Ordering number: ENZEIBCGSlZAI] oo OD0000PCBOOOOO24000000

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 LC6512A, 8513A are microcomputers that are indentical with FLT driver-contained microcomputers LLC6502D,
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,
6513A are also pin-compatible with the LC6502D, 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 aquip-
ment in which these microcomputers have been applied so far.

Features
Low power dissipation CMOS single-chip microcomputer
Instruction set with 79 instructions common to the LC6502C, 6502B, 6502D/LC6505C, 65058, 65050
2-source, 2-level interrupt function {external interrupt/internal timer interrupt)
B-level stack
4-bit prescaler-contained B-bit programmable timer
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: 8-pins
e ROM, RAM
{1) LC6512A ROM: 2048 bytes, RAM: 128 x 4 bits
{2) LCB513A ROM: 1024 bytes, RAM: 64 x 4 bits
¢ Cycle time 1.33us min.
400kHz, 800kHz, 1MHz, 3MHz ceremic resonator OSC
s 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 LCB514B and its using method is different from that of the
LCB502D, 6606D, etc.
e Differences among LC6512D, 6513D, and LC6512A, 6513A
The LCB512D, 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 LCE6512A, 6513A LC6512D, 6513D

OSCcircuit | 1-stage inverter B-stage inverter

configuration '

0SC mode Ceramic resonator OSC Ceramic resonator OSC, CR OSC, application of
external clock

0sc Sine wave Rectangular wave

waveform

Operating Ceramic resonator OSC: 500kHz, 800kHz, Ceramic resonator OSC: 400kHz, BOOkHz, 1MHz

frequency tMHz, 3MHz "~ | CR OSC: 400kHz typ, 800kHz typ

External clock: 222kHz to 1290kHz

Technical Data
The LC6512A, B513A are members of our LCE500 series of CMOS microcomputers. For their internal functions, refer
to the LC6500 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
o O~ LCB512A, 6513A.

ANYO Electric Co.,Ltd. Semiconductor Business Headquarters -
TOKYO OFFICE Tokyo Bldg., 1-10,1 Chome, Ueno, Taito-ku, TOKYQ, 110 JAPAN .
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LC6512A, 6513A

Package Dimensions 30258-D42SIC

( unit: mm)

uh »

mialelaliitdalalslalaly
' E
1. ]
o

Yoo oO-——oCoOono j_L

SANYD: DIP425

Package Dimensions 3052A-Q48AIC
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Pin Assignment

Pin Name

0SC1,0S8C2 :
:‘Interrupt

: Reset

: Hold

: Input port

: Input port

: Input/output common port

: Input/output common port

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

INT
RES
HOLD
PAD—3
PBO-3
PCO-3
PDO—3
PEO-3
PFO—3
PGO-3
PHO-3
PI0, 1
TEST

Ceramic resonator for OSC

0.13

115

D0-3

HO-3
o, 1

{Note) Nothing must be connected to NC

When

pins internally or externally.

mounting the QJp version on

board, do not dip it in solder.

the

PAZ [0 7] PAY
PA3 [T PAD
PBO (7] Voo {+5V)
PB1 (& INT
PB2 [E] HOLD
PB3 [F] P
PCO [T PIO
PCY1 [E] PH3
PC2 [3] PH2
Pc3 [i9] PH1
PDO 1] PHO
P 12 PGa
P2 [3] PG2
PD3 [T PG
PEO [T PGO
PE1 [T PF3
PE2 PF2
PE3 PF1
RES PFO
TEST [z 0502
OV vss [21) 0sc1

DiP42s

o
35833eszTonk
oooooZ2o0>I<|x
Y I O I
48 47 46 4544 4342414039 38 37

PB3I—1 36— pyy
PCO — 2 B pio
PC1 — 3 341~ pH3
Pc2z ~{4 33— puz
PC3 =5 321 pyy
NG -6 31 -~ PHO
PDO 7 30— NC
po1 {8 29— PG3
pp2 19 28— PG2
pD3 =110 27 I~ PG
PEG o1 26 |- PGO
PE1 ~{12 23~ PF3
131415161718 1920 212223 24
FTTTTTTTUTTTT
NOWE 00O =-—NO — N
SEEpseeagery
= oG
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System Block Diagram

PAO~3 f:>
PBO~3 [
Poo~3 () oP — IR
PDO~3 <:> iy

system bus

P
RaMm | [ PeC ROM
FIWR

=) o [4:] b-§

peo~5 (€ ) l
» 1
PGO~3 C:EF:} 0§F ZSF
HALT System clock
M { {
~ Standb tom 0SC1
pro~3 (o | [y H——T s s &%
*
PIO, 1 (:i:(:}
Note *: High-voltage port o o] <L 2; <‘.> t.':
AOLD  INT RES TEST Vss Voo
RAM  : Data memory §TS : Status register
F : Flag ROM  : Program memory
WR : Working register PC : Program counter
AC : Accumulator INT : Interrupt controi
ALU : Arithmetic and logic unit IR : Instruction register
DP : Data pointer I.LDEC : Instruction decoder
E : E register CF, CSF : Carry flag, carry save flag
CTL : Control register ZF, Z5F : Zero flag, zero save flag
0sC : Oscillation circuit EXTF : External interrupt request flag
™ : Timer TMF : Internal interrupt request flag
Pin Description
Pin Name |[Input/Qutput Funection
TNT Input Interrupt request input pin
HOLD Input HOLD mode request input pin (The LC6502, 8505 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
PAQ.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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{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
PCp.3 input/Output [ Input/output common 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-hit 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-bit 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 output latch for
branch
PGp3 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 Output port Hg to H3 (Segment driver output)
Capable of 4-bit output and single-bit set/reset
Capable of 4-bit input of cutput latch contents and single-bit decision of output latch for
branch
Plp, 1 Output Output port Ig, 11 {Digit driver 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 : '
0OSC1 Input A cerar_ﬁi(: resonator ils“bd'ﬁnéc'ged to this pin and pin OSC2 in the internal_dock' mode.
0SsC2 Cutput Pin for externally connecting a resonance circuit for the internal clock mode
VpD Input Power supply pin
Normally connected to 46V
Vss - Connected to OV power supply
TEST Input LSl test pin
Normally connected to Vss(0V)

Absolute Maximum Ratings/T, = 25°C, Vgg = 0V unit
Maximum Supply Voltage VbD —03t0+7.0 v
Input Voltage VIN Input pins other than QOSC1 —0.3 to Vpp+0.3(Notei) \'
Output Voltage VouT(1) PortsC,DOSC2 -0.3 to Vpp+0.3 v

: VouT{2) PortsE,F,G, H,I VpD—45 to Vpp+0.3 v

Peak Output Current 10(1) Ports C, D: Each pin —2.0t0 +2.0 mA
. l0(2) Ports E, F, I: Each pin —151t00 mA

l0(3) Ports G, H: Each pin —10to 0 mA

l0{4) All pins of ports C to | —80to +16 mA

Allowable Power Dissipation Pgmax{1) Tz=—30to +70°C{Flat package) 350 mw
Pg max{2} Ta=—30to +70°C (DIP) 600 mw

Operating Temperature Topr =30 to +70 °c
Storage Temperature Tstg —bbto +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 on the board, do not dip it in solder.
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Allowable Operating Conditions/T, = —30 to +70°C, Vpp = 5Vt10%, Vgg = 0V min  typ max
Operating Supply Voltage VDD{1) 4.5 5.0 5.5
Power-down Supgply Voltage Vpp(2) HOLD mode: HOLD = VL (3) 1.8 5.5
“’H""-Level Input Voltage VIHI(1} Port A 19 VDD
VIH{2) Ports 8,C, D 0.7VDD VDD
VIH(3) INT, RES, HOLD and OSC1 0.8VpD VDD

"*L"-Level Input Voltage ViL(1) PortsB,C, D Vss 0.3Vpp
VIL(2) INT, RES, OSC1 Vgs 0.2VpD
VIL(3) HOLD, TEST: Vpp=1.8 to 5.6V Vssg 0.2Vpp
ViL(4) Port A Vss 0.5

External Capacitance for Ceramic  C1 See Fig. 2.

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

Standby Timing iVDDF Vpp=1.8 to b.6V, See Fig. 1. C

tvDDR Vpp=1.8 to 5.6V, See Fig. 1. 0
HALT instruction NDT
B [ Note ]
Voo (1) ﬁf,"w";’f.’ﬁown No chattering shall be applied to the HOLD
ViK(3) _mode pin and PAp to 3 pins during the HALT
\ / instruction execution cycle.
Voo(2)
VIL@B) - =~ Ko m - - — - —— -
OV == mmmm o oo o — - =

Fig. 1 Standby mode timing
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Electrical Characteristics/T, = —30 to +70°C, Vpp = 5.0V£10%, Vgg = OV min typ max unit
“H""-Level Input Current lH Each input pin: ViN=VDD 1.0 A
“L*'-Level Input Current L Each input pin: VIN=Vss -1.0 HA
“*H""-Level Qutput Voltage VOH(1) Ports G, D: IopH=—1mA Vpp-2.0 A

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

VOH{3) PortsE,F,I: loqy=—10mA Vpp—-1.8 \Y
VoH(4) PortsE, F,1: IgH=—2mA Vpp-1.0 v
VOH(5) PortsE, F, I: lgy=—1mA Vpp-0.5 v
(Each port IgH=Less than —1mA)
VoH(s) Ports G, H: IgH=—2mA Vpp—-1.0 v
VOH(7) Ports G, H: IgH=—1mA Vpp—0.5 v
(Each port |gH=Less than —1mA}
VoH(8) OSC2: lgH=—100pA Vpp—0.5 A
“L""-Level Qutput Voltage VoL(1) PortsC, D:lgL=1mA 04 v
VoL(zy 0SC2: lp|=100uA 04 v
Output OFF Leak Current IoFF(1) Ports C, D: VouT=VDD, HOLD mode 1.0 HA
lOFF(2) PortsC, D: VpuT=Vss, -1.0 HA
. HOLD mode ‘
loFF{3) PortsE, F,G,H,|:Vout=VDD 30 LA
IoFF{4) PortsE,F, G, H,I: -30 LA
VouT=VDpD—40V
Clock OSC Frequency for fcrosc  OSCcircuit in Fig. 2: 392 Note2 408 kHz
Ceramic Resonator OSC Recommended conditions for 784 Note 2 816 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 20 mA
Operating mode =3MHz 27 40 mA
Recommended conditions for ceramic
resonator OSC, output pin open, input
pin VIN=VSS
IDD(2) HALT mode: Vpp=5Vt10%, 10 MA
Test circuit in Fig. 3
IDD(3) HOLD mode: Vpp=1.8to 5.5V, 10 BA
Test circuit in Fig. 4
Input Capacitance CiN Each input pin: Measure at f=1MHz, 5 pF
Pins not being measured:Vgg
Output Capacitance CouTt Ports E, F, G, H, I: Measure at f=1MHz 10 pF
Pins not being measured:Vgg
Input/Qutput Capacitance Cio Ports C, D: Measure at f=1MHz, 10 pF

Pins not being measured: Vgg
Hysteresis Voltage VH INT, RES, HOLD 0.1VpD "V
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Center frequency Ceramic resonator C1 (pF} I C2 (pF) 05C1 0502 CF: Ceramic resonator
. CSA3.00MG {Murata) 33£10% {Note 3) lﬁsagg%‘mﬁ LM“““’, '
? A yocera
KBR3.OMS (Kyocera) 22410% VY CSB1000K, D {Murata)
1MHz CSB1000K, D (Muratal 180110% KBR1000H({Kyocera}
KBR1000H {Kyocera) 180510% o1 '—|ﬂ|—' 2 ESB?RBBOSOK' l(:‘ (Murat?)
+ 4L o L H {Kyosera
BOOKHz CSB800K, D {(Murata} 180X10% I I CSB400P (Murata)
KBR800H {Kyocera) 180£10% "KBR400B {Kyosera)
+
400KHzZ CSB400P (Murata) 330X10%
KBR400B (Kyocera) 330+10%

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) When using the piggyback m|crocomputer evaluation chip for evaluation, connect a feedback resistor (approxi-
mately 1Mohmj.

L I3 r‘_T.—T;T

™ |

05¢2 03t 052 OSC1
PAQ PEQ|— W ¢ —PAD 3
PA1 PE1 |— —Pai PE]._
PAZ PE2|— —{Paz PE2 ferm
Vi paa PEI— —Paa  PE3|—
Pri g e
— -4PBI  PFI|—
gg(‘) PF2f— —PB2 PF2|—
PB2  hool— i —jpes PRSI
i) PB3  po;|— | Release Refease | —poo PG — | Rejease
ggo PG2 [— —Pcz  PG2—
! Poa— —PC3  PO3[—
PC2  ppof— —PDO  PHO—
PC3  pyI[— —PD1 PH1—
PDC  pp— —jpD2  PH2[—
PD1 PH3— —|PD3  PH3—
PDZ  pig — PID |—
PD3 pn— 7 P/
THT NT
HOLD T
HE=" TEST & HOLD Tes
Voo  Vss Voo Vss
o2} loo (23]
Yoo Voo
Input/output common ports C, D; Qutput inhibit
HALT instruction Is executed to provide HALT mode,
Fig. 3 IpD(2) test circuit Fig. 4 1pD(3) test circuit

p— Operation start
I
By
RES
————— ViH3) : (0.8Vop=4V at Voo=15V)

Voo

= =~ ViLz=(0.2¥o0=09Y at Vop=4.5V)

oV
1050

VoD
Voo R TVDD: Power supply rise time constant
Loes124| FES TRES: RES pin rise time constant
C
65134 5 Fix C, R so that TVDDSTRES, t0SC210msec, is obtamed
Vss tOSC: OSC stabilized time ‘

Fig. 5 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",
L C6505.COM’”’ are used, and on MS-DOS, the ""LC6512.COM’", *’'LC6513.COM"* are used.

1-2. Hardware support
(1) Evaluation chip
Evaluation chip LC6697 is used. Level converters, drivers are connected to high-voltage ports (PEg to 3, PFg
to 3, PGp to 3, PHg to 3, Plp, 1) externally.

{A dedicated adaptor is available,)
Evaluation chip

LC6597

PAQ~3
PBO~3 <::l General-purpose input

External memory Tor program

PEO~3 N
s 1]
EPROM p. 2gg~g N 2 > FLT driver output
or PHO~3 e
RAM K1  pig

Fig. 1-1 Basic evaluation system using evaluation chip

{2) Simulation chip
Piggyback LC65PG12/13 and adaptor (EVA-97-12D/13D) for the LCB612A, 6513A are used jointly.

LCE5PG12/13

=i

EVA-87-120/13D
A driver shown in Fig. 1-3 is contained.

ﬁ% Conversion board TB42S

Y
To user’s application aguipment

Fig. 1-2 How to use piggyback
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{3} Evaluation kit .
The EVA-410 and EVA-TBZ 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 LC68512A, 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
% * Piggyhack

& Driver
-V'PP inpl}\

s Power supply for adaptor-

=
2

N 41 Conversion board TB42S

. contained driver {L.B1294) iy
-Vpp for FLT is applied. M
No external driver is required for User's application board
mass-produced microcomputers, | v {42-pin IC pin)
Fig. 1-3 Adaptor (EVA-87-12D/13D) for LC6512A, 6513A
CN3 . CNZ2 NFP-B0A-0112 CNi
Conversion board Connector for  [Yamaichi Electric-made) Surface 42-pin socket
42-pin IC pin cable connection (Yamaichi Electric-made)
===y m = 12| 3 r---9
: a1 ¢ :vl ! 11 13 |_"“ 1
42 - 9 14 ! '
: o [ 1 Rl P ! 4]2 i
I Hb T 1 oy
! ' : 1 68110 | 2bad! |
B i
| L}
Loa Vol 5. 6K !
oy T o3
1 5 y 8 ©4
N - o5 |
[P - oLl log |
: : ) ) ] 1
) |
oo —Wer
N ' 1260 39KR i X
oy UDET o7
C o DTN ) 'S !
(ST HETID v !
oo T o2 ] Yr:}? \
| ol2 ] 23 o1z |
' 13 25 o)z |
14_| 1 27 ! Lol4d 1
1 T
T T e A
1 ' 1 ' o ' !
) ' ! . 9 : :
)
|22 ' {_12 ) 16 1 roay
| o368 4 : TN 15 2 :—--36 .
e 15| 14 3 . 1
T T 13l o1 [4 :_"_gj :
1 o2y 2 : 2 ‘o33
X 1 o221 il & 32
! N ' , HIE : I
]
] : 1 : ? B 1 :
| o3y 1 24 1 16 1 'v3| ,
T : (DL 15 ? 1030
1o ] H T 12 3 ' oz
INETIH TN 12| €2 [a T om !
N o3 ! 1z 5 H oy '
T T 1 5 ' oo !
] 1 , ! !
! | 1 ' 9 | |
Dol A L b
. . ! 025 !
e T 16 2 1924 l
(T [N 14 k] o5 |
! °_‘—"'—"°—,5 ; O T 13] 163 [a alp !
| o o 1 2 17 |
grars! o2 1 § o1
1 I 1 ' RIRE I I
1 1 \ ' 1 1
' 5! ' @i : !
Rerm——ca o
| ol o2t 038 |
1 aio : 138 : : o 20 1
] ' '
| o2y | o2 o2 1 IC1~3 (16pin)
1o * o v I' 2 : LB12%4 10 pin: NC
Lo e i “;IO , 1c4 (14pin)
Loo-d [ T4 1 LAG339
Fig. 1-4 EVA-97-12D/13D
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Appendix 2. Internal Architecture of LC6512A, 6513A

The LCB512A, 6513A are identical with the LCB502C, 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 LCB514B, For details, refer to *‘LC6500 SERIES USER’'S MANUAL"; and for the standby function,
refer to Appendix 4 “Standby Function’,

2-1.

2-2,

2-4.

2:5.

2-6.

2-7.

2-8.

29.

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 LC65613A.

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.

. 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. '

DP

This is a register organized with 4-bit DPL and 3-bit, 2-bit DPH for the LC6612A, 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 internal pseudo port O.

RAM

This is a static RAM used to store data. For the LCB512A, 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.

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

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 (Z2).

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,

Timer

" This consists of a 4-bit fixed prescaler and a 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.

2-11. 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, qut A is of low-threshold input type.
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{1) Ports Apto 3, Bgto 3

SB-—Input inhibit at HOLD mode

Ports A, B Internal bus

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

{2} PortsCgto3,Dgto3

DSE-—Input, cutput inhibit at HOLD mode
Output: High impedance

Ports C, D O— ’_D_——— Intarnal bus

— QL
SB

Output
inhibit

DSB-----Qutput control (Control register}

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

(3) Ports Egto 3, Fgto 3, Gpto 3, Hpto 3, g to 1 (High-voltage ports)

DSB=0utput inhibit at HOLD mode (Output transistor OFF}
Voo

P }_‘(:t_.\ QL Internal bus

Ports E to | '

Functions » 4-bit {2-bit for port 1) output {OP instruction)

e 4-bit (2-bit for port |} input of output latch contents (IP instruction)

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

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

e Ports £, F,I: FLT digits drive

s Ports G, H: FLT segments drive



LCE512A, 6613A

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:
e PC Address 000H

+ Control register 0000 — Interrupt disable, Ports C, D: Qutput inhibit
s Status register Timer, external interrupt flag — Reset
e QOutput 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.

Voo —

Vi High-level input

i }» Low-level input

Fig. 3-1

3-2. FLT driver output
Ports Eg to 3, Fp to a, fp to 1 {10 pins) are for high-current digits driver output; and ports Gg to 3, Hg to 3 (8
pins) are for intermediatecurrent segments driver outputs, Of course, digits driver outputs can be used as segments
driver outputs. Fig. 3-2 shows a sample application.

Key scan

Ports €, F, | Y {}Digits .
—%— -Vpp

Ports G, H } j p| FL.T )
AN
-Vpp  Sagments

LCB512A, 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 flowing in an FLT used and the V-I
characteristic of the output port of the LC6512A, 65613A,
{b} Estimate voltage drop (Vgw) in the switch circuit.

{c) Check to see that Vg + Vg meets the V1/V||_ requirement of the input port in Fig. 3-1.

tow, ton (External circuit delay time)

] Switch circuit

-lnput
Vo 'port
"D \ Current

Output transnstor : Output port p|_-r

Fig. 3-3 Sample key scan applicationl

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

N . N
Y op_X [ Xcoz o ) W Xj[X op Y [ Yoz o iNor X 1P )

Input port waveform This Anv other instruction o r Anv other instruction may be used.
instruction may be used. This instruction must be used.
must be used. 7 ViH(1)

Vi
oV T‘ {4) ;
. /
Ay 1
N\ f
~ i
\\ '
A} !
AN Output port f
N waveform s
Voo—40V L,
@ oL © tov &
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|| (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 defivered 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 length of tpL, tpH)
tpL, 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 including the system clock generator are stopped at the standby mode. (For other
models L.C6502/05 of the LCG500 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, }/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 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 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

+ 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 J

e Timer....... State where all bits are set to 1" (max. time).
+ 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 |

¢ 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 A3 remain unaffected.
The state in the HOLD 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.

¢ |nputports A, B: Input inhibit

s Input/output port C, D: Input inhibit, output high impedance

e Qutput ports Eto I: QOutput Pch transistor OFF

» INT, RES pins: Input inhibit

For the output fatch of the output port, the contents immediately before setting the HOLD mode are heid.
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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

| |

AARVAVAVA {— AN\ NNN\NNNS

supply \ \
@ @

HALT
tr X OO -1 == = XXX
@ Power-down Instruction
HOLD mode

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 TNT 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.

o 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 = QEH, 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 —

» 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"|evel,

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 Input prohlbltad Output High Impedance

1/0 X P g e e

Mode  Functioning | HALT mode HOLD mode
I

Fig. 4-2 Mode change from HALT mode to HOLD mode
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4-5. HOLD mode release

Retease 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, 1/0 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
RES
{Note)
System clock

{Ceramic resonator mode)

VT

[

: Unstable
) oscillation

1
1
1
1
1
1
]
_.—.I..-.-.

l__ Reset Operation start after initial __
{10msec or more)  reset

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.

4.8, 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, TNT, 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 faifure backup.

v+
REG | —pl
100V \__’rl D1 Rt
AC % 50
Power ci L
Supply ~1F D4 :T: l;;o Voo
k
R6 @ RES
10k 1 C3 LC6512A/13A
LAY
‘Lﬁ
R4

AAR . p

T g osce
R2 p3 56k RS =

220K 12k

R3 I—- 0SC1

D2 220k

X
|
|

_L Vss
I_ g?my _ TJ7

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 )Y Reset Normal mode Reset X Normal mode

4o

(1) Initisl application of power (2 Instantaneous break-(2) (@) Instantaneous breek-{3)

Z==cnp [ ——— r"'""':{(‘.:..-___"-‘.'. HOLD
Yoo

—
’-T-,R—E'S'

|\-_ I

[AJ - I
HALT |
I.T instruction HOLD mode t :
Normal mads Y} ~rrs Reset Y Normal mode

-
@ Return from backup voltage

4-7-3. Operation of sample application ¢ircuit
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)
(2)

(3)

At the time of very short instantaneous break

The execution of the program continues.

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

@ 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, R§, 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 V|
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 releas-
ed the ceramic resonator OSC oscillates normally and the RES input voltage exceeds ViH and the program
starts running.
How to fix R4, RS L
Fix Tr bias constants R4, Rb so that when V+ rises after instantaneous break the RES input voltage gets
lower than V[ (brought to '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 mode is released from the backup mode
the HOLD input voltage does not exceed VOH {not brought to “’H'’ level} until the RES input voltage gets
lower than V| (broughtto ‘L'’ level).
Fix C3, R7 and C2, R3 so that the time interval from the moment the HOLD input voltage exceeds V|4 until
the moment the RES input voltage exceeds V|H 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} 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.)
H.ALT ‘The HOLD mode is entered.
'
AAA:

8 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.

W 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 affiliates,
subsidiaries and distributors and all their officers and employees, jointly and severally, against any
and all claims and litigation and all damages, cost and expenses associated with such use:

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

W Information (including circuit diagrams and circuit parameters) herein is for example only; it is not guarant-
eed for volume production. SANYO 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.
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Appendix LCG500 Series Instruction Set (by Function)
Symbols Mesaning M: Memory (), [ ]:Contents
AC: Accumulator MIDP): Memory addressed by DP - Tranlsfer and direction
ACt: Accumulator bit t PIDPL): 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 TM™: Timer : .
E: E register TME:  Timer linternal) interrupt request flag Exclusive OR
EXTF: Externalinterrupt request flag  At, Ha, La: Working register
Fn: Flag bit n ZF: Zero flag
c
2 Instruction code Status
3 Maemonic § £ Function Description flag Remar ks
z D7DgDs04 (03001 D6 |® | S affected
o | CLA Clear AL 1P 00|00 O0QC0Q|Y]|V]|AC—=0O The AC contents are cleared. ZF - |
H
'E cLe Ciear CF 1110fcoo 1 [1]r]eFe-o The CF is reset, CF
HE Set CF V111|000 1|11 |CF— The CF s set. CF
& |cma Complement AC 1110y o[ |ac—TAEG ghe AL ontents are carslemented (zero. [ ¢
'3 INC Ingrement AC COCO |1 1 101 ]| |AC—(AC+I The AC contents are incremented +1. ZF CF
5 DEC Decrament AC OO0 001 1 1 1 |1 |1 ][AC—(AC) —1 The AC contants are decremented —1. ZF CF
-] Rotate AC lelt ACo+{CF). ACa+1%= | The AL contents are shifted left through
3 |RAL thiough CF COO0O01000 TV e, ok iacy the CF. ZF CF
E
g TAE Transier AC 10 E Q0001001 Y |11 |E-—{AD) The AC contents are transferred to the E,
<IxaE Exchange AC witn E [0 0 0 0 |1 1 0 v |1 |1 |asy=iE) I;'gm&,%,g?me”" and the £ contents are
5 [ INM Ingrgment M DOV O |1 1 1 0|1 |1 ]MDP —[MDP) I+ | The MIDPI contents ars incremented +1. ZF CF
i DEM Decrement M QO 1 O[T 1 1 1|11 IMDP =[MDPI]=1 | Tha M{DP) contents are decrameantad — 1. ZF CF
€ single bit of tha M(DP} lied b
B2l sMBbit [Set M data bt D0OOCI|1 0BBo|1 |1 |MDP. BB = Brdaar Of the specilied by
=2
=9
3| " -
ﬁg RMB bit |Resel M cate bit |0 0 1 0|1 0 B1Bol1 |1 |MIDP.B1Bo) =0 BBy e, OF the MIOF) specitiea by | 75
The AC contants and the MIDP] contents
AD Add M to AC 011 0(0000]71 |1 |AC—IAC)+[MIDP)] _afﬂhbir:éveddod and the result is placed | ZF CF
inthe .
AC = AC) + [M{DP)]) | The AC, CF. M{DP) contents are birar
ADC Add M to ACwithCF (D D1 0|0 O O O (1)1 IeFy g it th rosalt Is Saced I 1he AL Y- | ZF CF
Decimal adjust AC .
DAA 1110|011 0|1 |1 [ACHAC+S € is added 1o the AC contents, ZF
n addition
DAS Decimal 3dust AC 1y 1 101 0t o |1 |1 [ac—iag+10 10 is added to the AC sontents. ZF
§ Tha AC contents and tne MIDP) cantents
& | EXL Exciusive or M 10AC[1 1 1 1 J0 1 0 1 [1]1|AC—(ACI v (MDP) ara axelushe-ORed and the rasult is placed | ZF
=) in
g . The AC contents and the M{DP} contents
‘e | AND And M to AC 11 10|01 v |1 |AC AT A(M(DP)) Ku ANDeg and the result is placed in the | ZF
2
3 Tha AC contents and the M{DP) contents
£{OR ar M 1o AC 11100101 1|1 {aC—{ACIV(MDPI] a1 OFied ana tha result is plocad in the ZF
8 .
s The AC contents and the MIDP)_cont
2 ™ Compare AC with M{1 1 1 1 |10 1 1 1111 [M(DP} ]+ (Al]+1 lrucumpu‘edansdathecs andZFcloll'-;es::? ZF CF
resal,
CE; Comparison rasult CF ZF
(MDP)>(ac) | O 0
(MIDP)]) =(AC) 1 1
{MiDP)) <(AL) 1 0
Cl data | Compare AC with OO0 1 0|1t 1Y 002211312111 +{ACH+ Tne AC contents and immediate data | ZF CF
immadiate data 0100 1alalyig ;?;2,{,}}90;‘,'5 compared ana the ZF and CF
Comparison result CF ZF
falzlytg>(AC] © 0
13191y 1g =(ACI} 1 [
iyl 1y lg<IAC)| 1 0
Compare DPL with 001V O|1Y 1 00|22 |tOP Wizt The DPL contents and immediate deta
CLI cata| F o s 0101 1312000 L v 1321110 re compared. zZF
L data :-no-n:sa:;:v;:u 10O fralahalo |11 [AC=1I3iz1110 rediste cow HZII0 s ioaced inthe | 7¢ *1
s Srore AC to M Q000|001 0 1|1 |MDP—{AL) The AC contents are stored in the M{DP).
L Load AC irom M 001 0[00 01 1|1 |AC—=[MDPH) The M{DP} contents are ioaded in tha AC, | ZF
The ZF is sat/
XM data | Exchange AC wih M.|1 0 1 0 |0 MaMiMg|1 |2 (AC)= [M{DP)) The AC contents gad the MIDP) aortents resat accordin
: then mod iy DP DPu—1DP ¥ g ot Thee Do P SR (26 | e
g with immediate data - OMzM Mg MOMZM1Mo. ~5’1 H(;.VOMZ
g X Exchange AC with M |1 0 1 0 ]0 0 0 0 |1 |2 {(ACH = (MiDPI) The AC contents and the MIDP) contents f;::za%}’é’.'r(g
v ‘ zZF contanty 4t the
-] time n([mslruc
] tion axgculion.
| x0 Exchange AC with MY 1 1 1 |1 1 1 O |12 [(tAQ) = (MiDP} The AC contents and tha M{DP} contants o tZF is
E then increment DP DPL =—(DP )+ ::: i:ﬁm’&j "l"‘twn. the OFL contents | ZF [Bss":'f::ol:":?
X0 Exchange AC with M1 1 1 1 [1 1 7 1 [1 ]2 [tAC = (MIDP1) ;:egghgmfi;ggnlf;eu“g? ntents (4 The ZF is squf
1hen decrement DP, OPL = DPLI— are decremented —1 Egﬁu rewh'm
RTBL Read table data teom|C 1 1 0 [0 O 1 1 |1 |2 [AC E~=ROM Il;'eo;orlg&n:rg;?hgtadamlb&amﬂﬁ :
r
program ROM {PCh E. AC) Kw E;réd AC conm!-i‘s :rreu l:g;ad lnwtll’lle
an: .
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.§ Instruction code ) Status
5 Mnemonic g_ v Eunction Description flag Aemarks
E 07 Dg D5 Dg (D302 01 Do o atfected
£l LDZ data|Load DPwwith Zeroand|t O 0 O |lalz lhia |1 | |DPH =D The DPH and DP| are losded with O and
2 DPL with \/mmediate DPLsigl21s1p immediate data :3121110 respactively,
g
2 data respeciively
E LHI gata|Lecad DPH wilh 0100 [lalalvip |1 | |DPu=—t8alzlnlp The DPH is lkaded with immediste data
2 immadiate data 13121110
El
5 IND Increment OP, 111 0|1y v 0 |1 |1 |DPL—{DPLI+1T The DPL contents are incramanted +1, ZF
c
g [ DED Decrement OP, e oty [y [ere—toPu—1 The DP|, contants are decrermentsd — 1. [33
5
_E. TAL Transter AC to DPL T 1 et 1]t [ppL —1AQ) BE‘?_.AC contants are transferrad to the
g TLA Transter DPLto A€ [1 11 0100 1 |11 [ac—(oPy) JShe DPL contents are wransterred to the | 7p
8 [xan Exchange ACwin DPw |0 0 1 0 |0 0 1 1 |1 [ |1AC)S(DPu) artaiFaSonjents and the DPH contants
g XAL Exchange AC with Tl'wk AC comenlsA%nd t?e contents of
g ! ! .
| xA0  |working regster Ar |1 1 1 0 o |1 [t [rac) a0 a5 AN L
2| xal v 1 1o o |1 |y [iac =an
%_5 XA2 1110 0 |1 | |tACH Z1AZ)
lg XA3 111 Q 0 (1 [ |(AC) = (AT
é XHa Exchange DPa with The OPH contents and the contents of
s XHO working register Ha 111 1 0o 1|t |iorm =iHo ;:r:;r;gal;‘?ew:’(.ef HO or H1 specified by a
E XH1 11 O [1 [ |iDPH S{H)
E- XLa Exghanga DP_ with The DPL contents and the contents of
S | XLO  |workng regster Lo |11 1 o [1 |1 |oPui=iLo) R ouister L0 or L1 specified by 3
E3 el 111 O [V Y ((DPLY (LT
u SFB flag| Set tlag bt O 1 01 (BaB2B1Ba 1 [} |Fn=—1 A flag specified by B382B183 is set.
2
E The L
£ |RFB f1ag| Reset flag bt 000 ! [BiB2B1Baf1 {1 {En 0 A flag spacitied by BIBZB1BO is reset. ZF dividoainty 4
£ groups of FO
c to Fg. Fa o
& F7 FBto F11
5 F1210F15,
2 The ZF is set/
g reset according
ta the 4 bits
g including a
E single Dl! speci-
3 fiad by im.
mediate data
D3B281B0.
JMP addr [ Jump 1n the current [0 1 Y O |1 PoPgPa (2 |2 [ PC~PCHiRIZPEN) n acdress specified by the
bank PrPgPgPa|PyP2PiPo P1yPgPaP7PaPs o.,‘?é.,r, 171 and immediste dsth P10
PaP3IP2P1 Pg
JPEA Jump mn the curreni[* 1 1 1 |1 0 1 O |1 |Y|PCr~0 +{E. AC] A jump lfo R"Sg""ﬁ.” s;l:eciliug b l;_ha
centents of the PC whose low-order 8 bit
" page modifres by E are replaced with the E and AL contents
5 and AC oecurs,
31 C2P addr  Call subroutine nthe 1 O 1 1 [PaPzP1Py |1 [1 [ sTACK ~(PCI+1 A subroutine in page 0 of bank 0 is called.
E 1ero page PCii~5.PC1 ~0 +0
2 PCs~2+P3P2P1 Py
§ CAL addr | Call subroutire inthe |1 0 1 O |1 PwgPoPa |2 [2 | STACK —(PCI+2 A subtoutine in Bank 0 is called,
'g zero bank P7PsP5sPa |P3P2P1 Po PCil--g ~ QOPwPaPaP7
g PsPsP4aP3P2P1Pp
3 T
= |RT Return lkorm subrowtire [0 0 1 Q0 |0 O 1 O }1 |1 |PC—{STACK) A return from a subroutine occurs.
RTI Return lrom wnterrupt |0 0 1 O (D O 1 O 1 |1 [PC—[STACK) A return from an interrupt servicing | 2F CF
routing CF 7f «CSF.ZSF routing oCours,
BAL addr | Branch on AC bil 01 1 110 0 tytg|2|2|PCr-0— P7PePaPa| 17 a single bit of the AC specitied by im. g'zsmunai;ias
. mediate Cata 1110 i3 1. a branch 1 to
P1PsPsPa|PaP2PI PO P3PPI PO | e e e e A7 according 1o
i ACL=1 to P within the current page occurs, the value of t.
BNAL addr| Branch on no AC bit [0 0 1 1 |0 QOtatg|2 (2 |PC7wo=—PrPePsPa | it 3 smgl;abut of the Aé: specified by im. m;naolgic i
P1PgPsPa|FIP2P1Po PaPzP1Pp ;‘,}ﬁ,,‘:;f,p,c‘ﬁ‘e‘d".?v ',s,-nm,%,:(:réﬂa l|:n°7- a BNAJ accord-
d ACL=D Pp within the currant page oecurs, mfn 1o 1ha valug
of t.
BMt addr | Branch on M bir 011 1|0 1t tg|2|2|PCr~0—PrPsPsPa| if :\:éngle g;( of the Mgop; specified by 'é”ﬁf)'?mgﬁ,":‘q
. t h o
P PePaPalPaP2p: Po P3P P1 PO | e e L someconte o 7 oo according 19
i (M(DP. hte ) =1 PQ within the currant page occurs. the valus of 1.
g
% BNMIt a0drl Bramch on no M bt (D C 1 1 [0 1trtp|2|2|PCr~0—PI1PsPsPs |t aesé"ule git of the M((JDP} specitied by lm:dnaonic is
mmediste dala Ly branch ©
é P1PsPsPa| P3Pz Py Po FaP2PiPo ;udres; specitied 3 llsmm:dm(aencdm;o g; BNM3 accord-
< if [M{DP.t 1t ) =0 | to Pl within the current page occurs. g;glto 1hs value
'§ ]
2 8Pt ador | Branch on Pout bit 01 1 111 Otvtg|2|2|PC7~0—PIPsP5Ps | Ifa sigole lﬁ; of port P(Ii'JPLJhspacgmd by Mnemonic is
im to data titQ i nch t
P2 Ps Py Pa|PIP2PI Pg PIPIPIPO | adaren specied by imrnadine sats By Jpart N
it (PIDPL tatgl 1=1 10 P( within the current page cocurs, he value of 1,
BNP1 addr| Branch on no P 111 PC? .0~ P1P§PsP 11 a single bit of port PIDPL) specitied by Mnemanic is
ot bit g 0 Ofrto 212 C7~0—PIPsPs P4 lmrne;‘lnvgla u'ntn t110 is O, a branch to an BNPD 10 BNP3
1P Py Pa| P3Pz P1 Pp P3P2P1Po | address specified by immediate data F7 according 1o
" [P(DPL‘ tite J=0 10 PO within the current page occurs. the value of t.
BTM addr| Branch on 1imer 01T 1 V|t 1 Q0 [2{2|PCr-o—P7PgPsPa | If ""chTle is t, a.dvnncréato n; uddrf’ss TMF
specifi y immediate cata P7 to Pg
PrPsPsPa|PaP2P1Po P3P2P1Po | Lithin the current page occurs. The TMF
il TMEF=1 isreset.
then TMF =0
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cyche is consumed,

§ Instruction code " Smtus
3 Mnemonic € S Function Description 1iag Remarks
f D7 D5 Ds Dy (D307 D1 Do {7 | © aftected
BNTM addr| Branch on no timer 00111 10012]|2(PCrep—P1PsPsPas | 1t Ih’u;M: i3 Q. aedbrhnch 1o an addrgss TMF
specili vy immediate data P¥ to PO
P1PaPsPa|PaPzP1Py PIP2P1 PO within the current page occurs. The TMF
it TMF=0 is reser,
then TMF —=0Q
Bl sddr | Branch on intedrupt 011 1|1 10 (2]2]|PCr~g=—PiPgPsPs [ If the. EXEF 1w pmnc:.lo an adoress EXTF
P1PaPs Pa [P3P2P1 Po Papz PPy | iecies Py, imisdiig cem 77 o f9
i EXTF =1 EXTF is reset.
then EXTF =0
BNI addr [ Branch on no nterrupt [0 0 1 1 11 1 0 1 |2 |2 |PCi~o+~— P1PsPsPq | I !'!?_Q%KLF is %PB"‘:‘;"W an ﬂ?d’f,g EXTF
speci im (]
P1PaPsPa [PIP2PI Py P3P2P1 PO | wihin ihe cutremt bagé oteurs, - Tha
1 EXTF=0 EXTF is reset,
then EXTF «—0
o [BC addr | Branch on CF 01 11 |1 1 v 1 |2]|2iPCr~0c~—PrPePsPa | gt :r;e&ngi; 1, ag_anchdam a audr?;
& i mmedint s P7 t
g P1PeFPsPa|PaP2Py Py ( cF :‘3P1P'PD m\'inlme ctrr‘enlna;;:;ctur: e Fo
=1 i CF =
%
E BNC addr | Branch on no CF 001 UL |1 13y 1 [2)2({PCr~o~PrPsP5Pa [t t[\'gengis 0, r:egu‘nechd;o e.;\_’ndor%s
specili im ta 1
g P:PsPsPu|PaP2P Po PaP2PIPo | e Current nage ovours. ° o
& it CF =0
BZ adar |Branch on ZF 01 1 (1 10|22 [PCr~0~P7PsPsPa | 1t the ZF is 1. 2 brancn {0 an eddrans
$pac mmediate ta P7 to
P71PaP5Ps|P3P2P1Po P3PzP1FPo wirhlin the c:nrr‘ontpn;;n DCCurs, o
it ZF =1
BNZ addr | Branch on no ZF 001 (1 1 1042]|2(PCr~o+PrPsPsPa | It 1ne ZF is . @ branch 1o an address
P3PsPsPa P3PPI Po PIP2P1 PO | i he urtant noye vovurs | (0 0
i ZF =0
BFn addr | Branch on lag oit L 1 |n3nznyn PCy- P7PgPsP It a tag bit of the 16 flags specilied b Mnemonic i
x Prp 0 anzming(2 42 Cr~0P1PsP5Pe irnmediagle Id-atnn q2n1no_°issf.n_l Ibfanc: BFO 13"551'%
TPgPsPa|PIP2P1PO P1P2P1P0 | 10 an sddress specitiad by immediate data nceording (o
" Fm=1 P7 to PO within the currant pagk occurs, tha valus ol n.
BNFn addi| Branch on ng fI 1001 |nynanyn PCr~0+~—PrPsP I* a hag bit of the 16 1l ecilied b Mnamaonic is
b ™ anzmina(2 12 | PCI~0 7PsPsPa immaaigre dta n3n2n1nl;°?s 58 al ll:ranclY\ BNFOD 10 BNF
" P:PEPsPa |PaIP2P1Po PaP2P1Po | 10an address specified Dy immediate data 15 according
4 Fn=0 P7 10 P within the currant page occurs. :\o the value of
e Input port ¢ AC o001t 10011 |1 |ac—IrioP) Iuh?hiox{t:en“ of port PIDPLI are inputted | 7
e .
% op Outpul AC 10 port 1100001 |1]1][PDPY—(AC) ;FD.P:_\?: contents are outputted 10 port
=l i
§(SPB b [Ser port bt 0000 1Bi1Ba}t|2[PiDP.. BiIBOI=1 immediate data B180-spacified one bit in BNED 10 BNF
- 15 according
2 10 the value ol
; n,
2 —
= | APB bit | Reset pory bu 0010 ) 1 PIDP¢. - Immediste data B)BQ-specified one bit in | ZF When thiy in-
é port bu 0 B1Bo 2 (OP«. B1Bo) 0 pont PCHI,DIgLI lsaresm.os o " :‘;:;::%,I:h!
= E register
contents are
destroyed.
SCTL bit| Set control register DGt O |11 00|22 |CTL—CTLYY Immediate data B38281Bg-specified bits
bittS) 1000 |B182818g B3B2 B! Bo In the control register are set.
. RCTL bt | Reset control tegister [0 O 1 O |1 1 G O |2 |2 [CTL+—(CTL) A Immediate dats B38281Bp specitied bits | ZF
E bii S) 100 |BrB2Br 8o 83876, 80 in the control register are réset,
I
2
E WTTM Wore fimer 1T 1 11 (100 1 {1 |1 |[TM={E1 [AC) The E nnd_.le\&chntunu are loaded in the | TMF
2 TME =0 limer. The is reset.
S |HacT Hal t Ty afor o | [Han
All ppérations stop.
NOP No &peration 0000|0000 |[Y]|1]|No operation No operation is peflormed, but 1 machine

%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 instructions or CLA instructions are changed to the NOP
instructions.
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LC6500 Series Instruction Map

uOI39NIIsUy uo3oNJIsU uol3aniisul
aAgq-z 8joAd-Z ‘81AQ-| 8]2A2-|
1LY 6
5
1LOS 8 |3
I'To s |<€
[4']
10 ¥
ax IX 1HX WO | VAdI | WLLM | OHX | 7Tvl | ITVH| TIX3 | 17X olS | 0TIX K|
gda | anI evX | VWO | sva | V1L | zvx | anNv | vva 4o 1vX 210 | ovx q
ugg a
i V10 o)
dz0 d
VD WX X v
UANG 6 | =
a
Zal g |o
S
od VA:| 19 Wld tdg | wg L | ®
dWT 19LM | LY do av 9
g4s S
IH1 v
ONg | ZNg INg | WLNA 'dNg TANG 'WNd 3
WHa | WNI BTt Wy add HVX LLY 1 oav Z
944 1
0da | ONI AVX dI s gds avi S avy | dON 0
E| q a o) g v 6 8 L 9 G y £ 2 1 0 q
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LC6500 Series Programming Model
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