[Ordering number : EN  *5488

CMOS LSi

LC66E5316

SAMO Four-Bit Single-Chip Microcontroller

with 16 KB of On-Chip EPROM

Preliminary

Overview Package Dimensions
The LC66E5316 is an on-chip EPROM version of the  unit: mm

LC6653XX Series CMOS 4-bit single-chip 3225-DIC52S
microcontrollers. The LC66E5316 provides the same
functions as the LC665316A, and is pin compatible with

that product. Since the LC66E5316 is provided in a [LCesES316]
window package, it can be reprogrammed repeatedly and is 46.74

. b2 27
thus optimal for program development.

Features and Functions

* 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 41.94
set (128 instructions). i~

* 1/0 ports: 42 pins
« A sub-oscillator circuit can be used (option) 0.9

This circuit allows power dissipation to be reduced by
operating at lower speeds.
= 8-bit serial interface: two circuits (can be connected in
cascade to form a 16-bit interface)
* Instruction cycle time: 0.95 to 10 us (at 4.5 t0 5.5 V)
» Powerful timer functions and prescalers 3157-QFcC4s
— Time limit timer, event counter, pulse width
measurement, and square wave output using a 12-bit [LC66E5316])
timer. 20
— Time limit timer, event counter, PWM output, and 140 - a8
square wave output using an 8-bit timer. 15 10 1%
— Time base function using a 12-bit prescaler.
= Powerful interrupt system with 8 interrupt factors and 8
interrupt vector locations. L ——— = ]
— External interrupts: 3 factors/3 vector locations 2 2 =] %
— Internal interrupts: 5 factors/5 vector locations i == ==
» Flexible I/O functions
16-value comparator inputs, 20-mA drive outputs,
inverter circuits, pull-up and open-drain circuits
selectable as options.
* Optional runaway detection function (watchdog timer) 4.77max
» 8-bit I/O functions
* Power saving functions using halt and hold modes.
* Packages: DIC52S (window), QFC48 (window)
¢ Evaluation LSIs: LC66599 (evaluation chip) +
EVA800/850 - TB662YXX?2
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LCE6E5316

Series Organization

Type No. ";’ﬁ: ' ROM capacity ca':;‘)‘:rity Package

1 C66304A/306A/308A 42 |4K6KBKB 512W | DIPa2s QFP48E
LCG6404A/406A/408A 42 [4KBKBKB 512W | DIPa2s QFP48E ";"!’)’:236' ‘69\',5/‘:3; ue
LC66506B/5080/5128/5168 64 [6KEBK12KNEKB |512W | DIPeas QFPB4A
LC66354A/356A/358A 42 |4K6KBKB 512W | DIP42S QFP48E
LCB63545/3565/358S 42 | 4K6KBKB 512 W QFP44M '2-‘;“;;";"2223"‘;’23'::5
LCE6556A/558A/562A/566A 64 |6KBKM2KME6KB |512W | DiPsas QFPB4E
LC66354B/356B/3588 42 |4K/6KBKB 512W | DIP42s QFP48E Low-voltage high-speed versions
LC66556R/5585/562B/5668 64 [6KBKM2ZKAG6KB |512W | DIP64s QFPB4E 3.010 5.5 V/0.92 us
LC66354C/356C/358C 42 |4K6KBKB 512W | DIPa2s QFPasE 25t055vi082 s ]
LCB62104A/06A/08A 30 |4K6KBKB 384W | DIP30SD MFP305 ]
LC662304A/06A/08A/12A/16A 42 |4KBKBKIZKI6KE|512W | DIPa2s QFP4sE ggf:g’_ gzgzﬁ?ramr versions
LCB62508A/12A/16A 64 |BK12KNGKB 512W | DIP6as QFP64E
LCE65304A/06A/08A/12A/16A 48 |4xEKBKI2ZKI6KB|512W | DIP48S QFP48E gga:oﬁ"\*;;'gf;;’ﬁgm
LCB6E308 42 |EPROM 8 KB 512w 3::?.4\3% ow Siz‘c;?ndow
LC66P308 42 |OTPROM B KB 512W | DIPazs QFP48E
LC66E408 42 EPROM 8 KB 512w B:t?viidow St't:hccviendow Window and OTP evaluation versions

4.510 5.5 V/0.92 us
LC66P408 42 | OTPROM S8 KB 512W | DIP42S QFP48E

DICe4
LCB6ES16 64 |EPROM 16 KB 512W w':f, wfmw %S?ndow
LCB6P516 64 [OTPROM16KB |512w | DiPeas QFP64E
LC66E2108* 30 |EPROMBKB 3ga W
LCE6E2316 42 | EPROM 16 KB s512W ﬂ?ﬁﬁdow %;C:”endow . .
Oess Gy | W eaton vrsiors
LC66E2516 64 | EPROM 16 KB S12W [ indow  with uindow -510 5.5 V/0.92 ps
" F

LCE6ES316 52/48 | EPROM 16 KB 512W znisv:iidow \?nmc:,?nuow
LC66P2108* 30 |OTPROMS KB 384w | DIP30SD MFP30S
LC66P2316+ 42 |OTPROM16KB |512w | DIPa2s QFP48E
LCE6P2516 64 OTPROM 16 KB 512W | DIP64S QFPB4E 4.01t0 5.5 V/0.95 ps
LG66P5316 48 JOTPROM16KB |512wW | DiPaes QFP48E

Note: * Under development
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LC66ES5316

Pin Assignments

DIC52S
P20/S10/A0 IIO ~ (527 P13D7
P21/S0O0/A1 2] [61] Pi2/Ds
P22/SCK0/A2 [3_] [50] P11/D5
P23/INTO/A3 [4] 491 P10/D4
P30/INT1/A4 [5 ] [48] P03/D3
P31/POUTO/AS [6 | [47] Po2/D2
P32/POUT1/AE [ 7] (46 ] PO1/D1
vgs [B] [46] P0OO/DO
osci1 [8] LC66E5316 [43] PD3/AN4/INV4O
osc2 [10] [43] PD2/ANI/INVAL
vpp (1] [42] PD1/AN2/INV3O
RES/Vpp/OE % [47] PDO/ANI/NV3I
PEO/XT1 [40] PC3/INV20O/DASEC
PE1/XT2 [14] 1391 PC2/INV2I/CE
TEST/EPMOD [T5] [38] PCt
P33/HOLD (75 [37] PCO
P40ANVOVA7 [37] [36] P83
P41ANV0O/A8 [18] [35) Ps2
P42INV1I/A9 (79 34 P81/DSH
P43/NV10/A10 30 [33] P80/DSO
P50/A11 [27] % P63/PIN1
P51/A12 [25] P62/SCK1
P52/A13 % [30] P61/SO1
P53/INT2/TA [29] P60/SI
N.C. 5] [26] N.C.
N.C. Z6] [27] N.C.
QFC48
cco. b
T T OO w
zzz:z518
S EERE
885585z
- & = b oo
EEEEREREROR®
| H HHHHHHHHHH]
36 35 34 33 32 31 30 29 28 27 26 25
P0O2/D2[ }a7 24 1P81/DS1
P0O3/D3[ ]38 23 1P80o/DSO
P10/D4[ )39 22{ 1P63/PIN1
P11/D5[ 140 LCBBES316 21 1P62/SCK1
P12/D6 [ 141 20[ 1P61/SO1
P13/07[ 42 19 1P60/SI4
P20/S10/A0 [ ]43 18 JP53/INT2/TA
P21/500/A1 [ Jaa 17[1P52/A13
P22/SCKO/A2[ 145 16 1P51/A12
P23/INTO/A3 [ J46 15[ ] P50/A11

P30/ANT1/A4 [ 147 ')
P31/POUTO/AS [ 148

gy

P32/POUT1/A6 []

14[ ]P43/INV10O/A10
13 1P42/INV1A9

56 78 9101112
[ H_] [ H H H H ]
Ojll — N A N o
Db"*‘osis
>azxT=ERSS
T =2
>ndEFz=S
B =*g5
c E a =

Top view

M 7997076 0018000 187 =
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LC66E5316

Usage Notes

The LC66E5316 was created for program development, product evaluation, and prototype development for products
based on the LC6653XX Series microcontrollers. Keep the following points in mind when using this product.

1. After areset

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

elapsed. Also, the port output circuit types are set up during the 9 instruction cycles immediately after RES is set’
high. Only then is the program counter set to 0 and program execution started from that location. (The port output
circuits all revert to the open-drain type during periods when RES is low.)

VDDrmin __/~
VDD |
: i
|
]
0scC 1
: iAtleast3 1 i
! Atleast 10 ms linstruction | :
RES '~ Oscillator - / :
stabilization ' :
I ¥
1 1
! "
Program execution (PC) T
[}
:Opﬁon switchings
. . Ovti e
Port output type Open drain  poriod _ 1 Option specification
+ 9 instruction I
cycles :

2. Notes on LC6653XX evaluation
The high end of the EPROM area (locations 3FFOH to 3FFFH) are the option specification area. Option specification
data must be programmed for and loaded into this area. The Sanyo specified cross assembler for this product is the
program LC66S.EXE. Also, insert JMP instructions so that user programs do not attempt to execute addresses that
exceed the capacity of the mask ROM, and write zeros (O0H) to areas (other than 3FFOH to 3FFFH) that exceed the
actual capacity of the mask ROM. .

3. Always apply an opaque seal to the window on the LC66E5316 package when actually using the device.

Main differences between the LC66E5316, LC66P5316, and LC6653XX Series

et e L T RNy

3.010 5.5 V/2510 127 ps
(When the sub-oscillator is operating)

e LCB653XX Series (mask version) LC66E5316 LC6B6P5316
Differences in the main
characteristics —-30to +70°C +10 to +40°C -30 to +70°C
- Ogerating temperature e | e
3.010 5.5 V/0.9510 10 ps 4510 5.5V/0.9510 10 us 4.010 5.5 V/0.9510 10 s
; : " . N .

« Operating supply voltage/operating (V:::'r; g-nnz ;nam oscillator is o(Wheperartli :gl? main osciliator is o(v:ehrea: g? main oscillator is

frequency (cycle time)

4.510 5.5 V/25t0 127 ps
(When the sub-osgillator is operating)

{normal operation and hait mode)
Hold mode: 1 uyA maximum

4.010 5.5 V/2510 127 ps
(When the sub-oscillator is operating)

Typical: 10pA ]
{nomal operation and hait mode)

« Input low-level current (RES) Maximum: 1 pA Typical: 100 yA Typical: 100 pA
e R e Ayl APUPHPHPI Wt g el USRI HOE Litssogsifiiyholl.ipUNURUY PLP Luisouiiheiud <
* Current drain
(Operating at 4 MHz)
(Operating at 32 kHz) _ . . Larger than that for the mask versions | Larger than that for the mask versions
{Halt mode at 4 MHz) Typical: 10 nA, maximum: 10 pA Typical: 10 nA, maximum: 10 yA* | Typical: 10 nA, maximumm; 10 pA*
(Halt mode at 32 kHz)
(Hold mode)
Port output types at reset ;To:ﬁu?:; ype specified in Open-drain outputs Open-drain outputs
Packa, * DIP48sS * DIC52S window package * DIP48S
ge » QFP48E + QFC48 window package « QFP48E

Note: * Afthough the microcontroller will remain in hold mode if the RES pin is

set low while it is in hold mode, always use the reset start sequence (after

switching HOLD from low to high, switch RES from low to high) when clearing hold mode. Also a current of about 100 HA flows from the RES pin
when it is low. This increases the hold mode current drain by about 100 pA.

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

BN 799707k 0018001 013 W
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LC66E5316

System Block Diagram

K=>| RAM sTACK EPROM k34 EPROM k= Aotw0a
RES — (512w) (16K8) control s DOtor
[1=]
TEST —f  svsTEM FLAG ,
0sC1 —| CONTROL i 11 t— CEsec
0SC2 « E|DD|DD ALU — )
= sp|M|PP PP PC
HOLD —f RIHL[XY ™
XT1 ___1 ]
XT2 £ {3 POUTO
| sio
PRE R MPX TIMERO |:' SERIAL /0 0 SO0
L presonen el wex ] Lommioo L= 5%
T 71 INTO
ﬁ L INTY,INT2
INTERRUPT | {L si
—’H"’ CONTROL —E mPX || TIMER1 [%| SERIAL VO 1 so1
53 —43- {3— ~ PINi, POUTY
INVXO INVxi
[ Po [ Pt [ P2 ] Pa| pa n_°<_u"“°'°"

| s | ps | P8 |

8

Pin Function Overview

g ¢ ¢ ¢

¢ U

Ds1 j DS0

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

’ . . State after a |Standby mode
Pin O Overview Output driver type Options resst operation
/O ports POO to P03 Hold mode:
POO/DO * Input or output in 4-bit or 1-bit units | ~ * Pull-up MOS or Output off
PO1/D1 vo | * P00 to P03 suppont the hatt mode s o pul D Mo e et | Neh OD output Highortow | ___ |
P02/D2 control function (This function ¢can be N « Output level on (option) Halt mode:
PO3/D3 specified in bit units.) i reset Output )
* Used as data pins in EPROM mode retained
Hold mode:
: °‘1 /DD“S 1O ports P10 to P13 + Pch: Pull-up MOS type y :‘é::"(’)”n"zos | enort Output off
P12/D6 Q| = Input or output in 4-bit or 1-bit units * Nch: Intermediate sink current . O t levmlp n 9 o S R
* Used as data pins in EPROM mode type utput level o (option) Halt mode:
P13/D7 reset o
utput
retained
/O ports P20 to P23
* Input or output in 4-bit or 1-bit units
* P20 is also used as the serial input SIQ Hold mode:
pin. Output off
P20/S10/A0 * P21 is also used as the serial output
P21/SO0/A1 S00 pin. * Pch: CMOS type
P22/SCKO/ O | « P22 is also used as the serial clock * Nch: Intermediate sink current gMOuf or Nch OD H  F———---- -1
A2 SCKO pin. type utp!
P23/INTO/A3 * P23 is also used as the INTO interrupt
request pin, and also as the timer 0 Hold mode:
event counting and pulse width Qutput off
measurement inpLat.
* Used as address pins in EPROM mode
Continued on next page.
I ?799707L 0018002 TS5T HA No. 5488-5/27



LC66E5316

Continued from preceding page.
" N . State aftera [Standby mode
Pin vo Overview Qutput driver type Options reset operation

17O ports P30 to P32

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

* P30is also used as the INTT interrupt Output off

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

AS 1o output from timer 0. ¢ Nch: Intermediate sink current gMOuf or Neh OD H ===
P32/POUTY/ « P32 s also used for the square wave type utput.

A6 and PWM output from timer 1. .

* P31 and P32 also support 3-state g::tpl:tode

outputs. retained

* Used as address pins in EPROM mode

Hoid 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.
T ] * This pin can be used as input port P33
PS3HOLD ! 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 appiied.
Hold mode:
/O ports P40 to P43 . Port output
P40/AII;IV0|/ = Input or output in 4-bit or 1-bit units I'::Sh or off, inverter
P41ANVOO/ * Input or output in 8-bit units when used | « Pch: Pull-up MOS type * Pull-up MOS or (option) output off
AB in conjunction with P50 to P53, = CMOS type when the inverter Nch OD output « Inverter
PA2INVAY IO | « Can be used for output of 8-bit ROM circuit option is selected * Output level on VOisset [ 7o
A9 data when used in conjunction with * Nch: Intermediate sink current | reset 1o the Halt mode:
P50 10 P53. type = Inverter circuit Port output
P43ﬁ:l(\)l10/ * Dedicated inverter circuit (aption) :;'::" off retained,

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

/0 ports PS50 to P53

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

« input or output in 8-bit units when used Output off

P50/A11 in conjunction with P40 to P43. . | y * Puil-up MOS or
PSUAL2 | ) |+ Canbe used for outputof sbitROM | 7 FCI: ;‘:gr‘r‘:emgi R cument | Noh OD output Highorlow | _____
P52/A13 data when used in conjunction with ‘ * Output level on (option)

PS53/INT2TA P40 to P43. type reset X

* P53 s also used as the INT2 interrupt Halt mode:
Qutput

request. -

* Used as address pins in EPROM mode retained

VO ports P60 to P63

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

= P60 is also used as the serial input Si1 Output off

P6W/SI1 pin. .
. . Pch: CMOS type
P61/SO1 * P61 is also used as the serial output . . N . *CMOSorNchop | . | ________|
P62/SCKT o SO1 pin. Nch: Intermediate sink current output H
PE3/PIN1 * P62 is also used as the serial clock ype
SCK1 pin. Halt mode:
* P63 is also used for the event count Outpuetd
Input to timer 1. retain
Continued on next page.
R ?99707b 0018003 99- A No. 5488-6/27
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LC66E5316

Continued from preceding page.
" . . y State aftera |Standby mode
Pin 7o} Overview Qutput driver type Options reset operation
Dedicated output ports P80 to P83 * CMOS or Pch OD Hold moda:
P80/DS0 * Output in 4-bit or 1-bit units  Pch: CMOS output Output oft
P81/DS1 ol* The contents of the output latch are N ch.' Interm edy iFatEe sink current | * Output lavel at Highorlow | ______ |
P82 input_ using input instrpcﬂons. - reset (option) Hatt mode:
P83 * P8O is a data shaper input (options) type * Data shaper Output
* P81 is a data shaper output (options) circuit retained
zg? 1O ports PCO to PC3 gﬂ&n"”odﬁe’
PC2/INV2Y = Output in 4-bit or 1-bit units * Pch: CMOS type * CMOS or Nch OD
CE VO | « Dedicated inverter circuits (option) * Nch: Intermediate sink current output H  fm======
PCA/INV20/ * Used as the control CE and DASEC type * Inverter circuits Halt mode:
DASEG pin in EPROM mode. Output
retained
PDO/AN1/
Pcmft:z/ Dedicated input ports PDG to PD3 y O"Zr“”::‘:e:;::e""" circuit mg;errnode:
INV3O | « Can be switched in software to function . g‘:h- CMOS ) Inverter circuits Normal Output off
Pvar « Beclcated rwortororeuts (optior) | * NeM:Itermedate snk currnt S B iioaag
PD3/AN4/ . continues
INVAO
PEQ/XT1 1 Dedicated input ports and sub-oscillator Sub-oscillator/port Option
PE1/XT2 connections PE selection selection
osc1 | System clock oscillator connections c . dato Hold
erami .
When an extemal clock is used, leave or exter‘r:mglscc:ook " | option | OSCstop__ |
0SC2 O | OSC2 open and connect the clock signal selection selection Halt
to OSCH. OSC cont
System reset input
* When the P33/HOLD pin is at the high
HE§/Vpp/ ) level, a low leval input to the RES pin
OE will initialize the CPU.
* Used as the VPP/OE pin in EPROM
mode.
CPU test pin
E-LEl\fgé) | This pin must be connected to Vgg
during normal operation.
V,
Vgls) Power supply pins

Note: Pull-up MOS type: The output circuit includes a MOS transistor that

CMOS output: Complementary output.
OD output: Opsn-drain output.

pulls the pin up to Vpp.

Continued on next page.

BN ?7997076b 0018004 &22 WA
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LC66E5316

User Options

1. Port0, 1, 4, 5, and 8 output level at reset option
The output levels at reset for /O ports 0, 1, 4, 5, and 8, 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 ponts 0, 1,4, 5, or B are setin a group

2. Output low at reset

The four bits of ports 0, 1, 4, 5, or 8 are set in a group

2. Oscillator circuit options

* Main clock

2. Caramic oscillator

Ceramic oscillator 33

Option Circuit Conditions and notes
1. External clock HOW The input has Schmitt characteristics
Cc1 0osC1

2 Sub-oscillator
(crystal oscillator)

Crystal oscillator £33 =
c2 XT2

H

YYY

c2 0SsC2
Note: There is no RC oscillator option.
¢ Sub-clock
Option Circuit Conditions and notes
DSB
1. Ports PEO and PE1
Input data
C1 XT1

3. Watchdog timer option

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

4. Port output type options

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

Option

Circuit

Conditions and notes

1. Open-drain output

D_} | °C%Output data
I Input data
DSB

The port P2, P3, PS5, and P6 inputs have Schmitt
characteristics.

2. Output with built-in pull-up
resistor

13T

Do~ Input data

DSB

The port P2, P3, PS5, 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.

R 7997076 0018005 769 mm

No. 5488-8/27
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LC66E5316

* One of the following two options can be selected for P8, in bit units.

Option

Cirguit

Conditions and notes

1. Open-drain output

O
i—w utput data

2. Output with built-in pull-
down resistor
(CMQOS output)

D__; :aomn dats

DSB

5. Inverter array circuit option

One of the following options can be selected for each of the following port sets: P40/P41, P42/P43, PC2/PC3,
PDO/PD1, and PD2/PD3. (PDs do not use option 1 because they are dedicated to inputs)

Option

Circuit

Conditions and notes

1. Normal port VO circuit

(.

} | nG’QTD Output data
Input data

g

When the open-drain output type is selected

I-—G_T_— Output data

2. Inverter VO circult

Output I:I-—J

5 -

Output data
? high
I Input data

DSB

D—‘ When the built-in pull-up resistor output type is

selected.

The CMOS outputs (PC) and the pull-up MOS

"‘Do— Input data outputs (P4) are distinguished by the drive
capacity of the p-channel transistor.
DSB ’
Input [ Output data
high
Input data

if this option is selected, the /O circuit is disabled
by the DSA signal.

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

R 7°99707b 001800b bTS

- No. 5488-9/27
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LC66E5316

6. Buffer array circuit option
In addition to normal port output, one of the following two options may also be selected for PS0 and P81.

Option Circuit Conditions and notes

% w Output data | ywhen the open-drain output type is selected

1. Nomal port output

Output data
When the built-in pull-down resistor output type is
selected (CMOS output)

SB

|w)

Output data
low

Peo ] % O |
If this option is selected, the VO circuit is disabled
. : by the DSB signal.
2. Buffer input (P80) and Aiso note that the open-drain port output type

buffer output (P81) circuits option and the low level at reset option must be
selocted.

A

é e G B o e
P81 [ . ~-DSB low

Output data
- L a— .

3. Buffer input (P80) and % If this option is selected, the VO circuit is disabled
buifer output (P81) circuits by the DSB signal. )
with built-in ze ss Also note that the open-drain port output type

. tion and the low level at reset option must be
detection circuits ::leoc?e " e low lovel a u
|  __ Output data
P81D——-%I_G:_ES—B low
ER 7997076 0018007 531 WM No. 548810727
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LC66E5316

LC665316 Series Option Data Area and Definitions

ROM area

Option specified

Optiorvdata relationship

3FFOH

P5

ut level at reset
P2 Outp

0 = high level, 1 = low level

Sub-oscillator option

0 = port PE, 1 = crystal oscillator

Oscillator option

0 = extemal clock, 1 = ceramic oscillator

P8

P1 Output level at reset

PO

0 = low level, 1 = high level

Watchdog timer option

0 = none, 1 = yes (present)

3FF1H

P13

P12

py | CuPUtope

P10

0=0D, 1=PU

Output type

0=0D,1=PU

3FF2H

This bit must be set to 0.

P31 | Output type

0=0D,1=PU

(o]
Po1 utput type

P20

0=0D,1=PU

3FF3H

P53

P52

gt | OutPutype

P50

0=0D,1=PU

P43

P42

O t
B2y Output type

P40

0=0D,1=PU

3FF4H

Unused

This bit must be set to 0.

Output type

0=0D,1=PU

3FF5H

Unused

This bit must be set to 0.

Output type

0=0D,1=PD

3FF6H

Unused

This bit must be set to 0.

O-‘NWAC’IO’NO-‘MG#MONO-‘MQ#W@\lO-sNmbU’IGJ\lO-l-NWhUIOJNO-lNWthNQ-lMwbmm\lg

Unused

This bit must be set to 0.

Continued on next page.
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Continued from preceding page.
ROM area Bit Option specified Optiorvdata relationship
7
6 L
s Unused This bit must be setto 0.
3FF7H 4
3 PC3
2 pc2 Output type 0=0D,1=PU
u =0D,1=
1 PC1 >
(¢} PCO
7 Unused This bit must be setto 1.
6 Buffer output 0 = used, 1 = none
5 Buffer output with zero-cross bias input 0 = used, 1 = none
4 PD3
3FFBH
3 PD1
2 PC3 Inverter output 0 = inverter output, 1 = none
1 P43
0 P41
7
6
s Unused This bit must be setto 0.
4
3FF9H
3
2
7 Unused This bit must be setto 0.
0
7
53
s Unused This bit must be setto 0.
4
3FFAH
3
2
7 Unused This bit must be set to 0.
3]
7
6
e Unused This bit must be setto 0.
4
3FFBH
3
2
7 Unused This bit must be set to 0.
]
7
6
s Unused This bit must be setto 0.
a4
3FFCH
3
2 .
] Unused This bit must be set to 0.
0
7
6
5
4 This data is generated by the assembler.
3FFDH 3 Reserved. Must be set 1o predefined data values. if the bler is not used, set this data 10 ‘00",
2
1
0

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

1. Option specification

When using a Sanyo cross assembler with the LC66E53 16, use the version called “L.C66S.EXE” and specify the
actual microcontroller to be evaluated with the CPU pseudo instruction in the source file. The port options must be
specified in the source file. The cross assembler will create an option code list in the option specification area
(locations 3FFOH to 3FFFH). It is also possible to directly set up data in the option specification area. If this is done,
the options must be specified according to the option code creation table shown on the following page.

2. Writing the EPROM

Use a special-purpose writing conversion board (the W66EP5316D for the DIP package, and the W66EP5316Q for
the QFP package) to allow the EPROM programmers listed below to be used when writing the data created by the

cross assembler to the LC66E5316.

= The EPROM programmers listed below can be used.

Manufacturer Models that can be used
Advantest R4845, R4944A, R4943, or equivalent products
Ando AF9704
AVAL —

Minato Electronics MODEL1890A

* The “27512 (Vpp 12.5 V) Intel high-speed write” technique must be used to write the EPROM. Set the address
range to location O to 3FFFH. The DASEC jumper must be off.
3. Using the data security function

The data security function sets up the microcontroller in advance so that data that was written to the microcontroller

EPROM cannot be read out.

Use the following procedure to enable the LC66E5316 data security function.

* Set the write conversion board DASEC jumper to the on position.

* Write the data to the EPROM once again.
At this time, since this function will operate, the EPROM programmer will issue an error, However, this error does
not indicate that there was a problem in either the programmer or the LSI.
Notes: 1. If the data at all addresses was “EF” at step 2, the data security function will not be activated.

2. The data security function will not be activated at step 2 if the “blank — program — verify” operation

sequence is used.

3. Always return the jumper to the off position after the data security function has been activated.

Power ed by | Cniner.com El ectronic-Library Service CopyRi ght 2003
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4. Erase procedure
Use a general-purpose EPROM eraser to erase data written to the EPROM.

LC66E5316 (DIC) LC66ES316 (QFC)

Cut comer

Pin 1
Aligned to the top
SW DASEC
Write board (W66EPS316D) Write board (WE6EP5316Q)
Specifications
Absolute Maximum Ratings at Ta = 25°C, Vgg=0V
Parameter Symbol Conditions Ratings Unit Note
Maximum supply voltage Vpp max | Vpp —0.310+7.0 \4
P2, P3 (except for the P33/HOLD pin),
Vin1 —0.3t0+7.0 v 1
Input voltage N P61, and P63 +
VN2 All other inputs —0.310 Vpp + 0.3 \4 2
P2, P3 (except for the P33/HOLD pin),
Output vohage Voutl P61, and P63 -0.310+7.0 v 1
Vour2 | Al other inputs —0.310 Vpp + 0.3 \Y 2
_p PO, P1, P2, P3 (except for the P33/HOLD pin), 20 mA 3
ON P4, P5, P6, P8, PC, PD1, PD3
Output current per pin —lpp1 PO, P1, P4, P5 2 mA 4
el 0
perp P2, P3 (except for the P33/HOLD pin), 4 mA 4
~lor2 | pgpa, and PC
—lop3 | P41, P43, PC3, PD1, PD3, P81 10 mA 4
Z lgn1 P4, P5, P8, P8, PC 75 mA 3
PO, P1, P2, P3 (except for the P33/FOLD pin),
Zion2 | ppy, pp3 75 mA 3
Total pin current
Z igp1 P4, P5, P6, P8, PC 25 mA 4
PO, P1, P2, P3 (except for the P33/HOLD pin),
Zlor2 | ppy, ppg 25 4
Allowable power dissipation Pd max Ta =~30 to +70°C: DIC42S (QFC48) 600 (430) mw
Operating temperature Topr +10 to +40 °C
Storage temperature Tstg =55 to +125 °C
Note: 1. Applies to pins with open-drain output specifications. For pins with other than open-drain output specifications, the ratings in the pin column for that
pin apply.
2. For the oscillator input and output pins, levels up to the free-running oscillation level are aliowed.
3. Sink current (Applies to P8 and PD when either the CMOS output specifications or the inverter aray specifications have been selected.)
4. Source current (Applies to all pins except P8 and PD for which the puli-up output specifications, the CMOS output specifications, or the inverter

amray specifications have been selected. Applies to PD 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

I 7997076 0018011 Thb2 EM No. 5488-14/27
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Allowable Operating Ranges at Ta = +10 to +40°C, Vgs =0V, Vg = 4.5 to 5.5 V, unless otherwise specified.

Parameter Symbol Conditions min typ max Unit Note
Operating supply voltage Vop Vob 4.5 5.5 \4
Memory retention supply voltage VppH Vpp: During hold mode 1.8 55 v
oD DD
P2, P3 (except for the P33/HOLD pin),
Vinl P61, and P63: N-channet output transistor off 0.8 Vpp +7.0 v 1
L P33/HOLD, RES, 0SC1:
Input high-level vottage Vi N-channei output transistor off 0.8Vpp Voo v
PO, P1, P4, PS, PC, PD, PE:
Vi3 N-channel output transistor off 0.8 Vpp Voo v 2
Va1 P2, P3 (except for the P33/FOLD pin), P6, v 02V v
| L RES, and OSC1: N-channel output transistor off ss < YDD
Input low-level voltage Vi 2 P33/HOLD: Vpp=1.8t0 55V Vgs 0.2 Vpp v
PO, P1, P4, P5, PC, PD, PE, TEST:
Vi3 | Nchannel output transistor oft Vss 02vpp| Vv 2
When the main oscillator is operating 0.4 4.2 MHz
Operating frequency fop (10) (0.95) (us)
(instruction cycle time) (Teye) I ] 30 | 32788 100} KHz
When the sub-oscillator is operating (133.2) (122) (40) (us)
[External clock input conditions]
OSC1: Defined by Figure 1. Input the clock
signal to OSC1 and leave OSC2 open.
Frequency fext (External clock input must be selectad as the o4 4.20 | MHz
osgcillator circuit option.)
OSC1: Defined by Figure 1. Input the clock
. signail to OSC1 and leave OSC2 open.
Pulse width loxiH: toxtt (External clock input must be selected as the 100 ns
osciliator circuit option.)
OSC1: Defined by Figure 1. Input the clock
. " signal to OSC1 and leave OSC2 open.
Rise and fall imes toxtf: textF | (External clock input must be selected as the 0 ns

oscillator circuit option.)
Note: 1. Applies to pins with open-drain specifications. However, V;42 applies to the P33/HOLD pin.
When ports P2, P3, and P6 have CMOS output specifications they cannot be used as input pins.
2. PC port pins with CMOS output specifications cannot be used as input pins.

Contact your Sanyo rapresemative for the allowabie operating ranges for P4, PC, and PD when the inverter armay is used, and for P8 when the
butfer array is used.

3. Applies to pins with open-drain specifications. However, V| 2 applies to the P33/HOLD pin.
P2, P3, and P€ port pins with CMOS output specifications cannot be used as input pins.

BN 799707L 0018012 979 HE No. 5488-15/27
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Electrical Characteristics at Ta = +10 to +40°C, Vgg =0V, Vpp, = 4.5 to 5.5 V unless otherwise specified.

Parameter Symbol Conditions min typ max Unit Note
P2, P3 (except for the P33/HOLD pin),
! P61, and P63: V) = +10.0 V, with the output 5.0 pA 1
Nch transistor off
PO, P1, P4, PS5, P, PC, OSC1, and P33/HOLD
42 (Does not apply to PD, PE, PC2, and PC3): 1.0 WA 1

ViN = Vpp, With the output Nch transistor off
PD, PC2, PC3, PEO (When used as a port; does

taput high-level current 3 not apply when the sub-oscillator option is 10 A .
I selected.): Vi = Vpp, With the output Nch . b
transistor off
e RES: Vy = Vpp, operating, halt mode 10 WA 1
W45 RES: Vi = Vpp, hold mode 1.0 pA 1
6 PE1 (When used as a port; does not apply when 1.0 A 1
H the sub-oscillator option is selected.) Viy = Vpp i "
1 Input ports other than PD, PE, PC2, and PC3: 1.0 A >
L ViN = Vgg, with the output Nch transistor off B s
PD, PC2, PC3, PEO (When used as a port; does
2 not apply when the sub-oscillator option is 1.0 pA 2
Input low-level current 1L selected.): Vi = Vgg, with the output Nch -
transistor off
W3 RES: Vjy = Vgg 100 pA 1
PE1 (When used as a port; does not apply when
I 4 the sub-oscillator option is selected.): Vyy = Vgg 20 WA 1
P2, P3 (except for the P33/HOLD pin), v 10
PG, P8, and PC: lgy =-1mA Do~ -
Output high-level voltage Voul - v 3
P2, P3 (except for the P33/HOLD pin), v 0.5
pp— U

P6, P8, and PC: lgyy =—0.1 mA
[Value of the output pull-up resistor Rpo PO, P1, P4, P5 30 100 150 kQ 4
PO, P1, P2, P3, P4, P5, P6, P8, and PC

Vo1 Ly 0.4 v 5
except for the P33/HOLD pin): ig; = 1.6 mA
Output low-level voitage {excep pin): lo,
Vo | PO.P1. P2 P3, P4, PS5 PE, P8, and PC s v
o {except for the P33/HOLD pin): Ig, =8 mA -
lorr1 P2, P3, P61, PB3: Viy=+7.0 V 5.0 uA 6
o off leakage current loFr2 ‘C;;ez r\l;;t Dapply to P2, P3, F61. P63, and P8.: 10 A 6
logr3 P8: V|\ = Vgg —1.0 pA 7
[Schmitt characteristics]
Hysteresls voltage - Vivs ) 0.1 Vpp v
High-level threshold voltage Viy P2, P3, P5, PB, OSC1 (EXT), RES 0.5 Vpp 0.8 Vpp v
Low-level threshold voltage Vit 0.2 Vpp 0.5 Vpp \
[Ceramic oscillator]
Osciliator frequency fer OSC1, OSC2: Figure 2, 4 MHz 4.0 MHz
Osgcillator stabilization time fors Figure 3, 4 MHz 10.0 ms
[Crystal oscillator]
XT1, XT2: Figure 2, when the sub-oscillator
Oscitiator frequency ixt option is selected, 32 kHz 32.768 kHz
Oscillator stabilization time fxrs | prs 3. Wheh the sub-osciliator option is 10 5.0 s
[Serial clock]
Input 0.9 us
Cycle time
Ouput| 'CKCY S 2.0 Teye
KO, 1: With the timing of Fi 4 and
Low-level and high-level |Input oKL the test load of Figure 5. ing or Figure 0.4 us
puise widths Output | toxw 1.0 Teyo
Rise an fall imes Qutput | togp. tokre 0.1 us
[Serial input]
Data setup time tick SI0, SI1: With the timing of Figure 4. 0.3 Hs
Stipulated with respect to the rising edge (1) of
Shipulated with
Data hoid time tok SCKO or SCK1. 0.3 ys
Continued on next page.
B 799707t 0014013 &35 HH No. 5488-16/27
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Continued from preceding page.
Parameter J Symbol I Conditions I min typ max 1 Unit Note

[Serial output]
SO0, SO1: With the timing of Figure § and

Output delay time tcko the test foad of Figure 5. Stipulated with respect 0.3 us
1o the falling edge (1) of SCKO or SCK1.

[Pulse conditions]
INTO: Figure 6, conditions under which the INTO

' interrupt can be accepted, conditions under

INTO high and low-level YoH: UOL | which the timer 0 event counter or pulse width 2 Teye
measurement input can be accepted

High and tow-level pulse widths - INT1 , INT2: Figure 6, conditions under which 2 T

for interrupt inputs other than INTO ItH I | the corresponding interrupt can be accepted cye

PIN1 high and low-levei N 1 PIN1: Figure &, conditions under which the 2 T

pulse widths PINH: “PINL | timer 1 event counter input can be accepted cye

[ RES high and low-level e t RES: Figure 6, conditions under which reset s T

pulse widths RSH: 1RSL | can be applied. oyo
Vpp: 4-MHz ceramic oscillator 6.0 12 mA

Operating current drain Iop oP Do 8
Vpp: 4-MHz external clock 6.0 12 mA
Vpp: 4-MHz ceramic clock 4 8 mA

Halt mode current drain looHALT | Vpp: 32 kHz (main osclllator stopped), 100 500 A
sub-oscillator: crystal

Hold mode current drain lopHoLd | Vop: Vop=18t055V 0.01 10 WA

Note: 1. With the output Nch transistor off in shared /O ports with the open-drain output specifications. These pins cannot be used as input pins if the

CMOS output specifications are selected.

2. With the output Nch transistor off in shared /O ports with the open-drain output specifications. The rating for the pull-up output specification pins is
stipulated in terms of the output pull-up current IPO. These pins cannot be used as input pins if the CMOS output specifications are selected.

FNOORG

. Reset state

Comparator Characteristics at Ta = —30 to +70°C, Vgg=0V

With the output Nch transistor off for CMOS output specification pins. (Also applies when the Pch open-drain option is selected for P8.)
With the output Nch transistor off for pull-up output specification pins.
When CMOS output specifications are selected for P8.

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

Parameter Symbol Conditions min typ max Unit Note
Absolute precision Veoecm | AN1to AN4: Vpp=4.5t05.5V +1/2 =1 LSB 1
Threshold voltage Viucm Vpp=451t055V Vss Vpp v
Input voltage Vinem ANT 10 AN4: Vpp=4.5t055V Vsgs Voo v
Conversion time Tcem Vpp=451055V 30 ps

Note: 1. Does not include the quantization error.

| 0SC1  (0SC2) |

External clock OPEN

Figure 1 External Clock input Waveform

textr

toxtR
1/fext

M 7997076 0018014 771 HE
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l OSC1 osc2 l I XT1

Cc1

L Ceram:c

;l/;osclllator;,;.

Rd

Crystal

;l/;_oscillaton;l/;02

Figure 2 Ceramlic Oscillator Circuit

VDD, Operating Vpp
_________________ minimum value
XT12 I oS¢~ T T T ov
= Rd "
D Stable oscillation
Oscillator
unstable period

Table 1 Guaranteed Ceramic Oscillator Constants External capacitor type

Extemnal capacitor type Buiit-in capacitor type
4 MHz C1=33pF = 10% 4 MHz
(Murata Mfg. Co., Ltd.) C2=33pF +10% (Murata Mfg. Co., Ltd.) Rd=220Q + 5%
CSA4.00MG Rd=2200 + 5% CST4.00MG
4 MHz C1=33pF=10% 4 MHz
(Kyocera Corporation) C2=33pF +10% (Kyocera Corporation)
KBR4.0MS Rd=0Q KBR4.OMES

Table 2 Guaranteed Crystal Oscillator Constants

32 kHz C1=18pF = 10%
(Seiko Epson) C2=18pF +10%
C-002RX Rd = 470 kQ + 5%
tckey )
s ekl 'CKR 1oy toKF
CRO _— 0.8VDD (input)
SCK1
0. 2VDD (input) ; 1 VDD-1 (output)
0.4VDD (output) oK | toki
sio 2 0BVoD
sh 92VDD
tCK
SO0 X ——VDD-1
SO1 L __0.4vpp

Figure 4 Serial YO Timing

tioH
Wi

tPINL

tRSL

R=1kQ
TEST
point ;l/;c=50pF

Figure 5 Timing Load

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

ICFs
Figure 3 Oscillator Stabilization Period

B 799707k 0018015 LO& WN
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LC66XXXX 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): Data memory pointed to by the DPH, DPL data pointer

M (XY): Data memory 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
12 1 10 01 00
Bit 23 22 21 20

PCh: Bits 8 to 11 in the PC

PCm: Bits 4 to 7 in the PC

PCL: Bits 0 to 3 in the PC

Fn: User flag,n=0to0 15

TIMERO: Timer 0
TIMER1: Timer 1

SIO: Serial register
P: Port
P (i4): Port indicated by 4 bits of immediate data
INT: Interrupt enable flag
( ). [ 1 Indicates the contents of a location
«—: Transfer direction, resuit
¥ Exclusive or
A Logical and
v Logical or
+ Addition
— Subtraction

— Taking the one's complement
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Instruction code Iz Affected
Mnemonic -g 2 .g g Operation Description status Note
D7DgDsD4|D3D20y Do 558 bits
[Accumulator manipulation instructions]
AC «0 Has a vertical
CLA Clear AC 1000|0000} 1 1 (Equivalent to LAI 0.) Clear ACt0 0. ZF skip function.
Decimal adjust AC 11001111 AC « (AC)+6 i
DAA  lin addition 0010]J011 0|22 |(EqualenttoADIg,)|Add sixto AC. zF
. . AC « (AC)+ 10
DAS iDe""t‘;ta' :;‘)”s‘ AC (1) (1) 2ol é : ; 2 | 2 |(Equivalentto Add 1010 AC. zF
N subtraction ADI 0AH.)
CLC Clear CF 00011110 1 1 CF«0 Clear CF t0 0. CF
STC Set CF 00011t 111 1 1 |CF«1. SetCFto 1. CF
CMA | Complement AC oo0o01|1000| 1|1 |AC<RD Ifaxgme one’s complement |,
1A Increment AC 00O0O1|01TOO] 1 1 |AC« (AC) + 1 Increment AC. ZF,CF
DA Decrement AC 0010|01O0O0O]1 1 JAC « (AC) -1 Decrement AC. ZF,CF
. ACg « (CF),
RAR gm“’h’*g':“g"‘ 000 1[/0000[ 1|1 |AChe(ACn+1), |[ShiftAC (including CF) right. |CF
roug CF « (ACp)
ACq « (CF), .
RAL z°‘a‘eh“gl='°“ 0000(000 1|1 |1 |ACh+1<(ACn), |Shift AC (including CF)lett. |GF, zF
roug CF « (ACg)
TAE Transfer AC to E 0O100l0101{1 1 {E « (AC) Transfer the contents of AC to E.
TEA Transfer E to AC 0100|0110 1 1 |AC « (E) Transfer the contents of E to AC.| ZF
. Exchange the contents of
XAE Exchange ACWithE |0 1 0 0|0 1 0 D | 1 1 {{AC) & (B) AC and E.
{Memory manipulation instructions]
M(HL) «
IM Increment M 0O001j00 10 1 1 M (HL)] + 1 Increment M (HL). ZF,CF
M (HL) «
DM Decrement M 001 0|0OO0CTO] 1 1 [M (HL)] — 1 Decrement M (HL). ZF, CF
B . 1100[{0 111 .
IMDR i8 [Increment M direct b g 1g I | t1a I 1y & 2 |2 IM(I8) «[M (iB)]+ 1 |Increment M (i8). ZF, CF
7% 5 lallz b 4 g
. . 110010011 . . .
DMDR i8 | Decrement M direct 2 | 2 |M(i8) < [M(i8))—1 [DecrementM (i8). ZF,CF
ly lg I5 lg 13 1o 15 1g
s Set the bitin M (HL) specified
SMB 12 |Set M data bit 000O0}1 1 ty | 1 1 |[[M(HL), 2] « 1 by 10 and ti 1o 1.
Clear the bit in M (HL)
RMB t2 | Reset M data bit 00101 1¢ 1 1 jJIM(HL), 2]« 0 specified by 10 and 11 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 00O0OO0O|O1T 10O 1 1 [M (HL)] values and store the result ZF,CF
in AC.
Add the contents of AC and .
. 1100{(1 001 M (i8) as two’s complement
ADDR i8 | Add M direct to AC Iy lg s 1a |13 I 1y 1o 2 2 JAC « (AC) +[M (18)] values and store the result ZF, CF
in AC.
Add the contents of AC,
AC « (AC) + M (HL) and C as two’s
ADC AddMtoACWIthCF{0 0 0 O[O0 O 1 O 1 1 {M (HL)] + (CF) complement values and ZF,CF
store the result in AC.
Add the contents of AC and
ADI i4 Addimmediatedata (1 1 0 o)1 1 1 1 2 2 AC « (AC) + the immediate data as two's ZF
o AC 001 0fIglyilyly I3, bo, 14, 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 000 1j0 11 11 1 (AC)—(CF) complement values and store ZF,CF borrow and one
the resultin AC. otherwise.
N Take the logical and of AC
ANDA :1“" VamACten 1o 000 011 1|11 [A'f (:Lg"c) A and M (HL) and store the | ZF
ore ] result in AC.
Take the logical or of AC and
ORA  [OrMwhACthen |, o o 5fg 1 0 1] 1 |1 [AC—(AO)V 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 E § Aftacted
Mnemonic é 2 .é i QOperation Description status Note
D; Dg D5 D4 | D3 D, D, Dy 3538 bits
[Arithmetic, logic and comparison instructions)
Take the logical exclusive or
EXL ié"';:"’" o MA‘::"" oo 1foto1|1f1 A :L(Ac)"‘ of ACand M (HL) and store | ZF
n store M (HL)] the result in AC.
N Take the logical and of AC
ANDM :t"" MM“""‘ ACthen |16 6 60 0flo00 1 1] 1] ":‘(”‘_‘LL) —ACA 1 and M (HL) and store the zF
ore M (HL)] result in M (HL).
Take the logical or of AC and
ORM |OrMWthACthen | o o o010 1 0 0| 1|1 [MHD MOV |\ ana store the resatt . | 2F
store M M (HL)]
inM (HL).
Compare the contents of AC
and M (HL) and set or clear CF
and ZF according to the result.
N Magnitude
CM Compare ACwWithM |0 0 0 1|0 1 1 0| 1 | 1 |(M{HD]+(AC)+1 comparison CFl2F||zF,CF
[M (HL)] > (AC) ofjo0
[M (HL)] = (AC) 111
M (HL)] < (AC) 1|0
Compare the contents of AC
and the immediate data
I3 15 14 I and set or clear CF
and ZF according to the result.
Compare AC with 1100|1111 _— Magnitude 7F
Cll - immediate data 1010(lglplylg| 2|2 [lalzlilo+AC)+1 companison | ©F Zr.CF
|3 |2 l1 |0 >AC 1} 0
I3lz 1y lg=AC 111
|3 '2 |1 lo < AC 1 o]
ZF «1 Compare the contents of DP|_
Cuw |CompareDP with |1 1 0 11 d) |, [FOP) =321l |with the immediate data. zF
immediate data 101 13110 ZF « 0 Set ZF if identical and clear
fOP)=l3lhly1ly |ZFifnot
ZF «1
if (AC, 12) = [M (HL), | Compare the corresponding
CMB 12 Compare ACbitwith [1 1 0 0] 1 1 1 2 |2 2] bits specified by t0 and t1 in zF
M data bit 1101|001t ZF« 0 AC and M (HL). Set ZF if
if (AC, t2) = [M (HL), [identical and ciear ZF if not.
2]
[Load and store instructions)]
Load AC and E from AC «— M (HL), Load the contents of M2 (HL)
LAE M2 (L 0101111001111 e MmLa1 into AC, E.
R Load AC with Load the immediate data Has a vertical
LAl 4 immediate data 1000113101015 1 1 [AC«<lglalily into AC. ZF skip function
.. |Load AC from M 110010001 ) Load the contents of M (i8)
LADRB | jirect bl ls lgflah ly lo| 2|2 |AC—IMGB)] into AC. zF
s Store AC to M o100 o1 11|1]1 |MHY KO a“(’,'_,eL;'_‘e contents of AC into
Store AC and E to M (HL) « (AC) Store the contents of AC, E
SAE M2 (HL) 010t 1 10T IMHLs e (B  |intom2 giL).
Load the contents of M (req)
into AC.
The reg is sither HL. or XY
: depending on t,.
LAreg |LoadAG trom 010010t 0| 1|1 [ACM(reg) zF
M (reg) reg To
HL o]
XY 1
Continued on next page.
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Continued from preceding page.
Instruction code § § Affected
Mnemonic .é 2 .é 8 Operation Description status Note
D;DgDg Dy D3 D> D1 D[S E5S bits
[Load and store instructions]
Load the contents of M (req)
into AC. (The reg is either HL ZF is set
AC « [M (reg)] or XY.) Then increment the according to the
LAreg, | | oad ACTomM (9o 1 0 0f1 0t DP_«(DP)+1 |contents of either DP, or DPy. result of
en increment reg or DPy « (DPy) + 1 | The relationship between to incrementing
and reg is the same as that DP or DPy.
for the LA reg instruction.
Load the contents of M (req)
into AC. (The reg is either HL ZF is set
AC «— [M (reg)] or XY.) Then decrement the according to the
LA reg, D| L0ad :C fromMreg)| 5 4 o 1|1 0 1 DP_«(DP)—1 |contents of either DP, or DPy. result of
en decremenit reg or DPy « (DPy) — 1 | The relationship between L) decrementing
and reg is the same as that DP_ or DPy.
for the LA reg instruction.
Exchange the contents of
M (req) and AC.
The reg is either HL or XY
. depending on tg.
XA reg 5’“’““‘"99 ACwWIh 1o 1001 114 (AG) & [M (reg)]
(reg) reg To
HL o
XY 1
Exchange the contents of
M (reg) and AC. (The reg is .
. ZF is set
Exchange AC with (AC) > [M (reg)y | Sither HL or XY.) Then according to the
increment the contents of
XA reg, | | M (reg) then 01001 1t DP| « (DP) +1 either DP, or DPy. The result of
increment reg or DPy « (DPy) + 1 relationship between 1, and ltr)vgren:eggng
reg is the same as that for L Or DPy.
the XA reg instruction.
Exchange the contents of
M nd AC. i .
em(::ﬂli odr xv.)q::nreg ® ZF is set
Exchange AC with {AC) & [ M (reg)] according to the
decrement the contents of
XA reg, D| M (reg) then 010 1|1 1¢ DP_ «(DP) -1 either DP(_or DPy. The result of
decrement reg or DPy « (DPy) — 1 refationship between t, and g;cremeor;tmg
reg Is the same as that for LorDPy.
the XA reg instruction. .
Exchange ACwith [1 1 0 0|1 0 0 0O Exchange the contents of AC
XADR B |\t girgct b g 1s by | s 1o by o G P T
LEAI i8 Load E & AC with 1100}0110 Eellglgly Load the immediate data i8
immediate data b lg ls By |ls 1 1y 1o AC I3l iy g into E, AC.
Load into E, AC the ROM data
RTBL Read table data from 0101|101 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 [progmmROMthen {0 1 0 1|1 0 O noom’ P(‘;h E Ac) | detemined by replacing the
output to P4, 5 [ROM (PCh. E, AC) |15wer 8 bits of the PC with
E, AC.
[Data pointer manipulation instructions)
Load DPy with zero
and DP_ with DPy « 0 Load zero into DPy, and the
LDZ#4 | immediate data 01101k DPL«lglplyly  |immediate data i4 into DP,.
respectively
. Load DP with 110011 11 Load the immediate data i4
LHI | immediate data 0000|131, OPuelglahilo i pp,
LUl 4 Load DP_ with 11001 11 oP, into s Load the immediate data i4
immediate data 000 1]|iglLyYy L<lalzhio into DP..
(HLiie |-0adDPy.DP with [1 1 0 00 0 0 DPy« l7lglsly |Load the Immediate data into
" limmediate data b lg 15 lg]is Ip 1, DPL gl 1y Ig DLy, DP,.
Lxyiia |LoadDPx,DPywith f1 1 0 o]0 0 O DPy Iz lgls Iy Load the immediate data into
immediate data I lg 15 1 |15 Ip I DPy Izl Iy Ig DLy, DPy.
Continued on next page.
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Continued from preceding page.
instruction code g g Affected
Mnemonic "EJ ® .g 8 Operation Description status Note
= "
D7DgD5D4|D3 D2 D10 [ SE(5S bits
[Data pointer manipulation instructions] :
I Increment DP,_ 0001|000 1]|1]|1 |DP DP)+1 g}"g,’,":“m the contents zF
oL Decrement DP, 0010[loo001|1]|1 |DP (DPY-1 ODfD‘"Pe:“em the contents 7F
Y Increment DPy 0001|001 1|1]|1 |DPye(OPy+1 :;cé?,"f"’ the contents zF
DY Decrement DPy 0010001 1{1]1 |DPye@Pp—1 390"'::‘9"‘ the contents zF
1100|1111 Transfer the contents of AC
TAH Transfer AC to DPyy 1111|000 0 2 2 |DPy e (AC) to DPy.
1100111 11 Transfer the contents of DPy
THA Transfer DPH to AC 1110l0000 2 2 |AC « (DPy) to AC. ZF
Exchange AC Exchange the contents of AC
XAH with DPy; 01 00|0O0CODO]} 1 1 [(AC) <> (DPH) and DPy,.
1100011111 Transtfer the contents of AC
TAL Transfer AC to DP 1111|000 1| 2] 2 |PPLe(AT) to DP.
1t100]1 111 Transfer the contents of DP_
TLA Transfer DP,_ to AC 1110]o001]| 2|2 [AC<@P) 10 AC. ZF
Exchange AC Exchange the contents of AC
XAL with DP, 0100000 1] 1]t [{AC)e (DPY and DP,.
110011111 Transfer the contents of AC
TAX Transfer AC to DPy 1111l001 0] 22 [DPx«(AC) 10 DPy.
11001 111 Transter the contents of DPy
TXA Transfer DPy to AC 1110l0010 2 2 |AC « (DPx) 1o AC. ZF
Exchange AC Exchange the contents of AC
XAX with DPy 0100j00 10| 1 1 |{AC) & (DPy) and DPy.
11001111 Transfer the contents of AC
TAY Transter ACtoDPy |4 4 § 1o 0 1 1| 2|2 |[DPret(aC) to DPy.
1100]1 111 Transfer the contents of DPy
TYA Transfer DPy to AC 1110l0011] 212 [AC«(DPy) 10 AC. zZF
Exchange AC Exchange the contents of AC
XAY with DPy 0100 g 11 1 1 [ (AC) « (DPy) and DPy.
[Flag manipulation instructions]
. Set the flag specified
SFBn4 | Set flag bit 01 1 1ingnaning| 1|1 |Fne1 by nd 1o 1.
5 Reset the flag specified
RFBn4 |Reset fiag bit 001 1lngnaningl 1|1 [Fneo by N 10 0. 9 zF
[Jump and subroutine instructions]
This becomes
PC13, 12 « -
* [
JMP  |uumpinthecurrent |1 1 1 O [Py4P1oPsPe PC13, 12 Jump to the location in the PC12 + (PCT2)
dd bank P P Pe PalPaPopop 212 PC11 10 0 same bank specified by the immediately
adadr an 7FersTa|PaP2 Py Fo g g « immediate data P12, following a BANK
111oFg instruction.
PC13t08 « Jump to the location
Jump to the address i i
PC13108, determined by replacing the
JPEA sr:omred atE and AC 001 0]0 111 1 1 PC7 t0 4 — (E), lower 8 bits of the PC
in the current page PC3 1o 0 « (AC) by E, AC.
PC13to 11 « 0,
PC1010 0 «
CAL ) 0 1 0 1|0PyPyPg Pyo 10 Po, .
addr Call subroutine Py Pg P5 P4 |P3 Po Py P 2 |2 M4 (SP) Call a subroutine.
(CF, ZF, PC13 10 0),
SP « (8P)4
PC13 10 6,
PC10+« 0,
czP Cali subroutine in the 101 0|PaPappal 1|2 PC510 2 « Pz 1o Py, | Call a subroutine on page 0
addr zero page 3r2"1 70 M4 (SP) « in bank 0.
(CF, ZF, PC12 10 0),
SP « SP-4
Change the memory bank
BANK Change bank 0001|1011 1 1 and register bank.

Continued on next page.
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Continued from preceding page.
Instruction code :°: ;E: Affected
Mnemonic -é P -g 8 Operation Description status Note
D7DGD5D4 03020100 ggés bits
[Jump and subroutine instructions]
Store the contents of reg in
M2 (SP). Subtract 2 from SP
after the store.
PUSH | o Mesp) ! 1001 11 14 | M2(SP) < (reg) reg )
reg ushregonM2(SPYy 4 1 1|11y i 0 SP « (SP) -2 HL 0 o
XY o 1
AE 1 0
lllegal value 1 1
Add 2 to SP and then load the
contents of M2(SP) into reg.
POP i popregoff Mz (sp) | ! : ? 8 : 111,10, |SPe (3‘2 ‘gg The relation between i1i0 and
reg il reg « [M2 (SP)] reg is the same as that for the
PUSH reg instruction.
Retumn from a subroutine or
AT Retum from 000 1|t 10012 |SP=(SPI+4 interrupt handling routine. ZF
subroutine PC « M4 (SP)} and CF are not restored.
Return § int t SP « (SP)+4 Return from a subroutine or
ATl 91‘],":“ ommemiPtio 0 0 111 10 1| 1 |2 |PCmasRy interrupt handling routine. ZF | ZF, CF
foutine CF, ZF « [M4 (SP)] | and CF are restored.
{Branch instructions]
PC71t00 « Branch to the location in the
BAt2 t101]l00¢t 1y Pz Pg P5 Py same page specified by P to
adgdr  |BramchonACHRt  |p o o b |PaPap; Pyl 2 | 2 PgPyPy Py | Pqitthe bitin AC specified by
if (AC, 12) =1 the immediate data t ty is one.
PC71t00 « Branch to the location in the
BNAR2 2|1 0017001t tg P; PgPg Py same page specified by P to
aggr  (BranchonnoACHHt |p b b b lpyp,p, Pl 2 | 2 P3PaPy Py |Pgifthe bitin AC specified by
if(AC,t2) =0 the immediate data t, t, Is zero,
PC7100 « Branch to the location in the
Py PgPs Py same page specified by P to
B;‘d‘f Branch on M bit oo :F] o b2 PsPo Py P, |Pyifthe bit in M (HL) specified
& 7765 a|FaP2F1Po M (HLL2) by the immediate data t, t,
=1 Is one.
PC7t00 « Branch to the location in the
P; PgP5 P, same page specified by Py to
B:thz Branch onno M bit | 1 ::F] F?P‘ Shla]e PaP,P; Py | Poif the bit in M (HL) specified
aadr 7rersTa|FakFaP1Po ifM(HLL2] | by the immediate data t; to
=0 is zero.
Intemnal control
registers can also
be tested by
xecuting th
PC7100 « Branch to the location in the ;\struction Is
Pz Pg Pg P, same page specified by P to 3
1 7Pe Ps Pq 7
or2 | eranch on Portbit A R Plaf2 3Po Py P | Poifthe bitin port (DP,) immedlately after
7rersr41m3 21 o if [P (DPD), 12] | specified by the immediate instruction
=1 data t4 1 is one. However m is
limited to
registers that can
be read out.
Intemal control
registers can also
be tested by
PC7100 Branch to the location in the ;st"emc"%m's
P; Pg Pg Py same page specified by P7 to .
::;:tz Branch on no Port bit FI F? : P1 F: : ;’ ,:,0 2|2 P3 Pa Py Pg Pg if the bit in port (DP) :nBrr:\e:'?tely after
7reTsTalTe2 To if [P (DP), t2] |specified by the immediate instruction.
=0 data ty tg is zero. However, this is
limited to
registers that can
be read out.
Continued on next page.
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Continved from preceding page.
Instruction code ;E: E Affected
Mnemonic g 2 é 8 Operation Description status Note
D7DgD5D4|D3 0,005 EI5C bits
[Branch instructions]
110111100 pCc7 :270‘;6_.,5 Py Branch to the location in the
BC addr |Branch on CF same ified by P; to
P; PgPs Py PP, P, Py P3PaPyPy | S C‘:fgems‘:”“ Y Pz
if(CF)=1 o -
PC7100 «
Branch to the location in the
BNC Branch on no CF 100117100 P7 Pg Ps Py same page specified by P, 1o
addr P7 Pe P5 P4 P3 P2 P1 Po Pa P2 P«| Po Py, if CF is zero. 7
#{CF)=0 o -
110101101 pC7 270,;6_',5 P, Branch to the location in the
Bi h on ZF sa e specified by P to
B2 adar | Branch on P7 Pg P5 P4 |P3 Py P Py P3Py Py Py P m"ezgalg oz v
it (ZF) =1 o "
BNz | - 1001{1 101 Per :-,OP:Ps p, |Branchtothe '@gg“b'" e
addr ranch on no Py Pg Ps Py |P3 P2 Py Po PaP; Py Po  [Same page sf’:c‘ﬂ ¥y Py
#{zF =0 ol £F & zaro.
Branch to the location in the
PC7100 «
same page specified by Py to
BFM4  lBranchonfiagbt |1 1 1 1 [mamzning P7PePsPs  1p. it the fiag (of the 16 user
addr Pz Pg Ps Py |P3 P, Py Py PaP2aP1Po | 1loe) specfied by ng ny mu o
# (Fn) =1 is one.
Branch to the location in the
PC7t00 « .
same page specified by Py to
BNFnd |5 aneh on no flag bit 101 1Ingnan, P7 Pe Ps Pa Py if the fiag (of the 16 user
addr P7 PG P5 P4 Ps P2 P~| Po 'Pa P2 P1 PO ﬂags) ffied by N3 na ng
#(Fn)=0 is zero.
[VO instructions]
I th
iPo Inputpot0toAC |0 0 1 0]0 0 o AC « (PO) (;";’"tAcs contents of port zF
I nts of
P Input port to AC 001001 1 AC « [P (DP)] F',"(’;'P':’f‘mf ofport 1z
input the contents of port
IPM input portto M o0 111 060 M (HL) « [P (DPy)) £ (DP) to M (HL).
input port to 1100111 . Input the contents of
IPDRM | AC direct 110151 4 AC [P (4)] P {i4) to AC. zF
h 1 f
P4 |Inputport 4, 510 1100 111 E <[P ()] :‘(’:)' ;z‘f'(‘;':;sg a‘r’;":c
E, AC respectively 101 10 AC « [P (5)]1 y
: respectively.
ut th tents of AC to
op OutputACtopot |0 0 1 0]0 1 0 P (DP,) < (AC) ’.?ourttpP (DSS'_’" of A
O t the col ts of M (HL,
OPM  |Output M1o port 0001101 P (DPy) « [M (HL)] to”:;‘r‘t P (DPSTW s of M (HL)
. | Output AC to 11001 114 ! Output the contents of AC
OPDR 4 { 1t direct 0111|1311 P (14) < (AC) to P (i4).
Output the contents of E and
OP4s |OUDUtE, ACtoport |1 1 0 01 1 1 P (4) « (E) AgfoponsP(-t)andP(s)
4, 5 respectively 1101|010 P (8) « (AC) respectively
Set to one the bit in port
SPBt2 |Setport bit 0000{1 01 P (DP), 2] « 1 P (DP) specified by the
immediate data ty tg.
Clear to zero the bit in pont
RPB2 |Reset port bit 0010/[|10t [P (DPY), 2] « 0 P (DP, } specified by the ZF
immediate data t, tg.
. Take the logical AND of P (P53
ANDPDR| And port i 110001 01 F;('E ° Po < to Po) and the immediate data | ,_
i4,pa  |IMmmediatedatathen |, lp.p, R, R, E ( sto ol v I3 2 11 lg and output the result
output stolo to P (Pg to Pg).

. Take the logical OR of P (P53
orPDR |OF pont ‘”‘“‘d hen |1 10 0f0 100 F",(':? v ’:9) < 10 Py) and the immediate data | ZF
i4,p4 [Mmediatedatathen |\ 1o [Py Py Py Py (P ato Poll v I3 Iz Iy g and output the result

output 310 0o to P (P3 1o P).
Continued on next page.
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Continued from preceding page.
Instructioncode | |2 Affected
Mnemonic -g 2 é 8 Operation Description status Note
D7 Dg D5 D4 |D3 D, D4 Dy 33|38 bits
[Timer control instructions}]
Write the contents of M2 (HL),
WTTMO |Wwrite timer 0 1100f{1010]1]|2 TA"(‘;EW < M2 HLLT AC into the timer 0 reload
(AC) register.
: 1100|1111 Write the contents of E, AC
WTTM1 | Write timer 1 1111l010 0 2 | 2 |TIMERT « (E), (AC) }into the timer 1 reload
register A,
M2 (HL) Read out the contents of the
RTIMO | Read timer 0 11001101 1 1 2 AC < (TIMERO) t;\rger 0 counter into M2 (HL)),
" 110011111 Read out the contents of the
RTIM1 | Read timer 1 1111010 1|22 [EACCTMERD |y counterinto E, AC.
" 11001111 :
STARTO | Start timer 0 1t110]l01 10 2 | 2 |Starttimer O counter | Start the timer O counter.
. 11001111 "
START1 | Start timer 1 1110011 1 2 | 2 |Starttimer 1 counter | Start the timer 1 counter.
. 1100|111 1 . .
STOPO | Stop timer 0 1 111]0110 2 | 2 | Stop timer 0 counter | Stop the timer O counter.
. 1t 1001111 ! .
STOP1 | Stop timer 1 1111101 11 2 | 2 (Stoptimer 1 counter | Stop the timer 1 counter.
[interrupt control instructions]
Setinterruptmaster |1 1 0 o]l1 1 0 1 Set the interrupt master
MSET enable flag 0101|0000 2 |2 |[MSE«1 enable flag to one.
Reset intarrupt 11001101 Clear the interrupt master
MRESET master enable flag 1001]0000 2 (2 [MSE<o0 enable flag to zero.
. . 1100|1101 . Set the interrupt enabie flag
EIH i4 Enable interrupt high 010 1(ilglpty o 2 | 2 |EDIH« (EDIH)vi4 1o one.
. 11001101 . Set the interrupt enable flag
ElL i4 Enable interrupt low 0100fIgh il 2 | 2 |EDIL« (EDIL) vV i4 1o one.
. . _ 110011101 — | Clear the interrupt enable
DiH 4 Disable interrupt high 100 1]ighh1y 1y 2 2 |EDIH e« (EDIH)A 4 fiag to zero. ZF
. . . 110011101 = | Ciear the interrupt enable
DIL i4 Disable interrupt low 1000 1541 1 2 2 |EDIL « (EDIL) A i4 flag to zero. ZF
y 1100|1111 Transfer the contents of E,
WTSP | write SP 1101|101 0| 2|2 |SPe(EL(AC) AC to SP.
110011111 Transfer the contents of SP
RSP Read SP 1101|101 1] 2]2 |EAC«(SP) 10 E, AC.
[Standby control instructions]
1100|1111
HALT HALT 1 101)|1110/(2]2 |HAT Enter hait mode.
1100|111 1
HOLD HOLD 1t 101(1111]2]2 |HOLD Enter hold mode.
[Serial VO control instructions)
11001t 111 .
STARTS | Start serial | O 11101110 2 | 2 |STARTSIO Start SIO operation.
. . 11001111 Write the contents of E,
WTSIO |write serial | O 111011 11] 2|2 |S0«(E),(AC) AC to SIO.
. 1100|1111 Read out the contents of SIO
RSIO Read serial | O 11111111 2 2 |E, AC « (SIQ) into E, AC.
[Other instructions]
Consume one machine cycle
NOP No operation 0 0O0O0O|0O0OO] 1 1 | No operation without performing any
operation.
$Bi2  |Select bank Troogtaa .,y Iecis peizety) the bank.
i elect ban 1100/ 001 1 3 « lIq Iy | Specify memory
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