Ordering number : EN  *5486

CMOS Lsi

LC66E2316

SANYD Four-Bit Single-Chip Microcontroller

with 16 KB of On-Chip EPROM

Preliminary

Overview Package Dimensions
The LC66E2316 is an on-chip EPROM version of the  unit: mm

LC6623XX Series CMOS 4-bit single-chip micro- 3127-DIC42S

controllers. The LC66E2316 provides the same functions

[LC66E2316]
as the LC662316A, and is pin compatible with that
product. Since the LC66E2316 is provided in a window o79p 8
package, it can be reprogrammed repeatedly and is thus e e o K
optimal for program development. i
L 3

Features and Functions Q ’
* On-chip EPROM capacity of 16 kilobytes, and an on- i o &

chip RAM capacity of 512 X 4 bits.
* Fully supports the LC66000 Series common instruction H 11

set (128 instructions). m “ Hi H” E I l q
* I/O ports: 36 pins
* DTMF generator " N

This microcontroller incorporates a circuit that can
generate two sine wave outputs, DTMF output, or a
melody output for software applications.
8-bit serial interface: one circuit unit: mm
¢ Instruction cycle time: 0.95 to 10 ps (at 4.5 10 5.5 V) 3157-QFC48
» Powerful timer functions and prescalers
— Time limit timer, event counter, pulse width [LCE6E2316]
measurement, and square wave output using a 12-bit
timer. 140 20
— Time limit timer, event counter, PWM output, and 015
square wave output using an 8-bit timer. T FETTTTIN sz
— Time base function using a 12-bit prescaler. ‘
* Powerful interrupt system with 10 interrupt factors and X
7 interrupt vector locations. -
— External interrupts: 3 factors/3 vector locations

SANYO: DIC42S

30
o
o
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0.35

200
140

T
TITETAn

4B A /
— Internal interrupts: 4 factors/4 vector locations [N _ ‘”HHHHHHHHH‘E
(Waveform output internal interrupts: 3 factors and - 2z
1 vector; shared with external expansion interrupts) —
= Flexible I/O functions
Selectable options include 20-mA drive outputs, inverter SANYO: QFCas

circuits, pull-up and open-drain circuits.

* Optional runaway detection function (watchdog timer)

* 8-bit /O functions

* Power saving functions using halt and hold modes.

= Packages: DIC42S (window), QFC48 (window)

* Evaluation LSIs: LC66599 (evaluation chip) +
EVA800/850 - TB662YXX2

SANYO Electric Co.,Ltd. Semiconductor Bussiness Headquarters
JTOKYO OFFICE Tokye Bldg.. 1-10. 1 Chome. Ueno. Taito-ku. TOKYO. 110 JAPAN

B 799707k 00317948 3IT5 WA 22897HA (OT) No. 5486-1/26
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LCE6E2316

Series Organization

No. of RAM
Type No. pins ROM capacity capacity Package Features
LC66304A/306A/308A 42 4 K/6 K/8 KB 512w | DiPazs QFP4SE
LCE6404A/406A/408A 2 [aweKEBKB 512W |DIP42S QFP48E z‘g';:aé ‘69\'/‘5/3’;; .
LC66506B/508B/5128/5168 64 6K/BKM2KMNBKB |512W | DIPs4S QFP64A ) . S2p
LCB6354A/356A/358A 42 4 K/6 K/8 KB 512W |DIP42s - QFP48E
LC663545/3565/3585 42 |awsKBKB 512W QFP44M ;‘;Wg‘;“ggflgg;sw:s
LCBB556A/558A/562A/566A 64 6KIBKM2KMBKB [512W | DIP64S QFP64E " i e
LC66354B/356B/3588 42 4 K/6 K/8 KB 512W | DIP42s QFP48E Low-voltage high-speed versions
LC66556B/558B/562B/5668 64 6K/BKM2ZK/M6KB (512W | DIP6as QFP84E 3.01t05.5V/0.92 ps
LCE6354C/356C/358C 42 4 K/6 K/8 KB 512W | DIPazs QFP48E 2.510 5.5 V/0.92 s
LC662104A/06A/08A 30 4 K/6 K/8 KB 384 W DIP30SD MFP30S .
LCB62304A/06A/08A/ 2A/16A 42  [4KEKBKI2K16KB|512W | DIP42S QFPasE ggf:'sp :\T”“g'zgﬂ’smm' versions
LC662508A/12A/16A 84 8 K/12 K/16 KB 512W | DIP64S QFP64E
Dual oscillator support
LCB65304A/06A/08A/12A/16A 48 4KBKIBKN2ZKN6KB |512W | DIP4ass QFP48BE 3.010 5.6 V/0.95 ps
DIC42S QFCas
LC66E308 42 EPROM 8 KB 512W | ihwindow  with window
LC66P308 42 OTPROM 8 KB 512W | DIP42S QFP4sE
LC66E408 42 EPROM 8 KB 512w 0!0428 Q.F 048 Window and OTP evaluation versions
with window with window
4.510 5.5 V/0.92 s
LC66P408 42 OTPROM 8 KB 512W | DIP42s QFP48E
DIC64S QFC64
LC6BES16 64 EPROM 16 KB S12W | ih window  with window
LCE6P516 64 OTPROM 16 KB 512w | DiPsas QFPB4E
LC66E2108* 30 EPROM 8 KB 384 W
LC6BE2316 42 EPROM 16 KB s12wW 3:34;%“ %C:?mw
- DICeS GFCes Window evaluation versions
4.510 5.5 V/0.92 ps
LCEBE2516 64 EPROM 16 KB S12W | o window  with window u
DIC52S QFc48
LC66ES316 52/48 | EPROM 16 KB 512W | it window  with window
LCesP2108+* 30 OTPROM 8 KB 384 W [ DIP30SD MFP30S
LCE6P2316* 42 OTPROM 16 KB 512W | DIP42S QFP48E oTP
LC66P2516 64 OTPROM 16 KB 512W | DIP64S QFP64E 4.010 5.5 V/0.95 ps
LC66P5316 48 OTPROM 16 KB 512W | DIP48S QFP48E
Note: * Under development
No. 5486-2/26
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LC66E2316

Pin Assignments

DIC42S
o \_/
P20/SI0/A0 [ [42] P13/D7
P21/S00/A1 [Z] 1 41] P12/D6
P22/SCK/AZ (3] [30] P11/D5
P23/INTO/A3 [ [39] P10/D4
P30/INT1/A4 [5] [38] PO3/D3
P31/POUTO/AS [6_] [37] P02/D2
P32/POUT1/A6 [ 7] 361 PO1/D1
vss [E] LC66E2316 [35] POO/DO
0sct [9] [34] PD3INV3O
0sc2 [0 [ 33] PD2/INV3I
vpp [OT] [32] PD1/INV20
RES/Vpp/OE [1Z] [31] PDOANV2
PE0 [G3] [30] PC3/DASEC
PE1 4] [29] PC2/CE
TEST/EPMOD [35] 28] P63/PIN1
P33/HOLD [76] [27] Pe2/DT
P40/INVOI/A7 [37 ] [26] P61
P41/ANVOO/A8 [18] [25] P6O/ML
P42/INV1i/A8 [99] [ 24] P53/TA
P43/INV10O/A10 [20] % P52/A13
Ps0/A11 [21] P51/A12
QFC48
858 s
N582zz z&MEs
SSS538% s8§an¢s
FEEeebyesope?
(HHHHHHHHHHH]
36 35 34 33 32 31 30 29 28 27 26 25
P03/D3[ ]37 24 1Ps1
P10/D4[ ]38 23 JPeo/ML
P11/D5[]39 22[]P53/ANT2/TA
P12/D6[ 140 LC66E2316 21 ]P52/A13
P13/D7[ )41 20 1P51/A12
NC[]42 18 INC
NC[ 143 18[INC
P20/Si0/A0 [ 144 17 ]P50/A11
P21/S00/A1 [ 145 16 [ ]P43/INV10/A10
P22/SCKo/A2 [ 146 15[ 1P42/INV1I/AQ

P23/INTO/A3 147
P30/INT1/A4 [ 148

14 _1P41/INVOO/A8
13L 1P40/INVOI/A7

O

1234567 89101112
[ HHHHHHHHHHH]
223532 888E3813
SEF>0dD 50339
EE” 00 & &5

2 W
g B g
58 fie w
o o = Top view

No. 5486-3/26
B ?799707b 00L7950 T53 mm °
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LC66E2316

Usage Notes

The LC66E2316 was created for program development, product evaluation, and prototype development for products
based on the LC6623XX Series microcontrollers. Keep the following points in mind when using this product.

1. After areset

The RES pin must be held low for an additional 3 instruction cycles after the oscillator stabilization period has
elapsed. Also, the port output circuit types are set up during the 9 instruction cycles immediately after RES is set
high. Only then is the program counter set to 0 and program execution started from that location. (The port output
circuits all revert to the open-drain type during periods when RES is low.)

VDDmin . /.
VbD ?
:
|
1
0oSsc 1
; tAtleast 3 1 ]
1 Atleast 10 ms linstruction | !
RES ' Osci'll'atm.' J / !
stabilization ! !
1 1
1 1
1 . N
Program execution (PC) :
1 1
:Option switching:
Port output type _ Open drain | period : ! Option specification
1+ 9 instruction I
cycles

2. Notes on LC6623XX evaluation
The high end of the EPROM area (locations 3FFOH to 3FFFH) are the option specification area. Option specification
data must be programmed for and loaded into this area. The Sanyo specified cross assembler for this product is the
program LC66S.EXE. Also, insert JMP instructions so that user programs do not attempt to execute addresses that
exceed the capacity of the mask ROM, and write zeros (00H) to areas (other than 3FFOH to 3FFFH) that exceed the
actual capacity of the mask ROM.

3. Always apply an opaque seal to the window on the LC66E2316 package when actually using the device.

Main differences between the LC66E2316, LC66P231 6, and LC6623XX Series

ltem

LCB623XX Serigs (mask version)

LCB6E2316

LC66P2316

Differences in the main
characteristics

* Operating supply voltage/operating
frequency (cycle time)

=30 to +70°C

+10 10 +40°C

[Typicar 10pa 7]
(nommai operation and halt mode)
Hold mode: 1 yA maximum

=30 to +70°C

Typical: 10pA ]
(nommal operation and halt mode)
Hold mode: 1 A maximum

= Input low-level current (RES) Maximum: 1 pA Typical: 100 pA Typical: 100 pA

+ Current drain
{Operating at 4 MHz) . . . Larger than that for the mask versions | Larger than that for the mask versions
{Halt mode at 4 MHz) Typical: 10 nA, maximum: 10 UA | 1 0la): 10 nA, maximum: 10 pax Typical: 10 nA, maximum: 10 yA*
(Hold mode)

The output type specified in

Part output types at reset ) Open-drain outputs Open-drain outputs
the options
Packa * DIP42S  DIC42S window package * DIP42S
ackage - QFP48E = QFC48 window package * QFP48E

Note: * Although the microcontrolier will remain in hold m

ode if the RES pin is set low while it is in hold mode,
switching HOLD from low to high, switch RES from low to high) when clearing hold mode. Also not tha

RES pin when it is low. This increases the hold mode current drain by about 100 pA.

See the data sheets for the individual products for details on other differences.

always use the reset start sequence (after
t a current of about 100 pA flows from the

M 799707L 0017951 99T =W
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LC66E2316

System Block Diagram
k| Ram sTACK EPROM k= EPROM K AOtoA13
RES _.| (512wW) 16KB control <> DOto D7
TEST —f FLAG clz l
SYSTEM
OSC1 —| CONTROL i g;s&
0osc2 E|{DD|DD
a selm|prlee| | £ | A ALY PC e
HOLD —s RIHL{XY
5 350 3
ML DTMF U SL ST
> PRESCALER Timero |~ | SERIAL voo |— Soo
DT GEN.
SCKo
s ‘ T . INTO
PE e
| M INT1. INT2
INTERRUPT
P> CONTROL MPx |~ TIMER1
£
. pC @ 3 . PIN1. POUTY
INVO INVxl
O0—-o<K I——EI (x=0 10 3)
IREBIEREIIEREREEEER
Pin Function Overview
" . . . State after a |Standby mode
Pin [Ie} Overview Output driver type Options reset operation
1O ports POO to P03 Hoid mode:
POO/DO « Input or output in 4-bit or 1-bit units o | ~ * Puli-up MOS or Output off
PO1/D1 yo | * PO 10 P03 support the hait mode . :‘(’:\; f::l';:npemgﬁ gr‘:fwm | Noh OD output Highortow | ________|
P0O2/D2 control function (This function can be type. * Output level on (option) Hait mode:
PO3/D3 spegified in bit units.) reset Output ’
* Used as data pins in EPROM mode retained
Hold mode:
g}?;g; /O ports P10 to P13 « Pch: Pull-up MOS type . :‘;'r""g’D":S;&' v or ow | CUPO!
P12/D6 170 | = Input or output in 4-bit or 1-bit units = Nch: Intermediate sink current | Output level on ( gtlon) ----------
P » Used as data pins in EPROM mode type p op Halt mode:
13/D7 reset Output
retained
/O ports P20 to P23
* Input or output in 4-bit or 1-bit units
* P20 is also used as the serial input SI0 Hold mode:
pin. Output off
P20/SI0/AD » P21 is also used as the serial output
P21/SO0/A1 SO0 pin. * Pch: CMOS type
P22/SCKO/ IO | « P22 is also used as the serial clock * Nch: Intermediate sink current CMO? or Nch OD H  fp-=——————
A2 SCKO pin. type outpu
P23/INTO/A3 + P23 is also used as the INTO interrupt
request pin, and also as the timer 0 Hold mode:
event counting and pulse width Output off
measurement input.
« Used as address pins in EPROM mode

Continued on next page.

B ?99707b 0017952 826 WA
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LC66E2316

Continued from preceding page.
te after mode
Pin Vo Overview Output driver type Options Star ;: ete a Staor;debr:uon

I/0 ports P30 to P32

* Input or output in 3-bit or 1-bit units Hold mode:

* P30 is also used as the INTT interrupt Output off

P30/INT1/A4 request.
P31/POUTO/ * P31 s also used for the square wave = Pch: CMOS type

A5 110 output from timer 0. * Nch: Intermediate sink current CM?J? or Nech OD H  F=—=——--d
P32/POUT1/ * P32is also used for the square wave type outp

A6 and PWM output from timer 1. X

+ P31 and P32 also support 3-state gla.ulttput ©:

outplits. retained

* Used as address pins in EPROM mode

Hold mode controf input

¢ Hold mode is set up by the HOLD

instruction when HOLD is low.

* In hold mode, the CPU is restarted by
setting HOLD to the high levei.

— * This pin can be used as input port P33
PSHOLD | 1 along with P30 to P32,

* When the P33/HOLD pin is at the low
level, the CPU will not be reset bya
low level on the RES pin. Therefore,
applications must not set P33/HOLD
low when power is first applied.

Hold mode:

1/Q ports P40 to P43 ol Port output

P40/}|\r;|v0|/ * Input or output in 4-bit or 1-bit units II:eh or off, inverter
P41/INVOO/ * Input or output in 8-bit units when used | « Peh: Pull-up MOS type * Pull-up MOS or (option) output off
Ag in conjunction with P50 to PS3. * CMOS type when the inverter Nch OD output . In\r/Je rer
P42/INV1Y /O | = Can ba used for output of 8-bit ROM cireuit option is selectad * Qutput level on VOisset | o= 7=="1
A9 data when used in conjunction with * Nch: Intermediate sink current reset o "'le :;'a't mode:
P50 to P53. type * Inverter circuit ot output
P%ﬁ:l(\)HO/ * Dedicated inverter circuit {option) O::g‘t off retained,

* Used as address pins in EPROM mode state. inverter
output
continues

VO ports PS50 to P53

* Input or output in 4-bit or 1-bit units Hold mode:

+ Input or output in 8-bit units when used Output off

PSOVA11 in conjunction with P40 to P43, . ~ * Puil-up MOS or
PSUA12 | |\, |  Ganbe used for output of 8-l ROM | * o f::t‘:n‘i‘pemgf pe current | Neh OD output Highortow | _____ |
P52/A13 data when used in conjunction with ’ * Output level on (option)

PS3/INT2/TA P40 to P43. Vi reset :

* P53 is also used as the INT2 interrupt Halt mode:
st e

* Used as address pins in EPROM mode in

YO ports P60 to P63

* Input or output in 4-bit or 1-bit units Hold mode:

P&0/ML * P60 is also used as the meiody output « Pch: CMOS Output oft
P61 o ML pin. . N:;h: Intermediate sink current CMOS or Neh OD H e
Pe2/DT * P62 is also used as the tone output DT . output
P63/PIN1 pin. type Halt mode:

* P63 is also used for the event count Output

input to timer 1. retained
Continued on next page.
No. 5486-6/26
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LC66E2316

Continued from preceding page.

. . . . State after a |Standby mode
Pin o Overview Output driver type Options reset operation
Hold mode:
Port output
/O ports PC2 to PC3 . .
PC2/CE | | * Outputin2-bitor 1-bitunits . :z:j ﬁ";:(r”: ed"ip:'e sink current | CMOS or Nch OD " o ]
PCI/DASEC * PC3 is also used as the control CE and : output Halt mode:
DASEC pin in EPROM mode. Vi Port output
retained
Hold mode:
POWINV2I ¢ When the inverter circuit ::?) ::‘al gx‘;‘::foﬂ
PDIANV20 | | Dedicated input ports PDO to PD3 . gﬂ:‘_’gﬁg‘;’ec‘ed' Inverter circuits Inverter VO
:';)32//'::«!\)1336 Dedicated inverter circuits (option) « Nch: Interm edtylpagte sink current goes to the Hatt mode:
type output off Inverter
state. output
continues
Hold mode:
input
disabled
EE? | Dedicated inputpots | L0 PR
Halt mode:
inputs
accepted
Hold mode:
0SsC1 I | System clock oscillator connections o oscillator
. Ceramic oscillator . stops
When an external clock is used, leave or extemnal clock Option 777 4
osc2 O | 03C2 open and connect the clock signal selection selection Halt mode:
to OSCH1. oscillator
continues
System reset input
RESNV * When the P33/HOLD pin is at the high
RESNpp/ | level, a low level input to the RES pin
will initialize the CPU. .
* This pin is also used as the Vpp/OE
pin in EPROM mode.
CPU test pin
TEST/ This pin must be connected to Vgg
EPMOD ! during normal operation. Setting this pin
to +12 V switches the LCE6E2316 to
EPROM mode.
Voo Power supply pins
Vss
Note: Pull-up MOS type: The output circuit includes a MOS transistor that pulls the pin up to Vpp.
CMOS output: Complementary output.
OD output: Open-drain output.
B 799707t 0017954 LTS WE No. 5486-7/26
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LC66E2316

User Options

1.

Port 0, 1, 4, and 5 output level at reset option .
The output levels at reset for /O ports 0, 1, 4, and 5, in independent 4-bit groups, can be selected from the following

two options.

Option

Conditions and notes

1. Output high at reset

The four bits of ports 0, 1, 4, or 5 are set in a group

2. OQutput low at reset

The four bits of ports 0, 1, 4, or 5 are set in a group

Oscillator circuit options
* Main clock

Option Circuit Conditions and notes
0SC1 " -
1. External clock I The Input has Schmitt characteristics
C1 0OSC1
2. Ceramic oscillator Ceramic oscillator £5 =
c2 0SC3

Note: There is no RC oscillator option.

Watchdog timer option

A runaway detection function (watchdog timer) can be selected as an option.

Port output type options

* The output type of each bit (pin) in ports PO, P1, P2, P3 (except for the P33/HOLD pin), P4, P5, P6, and PC can be
selected individually from the following two options.

Option

Circuit

Conditions and notes

1. Open-drain output

Output data

Input data

The port P2, P3, P5, and P6 inputs have Schmitt
characteristics.

2. Output with built-in pull-up
resistor

ir

SB

Tl

1 Do Input data

The port P2, P3, PS, and P6 inputs have Schmitt
characteristics.

The CMOS outputs (ports P2, P3, P6, and PC)
and the pull-up MOS outputs (PO, P1, P4, and
PS) are distinguished by the drive capacity of the
p-channel transistor.

B 799707k 0017955 535 mE

No. 5486-8/26
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LC66E2316

5. Inverter array circuit option

One of the following options can be selected for each of the following port sets: P40/P41, P42/P43, PDO/PDI, and
PD2/PD3.

Option Circuit Conditions and notes

D_—;? I G_@omput data
I Input data When the open-drain output type is selected
DSB
Output data
When the buitt-in puil-up resistor output type is
@o_ selected

Input data

1. Normal port VO circuit

DSB

Input D——-E Outx:‘pt hdata
. ]'_'! :— lnputltg:lata
L
Output EI—? Out::nhdata
} ! ;——Inpmzata
DSB

If this option is selected, the VO circuit Is disabled
by the DSB signal.

Also note that the open-drain port output type
option and the high level at reset option must be
selected.

2. Inverter VO circuit

B 7997076 0017956 471 HE No. 5486-9/26
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LC66E2316

LC662316 Series Option Data Area and Definitions

Power ed by | Cm ner

.com El ectronic-Library Service CopyRi ght 2003

ROM area Bit Option specified Option/data relationship
7 P5
o Pa Output level at reset 0 = high level, 1 = low level
5 Unused This bit must be setto 0.
3FFOH 4 Oscillator option 0 = extemnal clock, 1 = ceramic oscillator
3 Unused This bit must be set to 0.
2 P1
1 o Qutput level at reset 0 = low level, 1 = high level
0 Watchdog timer option 0 = none, 1 = yes (present)
7 P13
5 P12 O it 0=0D,1=PU
utpul = , 1=
5 P11 tput type
4 P10
3FF1H
3 P03
2 po2 Output typ 0=0D,1=PU
utpui e =0D, 1=
1 PO1
(4] P00
7 Unused This bit must be setto 0.
6 P32
5 P31 Output type 0=0D,1=PV
4 P30
3FF2H
3 P23
2 P22 Output 0=0D,1=PVU
e = 1=
1 P21 Ltput typ
(o] P20
7 P53
6 Ps2 Output type 0=0D,1=PU
u =0D, 1=
5 P51
4 P50
3FF3H
3 P43
2 pa2 Output type 0=0D,1=PU
1 P41 Bt
4] P40
7
6
s Unused This bit must be set to 0.
4
3FF4H
3 P63
2 pez Output 0=0D,1=PU
e =0D, 1=
1 P61 e
0 Pso
7
6
= Unused This bit must be set to 0.
4
3FFS5H
3
2 o
7 Unused This bit must be set to .
0
7
6 .
r Unused This bit must be set to 0.
4
3FF6H
3
2
7 Unused This bit must be setto 0.
0
Continued on next page.
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LL.C66E2316

Continued from preceding page.
ROM area Bit Option specified Option/data relationship
7
]
s Unused This bit must be set to 0.
3FF7H 2
3 O t 0=00,1=PU
utpu -] =00,1=
2 PC2 puttyp
1
P Unused This bit must be set to 0.
7 ML disabled option 0 = disabled, 1 = anabled
6 Unused This bit must be set to 1.
5 Unused This bit must be setto 1.
4 P
3FF8H D3 Inverter output 0 = inverter output, 1 = none
3 PD1
2 Unused This blt must be setto 1.
1
Pas Inverter output 0 = inverter output, 1 = none
0] P41
7
6
3 Unused This bit must be set to 0.
4
3FF9H
3
2
" Unused This bit must be setto 0.
0
7
6 .
5 Unused This bit must be set to 0.
4
3FFAH
3
2
7 Unused This bit must be setto Q.
0
7
6
5 Unused This bit must be set to 0.
4
3FFBH
3
2
7 Unused This bit must be set to 0.
Q
7
6
P Unused This bit must be set to 0.
4
3FFCH
3
2
1 Unused This bit must be setto Q.
0
7
6
5
4 ] This data is generated by the assembler.
3FFDH 3 Reserved. Must be set to predefined data values. If the assembler is not used, set this data to ‘00"
2
1
(4]

Continued on next page.
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Continued from preceding page.
ROM area Bit Option specified Option/data relationship
7
6
5
4 This data is generated by the assembler.
3FFEH 3 Reserved. Must be set to predefined data values. If the assembler is not used, set this data to 00",
2
1
0
7
6
5
4 ) This data is generated by the assembler.
3FFFH 3 Reserved. Must be set to predefined data values. If the assembler is not used, set this data 10 ‘00’
2
1
0
Usage Notes

1. Option specification
When using a Sanyo cross assembler with the LC66E2316, use the version called “LC66S.EXE” and specify the
actual microcontroller to be evaluated with the CPU pseudo instruction in the source file. The port options must be
specified in the source file. The cross assembler will create an option code list in the option specification area
(locations 3FFOH to 3FFFH). It is also possible to directly set up data in the option specification area. If this is done,
the options must be specified according to the option code creation table shown on the following page.

2. Writing the EPROM
Use a special-purpose writing conversion board (the W66EP5316D for the DIP package, and the W66EP2316Q for
the QFP package) to allow the EPROM programmers listed below to be used when writing the data created by the
cross assembler to the LC66E2316.
* The EPROM programmers listed below can be used.

Manufacturer Modeis that can be used
Advantest R4945, R4944A, R4943, or equivalent products
Ando AF9704
AVAL —

Minato Electronics MODEL1890A

* The “27512 (Vpp 12.5 V) Intel high-speed write” technique must be used to write the EPROM. Set the address
range to location 0 to 3FFFH. The DASEC jumper must be off,
3. Using the data security function
The data security function sets up the microcontroller in advance so that data that was written to the microcontroller
EPROM cannot be read out.
Use the following procedure to enable the LC66E2316 data security function.
* Set the write conversion board DASEC jumper to the on position.
* Write the data to the EPROM once again.
At this time, since this function will operate, the EPROM programmer will issue an error. However, this error does
not indicate that there was a problem in either the programmer or the LSI.
Notes: 1. If the data at all addresses was “FF” at step 2, the data security function will not be activated.
2. The data security function will not be activated at step 2 if the “blank — program — verify” operation
sequence is used.
3. Always return the jumper to the off position after the data security function has been activated.
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4. Erase procedure
Use a general-purpose EPROM eraser to erase data written to the EPROM.

LC66E2316 (DIC) LCB6E2316 (QFC)

Cut corner

Pin 1
Aligned to the top

SW DASEC

Write board (WE6EP5316D) Write board (WE6EP2316Q)
Specifications
Absolute Maximum Ratings at Ta = 25°C, Vgg=0V
Parameter Symbol Conditions Ratings Unit Note
Maximum supply voltage Vpp max | Vpp -0.310+7.0 v
P2, P3 (except for the P33/HOLD pin}),
Vint -0.3t0 +12.0 \" 1
Input vottage N P61, and P63
Vin2 All other inputs -0.3to Vpp + 0.3 v 2
P2, P3 (except for the P33/HOLD pin),
Output voltage Vourl P61, and P63 —0.31t0 +12.0 v R
Voyt2 { All other inputs —0.310 Vpp + 0.3 v 2
PO, P1, P2, P3 (except for the P33/HOLD pin),
lon? | pa. ps, P8, PC 20 [ mA 3
Output current per pin Ion2 P41, P43, PC3, PD1, PD3 20 mA 3
Jiop1 | PO, P1, P4, P5 2 ] mA 4
—lpp2 P2, P3 (except for the P33/HOLD pin), P6,and PC 4 mA 4
Z lon1 PO, P1, P2, P3 (except for the P33/HOLD pin), PD 75 mA 3
. Zlon2 | P4,P5, PE, PC 75 mA 3
Total pin current —
Z lgpl PO, P1, P2, P3 (except for the P33/HOLD pin), PD 25 mA 4
Z lpp2 P4, P5, P, PC 25 mA 4
Allowable power dissipation Pd max Ta = +10 to +40°C: DIC42S (QFC48) 600 (430) mwW 5
Operating temperature Topr -30 to +70 °C
Storage temperature Tstg ~55 to +125 °C
Note: 1. Appiies to pins with open-drain output specifications. For pins with other than open-drain output specifications, the ratings in the pin column for that

pin apply.

2. For the oscillator input and output pins, levels up to the free-running oscillation teve! are allowed.

3. Sink current (Applies to PD when the inverter array specifications have been selected.)

4. Source current (Applies to all pins except PD for which the pull-up output specifications, the CMOS output specifications, or the inverter array
specifications have been selected. Applies to P8 pins for which the inverter array specifications have been selected.) Contact your Sanyo
representative for the electrical characteristics when the inverter array or buffer array options are specified.
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Allowable Operating Ranges at Ta = +10 to +40°C, Vg =0V, V= 4.5 to 5.

S V, unless otherwise specified.

Parameter Symbot Conditions min typ max Unit Note
Operating supply voltage Vob Voo 4.5 55 v
Mermory retention supply voltage VppH Vpp: During hold mode 1.8 55 A\
P2, P3 (except for the P33/HOLD pin),
VinT P61, and P63: N-channel output transistor off 0.8Vpp 100 v 1
. P33/HOLD, RES, OSC1:
Input high-level voltage ViH2 N-channel output transistor off 0.8 Vpp Vob v
PO, P1, P4, PS5, PC, PD, PE;
Vin3 N-channel output transistor off 0.8 Vpp Voo v 2
Vi 1 P2, P3 (except for the P33/AOLD pin), P6, V. 02V v 1
IL RES, and OSC1: N-channel output transistor off Ss < YDD
Input low-level voltage Vi 2 P33/HOLD: vpp = 181055V Vgs 0.2 Vpp v
PQ, P1, P4, P5, PC, PD, PE, TEST:
Vi3 N-channel output transistor off Vss 0.2 Vpp v 2
Operating frequency fop 04 4.20 MHz
(instruction cycle time) (Teye) (10) (0.95) (us)
[External clock input conditions]
OSC1: Defined by Figure 1. Input the clock
signal to OSC1 and leave OSC2 open.
Frequency foxt (External clock input must be selected as the 0.4 4.20 MHz
oscillator circuit option.)
OSC1: Defined by Figure 1. Input the clock
. signal to OSC1 and leave OSC2 open.
Pulse width toxtH: tesat. (Extemnal clock input must be selected as the 100 ns
oscillator circuit option.)
OS8G1: Defined by Figure 1. Input the clock
. . signal to OSC1 and leave OSC2 open.
Rise and fall times tor: toxte (External clock input must be selected as the 30 ns
oscillator circuit option.)

Note: 1. Applies to pins with open-drain Speci
When ports P2, P3, and P6 hav:
2. PC port pins with CMOS output

ifications. However, V42 applies to the P33/A0OLD pin.

e CMOS output specifications they cannot be used as input pins.
specifications cannot be used as input pins.
Contact your Sanyo representative for the aliowable operating ranges for P4 and PD when the inverter array is used.
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LC66E2316

Electrical Characteristics at Ta = +10 to +40°C, Vgg =0V, Vpp = 4.5 to 5.5 V unless otherwise specified.

Parameter Symbol Conditions min typ max Unit Note
P2, P3 (except for the P33/HOLD pin),
g P61, and P63: Vy\ = 10.0 V, with the output 5.0 pA 1
Nch transistor off
PO, P1, P4, PS, PC, OSC1, and P33/HOLD
42 (Does not apply to PD, PE, PC2, and PC3): 1.0 pA 1
Input high-level current Vin = Vpp, with the output Nch transistor off
PD, PE, PC2, PC3: Vin=Vpp.
I3 with the output Nch transistor off 10 HA 1
hqd RES: V) = Vpp, operating, hatt mode 10 A 1
W45 RES: Vyy = Vpp, hold mode 1.0 uA 1
b1 input ports other than PD, PE, PC2, and PC3: 1.0 A 2
L Vin = Vgs, With the output Nch transistor off - v
Input low-lgvel currant 2 PC2, PC3, PD, PE: Vj\ = Vgs, 10 A 2
It with the output Nch transistor off - u
|||_3 ﬁEg: V|N = Vss 100 HA 1
P2, P3 (except for the P33/HOLD pin), v 10
Output high-level voltage Vot |2:andPC:lon =1 mA o v a
9 oH P2, P3 (except for the P3HOLD pin), Vo - 0.5
PG,BJIdPC: |°H=—-O.1 mA DD~ Y
Value of the output pull-up resistor Rpo PO, P1, P4, PS5 30 100 150 kQ 4
Vo 1 PO, P1, P2, P3, P4, P5, P6, and PC 0.4 v
oL (except for the P33/HOLD pin): I, = 1.6 mA -
Output low-level voltage
Vo 2 PO, P1, P2, P3, P4, PS5, P6, and PC 15 v
oL (except for the P33/HOLD pin): Iy, = 10 mA :
oL
lore1 P2, P3, P61, P63: V| = Vpp 5.0 PA 5
Output off leakage current Does not apply to P2, P3, P61, and P63:
lore2 v vV, . 1.0 HA 5
IN= VDD
[Schmitt characteristics]
Hystereosis voltage VHYS 0.1 Vpp v
High-levet threshold voltage Viy P2, P3, PS5, P6, OSC1 (EXT), RES 0.5Vpp 0.8 Vpp v
Low-level threshold voltage Vi 0.2 Vpp 0.5 Vpp v
[Ceramic oscillator]
Oscillator frequency fer OSC1, OSC2: Figure 2, 4 MHz 4.0 MHz
Oseillator stabilization time fcrs Figure 3, 4 MHz 10.0 ms
[Serial clock])
. Input 0.9 s
Cycle time
Output fckey L Y Tore
SCKO: With the timing of Fi 4 and the test
Low-level and high-level |Input ot | 15ad of Figure 5. g ot Figure © 04 us
pulse widths Output iokH 1.0 Teye
Rise an fall times Output | tckp. ok 0.1 ys
[Serial input]
Data setup time tiex SI0: With the timing of Figure 4. 0.3 us
Stipulated with respect to the rising edge (1) of
Data hold time tok SCKo. 0.3 us
[Serial output]
SO0: With the timing of Figure 4 and
Output delay time tcko the test load of Figure 5. Stipulated with respect 0.3 us
1o the falling edge () of SCKO.

Continued on next page.
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Continued from preceding page.
Parameter Symbol Conditions min I typ l max Unit Note
{Pulse conditions]
INTO: Figure 6, conditions under which the INTO
. interrupt can be accepted, conditions under
INTO high and low-level tor: HoL | which the timer 0 event counter or pulse width 2 Toye
measurement input can be accepted
High and low-level puise widths _ INT1, INT2: Figure 6, conditions under which 2 Teve
for interrupt inputs other than INTO i1 Tl | the corresponding interrupt can be accepted cy
PIN? high and low-leve! t i PIN1: Figure 6, conditions under which the 2 T
puise widths PINH: 'PINL | timer 1 event counter input can be accepted cyc
RES high and low-ievel i 4 RES: Figure 6, conditions under which reset 3 T
pulse widths RSH- IRSL | can be applied. cye
cati t drai | Vpp: 4-MHz ceramic oscillator 6.0 12 mA 6
Operating current drain
9 PPOP IV op: 4-MHz extemal clock 6.0 12 mA
. 4 i i 4. 8.0
Halt mode cu drain IDDHALT Vpp: 4-MHz ceramic oscillator ] mA
Vpp: 4-MHz extemal clock 4.0 8.0 mA
Hold mode current drain lobHoLd | Vop: Vpp=18t05.5V 0.01 10 pA

Note: 1. With the output Nch transistor off in shared /O ports with the open-drain output specifications. These pins cannot be used as input pins if the
CMOS output specifications are selected.When the port option is selected for PE. .
2. With the output Nch transistor off in shared YO ports with the open-drain output specifications. The rating for the pull-up output specification pins is
stipulated in terms of the output pull-up current IPO. These pins cannot be used as input pins if the CMOS output specifications are selected.
. With the output Nch transistor off for CMOS output specification pins.
- With the output Nch transistor off for puil-up output specification pins.
. With the output Nch transistor off for open-drain output specification pins.
. Reset state

Tone (DTMF) Output Characteristics

;bW

DC Characteristics at Ta = +10 to +40°C, Vgg =0 V

Parameter Symbol Conditions min typ max Unit
Tone output voltage (p-p) V1 DT: Dual tonses, Vpp =4.5t0 5.5V 0.9 13 2.0 v
Row/column tone output . _
voltage ratio Dgcry DT: Dual tones, Vpp=4.510 5.5V 1.0 2.0 3.0 dB
Tone distortion THD1 DT: Single tone, Vpp =4.5t0 5.5V 2 7 %

I OSC1  (0SC2)

Extemal clock OPEN

Figure 1 External Clock Input Waveform
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Figure 2 Ceramic Oscillator Circuit

Oscillator
unstable period

—0 I
;,;_oscillato;l;_cz

Table 1 Guaranteed Ceramic Oscillator Constants External capacitor type

Extemnal capacitor type

Buiit-in capacitor type
4 MHz C1=33pF +10% 4 MHz
(Murata Mfg. Co., Ltd.) (Murata Mig. Co., Ltd.)
CSA4.00MG C2=33pF +10% CST4.00MG
4 MHz C1=33pF £+10% 4 MHz
(Kyocera Corporation) (Kyocera Corporation)
KBR4.0MS C2=33pF +10% KBR4.0MES
tcKCY
%

SRS ok KR o [ tekr

Eraca 0.8VDD (input)

8CK1 \\

0.2VDD (input) __;]/ l\@ﬂoumut)
0.4VDD (output) tick ltck
Slo
0.2V
sH VDD
R=1kQ
'CKo TEST
SO0 —— VDD-1 point C=50pF
SO1 L—_0.4VDD ;I/;-
Figure 4 Serial VYO Timing Figure 5 Timing Load
tioH
fi1H

PINL
tRSL
Figure 6 Input Timing for the INTO, INTT, INT2, PIN1, and RES pins

P60/ML
P62/DT R=10 kQ

Figure 7 Tone Output Pin Load

Operating Vpp
minimum value

Stable oscillation

tICFs
Figure 3 Oscillator Stabilization Period
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LCE66XXXX Series Instruction Table (by function)

Abbreviations:

AC: Accumulator
E: E register
CF: Carry flag
ZF: Zero flag
HL:

XY:

M:

M (HL):
M XY):
M2 (HL):
SP:

M2 (SP):
M4 (SP):
in:

t2:

Data pointer DPH, DPL
Data pointer DPX, DPY

Data memory

Data memory pointed to by the DPH, DPL data pointer
Data memory pointed to by the DPX, DPY auxiliary data pointer

Two words of data memory (starting on an even address) pointed to by the DPH, DPL data pointer

Stack pointer

Two words of data memory pointed to by the stack pointer
Four words of data memory pointed to by the stack pointer
n bits of immediate data

Bit specification

t2

1

10

01

Bit

238

22

21

20

Bits 8 to 11 in the PC

Bits 4 to 7 in the PC
Bits 0 to 3 in the PC

User flag, n=0to 15

: Timer O
: Timer 1

Serial register

Port

Port indicated by 4 bits of immediate data
Interrupt enable flag

Indicates the contents of a location

Transfer direction, result

Exclusive or
Logical and
Logical or
Addition
Subtraction

Taking the one's complement
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Instruction code g 2 Affected
Mnemonic gl 8 Operation Description status Note
= L
D7DstD4 D302D1 DO 5555‘ bits
[Accumulator manipulation instructions]
AC «0 Has a vartical
CLA Clear AC 1000|0000]1 1 {Equivalent to LAI 0.) Clear AC 10 0. ZF skip function.
Decimal adjust AC 1100¢}1 11 AC « (AC) + 6 .
DAA 1in addition 001001 10|22 |(Equialent oAbl g)|Addsixto AC. zF
. . AC « (AC) + 10
DAS Pe""l"‘ta' :t‘i’(’)”s‘ AC (’J (‘) ? g : (‘) : (‘) 2 | 2 |(Equivalentto Add 10 to AC. zF
in subtraction ADI 0AH.)
CLC Clear CF 00017111101 1 |CFe0 Clear CF 10 0. CF
8TC SetCF 00011111 1 1 |CF &1 SetCFto 1. CF
CMA  [ComplementAC |0 001|100 0| 1|1 |ac—ag If:%"‘e one's complement |
1A Increment AC 0001})0100}1 1 |AC « (AC) + 1 Increment AC. 2ZF,CF
DA Decrement AC 0 010|/0100|1 1 {AC « (AC)—-1 Decrement AC. ZF,CF
. ACj « (CF),
Rar |Rotate AC right 0001]0000| 1|1 |ACne(ACn+1), |ShiftAC (including CF) ight. |GF
through CF CF « (ACg)
ACq « (CF),
RAL gm‘:‘eh“g,:'e“ 0000{000 1| 1|1 |ACn+1«(ACN). |ShitAC (includingCF)lett. |CF,2F
roug CF « (ACy)
TAE Transfer ACto E 0100|0101 1 1 E « (AC) Transfer the contents of AC to E.
TEA Transfer E to AC 0O1toO0]0O1 10| 1 1 |AC « (E) Transter the contents of E to AC.| ZF
XAE  |Exchange ACWhE [0 1 0 0|0 1 0 0| 1|1 |AD)e® Exchange the contents of
AC and E.
[Memory manipulation instructions}
M (HL) «
M Increment M 0001J00 10 1 1 M (HL)] + 1 Increment M (HL). ZF,CF
M (HL) «
DM Decrement M 00t1tolJoo1o0o]1 1 [M (HL)} - 1 Decrement M (HL). ZF, CF
. 1100(0 111 . .
IMDR i8 | Increment M direct 2 2 |M(iB) « [M (i8)] + 1 |increment M (i8). ZF,CF
Iz lg s 1g |13 1p 1y 1y
1t100{00 11 : .
DMDR i8 | Decrement M direct 2 2 IM(i8) —[M (i8)]- 1 | Decrement M (18). ZF, CF
2 0 15 a3 15 14 g
N Set the bit in M (HL) specified
SMB t2 | Set M data bit 00001 1 tyt5]1 1 [MHL), 2] 1 by 10 and t1 to 1.
Clear the bit in M (HL)
RMB t2 | Reset M data bit 001011y | 1 1 [ {IM(HL), 2]« 0 specified by 10 and t1 1o 0. ZF
[Arithmetic, logic and comparison instructions]
Add the contents of AC and
AC « (AC) + M (HL) as two’s complement
AD Add M to AC 000O0C|0O 110 1 1 M (HL)] values and store the result ZF,CF
in AC.
Add the contents of AC and
. . 1100|1001 ) M (i8) as two’s complement
ADDR i8 | Add M direct to AC g Ig 14 (13 1o 14 1o 2 2 |AC « (AC) + [M (iB)] values and store the result ZF,CF
in AC.
Add the contents of AC,
. AC « (AC) + M (HL) and C as two’s
ADC AddMto ACwithCF{0O 0 0 0|0 0 1 O 1 1 [M (HL)] + (CF) complement values and ZF,CF
store the result in AC.
Add the contents of AC and
ADIi4 Add immediatedata |1 1 D 0|1 1 1 1 2 2 AC « (AC) + the immediate data as two's 2F
to AC 001 0(l31i I i3, Io, 14, lo complement values and store
the result in AC.
Subtract the contents of AC CF will be zero if
Subtract AC from M AC « [M (HL)] - and CF from M (HL) as two's there was a
susc with CF 0001101 11 1 1 (AC) — (CF) complement values and store ZF, CF borrow and one
the resultin AC. otherwise.
. Take the logical and of AC
ANDA (AndMWithACthen | o o 5 1o ¢ 4 4| 1 |4 [AC<(AC)A and M (HL) and store the zF
store AC M (HL)] resultin AC.
Take the logical or of AC and
ora |OMwithACIen | o o 5lo 10 1] 1|1 |AC=(AOY M (HL) and store the resuit | zF
store AC M (HL)]
in AC.
Continued on next page.
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Continued from preceding page.

Instruction code ‘;S: g Affected
Mnemonic Lz(28 Operation Description status Note
°
D7DgD5D4|D3 Dy Dy Dy 25|28 bits
[Arithmetic, logic and comparison instructions]
. . Take the logical exclusive or
EXL ExclusiveorMwith | o o o 4 fq 4 g 4| 1|1 |AC®OIw of AC and M (HL) and store | ZF
AC then store AC [M (HL)] the resultin AC.
. Take the logical and of AC
ANDM  |And ""M""""' ACthen 15, 00 0floo0 1 1] 1] “:A(*:if <(ACA  |and M (HU) and store the zF
store M (HL)) resultin M (HL).
) Take the logical or of AC and
oRmM |OrMwithACthen [ o o 615 4 00 1|1 [MEHD—@OV |4 (HL) and store the result | ZF
store M M (HL)] in M (HL).
Compare the contents of AC
and M (HL) and set or clear CF
and ZF according to the resuit.
N Magnitude
CM Compare ACwithM [0 0 0 1 {0 1 1 0 1 | 1 |IM{HDI+(AC)+1 comparison CFlZF | |zF, cF
M (HL)] > (AC) olo
M (HL)] = (AC) 111
[M (HL)] < (AC) 1] 0
Compare the contents of AC
and the immediate data
13 12 |4 Iy and set or clear CF
and ZF according to the result.
; Compare AC with 11 00{(1 111 [ Magnitude
N CF| ZF
Clia immediate data 101 0]|iglilylg| 2|2 |lsl2hib+(AC)+1 comparison ZF | |ZF, CF
|3 |2 |1 lo > AC 0 O
I3z 14 lg=AC 11
Iglp 14 g < AC 1]0
ZF 1 Compare the contents of DP_
cLli4 Compare DP_ with 110 1111 2 |2 if(DP ) =lgly 1y lg | with the immediate data. ZF
immediate data 101 103119 ZF 0 Set ZF if identical and clear
HOP) =351y 1g | ZF ifnot.
ZF « 1
if (AC, 12) = [M (HL), | Compare the corresponding
CcMpr |CompareACbitwith {1 1 0 01 1 1 1 2| o |9 . bits specified by 10 and t1 in 7F
M data bit 1101|000t ZFe0 AC and M (HL). Set ZF if
if (AC, 12) #[M (HL), |identical and clear ZF if not.
2]
[Load and store instructions]
Load AC and E from AC « M (HL), Load the contents of M2 (HL)
LAE  Im2 HD Ororfr ool 1 e Mea) into AC, E.
. Load AC with Load the immediate data Has a vertical
LAl 4 immediate data 1000l hlbf 1|1 JAC—I3lil into AC. zF skip function
Load AC from M 110 0{0 00 1 . Load the contents of M (i8)
LADR 8 | girect lgls lyllala by lg| 2 ]2 |AC<IM@B) into AC. zF
s Store AC to M o100fo111]1]1|mMmEyeiniag 3‘?;"'_;"" contents of AC into
Store AC and E to M (HL) « (AC) Store the contents of AC, E
SAE Mo My 010 T TV 0] 1T ML 1)y (B) | intoM2 (HL).
Load the contents of M (reg)
into AC.
The reg is either HL or XY
depending on tg.
LAreg [L0adAC from 0100|101t 0|11 |ACMeg) zF
M (reg) reg TO
HL [s]
XY 1

Continued on next page.
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Continued from preceding page.
Instruction code ?, g Affected
Mnemonic .g 2 .g 2 Qperation Description status Note
D; Dg D5 D4 |Dy D, D4 Dy 38|32 bits
[Load and store instructions]
Load the contents of M (reg)
into AC. (The reg is either HL ZF is set
AC « [M (reg)] or XY.) Then increment the according to the
LA reg, | | -030 AC from M0 10010t 1] 1|2 |DPLe(OPI+1 |contentsof oithar DP, or DPy.|ZF result of
en increment reg or DPy « (DPy) + 1 | The relationship between 1, incrementing
and reg is the same as that DP, or DPy.
for the LA reg instruction.
Load the contents of M (reg)
into AC. (The reg is either HL ZF is set
AC « [M (reg)} or XY.) Then decrement the acconding to the
LA reg, pf L0ad :c from MIO) o 1 0 1101t 1] 1|2 [DPc@Po1 | contentsof ithes DP, or DPy.|zF result of
en decrement reg of DPy « (DPy) ~ 1 | The relationship between t, decrementing
and reg is the same as that DP_ or DPy.
for the LA reg instruction.
Exchange the contents of
M (reg) and AC.
The rag is either HL or XY
. depending on tg.
XA reg 5""‘“““93"6“'““ 0100|1110 1]1 |AC)esM(regy
(reg) reg TO
HL 0
Xy 1
Exchange the contents of
M (reg) and AC. (The reg is
, ZF is set
L or XY.
Exchange AC with (AC) © M (reg)] 9nher HL or ) Then according to the
increment the contents of
XA reg, | | M (reg) then 0100111 1 2 |DP_ « (DPy)+1 either DP_or DPy. The ZF result of
increment reg or DPy « (DPy) + 1 relationship between 1, and :r;;remeggng
reg is the same as that for L or DPy.
the XA reg instruction.
Exchange the contents of
M (reg) and AC. (The reg is .
either HL or XY.) Then ZF is set
Exchange AC with (AC) & [M (reg)] according to the
decrement the contents of
XA reg, DI M (reg) then 010111114 1]1 |2 |DP (OP) -1 either DP|_or DPy. The ZF result of
decrement reg or DPy « (DPy) — 1 relationship between tp and dD;creTgr;tmg
reg is the same as that for LorbPy.
the XA req instruction.
. | Exchange AC with 1100|1000 . Exchange the contents of AC
XADR8 [ 4 iract g ls by [1g 1o 1y 1o] 2|2 [(ACY & M8 and M (i8).
LEAli8 Load E & AC with 11000110 2|2 Eelylgigiy Load the immediate data i8
f immediate data 7 lg I5 lajls 1o 1y Iy AC « 315 14 g into E, AC.
Load into E, AC the ROM data
Read table data from E, AC « at the location determined by
RTBL [ hrogram ROM 01011010112 |aompchE AG) replacing the lower 8 bits of
the PC with E, AC.
Output from ports 4 and 5 the
Read table data from Port4. 5 ROM data at the location
RTBLP |program ROMthen [0 1 0 1|1 0 0 o 1 2 F(R)OM' Pé-h E AC determined by replacing the
outputto P4, 5 [ROM (PCh. E, AC)] | wer 8 bits of the PC with
E, AC.
[Data pointer manipulation instructions]
Load DPy with zero
R and DP_ with DPy«0 Load zero into DPy and the
LDZ#  limmediate data 10l bl VIt ppl ity | immediate data i4 o DP,.
respectively
. Load DPy; with 1100|1111 Load the immediate data i4
LHI4  mediate data 00003l 22 [PPuelsblibe  |inopp
5 Load DP_ with 11001111 Load the immediate data i4
LUt mediate data 000 1|lgllilg| 22 |PPielsllile fiynp
LHLI i8 LoadDPy, DP_ with [1 1 0 0[O0 0 0 O 2 12 DPy iy lgi5ly Load the immediate data into
" |immediate data b7 16 05 1g |1g 1o 11 1o DP_ I3l ) |y DLy, DP,.
LXYI i8 Load DPy. DPywith |1 1 0 0] 0 0 0 © 215 DPy «—l7lgl5 1y Load the immediate data into
immediate data Iz lg Is lg |13 1o 17 1p DPy e lgla 1y Ig DLy, DPy.
Continued on next page.
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Continued from preceding page.
Instruction code g g Affected
Mnemonic .g 2 .g 2 Operation Description status Note
X .
D7060504 D3 Dy D4 Dy 2553‘ bits
[Data pointer manipulation instructions]
ts
iL Increment DP, oo001/000 1|1 |1 [DP (DP)+1 :;c[;?,'fem the conten zF
DL Decrement DP_ 0010Jo00 1|11 |DP (@P)-1 gegf:"em the contents zF
I
% Increment DPy 0001|001 1|11 [pPyecPy+1 o';‘:[';":em the contents zF
DY Decrement DPy 0010{06011[1[1 |[DPye@Py-1 3";’:\'{"”‘ the contents zF
110011t 111 Transfer the contents of AC
TAH Transfer AC to DPy 1111|000 0 2 2 {DPy « (AC) to DP,.
0 11 T f DP,
THA  |Transfer DPy to AC : : ? o (1, (1) ool 22 |ac—wop to'i’g‘fe’ the contents of DPyy (-
Exchange AC Exchange the contents of AC
XAH with DPy, 0 100j00O0O0O] 1 1 [(AC) & (DPH) and DP,,.
11001 1 11 Transfer the contents of AC
TAL Transfer AC to DP, 2 | 2 |DPL«(AC
L]t 111|000 1 L (AC) to DP,..
1 1] 1 Ti f DP
TLA  |Transter DP 10 AC | | : ? o ; 0 ; } 2 (2 lacery . o’i"é'e' the contents of DPy |
Exchange AC Exchange the contents of AC
XAL with DP, 0100]000 1]1/[1 |(AC) e (DPY and DP,.
1100t 1 11 Transfer the contents of AC
TAX Transfer AC to DPy 1111|0010 2 | 2 |DPxe« (AC) to DPy.
1100|1111 Transfer the contents of DPy
TXA Transfer DPy to AC 1110|0010 2 2 [AC « (DPx) to AC. ZF
Exchange AC Exchange the contents of AC
XAX with DPy 0100|001 0]1}1 [(AC)o(DPx) and DPy.
: 11001111 Transfer the contents of AC
TAY Transfer AC to DPy 1111001 1 2 2 |DPy « (AC) to DPy.
1T 1T 00|11 11 Transfer the contents of DPy
TYA  [TransterDPytoAC |4 4 4 o0fo o 1 1] 2|2 |AC—@Py to AC. zF
Exchange AC Exchange the contents of AC
XAY with DPy 0100|0011 1 1 (AC) < (DPy) and DPy.
[Flag manipulation instructions]
S| ifi
SFBnd | Set flag bit 011 1]mgnaning| 1|1 [Fnet ?;‘rg'foﬂfg pecified
3 Reset the flag specified
RFB n4 | Reset flag bit 0 01 1|ngnznyng| 1 1 {FneoO by n4 t0 0. ZF
[Jump and subroutine instructions)
This becomes
PC13, 12 « L ————
' 2
JMP Jumpinthecurrent |1 1 1 0 [Py1PygPgPg PC13, 12 Jump to the Iocappn in the .PC12 M (PC12)
212 same bank specified by the immediately
addr bank Py Pg P5 P4 [P35 Po Py Py PC11100 « immediate data P12, following a BANK
P111oPg instruction.
PC13108 Jump to the location
Jumnp to the address .
PC13to 8, determined by replacing the
JPEA t"":;e"a‘Ea""AC 0010101111111 lpcrpac (E) lower 8 bits of the PC
i the current page PC3100+« (AC)  |byE, AC.
PC13t0 11 « 0,
PC10t0 0 «
CAL N 0 1 0 1|0PyPgPg Pioto Py, .
adar Call subroutine P; Pg P5 P4 |P3 P2 Py Py 2|2 M4 (SP) Call a subroutine.
(CF, ZF, PC13 10 0),
SP « (SP)-4
PC13t0 6,
PC10 « 0O,
czp Call subroutine in the PC5to 2 « P3 to Py, | Call a subroutine on page 0
addr zero page 101 0(PsPaPiPof 12 |y, {SP) « in bank 0.
(CF, ZF, PC12 to 0),
SP « SP-4
Change the memory bank
BANK Change bank 000 1}10 11 1 1 and register bank.
Continued on next page.
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Continued from preceding page.
instruction code g g Affected
Mnemonic 'E o -g 2 Operation Description status Note
8 .
D7D6D5D4]D3D2D1 Do 2%55 bits
{Jump and subroutine instructions)
Store the contents of reg in
M2 (SP). Subtract 2 from SP
after the store.
PUSH 1100|1111 M2 (SP) « (reg) reg h g
reg PushregonM2(SP) | 4 4y 1 1|14, 45 0] 2|2 8P « (SP) -2 HL o o
XY o 1
AE 1 0
lllegal value 1 1
Add 2 to SP and then load the
contents of M2(SP) into reg.
Pop Pop reg off M2 (SP) 1 1 ? g : |1 .1 :) 2|2 SP (f:z') ;i The relation between i1i0 and
reg 1 lo reg « [M2 (SF)] reg Is the same as that for the
PUSH reg instruction.
Return from a subroutine or
RY Re;“"’t:m'“ ooo1|1100]|1]2 ﬁg &P b interrupt handling routing. ZF
subroutine < [M4(SP)] and CF are not restored.
Retum § int " SP« (SP)+4 Retum from a subroutine or
RTI et‘""‘ ominemtio 0 0 111 1 0 1] 1 |2 |PCemaisPy interrupt handling routine. ZF | zF, CF
routine CF, ZF « [M4 (SP)] |and CF are restored.
[Branch instructions]
PC7100 « Branch to the location in the
BAt2 11011001ty Py Pg P5 Py Ssame page specified by Py to
adar  (BranchonAChit o o p b lp P,y Pyl 2 | 2 P3P PPy [P ifthe bitin AC specified by
if (AC,12) =1 the immediate data ty 1 is one.
PC71t00 « Branch to the location in the
BNAt2 1001|000y P;PgPs P, same page specified by P to
adar  |BrANChONmOACHR [ o o p lp P, Py Pyl 2 | 2 P3P, Py Py [Py i the bit in AC specified by
if (AC,12) =0 the immediate data t, t; is zero,
PC7100 « Branch to the location in the
P7Pg Ps Py same page specified by Pz to
Bd"ff" Branch on M bit oo oo o hlolafa P3Py Py Po | Pgifthe bitin M (HL) specified
addr 7FeFsTa|FaT2M Fo if [M (HL),i2]  |by the immediate data t, to
=1 is one.
PC7t00 « Branch to the location in the
P; Pg Ps Py same page specified by Py to
B:thz Branch on no M bit Ff lf S o ’f o hy ole|e2 P3PaPi Py |Pgifthe bt in M (HL) specified
addr 7654|321 Po if [M (HL),12) by the immediate data t, t,
=0 is zero.
Intemal control
registers can also
be tested by
ing thi
PC7t0 0 « Branch to the location in the &:?fuu:t’i?nt 'S
Pz PgPg Py same page specified by P to i "
::f Branchon Portbit || o oola o ola]e PaPaPyPg | Py if the bit in port (DP, ) oaiately after
77ersTa(F3T21 Fo if [P (DP.), 12] | specified by the immediate instruction
=1 data ty ty is one. Howaver, this is
limited to
registers that can
be read out.
internal control
registers can also
be tested by
ing thi
PC7100 ¢ Branch to the location in the :::f;g:;gnt 8
P, PgPs Py same page specified by Pz to : : fer
BNPT2 | Branch on no Port bit R ofz|e PaPpP1 Py | Poif the bit in port (D) iiverands
7TeTs5T41T3 21 o [P (DP)), 2] | specified by the immediate instruction
= data t; 1o is zero. However, this is
limited to
registers that can
be read out.
Continued on next page.
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Continued from preceding page.
Instruction code g ‘§ Affected
Mnemonic F- Ra Operation Description status Note
E®[ER ;
D7 Dg D5 D4 |D3 D2 Dy Do | S2(5C bits
[Branch instructions)
1101/l110 0 pC7 };’70,:,:,;,5 Py Branch to the location in the
BC addr | Branch on CF 2|2 same e specified by P, to
Pz Pg Ps Py | P3Py Py Py P3Py Py Py gy C;::ag ;‘; yFr
if(CF)=1 o :
PC7100 «
Branch to the location in the
BNC Branch on no CF 100111100 2|2 P7PePs Py same page specified by P to
addr Py P Ps Py |P3 P, Py Py P3Py Py Py [pame bage spe
i (CF) =0 o -
11011101 PC7 tg OP(_P P Branch to the location in the
BZ addr | Branch on ZF P, Pg Py Py |PaPy Py Po| 2 | 2 P: P: pf P; same page specified by P to
if (ZF) =1 P if ZF is one.
PC7100 «
Branch to the location in the
BNZ Branch on no ZF 100111101 2|2 P7PePs Py same page specified by Py to
addr P7 Pg Ps Py |P3Po Py Py P3Py Py P | AT BETO &b b4
i (ZF) < 0 o if ZF is zero.
Branch to the location in the
PC71t00 « N
same page spegcified by P to
BFN4 | Branch on flag bit 111 1ngmoning , |, P7 Pg P5 Py P, If the flag (of the 16 user
addr P; Pg Ps Py | Py Py Py Py PaP2P1Po | i) specifid by ng npn, o
# (Fn) = 1 is one.
Branch to the location in the
PC7100 « T
same page specified by Py to
BNFnd4 Branch on no flag bit 101 11030010 212 P2 Pg P5 Py P if the flag (of the 16 user
addr P7 Pg P5 Py |P3 Pa Py Py P3P2P1Po |4l e) speciied by ng nym, no
if (Fn) = 0 is zero.
[/O instructions]
1Po Inputport0tloAC |0 0 1 0]0 0 0 0] 1|1 |ACc (Poy g‘z)":ge contents of port zF
P Input port to AG 0010/0110]|1]|1 |ACe(PopPy :;"(’;:,Bet:c,’\"éems of port zF
Input the contents of port
IPM Input port 1o M 0600 tf1001]| 1|1 (MHY <P @EPY P?DP,_) to M (HL). po
. {nput port to 110011 111 . Input the contents of
IPDR#4 | oG direct 01 10(I3liylp] 2|2 [AC<IPGN P (i4) 10 AC. 1%F
I tents of
iPas  |inputport 4, 5to 1100111111, |, |[Ec[P@)] P ?:; 2&??5?;05; aﬂﬁ"ic
E, AC respectively t1 01|01 0 AC « [P (5)] respectively.
op OuputACtopot [0 0 1 0|0 10 1|1 |1 [PEryeiag go”fg‘(gﬁ:)’""“’ms ofACto
f M
0oPM  |Output M to port 0001|101 0[1 (1 |POPYeIMHL] g";ﬁ'g‘?ofstem of M (HL)
.. | Output AC to 1100|1111 . Output the contents of AC
OPDR M [ ort direct 01 1 1[l3i1y1|2]2 [PE(AC) 1o P (id).
Qutput the contents of E and
opas |OuutE ACwpor [1 100111 1) |, [Pwem A(l;tfoportsP(At)andP(S)
4, 5 respectively 1101 10 1 P (5) « (AC) respectively.
Set to one the bit in pont
SPB12 |Setport bit 0000|100ty 1 1 [[P(OP),t2] 1 P (DP,) specified by the
immediate data t; to.
Clear to zero the bit in port
RPBt2 |Reset pon bit 001010t 1|1 |IPEOP) 210 P (DPy) specified by the zF
1 o L L.
immediate data ty .
N Take the logical AND of P (P3
ANDPDR| And port with 1100|0101 P (Pg 10 Po) « to Pg) and the immediate data
Immediate data then 2 | 2 |[P(PstoPply o ZF
i, p4 I3 Io 1y lg |P3PaPy Py 3% "o I3 12 13 lg and output the result
output lstolo to P (P 1o Py).
N Take the logical OR of P (P3
ORPDR | OF port ":'“:j aten |1 10 0[0100f | ’;“;3 v ';0) « to Py) and the immediate data | ZF
i4,p4 |Immediatedatathen |, |\ o p p p [P (P30 Po)] v I3 I I1 I and output the result
output 3 12 11 lg |P3P2P{ Py I to 1 31211 lp
3% to P (P3to Pg).

Continued on next page.

B 799707L 0017971 785 EM

Power ed by | Cniner.com El ectronic-Library Service CopyRi ght 2003

No. 5486-24/26




LC66E2316

Continued from preceding page.

Instruction code g g Affected
Mnemonic -g @ 'E 3 Operation Description status Note
D7 Dg D5 D4 |D3 D, Dy Dy 25 2% bits
[Timer control instructions]
Write the contents of M2 (HL),
WTTMO | Write timer 0 10010 ;l:ng;zno«[mz LI | AC into the timer 0 reload
register.
100f1 1 Wirite the contents of E, AC
WTTM1 | Write timer 1 TIMER1 « (E), (AC) |into the timer 1 reload
111]01 register A
M2 (HL) Read out the contents of the
RTIMO | Read timer 0 100101 AC « (TIMERO) :{rgemcountermto M2 (HL),
1100|1111 Read out the contents of the
RTIM1 - [Read timer 1 1111|0101 E. AC « (TIMERT) | ior 1 counter into E, AC.
11 11
STARTO | Start timer 0 _1| : ? g 0110 Start timer 0 counter | Start the timer 0 counter.
1 4] 11 1
START1 | Stant timer 1 1 : 1 8 0 4 : 1 Start timer 1 counter | Start the timer 1 counter.
1 1 1
STOPO | Stop timer O 1 : ? ? ; 1 : 0 2 | 2 [Stoptimer 0 counter |Stop the timer O counter.
STOP1 | Stop timer 1 : : ? ? (1) : : : 2 2 | Stop timer 1 counter | Stop the timer 1 counter.
[Interrupt control instructions]
Setinterruptmaster (1 1 0 0|1 1 o 1 Set the interrupt master
MSET | enabie flag 0101{0000/|2]|2 [MSEc1 enabie flag to one.
Reset interrupt 1100{1 101 Clear the interrupt master
MRESET master enable flag 1001|oo0o00f2]|2 |MSEcoO enable flag to zero.
o] 11 1 inter:
EHi4 | Enable interrupt high ; : o ? s Iy l(: | 2 |2 [EDH < EDIH)via Ze;::;e interrupt enable flag
11 1 i le fi
EiLi4  |Enable intemuptiow | 1 O O |13 N f: l:: 2 | 2 [EDIL(EDIL)via | D! theintermupt enable fiag
— |
DIHi4 | Disable interrupt high : ; g ? 113 :2 f: 13, 2 | 2 |EDH <« (EDH)ATE ga‘;a':::ri“e"“me"ab"’ zF
1 1 ot — 1Ci the i enabl
DILi4 | Disable interrupt low : N g 8 N |12 1| 2|2 |EPoLe @Dy AT ﬂa‘;a‘:, o erTupt enaple zF
00f{1 111 Transfer the tents of E,
WTSP  |write sP : ) 011101022 |sPem® a0 A e contents of €
110 1 11 Transfer the of SP
RSP |Read SP t1o i st ile]2 [eacamsn 1o B ag e contents of S
[Standby control instructions)
1
HALT HALT : 1 g (1) : : : ; 2 | 2 |HALT Enter halt mode.
HOLD HOLD : : g ? 1 1 : : 2 2 |HOLD Enter hold mode.
[Serial /O controt instructions]
STARTS | Start serial | O 1 : ? 8 1 : 1 (1) 2 2 |STARTSIO Start S10 operation.
y . 11001 1 11 Write the contents of E,
WTSIO | Write serial | O 111001111 2 2 | SIO « (E), (AC) AC to SIO.
11 11 Read out the contents of
RSIO  |Read serial | O 1190 1111122 |EAacesio) g o ts of S0
[Other instructions])
Consume one machine cycle
NOP No operation 0O0OO0ODO(0OO0OO0OO]| 1 1 | No operation without performing any
operation.
SBi2 Select bank : 8 g [1) (1) |1, IL 2 | 2 |PC13, PC12 « |y Ig | Specify the memory bank.
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