Ordering number: EN23678

CMOS LSI

No.23678 | LC6512A, 651 3A |

SINGLE-CHIP 4-BIT MICROCOMPUTER
FOR CONTROL-ORIENTED APPLICATIONS
(LOW-THRESHOLD INPUT, ON-CHIP FLT DRIVER)

General Description

The LCB512A, 6513A are microcomputers that are indentical with FLT driver-contained microcomputers 1.C6602D,
6505D in instruction set but are further enhanced in performance, such as shorter ¢cycle time, more stack levels,
increased FLT drive capacity, and are partially changed in specifications for standby function. Since the LC6512A,
6613A are also pin-compatible with the L.C65020D, 6505D, they can be used as similar reptacements for the LC68502D,
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.

Features
"o Low power dissipation CMOS single-chip microcomputer
» |Instruction set with 79 instructions common to the LC6502C, 65028, 65602D/LC6505C, 65058, 65605D
e 2-source, 2-level interrupt function (external interrupt/internal timer interrupt)
o B-level stack
o 4-bit prescaler-contained 8-bit programmable timer
e FLT driver-contained output ports and low-threshold input ports
{1) Digits driving output ports: 10 pins
(2) Segments driving output ports: 8 pins
{3) Normal voltage input ports: 8 pins {4 pins: Low-threshold input port)
(4) Normal voltage input/output ports: B-pins
¢ ROM, RAM
(1) LC6512A ROM: 2048 bytes, RAM: 128 x 4 bits
{2) LC6513A ROM: 1024 bytes, RAM: 64 x 4 bhits
¢ Cycle time 1.33us min,
400kHz, 800kHz, 1TMHz, 3MHz ceremic resonator OSC
o Power-down by 2 standby modes
(1) HALT mode: Power dissipation saving by program standby during normal operation
(2) HOLD mode: Power supply backup during power failure
{3) The standby function is the same as for the LC6514B and its using method is different from that of the
LC6502D, 6505D, etc.
o Differences among LC6512D, 6513D, and LC6512A, 6513A
The LC6512D, 6613D and LC8512A, 6513A are different in the OSC circuit only and are the same in the basic
features, The differences are shown below.

Item LC6512A, 6613A LC6512D, 6513D
OSCcircuit | 1-stage inverter B-stage inverter
configuration '
0OSC mode Ceramic resonator OSC Ceramic resonator OSC, CR OSC, application of
external clock
0sC Sine wave Rectangular wave
waveform
Operating Ceramic resonator OSC: B00kHz, 800k Hz, Ceramic resonator OSC: 400kHz, 800kHz, TMHz
frequency 1MHz, 3MHz CR OSC: 400kHz typ, 800kHz typ

External clock: 222kHz to 1290kHz

Technical Data

The LC6612A, 6613A are members of our LC6500 series of CMOS microcomputers. For their internal functions, refer
to the LC6600 SERIES USER’S MANUAL. Those which differ from the description in the USER’S MANUAL are
described in this catalog. Carefully study features and Appendix 4 Standby Function in this catalog before using the
LC6512A, 6513A.
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LC6512A, 6513A

Package Dimensions 30258-D42SIC

(unit: mm)

{(unit: mm)
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Pin Assignment

Pin Name

0SC1, OSC2 : Ceramic resonator for OSC

INT
RES
HOLD
PAO—3
PRO—3
PCO-3
PDO-3
PEO-3
PFO—3
PGO-3
PHO-3
PIO, 1
TEST

: Interrupt

:'Reset

: Hold

: Input port

: Input port

: Input/output common port

: Input/output common port

: Output port (High-voltage port}
: Output port (High-voltage port) -
: Output port (High-voltage port)
: Output port {High-voltage port}
: Output port (High-voltage port)
: Test

0.15

i

AD-3
BO--3
co-3
D0-3
E0-3
FO-3
G0-3
HO-3
10, 1

{Note} Nothing must be connected to NC
pins internally or externally.

When mounting the QIP version on
board, do not dip it in solder.

the

Pa2 1] PAI
PA3 [T PAO
PBO [T] Voo (+5V)
PB1 [ iNT
PB2 [E] HOLD
PB3 [G] Pl
PCO [T PIO
PC1 [E] PH3
Pc2 3] PH2
PC3 19 PH1
P00 [ PHO
PDY (12 PG3
PD2 [3] PG2
PD3 [ PG1
PEO [T5] PGO
PE1 [ig] PF3
PE2 (] PF2
PE3 [1B PF1
RES PFO
TEST & 0502
{OV) vss ] 0SC1
DiP42Ss
~N MmN o 3
- -
EEEEE%%&&;‘?Ig'?
N T Y O O A
48 47 46 45 44 43 42 414039 38 37,
PB3I 1 36— pit
PCO — 2 35—~ pio
PC1 -3 34 1~ pH3
PC2 —4 331 pH2
PC3 5 2} ey
NG =16 31 I~ PHO
epo 7 0 NC
PD1 {8 29— PG3
PD2 19 28 [~ PG2
pp3 —10 27— PG
PEO 11 26 — PGO
PE1 ~{12 25 PF3
1314151617 1819 20 2122 23 24
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LCB512A, 6513A

System Block Diagram

Note *: High-voltage port

|
Pao~3 A Ram | [ Pe
FTWR :
PDO~3 (:::) D 1l
AV
system bus
- -
st O [T
» — |
et ()
* \
PGO~3 c:'zp 0SF ZSF
HALT system clock
M t |
~ Standby system 0SC1
PHO~3 (::E( ) éoé [_Of‘m_trﬂj_ R et
*
PIO, 1 (:izc_‘:)
L

L4 &4

FOLD  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 : Instruction 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/Qutput Function
TNT Input Interrupt request input pin
HOLD Input HOLD 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.
RES Input Reset input pin
PAp-3 input Input port Ag to A3 {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)
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LC6512A, 6513A

{Continued from preceding page.)

PBp-3 Input Input port Bg to B3 (Normal voltage)
Capable of 4-bit input and single-bit decision for branch
PCgp-3 {nput/Output | Input/output comman port Cg to C3 {Normal voltage)
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
PDg-3 Input/Output | Input/output common port Dg to D3 (Normal voltage)
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
PEp-3 Output Output port Eg to E3 (Digit driver output)
Capable of 4-bit output and single-bit set/reset
Capable of 4-hit input of output latch contents and single-bit decision of output latch for
branch
PFp.-3 Output Output port Fg to F3 (Digit driver 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 autput latch for
branch
PGp-3 Output Output port G to G3 {Segment driver 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
PHp-3 Output Qutput port Hg 1o H3 (Segment driver 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
Plp, 1 Cutput Output port 1, 11 {Digit driver cutput)
Capable of 2-hit output and single-bit set/reset
Capable of 2-bit input of output latch contents and single-bit decision of output latch for
branch : ‘
osc1 Input A eerar}'ié resonator is connected to this pin and pin OSC2 in the internal clock mode.
0SC2 Qutput Pin for externally connecting a resanance circuit for the internal clack mode
VDD Input Power supply pin
Normally connected to +5V
Vss — Connected to 0V power supply
TEST Input LSl test pin
Normally connected to Vs5(0V)

Absolute Maximum Ratings/T, = 25°C, Vgg = 0V unit
Maximum Supply Voltage VDD —0.3t0+7.0 \Y
Input Voltage VIN Input pins other than OSC1 —0.3 to Vpp+0.3{Note1) \Y
QOutput Voltage VouTt(1) PortsC,DOSC?2 ~0.3 to Vpp+0.3 Vv

- VouT(2) PortsE,F,G,H,I Vpp—45 to Vpp+0.3 \Y

Peak Output Current 10(1) Ports C, D: Each pin —2.0t0 +2.0 mA
. 10(2) Ports E, F, |: Each pin —151t00 mA

10(3) Ports G, H: Each pin —10t00 mA

l0(4) All pins of ports Cto | —90to +16 mA

Allowable Power Dissipation Pqmax{1) T,=—30to +70°C(Flat package) 350 mwW
Pq max(2} T,=—30to +70°C (DIP) 600 mW

Operating Temperature Topr =30 to +70 °c
Storage Temperature Tstg -551t0+125 °c

{Note 1) For pin OSCt, 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 an the board, do not dip it in solder.
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LCB512A, 6513A

Allowable Operating Conditions/T, = —30 to +70°C, Vpp = 5V+10%, Vss = OV min  typ max unit
Operating Supply Voltage VDD{1) 4.5 5.0 5.6 \%
Power-down Supply Voltage Vpp{2) HOLD mode: HOLD = V| |_(3) 1.8 5.5 v
“H’-Level Input Voltage VIH) Port A 19 VDD AY
VIH{2) PortsB,C, D 0.7VDD VDD A
VIH(3) INT, RES, HOLD and OSC1 0.8Vpp VpD Vv

’L"’-Level Input Voltage ViL(1) Ports B,C, D Vss 0.3VpDp vV
VIL(2) INT, RES, OSC1 Vss 0.2VpD v
VIL(3) HOLD, TEST: Vpp=1.8 to 5.6V Vss 0.2VpD Y
ViL(4) Port A Vss 0.5 \

External Capacitance for Ceramic  C1 See Fig. 2.

Resonator OSC c2 _ SeeFig. 2.
Allowable Delay in Key Scan iDH See Figs. 3-3, 3-4 in Appendix 3. (N-2) Xtcye us
Circuit tpL {N-2) Xtcyc Us
{Note) tcyc: Cycle time at microcomputer running mode

Standby Timing tVDDF Vpp=1.8to 5.5V, See Fig. 1. 0 s

tvDDR Vpp=1.8 to 5.5V, See Fig. 1. 0 us
HALT instruction el
\.._.._
TS [ Note ]
Voo (1) tandby No chattering shall be applied to the HOLD
VIH(3) powser-down 't pin and PAp to 3 pins during the HALT
instruction execution cycle,
ViL@) -- -~
ov

Fig. 1 Standby mode timing
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LC6512A, 6513A

Electrical Characteristics/T = —30 to +70°C, Vpp =5.0vt10%, Vgg = 0V min typ max unit
“’H'"-Level Input Current IIH Each input pin: VIN=VDD 1.0 MA
“’L""-Level Input Current L Each input pin: VIN=Vss -1.0 UA
““H""-Level Qutput Voltage VOH(1) PortsC,D: IpH=—1mA Vpp-2.0 A

VOH{2) Ports C, D: IgH=—100uA Vpp—-0.5

VOH(3) PortsE,F,I: Igy=—10mA Vpp—-1.8 \"
VOHI(4) Ports E, F, I: IoH=—2mA Vpp-1.0 \Y
VOH(5) PortsE, F, I: IgH=—TmA Vpp-0.5 Vv

(Each port IgH=Less than —1mA}
VQH(s) Ports G, H: IoH=—2mA Vpp-1.0 Y
VOH(7) PortsG, H: IoH=—1mA Vpp—0.5 A

{(Each port lgH=Less than —1mA)
VOH{g) OSC2: IgH=—100uA Vpp—0.5 A
L"*-Level Qutput Voltage VoL(1) PortsC, D:lgL=1mA 04 v
VoL(2) OSC2: ip=100pA 04 \Y
Output OFF Leak Current I0FF(1} Ports C, D: VouT=VDD, HOLD mode 1.0 UA
IoFF(2) PortsC, D: VouT=Vss, —-1.0 HA

, HOLD mode .
loFF{3) PortsE,F, G, H,I: VouT=VDD 30 HA
IOFF{4) PortsE, F,G,H,I: -30 uA

VouT=Vpp—-40V

Clock OSC Frequency for fcrose  OSCcircuit in Fig. 2: 392 Note2 408 kHz
Ceramic Resonator OSC Recommended conditions for 784 Note2 816 kHz
ceramic resonator OSC 980 Note 2 1020 kHz
2940 Note 2 3060 kHz
Current Dissipation IpD(1) Ceramic resonator OSC; =400, 800, 1000kHz 1.0 2.0 mA
Operating mode f=3MHz 27 40 mA

Recommended conditions for ceramic
resonator OSC, output pin open, input

pin VIN=VsS
IDD(2) HALT mode: Vpp=5Vv110%, 10 PA
Test circuit in Fig. 3
IDD{3} HOLD mode: Vpp=1.8to 5.5V, 10 MA
Test circuit in Fig. 4
Input Capacitance CIN Each input pin: Measure at f=1MHz. 5 pF
Pins not being measured:Vgg
Output Capacitance CouT Ports E, F, G, H, I: Measure at f=1MHz 10 pF
Pins not being measured:Vgg
Input/Output Capacitance Cio Ports C, D: Measure at f=1MHz, 10 pF
Pins not being measured: Vgg

Hysteresis Voltage VH TNT, RES, HOLD 0.1VDpD Y
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LC6512A, 6513A

Center frequency Coramic resonator C1ipF) | C2(pF) 0501 0562 CF: Ceramic resonator
M CSA3.00MG {Murata) 33£10% {Note 3) ﬁ%ﬁ%%?wmsﬁ LMurata),J
z ~a X yocera
KBR3.0MS (KVOCBI’B) 22i10% b CSB1000K, D (Murata)
1MHz CSB1000K, D (Murata) 180£10% KBR 1000H(Kyocera)
KBR1000H {Kyocera) 180:£10% c1 '—I[]I—J' c2 CSBBOOK, D (Murata)
T L o L KBR8OOH (Ky osera}
800KH2 CSB800OK, D {Murata) 180110% J; I CSB40OP (Murata)
KBR80OH {Kyocera) 180110% 'KBR400B (Ky osera)
+
400K Hz ESBBH!:O;OPB(I::I(urata) ’ 320:10:
yocore 330210 Fig. 2 Recommended OSC circuit, constants
for ceramic resonator OSC
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 oscitlatable frequency range.

Note 3) ‘
mately 1Mohm).

I3

0
0SC2 0301
PAO  PEOL—
pal PEl e
paz PE2I—
Ve PEI |—
! PAS  sro[—
PF1—
PBO  pral—
PB1 PF3—
PB2 L
Vie, PB3  pay — Release
PCO  pg2|—
PGl paa[—
PC2  puof—
PC3  pyi[—
PDO pypf—
PD1  pyg—
PD2  pjp —
PD3 pn— 7
INT
%ED TEST
Vop Vss
oo 121}
Yoo

Input/output common ports C, D: Qutput inhibit
HALT instruction is executed to provide HALT mode,

Fig. 3 Ipp(2) test circuit

j—= Operation start
|
5V

VoD

ov
108¢

VoD
Voo R
Lcesi2a| RES ¢
65134 »
Vss

When using the piggyback microcomputer, evaluation chip for evaluation, connect a feedback resistor {approxi-

_L_iﬂ_,

0!
0SC2 0SCl1
r —Pa0  PEO 3
—lPAl  PEIf}—
—{Pa2 PE2}—
—pPaa PE3}—
—PRO PFO—
-PB1 PF1—
—rB2 PF2—
. —PB3  PF3|—
Release RS BA0T | Release
—PCc2  PO2—
—_ P03 PQ3—
—PD0  PHO[—
—!pPo1 PHI—
—PD2  PH2—
—po3  PH3—
PIO [—
P /
NT
HOLD TesT
-+ FES
Yoo  Vss
oo (31]
Voo

Fig- 4 1pp(3) test circuit

Vin) : (0.8Voo=4V at Vop=5V)

- =~ Vi2)=(0.2Vop=0.9V at Vop=4.5V)

TVDD: Power supply rise time constant

TRES: RES pin rise time constant

Fix C, R so that TV DDSTRES, tOSC2 10msec. is abtained,
tOSC: OSC stabilized time ’

Fig. b Initial reset timing
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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",
"LCB505.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. Leve! converters, drivers are connected to high-voltage ports (PEg to 3, PFg
to 3, PGp to 3, PHg to 3, Plg, 1) externally.

(A dedicated adaptor is available.)
Evaluation chip

LC6597

PAO~3 )
PBO~13 c:l General-purpase input

PCC~3 N
POO~3 (::> General-purpose input/output

External memory for program

PEO~3 .
o~ [
EPROM ) ::(F}8~g .::> 2 :) FLT driver output
or PHO~3 e
RaM K : PO, 1

Fig. 1-1 Basic evaluation system using evaluation chip

(2) Simulation chip
Piggyback LC65PG12/13 and adaptor (EVA-97-12D/13D) for the LCB512A, 6513A are used jointly.

LCB5PG12/13

Frn

EVAG7-12D0/13D
A driver shown in Fig. 1-3 is contained.

% Conversion board TB42S

Y
To user's application aquipment

Fig. 1-2 How to use piggyback
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{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 LC65612A, 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

¢  Power supply for adaptor- i
' contained driver (LB1294) "ﬂ,.,i Conversion board TB42S
-Vpp for FLT is applied. 1 f
No external driver is required for User's spplication board
mass-produced microc omputers, v {42-pin I1C pin)
Fig. 1-3 Adaptor (EVA-87-12D/13D) for LC6512A, 6513A
CN3 . CN2 NFP-50A-0112 CN1
Conversion board Connector for  (Yamaichi Electric-made) Surface 42-pin socket
42-pin IC pin cable connection {Yamaichi Electric-made)
- == o= r2|3 r---1
: a7 1 4 ! n 13 ] o
42 V2 ! 14 (D¢
: 1 : [ : 1C4 2 ! 4'2 :
) [N Yo 3o B :_'2 :
! ! ! ! dsfejio | 2Lyt [
) I v f k4 FE 31 t
: : ) | i |
) 3 ) : 5 : 5. 6K !
y o7 T 95T 3 ‘I
CEm——c e il
o8 [T Log !
] 1 y : ' |
1 ' (
: : . [ A— ; |
N ' 12k 39KR . '
Vool . (EE !-; i
e DT tog |
] 10 ) 1 19 ¢ [
ool Vo0 T"'}? :
) 12 w23 s ‘|2 t
' 13 L 25 0 N ',3 \
ooa L 27 ! Lold 1
: ' ' . VDD Qe " !
' N 1 [} o] ' !
. ' ! . g ' :
g7 ) 112 ) P L tox
| o284 ﬁ'ﬁ"r‘ﬂ 1 15 2 P o3 !
1 o35 o6 1 34 E] ig3 |
VI T 13) o1 |4 ‘o |
HPETIN 20 ] ] 5 103 |
DT T 1 8 o2 |
! : ] 1 7 B ' |
| ) ] ] '
I ' 1 [l 7 ) [] :
P [ 16 1 "3]
TN [ 16 2 Hbe-| ,
T To28 14 3 Lom
DTN TN 3] €2 [ ooy
| elly [T 12 s .’,27 '
| o8 TN 11 6 \ ‘26 '
T '
1 | 1 ' g |
] 1 ] 1
: \ 1 ! 9 ! 1
25, L o3 ! 16 1 ! % !
T T M 15 2 1124 1
T ! 20 14 3 1 ",5 |
NIPETI T 13] 163 [ T "]6 .
| .._Lz: DE 12 5 Loy !
Lo
. vw ! ; o35 : 11 6 :',8 :
| | \ ! [ Te 1 !
I 1 ' 1 |
' ! ; 8 : ! !
1 N - r
: T V 37 7 | 33 :
38 | ' 10 4 v
Y YT i ‘% :
' T s o2 1
| o2 R +o: 1 IC1~3 (16pin)
1o ot~ o2} ! | B1294 10pin: NG
K] HICTIE \ ;? . 164 (14pin)
Lo d [ T_T_y LAB339
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 LC6602C, 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 LC65148. For details, refer to “*L.LC65600 SERIES USER’'S MANUAL"; and for the standby function,

refer to Appendix 4 “‘Standby Function”’. .

2-1.PC :
For the LCB512A, 6513A, this is organized with a 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 2048 x 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 contenits 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
accessing 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 internaf pseudo port O.

2-6. 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.

26.ACE
The AC is a 4-bit 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,

29, Timer
" This consists of a 4-bit fixed prescaler and a 8-hit 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,

2-11. 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-threshald input type.
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(1) Ports Agto 3,Bgto3

DSB-—Input inhibit at HOLD mode

Ports A, B Hﬁg_ Internal bus

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

(2} PortsCgto3,Dgto3

SB~—Input, output inhibit at HOLD mode
Output: High impedance

PortsC,D & '_D__—> Intarnal bus
b 0 L
Output
inhibit
DSB----Output control (Control register}

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

(3) Ports Egto 3, Fpto 3, Gpto 3, Hpto 3, Ip to 1 (High-voltage ports)

DSB=0Output inhibit st HOLD mods (Qutput transistor OFF)
Voo

P }_G:—J QL intemal bus

Ports Eto | ‘

Functions s 4.bit {2-bit for port 1) output (OP instruction}

® 4-bit (2-bit for port 1) input of output latch contents (IP instruction)

o 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

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

e PortsE, F,1: FLT digits drive

e 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:
s PC Address Q00H
s Control register 0000 — Interrupt disable, Ports C, D: Output inhibit
s Status register Timer, external interrupt flag — Reset
e Output port Output latch {04) = Output transistor OFF

Appendix 3. Proper Cares in Using LS)

3-1. Low-threshold input port Ag to 3 provides the input characteristic shown in Fig. 3-1.

Vop

Vi High-level input

L } Low-level input

Fig. 3-1

3-2. FLT driver output
Ports Eg to 3, Fp to 3, Ip to 1 (10 pins} are for high-current digits driver output; and ports Gg to 3, 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.

Key scan

PortsE, F, | (3 {}Digits .
}— -Vop

Ports G, H ?x FLT )
s
-Vpp Segments

LCE512A, 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 {VON) in the output transistor using the current flowingin an FLT used and the V-I
characteristic of the output port of the LC6512A, 6513A.
{b) Estimate voltage drop (Vsw) in the switch circuit.

(c) Check to see that VoN + Vsgy meets the V|H/V )L requirement of the input port in Fig. 3-1.

toL. tow (Externat circuit delay time)

Switch circuit
nput
VON iport

\ Current

FLT

Output transistor . Output port

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 XJXcoz o) ) i X___)D( op Y [ Yoz o{iNoR X_ 1P )

Input port waveform Th'is Anv other instruction I Any other instruction may be used.
instruction may be used. This instruction must be used.
must be used, 7 ViH(1)

ViL{a)
oV N, /
. /
\ 1
N I
N\ 1
\\ f
N 4
AN Output port f
N waveform s
Voo—40V R,
@0 ® © o @

Fig. 3-4

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 waveform and V|L(4), ViH(1).
respectively. Some instructions must be placed additionally according to the length of delay (tp|, tpH) 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, SP8, 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 length of tpt , tpH)
tDL. tDH: 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 inclugding the system clock generator are stopped at the standby mode. (For ather
models L.C6502/05 of the LCB500 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 1/O ports are disabted 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 Ap to Aj are at L' level. When even one of pins for port Ag to Az 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 l Operation is stopped

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

o The state immediately before setting the HALT mode is held,

(3) | Blocks to be cleared/reset J

o Timer....... State where all bits are set to **1’’ (max. time).

e Statusflag..... 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 ]

e 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 Ag to Az remain unaffected.
The state in the HOL.D mode is the same as that in the HALT mode, except the state of 1/0 port. The HOLD mode
permits the undermentioned power-down mode to be entered.

e [nputports A, B: Input inhibit

e Input/output port C, D: Inputinhibit, output high impedance

e OQutput ports E to I: Output Pch transistor OFF

e 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 Power supply return
Power failure backup operation

l l

Maln power S AYAYAVAVAVAVAVAVAVAVS
supply N\/\ VY
\ @
Voo ~ €)] /—
(THT ) \
—§
HALT
e XK Op o1 e ==
]
@ Power-down Instruction
HOLD mode
1

Fig. 4-1 HOLD mode and power-down

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

@ 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)

O After the HOLD mode is entered, power-down can be attained by lowering Vpp.

(8) 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 = OEH, 2° bit). Therefore,
when polling the HOLD pin, the BPO 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 —

e Since the ceramic resonator mode is used for system clock generation, “L* level must be applied to the RES pin
for 5 to 10 msec {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

1 "

Input prohibited, Output High Impedance

Value just before HALT in retained

o X Bl gt e
|
Command XTI
HOLD mode

Mode  Functioning | HALT mode
I !

Fig. 4-2 Mode change from HALT mode to HOLD mode
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45 HOLD maode 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, |/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 msec
after oscillation start} after the HOLD mode is released.

]
HOLD /:
t [
RES .' ;
{Note) | \ '
! N |
]
1
i

N

) oscillation
]

System clock
{Ceramic resonator mode)

1
]
]
]
a
.

l‘__ Reset ___ | Operation start after initial __
{10msec or more}  'esét

HOLD mode

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 dissipation 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+
REG - —p—
AC Er" J,__ 50
Power (3] |
Supply ~1F D4 & < A7 Voo
f 220k
R6 @ RES
k
10 a €3 LC6512A/13A
| 0.14
LNy
R4
Tr 0562
R2 p3s 56k R5 ;
220K 12k I—-
R3 0SC1
D2 220k
HOLD
Vss

1
I 8.201;: 7‘17

Fig. 4-4 Sample Application Circuit

Unit (resistance: ), capacitance: F)
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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 made Reset { Normal mode

/- s

(1) initial application of power  (2) Instantaneous break-(2) (@) Instantaneous break-(3)

Z==-:y — - —_ ym--~=-====fbz-- - - HOLD
Voo

!
,’—T/ﬁs‘

HALT instructlon iy l

HOLD mode : |
Normal mode % o *\-deset * Normal mode

—
@ 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).

At the time of instantaneous break
(1) At the time of very short instantaneous break
AR SNV A ANA NS
The execution of the program continues.

(2)

(3)

At the time of instantaneous break being a little longer than (1) (When the RES input voltage meets V||
and the HOLD input voltage doemmm.m

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 HO LD mode is not entered.

At the time of long instantaneous break {When both of the RES input voltage and HOLD input voltage
meet V| ).
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 (PCJ.

(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 than V| at the time of
instantaneous break and the RES input voltage is sure to get lower than V{|_ {a reset occurs) when V+ rises
after instantaneous break where the HOLD input voltage gets lower than VL.

@ How to fix C3, R7
Fix RES pin charge time constants C3, R7 so that when power is applied initially ar the HOLD mode is releas-

ed the ceramic resonator OSC oscillates normally and the RES input voltage exceeds Vi and the program
starts running.

(® How to fix R4, R5 L
Fix Tr bias constants R4, Rb so that when V+ rises after instantaneous break the RES input voltage gets
lower than V| (broughtto ‘'L’ level) before the HOLD input voltage exceeds V|H (brought to *’H"" level).
(® How to fix C2, R3
Fix HOLD pin charge time constants C2, R3 so that when the HOLD maode is released from the backup mode
the HOLD input voltage does not exceed VQH {not brought to ““H"" level) until the RES input voltage gets
lower than V)L (brought to *’L"’ level).
Fix C3, R7 and C2, R3 so that the time interval from the moment the HOLD input voltage exceeds V| until
the moment the RES input voltage exceeds V| is longer than the ceremic resonator OSC stabilizing time.
@ When the load is heavy or the polling interval is long
Since C1 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) Aninterrupt 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.)
H.ALT ;The HOLD mode is entered.
'
AAA:

B No products described or contained herein are intended for use in surgical implants, life-support systems,
aerospace equipment, nuclear power control systems, vehicles, disaster/crime-prevention equipment and
the like, the failure of which may directly or indirectly cause injury, death or property loss.

B Anyone purchasing any products described or contained herein for an above-mentioned use shall;
® Accept full responsibility and indemnify and defend SANYQ ELECTRIC €O, LTD, its affilates,
subsidiaries and distributors and all their officers and employees, jointly and severally, against any
and all claims and litigation and all damages, cost and expenses associated with such use:
@ Not impose any responsibility for any fault or negligence which may be cited in any such claim or
litigation on SANYO ELECTRIC CO. LTD, its affiiates, subsidiaries and distributors or any of
their officers and employees jointly or severally.

B Information (including circuit diagrams and circuit parameters) herein is for example only; it is not guarant-
eed for volume production. SANYQ believes information herein is accurate and reliabls, but no guarantees

are made or implied regarding its use or any infringements of intellectual property. rights or other rights of
third parties.

No. 2367-18/23



LC6512A, 6513A

Appendix LC6500 Series Instruction Set (by Function)

Symbols Meaning M: Memory ¢ ), [ ]: Contents
AC: Accumulator MI(DP): Memory addressed by DP < Transfer and direction
ACt: Accumulator bit t P(OPL): Input/output port addressed by DPL  *- Addition
CF: Carry flag PC: Program counter - Subtraction
CTL: Control register STACK: Stack register C g:o
DP: Data pointer T™: Timer : )
E: E register TMF:  Timer (internal) interrupt request flag ¥ Exclusive OR
EXTF: External interruptrequest flag  At, Ha, La: Working register
Fn: Flag bit n ZF: Zoro flag
.E Instruction code Status
E Maemenic g % Functien Description flag Aemar ks
z D;DgD5D4 |D3D D10 |® |0 affected
v CLA Clear AC 1Y 00(0O0OO0OC|1|Y|AC=0O The AC contents are cleared. ZF |
-E CLC Ciear CF 1Y 106|000 1|t |)]|CF~0 The CF s reset CF
B[ST¢C Set CF 1111|0001 |t |CFe The CF is set. CF
5| cma Complement AC 111 ofyora |1 |ac—@&EG ghe AC contents are cor-demented (rero. [ ¢
‘?{ INC Increment AC CC OO (Y 1 10| |1 |AC—(AC]+1 The AC contents are incrementad +1. ZF CF
E DEC Decroment AC 0000|111 [1]1]ac—@aci-1 The AC contents are decrzmented —1. ZF CF
é RAL ?r‘\)r!::;hACCF lelt Q000 )000 M &%2,”(‘:(;;.'_&2:;1“ ;rhr;ec%.c contents are snifted left through | 20 g
E
§ TAE Transfer AC 10 E Q0001001 1Y |V iV ]|E~(AD) The AC contents are transferred ta the E,
< XAE Exchange AC with E [0 00 0 |1 1 01 1|1 [(a0siE I;\gm&'%.g?nlenls and the € contents are
5 |INM Increment M DO O |1 1 1 0|1 |1 ]|MDPI—=[MDPI}+1 | The M{OP) contents ars incremanted +1. 2F CF
[3 |DEM Decrement M 00101 1 1 1|1 |1 [MOP = (MDPI)]—1 | ThaM(OP) contents are decremented —i. | ZF  CF
c A single bit of tha M(DP) itied b
BE[ sMB b1t [Ser M aata bt DO0D0O|1 0BBg|1 |1 |MOP B B 1 B1dg et spacitied by
o
2 " -
ég AMB bt |Reset M gata bit [0 0 1 0 [1 0 818Bg|1 |1 [MOP.B18Bo1 =0 | §a0%ieSn of e MIOPI specitied by | 7
The AC contents and the M(DP) contents
AD Add M tc AC D110|000 0 |1{1|aC—AaC)+I[MDPI) 18 Dinory adced and the result is placed | 2F  CF
1 3
AC —(aCt+(M(OP)) | 1 F. M{DP) binary-
ADC Add M 1o AC withCF 10 01 010 000 |1 N +iCF) a;:e:fridcthh ra(sell \scgl::::dr!“inalr:\e A“(gw ZF CF
DAA ?:c;n;;:nao?u“ A 1110010 (1] [ACHACIH+S 6 is added 1o the AC contents 2F
DAS Ef':;u’“b’l"::l"::' AC v v 1 odt 0 01 |ac—iaci+10 10 is added to the AC contents. ZF
£ Tha AC d tne M(OP)
'% EXL Exciusive or M 1GAC|1 1 1 1 ]0 1 0 1 |1]1 |AC—(AC) ¥ (M(DP}} qu:’gxﬂlécs?xggugnét;eresultﬁoglm.clg ZF
2 in the .
H The AC contents and the M(OP) contents
- | AND And M io AC 1YL 0|01 1 | [ JAC Al A(MDP)) :{enwoea and tha result is placed in tha | ZF
& )
B Tha AC contents and the M{DP] contents
£{OR Or M 1o AC 1171000101 1|1 ]AC—{ACIV(MODPI] arg OFfed ana tha result 5 placed in the ZF
8 .
grom — Jcompare ac wun 11y [0 v [T TR )+ a0+ | RS g g 0T iy |26 cF
resat
g Comparison rasult CF ZF
(M{DP}] >(AC) 3 0
(M(DP)] =(AC) 1 1
{mior) ) <{ACI 1 0

1 1 The AC d immediate da F CF
€) data | Compare AC with 00 01 Y00 [2|2]150201g+{ALHT Ialozn‘oag:g;er:g"‘:gwgrmZn‘gt:ndct‘g ZF C

immadiate data 0100 |Ialalyig ara set/reser.
‘ Camparison result CF 2F
tylaglytg>iaci| @ o]
13l i lg =IAC ] 1 1
13l hiig<<1aCi] 1 0
Compare DPL with DO0)YO|)Y 1 DO |[2({2]|(DPIVMIalal]g The DPL coatents snd immaediate dat:
CLU data | mediate data D1 D 1 |igialalyg 13121110 are compared. o 2F
Load AC with Immediste data 13121110 is loaded in the
t - *1
Lt data | ediate date 1100 [Igdalrlg |1 |V [AC=I31z1110 AC. ZF
S Store AC 1o M 0000|001 Ol |1 ]|MDP—(AC The AC contents are stored in the M{DP).
L Load AC lrom M 0010|000 i1 |1 |Aac—(Mi0P:) The M{DP} contents are icaced in the AC, b 43
XM data | Exchange AC with M1 O 1 0 |0 MaMiMo|1 |2 KACH= (MDPI) The AC contents gnd he MIDP) aorents ro s/
" . re exchan . en. the ntant
g then modify DPw DPw=—(DPwl ¥ e g with the contents ol (Den] | ZF (are e
t with smmediate data - OM2M Mg MOM2M{Mp. MIMY.
3 Tha ZF is set/
sl X chan A n M| 1 V|2 HACY S (M DP) Tha AC contents and the M(DP) contents f
£ Exchange AC wit ot1ojoooo0 (ACH= (M(DP1] e G Sone 2 Tmat agepeding
; e
g tion axsculion.
3 [x Exchange AC with M.J1 1 1 1 ]1 1 1 0 |1 |2 |(AC) = (MIDP)) Tne AC contents and the MIDP) contents | resatacosam
4 thea increment DP, DPL —(DP () +1 4o i madtog vy 1he OPL eontenty IBA'L'J’:’:“":’
-— The AC cantents and the M(DP) cont T i
X0 Exchange AC with M |1 1 1 1 |1 1 1 1 |1 12 [(AC) S (MIDP)) e chanoe s ghd e O] contents 1 e r.’s".':z.'&'é,?;‘,('
then gacrement DP, OPL —=(DPLI— are decremented —t !B';P':o ron;l( ol
RTBL Read table dats teem|0O 1 1 0 |C O 1 1 |1 12 [AC E~ROM The contents of ROM adaressad by the PC

whose low-order B Dits are replaced with
tPCh.E. AC) the E:réd AC contents are lcaded in the
an .

program ROM
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,5 Instruction code $ Status
5 Mnemonic Iy Function Description flag Aemarks
'_Z 07DgDs De |D3D2 D1 Do [© [ atfected
¢!l LDZ data|Load DPuwith Zercand|! © 0 O [1at21v19 |1 | |DPH =0 The DPi4 and DP( are losded with O and
2 DPL with ymmediate DPLei31z215 10 immedia te dots 73721110 respectively.
§ data respectively
= | LHI data [Load DPu with 0100 [iat2nio |1 |1 [pPuertarzivie The DPi 15 loaded with immediste data
2 immediate dala 13121110
5
2| wo Increment OP, 11 10 |1y v 0|1 |1 |DP e—(DPL+1 Tha DP| comsnts are incramantad +1. 2F
=
g | DED Decrement 0P, AU I < T R T I U R 6 I o - T o - The DP|_ contents are decremented — 1. IF
5
HA Transter AC to DPL t1 1ot |t [opl—taC) B’F"i_.hc contents are trensferred to the
E TLA Transter DPL 1o AC t110|too 1 |1t]r[ac—iores H\:e OPL contants are transferred to the | z¢
8 [xan Exchange ACwih 0P [0 0 1 0 [0 0 1 1 [t |1 |1ACi=(DPu) s aichaconents and the OPH contents
2| x A Exchange AC with thto The AC contents and the contents of
° booraenn orking register AQJ. Al A2 or A3
g XAQ working register At 1Y 1 0F0 0:0 0 |1 | [(AC) Z(AO) :vpecifl‘wegd b:g‘:“o’e exchanged.
x| XAl 111 00 ‘I':O O |1 [V [(ACY (Al
25| xA2 T 11 0F1 0:0 0|1 |1 |(AC S¢A2)
2 XA3 111 Qg 130 0 [1 |1 |{AC) Z(AT)
é XHa Exchange DPw with The DPH contents and the cantents of
v | X0 |working regster Ha |1 1 1 1 1 |1 | {oPw =(HOY R arogicter HO or HI speciliod by 2
% XHY 111 1|1 [iDPw SiHY
§ XLa Exchange DPL with The DPL contents and the contents of
S | X0 fworking regster Lo |11 11 1|1 [(opursiLe B argister L0 or L1 specified by 3
3 XL 111 {1 [iDPL) R(LT)
2 SFB flag|Set tiag bit ot o L1 ] Fne1 A f1ag specified by B3828180 is set,
e
lg The fiags are
5 |RFB tlag( Reset tlag bit 00 0 1 |ByBzB1B3|1 |1 |Fn <O A {lag spacitied by B3B281B0 is reset. 2F q“nde:iain(o4
E groups of 0
c toF3.Fdto
L FT,.FBw Elt
H F1210 F15,
H The ZF is set/
2 reset according
ta the 4 bits
g including a
o single it speci-
a3 fiad by im-
mediate data
83828189
JMP 3adr | Jump 10 the cuent |0 1 1 O |1 PoPsPs (2 |2 [PC~PCIREPEN) | A jumn n addrass specified by the
P i P
bank PyPgPsPa|P3P2 PPy PioPoPaP7PsPs :f&&.;‘?é.,u“” anc immediote data P10
PaP3aP2PiIPo
JPEA Jump v the current[1 1 1 1 |1 01 O |1 |Y|PCr~0 +{E. AC] A jump lfo ;”;8"'?‘" ssl;eciliagb l;ho
contents of the whose |[ow-order L
" page modifed by E are replaced with the E and AC contenlt:
.5 and AC oeours,
‘é CZP aadr | Call subrputine inthe [1 O 1 1 (P3P2P1Po|1 |1 | STACK «— |PC)+1 A subroutine in page O of bank Q is called.
E zer0 page PCii~5.PC1 ~0 «0
2 PCy~2=—P3P1P1 Py
6 CAL addr | Call subroutrne inthe [1 Q 1 O |1 PgPgPa |2 |2 | STACK—(PCI+2 A subtoutine in bank § is callad,
3 zeto bank PzP§P5Pa |P3P2P1Pp PCii--0 < OPWPyPaP7
Tg’ PgPsP4aP3P2P1Pg
3 -
2 |RT Return trom subrouwtire [O Y 1 O |Q O 1 O |1 |1 |PC~—{STACK) A return from a subroytine occurs.
RTI Return from wnterrupt (O 0 1 0 [0 O 1 O |1 |1 |PC=—ISTACK) A return from an interrupt servicing | ZF CF
routine CF 7F —CSF. Z5F | routneosurs
BAt addr { Branch on AC bl Q1 1 110 0 tytgl2|2|PCr-0— P7PePaPa ".‘1,“"“'3."" of the AjC spe;meu by im. gzsf"\g'gxi;
., mediate W 11t0 15 3. anch 10 an
P)PgPsPa|PIP2PY Po P3P2PIPO | JoGress specilied by immedinte Oata B9 according 1o
M ACL=1 1o PQ within the current page occurs. the value of t.
BNAI addr Branch on no AC bit [0 0 1 1 |D Otat1g |2 |2|PCr-0—PrPsPsPa | 1t ;a‘singl;abit ol the Ag specified by im. g‘;‘\;nao‘gic it
mediate 1m0 i b h L
PyPsPsPa|PaP2P1 Py PaP2Pi1Pp adarle_ss spacitied Ev Ii‘rr\me:halr:'g:ula 5712 BNAJ accord-
" ACt=0 PD within the current page occurs, g\(g‘lo the value
BMt addr | Branch on M bir Q11 1|0 1¢titg|2]|2|PC7~0—PrPsPsPa | Ifs single bit of the M{DP} specified by mg':oneiﬁ‘ls
. immediate data U110 is 1, » branch ]
P PgPuPajP3P2PIPg P3P2P1Po ;ddre'ss‘vsoeci'i;d !,voi,',fm?,,,';;a 'p°7 %o according t0
H(MIDP. 1 tg)=1 PO within the cufrent page accurs. the valua of t.
g
% BNM1 addr| Branch on no M bit |0 C 1 1 [0 1 tytg(2|2|PCr-0—Pi1PsPsPa |1t aes‘;qule gn of (%Q'MI(JDWD:Oeci:‘ied by mxao{gc is
immediste dala L] 150,92 anch to an
; P1PsPsPa| Py P2 Py Po P3P2P1Po | agaress specitied by immediate data P7 BNM3 accord-
€ if (M{DP.t1to1 ) =0 | toPDwilhin the current page occurs. lov;a‘to the value
§ .
g BPt ador | Branch on Port bil 01 Y 111 0tytg|2|2|PCro—Pr:PsP5Pa | Ifa sié\_olle lﬂ;'ofmlg ,P(?PL)bmiI:i:g 2X Mnemonic it
immadate '] 1118
P> Pg Py Pa| PIP2P1 Po PIP2PIPO | andress specitie by immediate dato P2 A
o (PIDPL thit o) ] =1 t0 PO within the current page occurs. the value of 1,
P dr| 1 g- It a single bit of port PIDP)) specitied by Mnemonic is
BNP1 addr| Branch on no Port pit |0 O 1 ! O0tytpl2|2]|PCr -0—P1PsPsPa im:’;-dng& 5,.‘: r% fio .','!mncn ed by Ninerr go‘e~P3
P2 Pg Ps Pa| P2 P2 P1 Po P3IP2P1PC | address specified by immediata dawa P7 according to
" (PIOP.. tito }=0 10 PO within the current page occurs. the velus of t.
8TM addr| Branch on 1imer 011 1|1 100 |[2{2(PCr-c~P7PsPsPa | If zh’a;Ms i 1. 8 broncn to an7add1;s5 TMF
specit y immediates 1a 10
PrPePsPa|P3P2PI P PIP2Py PO | Liihin the current page occurs. The TMF
" TMF=1 is reset
then TMF «—Q
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00C0O

cycle (s consumed

é Instruction code o8 Status
5 Mnemonic 5| Function Description tiag Rermarks
H D7Ds 05 D4 [D30201Dp | @ [ © oftected
BNTM addr| Branch on no timer [0 O 1 1 |1 1 0 O {2 (2 [PCr~o—P?PsPsPa | 1t the TMF i3 0. 8 branch to upr;nddrgss TMF
specil i vy immediale ta 1w PO
P7PsPsPa |[P3P2P1Pg PaP2P1Po wilhin the current poage occurs. The TMF
t TMF=0 is reset
then TMF—0
B addr Branch on inienupt 0Y1 U1 10 ([2]2|PCr~og=P7PsPs5Pa 1t ‘h'o:’x‘gl; is 1.:dbrancg-tu aPn ador;ss EXTF
iti iate dats P7 1
P7PePsPa |P3P2 PPy PIP2P1Po | wothin the Yarrent o'»:qe occurs OTnoe
o EXTF =1 EXTF is reset.
then EXTF -0
BNI addr | Branch on no interrupt [0 O 1 1 11 1 0 1 |2 |2 |PCr~0«—P2PsPsPa It lrg:_e%xLF i$ %‘;d_brmc:alo ?,n n?dress EXTF
P7PsPsPa [P3P2P1Pg PIP2P1PO | e the urrem poge oooure’ o Tre
4 EXTF=0 EXTF iz reset,
then EXTF «~0
z BC addr | Branch on CF O1 Yy 1 b1 12(2)PCr~o=~PrPsPsPa | gt th’eedCFbis 1.2 branch 10 an adoress
© spaciti y immediate t3 P7 to PO
: P1PePsPe |PaP2P) Py ek _:3 P2P1Po | iNinThe current page occurs
2 4 CF=
%
= | BNC adgr | Branch on no CF 00 1|11y 1 |2§2{PCr~p=—P1PsPsPa | 1t the CF is 0. a branch 10 og, edoress
s mmediale data t
§ P1PePsPe|P3P2P) Po PaP2P1Po w::‘f:!:r: the cyurrlempage occurs. ° Fo
& if CF =0
BZ acar |Brench on ZF O 1 1 1|1 1) 0|22 |PCr~0~P1PsPsPa |y mﬂ.dZFu" 1.8 branchd;O an oddrepss
specif’ y immediete te P7 toa Pg
P7PsP5Pa |P3P2P 1Py R 1P3P3 PrPo [ otNinthe current Page oceurs.
' =
BNZ ador | Branch on no ZF 001 111 11 042]|2|PCrwo+P7PsPsPa | Il whe ZF is O o branch to an sddress
P1P&PsPa [P3P2P1 PO PaP2PI Pa | R B e s (7 10 PO
i ZF =0
BFf n addr [ Branch on lag bit 31 0 ) |n3ngnyng|2 |2 |PCr~0~P7PgP5Ps | Il a tcllag bi&ol me;ﬁrf‘lgg_s sfocil;;d b: rénpamorgg;ss
mmediatea W n3In2ny st a a 10
PrPePsPa|P3P2PI Py P1P2P1P0 | oan address specified by immediate daza according (o
" Fm=1 P37 to PO within the current page gocurs. the value of n,
BNFa addi| Branch on no tlag 1.0 0 jnangnyng|2 |2 |PCr~p+—PrPsPsPa [ I ;‘J‘l’an biéeg' the 18 flogy !geci"ed by hsﬁnggﬂnicam
mmediate data a3nzZninD is U, a tranch (]
brt P:PsPsPa|P3P2P1Pp PaP2P1Po IlO an n‘:ldress soec?hed by i:nmodine.d"ocla 15 according
i Fa=0 P7? 10 PO within the current page occurs. :‘o the valye ot
sLe Input port 1o AC coo0o |t 1ooi|r|ac—Irory) o e A+ OF Port PIDPLU are inbuted. | z
% opP Output AC 10 port 511 0001 |11 |;PEry—iac ;FD.PT_\F contents are outputied (0 port
£l
3[5P8 b [Ser port b 000 0|0 1BBojY |2 [POPLB1BOI=1 | \medisre dois 8180 specitied one it in BNFO 0 BNF
3 15 according
) 10 the walue of
; n,
3 —
S | RPB bit [Reset pory bit 001 0|0t B Bol|!|2]|PIDP. BiBoI =0 Immediate data B1B0-specified one bit in | ZF When thig. in-
§ port P (DPL is reset :‘,'(':;}P.gl'im
£ E registec
s
yed.
SCTL bir| Ser control register COVYO |1 YOO |22 |CTL—CTLyY Immediste data B382B1Bp-specified bits
bt $) 1 0 0 C |B3B2B1Bo BIB2B1BG In the control register are set.
. RCTL b« | Reset control regester JO O ) O )Y 1 0 02 [2|CTL+CTL)A Immediate data B30281B0 spacified bits | ZF
g. bl” S} 1 0 0 1 33 B? B‘ ao 8_3 B: Bl BO in tha CONtC QI register are reset,
3
E WTTM Write 1imer 1Y 11 (100 1 {11 |TM=—{E) tAC) The E%:dﬁcﬁcgmanu are losded in the | TMF
1ime e 1§ reset,
g TMF =0
© | HALT Halt 11y 1o 1Y Yy O |1 | {Hah
All opérations stop.
NOP No operation 000090 Y |1 | No operation Na operation it perlormed, but | machine

*1 If the L1 instruction or CLA instruction is used consecutively in such a manner as LI,

LI L,

,or CLA, CLA, CLA,

. the first LI instruction or CLA instruction only is

effective and the following LI instructions or CLA instructions are changed to the NOP
instructions.
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LC6500 Series Instruction Map

uo13OMIIsUl uoJ3aNJ3sul uolanJisul
a1Aq-Z 8|9Ad-z ‘a1Ag-| 3joAD-|
1104 6
5
1L0S g |2
' s |
o
10 v
ax IX ITHX | WO | vadr |WLIM | OBX | Tvl | LIVH| Ix3a | 17X oLS | 07X A
a3a | ani EVX | VWO | Svd | VIL | ZvX | 4NV | vva | d0 | 1vX o010 | ovX q
uid a
I V10 o
dz0 d
VD WX X v
uiNg 6 |=
4
Za1 8 |o
=
od z8 19 Wlig 49 Wa wg L | ®
dWr 1918 | LH do av 9
84S S
IH1 v
ONg | ZNg | ING JWLN4 dNg YNNG N4 3
WAd | WNI i aWy ady HYX | I1LH 1 oav 2
44 1
oda | ONI avX dI s ads avi S av¥ | dON 0
4 e a fo) g v 6 8 L 9 5 v 3 2 I 0 1
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SFB BFn
RFB? BNFn
s . v XMz
ity FO (F4 IF8 (FIZ XH 1
SMB o R R H1 LDZ
E}VI': SIM RMB® F3. F7; FIL F15 Ho DPH LHL
INC CLI Dats Memory Flag HoO
DEC STACK
RAL L EM& (RAM) L1 XL1 LDZ
}i\Fh;l] ))EM ! Working register I czp R
1 5 XLO CAL T
RMB  XI See Lo DP1. d .
AD XD ADC, | Notel2) AU | AL | AZ | A3 LiH Intercupt R
ADC IND INC execul:
DAA DED DEC AD%.ct § X7 XA
DAS TLA INM EXLZ XM? XAl
EXL. RFB DEM AND? hiX XA2 P
AND 1P AD onre Xp* N ¢
OR RPB cM L XA3 1z
RCTL Ct . CMA” XD# N
. CMI,\' lNCZ-C - & JM
WTTM S¥C N pEC?.* IND® HE ozp
CLC ADCe e BAI RALzZ-c DEDZ M R CAL
Bl } BTM ¢ | Bz ¢ | BC —™ BNA | DAY =< ok
B[ BNTM| | BNz| | BNC ; Cree 0COH Branch
TLAZ XAH instructions
TAL 338wk See
03CH Note(1)
EXTF| TMF | zF CF AL AC (Vector
@ ® address)
t 1 2 el & .
RTI RT) 2
Fxternal Timer & % 2 1pz 1pe | Jop ez [op TAF. XAF, lc‘: A7
intercupt merrupt @ ¢ g ' i I, NI RO
execute execute £ § £3 M
I,
Status register Rggz gggz JPEA
7ZSF | csF ( RTBL Table data
or
EEIP( SE;) gg‘P RTBL { mmediate data
1
Siatus save [lags ! WTTM
I R(‘S(‘l
Port Port R) Port ®
A B C,. D E.F,G H.! TIMER E REGISTER
. . . F.G H. ®
(DPL) »-over ©, 1) 2, 3) 4.5,6,.7 8 scTL |scTi |sc
. TL | SCTL HALT.HOLD
?;2£L?é HALT JRCTLZ RCTL? |RCTLZ [RCTLZ  execute
Note
(1) The Branch instructions include the following instructions, and only when the branch PDEN | PCEN |EXTEN| TMEN
conditions are met immediate data of ROM is loaded in the PC. ® osc
Ba BPt Bl B8Z ® ®® ®®
ANAL BNPt BN1 RNZ ‘——I—.—
g:fhlq g:;:fM ggc g:; [nterrupt execute
3 [} n
. Reset
[ Y oL Suffix Z, C represent that the ZF, CF flags of the status register Control - regster
are affected.
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