Fetches one character from the receive buffer.
The data in the receive buffer is stored in word
length + parity bit format. Once a character is
fetched, the parity bit is set to 0. This parity
bit is not stored in the receive buffer if the
format is 8 bits + 1 parity bit.

Parameters:

At Entry

None

At Return

(C): Abnormal I/0 flag
(A): Received character
(B): Return codes
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Subroutine
name

Entry
~point

Description

00: Normal
01: Receive buffer full
CO: Parity error
C1: Carrier disconnection (OFF)
Note: Carrier disconnection (OFF)
error occurs not when the
carrier falls but when the
buffer becomes empty.
(2): According to the value of (B).
Registers retained
(X)
Subroutines referenced
None
Variables used
ROH

RSPUT

FF76

Transmits one character through the the RS-232C
port. Note that no transmit buffer is provided.

Parameters:

At Entry

(A): Output characters
If the number of bits to be transmitted is
less than 8 bits, data is right-justified.
The remaining bits (including the parity bit)
can be any value.

At Return

(C): Abnormal I/O flag

(B): Return codes
00: Normal
01: No data transmitted when DSR is OFF.
02: No data transmitted when CTS is OFF.
03: No data transmitted when both DSR

and CTS are OFF.

(Z): According to the value of (B)

Registers retained

(a) and (X)

Subroutines referenced

None

Variables used

RO, R1, and R2H

CHKRS

FF16

Sends a command to the slave MCU to resume the
interrupted RS-232C input.

Parameters:

At Entry

None

At Return

None

Registers retained
(a), (B), (X), and condition code (CC)
Subroutines referenced
RSRSRT

Variables used

None




5.12 RS-232C Work Areas

Address

(from) (to)

Variable
name

Byte
count

Description

1AF

1B1

1BO

1B2

RSBAUD

RSCRC

2

"CRC-16 (1+x2+x154x16) equals A00144

RS-232C bit rates (clock cycles)

150 BPS : 100044
Polynominal expressions generated for
CRC
Polynominal expression CRC-CCITT
(1+x5+x12+x16) equals 8408,¢ (default
value)

x16 is always 1, x15 is bit 0, and x0 is
bit 15.

1B3

1B4

RSBCC

BCC register for CRC check

1B5

1B5

RSBITL

RS-232C word length (stop bit
excluded) Word length must be 5, 6, 7,
or 8.

1B6

1B6

RSMODS

RS-232C mode
Bits @ and 1: Stop bit length (bit 1,
bit 2): (9,1) =1 (1,0) = 2
Bit 2: Carrier (CD) detection
0: Carrier detection
1: No carrier detection
Bit 3: RTS
0: RTS OFF (low level)
1: RTS (high level)
Bit 4: DSR check
0: Checks if DSR is OFF.
1: Does not check if DSR is OFF.
Bit 5: CTS check
0: Checks if CTS is OFF.
1: Does not check if CTS is OFF.
Bits 6 and 7: Parity
(bit 7, bit 6) = (0,0) : Even parity
(0,1) : 0dd parity
(1,x) : No parity
x: don't care

1B7

1B7

RSSTSR

RS-232C error status register
For all bits of this variable,
logic O indicates normal operation
and logic 1 indicates error.
Bit 0: Carrier

disconnection (OFF)
Bit 1: Parity
Bit 2: Overrun
Bit 3: Undefined
Bit 4: Undefined
Bit 5: Receive error
Bit 6: Transmit error
Bit 7: Receive buffer overflow
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Address Variable | Byte Description
(from) (to) | name count
1B8 1B9Y RSBFAD 2 Starting address of RS-232C receive
buffer
1BA 1BB RSBFBT 2 Last address of RS-232C receive
buffer plus 1
1BC 1BD RSBFSZ 2 Size of RS-232C receive buffer
(in bytes)
1BE 1BE RSINP 2 Pointer indicating the last data
stored in the RS-232C receive buffer
(Indicates the next address the buffer
in which received data will be stored.)
1C0O 1C1 RSOUP 2 Pointer indicating the last data
fetched from the RS-232C receive
buffer
(Indicates the next address to be
fetched when data is fetched from the
receive buffer.)
1C2 1C3 RSDCNT 2 Number of data in the RS-232C

receive buffer (in bytes)
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*** 6301 CROSS MACROASSEMBLER VER1.0 wux ' 10721782 09:43:16

SEQ

00C01
00002
0oo03
C0004
0a00s
00006
0oaaz
00008
00009
00010
C0011
C0012
00013
Coo14
Q0015
00016
00017
Qoo18
00019
00020
00021
00022A
00023
C0024n
€30254
00026
000274
cocasa
00029
000304
00031A
0Co32
000334
C0034A
000354
000364
00037
00038
00039
0Co40
00041
C0042
00043
00044
00045
00046
00047
000438
00049
00050A
00051A
00052
00053
00054
00055

LocC

0030

0050
0051

nns2
0053

0oss
005s

0osé
00s7
007A
007A

0073
s[ ge

0BJECT

0002
0003
0006

0009
0008
0008

0050
0001
0001
0052
€001
0001
0054
coo1
0001
0055
0001
obo1

gco1

0001
0001

>

> 3>»> P b PP BB > D> » >

3>

A
A

PROGRAM RS232C " == RS232C SEND/RECEIVE DATA ROUTINE ---

_ NAM © RS232C

CTTL -~ RS232C SEND/RECEIVE DATA ROUTINE ===~

* ) :
* RS232C SUBROUTINE.
*+ 2 SUBROUTINES =
* 1. GET RECEIVED CHARACTER FROM RS232C RECEIVED DATA 2UFFER (RSGET).
«* 2o TRANSMITTE ONE CHARACTER TO TXD LINE (RSPUT).
*
« FILE NAMEZ ~*EXsA° BY K AKAHANE
" OPT . PAGE=S5

OPT . LOAD
* .
* MCU 6301 170 PORT
PORT1 EQU $02 + 170 PORT 1
PORT2 €qu $03 + [/0 PORT 2
OORT3 £qQU $06 * 1/0 PORT 3
* OTHER REGISTERS
FRC EGU s09 * FREZ RUNNING COUNTER
QCR EQU  s03 « QUTPUT COMPARE REGISTER
TCSR EQU 508 « TIME CONTROL AND STATUS REGISTER
*+ GENZRAL REGISTERS USED S5Y 170 ROUTINE

ORG $50
RN EQU * * 2 BYTES REGISTER (ROH,RQOL)
RQH - RMB 1 :
ROL RMR 1 '
R1 gQu * * 2 BYTES REGISTER (R1H,R1L)
R1H RMB 1
R1L RM3Q 1
rR2 . EQU * * 2 BYTES REGISTER (R2H,R2L)
R2H RMB 1
R2L RMB 1 3
R3 EQU * * 2 B3YTES REGISTER (R3H,R3L)
R3IH RME 1
R3L RMB 1

CRG S7A
SESTS  RM8 1 + SERIAL STATUS
* * BIT 0,1: RS232 MODE(00:STOP Q1:INTERRUPT AD
* 02:RZAD ONES CHARACTER)
* * 3IT 2: EXECUTE/PAUSE (0:0N EXECUTE 1:PAUSE)
* * BIT 3: RS232 DRIVER (Q:0FF 1:DRIVER ON)
* * BIT 4: SSRIAL DRIVER (Q:0FF 1:DRIVER ON)
* * 3IT 5,6,7: CPU SERIAL RECEIVE INTERRUPT MODE
* « 0:EXTERNAL CASSETTE READ
* ® 1:MICRQ CASSETTE READ
® * 2:RS232C READ
* # 3:READ FROM SERIAL CCMMUNICATION
* * 4IEXTERNAL CASSETTE WRITE
> * S:MICRO CASSETTE WRITE
* * 6,7:UNDEFINED FOR WRITE
RUNMOD RMS 1 + RUN MODE ($80:8ASIC $00:SYSTEM)
SIOSTS RvB 1 * SLAVE 1/0 STATUS _(EACH 8IT Q:0FF, 1:0N)
« « BIT 0 PRINTER
* *+ 3IT 1: EXTERNAL CASSETT:Z
* * 8IT 2: INTERNAL MICRO CASSETTE
* = BIT 3: RS232C ON (READ)

§=1/ 73



Tk

ZRR SEQ

00056
00057
00058
00059
00060
000614
00062
00063
00064
00065
00066
10067
00068
00069
00070
000714
00072
00073
00074
00075
000764A
000774
000784
00079A
C0080A
00081
oDoge
00083
00084
00085
00086
000387
C0D88A
00089
G00%0
00091
J0092
00093
00094
00095
0009%96A
000974
00098A
00099A
001004
001014
00102
00103
00104
00105
00106
00107
00108
00109
00110

LocC

007D

01AF

01AF
01B1
0183
01B5
D186

0187

0188
012A
01&C
D1BE
01CO
01C2

OBJECT

0001

01AF
0002
0002
0002
0001
0001

0001

0002
0002
0002
0002
0002
0002

A

P> B>X P >

b b B 2 2 2

6301 CRCSS MACRCASSEMRBRLER

VER1.0 %=+

PROGRAM RS232C

*
*
*
*
*
M

*10STS
*
*
*
*
*
*
*
+
*

*
*

= RS232C WORK

RSWKTP
RSBAUD
RSCRC
RSBCC
RSBITL
RSMODS

*

SSTSR

PR R T B N S

*
RS8FAD
RSBFBT
RSBFSZ
RSINP
RSOUP
RSDCNT

*

2:

LR R 2 2

RMB

WORK AREA

ORG

EQU
RMB

“RM3

RMBE
RMS
RMB

RMB

RMB
RM3
RMB
RMB
RM3
RMB

PARAMETER
ON ENTRY
NONE
ON EXIT

1

$

NN >

RS232C BUFFER

1

NN NN N

10721782 0943216

-- RS232C SEND/RECEIVE DATA ROUTINE =---

1AF

REA

POINTER

LR B NN I 3 B I O N N NN

T I S T S S S S

% % % A ¥ B *

* % % B A W

LENGTH < 8,
SET RETURN CODE

BIT 4: SPEAKER ON
BIT 5: ROM CASSETTE
BIT 6: BAR CODE READER
BIT 7: BREAK SLAVE CPU (D0:ON EXECUTE
1:BRCKEN BY INTERRUPT
MAIN 1/0 STATUS EACH BIT (D:0FF 1:0N)

BIT O: LCD ON READ/WRITE CHARACTERS

BIT 1: NOW SENDING COMMAND TO SLAVE CPU

BIT 2: NOW SENDING DATA TO SERIAL LINE (1:0N)
BIT 3: ON CLOCK INTERRUPT (1:CN\)

BIT 4: (POWER FAIL)

BIT 5: (OFF POWER SWITCH)

BIT 6: ON PAUSE KEY

BIT 7: ON BREAK KEY

RS232C WORK TOP ALDRESS

RS232C BIT RATE (NUMBER OF CLOCK CYCLE)
RS232C GENELATING POLYNOMIAL

RS232C BCC REGISTER

RS232C BIT LENGTH (5 & 7 8)

RS232C MODE —

(D, 1:NUMBER OF STOP 3ITS)

(2: CARRIER DETECT MASK  D:CHECK 1:MASK)
(3: CLEAR TO SEND 0:LOW 1:HIGH)

€4t DSR 0:CHECK 1:NO CHECK)

(5: CTS 0:CHECK 1:NO CHECK)

(6,7:PARITY B0:EVEN 01:0DD 10,11:NONE PARITY)
RS232C STATUS REGISTER ’

(0: CARRIER DETECT 0:NORMAL 1:ERROR)

(1: PARITY D:NORMAL 1:ERROR)
(2: OVERRUN 0:NORAML 1:ERROR)
(5: READ ERROR D:NORMAL 1:ERROR)
(6: WRITEZ ERROR D:NORMAL 1:ERROR)
(7: BUFFER OVER Q:NORMAL 1:QVERFLOW)

RS232C READ BUFFER ADDRESS

RS232C READ 3UFFER EBOTTOM ADDRESS + 1

RS232 REAC BUFFER SIZE (D001 - FFFF)

POINTER WHERE NEXT RECEIVED CHARACTER IS STOR
POINTER WHERE NEXT CHARACTER IS LOADED

NUMBER OF DATA IN THE BUFFER

RS232C: GET ONE CHARACTER FROM RECEIVE BUFFER

1: ?ET ONE CHARACTER FROM RS232 RECEIVE BUFFER
F BIT

AND *PARITY CHECK® MODE, DO PARITY CHECK AND
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#x* 6301 CROSS MACROASSEMBLER

SEQ

00111

00112
00113
00114
00115

-00116

00117

00118

00119

00120

00121

c0o122

00123A
00124A
00125A
0C126A
001274
0c128

001294
00130A
00131

00132A
00133A
C0134A
001354
00136A
00137A
00138

001394
001404
00141A
00142A
001434
C01444A
00145A
00146A
00147A
00148A
00149A
001504
00151

00152A
00153A
001544
001554
00156A
00157A
00158A
001594
00160A
C0161A
00162A
0N163A
00164

00165A

Loc

01Cs
C1Cs
01c?
01CA
01CC

01CD
0100

01C2
0105
0108
0109
010C
010D

Q1DF
01E0
N1E3
01ES
01E6
01E9
01E3
G1EE
01F1
01F4
C1F5
01F8

01F9
01FA
01FC
01FD
01FE
02C0
0202
0204
0205
0207
0208
0209

02cs8

OBJECT
01C4 A

Cé 01 A

00

73 BO7D A

26 42 020E

3C

FE 01C2 A

27 3D 020F

FC 0185 A

7F D050 A

00

79 00s0 A

4A

26 F9 Q108

OF

FE 01C0 A

Aé 00 A

08 )

BC 018BA A

26 03 01EE

FE 0188

FF 01CO A

FE 0182 A

09

FF 01C2 A

0E

58

25 OF 0208

58

16

94 SO A

24 02 N204

c8 80 A

58

24 F9 Q200

56

57

20 01 020C

SF

“PROGRAM RS232C

VERT.0 **=

10721782 09:43:16 -

-- RS232C SEND/RECEIVE DATA ROUTINE =---

* CA): CHARACTER (WITHOUT PARITY BIT) . -
* (3>: STATUS $01:RECEIVED EUFFER IS EMPTY
* . - $00:NORMAL
* MSB= 1:ERROR 02 NORWAL
* . SCO:PARITY ERROR $C1:CD ERROR (CARRIER DCWN)
* (C): SLAVE STATUS 0:NORMAL 71:ERROR
* SET Z N FLAG DEPEND ON_ VALUE OF (8) REGISTER
« REGISTER PRESERVE X
*+ WORK USE AS REGISTER '
* ROH:EFFECTIVE BITS AS DATA* (BIT LENGTH=7 THEN S?F,
* ) ) - -BIT LENGTH=8 THEN SFF)
RSGET EQU * . co
LDA B #301 = PRESET °3UFFER EMPTY* CODZE
SEC * PRESET ERROR 1/0 FLAG
TIM #$80,MI0STS = ERROR 1/0 ?
BENE RSIN23
PSHX
* N . - L .
LDX RSDCNT * ARE THERE DATA IN ‘THE BUFFER ?
. BEQ RSIN2S * (3):1
* SET EFFECTIVE BITS TO ROH
. LDD RS3ITL * (B):RSMODS
CLR ROH * (AY:8IT LENGTH
RSIN1A SEC '
ROL ROH * ROH <== ($7F IF 827), <==- (SFF "IF a=8)
DEC A .
BNE RSIN1A
*
SE1 + IF RS232C RECEIVED INTERRUPT 1S "AUS:D, THE
LDX RSOUP « POINTER MAY sE DESTROYSD.
LDA A 0,X * (A): DATA
INX
cPX RSBFBT * [F THE POINTER SHOWS BOTTOM ADDRESS + 1 OF THE
BNE RSIN1O * BUFFER, POINTER NUST SE SET TC TOP ADDRESS.
LDX RS2FAD
RSIN10 STX RSOUP
LD X RSCCNT
DEX
sr§ RSDCNT » DATA COUNTER <==-- CURRSNT VALUE - 1
cL
« PARITY ERROR CHECK
ASL B8 + PARITY CHECK MODE 2
BCS RSIN1S *+ MODE = “CHECK PARITY® 2
ASL B
TAB * (8) <==- DATA, (C)<--- PARITY MODE (Q:SVEN)
AND A ROH * TAKE DATA BITSCIGNORE PARITY RIT)
RSIN11 BCC RSIN12
- EOR B #3380
RSIN12 ASL B
BNE ~ RSIN11
ROR B * SIT7,B8IT6 <=-=- (C)
ASR B :
BRA RSIN20 * PARITY ERROR = $CO
* c-
RSIN15 CLR 8 « NORMAL RETURN
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ZRR SEQ

00166
06167
00168A
CD169A
00170A
00171
00172
00173A
CO0174A
00175A
001764
01774
001758A
00179
00180
00181
00182
00183
c0184
00185
0018¢
0c187
00188
00189
00150
00191
00192
00193
00194
00195
00196
00197
00198
00199
0C200
2C201
00202
00203
0020 4A
002054
002064
00207
00208
0020%4A
002104
CC211A
002124
00213A
002144
00215A
002164
002174
002184
002194
002290

LocC

020C
020D
020E

D20F
0212
0214
0217
0219
0218

0210
021E
0221

0223
0226
0227
D228
0229
022A
0228
022D
022F
0231
0232

OBJECT
020C A
Sp
38
39
020F A
7B D47A A
26 FB8 D20C
78 0402 A
27 F3 020C
Ce C1 A
20 EF 020C
021D A
0D
76 BO7D A
2¢ OF 0232
Fé6 01B6 A
57
57
57
57
53
D4 02 A
C4 03 A
27 02 n233
ocC
39

PROGRAM

RS232¢C -= RS232C SEND/RECEIVE DATA ROUTINE =---

* BUFFER IS EMPTY
RSIN20 EQU *

TsT B * CLEAR (C), SET (2)
PULX

RSIN23 RTS

-«

BUFFER IS EMPTY, IS CARRIER DOWN ?

RSIN25 EQU *

TIMm #34,5RSTS + ON PAUSE ?
BNE RSIN20

‘TIM #%4,PORTY1 = SFLAG = ON ?
BEQ RSIN20D

LDA B  #%C1 « CD ERROR

BRA ° 'RSIN20

SEND ONE TRANSMITTED CHARACTER SUBROUTINE
PARAMETER
ON ENTRY
TRANSMITTED CHARACTER
ON EXIT
(B>: BIT O (1:DSR LOW) CHARACTER IS NOT SENT
BIT 1 (1:CTS LOW) CHARACTER IS NOT SENT
BIT 2 - 7 (ALWAYS O)
(Z) DEPEND ON VALUE 0F (B)
(C> O:NORMAL 1:1/0 ERROR
REGISTER PRSERVE A,X

WORK USE AS REGISTER

ROH:PARITY BIT (LSB)

ROL:FLAG OF *WITH PARITY BIT” (D:YES 1:N0)
R1H:SAVE DATA

RI1L:BIT LENGTH

NOTE. OCR IS USEDs AND OCR IS USEL 2Y KEY POUTINE EITHER.

‘C9:43:216

SPUT EQU ®

SEC + PRESET 1/0 ERROR FLAG
TIM #*$80,MI0STS + I/0 ERRCR ?
BNE SNDRO4

*

+ CHECK DSR, CTS
LDA B RSMODS « TAKE MODE (DSR CTS BITS)
ASR B + RSMODS (DSR:BIT 4,CTS:BIT 5) MASK=1
ASR B8
ASR B
ég: g +* PORTY1 (DSR:BIT 0, CTS:BIT 1) NORMAL=°LOW*
AND B PORT1 * CHECK DSR, CTS
‘AND B #s3
REQ SNDROS
cLC + CT7S, DSR LOW (ERROR)

SNDRQ& RTS

®

5-20
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SEQ  LOC O0BJECT "PROGRAM- "RS232C - =-- RS232C SEND/RECEIVE DATA ROUTINE ---
002214 0233 36 SNDRQS PSH A

00222A 0234 97 52 A STA A R1H

00223A 0236 3C PSHX

CO0224A 0237 CE Q1AF A LDX #RSWKTP  * (X)>: TOP RAM ADDRESS OF WORK AREA FOR RS$232C
00225A 023A OF SEl + DISAELE INTERRUPT

00226A 0238 A6 06 A LDA A RSBITL-RSWKTP,X

00227A 023D 97 53 A STA A RIL

00228A Q23F 4F CLR A A N

00229A 0240 E6 07 A LDA B RSMODS-RSWKTP,X * RSMODS (BIT7:WITH PARITY FLAG
002304 0242 05 ASLD - 8IT6:EVEN OR 0DD)

00231A 0243 97 51 A STA A RQOL * ROL:NUM3SER OF PARITY RITS (ROL: 0 OR 1)
00232A 0245 4F a CLR A :

00233A 0246 05 ASLD .

C0234A 0247 97 50 A STA A ROH * LS8 <--- PARITY

00235 *

00236 0249 A SNDR2Q EQU *

00237A 0249 78 4008 A TIM #540,TCSR = OCR OVERFLOW ?

002384 024C 24 08 0259 BNE SNDR30

60239 * NOT OVERFLOW

00240A 024E DC 08 A LDD 0CR * *TIME TILL NEXT EDGE’ < 1.6%s20 MICRO SEC ?
002414 0250 93 09 A SUBD  FRC + YES, THEN WAIT OCR OVERFLOW, NOW START “START
00242A 0252 83 0020 A SUBD #3520 * BIT’.

00243A 0255 2B F2 024§ BMI SNDR20 * NO, THEN WAIT TIME OF START 3IT
C0244A 0257 20 07 0260 3RA SNDR4Q

00245 * OCR OVER, SET NEXT TIME

00246A 0259 DC 09 A SNDR30 LOD FRC + SET TIME OF START BIT

00247A 0258 C3 0020 A ACDD  #s20

00248A 025 DD 03 A STD 0CR

00249 0260 & SNDR4D EQU *

002504 0260 71 FEO8 A AlM £3FF-3501,TCSR « SET °LOW*

00251 . *

00252 0263 A SNDR4S EQU >

00253A Q263 73 4008 A TIM #$40,TCSR « WAIT UNTIL OVERFLCW

C0254A D266 27 F3 0263 BEQ SNOR4S

00255 + SET NEXT DATA BIT

00256A 0268 SF CLR 8

0Q257A 0269 77 0052 A ASR R1H

00258A 024C S9 ROL B *+ (8) 0 OR 1

002594 024D 26 05 0274 BNE SNDRSO

00260 . « SET O

00261A 026F 71 FEO8 A AIM ¥SFF-$1,TCSR

00262A 0272 20 G6 027A BRA SNDRS3 * (PARITY IS NOT CHENGED)

00263 * SET 1

00264 0274 A SNDRSQ EQU *

00265A 0274 72 0108 A 0IM 2%1,TCSR

00266A 0277 75 0150 A EIM #$1,R0H  « COMPULE PARITY

00267 *

00268A 027A E8 05 A SNDRS3 EOR B RSBCC+1-RSWKTP,X * COMPUTE CRC

00269A 027C A6 04 A LDA A RSBCC-3SWKTP,X

0027CA 027E 04 LSRD

00271A 027F 24 04 0285 8CC SNDRS4

00272A 0281 A8 02 A EOR A RSCRC=RSWKTP,X

00273A 0283 E8 03 A EOR B RSCRC+1-RSWKTP,X

00274A 0285 ED 04 A SNDRS4 STD RSBCC-RSWKTP, X

00275 *+ SET NEXT TIME
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ZRR SEQ

00276A
D0277A
00278A
00279A
D0280A
00281
00282A
00283A
00284A
DG285A
7D286A
J02874A
0023884A
00289
00290
00291
002924
0C293A
00294
00295A
0D256A
002974
00298
00299A
00300
00301A
003024
00303
00304A
003054
0N306A
003074
00308A
003094
N0310A
03114
003124
003134
C031¢
00315A
00316
003174
D0318A
002194
00320
003214
002224
0C323
C0324
wwexet TOTAL

LOC OBJECT
0287 DC OB A
D2g9 E3 00 A
0283 DD OB A
02&D 74 DOS3I A
0290 26 D1 0263
0292 96 51 A
0294 26 DA 02AQD
02%¢6 Dé 50 A
0298 4C .
0299 DD 51 A
0298 7C D053 A
02GE 20 C3 0263
02A0 A
02A0 78 4008 A
D2A3 27 FB 02A0
02AS5 DC 08 A
C2A7 E3 00 A
02A%9 DD OB A
02A3 72 D108 A
024ASE A
02AE 78 4008 A
0231 27 FB Q02AE
0283 EE 06 Ae
0285 18
028% C4 03 A
0238 2¢ D1 D2BB
02RA SC
0238 &4F
023C 18
028D F3 D1AF A
02C0 09
02C1 26 FA D2RD
02C3 DD 08 A
02C5 38
02C¢ 32
02C7 QE
02CB8 SF
02C9 39
0000 A
ERRORS c

10721782 D9:43:16
PROGRAM RS232C == RS232C SEND/RECEIVE DATA ROUTINE ===~
LDD OCR
ADDD RSBAUD-RSWKTP,X
STD OCR
CEC R1L = FINISHED 2
BNE SNDR4S
« ADD PARITY ?
LDA A ROL
BNE SNDR60
LDA B ROH * SET PARITY (R1H <==-=- ROH)
INC A + *ADD PARITY’ FLAG <=== °*NONE°® (RQOL <=-=- 0O
STD ROL '
INC RIL + BIT COUNT <==- 1

BRA SNDR4S

*

= ADD STOP BITS

SNDRsO EQU *
TI® - #340,TCSR
BEQ SNCR60

* WAIT UNTIL START OF LAST 3IT

LoD OCR
ADDD RS3AUD-RSWKTP,X
STD OCR
*
0IM #%1,TCSR « STOP BIT
SNDR70 EQU *
TIM #8340, TCSR » WAIT UNTIL START TIME OF STOP &IT
BEQ SNDR70
*
LDX RSMODS-RSWKTP=1,X
XGDX * (X):0CR LAST TIME,

AND 8 #83 °
BNE SNDRSD
INC B
SNDRBD CLR A
XGDX
SNDRSD ADDD RSEAUD
’ DEX
BNE SNDR9O

STD  OCR

v

PUL X
PUL A
CLI

CLR 8
RTS

END

* (B):MSMODS (LS 3BITS:NUMBER OF STOP BITS)

« IF 0, 1 STOP BIT
= (X): NUMBER OF STOP BITS

»

(A,B8):HIGH 31T TIME

* IF RECEIVED KEY INTERRUPT,
* NOT PUNCTUAL.

KEY SAMPLING TIVME

5-22
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SEQ

cQoo1
cooo2
c0o003
Co004
00005
00006
00007
0ogos
0coo9
0G010A
00011
00012
00013
C0014
co01s
00016
00017
00018
00019
gog020
00021
00022
00023
Co024
co025
00026A
000274
000284
00029A
000304
000314
000324
000334
00034A
000354
000364
00037A
000384
00039
0C040A
000414
C0042A
200434
C00&44A
00045A
00046
CO047A
000484
00049A
£00s50
000S51A
00052A
00053A
00054A
€00554A

Loc

1000

1000
1003
1006
1003
1008
100E
1011
1014
1017
101A
101D
1020
1023

1026
1029
1028
1022
1031
1034

1037
103A
103C

103E
1041
1044
1047
1044

0BJECT

FF4F
FFsE
FF8s
FFas
FF82
FF7F
FF79
FF76
FF9A
FF9D

> >P P> >

8422
1058

1050
1303
105€E
1400
1060
1058
FESE
105D
FFsSE
3027

b BB B P B B I 35 5 3 3

FF88

FFSs
FFOC
0104
FF82

> > Pp >

FFOD
1E 105A
09 1047

>

FFoA
FF76
FF4F
FFDS8
00

P b 3

VER1.0 ===

PROGRAM TERM

*

NAM

10721782 09:52{16

~-- TERMINAL MODE WITHOUT HARD COPY =---

TERM

..+ TSS TERMINAL MODE . '
-+ 300 8PS, FULL DUPLEX, WITHOUT HARD COPY

* FILE NAME

*

*

* EXSMPLE OF TERMINAL MODE

*
DSPSCR
SCRFNC
RSCNOF
RSMST
XSOPEN
RSCLOS
RSGET
RSPUT
XKZYIN
KEYSTS

r*

TTL
oPT
oPT

ORG

*EX$5°

BY

KeA

--- TERMINAL MODE WITHOUT HARD COPY ===

LOAD
PAGE=55

$1000

« INITIALIZE

*

REDKEY

« ACCEPTED

RCVRS

*
*

EQU SFF4F
EQU SFFSE
EQU $FF8S
EQU SFF38
EQU SFF82
EQU SFF7F
EQU SFF79
EQU $FF76
ECU $FF9A
EQU SFF9D
LDD 238422
STD SCRPK1
LDA A 3%37
STA A SCRPK2.
LoD #3$1303
STD SCROK2+1
LDD #31400
STD SCRPK2+3
LDX #SCRPK1
JSR SCRFNC
LoX #SCRPK2
JSR SCRFNC
LDD #$3D27
JSR RSMST
LDA A 21
J3R RSINOF
LoX $SFFDC
LDD 2260
JSR RSOPEN
JSR KEYSTS
ECS BRKRTN
BEQ RCVRS
CHARACTER FROM
JSR KEYIN
JSR RSPUT
JSR DSPSCR
LBX SFFD8
LCD 0,X

CONSTRUCT SCREEN PACKET

INITIALIZE SCREEN

.

SET MODE(STOP:1-CD:NO-CHSCK, RTS:ON, PAR, Y:EV
3ITS LENGTH, 300 BPS

RS232C DRIVER ON

(X):BUFFEZR ADDRSSS (SYSTEM 3UFFER)
(A,B): BUFFER SIZE
RECEIVE OPEN

ACCEPT FROM KEY BOARD 2
IF BREAK KEY IS PRESSED, RETURN (IN BASIC MCDE

KB

TRANSMIT ACCEPTED CHARACTER.
DISPLAY ACCEPTES CHRACTER TO VIRTUAL SCREEN.
ARE THERE RECEIVED CHARACTER IN THE BUFFER 2
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IRR SEQ

000564
000574
00058A
00059A
00060A
000614
00062
000634
C006 4
COD65A
: 0006 6A
"00467A
4006 84A
A
0006 9A
00070
00071
00072
+rwxaer TOTAL

LOC O0BJECT
104C 27 E9 1037
104E BD FF79 A
1051 &1 7F A
1053 24 E2 1037
1055 28D FF4F A
1058 20 DD 1037
105A 39
1058 84 A
105C 22 A
105D 87 A
105€ 13 A
105F 03 A
1060 1400 A
cooo A
ERRORS 0

PROGRAM TERM

BEQ

JSR

CMP

BCC

JSR

BRA
*

2RKRTN RTS

* VIRTUAL SCREEN PACKET

SCRPK1 FCB
FCB
SCRPK2 FCB
FCB

FD8

* .

END

VER1.0 t»«

10721782 09:42:216

--- TERMINAL MQODE WITHOUT HARD COPY =--

REDKEY

RSGET
#STF
REDKEY
DSPSCR
REDKEY

$84
s$22
$87
19,3

$1400

IGNORE 7F - FF CHARACTERS
DISPLAY RECEIVED CHRACTER TO VIRTUAL SCREEN.

SELECT SCREEN DEVICE (LCD)

SET SCREEN SIZE AND BUFFER ADDRESS

5-24
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0CQ001
000C2
0G203
C0004
Go00s
00006
gooov?
gocos
00009
Qgoo10
00011
00012
00013
00014
00015
C0016
00017
00018
0Q01s
coczan
00GC21
QG022
C0023
€024
goez2s
00024
00027
00028
00029
00030
00031
00032
00033
00034
00035
0003%
00037
00038
40039
Q0040
00041
0C042
09043
Q%044
00045
00046
Q0047
00043
00049
00050
00051
0C052
00053
00054
00GS5S

=tx 6301 CROSS MACROASSEMBLER

Lac

0BJECT

FFuF
FFSE
FF3s
.FF8s
FF73
FF82
FF7F
FF79
FF76
FF9A
FF9D
FF25

IR N I B b b _Jb 3 g S

PROGRAM TE

VER1.0 w=»

]M

10721782 09:41:08

=== TSS TERMINAL MODE WITH HARDCOPY ---

NAM TERM
‘TTL ==~ TSS TERMINAL MODE WITH HARDCOPY ---
*
*+ FILE NAME “EXs2° BY K.A
oPT LOAD
oPT PAGE=S5
*
* EXEMPLE OF TERMINAL MODE
= 300 8PS FULL DUPLEX TERMINAL MODE (1200 2PS)
* VIRTUAL SCREEN SIZE = 20#4
* RECEIVED AND TRNSMITTED CHARACTERS ARE ABLE TO PRINT TO SERIAL
* " PRINTER (MP-30, ...). THE CONNECTOR FOR HARD COPY IS *SERIAL®.
* HARD COPY ROUTINE IS INCLUDED IN INTERRUPT PROCEDURE.
*
= CABLE
* 1. FOR CONNECT TO MODEM (CP-20)
* OPTINAL CABLE
* 2. FOR HARD COPY
z HC=-20 SERIAL (DIN S PINS) MP-80 SERIAL (DB-25)
.o 1 (GROUND) = =~ceececmeeee 7 (GROUND)
* 2 (PTX) = ecccccccaaa. 3 (RXD)
* 3 (PRX) =  eeseeecee--o 2 (TXD)
* 4 (POUT)Y =  ==eccceeaea- 6 (DSR)
%* 5 (PIN) = scccccmce--- 20 (DTR)
* FG eecemceee--- 1 (PROTECTIVE GROUND)
. :
*
*+ QOPERATION
* PF1 KEY: START HARD COPY
= PF2 KEY: STOP HARD COPY
« PF3 KEY: 120G 3PS (DISPLAY MONITOR (RECEIVED CHARACTE®) = QFE)
« PF4 KZY: 200 B8PS
*  PF5 KEY: QUIT
* PF6 KEY: MONITOR DISPLAY CN
+ PF7 XEY: MONITOR DISPLAY OFF
« PFZ KEY: ESC “I°+320 °0-
*
* 120C BPS FULL DUPLZX TERMINAL PROCEDURE
* 1: PF3 (1200 8PS)
* 2: PF6 (MONITOR DISPLAY OFF, KARD COPY OM)
® 3: (PF8 2722?727)
*
« SUBROUTINE ENTRY POINT
DSPSCR E0U SFF4F * DISPLAY ONE CHARACTER TO VIRTUAL SCREEN
SCRFNC EQU SFFSE * VIRTUAL SCREEN FUNCTION
RSONOF EQU SFF35 * RS232C DRIVER ON/OFF
RSMST  EQU SFF33 * STT RS232C PARAMETERS
SERONF EQU $FF73 « SERIAL DRIVER ON/OFF
PSOPEN EQU $FF82 * OPEN RS232C RECEIVE
RSCLOS EQU SFF7F v CLOSE RS232C RECEIVE
RSGET ECU 3FF79 * GET RS232C ONE CHARACTER
RSPUT  EQU SFF76 + SEND RS232C ONZ CHARACTER
KEYIN EQU SFF9A * GET ONT ZHARACTER FROM KESY20ARD BUFFER
XKZYSTS EQU SFFID * GET NUMBER QF CHARACTERS [N THE KEY QUFFE:
MENU  EQU 3FF25S * MENU
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ZRR SEQ LCC OBJECT PROGRAM TERM --- TSS TERMINAL MODE WITH HARDCOPY ---

00056 * CONSTANTS OR REGISTERS
00057 0011 A TRCSR EQU $11 +* TRANSMIT/RECEIVE CCNTROL REGISTER
00058 0013 A STDR EQU $13 * SERIAL TRANSMIT DATA REGISTER
c005¢9 © D012 A SRDR EQU $12 = SERIAL RECEIVE DATA REGISTER
00060 0008 A TCSR EQU sp8 «* TIMER CONTROL AND STATUS REGISTER
00061 000B A OCR EQU $03 + OUTPUT COMPARE REGISTER
00062 D009 A FRC EQU $Q09 + FREE RUNNING COUNTER
00063 0010 A RMCR EQU $10 * RATE AND MODE CCNTROL REGISTER
00064 * * 04:38B.4 KBPS, D5:4.4 KBPS
00065 0002 A PO0RT1 EQU $02 = 1/0 PORT1 .
00066 0003 A PCRT2 EQU $03 * + 1/0 PORT2
00067 1000 A BUFSIZ EQU 4096 +« BUFFER SIZE FOR PRINTER
00068 poce A SCB8SIZ EQU 200 + BUFFER SIZE FOR SCREEN
00069 1000 A RSBSIZ QU 40956 = BUFFER SIZE FOR RS232C
00070 0001 A ECHODT EQU 1 + TERMINAL MODE = “ECHO CHARACTER® ?
00071 * = DIYES, 1:NO
00072 0109 A SERVCT EQU $109 * SCI RECEIVE INTERRUPT ADDRESS
00073 *
00074A 1000 ORG $1000
00075 *
00076 + INITIALIZE
00077A 1000 86 01 A LDA A #ECHODT
00078A 1002 B7 11E3 A STA A ECHO
000794 1005 CE 11C7 A LDX #SCRPKD * SET SCREEN PACKET X:DATA ADDRESS
0D0B0OA 1008 C6 0OE A LDA B #SCRPKE-SCRPKD = (B):NUBER OF DATA
0CO081A 100A A6 DD A INIT10 LDA A 0,Xx
00D82A 100C A7 0= A STA A SCRPK1-SCRPKD,X
000834 100E D8 INX
C0D84A 100F 5A DEC B
00085A 1010 2¢ F8 100A BNE INIT10

+ 00086 T
000874 1012 CE 1105 A LDX #SCRPK1 + INITIALIZE SCREEN
00088A 1015 BD FFSE A JSR SCRFNC * SELECT SCREEN DEVICE
0008%A 1018 CE 11D7 A LDX #SCRPK2 ’
0D090A 101B 8D FFSE A Jsr SCRFNC * SET SCREEN SIZE AND 2UFFER ADDRESS
000914 101E CE 11DC A LDX #SCRPK3 *
000%92A 1021 BOD FFs5E A JSR SCRFNC * SET CURSOR MARGIN
0CC93A 1024 CE 11DE & LDX #SCRPKa4 *
CO094A 1027 BD FF5E A JSR SCRFNC *+ SET SCROLL STEP
0D095A 10224 CE 11E1 A LDX #SCRPKS *
00096A 102D 3D FFS5E A JSR SCRFNC * SET SCROLL SPEED
00097 | *
00098A 1030 86 D1 A LDA A 21 + MCNITOR ON
00099A 1032 B7 11EA A STA A MONFLG
00100 *
00101A 1035 CC 11F1 A LDD #3UF * SET BUFFER POINTER FOR HARD COPY
00102A 1038 FD 11EB A STD BPIN
00103A 1038 FD 11ED A STD 3POUT
001044 103E CC 000D A LDD #0 *» CHARACTER COUNTER = 0
00105A 1041 FD 11EF A STD BUFCNT
DC106A 1044 B7 11EL A STA A PRTFLG * HARD COPY = *ND°’

0C107 * REWRITE SERIAL RECEIVE INTERRUPT VECTOR

00108 * NOTE. IF WE WANT TO SEND A CHARACTER TO THE PRINTER, WE MAY DETATCH
00109 * SLAVE Mpy WHILE 20 MILI SECOND AFTER WE GOT THE CHARACTER FROM
00110 * SLAVE MCU.

5-26
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00111A
0C112A
001134
C0114A
00115
CO0116A
00117
001184
001194
00120A
00121A
00122aA
00123A
C0124
00125A
001264
00127A
00128A
001294
Co1304
00131
001324
001334
001344
00135
00136
00137A
001384
001394
00140A
00141A
00142a
0n143A
0C144a
001454
00146A
001474
001438A
001494
0G150A
00151A
00152
001534
001544
001554
0C156A
001574
0C1584
0G159A
00160a
00161
00162
001634
C0164
001454

Loc

1047
1044
104D
1050

1033

1056
1059
10sC
10S5€E
1061
1063

1066
1069
10¢4C
106F
1072

1074

1076
1079
1075

1072
1C7F
1031
1033
1085
1086
1089
108A
108C
108€
1090
1093
1096
1068
109A

109D
10A0
10A2
10A4
10A7
1CA9
10A8
10AZ

1030

10283

O8JECT
FC 010A A
FD 11E5 A
CC 1146 A
FC 010A &
CC 3D27 A
FDO 1158 a
BD FF88 a
3¢ 01 A
BC FF85 A
36 01 A
3D FF73 A
CE 228B9 A
CC 1000 A
80 FF82 A
8D FF9D A
25 7E 10F2=
27 27 109D
BD FF9A A
81 FE A
26 13 1090
ce F1 A
25 1C 1090
C1 0A A
24 18 109D
58
CE 10Ds6 A
3A
EE 00 A
AD 00 A
20 0D 109D
BD FF?76 A
F&6 11E3 A
27 02 109aA
8C 1C 1086
20 FF4F A
FE FFD8 A
ZC 00 . A
27 OF 1083
2D FF79 A
81 7F A
24 08 1083
F6 11EA A
27 03 1083
1080 A
BO FF4F A
7E 106F A

PROGRAM TERM

LDD
STD
LDD
STD

LDD

STD
JSR
LDA
JSR
LDA
JSR

*

INIT30 LDX
LOD
JSR

REDKEY JSR
ECS
BEC

* ACCEPTED
JSR
cup
aNE

¥

« FUNCTION
su3
Bcs
CMp
scc

. ASL
LDX

© ASX

LOX

JSR

BRA

GETKZY JSR
LDA
BEG
8SR

GETK1C JSR

*

PCVRS  LDX
LDD
8EQ
JSR
cMp
BCC
LDA
BEQ

k4

RCVR10 EGU

. JSR

-

RCVR3Q Jwp

VER1.0 »=+v

10/21/82 09:47:08

=== TSS TERMINAL MODE WITH HARDCOPY ===

SAVE VECTOR ADDCRESS

.wRITE‘NEw INTERRUPT ADDRESS

SET MODE(STOP:1 CD:NO-CHECK, RTS:0N, PARITY:EV

* 7 BITS LENGTH, 300 3PS)

SERVCT+1 =
SERADR
#SERINT %
-SERVCT+1
#33D27 *
RSPARM *
RSMST

A #1 *
RSONOF

A *
SERQONF
#RSBUFF *
#R33S12Z *
RSOPEN *
KEYSTS w
BRKRTN *
RCVRS

CHARACTER FROM
KEYIN

A #3FS *
GETKEY

KEYS

B #sF1 *
RCVRS *

8 =#sA
RCVRS
#ENCTSL =
0,X
RCVRS
RSPYUT *

28 ECHO *
GETK10
PSHCHR *
DSPSCR *
SFFD8 «
0,X
RCVR30
RSGET .

A H#S?F
RCVR3Q *

B MONFLG *
RCVRS8D
*
DSPSCR *
REDKEY

T

SAVE PARAMETERS
RS232C DRIVER ON .

SERIAL DRIVER ON

(X):BUFFER ACDRESS (SYSTEM SUFFZR)

(A,B): 3UFFER SIZE

OPEN T0 RECEIVE RS232¢C

ACCEPT FROM KEY B0ARD 2

IF SRZAK KEY IS PRESSED, RETURN (IN BASIC MQODE
KB4

FUNCTION CODES ?

F1 = F10 2
NQ3, IGNORE

GET FUCTICN ADDRESS

(X) <=< ENTRY POINT OF EACH SUSRCUTINE
’

TRANSMITTE CHARCTER TO RS232C.

ECHO ?

PUSH RECEIVED CHARACTER TO STACK
DISPLAY CHRACTER TQ VIRTUAL SCREEN,

ARE THERE CHARACTERS IN THE RS232C BUFFER ?

IGNORE 7F - FF CHARACTERS
DISPLAY ON ? '

DISPLAY CHRACTER ToO VIRTUAL SCPRE:=N,
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IR¥ SeQ

0C166
00167
00168
00769
00170
06171
00172
00173
C0174
00175
00176A
001774
J0178A
0C179A
D01&80A
00181A
001824
001834
C0184A
001854
001864A
001874
001884
001894
001904
00191
00192
02193
00194
001954
0C1964
00197A
001984
001994
002004
002014
302024
002034
002044
00205
00206
002074
002084
00209
C02104
002114
00212
002134
00214
00215
0C216A
00217
002184
002194
002204

LoOC

1026
1089
1088
108C
108F
10C1
10Cc2
10CS
10C7
10CA
10CD
10D0
10D1
10D4
10D5

10D¢
1008
10DA
100C
100e
1080
1022
10F¢
1CEe
10E8

10EA
10EC

10EE
10EF

10F2

10F3

10F6
10F¢9
10FC

03JECT
7D 11E4 A
27 1A 10D5
oF
FE 11EB A
A7 00 A
08
8C 21F1 A
26 03 10CA
CE 11F1 A
FF 11EB A
FE 11EF A
08
FF 11EF A
OE
39
10EA A
10EE A
10F3 &
1108 A
1130 &
1115 A
1119 A
1123 A
1145 A
1145 A
86 01 A
20 01 10EF
uF
B7 11E4 A
10F2 A
39
CC 3D47 A
FD 11E8 &
BD FF7F A
FC 11E8 A

PROGRAM TERM -== TSS TERMINAL MODE WITH HARDCOPY ===

*
*
. » _
+ PSH RECEIVED CHARACTER TO PRINT STACK
*+ ON ENTRY
* (A): CHARACTER
* ON EXIT :
+ REGISTER PRESERVE
*  (A), (B)
*
PSHCHR TST PRTFLG * HARD COPY = YES ?
BEQ PSHC80
SEI
LDX 3PIN + PSH A CHARACTER TO THE STACK
STA A 0,X
INX
CPX #BUF+BUFSIZ
3NE PSHC10
LDX #BUF
PSHC10 STX BPIN
LDX BUFCNT
INX .
STX BUFCNT
cLt
PSHCSD RTS

*
*
* FUNCTION KEY PROCEDURE TABLE

*

FNCT2L FDEB PFKY10

* PF1  (HARD COPY ON)
FD3 PFKY20 * PF2  (HARD COPY OFF)
FDB PFKY30 * PF3 (1200 BPS)

FDS PFKY4D * PF4 (300 BPS)

FDB PFKYSO « PF5  (QulT)

FDB PFKY60 * PF6  (MONITOR OND

FDB PEKY70 + PF7  (MONITOR OFF)

FD3 PFKY80 * PF8  (ESC 174520 *1°)
FD8 INVLKY « PF9  (UNDEFINED)

FDB . INVLKY = PF10  (UNDEFINED)

*

= PF1  PRINT(HARD COPY) ON
PFKY10 LDA A xs1 * ON PRINT FLAG

BRA PEKY2S
« PF2 PRINT (HARD COPY) OFF
PEKY2D CLR A : « OFF PRINT FLAG
PFKY25 STA A PRTFLG
BRKRTN EQU * ‘

RTS '
*
« PF3 1200 8PS
PFKYZ0 LDD #33047 * SET MODE(STOP:1 CD:NO-CHSCK, RTS:ON,
. » 7 BITS LENGTH, 1200 BPS)

STD RSPARM « SAVE PARAMETERS
PFKY35 JSR RSCLOS *+ CLOSE RS222 FOR OPEN AGAIN.

LDD RSPARM + CHANGE 31T RATE

5-28
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SEQ  LOC OBJECT PROGRAM TERM -=- TSS TERMINAL ¥ODE WITH HARDCCPY ---
002214 10FF 3D FF83 A JSR ~ RSMST
00222A 1102 338 PUL X L. _
002234 1103 CE 1066 A . : LOX . #INIT33  + REWRITE RETURN ADCRESS
C0224A 1106 3C ’ : PSHX o
C0225a 1107 39 : RTS
00226 *+ PF4 300 B8PS T
C0227A 1133 CC 3D27 A PFKY&l LOD 233027 = SET MQDE(STCP:1 CD:NO-CHECK, RTS:ON, PARITY:EW
Qo228 * * 7 BITS LENGTH, 300 3PS)
NN229A 11G3 FD 11E8 A STD . .RSPARM * SAVE PARAMETERS
J0230A 110 384 061 A LCA A #1 + DISPLAY . MONITOR = ON
002314 1110 87 115A A STA A MONFLG i
CC232A 1113 20 E4 10F9 5RA PFKY35
03233 « PF6 MONITOR ON
C02344 1115 86 01 A PFKY40 LDA A =1 :
0023SA 1117 20 04 111F ERA PFXY75
00235 = PF7 MCNITOR GFF
002374 1119 8& 01 A PFXY70 LDA A #1 * HARD COPY = ON
002384 1113 27 1124 A STA A PRTFLG
CN239A 111E 4F CLR &
00240A 111F 27 11EA A - PFKY?5 STA A . MONFLG
CN241A 1122 39 RTS _
00242 * PF3 ESC “1°+320 “1° : -
092434 1123 86 18 A PFKY30 LDA A #318 * £5C
£J244A4 1125 8D 3F 10B6+ BSF PSHCHR
Co24%a 1127 86 69 A LDA A #°1+320 = *1°+320
NN246A 1129 8D S8 1086+ 85R PSHCHR
Ng2474 1123 8¢ 31 A LDA A 2°1 x 01
03248A 1120 3C 87 1086+« ESR PSHCHR
002494 112F 39 RTS
cozse = PF5  QUIT
0N251A 1129 3D FF7F A PFXYSQ JSR RSCLOS * CLOSE RS232 :
£50252a 1133 4F CLR A « DRIVEF OFF
00253A 1134 20 FF35 A JsR RSONOF
£02544 1137 &F CLR A
C3255A 1138 3D FF73 & JSR SERONF
002564 1133 FC 1155 A LoD SERADR « RECOVEP INTERRUPT VECTOR
652574 113% D 0194 A . STD SERVCT+1
002534 1141 33 PULX
002594 1142 %E FFZ5 A Jne MENU
00260 *
00z61 1145 A INVLKY EQU *
NG262A 1145 39 TS
00263 *
05264 ® .
06265 = SERIAL RSCIIVE [NTERRUPT (PZCEIVE RS232C) R0OUTINES
00266 # PUSH RECEIVEC DATA TO PRINTER STACK AND SEND THE CHARACTENK WHICH IS
00267 * IN THE GRINTER STaCK
00258 %
00269 1146 A SERINT ZgU *
01270A 1146 E6 11E4 A LDA A PRTFLG *+ HARD CCPY = °y=s5° 2
00271A 1149 27 OF 115A BEQ SEQI2Q * NC, JUMP TO INTERRUPT RCUTINE
CU272~ 1148 S6 11 A LDA A TRCSR *= GET DATA
002734 114D 9& 12 A LOA A SRDR
002744 116F B84 7F A AND A #37F « SUPRESS SIT 7
00275A 1131 &1 7F A CMP A =337F

13
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SEQ

00276A
00277A
00278

002794
00280

0N281A
002824
00283

00284

00285

00286

00287

00288

002894
092904
C0291A
00292

002934
00294A
002954
00296A
00297

00298A
00299A
Cc03C0

003014
003024
003034
CD0304A
GO03054
003064
003074
00308

002094
003104
003114
003124
003134
003144
002154
00316A
00317A
003184
60319

00320A
00321A
00322A
00323

003244
0D3254A
003264
00327A
DC328A
00329A
00330

Loc

1153
1155

1158

1154
115D

115F
1160
1163

1165
1167
1164
116D

116F
1172

1174
1177
1179
1174
117¢
1178
1180

1182
1185
1187
1188
1188
1180
1160
1163
1196
1197

1194
119D
119F

1141
1144
1146
1149
1148
11AE

0BJECT

24 03 1158
BD 1086 A
8D 05 11SF
FE 11E5 A
6E 00 A
36

36 1154 &
27 60 11CS
86 03 A
37 11E7 A
7B 4002 A
26 56 11C5
EC 11EF A
2751 11C5
71 F803 A
96 11 A
36

8¢ 05 A
97 10 A
86 DA A
97 11 2
FT 11ED A
A6 00 A
08

8C 21F1 A
2¢ 03 1190
CE 11F1 A
FF 11ED A
FE 11EF A
09

FF O11EF A
78 2011 A
27 FB 1194
97 13 A
75 11€7 A
27 OA 1180
78 4002 A
2¢ 05 1180
FC O11EF A
26 D2 1182

PROGRAM TERM --- TSS TERMINAL MODE WITh HARDCOPY ---
BCC SERIZO = IGNORE 7F - FF
JSR PSHCHR

+ . HARD COPY ON . . )
SERI3D BSR" HRDCPY + SEND 3 CHARACTERS (9 MILI SEC)Y
* .
SERIBC LDX SERADR
JMP 0, X

*
+ PRINT TO StERIAL PRINTER

* THIS ROUTINE CALLED ONLY IN INTERRUPT
*+ REGISTZR PRESERVE '
* CA) -

*

H

RDCPY PSH A
LDA A PRTFLG « HARD COPY = ‘YES*® ?
BEQ HARD8D

* YES, PRINTING

LDA A 23 * COPY COUNT = 3 (PRINT 3 CHARACTERS)
STA A CPYCNT
TIm #$40,PORTT = PRINTER READY ?

BNE HARD8O

* ARE THERE DATA IN THE BUFFER ?
LDD BUFCNT
BEZQ HARDS8O

AlM #SFF-4,PORT2 =« DETACH SLAVE MCU, (SELECT SERIAL)

LDA A TRCSR
PSH A * SAVE TRCSR
LDA A %205 = 4800 BPS
STA A RMCR
LDA A #s50A
STA A TRCSR
®
HARD10 LDX 3POUT = LOAD CATA FROM THE STACK
LDA A  GC,X
INX
cPX #BUF+BUFSIZ .
BNE HARDZ20
LDX #BUF
HARD2Q STX 2POUT * INCREMENT DATA POINTER AT, THE BUFFER
LDX BUFCNT .
DEX
STX BUFCNT
*®
HARD30 TIM #3220, TRCSR * WAIT READY.
BEQ HARD3D
STA & STDR * STORE DATA TO THE TRANSMIT REGISTER.
*
DEC CPYCNT + WERE 3 CHARACTERS SENDED 2
BEQ HARD4O
TIM *3$40,PORTY * PRINTER READY ?
ENE HARD&4D
LDD BUFCNT * IS BUFFER EMPTY ?
aNE HARD10

5-30
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IRR SEQ

00331

G0332A
0033zA
G0334A
00335A
003364
00337

00338A
003394
0034CA
003414
0C3424
GC343A
CD344A
00345

00346

003474
00348A
00349

033504
00351A

A
C0352A
03353
CC3S4A
003554
00356
09357a
003524

CC3594

00360
003614
003624
00363
C0364
00365
00366
00367
0036384
G03&9A
003704
033714
A
00372A
00373
CC374A
€C3375A
00376
00377A
003784
003794
00380
003314
003824
00383

Loc

1150
1183

1165

1128
1189

1133
11eD
113F
11C0
11C2
11CsS
11C6

11C7
11C8

11C9
11CA
11C3
11CC

11CE
11CF

1100
1151
1102

1103
1104

1105
11C%
1107
1108
1109
1104

110C
1100

11CE
110F
11250

11E1
11E2

0sJECT

78 2011 A

27 FB 1120

CE 0190 A

09

26 FD 1188

86 04 A

97 10 A

32

%7 11 A

72 0403 A

32

39
34 A
22 A
37 A
13 A
03 A
21F1 A
c3 A
Q4 A
(A A
NA A
03 A
ca A
09 A
1105 A
84 A

-« 22 A
37 A
13 A
03 A
21F1 A
C3 A
04 A
Cs A
0A A
03 A
cs A
09 A

PRGGRAM TZPRM

=== TSS TERMINAL MCDE WITH HARDCOPY =---

«+ WAIT 2 MILI SEC (TIME OF SENDING ONE CHARACTER)
HARD4D TIM #520, TRCSR
BEQ  HARD4D

LDX #400

HARDS(Q DEX
BNE HARDSO

« RECOVER SERIAL COMMUNICATION
LDA A 2304 + SELECT SLAVE MCU
STA A  RMCR
PUL A « RECOVER TRCSR
STA A TRCSR
OIM 2S4,PQORT2

HARDSD PUL A
RTS

*

*

SCRPXD FCB8 $8¢6 x SCREEN DEZVICE SzZLECT (LCD)
FC3 $22 )

-
FC3 $87 # SET SCREZEN SIZZ AND 3UFFER ADDRESS
FCR 19,3
FCoe SCRRUF

E
FC& sC3 + SET CURSOR MARGIN
FCE 4

®
FC8 3C4 SET SCROLL STEP
FC3 10 X
FC3 3 Y

*
EC3 sC3 « SET SCROLL SPEED
FCB 9

*

SCRPKE EQU *

L4
*

* WORK AREA '

SCRPK1 FCB s84 « SCREEN DEVICE SELECT (LCD)
FCB $22
SCRPK2 FC3 387 * SET SCREEN SIZE AND 3UFFER ADDRESS
FC3 19,3
FOR SCR3IUF
3
SCRPK3 FC8 SC3 = SET CURSOR MARGIN
FCB 4
*
SCRPK4 FCB 3C4 « SET SCROLL STEP
FCR 10 * X
FC3 3 Y
*
SCRPKS5 FCR 3CB = SET SCROLL SPESD
FCa 9

L

15

£9:61:08
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ZRR SEQ

003844
00385
00386A
00387
00388
C03894A
00390A
DD39%91A
00392A
00393
00394
20395
JO396A
003974
00398A
00399A
00400
004014
004024
00403
£0404
00405
00406
#xwex TOTAL

LOC OBJECT
1183 01
1184 0001
11E5 0002
11E7 0001
11E8 0002
11EA 0001
11€8 0002
11ED 0002
11EF 0002
11F1 1000
21F1 0ocCs
22B¢9 1000
32B9
0000
ERRORS 0

> > >

» > > >

> > >

VER1,0 wxe

PROGRAM TERM

ECHO

*
PRTFLG
*
*
SERADR
CPYCNT
RSPARM
MONFLG
*
*

+ SERIAL SEND

BPIN
BPOUT
BUFCNT
BUF

*
SCR3UF
RSBUFF
WRKEND
*®

*

FCB

RMB

RMB
RMB
RMB
RMB

RMB
RMB
RMB
RMB

RM8

RMS
EQU

END

10721782

=== TSS TERMINAL MODE WITH MARDCOPY =---

—_N N

BUFFER
2
2
2
BUFS1IZ

SCBS1Z
RSBSIZ

*

x

* HARD COPY (MP-80 PRINTER) ON/
D:O0FF 1:0N

TERMINAL MODE ECHO.

09:41:08

OFF FLAG

* SAVE SERIAL RECEIVE INTERRUPT VECTOR.-

*
%*

WORK FOR HARD COPY
RS232C OPEN PARAMETER

* DISPLAY RECEIVED CHARACTER = YES ?

* A X %

* %

16

1:DISPLAY

0:DISPLAY OFF

POINTER WHERE NEXT CHARACTER IS STORED
POINTER WHERE NEXT CHARACTER IS LOADED
NUMBER OF CHARACTERS IN THE BUFFER

BUFFER

SCREEN BUFFER
RS232C RECEIVE BUFFER

5-32
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IR SEQ LOC OQBJECT PROGRAM MODEM === CONTROL HALF DUPLEX MODEM ==~ -
ccoc1 *
00002 R o ~NAM - " MODEM -
00003 ~TTL " --- CONTROL HALF DUPLEX MODEM =---
C0004 * ) :
€0005s * TSS TERMINAL OF HALF DUPLEX MODEM
00006 * WITHOUIT HARD COPY
00007 * FILE NAME *EX38° 3Y K.A
0nQne GPT LOAD
00099 oPT PAGE=55
cco010 * '
00011 * CONTROL HALF DUPLEX MODEM
8Q012 ) *
00013 FF19 A SNSCOM EQU SFF19
C0014 FF16 A CHKRS EQU $FF16
aoe1s *
00016 *
CCo17 « CONSTANT VALUE
00018 00FD " A RSPRMT EQU $FD * STOP BITS = 1, CARRIER DETECT:CHECK
02019 * * RTS:LOW, CTS:CHECK DSR:CHECK
£0020 .o * PARITY:NONE
00021 0048 A RSPRM2 =QU $.8 * 81T LENGTH = 8, 3IT RATE = 1200 RIT/S=C
C0022 * *
00023 *
C0024A 1000 ORG $1000
£0025 * ENTRY POINT OF “START RS232C COMMUNICATION®
00026. * PROCEDURE
06027 * 1:RTS LOW, SET SIT RATE, DRIVER ON
00028 * 2:START TQ RECEIVE
00029 «
00030 * PARAMETER :
20031 * ON ENTRY. NONE
0C032 * ON EXIT. NONE
Q0033 *
00034 *
00035 v * SUSROUTINE ENTRY POINT
n0036 FF4F & DSPSCR EQU SFF4F = DISPLAY ONE CHARACTER TC VIRTUAL SCREEN
00037 FESZ & SCRFNC EQU $FESE + VIRTUAL SCRSEN FUNCTION
00033 FF85 & RSONOF EQU 3FF85 * RS232C DRIVER ON/OFF
00039 FF88 A RSMST Eau $FF88 * SET RS232C PARAMETERS
gC040 FFa2 & RSOPEN EQU $FF82 * OPSN RS232C RECEIVE
00041 FF7F A RSCLIS EQU SEF7F = CLOSE RS232C RECTIVE
00042 FF79 A RSGET EQU SFF79 * GET RS232C ONE CHARACTER
00043 FF76 A RSPUT EQU SFF76 * SEND RS232C ONZ CHARACTER
C00u4 FFOA A KEYIN EQU SFF9A « GET ONE CHARACTER FROM KEYROARD SUFFER
00045 FF9D0 A KEYSTS EQU $FF9D + GET NUM3ER OF ChARACTERS IN THZ XEY BUFF=RQ
00046 * CONSTANTS OR REGISTERS
0067 0002 A PORTT EQU 302 « 1/0 PORT1
00048 0003 A PORT2 EQU $03 * [/0 PORTZ 3
00049 1000 A RSBSIZ EAQU 4056 * 3UFFER SIZE FOR RS232C RECEIVE
00050 0055 A SCESIZ EQU 35 « BUFFER SIZE FOR SCREEN
00051 0001 A ECHODT EQU 1 * TERMINAL MODE = “ECHO CHARACTEP® 2
00052 * * 0:YES, 1:NO
00053 *
CO0054A 1000 ORG 31090
00055 *

17
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SRR SEQ LOC OBJECT PROGRAM  MODEM --- CONTROL HALF DJPLEX MODEM ---
00056 + INITIALIZE .
000S57A 1000 CE 10D2 A LDX #SCRPKD + SET.SCREEN PACKET X:DATA ADDRESS
000584 1003 C6 OE A LDA B. #SCRPKE=-SCRPKD * (B):NUBER OF DATA
00059A 1005 A6 0O A INIT10 LDA A& " D,X ’
00060A 1007 A7 OE A STA A SCRPK1-SCRPKD,X
C0061A 1009 08 INX
0C062A 100A 5A DEC 8
D0D63A 100B 26 F8 1005 BNE INITY0
00064 *
00D&65A 100D CE 1050 A LDX #SCRPK1 « INITIALIZE SCREEN
0D066A 1010 BD FFSE A JSR SCRFNC * SELECT SCREEN DEVICE
00067A 1013 CE 10E2 A LDX #SCRPK2
00068A 1016 BD FFS5E A JSR SCRENC *+ SET SCREEN SIZE AND BUFFER ADDRESS
00069A 1019 CE 10E7 A LDX #SCRPK3 *
00070A 101C 8D FF5E A JSR SCRFNC + SET CURSOR MARGIN
0D0O71A 101F CE 10E9 A LDX #SCRPKG *
00072A 1022 BD FFS5E A JSR SCRFNC = SET SCROLL STEP
00073A 1025 CE 10EC A LDX #SCRPKS «
00074A 1028 BL FFS5E A JSR SCRFNC «+ SET SCROLL SPEED

00075 *
000764 102B CC 3547 o LDD #33547 SET MODE(STOP:1 CD:NO-CHECK, RTS:OFF, PARITY:
00077 - * + 7 BITS LENGTH, 1200 BPS)

>

»

00078A 102E BD FF88 A JSR RSMST

C0079A 1031 86 01 A LDA A #1 + RS232C DRIVER ON

00080A 1033 BD FFBS A JSR RSONOF

P0081A 1036 CE 1151 A LOX #RSBUF * (X):BUFFER ADDRESS

0D0082A 1039 CC 1000 A LDD #RSESIZ + (A,3): BUFFER SIZE

00083A 103C BD FFB2 A JSR RSOPEN + OPEN RS232C RECEIVE

00084 * )

000854 103F BLC FF9D A REDKEY JSR KEYSTS * ACCEPT FROM KEY BOARD 2 °
00086A 1042 25 29 106D BCS BRKRTN + ]F BREAK KEY IS PRESSED, RETURN (IN 3ASIC MD
00087A 1044 27 14 105A REQ RCVRS

00088 « ACCEPTED CHARACTER FROM KR,

CO089A 1046 BD FFGA A JSR KEYIN

00090 1049 A GETKEY EQU *

000914 1049 3¢ . PSH A

D00%92A 1044 2D FF4F A~ . JSR DSPSCR +« DISPLAY CHRACTER TO VIRTUAL SCREEN.
000934 104D 32 PUL A

00094A 1D4E 81 0D A CMP A  #%0D = CR (SEND DATA) CODE ?

00095A 1050 26 08 1054 BNE RC VRS :
00096A 1052 BD 106E & JSR TXD * TRANSMITTE DATA STRING TO RS232C
00097A 1055 86 DA A LDA A  #3DA * DISPLAY °“LF°

00098A 1057 BD FF4F & JSR DSPSCR

00099 *

OC100A 105A FE FFD8 A RCVRS LDX $FFD3 = RECEIVED CHARACTER FROM RS232C ?
00i101A 105D EC 00 A LDD 0,Xx

001024 10SF 27 DE 103F BEQ REDKEY

00103A 1061 BD FF79 A JSR RSGET

00104A 1064 81 7F A CMP A 2$7F

001052 1066 24 D7 103F BCC REDKEY * IGNORE 7F - FF CHARACTERS

00106A 1068 BD FF4F A JSR DSPSCR

00107A 106B 20 D2 103F BRA REDKEY

00108 *

C0109A 106D 39 BRKRTN RTS

00110 *

5-34
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IR SEQ LOC O0BJECT PROGRAM MODEM -=-- CONTROL HALF DUPLEX MODEM ---
00111 * .
00112 *+ SEND DATA ON THE SCREEN
c0113 + PROCEDURE ’
00114 + 12 RTS ON. WAIT UNTIL CTS ON. ' -
00115 * 2 SEND DATA WHICH ARE DISPLAYED ON THE SCREEN.
00116 * 3: RTS LOWe '
00117 * PARAMSTERS
0C118 = ON ENTRY NONE
00119 « ON EXIT NONE
00120 « REGISTER FRESERVE NONE
00121 *
00122 * .
00123 106 A TXD EQU *
00124A 104E CE 10EE A LDX 2SCRPK7 '
00125A 1071 86 91 A LDA A 2391 * GET EXTENT OF VIRTUAL SCREEN
00126A 1073 A7 00 A STA A 0, X
0Q127A 107S 3D FFSE A JSR SCRFNC

00128 *

0C1294 1078 8¢ 4D A RETRY LDA A #34D + RTS HIGH

CN130A 107A 8D FF19 A JSR SNSCOM

001314 1070 86 01 A LDA A 31

0C132A 107F BD FF19 A "~ JSR SNSCOM

30133 .

00134 + WAIT *CTS:ON”

001354 1082 72 Q202 A CTSON TIM £$2,PORT1

00136A 1025 26 F2 1082 BNE CTSON

00137 .

00138 + SEND DATA 3LOCK

00139A 1037 B6 10F2 A LDA A SCRPK7+4 =+ CALUCLATE “NUMSER OF CHARACTERS IN THE
ON140A 108A B0 10F0 A SU3 A SCRPK7+2 =« CURRENT LINE.

001414 102D 4C INC A + (AYILINE CEPTH

001424 108E Fé& 10F1 A LDOA B SCRPK7+3 = (B):LINE WIDTH

091434 1091 30 MUL

C0144A 1092 C1 50 A cMP B 230 * IF QOVE® 79, COUNT = 79

001454 1094 25 01 1097 8CS SNDOS

00146A 1096 SA DZC B :

0G147A 7097 F7 10F6 A SNSOS STA B SCRPK8+3 « SET NUMBER OF CHARACTERS
001648A 109A F7 1150 A . STA B TXCNT

01494 1090 36. 10F0 A LDA A SCRPK7+2 =

001504 10AQ 87 10FS A STA A SCRPK3+2 =+ COORCINATE OF (Y) OF STAaRT POINT
00151A 10A3 7F 10F4 A CLR SCRPX3+1 « COORDINATE OF (X) OF START POINT
D0152A 1046 CE 10F3 A LDXx #SCRPKS = GET CHARACTERS ON THE SCREEN.
0N153A 10A9 3D FFSE A JSR SCRENC

C0154 w

00155A 10AC CE 10F4 A LOX 2SCRPKB+1

001564 10AF A6 00 A SND1C LDA A 0,X

0G157A 1081 08 INX

00158A 1082 30 FF76 A JSR RSPUT

001594 10385 7A 1150 4 DEC TXCNT

D0160A 1088 24 F5 10AF BNE SND10

00161 *

00162A 10BA 36 Q0D A SND30 LDA A 230D « SEND °CR* “Lf°*

00163A 105C 8D FF76 A JSR RSOUT

CO154A 10BF 86 DA A : LDA A #3004

001554 10C1 3D FF75 A JSR RSPUT
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*
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*

SCRPK8
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JSR
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FCB
FC8
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FCB

FDB

FCB
FCB

FCB
FCB
FC8

FCB
FC8
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FC2
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FCB
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FCB
FC8

FCB
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FCB
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=== CONTROL HALF DUPLEX MODEM =---

#$4D

SNSCOM

#s00
SNSCOM

CHKRS

$84
$22

$87
19,3

SCRBUF

$C3
4

sC&
10

$84
522
$87

. -19,3

SCRBUF

$C3
4

$5Ce
10
3

sCB
9

$91
4

397
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RTS:LOW

RESTART RECEIVING

SCREEN DEVICE SELECT (LCD)

SET SCREEN. SIZE AND BUFFER ADDRESS

SET CURSOR MARGIN

*+ SET SCROLL STEP

L

X
Y

SET SCROLL SPEED

SCREEN DEVICE SEZLECT (LCD)

SET SCREEN SIZE AND 3UFFER ADDRESS

SET CURSOR MARGIN

ET SCROLL STEP

SET SCROLL SPEED

GET EXTENT OF VIRTUAL SCREEN,
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*** 6301 CROSS MACROASSEMBLER VERT1.0Q **= 10722782 14:423:57

ZRR SEQ LOC O0BJECT PROGRAM MODEM === CONTROL HALF DUPLEX MQODEM =---
00219A 10F4 0054 A RM8 50
00220 *
00221A 114E 01 A ECHO FC8 1 « TERMINAL MODE ECHO.
00222 *
00223A 114F 0001 A PRTFLG RMSB 1 * HARD COPY (MP-8Q0 PRINTER) ON/OFF FLAG
gg224 * * Q:0FF 1:0N
00225A 1150 0001 A TXCNT RMS8 1 * NUM3ER OF CHARACTERS WHICH ARE SENT TO HOST
00226 * , *+ COMPUTER
00227 *
00228A 1151 1000 A RS8UF RMS RS8S12Z * RS232C RECEIVE RUFFER
00229 *
00230a 2151 00Ss A SCRBUF RMB SCBSIZ * SCREEN BUFFER
00231 *
00232 *
00233 agoa A END
*rxexx TOTAL SRRORS 0
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6.1 General

Two types of cassettes may be used as external data storages: an
external audio cassette and the built-in microcassette (plug-in
option). Data sent to cassettes is recorded sequentially. The average
speed of data communication with cassettes is 1300 BPS. The format of
data stored in the external audio cassette and that of the built-in
microcassette are the same so the two types of cassettes are
vcompatlble. The only ‘control line used for the external audio cassette
is the remote ON/OFF llne (REM). The built-in mlcrocassette, however,
- is. controlled by sof tware and performs fast forward, rewind, write, .
~.and playback operatlons in response to commands in BASIC. The tape
fcounter value is also recorde& and dlsplayed by software.

>6.2 Data storaqe (SAVE)
(1) Pormat of one b;t




(3)

(4)

1 1 1 1 1 1 1 1 1 0
|
— i -

40 or more FF (with 1 stop bit) . AA (with 1 stop bit)
bits of ‘ . ’ :
data ‘0’

Fig. 6-3 Synchronization Data

The next data sent following the synchronization data will be used
as actual data. '

Reverse waveform

The normal recording format for data bits is as shown in Fig. 6-1.
However, depending on the cassette used, when the signal passes
through the playback circuit of the HX-20, the high/low levels of
the waveform may be reversed. (Fig. 6-4).

Normal waveform

Reverse waveform

Fig. 6-4 Reverse Waveform

The type of a waveform is determined when synchronization is
performed and then data read is performed. The waveform of the
built-in microcassette is inverted.

Bit judgement

To judge whether a bit is '0' or '1', the interval between the
rise of the first pulse and that of the second is measured. If the
measured value is above a specified value (approx. 750 usec), the
bit is judged to be logic '1' (Fig. 6-5)



6.3 I/O Ports
Table 6-1 lists the I/O ports related to the external cassette.
Table 6-2 lists the I/O ports related to the microcassette.

Table 6-1

Audio cassetts output waveform

//

=
e Port input waveform

te output form

Port input

Fig. 6-5 Output Waveforms

I/O Ports Related to the External Cassette

Port

Description

Master
MCU

P12

Input. Connected to port P34 of the slave MCU, this

port informs the master MCU of the slave MCU's error
status.

Slave
MCU

P30

Output. This port is used for the cassette REM
output.
1: Off 0: On

P32

Input. This port is used to input data from the
external cassette.
1: High 0: Low

P33

Output. This port is used to output data to the
external cassette.
1: High 0: Low

P34

Output. This port is connected to port P12 of the
master MCU.

Table 6-2

I/0 Ports Related to the Microcassette

Port

Description

Master
MCU

P12

Input. This port is connected to port P34 of the
slave MCU and informs the master MCU of the slave
MCU's error status.

P17

Input. This port is used to input the counter status
or to judge the plug-in option.

Slave
MCU

P20

Input. This port is used to input data (1: High, O:
Low) or to judge the the write protection.

The handling of the input contents of this port
depends on the value of P45.

P21

Output. This port is used to output data to the
microcassette.
1: High 0: Low

P42

_|Output. This port is used to turn the microcassette

lpower ON/OFF.
1: ON 0: OFF

P43

Output. This port is used to set microcassette
commands.

P44

Output. This port supplies a serial clock for timing
the microcassette commands.
1: High 0: Low

P45

Output. This port is used to select the P20 input.
0: RS-232C 1: Microcassette

P46

Input. This port is used to input the counter status
when port P44 is 0 and the head switch status when it

is 1.
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6.4 Block format
Cassette data is recorded
listed in Table 6-3.

in blocks. Each block consists of the items

Table 6-3 Block Configuration.

Field

Description

Synchronization field

Contains 80 bits of data '0'.

Preamble

Contains data FF, AA (2 bytes).

Block identification
field

This field consists of 4 bytes. The function

of each byte is as follows.

Byte 0: Block identifier field indicating
the type of the block.

H: Header
D: Data
E: End of file (EOD)

Bytes 1 and 2:

Indicate the 2-byte block number
and must be 0000 to FFFF.

Byte 3: Block identification number. This is
used to identify blocks which are
written twice to improve a
reliability. Values 00 through FF
can be assigned to a block but the
values actually used are 00 and 01.

Data field

Stores data. An 80-byte data field is
assigned for header (the block identifier
field begins with H) and EOF blocks (block
identifier field begins with E). In all
other cases, the data field size is defined
by the header block.

BCC (Block Check
Character) field

Performs CRC (Cyclic Redundancy Check) for
the range from the beginning of the block to
the BCC field.

The two BCC bytes and CRC-CCITT are used for
this check.

Postamble

Contains values AA, 00 (2 bytes).

6.5 File structure
Only sequential files are
fixed-length and blocked.

supported. Sequential file data is
Each sequential file consists of an 80-byte

header block (the length of the data field excluding the preamble,
block identification field, BCC, and postamble), one or more data
blocks (256 bytes each), and an EOF block. The block numbers assigned
for each file begin-with header block 00, followed by 01, 02 ...
ending with the EOF block. Each block is written twice to improve

reliability.
- Head?(rw Head(e1r) Gap Data 1 (0) Data 1 (1) Gap Data 2 (0)
! :
Gap Gap
— B
Data n (0) Data n (1) EOF (0) EOF (1)
/

Fig. 6-6 Configuration of Sequential Files
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A 5-sec tape feed (data FF) is provided at the beginning and end of
each file as a gap to separate files.

6.6 Format of header and EOF blocks
The data format of the header block is shown in Table 6-4 and that of
the EOF block is shown in Table 6-5.

Table 6-4 Format of Header Block
Column Byte Item Description
from to | size
0 3 4 ID field Data HDR1. Indicates, in ASCII code, that
the block is a header
4 11 8 Filename Stores the filename.
12 19 8 File type Stores the file type.
20 1 Record This byte specifies the record type.
type The following record types can be
specified.

F : Fixed length

V : Variable length

2 : Each fixed-length block is written

twice.
HX-20 currently supports only record
type 2.
21 1 Interblock | This byte specifies theé interblock gap
gap length | length

"A": Interblock gap long enough for the
tape to stop (long gap)

"S": Interblock gap length not long
enough for the tape to stop (short
gap)

22 26 5 Block Indicates the data length of the block.
length Must be 00000 to 65535 (ASCII code).

27 31 4 Empty

32 37 6 Creation Indicates the date of file creation in
date "Month, Day, Year" format (ASCII code).

Month, day, and year are represented by 2

bytes of data each.

38 43 6 Creation Indicates the time of file creation in
time "Hour, Minutes, Seconds" format (ASCII
code). Hour, minute, and second are
represented by 2 bytes of data each. Hour
is the indicated by the 24-hour system (0
to 23).
44 49 Empty
50 51 Vo lume Indicates the tape volume number in ASCII
serial code. (01 ~ ).
number
52 59 8 System Indicates the name of the system that
name created the file (ASCII code). "HX-20AAA"
60 79 20 Empty '
Table 6-5 Format of EOF Block
Column Byte Item Description
from to |size
0 3 4 ID field "EQOFA".
4 79 66 Empty

6-5
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6.7 Interblock Gaps .

There are two types of interblock gaps: long and short. The length of
an interblock gap depends on whether the tape will stops at the gap.
An interblock gap of approx. 10 bytes (the length of tape require to
write a single block twice) is secured between block where the tape
will not stop. This is a short gap. An interblock gap of approx. 100
bytes is required when the tape stops between blocks. This type of gap
(long gap) enables the motor of the tape drive to reach a constant
rotation speed from a halt state. The length of the interblock gap is
specified by the header.

6.8 Writing Blocks

Data is written to cassettes by the slave MCU in units of one block.
Commands for block write are exchanged between the master and the
slave MCUs as shown in Fig. 6-7. The master MCU must send the write
data within 4 msec after receiving ACK from the slave. The tape drive
must already be running when data is sent to the slave MCU.

The data sent consists of the block ID ("H") and the contents of the
data block (84 bytes for the header). CRC calculations are performed
solely by the slave MCU.

Master MCU Slave MCU
64 (Single block write command) : 01 (ACK)
00 (Secures a long gap before output) E—— 61 (ACK)
01 (The tape does not stop after a block is written.) - 61
00 (Upper byte of the number of data in the biock) P 61
54 (Lower byte of the number of data in the block) - — 61
SCI interrupt enable
“H" (Data 1, block D) P— 61
00 (Data 2, upper byte of the block number) o 61
00 (Data 3, lower byte of the block number) —— 61
00 (Data 4, block identification number) D — 61
d5  (Data 5, actual data 1) S 61
d6  (Data 6, actual data 2) - 61
d84 (Data 84, actual data 80) D 61

SCI interrupt disable

Fig. 6-7 Exchange of Commands for Write Operation for a Single Block (Header)

When the RIE (Receive Interrupt Enable) mask of the SCI (Serial
Communication Interface) is opened, the main MCU uses the interrupt
routine to transmit the data from "H" to d84 in Fig. 6-7 to the slave
MCU. When master MCU receives data 61 from the slave MCU, an SCI
interrupt is generated and the master MCU sends next data to the slave
MCU.



The RIE mask is closed after one block has been transmitted. The
master MCU can transmit data to the slave MCU without generating an
SCI interrupt but the current transmission procedure uses the SCI

interrupt.

6.9 Reading blocks

Command 28 (26, 27) is used to read a block from the external
cassette. Command 68 (66, 67) is used to read a block from the
microcassette. The slave MCU transmits to the master MCU the contents
of the block, from the beginning of the block identification field to
the beginning of the BCC. Redundant bytes used for the CRC check are
not sent to the main MCU. When one block has been sent, the slave MCU
sends a completion code (22 for the external cassette and 62 for the
built-in microcassette) to the master MCU. When the master MCU
receives the completion code, it inputs a BCC value to the slave MCU
and evaluates the results of the CRC check. CRC check is performed for
the range from the block identification field to the CRC redundant

byte. If the result of the CRC check is 0,

this indicates that the

data write operation has been correctly performed. Next, the block
number is checked. If block 4 is input when block 5 should be input,
the next block must be input. If 6 is input, this means that the
desired block has already passed. When a single block has been
correctly input, this is taken as the completion of input processing.
Otherwise, input processing is aborted or the input procedure for the
next block is begun. The master MCU receives the data sent from the

" slave MCU via the SCI using SCI receive interrupt processing and
stores this data in the specified buffer.

Master MCU
(Input next biock)
(Dummy data)
(Tape stops after input of block)
(Upper byte of the number of data in the block)
(Lower byte of the number of data in theAbIock)

SCI receive interrupt enable

SCl! receive interrupt disable
(Input of upper bytes into BCC register)

(Input of lower bytes into BCC register)

PRSI
e
PSSR 4
[
————e>
P
PR
PR
— ey
PSS
——eeee
[P
[P
———
«
-
S
-

Slave MCU
01 (ACK)
61 (ACK)
61
61
61
(Tape starts)

d1 (Input data)

d2
d3
d83
d84
Input of two CRC redundant bytes
62 (End code)

vl (Upper bytes of BCC register)

v2 (Lower bytes of BCC register)

Fig. 6-8 Exchange of Commands for Read Operation for a Single Block (Header)
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6.10 File output

Files are output to cassettes using the following three procedures.

(1) File open

’ Subroutine OPNWMS is used to open files for output to the built-in
microcassette and subroutine OPNWCS performs the same function for
the external cassette. When a file is opened for output, the
header is output and internal preparations are made for data block
output. Specification for the tape to stop after the head block
has been output is included.

(2) Output of one byte to a tape file
Subroutine WRITMS outputs data to the built-in microcassette and
subroutine WRITCS to the external cassette. Data is written to a
buffer (256 bytes of data + block identification data). Actual
output to the microcassette or external cassette is performed when
the buffer becomes full.

(3) File close ‘
Subroutine CLSMS closes the built-in microcassette file and
subroutine CLSCS closes the external cassette file. If any data
remains in the buffer when the file is closed, it is output as a
data block. An EOF block is then output and the tape stops.

Double write

As a measure to improve reliability, the contents of the buffer are

output twice (each block is written twice). This procedure is followed

for all blocks (header, data and EOF).

6.11 File open

Files are input from cassettes using the following three procedures.

(1) File open .
Subroutines SRCRCS and OPNRCS are used to open files for input
from an the external cassette and subroutines SRCRMS and OPNRMS
perform the same function for the built-in microcassette. These
subroutines search a specified file by inputting a header from the
tape and comparing this with the specified file. After the header
of the specified file has been input the tape stops and data input
is internally prepared.

(2) Input of one byte from a tape file
Subroutine READMS inputs one byte of data from the microcassette
and subroutine READCS from the external cassette. Data is fetched
one byte at a time from the 256-byte buffer. When the buffer is
empty, the next block is written to it from the tape and data
fetch continues.

\\/'



(3) File close .
Subroutine CLSMS closes the microcassette file and subroutine _
CLSCS closes the external microcassette file, The tape stops when
one of these subroutines is called. When a file is closed, the
corresponding input device is released.

6.12 Functions unique to the built-in microcassette

Fast forward and rewind of the microcassette are performed by the
slave MCU in response to commands sent from the master MCU. The slave
MCU also starts and stops the motor and reads the tape counter value.
The following 4 subroutines are provided.

1. MCSMAN: Performs the operations of the manual operation mode.

2. REWMCS: Rewinds the tape to the beginning.

3. SEKMCS: Winds the tape to the specified tape counter value.

4. CNTMCS: Sets or reads the microcassette tape counter value.
Counter read

The main MCU controls the counter during data input or output. The
slave MCU controls the counter at all other times. If there is no
change in the counter signal for a specified length of time, it is
judged that either no tape is set in the drive or that the tape has
been wound to the BOT or EOT position. The tape then stops. Port P17
of the main MCU is used to input the tape counter stdtus. This port
value indicates whether the tape counter signal is high or low. The
tape counter value is indicated by number of changes in the tape
counter signal. When data is being input or output, the main MCU
inputs the tape counter signal and performs sampling using a TOF
interrupt (0.1-sec interval). The slave MCU controls the counter when
fast forward or rewind is being performed.

6.13 Notes on I/O

(1) Polynominals generated for CRC check
The default value (X16 4+ x12 4+ x5 + 1) for polynominal expressions
generated for CRC check is set by the slave MCU after reset. This
value can be modified by using slave MCU command 48. If the
polynominal expression generated at the time of input is different
from that generated at the time of output, the system assumes that
a CRC error has occurred and no data can be input.

(2) Interblock gaps
When the REM terminal is used for data output to an external
cassette, data write will not be correctly performed if the tape
drive takes too much time to reach constant running speed from a
fully stopped state. When using a tape recorder where such a
condition occurs, the interblock gap must be lengthened (slave MCU
command 21).



(3) Number of input data in a block
When one of slave MCU commands 28 or 68 (input one block) is
input, if the first data input is H or E (header or EOF block), 84
bytes is assumed as the length of the data field of the block and
the number of data specified by the command is ignored.



N
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6.14 External cassette subroutines

Subroutine
name

Entry
point

Description 1

PONFCS

FF46

Turns ON/OFF the remote (REM) terminal.

Parameters:
At Entry
(A): ©: Turns the REM terminal OFF
1: Turns the REM terminal ON.:
(Bit 0 is used.)
At Return
(C): Abnormal I/O flag
(A): Return codes
00: Normal (00 is always set in the current
version.)
Registers retained
(B) and (X)
Subroutines referenced
SNSCOM and CHKRS
Variables used
None

OPNRCS

FF43

Opens the cassette file for input and searches the
specified file until it is found.

Parameters:

At Entry :

(X): Starting address of a data packet

Data packet

1. Interblock stop mode (1 byte)

00: Tape stops at the interblock gap.
01: Tape does not stop at the interblock gap.
FF: According to the header specification.
2. Starting address of input buffer (two bytes,
high- to low-byte order)
Input buffer size is 260 bytes.

3. 8-byte filename (ASCII code)

4. 8-byte file type (ASCII code)

NOTE: If "*" is specified in the character string
of a data packet filename, matching
terminates at this asterisk position.

"x" can also be used in a file type.

A file whose filename and type match the
specified filename and type is assumed to b%
the specified file. For example, if the
filename is "FILE" and any file type is
acceptable, the filename should be specified
as "FILEAAAA' and the file type as "*AA".
To specify the first file in the tape, both
filename and type should be "*AAAAAAA".

At Return

(C): Abnormal I/O0 flag

(A): Return codes

00: Normal 85: File error

(Z): According to the value of (A).
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Registers retained
None
Subroutines referenced
SNSCOM, CRDBHD, and CRDBEF
Variables used
R1, R2, R3, R4 and RS

SRCRCS

FF40

Opens the cassette file when the first file found
is the specified file. Returns the found filename.

Parameters:

At Entry

(X): Top address of data packet

Data packet

1. Interblock stop mode

Same as for subroutine OPNRCS.
2. Starting address of the input buffer
Same as for subroutine OPNRCS.
3. Filename
. Same as for subroutine OPNRCS.
4. File type
Same as for subroutine OPNRCS.

5. Found filename (8 bytes)

6. Found file type (8 bytes)

Note: The function of "*" in the specification of
filename and type is the same as for
subroutine OPNRCS.

At Return

(C): Abnormal I/0 flag

(A): Return codes

00: Normal 85: File error
8B: The file found is not the specified file.
(Z): According to the value of (A).
Registers retained
None
Subroutines referenced
SNSCOM, CRDBHD and CRDBEF
Variables used
RO, R1, R2, R3, R4 and RS

READCS

FF3D

Inputs one byte of data from the external
cassette. Input data is fetched from the 256-byte
buffer one byte at a time. When the buffer becomes
empty, the next block is automatically written to
the buffer.

Parameters:
At Entry
None

At Return

(C): Abnormal I/O flag

(A): 1-byte input data

(B): Return codes
00: Normal @1: End of file (EOF)
84: The input file is not open.
81: Read error

(Z): According to the value of (B).
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Registers retained -
(X)
Subroutines referenced
~ CRDBLK
Variables used
RO, R1, R2, R3, R4 and RS

OPNWCS FF3A Opens the external cassette file for output.
Parameters:
At Entry
(X): Top address of a data packet
Data packet
1. Interblock stop mode (1 byte)
00: Tape stops at the interblock gap.
01: Tape does not stop at the interblock gap.
2. Starting address of cutput buffer
(buffer size is 260 bytes)
3. 8-byte filename (ASCII code)
4. 8-byte file type (ASCII code)
At Return
(C): Abnormal I/O flag
(2): Return codes
00: Normal
88: File is already open.
91: Output error
(Z): According to the value of (A).
Registers retained
None
Subroutines referenced
CWRHED
Variables used
RO, R1, R2, R3, R4 and R5
WRITCS FF37 Outputs one byte of data to the external cassette.

Output data is written to the 260-byte buffer.
When the buffer becomes full, data is
automatically written to the file.

Parameters:
At Entry
(A): 1-byte output data
At Return
(C): Abnormal I/O flag
(B): Return codes
00: Normal
94: File is not open.
91: Output error
(Z): According to the value of (B).
Registers retained
(a) and (X)
Subroutines referencea
CWRBLK
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Variables used
RO, R1, R2, R3, R4 and RS

CLSCs

FF34

Closes the external cassette file. When an output
file is closed, any data remaining in the buffer
is output to the cassette followed by an EOF
block. When an input file is closed, input
operation simply terminates.

Parameters:
At Entry
None
At Return
(C): Abnormal I/O flag
(A): Return codes
00: Normal
87: File is not open.
91: Output error
(Z) According to the value of (A).
Registers retained
None
Subroutines referenced
WRTCCS, CWRHED and SNSCOM
Variables used
RO, R1, R2, R3, R4 and RS

N



6.15 Built-in microcassette subroutines

Subroutine
name
MCSMAN

Entry
point
FFOD

Description

Performs FF (fast forward) and REW (rewind), etc.,
according to the keyboard input and displays the
tape counter value on the LCD. The keys used for
the manual operation mode are as follows.

PF1: FF PF2: Slow forward

PF3: Stop PF4: REW

PF5: Quit. returns from the subroutine

PF6: Counter reset

This subroutine preserves the contents of the
virtual screen while the HX-20 is in the manual

operation mode.

Parameters:

At Entry
None

At Return

(C):

(A):

Abnormal I/0 flag
Return codes

00: Normal

80:

(2):

Registers
None

Microcassette is not mounted.
According to the value of (A).

retained

Subroutines referenced

SNSCOM,
Variables
None

KEYIN,
used

KEYSTS, DSPLCN,

OPNRMS

FFOA

Opens the

microcassette file for inpuyt and

searches the specified file until it is found.
(see subroutine OPNRCS.)

Parameters:
At Entry and Return

Same as
code 80
Registers
Same as
Variables
Same as

subroutine OPNRCS except that return
is also used.

retained

subroutine OPNRCS

used

subroutine OPNRCS

Subroutines referenced

MWRHED

SRCRMS

FFO7

Opens the

microcassette file. The function of this

subroutine is the same as that of subroutine

SRCRCS.

Parameters:
At Entry and Return

Same as
code 80
Registers
Same as
Variables
Same as

subroutine SRCRCS except that return
is also used.

retained

subroutine SNSCOS

used

subroutine SNSCOS

Subroutines referenced

SNSOOM,

MRDBHD and MRDBEF

READMS

FF04

Inputs one byte of data from the microcassette.
The function of this subroutine is the same as
that of subroutine READCS.
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Parameters:
At Entry and Return

Same as
code 80
Registers
Same as
Variables
Same as

subroutine READCS
is also used.
retained
subroutine READCS
used

subroutine READCS

Subroutines referenced

WRTMCS,

MWRHED and SNSCOM

except that return

OPNWMS

FFO1

Opens the microcassette file.

Parameters:
At Entry and Return

Same as
code 80
Registers
Same as
Variables
Same as

subroutine OPNWCS
is also used.
retained
subroutine OPNWCS
used

subroutine OPNWCS

Subroutines referenced

MWRHED

except that return

WRITMS

FEFE

Outputs one byte of data to
function of this subroutine
subroutine WRITCS.

the microcassette. The
is the same as that of

Parameters:
At Entry and Return

Same as
code 80
Registers
- Same as
Variables
Same as

subroutine WRITCS
is also used.
retained
subroutine WRITCS
used

subroutine WRITCS

Subroutines referenced

MWRBLK

except that return

CLSMS

FEFB

Closes the microcassette file. The function of
this subroutine is the same as that of subroutine

CLSCS.

Parameters:
At Entry and Return

Same as subroutine CLSCS except that return code

80 is also used.

Registers
Same as
Variables
Same as

retained
subroutine CLSCS
used

subroutine CLSCS

Subroutines referenced

WRTMCS,

MWRHED and SNSCOM

REWMCS

FEF5

Rewinds the microcassette tape to the beginning.

Parameters:

At Entry
None
At Return
(c):

Abnormal I/O flag

(A): Return codes
00: Normal

80: Microcassette not mounted.
(X): Tape counter value after rewind

(-32768 to 32767)

(Z): According to the value of (A)

Registers
None

retained

Subroutines referenced

6-17



-

CHKMCS and SNSCOM
Variables used
RO

SEKMCS

FEF2

Winds the microcassette tape to the specified tape
counter value.

Parameters:
At Entry
(X): Specified value of the binary counter.
(-32768 through 32767)
At Return
(C): Abnormal 1/0 flag
(A): Return codes
00: Normal
80: Microcassette not mounted.
(2): According to the value of (A).
(X): Counter value after wind
Registers retained
None
Subroutines referenced
CHKMCS and SNSCOM
Variables used
RO

CNTMCS

FEEF

Sets or reads the microcassette tape counter
value.

Parameters:
At Entry
(A): Specifies setting or reading of the tape
counter value.
00: Reads the tape counter value.
01: Sets the tape counter value.
(Any value other than 00 is taken as 01.)
(X): Counter value (A300)
Return parameters
(C): Abnormal I/O flag (@ is always set on
' return.)
(X): Counter value (A=00 at entry)
Registers retained
(B)
Subroutines referenced
None
Variables used
None
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6.16 Work areas for external cassette

Address Variable | Byte Description
name count
15D 1D5 | CSMOD 1 Current mode
Bits O and 1: Format
(Bits 1 and 0) = (0, 0): EPSON format
Other than (0, 0):
Format other than
EPSON format
Bits 2 and 3: File open status
(bit 3, bit 2) = (0, 0): File not open
(9, 1): Open for input
(1, 0): Open for output
(1, 1): Undefined
Bits 4 to 7: Undefined
1D6 1D7 | CSBLNO 2 Block number
1D8 1D9 | CSBCC 2 BCC register value (CRC check for a single
block)
1DA 1DB | CSBLSZ 2 Unused
1DC 1DC | CSBSTP 1 Interblock gap tape stop mode
0: Tape stops at the interblock gap.
1: Tape does not stop at the interblock
gap.
1DD 1DD | CSSTS 1 Error status (Logic '1' in any bit
indicates an error.)
Bit 0: EOF (EOF detected during input.)
Bits 1 to 3: Underfined
Bit 4: Underfined
Bit 5: Write error
Bit 6: Read error
Bit 7: Buffer overflow
1DE 1DF | CSBFAD 2 Starting address of cassette buffer
1EQ 1E1 | CSBFBT 2 Ending address of cassette buffer plus 1
1E2 1E3 | CSBFSZ 2 Cassette buffer size (in bytes)
1E4 1ES5 | CSBFIP 2 Pointer indicating the next address to be
stored in the cassette buffer
1E6 1E7 | CSBFOP 2 Pointer indicating the next address to be
fetched from. the cassette buffer
1E8 1E9 | CSBFCM 2 Number of data in buffer
1EA 1EA | CSRDTR 1 Upper limit for the number of block input
trials
1EB 1EB | CSRDCN 1 Number of block input trials
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6.17 Work areas for built-in microcassette

Address Variable | Byte Description
name count
1EC 1EC | MSMOD 1 - Current mode
Bits @ and 1: Format
(Bits 1 and 0) = (®, 0): EPSON format
Other than (0, 0):
Format other than
EPSON format
Bits 2 and 3: File open status
. (0, 0): File not open
(@, 1): Open for input
(1, 0): Open for output
(1, 1): Undefined
Bits 4 to 7: Undefined
1ED 1EE | MSGLNO 2 Block number :
1EE 1FO | MSBCC 2 BCC register value (CRC check for a single
block)
"1F1  1F2 | MSBLSZ 2 Unused
1F3 1F3 | MSBSTP 1 Interblock gap tape stop mode
0: The tape stops at the interblock gap.
1: The tape does not stop at the
interblock gap.
1F4 1F4 | MSSTS 1 Error status (Logic '1' in any bit
indicates an error.)
Bit 0: EOF (EOF detected during input.)
Bits 1 through 3: Underfined
Bit 4: Counter not updated
Bit 5: Write error
Bit 6: Read error
Bit 7: Buffer overflow
1F5 1F6 | MSBFAD 2 Starting address of microcassette buffer
1F7 1F8 | MSBFBT 2 Ending address of microcassette buffer +1
1F9 1FA | MSBFSZ 2 Microcassette buffer size (in bytes)
1F9 1FC| MSBFIP 2 Pointer indicating the next address to be
stored in the buffer
1FD 1FE| MSBFOP 2 Pointer indicating the next address to be
fetched from the buffer
1FF 200 | MSBFCM 2 Number of data in buffer
201 201 | MSRDIR 1 Upper limit for the number of block input
trials
202 202 MSRDCN 1 Number of block input trials
203 204 | MSCNTR 2 Counter value
205 205| MSMNCM 1 Manual command currently being executed
206 206| MTOFCN 1 Sampling timeout counter for data I/0
207 207| MSPLMD ° 1 Counter pulse status (low or high)




6.18 Work

areas for external cassette headers

Address Variable | Byte Description
name count
2DQ@ 2DO | CHBLID 1 'H!
2D1 2D2 | CHBLMNO 2 Block number (binary, @ «..)
2D3 2D3 | CHBLBU 1 Same block, block number (@, 1 ...)
2D4 2D7 | CID 4 HDR
2D8 2DF | CFNAME 8 Filename
2EQ 2E7 | CFTYPE 8 File type
2E8 2E8 | CRTYPE 1 Record type (2: Double write)
2E9 2E9 | CBMODE, 1 Block mode .
S: Short gap
X: Interblock gap. stop
2EA 2EE | CBLNG 5 Block length (AA256: 256)
2EF 2F3 5
2F4 2F9 | CDATE 6 Data (MMDDYY)
2FA 2FF | CTIME 6 Time (HHMMSS)
300 305 6
306 307 | CVOLN 2 Volume number
308 30F | CSYSN 8 System name (HX-20AA4)
310 323 20
6.19 Work areas for built-in microcassette headers
Address Variable | Byte Description
name count
324 324 | MHBLID 1 'H!
325 326 | MHBLNO 2 Block number
327 327 | MHBLBU 1 Same block, block number
328 32B | MID 4 HDR1 -
32C 333 | MFNAME 8 Filename
334 33B | MFTYPE 8 File type
33C 33C | MRTYPE 1 Record type (2: Double write)
33D 33D | MBMODE 1 Block mode
S: Short gap
A: Interblock gap stop
33E 342 | MBLNG 5 Block length (AAA256: 256)
343 347 5
348 34D | MDATE 6 Date (MMDDYY)
34E 353 | MTIME 6 Time (HHMMSS)
354 359 6 v
35A 35B | MVOLN 2 Volume number
35C 363 | CSYSN 8 System name (HX-20AAA)
364 377 20
378 47B | CASBUF 260 Buffer used by the microcassette
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7.1 General ‘

The built-in microprinter is a dot matrix printer with a print width
of 144 dots. Printing is performed by a single print head driven by
four solenoids. Print mode is unidirectional and paper feed is
performed each time the print head is returned. The I/0 ports related
to printing are connected to the slave MCU which controls printing.
‘The bit patterns for printing, however, are supplied by the master

MCU L 5 :

“solenoids: A,
pass
erformed and line feed of
irned (Fig. 7-2}.

i




RN

7.3 Ports
The 1/0 ports related to the printer are as follows.

p—

| " Port i Input/ Function ‘
Lo Output ' L i
. . P10 ! Output | Print solenoid 1 1: ON ___©0: OFF

.o P11 Output | Print solenoid 2 1: ON 0: OFF

§% i P12 | Output | Print solenoid 3 1: ON 0: OFF

§ gi P13 | Output | Print solenoid 4 1: ON 0: OFF

f P14 Output |Motor output 1: ON 0: OFF |
;5 P15 Input | Reset signal input 1: High 0: Low

i P16 Input Timing pulse 1: High 0: Low

' P17 Output ! Motor break 1: Break ON 0: Break OFF
NOTE:

Commands must not be sent from the master MCU which will operate the
above ports to supply current to the print solenoids for more than a
few seconds or to supply a BREAK signal while motor output is

. specified (P14 is 1).

7.4 Slave MCU Commands .

The slave MCU is provided with a command for printing 6 dots of print
data. This command is sent from the master MCU 24 times to print one
dot-line. Therefore, sending this command 48 times will print 2 dot-
lines and sending it 192 (24 x 8) times will print one line of 6 x
8-dot character patterns.

6 dots of data 6 dots of data 6 dots of data
Command 1 Command (20 command Command (24)
Master MCU T 4 4 A A y
| A N R
Stave MCU N ) V j J \)
v ACK  ACK . ACK ACK ACK ACK

Fig. 7-3 Transmission of Slave MCU Command

If printing is resumed after being interrupted (the print head stops),
a blank of one dot-line will occur. This is due to the automatic paper
feed (one pitch) when the print head is returned and to the fact that

the head stop and restart operation has not finished within the dura-

tion of the head's return pass across the paqge.

o 5999 006 C 06060 @ hIc_ine.:s @ ,_@) and @d) afre p;'_inte% normagy.
------------------------------------- printing is stopped after line (3., one dot
e o ® o o e o - line will be left blank by automatic line feed

Y e 9 e & ® e ® when the printing lines.
_0 o 0000 o [ ] 3 @
® 0000 © o e ® ° -®
I S, °o.® .o ° ... ® °o @

Fig. 7-4 One Blank Dot-line when Print Head Stops
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After the slave MCU restarts orinting on the priater and a new line is
to be printed, if there are less than 24 bytes of data in the data
buffer, printing is stopped automatically. When continuously printing
a given print pattern, if an interrupt in command transmission from
the master .to the slave MCU of approx. 300Mmsec occurs, data may be
lost (Fig. 7-5).

Lost data
el T N T ' 1 @
o & | il e O
LI [ e o @
ol | |l [l ) 9 @

T e A = | [ Blank line due to stopping
0 0lolol Oi l ‘ I . ! ® and restarting of printing
L i o000 || | @

J‘or ° ioi .i ‘ ] i )
| L

Fig. 7-5 Loss of Print Data

In Fig. 7-5, printing of an A pattern has been attemptad. After the
data on line 4 has been sent to the slave MCU and blank time has
passed, data transmission is performed. Since there is only one byte
of data in the slave MCU, printing is stopped. The data in the buffer
at this time will be lost.

Printing is resumed when the contents of the bhuffar exceed 24 bytes.
This results in lost print data, as shown in Fig. 7-5.

When printing a line of characters (subroutine "LNPRNT"), after 8
dot-lines of data have been sent, a 2-dot line feed command is sent
from the master MCU. In this way, data loss due to timing is prevented
(since the feed command processed by the slave MCU stops fetching of
the dot pattern data to the huffer).
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7.5 List of

Printer Subroutines

Subroutine
Name

Intry Point

Contents

CHPRNT

FF97

Outputs one character to the microprinter.
All control codes (Q0-IF) except CR(DD)
and LF (9A) are ignor=ad.

For CR, the buffer column position is set
to @ (first position) and the contants of
the buffer are clearead.

For LF control codes, the cont2nts of the
buffer are printed. After printing, the
buffer is clearad and the column position
is set to O.

Parameters:

At Entry

(A): Character code (ASCII)
At Return

(C) Abnormal I/0 flag
Registered retained
(a), (B), (X)
Subroutines referenced
LNPRNT, CLRB

Variables used

None

TLNPRNT

Fro4

| Gatputs 1 line of characters on the
. microprintar.

Checks for printer switch ON or OFF. If
OFt, the output procedure i3 ignored.
Prints 24 characters of the prianter buffer
contents (ASCII).

After prianting, the contents of the

buffer remain unchanged.

Parameters:

At Entry

(X): Starting address of buffer
Buffer size: 24 bytes
Data is in ASCII code,.

At Return

(C) Abnormal I/0 flag

Registers retained

(A), (B), (xX)

Subroutines referenced

SNSCO, NDFEED, CHKSWT, CHKRS

vVariables used

RD, R1

PRTDOT

Prints one Aot-line of hit-image data.
One dot-line of bit-image nrint consists
nf 144 dots and is specified hy the 24
byvtes in the huffer., Data is entered into
the buffer as follows.




-

; Subroutine | Entry Pointi Contents
1 Name | _
% i Dot 6§ »
ot .
i ; Dot 5 Dot 137 Dot 142 por 143 ;
i E Dot(’) €°t1 / ) , ‘ \ !’ |
| - LQQCOOOCTl | OCCCCCOl
é .’ / ! Print image Y h /
| = N\ |
; | (r/. /' i ]BufferO(starting address) / 3 5
' | AR AR S i
i ; BitS Bit 0 /4{/ \Q\N
: ! Buffer 23 izﬂ R !
j j : utter Vororor ] ;
: | Bit 6 and bit 7 of each byts of the buffar |
: " have no meaning. ;
. NOTE: ;
| | If during the printing of an image an empty |
§ ' interval nccurs until this subroutine is
i - called, a 1-dot blank line will result. ,
; | Parameters: ’
! " At Entry f
: . (X): Starting address of buffar
; | At Return
5 ! (C) Abnormal I/0 flag
i | Registers retained
| L), (B, (%)
; !Subroutines referenced
| SNSCOW, CHKSWT, CHKRS
: Variables used
‘ ROH ;
E [Example] ;
When the following is orinted. j
§ Cee00080000 - ;
LDX BUFF
-JSR PRTDOT ‘
BUFF FCB  $06, $03, ..... 5
NDFEED FF8F Performs paper feed for n dot-lines. !

-

Parameters:

At Entry

(A): Number of dot-lines of line feed
performed

At Return

(C): Abnormal I/0 flag

Registers retained

(AY, (B), (X)

Subroutines referenced

SNSCOW, CHKRS

Variables used

None

b e
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s,
Fad

Subroutine Entry Point
Name

Contents

SCRCPY FF8B

Copies the data displayed on the ICD on
the microprinter.

The width of the LCD is 120 dots and that
of the printer, 144 dots. The data is
left-justified and the remaining 24 dots
remain blank.

Parameters:

At Entry

None

At Return

(C): aAbnormal I/O flag
Registers protect

(n), (B), (X)
Subroutine referenced
SNSCOW, SNSCOM, WRTP26, CHKSWT, LCDMOD
Variables used

None

7.6 Microprinter Work Areas

Addresses Variable |Byte . Contents
(From) (To) | Name Count _
190 195 CHRPTN 6 Work Area for character font (for 1
character).
196 196 COLCNT 1 Data count in buffer (0~24 bytes)
197 1AE | CHRDAT 24 Buffer data for 1 line of characters.
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#xx 6307 CROSS VACROASSEMSLER  VER1.D xxs 10r21782

S=& LOC o=zJECT PROGRAY  PRINT === PRINT FULL GRAPHIC PATTERN =---
CCO00C1 %
C0002 NAM PRINT
000032 TTL === PRINT FULL GRAPHIC PATTERN ~-=-=-
€000« oPT LOAD
c0005 oPT PAGE=5S
CCOOD6 *
00007 i ¢ PRINT FULL GRAPHIC PATTZRN TO INTERNAL MICRO PRINTER.
60008 + FILE NAME *EX34” 3Y K.A
£0009 : .
CC0104 "1000 ORG $1000
coC11 *
cwga2 - x
38013 EFQq A PRTDOT EQU SFF91
CO0D14 *
C0015 S PRINT PATTERN OF OBLIQUE LINES.
00016 *® . . . . . . . . -
00017 * e o o+ e & e e e
DCC18 * . . o . . . . . .
cno1e * e e+ s+ e & s+ e o
00020 *® - - . . . . . - .
coo2t = e o ¢+ & e s e o =
0002z * e & e 4 s 4 e e
0ogeaz2 *
C00cz4 *
CC0G0254 1000 86 Q8 A LDA & 22 +* (A): REPASTING TIMES
000244 1002 Cé 03 A PRTR10 LDA = = * (B): CATTERN NUMEER (3 2 1)
ocozz? * ’
000284 1004 CE 10%F & PRTRPT LCx 2PATN1 SET ADDRESS OF PRINT PATTERN
080294 1C07 C1 03 A CMP & 23 * IF (83=3, PATTZRN 1
JO0D2C4A 1009 27 C0a 10438 2E2 PRTIR3C
COCZ21A 1002 CZ 1037 A LDX FPATNZ x IF (83=2, 24TTZ&N 2
03C22A 1008 291 02 A C¥2 = 5
200234 1C10 27 03 14013 ZEQ PRITRZQ
00CZ4x 1012 €T 104F A LoX EPATNS * [F (8)=z1, DaTTEIN 2
000237 1015 25 FF99 a PRIR3ID JS= S3TDOT = PRINT SY GR2D~IC Imags,
0CC3&4 1018 54 CeC =
00374 1019 25 S8 100« ENE PRTRFT
JOC28A 1013 42 ' Del & * FINISKHED 7
DOG29A 1C1C 26 =4 1002 SNE PRTR10
0304C ®
00C41A 1C1E 39 RTS
CCC0s2 *
CCC4aZzZe 101F 29 & PATNI FCR $£9,%09,309,509,309,3C5
A 1020 ne A
A 1021 09 A
A 1022 g9 A
A 1023 09 A .
A 1024 09 A
C0244p 1025 ne A FCs $09,209,109,%09,5%09,30%
A 1025 Do A
A 1027 09 A
A 1028 09 A
A 1029 0% A
A 1024 09 A
D0N4SA 1023 29 A FLR 0%, %05,309,509,309,509
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60050

00046

CC047

C00s 2

00049

00031

00052
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102¢C
1020
1028
102F
1030
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1033
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1035
1036
1037
1038
1039
1034
1038
103C
103D
103€
103F
1040
1041
1C42
1043
1044
1045
1046
1047
1048
1049
1044
1048
104C
104D
1042
104F
1080
1081

1052
1053
1054
1055
105%
1057
1058
1059
103A
1088
105C
105D
105E
105F
1060
1069

1062

CROSS MACROLSSEM
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O
w

"
o
1w

FC3

FC8

% 1N/r21/7%2

--= PRINT FULL GRAPHIC PATTERN -=-=

$09,509,%09,%09,309%,309

512,512)512'512’5121512

$12+%12,312,512,%12,%12

$12,512+512,%12,512,312

312,$12’512,512’S12v512

$24,324,824,52L,524,324

’

$24,324,3246,524,324,324

$24,524,524,524,%24,324

$24,324,526,3%324,%24,5%24
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The ROM cartridge, which is provided as a plug-in option of the

H¥-29, can read 2K to 16K bytes of data from an external RCM memory
via the I/O ports using its addressing counter and shift‘rpgigtor.

The addressing counter is incremental and its value can also be rese
to 8. - o ,

The ROM cartridge is deSigned for an ontput-only file as a ROM file to
allow data outpat in this file Fformat. )

:L

.2 Configuration

T/O ) ~ Deocrlptlon

Input ROM-data (1 bit) R
'Output | Shift/load select (C: Load; 1 ~Shift)
Output | Clock

Input | ROM cartridge 1nt9rface judgment

ROM cartridgye interface. judgmont
’Sh'ft‘reglster clear - - .. :

{0:" OFF-(Clear) 1z ON (Don't CLear)

- Power supply (®:. QFF 1: OH)
Addroa51ng“count r'clédf
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e
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8.3 Data Input Procedure

Only two types of instructions.are applicable to the addressing
counter: Clear (by setting the P44 of the slave MCU to "0") and
Count-up. Data is fetched by the master MCU from the shift register
by inputting one bit of data to the port P17 of the master MCU each
time the data bits in the shift register are moved. Data input from
the ROM cartridge is performed by the procedure as detailed below.
(1) The power supply of the ROM cartridge is turned ON.
The port P43 of the slave MCU is the power supply port to turn on
or off the ROM cartridge. The master MCU instructs the slave MCU
to issue a ROM Power ON command to turn on the power supply of the
ROM cartridge.

(2) The addressing counter is cleared.

The addressing counter is automatically reset to @ when the ROM
Power ON command is issued to the ROM cartridge from the slave
MCU.

(3) The addressing counter is incremented to the address from which
data is to be read.

The counter counts up when the voltage level at the port P266 (bit
6 at address 26) of the master MCU changes from High to Low.

(4) When port P266 is at Low level, one byte of data at the address
indicated by the addressing counter is loaded into the shift
register at the leading edge of a CLOCK signal appearing at the
P267 (bit 7 at address 26) of the master MCU. In this case, bit 7
is first loaded into the master MCU through port P17 (Data in).

(5) When port P266 is at High level, the contents of the shift
register are shifted by one bit at the trailing edge of the CLOCK
signal (P267). By repeating this operation 7 times, one byte of
data can be fetched by the master MCU.

(6) If data input from the ROM cartridge is no longer required, the
power supply of the ROM cartridge must be turned off by sending a
command from the master MCU to the slave MCU to turn off the ROM
power supply.

Slave
P21

Ciear Shift
Register

Count
[ D6 Count up bl

s | ' i

port 26

e 0 nn00nmnn

Load Shift Shift Shift  Shift Shift Shift Shitt Load

P17 ot oL oo o annnff

D7

_

Power On

One byte
Slave Clear —_l
P41 Counter

Fig. 8-2 Timing Chart of Data Input from ROM Cartridge
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Note: If data is input after clearing the shift register, the
data that is input to the master MCU is binary @. If this
Shift Register Clear operation is performed when the optional
microcassette drive 1s connected to the HX-29, binary 1 is
input. ‘

8.4 ROM File

Data input from the optional ROM cartridge is supported in the form of
data input from a ROM file. The ROM file consists of 32 headers and a
data area. Each header may contain a mazimum of 32 bytes of data as
header information. The ROM file may only be accessed sequentially
but not randomly.

Fig. 8-3 shows the structure of the ROM file.

0000 {ﬂw\_“”

Header O -
001F

Header 1
003F

Header 31
07FF
0800

Data.area

1
1FFF
Fig. 8-3 Structure of ROM File R
o

Headers are allocated as fixed areas from address 0009 in units of 32
bytes. Header 0 is from address 0009 to address 9201F. A maximum of 32
headers can be set. The first one byte of each header represents the
first letter of the filename as well as header information. If the
first one byte of a header is "00", it indicates that the file with
that header has been deleted. If "FF", it indicates that no subsequent
header exists.

If the first one byte of header 2 is "FF", headers 0 and 1 are valid

as headers. The contents of the header information are shown in
Section 8.7 below.

8.5 Subroutines for ROM Cartridge

The following 4 subroutines are provided for the ROM cartridge:
(1) OPNPRM: Opens the ROM file.
(2) REDPRM: Inputs data from the ROM file in units of one byte.
(3) CLSPRM: Closes the ROM file.

(4) DIRPRM: Inputs the ROM file directory. o~
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8.6 File Input Procedure

A ROM file is processed for data input as fcllows:
{1) Opening the ROM file
Subroutine "OPHPRM" is used to start the input of data from the
ROM file.

o~
o
~

Lata input
Data is read from the ROM file in units of one byte by subroutine

“"REDPRM."
(3) Closing the ROM file

Data input from the ROM file is terminated by subroutine "CLSPRM".

Note: Upon opening the ROM file, the ROM cartridge is energized.

The ROM file must be closed soon after the data input has
been completed particularly when an MMOS type PROM with high
power consumption is used.

3.7 Header Format of ROM File
Columns Bytes Item Description
0 to 7 8 Filename Filename (in ASCII codes.)
Column 0 represents ID in addition to
the filename.
90: File has been deleted.
FF: No subsequent header exists.
8 to 15 8 File type | File type (in ASCII codes)
16 to 19 4 Starting The starting address of the ROM area
address secured as a file. The binary address
value is expressed in 4-digit
hexadecimal numbers (ASCII codes).
2% to 23 4 Ending The address next tc the ending
address address of the ROM area secured as
, +1 a file. The binary address value 1.3
exprassed in 4-digit hexadecimal
numbers (ASCII code).
24 to 29 6 Date Month, day, and year each expressed 1n
2-digit ASCII codes.
30 to 31 2 Unused.




8.8 ROM Cartridge Subroutine ,Table

Subroutine | Entry point Description
name
OPNPRM FEEC ROM file input open

°Parameters:
At Entry
(A): This parameter specifies whether or
not the filename is to bhe returned.
®1: Return the filename opened in the
packet.
00: Do not return the filename opened
in the packet.
(X): Starting address of packet
°Packet
1. Filename (8 bytes)
2. File type (8 bytes)
3. Filename (8 bytes)
(Enter the filename opened
when the filename is to be
returned.)
4. File type (8 bytes)
(Enter the file type opened
when the filename is to be
returned.)
Note:
In the filename specification for the
packet, if the string specifying a
filename contains an asterisk (*), the
filename matching terminates at the
point of the asterisk and the system
assumes that both the filenames have
matched. ’
In BASIC Version 1.0, when the matching
of the filename with an asterisk (*)
terminates, the system assumes that both
the file types have also matched. (Note
that the ROM file open procedure differs
from the cassette file open procedure.)
At Return
(C): Abnormal I/0 flag
(A): Return codes
00: Normal
AQ: ROM cartridge not mounted
Al: File not found
A2: File already open
A4: Invalid header data format
A5: Invalid header address format
(Z): This parameter depends on the value
of parameter (A).
°Packet (filename, file type)
°Registers retained:
None
°Subroutines referenced:
"PRMPON", "PREDBY", "HEXBIN" and "CLSPRM"
°Temporary variables used:
RO, R1, and R2
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Subroutine
name

Entry point |

Description

REDPRM

FEE9

Input of one byte from ROM file.

°Parameters:
At Entry
None
At Return
(C) Abnormal I/O flag (Always 00)
(A): Input data
(B): Return codes
00: Normal
01: End of file
A3: File not opened
(Z): This parameter depends on the value
of parameter (B).
°Registers retained: (X)
°Subroutines referenced: "ADSTEP"
°Temporary variables used: None

CLSPRM

FEE6

ROM file close.

°Parameters:
At Entry
None
At Return
(C): Abnormal I/O flag
°Registers retained: (B) and (X)
°Subroutines referenced: "“CHKRS" and
"SNSCOM"
Note:
An attempt to close an unopened ROM
file is not regarded by the system as
an error.

DIRPRM

FEE3

ROM file directory read.
This subroutine specifies record number
of the directory and inputs the record.

°Parameters:
At Entry
(A): Directory record number from @
through 63 (D)
(X): Starting address of memory locations
here the directory record is stored.
The size of each record must be 32
bytes.
At Return:
(C): Abnormal I/O flag
(A): Return codes
09: Normai
AQ: ROM cartridge not connected
A3: Invalid specification of the
directory record number
(Z): This parameter depends on the value
of parameter (A).
°Registers retained: None
°Subroutines referenced: "PRMPON"'
"ADSTEP", "PREDBY" and "CLSPRM"

°Temporary variables used: None
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8.9 ROM Cartridge Work Areas

Variable Bytes Description !
(from) (to) |name ‘
2908 208 PRMSTS 1 Status of the ROM file
Bit 0: File open status flag
0: File not opened
1: File opened
Bits 1 ~ 6: Undefined
Bit 7: Power supply for ROM ?
0: OFF, 1: ON_ _ |
209 20A STAPRS 2 ROM addressing counter f
208 20C FTADRS 2 Starting address of file i
20D 20E | EDADRS 2 |Ending address of file + 1 7

o

(J
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xvx 6301 CROSS MACROASSEMRLER VER1.0 x#» 10721782 09:suz:2¢

SEQ LOC CEJECT PROGRAM  ROMOPT === ROV CARTRIDGE INTERFALE ROUTINE ---
CC001 NAM ROMOPT ‘

0C002 TTL ~-- ROM CARTRIDGE INTERFACE RCUTINE -=--
00003 += FILE ‘EX37° BY X.A

Co0D04 oPT PAGE=S5S

c0005 oPT LOAD

00006 *

CC007 *

00008 ~« COMMON DEFINITION

00009 ®.

cCo10 . * MPU 6301 1/0 PORT

£0011 0002 A . PORT1 EQU s02 « 1/0 PORT 1 (ADDRESS)

10012 0003 A PORT2 EQU $03 = 1/0 PORT 2 (ADDRESS)

0013 * . .
C0014 « OTHER REGISTERS

00015 * REGISTER MEANINGS

00016 *

C0017 + PORT1 302

00018 ® N:R DATA SET RZADY (Q:HIGH 1:LO0W)

coo19 * 12R CLEAR TO SEND (0:HIGH 1:LOW)

00020 * 2:R PORT TO SLAVE P34 (SFLAG)

00021 * 3:% INTERRUPT FRCM EXTERNAL PORT (Q:INTERRUPT)
00022 * 4IR POWER FAIL (D:AENOR™AL)

00023 * S:R KZY BOARD INTERRUPT FLAG (D:INTERRUPT)
00C24 * 6:R PERIPHERAL STATUS (0:HIGH 1:L0W) (FROM SERIAL)
00025 _— ® 7:R MICRO CASSETTE COUNTER / MICRC CASSETTE EXIST
0002¢ - * )

Co0e7 3526

0002¢® * 0:W LCD COMAND/DATA 19

00029 * 1:W LCD COMAND/DATA ?2

00030 * 2:W LCD COMAND/DATA &

00031 * 3:W LCD CMMAND/DATA SELCTION (D:DATA 1:COMMAND)
00032 = 4:W KEY BOARD INTERRUPT MASK (0:CLOSE 1:0PSN)
.0ND33 * S:w PERIPHRERAL CONTROL (TD SERIALD

0003¢ * 6:W TC PLUG IN 1 °

00035 , * 7:w TC PLUG IN 2 AND SLAVE Pup

CDC2e s .

et L L T i S S B s e e R A KA Do 8 0 b



%% 6307 CR0OSS MACROASSEMILER  VER1 .0 sue 10721732 0G:42:2¢

SEQ LOC 9mJECT PRCGRA&M  SOMOFT === R0M CARTRIDGE INTZRFACE ROUTINE =---
00038 + COMMCN DEFINITION
00039 «
G0p40 * ZERO PAGE RaAM
00041A QD4E ORG S4E '
00042A 0Q4E 0001 A PWRFLG RMB 1 * 81T 0-3: CLOCK POWER GN MODE
00043 * * $01:POWER ON BY CLOCK IN 3ASIC MOQS
C0044 * * S02:POWER ON BY CLOCK IN APLLICATION M3nc
00045 * * 81T 4-7: BEFOR POWER OFF, CALL PROCEDURE MODOE
00046 * * SO1:BEFOR POWER OFF, CALL PROCEDURE IN
00047 * *, BASIC MODE.
00048 * * $023:3EFCR POWSR OFF, CALL PROCEDURE IN
00C49 * * APLLICATION MODE.
00050 *
00051A DO4F 0001 A P26 RM8 1 + VALUE OF ADDRESS $26
00052 * GENERAL REGISTERS USED 3Y I/0 ROUTINE
00053 0056 A RO EQU * * 2 3YTES REGISTER (ROH,ROL)
00054A 0050 00at A ROH RM3 1
C0O055A 0051 0001 A ROL RMB 1
00056 0052 A R1 EGU * * 2 BYTES REGISTER (R1H,R1L)
00057A 0052 0001 A R1H RM3 1
000584 0DOS3 0001 A R1L RMB 1
00059 0054 A R2 £QuU * * 2 BYTES REGISTER (R2H,R2L)
CO060A 0054 0001 A R2H RMB 1
CO061A 0055 0001 A R2L RMS 1
00062 0056 A R3 EQU s * 2 BYTES REGISTER <(R3IH,R3L)
‘000634 0056 0001 A RIM ~ RMZ T3
C0064A 0057 0001 A R3L RM3 1
00065 *
000&64A DO7C : ORG $7¢C
000674 007C 0001 A SI0STS RMz 1 * SLAVE I/0 STATUS (EACHK 3IT D0:0FfF, 1:0N\)
00068 * + 3IT 0: PRINTER
00069 * * BIT 1: EXTERNAL CASSETTE
000790 Lo # 2IT 2: INTERNAL CASSETTS
00071 * * BIT 3: RS232C ON (READ) -
00072 * * 81T 4: SPEAKER CON
00073 * « 3IT 5: PROM CASSETTE
C0074 * * BIT 6: BAR CODE READER
00075 * * 31T 7: BREAK SLAVE CPU (0:0N EXECUTE
00076 « * 1:8R0KEN BY INTERRUPT)
00077A 007D 0001 A MIOSTS RMB 1 * MAIN I1/0 STATUS EACH S5IT (C:0FF 1:0N) .
00078 ® * 3IT 0: LCD ON READ/WRITZ CHARACTERS
00079 * * 3IT 1: NOW SENDING COMMAND TO SLAVE CPU
00080 » * BIT 2: NOW TRANSMITTING DATA TO SERIAL (1:0N)
00081 * * 8IT 3: ON CLOCK INTERRUPT (1:0N)
00082 * * BIT 4: (POWER FAIL)
00083 * * 8IT S: (OFF POWER SWITCH)
00084 * * BIT &: ON DAUSE KEY
00085 * * 3IT 7: CN BREAK KEY



=02

11721

ROM CARTRIDGE INTERFACE ROUTINE --

*x% £301 CROSS MACROASSEM3LER  VER1,0 wws

SEC  LOC 0BJECT PROGRAM  ROMGPT ---
00087 ¢ ROM CASSETTE WORK AREA
00088A 0208 0RE 5208
00089 0208 & PRWKTP EQU *
0CO90A 0208 0001 A 23IMSTS RMg 1
00091 * '
000924 0209 0002 & STADRS RvS 2
000934 C208 0002 A FTADRS RMa 2

C0094a 020D 0002 & EDADRS RM3 2

L B

ROM WORK TQP

ROM STATUS (BIT7:POWER ON
(RITO:OPEN FLAG

ROM ADDRESS COUNTER

ADDRESS OF TOP OF FILE

ADDRESS OF LAST OF FILE +1

/82 09142:2¢

1:CN 0:OFF
1:0PEND

Nn:CLOSE



swx 2301 CRCSS MACRGCAISEMSLER VERT.Q ws= 15/257 22 £9:1a2:22
S Lec cmJ=ct PROGRAM RCMC2T ==~ ROM CARTRIDGE INTEPFACET SSUTINE ---
a0097A 1200 ORG 3$1900
00098 *
00099 FF2E A CHKPLG =qQu SFE2C
00100 FFi9 A SNSCOM EQU $FF19
00101 FF16 A CHKRS EQU $FF16
00102 FED4 4 WRTP26 EQU SFED4
00103 FF23 A REXBIN EQU $FF28B
CC1t04 *
c0105 0251 A CMPRON EQU $51 # ROM POWER CN COMMAND TO SLAVE MCU
00106 0052 A CMPROF ECU $52 + ROM PQWER OFF COMMAND TO SLAVE MCU
00107 .
00108 012E A FILBYT EQU $12E * REST BYTES IN THE FILE (2 2YTES SIzE)
00109 . *
03110 *
00111 + HEADSR FORMAT QF PROM
00112 * Q00 - D7 (DEC) : FILE NAME (00: S00:DELETED SFF:END OF HEADER)
30113 * 08 - 15 : FILE TYPE
00114 « 15 - 19 : TOP ADDRESS OF THE FILE
00115 * 20 - 23 t BOTTOM ADDRESS + 1
00116 * 24 - 29 : DATE
00117 * 33 - 31 : NOT USED
00118 *
00119 *
00129 * i
00121 * FUNCTION : QPSN TO READ
00122 * ON ENTRY. o - o
00123 * (A)=EAD MODS(O:NOT ANSWER FILE NANME
Co124 * 1:ANSWER FILE NAME )
00125 * (X)=PACKET aADDRESS
00126 N PACKET 0-7: FILE NAME
0127 * 8-15: FILE TYPE
00128 + ON EXIT
00129 N (A)Y=RETURN CODE
00130 x . $00:NORMAL
00131 * * SAD:WITHOUT R0M CASSETTE
00132 * SA1:FILE 1S NOT FOUND
00133 * SA2:ALREADY OPEN
00134 * $A3:DIRECTRY NUMBER ERROR
00135 * $A4L:IROM FORMAT ERROR
00136 * SAS:ADDRESSING ERROR
00137 * (Cr=0 .
00138 * (Z) DEPEND ON VALUE OF (a)
00139 * PACKET
00140 . 16-23: FOUND FILE NAME(WHEN *ANSWER FILZ NAME® MQODE)
00141 * 24=-31: FOUND FILE TYPE(C ..)
00142 * REGISTER PRESERVE
07143 - NONE
Go14s *
00145 * WORK AREA AS REGISTER
00146 * RO: SAVE PACKXET ADDRESSS
00147 * R1H: SAVE MODE WHEN OPSEN PROCEDURE WAS CALLED C(VALUE OF (A))
00148 * R1L: THE FLAG WHETHER FOUND FILE NAME IS MATCHED
00149 * (BIT 7:5TOP TO COMPARE 0:CONTINUE TO COMPARE 1:STOP)
00150 . (3IT 0-4:FLAG FILS NAME [S MATCHZD (Q:MATCHED, OTHERS:NO)
00151 ® R2H: READ CHARACTER (READ BYTE ROUTINE)



*xx 6301

SEC

00152

00153

C0154a
00155A
00156

001574
00158A
001594
0C1604A
001614
Q0162

02163

0016 4A
001654
001664
001674
001684
031694A
001704
001714
0C172A
00173A
00174A
001754
001764
001774
001784
C01794A

.0C1804A

Co1&814
001824
001834
CC184A
C01854
001364
0G187A
10188

J0189A
001904
00191A
001972

0C193a
C0194A
001954
0C19¢

001974
00198A
00199

002004
002014

© 002024

002034
0D204A
CGC2C5A
C0205A

LOC

1000
1002

1004
1007
1009
1008
100D

1010
1011

1013

1015
1016
1019
1018
101C
101E
102¢C
1022
1023
10¢5
1028
102A
1c2c
102F
1031
1032
1034
103¢
1037
1039
103C

103E
1040
1042

1045
1046
10438

1044
1C4D

104F
1052
1054
1056
1058
1054
1055

ce

7
DF

aD
26
97
26
87

CROSS MACROASSEMSLER

JECT
52 A
50 A
10EC A
78 1084=
S5 A
81 A
0208 A
53 A
50 A
10C2 A
72 108D=
07 1025
FF A
6C 1D8E
2A 104F
0052 &
02 102¢C
10 A
0053 A
14 1045
2A A
00 A
0S5 103E
8053 A
07 1045
00 A
03 1045
0053 A
10 A
€9 1013
DFS53 A
12 1061
0055 A
55 A
49 A
36 1D8E
20 A

VERT1.,0 **w

PROGRAM  ROMOPT

1M/21/7%2 C9:42:28

=== ROM CASTRIDGE INTERFACE ROUTINE --=

»

» " % %

SAVE MODE “ANSWER FILE NAME OR NOT®
SAVE PACKET ADDRESS

WITH ROM CARTRIDGE ? (RESET ADDRESS COUNTER)
IF NCNEZERO, ERROR DETECT.

HEADER NUMBER =

SET OPEN AND POWER ON FLAG

AND SEARCH FILE NaAME

*
*
*

*

*
*

*

*
R
*
%
*
*

* R2L: HEADER NUMBER
*
OPNPRM STA A R1H
STX RO
*
JSR PRMPON
BNE OPNP67
STA A R2L
LDA A #8381
STA A PRMSTS
*
+ READ HEADER
OPNP20 CLR B
STA B RIL
0PNP25 LDX RO
- ABX
JSR <ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>