ESR-L INSTRUCTION MANUAL

SHARP CORPORATION
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General Specifications

. B8-bit C-MOS CPU

. Memory space
(1 Mbyte)

.« Built-in 236-byte RAM

. Main clock

. Sub-clock

. Interrupt

. UART

. 1/9

Data:

Program:

1 Mby+te continuous

64 Kbytes x 16 segments
This internal memory makes up a
separate memcry space from the
external memcry, and its address
as follows:

RAM

Pointers, control

"command registers,
data buffers, I/0

allocation is
O00H to EBRE:
ECH to FTH:

ports, etc.
Ceramic-oscillated 2.304 MEz (1.30
usec. execute cycle)
Changeable by PLA to:~
1.536 MEz (1.95 usec. execute

cycle), or

3.072 MHz (0.98 usec. execute
cycle)

CR-oscillated typ. 40 kHz (As a
display clock and as a timer for é
half), or

Crystal-oscillated 32.768 kEz (Used

when providing a clock function).

7 factors: 2 timers, 2 keys, 2
UARTs, anc external factor.
Baud rate: 300 to 9600
Parity: Even/odd/no
Character lerngth: 7/8

Stop bit:’ 1/2

Breakout func<ion
AQ0 to AlSB:
CEO0 to CI7:

Adéress buses

Chip select output
Fins

D100 to DIC7:
MRQ RD WR:

Data buses
Memory control pin



. LCD common signal
output allowed

. HALI/CR‘ function

KCC to KO15: Key strobe output
ports

KI0O to K17: Key input ports

EO0 to E15: General I/0 ports

oA EA DIS: LCD driver control
pin

TXD: UART data outéut Fin

RXD: UART data input pin

CO: CMT data output pin

CI: CMT data input pin

IRQ: External interzupt
input pin

ON: ON key input pin

1/16 duty. However, the number of
pins is only 14, from H1 to H15
excluding HB8. Changed with A, CE,
KO, and other pins bz PLA.

HALT: Stops the main clock.

OFF : Stops both the main clock and
the sub-clock.
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Registers

B 8 oits A 8 bits

—

1H 5 »its IL g nies

20 dits

20 bits

20 bits

" Q< X

<] >

20 dits

PC PP 4 bits

PC 16 dits

Accumulator:

Auxiliary register:

Counter register:
Pointer register:
Pointer register:

User stack pointer:

An arithmetic register. The ESR-L
performs arithmetic mainly on the
accumulatcr and the internal
memory.

An auxiliary register for the
accumulator. Used as a 16-~bit
register in combinaiion with the
register A.

An loop instruction automatically
cecrements this register till the
data it has beccmes zero.

Allowed to directly access
addresses throughout the l-megabyte

external memory.

-Allowed to directly access

addresses throughcut the l-megabyte
external memory.

A stack pointer that is used by the
user to save data or for data
transfer between routines. This
stack pointer is also usable as a
pointer fegister like the registers
X and ¥, and is allowed to directly

access the l-megabyte space.



S System stack
pointer:

PC Program counter:

PS ' Page segment
register:

A stack pointer that is mairly used
by the system for subroutine call,
etc. It is also usable as a
pointer register like the registers
X and Y, and is allowed to directly
access to l-mecabyte space.
Automatically increments every time
an object code is fetched, i.e.
every 16 bits. Therefore, 64 K
bytes of ocbject codes makes 1

segment.

Specifies a page £rom which an
object code is to be fetched. This
register consists of 4 bits, and

secments are from OH to FH.

~



Memory Space

Internal memory space
(256 bytes)

00H

EBH

ECH
EDH
EEH
EFH
FoH
F1iH
F2H
F3H
F4H
F5d
F6H
F7H
F8H
FSH
FAH
FBH
FCH
FDH
FEH
FFH

Internal
memory
136 bytes

BP

PX

PY

AMC

XOL

KOH

Kl

EOL

EOH

EIL

EIL

UCR

USR

RXD

TXD

IHR

[SR

SCR

Lce

SSR

RAM BASE POINTER

RAM PX POINTER

RAM PY POINTER
ADR.MODIFY CONTROL
KEY OUTPUT BUFFER

KEY OUTPUT BUFFER

KEY INPUT BUFFER

E PORT OUTPUT BUFFER
E PORT OUTPUT BUFFER
E PORT INPUT BUFFER

E PORT INPUT BUFFER
UART CONTROL REGISTER
UART STATUS REGISTER
UART RECEIVE BUFFER
UART TRANSKIT BUFFER
INTERRUPT MASK REGISTER

External memory space

(1 Mbyte)
00000H
03FFFH
040000
0VTTFH
08000H
1 Hﬁyf!
FFFFAR Low
FFFFBH High
FFFFCH Exx,
FFFFDH Low
FFITEH High
FFFITH Ext,

INTERRUPT STATUS REGISTER

SYSTEM CONTROL REGISTER
LCD CONTRAST CONTROL
SYSTEM STATUS REGISTER

SRE-26 area

LI[-50724% ares

INTERRUPT VECTOR

RESET VECTOR



Internal Memory Space

The internal memory space has 256 bytes and is accessed by
the 8-bit pointer BP, PX, or PY or an immecdiate value. It
makes up a difference space from the external memcry space.
Among the 256 bytes, 236 bytes Zrom (OCH to E3H make crdinary
RAM, and the rest, i.e. 20 kytes from ECH to FrH, is
cedicated to pointers, contrecl ccmmand registers, data

buffers, anc I/0 ports.

RAM Addresses: O0O0H to E3H Read/Write
' These 236 bytes make ordinary RaM.

BP Address: ECH Read/Write
RAM base pointer: A pointer to specify the reference
addéress for accessing an acddress in the internal memory
space by relative addressing. The focllowing are the
addressing modes that use this pointer: >
(bp+n) . ... In this mode, an effective address is
' obtained by adding the cffset value "+n" to
~ the information the BP has.. '
(bp+px) ... In this mode,‘an effective address is
obtained by adding the data the PX has to
the data the BP has.
(bp+py) ... In this mode, an.effective _address is
obtained by adding the data the PY has to
the data the BP has.

PX " Address: EDH Read/Write
RAM PX pcinter: A pointer that speciiZies an address on
the internal memory and is used when data on the
internal memory is subjected to loop processing. There
are thé fcllowing two adéressing modes that use the RAM
PX pointer:
(px+n) .... An effective address is obtained by adding

the offset value "+n" to the cata the PX

has.



PY

AMC

(bp+px) ... An effective acddress is obtained by acdding

the data the PX has to the cata BP has.

Address: IZIH Read/wWrite
RAM PY pointer: A pointer that specifies an adcress on
the internal memcry as the PX does. The PY is used

when the second cperand specifies a pcinter in an

instruction both of whese first and seccnd operands use

internal memcry acdéressing.

(py+r) .... This adéressing mode obtains an effective
acddress by adding the ofIset value "+n" to
the data the PY has.

(bp+py) ... This addressing mode oktains an effective
address by adding the data the PY has.to
the cdata the BP has.

Address: ETH Read/Write
Address Modify Control: A system provided with two RAM
card slots may have two discontinuous RAM card address
areas depending on the capacities of the RAM cards
inserted. This register controls the functién that
virtually makes the RAM card address areas continuous.
wWhen the function is enabled, it works between the CE1
and the CE2 and allows the system to use the address
areas with the end of the CEl address area virtually
linked to the start address of the CE0 address area.

Example: [ 80000H
Effective address
CE1 (Address on hardware)
S0000H
RAN CARD 1
| 9FFFFH
AODO0OK : Virtual address
(Address on software)
. A8000H
CED ) - RAM CARD ]
’ B7FFFA
B8OOOH | RAM CARD 0 BBOOOH | RAM CARD 0
L BFFFFH BFFFFH
5 s 4 3 2 0

up:}: | TANS [ AM4 [ AM3 [ AM2 | Au1 | AW0 |




KOL

KOH

AME ....... Acdcress Mocify Enable: Enables the address

modify function when this bit is "1",
AMS L...... These specify the RAM card capacity at the
CEC side:

AHS AM4 AM3 AN2 AMI1 AMO

] 0 0 0 6 0 2 K=ytes
0 0 0 0 0 1 4 =ytes
] 0 o0 o0 1 1 8 Koytes
0 0 0 1 1 1 16 >ytes
0 0 1 1 1 1 32 Koytes
o 1 1 1 1 1 64 Koytes
1 1 1 1 1 1 128 Kdbytes

The system that uses the address modify function is
allcwed to set the access area of the CEQ and CELl to
32, 64, 128, or 256 K bytes by the PLA. The largest

numbered address of the CE0 must be XFIIFH.
~

'~ Address: FOH Read/wWrite
Kéy Output Buffer: The data stcred in this buffer is
outputted as it is through KO port (This pecrt is mainly
for key strobe). ‘

7 6 5 4 3 2 1 0
[ X07 | X06 [Kk0s TX04 [K03 [X02 |[KO1 | X00 |

KOO to KO7 ... These correspond respectively to Pins
KOO to KO7. A "high" signal is
outputted when the bit is "1", and a

"low" signal when "0".

Address: F1lH Read/Write
Key Output Buffer:  The data stored in this buffer is
outputted as it is through tle KO port (This port is

mainly for key strobe).

7 § 5 4 3 2 1 0
[ko1s X014 [ X013 ] K012 [ K011 [ KO10 [ X09 | X08 |




KI

EOL

EQH

10

KO8 to KO15 .. These correspond respectively to Pins
KO8 to KO1S. A "high" signal is
outputed when the bit is "1", and a

"low" signal when "0".

Adcress: F2H Read only
Key Input Buifer: This buffer stores the informatiocn
that shows the status of the KI port (mainly for kev
ihput).

7 § 50 4 3 2 1 0
[X17 [KxI16 | XI5 [xr4 [Xi3 |Xxi2 [KxI1 [KIo |

RIO to KI7 ... These correspond respectively teo Pins
KIO to KI7. Bit "1" is inputted when
the level is "high", and bit "0" when

"low".

Address: TF3H. Read/Write .
E Port Output Buffer: The data stored in this buffer
is outputted as it is through the E port (general I/0

port) .
7. 6 5 4 3 2 1 0
| EO7 .| EO6 | EOS [ E04 [E03 JEO2 [ EO1 |EOO0 |
E0O to E7 ..... These correspond respectively to Pins

"E0 to E7. A "high" signal is outputted
when the bit is "1", and a "low" signal

when "0°",.

Address: F4H - Read/vrite
E Port Output Buffer: The data stored in this buffer
is outputted as it is through the E port (general I/0

port).
7 ] 5 4 3 2 1 0

[ E015 | EO14 [ EO13 [ EO12 ] EO11 [ EO10 | EOS [ EO8 |

EO8 to E15 ... These correspond respectively to Pins EB
to E15. A "hich" signal is outputted
when the bit is "1", anéd a "low"” signal

when "0".



EIL

EIH

UCR
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Address: FSH Read only
E Port Input Buffer: This buffer stores the
information that shcws the status of the I port

(general I/0 port).

7 § 5 4 3 2 10
LEI7 [Els [EIS JEI4 |EI3 JEI2 [EIl |EID |

EIO to ZI7 ... These correspond respectively to Pins EO
to E7. Bit "1" is inputted when the

level is "high", and bit "0" when "low".

Acddress: F6H Read .only
E Port Input Buffer: This buffer stores the,
information that shows the status of the E port

(general I/0 port).

7 6 5 4 3 2 1 0

[ E11S | E114 [EII3[El12 | EI11] EI10] EIS ] EI8 |

EIB to EI15 .. These correspond respectively to Pins ES8.
to E15. Bit "1" is inputted when the
"level is "high", and bit "0" when "low"..

Address: F7H Read/Write
UART Control Register: This register is used to set
the status of the UART.

7 § 5 4 3 2 1 0
[BoE [BR2 [BR1 [BRO [PA1 [PAO | DL | ST |

BOE ...ccvevees Break Output Enable: While this bit is

kept to "1", "0" is outputted through
Pin TXD. .

BRO to BR2 ... Baud Rate Factor: By these Lits, the.

.baud rate is set.

_BR2 BR! BRO BPS
0 6o o .- 0 (This resets the UART.)
0 6 1 300
0 1 o 600
0 1 1 1200
b 0 0 2400
1 0 1 4800
1 S 9600
1 1 1 - 19200



USR

PAO & PAl .... Parity: This bits determine the parity.
PA1 PAO PARITY

0 0 - EVEN
6 1 - 0DD
1 X - KO
DL ... Character Length: This bit determines
the data leng<%h.
DL bit
0 .. 8
R |
ST i i ii it top Bit: This determines the stcp bit
length.
ST bit
|
-2
Address: F8H ~ Read only
UART Status Register: A register for checking the UART
status.
7 5 5 43 2 1 0
{0 [RXR {TXE |[TXR | FE [ OE | PE |
RXR tivvennnnn Peceiver Ready: This bit assumes "1"

when 1 character receiving is completed,
and it beccmes "0O" when the data stored
in the UART receive buffer (F9KH) is

transferred to a register (BA or other]).

TYE i renns Transmitter Eméty: This bit is "0"
while the transmitter of the UART is
sending data. Otherwise, it is "1".

TXR teeeeeenns Transmitter Ready: This bit becomes "0"
when data is written in the UART
transmit buffer (FAH), and it changes to
"1" when that data is delivered to the
UART transmitter.



PE ...ccven.n.

[}

Framing Error: This bit becmes "0" i
"1l" is received just when the stcp bit
ought to arrive. Otherwise, it is set
to "1". The value is updated by every
completion of 1 character receiving.
Overrun Error: This bit becomes "1"
when the RXR is "1" at the time of
completion of 1 character receiving
(i.e. at the time of completing cdata
receiving before the previously received
cdata is read from the UART receive
buffer). EHowever, since the OF bit

actually becomes "1" a little (i.e.

"about a half of the time reguired for

l-bit transfer) before completing 1
character receiving, read the UART
status register (F8H) first and the UART
receive buffer (F9H) in sabcession. The
CE bit vaiue is updated every time 1
character receiving is completed.

Parity Error: This bit is set to "1°"
uper ccmpletion cf 1 character receiving
if the parity regquirement is not met.
The value is updated every time 1

character receiving is completed.

Supplement: Relation between data write in the UART
' transmit buffer (FAH) and TXE and TXR value

transition

1st data write

and data write

| !

e ] I i
T| Tx T: Tc s

™@XE l 1
Starttof 1st data Start of 2nd data Ené of 2nd data

transmission

transaission transmission

13



RXD

TXD

14

T,: TXR becomes "0" upon the first data write
in the UART transmit buffer (FAK). TXE
still remains "0" at this moment.

T.,: After a lapse of time for a transfer of 1
or 2 bits, the data written is transferred
to the transmitter which in turn starts
transmission. At that moment, TXR beccmes
"1" and TXZ "C". However, TXR might
become "1" 1 state earlier cr later than
TXE becomes "0". For that reason, avoid
checking TXR and TXE simultanecusly.

T,: When the next data is written in the U2RT
transmit buffer while the transmitter is
sending the previous data, "0" is set to
TXR and the system waits for the end of
that data transmission.

T,: The moment the transmitter.finishes
transmitting the previcus data, the next
data written in the UART transmit buffer
is transferred to the transmitter, which
then starts to transmit the data without
any delay. TXR becomes "1" again at that

‘ stage,

T.: If there is no more transmit data in the

UART transmit buffer when the transmitter

finishes the data transmission, TXE

becomes "1°".

Address: FSH Read only
UART Receive Buffer: Upon completion of.1 character
receiving, the data appears in this buffer. When the
character length is 7 bits, the MSB is always zero.

Address: FAH . ~ Write only
UART Transmit Buffer: The data written in this buffer
is transferred tc the UART transmitter when it becomes
empty, and is automatically transmitted therelrom after



IMR

adjusted tc the setting therecf. Data can be written
in this buffer even during transmissicn of the previous
cdata. Whether the previously written cdata has already
been delivered to the transmitter cr nct vet can be
checked by the TXR bit of the UART status register
(F8E). If there is data alreacdy written in the
transmit buffer when the transmission cof the previous
data 1s completed, that data is immediately transferred
to the transmitter which in turn transmits the data

without celay.

Address: FBE " Read/Write
Interrupt Mask Register: By writing "0" in a bit of
this register, the interrupt by the interrupt factor
corresponding to that bit is inhibited. By setting "0"
to the MS3, the interrupt by anv of the interrupt
factors is inhibited. 1If an interrupt is executed, the
data in the interrupt mask register is stcred in the
system stack and the MSB becomes "0". When the PUSHU
IMR cecmmand 1s executed, the data in this buffer is
stored in the user stack and the MSB becomes "0".

7 .6 5 4 3 2 1 0
[TRM [ EXM [ RXRM [ TXRM [ ONKM [ KEYN | STH | NTH |

IRM .......... Interrupt Mask: If "0" is set to this
bit, the interrupt by any of the
interrupt factors is inhibited.

If "0" is set to the bit (i.e. any of the bits shown

below), the interrupt by the interrupt factcr which

correspends to that bit is inhibited. For the meanings
of the individual bits, see~the descriptions given

under "Interrupt Status PRegistér (whose address is

FCH)".

EXM ........ External Interrupt Mask
RXRM ....... Receiver Ready Interrupt Mask
TXRM ....... ransmitter Ready Interrupt Mask

15



ISR
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- ONKM ....... On Key Inté::upt Mask
KEYM ...... . Kgy.Interrupt Mask
STM ........ SEé Timer Interrupt Mask
MTM ........ MSEC Timer Interrupt Mask
Note: I the AND command is executed on this register
when masking any one of the interrupt factcrs is
tried, the interrupt by the factor whose masking
has been tried micht be caused directly after
the AND command execution since the CPU judges
whether or not to interrupt the next ccmmand
before it completes the AND operatien. If such
interrupt occurs, the CPU cannot determine which
factor has caused the interrupt, though the
interrupt routine checks the interrupt mask
register. Since the factor is already masked.
Therefore, it is necessary to letuthe interrupt
recutine return without doing anything in case it
does nct find any interrupt factor to be

processed.

Address: FCH - Read/Write
Interrupt Status Register: When an interrupt is
requested by an interrupt factor, the bit of the
interrupt status register which corresponds to that
interrupt factcr is set to "1". Once "1" is set to the
bit, the bit keeps "1" even after the interrupt request
disappears unless the software writes "0” in that bit.

When a bit of the interrupt status register becomes “1” ,"

while both the corresponding bit of the interrupt mask
register (FBH) and the MSB are "1", the CPU executes
the interrupt before executing the command to be
fetched next.

7 § 5 4 3 2 1 0
[ TEXT | RXRL | TXRI | ONKI | KEYI | STI MTLJ
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EXI tieveonns . External Interruvpt: This bit becomes
"1" when an interrupt request comes from
an external pin.

RXRI ......... Receiver Reacdy Interrupt: This bit
becomes "1" when the UART completes 1
character receiving.

TXRI ...eene.. Transmitter Ready Interrupt: This bit
becomes "1" when the UART transmit
buffer (FAE} gets ready for receiving
new data after it transfers the data it

- previously received to the transmitter.

ONKI ........ . ON Key Interrupt: This bit beccmes "1"
when a high" signal is inputted to the
ON pin.

KEYI ......... Key Interrupt: This bit becomes "1"
when a "high" signal is inputted to any
one of the pins of KI (PLQ\prog:amming
can determine which KI pins are

. effective for this interrupt).

STl .:........ SEC Timer Interrupt: This bit becomes
"1" when an interrupt is reguested by
the SUB-CG timer.

MTI ....+e<c.. MSEC Timer Interrupt: This bit becomes
"1" when an intérrupt is requested by

the Main CG timer.

SCR , Address: FDH Read/Write
System Control Register: A register for controling the:

system status.

7 6 S 4 2 1 0

.
(rse [Bzz [Bz1 |Bz0 [VDDC|STS |WTS | DISC|

ISE .......... IRQ Start Enable: By keeping this bit
to "1", the external interrupt is
allowed to release the CPU from the
HALT/OFF state.



BZO

vDhDC

STS

MTS

to BZ2 ...

CO/CI Control Factors:
control the state of Pins CO and CI.

These bits

BZ2 BZ1 BZ¢ co Cl

0 0 0 .-« low 0 (Disallows input.}
0 0 1 -« high 0 (Disallows input.)
0 1 0 -« 2KHZ 0 (Disallows input.)
0 1 1 - 4XHZ 0 (Disallows input.)
1 0 0 low 0/1 [Allows input.)

1 0 1 - high 0/1 (Allows input.)

1 1 X C1 0/1 (Allows input.)

Note:

® ® o ¢ e s e o a0

VDD Control: Controls the VDD level.

vDDC YD
0 - low(VCC)
1 .- high(GND)

The cuvrrent hardware (SC62015B01)
+he sub-CG when "1" is set to the VDDC

bit.

stops

The future hardwé:e~will be

~prcvided with a PLA for programming

whether or not to involve the stop of
the sub-CG. When to provide the PLA is,
however, to be determined.

SEC Timer Select: This bit is used to
make a selection between the 2 suk-CG
timer working durations: "Of specifies

the longer cne and "1" the shorter.

" Since the change of the timer working

e ®» o © a0 0 0 00

duraticn means a change of divider
connection, the dividing gets irregular
For that -

reason, the change must take place just

at the instant of the change.

after the STI becomes "1" or just alter
the TCL command.
MSEC Timer Select:
make a selection between the 2 main CG
"o
specifies the shorter one and "1" the
the STS.

This bit is used to

timer operating durations:

lcnger. For the same reason as



........

The change between them must occur just
after the MTI becomes "1" or just after
the TCL command.

LCD Driver Contrel: This bit is useé to
control the signal level at the DIS pin.
Generally, the LCD driver is turned on

and off through this pin.

DIsC DTS LCD DRIVER
0 - low DISP OFF
1 - high DISP ON

In addition, the LCD driver display
counier is synchronized by raising the
DIS sicnal from the "low" level to the
"high". Since the commcn output signal
of the CPU is nct synchronized with the
LCD segment output signal at the time of
ACL, use the LIS signal gg synchronize

then in the follcwing procedures:

Power turned on/Reset  (DISC is 0.)

|

Time lapse longer than 1 cycle
of display clock HA

DISC « 1

Time lapse longer than 1 cycle
of display clock HA

DISC « 0

Subseguent processing

Moreover, so program the LISC bit as to

synchronize them when a key input is

made and every 10 seconds.



LCC
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Address: TEH Read/Write
LCD Contrast Control: Used for LCD display contrast
contrel. It also controls the kev strobe disable
function and the timer reset function.

7 3 5 4 3 2 ) 0
{Lcca jLecafLcca | LCCY | LCCO | KSD | STCL | WTCL |

LCCO to LCC4 . LCD Con+trast Control Factors: These are
used to control the LCD display contrast
(32 staces).
LCC4 LCC3 LCC2 LCC1 LCCO - LCD CONTRAST
(] 0 0 0 0 ee min,

0 0 0 0 1
¢ 0 0 1 0

1 1 1 1 1 “ee max,

RKED ....... ... Xey Strobe Disable: Whilé\this bit is
"1", the signal level is "low" at all
the KO pins. The key output buflers
(i.e. ROL and ROH) can be used as in
nermal state.

STCL +.+++¢200s. SEC Timer Clear: Executing the TCL
command with this bit set to "1" resets
the sub-CG timer. ‘

MTICL ...... ... MSEC Timer Clear: When the TCL commana
is executed with this bit set to "1°",
the main CG timer is reset.

Address: FFH Read only
System Status Registexr: A register that is used to
check the status of the system.

7 6 5 4 3 2 1 0

LT T [ Jom[ ssrfct [TesT]

ONK ..ieennne ON Key: This bit is "0" when the signal
level is "low" at the ON pin, and "1"

when "high".



----------
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Reset Start Flage: This bit becomes "0"
vhen the level c¢f the sicnel inputted to
the RESET pin is "high", and "1" when
the HALT/OFF function is put in action.
CMT Input: This bit is "O" when the CI
pin is at the "low" signal level, and
"1" when at the "high" level.

Test Input: This bit is "0" when the
TEST pin is at the "low" signal level,
anéd "1" when at the "high" level.
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ixternal Memory Space

fhe external memory space has a capacity c¢f 1 M byte. Data
addresses in the externazl memory space are specified by
1sing the 20-bit pointer X, ¥, U, or S, or in the indexed
addfessing mcde by the internal memery (whose highest-order
4 bits are don't-care bits), or by the 3-byte immediate
value (whose highest-crder 4 bits are édon't-~care bits). The

1 M byte is usable as a ceontinuous space.

Procram addresses are specified by the 16-bit program
counter. The program is therefore divided intoc 64~kilobyte
pages. The page is specified by the 4-bit page segment

register.

In the l-megabyte memory space, the areas f;om 00000RH to
O3FFFE and from 04000E to O07FFR are respectively used to
cocnnect the SH-26 and ﬁhe LE~5073A1. The 3 bytes from
FFFFAH to FFFFCH are assigned to the interrupt vector, and
the 3 bytes from FFFFDH to FFFFFH to the reset vector.

SH-26 area Address: O00000H to O3FFFH
This area is provided for LCD driver SE-26 ccrnection.
A siﬁgle access to this area uses 7 states including
‘the time required for address cutput .to .the DIO, though

a single memory access normally uses 1 state.

New driver area Address: 04000H to O7FFFH
This area is precvided for new LCD driver connection.
Theugh a single access to the external memory normally
uses 1 state, an access to the new ériver area uses 2

states incluéing the time for address output to the DIO

in.

Interrupt vector Address: FFFFAH to FrIFCH
The interrupt vector, when an interrupt occurs,
cpecifies the destination to which control Jumps after



the interruption,

i.

e. when an interrupt occurs, the

3-byte data stcored in the interrupt vector is reaé into

the procgram counter and program execution restarts

therefrom.

Reset vector

Address: FIFFDH to FFFFFH

The reset vectcr specifies the destination teo which

control jumps after resetting, 1.e. when resetting is

performed, the 3-byte data in the reset vector is read

into the program counter and program execution Starts

therefrom.

FFFFSH
FFFEAR
FFFTBH
FFFFCH
FEFTDH
FEFTEH
FYFFFH

PC

low

PC

high

INTERRUPT VECTOR

PS

PC

low

PC

high

RESET VECTOR <

P3
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ALU

The ALU has arithmetic and logical operation functions, such
as B8-bit parallel addition and subtraction, decimal
adjusiment, ORing, ANDing, exclusive ORing, and processing
functions, such as bit shift, bit rotate, digit shift. The
carry flag (C) and the zerc flag (Z) change according to the
results of those processincs. The ccnditional branching
command cdetermines where to go according to the flags C and
Z.
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I/0
KCO to K015 ..... Key strcbe ocutput ports

These are ports for output only and are mainly uced for
key strobe, when "1" is written to a bit of the key
output buffer (FCH and FlE on the internal memory), a
"high" level signal is outputted throuch the pcrt that
correspcndés to that bit. When "0" is written, a "low"

level sigral is outputted.

The "low" level ocutput resistance of the KO port is
cuite high, i.e. 100 X2 typ. (5 kQ max. for the "high"
level output). The reason is to prevent the .ground and
the VGG from short-circuited in case the key is
depressed more than once. The port can be used as a
normal port by lowering the "low” level output

~
registance dewn to 5 k{ max. by PLA setting change.

In adéition, when "1" is set to the KSD (bit.2 cf FEH
cn the internal memory) of the LCD contrast contrel, a
"low" level signal is outputted with the cutput
resistance of 5 kQ max. in disregard of what data the
key output buffer contains. Whether or not the
individual bits are effective for this function is
selectable by the PLA.’

KI0 to KI7 .... Key input ports

These are ports for input only and are mainly used fcr
key reading. When a "high” level signal is inputted to
a KI port, "1" is set to the corresponding bit of the
key input buffer (F2H cn the internal memory). When a
"low" level signal is inputted, "0" is set.
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These ports can each be set by the PLA for whether or
not to have a pull-cdown resistor of 125 kQ typ. fer
each bit.

In addition, by inputting a "high" level signal to a KI
YI
bit (bit 2 on FCH of the internal memory) sc that the
CPU is released from the HALT or OFF state if it is in

(Y]

port, "1" is set to the interrupt status register K

that state. The individual KI pocrts can each be set by
the PLA for whether or nct the port is provided with

the function.
... ON key input port

This is a port for input only and is mainly used for

key reading. Wwhile the port is at the "high" level,

the ONK (bit 3 of F2H on the internal mémorv) of the

system status register kéeps "l". While it is at the
"low" level, the ONX keeps.“d".

The port is provided with a pull-down resistor cf 125 kQ
typ.

When a "high” level signal is inputted to the CN port,
the ONKI (bit 3 of FCH cn the internal memory) of the
interrupt status register becomes "1" so that the CPU
is released from the HALT/OFF state if it is in that

state.

.... Interrupt reguest

This pin receives an interrupt request from the
outside. When "1" (active-high/active-low
pull-up/pull-down is selectable by the PLA) is inputted
to this pin. The interrupt control register's ISE bit

(bit 6 of FCH on the internal memcry) becomes "17.
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When the system control register ISE bit (bit 7 of FDH
on the internal memory) is "1", the CPU is released
£rom the EALT or OFF state if it is in that state.

E0O to E15 .... General-purpose 1/0 ports
These general-purpose I/0 ports may each be used as an
input-ornly or output-cnly port by changing the PLA

setting.

When "1" is written to a bit of the E port output
buffer (F3E and F4H on the internal memory), a "high"
level signal is outputted £rom the éort which
corresponds to that bit. When "0" is Qritten, a "low"
level signal is outputted. Wwhen a "high" level sicnal
is inputted to an E port, the bit of the E port input
buffer (FSH and F6H on the internal memory)
correspording to that port becomes "l“.\ When a "low”

level signal is inputted, it becomes "0".

If the £ port is used as an input-only port, the
correspcnding bit of the E pcrt output buffer is a
don't-care bit. Whether or not to provide a pull-down

resistor is selectable by the PLA.

If the E port is useéd as an output-only port, it can be
used as an P-ch/N-ch open drain output port by changing
the PLA setting.

If the E port is used as an I/0 port, so set the PLA as’
to make the "low"” level output resistance be high,

i.e., 125 ko typ. (1 k@ max. for the "high" level
output) so that a "low" level signal output pulls down
the input port to allow an input to the port though a
"hich" level signal output does not allow an input to
the port (i.e. a2 "high" level signal must not be
outputted while an output is made by the other side).
Note therefore that in that case, the "low" level

cutput resistance is so high 2s to decrease the speed

of respcnse.
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1

CI/CO .... CMT I/0 port

The CI port is a pin for CMT input only and has a
built-in zero-cross-detector. Writing "1" to the BZ2
(bit 6 of FDH on the internal memory) of the system
control register makes the CI pecrt ready for receive an
input. The status of the pin is shown by the system
status register CI bit (bit 2 of FFH on the internal
memory). Since thg zero-cross-detector consumes the
current of several-hundred uwA when it is in action, set
the CI port so that it becomes ready for receiving an
input only when necessary. The CI port can be used as

an oréinary input port by chancing the PLA setting.

The CO port is a port for CMT output only, and is
controlled by the BZO0 to BZ2 bits (bits 4 to 6 of FDH
ocn the internal memory) of the system'csntrol register.
The output is selectable among 2 kHz, 4 kHz, low, high,
and CI. The output buffer is an ordinary C-MOS output
buffer. '

RXD/TXD .... UART I/0 pin

The RXD is a pin for input to the UART only, and the
TXD is a pin for output to the UART only.

The UART control register (F7H on the internal memory)
controls the UART status, and the UART status register
(F8E on the internal memory) checks the UART status.
Data inputted to the UART through the RXD pin appears
in the UART receive buffer, and data written in the
UART transmit buffer is outputted through the TXD pin.

For each of these pins, whether active-high or
active-low is selectable by changing the PLA setting.
For the RXD pin, pull-up/pull-down is selectable by
changing the PLA setting.
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Exter

MRQ

WR

SH-26

PA

ol Sicnals
nal memery control signals

Memory reguest
An external memory access reguest sigrnal. Normally

active-low,

+e... Memory read
An external memory read reguest signal. Normally

active-low.

..... Memory write

An external memory write request signal. Normally
active-low,

/LHE-5073A1 control signals .

.+... Adéress latch clock
A clock used for causing the LCD driver to latch the

signal on the DIO as an address. Nofmally active-low.

..... Display clock

" This provides the LCD driver with a display clock.

DIs

«... Display on/off control and synchronization
The LCD driver is in "displav ON mode" when the DIS is
at "high" level, and in "display OFF mode" when at
"low" level. The sighal level of this pin is
controlled by the value which the system control
register DISC bit (bit 0 of FDHE on the internal memory)
has. When the signal at the DIS‘pin goes "high" from
the "low" level, the CPU ccmmon output signal and the
CLD driver segment output signal are both synchronized.
For details, see "System Control Register” under

"Internal Memory Space”.
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ICE Control Signals

When the external memory is accessed, the following
cata is placed on the DIO by the 04 clock (See Timing
Chart) for the ICE:

IcC D7 Indicates the state where an
interrupt starts.

OP D6 Indicates the OP-code fetch state.

WR D5 Indicates the write state

Al% to D4 to . Address signal
AlS DO :

Details for the ICE control signals are omitted.
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System Control
HALT .... System halt

Executing the HALT cocmmand causes the CPU to stop the
main clecck so that the system is brought to a halt
thouch the sub-clock continues operating. Fer the data
retained during the halt of the system, see the table
providec below. The system is released from the halt

state when any cne of the following events occurs:

1. "Eigh" 1level signal-inpﬁt to the CN pin.

2. "Hich" level signal input to aﬁy of the pins KO0 to
K7 (pin selection is allowed by the PLA).

3. The interrupt status register STl bit (kit 1 of FCH
on the internal memory) becomes "1" when the sub-CG
time expires. .

4. Logical "1" is inputted to the IRQ\Eerminal
(Selectable by the PLA) while the system control
recister ISE bit (bit 7 of FDE on the internal
memory) is "1°". . .

5. "High" level signal input to the RESET pin.

If the system is released by any one of the events 1 to
4 above, the CPU restarts execution from the command
written next to the HALT command. The time required
from the event occurrence to the execution restart is
several milliseconds (depending on the PLA). £ the
system is released by the event 5, the CPU resets the
system.

If any of the events 1 to 4 has alregdy_g;cu:red.prior
to an exécution of the HALT command, the system is not
halted but the CPU performs the NOP action by 2 states

and resumes execution of the next written commancs.



OFF

.... System stop N

Executing the OFF command causes the CPU to stcp becth
the main clock and the sub~clock so that the system
stops operating. For the data retained while the
system keeps stopped, see the table prcvided below.
The system is released from the OfF state when anryv one

of the following events occurs:

1. "High" level signal input to the ON terminal.

2. "High" level signal input teo any of the pins K0 to
K7 (Pin selection is allowed by the PLA).

3. Logical "1" is"inputted to the IRQ pin while the
system control regcister ISE bit (bit 7 of FDE on
the internal memory) is "1" (Selectable by the
PLA) .

4. "High" level signal input to the RESET pin.

£ the system is released from the OFF state by any one
of the events 1 to 3, the CPU restarts execution from
the command written next to the OFF command. The time
requirec¢ from the occurrence of the event to the
command execution restart is several milliseconds
(Cepending on the PLA). 1If it is released by the event
4, the CPU resets the system.

If any of the events 1 to 3 has already occurred when
the OFF command is executed or if the interrupt status
register STI bit (bit i of FCH of the internal memory)
is already "1", the system does not get into the OFF

state but the CPU performs the NCP action by 2 stages
and resumes execution of the commands written next to

the OFF command.
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RESET .... System initialization and restart

Inputting a "high" level signal to the RESET pin
initializes the system and then restarts it. For the
data initialized/retained by the system initizlizaticn,
see the table belcw. The system is autcomatically
restarted after executing the RESET command. The REISET
command fetches the reset vector (FFIFDH to FFFFFH on
the external memory) and transfers it to the program
counter PC. The system is resettable even when in the

EALT/OFF state.
TEST .... Test mode

When a "high" level signal is inputted to the TEST pin,
the CPU is put in hardware test mode. There are the
following modes available acccréding to\}he statuses of

the RESZT pin and ON pin:

TEST RESET ON | Mode Description
0 0 X Normal mode Ncrmal execution mode.
0 1 X Reset mode Pesets the system.
1 0 0 Timer check Shortens the timer set-
mede ting.
1 0 1 Timer sync. Synchronizes the clock.
mode
1 1 X F-ROM dump Output the currently
mode executed data in the
F~ROM to the AQ to AlS6
and CZ0 to CE4 (Partly
changed by the PLE).

The test modes above are all for hardware checking.

The TEST pin reguires to be normaliy connected to the

VGG.

Detailed descriptions on the individual test modes are

cmitted.
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System Initializaticn and Data Retainment for HALT/OFF/RESET

o

Others than the
above are all
retained.

Others than the
above are all
retainecd.

HALT OFF __RESET __ __
Registers |All retained. All retained. The PC read the reset
vector. Others than
the PC are all retain-
ed.
Flag (C/2) {Undefined. Undefined. Retained.
Internal ACM (FEH) bit 7,
memnory UCR (F7EH),
USR (F8H) bits |USR (FS8H) bits |USR (F8K) Lkits 0 to
0 to 2/5 are 0 to 2/5 are 2/5,
reset (to "0").|reset {(to "O0").|IMR (FCH),
. : SCR (FDH), and
SSR (FFH) kit 2|SSR (FFH) bit 2|SSR (FFH) bit 2 are
' and and all reset (to "0").
USR (F8H) bits |USR (F8H) bits |USR (FBH) bits 3 and 4
3 and 4 are set|3 and 4 are set|are set (tc "1%).
{to "1"). (to "1").

OCthers than the above
are all retained.

~




UART

The UART converts paraller data into serial data and sends
the convertecd cdata through the TDX gin. It also receives
serial data from the RDX pin and converts the received data

into parallel data.

The UART is contreoclled thrcugh the UART control recister
(F7H of the internal memory). The function that can be set

are as folliows:

BAUD RATE 300/600/1200/2400/4800/9600/18200 bps
PARITY . . EVEN/0DD/NO

CHARACTER LEHGTRH 8/17

STOP BITS 1/2

BREAK OUT ON/OFF

(For details of the setting procedures, see "UCR" under

‘"Internal Memory".)

The UART status is check through the UART status register
(F8H of the internal memory. '

Receive buffer status Receiver ready
Transmit kbuffer status Transmitter empty/Transmitter
ready

‘Receive data error
check . Framing error/Overrun error/

Parity error

(For detailed checking items, see "USR" under "Internal’

Memory".)

The receive buffer means the UART transmit buffer whose
address is F9H on the internal memory, and the transmit
buffer means the UART transmit buffer whose address is FAK

cn the internal memory.
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The UART starts tc cperate when the baud rate factors BRO to
2 are set to other than "000". Setting the BRO to 2 to
"000" puts the UART out of operation and resets the inside
of the UART.

The UART clock originates from. the main CG and does not
therefore works while the system is in HALT/OFF state.

When "1" is set to the Receiver Ready bit and the
Transmitter Ready bit, the Receiver Ready Interrupt or
Transmitter Ready Interrupt bit of the interrupt status
register {whose address is FCH on the internal memcry)
becomes 1 so that an interrupt is reguested (depending
on the PLA).



Interrupt

The ESR-L has the fcllowing interrupt factors:

External interrupt Interrupt reguested from the
IR0 pin

Receiver ready

interzrupt Interrupt caused by ccmpletion

cf 1 character receiving by
the UART.

Transmitter ready
interrupt Inter-upt caused by comgletion

of 1 character transmission by

the UART.

ON key interrupt Interrupt caused by inputting
a "high" level signal to the
ON pin.

Key interrupt Interzupt caussd by inputting
a "high" level signal to the
KI pin.

SEC timer interrupt Interrupt requested by the
' sub-~CG timer.
MSEC timer interrupt =  Interrupt reguested Ly the
main CG timer.

If any one of the factors abcve causes an interrupt reguest,
the bit of the interrupt status register (FCH on the
internal memcry) that corresponds to that interrupt factor
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becomes "1". 1If, at the same time, the bit of the interrupt

mask register (FBH on the internal memory) that correspondés
to the said bit and the MSB are both "1", the interrupt

requested occurs.

The interrupt procedures are such that (1) The S5-byte data
in the program counter PCL, PCH, PS, flag F (C: bit 0 2:
bit 1 0: bits 2 to 7), and interrupt mask register is
pushed toc the system stack in the order as menticned, (2)
The interrupt mask register IRM bit¢ (bit 7) is set to "1",
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and (3) the cata of the interrupt vector (FFFFAH to FFFFFH

on the external memery) is read into the program counter.

Control return from the interrupt routine is achieved by the
RETI command. The RETI command FCPS the S5-kyte data
previously pushed tc the system stacks and returns the data

to the original registers.

Wrile executing ccmmands, the CPU reecs the cperaticn code
of the command to be executed next in one of the states
where ccommands are executed (for most cases, in the state
where the last command i1s executed) and judges whether to
execute the command or to cperzte an interrupt. IZf there is
an interrupt regquest already exisiting, the CPU performs

that interrupt after the currently executed command.

The CPU allcws an interrupt even directly af{er executing
the RETI command. Therefcre, if there are more than one
interrupt recuest in successicn, main routine execution may

completely stops.

Note: 1If a command to change the data in the interrupt mask
register is executed, an interrupt occurring directly
after the execution of that command is judged
according to the interrupt mask information which the
register had till the command execution.

Accordingly, if a command is executed to mask a
certain interrupt factor, an interrupt by that facter
may occur immediately after the execution of the
cemmand. In such a case, which factor has caused the
interrupt cannot be determined in the interrupt
routine. Hence, it is necessary program the i
interrupt routine to let itself return without doing
anything if there are not any factors whose interrupt
status register bit and interrupt mask register bit

are both "1".
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Liguid Crystal Display

The liguid crystal display is provided with a builtein
bleecder resistor that generates LCD supply voltage and a
built-in display contrast regulating volume so that it is
capable of generating 1/16-duty, 1/5-bias LCD supply voltace
(vA, VM, VB, and VDISP) and display common signéls (Bl to H?
and H9 to E15 .... Ncte that not all the 16 pins are used

for output).

Therefore, the liguid crystal display system is
constructible by simply connecting the SH-26 or LE~-5073Aal.
(The SH-26 is HITACHKI make and the CH-5073Al is an LCD
segment driver of TENRI make). The SH-26 and the LE-5073Al
are controlled by the HA, DIS, and #A signals. For details,

see "Control Signals".

The liquid crystal display contrast is centrdlled by the LCD
contrast control register. - For details, see "LCC" under

"Internal Memory".

Notes: The common signals Hl to H7 and HY9 to El5 makes a PLA
‘ with cther I/0 ports, etc. For that reason,
peripheral system construction is subjected to
. various restrictions if the common signals are used.

For details, see "Pin List".

In addition, think of using EITACHI's general-purpose
LCD ériver HD-61202/3 depending on peripheral system -
construction conditions or for a model that has a

large display screen.
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Pin List
Nos. Name Function
1 X1 Main clock cscillaticen
cutput
2 X2 Main clock oscillation
input
3 X3 Sub-clock oscillation
output
4 X4 Sub-clock oscillation
input
5 VDD Display power
6 GND System power
7 RESET System reset input
8 VGG System power (-5.0 V)
9 TEST Test input
10 CI CMT input
11 Cco CMT output
12 ON ON input
13 WR Memory control write
: output
14 MRQ Memory reguest output
15 to |KIO0 to Key input
22 KI7 .
23 to|DIDOO to [Data bus input/output
30 DIO7 '
31 to [AD to Address bus output
49 Als
46 to |H1 to LCD common signal out-
49, H7, put
54 to|HY9 -to
65 H1S
50 VDISP Display power
S1 to|VA, VM, |Display power
53 VB
52 D Sub~-clock waveform
output
53 to|KOO to Key output
58, KO15
73 to
82

7" When When When
halted | _off reset
VGG VGG Oscilla-

tion
Oscilla- |GND/osci~-|Oscilla-
tion llation tion
vGG GND VGG
Software |[Software
control contxol
Non- Non- Non=-
active active active
Non- Non- Non-
active active active
Pull-up Pull-up [Pull-up
VGG VGG VGG
Common GND Common
signal signal
VDIS? GND VDISP
VA, VM, GND VA, VM,
VB, waves VB waves
Oscilla- |GND/VGG/ |Oscilla-
tion oscilla- !tion

tion

Status Status Status
retain- retain- retain-
ment ment ment
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When When When
- N &
os ame Functi?P‘--- halted __off reset |
IRQ Interrupt reguest
input
pOUT Main clock waveform VGG VGG Oscilla-
output ‘ tion
to |CEQC to Chip enable output Non- Non- Non-
, CE7 active active active
oA Address latch clock Non~- Non- Non-
output active active active
DIS LCD driver control Software [Software |VGG
sicnal output control control
EA Displayv synchronizing |Synchro~ |Undefin~ |[Synchro-
signal output nizing eé nizing
: ' signal signal
RD Memory control read Non- Non- Non-
output active active active
RXD UART input ' .
TXD UART output Software |Scftware |Pull-up/
control control pull-dcwn’
to |E0 to General input/output Status Status Status
0 E1S retain- retain- retain-
ment ment ment




ESR-L Command Settings and Operations

The explanations are given below first on the adéressing

modes of ESR-L and later on the cperation of each command.

Refer to the separate "ESR-L Command Table" for details of

assembler cocdes and execution state numbers in each command.

Addressing Mode

A. Immediate value
mv a,34h

B. Internal memory
1. Direct
mv a, (5ah)

2. BP indexed
mv a, (bp+5ah)

3. PX/PY indexed
mv a, {px+23h)
mv (bp), (py+5ah)

Data itself is expressed by
immediate value. Depending on
the length at the destinaticen, 1
to 3 bytes length is available.

Address in the int;}nal memery
space is spécified éirectly. As
the internai memory has 256 bytes
area, the address is designated
by'the unit of 1 byte.

The value,'which is obtained by
adding or subtracting 1 byte
immediate value to or from BP
pointer content, specifies the
address in the internal memcry

space.

The valvoe, which is obtained by
adding or subtracting 1 byte '
immediate value to or from PX/PY
pointer content, specifies the
adéress in the internal memory

space.
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4. BP indexed with PX/PY offset

mv a, (bp+px)

mv  (23h), (bp+py)

Cauticn)

The value, which is obtained by
adding PX cr PY content to BP
pointer, specifies the address in

the internal memory space.

PX pointer is used cnly when the pcinter is

directed to the second operand uncder the

internal memory adéressing command in both

first and second operands.

In all other cases,

PX pointer should be used.

. External memory
1. Direct
mv a,[89ab3h]

2. Register indexed

mv a, [x]

Adcress in the external memory

space is specified directly. As
the external meméfy\has 1 Mbyte
storage, the adéress is
designated by the unit of

3 bytes. 1In this case, the first
4 bits are "DON'T CARE".

Address in the external memory is
specified by'the register
ccntent. Automatical addition or
subtraction of the register can
also be made.

mv  a, [x++] » -
After data transmission, the
register is incremented.

mv a, [=-x]

Data is transmitted after the
register is decremented.

When the destination of data is

either 2 bytes or 3 bytes,

addition or subtraction is macde

for the same length of the data.



3. Internal memory indexed

mV

a, [(7bh)]

The address in the external
memory is specified by the
successive 3 bytes data starting
from the specified adéress in the
internal memory. In this case,
the smaller-number address in the
internal memory cdenctes the
low-crder acdress in the external
memory, while the larger-number
address in the internal memory

denotes the high-order address in

‘the external memory. The first 4

bits are "DON'T CARE".

In the above example of 'mv a,

[(7bh) ],

Internal . External
memory ~ memory
adr, data adr, dataz

Tah - 89ab2h

7bh b3k 89ab3h Sah
Tch Sah 832l th

7dh 08k

The address in the external

memory is specified by the data

-0892b3h contained in 7bh ~ 7dh in

45

the internal memory. The data of

that address thus obtained, 5ah,

" is transmitted to accumulator.

4. Register indexed with offset

mv

a, [x+23h]

Adéress in the external memory is
specified by the value obtained
by adding 1 byte data expressed
in immediate value to the
register content.

The offset value range is *255,
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.

5. Internal memory indexed with offset

mv

a, [ (7bh)+23h}

Address in the external memory is
specified by the value obtained
by adding 1 byvte data expressed
in immediate value to the

"successive 3 bytes data of the

specified address in the internal

memory.

The cffset value range is +255.
In the example of 'mv a, [(7bh})

+23h°',
Internal External
memory ' memory

adr, data adr, data

7Tah 88ad5Sh

Tbh | b3h . 85ad6h | 88h
Teh Sah N 884d7h

7dh 08h

The address in the external
memory, 08%adéh, is specified by
adding offset value 23h to the
data 0892b3h contained in 7bh -
7dh in the internal memory. The

content of the address thus
-specified, 88h, is transmitted to

accumulatcr.



1 Byte Data Transmission Command

1.

nv

register,source

Data transmissicn to register
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1 byte cata is transmitted from the source to register A

or register IL.
register 2,

When the data is

When the data is transmitted to

the ccntent of register B is unchancged.

transmitted to register IL, the first 8

bits of recister I become "0".

Source [Immeciate value |Internal memof@QEX:ggnal memesy [Registex
o o o

Note) '‘mv a,il' or 'mv il,a' is prohibited.

mv (*),source Data transmission in internal

memory

1 byte data is transmitted from the source to the

internal memory.

~

Any addressing mode of the internal memory is enabled

for (*).
Source |[Immeciate value [Internal memorv!/External memory |Register]
o (o] o A IL
mv [*],source Data transmission to external
memory .
1 byte data is transmitted from the source to the
external memory. '
Any addressing mode of the external memory is enabled
for [*].
Source [Immediate value [Internal memory|External memory [Register
o A IL

b,a
a,b

mv
mv

Data transmission between regi-.

ster A and register B

1 byte data is transmitted from register A to recister

B, or vice versa.
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*

Bytes Data Transmission Command

mv register,source Data transmission to'register

2 bytes data is transmitted from the source to register

BA or register 1I.

When the data (including immediate value) is transmitted
frem the memecry to the register, the smaller-number address
data in the memory is sent to the low-crder address of

the register while the larger-number addédress édata in the

memory to the high-order address of the register.

Scurce .mmeciate value |Internal memory |External memcrv| RecisteX

o ’ (o] o) BA I

Supplement) Like 'mv ba,x', 20 bits register can be
used as the source.
In this case, only 16 bits data in the
low-order address of the socurce regist®r are
transmitted to the'destination register,

with the first 4 bits data being neglected.

mvw (*),source Data transmission to internal
mv (*) ,source memory

2 bytes data is transmitted from the source to the
internal memory. The destination is the address -
specified by (*) and the adjacent address of larger
number.

Any adressing mode of the internal ﬁemory is enabled for - 8
[+ . | | AR
When the data in transmitted from the register to the

memory, low-order adcdress data of the register is sent

to the smaller-rumber address in the memory while high-
order address data of the register to the larger-number
address in the memory.

when the data is transmitted inside of the memory, the
smaller-number address data of the source is sent to the
smaller-number address of the destination, ané the larger-
number adéress data cf the source to the larger-number

acddress of the destination.
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Source [Immeciate value [Internal

————

memorv!izZxternal memcrv |Regist

R

J (o} BA I

Note) When the data source is memory {(including

immecidte value), mnemonic is 'mvw' to incdicate 2

bytes cdata transmission.

When the source is register, mnemcnic is

mvw [*],source
mv [*],source

Cata tran
memory

smissicn to external

2 bytes cdata is transmitted from the source to the

external memory. The destination is the addéress

specified by [*] and the aédjacent address of larger

number.

Any addressing mode of the external memory is enabled

fer [*].

When the data is transmitted from the register to\the

memory, lcw-order address data of the register is sent

to the smaller-number address in the memery while

high-ordef.address data of the register to the

larger-numker address irn the memory.

When the data is transmitted inside of the memoryv, the

smaller-number address
smaller-nurker address
number address data of
adcéress in ;he memery.

cdata of t
in the de
the sourc

he source is sent to the
stination, and the larger-
e tc the larger-number

Source [Immediate value

Internal

—

memory | Lxternal memorv|Register i

(=]

BA I J

Note) When the data source is memory (includirng
immediate value), mnemonic is 'mvw' to indicate 2

bvtes data transmission.

register, mnemonic is 'mv’

When the source is



3 Bytes Data Transmission Command

1.

mv register,source Data transmissicn tc register
3 bytes cdata is transmitted from the source to any of
the registers X, ¥, U or S.

When the data is transmitted from the memory to the
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register (including immediate value), the smaller-number

adcéress data in the memory is sent to the lcw-order
acddress o0f the register, while the larger-number addres
data in the memory tc the high-order address of the

register.

s

Source Immecdiate velue|Internal memery|ExXternal memory

Register]

o o) . o *l

XY US|

*1) When the destiration is register S, only direct
adéressing is enazbled for the external memory

aédcéressing. =~

Supplement 1) Like 'mv x,ba', 16 bits register can be
used as the source. In this case, the
first 4 bits of the destirnation register
become "0".

Supplement 2) Like 'mv x,x’', the’data can be
transmitted to the register which.is used
tc specify the address. ‘

mvp (*),scurce Data transmission to internal
mv - (*),source memory '

3 bytes cdata is transmitted from the source to the
internal memory. The destination is the address speci-
fieé@ by (*) and the two a2adjacent addresses of larger
number. Any addéressing mode of the internal memory is
enabled for (*). When the data is transmitted from the
register to the memory, low-order address data of the
register is sent to the smaller-number address in the
memory, and high-order address cdata of the register to
the larger-number address in the memory. When the cata
is transmitted inside cf the memory, the smaller-number
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adédress data of the source is sent to the smaller-number
address of the destination, and the larger-number

addéress data tc the larger-number address.

-——- - o e .- .-

Scurce Immeciate value |[Internal menocv |Exter

3

2l memory |Registen
o} o] o] XY USs

Note) When the data source is memecry {including

immediate value), mnemonic is 'mvp' to indicate 3

bytes cdata transmissicn. When the source is

register, mnemonic is ‘mv’',
mvp [(*},source Data transmission to external
mv [*],source memory

3 bytes data is transmitted frem the source to the
external memory. The destination is the address
specified by [*] and the two adjacent addresses of
larger number. Any adcressing mode of the extg;nal
memory is enabled for [*}. When the data is transmitted
from the recister to the memory, low-order address data
of the register is sent to the smaller-number address in
the memory, and high—érder address data to the larger-
number address. When the data is transmitted insice cf
the memory, the smaller-number address cdata of the source
is sent to the smaller-numkber address of the destination,

and the larger-number adéress data to the larger-number

address.
Source [Immecdiate | Internal | External -
‘ value memory memory Recister

o] XY Us *2

Note) When the data source is memory (including
immediate value), mnemonic is 'mvp’' to indicate 3
bytes data transmission. .When the source is -

register, mremonic is 'mv'.

*2) When the source is register S, only direct
addéressing is enabled for the addressing mode of

the destination.



Block Data Transmission Commandé

When the block cdata transmissien command is execuvted, the
data correspcending to the number of bytes contained in
register I is transmitted from memory tc memery. From the
source to the destinaticn, the data is transmitted starting
from the specified address and then by incrementing the
address on each side. When every 1 byte is transmitted,
register 1 acddress is decremented until it becomes "0".
When adcdressing mode is [~-reg.] at either source or
cdestination, special process is followed which should be

noted.

Note 1) After completion of block trénsmissicnlcommand;.the
content cf register I becomes "0". When the block
transmission command is executed with register I
being "0", 65536 bytes cata is transmitfed.

Note 2) While one command is being executed in ESR-L, no
interrupt operation can be performed. Therefore,
due attention should be paid to interruption
interval when tfansmitting voluminous data by
giving block transmission command.

Note 3) The block transmission command, which transmits data
inside of the internal memory, includes 'mvl
(*),(*)* and 'mvld (*),(*)'. Either of these needs
to be selected depending on the direction of data
transmission. (The details will be described
below.)

1. mvl (*),source Data transmission to internal
‘memory : -

The data correspcnding to the number of bytes contained
in register I is transmitted from the source to the
internal memory. Any adédressing mode of the internal

memorv is enabled for (*).
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Only when the addressing mode of the source is [--reg.],
the transmiscicn is repeated until register I becomes
"0" by decrementing the source side address starting
{rom smaller side acjacent adcéress of the specified one,
and at the same time by incrementing the destination

side address starting frcm the specified one.

In case of the operation like;

mv x,88ab3h adr, data adr, data
mv il,3 '
mvl (23h), [--x] 21h 12h 88abO0h 12h
the data transmission 2Zh 3¢h = 88ablh b
. 23h SEh 88abzh S6h
will be done as shown 88ab3h
in the ricght.

After completion,
x will be 38abOh.

Note that the destination sicde is not pre-decrement.
~

Source [Immediate valuellnternal memorVv Externai-megorv Registexn

1) o *]1
*1) OPE-CODC which corresponds to 'mvl (*),[reg.}]"’
does not exist. In this case use 'mvl (*),
[reg.+0].
mvl [*],source Data transmission to external

memory
The data correépcnding to the number of bytes contained
in register I is transmitted from the source to the
external memory. Any addressing mode of the internal
memory is enabled for [*].
Cnly when the addressing mcde cf the destination is
[--reg.)}, the transmission is repeated until register I
becomes "0", by incrementing the source side accdress
starting from the specified one, and at the same time by
decrementing the destination side address starting Irom

smaller sice adjacent acdlress of the specified one.
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- . -

Source [Immediate value [Inte-nal memorv |External memcry |Registen

(o]

*2) OPE-CCDE which corresponds to 'mvl [reg.],source’

does not exist. In this case 'mvl ([reg.+0],source’.

3. mvid (%), (*) Cata transmission inside of
internal memory

In 'mvl (*),(*)', the data is transmitted while
incrementing the address at both source and destination
sides.
As an example, take the case that"3 bytes data out of 5
bytes need to be transmitted to the larger-number
address. After the first data has been transmitted, the
fourth byte data which is not yet transmitted will be -
destroyed., To avoid this, therefore, the data should be
transmitted by starting from the larger-numbef address
and then decrementing one by one. In 'mvld (*),(")',
the data is transmitted by starting from the specified
aédress in both soﬁrce and cdestination, and then
décrementing the address. The number of bytes to be
ransmitted is the whcle content of the register I.
Arny addressing mode of the internal memory is enabled
for (*). ‘

Exchange Command

.- “rtoes modoa L . e e o . - P

1. ex a,b * Data exchange between register A : v
and register B ' '

The contents of register A arnd register B are exchanged

with each other.

2. ex register,register Data exchange between registers
Data is exchanged between the registers. Basically, the
first operand and the second operand shculd be both 16
bits register or both 20 bits register. When the
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registers cf cifferent capacity are used as source and
destinaticn, the &ases like follewing will occur. When
'mv ba,x' ccmmand i1s executed, lcw-order side 16 bits
cata of register X is transmitted to register BA, with
the first 4 bits data being missed. At the same time,
16 bits data of register BA is transmitted to recister
X, with the first 4 bits of register X becoming "0".

ex (*), (*) Data exchange between internal
memories {1 byte)

exw (*), (") Data exchange between irnternal
memories (2 bytes) :

exp (*),(*) Data exchange between internal
memories (3 bytes)

exl (*),(*) Data exchange between internal
memories (n byte: Block exchange)

Cata is exchangec between the internal memcries.
Pepending on the number of data to be exchanged,
mnemonic should be used separately as shown above.

When the édata of 2 bytes or more is exchanged, the data
in the addéress larger than the specified addlress is’
exchanged for the specified number of bytes in both
first ané second operands. Attention-should be paid to
avoid overlapping of the data specified by the first

cperand arnd the data specified by the second operand.

Any addressing mcde cf the internal memory is enakbled

for (*).

Note 1) After completion of the block exchange command,
the content cf recister I becomes "0". ~When the
block exchange command is executed with register
I being "0", 65536 (64K) bytes cdata is
.exchanged. .

Note 2) While.one command is being executed in ESR-L, no
interrupt operation can be performed.

Therefore, due attention should be paid to
interruption interval when exchanging
vcluminous data by giving exchange cormand.
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Dyadic Operation No.l (Add/Subtract Command)

When the add/subtract command is executed, the source data
is added to or subtracted from the destination data, and the
result is storeé in the destination. Acdéition and subtrac-

tion have both binary cperation and decimal cperation.

When the carry occurs as a result of operation, C (Carry)
FLAG becomes "1", therwise it becomes "0". When the
operation result is "0", 2 (Zero) FLAG becomes "1".
Ctherwise it beccmes "0". When the consecutive operation
command (adcl, sbcecl, dadl, dsbl) is executed, Z FLAG becomes
"1l" on.y when all digits of the operaticn result are "0",
Otherwise Z FLAG becomes "0".

1. adéd a,source Addition to accumulator
sub a,source Subtraction from accumulatgr

The source data is added to or subtracted frem

accumulator data.

Source {Immeciate value |Internal memory|External memorv!Registex

o = : A IL
2. adc a,source Addition to accumulator
sbc a,source Subtraction from accumulator

The socurce data and C FLAG data are added to or

subtracted from accumulator data.

Source [Immecdiate value|lnternal memory|External memory|Registex

o o
3. add register,register Addition between registers
sub register,register Subtraction between registers

The source register data is added to or subtracted from
the destination register data. Though any of the
registers A, IL, BA, I, X, ¥, U and S can be used, the

destination register should be same as or larger than



the source recister. When the destination register is
larger than the source register, the operaticn is
rerformed by regarding the lacked high-order bits of the

source register as "C".

C FLAG s determinec by the carry frecm the tcp bit of
the destinaticn register. 1In case of X, Y, U and S
recisters, therefore, it depends on the carry from the
20th bit. Z FLAG beccmes "1" when every bit of the
destination recister is made "0" as a result of the

operation. Ctherwise 2 FLAG becomes "0",

add (*) ,source Addition to internal memory
sub (*),scurce Subtraction from internal memory

The source data is added to or subtracted from the
internal memory data.
Any addéressing mode of the internal memory is enabled

for (*). -~

Source [Immediate value |[Internal memory |External memorv |Reciste=r

o : = A

ade (*),source Addition to internal memory
sbe (*),source Subtraction from internal memory

The source data and C FLAG data are added to or
subtracted from the internal memory data,

Any addressing mode of the internal memory is enabled
for (*).

ternal memorv|ReGisSter

Source %mmedlate value | Internal memory

© A
adcl (*),(*) Consecutive addition between
: internal memories °

sbel (*),(*) Consecutive subtraction between
internal memories

dadl (*),(*) Consecutive additicn between
internal memories (Pecimal)

dskl (*),(*) Consecutive subtraction between

internal memories (Decimal)



The source interral memory cata is consecutively added
t0 or subtracted from the destination internal memory
data. tarting from the address specified by (*), the
cperation it macde by incrementing the adcéress in case of
binary operatic: and by decrementing the address in case
cf decimal operation at each of destination ané source.
In every 1 byte operation, register I is decremented
until it becomes "0". At the first byte, cnly the
cestinaticn data and the source data are added or
subtracted. From the second byte onward, C FLAG data
which is the result of former cperation is also added or
subtracted together.

Any addressing mode of the internal memory is enabled

for (*).

adcl (*),a Consecutive addition of register
A to internal memgry

sbcl (*),a Consecutive subtrac+tion of
register A from internal memory

dadl (*),a Consecutive additicn of register
A to internal memory (Decimal)

dsbl (*),a Consecutive subtraction of
register A from internal memory
(Decimal) ‘

The register A data is consecutively added to or .
subtracted from the internal memory data. The register
A data is added tc cr subfracted from the data in the
address specified by (*).. "0" is added to or subtracted
from the internal memory data while incrementing the
address in case of binary cperation and decrementing the

creration, recister I is decremented until it beccmes
"0". At the first byte, the register A data is added to
or subtracted from the internal memory data. From the
second byvte onward, only C FLAG which is the result of
former operation is adcded or subtracted.

Any addressing mode of the internal memory is enabled

for (*).

58

-address in case of decimal operation. Inevery one byte
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Dvadic Cperation No.2 (Logical Operation Command)

When the logical operation command is executed, destination
data and source data are put to logical operation and the

result is stored in the destinatica.

When the operaticn result is "0", Z (Zero) FLAG becomes "1".
Otherwise it beccmes "0". € (Carry) FLAG content is kept

unchanged.

1. and a,source AND to accumulator
or a,source OR to accumulator
Xor a,source - Exclusive OR to accumulator

The accumulator data and the source data are put to

logical coperation.

Source [Immecdiate value [Internal MemOrV [EXternal memory |ReGister

O (=]

-~
2. and (*),scurce AND to internal memory

or (*) ,souxce OR to internal memory

xor (*),source Exclusive OR to internal memory

The internal memory data and the source data are put to
logical operation.
Any addressing mode of the internal memory is enabled

for (*).

Source {Immediate value|Internal memorv|External memoryv |[Register

o o A
3. and [*]),source AND to external memory
or [*)},socurce OR to external memory
xor |[*],source Exclusive OR to external memory

The external memcry cdata and the source data are put to
logical operation. ‘
Among the addressing modes of the external memory, only

direct adéressing is enabled for [*].

Source [Immeciate value [Internal memory|Zxternal memory |Registex]

(o)




Dyacdic Operation No.3 (Pointer Add Command)

Data is added to the internal memory without changing C/2

FLAGS.

60

The command is used primarily to make relative change cf.the

contents of pointers BP, PX, PY, etc.

pmdf (*),source Addition to internal memory
The source cdata is adcded to the internal memory data,.

During

the cperation, C/Z FLAGS are kept unchanged.

Any acddressing mode of the interrnal memory is enabled

for (*).

Source

Immecdiate valuellnternal memorviExternal memory

Recister

o

A i
J
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Dyadic Operation No.4 (Compare Command)

When the ccmpare commané is executed, the source cata is
subtracted from the destination data, and according to its
result C/Z (Carry/lerc) FLAGS are changed. When the carry
cccurs as a result ol the operation, C FLAG becomes "1".
Otherwise it becomes "0". When the cperation result is "0O“,
Z FLAG becomes "1". Otherwise it becomes "0". When the
cornsecutive operation command (cmpw, cmzt) is executed, 2
FLAG becomes "1" only whern 2ll operation results are "Q",
i.e., when all digits of the cperation result are "0".

Otherwise it becomes "0".

When mecre than 2 bytes data in the internal memorv are
cermpared, the data in these addresses smaller in address
number than the specified one is put to comparison. The
adcéress smaller in address number is the low-order address,
and the adéress larger in address number is the high—crder
address. The operation result is not stored anywhere.

l. cmp a,source . Comparison with accumulator

The accumulator data and the scurce data are compared.

Source [Immediate value [Internal memory|External memory |Registen

©

2. cmp (*) , source .Compariéon with 1 byte data of
internal memory :

1l byte éata of internal memory and the source data are
ccmpared.
Any aédressing mode of the internal memcry is enabled

for (*).

© (o) A

Source meediate value|Internal memory|External memory|Register
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cmpw (*),source Comparison with 2 bytes data of
internal memory

2 bytes data of internal memory and the source data are
ccmpared.
Any acléressing mode of the internal memory is enabled

for (*).

Source [Immediate value [internal memory|External memorv| Registex
o BA I

cmpp (*),source Comparison with 3 bytes data of
internal memory

3 bytes data of internal memory and the scurce data are
compared. .

Any adéressing mode of the internal memory is enabled
for (*). ‘

Source [Immediate valle |Internal memory [External memory|Regiscen
-—— ot o e o g —— - e
(<] XYuUs

- Note) When the source is a 20 bits. register as in case

of 'cmpp (23h),%', for example, the compariscn.is
made for 24 bits as well. The empty high-crder 4
bits of the register are regarded as "0" in the

ccmparison.

cmp [*],source Comparison with external memory
The external memory data and the source data are

compared. .
Among the addressing modes cf the external memory, cnly

direct addressing is enabled for [*].

Source |[Immediate valuejInternal memory External memory|[Registex

(<]
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Dyacdic Cperation No.5 (Bit Test Command)

When the Lit test commanéd is executed, destination data and
source data are ANDed.. Depending on the operaticn result,
Z (Zero) FLAG is changed. When the operation result is "0",
Z FLAG beccmes "1". Ctherwise it becomes "0". C (Carry)
FLAG 1s kect unchanged.

The operaticn result is nct stored anywhere.

1. test a,source Bit test of accumulator
Accumulatcr cata is subjected to the bit test with

source cata.

Source |{Immeciate value Internal memcry |[External memorvy |[Register

(@]

2. test (*),source Bit test of internal memory
Internal memory data is subjected to the bit t®st with
source data. |
Any adcressing mode of the internal memory is erabled

for (*).

Source [Immediate value [Internal memcrIV [EXternal memory |Recister
o A

3. test [*],source Bit test of external hemory
External memory data is subjected to the bit test with
source data.

Among the addressing modes of the external memory, only

direct adéressing is enabled for [*].

Source [Immediate value |interrnal memorv [External memory|Recister

(o]

Nr -



Monadic Operation

1.

swap a

64

Digit exchange of accumulator

High-order ¢ bits and low-order 4 bits of the

accumulator data are exchanged with each other.
"0", Z (Zero) FLAG becomes

When the accumulator data is
"0“.

"1". Otherwise it becomes

C (Carry) FLACG is kept unchanged.

inc operand
dec operand

Increment
Decrement

Cperand is incremented or decremented by "1".
When the result is "0", 2 FLAG becomes

it beccmes "0".
C FLAG is kept unchanged.

Operand

"1", Otherwise

. : -
Immediate |Internal | External ‘Register
value memory memory | __ 3

(] AILBAI XY US

ror operand
rol operand
shr operand
shl operand

ror r—

rol

shl

Rightward bit rotation
Leftward bit rotation
Rightward bit shift
Leftward bit shift

Cperand data is given the bit movement as shown belcw.

C FLAG

(- IF]

C FLAG

opernnd

[7]6 [5 |¢1312]1]0J—- --

oprand

-]

C FLAG

C FLAG

s [s (43 fafr]o -

operand

When the cperand is "0" as a result of bit movement, 2

FLAG becomes "1".

Otherwise it becomes

"0".
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|
|

Operandllmmediate Internal | External | Reai
value memory. memory | ______ egister
| o] P
dsrl (*) Rightward digit shift cf internal memory

ésll (*) Leftward digit shift of internal memory

The internal memory cdata is given the digit shift as
shown below. The shift is made by the nurber of bytes
specified by register I.

when all digits are "0" as a result of the digit shift,
Z (Zero) FLAG becomes "1". Otherwise it becomes "0". C
(Carry) FLAG is kept unchanged.

Any addressing mode of the internal memory is enabled

for (*).

Example) mv i1,3 : -

dsrl  (23h) ~
' 23n [ 1 2 23h [ 0 1

240 | 3 4 — 24

25k | § 6 25h | 4 5
vy il,3 |
dstl  (25h)

23 [ 1 2 | . 23| 2

240 [ 3 4 - 24k

25h | 5 6 25h | 6

"0" is given to the digit which is emptied by the shift.
The digit which is shifted last is cleared.

Due attention should be paid to the fact that 'dsrl'
increments the acdcdress, starting from the specified one
and 'dsll’ decrements the 2ddress in the same manner as

above to repeat the shift.
FLAG Control Command

sc Setting of carry flag--
rc Resetting of carry flag
‘sc' sets C FLAG to "1", while 'rc’' sets it to

"0". 2z FLAG is kept unchanged.
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PUSH POP Command

ESR-L has two stacks. One is § (System) stack which is

primarily used tc store the necessary data while CPU is

making subrcutine call or interrupt. Another is U (User)

stack which is used freely by the user.

1.

pushu operand Push command to U stack
peru cperand Pop command from U stack
'pushu' transmits the cperand data tc the smaller-number

address acdjacent to the one specified by register U.
“hen the cperand is a 16/20 bits register, the data is
transmitted by decrementing the address, starting from
the smaller-number address adjacent the cne specifieé by
register U. After the transmissicn, the content of '
register U has been decremented Ly the number of bytes
transmitted. o _
'popu’ transmits the data in the acdcdress specified by
recister U to the opérand. when the operand is a 16/20
bits recister, the data is transmitted by incrementing
the address, starting from the address specified by
register U. After tﬂe transmissicen, ﬁhe content ozl
register U has been incremented by the number of byteé
transmitted.

Like the 'mv' command, the high-crder byte of the
register corresponds to the larger-number address in the
memory and the low-order byte to the smaller-number
address.

The following can be operands.

£ FLAG : C (bit 0), Z (bit 1), 0 (bits 2 tc 7)
imr (0fbh) : Interrupt mask register (Internal *
memory FBH)

a/il/ba/i/xly : Register

Note) When 'popu il' is executed, the high-crder 8 bits

of register I become "0".



pushs operand Push command to S stack
pops operand Pop command from S stack

The functions of these commands are guite the same as
‘pushu' and 'pepu'. However, the address is specified
by register 5 instead of register U.

What can be the cperands for the commands are also the
same as those for 'pushu' and 'popu'. In terms cf
hardware, however, no OPE-CODE exists which enables
cperands to correspond to imr/register. Instead, the
assembler enables the 'mv' command which performs the

same functicn.

pushs ier : . may  [=~—s],(0fbh)
pops  inmr - my (0Ibh), (s+ +)
pushs register my [~——zs],register
pops register av  register, (s+ +]
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JUMP Command

1.

jr *n Unconditional relative branch n: Immediate
jrz +n Ccnditional relative branch (Z="1") value of
jrnz +n Conditienal relative kranch (z="0") 1 byte

jre *n Conditicral relative branch (C="1")
jrnc +n  Conditional relative branch (C="0")

The relative brarnch command changes, the content of
program counter (PC) to a value cbtained by adding 2 to
the adcdress where the command's mnemonic is written and
then adding +n to the sum. This means that since n is
an immecdiate value of 1 byte, branching can be
implemented within the address range from -253 bytes to
+257 bytes counted from the address where the branch
command is wrltten.
Conditional relatlve branching is 1mplemented when a
corresponding condition is satisfied. When the
cendition is not met, the command becomes NOP.
~
Note) Address counting is made only in the PC, and no
carry is made to the page segment register (PS).
This means that the relative branch command cannot

cause control to jump out of the segment.

jp mn Unconditional branch inside of mn: Immediate
segment : value of
jpz mn Conditional branch inside of ' - 2 bytes

segment (Z="1")

jpnz mn . Conditional branch inside of
segment (Z="0")

jpe mn _ Conditional branch inside of
secment (C="1")

jpne mn Conditional branch inside of
segment (C="0")

Branching is implemented by reacding a 2 bytes immediate

value into PC. At this time, the larger-number adéress

data of the immediate value is read into the high-order
side of PC, and the smaller-number address data into the
low-order side.

Conditional branching is implemernted when a correspond-

ing ccndition is satisfied. When the ccndition is not

met, the command becomes NCP.
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jpf operand Branch outside of segment
ranching is implemented to the whole 1 Mbyte memory
area by reacing 3 bytes of data from the operand into PC
ard PS. When the source is memory, the larcer-number
address data in the memory is read into the high-order
side of PC, and the smaller-number address cdata into the

low-crder side.

XY U &

Source |Immec:ate value |[Internal memcry |External memory|Registe:
o]
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CALL RET Command

1.

call mn Subroutine call inside of segment
mn: Immediate value of 2 bytes

The address of the command next to this command (the
adéress which is 3 bytes larger than the address where
the 'call' command is wfitten) is pushed into S stack,
and a 2 bytes immediate value is read into PC (program
counter). At this time, the larger-number address data
of the immediate value is read into the high-order sicde
cf PC, and the smaller-number acddress cdata into the
low-order side. .

The low-order 16 bits (2 bytes) are pushed out cf the 20

bits address.

callf 1mn Subroutine call outside cf segment
Imn: Immediate value of 3 bytes

The adéress of the ccmmand next to this command (the
address which is 4 bytes larger than the address where
the 'callf' command is written) is pushed into S stack,
and a 3 bvtes immediate value is read into PC and PS
(Face segment register). At this time, the largest-
rnumber address data of the immecdizte value is read into
PS. Out of the remaining 2 bytes data, the larger-
number address data is read into the high-order side of
PC, arnd the smaller-number address data into the
low-order side.

The 20 bits address is phshed by 3 bytes. At this time,
the highest-order 4 bits are "0".

ret Return against call .
2 bytes data is popped from S stack into PC.

retf Return against callf
3 bytes data is popped from S stack into PC and PS.

Supplement) Refer to "PUSH POP Command" for the details
of PUSE and POP.
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FESET INTERRUPT Command

1.

reset Reset

3 bytes data in address&es FFFFDH tc FFFFFH is reaé into
PC (program counter) and PS (page segment register).
(The data in addéress FFFrFH 1s reaé intec PS; and the
cata in FFFFER is read into the high-order side of PC
anc the data in FFFFDH intc the lcw-orcer side of PC.)

int Interrupt

Following the order of PS, PC, FLAG rad IMR (FBH of
internal memory), their contents (a total of 5 bytes)
are pushed into S stack. 3 bytes data in addresses
FFFFAH to FFFFCH is read into PC and PS. (The data in
acéress FFFFCH is read into PS; and the data in FFFFBH
is read into the high-crder side of PC, and the édata in
FFFFAH intc the low-order side of PC.) <

After IMR is pushed, IRM (bit 7) of IMR becomes "0".

reti : Return interrupt
5 bytes data is popped from S stack and then put into
IMR, FLAG, PC and PS in this order.

Supplerent) Refer to "PUSH POP Command" for the details
of PUSH and POP.



CPU Control Ccmmand

1.

wait Wait
Decrement is repeated until register I becomes "O".

Except for decrementing register I, the command is NOP.

Note) While one command is kbeing executed in ESR-L, any
interrupt operation is not performed. Due
attention should be paid to interruption interval
when the operation is suspended for a long period

of time by using the wait command.

nop NOP
No cperation is performed during one state.

tcl Timer clear

When this command is executed lky setting "1" tec STCL
(bit 1) and MTCL (bit 0) of LCC (FEK in internal
memory), SUB CG timer and MAIN CG timer are reset

respectively.

halt - CPU halt
CPU is paused by halting MAIN CG of CPU. Refer to
'System Control EALT' for the details of the HALT

condition.

off CPU off
CPU is turned off by stopping MAIN CG and SUB CG of CPU.
Refer to 'System Control OFF' for the details of the OFF"

condition.



ESR-L Command Table

Reference Guide

1 |2

l. MNEIMONIC

2. FLAG CHANGE ... CARRY/ZERO
C,2: Changes according to the state with
- the execution of a command.
1,0: Becomes 1 or O.
. Does not change.

3. CODE .......... OP-CODE and POST-BYTE are expressed by
. ~N
binary form, and other operands are

expressed by 1, m, n, L, M and N (byte).

Among OP-CODE and POST-BYTE, =-r- and -R-

are changed depending on the register as

shown below.

-r- -R-. | CODE
s A 000
il Il 001
ba BA 010
i 1 011l
x X 100
y Y 101
v U 110
s § 111

4. NUMBER OF EXECU- » o .
TION STATES ... As to addressing for internal memory,

the number shown is for the case when
(bp+n) is used.

When any other addressing mode is used,
1 state should be added.
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CRE - BYTE
/{H\: BYTE

'y

1 Byte Transmission Command Nc.l %

N
Fa v oo - = T
L
Source In a (n) (1=n) (x)
il (bp==n) {y)
L _ (px=n) R0
(py=n) (s]
{bp+px)
Destination (bp+py)
A r" /. Bv /. Ry A /.
IL 00001-R-,n 10000-R-,n (10001-R-,amlj10010-R-,
00000-r-
a:2/i1:3 a:3/i1:4 5 at4/i1:8
{N) By - /. Bv /. v /. rnv /. hv V2
{bp+ N) 11001100, Nn |10100-7-,N ]11001000,Na 11010000, |11100000,
(px+N) Naml 00000-v-, N
(bp+ px) 3 3 5 7 6 '
[LMN] [ 24 J.o Ry /.
10101-r-,NHU11011000,
HLn
- 5 5 .
(X] = }-v Jo Ry /.
(Y] 10110-r-, {11101000,
M) 00000-R- 00000-R-,n
(5] ' 4 6
(X+ +] . - v Joo o py /.
[Y+ + 10110-p-, 11101000,
U++) 0100-R- 00100-R-,n
(S+ +] 5
(——X] Rv e an S
(——Y) ' 10110-r-, 11101000,
[=~=—=1) 00110-R- 00110-R-,n
(=~-5] 5 7
(X£N) , Rv Jo .
[Y=N] _ 10110-r-,  [11101000,
(U=N] 15000-R-,N [1s000-R-,nN
[S=N] \J B
(0] By VAR R
[((bp=N)] 10111-r-, [l11111000,
[(px=N)) 00000000, J00000000,Nn
[(bp+px)] 13 : 11
[ (M) £N) Ry J. By /.
[{(bp= M) =N] 1011t-r-, 11111000,
((px=N) =N] 13000000, HN {15000000, MnN
[(bp+px) =N] 11 13




1 Byte Transmission Command No.2

Source

Destination

(x%=n]
ly=n)
(uxn]
(sn]

((n)]
((bp2n)]
((pxxn)]
((py=n)]
((bp+px)]
((bp-+ry))

[(=) =]
((bpa) =n]
[(rx=n) £n]
[{py=n) Z=n)
[(Lp+pz)tn]
((Lo+ry) 2on)

A
IL

v A
10010-R-,
00100-r-
a:4/il1:5

v ..
10010-R-,
00110-r-
a:5/i1:6

b ./

10010-R-,
15000-r-,n
a:6/11:7

v A
10011-R-,
060000000, n
2:9/i1:10

rv /.
10011-R-,
15000000, zn
a:ll/il:12

(N)
(bp+N)
(px+N)
(bp+ px)

kv
11100000,

00100-r-,N
6

o

v ..
11100000,

00110-r-,N
7

A
11100000,
15000-r-,Nn
8 .-

L

11110000,
00000008, Nn
11

v A
11110000,
150000093, Nca
13

[LMN]

()

[(bp£N))
[(pxxN))
[(bp+px)

[ (M) £ N)

((bp=M) £N)
[(px+M) =N)
[{bp+px) =N}
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Byte Treansmission Command No.1l

Source ban ba {n) [l=n] {x]
i (bpn) (y]
(pxxn) (u]
(py=n) (s]
(bp+px)
Destination {bp+py)
BA " v ooy AR v A
1 00001-R-,nm 11111101, [10000-R-,n (10001-R-,n=i{10010-R-,
0-R-0-r- 00000-r-
3 2 4 7 5
(N) vw v AT e Bve /.
fho+N) 11001101, Kas10100-r-, N [11001001,Na [11010001, (11100001,
i x+ N) Noml 00000-r-, N
(bp+ px) 4 4 8 - 7
(L¥N] mv oo hve L/,
10101-r-,NHL11011001,
MLa
3 7 .
(X} v AR T2 ™
(Y] 10110-F-, {11101001,
() 00000-R- 00000-R-,n
(5] 5 7.
X+ +) v . ?-v- Jo
(Y4 +] 10110-7-, (11101001,
U+ +) 00100-R- 00100-R-,n
(S+ +) 5 17
[—=X] By A 17 e
(—-Y) 10110-¢-, (11101001,
[——U) 00110-R- 00110-R-,n
[—~—5) 5 10
(X N] pv Jo oy /L
(Y=N] 10110-¢-, {11101001,
(U=N) 13000-R-,N |15000-R-,nN
[S+N) 7 9
(M) ] v oo pvm L/,
[(bp=N)) 10111-¢,-,  [11111001,
((px=N)) 00000000, N |00000000, Nn
[(bp+px)) 10 12
[ (M) =N] b VAT
[(bp=N) =N} 10111-,-,  [11111001,
[{pz=H) =X) 13000000, KN {15000000, MnN
[(bp+px) =N] 12 14




2 Byte Transmission Command No.2

[(bp=H) =]
[(px=M) =N]
[ (bp+px) == N]

Source [[x+ +] (= =—x] (x=n] [(n]] [{a) =n)
[y++] (=—vy] [y=n] ((bp=n)] [[(bp=m) =a]
(u++) (—=—u] {uzn] ({pxxa)]  |[{pzEtw) &n)
s+ +) [~—5] [s%n] (ryxn)]  {{{pydw) 2n)
((bp+px)] |[(bp+px) =n)
Destination [(bp=+rpy)] |[{bp=+rpy) din]
B AT A S TR
I 10010-R-, 10010-R-, 10010-R-, 10011-R-, 10011-R-,
00100-r- 00110-r- 1s000-r-,n [00000000,n |1s000000, 2an
5 b 7 10 12
(N) h"" ./. v ./..h"' ../. mvw ./- mvw ./.
(bp+X) 11100001, 11100001, 11100001, .j11110001, 11110007,
(px+N) 00100-r-,N J00110-p,-,N 15000.-r-,}1n 00000000, Nu |1s000000, Nun
{bp+px) 7 10 9 12 14
[LMN]
(X] -
(Y]
(v]
(s]
[(X+ +]
Y+ +]
U+ +]
[S++]
(——X]
(—-Y]
(——u]
[(——3)
(X£N]
(Y2 N)
(U£N]
[S=N]
()}
((bpxN)]
1 (px=N))
[(bp+px)
[ (M) =N)




3 Byte Transmission Command No.1l

Source |lmn 1" (n) (lmn) (x]
y (bptn) (v)
u (px=n) (l]
s (py=n) (s
(bp+px)
Destination (bp+ypy)
X b v Ao By A Y S By ./. hmv ./
Y 00001-R-,nml{11111101, |10000-R-,n [10001-R-,n=!/10010-R-,
R 0-R-0-r- 00000-r-
S 4 2 5 8 Ls
(N) rvp /. kv /. hvp /. r\'P /. LWP /.
(bp+ N) 11011100, [10100-r-,N [11001010,Nn {11010010, {11100010,
(px+N) Noml B(nnl ' 00000-r-, M
{(bp<+px) S 5 10 g ) iB
(LuN] kv ./. Bve ./ |
10101-r-,NHU11011010,
MLn
7 -
(X] by Joo By L/
[Y] 10110:&’ 11101010, s is excluaed for ~r-.
[U] 00000-R- 0000-R-,n- S is excluded for -R-.
18] §
(X++] by 2 17 T
(Y++] 10110-r-,  {11101010,
U+ +] 00100- R- 0100-R-,n
S+ +) 7
(—=X] Rv VARST e
(——Y] 10110-r-, 11101010,
) 00110-R-  [00110-R-,n
[——5] 8 10
(X£N) by Joomve L/
[Y=N) 10110-¢-,  [11101010, )
(U= N] 13000-R-,N [1s000-R-,nN
[S+N] B 10
[N} hv /. Bvp A
[(bp+N)) 10111-r-,  [11111010,
({(pxN)] 00000000,N [00000000, Nn .
[(bp+px)] 11 13
[ (M) £N] v VA LT T
[((bp==M) £N) 10111-r-, [11111010,
[(px==M) =N] 15000000, KX (12000000, HnN
[(bp+px) &= N) 13 15



3 Byte Transmission Command No.2

Source

Destination

(x+ +]
(y++)
(et +]
(s+ +]

[——x]
[——v]
(——u]
[——s]

e C
Tt
2,283,

w

[(n)]

((bp=n)]
[(pxxn))
((py£n)]
[(bp+px)]
[ (bp+py))

((=) =n]
((bp==n) =n]
[pzkw) 2n]
({(py3=) =n)
((bp-+px) =n)
[(bp+py) d:nd

TR
10010-R-,
00100-r-

7

mv .
10010-R-,
00110-¢-

8

v /.
10010-R-,
1s000-r-,n

v .
ﬁ0011;§;,
00000000, n
11

ta v .
10011-R-,
15000000, an
13

Rvp A
11100010,

00100-r-,N
9

Bvp .
11100010,

00110-r-,N
10

mvp /.
11100010,
15000-r-, Na
10

e .
11110010,
00000000, Nn
13

pee

/.
11110010,
15000000, Ran
15

(X]
(Y]
(]
1Ls]

X+ +]
Y+ +]
U+ +]
(S+ +]

(=]
[~ =]
(—~u]
[= 5]

(X£N)
(Y£N]
(U=N]
(S£N]

(]

((bp=N))
[(px=N)])
[{bp+px)

( (M) =N]
{(bp=¥) =N)
[(px==N) £N)
[(bp+px) =N)

S s excluded for -R-.
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Block Transmission Command

§0

Source |(n) [1an)] (x+ +] [——x] {x=n]
(bpxn) [y++] (——y] [y=n]
(px=n) (vt +] (——u] (u=n]
(py=n) ([s-++] (——:s) (s=n]
(bp+px)
Destination (bp+1py)
(N) rﬂ/nvld /. vl oo omvl oo vt oo bl A
(bp-=+N) 11001011,Nn/ [11010011, 11J00011, 11100011, 01010110,
{px=+N) 11001111, Nn nal 00100-r-,N 00110-r-,N |[15000-r-,Nn
{(bp+px) S+ 2X 1 B+ 2X i 5+2Xi 72X i S+2X
(LMN] mvl A | |
11011011, NMLn
6+ 2X i
(X++] vl .
Y+ +] 11101011,
U+ +] 00100-R-,n source |[(n) N {() =n)
(S++]) S5+2X i - [(bpxtn)] {{(bpn) =n]
(—=—X] - rvl oo [{px£n)) |[[(px==) £n)
(——Y] 11101011, - ((py=n)] “|l{pyZ=a)£n)
[—-U] 00110-R-,n ° ((bp+px)] |[(bp+px)%n)
(—=—75] 742X Destination [(bp+py)] [(bp+py) +n)
(X=¥) Rvi /. (N) vl /. vl .
(Y=N] 01011110, (bp+N) 11110011, 11110011,
(U= N] 1s000-R-,nN (px-+N) 00000000, Nn |15000000, Nan
(S£1¥) S+ 2X i , (bp+px) 104+2X 12+ 2% i
((H)) mvi g
[ (bp=N)] 11111011,
{rxxN)] 00000000, Nn
[ (bp+px)] 104+2X% |
([ (M) =N] vl .
[(bp=MW) =N] 11111011,
[(px*M)=N] [15000000,MnN
[(bp+px) =N] 12+ 2X i




Transmnission Command Between a and b

Source fa
Destination r
A hv .
01110]00
1
B Bv /.
01110101
1
Exchange Command
. ba (n) -
o i (bp=n)
(px=n)
(py=n)
(bp+px)
(bp+ py)
A . lex A
B © 11011101
3
BA lex J.
I 11101101,
0-R-0-r-
n
K ex ./,
Y 11101101,
r p-B-0-r-
S 4 _
(N) ex VAT A
{(bp=N) 11000000, Nn [11000001, Nn
(px£N)
(bp+ px) 7 10
fexp o jexd A
11000010, Nn [11000011, Nn
13 5+ 3% i
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Dyadic Cperaticn No.l

(Acdd/Subtract Command)

Source |n a il ﬁlu x (a)
i |lbpEna)
u (lpxEn)
s |{pyZEn)
(bp+px)
Destination (bp+py)
A add/sub ¢/z2 [add/sub V- sad/sul e/ 7
01000000.n/ 01000110,0-R-0-r-/ 01000010, n/
01001000,n 01001110,0-R-0-r- 01001010,n
3 3 4
ade/sbe ¢/z ade/she e/z
01010000,n/ 01010010, n/
01011000, n 01011010, n
3 kU
IL
BA add/sub c/z
1 01000100,0-R-0-7-/ =~ [
01001100,0-R-0-r-
S
X add/sub e/z
Y 61000101,0-R-0-r-/
J 01001101,0-R-0-r-
S 7
N) add/sub e/z ladd/sub c/2z
(bp=N) 01000001, Nn/ 01000011, N/
{(px==N) 01001001, Nn 01001011, N
{bp+px) i 4
) adc/sbe e/z |ude/sbe e/z
01010001,Nn/ 01010011, N/
01011001, Nn 01011011, N
4 78
adel/sbel ¢/2 del/shel e¢/2
01010101, N/ 1010100, Nn/
01011101, N 1011100, Nn
, 4+ i ' +2X i
dadl/dsb]l ¢/z ldadl/dsbl- ¢/z
11000101, N/ 11000100, Nn/
11010101, N 11010100, Nn
4+ i 542X i




.

Dvadic Operation No.2 (Logical COperaticr Command)

Source |n Ja (n)
(bptn)
(px2n)
A{py%n)
(bp+px)
Destination (bp+py)
A and/or/xor /2 ;nd/or/xor /=
01110000,a/01111000,n/ 01110111,:\/01111111,1’\/
01101000, n 01101111,n
i3 4
(N) land/or/xor ./z jand/or/xor ./z land/or/xor /2
{(bp=N) 01110001,Nn/01111001, [01110011,n/701111011,/01110110,Nn/01111110,
{(px=N) n/01101001,Nn n/01101011,n Nu/013101110,Nn
(bp+px) ) 1 C 6
{LMKN] snd/or/xor 2
- 01110010, NWLa/01111010
L, NMLn/01101010, NMLa
7

Dyadic Operation No.3 (Pointer Add Command)

Source
Destination

I

(N)
(bp=N)
(px£N)
(bp+px)

badf ./, bpadfl /.
01000111,Nn [01010111,N




Dyadic Operation No.4

(Compare Command)

Source |n Wa s x (n)
i y (bp*=n)
u -~ |{(px=n)
s (ryZn)
{(bp+px)
Destination (hp+py)
A cmp /2
01100000, n
3
(N} cap e/z [cap e/2 emp c/z
{bp*N) 0110000],Na J0110001},N 10110111, Nn
{px£X) :
(bp+px) 4 4 . 5
cmpw  ¢/z capr ¢/z
- 111010110, 11000110, Na
00000-r-,N
7 8
cmpp t/z jemrs  e/z
11010%11, 11000111, Nn
00000-r-,N
9 - o
{LMN] fe=p t/z
01100010,
INML a
6

Dyadic Operation No.5 (Test Command)

Sourcekﬁ

s

Destination r
a test ./2
01100100, n
3
{N) test  ./z [test /2
(bp+N) 061100101,Nn 101100111, N
(px=N)
(bp+ px) 4 4
{LMN] test _/z
01100110,
NMLa

B4



Mecnadic Operation

Operation |digit increment/ jrotate ishift digit shift
Operand exchange | decrement
" swap . /z linc/dec ./zfror/rol o/= hr/shl e/z
11101110 01101100, 11100300/ 11110100/
00000-r-/ [11100110 11110110
3 01111100, ]2 ’ 2
il 00000-r- "'
ba i 3
X y u s
(n) inc/dee ./z jror/rol ¢/z |shr/shl c/z [dsri/dsl] /2
(bp=n) 01101101,/ [11100101,n/ {11110101,n/ J11111100,n/
{px=n) 01111101,a |11100111,n [11110111,a {11101100,n
{(bp=+px) 3 3 3 . {41
C FLAG Control Command
set Jreset
sc /. fe 0/. ™
10010111 10011111
1 1
PUSH POP Command
f imr la Pn. - 4
il i y
u-stack pushe ./. pushu /. lpushe ./. fpusha ./, lpushe _/.
push 00101110 0101111 00101-1'_- 00101-r- 00101-r-
3 3 3 S
opu  ¢/2 fpopun /. popu /. popu /. fpope ./,
pop (00111110 0111111 00111-p- 00111-r~ 00111-r-
2 ’ 0:2/i1:3 B3 4
s-stack pushs /. ‘Pushs lpush:
push [01001111
hv nv [——-s],r
3 [——s], ind
lpops ¢/z lpops pops
pop [01011111
v av r, [s++]
12 rilr,[:++]
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JUMP Ccrmmand

+n —n b x {n)
lan ly {bp=n)
u {(px=n)
s (bp<px)
Near ir oo ie oo iy A
ever [00010010,n j0001001!,n 00000010, n=
3 3 4
irz oo irz .o o lirz A
zero 00011000, [00011001,n (00010100, nm
1:3/nj22 it3/nj:2 j:4/nj:3
jemz /. ljraz /. ljpuz /.
non-zero [00011010,n [00011011,n 0001010}, nm
§:13/nj:2 it3/nj:2 jrd/nj:3
ire oo jre /. lire .
carry [00011100,n |00011101,n [00010110,nm
i:3/nj:2  li:3/nj:2 |j:4/nj:3 ~
jrnc ./- jrnc -/- anc o/o
non-carry j00011110,a [00011111,a [00C1011l1,na
j*3/nj:2 §:3/nj:2 jid/nji3
Far inf oo ie VAT .
00000011, nmlj00010001, 00010000, n
00000-¢-
S 6
CALL RETURN Command .
Full an Ft&nrn
Imn
Near kall /. fret A
00000100, nm {00000110
1] 4
Far ealll /. ettt /.
00000101,1&:!00000111‘
18 S

86



PESET INTERRUPT Command

reset interrupt freturn
interrupt
reset /. lint Joofreei L/,
11111111 11111110 00000001
b 12 7
CPU Control Command
mait non- timer halt off
operstion elear
wait op /. leel A YO VTN ¢ AR
11101111 00000000 11001110 11011110 11011111
When pas- {When pas-
14+ i 1 1 sing: 2) sing: 2)

PRE-BYTE (Internal Memory Addressing Mode .Setting Byte)

~.
2nd operand (n) {(bp=*n) (py=n) (bp+py)
Ist operand *
Ny - S A S - AR
00110010 00110000 00110011 00110001
1 1 1 1
(bp=N) - — e - Jeo /.
00100010 00100011 00100001
. i 1 1
(pxxN) - |- A o= e Ao
00110110 00110100 00110111 00110101
1 1 1 h
(bp+px) — Jeo Joo oo /.
00100110 00100100 00100111 00100101
1 1 1 1

*)

When the number of operands for the internal memory is

87

only one, the assembler generates PRE-BYTE shown in the
column marked with * above is recardless of whether the

operand is the first or second one.



INSTRUCTION TABLE

H ’ . . N .
N0 1 |2 |3 | 4|5 | 6| 1T | 8|9 |.a]|B | C|D|E]|F
- » PRE ADD AX P ARND " e n Ny EX n M "
Y] inl A A A Aa At A.{ra) [T {ra) A TSR] W ime) fimd fey)  [rmi L)
1BF+a)
li4 PRE PRE ADD ADC mp AND [ "y Wy My EXW MW MVW MVW
3 (BP+mr |1m) TS (mi .8 YR (YR Y iL.ta I {r3} YR (AN o in we e {w ey Vel {m,
(BP+PY) iiBPﬁPYI
» ® PRE PRE ADD ADC Cump AND MY MY My NV EX¥ MVE MVP MVP
2 Y ta BF+ai im) A fn: A int ssj.n (him} .0 BA i BA {13, il B4 {rs!.BA i sal wones fwe (g D (]
f) in)
IPF I PRE PRL ADD AC CwP AKD NS Y ' M EAL ML M AL
3 (LY -p Bk +m) Iyl oA n A A ) A 1 1 [e3) wi ] (F TYNIH IYERT Y we {r3t] e
{PY 410} PY4n) +)
AL 1 PRE PRt ADD AL TEST MV MV ML My My DADL DSkL kUK | SHR
4 an - (BP+PX) [Py +m) " (m in) Aan AB X Adnl wr A figl A i ia} [T S A 3
8P +a} i#F rat ' ) i
s P82 Phi 83 ADU AlxL TEST M\ 'S MY M " DADL k. L kOK Shi
5‘ loa (Y} (BP+PX; [(Patm i3t ulA ). BA Yo Y ry) w Y eyt 8l A e A ) "
BP+PY) |UBP+PY)
RET 11,8 PRE PkE ADD MVL TEST AND M MA AN Y1 CMPW CMFw ROL SHL
N , us 1BP+PX}. 11PX+ml {r.f; i (X 4 tim) & in) U im Ul o U fry U il w A 4
- o) ) sl 1
. RETF 1PN PRL PKE PMDF PMDF TEST AND v % [NV Cup (1143 (§'144 ROL SHL
7 L) BP+PX) [(PX+m} [imi ¢ =LA A Ao Sm WS YA TYRTYI W, n “w
- (PY +3) 1PY +8)
L+ PUSHU POPU SUB SBC A0R OR MY M [ 'Y My n MY My
+e A A AN A ia Aa Adllme;  [a [ [lme) A flwe) A Jierwi o Jume e fla)oier (e
Rz PUSHY POPU Sug SBC AOK Ok ML ) 48 ' MVW M1 3 MYW MW
f -2 it I [T inla in).n [N} W Gmny DL (] [lmed gl Hiwdab fasisi {hmsl e [ligim TR

1 .

Eeth JRN? PUSHU  [POPU |SUB B 10R Ok MY M W e NV AP NVP Ve
;A"_‘}’ BA .= +o BA BA Ain A ta} TLIK] (shmj.n  1BA {nj 1BA {we] ({mag BA [{a)) BA (ims il flme o {lrg)im) (a)) . ta}
R i

AT mN2 |PusKU (POPU |suB % XOR o uy s " re WYL |MVL TR

fffl.u -a | 1 is) A n}.A ia} A o1 A [RICTY R IR ) {imn} 1 {1} 0 wie flma e [yt o) tml) )

KiIRKT is)

i [NV IRC PUSHU  |POPU SuB SBCL INC DEC Wy Ly M NV MV MYP Dsit DsRL
:C’_._J‘ X.ima ta X X 2 :; im el |1 It X.{ime) [X.(in1) fimni X [{im}.X (m).a [TARTYY is) )

GaE
HRLL I1RC PUSHU  [POPY SUB SBCL INC DEC MY ay uy My MVW 3} X NV
"D'i- Y.ims - Y Y .1 (a}.A la) fal Y.hme)  |Y.(i)  |(ma)y i)Y ) .ma AR 12.12 2.1
AR .13 .13
o wy 11 PUSKU | POPU SuB ML A0k Ok N M My N¥ TCL HALT swap i

s +s F F o (X4 0 pimb o fimiowr fU lima) U ()] ilmall i) U A
i} .
JRRC PUSHU POPU PUSHS POPS OR 0] MY RC My MVLD OFF WAIT RESET
~a INR INR F f Aa) Ala) S (ima) {ima}.$ (w). (&)




