Ordering number : EN5003

CMOS LSI

L C66556B, 66558B

SANYO

Four-Bit Single-Chip Microcontrollers

with 6 k and 8 k Bytes of On-Chip ROM

Overview

The LC66556B and LC66558B are four-bit single-chip
CMOS microcontrollers that integrate on a single chip all
the functions required in a microcontroller, including
ROM, RAM, I/O ports, two serid interfaces, comparator
inputs, three-value inputs, timers and interrupts. These
products are provided in a 64-pin package.

These products differ from the earlier LC66558A Seriesin
the power supply voltage range and certain other electrical
characteristics.

Features and Functions

e On-chip ROM and RAM with 6 k (or 8 k) byte and 512
x 4-bit capacities

» The same instruction set (with 127 instructions) as the

LC66000 Series (except that the SB instruction is not

supported)

1/O ports. 54 pins

8-bit serial interface: two circuits (16-bit cascade

connection supported)

Instruction cycle: 0.92to 10 ps (at 3t0 5.5 V)

Series Structure

 Powerful timers and prescalers
12-bit timer: time-limit timer, event counter, pulse width
measurement, square wave output
8-bit timer: time-limit timer, event counter, PWM
output, sguare wave output
12-bit prescaler: time base functions

 Powerful 11-factor 8-vector interrupt system
External interrupts: 6 factors/3 vectors
Internal interrupts: 5 factors/5 vectors

* Flexible /0O functions
Comparator inputs, three-value inputs, 20 mA drive
outputs, 15 V breakdown voltage pins, pull-up/open-
drain option switching possible

» Runaway detection function (watchdog timer) option

* 8-bit I/O function

» Power saving functions: halt and hold modes
Package: DIP64S, QFP64E

e Evaluation LSI: LC66599 (evaluation chip) +
EV A850/800-TB665X X
L C66E516 (On-chip EPROM microcontrollers)
LC66P516 (On-chip OTPROM microcontrollers)

Type No. Pin count ROM capacity RAM capacity Package Features
LC66304A/306A/308A 42 4 k/6 k/8 kB 512 W DIP42S QFP48E
Normal versions
LC66404A/406A/408A 42 4 k/6 k/8 kB 512 W DIP42S QFP48E 4.010 6.0 V/0.92 pis
LC66506B/508B/512B/516B 64 6 k/8 k/12 k/16 kB 512 W DIP64S QFP64A
LC66354A/356A/358A 42 4 k/6 k/8 kB 512 W DIP42S QFP48E
Low-voltage versions
*
LC66354S/356S/358S 42 4 k/6 k/8 kB 512 W QFP44M 2.2105.5 V/3.92 s
LC66556A/558A/562A/566A 64 6 k/8 k/12 k/16 kB 512 W DIP64S QFP64E
LC66354B/356B/358B 42 4 k/6 k/8 kB 512 W DIP42S QFP48E
Low-voltage high-speed versions
LC66556B/558B 64 6 k/8 k 512 W DIP64S QFP64E 3.010 55 V/0.92 s
LC66562B/566B 64 12 k/16 kB 512 W DIP64S QFP64E
LC66E308 42 EPROM 8 kB 512 W D|¢423 QFC48
(window) (window)
LC66P308 42 OTPROM 8 kB 512 W DIC42S QFP48E
LCE6EA08 42 EPROM 8 kB s1ow DiC42s QFC48 Evaluation (window) versions &
(window) (window) OTP versions
LC66P408 42 OTPROM 8 kB 512 W DIC42S QFP48E 4.510 5.5 V/0.92 ps
LC66E516 64 EPROM 16 kB 512 W D|C64S QFCM
(window) (window)
LC66P516 64 OTPROM 16 kB 512 W DIC64S QFP64E

Note: *: Under development

SANYO Electric Co.,Ltd. Semiconductor Bussiness Headquarters
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LC66556B, 66558B

Package Dimensions

unit: mm unit: mm
3071-DIP64S 3159-QFP64E
[LC66556B, 66558B] [LC66556B, 66558B]
17.2
64 0 4.0 {1.6)

[adalalalalalalalabalalalalalalalalodaVsleNalaba¥abalalalalal

——-><|
) .6)
4

. %‘F—JL 1?1.09._5—"_
; ‘ E

19.05
16.8

|

g

~
0.5
12.2
14.0

|10.8

1
o
~
i

8.0max

X
O

0.95 048 1.8

0.35 ][ 2.7 IQ"

[=
SANYO: DIP64S SANYO: QIP64E
Pin Assignments
DIP64S QFP64E
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siosp20 LT} © [64] Voo EEg3332t
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scko/P22 [3 62 :f Siataialalatalataialgiaiala'n'n
INTO/P23 L4 61 48 47 46 45 44 43 42 41 40 39 38 37 36 35 34 33
INT1/P30 [60] P10 po1 [ 49 32[] pa2
pPouTO/P31 [ [59] P03 P02 [ 50 (] Pal
POUT1/P32 [7] [58] P02 posl 51 30[] Pao
HOLD/P33 [B] [57] PO P10 [T 52 29[ P93/INTS
P40 % E P00 p11{]s3 [] P92/iNT4
P41 [10 55] PE1/TRB 1209 54 2701 P91/INT3
P42 [O1] 54] PE0/TRA P30 55 2] RES
P43 [12] 53] PD3/CMP3 Voo [ 6 LC66556B,66558B 250 0sc2
Pso [13 52] PD2/CMP2 020751008 57 ’ 2409 0sC1
Ps1 14 [51] PD1/CMP1 P21/500[] 58 23[J vss
P2 [15] | 06655668 (24 PDO/OMPO P22/ SO 59 2] TEST
P53 [T6] [43] PC3/VREF! P23/INT0 0 60 21 LI P/ INT2
si1/Pe0 [T 66558B  [F5] rc2/vReFo P30/ iNTICD 61 2009 P83
S01/P61 18 [47] PC1 P31/POUTOC] 62 19(1P82
SCKT1/P62 % 46] PCO p32/PoUTI[]63 18[1p8
PINT/P63 [20 45] PB3 P33/ FOLO L] 64 1701 P8O
p70 [21] 44] PB2 1 234567 8 910111213141516
P71 [22] 43] PB1 HHHHHHHHHHHHHHH]
O — AN MO — NN M O — N MO — N ™M
P L 2 Py fTiTEC¥EEEEEEERE
p73 (24] 1] PA3 ===
P80 (5] % PA? 5 sz
P81 [ 33) PAT
pg2 [27 E PAO Top view
P83 % [37] P93/INTS
NT2/P90 [28 [36] P92/INT4
TEsT [30] [35] P91/INT3
vss [31] 3] RES
osc1 [32] 33] 0SC2
Top view

We recommend using reflow soldering as the QFP solder mounting technique.
Consult your Sanyo representative concerning temperature and other conditions if techniques in which the whole
package is to be immersed in a solder dip bath, i.e. solder dip techniques, are to be used.
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LC66556B, 66558B

System Block Diagram

RES —ed C::) RAM STACK ROM
(512W) (6K/8K)
TEST —= A EZ]
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0SC1 —e{ CONTROL ﬂ ﬁ
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EIDD|DD
0SC2 ] sp|M|PP|PP E | A PC
RIHL [xY
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T i
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Differences between the LC66556B/LC66558B and the LC66508B Series

Iltem

LC66508B series
(Including the EVA850/800-TB665XX tool)

LC66556B, 66558B

System differences
» Hardware wait time (number of cycles)
when hold mode is cleared

65536 cycles
At 4 MHz (Tcyc = 1 ps): about 64 ms

16384 cycles
At 4 MHz (Tcyc = 1 ps): about 16 ms

* Value of timer O at reset
(including the value after hold mode is cleared)

The value FFO is loaded.

The value FFC is loaded.

Differences in the major characteristics
» Operating power supply voltage/operating speed

LC66512B, 516B
4.0t0 6.0 V/0.92 to 10 ps
LC66E516, P516
4.5105.5V/0.92 to 10 ps

3.0t0 5.5V/0.92 to 10 ps

An RC oscillator cannot be used with the L C66556B and L C66558B
In addition, certain other output current and comparator input voltage specifications differ.

For details, see the individual catalogs for the LC66508B, L C66E516 and L C66P516.
Keep these differences in mind when using the LC66E516 and L C66P516 evaluation chips.

No. 5003-3/22




LC66556B, 66558B

Pin Function Overview

Pin

110

Function

Output drive type

Option

Value on reset

POO
PO1
P02
P03

110

1/0 ports P00 to PO3

« Input or output in 4-bit or 1-bit
units

« P00 to P03 have control
functions in HALT mode.

P-channel: pull-up MOS type
N-channel: small sink current

type

Either with pull-up
MOS or N-channel OD
output

Reset output level

High or low (option)

P10
P11
P12
P13

110

1/0 ports P10 to P13
« Input or output in 4-bit or 1-bit
units

P-channel: pull-up MOS type
N-channel: small sink current

type

Either with pull-up
MOS or N-channel OD
output

Reset output level

High or low (option)

P20/SI0
P21/SO0
P22/SCKO
P23/INTO

10

1/0 ports P20 to P23

« Input or output in 4-bit or 1-bit
units

P20 is also used as the serial
input SI0 pin.

P21 is also used as the serial
output SO0 pin.

P22 is also used as the serial
clock SCKO pin.

P23 is also used as the INTO
interrupt request, as the timer 0
event counter and for pulse
width measurement input.

P-channel: CMOS type
N-channel: small sink current
type

+15 V withstand voltage in N-
channel OD

Either CMOS or N-
channel OD output

High

P30/INT1
P31/POUTO
P32/POUT1

110

1/0 ports P30 to P32

« Input or output in 3-bit or 1-bit
units

P30 is also used as the INTL
interrupt request.

P31 is also used for square
wave output from timer 0.
P32 is also used for square
wave output from timer 1 and
PWM output.

P-channel: CMOS type
N-channel: small sink current
type

+15 V withstand voltage in N-
channel OD

« Either CMOS or N-
channel OD output

High

P33/HOLD

Hold mode control input

« Hold mode is entered if a HOLD
instruction is executed when
HOLD is low.

When in hold mode, the CPU is
reactivated by setting HOLD to
the high level.

P33 can also be used as an
input port together with P30 to
P32.

When P33/HOLD is low, the
CPU will not be reset by a low
level on RES. Therefore, RES
cannot be used in applications
that set P33/HOLD low when
power is first applied.

P40
P41
P42
P43

110

1/0 ports P40 to P43

« Input or output in 4-bit or 1-bit
units

« 1/0 in 8-bit units when used in
conjunction with P50 to P53

« Output of 8-bit ROM data when
used in conjunction with P50 to
P53

P-channel: pull-up MOS type
N-channel: small sink current

type

« Either CMOS or N-
channel OD output

High

P50
P51
P52
P53

lfe}

1/0 ports P50 to P53

« Input or output in 4-bit or 1-bit
units

« |/O in 8-bit units when used in
conjunction with P40 to P43

« Output of 8-bit ROM data when
used in conjunction with P40 to
P43

P-channel: pull-up MOS type
N-channel: small sink current
type

« Either CMOS or N-
channel OD output

High

Continued on next page.
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LC66556B, 66558B

Continued from preceding page.

Pin 110 Function Output drive type Option Value on reset
1/0 ports P60 to P63
« Input or output in 4-bit or 1-bit
units
« P60 is also used as the serial * P-channel: CMOS type
PEO/SIL input SI1 pin * N-channel: small sink current
P61/SO1 put S1- pin. _ : + CMOS or N-channel .
= 110 « P61 is also used as the serial type High
P62/SCK1 - . . OD output
PE3/PIN output SO1 pin. « +15 V withstand voltage in N-
« P62 is also used as the serial channel OD
clock SCK1 pin.
« P63 is also used as the timer 1
event counter input.
P70 Dedicated output ports P70 to » P-channel: pull-up MOS type
P71 P73 « N-channel: intermediate sink « With pull-up MOS
P72 o « Output in 4-bit or 1-bit units current type transistor or N-channel High
« The latched output data can be | « +15 V withstand voltage in N- OD output
P73 L K X
read with input instructions. channel OD
Dedicated output ports P80 to
P83
P . . . . . -
80 « Output in 4-bit or 1-bit units « P-channel: CMOS type CMOS or P-channel
P81 : . OD output . .
o « The latched output data can be | ¢ N-channel: small sink current High or low (option)
P82 L ) . « The output level at
P83 read with input instructions. type reset
« A p-channel OD output option is
available.
1/0 ports P90 to P93
« Input or output in 4-bit or 1-bit
units
PgO/—m | E?eorrlz ilsrz L:JSees(: s he INT2 * P-channel: CMOS type
POL/INT3 UpL request. — ' hd + CMOS or N-channel .
—— 110 « P91 is also used as the INT3 * N-channel: small sink current High
P92/INT4 . OD output
PO3/INTS interrupt request. o type
« P92 is also used as the INT4
interrupt request.
« P93 is also used as the INT5
interrupt request.
PAO Dedicated output ports PAO to PA3 .
PAL o « Output in 4-bit or 1-bit units . 2_222:2:'_ :)nlilelzrlrjr?el\tfigtz ts):slf « With pull-up MOS or High
PA2 « The latched output data can be current t .e N-channel OD output 9
PA3 read with input instructions. o
PEO Dedicated output ports PBO to
PB1 PB3 ) . : P-channel:. CMOS type « With pull-up MOS or )
O « Output in 4-bit or 1-bit units * N-channel: small sink current High
PB2 N-channel OD output
PB3  The latched output data can be type
read with input instructions.
1/0 ports PCO to PC3
« Input or output in 4-bit or 1-bit
PCo . ;IE‘,Itzsis also used as the VREFO
PCl 110 comparator comparison voltage * CMOS or N-channel High
PC2/VREFO o P P 9 OD output g
PC3/VREFL * PC3is also used as the VREF1
comparator comparison voltage
pin.
Dedicated input ports PDO to PD3
« Can be switched to function as
comparator inputs under
PDO/CMPO software control.
PD1/CMP1 | The comparison voltage for PDO Normal input
PD2/CMP2 is VREFO. P
PD3/CMP3 The comparison voltage for PD1

to PD3 is VREF1.
Comparison can be specified in
units of PDO, PD1, (PD2, PD3).

Continued on next page.
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LC66556B, 66558B

Continued from preceding page.

Pin 110 Function Output drive type Option Value on reset
Dedicated input port
PEO/TRA | « Can be switched under software Normal input
PE1/TRB control to function as a three- P
value input port.
System clock oscillator connections . Selection of either a
0oscC1 | When an external clock is used, . )
0SsCc?2 fo) leave OSC2 open and input the ceramic oscillator or
signal to OSCL. external clock input
System reset input
RES | « The CPU is initialized (reset) if a
low level is input to RES when
P33/HOLD is at the high level.
CPU testing
TEST | This pin must be connected to
Vgg during normal operation.
Voo Power supply connections
Vss

Note: Pull-up MOS output: An output with a pull-up MOS transistor
A complementary output
An open drain output

CMOS output:
OD output:

User Option Types

1. Port 0, 1 and 8 reset time output level option
The output levels of I/O ports O, 1 and 8 at reset can be selected from the following two options in 4-bit units.

Option

Conditions and notes

High level output at reset time

Ports 0, 1 and/or 8 in 4-bit sets

Low level output at reset time

Ports 0, 1 and/or 8 in 4-bit sets

2. Oscillator circuit option

Option Circuit Conditions and notes
External clock osci « This input is a Schmitt specification input.
no—pP>
C1 0SC1
H
) ) Ceramic s
Ceramic oscillator resonator= 0302<’
H i—l——D—
c2

Note: There is no RC oscillator option.

3. Watchdog timer option
The presence or absence of a program runaway detection function (watchdog timer) can be selected as an option.

No. 5003-6/22
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4. Port output type option
* One of the following two output circuit options can be selected for each bit in ports PO, P1, P2, P3 (except for the
P33/HOLD pin), P4, P5, P6, P7, P9, PA, PB and PC.

Option Circuit Conditions and notes
D_1 Output
data
. P7, PA and PB are output only pins.
Open drain output | gn;:t P2, P3, P6 and P9 are Schmitt inputs.
DsB
Output )
data P7, PA and PB are output only pins.
3 P2, P3, P6 and P9 are Schmitt inputs.
Built-in pull-up
resistor outout CMOS outputs (P2, P3, P6, P9 and PC) and pull-up MOS outputs
p (PO, P1, P4, P5, P7, PA and PB) are differentiated.
’D_Input
| data
DSB

» The P8 circuits can be selected from the following two optionsin bit units.

Option Circuit Conditions and notes

) Output
Open drain output }_G—‘Dsg— data

y——— Output
I'—G: data

Built-in pull-up
resistor output

|

w/
2]
@

» The PD comparator inputs and the PE three-value inputs are selected in software.
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Specifications
Absolute Maximum Ratings at Ta=25°C,Vgg=0V

Parameter Symbol Conditions Ratings Unit Note
Maximum supply voltage Vpp max | Vpp -0.3t0 +7.0 \
Vin @) P2, P3 (except for the P33/HOLD pin) and P6 -0.3t0 +15.0 \% 1
Input voltage -
Vin (2) | Other inputs -0.3to Vpp + 0.3 \ 2
P2, P3 (except for the P33/HOLD pin),
\Y 1 —0.3t0 +15.0 \Y 1
Output voltage out (1) P6, P7 and PA
Vour (2) | Other outputs -0.3t0o Vpp +0.3 \ 2

PO, P1, P2, P3 (except for the P33/HOLD pin),

lon | pg, ps, e, P8, P9 and PC 4 mA 3
. lon (@) | P7,PA,PB 20 mA 3
Output current per pin
—lop (1) PO, P1, P4, P5, P7, PA, PB 2 mA
P2, P3 (except for the P33/HOLD pin),
—lop ) | pg, P8, P9 and PC 4 mA 4
P2, P3 (except for the P33/HOLD pin),
Zlon @) | pg, ps, P6, P7 and P8 5 mA 3

Jlon (2) | PO, P1, P9, PA, PB, PC 75 mA 3

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

~Zlor () | py, ps, pe, P7 and P8 25 mA 4
-Zlpp (2) | PO, P1, P9, PA, PB, PC 25 mA 4
Allowable power dissipation Pd max | Ta=-30to +70°C: DIP64S (QIP64E) 600 (430) mw
Operating temperature Topr -30to +70 °C
Storage temperature Tstg -55to +125 °C
Note: 1. Applies to open drain output specification pins. The rating from the “other pin” entry applies for specifications other than the open drain output

specification.

. Levels up to the free-running oscillation level are allowed for the oscillator input and output pins.

. Inflow current (For P8, the CMOS output specifications apply.)

. Outflow current (Applies to pull-up output specification and CMOS output specification pins except P8.)

. We recommend using reflow soldering methods to mount the QFP package version.
Contact your Sanyo sales representative to discuss process conditions if techniques in which the whole package is immersed in a solder bath
(solder dip or spray techniques) are used.

abhwN

Allowable Operating Ranges at Ta=-30to+ 70°C, Vgg=0V, Vpp = 3.0t0 5.5 V unless specified otherwise

Parameter Symbol Conditions min typ max Unit Note
Operating supply voltage Vbp Vbp 3.0 5.5 \%
Memory retention supply voltage Vpp (H) | Vpp: In hold mode 18 55 \%
P2, P3 (except for the P33/HOLD pin), P6:
Vin D | with the output n-channel transistor off 08 Vpp 135 v 1
P33/HOLD, P9, RES, OSC1:
) Vi (@) With the output n-channel transistor off 08 Vop Voo v 2
Input high level Voltage
PO, P1, P4, P5, PC, PD, PE: 0.75
VIH @) | Wwith the output n-channel transistor off Vpp Voo v 3
Viy (4) PE: When three-state input is used 0.8 Vpp Vbp \
Intermediate level input voltage Vim PE: When three-state input is used 0.4 Vpp 0.6 Vpp \
Vemwm (1) | PDO, PC2: When comparator input is used 15 Vbp \
Common-mode input voltage range v o PD1, PD2, PD3, PC3: When comparator v Vpp — v
cum () input is used SS 15
P2, P3 (except for the P33/HOLD pin), P6, P9, RES,
Vie (@) OSC1:N-channel output, transistor off Vss 0-2Vpp v 2
Vi (2) | P33/HOLD: Vpp=1.8t055V Vss 0.2 Vpp \Y
Low level input voltage v (3 | PO.PL P4 PS5 PC,PD, PE, TEST: N-channel output, | 025 5
L@ | yansistor off ss VoD
VL (4) | PE:When three-state input is used Vss 0.2 Vpp \
Operating frequency 4.35| MHz
(instruction cycle time) fop (Teve) 0.4 (10) 0.92) | (us)

Note: 1. Applies to open drain specification pins. However, the rating for V| (2) applies to the P33/HOLD pin. Ports P2, P3 and P6 cannot be used as input
pins when CMOS output specifications are used.
2. Applies to open drain specification pins. P9, which has CMOS output specifications, can be used as input pins.
3. When PE is used as a three-value input, V| (4), V) and V| (4) apply. Port PC cannot be used as input pins when CMOS output specifications
are used.

Continued on next page.
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Continued from preceding page.

Parameter Symbol Conditions | min | typ | max | Unit | Note

[External clock input conditions]

Frequency fext and with OSC2 open (with external clock input 0.4 4.35 MHz

OSC1: See Figure 1. With the signal input to OSC1

selected for the oscillator circuit option)

Pulse width textH text | @nd with OSC2 open (with external clock input 100 ns

OSC1: See Figure 1. With the signal input to OSC1

selected for the oscillator circuit option)

Rise and fall times textR: textr | @nd with OSC2 open (with external clock input 30 ns

OSC1: See Figure 1. With the signal input to OSC1

selected for the oscillator circuit option)

Electrical Characteristics at Ta=-30to + 70°C, Vgg=0V, Vpp =3.0t0 5.5 V unless other wise specified

Parameter Symbol Conditions min typ max Unit Note
(1 P2, P3 (except for the P33/HOLD pin), P6: 50 1
(@) Vi = 13.5 V, N-channel output, transistor off : WA
PO, P1, P4, P5, P9, PC, OSC1, RES, P33/HOLD
Input high level current () (except for PD, PE, PC2 and PC3): 1.0 HA 1
Vin = Vpp. N-channel output, transistor off
PD, PE, PC2, PC3: V) = Vpp,
i (3) N-channel output, transistor off 10 KA 1
_— Inputs other than PD, PE, PC2, PC3: 10 2
L@ Vi = Vg, N-channel output, transistor off B WA
Input low level current PC2 PC3 PD.PE.
e (2) Vin = Vs, N-channel output, transistor off -1.0 KA 2
P2, P3 (except for the P33/HOLD pin), P6, P8, P9, Vpp —
PC:loy=-1mA 1.0
Von (1) ox — v 3
P2, P3 (except for the P33/HOLD pin), P6, P8, P9, Vpp —
. PC:loy =-0.1 mA 0.5
Output high level voltage
PO, P1, P4, P5, P7, PA, PB: Igy = -50 pA Vpp —
1.0
Von (2) V] 4
PO, P1, P4, P5, P7, PA, PB: Igy = —-30 pA Vpp —
0.5
Output pull-up current Ipo PO, P1, P4, P5, P7, PA, PB: V| = Vsg, Vpp = 5.5V -16 mA 4
Vo, (1) PO, P1, P2, P3, P4, P5, P6, P8, P9, PC 04 v 5
L —_— _ .
Output low level voltage o (except for the P33/HOLD pin): Io; = 1.6 mA
VoL (2) | P7,PA,PB:lg. =8 mA 15 \Y
lore (1) | P2, P3, P6, P7, PA: V=135V 5.0 pA
Output off leakage current lorr (2) | (except for P2, P3, P6, P7, P8 and PA): V|\ = Vpp 1.0 HA
lopr (3) | P8:ViN=Vss -1.0 HA
V 1) | PD1, PD2, PD3: V;y=VggtoVpp—-15V +50 +300 mV
Comparator offset voltage orr (1) IN~ ¥SS bb
Vogg (2) | PDO: V|y=1.5Vto Vpp +50 +300 mV
[Schmitt characteristics]
Hysteresis voltage Vhis 0.1Vpp \Y
High level threshold voltage VtH P2, P3, RES, P6, P9, OSC1, (RC, EXT) 0.5 Vpp 0.8 Vpp \
Low level threshold voltage VtL 0.2 Vpp 0.5 Vpp \
[Ceramic oscillator]
Oscillator frequency fcr OSC1, OSC2: See Figure 2, 4 MHz 4.0 MHz
Oscillator stabilization time tcrs See Figure 3, 4 MHz 10 ms
Note: 1. Common input and output ports with open-drain output specifications are specified for the state with the output N-channel transistor turned off.
These pins cannot be used for input when the CMOS output specification option is selected.

2. Common input and output ports with open-drain output specifications are specified for the state with the output N-channel transistor turned off.
Ratings for pull-up output specification pins are stipulated for the output pull-up current IPO. These pins cannot be used for input when the CMOS
output specification option is selected.

3. Stipulated for CMOS output specifications with the output N-channel transistor in the off state. (This also applies to P8 when P-channel open drain
is selected.)

4. Stipulated for pull-up output specifications with the output N-channel transistor in the off state.

5. Stipulated for P8 with CMOS output specifications.

6. Stipulated for open drain output specifications with the output N-channel transistor in the off state.

7. Stipulated for open drain output specifications with the output P-channel transistor in the off state.

Continued on next page.

No. 5003-9/22



LC66556B, 66558B

Continued from preceding page.
Parameter Symbol Conditions | min | typ | max | Unit | Note
[Serial clock]
Cvele fi Input ¢ 0.9 us
cle time
Y Output cKey 2.0 Teye
Low level/high Input tekL SCKO, SCK1: With Fhe timing from Figure 4 and 0.4 us
) the test load from Figure 5
level pulse widths| Qutput tekn 1.0 Teve
Rise/fall times | Output tckrs tekE 0.1 us
[Serial input]
Data setup time tick S10, SI1, SIO, SI1: With the timing in Figure 4. 0.3 us
- Stipulated with respect to the rising edge
Data hold time tek for SCKO and SCK1. 0.3 Hs

[Serial output]

SO0, SO1: With the timing from Figure 5 and
Output delay time tcko the test load from Figure 5. Stipulated with respect to 0.3 us
the falling edge for SCKO and SCK1.

[Pulse input conditions]

INTO, See Figure 6:

INTO - Conditions such that the INTO interrupt is accepted 2 T
High and low level pulse widths 10H, "I0L | Conditions such that timer O event counter and pulse cyc
width measurement inputs are accepted
High and low level pulse widths for ¢ ¢ INT1, INT2, INT3, INT4, INT5, See Figure 6: 2 T
interrupt inputs other than INTO 11H, M11L | Conditions such that all interrupts are accepted cyc
PIN1 ¢ ¢ PIN1, See Figure 6: Conditions such that timer 1 2 T
High and low level pulse widths | PINH, "PINL| event counter inputs are accepted cye
RES ¢ ¢ RES, See Figure 6: Conditions such that reset 3 T
High and low level pulse widths | 'RSH' 'RSL | can occur cyc
Comparator response speed Trs PD, See Figure 7 20 ms
) ) Vpp: 4 MHz ceramic oscillator 3.0 5.0 mA
Operating mode current drain Ipp op 8
Vpp: 4 MHz external clock 3.0 5.0 mA
. Vpp: 4 MHz ceramic oscillator 1.0 2.0 mA
HALT mode current drain IDDHALT
Vpp: 4 MHz external clock 1.0 2.0 mA
Hold mode current drain Iobrowp | Vop: Vpp=1.8t05.5V 0.01 10 pA

Note: 8. Reset state

| 0SsC1 (0sc2) J

T !

OPEN
External clock

e R P---=°-=-"Vss

Voo
Lower limit for
_______ F_--.-,-- - - - - - - -- the operating
, 0SC1 0SC2 / Vop
B ov
EE Rd
+—i0— 0SC
1 == Ceramic -+ o A §§§\
resonator
+=—Oscillator - Stable
unstable period oscillation
tcrs
Figure 2 Ceramic Oscillator Circuit Figure 3 Oscillator Stabilization Period
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Table 1 Ceramic Oscillator Guaranteed Constants

External capacitance

4 MHz (Murata Mfg. Co., Ltd.)
CSA4.00MG

C1 =33 pF + 10%

C1 =33 pF + 10%

C1 =33 pF + 10%

4 MHz (Kyocera Corporation)

= 0
KBR4.0 MS C1 =33 pF + 10%

Rd=0Q

Rd=0Q

Internal capacitance

4 MHz (Murata Mfg. Co., Ltd.)
CST4.00MG

4 MHz (Kyocera Corporation)
KBR4.OMES

SCKO

SCKT 0.4 Vpp (output)

0.2 Vpp (input) \

tCKCY

tCckR
1CKL |

tCKH

"

tick | tCKI

tCekF

0.8 Vpp (input)
Vpp — 1V (output)

R=1kQ
TEST
point

SI0
si

x

0.8Voo
0.2Vpp

C=50pF

1CKO

S00
SO1

Voo — 1
0.4Voo

Figure 4 Serial /0O Timing

tioH
tH

Figure 5 Timing Load

tiow
L

tPINL
tRSL

Figure 6 Input Timing for INTO, INT1, INT2, INT3, INT4, INT5, PIN1 and RES

Vin
: VoFF
VREF
: VorFrF
Vin
Comparator
output data
Trs

Figure 7 Comparator Response Speed Trs Timing
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Application Development Tools

Programs for the LC66556B and L C66558B microprocessors are developed on an IBM-PC compatible personal
computer running the MS-DOS operating system. A cross assembler and other tools are available. To make application
development more convenient, Sanyo also provides a program debugging unit (EVA850/800), an evaluation board
(EVA850/800-TB665X X), an evaluation chip (LC66599) and an on-chip EPROM microprocessor (L C66E516).

LC66E5H16

64-pin
plug

LC66599

Evaluation chip
board
(EVAB00/850-
TB665XX)

User application printed circuit board

Debugging unit
(EVA800/850)

Host control program,
cross assembler

Personal computer
(OS: MS-DOS)

Structure of the Application Development Tools

1. Program debugging unit (EV A850/800)
Thisis an emulator that provides functions for EPROM writing and serial data communications with external
equipment (such as a host computer). It supports application development in machine language and program
maodification. Its main debugging functions include breaking, stepping and tracing. (The MPM665X X is used for the
EV A850/800 monitor ROM.)

2. Evaluation chip board (EV A800/850-TB665X X)
The evaluation chip signals and ports are output to the 64-pin connector and when the output cable is connected, the
evaluation chip board converts these signals to the same pin assignments as those on the mass production chip. The
evauation chip board includes jumpers for setting options and other states and these jumper settings allow the
eva uation chip to implement the same I/O circuit types and functions as the mass production chip. However, there
are differences in the hold mode clear timing and the electrical characteristics.

Jumpers

Type

0osC

Reset method

Power supply to the user application board

Jumper

Jumper 1

(1)

Jumper 2 (J2:RES)

Jumper 3 (J3:Vpp)

Jumper setting and mode

EXT

External oscillator
(external clock)

INT (a)

Reset by a RUN instruction
from the host computer.

ON (a)

Vpp is supplied to the user
application printed circuit board
through the evaluation chip board.

RC RC oscillator Reset by the reset circuit on Separate power supplies on the user
- EXT (b)| the user application printed OFF (b) | application printed circuit board and
CF CF oscillator circuit board. the evaluation chip board
Switches (SW1)
Watchdog ti
Type Port 0, 1 and 8 output levels on reset abasgncggelt?:g: presence or
Switch POS P1S P8S WDC
Switch setting | ON Port 0 high ON Port 1 high ON Port 8 high ON Watchdog timer present
and mode OFF |Port 0 low OFF |Port1low OFF Port 8 low OFF | Watchdog timer absent

Note: Switches RCO and RC1 must both be set to the on position.
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Switches SW2 to SW14: Pull-up resistor option settings

1. Set the corresponding switch to the on position for built-in pull-up resistors and set the switch to the off position for
open drain output. (SW10 is used for the port 8 pull-down resistor setting.)
2. These settings can be specified for individual pins.
3. Cross assembler
Cross assembler (file name) Object microprocessors Limitations on program creation
SB instruction limitations
LC66562B/566B * LC66556B: SBO, SB1, SB2 and SB3 cannot be used
LC66S. EXE (LC66E516/P516) - LC66558B: SBO, SB1, SB2 and SB3 cannot be used
(LC66599) * LC66E516/P516: SBO, SB1, SB2 and SB3 can be used
* LC66599: SBO, SB1, SB2 and SB3 can be used
4. Simulation chip (See the LC66E516 individua product catalog for more details.)

The LC66E516 simulation chip is an on-chip EPROM microprocessor. Mounted configuration operation can be
confirmed in the application product by using a dedicated conversion board (the W66E516DH for DIC products and
the W66E516QH for QFP products) and writing programs with a commercial PROM writer.

e Form

The LC66E516 has a pin assignment and functionsidentical to those of the LC66556B and LC66558B. However,
there are differences in the hold mode clear timing and the electrical characteristics. The figure below shows the
pin assignment .
The figure below shows the pin assignment .

* Options
The options (the port 0, 1 and 8 levels at reset, the watchdog timer and the port output circuit types) for the
microprocessor to be evaluated can be specified by EPROM data. This allows evaluation with the same peripheral
circuits as those that will be used in the mass production product.

Pin Assignments

DIC64S (window)
A0/SI0/P20 % o % \F/,r;g/m
A1/500/P21 (2 63 window
A2/5CK0/P22 (3] [§2] P12/D6 QFC64 ( )
A3/INTO/P23 (4 (57 P11/D5 .
A4/INT1/P30 5 (0] P10/D4 . m\ﬁ 2
A5/POUT0/P31 & [53] P03/D3 BB'SS _ore
A6/POUT1/P32 7] (58] P02/D2 & < aad Cuw
HOLD/P33% %PO]/M 8%%9999%%
A7/P40 L2 6] PO0/DO S=S2N=SR V38R s 3R
A8/P41 1] [55] PE1/TRB/OE SLHsDe880p580a0y
A9/P42 [IT] %PEO/TRA/C_E__ CHOHO-O- OO OO OO
A10/P43 [12] 53] PD3/CMP3/PGM |
A11/P50 [13] (2] po2/CMP2/PRS  D1/PO1 G149 g‘z ) ;Zﬁf
At2/pP51 04} [51] PD1/CMP1 gg;ggg X g? 0D o
A13/P52 [15] 50] PDO/CMPO T ol PO3/INTS
Ps3 [1E] 23 PO3/VREF 1 gg;g? 0 gg 280 P92/INT4
si1/pe0 07] LC66E516 % PC2/VREF0 /P12 B ae 570 Po /INTS
sodt/ep [ i oo 07/P13 55 — 20 FES
PIN1 /P63 (20 5] a3 AO/PZO\//SDI?) . gg 240) 0SC1
P70 LS % oz A1/P21/500 (158 B Vss
P71 = ] pRo A2/P22/SCK0 L] 59 2203 ;QEO/W
p72% ) PB A3/P23/INTO 20
P73 = m PA3 A4/P30/INTT 205 Egg
Pe0 L= F5] o A5/P31/POUTO (062 19 P
P8l = 5] Pac A6/P32/POUTI [163 185 Pe1
P82 [27] PAO P33/ oL D CJ 64 1783
pg3 [28] [37] P93/INT5 1234567 8910111213141516
iNT2/Pg0 (23] [36] Pg2/INT4
Vep/TEST [ 30 _3_5—]I11/INT3 Eagat&ggaﬁggﬁaaaa
Vss L] 3 RES RSOSSN S S
osc1[32] 33] osc2 4223333 m8§§
Top view Top view
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LC665XX Series Instruction Table (by function)

Abbreviations:
AC: Accumulator
E: E register
CF: Carry flag
ZF: Zero flag
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 by the DPH, DPL data pointer
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: Bits8to11linthe PC
PCm: Bits4to 7inthe PC
PCl: BitsOto 3inthe PC
Fn: User flag, n=0t0 15
TIMERO: Timer O
TIMERL: Timer 1
SIO: Serial register
P Port
P (i4) Port indicated by 4 bits of immediate data
INT: Interrupt enable flag
( ),[ 1]: Indicatesthe contents of alocation
- Transfer direction, result
A Exclusive or
A Logical and
v Logical or
+: Addition
- Subtraction

Taking the one's complement
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Instruction code g g Affected
Mnemonic g 2 g 2 Operation Description status Note
3 )
D7DgDs D4 [D3D2D1 Do S 5[5 bits
[Accumulator manipulation instructions]
AC -0 Has a vertical
CLA Clear AC 1000(00O0O0| 1|12 (Equivalent to LAI 0.) Clear AC. ZF skip function.
Decimal adjust AC 1100|2111 AC ~ (AC) +6 .
DAA i addition 0010[/0110]| 2|2 |(EquialenttoADi6)|Addsx0AC. ZF
) ) AC « (AC) + 10
DAS Pec"l;‘ta' ag’”St AC (1) é 2 g 1 é i é 2 | 2 |(Equivalent to Add 10 to AC. ZF
in subtraction ADI 0AH.)
CLC Clear CF 0 1111 1 1 |CF~0 Clear CF to 0. CF
STC Set CF 0 1111 1 1 |CF«~1 Set CF to 1. CF
— Take the one’s complement
CMA Complement AC 0001|1000 1|1 |AC-(AC) of AC P ZF
1A Increment AC 0001 1 1 1 |AC -« (AC)+1 Increment AC. ZF, CF
DA Decrement AC 00 0 1 1 [AC - (AC)-1 Decrement AC. ZF, CF
) AC;3 — (CF),
RAR gOtatehAch”ght 0001|0000/| 1|1 |ACN(ACh+1), |sShiftAC (including CF)right. |CF
roug CF « (ACq)
ACq « (CF),
RAL ;"tatehAch'eﬁ 0000|000 1| 1|1 |ACn+1 (ACn), |ShiftAC (including CF)left. |CF, zF
roug CF « (ACy)
TAE Transfer ACto E 1 11 ]|1 |E<(AC Move the contents of AC to E.
TEA Transfer E to AC 1 01 |1 |AC - (E) Move the contents of E to AC. | ZF
) Exchange the contents of
XAE Exchange ACWthE [0 1 0 0|0 1 0 0| 1 |1 |(AC)«~ (E) AC and E.
[Memory manipulation instructions]
IM | t M 0001|0010]| 1 1 M(HL) — | tM (HL ZF, CF
ncremen M (HU)] + 1 ncrement M (HL). ,
DM D t M 0010|0O01O0]|1 1 M (HL) — D t M (HL ZF, CF
ecremen M (HL)] - 1 ecrement M (HL). ,
. . 1100|0111 . ] X
IMDR i8 | Increment M direct T T 2 | 2 |M(i8) « [M(i8)]+1 |IncrementM (i8). ZF, CF
7'6'5 14]'3 1121110
1100|0011
DMDR i8 | Decrement M direct 2 2 [M(i8) —~ [M (i8)]—1 |Decrement M (i8). ZF, CF
7 1g 15 14 |13 1 17 Iy
. Set the bit in M (HL) specified
SMBt2 | Set M data bit 00001 1¢tt|1|1 [MMHLI2] 1 by 10 and t1 to 1.
. Clear the bit in M (HL)
RMBt2 |Reset M data bit 00101 1¢tt|1]|1 |MHLL-0 specified by t0 and t1. 10 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 0o0o00j0110]1 B [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 2 | 2 |AC « (AC) +[M (i8)] (18) P ZF, CF
I7 0 15 14|13 12 17 g values and store the result
in AC.
Add the contents of AC,
) AC — (AC) + M (HL) and CF as two’s
ADC AddMtoACwithCF|0 0 0 0|0 O 1 0] 1 1 [M (HL)] + (CF) complement values and ZF, CF
store the result in AC.
Add the contents of AC and
ADI i4 Add immediatedata (1 1 0 0|1 1 1 1 2 | 2 AC — (AC) + the immediate data as two’s 7E
: to AC 00 10(lIzlyl 1 I3, 12, 13, lg 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
SUBC with CF 0001101111141 (AC) - (CF) complement values and store ZF, CF borrow and one
the result in AC. otherwise.
) Take the logical and of AC
ANDA |AndMwithACthen | o v o g9 1 1 1| 1 |1 |AC - (AO)A and M (HL) and store the ZF
store AC [M (HL)] .
result in AC.
. Take the logical or of AC and
OrRA |OrMwithACthen 14 o o 9|9 1 0 1| 1 |1 |AC - (AOY 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 g Affected
Mnemonic g 2 g 2 Operation Description status Note
D7DgD5D4|D3D2D1Dp|5 5158 bits
[Arithmetic, logic and comparison instructions]
. . Take the logical exclusive or
EXL Exclusive orMwith 15 o o 1|9 1 9 1| 1 |1 |[AC-(AO¥ of AC and M (HL) and store | ZF
AC then store AC [M (HL)] .
the result in AC.
. Take the logical and of AC
ANDM At“d MMW'thACthe“ ooooloo11]|1]1 ""\'A('LLL)“(ACM and M (HL) and store the zF
store M (HL)] result in M (HL).
. Take the logical or of AC and
ORM OtrMX"A"hACthe” 0oo0oo0o0jo100|1]1 “:A(':'LB“(AC)V M (HL) and store the result | ZF
store M (HL)] in M (HL).
Compare the contents of AC
and M (HL) and set or clear CF
and ZF according to the result.
Magnitude
Cc™ Compare ACwithM [0 0 0 1|0 1 1 0| 1 |1 |[M(HLJ+(AC)+1 comparison | ©F | ZF | |ZF, CF
[M (HL)] > (AC) o|o
[M (HL)] = (AC) 1)1
[M (HL)] < (AC) 1|0
Compare the contents of AC
and the immediate data
I3 15 13 g and set or clear CF
and ZF according to the result.
) Compare AC with 1100(1111 _ Magnitude
X CF | ZF
Cli4 | immediate data 1010300 1|2 |2 [Bliilbr(RO+1 comparison ZF, CF
I315 14 Ig>AC oo
|3 |2 Il |0 =AC 1 1
I315 14 Ig < AC 1|0
ZF -1 Compare the contents of DP_
CLlia Compare DP_with 11001111 P if (DP) =1I315 11 lg | with the immediate data. ZE
: immediate data 101 1flz3l13 1 ZF -0 Set ZF if identical and clear
if OP) #1315 14 1g | ZFif not.
ZF ~ 1
if (AC, t2) = [M (HL), | Compare the corresponding
CMB 2 Compare AChitwith ({1 1 0 0|1 1 1 1 P 2] bits specified by t0 and t1 in ZF
M data bit 1 101(00tt ZF- 0 AC and M (HL). Set ZF if
if (AC, t2) # [M (HL), [identical and clear ZF if not.
t2]
[Load and store instructions]
Load AC and E from AC « M (HL), Load the contents of M2 (HL)
LAE v (HD) 0102111100111 g MHL+1 into AC, E.
) Load AC with Load the immediate data Has a vertical
LAL4 immediate data 1000100l 1|1 AC-I3kll into AC. ZF skip function
. | Load AC from M 1100(0001 ) Load the contents of M (i8)
LADRI8 | jirect olg ls Iy |13 1y 1y 1| 2 | 2 |AC — M@8)] into AC. zF
Store the contents of AC into
S Store ACto M 0100011 1|1]|1 |[M(HL) ~ (AC) M (HL)
Store AC and E to M (HL) « (AC) Store the contents of AC, E
SAE M2 (HL) 010111 11011 T IMHL+1) (€ |into M2 (HL).
Load the contents of M (reg)
into AC.
The reg is either HL or XY
depending on tg.
LAreg |L0adACfrom 010010t 0| 1|1 |AC<Mreg)] ZF
M (reg) reg tg
HL 0
XY 1

Continued on next page.
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Continued from preceding page.

Instruction code g g Affected
Mnemonic g 2 JEJ 2 Operation Description status Note
D7 D6 D5 D4 D3 D2 Dl DO 2 % 2 % bits
[Load and store instructions]
Load the contents of M (reg)
into AC. (The reg is either HL ZF is set
Load AC f M AC ~ [M (reg)] or XY.) Then increment the according to the
LA reg, | ﬂ?a AL Trom . 9o 100|101t 1 DP, — (DP)+1 |contents of either DP| or DPy. |ZF result of
en increment reg or DPy « (DPy) + 1 | The relationship between ty 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
Load AC f M AC — [M (reg)] or XY.) Then decrement the according to the
LA reg, D ﬂ:)a d rom ¢ (req) 0101|10¢t1 DP_ —~ (DP) -1 contents of either DP|_or DPy. | ZF result of
en decrement reg or DPy « (DPy)—1 | The relationship between ty 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 reg is either HL or XY
. depending on tg.
XAreg |EXchangeACWIth 14 9 o o1 1 ¢ 0 (AC) « [M (reg)]
M (reg) reg to
HL 0
XY 1
Exchange the contents of
M (reg) and AC. (The reg is .
. either HL or XY.) Then ZFis s_et
Exchange AC with (AC) « [M (reg)] increment the contents of according to the
XAreg, | M (reg) thten 0100|111ty DPSF; (DPB)p+ 1+ . either DP, or DPy. The ZF .result of ’
increment reg or DPy — (DPy) relationship between t and ::r;;remeSFl)ng
reg is the as that for the XA LOrPFy.
reg instruction.
Exchange the contents of
M (reg) and AC. (The reg is .
Exch AC with AC M either HL or XY.) Then ZFis Z?t to th
xchange wi (AC) — M (reg)] decrement the contents of accoraing to the
XA reg, D| M (reg) then 010111t DP_ - (DP) -1 . ZF result of
d : oP op 1 either DP_or DPy. The d "
ecrement reg or DPy — (DPy) - relationship between ty and De;remgr:jmg
reg is the as that for the XA LorbPy
reg instruction.
. | Exchange AC with 1100|110 ) Exchange the contents of AC
XADRI8 |\t direct llg 1g 1 |13 I | (AC) ~ M ()] and M (ig).
LEA i Load E & AC with 110001 E < l7lgl5l4 Load the immediate data i8
: immediate data I7 lg 15 Ig |13 17 1 AC ~ I3ly 1y 1y into E, AC.
Load into E, AC the ROM data
Read table data from E, AC — at the location determined by
RTBL program ROM 0101110 [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 Port 4. 5 ROM data at the location
RTBLP |program ROMthen |0 1 0 1|1 O F?(T')M' P(_;h E AC determined by replacing the
output to P4, 5 [ ( P ) lower 8 bits of the PC with
E, AC.
[Data pointer manipulation instructions]
Load DPy with zero
LDZ i4 and DP|_ with 0110t DPy ~ 0 Load zero into DPy and the
! immediate data 32 DPL « I35 14 Ig immediate data i4 into DP, .
respectively
LHli4 Load DPy with 1100|11 op o 1 | Load the immediate data i4
: immediate data 000O0]|lIzlyl H<'821% into DPyy.
LLli4 Load DP|_with 110011 DP. lalo o | Load the immediate data i4
: immediate data 000 1]lIzly! L=3217% into DP|.
LHLIi8 Load DP, DP with |1 1 0 0|0 O DPy « I71gl5 1y Load the immediate data into
: immediate data I7 lg 15 14 |13 15 11 DP_ « I3ly 1y 1 DLy, DP,.
LXYI 8 Load DPy, DPywith {1 1 0 0|0 O DPy « l7lglg5 14 Load the immediate data into
: immediate data I7 lg 15 Ig |13 15 1 DPy « I3l 11 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
3 )
D7DgDs D4 [D3D2D1Dp| S5 (58 bits
[Data pointer manipulation instructions]
Increment the contents
IL Increment DP_ 00O01|0001| 1|1 |DP.~(DP)+1 ZF
of DPy.
D t th tent:
DL Decrement DP, 0010(/0001|1]|1 |DP —(@P)-1 ecrement the contents zZF
of DP.
Increment the contents
Y Increment DPy 0001|001 1|1]|1 |DPy~ (DPy)+1 ZF
of DPy.
D t th tent:
DY Decrement DPy 0010|001 1|11 |DPy-(DPy-1 ecrement the contents zZF
of DPy.
11001111 Transfer the contents of AC
TAH Transfer AC to DPy 1111]/l0000 2 | 2 |DPy ~ (AC) {0 DPyy.
11001111 Transfer the contents of DP
THA Transfer DPH to AC 1110l0000 2 | 2 |AC ~ (DPy) t0 AC. ZF
Exchange AC Exchange the contents of AC
XAH with DPyy 0100(00O0O0O| 1|1 [(AC)«~ (DPR) and DP,.
11001111 Transfer the contents of AC
TAL Transfer AC to DP_ 11110001 2 | 2 |DPL « (AC) to DP,.
1100|1111 Transfer the contents of DP|
TLA Transfer DP_to AC 1110/0001 2 | 2 |AC — (DP)) t0 AC. ZF
Exchange AC Exchange the contents of AC
XAL with DP, 0100|0001|1]|1 |(AC)« (DP) and DP.
11001111 Transfer the contents of AC
TAX Transfer AC to DPy 1111]l0010 2 | 2 |DPx « (AC) to DPy.
11001111 Transfer the contents of DPy
TXA Transfer DPy to AC 1110/l0010 2 | 2 |AC ~ (DPx) to AC. ZF
Exchange AC Exchange the contents of AC
XAX with DPy 0100(0010|1]|1 [(AC) - (DPx) and DPy.
11001111 Transfer the contents of AC
TAY Transfer AC to DPy 11110011 2 | 2 |DPy < (AC) to DPy.
1100|1111 Transfer the contents of DPy
TYA Transfer DPy to AC 1110/0011 2 | 2 |AC — (DPy) t0 AC. ZF
Exchange AC Exchange the contents of AC
XAY with DPy 0100|001 1|11 |(AC)«~ (DPy) and DP.
[Flag manipulation instructions]
. Set the flag specified
SFB n4 | Set flag bit 011 1|ngnyning| 1 |1 |Fn<1 by nd 1o 1.
. Reset the flag specified
RFB n4 | Reset flag bit 001 1|ngnyning|l 1 |1 |Fn~0 by n4 to 0. ZF
[Jump and subroutine instructions]
This becomes
PC13, 12 ~ -
. ! J to the locati th PC12 + (PC12
JMP  |Jumpinthecurrent |1 1 1 0 |P1;P1oPoPsg PC13, 12 ump 1o the focaton In fne PC12 + (PC12)
dd bank PP PPy | PoPopo P 2|2 PCI1 10 0 same bank specified by the immediately
adar an 76574 P32 1 o 00 immediate data P12. following a BANK
P11t0 Py ) _
instruction.
PC13t08 Jump to the location
IPEA thmpdtott:;e atiid;e;:ss co10lo111l1l1 PC131t0 8, determined by replacing the
?‘i;e a at” PC7104 « (E), lower 8 bits of the PC
in the current page PC3100 — (AC) by E, AC.
PC13to 11 ~ O,
PC10to 0 ~
CAL P1oto Po, .
addr Call subroutine 0 10 1|0PgPgPg| 2 | 2 M?(SP)O Call a subroutine.
P7P6 Ps Pa | P3P2 Py Po (CF. ZF, PC13 10 0),
SP ~ (SP)-4
PC13to 6,
PC10 ~ 0O,
czp Call subroutine in the PC5to 2 —~ P3to Py, | Call a subroutine on page 0
addr zero page 101 01PgPaPiPol 1|2 fyy (SP) in bank 0.
(CF, ZF, PC12 to 0),
SP . SP-4
Ch th bank
BANK | Change bank 0ooo0o1|l1011|21]1 ange fhe memory ban
and register bank.

Continued on next page.
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Continued from preceding page.

Instruction code g g Affected
Mnemonic g 2 JEJ 2 Operation Description status Note
D7D6D5D4 D3D2D1D0 2% 2% 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 |ip g
reg PushregonM2(SP)| 1 1 1 1|1 i iy O SP . (SP)-2 HL |0 o
XY 0 1
AE 1 0
lllegal [ 1 1
Add 2 to SP and then load the
contents of M2(SP) into reg.
POP PopregoffM2(SP) [1 1 0 0|1 1 1 1 SP - (SMP; +52|; The relation between i1i0 and
reg 1110|1150 reg — [M2 (SP)] reg is the same as that for the
PUSH reg instruction.
Return from a subroutine or
RT Re;urntfrom 00011100 gz - (I\S/IZ) ;: interrupt handling routine. ZF
subroutine - M4 (SP) and CF are not restored.
Return f int " SP ~ (SP)+4 Return from a subroutine or
RTI et‘_"” rominemupti 5 9 0 1|1 1 0 1 PC « [M4 (SP)] interrupt handling routine. ZF | ZF, CF
routine CF, ZF — [M4 (SP)] |and CF are restored.
[Branch instructions]
PC7t00 ~ Branch to the location in the
BAt2 Branch on AC bit 1101[00tt P Pg P5 Py same page specified by P7 to
addr Po P PP, | PaP, Py P P3P, Py Py Py if the bit in AC specified by
7FeFsFa|F3F2F1Fo ) _ . ) .
if (AC,t2) =1 the immediate data t; tg is 1.
PC7t00 Branch to the location in the
BNAt2 1100 1|00t ty P Pg P5 Py same page specified by P; to
addr  |BranchonmoAChIt 1p o o b Ip.p, P, Py P3P, P1 Py | P if the bitin AC specified by
if (AC,t2) =0 | the immediate data t; ty is O.
PC71t00 Branch to the location in the
P Pg P5 Py same page specified by P; to
Bgztz Branchonmbit |+ 1 F? o F? Shb P3P, P, Py | Pgifthe bitin M (HL) specified
adar 7P6"5 4 P32 1 o if[M(HL),22] | by the immediate data t; tg
=1 is 1.
PC71t00 ~ Branch to the location in the
P Pg P5 Py same page specified by P; to
BglthZ Branch on no M bit ; F? F? ; PO F} ;1 éo P3P, Py Py P, if the bit in M (HL) specified
adar 7P6"5 4|32 1 o if[M(HL),22] | by the immediate data t; tg
=0 is 0.
Internal control
registers can also
be tested by
executing this
PC7t00 Branch to the location in the in)fstn:jcltiogn :
BPE2 1101|1041 P7P6PsPy | same page specified by P7 to immediately after
addr Branch on Port bit P, Pg Ps P4 |P3 Py Py Py .PB P, P Pg P if .the bit in pqrt (DP'-.) a BANK
if [P (DP), t2] | specified by the immediate instruction
=1 dataty fois 1. However, this is
limited to
registers that can
be read out.
Internal control
registers can also
be tested by
- executing this
PC71t00 — Branch to the location in the instructiogn
P+ Pg P P same page specified by P7 to . .
BNPt2 100 1|10t t 76°5°4 diately aft
Branch on no Port bit 10 P3P, Py P Py if the bit in port (DPL) immediately ater
addr P, PgP5 Py |P3 Py Py P 3727170 a BANK
7FeFsFa|F3F2F1Fo ; i ; :
if [P (DP), t2] | specified by the immediate instruction
=0 data ty tg is 0. :

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 g Affected
Mnemonic g 2 JE: 2 Operation Description status Note
D7 D6 D5 D4 D3 D2 Dl DO 2 % 2 % bits
[Branch instructions]
PC71t00
1101/1100 P P Ps P Branch to the location in the
BC addr |Branch on CF 212 7654 same page specified by P7 to
P; Pg P5 P4 |P3 Py Py Py P3P, Py Pg it CF i 1
if(CF)=1 0
BNC 1001l1100 pc7 ‘F‘,’ OPRP p Branch to the location in the
Branch on no CF 2|2 76 54 same page specified by P; to
addr P7 Pe P5 P4 P3 P2 Pl PO P3 Pz Pl Po P, if CFis O
if (CF)=0 0 :
PC71t00
11011101 P P Ps P Branch to the location in the
BZ addr |Branch on ZF 212 7654 same page specified by P7 to
P; Pg P5 P4 |P3 Py Py Py P3P, Py Pg bt 7F is 1
if(ZF)=1 0 :
PC7t00
BNZ 10011101 F(,’ PP P Branch to the location in the
Branch on no ZF 212 v 654 same page specified by P; to
addr P7 Pe P5 P4 P3 P2 Pl PO P3 Pz Pl Po P, if ZF is O
if (ZF) =0 0 :
PC7 100 Branch to the location in the
BEn4 1111 F(’) php P same page specified by Pg to
n Branch on flag bit N3M2NiNol 5 | o 7767574 P if the flag (of the 16 user
adar P7PeP5Ps|P3 P2 P1Po P3 P2 P1Po flags) specified by ng n, ny n
if (Fn) = 1 is 1 sT2i’o
PC7 100 Branch to the location in the
BNFna 1011 F(’) php P same page specified by Pg to
n Branch on no flag bit N3M2NiNol 5 | 2 7767574 P if the flag (of the 16 user
adar P7PeP5Ps|P3 P2 P1Po P3 P2 P1Po flags) specified by nz ny nq ng
if (Fn)=0 is 0 !
[I/O instructions]
Input the contents of port
PO Inputport 010 AC |0 0 1 0|0 0 0 0| 1 |1 |AC < (PO) Ofou pol P ZF
Input the contents of port
P Input port to AC 0010(0110|1]|1|AC[PDP) P‘(’DP S P ZF
L .
Input the contents of port
IPM Input port to M 0001100111 |MHY-PEOPI |pDp)toM (HL).
. Input port to 11001111 ) Input the contents of
IPDR4 1 AC direct 01 10|I301 1| 2 |2 |AC-[P@] P (i4) to AC. =
Input the contents of ports
Input port 4, 5 to 1100|1111 E ~ [P (4)]
1P45 . 2|2 P (4) and P (5) to E and AC
E, AC respectively 1101({0100 AC « [P (5)] regp)ectively( )
Output the contents of AC to
opP OutputACtoport |0 0 1 0|0 1 0 1| 1 |1 |P(DP) - (AC) p;tp; Py
L-
Output the contents of M (HL
OPM Output M to port 0001(1010(1/|1 |P(DP)-«I[M(HL) to pzrtP(DP) (HL)
L)-
. | Output AC to 1100|1111 ) Output the contents of AC
OPDRI4 | hort direct 0111|511 0|2 ]2 |P0-®A0 to P (id).
Output the contents of E and
oP45 Output E, A_C toport (1 1 0 0|1 111 2|2 P (4) - (E) AC to ports P (4) and P (5)
4, 5 respectively 1101|0101 P (5) « (AC) respectively
Set to one the bit in port
SPBt2 | Set port bit 000O0|1O0¢tt| 1|1 |[PDP)t2-1 P (DP,) specified by the
immediate data t; t.
Clear to zero the bit in port
RPB t2 | Reset port bit 0010|10¢tt|1]|1|[PDP)t2]-0 P (DP,) specified by the ZF
immediate data t; t.
. Take the logical and of P (P3
ANDPDR| AN pgrttw':jht pen |t 1 OO0 Ol | F;(PPS © F;Q) - to Pg) and the immediate data |
ia,pa |'Mmediatecatatnen 1 1, [Py Py Py Py [P (Pg to Pol v I3 15 I3 o and output the result
output I3to g to P (P3 to Pp).

. Take the logical or of P (P3
orPDR |2" pog "‘t"thd athen |1 1000100 | F;(F;? tf F;?) - to Pg) and the immediate data | ZF
ia,pa |'Mmmediatedatathen 1y 1 P3Py Py Py [P (P3 to Po)l v I3 15 I I and output the result

output I3to I to P (P3 to Py).

Continued on next page.
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Continued from preceding page.

Instruction code g g Affected
Mnemonic g » g 2 Operation Description status Note
D7 Dg D5 Dy | D3 D, Dy Dg 2% 39 bits

[Timer control instructions]

Write the contents of M2 (HL),

WTTMO | Write timer O 100101 TA”\éEROH (M2 (HL)], AC into the timer O reload

(AC) register.
100l111 Write the contents of E, AC
WTTM1 | Write timer 1 TIMER1 ~ (E), (AC) |into the timer 1 reload
111|010 .
register A.
M2 (HL Read out the contents of the
RTIMO Read timer 0 100|101 AC (H (?IMERO) timer O counter into M2 (HL),
AC.

RTIML | Read ti 1 11001111 E AC TIMERL Read out the contents of the

ead timer 1111|0101 ' = ( ) timer 1 counter into E, AC.

STARTO | Start ti 0 R Start ti 0 t Start the ti 0 t

art timer 1110/0110 art timer O counter art the timer O counter.
STARTL1 | Start ti 1 110071111 Start ti 1 t Start the ti 1 t
art timer 11100111 art timer 1 counter art the timer 1 counter.

STOPO | Stop ti 0 t1o0p1 111 Stop ti 0 t Stop the ti 0 t

op timer 11110110 op timer O counter op the timer O counter.
. 1100|1111 . .

STOP1 | Stop timer 1 111100111 Stop timer 1 counter | Stop the timer 1 counter.

[Interrupt control instructions]

Setinterruptmaster (1 1 0 0|1 1 0 1 Set the interrupt master

MSET | anable flag 0101|0000 2|2 |MSE-1 enable flag to 1.

Reset interrupt 11001101 Clear the interrupt master

MRESET master enable flag 1001|0000 2|2 |MSE-0 enable flag to 0.

. . . 1100|1101 . | Set the interrupt enable flag

EIH i4 Enable interrupt high 010 1]ll,lyl 2 | 2 |EDIH ~ (EDIH)v i4 to 1.

- ) 11001101 . Set the interrupt enable flag

EiL i4 Enable interrupt low 0100|311 I 2 | 2 |EDIL — (EDIL) Vv i4 to 1.

. A . ) 11001101 — | Clear the interrupt enable
DIH i4 Disable interrupt high 1001 |l30,1 0 2 | 2 |EDIH ~ (EDIH) A 14 flag to 0. ZF
. . . 11001101 — | Clear the interrupt enable
DIL i4 Disable interrupt low 1000]/I5l 1 I 2 | 2 |EDIL — (EDIL) A4 flag o 0. ZF
. 11001111 Transfer the contents of E,

WTSP Write SP 1101/1010 2 2 [SP < (E), (AC) AC to SP.
11001111 Transfer the contents of SP

RSP Read SP 1101]101 1 2 |2 |E AC ~ (SP) to E, AC.

[Standby control instructions]

HALT HALT 110071111 2 2 |HALT Enter halt mod
11011110 nter halt mode.
1100|1111

HOLD HOLD 11011111 2 | 2 |HOLD Enter hold mode.

[Serial I/O control instructions]

STARTS | Start serial | O 110071111 2 2 [STARTSIO Start SIO ti

art seria 1110/1110 ar operation.
. . 11001111 Write the contents of E,

WTSIO | Write serial | O 111001111 2 | 2 |SIO ~ (E), (AC) AC 10 SIO.

. 11001111 Read the contents of SIO

RSIO Read serial | O 1111011111 2 | 2 |E,AC — (SIO) into E, AC.

[Other instructions]

Consume one machine cycle

NOP No operation 0 0O0O0[0OOUO O| 1|1 |Nooperation without performing any

operation.
11 11
SBi2 Select bank 1100|0011 2 | 2 |PC13,PC12 « Iy Iy | Specify the memory bank. lllegal instruction
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m No products described or contained herein are intended for use in surgical implants, life-support systems, aerospace
equipment, nuclear power control systems, vehicles, disaster/crime-prevention equipment and the like, the failure of
which may directly or indirectly cause injury, death or property loss.

m Anyone purchasing any products described or contained herein for an above-mentioned use shall:

O Accept full responsibility and indemnify and defend SANYO ELECTRIC CO., LTD., its affiliates, subsidiaries and
distributors and all their officers and employees, jointly and severally, against any and all claims and litigation and all
damages, cost and expenses associated with such use:

O Not impose any responsibility for any fault or negligence which may be cited in any such claim or litigation on
SANYO ELECTRIC CO., LTD., its affiliates, subsidiaries and distributors or any of their officers and employees
jointly or severally.

m Information (including circuit diagrams and circuit parameters) herein is for example only; it is not guaranteed for
volume production. 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 March, 1995. Specifications and information herein are subject to
change without notice.
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