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SANYO

Four-Bit Single-Chip Microcontroller

with 16 KB of On-Chip EPROM

Preliminary

Overview

The LC66E2316 is an on-chip EPROM version of the
LC6623XX Series CMOS 4-bit single-chip micro-
controllers. The LC66E2316 provides the same functions
as the LC662316A, and is pin compatible with that
product. Since the LC66E2316 is provided in a window
package, it can be reprogrammed repeatedly and is thus
optimal for program development.

Features and Functions

e On-chip EPROM capacity of 16 kilobytes, and an on-
chip RAM capacity of 512 x 4 bits.

* Fully supports the LC66000 Series common instruction
set (128 instructions).

* 1/O ports: 36 pins

e DTMF generator
This microcontroller incorporates a circuit that-c

generate two sine wave outputs, DTMF outp :

melody output for software applications. i

8-bit serial interface: one circuit

Powerful timer functions and prescaler
— Time limit timer, event coun;

timer.
— Time limit timer, event ca
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EVA800/850 - TB662YXX2
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LC66E2316

Series Organization

Type N No. of ROM it RAM Pack Feat
ype No. pins capacity capacity ackage eatures
LC66304A/306A/308A 42 4 K/6 K/8 KB 512W | DIP42S QFP48E
LC66404A/406A/408A 42 4 K/6 K/8 KB 512W | DIP42S QFP48E Normal versions
LC66506B/508B/512B/516B 64 6 KI8K/12K/16 KB [512W | DIP64S QFP64A '
LC66354A/356A/358A 42 4 K/6 K/8 KB 512W | DIP42S QFP48E
LC663545/3565/358S 42 4 K/6 K/8 KB 512 W QFP44M
LC66556A/558A/562A/566A 64 6 KI8K/12K/16 KB [512W | DIP64S QFP64E
LC66354B/356B/358B 42 4 K/6 K/8 KB 512W | DIP42S QFP48E
LC66556B/558B/562B/566B 64 6 KI8K/12K/16 KB [512W | DIP64S QFP64E
LC66354C/356C/358C 42 4 K/6 K/8 KB 512W | DIP42S QFP48E
LC662104A/06A/08A 30 4 K/6 K/8 KB 384W | DIP30SD 4
LC662304A/06A/08A/12A/16A 42 4KI6KIBKI12K/6 KB |512 W | DIP42S
LC662508A/12A/16A 64 8 K/12 K/16 KB 512W | DIP64S
LC665304A/06A/08A/12A/16A 48 4KI6KIBK/I12K/6 KB |512 W | DIP48S
LC66E308 42 EPROM 8 KB siow | DIC42S
with windgw,
LC66P308 42 OTPROM 8 KB 512 W
DIC43S ) _ _
LC66E408 42 EPROM 8 KB 512w Witﬁ“mﬁﬁdow W@dqw and OTP evaluation versions
e 4516 5.5 V/0.92 ps
LC66P408 42 OTPROM 8 KB 512 W
LC66E516 64 EPROM 16 KB
LC66P516 64 OTPROM 16 KB
LC66E2108* 30 EPROM 8 KB
LC66E2316 42 EPROM 16 KB Q.F%‘t
with window ) . )
. Window evaluation versions
LC66E2516 64 JQRC64 4510 5.5 V/0.92 is
with window
QFC48
LC66E5316 52/48 with window
LC66P2108* MFP30S
LC66P2316* QFP48E oTP
LC66P2516 QFP64E 4.0t0 5.5 V/0.95 ps
LC66P5316 QFP48E

Note: * Under development
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Pin Assignments

DIC42S
o
P20/SI0/A0 [1 ] [ 421 P13/D7
P21/SO0/A1 [2] | 411 P12/D6
P22/SCKO/A2 [3] | 40] P11/D5
P23/INTO/A3 [4 ] [ 39] P10/D4
P30/INT1/A4 [5 ] [ 38] P03/D3
P31/POUTO/A5 [6 | | 37] P02/D2
P32/POUT1/A6 [7 | [ 36] PO1/D1
Vss [8] LC66E2316 35] P00/DO
osc1l [9] 341 PD3/INV3O
0sc2 [10] [ 33] PD2/INV3I
Vpp [11] 321 PD1/INV20
RES/Vpp/OE [12] [ 31] PDO/INV2I
PEO [13] [ 30] PC3/DASEC
PE1 [14] | 29] PC2/CE
TEST/EPMOD [15] | 281 P63/PIN1
P33/HOLD [16 ] | 271 P62/DT
P40/INVOI/A7 [17] [ 26] P61
P41/INVOO/A8 [18] [ 25] P60/ML
P42/INV1I/A9 [19] | 241 P53/TA
P43/INV10O/A10 [20] | 23] P52/A13
P50/A11 [21] [ 221 P51/A12
QFC48
858
8ggzzz
358833
(HHHH]
3635343 ]
P0O3/D3[ ]37 24 iPsl
P10/D4[ ]38 23f }Peo/ML
P11/D5[ 139 2 F 1P53/INT2/TA
P12/D6 [ 140 [1P52/A13
#20[ 1P51/A12

P13/D7[ ]41

17[ ]P50/A11

16 [ _]P43/INV10O/A10
15[ ]P42/INV1I/A9
14 ]P41/INVOO/A8
1 1213 [ 1P40/INVOI/AT

[y

P33/HOLD [ ]

TEST/EPMOD [ ]

Top view
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Usage Notes

The LC66E2316 was created for program devel opment, product evaluation, and prototype development for products
based on the LC6623X X Series microcontrollers. Keep the following pointsin mind when using this product.

1. After areset

The RES pin must be held low for an additional 3 instruction cycles after the oscillator stablllzanon period has

elapsed. Also, the port output circuit types are set up during the 9 instruction cycles immedi i ely aﬂ:er RES s set
high. Only then is the program counter set to 0 and program execution started from that Iec (Fhe
circuits all revert to the open-drain type during periods when RES is low.)

VDD

0OSsC

RES

Program execution (PC)

Port output type

2. Notes on LC6623X X evaluation

VDDmin _ ;(_ R

:At least 3 !
\instruction

I
I
! Atleast 10 ms
I
I I

Oscillator
stabilization

Open drain

Item

LC66P2316

Differences in the main
characteristics

frequency (cycle time)

(Operating at 4d\)|Hz)
(Halt mode at A MHZ)

« Operating temperature range

* Operating supply voltage/operafing

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

Larger than that for the mask versions
Typical: 10 nA, maximum: 10 pA*

-30to +70°C

Typical: 10pA
(normal operation and halt mode)
Hold mode: 1 pA maximum

Larger than that for the mask versions
Typical: 10 nA, maximum: 10 pA*

Open-drain outputs

Open-drain outputs

» DIC42S window package
* QFC48 window package

* DIP42S
* QFP48E

Note: * Althoug Them

switching HOL®,

G OCO ntr

RES pin when it |s‘4oW Thls increases the hold mode current drain by about 100 pA.

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

ill remain in hold mode if the RES pin is set low while it is in hold mode, always use the reset start sequence (after
.Iew £ high, switch RES from low to high) when clearing hold mode. Also not that a current of about 100 pA flows from the

No. 5486-4/26
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System Block Diagram

<=> RAM STACK EPROM |<>] EPROM k= A0toA13
RES — (612w) Ezl 16KB control <= DO to D7
TEST | oystEM FLAG
0scl —| coNTROL i ﬁ
0SC2 | E|DD|DD
spiv|pP|PR| | E | A ALU PC
HOLD — RIHL|XY
ML ¢ &
DTMF k=) E
oT GEN. [ PreEscALER |T7:2| mPx [ TiMero [ [ seriaLioo
PE MPX U
INTERRUPT
PDI> CONTROL ;FI MPX [ TIMER1 I:L
@ AN
PC y;

Pin Function Overview

0

2;

PL | P2
& ¢

Pé,

(x=0to 3)

' . . State after a |Standby mode
Pin 110 Overview Options reset operation
1/0 ports P00 to P03 Hold mode:
P00/DO « Input or output in 4-bit or 1-bit upﬂ§ * Pull-up MOS or Output off
P01/D1 o | P00 to P03 support the halt mgde Nch OD output Highorlow | ________ |
P02/D2 control function (This functi « Output level on (option) Halt mode:
P03/D3 specified in bit units.) reset Output '
* Used as data pins in EPF retained
Hold mode:
P10/D4 ¢ Pull-up MOS or Output off
P11/D5 4P MOS type Nch OD output High or low
1/0 itermediate sink current A ety
P12/D6 « Output level on (option) Halt mode:
P13/D7 reset Output
retained
Hold mode:
Output off
P20/SI10/A0
P21/SO0/A1 » Pch: CMOS type
P22/SCKO/ * Nch: Intermediate sink current CMOS or Neh OD H ===
output
A2 type
P23/INTO/A
Hold mode:
Output off

Continued on next page.
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Continued from preceding page.
State after a |Standby mode
Pin 110 Overview Output driver type Options v
reset operation
1/0 ports P30 to P32
« Input or output in 3-bit or 1-bit units Hold mode:

P30/INT1/A4

P30 is also used as the INT1 interrupt
request.

Output off

P31/POUTO/ » P31 is also used for the square wave * Pch: CMOS type CMOS or Nch
A5 110 output from timer 0. « Nch: Intermediate sink current output £
P32/POUT1/ » P32 is also used for the square wave type
A6 and PWM output from timer 1.
« P31 and P32 also support 3-state
outputs.

* Used as address pins in EPROM mode

Hold mode control 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 level.
—_— « This pin can be used as input port P33
PS3/HOLD ! along with P30 to P32.
« When the P33/HOLD pin is at the low
level, the CPU will not be reset by a
low level on the RES pin. Therefore,
applications must not set P33/HOLD
low when power is first applied.
Hold mode:
P40/INVOI/ VO ports P40 to P43 o - Highor | Portoutput
A7 . :npu: or ou:pu: in g-?: or %-blthunlts e MOS low off, inverter
* Input or output in 8-bit units when use ull-up or . output off
pay/ 2\'8\/00/ in conjunction with P50 to P53. Nch OD output . I(g\‘/’gftg P
/0 | + Can be used for output of 8-bit RO|  Output level on . T
P42/INV1I/ data when used in conjunction wij reset VO s set | Hait mode:
A9 Lo to the
PA3/INVIO/ P50 to P53. o . * Inverter circuit output off Port output
A0 + Dedicated inverter circuit (opfion ] state _retalned,

+ Used as address pins in ERRGM mod ' inverter
output
continues

1/0 ports P50 to P53

« Input or output i Hold mode:

« Input or outpu Output off

P50/A11 * Pull-up MOS or
P51/A12 1o Nch OD output Highorlow | ________/|
P52/A13  Output level on (option)
P53/INT2/TA reset
Halt mode:
Output
retained
Hold mode:
P60/ML Output off
P61 . ZEE ﬁl':l(r)r:etzipafe sink current CMOS or Nch OD H ===
P62/DT ’ output
P63/PIN1 type Halt mode:
Output
retained

Continued on next page.
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Continued from preceding page.

State after a

Standby mode

Pin 110 Overview Output driver type Options reset operation
Hold mode:
Port output
_ VO ports PC2t0 PC3 « Pch: CMOS type off
PC2/CE | « Output in 2-bit or 1-bit units _ « Nch: Intermediate sink current CMOSorNchOD s, |- _______|
PC3/DASEC * PC3is also used as the control CE and type' output Halt mode:
DASEC pin in EPROM mode. Port output
e e e
PD1/INV20 Dedicated input ports PDO to PD3 P . ’
| . . - ) * Pch: CMOS type
PD2/INV3I Dedicated inverter circuits (option) « Nch: Intermediate sink current
PD3/INV3O '
type
continues
Hold mode:
input
disabled
£52 | Dedicated inputports | A e DEERAET LF & b
Halt mode:
inputs
accepted
Hold mode:
osc1 | System clock oscillator connections oscillator
i Ceramic s‘sc*fator . stops
When an external clock is used, leave Option | =77 |
0SC2 o / or extephal'clock lecti
OSC2 open and connect the clock signal selection’ selection Halt mode:
to OSC1. oscillator
continues
System reset input i
RESNpp/ * When the P33/HQLD pin is at the hl_gh
oF | level, a low level input to the RES
will initialize the CPU.
» This pin is also used as the Vpg/
pin in EPROM mode.
CPU test pin
TEST/
EPMOD |
Vbp
Power su
Vss P

Note: Pull-up MOS type: The ou
CMOS output: Complemen{ary ou
OD output: Open- dra' ou’tput

No. 5486-7/26
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User Options

1

Port 0, 1, 4, and 5 output level at reset option

The output levels at reset for 1/0 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. Output 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

1. External clock

nitt chara’?:teristics

2. Ceramic oscillator

Note: There is no RC oscillator option.

Watchdog timer option

Option

Conditions and notes

1. Open-drain output

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

2. Output with built-in p
resistor

DSB

i Output data

Do~ Input data

The port P2, P3, P5, 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
P5) are distinguished by the drive capacity of the
p-channel transistor.

No. 5486-8/26
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5.

Inverter array circuit option
One of the following options can be selected for each of the following port sets: PA0/P41, P42/PA3, PDO/PD1, and

PD2/PD3.

Option

Circuit

Conditions and notes

1. Normal port I/O circuit

? Output data
Input data

DSB

is selected

i

::% Output data

’_Do—lnput data

DSB

2. Inverter 1/O circuit

Input [

Output [}

high
R

ut datg’

#this opyol

Outptit'data |

‘s selected, the 1/O circuit is disabled
—_

by the BSB signal.

Also:.ﬁo?;é that the open-drain port output type
ogﬁbgffénd the high level at reset option must be
sélefted.

No. 5486-9/26
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LC662316 Series Option Data Area and Definitions

ROM area Bit Option specified Option/data relationship
P5
pa Output level at reset 0 = high level, 1 = low level
Unused This bit must be set to 0. )
Oscillator option 0 = external clock, 1 = cerami "s'(’:?ﬂatgor
3FFOH 2

Unused

This bit must be set to 0.

P1

Output level at reset
PO

0 =low level, 1 = high |

Watchdog timer option

0 = none, 1 = yes (pfegént)

3FF1H

P13

P12

Output type
P11 Ut typ

P10

& F

P03

P02

Output type
PO1 put typ

P00

3FF2H

Unused

P32

P31 Output type

P30

P23

P22

Output type
P21 putyp

P20

3FF3H

P53

P52

Output type
P51 putyp

P50

P43

P42

P41

P40

0=0D,1=PU

3FF4H

Unused

This bit must be set to 0.

0=0D,1=PU

3FF5H

N | ORI N|W|M|lO|[O|N|[O|RIN|W|MO|O(N|O|(RP|INV|WIMOAO|(O|N|O|R|IN|W|MfO|O|(N|O|RP[IN|W|(MO|O|N

This bit must be set to 0.

This bit must be set to 0.

3FF6H

This bit must be set to 0.

Unused

This bit must be set to 0.

Continued on next page.
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Continued from preceding page.

ROM area

@
=

Option specified

Option/data relationship

3FF7H

Unused

This bit must be set to 0.

PC3

Output type
PC2 putiyp

0=0D,1=PU

Unused

3FF8H

ML disabled option

Unused

Unused

PD3

Inverter output
PD1

Unused

P43

Inverter output
P41

3FFOH

Unused

Unused

3FFAH

Unused

Unused

This bit must be set to 0.

Unused

This bit must be set to 0.

This bit must be set to 0.

This bit must be set to 0.

This bit must be set to 0.

3FFDH

A
Téserved. Must be set to predefined data values.

This data is generated by the assembler.
If the assembler is not used, set this data to ‘00".

Continued on next page.
No. 5486-11/26
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Continued from preceding page.
ROM area Bit Option specified Option/data relationship

7
6
5

3FFEH : Reserved. Must be set to predefined data values. ;I;Thsed:stz;gfer:ﬁ;a;i? :;Iethe aése?n{()jl:r
2
1
0
7
6
5

3FFFH : Reserved. Must be set to predefined data values.
2
1
0

Usage Notes

1. Option specification

When us ng a Sanyo cross assembler Wlth the LC66E23 ‘ 668 EXE” and speC|fy the

2.
5316D fo?,tﬁe DIP package, and the W66EP2316Q for
el ow i He used when writi ng the data created by the
Manufacturer
Advantest
Ando
AVAL
Minato Electronics
3.

rboard1 DASEC jumper to the on position.
| PROM once again.
Ai; tms ti mie; ',ncet sfunctioﬂ will operate, the EPROM programmer will issue an error. However, this error does
not mdlcate th ewas r"problem in either the programmer or the LS.
Notes: 1% f the data at ,,f “addresses was “ FF” at step 2, the data security function will not be activated.

2. Thedéta §écur|ty function will not be activated at step 2 if the “blank — program — verify” operation

sequentei$ used.
3. Alwaysreturn the jJumper to the off position after the data security function has been activated.

No. 5486-12/26
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4. Erase procedure
Use a general-purpose EPROM eraser to erase data written to the EPROM.

LC66E2316 (DIC) LC66E2316 (QFC)

Cut corner

Pin1
Aligned to the top

SW DASEC

Write board (W66EP5316D)

Specifications
Absolute Maximum Ratings at Ta = 25°¢

Parameter yinb i Ratings

Maximum supply voltage -0.3t0 +7.0 \%
Input voltage ' -0.3to +12.0 \% 1
-0.310 Vpp + 0.3 v 2
output voliage —0.3t0+12.0 Vv 1
-0.3to Vpp +0.3 \% 2
. 20 mA 3
Output current per pin _;f”41 P43, PC3, PD1, PD3 20 mA 3
P’O, P1, P4, P5 2 mA 4
P2, P3 (except for the P33/HOLD pin), P6,and PC 4 mA 4
PO, P1, P2, P3 (except for the P33/HOLD pin), PD 75 mA 3
P4, P5, P6, PC 75 mA 3
PO, P1, P2, P3 (except for the P33/HOLD pin), PD 25 mA 4
P4, P5, P6, PC 25 mA 4
Ta = +10 to +40°C: DIC42S (QFC48) 600 (430) mw 5

-30to +70 °C

-55to +125 °C

. For the oscillator ?ﬁpu} argd output pins, levels up to the free-running oscillation level are allowed.

3. Sink current (Appkes tofPD when the inverter array specifications have been selected.)

4. Source current (Appﬁés 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.

No. 5486-13/26
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Allowable Operating Ranges at Ta=+10t0 +40°C, Vg5=0V, Vpp = 4.5t0 5.5V, unless otherwise specified.

Parameter Symbol Conditions min typ max Unit Note
Operating supply voltage Vbp Vbp 4.5 5.5 \
Memory retention supply voltage VppH Vpp: During hold mode 1.8 5.5 \

P2, P3 (except for the P33/HOLD pin),

Vil P61, and P63: N-channel output transistor off 08 Vpp
. P33/HOLD, RES, OSC1:
Input high-level voltage Vin2 N-channel output transistor off 0.8Vpp
Vi3 PO, P1, P4, P5, PC, PD, PE:
H N-channel output transistor off
Vil P2, P3 (except for the P33/HOLD pin), P6,
I

RES, and OSC1: N-channel output transistor off

Input low-level voltage Vi 2 P33/HOLD: Vpp =1.8t0 5.5V

PO, P1, P4, P5, PC, PD, PE, TEST:

Vi3 N-channel output transistor off
Operating frequency fop
(instruction cycle time) (Tcyc) (us)
[External clock input conditions]
OSC1: Defined by Figure 1. Input the cloc
signal to OSC1 and leave OSC2 open.
Frequency fext (External clock input must be selected g tfie 4201 MHz
oscillator circuit option.) -
OSC1: Defined by Figure 1. Input gaﬁe ock
pul idth ¢ ¢ signal to OSC1 and leave OSC.
uise wi extH "extL | (External clock input must be seletted as thes ns
oscillator circuit option.)
OSCl Defined by Figur:
Rise and fall times textR: textF 30 ns

Note: 1.

No. 5486-14/26
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Electrical Characteristics at Ta=+10t0+40°C, Vgg=0V, Vpp =4.5t0 5.5V unless otherwise specified.

Parameter Symbol Conditions min typ max Unit Note
P2, P3 (except for the P33/HOLD pin),
inl P61, and P63: V,\ = 10.0 V, with the output 5.0 HA 1
Nch transistor off
PO, P1, P4, P5, PC, OSC1, and P33/HOLD
. |42 (Does not apply to PD, PE, PC2, and PC3): HA 1
Input high-level current VN = Vpp. With the output Nch transistor off
|3 PD, PE, PC2, PC3: V|y = Vpp,
H with the output Nch transistor off
ind RES: V|\ = Vpp, operating, halt mode
iy5 RES: V|\ = Vpp, hold mode
1 Input ports other than PD, PE, PC2, and PC3:
IL VN = Vgs, with the output Nch transistor off
Input low-level current 2 PC2, PC3, PD, PE: V|y = Vgs,
IL with the output Nch transistor off
.3 RES: V|y = Vss
P2, P3 (except for the P33/HOLD pin),
) P6, and PC: Igy = -1 mA
Output high-level voltage Voul ——
P2, P3 (except for the P33/HOLD pin),
P6, and PC: Igy =—0.1 mA
Value of the output pull-up resistor Rpo PO, P1, P4, P5 150 k 4
PO, P1, P2, P3, P4, P5, P6, and PE
Vol (except for the P33/HOLD pin): 0.4 v
Output low-level voltage
Ve 2 PO, P1, P2, P3, P4, P5, P6, agid | 15 v
oL (except for the P33/HOLD pin):in, = 1 :
lorel 5.0 HA 5
Output off leakage current
lorr2 1.0 HA 5
[Schmitt characteristics]
Hysteresis voltage Vhvs 0.1 Vpp \
High-level threshold voltage Viy 0.8 Vpp \
Low-level threshold voltage \%n 0.5 Vpp \
[Ceramic oscillator]
Oscillator frequency 4.0 MHz
Oscillator stabilization time 10.0 ms
[Serial clock]
Input 0.9 S
Cycle time P s
Output & 2.0 Tcyc
I ufe 4 and the test
Low-level and high-level |Input 0.4 s
pulse widths Output 1.0 Teye
Rise an fall times Outpu 0.1 us
[Serial input]
Data setup time 0.3 us
Data hold time 0.3 ys
[Serial output]
ith the timing of Figure 4 and
Output delay tirh . fhe‘test load of Figure 5. Stipulated with respect 0.3 us
; t'the falling edge (1) of SCKO.

Continued on next page.
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Continued from preceding page.

Parameter Symbol Conditions min typ max | Unit |Note

[Pulse conditions]

INTO: Figure 6, conditions under which the INTO
interrupt can be accepted, conditions under

INTO high and low-level YioH: oL | which the timer 0 event counter or pulse width
measurement input can be accepted
High and low-level pulse widths INT1, INT2: Figure 6, conditions under which

for interrupt inputs other than INTO Uik tie | e corresponding interrupt can be accepted

PIN1 high and low-level ¢ ¢ PIN1: Figure 6, conditions under which the
pulse widths PINH "PINL | timer 1 event counter input can be accepted
RES high and low-level ¢ ¢ RES: Figure 6, conditions under which reset
pulse widths RSH' "RSL | can be applied.

Vpp: 4-MHz ceramic oscillator

Operating current drain |
bDoP Vpp: 4-MHz external clock
. Vpp: 4-MHz ceramic oscillator
Halt mode current drain IDDHALT
Vpp: 4-MHz external clock
Hold mode current drain IobHop | Vop: Vpp =1.8t05.5V

Note: 1. With the output Nch transistor off in shared I/O ports with the open-drain output spt
CMOS output specifications are selected.When the port option is selected for PE. ,

. With the output Nch transistor off in shared I/O ports with the open-drain outpiit specification
stipulated in terms of the output pull-up current IPO. These pins cannot be‘y*éeﬁ as inpgt

. With the output Nch transistor off for CMOS output specification pins. 3

. With the output Nch transistor off for pull-up output specification pins.

. With the output Nch transistor off for open-drain output specification

6. Reset state i

Tone (DTMF) Output Characteristics

N

ua b~ w

Parameter min typ max Unit
Tone output voltage (p-p) 0.9 1.3 2.0 \
Row/column tone output
voltage ratio 1.0 20 3.0 d&
Tone distortion 2 7 %

textR
1/fext

textF

i
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VDD Operating Vpp
minimum value

| OSCl1 __ 0sC2 |

Stable oscillation

c1 ——Ceramic—

¢ Oscillator
oscillator unstable period
ICFs ]
Figure 2 Ceramic Oscillator Circuit Figure 3 Oscillator Sta

Table 1 Guaranteed Ceramic Oscillator Constants External capacitor typg,

External capacitor type Built-in capacitor type,
4 MHz C1=33pF +10% 4 MHz
(Murata Mfg. Co., Ltd.) (Murata Mfg. Co., Ltd.)
CSA4.00MG C2 =33 pF+10% CST4.00MG
4 MHz C1=33pF + 10% 4 MHz
(Kyocera Corporation) (Kyocera Corporation)
KBR4.0MS C2 =33 pF +10% KBR4.OMES

SCKO
SCK1 \\
0.2VDD (input)

0.4VDD (output)

SI0 X,
Si1 =
tCKo
SO0 ——VPp-1
DD
so1 | 0.4VDD 7—77|——

Figure 4 Serial I/O Timisig Figure 5 Timing Load

P60/ML
P62/DT R=10 kQ

Figure 7 Tone Output Pin Load
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LC66XXXX Series Instruction Table (by function)

Abbreviations:
AC: Accumulator

E: E register

CF: Carry flag

ZF: Zeroflag

HL: Data pointer DPH, DPL

XY: Data pointer DPX, DPY

M: Data memory

M (HL): Datamemory pointed to by the DPH, DPL data pointer

M (XY): Datamemory pointed to by the DPX, DPY auxiliary data pointer ]
M2 (HL): Two words of data memory (starting on an even address) pointed to bysthe DPI
SP: Stack pointer

M2 (SP): Two words of data memory pointed to by the stack pointer
M4 (SP): Four words of data memory pointed to by the stack pointer
in: n bits of immediate data

t2: Bit specification

t2 11 10 01 00
Bit 23 22 21 20

PCh: Bits8to 11 inthe PC

PCm: Bits4to 7inthe PC

PCI: Bits0to 3inthe PC

Fn: User flag, n=0to 15

TIMERO: Timer O

TIMERL: Timer 1

SIO: Serial register

P Port

P (i4):

INT: Interrupt enable flag

( ),[ 1: Indicatesthe contents of & lécation

. Transfer direction, resfi :

¥ Exclusive or

A Logica and

v Logica or

+: Addition
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Instruction code ; g Affected
Mnemonic -g @ g 4 Operation Description status Note
< :
D7DgDsD4 [D3D2D1 D0 5538 bits
[Accumulator manipulation instructions]
AC - 0 Has a vertical
CLA Clear AC 1000(0O0O0O0|1]1 (Equivalent to LAI 0.) Clear AC to 0. . ‘ZF skip function.
Decimal adjust AC 1100|2111 AC « (AC)+6 )
BAA in addition 0010|0110]| 2|2 |(EquialenttoADi6)|Addsxt0AC.
i ) AC « (AC) + 10
DAS Pec'g‘ta' at‘_"“S‘ AC a0ttt 2 | 2 | (Equivalentto Add 10 to AC.
in subtraction ADI 0AH.)
CLC Clear CF 00011 110)|1 1 |CF-~0 Clear CF to 0.
STC Set CF 00011 111)|1 1 |CF-~1 Set CFto 1.
—_— Take the o
CMA Complement AC 00O01(1000|1]|1 |AC-(AC) of AC ;ne[‘
1A Increment AC 0001|0100]|1 1 |AC - (AC)+1 Incren]:_e"ﬁ;;AC.
DA Decrement AC 0010|0100|1]|1 |AC.(AC)-1 Decyd
) AC3 « (CP),
RAR EOtatehAé:F”ght 0o0o01/0000| 1|1 |ACh.(ACn+1),
roug CF « (ACy)
ACy ~ (CP),
RAL ;"tatehAé:F'e“ 0000|000 1| 1|1 |ACn+1c (ACH
roug CF « (ACy) ,
TAE Transfer AC to E 0100f(0101|1]|1 |E«(AC &
TEA Transfer E to AC 01 ZF
XAE Exchange ACwithE |0 1
[Memory manipulation instructions]
IM Increment M 00 ZF, CF
DM Decrement M 00 ZF, CF
. . 11 ; ) .
IMDR i8 | Increment M direct o ¢rement M (i8). ZF, CF
7 '6 el
) _ 11 _
DMDR i8| Decrement M direct o Decrement M (i8). ZF, CF
7 s
. Set the bit in M (HL) specified
SMBt2 |Set M data bit 00 by 10 and t1 to 1.
. Clear the bitin M (HL)
RMB t2 | Reset M data bit 00 specified by t0 and t1. to 0. ZF
[Arithmetic, logic and comparison instruct
Add the contents of AC and
M (HL) as two’s complement
AD Add M to AC ZF, CF
values and store the result
in AC.
Add the contents of AC and
. ) M (i8) as two’s complement
ADDR i8 AC — (AC) +IM (i8)] | \aues and store the result ZF, CF
in AC.
Add the contents of AC,
AC — (AC) + M (HL) and C as two’s
ADC [M (HL)] + (CF) complement values and ZF, CF
store the result in AC.
Add the contents of AC and
AC ~ (AC) + the immediate data as two’s
ADI i4 o | I( | ) ZF
: 312,11, 1g complement values and store
the result in AC.
Subtract the contents of AC CF will be zero if
AC « [M (HL)] - and CF from M (HL) as two’s there was a
SUBC (AC) — (CF) complement values and store ZF, CF borrow and one
the result in AC. otherwise.
) oo Take the logical and of AC
ANDA At”d MA‘(’:"““ Actiens] o o o 0lo 11 1|11 A’\jl: ;L(AC)A and M (HL) and store the ZF
store (M (HL)] result in AC.
) Take the logical or of AC and
OrRA |OrMwithACthen |5 o o glg 1 0 1| 1 |1 |AC - (AOYV M (HL) and store the result | ZF
store AC [M (HL)] in AC

Continued on next page.
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Continued from preceding page.
Instruction code g ; Affected
Mnemonic g o -g g Operation Description status Note
° )
D7D D5 D4 [D3D2D1Dp| 5552 bits
[Arithmetic, logic and comparison instructions]
. . Take the logical exclusive or #
EXL Exclusive orMwith 15 5 g 1|9 1 g 1|1 |1 |[AC-(RO¥ of AC and M (HL) and stor
AC then store AC [M (HL)] . g
the result in AC.
. Take the logical and ofA
ANDM At“d MMW'th ACthen |6 5 0 0loo 11|11 ":A(T_'LL) ~ (AC)A 1 and M (HL) and storg’
store M (HL)] resultin M (HL).
. Take the Iogica‘l‘or:m? AC
ORM Otr M ",\;'th ACthen 15 590 0lo100]|1 |1 “:A(F'LLL) = (AQ)V | M (HL) and sterethe res
store [ ( )] inM (HL). E
Comparesthe’content&p
and M ALY and
CM Compare ACwithM |0 0 0 1|0 1 1 0| 1 |1 |[[M(HL)]+(AC)+1
) Compare AC with 11001111 '
Cli4 limmediate data 1010l ?]2 tlo* (AC) +1 ZF, CF
1)1
1]0
;ﬁ_gr“ﬁpare the contents of DP_
CLlia Compare DP_ with 1100 with the immediate data. 7F
: immediate data 1011 1 Set ZF if identical and clear
ZF if not.
Compare the corresponding
Compare AC bit with bits specified by t0 and t1 in
CMB 2 |\t data bit AC and M (HL). Set ZF if ZF
identical and clear ZF if not.
[Load and store instructions]
LAE Load AC and E from A Load the contents of M2 (HL)
M2 (HL) 'E « M(HL +1) into AC, E.

. Load AC with Load the immediate data Has a vertical
LAli4 immediate data AC —l3l2lilo into AC. ZF skip function
LADR i8 Load AC from AC M (i8 Load the contents of M (i8) 7E

' | direct ~ M @8] into AC.
Store the contents of AC into
S M (HL) « (AC) M (HL).
M (HL) « (AC) Store the contents of AC, E
M (HL +1) « (E) into M2 (HL).
Load the contents of M (reg)
into AC.
The reg is either HL or XY
depending on ty.
AC —~ [M (reg)] ZF
reg To
HL 0
XY 1

Continued on next page.
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Continued from preceding page.

Instruction code ; g Affected
Mnemonic -E @ -g e Operation Description status Note
= )
D7DgDsD4 [D3D2D1Dp| 3558 bits
[Load and store instructions]
Load the contents of M (reg)
into AC. (The reg is either B ZF is set
AC ~ [M (reg)] or XY.) Then increment thé
LAreg, | i‘h"ad_AC from i"' 9o 1 00[101t 1| 1|2 |DP —@P)+1 |contents of either DP, gF [ résylt
en increment reg or DPy « (DPy) + 1 | The relationship betwsen 'ty iferenieqting
DP| bt DP.
AC « [M (reg)]
LA reg, D fh"ad:C from ":' 9o 10110t 1|12 |DP - (@P)-1
en decrement reg o DPy « (DPy) -1
Exchange AC with
XA rel 01001 1tO0] 1 1 AC) o
9 | M (req) 0 (AC) - [
ZF is set
. “ijther HL .) Then )
A | '\EAxchangt;E AC with increment thé contents of accolidl?g to the
reg. 1! (req) ten eitherpf r DPy. The resulto i
increment reg relatjénghip between tg and g;remeg;ng
regfis the same as that for LOrBPPy
tHe XA reg instruction.
'I;fchange the contents of
“M (reg) and AC. (The reg is .
] “| either HL or XY.) Then ZFis S.Et
Exchange AC with according to the
XA bl m t decrement the contents of It of
reg, (reg) then either DP_or DPy. The resutt o )
decrement reg . - decrementing
relationship between ty and DP. or DP
reg is the same as that for LOrDPy.
the XA reg instruction.
.. | Exchange AC with Exchange the contents of AC
XADRI8 | \1 divect and M (i8).
LEA| i8 Load E & AC with EE 715y Load the immediate data i8
' |immediate data FAC < 131511 1g into E, AC.
: Load into E, AC the ROM data
RTBL Read table data frgpﬁ E,AC — at the location determined by
program ROM [ROM (PCh, E, AC)] | 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 | programR@M then F\?Cr)M’ P(;h E AC determined by replacing the
output.fo P4, 5 [ ( B AC) lower 8 bits of the PC with
E, AC.
1 DPy -~ 0 Load zero into DPy and the
DPL « I3l 11 1g immediate data i4 into DP, .
LHIia Lgédhljﬁpf,_,yyith 0011111, DPu 1ol 11 | Load the immediate data i4
: immediate data. 0 0 l31p 1y g H-l3l2l1lo into DPy,.
. Load DP witha 00f1111 Load the immediate data i4
LLi4 |, ! s 2 DP_ < I3ly 1119 .
immediate data ", . 0 1]lI3 1y Il into DP|..
LHLIi8 Load DPy, DP  with {1 1 0 0 ({0 0 0 O 2 DPy « I71gl5 1y Load the immediate data into
'® | immediate data 7 1g 15 g |13 1o 13 1o DP| < I3l5 1119 DLy, DP,.
LXYI i8 Load DPy, DPywith |1 1 0 0O (0 O 0 O 9 DPy « l71gl514 Load the immediate data into
: immediate data I7 lg 15 I4 |13 1o 11 lg DPy < I35 11 1g DLy, DPy.

Continued on next page.
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Continued from preceding page.

Instruction code g ; Affected
Mnemonic g 2 g 2 Operation Description status Note
D; Dg D5 D4 |D3 D, Dy Dg 2_‘%5% bits
[Data pointer manipulation instructions]
Increment the contents
IL Increment DP 00O01(00O0T1I|1|1 (DP_~(DP)+1
of DP|.
Decrement the contents
DL Decrement DP 0010|0001| 1|1 |DP.(DP)-1 of DP,.
Increment the contesit
Y Increment DPy 00O01(0011| 1|1 |DPy« (DPy)+1
of DPy.
Decrement the £ojitents
DY Decrement DPy 0010[(0011f1 |1 |DPy«(DPy)-1 ’
1100|1111
TAH Transfer AC to DPy 11110000 2 | 2 |DPy ~ (AC)
THA TfDPtACllOOllllzzAC DP,
ransfer DPH to 1110l0000 ~ (DPy)
Exchange AC
XAH with DPy, 0100(00O0O0O|1]|1 [(AC)«~ (DPR)
TAL Transfer AC to DP, 1100111122DP AC
ransfer to DP 1111l000 1 L < (AC)
1100|1111
TLA Transfer DP_to AC 1110/l0001 2|2
Exchange AC
XAL with DP, 0100|00O0T1|1]|1
11
TAX Transfer AC to DPy 11
TXA T fer DPy to AC 1
ransfer DPy to 11
XAX Exchange AC 01
with DPy .
11 Transfer the contents of AC
TAY Transfer AC to DPy 11 © P'bv-
TYA T for DPu 10 AC 11 Fransfer the contents of DPy 7F
ransfer DPy to 11 Fio AC.
Exchange AC Exchange the contents of AC
XAY with DPy 01 and DPy.
[Flag manipulation instructions]
. Set the flag specified
SFB n4 | Set flag bit 01 by n4 to 1.
Reset the fl ified
RFBn4 |Reset flag bit eset e fiag specilie ZF

by n4 to 0.

[Jump and subroutine instruction

JMP
addr

Jump to the address
JPEA  |stored ayE gind AC

in the glirgént pa

PC13, 12 ~
PC13, 12
PC11t0 0
P11 to Pg

Jump to the location in the
same bank specified by the

immediate data P12.

This becomes
PC12 + (PC12)
immediately
following a BANK
instruction.

PC13108
PC13 108,

PC7t04 « (E),
PC3100 — (AC)

Jump to the location

determined by replacing the

lower 8 bits of the PC
by E, AC.

PC13to 11 ~ O,

PC10to 0 «
CAL P10 to Po, .
addr 212 (va (SP) - Call a subroutine.

(CF, ZF, PC13 0 0),

SP . (SP)-4

PC13to 6,

PC10 -~ 0,
czp PC5to 2 — P3to Py, | Call a subroutine on page 0

1 2 .

addr M4 (SP) « in bank 0.

(CF, ZF, PC12 t0 0),

SP . SP-4

h h k

BANK | Change bank 0ooo01|1011|1]1 Change the memory ban

and register bank.

Continued on next page.
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Continued from preceding page.

Instruction code ; g Affected
Mnemonic g @ .g 2 Operation Description status Note
D7DgDsD4 [D3D2D1Dp 3538 bits
[Jump and subroutine instructions]
Store the contents of reg in
M2 (SP). Subtract 2 from S,
after the store.
PUSH 1 001111 M2 (SP) — (reg) reg
reg PushregonM2(SP) 1y 1 1 1|14 ip 0| 2 |2 |sP-(sP)-2 HL
XY
AE
llegal valug
POP 1 00|1111 SP ~ (SP)+2
Pop reg off M2 (SP ; 2|2
reg Preg GP 1111 0]10 00 reg  [M2 (SP)]
Return from SP - (SP)+4
RT 0001|1100]|1 2
subroutine PC — [M4 (SP)] ;
RTI Retgm from interrupt 0 01
routine
[Branch instructions]
BAt2 1101
addr Branch on AC bit P P. P
7765
BNAt2 .11 001
addr Branch on no AC bit P, Pg P Py
tHe jmmediate data ty tg is zero.
1 '@r’:’a\nch to the location in the
“same page specified by P, to
Bc';"dtz Branch on M bit 1101 “ Py if the bit in M (HL) specified
adar by the immediate data t; ty
is one.
Branch to the location in the
BNMI2 same page specified by P; to
addr Branch on no M bit Py if the bit in M (HL) specified

by the immediate data t; ty
is zero.

BPt2
addr

BNPt2
addr

PC7t00

Branch to the location in the

Internal control
registers can also
be tested by
executing this
instruction

P7PgPsPy | same page specified by Py to immediately after
2 P3 P, Py Py Pg if the bit in port (DP))
if [P (DP)), t2 ified by the i diat a BANK
'_[1 (BP), 12] Zp‘tmtlet by the immediate instruction.
= ataty o Is one. However, this is
limited to
registers that can
be read out.
Internal control
registers can also
be tested by
. executing this
PC7t00 Branch to the location in the instructic?n
P7 Pg Pg Py same page specified by P7 to . ;
immediately after
2 P3P, Py Py Py if the bit in port (DP() Y

if [P (DP)), t2]
=0

specified by the immediate
data t; tg is zero.

a BANK
instruction.
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 g @ g 2 Operation Description status Note
D7DgDs D4 [D3D2D1Dp| 5552 bits
[Branch instructions]
PC7t00 ~ L
11011100 P P Ps P Branch to the location in th
BC addr | Branch on CF 212 776754 same page specified by P
P; Pg P5 P4 | P3Py Py Py P3P, P Py b it CF is one
if (CF) =1 0 :
PC7t00 « ey
BNC 5 A o 1001]/1 100 , 1 P, Pg Ps Py Branch to the locatign ih the
addr ranch on no P, PgPs P, | P3Py Py Py P3P, Py P
if (CF)=0
PC7t00 ~
11011101 P7Pg Ps5 Py
BZ addr |Branch on ZF P, Pg Ps Py | P3 Py Py Pg 212 P3P, P, Py
if (ZF)=1
PC7t00
BNZ 100111001 P; PgPs5 Py
addr  |BranchonmozF g o b b lpap, Py Pyl 2 | 2 P3P, Py Po
if ZF)=0
PC7t00 ~
BFn4 Branch on flag bit 111 10ngnningl 5 |5
addr P7 P6 P5 P4 P3 P2 Pl PO
BNFN4 | 5ranch on no flag bit 101 1ingnningl 5 |5
addr P7 P6 P5 P4 P3 P2 Pl PO
[I/O instructions]
Inpugth® contents of port
IPO Input port 0 to AC 0010 0 ?S?A'g P ZF
An “':t the contents of port
P Input port to AC 0010 EJ?;P Vi AC P ZF
L .
| Input the contents of port
IPM Input port to M 0001 P (DP) to M (HL).
.| Input port to Input the contents of
IPDRi4 | AC direct P (i4) to AC. zF
Inout port 4. 5 Input the contents of ports
IP45 nput port 2, 5 1o P (4) and P (5) to E and AC
E, AC respectively respectively.
Output the contents of AC to
oP Output AC to port 1 [FePy - (A0 p

port P (DP)).

Output the contents of M (HL)

POPY) — MHLT |, port P (DP).

OPM QOutput M to port

.| Output AC to ) Output the contents of AC
OPDRi4 port direct P (4) ~ (AS) to P (i4).
Output the contents of E and
Output E, A P@4) - (B
OP45 & AC t ts P (4 dP (5
4, 5 respegtively P (5) - (AC) 0 ports P (4) and P (5)

respectively.

Set to one the bit in port
1 [[P(DP),t2] - 1 P (DP\) specified by the
immediate data t; to.

Clear to zero the bit in port
1 [[P(DP),t2] -0 P (DP,) specified by the ZF
immediate data t; to.

Take the logical AND of P (P3
to Pg) and the immediate data
I3 15 11 g and output the result

P (P3toPg)
2 |[P(P3toPg)v

l3tolo to P (P3 to Py).

. Take the logical OR of P (P3
orRPDR |9" pocrit.vzlthdt th‘*‘::.:‘ 1100(02100) |, lTD(PPB t? ';9) - to Pg) and the immediate data | ZF
i4,pa |'mmediate datatien 1, 5y iy 1Py P, Py Py [P (P5 to Po)l v I3 1 I I and output the result

output |3 to |0

to P (P53 o Pg).

Continued on next page.
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Continued from preceding page.

Instruction code ; g Affected
Mnemonic .g @ .g 2 Operation Description status Note
D7DgDsD4 [D3D2D1 Do 3558 bits
[Timer control instructions]
TIMERO - M2 (L Write the contents of M2 (HL)
WTTMO | Write timer O 1100|121 010(f1]|2 = M2 (HL), AC into the timer O reload

(AC) register.

Write the contents of E@*’ /
WTTM1 | Write timer 1 2 | 2 |TIMERL — (E), (AC) [into the timer 1 reloa
register A.

Read out the corit

RTIMO | Read timer 0 1100[1011]|1]2 ";"(2: (fL(#IMERO) timer 0 counte
AC. 3

RTIM1 Read timer 1 1 1 2 2 é 1 é 1 2 2 |E,AC ~ (TIMER1)

STARTO | Start timer O i 1 (1) g é i i 3 2 | 2 |Starttimer O counter

START1 | Start timer 1 1 1 2 g (1) 1 1 1 2 | 2 |Starttimer 1 counter

STOPO | Stop timer 0 i 1 (1) (1) é i i 3 2 | 2 |Stop timer O couy

STOP1 | Stop timer 1 1 1 2 2 (1) 1 1 1 2

[Interrupt control instructions]

flag to zero.

Transfer the contents of E,

WTSP Write SP AC to SP.

Transfer the contents of SP
to E, AC.

Setinterruptmaster {1 1 0 O
MSET enable flag 0101
MRESET Reset interrupt 1100
master enable flag 1001
. . . 1100
EIH i4 Enable interrupt high 0101
. ) 1100 Sef'the interrupt enable flag
EIL i4 Enable interrupt low 0100 _l;_.C’J":Qn;e-
) ) . 1100 Glear the interrupt enable
DIH i4 Disable interrupt high 100 1 %‘ﬁagto zero. ZF
. . ) 1100 Clear the interrupt enable
DIL i4 Disable interrupt low ZF
1000
1100
1101
110
11

RSP Read SP

[Standby control instructions]

HALT HALT Enter halt mode.

HOLD HOLD Enter hold mode.

[Serial /O control instructiogis];

STARTS | Start serial | & START SI O Start SIO operation.

Write the contents of E,

WTSIO 2 | 2 |SIO « (E), (AC) AC 10 SIO.
RSIO 2 | 2 |E AC < (SI0) ::r&]ftsjtéo:ghe contents of SIO
[Other insfj

Consume one machine cycle
1 | 1 |No operation without performing any
operation.

NOP

SBi2 2 | 2 |PC13,PC12 ~ Iy lp | Specify the memory bank.
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CO., LTD,, its affiliates, subsidiaries and distributors or any of their officers and employees

Jomtly or, seve;all
m Information (|f‘rt;l,ud|ng circuit diagrams and circuit parameters) herein is for example only; it is not guaranteed for
volume productlon. SANYO believes information herein is accurate and reliable, but no guarantees are made or implied
regarding its use or any infringements of intellectual property rights or other rights of third parties.

This catalog provides information as of February, 1997. Specifications and information herein are subject to
change without notice.
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