Ordering number:EN2367B

CMOS IC

LC6512A, LC6513A
SA///WYO Single-Chip 4-Bit Microcomputer

for Control-Oriented Applications
(Low-Threshold Input, On-Chip FLT Driver)

General Description (3) The standby function is the same as for the LC6514B

The LC6512A, 6513A are microcomputers that are dentical ~ and its using method is different from that of the
with FLT driver-contained microcomputers LC6502D, LC6502D, 6505D, etc.

6505D in instruction set but are further enhanced in perfor-

mance, such as shorter cycle time, more stack levels, Iﬁackage Dimensions

creased FLT drive capacity, and are partially changed U?]it:mm

specifications for standby function. Since the LC6512
6513A are also pin-compatible with the LC6502D, 6505020228-D42SIC

they can be used as similar replacements for the LC6502D, [LC6512A]
6505D. The LC6512A, 6513A can replace the LC6502B/ 2
6502D, 6505B/6505D to enhance performances of equip-
ment in which these microcomputers have been applied so> O

far.

O

15.24
13.8

0.25

Features ! e 2 ‘

 Low power dissipation CMOS single-chip microcomputer. '

* Instruction set with 79 instructions common to the i
LC6502C, 6502B, 6502D/LC6505C, 6505B, 6505D. ‘

« 2-source, 2-level interrupt function (external interrupt
internal timer interrupt)

* 8-level stack SANYO : DIP42S

* 4-bit prescaler-contained 8-bit programmable timer |\ ni-mm

 FLT driver-contained output ports and low-threshold m§052A-QIP48A

I AN
0.51min 4.25|
3.8 |5.1max

0.95 lloss 178

=
N
o

put ports
(1) Digits driving output ports: 10 pins [LCE513A]
(2) Segments driving output ports: 8 pins 10 30
(3) Normal voltage input ports: 8 pins (4 pins: Low- Sy e e e
threshold input port) EE HHHHHHHH
(4) Normal voltage input/output ports: 8-pins = == (B
* ROM, RAM :?L% = |5
(1) LC6512A ROM: 2048bytes, RAM: 1284bits 5g = = |B
(2) LC6513A ROM: 1024 bytes, RAM: 644bits . = = |5
« Cycle time 1.33ps min. b O = |
400kHz, 800kHz, 1MHz, 3MHz ceramic resonator OSC. wa— R s
« Power-down by 2 standby modes R 28] s
(1) HALT mode: Power dissipation saving by program f =
standby during normal operation | s ) 1, SANYO : QIP48A
(2) HOLD mode: Power supply backup during powe ' ' :
failure

B Any and all SANYO products described or contained herein do not have specifications that can handle
applications that require extremely high levels of reliability, such as life-support systems, aircraft's
control systems, or other applications whose failure can be reasonably expected to result in serious
physical and/or material damage. Consult with your SANYO representative nearest you before using
any SANYO products described or contained herein in such applications.

B SANYO assumes no responsibility for equipment failures that result from using products at values that
exceed, even momentarily, rated values (such as maximum ratings, operating condition ranges,or other
parameters) listed in products specifications of any and all SANYO products described or contained
herein.

SANYO Electric Co.,Ltd. Semiconductor Company
TOKYO OFFICE Tokyo Bldg., 1-10, 1 Chome, Ueno, Taito-ku, TOKYO, 110-8534 JAPAN

O1001TN (KT)/7129YT/7227KI/5317KI/N256KI, TS No0.2367-1/24




LC6512A, LC6513A

« Differences among LC6512D, 6513D,and LC6512A, 6513A
The LC6512D, 6513D and LC6512A, 6513A are different in the OSC circuit only and are the same in the basic

features. The differences are shown below.

Item LC6512A, 6513A LC6512D. 6513D
OSC_ mrcuﬁ 1-stage inverter 5-stage inverter
configuration
OSC mode Ceramic resonator OSC Ceramic resonator OSC, CR OSC, application of external clock
OSC waveform Sine wave Rectangular wave

Ceramic resonator OSC: 400kHz, 800kHz, 1 MHz

Operatin
frg uencg Ceramic resonator OSC: 500kHz, 800kHz,1MHz, 3MHz CR OSC: 400kHz typ. 800kHz typ
q Y External clock: 222kHz to 1290kHz

Technical Data
The LC6512A, 6513A are members of our LC6500 series of CMOS microcomputers. For their internal functions, refer to

the LC6500 SERIES USFR MANUAL. Those which differ from the description in the USBRMANUAL are de-
scribed in this catalog. Carefully study features and Appendix 4 Standby Function in this catalog before using the LC6512A,

6513A.

Pin Assignments -
PA2 [T] 2] PA1
PA3 [Z] [ PAO
. PBO
Pin Name PB1 % : :;j%, .VWDTQ(+5VJ
OSC1, OSC2: Ceramic resonator for OSC ggg % 3:3] 'FjﬂLD
NNE 37
INT > Interrupt PCO (7] i Pio
RES : Reset ﬁg; % stl o
) 9 34) PH2
HOLD : Hold P03 [ 5 P
PAO-3 . Input port AO0-3 PDO IEE' 32 PHO
. PD1 [12 31] PG
PBO-3 : Input port BO-3 o072 [ = o
PCO-3 . Input/output common port C0-3 PD3 [[] %] PG1
. . _ PEO [Tf] %] PGO
PDO-3 . Input/output common port D0-3 PET [ % Pra
PEO-3 : Output port (High-voltage port)E0-3 PE2 [[] 75 PF2
- . iah- _ PE3 [iE] %) PF
PFO-3 : Output port (H!gh voltage port)FO-3 res o = PF;
PGO-3 : Output port (High-voltage port)G0-3 TEST (@ 23 osc2
PHO-3 : Output port (High-voltage port)HO-3 (OV) vss 12 2 osc1
PIO, 1 : Output port (High-voltage port)IO, 1
TEST : Test DIP42S
(Note) Nothing must be connected to NC drRIto0 8|;’§
. K aoonaazzaas>Ex
pins internally or externally. TN
48 47 46 45 44 43 42 414039 38 37
. . PB3—1 36 |- py1
When mounting the QIP version on the PCO — 2 35— pig
. PC1 — 3 341
board, do not dip it in solder. O sl g}jg
PC3 M5 32~ pH1
NC 16 31 = PHO
PDO 17 30~ NC
PD1 8 29— PG3
PD2 19 28 — PG2
pp3 —{10 27 - PG1
PEO 11 26 — PGO
PE1 12 25— PF3
131415161718192021222324
JITTTTTTITTI
s = @ O —-—NO — N
PEBpe==gaReyt
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LC6512A, LC6513A

System Block Diagram

PAO 103 |:> port
A RAM | [
[FIWR
PBOto3 [:'} B )
PCOto3 (:::) c (:::)
PDOt3 D l i
system bus
*
PEOt03 (::\Ji(:::) ]
* (—] L
* \
PGO 03 &'\Z@ c§F ZsF
HA‘LT system clock
* }
PHOt03 H C:‘:) Standby | wystem 0SC1
0 control 0SC _|—=0 0SC2
*
i T

Note*:High-voltage port S S S S S
HOLD  INT RES TEST Vss Voo
RAM  : Data memory STS : Status register
F : Flag ROM : Program memory
WR  : Working register PC : Program counter
AC : Accumulator INT : Interrupt control
ALU : Arithmetic and logic unit IR . Instruction register
DP : Data pointer I.DEC  :lInstruction decoder
E : E register CF, CSF : Carry flag, carry save flag
CTL  : Control register ZF, ZSF : Zero flag, zero save flag
OSC : Oscillation circuit EXTF : External interrupt request flag
™ : Timer TMF . Internal interrupt request flag
Pin Description
Pin Name Input/Output Function

INT Input Interrupt request input pin

HOLD mode request input pin (The LC6502, 6505 differ in function.)

HOLD Input
pu Capable of being used as a general-purpose single-bit input port unless the standby mode is used.

RES Input Reset input pin

Input port Ag to Az (Normal voltage, low-threshold input)
PAQ-3 Input Capable of 4-bit input and single-bit decision for branch
Use also for HALT mode release request input

Continued on next page.
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LC6512A, LC6513A

Continued from preceding page.

Pin Name Input/Output Function

Input port B to B3 (Normal voltage)

PBo-3 Input Capable of 4-bit input and single-bit decision for branch

Input/output common port Cg to C3 (Normal voltage)
PCo.3 Input/Output Capable of 4-bit input and single-bit decision for branch during input
Capable of 4-bit output and single-bit set/reset during output

Input/output common port Dg to D3 (Normal voltage)
PDg.3 Input/Output Capable of 4-bit input and single-bit decision for branch during input
Capable of 4-bit output and single-bit set/reset during output

Output port Eq to E3 (Digit driver output)
PEg.3 Output Capable of 4-bit output and single-bit set/reset
Capable of 4-bit input of output latch contents and single-bit decision of output latch for branch

Output port Fq to F3 (Digit driver output)
PFQ.3 Output Capable of 4-bit output and single-bit set/reset
Capable of 4-bit input of output latch contents and single-bit decision of output latch for branch

Output port Gg to Gz (Segment driver output)
PGo-3 Output Capable of 4-bit output and single-bit set/reset
Capable of 4-bit input of output latch contents and single-bit decision of output latch for branch

Output port Hg to H3 (Segment driver output)
PHg.3 Output Capable of 4-bit output and single-bit set/reset
Capable of 4-bit input of output latch contents and single-bit decision of output latch for branch

Output port lg, 11 (Digit driver output)
Plg 1 Output Capable of 2-bit output and single-bit set/reset
Capable of 2-bit input of output latch contents and single-bit decision of output latch for branch

0SC1 Input A ceramic resonator is connected to this pin and pin OSC2 in the internal clock mode.

0sc2 Output Pin for externally connecting a resonance circuit for the internal clock mode

Power supply pin

VbD Input Normally connected to +5V
Vss Connected to OV power supply
IC test pin
TEST Input Normally connected to Vss(ov)
Specifications
Absolute Maximum Ratings at Ta = 25°C, ¥=0V
Parameter Symbol Conditions Ratings Unit
Maximum supply voltage Vpp max -0.3t0 +7.0 \%
Input voltage VIN Input pins other than OSC1 —-0.3 to Vpp+0.3 (Notel) \%
V Ports C,D OSC2 —0.3to Vpp+0.3 \Y
Output voltage ouT(1) DD
VOUT(2) Ports E,F,G,H,I Vpp—45 to Vpp+0.3 \Y
lo@) Ports C,D:Each pin -2.0t0 +2.0 mA
| Ports E,F,l:Each pin -15t0 0 mA
Peak output current 0(2) p.
l0(3) Ports G, H:Each pin -10t0o 0| mA
lo(4) All pins of ports C to | —-90to +16| mA
L Pd max(1) | Ta=—30 to +70°C (Flat package) 350 | mw
Allowable power dissipation
Pd max(2) | Ta=—30 to +70°C (DIP) 600 | mw
Operating temperature Topr -30to+70| °C
Storage temperature Tstg -55to +125| °C

(Notel) For pin OSCI, up to oscillation amplitude generated when internally oscillated under the recommended
oscillation conditions in Fig. 2 is allowable.
[Note] When mounting the QIP package version on the board, do not dip it in solder.
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LC6512A, LC6513A

Allowable Operating Conditions

at Ta = =30 to +70°C, y = 5V+10%, Vs = 0V,

Ratings
Parameter Symbol Conditions - Unit
min typ max
Operating supply voltage VbD(1) 45 5.0 55 \%
Power-down supply voltage Vbp(2) |HOLD mode: HOLD=V)| (3) 1.8 55 \
VlH(l) Port A 1.9 Vbp \%
Input high-level voltage VIH(2) Ports B, C, D 0.7Vpp Vbp \
ViH) |INT, RES, HOLD and OSC1 0.8Vpp Vpp| V
V||_(1) Ports B, C, D Vgs 0.3Vpp \Y%
Vi) |INT, RES, 0sC1 Vss 02Vpp| V
Input low-level voltage
VIL(3) HOLD,TEST: Vpp=1.8 to 5.5V Vss 0.2Vpp Y,
V||_(4) Port A Vgg 0.5 \%
External capacitance for ceramic resonator Cl See Fig. 2.
0sC c2 See Fig. 2.
t See Fi -3, 34 i (N-2)
DH gs. 3-3, 3-4 in Appendix 3. Xtcyck Hs
Allowable delay in key scan circuit
t (N-2) S
DL Xteyc* H
. tvDDF Vpp=1.8 to 5.5V, See Fig. 1. 0 us
Standby timing -
tVDDR Vpp=1.8 to 5.5V, See Fig. 1. 0 us

(Note)* tcyc: Cycle time at microcomputer running mode

HALT instruction

Standby
power-down

tVvDDR

[Note]

No chattering shall be applied to the HOLD
pin and PAO to 3 pins during the HALT
instruction execution cycle.

Fig. 1 Standby mode timing
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LC6512A, LC6513A

Electrical Characteristics  at Ta = —30 to +70°C, pp = 5.0V+10%, \g= 0V

- Ratings )
Parameter Symbol Conditions - Unit
min typ max
Input high-level current (I Each input pin: V|N=VDD 1.0 pA
Input low-level current TN Each input pin: V|N=Vsg -1.0 HA
VOH(l) Ports C, D: IOH:—lmA VDD—2.0 \%
VOH(2) |Ports C, D: IoH=—100pA Vpp-0.5 \Y
VOH(3) Ports E, F, I IOH:—lOmA VDD—1.8 \%
VOH(4) Ports E, F, I: IOH=—2mA VDD—l.O \%
Output high-level voltage POMs E. F. I lm=—1mA
» B lgy=—1m .
VOH(5) | (Each port Igi=Less than ~1mA) Vbp—0-5 v
VOH(G) Ports G, H: Igy=—2mA Vpp-1.0 \
VOH(7) |PortsG, H: Ioy=—1mA (Each port Igy=Less than —1mA) | Vpp-0.5 \
VOH(S) OoscC2: |OH=—100|.1A VDD—O.5 \Y
V Ports C, D: Ig =1mA 0.4 \%
Output low-level voltage oL{1) oL
VOL(Z) OSC2: g =100pA 0.4 \Y
lOFF(l) Ports C, D: VoyT1=Vpp, HOLD mode 1.0 HA
| Ports C, D: V, =Vgg, HOLD mode -1.0 HA
Output OFF leak current OFF(2) OUT~*SS
IOFF(3) Ports E, F, G, H, I: VoyT=VpD 30 HA
|o|:|:(4) Ports E, F, G, H, I: VOUT:VDD—4OV -30 HA
OSC circuit in Fig. 2: 392 Note 2 408 | kHz
Clock OSC frequency for ceramic ferose 784| Note2 816 | kHz
resonator OSC F Recommended conditions for ceramic resonator OSC 980 | Note 2 1020 | kHz
2940 Note 2 3060 | kHz
Ceramic resonator OSC;f=400, 800, 1000kHz 1.0 2.0 mA
IDD(1) Operating mode f=3MHz.
) Recommended conditions for ceramic resonator OSC, 2.7 4.0 mA
Current drain output pin open, input pin ViN=Vss
IDD(2) HALT mode: Vpp=5V+10%, Test circuit in Fig. 3 10| pA
IDD(3) HOLD mode: Vpp=1.8 to 5.5V, Test circuit in Fig. 4 10| pA
. Each input pin: Measure at f=1MHz.
Input capacitance CiN Pins not being measured: Vgg 5 PP
h Ports E, F,G, H, I: Measure at f=1IMHz
Output capacitance COUT | pins not being measured: Vss 10 pF
X Ports C, D.. Measure at f=1MHz,
Input/output capacitance Cio Pins not being measured: Vg 10 pF
Hysteresis voltage VH INT, RES, HOLD 0.1Vpp \Y
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LC6512A, LC6513A

CF: Ceramic resonator

Center frequenc! Ceramic resonator C F C F
anency 19| caP 0561 osco CSA3.00MG (Murata)
3MHz CSA3.00MG (Murata) 33+10% (Note 3) KBR3.0MS (Kyocera)
KBR3.0MS (Kyocera) 22+10% e CSB1000K, D (Murata)
KBR1000H (Kyocera)
CSB1000K, D (Murata) 180+£10% CSBS800K, D (Murata
1MHz Cu——[mj— 02 ( )
KBR100OH (Kyocera) 180+10% L of L KBRB80OH (Kyocera)
CSB800K, D (M 180+10% I :wr CSBA0OP (Murata)
800kHz , D (Murata) +10% KBR400B (Kyocera)
KBR80OH (Kyocera) 180+10% ) ) )
CSB400P (Murata) 330410% Fig. 2 Recommgnded OSC circuit, constants
400kHz for ceramic resonator OSC
KBR400B (Kyocera) 330+10%

Note 2) There is a tolerance of approximately 1% between the center frequency at the ceramic resonator mode and the
nominal value presented by the ceramic resonator supplier. For details, refer to the specification for the ceramic

resonator.
The min., max. values of OSC frequency represent the oscillatable frequency range.

Note 3) When using the piggyback microcomputer, evaluation chip for evaluation, connect a feedback resistor (approxi-

mately IMQ).
1 0l
0SG2 0SCH
0SC2 05C1
pa0  PEOL ] N
Pal  PElI— (= e
PA2 I~ —] -
ViL(ay PA3 ggg — — Eﬁg ggg —
PRI —PBO  PFOl—
PBO  ppo| —PB1 PF1f—
PB1  pr3— - B 4= g:::z -
PB2  paol— Rel Rel —PB3 33—
Vi PB3  pajl— elease elease B30 P8O | Release
POy Pe2[— Trez  par—
Pos  BHO— e
Phy Bz Pop  pra—
PD2  pig |— J —|FDs E,*(‘f:
PD3 Pt PIl — J
INT
HOLD NT
RES  TEST & %ﬁ TEST
Voo Vss Vob Vss
loo()} oo
Voo Voo
Input/output common ports C, D: Output inhibit
HALT instruction is executed to provide HALT mode.
Fig. 3 bp(2) test circuit Fig. 4 dp(3) test circuit
Operation start
Vop r.
— Y
"""""""" ES .
————— ViIH@3) : (0.8Vop=4V at Vop=5V)
)=(0.2VDD=0.9V at Voo=4.5V)
ov
tosc
Voo
. Voo R ™Vpp: Power supply rise time constant
Lces12a| RES o TRES RES pin rise time constant ‘ ‘
6513A - Fix C. R so thatVpp < Tres tosc 2 10ms. is obtained.
Vss tosg OSC stabilized time

Fig. 5 Initial reset timing
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LC6512A, LC6513A

Appendix 1. Support System
For application development of the LC6512A, 6513A, the support system for the LC6512A, 6513A is used.

1-1. Software support
The support system provides source editor, cross assembler. For cross assembler on CP/M, the "LC6502.COM",

"LC6505.COM" are used, and on MS-DOS, the "LC6512.COM", "LC6513.COM" are used.

1-2. Hardware support

(1) Evaluation chip
Evaluation chip LC6597 is used. Level converters, drivers are connected to high-voltage pdds,(Pk to 3,

P&y to 3, PHyto 3, Ply, 1) externally.

(A dedicated adaptor is available.) Evaluation chip
LC65697

PAOt03 .
PBO t03 <::l General-purpose input

PCOt
PDO tgg <:> General-purpose input/output

PEO 103
PFOto3
EPROM [N [ 0os [

or
PHO 103
RAM C: PIO, 1

External memory for program

D FLT driver output

Driver

Fig. 1-1 Basic evaluation system using evaluation chip

(2) Simulation chip
Piggyback LC65PG12/13 and adaptor (EVA-97-12D/13D) for the LC6512A, 6513A are used jointly.

LC65PG12/13

SN |I ok

Ny

EVA-97-12D/13D

- A driver shown in fig. 1-3 is contained.

Conversion board TB42S

To user’s application aquipment

Fig. 1-2 How to use piggyback
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LC6512A, LC6513A

(3) Evaluation kit
The EVA-410 and EVA-TB2 are used. For connecting with user's application equipment, adaptor (EVA-97-12D/
13D) is used.

(4) Adaptor (EVA-97-12D/13D)
This is used when evaluating the LC6512A, 6513A with the aid of the evaluation chip and piggyback. This
contains drivers for FLT. (See Figs. 1-3, 1-4.)

42-pin IC socket
Evaluation kit
*Piggyback

88
-Vpp inp}\

« Power supply for adaptor-contained N .
driver(LB1294)-Vpp for FLT is ap- .% Conversion board TB42S
plied. o
No external driver is required for U User’§ appllpatlon board
mass-produced microcomputers. U (42-pin IC pin)

Fig. 1-3 Adaptor (EVA-97-12D/13D) for LC6512A, 6513A

CN3 CN2 NFP-50A-0112

¢ jon board Yamaichi Electric-made; CN1 )
s
jm—eq R 12] 3 (Ya‘r_ngic_hl Electric-made)
P 1ol i n 13 ' o 41 1,
42 2 ! 9 14 | '
i ' i
Lo e 1c4 15 Y 4]2 )
' 2 5 1 o3 1 1 o 2 :
1 i ' i o 1
) | ) ) 416 (810 23 E‘El :
' ! 1 | 9
i ! | ' | !
13! V5 1 56K !
' 4 7 1 o0 3 :
1 5 4 T oo 1 :w4 ,
! ob IDETHL Jj,g !
b N A
| t ' | i ]
' : ' ! ' [
: 7 3 e 12K 39KQ . ,
—0 7
' o8 DG DA
' 9 DTN T 9 i
I 10! ] 19 1 " )
[IDETI DT 010 :
§oo12 IDCEIN Tol X
[IDETI L 025 1 * v;g |
! ]
' ol4 4’ Z7 1 ota 1
' ' X ) Vpp O—— ! !
' ] : : [e] ' :
1 1
! 1
| 037 | 112 ) Ty tog
] 36 ' v|4 [ 15 2 ] 3% 1
e T o161 14 3 M x5 !
: 34 ! 118 ! 13] 101 [4 7“34 i
| 033 4 20 : 12 5 '._"33 !
o 1
| o032 L 2 ; 1 6 ! 032 X
! I 1 ' 7 8 ' |
! | 1 1 ]
| | [ 1 8 1 '
| o3l ' 24 16 1 | !
DETIN | 526 | 15 2 T g“] '
' 029 | 128 ! ” 5 o %
e 1 530 | 13| 162 T4 ‘_;23 '
T IDE7 ; 12 5 Z‘27 )
1 o2 34, 1 6 o6 !
1 ' | ] 9 ' ]
| 1 ! ! ! '
]
1 ' 9 H [
' o2y 136! 16 1 ! '
to24 1,38 15 2 I:gi '
!5 1 o020 ! 14 3 'Vls )
: 16 | 3) | 13] 103 [4 11’16 1
| ol : L o33 | 12 5 -"'7 !
18 1 0 T )
JPSCRE o 1 = ol8 |
1 : \ : 7 8 ' ]
1
i i ' I
39 Jl ! o8 ! 1
: 19 1 T 'ﬁogg :
| o381 ' 10 ‘o3
o= v . -
: 20 ¢ M MEEH o
22! v 42 ) ! !
I oS +-022 1 )
. 23 |v4o ] 1023 IC1 to 3 (16pin)
| o0 1 To6 | . LB129410pin: NC
T T ) g? , IC4 (14pin)
Leoos (I T2 | Lae339

Fig. 1-4 EVA-97-12D/13D
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LC6512A, LC6513A

Appendix 2. Internal Architecture of LC6512A, 6513A

The LC6512A, 6513A are identical with the LC6502C, 6505C in the internal architecture and instruction set except that
output ports are of high-voltage type and port A is of low-threshold input type and the standby function is the same as for
the LC6514B. For details, refer to "LC6500 SERIES USER'S MANUAL"; and for the standby function, refer to Appendix

4 "Standby Function".

2-1.PC
For the LC6512A, 6513A, this is organized with an 11-bit, 10-bit binary counter, respectively, which specifies the
ROM address of an instruction to be executed next. The high-order 3(2) bits specify a page and the low-order 8 bits
specify an address in the page. The page is updated automatically. () is for the LC6513A.

2-2. ROM
This is used to store user programs. For the LC6512A, 6513A,this is organized with 2048x 8 bits, 1024 x 8 bits,
respectively. By using the ROM table read instruction, the whole area can be accessed and the display pattern can be
programmed.

2-3. Stack
This is used to save the contents of the PC at the subroutine call or interrupt mode. This allows subroutine nesting up
to 8 levels.

2-4. DP
This is a register organized with 4-bit DPL and 3-bit, 2-bit DPH for the LC6512A, 6513A, respectively. When access-
ing the data RAM, the DPL, DPH specify a column address, row address, respectively. When accessing input/output
ports, the DPL specifies port A to port |. The DPL also specifies internal pseudo port O.

2-5. RAM
This is a static RAM used to store data. For the LC6512A, 6513A, this is organized with 128 x 4 bits, 64 x 4 bits,
respectively. Row address 7H(3H) is allocated for 16 flags and 8 working registers which can be manipulated without
being addressed by the DP. ( ) is for the LC6513A.

2-6.AC, E
The AC is a 4-hit register which stores data to be processed by instructions. The E register is an auxiliary register to be
back up the AC and is used as a temporary register or general-purpose register at the instruction execution mode.

2-7. ALU
This is a circuit which performs arithmetic and logic operations specified by individual instructions. This outputs not
only data of operation results but also the status of carry (C), zero (2).

2-8. Status register
This is a 4-bit register which stores the status of carry, zero and the external interrupt, timer interrupt request.
The contents of the status register can be tested by the branch instructions.

2-9. Timer
This consists of a 4-bit fixed prescaler and an 8-bit programmable timer. This counts the system clock and requests a
timer interrupt when an overflow occurs.

2-10. Control register
This is a 4-bit register, 2-bits of which control input/output of input/output common ports C, D and 2-bits of which
enable/disable external interrupt, internal timer interrupt.

2-1 1. Input/output ports
There are 9 ports/34 pins from port A to |. Each port is addressed by the DPL. Ports A, B are of normal-voltage input
type, ports C, D are of normal-voltage input/output common type, and ports E, F, G, H, | contain FLT drivers. Port A
is of low-threshold input type.

No0.2367-10/24



LC6512A, LC6513A

(1) Ports fyto 3, Byto 3

DSB---Input inhibit at HOLD mode

Ports A,B D‘—kD‘ Internal bus

Functions < 4-bit input (IP instruction)
* Single-bit test (BP, BNP instructions)
* Port A: Low-threshold input
* Port B: Normal-threshold input

(2) Ports @to 3, hto 3

DSB---Input output inhibit at HOLD mode
Output: High impedance

PortsCD  [— ’__D‘__. Internal bus

Output DSB
inhibit

DSB---Output control (Control register)

Functions 1. Input mode (Output inhibit)
* 4-bit input (IP instruction)
* Single-bit test (BP, BNP instructions)
2. Output mode
* 4-bit output (OP instruction)
* Single-bit set, reset (SPB, RPB instructions)

(3) Ports jto 3, [hto 3, Gto 3, Ky to 3, p to 1 (High-voltage ports)

VoD DSB=Output inhibit at HOLD mode (Output transistor OFF)

P ’_G_J Q L Internal bus

Ports E to | I

Functions < 4-bit (2-bit for port 1) output (OP instruction)

* 4-bit (2-bit for port ) input of output latch contents (IP instruction)

* Single-bit set, reset (SPB, RPB instructions)
Set: The output represents a 1. ----- Output transistor ON
Reset: The output represents a 0. ----- Output transistor OFF

* Single-bit test of output latch contents (BP, BNP instructions)

* Portsk, F, I: FLT digits drive

* Ports G, H: FLT segments drive
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2-12. External interrupt
The trailing edge of the signal on the INT pin is detected and the interrupt request flag in the status register is set. The
occurrence of an interrupt is controlled by the enable/disable flag in the control register.

2-13. Reset
The system is initialized by setting the RES pin to L-level. The contents to be initialized are as follows:
*PC Address 000H
« Control register 0000, Interrupt disable, Ports C, D: Output inhibit
« Status register  Timer, external interrupt flagReset
 Output port Output latchyd — Output transistor OFF

Appendix 3. Proper Cares in Using IC
3-1. Low-threshold input portgto 3 provides the input characteristic shown in Fig. 3-1.

Vbp

" V"H :_ I+ High-level input

} Low-level input

Fig. 3-1

3-2. FLT driver output
Ports B to 3, Fyto 3, Igto 1 (10 pins) are for high-current digits driver output; and pogttoG, Hg to 3 (8 pins) are for
intermediate-current segments driver outputs. Of course, digits driver outputs can be used as segments driver outputs.
Fig. 3-2 shows a sample application.

R Key scan

1]l

Ports E,F| ? Digits

Ports G, H FLT )
VAN
-Vpp Segments

—

LC6512A, 6513A

Fig. 3-2 FLT display application
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Digit drive signal-used key scan

When key-scanning with the FLT digit drive signal in Fig. 3-3 and inputting the return signal to port A, the following must

be observed.

(a) Estimate voltage drop @¢) in the output transistor using the current flowing in an FLT used and the V-I
characteristic of the output port of the LC6512A, 6513A.

(b) Estimate voltage drop €yy)in the switch circuit.

(c) Check to see thatd{ + Vgyw meets the \,/V,_ requirement of the input port in Fig. 3-1.

tpL ton (External circuit delay time)

Switch circuit

lnput

D J VON:':M)rt
| \ Current

Output transistor - Output port FLT

Fig. 3-3 Sample key scan application

For the key scan application in Fig. 3-3, make the program considering the delay in the external circuit and the input delay
shown below.

N [N ——
Xop X[ Xoz o wmom X _ip )(:)D( oP _J[j(LDZ A mor X 1P X
Input port waveform This Any other instruction T Any other instruction may be used.
instruction may be used. This instruction must be used.
must be used. 7 VIH(1)
Via)
ov LT\ 7

R Output port /

N waveform ,
Vob—40V N - -

@ oL ® © toH @

When the IP instruction is used to input the return signal as shown above, the input delay must be considered and two
instructions are placed between the IP instruction and the crossing of input port waveforimand 1), respectively.
Some instructions must be placed additionally according to the length of gglais(i) in the external circuit after the
digit drive signal is delivered with the execution of the OP instruction (point a and point c).
N: Number of instruction cycles existing between instruction (OP, SPB, RPB) used to output data to output port and
instruction (IP, BP, BNP) used to input data from input port.
(Number of instruction cycles to be programmed according to the lengih, ;)
tpL, tpH: Delay in external circuit from output port to input port.
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Appendix 4. Standby Function

Two standby modes — HALT mode and HOLD mode — are available to minimize the power dissipation when the program
is in the wait state or a power failure is backed up. Both modes are set with the execution of the HALT instruction. All the
operations including the system clock generator are stopped at the standby mode. (For other models LC6502/05 of the
LC6500 series, the HOLD mode is hardware-set with the HOLD pin = "L". Be careful of the difference in the mode setting
method.)

The HALT mode and HOLD mode are used properly depending on the purposes. They are different in the mode setting
conditions, 1/O port state during standby operation, mode releasing method. The HALT mode is entered by executing the
HALT instruction when the HOLD pin is at H-Level. The HALT mode is used to save the power dissipation when the
program is in the wait state. The HOLD mode is entered by executing the HALT instruction when the HOLD pin is at L-
Level. At the HOLD mode all I/O ports are disabled and there is no power dissipation in the interfaces with external
circuits, permitting capacitor or battery-used power supply backup during power failure.

4-1. HALT mode setting
The HALT mode is entered by executing the HALT instruction when the HOLD pin is at H-Level and all pins for port
Ag to Az are at L-Level. When even one of pins for pasttéAg is at H-Level, the HALT instruction is disregarded
and becomes equal to the NOP instruction.
The HALT mode causes individual blocks to be placed in the following states.

(1) ‘ Operation is stoppqd

« All the operations including the system clock generator are stopped.

@

* The state immediately before setting the HALT mode is held.

(3) | Blocks to be cleared/reset

e Timer............ State where all bits are set to "1"(max.time).
« Status flag.....The EXTF, TMF are reset (interrupt disable). The CF, ZF contents are held. An interrupt request at the
HALT mode is disregarded.

(4) | Blocks to be held

« For the registers, data RAM, port output latch, PC (except those in (3), the contents immediately before setting the
HALT mode are held.

4-2. HOLD mode setting
The HOLD mode is entered by executing the HALT instruction when the HOLD pin is at L-Level. In this case, the
contents of port Ato Az remain unaffected.
The state in the HOLD mode is the same as that in the HALT mode, except the state of I/O port. The HOLD mode
permits the undermentioned power-down mode to be entered.

* Input ports A, B: Input inhibit

« Input/output port C, D: Input inhibit, output high impedance
 Output ports E to I Output Pch transistor OFF

« INT, RES pins: Input inhibit

For the output latch of the output port, the contents immediately before setting the HOLD mode are held.
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4-3. HOLD power-down mode setting
The HOLD mode permits the supply voltage to be lowered and also the power dissipation to be reduced after mode
setting. The HOLD mode can be used in the capacitor or battery-used backup operation during power failure.

Capacitor or battery-used
backup operation

Main power (¢
supply J\/\/\\ 4§ W

Power failure Power supply return

Voo x —~ @ V@
HOLD ® N~ \
(TNT ) ﬁ
(_
| HALT !
nstruc-
(R G D @ T S
@ Power-down Instruction
HOLD mode
-

Fig. 4-1 HOLD mode and power-down

(D A failure of the main power supply is detected and a standby request is made. This is hardware-controlled by the
external circuit.

(2) The HOLD pin is software-polled or the same signal is applied to the INT pin to test the standby request by
interrupt. Then, the HALT instruction is executed and the HOLD mode is entered. (Note)

(3 After the HOLD mode is entered, power-down can be attained by loweging V

(@ After Vpp returns to the prescribed voltage, the HOLD pin is set to H-Level and the normal operation returns.

(Note) The HOLD pin input signal is transferred to pseudo input port PO 0 (DPL = Obit). Zherefore, when
polling the HOLD pin, the BP0 or BNPO instruction is used at DPL = OEH. (The IP instruction cannot be
used.)
When the BPO instruction is used for testing, a branch occurs when the input voltage is at high level in the
same manner as for normal input ports.

4-4. HALT mode release
Release by reset
When L-Level is applied to the RES pin, the HALT mode is released and the system reset state is entered.
When the RES pin is set to H-Level again, the normal operation starts. Since the ceremic resonator mode is used for
system clock generation, the release by reset must be performed.
—Notes—
« Since the ceramic resonator mode is used for system clock generation, L-Level must be applied to the RES pin for 5
to 10 ms (oscillation stabilizing time).
Mode change from HALT mode to HOLD Mode
The HALT mode is entered with the execution of the HALT instruction when the HOLD pin is at H-Level.
The HALT mode is changed to the HOLD mode automatically by setting the HOLD pin to L-Level.

HOLD

Value just before HALT in retained | hi -
nput i i
Vo ﬁ_>< B ";3- _F_)I‘E)-I_bi}ed, Output High Impedance

§ SRR

Mode Functioning i HALT mode HOLD mode
I

1

Fig. 4-2 Mode change from HALT modeto HOLD mode
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4-5. HOLD mode release
Release by reset
The HOLD mode is released by setting the HOLD pin to H-Level while applying L-Level to the RES pin. When the
'RES pin is set to H-Level again, the normal operation starts. The contents of the memories remain unaffected except
the PC, I/O ports, registers which are initialized by the reset operation.
Since the ceramic resonator mode is used, the reset state must be held until oscillation is fully stabilized (10 ms after
oscillation start) after the HOLD mode is released.

A

Vo
, oscillation
)

System clock
(Ceramic resonator mode)

|
: ]
R 3 '
RES 1
{Note) \ | \ /
! 4 i
1
I

|<_ Reset ___|__ Operation start after initial __

—— HOLD mode
(10ms or more) reset

Fig. 4-3 HOLD mode release by reset

Note: With L-Level applied to the HOLD pin as shown above, the CPU is not reset even when the RES pin is set to L-
Level. This is because the HOLD pin is given priority lest the CPU is reset unnecessarily when the capacitor or
battery-used backup mode causes the CPU peripherals to operate unstably and the RES pin is set to L-Level. Be
careful of the level of the HOLD pin and RES pin also at the initial reset mode when power is applied. When the
HOLD pin is at L-Level, no reset occurs.

4-6. Proper cares in using standby function
When using the HOLD mode, an application circuit and program must be designed with the following in mind.
(1) The supply voltage at the standby state must not be less than specified.
(2) Input timing of each control signal (HOLD, RES, port A, INT, etc.) at the standby initiate/release state.
(3) Release operation must not be overlapped at the time of execution of the HALT instruction.

4-7. Sample application where the standby function is used for power failure backup
Power failure backup is an application where power failure of the main power source is detected by the HOLD pin,
etc. to cause the HOLD mode to be entered so that the current drain is minimized and a backup capacitor is used to
retain the contents of the internal registers even during power failure.

4-7-1. Sample application circuit (ceramic resonator OSC)
Fig. 4-4 shows a ceramic resonator OSC-applied circuit where the standby function is used for power failure backup.

v+

Moch Lo ‘

AC I

Power
Supply

Vob
RES
LC6512A/13A

Unit(resistance:Q, capacitance:F)

Fig. 4-4 Sample Application Circuit
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4-7-2. Operating waveform

The operating waveform in the sample application circuit in Fig. 4-4 is shown below. The mode is roughly divided as
follows:

H HALT instruction :
(_Reset X Normal mode X Reset X Normal mode )/A~{ Reset X Normal mode

) s
v - -~ —v
@ Initial application of power 2 Instantaneous break-(2) (2 Instantaneous break-(3)

-

. _ mmmm— {F=-===-= HOLD
“‘\‘ /’ ] Voo
v o =

’ l
\‘\\ B //L/ '
LS .

VN . (= R /L H |

" +
HALT instruction

|
HOLD mode l :
Normal mode )@- Reset Normal mode

ag

® Return from backup voltage

4-7-3. Operation of sample application circuit
@ At the time of initial application of power

A reset occurs and the execution of the program starts at address 000H of the program counter (PC).
(2) At the time of instantaneous break

(1) At the time of very short instantaneous break
The execution of the program continues.

(2) At the time of instantaneous break being a little longer than (1) (When the RES input voltagg nasetshé
HOLD input voltage does not meet,V.

A reset occurs during the execution of the program and the execution of the program starts at address 000H of
the program counter (PC).

Since the HOLD request signal is not applied to the HOLD pin, the HOLD mode is not entered.

(3) At the time of long instantaneous break (When both of the RES input voltage and HOLD input voltage meet
ViL).
The HOLD request signal is applied to the HOLD pin and the HOLD mode is entered.

When V+ rises after instantaneous break, a reset occurs to release the HOLD mode and the execution of the
program starts at address 000H of the program counter (PC).
(3 At the time of return from backup voltage

A reset occurs and the execution of the program starts at address 000H of the program counter (PC).
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4-7-4. Notes for circuit design

D How to fix C3, R6, C2, R2
Fix closed loop (A) discharge time constants C3, R6 and HOLD pin charge time constants C2, R2 so that closed
loop (A) fully discharges before the HOLD input voltage gets lower thaaMhe time of instantaneous break and
the RES input voltage is sure to get lower than(d reset occurs) when V+ rises after instantaneous break where
the HOLD input voltage gets lower than V

(2 How to fix C3, R7
Fix RES pin charge time constants C3, R7 so that when power is applied initially or the HOLD mode is released the
ceramic resonator OSC oscillates normally and the RES input voltage exggeasl\the program starts running.

(3 How to fix R4, R5
Fix Tr bias constants R4, R5 so that when V+ rises after instantaneous break the RES input voltage gets lower than
V)L (brought to L-Level) before the HOLD input voltage exceegls(frought to H- Level).

@ How to fix C2, R3
Fix HOLD pin charge time constants C2, R3 so that when the HOLD mode is released from the backup mode the
HOLD input voltage does not exceegyy (not brought to H-Level) until the RES input voltage gets lower than V
(brought to L-Level).
Fix C3, R7 and C2, R3 so that the time interval from the moment the HOLD input voltage exgeadsil\the
moment the RES input voltage exceegs M longer than the ceremic resonator OSC stabilizing time.

(5 When the load is heavy or the polling interval is long
Since Cl discharges largely, increase the capacity of C1 or separate (B) detection from V+ and use a power supply
or signal that rises faster than V+.

4-7-5. Notes for software design
When the HOLD request signal is detected, the HALT instruction is executed immediately. A concrete example is
shown below.
(1) An interrupt is inhibited before polling the HOLD request pin (HOLD pin).
(2) Polling of the HOLD pin and the HALT instruction are programmed consecutively.

[ Concrete example ]

RCTL 3 ;EXTEN, TMEN 0 (External, timer interrupt inhibit)
BPO AAA  ;Polling of the HOLD pin (If H-Level, a branch occurs to AAA.)
HALT ;The HOLD mode is entered.

AAA;

No0.2367-18/24



LC6512A, LC6513A

Appendix LC6500 Series Instruction Set (by Function)

Symbols Meaning Memory (OF [ ]: Contents
AC: Accumulator M(DP) Memory addressed by DP ~ 1 Transfer and direction
ACt: Accumulator bit t P(DPL): Input/output port addressed by DPL  +:  Addition
CF: Carry flag PC: Program counter —:  Subtraction
CTL: Control register STACK:  Stack register A AND
DP: Data pointer ™ : Timer v: OR
E: E register TMF : Timer (internal) interrupt request flag v Exclusive OR
EXTF: External interrupt request flag At, Ha, La: Working register
Fn: Flag bit n ZF: Zero flag
8 Instruction code 0|8 Status
§ Mnemonic g g Function Description flag Remarks
2 D7DgDsD4|D3DoD1Dg| ® | O affected
o CLA Clear AC 1100 0000 |1 |1 |AC-O The AC contents are cleared. ZF [mi§
2 |cLe Clear CF 1110 | 0001 [1|1|CF-0 The CF is reset. CF
=]
‘Z STC Set CF 1111 0001 1|1|CF~1 The CF is set. CF
s |CMA  |Complement AC 1110 | 1011 [ 1| 1 |AC — (AC) The AC contents are complemented ZF
k] (zero bits become 1,0ne bits become 0)
é— INC Increment AC 0000 1110 [ 1|1 |AC ~ (AC)+1 The AC contents are incremented +1. ZF CF
E DEC Decrement AC 0000 1111 (1|1 |AC ~ (AC)1 The AC contents are decremented —1. ZF CF
g RAL Rotate AC leftthrough| 0000 | 0001 | 1 | 1 |ACp+-(CF).AChi1~  |The AC contents are shifted left through the | ZF CF
2 CF (ACp). CF —(AC3) CF.
§ TAE Tranfer AC to E 0000 0011 [ 1|1 |E~(AC) The AC contents are transferred to the E.
< |XAE  |Exchange ACWithE | 0000 | 1101 | 1 | 1 [(AC)Z(E) rehangaq S and the E contents are
% INM Increment M 0010 1110 (1| 1 |[M(DP)[M(DP)]+1 |The M(DP) contents are incrementcd +1. ZF CF
% DEM Decrement M 0010 1111 (1| 1 |M(DP)~[M(DP)]-1 [The M (DP) contents are decremented -1. | ZF CF
= 2| SMB bit | Set M data bit 0000 | 10B1Bg | 1 | 1 |M(DP. B1Bo)-1 A single bit of the M(DP)specified by B1 BO
5 | RMB bit |Reset M data bit 0010 |10B1Bg | 1 | 1 [M(DP.B1Bg)~0 |4 $ingle bitof the M(DP) specified by BLBO | 7
The AC contents and the M(DP) content:
AD  [AddMtoAC 0110 | 0000 | 11 AC -~ (ACHIMOPI] |3reinasyadied and e Tesut's pinced in | ZF CF
the
ADC  |AddMto ACwithCF | 0010 [ 0000 | 1 | 1 [AC—(AC)+[M(DP)] |The AC,CF, M(DP) contents are binary- ZF CF
+(CF) added and the result is placed in the AC.
DAA  |DecimaladjustACin | 1110 | 0110 | 1| 1 |AC~(AC)+6 6 is added and to the AC contens. ZF
addition
DAS Decimal adjust ACin | 1110 | 1010 | 1 | 1 |AC~(AC)+10 10 is added to the AC contents. ZF
Subtraction
- The A he M(DP’
» | EXL Exclusiveor MtoAC | 1111 | 0101 | 1 | 1 |AC<(AC)V[M(DP)] a,%xg,ggi"vgg;ggda;demg e ed | ZF
c in the AC.
2 The AC d the M(DP,
g [AND  [AndMioAC L1110 | 0111 | 1| 1 [AC—(AC)AIMOP)] |are ANoed and th resut i paced n e | 2
2 AC.
@ The AC d the M(DP,
g OR OrMto AC 1110 0101 1 1 |AC~(AC)v [M(DP)] areeORe%og;%nttﬁeapesblfis élact)eg?r?tt?\gtsAC. ZF
c
o ——
K] i The AC contents and the M(DP) contents
2 |cm Compare ACwithM | 1111 | 1011 | 1 | 1 |[M(DP)]+(AC)+1 R e e (P conte ZF CF
E set/reset.
8 Comparison result CF ZF
E [M(DP)] >(AC) 0 0
2 [M(DP)] =(AC) 1 1
g [M(DP)] <(AC) 1 0
o]
Cldata |Compare AC with 0010 [ 1100 | 2| 2 [Iglol1lg+(AC)+1 |The AC contents and immediate data ZF CF
. diate d 0100 lalola | 1312 11 lg are compared and the ZF and CF
immediate data 3l2l1'0 are set/reset.
Comparison result CF ZF
13121110 >(AC) 0 0
13121110 =(AC) 1 1
13121110 <(AC) 1 0
CLI data | Compare DPL with 0010 | 1100 | 2 | 2 |(DP)V 131211 Ip The DPL contents and immediate data ZF
immediate data 0101 | I3l2l1lo I3 12 11 lg are compared.
Ll data |Load AC with 1100 Iglolqlg | 1| 1 |AC<I3lslq g Immediate data I3 |5 17 Ig in loaded in the ZF m
immediate data AC.
S Store ACto M 0000 0010 1 [M(DP) —(AC) The AC contents are stored in the M(DP).
L Load AC from M 0010 | 0001 1 [AC—[M(DP)] The M(DP) contents are loaded in the AC. | ZF
XM data | Exchange AC with 1010 |oMyMMg 2 |(AC) = [M(DP)] The AC contents and the M(DP) contents ZF The ZF is set/
. are exchanged.Then, the DPH contents are reset accoding to
2 M.then modify DPH DPH  (DPH)v modified wi?h the contens of(DPH) the result of (DPH)
% with immediate data * OM2M1MO  |/0M2M1Mg. VOMaMIMo.
2 [x Exchange ACwithM | 1010 | 0000 | 1 | 2 [(AC) = [M(DP)] The AC contents and the M(DP) contents | ZF The 2 s sellieset
= accoding to the
E are exchanged. DPH contents at
o the time of instruc-
° tion execution.
% Xl Exchange ACwithM. | 1111 1110 1| 2 |(AC) Z [M(DP)] The AC contents and the M(DP) contents ZF The i': 'Stset‘r’]’ese‘
I . hanged.Then, the DPL content accoding to the
3 then increment DPL DPL « (DP)+1 ;'cer:::;rﬁzgeﬂl en, the DFL contents are result o (DPL +1).
XD Exchange ACwithM. | 1111 | 1111 | 1 | 2 |(AC) = [M(DP)] The AC contents and the M(DP) contents | ZF The ZF is setireset
are exchanged.Then, the DPL contents are accoding to the
then decrement DPL DP. —(DP.)-1 decremented —1. result of (DPL—1).
RTBL |Readtabledatafrom | 0110 | 0011 |1 | 2 |AC.E~ROM The contents of ROM addressed by the PC
whose low-order 8 bits are replaced with the E
program ROM (PCh.E. AC) |and AC contents are loaded in the AC and E.
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s Instruction code ola Status
3 Mnemonic g g Function Description flag Remarks
2 D7DgD5D4[D3D,D10g| P | O affected
LDz Load DPH With Zeroand | 1000 |[I3lplylg| 1 | 1 |DPH<-0 The DPy and DP_are loaded with 0 and
@ DPL with immediate data ~ . . .
% date respectively DP| ~I3l2l1lg immediate data I3lolq1g respectively.
£ |LHI data |Load DPH with 0100 |Iglalylg| 1 | 1 |DPy<I3lalqlg The DPy is loaded with immediate
£ immediate data data Izlolq1p.
5 -
2 |IND Increment DP|_ 1110 | 1110 |1 | 1 [DP < (DP)+1 IQE DP|_contents are incremented | 7p
2 .
£ [DED | Decrement DP|_ 1110 | 1111 | 1|1 [DP —(DPD-1 The DPL contents are decremented | zp
g 1.
5 |TAL Transfer ACtoDP| | 1111 | 0111 | 1 | 1 [DP_—(AC) meé‘ﬁcome“ts are transferred to
2 .
S |ITLA Transfer DPL to AC 1110 | 1001 | 1|1 |AC—(DP) ;LheA%PL contents are transferredto | zg
I e AC.
8 |XAH Exchange AC with 0010 | 0011 |1 | 1 [(AC)S(DPR) The AC contents and the DPH
DPH contents are exchanged.
o | XAt Exchange AC with The AC contents and the contents of
2| XA0 working register At 1110 1| 1 |(AC)<(A0) . )
_ 2| xa1 1110 1|1 [(aC)<= (A1) working register AO, A1, Ap, or Az
S| XA2 1110 1|1 ]|(AC)s(A2) specified by t; tg are exchanged.
2 | XA3 1110 1|1 |(AC)S(A3)
é XHa Exchange DPH with The DPH contents and the contents
g XHO working register Ha 1111 1| 1 |(DPy)s(HO) of working register Ho or H1 specified
% | XH1 1111 1|1 |(DPYs (HY) by a are exchanged.
2 |XLa Exchange DPL with The DPL contents and the contents of
B XLO working register La 1111 1|1 |(DPL)=(LO) working register Lo or L1 specified by
2 | XL1 1111 1|1 |(DP) (L) a are exchanged.
a SFB flag | Set flag bit 0101 1|1|Fn-1 A flag specified by B3BoB1By is set.
2
S |[RFB  |Reset flag bit 0001 |B3B2B1Bo| 1 | 1 |Fn-0 A flag specified by B3BoB1Bq is ZF The flags are
5 f FO t
£ |flag reset. A
2 F11,F12 to F15.
g The ZF is set/reset
k=3 according to the 4
S bits including a
£ single bit specified
2 bit specified by
o immediate data
B3B2B1BO.
IMP Jump in the current 0110 [1PyoPgPg| 2 | 2 |PC—PC11(orPC11) AjumF to an a;idrzss Spegifieddby the
P10P9P8P7P6P5 PC11(or PC11)and immediate data
addr bank P7P6PsP4 | P3P2P1Po P4P3P2P1PQ P10 to Pg occurs.
i A’jump to an address specified by the
" JPEA Jumpll: tg? C&"gerg 1111 1010 | 1 | 1|PC7to0 ~(E AC) cpjnterﬁ)ts of the PC _whoge Iow—oréi/er 8
g page moditied by bits are replaced with the E and AC
3 and AC contents occurs.
Z |czP Call subroutineinthe | 1011 [PgPoPiPg| 1 | 1 |STACK-(PC)+1 A subroutine in page 0 of bank 0 is
@ 2o PC11t06.PC1t00-0
% addr Zero Page PC5 10 2+ P3P2P1P0 called.
3 |CAL Call subroutine inthe | 1010 [1PygPgPg| 2 | 2 |STACK-(PC)+2 A subroutine in bank 0 is called.
s PC11* to 0-OP10P9
g addr zero bank P7PgP5P4 | P3PoP1Pg PgP7PEPSPAP3PIP1PO
RT Eﬁg%:g:\oem 0110 | 0010 |1 | 1 [PC—(STACK) A return from a subroutine occurs.
RTI Returnn frominterrupt | 0010 | 0010 | 1 | 1 |PC~(STACK) A return from an Interrupt servicing ZF CF
routine CF ZF —-CSF.ZSF  [routine occurs.
i - If a single bit of the AC specified b Mnemonic is
BAt Branch on AC bit 0111 [oo0tytg | 2 | 2 |PCyto0-P7PsP5P1 immed?ate a1 10 ic 1Pa branch);o an BAO to BAS
addr P7PgP5P4 | P3PoP1Pg P3P2P1Pg o oo according to
address specified by immediate data P7
If ACt=1 the value of t.
= to PQ within the current page occurs.
i - If a single bit of the AC specified b Mnemonic is
BNAt Branch on no AC bit 0011 [oo0tytyg | 2| 2 |PC7to0-P7P6P5P4 immed?ate a0 15 0 l; oranch tyo an BNAG 1o BNA3
addr P7PgP5P4 | P3PoP1Pg P3P2P1Pg o e according to
address specified by immediate data P7
If ACt=0 the value of t.
t= to PQ within the current page occurs.
i If a single bit of the M(DP) specified b Mnemonic is
Bt Branch on Mbit Otit]0tulo) 22 PC7t00-PPePsPs immeld?ate tljata t1to0 is( 1 a)bfan;f: to a)rl1 BMO to BM3
addr P,PgP5P4 | P3PoP1Pg P3PoP1Pg o ST according to
address specified by immediate data P7 the value of t
If [M(DP.t1tg)]=1 s :
v 1'0. to Pg within the current page occurs.
2 i If a single bit of the M(DP) specified b Mnemonic is
g BNMt  [Branch on no M bit 0011 |01ttty | 2 | 2 |PC7yo0-P7PeP5P4 immedigate ot iéo a)b:)anch i a)r’] oo
g |addr P,PgP5P4 | P3P2P1Pg P3P2P1Pg - > e BNM3
= - address specified by immediate data P7 according to
g If [M(DP.t1t9)]=0 to PQ within the current page occurs. the value of t.
@ i If a single bit of port P(DP ified b Mnemonic is
BPt Branch on Port bit 0111 [10t3tg| 2| 2 |PC7to0-P7P6P5P4 imer‘nselg?a?e ('ja?a ?frto ié 1 EI‘.)bf;:;'] Iteo any BPO {0 BP3
addr P7PgP5P4 | P3PoP1Pg P3P2P1Pg i oo according to
address specified by immediate data P7 the value of t.
IF[P(OPL tytp)l=1 toPQ within the current page occurs.
i If a single bit of port P(DPL) specified b Mnemonic is
BNPt  [Branchonno Portbit | 0011 [10tty| 2 | 2 |PC70«P7PeP5P4 immedigate ot ’tjl " ié ’ e:\_i)ra[:nch b any BNPO NP3
addr P7PgP5P4 | P3PoP1Pg P3P2P1Pg o o according to
address specified by immediate data P7 the value of t.
If [P(DP|_t1t)]=0 to PO within the current page occurs.
BTTM Branch on timer 0111 1100 | 2 | 2 |PC7to0~P7P6P5P4 |If theTMF is 1,a branch to an address TMF
P3P2P1PO0 |specified by immediate data P7 to Pg
addr P7P6PsP4 | P3P2P1Po If TMF=1 within the current page occurs.The TMF
then TMF -0 is reset.
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structions or CLA instructions are changed to the NOP instructions.

.§ Instruction code ol Status
g Mnemonic 9;" g Function Description flag Remarks
z D7DgD5D4|D3D2D100| & | © affected
BNTM |Branch on no timer 0011 | 1100 | 2| 2 |PC7tp0-P7PePsP4|If the TMF is O, a branch to an TMF
addr P7PgPsP4 |P3P2P1Pg P3P2P1Pg |address specified by immediate data
If TMF=0 P7 to Pg within the current page
then TMF -0 occurs. The TMF is reset.
Bl addr |Branch on interrupt 0111 | 1101 | 2 | 2 [PC7t90-P7PePsP4|Ifthe EXTFis 1, a branch to an EXTF
P-PgPsP4 |P3P2P1Po P3P2P1Pg |address specified by immediate data
If EXTF=1 P7 to Pg within the current page
then EXTF 0 occurs. The EXTF is reset.
BNI Branchonno Interrupt| 0011 | 1101 | 2 | 2 |PC7o0-P7PgPsP4 |If the EXTFis 0, a brance to an EXTF
addr P/PgPsP4 | P3P2P1Po P3P2P1Pg |address specified by immediate data
If EXTF=0 P7 to Pg within the current page
then EXTF 0 occurs. The EXTF is reset.
@ |BC addr | Branch on CF 0111 | 1111 | 2| 2 |PC7t 0-P7PgP5P4 |lf the CFis 1, a branch to an address
S P7PePsPa | P3PoP1Pg P3P2P1Pg spet_:ified by immediate data P7 to Pg
S If CF=1 within the current page occurs.
Z |BNC Branch on no CF 001l 1111 | 2 | 2 [PC7o0-P7PePs5P4 |If the CFis 0, a branch to an address
-E addr P7PgP5P4 | P3PoP1Pg P3P2P1PO specmed by immediate data P7 to PO
g If CF=0 within the current page occurs.
S | BZ addr |Branch on ZF 011l 1110 | 2 | 2 [PC7t90+-P7PgP5P4 |If the ZF is 1, a branch to an address
o P-PgPsP4 | P3P2P1Po P3P2P1Pg | specified by immediate data P7 to Pg
If ZF=1 within the current page occurs.
BNZ Branch on no ZF 001l 1110 | 2 | 2 [PC7t90-P7PgP5P4 |If the ZF is 0, a branch to an address
addr P7PgPsP4 | P3P2P1Pg P3P2P1Pq |specified by immediate data P7 to Pg
If ZF=0 within the current page occurs.
BFn Branch on flag bit 1101 |ngnoning | 2 | 2 [PC7 g 0—P7PsP5P4 |If afiag bit of the 16 flags specified by léﬂggn:orllai'c:i%
addr P7PPsP4 | P3PoP1Pg P3P,P1Pq |immediate data ngnyning is 1,a branch to accor(;)ing o
If Fn=1 an address specified by immediate data P, the value of n.
to Pq within the current page occurs.
BNFn Branch on no flag bit 1001 |ngnpnqng | 2 | 2 |PC7 00— P7PeP5P4 |If afiag bit of the 16 flags specified by Mnemonic is
addr P7PPsP4 | P3PoP1Pg P3P,P1P( [immediate data ngnonqng is 1,a branch to SHE?SIO
If Fn=0 an address specified by immediate data Py according to
to P within the current page occurs. the value of n.
g |IP Input port to AC 0000 | 1100 | 1|1 [AC[P(DP)] I}heACnglenlS of port P(DPL) are inputted to | ZF
o = .
S |oP Output AC to port 0110 | 0001 |1 |1 [P(DP)(AC) ;?S ;? contents are outputted to port
= L
& |SPB bit | Set port bit 0000 [01B1Bg| 1 | 2 [P(DP_B1Bg)~-1 Immediate data B1B- specified one ’é"’[“'e:'g"lg'gﬁms
5 bit in port p(DP))is set. according to the
% value of n.
Q [RPBbit |Reset port bit 0010 [01B3Bg| 1 | 2 [P(DP_B1Bg)-0 |Immediate data B1Bo- specified one ZF e
a bit in port p(DP )is reset. E register contents
£ are destroyed.
SCTL Set control register 0010 | 1100 | 2 | 2 |[CTL-(CTL)V Immediate data B3BoB1Bg-specified
bit bit(S) 1000 (B3ByB1Bg B3B,B1Bq |bits in the control register are set.
g RCTL |Resetcontrolregister | 0010 | 1100 | 2 | 2 |CTL-(CTL)A Immediate data B3BoB4Bg-specified |ZF
'§ bit bit(S) 1001 |B3ByB1Bg B3BoB1Bg |bits in the control register are reset.
2 [WTT™ | write timer 1111 | 1001 | 1| 1 |TM<(E).(AC) The E and AC contents are loaded in |TMF
E TMF -0 the timer. The TMF reset.
O |HALT Halt 1111 0110 | 1| 1 [Halt All operations stop.
NOP No operation 0000 0000 | 1 | 1 |Nooperation No operation is performed, but 1
machine cycle is consumed.
*1 If the LI instruction or CLA instruction is used consecutively in such a manner as LI, LI, LI...... ,or CLA,
CLA, CLA, ...... , the first LI instruction or CLA instruction only is effective and the following LI in-
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LC6500 Series Instruction Map
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LC6500 Series Programming Model
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B Specifications of any and all SANYO products described or contained herein stipulate the performance,
characteristics, and functions of the described products in the independent state, and are not guarantees
of the performance, characteristics, and functions of the described products as mounted in the customer's
products or equipment. To verify symptoms and states that cannot be evaluated in an independent device,
the customer should always evaluate and test devices mounted in the customer's products or equipment.

SANYO Electric Co., Ltd. strives to supply high-quality high-reliability products. However, any and all
semiconductor products fail with some probability. It is possible that these probabilistic failures could
give rise to accidents or events that could endanger human lives, that could give rise to smoke or fire,
or that could cause damage to other property. When designing equipment, adopt safety measures so
that these kinds of accidents or events cannot occur. Such measures include but are not limited to protective
circuits and error prevention circuits for safe design, redundant design, and structural design.

In the event that any or all SANYO products(including technical data,services) described or
contained herein are controlled under any of applicable local export control laws and regulations,
such products must not be exported without obtaining the export license from the authorities
concerned in accordance with the above law.

No part of this publication may be reproduced or transmitted in any form or by any means, electronic or
mechanical, including photocopying and recording, or any information storage or retrieval system,
or otherwise, without the prior written permission of SANYO Electric Co., Ltd.

Any and all information described or contained herein are subject to change without notice due to
product/technology improvement, etc. When designing equipment, refer to the "Delivery Specification"
for the SANYO product that you intend to use.

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 October, 2001. Specifications and information herein are subject
to change without notice.
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