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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 role. 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, a serial I/O port, a parallel I/0 port,

and timer function. Fig. 1-1 shows the arrangement of the registers in
the CPU. !

Y L] (38) | " Accumulators A and B

bttt 1 Accumulator D (which is a combination of
' (D), (A,B) | accumulators A and B)

L_ (X) | Index register

L (pc)r I

[; (sp) | Stack pointer
|

L}lJlHlIlNiZIQlC

Program counter

Condition code register

Carry
-Overflow

Zero

Negative

-k Interrupt mask
Half carry

Fig. 1-1 Arrangement of CPU Registers

The registers are identified by symbols: (A) for accumulator A, (B)

. for accumulator B, (D) or (A,B) for accumulator D, (X) for the index
register, (PC) for the program counter, and (SP) for the stack
pointer. For the condition code register, (H), (I), (N), (2), (V), and
(C) are used to indicate the respective bits as shown in Pig. 1-1.
As shown in Fig. 1-2, bit positions are indicated from the bit lowest
place with the lowest place value (or weighting) at the extreme right
such as bit 0, bit 1 ... This bit with the lowest place value is
called LSB (Least Significant Bit), while the bit with the highest
place value (at the extreme left) is called MSB (Most Significant Bit).

16 bits
L— Bit 0 (LSB) ceeres. TWeight of 20
Bit 1

Bit 15 (MSB) ...... Weight of 215

8 bits

l—— Bit 0 (LSB) us...... Weight of 2°
Bit 1

Bit 7 (MSB) ....... Weight of 27

Fig. 1-2 Bit Positions
1-1
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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)

104p (Decimal 10)
1046 (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) ]
oA Counter {low-order bytes) i —
0B Output compare register 7
(high-order bytes) ’
- oC Output compare register OCR
(low-order bytes) B )
{i:> oD Input capture régister 1
o (high~order bytes)
0E Input capture register ICR
(low-order bytes) i
| 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
LJS to 1F | Reserved

S | 1-2
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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 0 P10
1 P11
2 P12
3 P13
4 P14
5 P15
) P16
B 7 P17
03 Port 2 0 P20
_ 1 P21
06 Port 3 () P30
1 P31
2 P32
3 P33
4 P34
5 P35
6 P36
- 7 P37
07 Port 4 0 P40
1 P41
2 P42
3 P43
4 P44
5 P4S
6 Pas
B 7 P47
58 TCSR D (Cutput 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 0 (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
N 7 (Receive data register full)

ClibPDF - www .fastio.com



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 coperand
Part which 26 Section flag of operand
depends on {See Note 2.)
instructions Branch instructions
— 21 to 22|Relative address of branch
- destination
Ty 24 to 27|Location address of branch
e 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
| instruction
35 to 40 Label field
42 to 47 Operation field
49 to 56 Operand field
58 to last Comment field
column
i
Ty 1-4
S
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1.3 How to Read Subroutine ILists

- 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 (2Z) 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/O 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/O 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.

1-6
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*x« 6301 CRQOSS MACROASSEMBLER VER1.Q #=s« 10721782 09:41:24

ZR]R SEQ LOC O0BJECT PROGRAM MULT16 -== 16 BITS UNSIGNED MULTIPLY ==~
0C001 NAM MULT16
00002 TTL ~=- 16 BITS UNSIGNED MULTIPLY -=~-
00003 ®
Co00s « FILE NAME *EX$3* B8Y K.A
£00Cs oPT PAGE=55

—00005 - oPT LQAD
jgon? *
00008A 1000 ’ ORG 31000
00009 * :
Q0010 + 16 BIT UNSIGNED MULTIPLY (16 BIT RESULT)
00011 « REENTRANT CODE (USES 6 BYTES ON STACK)
00012 *
00013 * A,8 TIMES X RESULT 4,8
C0B14 %
00015A 1000 37 MPY14 PSH B8
000164 1001 36 PSH A
§o0t17a 1002 3C PSHX
00618A 10C3 30 TSX
00019 *  STALZX NOW LDOXS LIKES
00020 x  +3 MS BYTE MULTIPLICATION % A 3
20021 + +1 LS 8YTE * = €9
00022 ®  +2 MS BYTE MULTIPLIER ¥ emmmmmem—a-
00023 * +3 LS BYTE * 5D
C0024A 1004 A6 G2 A LCA A 2,X * A %= 0 * AD
¢N025A 10G6 E6 01 A LDOA B8 1,X * - * 2C
000264 1008 3¢ MUL * * AC
00274 1009 37 PSH B * f  mmmm—mm—m e
000284 100A &5 03 A : LDA A 3,X ®« 8 x C * XY Z
00029A 1006C £6 00 A LDA 8 0,X x
__ 0OB030A 1005 3D MUL *

00031A 100F 37 PSH B *
000324 1910 A& 03 A LDA A 3,X = B+ D
000334 1012 £6 01 A LA B 1,X >
CCO34A 1014 3D MUL *
000354 1015 30 TSX «
000364 1016 AB 0O A ADD A 0,X
000374 1018 AB 01 A ADD A 1,X .
00038A 101A 38 PULX + CLEAN UP STACK
000394 1018 38 PULX
0C040A 101C 38 PUL X
CO041A 101D 39 RTS
00042 , gooo A - END

«wxxw TOTAL ERRORS s}
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CHAPTER 2 INPUT FROM KEYBOARD
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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 xeyboard
matrix incorporatas the Printer ON/OFF and DIP switches in addition to
the alphanumeric keys.

Key input is processed by interrupts and input data is stored in the
8-byte key stack. A power ON key stack, which stores data to be input
automatically from the keyboard when the power is turned ON, is also
provided. The contents of the power ON key stack are first fetched and
the data in the key stack is input when the power ON kKey stack becomes
empty. The contents of the power ON key stack can be restored by
turning the power ON (reset).

2.2 I/0 Ports for Keyboard Input

Table 2.1 shows the I/0 ports related to the keyboard input.
Table 2.1 I/0 Ports Related to Keyboard Input

Address | Bit position : Definition
20 - 0 Output Specifies scanning of LO line.
?: Scanning enabled.
1: Scanning is not perfornmed.
1 Output L1
2 Output L2
- 3 Output L3
4 Output L4
5 Output LS
6 Output L6
7 Output L7
22 ] Input Scan result DO ®: ON 1: OFF
1 Input Scan result D1 ®: ON 1: OFF
2 Input Scan result D2 @: ON  1: OFF
3 Input Scan result D3 @: ON 1: OFF
4 Input Scan result D4 ©: ON 1: OFF
5 Input  Scan result D5 @: ON 1: OFF
) Input Scan result D6 ®: ON 1: OFF
7 Input Scan result D7 ®: ON 1: OFF
26 4 Output Key input interrupt mask
0: Mask
1: Mask open
28 ] Input Scan result D8
1 Input Scan result D9 .
P15 Input Key input interrupt flag
@: A keyboard input interrupt has
occurred.
1: No keyboard input interrupt has
occurred. B
2-1
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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 gwitch 3 are
input through line L2. This means that to input all of the data from
the keyboard, lines LO to L7 must be selectad in turn and the data
fetch operation repeated eight times.

Lo L1 L2 L3 L4 L5 L6 L7
! i H i i H
N T D
Do N BN EN : ? ’ i
0 b T @ ! i I ? i
i {8 | i | ; ]
: i i t H i H i
o1 ——g——— 5 = : : ' '
g R i H :
1 -1 A ! ! i
02 - - -~ |
T e
D3 = = 3
3 ¢
A ~ -
D4 pevs ) Z
-4 . . b ' '
~ o - ! H i
o5 Ts H Tk
o8 = = =
§ . F
07— = =
7 P G
o8 S = =
PF1 PE2 PF3
—~ ~ - ;
09 - < -~ :
S oiei : DiP2 - 0IP3 :
; i i

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 @ 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 IRQ!1 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, L® to L7, and any line can be specified for
input. When line LO® is specified, the data on the line L® 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

wyyw . fastio.com



wvalue of this bit is 'Q', scan is enabled and when '1', scan
is not performed. The value FE (line L® is scanned and the other
lines are not scanned) is output first to address 29.

(3) Fetch data i .
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.) How, input from keys 0 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 Kevboard input interrupt

An IRD! 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 '0' 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 D% 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 (P263) 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 'Q®' when an IRQ1 interrupt occurs, it indicates the
occurrence of the key input interrupt. '

2.5 Timing of Xey Input Process

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

Mmarc . 10msee 20mane
ON | : ;

Keyboard J— ; . : R S
Y OFF. : s ‘ : ‘
Key interrupe Op2n - H | . Lo Co . .

mask vy N ! ! el i
Closed -
R .
N - i PO -
OCF interrupt Open: ¢ : R P '
mask _ A ol

Clased -

[

|
I

{

OCF interrupt ~ 1.2 e

Key scan

s
a
2
2
£
2
i3
>
&
X

; {
3 F = w oo a
a a e a a2 o a
o =
.2 £ 2iggzd . ¢
2& 2 25 5 85 3 3 2 .
£ g = <z gz & £ £ : } i -
i S Fig. 2-2 Timing of Key Input
¥3 o 5¢8 883 ¥ o

™
§
w
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After a key is pressed as shown in Fig. 2-2, the Output Compare

*‘”\“\Rgiiﬁf?r (OCR) issues interrupts at intervals of 20 msec {the key
interrups\gg§k is closed) and auto repeat process is performed by key
scan. If the Z=me key is pressed continuously for a certain number of
key scans after iséuaﬁ;e of an OCF interrupt, it is assumed that the
key has been newly preSEéﬂs\The received data from the keyboard is
stored in the First In, First out (FIFO) key stack.

2.6 Automatic 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 04, the XKYISTK contains key
input data. When the value ig 0B, key input data is currently being
fetched from the KYISTK. If the value of the KYISFL is OB 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) XEYSCN: Performs the key scan opeg@tion and obtains input data
from the pressed key.

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

(4) XEYSTS: Obtains the number of characters in the key input buffer.

{(5) KYSSTK: Speciﬁ%es 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.

S

L 2.9 Special Keys

(1) BREAX key
When the BREAK key is pressed, the data is not taken into the key
stack, but the I/O operation is cancelled. {Subroutine BREKIO is
called.) Then, the break process is performed to the slave MCU and
bit 7 of wvariables MIOSTS (address 907D) 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 0073) is '1',
control returns from the key input interrupt. When bit 7 is '0’',
the subroutine is called starting at the address specified by
address {0120, ©0121). The default values of address (0120, 0121) .
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.

2-4
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(2) MENU keay
When the MENU key is pressed and pit 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 'D', control returns from the
interrupt after executing the subroutine starting at the address
specified by addrsss (9122, 0123),

(3) PAUSE keay
When the PAUSE kay is ressed,.bit 6 of the variable MIOSTS
bacomes '1'. Then, control returns from the interrupt if bit 7 of
the variable RUNMOD is '1'., If bit 7 is '@®', control returns fronm
the interrupt after executing the subroutine starting at the
address specified by address (9124, 0125),

(4) CTRL/PF3, CTRL/PF4 and CTRL/PFS keys
When the CTRL/PF3, CTRL/PF4 or CTRL/PF5 keys are pressad, contrnl
returns from the interrupt after executing the corrasponding -
subroutine starting at the address specified by the address (21256,
B127), (9128, 0129) aad (912a, D12B). If, for example, (FF, 10)
(the entry point of Monitor) is written to the address (2126,
D127), the Monitor will be executed when the CTRL/PP3 keys ara
pressed.

2,10 Key Input Mcdes

The current key input mode {numeric and uppercass, shift, etc.) is

indicated by the 1-byte varial KEYMOD. The address of this variable

is (FFE4, FFES). The currant data in this address is 9159. Re farriag

to the coatents in the address, the current mode, {(in this case, the

Xeyboard mode) can be recognized. To force-sat a certain mode, change
o

7
the contents of the current addrass to those of the mode t£o be sat.
The following three modes are available,

t 1: Numeric mode
Bit 2: CAPS mode {lowercase letter mode is assumad when bit
2 1is "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 whirch is *1!

The coastants 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 subseguent key input
is accepted for auto repeat, samn*ing interval of key scan and power
OM, key stack. The default values for these constant r2 get when the

n
kKeyboard is initialized. Values set afrter the defau
set are used. (For details, refer to Memory Map).

Kay scan

The keyboard value read by key scan is assign to variable NEJKTB (19
bytes, starting address: FFDO, FFD1). Fig. 2- 3 shows the format of the
kevboard values read by key scan.

wyvwy . fastio.com



2.12 Tables
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Fig. 2-3 Key Scan Values

Table. 2.2

Key Matrix

-

In this case, the DIP switches and the PRINTER ON/OFF switch are set
according to the values at address 7F. (In other words, software
specification takes precedence over the key scan specification.)

Returp~. | b Y L1 L2 : L3 L4 L5 Le . L7
dgra ~ j i § ;
Do 590 28 10 13 20 128 30 33
3 3 @ ! 2 A RET CLR
t H ;
D1 01 09¢ 1L 1§ 21 29 ! 339
! 9 A [ Q Y- SPACE SCRN
D2 02 0A 12 1A 22 1 2A 0 32 0347
2 : B J R zZ TAB . BREAN
. D3 72 J R 13 1B 23 28 3B
j 3 ¢ 3 ' PALSE
i =
(L ' : «'
RO | A ~ : i
o D4 04 9 C L4 1 C 24 2 C !
4 D L T j ;
; - P . - . - - :
: 3 D3 5. 2D 1> 1D 25 2D 35 3D i
! 3 - E - M & ¥ NOM NENU
i D3 56 OE 16 LE 28 2 E
L 2 . : N k - i
D7 5.7 aE PT. LR 27 2F . 37
D8 10 i1 12 13
PE: pEY B pr pes
DY A9 4 1B 1E ?
DIP DiP2 o DIPS DIPY CTRL [ |

Note:
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The hexadecimal values in the above Table indicate the
positions of the key layout on the keyboard matrix table.
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Fig. 2-4 Arrangement of the Keyboard Matrix

in the above Table indicate the

The hexadecimal wvalues

Note:

positions of the keys on the Xey table.

ClihPDF - www fastio.com



2.13 Keybhoard Input Subroutines

Name of Entry : Description
Subroutine | Point.
PR PFAQ | 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/PFS 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
N Hone
°Subroutines referenced
Hone
°Variables used
None
KEYSTS FEFI9D 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/O flag
{(A): Number of key stack data (in bytes)
(Z): According to the value of (A4)
°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.
KEYIN FFOA Inputs one character from the key stack. If no
‘ 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 kKeyboard data.
°Parameters: :
At Entry
None
At Return
(C): Abnormal I/0 flag
(A,B): Character code. 1-byte codes are stored
in (A) and 2-byte codes ((A)=FE) are
stored in (A,B).
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Name of Entry Description ]

Subroutine | Point
°Registars retained o

(X)

°Subroutines referenced
None
°Variables used

None '

KEYSCN FF6A Scans the key matrix. The result of the ey scan
is stored in NEWKTB (10 bytes). Note that the DIP
switches and Printer ON/OFF switch ara set
according to the value of the variable SDIPS2,
The contents of NEWKTB are:

Bit 7 Bit 6...Bit 0
NEWKTB+0: D7 D6 vees DO.veva.. LO
NEWKTB+1: D7 D6 seuw DOuusens L1
. . .
. . .
NEIKTB+8: L7 L suse Llouswuass D8
NEWXKTB+9: L7 L6 vvse Llvusas. DS
°Parameters: 1
At Entry
Hone
At Return
None
°Reglsters rstained
None
°Subroutines referenced
None
°Variables used
K@ and X1 (The valuss of these variables are
retained.)

KYS57TK Fr22 Inputs data to the key stack when the power is
turned ON. The gsize of the key stack is 18 byhtes.
If more than 18 bytes of data are input, the

~excess data is ignored. ]
°Parameters:
At Entry )
{(¥): Starting address of character strings
(B): Number of characters (0 to 18: the key
stack is cleared when the number is 0.)
"Parameters:
At Return
tlone
°Registers retainad
None
°Subroutines referenced
None
°Variables used
= None
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2.14 Keyboard Work Area

Addr=ss Variable | Bytes Description
| (from)(to) | name
| 2140 0140 | KSTKSZ 1 The size of the key stack. The default
} value is 8. May be gpecified in the
? . range 1 to 15. If the value is '1°',
A input of Pr keys is not accepted. |
i 2141 0141 | KICNT1 1 Time until the first key input is i
’ 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).
0142 0142 | KICNT2 1 Time until the second or subseguent key

_ ; . input is accepted for auto repeat. The
P ; ' unit are the same as those of XICNT1.
S ; The default value is 6 (120 msec).
9143 0144 | KICNTH 2 Sampling time. The unit 1 equals approx.
1.6 usec. The default value is 12,288
i (20 nsec).

D145  D14E | NEWKTB 10 Value of the key scan matrix. The status
‘ after the key scan i3 stored in this
area. '1' denotes the ON condition.
Bit ® at the first address of the work
area corresponds to 99 of the key
matrix table and bit 7 corresponds ko
®7. In this manner, bit 7 of the last
i address corresponds to 4F.
i ®14F 0158 | OLDKTB 19 The value of the previous kay scan. The
: previous value of NEWKTB is stored in
; this variable.
. 0159 0162 | CHKKTB 10 Stores the data For the position of the
newly pressed key after key scan.
D163 0164 | KYISAD 2 Address of automatic key input when
o power is turned ON, Set to Q16F at reset.
i D165 0165 | KYISFL 1 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.
D166 0166 | KYISCN 1 The number of data in the automatic
input key stack. Value is in the range
0 to 255. .
8167 0167 | KYISPN 1 The number of data input from the
automatic key input. The number is in
the range 9 to the value specified by
KYISCH.
0168 0168 | STKCNT 1 The number of data in the input key
stack. The number is in the range 9 to
the value specified by XSTKSZ.

0169 ©0169 | KEYMOD 1 Input key modes. This address indicates
- the uppercase, numeric modes, etc.

[SURSRRRON I

P
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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 The CTRL key has been pressed
when this bit is '17,

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 ® through 4 must be ON or

all bits must be OFF.

(93

216n

ONKFLG

Indicates the key input status.
DD: Inhibits key reception. Waits until
rassed key is released.
FPF: Key input enabled.
eat function

v o

KPRFLG

For auto repeat, this variable

indicates the number of timess the same
key input has been received. When this
value equals that of KICNT! or KICNT2,
the presgsed character is taken to be
input once.

@16C

KEYRPT

Indicates the auto repeat key position
on the matrix. Refer t
Table.

o the Matrix

216D

D16E

Input key code
A PF key is 2 bytes.

016F

0189

Work area for the power ON key stack

9181

®188

Work area for the kéy stack

2189

918F

This area i3 secured for expansion of
the key stack.
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CHAPTER 3 LIQUID CRYSTAL DISPLAY (LCD)
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3.1 General

The Liquid Crystal Display (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,
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 matrix 5 by 7 dots as spaces are left between characters
on the screen.

each of which controls an

3.2 Functions of LCD Controllers

As abovementioned, the 6 controllers together control

the LCD.
The dot areas controlled by each controller are shown

in Table 3-1.

Table 3-1 Dot Area Controlled by Each LCD Controller
(G} 39 49 79 80 119
® | Controller 1| Controller 2| Controller 3
7 | (bank 0) (bank 0) | (bank 0)
8 | Controller 1] Controller 2| Controller 3
151 (bank 1) (bank 1) (bank 1)
16| Controller 4| Controller 5| Controller 6
23| (bank 1) (bank 0) (bank 0)
24| Controller 4| Controller 5| Controller 6
31| (bank 1) (bank 1) (bank 1)
As shown in the table, each controller is responsible for an area of

above of 40 by 16 dots.

& HANEy gam| Bit O

@ E Ty H o
%] g = Y ™ 2 .
w u ;gan 5 (: 3 Bank O

T “ s . g

1 a H -] ] " 8

] W anxud Bawn;
7
| 1 i 1 { 1

8it O

.1

wog

” 3
. _— RBank 1

. -

1 8

vog

Fig. 3-1 Displayed Contents of Each LCD Controller

Each controller has data addresses @ to 27,4 in the row direction.
Data consists of 8 bits (Fig. 3-1). )
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3.3 1/0 ports for Display and Input

Table 3-2 1I/O Ports Related to LCD Controllers

Address | Bit Description
position
0 Output Selection of LCD driver
T 26 1 1-6: Controllers 1 to 6 selected.
T 2 ?: No controller is selected.
3 Output Selection of data or command for
e : LCD driver
@: Data
Master 1: Command
MCU 28 7 Imput BUSY signal of LCD .controller
0: Busy
23 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
Qutput Output data to LCD controller
Qutput Output data to LCD controller
Output Output data to LCD controller
Qutput Output data to LCD controller

2A

NIV s TWIN - S

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 contrcller. 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 contrcller. {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 "0", data is selected. The
data setting procedure is the same as the command setting
described above. Depending on the tyvpe of command, data must be
continuously output for display.
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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

screen.

(2) DSPLCH: Displays
physical

(3) DISPIT: Displays
physical

n characters of data (ASCII code) on the physical

one character of data (ASCIL code) on the
screen.
one character of data (ASCII code) on the
screen,

3.7 Coordinates on the LCD

(%,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.

D < x <19

and 0 <y <3

The values of x,y coordinates on the graphic screen must be in the

range shown below.
? < x £ 119

and 0 <y < 31

(0.0}

03 v 19,3)

(19,0}

Fig. 3-2 Coordinates on the LCD (Tex} Screen)
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3.8 ICD Subroutines

name

Subroutine

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.
Ji-Starting address of data packet
This parameter need not be
specified when (B) is 0.
Data packet
Byte 0: x coordinate (0 to 199¢p) of
the display” position of
the first character.
y coordinate (0 to 31¢9) 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
None
Registers
None
Subroutines referenced
'DSPICH’
Variables used
None

(x

Byte 1:

retained

bSPLCH

FF4C

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

Parameters:
At Entry
{(a): ASCII character code
(Xx): Display position on ICD (high,
low)=x coordinate (® 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

 DISPIT

FF58B

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.
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Subroutine | Entry point Descriéfion
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
LCD. Certain charactexr 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 ottt 0 .
address |- ' | Display pattern of
character A"
| | | Unspecified bits
- are logic 0.
! l
Specified PAT P
address 15 o 0

Registers retained
None

Subroutines referenced
None

Variables used
None

Others
Re-entrant

ClibPDF - wwww fastio.com



ClibPDF - www .fastio.com



ClibPDF - www .fastio.com



ClibPDF - www .fastio.com



ClibPDF - www .fastio.com



ClibPDF - www .fastio.com



ClibPDF - www .fastio.com



ClibPDF - www .fastio.com



ClibPDF - www .fastio.com



ClibPDF - www .fastio.com



