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)

> as for ’t'ﬁe-j;@ﬁ5_145

General Description (3) The standby functio t
The LCB512A, 6513A are microcomputersthat are dentical and its using methot is differ
with FLT driver-contained microcomputers LC6502D, “

6505D in instruction set but are further enhanced in perfor-
mance, such as shorter cycle time, more stack levels, in-
creased FLT drive capacity, and are partially changed in
specifications for standby function. Since the LC6512A,
6513A are also pin-compatible with the L C6502D, 6505D,
they can be used as similar replacements for the LC6502D,
6505D. The LC6512A, 6513A can replace the LC6502B/
6502D, 6505B/6505D to enhance performances of equip-
ment in which these microcomputers have been applied so

far.

15.24
138

Lo2s

Features

* Low power dissipation CMOS single-chip microcomputer.

e Instruction set with 79 instructions common 10 the
LC6502C, 6502B, 6502D/L C6505C, 65058, 6505.

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

* 8-level stack

* 4-bit prescaler-contained 8-bit programma
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d 2 oiﬁystemﬁ or other applications whose failure can be reasonably expected to result in serious
phy5|eal aﬂdfor material damage. Consult with your SANYO representative nearest you before using
any SANY@ products described or contained herein in such applications.

B SANYO assumes no responsibility for equipment failures that result from using products at values that
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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 bel ow.

Item LC6512A, 6513A LC6512D. 6513D

OSC circuit . .
; . 1-stage inverter 5-stage inverter
configuration

OSC mode Ceramic resonator OSC

OSC waveform Sine wave

Operating
frequency

Ceramic resonator OSC: 500kHz, 800kHz,1MHz, 3MHz

Technical Data
The LC6512A, 6513A are members of our LC6500 series of CMOS micfo¢omput

the LC6500 SERIES USFR'S MANUAL. Those which differ from _é*desc;gjj' D
scribed in this catalog. Carefully study features and Appendix 4 Standby: i
6513A.

ir interhal functions, refer to
USER'S MANUAL are de-

Pin Assignments

Pin Name 1400
OSC1, OSC2 : Ceramic resonator for OSC % =0
TN 37
INT : Interrupt bco (] 55 PIO
RES . Reset PC1 [g] [ PH3
) PCc2 (3] 34) PH2
HOLD : Hold pC3 [ 5 PH
PAO-3 : Input port PDO g 3 PHO
. PD1 [12 31] PG3
PBO-3 . Input port P02 [ = boo
PCO-3 : Input/output commaq PD3 [] %] PG1
. PEO [5] %] PGO
PDO-3 PE1 (5] 77 PF3
PEO-3 PE2 [T] %] PF2
PFO-3 PE3 [ig 7] PF1
RES [ 2] PFO
PGO-3 TEST [ 23] 0sc2
PHO-3 (OV) vss [21] 2] 0501
PIO, 1
TEST DIP42S
N— O ™ - O S
PPRssoesf8ER
1 T O Y I
48 47 46 45 44 43 42 414039 38 37
PB3 ~{ 1 36 f— PI1
PGO — 2 351 pio
PC1 — 3 34 PH3
PC2 4 33— pH2
PC3 -5 32— PH1
NC 6 31 - PHO
PDO -7 30~ NC
pp1 -8 29— PG3
PD2 19 28 = PG2
PD3 ~110 27 = PG1
PEO 411 26 | PGO
PET 12 25 |- PF3
1314151617181920 21222324

No0.2367-2/24



LC6512A, LC6513A

System Block Diagram

WR
AC

N
PAO103 [:> ‘)Z" ) "y s

e FIWR

sloto|N

PCOto3

PDO03 <:>

PBOto3 [:> B
<::> © C::) M oP STACK

</

system bus

*
PEOt03 (::iiﬁ::)
* —1
*
0=

*
PHO103 C:E(:"_‘:)
0 l

Note* :High-voltage port

: Data memory

:Flag

: Working register
: Accumulator

§

: Status register

: Program memory

: Program counter

: Interrupt control

: Instruction register

: Instruction decoder

. Carry flag, carry save flag

. Zero flag, zero save flag

: External interrupt request flag
: Internal interrupt request flag

Function

7

Intéuﬁpt request input pin

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

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

Reset input pin

PAQ-3

Input port Ag to Az (Normal voltage, low-threshold input)
Capable of 4-bit input and single-bit decision for branch

Use also for HALT mode release request input

Continued on next page.

No.2367-3/24




LC6512A, LC6513A

Continued from preceding page.

Pin Name Input/Output Function

Input port By to B3 (Normal voltage)

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

Input/output common port Cq 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)
PDQ.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 Eg to E3 (Digit driver output)

PEg.3 Output Capable of 4-bit output and single-bit set/reset
Output port Fg to F3 (Digit driver output)
PFg-3 Output Capable of 4-bit output and single-bit set/reset

Output port Gg to G3 (Segment driver output)
PGo-3 Output Capable of 4-bit output and single-bit set/rese

Capable of 4-bit input of output latch contents and sin
&

Output port Hp to Hz (Segment driver og;i{“
PHQ.3 Output Capable of 4-bit output and single-b !
Capable of 4-bit input of output latch centents g

Output port I, |7 (Digit driver oy py'ﬁ

Plg 1 Output Capable of 2-bit output and siij,ﬁ‘q‘:lég-bit set/reset
0SC1 Input
0SC2 Output
VpD Input
Vss
oy E

IC test pin 5

TEST Input = P

No#mglly connacted: VE&iov)

Specifications
Absolute Maximum

Parameg Conditions Ratings Unit
Maximum supply voltagé -0.3t0+7.0| V
Input voltage : Input pins other than OSC1 —0.3 to Vpp+0.3 (Notel) \Y
Ports C,D OSC2 -0.3to Vpp+0.3 \Y

Output voltage

Ports E,F,G,H,I Vpp—45 to Vpp+0.3| V

Ports C,D:Each pin -2.0t0o+2.0| mA

Ports E,F,I:Each pin -15t0 0| mA

Ports G, H:Each pin -10to 0| mA

All pins of ports C to | -90to +16| mMA

Pd max(1) | Ta=—30 to +70°C (Flat package) 350 mw

: . Pd max(2) | Ta=—30 to +70°C (DIP) 600 mw
Operating teﬁ“”‘ipgrﬁtursg Topr -30to +70| °C
Storage temperatdfe, Tstg —55t0 +125| °C

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

No.2367-4/24



LC6512A, LC6513A

Allowable Operating Conditions at Ta=-30to +70°C, Vpp = 5V+10%, Vgg = 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)

V|H(l) Port A

Input high-level voltage VIH(2) Ports B, C, D
Vi) | INT, RES, HOLD and OSC1
ViL(@) Ports B, C, D

ViL(2) INT, RES, OSC1

ViL@) |HOLD,TEST: Vpp=1.8to 55V
ViL(4) Port A

Input low-level voltage

<|<|<|€|<|<|<|<]|<

External capacitance for ceramic resonator Cl See Fig. 2.
0sc c2 See Fig. 2.
tDH See Figs. 3-3, 3-4 in Appendix X(t':);? us
Allowable delay in key scan circuit ~N2)
oL Xteycr | HS
t Vpp=1.8 to 5.5V, See Fi us
Standby timing VDDF oD
VDDR s

[Note]
Narchattering shall be applied to the HOLD
pin‘and PAO to 3 pins during the HALT
‘ifistruction execution cycle.

No.2367-5/24



LC6512A, LC6513A

Electrical Characteristics at Ta=-30to +70°C, Vpp = 5.0V+£10%, Vgg = OV

- Ratings .
Parameter Symbol Conditions - Unit
min typ max
Input high-level current IH Each input pin: ViN=Vpp
Input low-level current L Each input pin: V|N=Vsg

VOH(l) Ports C, D: Igpy=—1mA
VOH(Z) Ports C, D: Igy=—100pA
VOH(3) Ports E, F, I: IOH=—1OmA

VOH(4) Ports E, F, I: log=—2mA

Output high-level voltage Ports E, F, I: Igg=—1mA
VOH(5) | (Each port IoH=Less than —1mA)

VOH(G) Ports G, H: Igy=—2mA

VoH(7) | PortsG, H: Ioy=—1mA (Each port Igp=Less thgn 1mA)
VoH(8) | OSC2: IoH=—100pA

VoL(1) |PortsC, D:lg =1mA

VoL(2) OSC2: Io =100pA

lorF(1) | Ports C, D: Voy7=Vpp, HOLD m

Output low-level voltage

IoFF(2) | Ports C, D: VoyT=Vss, HOLD
IoFF(3) | Pors E, F, G, H, I: Vout=Vpp
IoFF(4) | Ports E, F, G, H, I: VouT=¥pH—40v
OSC circuit in Fig. 2:

Output OFF leak current

392 Note 2 408 | kHz

Clock OSC frequency for ceramic ¢ ; 784| Note 2 816 | kHz
resonator OSC CFOSC | Recommended cosdifions for cerazmi 5 980 | Note 2 1020 | kHz

2940 | Note 2 3060 | kHz
Ceramic rego-n_axor OSC 1.0 2.0 mA

Ibb(1) Operatingsmetde f=3M
) Recommended congdiion 2.7 40 mA

Current drain 5 iHBG
IbD(2) H/.-\_lﬂ"mode: Vp 10| pA
HOED mode: V 10| pA
Input capacitance 5 pF
Output capacitance 10 pF
Input/output capacitance 10 pF
Hysteresis voltage 0.1Vpp \

No0.2367-6/24



LC6512A, LC6513A

Center frequency Ceramic resonator C1 (pF) | Co (pF) CF: Ceramic resonator
0SC1 0SC2 CSA3.00MG (Murata)
3MHz CSA3.00MG (Murata) 33+10% (Note 3) KBR3.0MS (Kyocera)
KBR3.0MS (Kyocera) 22+10% WM Egill%%%ﬁ, 5(('\/' Urat)&l)
yocera)
1MHz CSB1000K, D (Murata) 180+10% C]_] ”] | CSBSOOK D (Murata)
KBR1000H (Kyocera) 180£10% l(
0,
800KHzZ CSB800K, D (Murata) 180+10%
KBRB80OH (Kyocera) 180+10%
0,
400KHz CSB400P (Murata) 330+£10%
KBR400B (Kyocera) 330+10%

mately IMQ).

_L—I__T}7

0

0sc2 0SC1
pao  PEO
pa1  PEI1
pa2  PE2j—
ViL(4) PA3 sgg —
PBO  br) — -
PB1 EE;’ — —
v PB2  pGo|— —
IL(1y —
PBS  pG1— — Release
PCO  papf—
PCl  pag— _
PC2  ppot— —
PC3  pyql— L
PDO  pyob— [
PD1 PH3— ——
PD2  pig — —
PSP P11 — )
INT
HOLD TEST
RES
Vop Vss
lDD(3)1
Voo

Fig. 4 1pp(3) test circuit

Operation start
BV
————— VIH@3) © (0.8VDp=4V at Voo =5V)

F-— ViLy=(0.2Vbp=0.9V at Vbo=4.56V)

tosc

Voo

]

TVpp: Power supply rise time constant

Tres: RES pin rise time constant

Fix C. R so that TVpp < Tres, tosc 2 10ms. is obtained.
tosc: OSC stabilized time

o

Fig. 5 Initial reset timing

No.2367-7/24
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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) Bvd uatlon chlp

PGqto 3, PHgto 3, Plg, 1) externally

(A dedicated adaptor is available.) Evaluation chip

LC6597

PAO1t03
PBOto3

PCOt03
PDO 103

External memory for program

EPROM N

or
RAM

FL'F driver géi

ng evalugtien chip

fhe LC6512A, 6513A are used jointly.

To user’s application aquipment

Fig. 1-2 How to use piggyback

No0.2367-8/24



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.) 4

42-pin IC socket
*Evaluation kit
*Piggyback

§8
-Vpp inp}\

« Power supply for adaptor-contained
driver(LB1294)-Vpp for FLT is ap-
plied.

No external driver is required for
mass-produced microcomputers.

Fig. 1-3 Adaptor (EVA-97-12D/13D) for &

CN3 CN2 NFP-50A-0112
Conversion board  Connector for (Yamaichi Electfi

42-pin IC pin cable connection

1====7 r-=-°

; 41 t ] 4 :

D ood2 i o2 !

I ool ! ‘ol
v +

| 2 HER

| i ¢ !

' : ) |

| i |

i ! ) 1

1 31 i 5

' 4 7 1

p oot L

. ot LD S L
' T T

' 1 ]

| ' ' |

| ! ]

) ! '

A !

| 8 _, !

Vo9 ;

(I HE

| T I

i N

)

1

T

]

.

!

1

'

|

r
{

o

]
-0 38

1
R o 20

] 1

T —+o gg IC1 to 3 (16pin)

N | LB1294 10pin : NC

] ] ;? IC4 (14pin)

7 T™° LAG339
| SIS

Fig. 1-4 EVA-97-12D/13D
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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 "L C6500 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 bi nary counter resééé’tively whi’ch,,;spe,(_:ifiesthe

respectively. By using the ROM table read instruction, the whole area c
programmed.

2-3. Stack
to 8 levels.

24DP

by meuctlons The E register isan auxiliary register to be
Urpose register at the instruction execution mode.

2-7. ALU
Htogic operatlons specified by individual instructions. This outputs not
: atus of carry (C), zero (2).

2-1 1. Input/output orts
There are’s. port§/34 pixis from port A to |. Each port is addressed by the DPL. PortsA, B are of normal-voltage input
type, ports C, B.ar "_@T normal-voltage input/output common type, and ports E, F, G, H, | contain FLT drivers. Port A
is of low-threshol @1 input type.

No.2367-10/24



LC6512A, LC6513A

(1) PortsAgto 3,Bgto 3

DSB---Input inhibit at HOLD mode

Ports A,B Internal bus

Functions « 4-bit input (1P instruction)
* Single-bit test (BR, BNP instructions)
* Port A: Low-threshold input
« Port B: Normal-threshold input

(2) PortsCyto 3, Dgto 3

Ports C,D [,

Output
inhibit

t control (Control register)

(3) PortsEg to 3,

Internal bus

pﬁ (2-hit for port I) input of output latch contents (1P instruction)
Single-bit set, reset (SPB, RPB instructions)

Set:  Theoutput representsa 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 digitsdrive

* Ports G, H:  FLT segmentsdrive

No.2367-11/24



LC6512A, LC6513A

2-12. Externd interrupt
Thetrailing 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 isinitialized by setting the RES pin to L-level. The contentsto be initializ
*PC Address 000H
* Control register 0000 - Interrupt disable, Ports C, D: Output inhibit
* Statusregister  Timer, external interrupt flag - Reset
* Output port Output latch (Oy) — Output transistor OFF

Appendix 3. Proper Cares in Using IC
3-1. Low-threshold input port Ag to 3 provides the input characteristic shown

3-2. FLT driver output
PortsEg to 3, Fo to 3, I t0 1 (10 pins) are fei' high-cuik:
intermediate-current segments driver ougputs. Of gaur
Fig. 3-2 shows a sample application. s ¢ :

Igits driver, ":mput; and ports Gy to 3, Hp to 3 (8 pins) arefor
igits driver outputs can be used as segments driver outputs.

@Digits
FLT )
AN

Segments

Fig. 3-2 FLT display application

No0.2367-12/24
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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 (V on) 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 (V gy )in the switch circuit.

(c) Check to seethat Vo + Vg meetsthe V 1/V, . requirement of the input port in Fig. 3

Output transistor ' Output port

Fig. 3-3 Sample key scan ph cati

For the key scan application in Fig. 3-3, make the program cogsiip‘erl ng theigelay Tthe exteenal circuit and the input delay

shown below.

N

:x—}c{[x—m

¥
Input port waveform This

instruction
must be used 3

P X
'Anv other instruction may be used.

Tpis instruction must be used.
\hng)

] y according to the length of delay (tp| , tp) in the external circuit after the
: ,=ect]tion of the OP instruction (point aand point c).
les exxzsuhg between mstructlon (OP SPB, RPB) used to output data to output port and

No0.2367-13/24
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Appendix 4. Standby Function

Two standby modes—HALT mode and HOL D mode — are available to minimize the power dissipation when the program
isin thewait state or apower 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 L C6502/05 of the
L C6500 series, the HOL D mode is hardware-set with the HOLD pin ="L". Be careful of the differencein the mode setting
method.)
The HALT mode and HOLD mode are used properly depending on the purposes. They are df' in he mode setting
condltlons I/O port state during standby operatlon mode releasing method The HALT deels en : ed by, ¢ executl ng the

4-1. HALT mode setting
The HALT mode is entered by executing the HALT instruction when they
AgtoAzareat L-Level. When even one of pinsfor port Ag to Az is at'Hs
and becomes equal to the NOP instruction.
The HALT mode causes individual blocks to be placed in the foll@wing

@) ‘ Operation is stopped

« All the operations including the system clock generator,

@

* The state immediately before setting the HALT, dde IS

(3) | Blocks to be cleared/reset |

Qﬁtput Pch trans stor OFF

&

Apput inhibit
2 output port, the contents immediately before setting the HOLD mode are held.

No0.2367-14/24



LC6512A, LC6513A

4-3. HOLD power-down mode setting
The HOL D 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

P
backup operation ower supply return

Power failure

Main power J\/\_/L (¢
)

supply \
Voo

\ HALT R
nstruc-
B8 XK O S -
o) Power-down
HOLD mode

(D A failure of the main power supply is detected and a
externa Ci rcuit

tie by ImNajngVDD
ii':evel and the normal operation returns.

4-4, HALT mode release
Release by reset

(4
—~4}

Input prohibited, Output High Impedance

e e e e e e e am -

HOLD mode

# Mode Functioningi HALT mode
I

|

Fig. 4-2 Mode change from HALT modeto HOLD mode

No0.2367-15/24
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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 pinis set to H-Level again, the normal operation starts. The contents of the memories remain unaffected except
the PC, /O ports, registers which areinitialized by the reset operation.
Since the ceramic resonator mode is used, the reset state must be held until oscillation |squy, Stahjlized (10 ms after
oscillation start) after the HOLD mode is released.

System clock
(Ceramic resonator mode)

~ull¥lm

: Unstable ;
, oscillatign

-

—— HOLD mode

|sifxot rese @fen whenthe RESpinissettoL-
PU is resef uhnecessari Iy When the capacnor or

RES
LC6512A/13A

0SsC1

HOLD

Vss

Unit(reéistance:Q, capacitance:F)

Fig. 4-4 Sample Application Circuit

No0.2367-16/24
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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:

! HALT instruction| ¢
(_Reset X Normal mode X Reset X Normal mode WR

\'g

J

—~

(@ Initial application of power " @ Instantaneous break-(2) @ Instg

HALT instruction

Normal mode @-

Normal mode

4-7-3. Operation of sample application circui
(D At the time of initial application of potver
A reset occurs and the execution ot:the proggam
(2) At the time of instantaneous bregk
(2) At the time of very short |nstantane0us
The executlon of the progTafn congin

'addra&m’g@f)OOH of the program counter (PC).

SincetheH
(3) At thetti me

No0.2367-17/24
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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 HOL D input voltage gets lower than V,_ at the time of instantaneous break and
the RES input voltage is sure to get lower than V,_ (areset 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

(@ How to fix C2, R3
Fix HOLD pin charge time constants C2, R3 so that when the HOL D+

(brought to L-Level).
Fix C3, R7 and C2, R3 so that the time interval from the mo

or signal that rises faster than V +.

4-7-5. Notes for software desi gn

[ Concrete example ]

RCTL 3

BPO AAA

HALT

AAA:

No.2367-18/24
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Appendix LC6500 Series Instruction Set (by Function)

Symbols Meaning Memory 0O, [ ]: Contents
AC: Accumulator M(DP) Memory addressed by DP ~ : Transfer and direction
ACt: Accumulator bit t P(DPL) Input/output port addressed by DPL +:  Addition
CF: Carry flag Program counter —:  Subtraction
CTL:  Control register ST ACK Stack register A AND
DP: Data pointer T™ : Timer V!
E: E register TMF: Timer (internal) interrupt request flag v
EXTF: External interrupt request flag At, Ha, La: Working register
Fn: Flag bit n ZF: Zero flag
s Instruction code ol g
S Mnemonic £ S Function
2 D7DgD5D4|D3DoD1Dg| 2 | O
o CLA Clear AC 1100 0000 |1 |1 |AC-0O
'% CLC Clear CF 1110 0001 [1|1|CF-~0O
=l
§ STC Set CF 1111 0001 |1 |1|CF~1
s [CMA  |Complement AC 1110 | 1011 | 1| 1 |AC < (AC)
B
§ INC Increment AC 0000 1110 (1|1 |AC ~ (AC)+1
g |DEC Decrement AC 0000 1111 | 1|1 [AC ~ (AC)-1
% RAL Rotate AC left through| 0000 | 0001 | 1 | 1 |ACo~(CF).ACh4q
E CF (ACp). CF—(AC3)
§ TAE Tranfer AC to E 0000 [ 0011 [ 1| 1 |E~(AC)
< |xAE Exchange ACWithE | 0000 | 1101 | 1 | 1 |(AC)Z(E)
% INM Increment M 0010 [ 1110 |1 | 1 |M(DP) H[M('VDP)]H
% DEM Decrement M 0010 [ 1111 |1 |1 M(DP) fWDP)]—
=2 SMB bit |Set M data bit 0000 | 10B4Bg | 1 | 1
£ % |RMB bit |Reset M data bit 0010 |10B4Bg | 1 | 1 !
AD Add M to AC 0110 | 0000 | 1|1 aﬁ@;gygﬁ“ﬁ e MOD®) contents. | 7z CF
the AC.
ADC Add M to AC with CF 0010 0000 | 1 : ZF CF
added arﬁ e result is placed in the AC.
DAA Decimal adjustACin | 1110 | 0110 6is addeg’and to the AC contens. ZF
addition ¥
DAS Decimal adjust ACin | 1110 | 1010, lo‘ﬁsadded to the AC contents. ZF
Subtraction
: J T e AC contents and the M(DP) contents
» EXL Exclusive or M to AC 1111 K. k'e exelusive-ORed and the( res)ult is placed ZF
5 i mhthiéc d the M(DP)
= F|T ntents and t ntent
3 AND And M to AC 1110 are ANDed and the resutt is placecg in the ZF
'ubu The AC contents and the M(DP) contents
£ |OR OrMto AC are ORed and the result is p(laczzd in the AC. ZF
j
S ——————
K] i . & The AC contents and the M(DP) contents
< CM Compare AC with M [M(DP)]*\(&C)*—]' are compared and the CF and ZF are ZF CF
g— set/reset.
8 Comparison result cF | zF
g [M(DP)] >(AC) 0 0
2 [M(DP)] =(AC) 1 1
E’_ [M(DP)] <(AC) 1 0
(e}
Cldata |Compare AC witl |3 I 11 I0+(AC)+1 The AC contents and immediate data ZF CF
i di i 1312 11 lg are compared and the ZF and CF
immediate qat, are set/reset.
Comparison result CF ZF
131211lg >(AC) 0 0
13121110 =(AC) 1 1
13121110 <(AC) 1 0
CLI data | €0 2 |(DP lalolq | The DPL contents and immediate data ZF
2 (BPIVIz iz 11 1o 1312 11 lg are compared.
1 [ACc<lalolq ] Immediate data I3 I5 17 g in loaded in the ZF n
3210 AC.
1 |M(DP) —(AC) The AC contents are stored in the M(DP).
1 C ~ [M(DP)] The M(DP) contents are loaded in the AC. ZF
- The AC contents and the M(DP) contents The ZF is set/
" 2 (Sgl)_"‘ [“Sl(f,’_r)] are exchanged.Then, the DPH contents are ZF reset accoding to
g ~( A modified with the contens of(DPH) the result of (DPH)
= * OM2M1MQ  [x70M2M1Mo. \OM2M1Mo.
= 2 |(AC) Z [M(DP)] The AC contents and the M(DP) contents ZF The ZF is set/reset
7] are exchanged. accoding to the
k= DPH contents at
@ the time of instruc-
] : tion execution.
g Xl Exchange ACwithM. | 1111 1110 | 1| 2 [(AC)Z [M(DP)] The AC contents and the M(DP) contents ZF The EF is Se‘:esel
; h d.Then, the DPL content: accoding (o the
§ then increment DPL DP.  (DPu)+1 ::cerz:1(;nﬁ::ge+1. en, the DFL contents are result of (DPL +1).
XD Exchange ACwlthM. | 1111 1111 | 1| 2 [(AC) Z [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.  (DPy)-1 decre"memgd o result of (DPL1).
RTBL |Read table datafrom | 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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Branch instructions

P3P2P1Pg
If ACt=1

immediate data t1 t0 is 1,a branch to an
address specified by immediate data P7
to Po within the current page occurs.

5 Instruction code o9 Status
E Mnemonic % E‘ Function Description flag Remarks
2 D7DgDsD4|D3D2D1Dg | T | O affected
LDZ Load DPH With Zeroand | 1000 |[Iglplqlg| 1 | 1 |DPH<0 The DPy and DP|_are loaded with 0 and
4 DPL with immediate data = : N -
g date respectively DP| ~I3l2l1lg immediate data I3lol11g respectlv?_ly‘\;x"
£ |LHI data | Load DPH with 0100 |Iglplylg| 1 | 1 |DPy«Iglolqlg The DPy is loaded with immgdligte,
< immediate data data I3lolq1g. ;
2 [IND Increment DP|_ 1110 | 1110 |1 | 1 [DP_(DP)+1 1’116 DP|_ contents are ingregfiented
S . s
£ [DED  |Decrement DP|_ 1110 | 1111 |1 | 1 [DP_<(DP})-1 The DPL contents are-dgcremen
g .
B |TAL Transfer AC to DP|_ 1111 0111 (1|1 |DP_~(AC)
E
g |TLA Transfer DPLto AC | 1110 | 1001 |1 | 1 |AC—(DP)
o]
8 [XAH Exchange AC with 0010 | 0011 |1 |1 |(AC)S(DPR)
DPH
o| XAt Exchange AC with
£| XA0 working register At 1110 1|1 |(AC)s(A0)
. 2| xA1 1110 1|1 |(AC)< (A1)
22| XA2 1110 1|1 [(AC)=(A2)
2 | XA3 1110 1|1 |(AC)=(A3)
é XHa Exchange DPH with
i XHO working register Ha 1111 1| 1 |(DPH)s (HO)
% [ XH1 1111 1]1[OPys=HL
2 |XLa Exchange DPL with a
B XLO working register La 1111 05050 0 |1]|1(MDP)=(LO
= | XL1 1111 | 0200 | 1|1 [(DP)s(LE .
. |SFB flag | Set flag bit 0101 |B3B2B1Bg
5
S [rRFe [Resetfiag bit 0001 |B3B2B1Bo didec o s
7] f FO
£ |flag P5Fat0 P F8 10
2 F11,F12 to F15.
% The ZF is set/reset
2 according to the 4
S bits including a
£ single bit specified
2 bit specified by
o immediate data
El B3B2B1B0.
IJMP  [Jump in the current 0110 A jump'to an address specified by the
addr bank P/P&PsP4 E’Ji:}«l(or PC11)and immediate data
4P 30 to Pg occurs.
i | Ajump to an address specified by the
” JPEA Jump;:lot(jh? Céjgerg 1111 bp]nter?ts of the PC Whoge Iow—or%iler 8
g page iied by bits are replaced with the E and AC
g and AC contents occurs.
2 |czp Call subroutine in the A subroutine in page 0 of bank 0 is
£ |addr Zero Page called.
o
E CAL Call subroutine in the A subroutine in bank 0 is called.
o
5 addr zero bank PaP7R6REPAPIP2P 1P
RT Return from 1 ASTACK) A return from a subroutine occurs.
subroutine Rl
RTI Returnn from interg E,Ch(STACK) A return from an Interrupt servicing ZF CF
routine CF ZF - CSF.ZSF  |routine occurs.
If a single bit of the AC specified b; Mnemonic is
BAL Branch on AG: PC7 to 0~ P7P6P5Py d P y BAO to BA3

according to
the value of t.

PC7 t0 0-P7P6P5P4
P3P2P1Pg
If ACt=0

If a single bit of the AC specified by
immediate data t1t0 is 0,a branch to an
address specified by immediate data P7
to Pg within the current page occurs.

Mnemonic is
BNAO to BNA3
according to
the value of t.

PC7 to 0-P7P6Ps5P4
P3P2P1Pg
If M(DP.t;tg)]=1

If a single bit of the M(DP) specified by
immediate data t1t0 is 1,a branch to an
address specified by immediate data P7
to Pg within the current page occurs.

Mnemonic is
BMO to BM3
according to
the value of t.

PC7 t0 0 P7PP5Pa !f a single bit of the M(DP) specified by glnarg(:gic is
PaPoP+P, P3P,P1Pg immediate data t1tO is 0,a branch to an BNM3
s"2"17o ° address specified by immediate data P7 according to
If [M(DP.t1t0)]=0 to Po within the current page occurs. the value of .
10ttty | 2 | 2 |PC7t00-P7P6P5P4 !f a single bit of port F_’(DPL) specified by léﬂ;grpoogissis
addr PoPaPP 4 | PaPoP+1P P.P-P. P, |IMMediate data t1 t0 is 1,a branch to an according o
7767574 | T3T2T1T0 3727170 | address specified by immediate data P7 the value of t.
If [P(DP_ t1tg)]=1 toPQ within the current page occurs.
BNPt  |BranchonnoPortbit | 0011 |10t | 2 | 2 |PCy1o0-P7P6PsP4 | If @ single bit of port P(DPL) specified by ’éﬂngrgonié hilsps
addr PoPaPeP4 | PaPoP1P PP-P. P, | MMediate data t1 t0 is 0,a branch to an accordtiﬁ o
7767574 | T3T2T1T0 3 E 170 | address specified by immediate data P7 the valuegof t
If [P(DP t10)]=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
adar P7P6PsPa | P3P2P1Po If TMF=1 within the current page occurs.The TMF
then TMF -0 is reset.
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machine cycle is consumed.

.§ Instruction code ol @ Status
5 Mnemonic »“;" g Function Description flag Remarks
z D7DgDsD4 |D3D,D10g| & | O affected
BNTM |Branch on no timer 0011 [ 1100 | 2 | 2 [PC70-P7PeP5P4 |If the TMF is 0, a branch to an TMF
addr P/PgPsP4 |P3P2P1Po P3PoP1Pq |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 |PCyo0-P7PeP5P4 |Ifthe EXTF is 1, a branch tg’
P7PgP5P4 |P3P2P1Pg P3P,P1Pg | address specified by immedjate data k
If EXTF=1 P7 to Pq within the curreh_ page
then EXTF -0 occurs. The EXTF is resei
BNI Branch onnoInterrupt| 0011 | 1101 | 2 | 2 |PC7t0-P7PePsPs
addr P7PgP5P4 |[P3P2P1P P3P2P1Pg
7PePsP4 [P3P2P1Pg f EXTE=0
then EXTF 0
@ BC addr |Branch on CF 0111 1111 | 2 | 2 |PC790-P7P6sP5P24
S P7P&PsP4 | P3P2P1Po P3P2P1Pg
2] If CF=1
'§ BNC Branch on no CF 0011 | 1111 | 2 | 2 |PC7tp0-P7PePsP4|lf the C’F is 0 abré
< |addr P7PePsP4 | P3PoP1P P3P,P1Py |specified by im
'E:é M If CF=0 witiindhe cu
g BZ addr |Branch on ZF 011l 1110 | 2| 2 [PC790-P7PsPsP4 |/ b
P7PgPsP4 | P3PoP1P, P3P2P1P0_,
7PePsPa | P3P2P1Po P
BNZ Branch on no ZF 001l 1110 | 2 PC70 0+ P7P6F’5P4‘
addr P7PPsP4 | P3PoP1Pg PaPyl
BFn Branch on flag bit 1101 |ngnonyng | 2 Mnemonic is
BFO to BF15
addr P7P6PsP4 | P3P2P1Pg according to
ess specmed b}rlm;nemate data Py the value of n.
v‘éﬁmp the currem pége oceurs.
BNFn [Branchonnoflagbit | 1001 |ngnonqng | 2 'é"lil"e:g‘igic is
addr P7P6P5P4 | P3P2P1Pg BNF15
according to
the value of n.
g IP Input port to AC 0000 1100 |1 | ZF
B [op Output AC to port 0110 The contents are outputted to port
2 P P p(Dég ;
2 |SPB bit |Set port bit 0000 Immedlate data B1Bq- specified one mgg"tgi%ﬁms
5 -=b|L,m port p(DP )is set. according to the
% i value of n.
Q [RPB bit |Reset port bit Immedlate data B1Bo- specified one | ZF e
E’:. bit in port D(DPL)IS reset. E register contents
£ are destroyed.
SCTL  [Set control register Immediate data B3BoB1Bg-specified
bit bit(S) bits in the control register are set.
g RCTL |Reset control register Immediate data B3BoB1Bg-specified |ZF
‘§ bit bit(S) #B3BoB1B( |bits in the control register are reset.
E WTTM | Write timer 1 |FMs (E).(AC) The E and AC contents are loaded in |TMF
E ATNMF <0 the timer. The TMF reset.
O |HALT J "Halt All operations stop.
NOP No operation No operation is performed, but 1

ion or CLA instruction is used consecutively in such amanner asLI, LI, LI

,or CLA,

, thefirst LI instruction or CLA instruction only is effective and the following LI in-

structj: 7n$ or CLA instructions are changed to the NOP instructions.
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LC6500 Series Instruction Map
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LC6500 Series Programming Model

1988y

andaxa 1dnagdiu

&ywum_m.ﬁ

[o41u0))

JS0

"poIR e Bl JoisIBa) sniess U Jo sBe|) 40 ‘47 aup eyl Wesaudel O 'Z XINS-----5z0V(2)
u4Ng ONE WLING IANS
udg 09 W19 N9

ZNd

ING 1dNd 1vN4

19 dg9 1ivd

*Od 81 U1 pape0| S INOY JO BIep 81 IpSLULL| LW 8.2 SUONIPUod
youeiq ayl ulaym Ajuo pue ‘suoioniisul Buimo|josayi apnioul suononsul youeig ay ] (1)

9ION

*ﬁzcoxw, amndaxa
. LTVH "dT0H
dTOH* LTVH (€2 (1°0) -« (A
a‘o q'v
1304 1og
s3e[j oaes snielg
1dNd
®IEp S1vIpIWUW | idd
10 ASD | 4SZ
e1ep a|qe]
J93si8al1 snEig
\}/ o = 2 5 21ndaxa  31ndaxa
WNOY ——\0— mm % 5 dnizaiut dnaaaiul
z2V10 2d1 2d1 c3 m m Jawi ] jeusaIxXy
211 LY |7 g 2 |
(ssaappe ® ®
10199 ) AZ | ANL | 41XT
HDE 0
H8 €0
suononNIIsul HVYX e V1L ONd ZNg 4
WING | INd
youeag ) xlo 00 2zI0 mw.«m zd nLg 19
TV %2 204d z
dz> £5 |7 2QNI 3234 NLILM
dWr g (2 2+ zONI
- zdX ZVIND
21X £VX
od
- ovX
A ajnoaxa
1dnaaaiu]
oz ILY pofz1"1 1 01 gV | eV | TV | OV
L1y V0 44 07X
dZO 19381804 BuryIopm
Za1 ﬁ Tix ] (NVY)
V*U«e«rﬁw Se AJowd 'R
) OHX OH 14 N a
H1 dd : S1d T0d fd (e
7 H R
a1 THX Zid! 84t ydl 04
zWX
vANE 2844
udg g4s

No0.2367-23/24



LC6512A, LC6513A

élled under any of applicable local export control laws and regulations,
e exported without obtaining the export license from the authorities

B “aqy ‘and all iffgtmation described or contained herein are subject to change without notice due to

produ@tffe@pnﬁlogy improvement, etc. When designing equipment, refer to the "Delivery Specification"
for the gANYO product that you intend to use.

B |nformation (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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