[ Ordering number: EN25778

CMOS LSt

No.2577B / LC6538D

SINGLE-CHIP 4-BIT MICROCOMPUTER FOR
LARGE-SCALE CONTROL-ORIENTED APPLICATIONS
{with FLT Controlier/ Drivers, Comparator, PWM Output, 8K Byte-ROM)

The LC6538D is a single-chip 4-bit microcomputer placed in a 64-pin package. It contains a high-speed CPU
(minimum cycle time: 0.92us) which is the heart of the LC6538D, an 8K-byte ROM, a 448-word RAM, an
automatic FLT display controller/drivers, a dual 8-bit serial |/O port, an 8-bit timer, an interval timer capable of
delivering 14-bit PWM output signal or 8-bit + 6-bit PWM output signal, a 14-bit time-keeping time base timer
which can be also used as an event counter or watchdog timer, a 4-channel comparator input port, a horizontal
sync detection counter, and provides 8 interrupt sources with 4 vector addresses. The LC6358D has 2 crystal
oscillators (4.19MHz and 32.768kHz) which make it possible to select either clock signal for system clock or
time-keeping as required and also make it possible to use either clock signal to continue time-keeping in the
standby mode. The LCB538D is especially suited for use in VCR, CD, ECR applications. In particular, the
LC6538D is so designed as to facilitate processing of the time-keeping/timer function, voltage/frequency
synthesizer tuner control, remote contro! signal reception, tape counter, etc. on a single chip. Since the FLT
display controller has the static output mode and structure capable of being also used as a general-purpose
output port, the LC6538D is also especially suited for use in VCR, CD system./servo controller applications.

Features
- # 78 instructions

¢ On-chip 8192-byte ROM, 448x4-bit RAM (64x4 bits of the 448xd-bit RAM are used both for data memory
and display, KEY Return Data memory.)

* Minimum instruction cycle time: 0.92us {(4.33MHz, Vpp = 4.5V)

61us (32.768kHz, Vpp = 2.7V}

® Power-down function available when a system clock signal is selected {program-selectable)
s When 4.19MHz clock signal is selected: 0.95us, 1.9us, 30.6us
® When 32.768kHz clock signal is selected: 61us

* \Working register/flag function
® {16 flags + 8 working registers) x 4 banks

® Stack level: 16 levels

® |/0 port: 55 pins in all

¢ |nput-only port 4 pins (common with comparator input)
* Input/output common port 27 pins {high-current port for LED drive: 8 pins)
® Qutput-only port 24 pins (FLT direct drive capability, high-current output for digits: 16 pins})

®* On-chip FLT display controlier
¢ Number of segments; Bto 12 Program-selectable

®* Number of digits: 16108 Program-selectable
®* On-chip automatic KEY Return Data input function
* 4x15-bit

® Timer: 3 channels
® 6-bit prescaler + 8-bit programmable timer
® [nterval timer: Common with PWM DAC, capable of frequency division for melody generation
* Time-keeping time base timer: On-chip 14-stage frequency divider
* PWM DAC output: Common with Timer 1 (Interval Timer}
* B-bit PWM DAC + 8-bit PWM DAC or 14-bit PWM DAC
¢ Serial input/output interface (LSB first)
& B-bit input/output x 2 channels or 16-bit input/output x 1 channel
* Interrupt function: B sources, 4 vector addresses

® External intefrupt 2 lines
* Timer interrupt 3 lines
® Serial 1/0Q interrupt 2 lines
* Digit interrupt 1 line

* On-chip comparator for AFC signal detection7(4 channels)
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LC6538D

* Main clock: 4.19MHz crystal OSC or 4.0MHz ceramic resonator OSC
e Subclock: 32.768kHz crystal OSC

Standby function: 2 modes of HALT and HOLD
Supply voltage: 2.7 to 6.0V
Package: DIP-64S

Evaluation LS): LC6593 {evaluation chip) + EVABQO-TB6593 (evaluation chip board)

LC65PG38D (piggyback)
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LC6538D

Development Support Tools

The follwoing tools are provided to support the program development for the LC6538D microcomputer.

{1} User's Manual
“LCB538D User's Manual” (Issued in February, 1988)

(2) Developement Tool Manual
This contains the basic information on the EVA-B0O. For more detailed information on the LC6538D, refer to

the description of Developement Support Tools in “LC8538D User’'s Manual”,
(3} Development Tools
(D For program development {Note 1)
i. MS-DOS-based host systern and cross-assembler-
ii. Cross assembler ... MS-DOS bhase cross assembler: (LC85S.EXE)
@ For program evaluation

i. Evaluation chip : LC6593
ii. Piggyback microcomputer: LC65PG38D
iii. Emulator . The EVA-800 controller board and evaluaticn chip board, or the EVA-850

emulator and evaluation chip board

Appearance of Development Support System

» Host processer control program
* | C85S.EXE cross assembler

EVA-800 or EPROM

EVA-850 2764, 27128
emulator

Evaluation chip board %

EVABOO-TB6538 -

Piggyback
LC65PG3BD

User's application board

{Note 1) MS-DOS: Trademark of MicroSoft Corporation

(Note 2}  The EVA-B0O, EVA-850 is a genefal term for. emiilatof. A Suffix (A, B, ---)-is added at the érd of EVA-BODe
EVA-850 as the: EVA-800, EVA-850 is improved to be a nawer version.’Do not use the EVA-800, EVA-850
with no suffix added.
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Pin Assighment

/ST E 0 E TS QS8C1, QS8C2 : Crystal or ceramic resonator OSC circuit for main OSC
/ 4 X1, X2 : Crystal OSC circuit for sub-0SC
Ti2/81 E El T15/58 PAY.3 . Input/output common port  Ag_3, +15V breakdown voltage
T 3] [62] vo PBg.3 . Reference voltage variable input-only port  Bg.3
TI0 E E 57 PCo.3 . Input/output ceammon port  Cp.3, +15V breakdown voltage
Tg E E 56 PDg.3 ¢ Input/output common port Dgy_3, +15V breakdown voltage
T8 E E 55 PEQ.2 : Input/output common port EO,'Z’ PE2 only has +15V breakdown
17 E E 54 ] voltage.
PFo.3 . Input/output common port  Fp_3, +15V breakdown voltage
76 [8] 57] 53 PGp.3 ¢ Input/output common port  Gg_a, -+15V breakdown voltage
T5 |9 6] S2 PHp.3 *: Input/output common port  Hgp_3, +15V breakdown voltage
T4 [io [55] s TO-T11 : QOutput port for digit only
T3 m E S0 T12/511-T16/88 : Qutput port for both digit/segment } P-chanmnel high-voltage output
T2 E '5_—3, PH3/HGNT 50-57 . Qutput port for _segment only _
- LT.3: E PH2/S0R Vp . Power supply pin for P-channel high-voltage output port
; . RES : Reset
TO g4 [51) PHI/DACT TEST - Test
voo |15 LC6538D E PHo/DACO . VpD. Vss : Power supply pin
0SC1 IE 23] PO/ INTT VREFO . Comparator O reference voltage input pin
030? E E PG2/SCR1T VREF1 . Comparator 1 reference voltage input pin
vss [18] 7] P61/501 START : g?‘:;:’g”;f"’ p'f‘l_ ‘
sIo . 8-bit/16-bit serial input port
TEST . :
EE._ IE 26] PGo/SII 500 : 8-bit/16-bit serial output port
RES @ 45) PFa/INTQ SCKO : Input/output for serial clock O
x1 [21] [47) PF2/5TKO INTO ¢ Interrupt O request input
x2 [22] [43] PF1/s00 si : B-bit serial input port
PCo @ E PFo/510 S01 . B-bit serial cutput port
poy [2a 1) PEz/START SCK1 : input/output for serial clock 1
INT1 ; Interrupt 1 request input
PCz |25 40| PE1/V e,
PCZ == = PE' e DACO : 6-bit PWM output
3 0/VRzFe DACI : B-bit/14-bit PWM putput
Poo [27] 38) PBy SOR : Burst pulse output
PD1 @ 37] PB2 HCNT : Horizontal sync detection input
PD2 |28 36| PEr
PD3 35 PBo
PAg (3] Pa: _
PA; [33] Pa: Package Dimensions 3071-D64IC
{ unit: mm)
CIP 64§
&4
g=
'
= Jal
’UUUUUUUUUUUUUUUUUUHUUUUUUUUUUUU l
o [}
5 J 57.2 ;q|
g 0 T T °
<] PR
2.95 048 17 SANYO: DIP64s
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Pin Description

PU: Output with pull-up MOS
OD: Open drain output

Pin Name | Pins { 170 Functions Ou_tput Option During
Driver Reset
VoD 1 — | Power supply pin — — -
Vgsg 1 —
TEST 1 I LS! test pin. Must be connected to Vgg. — — —
RES 1 | System reset input — — —
Initial reset at RES=L
asc1 1 b Pin used for main system clock OSC — —_ —
0SC2 1 o For the external clock mode, the OSC2 is
made open and the external clock is applied
to the OSC1.
With feedback resistance
X1 1 | Pin used for sub-clock OSC — — —
X2 1 0 For the external clock mode, the X2 is made
open and the external clock is applied to the
X1.
With feedback resistance, damping resistance
TO to T11 12 C | Output for FLT digit only Pch high Presence or L
Outputs a fixed address in the display RAM at breakdown absence of pull-
the static mode. voltage down resistance
High-current [{in bit units)
type
Ti2/511 4 G | Output for FLT digit/segment Pch high Presence or L
to T15/58 Qutputs a fixed address in the display RAM at breakdown absence of pull-
the static mode. voltage down resistance
High-current [{in bit units)
type
50 to 57 8 O | Output for FLT segment only Pch high Presence or L
Outputs a fixed address in the display RAM at breakdown absence of pull-
the static mode. voltage down resistance
Medium- {in bit units)
current type
Vp 1 Power supply pin for FLT output pull-down — — —
resistance
PAQ to PA3 4 170 | 4-bit and single-bit input/output +15V PU or OD to be H
The input is of low threshold type for key scan breakdown specified in bit
and has the function to automatically fetch the voltage units
key scan data into the RAM. Medium-
current type
PBp to PB3 4 | With 4-channel independint comparator — — Input
Internal/external reference voltage selectable function
4-bit/single-bit input stop
The input function stops at the low-speed
mode {1/32 mode, sub-clock mode).
PCoto PC3 4 170 | 4-bit and single-bit input/output +15V sPUor ODto [H/L {option)
breakdown be specified
voltage in hit units
High-current {+ Cutput at the
type reset mode
PDg to PD3 4 170 | 4-bit and single-bit input/output +15V *PUorODto ([H/L (obtion)
breakdown he specified
voltage in bit units
High-current | ®Qutput at the
type reset mode

Continued on next page.
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Continued from proceding page.

Pin Name | Pins| 1/0 Functions Output Option During
Driver Reset
PEg to PE2 3 1/0 | 3-bit and single-bit input/output PE2 only: PU or OD to be H
PEp/VREFQ Common with external reference|4+15V specified in bit
voltage input of PBq.3 breakdown units
PE1/VReF1 Commeon with external reference | voltage
voltage input of PBg Other pins:
PE2/START Common with HALT mode Normal voltage
control START Medium-
current type
PFp to PF3 4 |70 | 4-bit and single-bit input/output +15v PU or OD to be H
PFo/SI0  Common with serial input SIO hreakdown specified in bit
PF1/800 Common with serial output SO0 | voltage units
PF2/SCKO Common with serial clock Medium-
input/output SCKQ current type
PF3/INTO  Common with INTO interrupt input
PGg to PG3 4 /0 | 4-bit and single-bit input/output +15V PU or OD to be H
PGg/ S Commean with serial input SI1 breakdown specified in bit
PG1/801 Common with serial output SO1 voltage units
PG»/5CK1 Common with serial clock Medium-
input/output SCK1 current type
PG3/INTT Common with INTT interrupt input
PHQ to PH3 4 170 | 4-bit and single-bit input/output +16V PU or OD to be H
PHp/DACO Common with 6-bit PWM D/A | breakdown specified in bit
output voltage units
PH1/DACT Common with 8/14-bit PWM Medium-
D/A ocutput current type
PH2/SQR Common with burst pulse output
PH3/HCNT Common with horizontal sync
detection input
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User Options

1) Option of ports C, D Output Level at the Reset Mode,
For input/output common ports C, D, either of the following two output levels may be selected in a group of 4
bits during reset by option,

Option Name Conditions, etc.

1. Output at the reset mode:

“H level All of 4 bits of ports C, D

2. Qutput at the reset mode:

L level All of 4 bits of ports C, D

2) Option of Port Output Configuration
For each input/output common port, either of the following two output configurations may be selected by
option {in bit units).

Option Name Circuit Conditions, etc.
1. Open drain cutput Ports A, C,D,E, F, G, H

TO~T11, T12/511~T15/58, S0~57

2. Output with pull-up Ports A, C,D, E, F, G, H
resistance

3. Output with TO~TH1, T12/511~T15/38, S0~S7
pull-down
resistance =
RD
Vp

3) Watchdog Reset Option
The presence or absence of the time base timer-used watchdog reset function may be selected by option.

Option Name Conditions, etc.

1. With watchdog reset function Programrﬁing must he made so that the time base interrupt
request flag is reset within a certain period of time not to cause
the watchdog reset to be performed as long as no runaway occurs.

2. Without watchdog reset function —
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LC6538D Electrical Characteristics

1. Absolute Maximum Ratings at T3=25°C, Vgg=0V

Parameter Symbol Applicable Pins, Remarks Conditions Limits Unit
Maximum Supply Vpp max VoD —0.31t0 +7.0 v
Voltage
Output Voltage Voll) X2,08C2 Allowable up to v

voitage generated
Vpi2) Toto T11, vVpp—45 1o v
T12/811 10 Vpp+0.3
T15/58. 80t0 §7
Input Voltage V(1) X1, O8C1 Allowable up to \4
voltage generated
Vi(2) TEST, RES, PBO —0.3to Vpp+0.3 A
to 3, OSC1, X1 at
external clock
mode
Vi(3} Vp Vpp—45 to v
Vpp+0.3
Input/Output Voltage ViplT) Ports At open drain —0.3to +15 Vv
A,C,DE2FGH cutput option
Vipi2) Ports EQ,E1 —0.3 10 Vpp+0.3 N
Ports At pull-up MOS- —0.3 to Vpp+0.3 v
ACDE2FGH provided output
option
Peak Qutput Current Iop(1) Ports AE.F.G,H -2t0 10 mA
lpp(2) Ports C.D —2to0 30 mA
ipp(3) TOto T11, —30100 mA
T12/511 to
T15/58
lop(4) S0to S7 —10t0 0 mA
Average Quiput Current Ioall) Ports A.E.F.G.H Per pin -2t 10 mA
Average over the
period of 100 msec.
loal2) Ports C,D Per pin —2 10 30 mA
Average cver the
period of 100 msec.
loal3) TOto T11, Per pin —30t 0 mA
T12/511 to Average over the
T15/S8 period of 100 msec.
loald S0 to §7 Per pin —10t0 0 mA
Average over the
period of 100 msec.
Zlpall) Ports AE Total current of all —14 to 20 mA
applicable pins
Average over the
period of
100msec.
lpal2) Ports F,G,H Total current of all -24 to 60 mA
applicable pins
Average over the
period of
100msec.
Zlpal3) Ports C,D Total current of all —161to0 80 mA
applicable pins
Average over the
period of
100msec.
Zigald) TOto T11, Total current of all —100tc 0 mA
Ti2/811 to applicable pins
T15/88, SCto S7 Average over the
period of
100msec.
Allowable Power Pd max DIP64S Ta=—30to 600 mw
Dissipation +70°C
QOperating Temperature Topr —30t0 +70 °C
Storage Temperature Tstg —b51t0 +1256 °C
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2. Allowable Operating Conditions at Ta=—30 to +70°C, Vgg=0V

Applicable Pins, - Limits
Parameter Symbol Flglgl.arks Conditions VpplV] min typ max  |Unit
Operating Supply Vpp(1} Vpp 0.92us=Teye — 45 8.0 V
Voltage <1.9us
{Including supply Vpp{2) VDD 1.9us=Tcyc =6us — 4.0 60| V
voltage at standby
mode)
Vpp(3) VoD Bus<Teyc =67us - 3.0 60| V
Vpplé) VDD 4 19MHz OSC stop, — 27 6.0 V
32kHz OSC
operating
Memory Retention vVsT Vpp At operation — 18 60| V
Supply Voltage completely stopped
mode (HOLD mode)
“H"-Level Input VK1) Port A of OD type | Output Nch Tr OFF {3.0 t0 6.0 135! V
Voltage VIH(2) Port A of PU type | Output Nch Tr OFF [ 3.0 10 6.0 VDD
vV
Vir{3) Ports C, D of OD | Output Neh Tr OFF (4.5 10 6.0 | 0.70Vpp 135| V
type 30t 6.0 0.75Vpp 135| V
VIH(3) Ports C, D of PU Qutput Nch Tr OFF [4.51t0 6.0 | 0.70Vpp Voppl V
type 3.0t06.0| 0.756Vpp Vop| V
Viy(5} Ports E2, F to H of | Qutput Nch Tr OFF (4510 6.0 | 0.75Vpp 13.5| V
OD type - |3.0t0 6.0 0.80Vpp 135] V
VIH(6) Ports E2, F to H of | Qutput Nch Tr OFF [4.510 6.0 | 0.75Vpp Vpp! V
PU type 30t 6.0 0.80VpD Vop| V
VIR(7) Ports EO, E1 Qutput Nch Tr OFF [4.5t0 6.0 | 0.75Vpp Vppi V
3.0t06.0| 0.80Vpp Vpp| V
V|H(8) Port B At internal 4010 6.0 0.65Vpp vpp| V
: reference voltage
mode
VIH(9) 0sc1, X1 Fig. 5, Fig. 6 4510 6.0| 0.70Vpp Vpp!| Vv
3.0t0 6.0 0.80Vpp Vpp| V
VIH(10) RES Fig. 7 4.5 t0 6.0| 0.75Vpp Vpp!| V
1.8 t0 6.0 | 0.80Vpp Vopl V
“L”-Level Input Vi Port A Qutput Nch Tr OFF |4.5 10 6.0 Vgg 05| Vv
Voltage 3.0t0 6.0 Vgg 035 V
ViLi2) Perts C, D Output Nch Tr OFF (4.5 t0 6.0 Vsg 0.30Vvpp| V
3.0t06.0 Vgg 0.25Vppl| V
VILi3) Ports E, F, G, H Qutput Nch Tr OFF |[4.5 to 6.0 Vgsg 0.25Vpp| V
3.01t06.0 Vsgs 0.20Vpp| V
ViLi4} Port B At internal 4010 6.0 Vgg 0.35Vpp| V
reference voltage
mode
V|L(5} RES Fig. 7 4510 6.0 Vssg 0.26vpp| V
18106.0 Veg 0.20vVpp| V
V|L(B) osc1,. X1 Fig. 5, Fig. 6 4.510 6.0 Vgsg 0.30vpp| V
3.0t06.0 Vgg 0.20Vpp| V
VILL7} TEST 4,510 6.0 Vsgsg 0.30Vpp| V
30t6.0 Vgg 0.25Vpp| V
Common-Mode Input | Vemm Port B Offset voltage 451060 | Vgg+1.0 Vpp—1.5| V
Voltage Range =VOFs
Instruction Cycle Time | Tcyc {Note 1) {Note 1) 0.92 67| us
Main Clock OSC fosc 0SC1, 0SC2 Crystal, ceramic 301060 35 419 4.2 (MHz
Frequency Range resonator OSC
{Note 1) Fig. 1
Main Clock Input fEOSC 0sC1 External clock 30tc 6.0 2.0 4.33|MHz
Frequency Range {Note 1) Fig. 5
Main Clock Input tWOoSCH | OSC1 External clock 3.0t0 6.0 100 ns
"H"-Leve! Pulse Width Fig. 6 .
Main Clock Input twoscL | 0ScC1 External clock 3.0106.0 100 ns
"L"-Level Pulse Width Fig. 5
Main Clock Rise Time | tosCcR 0sC1 External clock 3.0t0 6.0 30| ns
Fig. &

Continued on next page.
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Continued from proceding page.

Applicable - Limits

Parameter Symbol Pins, Remarks Conditions VooV — o p—— YT

Main Clock Fall Time | tosCF 0sC1 External clock 3.0t06.0 30| ns
Fig. 5
Main Clock OSC CO1, CO2 Fig. 1 3.0t 6.0 Refer to Table 1. —
Constant
Sub-clock OSC fx X1, X2 Crystal OSC 271060 30| 32.788 35| kHz
Fregquency Range Fig. 2
Sub-clock Input fEX X1 External clock 2710 6.0 30 35(kHz
Frequency Range Fig. 6
Sub-clock Input TWXH X1 External clock 27t06.0 6 34| us
“H"-Level Pulse Width Fig. &
Sub-clock Input WXL X1 External clock 271086.0 6 34| ps
“L"-Level Pulse Width Fig. 6
Sub-clock Input Rise | txR X1 External clock 2.71t086.0 0.2] us
Time Fig. 6
Sub-clock Input Fall IXF X1 External clock 2710 6.0 0.2{ us
Time Fig. 6
Sub-clock OSC CX1, CX2 Fig. 2 271060 Refer to Table 2. —
Constant
(Note 1}  Since the freauency also depends on the supply voltage and operating cycle time, both must be

referred to.
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3. Electrical Characteristics at T = —30 to +70°C, Vgg = OV

Applicable Limits
Parameter Symbol Piﬁ';, Remarks Conditions VoplV] in tvp max_TUnit
“H"-Level Input TSI Ports A, C, D, E2, | Output Nch Tr OFF | 2.7 to 6.0 5.0 uA
Current Fto H of OD {Including Nch Tr
type OFF leakage
current)
VIN=+13.5V
iH(2) Ports EQ, E1 Output Nch Tr OFF | 2.7 t0 6.0 1.0] uA
{Including Nch Tr -
OFF leakage
current)
VIN=VDD
Port B, RES VIN=VDD
IjH{3) 0scC1, X1 VIN=VDD 2710 6.0 10] pA
“L"-Level Input ITRR Ports A, Cto H of | Output Nch Tr OFF | 2.7 to 6.0 —1.0 A
Current 0D type VIN=Vgg
Port B ViN=Vss 2.7106.0 —=1.0 MA
L2} Ports A, Cto H of | Output Nch Tr OFF | 2.7 to 6.0 —1.3 —0.35 mA
PU type VIN=Vss
(3} 05C1, X1 VIN=VSS 2710 6.0 —10 Ly
(4 RES VIN=Vss 2.7106.0 —60 —25 pA
“H"-Level OQutput VoHi1) Ports A, C to H of | IgH=--50uA 40t06.0|Vpp~—1.2 \Y
Voltage PU type
VOoHi2} Ports A, Cto H of | IgH=—10uA 30t 6.0(Vpp—0.5 \'
PU type }
VoH(3} TOto T11, lgH=—20mA 40106.0{Vpp—1.8 Vv
T12/811 to
T165/58
VoH(4} TOto TH1, IoH=—1mA 3.0t0 6.0 |Vpp—1.0 \
T12/511 to IgH in other ports
T15/58 is less than —1mA.
VoH(5) S0 to S7 IoH==-5mA 4010 6.0 |Vpp—1.8 \
VoH(6) S0to 57 IgH=—TmA 30t06.0|Vpp—1.0 v
: IoH in other ports
‘ is less than —1mA.
“L"-Level Output VoL(1) Ports C, D IoL=20mA 4.0t0 6.0 1.5 V
Voltage
VoLr(2) Ports C, D lpL=2mA 3.0t0 6.0 0.5 v
gL in other ports is
less than 1mA.
Vou(3) Ports A, Eto H loL=5mA 4010 8.0 15| V
VoLi4) Ports A, Eto H loL=1mA 3.0t06.0 0.5 v
loL in other ports is
less than TmA.
“L"-Level Cutput IoL TOto TI1, Qutput Pch Tr OFF 5.0 190 362 760 uA
Current T12/811 to Vour=3.0v :
{Current flowing in T15/88, SO to 87 | Vp=—35V
pull-down resistor) of PD type
Qutput OFF-State I0FF(T) TOto T11, Qutput Pch Tr OFF |3.0to 6.0 30| pA
Leakage Current T12/511 to VouT=VDD
T15/88, SOto S7
of OD type
I0FF{2) TOto T11, Qutput Pch Tr OFF (3.0 to 6.0 —30 HA
T12/511 to Vout=Vpp—40v
' T15/88, SO to S7
of OD type
Resistance of Pull-up | Ry Ports A, Cto H of 50 6 15 24| k0
MQS Transistor PU type
Pull-up Resistance Ru RES 5.0 100 220 400| k0
Full-down Resistance | Rd TGto T11, 5.0 50 105 200 kD
T12/811 10
T15/88, SO to §7
of PD type
Matin Clock OSC tMXS OSC1, 0sC2 4.19MHz crystal  |3.0t0 6.0 30| ms
Stabilizing Period 0SC
IMCFS 05C1, 0sC2 4 0MHz ceramic 30t0 6.0 10| ms
resonator OSC

Continued on next page.
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Continued from proceding page.

Applicable - Limits
Parameter Symbol Pi':'lps, Remarks Conditions VppIV] min typ max | Unit
Sub-clock OSC tgxsg X1, X2 32.768kHz crystal [2.7t0 6.0 10} s
Stabilizing Period QSC
Serial Clock _
Input Clock Cycle tckeytt) | SCKO, SCKi Fig. 8 4.5106.0 1.6 us
Output Clock Cycle tekeyi2 | SCKO, SCK1 Fig. 8 4.5 10 6.0 1.84 HS
tnput Clock “L"-Level | tckL(1) 5CKO, 5CK1 Fig. 8 45t06.0 07 s
Pulse width {(Note 2)
Output Clock tokLU2) SCKO, 5CK1 Fig. 8 45t06.0 0.92 us
“L"-Level Pulse Width
Input Cloek “H™-Level | tcgp(1) | SCKO, SCKi Fig. 8 4510 6.0 07 us
Pulse Width (Note 2)
Output Clock tckH2) | SCKO, SCKi Fig. 8 45t06.0 0.92 us
“H"-Level Pulse Width
Input Clock Rise Time | tokgil) SCKO, ScK1 Fig. 8 451t06.0 3.0| us
Output Clock Rise tCcKR{2) SCKO, SCK1 Fig. 8 451t06.0 01| us
Time
Input Clock Fall Time | tegp(1) SCKO, SCK1 Fig. 8 4.510 6.0 30| us
Output Clock Fall Time| tckp(2) | SCKO, SCKi Fig. 8 451086.0 0.1 us
Serial Input .
Data Setup Time ticK SIo, SI1 Specified for /of |45106.0 0.2 us
SCKO, SCK1
Fig. 8
Data Hold Time tCKl SI0, 811 " |451086.0 0.2 s
Serial Qutput_| .
Output Delay Time - | tcko SO0, 501 Specified from™_of} 4.5 to 6.0 05| us
SCKO, SCK1
External 1k
External 50pF
Fig. 8
Hysteresis Voltage VHYS Ports E to H, RES 3.0to 8.0 0.1Vpp v
Comparator Response | TRg Port B At 100mV 4.5 to 6.0 50| us
Speed overdrive mode
Comparator Input VOFs Port B VIN=1.0V 10 451t0 6.0 +20 +100| mV
Offset Voltage Vpp—1.5V
VREF=1.0V 10
Vpp—1.5V
Operating Current Ipoorli) | Voo 419MHz x 1/1 4510 6.0 35 TO| mA
Dissipation (Note 3) high-speed
operation mode
{Tcyc=0.95us)
32.768kHz sub-
clock oscillating
Ibpopri2l | VDD 419MHz x 1/2 40106.0 - 2.7 6| mA
high-speed
operation mode
(Tcyc=1.9us)
32.768kHz sub-
clock oscillating
Iopoori3) | Vo 4,19MHz x 1/32 3.0 0.35 0.7] mA
low speed 8.0 1.5 3 mA
operation mode
(Tcyc=30.5us)
32.768kHz sub-
clock oscillating
loboridt| VDD 32.768kHz low- 27 0.035 0.12] mA
speed operation 6.0 04 1.2 mA
| mode
{Tcyc=61us)
4.19MHz main
clock stop.

{Note 2) When using the internal clock, Tewa and Tewy (pins SCKO and SCK1) have a minimum pulsewidth of 0.92 gs. This
value [s, however, depandent on the pull-up resistor and may, in some cases, be less than the above rating. The
value of the pull-up resistance should be selected to ensure a minimum pulsewidth for Tews and Tewn that is
greater than the rated 0.7 us.

Continued on next page.
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Continued from preceding page.

Parameter Symbol | Applicable Conditions - Limits i
Pins, Remarks vpplV]| min typ max |Unit
Standby Current IppsT(1) | VoD 4.19MHz main 2.7 4 18| pA
Dissipation (Note 3) clock stop 6.0 120 300 pA

32.76BkHz sub-

clock oscillating

{HALT mode)

lppsti2) | VDD Complete standby 1.8 0.02 4| uh
{HOLD mode) 6.0 0.05 10| uA

{(Note 3)  The current flowing in the 1/0 port transistors and pull-up/pull-down resistors is excluded.

No. 2577-13/28



LC6538D

0SC1 osc2

0

co1 — Xtaler L coz

ceramic
resonator

0
X'tal i

CX1 = - CX2

Tk

Fig. 1 Main Clock OSC Circuit Fig. 2 Sub-clock Crystal OSC Circuit
Table 1 Main Clock OSC-Guaranteed Constants Table 2 Sub-clock Crystal 0SC-Guaranteed Constants
0SC Mode | Maker Resonator CO01 | CO2 OSC Mode | Maker.| Resonator CX1 | CX2
HC-43/u 22pF | 22pF KF-38G-13200 [22pF |22pF
Tokyo | CL=18pF 32, 768kHz CL=13pF
Jokvo | CL K
Defwa | Drive lovel erystal 0SC | """ (E 3861000 | 20pF | 220F
4.194304 MHz =100mwW CL=10pF Trimmer
crystal OSC HC-49/u 160F | 150F
Kinseki CL=16pF {Note) C|: Internal load capacitance of crystal resonator
HC-498/u 270F | 27pF
CL=24pF
CSA-4.00MG | 33pF | 33pF
Murata x4 | Unnec- | Unnee-
4.0MHz ) CST-4.00MG* essary | essary
ceramic -
resonator OSC Kyocera KBR-4.0MS E?DF ?JSDF
KBR-4.0MES™| sivan | eesary

The differential between CO1 and CO2 should be within
+ 10%, including wiring capacitance.
*1: 3-pin ceramic Vresonr:).tor with on-chip capacitor

s]8}

0SC

NN

Unstabilized OSC period
L T
IMXS oF IMCFS

Fig. 3 Main Clock OSC Stalibizing Period

[ osc1 0s02 |
1 |
External clock OPEN

twOSCH

t05CF toscr

Fig. 5 Main Clock {(External Clock) Input
Waveform .

Lower limit of
operating Vpp

Stabilized OSC

VoD

Lower limit of
operating Vpp

B 1L

X

MUY

Unstabilized OSC period
r tsxs |

Stabilized OSC

Fig. 4 Sub-clock OSC Stabilizing Period

|X1

X2 |
External clock OPEN
e emm e ee VDD
7o - = vindo)
----- --viL(s)
----------- Vss
AWXH

Fig. 6 Sub-clock (External Clock) Input . .
Waveform
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{Note)
When the rise time of the power supply is 0, the
reset time becomes 10ms to 100ms at CRgg=

RES 0. 1uF. .
J_ If the rise time of the power supply is long, the
Ores (=0.14F) value of CRES must be fixed so that the reset time
;'L becomes longer than the main clock OSC stabiliz-
ing period.

Fig. 7 Reset Circuit

Voo

1kQ
test point

50pF

7

Serial Qutput Load

TCKCY

teKL jc<h toKH tOKF

Y 0.75Vpp (Input)
SCKO 0.25Vpp (Input) Vpp—1V (Output)
scri 0 08vioutpuy  T[Q N

| ticK 1CKi

N/ 0.75v00

S10
S , 0.25Voo
tcKo
Voo-1V
SO0
501 ' 0.5v

Fig. 8 Serial Clock Timing

No. 2577-15/28



LC6538D

Notes for Program Evaluation

*+ When evaluating the LC6538D with the evaluation chip (LC6583, LC65PG38D), the following must
observed.
€ Function .
a 2 Item Notes for evaluation
g = Mass-production chip Evaluation chip
Ports C, D Ports C, D can be brought to | Port C and port D can be CHL pin and DHL pin must be set
output level “H" or "L" in & group of 4 brought to “H" or “L" by according 1o option specified for

at reset mode

bits.

CHL pin and DHL pin, re-
spectively.

mass-production chip.

Watehdog
reset
function

The presence or absence of
time base timer-used
watchdog reset function can
be selected.

Whether or not to perform
watchdog reset function
with WDC pin can be
determined.

WDC pin must be set according to
option specified for mass-production
chip.

Port output

PU or OD can be selected in

Only Nch OD configuration

{LC6593-applied evaluation)

5 | configuration | bit units, without pull-up resistance External resistor {10kohms) on
& | PU/OD evaluation chip board must be
o connected 1o necessary port,
=) (LCE65PG38D-applied evaluation}
@ Resistor must be connected to
é“‘; necessary port on applilcation board.
PU resistor PU resistor brought to Hi-2 PU resistor, being external For mass-production chip, leakage
configuration | at “L.” output mode (Pch Tr is| resistor, whose impedance current only flows in Pch Tr at “L"
turned OFF} remains unchanged at "L” output mode; for evaluation chip,
output mode. current continues flowing in PU
i resistor at "L cutput mode,
Port output PD or OD can be selected in Only Pch OD configuration {LCE6593-applied evaluation)
configuration | bit units. without pull-doewn External resistor {100kohms) on
PD/OD resistance. evaluation chip board must be
connected to necessary port.
(LC65PG38D-applied evaluation)
Resistor must be connected to
necessary port on application board.
Load power supply must be also
supplied on application board side.
Constants for | (Crystal OSC), (Ceramic {Crystal OSC), (Ceramic (Crystal OSC), {Ceramic resonator
main clock resonator 0SC) resonator OSC) QSC)
Catalog-guaranteed Different from mass- External constants must be fine-
Q constants provide OSC at production chip in gircuit adjusted according to service
8 frequency specified in design and characteristic. conditions.
5 catalog. 0SC may be made unstable | Refer to note given below.
‘; by wiring capacitance. :
% Constants for| (Crystal OSC) {Crystal OSC) {Crystal OSC)
< | sub-clock Catalog-guaranteed Different from mass- External conostants must be fine-
constants provide OSC at production chip in circuit adjusted according to service
frequency specified in design and characteristic. conditions. Refer to note given below.
cataleg. OSC may be made unstable
by wiring capacitance.
0SC OSC frequency Different from mass- ES, C8 must be used to evaluate
frequency for | characteristic as indicated in | production chip in circuit characteristic in detail.
main clock, catalog design and characteristic.
3 sub-clock
E Operating Current characteristic as Ditferent from mass- Standby current cannot be evaluated
.“..U’ current, indicated in catalog production chip in circuit in detail. However, standby current
® | standby design and characteristic. can be confirmed roughly in the
2 | current manner shown below. Be sure to
© confirm standby current,
8 ES, CS must be used to evaluate
‘.U: characteristic in detail.
% Operating Supply voltage range as Restricted to the operating Evaluation chip must be also used at
& | voltage indicated in catalog range of EPROM, other LS| | Vpp = 5V+5% at which EPROM,
w ' other LS| are used. Therefore, Vpp =
g BV+6% only can be used for
=z evaluation of mass-production
microcomputers,
Operating Temperature range as Guaranteed temperature LC6593 and LC65PG3BD must be
temperature | indicated in catalog range: 10°C to 40°C used at 10°C to 40°C for evaluation.

be
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< Confirmation methods for the standby function >

The standby current at the standby mode of the evaluation chip can be evaluated not exactly but approximately.
Then, do the following steps.

{a}) Confirmation of the standby state
Be sure to confirm whether or not the LS| enters the standby mode when the standby conditions are
satisfied, .
The following Table gives the current dissipation {typ.} at each mode as a guideline for confirmation of mode.

Mode Main clock (4.19MHz) | Sub-clock (32kHz) | Current dissipation {typ.}
NORMAL, main clock 1/1 mode 0scC 0SscC Approx. 3.5mA to 3.7mA
NORMAL, main clock 1/2 mode 0sc 0scC Approx. 2.3mA to 2.56mA
NORMAL, main clock 1/32 mode 0scC 0sC Approx. TmA to 1.2mA
NORMAL, sub-clock mode 0sC 0sC
NORMAL, sub-clock mode Stop 0SsC Approx. 100uA to 300uA
HALT, main clock 1/1 mode 0sC 0sC Approx. TmA
HALT, main clock 1/2 mode 0sC 0SsC
HALT, main clock 1/32 mode 0sC 0sC
HALT, sub-clock mode 0scC 0sC
HALT, sub-clock mode Stop 0scC Approx. B0uA
HOLD mode Stop Stop Several nA to 300nA

Note 1)

2)

3)

4)

5)

The current dissipation values shown above are the values obtained when a separate power supply is
used for the EPROM power supply.

The current dissipation values shown above are the values obtained when the WDC, CHL, DHL pins
are brought to "L" level.

When brought to “H"" level, the current dissipation value per pin increases by approximately 30uA.
The current dissipation at the NORMAL mode varies by the value of current dissipated in the pull-up
resistor of IMO to IM7.

IMO to IM7: The current dissipation per bit at ’L"" level increases by approximately 25uA.,

The current dissipation values at the HALT or HOLD mode are the values obtained when the EPROM is
removed,

All other pins for the evaluation chip are left open.

(b} Confirmation by the load current

Your program must be designed so that the current is not transmitted to the input/output ports prior to the

execution of the HALT instruction. This can reduce the useless dissipation of the load current at the standby

mode and be confirmed on an oscilloscope.

1} Design your program so that the currentis not transmitted to the output ports prior 1o the execution of the
HALT instruction.

2) Design your program and peripherals so that the input/output ports are not brought to the floating state
{Hi-Z) at the standby mode.
If brought to the floating state {Hi-Z), current flows in the microcomputer input circuit section, causing
more current dissipation. Therefore, the backup enable time is shortened extremely in applications where
the capacitor backup is used.

< OSC constants when the EVABOO-TBG538 is used >

When developing your program using evaluation chip board EVA800-TB6538, adjust the capacitor value
according to the stray capacitance of the circuit because the crystal/ceramic resonator OSC constants for main
clock and the crystal OSC constants for sub-clock depend on the conditions for evaluation and the cable length,

etc.
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LC6538D INSTRUCTION SET (by function)

Symbol Description
AC » Accumulator M1({DP) : Memary 1 addressed by OP (Y (! :Contents
ACt : Accumulator bit t M2{DP) : Memory 2 addressed by DP — . Transfer and direction
CF : Carry flag P(DPL) : Input/output port addressed by DPL + . Addition
CTL : Control register GP(DP) . Pseudo port specified by DP s . : Subtraction
MSTEN : Master interrupt enable flag PC : Program counter Iy - AND
DP : Data pointer STACK : Stack register Y . OR
E : E register TMO : Timer O v . Exclusive OR
bFn : Flag bit n TMOF : Timer Q interrup? request flag
M1 : Memory 1 bAt,bHa,bLa : Working register
M2 : Memory 2 ZF : Zero flag
) Instruction coda elz . » Status flsg
a Mnemonic 5|2 Function Description — Remarks
E 0;0gDsDe [010;01 0|2 (&
E CLA Clear AC 1100|000 Q{1 [1|AaC—D The AC contents are cleared, ZF * ]
g CLC Clear CF 1110|0001 1|1 |CF=0 The CF contents are clearsd. CF
E |sTcC Set CF 11 11(loo0o0 1] |eee— The CF is set. cE
é CMA Complemeant AC 11 ol oy ] bac —RD The AC contents are complemented. 2F
_3‘ INC increment AL Q0001 1 1011 |AL—ACH+! The AC contents are incremented +1. IF CF
E DEC Decrement A QO 00 1t 1 1 [1[1[AC—({AC— The AC contents are decrsmented -1, 2F CF
H Rotate AL lelt *ACo+—{CF1 ACne1+= | The AC contents are shifted (eft through | ;¢
3 RAL through CF goo0ojooo0 Tt ACal. CF —{ACT) the CF. ZF CF
5 TAE Transfer AC 10 E Q000|001 1 |1 |1]E~tAD) The AC contents sre transterred 10 the E,
< | XAE Exchange AC with E [0 0 ©C 0 |1V Y O 1 |1 |1 [tACIS(E) I;‘:h‘:c contents wnd the £ conents are
§ ['nm Increment M1 o001 0111 ¢ |t |1 |MYDP) - [MI{DP)+1 |Tha M1{DP) contents are incremented +1.) ZF  CF
g DEM Decrement M1 oo 101 11| ] | MIDP) = [MUDP)—1 |The M1{DF) contents are decremented —1] 2¢  CF
s ) A single bit of the M1{DP) specified with
EE SMB bit | Set M1 data bit D00O0|1 0BiBl1 |1 |MUDP, B1By—1 B|Blogisset. {DP) specified wi
[0 -
5 - - = -
e f ; A single bit of the M1{DP fied with
i.g RME bir | Reset M1 data bit 001 0|1 0B.Bg|! |1 |M1(DP,B1Bg-—0 B1Bc.gis resat (OF) specified with |
Binary addition of the AC contenis and |
AD Add M1 10 AC o1 10l0000|1|1[AC=(ACH[MIDPI [the M1(DP)contents is performed and ZF CF
" the result is stored in the AC.
— Binary addition of the AC, CF contents
ADC  |AKIMItoACwnCF [0 0 1 0 [0 0 0 o 1|1 [AC—(ACHIMIOR | 3" M1 (OF) contents is performed | ZF  CF
HCF) and the result is stored in the AC.
Daa P:c:;;: t .aodrf ust ATy v oo o |1 |1 |acmaCi+6 6 is added 10 the AC contents, 7F
0AS Deaimal adwst AC 111 o1 0 o |1 |1 lac—aci+10 10 i added to the AC contants 2F
The AT contents and the MT{DP) contents
E EXL Exclusive ORM110AC |1 1 1 110 1 0 1 |1 ]1 |AC—{AC)¥ [M1{DP)] |are exciusive-ORed and the result is stored| ZF
E o in the AC.
5 The AC contents and the M1{DF) contents
§ AND AND MT 10 AC T 1 oot 1| [AC—[AC A [MIDP)] |are ANDed and the result is siored in the | ZF
£ AC,
& The AC contants and the M 1{DP}contents
8 lor OR M1 10 AC T 9o o1 I AC—(AC)V [MT(DP) :{Eoned and the result is slo‘red')in the | ZF
& .
N v The AT contents and the M1{DP] centents
§ M Compare ACwithM1 [1 1 1 1 |1 0 1 1 |1 |1} [MIUDP)HACH1 are compared and the CF snd ZF are ZF CF
& set/resat
% Comparison result CF ZF
£ M1{DP)] >(AC) 0 0
e M1[DP}] = (AC) 1 1
H M1{DP)] < (AC) ] i
£ -
£ |c¢i deta | Compare AC with 0010t 1 oo|2|2]{Rzhip+aci+1 The AC contents snd the immediste ZFE CF
< immediate data 0100 |tglalqlg data 15l504lg are compared and the 2F
and CF are set/reset.
Comparbson result | CF IF
lalalylg>(aCi| © 0
131l 0g=IACH] 1 1
I3l 1y lg<i (A ] 1 0
CLl dsle Compare DPL wilh co1r ot v oo 22| DPUNIaIIg The DP_contents and the immediste F
immedialte data YOV |l3lalaig data l3|2I1|0 are compared.
Load AC with The immediate data 141514 1p is loaded in
Lidata [ diate dala 1100 [ialgnyip |1 {1 [aCe=1312011g the AC. IF L3
S Store AC to M1 Q Q 00 Vo] MIDP—(AC) The AC contents are stored in the M1{DP).
L Lowd AC from M1 o 1 O 00|11 |AC—[MI{DP) -| The M1(DP) contents are loaded in the AC] 2F
- — The AC contems and the MI{DF} Tre TF i st
p |¥Maata f:chang:.f?%;vuh ML 10 |0 MzMiMg|Y |2 AE' :'_[M”DP” contents are exchanged and then the . soromting ta the |
£ en modify DPy DFw +(DP) ¥ DP} contents are modified with the z rrun ol oy}
ta:. with immediate data . OM3M1Mo | contents of (DPR) ¥ OMaM My DM My
B [x Exchange ACwith M1 [1 0 1 0 [0 0 0 0 |1 |2 |tAC) = [M1(DP)] The AC contents and Lh M1(DP) cantants iAoy
‘® are exchanged. ZF DF,, content o
.g ::;I&nolr-num
; P The AL contents and the M1{DP) The ZF L w/remt
¥ [« lli:c:a:ge AC W|g1pM1. IR IERIEMEL gp(:l = é':‘”op? conterts org exchanged andthen the [ ZF scxording o the
& en rncrement OP, L—DPL DP|_contents are incremented +1. Pk ol (DP, .
i — The AC contents and the M1TD| Toa IF s wtirems
XD E:change ACwithMY, [1 1 1 1 [ 1 1 1 |1 |2 |1ac) 5 [MHDP) contents are exchanged and [hm the 7F aexonding to the
then decrement DP| DP —DP1 =1 DP|_contents are decremented —1. om0t DA —Y)

Continued on next page.
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Continued from proceding page.

Instruction code

i LiE Status tlap
Mnemanic i3 Function Description Hected Remarks
i D7Dg D5 Ds |D3 D30y Dp |2 [O affect
— The contents of ROM sddressad by the
ATBL Read rabie data from|0 1 1 0 |0 O 1 Y [¥ |2 }AC E—ROM PC whee low-order B bits are replaced
program ROM (PCh E. AC) with the E and AC contents are loaded in
the AC and E.
5 LDZ dala|Load DPuwith Zercand|y O O O [talz21vtg |1 |V |DPa -0 ThelDPH alnd DP are loaded wilhD.nnd
E] DP, wuh immediate DPL~—I3i2l1tg the immediate data 13151, | respectively.
E data tespectively
‘e |LHI data|Load DPH with 01 0¢0C[1atztate |1 [V [DPH=12021000 The DPy is losded with the immediats
g immediate data data [315k 1g.
FR L] Increment DPy T Yo fr oty | |DRC DRI The DP|_contents are incramented +1. 2F
E DED Decrement DP. 1 1 0t 1 11 |1 |1 |DPL—{DP—1 The DP| contents are decramented —1. ZF
g TAL Transter AC 1o DPL |1 1 Y 1 |0 1 1 1 [1 [y [DPL ~¢ACH The AC contants sre transferred to the DP |
2 [r1a Transier DPL 1o AC 111 o 1|1 [ac—(oPus The DP|_ contents are transterred 10 the AQ 7 F
-
& | xan Exchange ACwih DPx [0 0 1 G BREEL T g oo ents and the DFyy contents are
LY Exchange AC with The AC centents and the contents of
— working register At are exchanged. At is
c XAQ working register At Tr1G 111 |1AC) = {bAD) assigned one of bAG, bA1, bA2, bA3
g | LI 11 |1AC = (bAT) sccording to 1tg of specified ragister
3- A2 1110 1|1 |(AC) = (bAZ) bank b.
B XA3 1110 1|1 ]iaC) = bAJ)
E AHa Exchange DPH with The DPyy conients and the contents of
working register Ha are exchanged. Ha is
B XHO working register Ha T 1|1 [(DP) = (bHO) Bssignad aither of bHO or bH1 according
E.g XH1 [ I | 11 [rDPH) & (bH} 1o a of specified register bank 5.
2 E Xla Exchangn DPL with Thel?PL contemtand the contents of
) — working register L are exchanged. La is
S ¥ XLO working register La 11 1 [1 [{DPLI = (blO} assigned either of bLO to bL1 according
EE X1 111 111 |iDPL) =L} to a of specified register bank b.
SRBA Set Register 11 11 1 |1 | RBF —l1loof 58 The bank value specified by the $B instruc-
Bank Address tion is set in the register bank fiag.
SFB flag| Ser 1lag bu 01 0 11{B3BzBiBo|1 |1 |bFR=1 The flag specified with BaByB1Bg of
specified register bank b s set.
RFB flag| Reset flag b O 00 1 |BaBzBiBo|1 |t |bFN =0 The flag specified with B3B5B 4By of ZF Tha flags ere
specified register bank b s reset. divided into
e 16 groups of
g QOFQ to OF3,
G OF4 10 OF7 --
2 -, JFB 1
B 3F11, IF12
= to 3F15. The
§ 2Fis
'5 sel/reset
1 according to
£ the 4 bits
E including a
single bit
13 specified
w with
immediate
data
B3B2B4Bp.
JMP addr [ Jump 0 the current [0 1 1 © (1 PwPgPa |2 |2 | PC —=PC12PCN A jump to the address specified with the H the BANK snd
bank P2PgP5Py|P3P2P1 Py {or PC1Y) "'C13"C| for Ft‘;ﬂ and immediate data 58 iopouriany wre .
PioPaPeP7 PPy P1oPgPgPaPgPsP4P3PP 1Py oceurs. voly, the bank is
PaPaPzPiIPo hanged
11011 - A jump to the address spacified with
JPEA Jump n tfhe currenl 1 010 |1 |1 ]PCr~0 +—{E.AC} the contents of the PC whose low order
B page modified by E 8 bits are replacad by the E and AC
2 and AC contents occurs.
E CZP addr | Call subroutine nthe j1 0 1 1 |[PaP2P1Po|1 [1|STACK ~—([PC)+1 A subroutine in page 0 of bank O is called.
_E 2e10 page PC12-6, PC1 ~p =0
2 PC5~2—PaP2P1Po
E CAL addr | Call subroutine i\nthe |1 0 1 0 {1 PpPgPg |2 |2 | STACK=(PC)+2 A subroutine in bank 0 is calied,
g zer0 bank P?PsPsPa|PaPzP1Po PC12-0 «— OOP10PgPa
E P?PsPSP4P3P2P1PO
2 |ar Retyrn from subroutre |0 1 1 0 [0 O 1 © |1 |1 |PC~—[STACK| A return from s subroutine occurs,
RTI Return from mterrypt [0 O 1 001 0[1}y]rce—(sTACK) A return from an interrupt sarvice routine | 7p  p
routine CF ZF «—CSF.Z5F | o0t
BANK Change bank 111101t 100 b {ecu~—(PC The bank of ROM is specified. The
GP(DP) psoudo port is specified. The AAMZ is
M2DP) specified.
5B Sel bank Q11 0{001 niw|1{!|PC2PCH~1l0 The bank of ROM is specified. The bank
RBF — hlo of working register, flag is spacified.

Continued on next page.
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Continued from preceding page.

£
-E Instruction code el s 5 “
En Mnemonic 5 g Function Description tatus Tiag Remarks
11 070605 D4 D20y 0y Dy [# aHocted
BAt addr | Branch on AC bil 01 11|00 titg|2|2|PCr-o="P7PePsPa 'L. yingI:dt?‘n o; the AC _so:cifin: wit: Mnemanic i BAD
P the immediate data 'l1l0 B i, abranc 19 BAD scoonding
P31PgPsPa|PapP2PI PO _Ps PIPIPO | " e uckdross specifiad with the Immedatd ot v of 1
HoACe=1 data PyPPeP 1PoPoP 1P within the wame
page ocoury,
BNAt ad h e If » single bit of the AC macified with Mrrmonic it BNAD
dr| Branch on no AC b1 |O 0 Y ! |0 Otytg|2 ]2 |PCy~p+~— PrPePsP4 the Immediate data tytg is D, a branch 10 I st
PrPePsPa|PaP2P1Po P3P2P1 PO | yhy address specified with the immediate 1o the vais of 1
it AC1=0 data P7PgPgP 4P 4P 5P Py within the same
Page ocours.
BM addr | Branch on pa1 bt 011 1|0 1t tg|2|2|PC?2~0% PrPsPsPa | Ifasingle bit of the M1(DP) specified m-.onu.:mm
PIPsP “with tha immediate deta tqtgis 1, a BM3 socording 1o
6Py Pa|P3P2PI Po PaP2 ,P' Po branch to the address speé;ﬁed with the tha i oft.
i [M1(DP, t1t0}] = 1 immediate data PPgP5P4P3P3P Py
, : within the sarme page oteurs.
BNMt addr| Branch on no M1 bt 001 1|0 1t tg|2|2]|PCr~o=P7PsPsPa | Ilasinglebit of the M1(DP} specified Wiewreanis: i B NMO
P1PsPs P4l PP P P PyP2P1 B with the immediate data ty15is 0, @ to BNM moonting
o IP2F PO | branch to the address specified with the 1o the value of t
it [MI{OP, to)] =0 immediate data PePgPgP4P3P2P1P
fde 776 B 473 2o
within the same page occurs.
Pr sdd h - if a single bt of port P(DP; ) specitied 0
BPt r | Branch on Port bil 1 1 1])% Oty1g(2|2|PCr~0—P?PgPs5Pa with the immadiste data t tl-o Wl :vn-nmh:‘ln:.
P? PsPs PajPaP2P1 PO PaP2Pi1Pg branch 1o the addresy spec fisd with the “WM:
G {PIOPL Litg}]=1 | immediste guta PaPeP5P4PaPoP Py
g ) wfit!niqum sama page otours,
£ ane h o If ¢ single Bt of port FIDP| 1 specified Mo s ST
.E,' BNPt addr| Branch on no Port bt (O Q1 1 |1 Ot tg (2|2 |PCr~o=P7rPsPsPa with the immediats data 115 is 0, a prie g to >
@ P71 Ps Ps Pa| P3 P2 1 Po PaP2Ps Po | bruneh to the sddrem specifiad with the the vl of 1,
s @ (PIDPL. 11t ¢l J=0 | immediats dsta PyPgPgP4P3PoF Py
e within the same page oceurs,
£ —Ps if the CF is 1, a Obranch to
& BC addr | Branch on CF o1t 1Pt 11|22 |PCrwp=P;PePsPas the eddress specilied with the
P1PgPsPa|P3P2P1 Py P3P2P1Po | immediste data P7PGP594P3P2P1PO
1 CF=1 within the same page decurs.
h 1 . 1t the CF is 0, 8 branch to
BNC addr | Branch on no CF 00 P 11 1 |22 |PCr-g+P2P6&P5Pa the | sidress specified with the
P1PgP5Pa|PaP2P1Py PIP2P1Po |immediate data P7P3P5P4P3F2F1PO
it CF =0 within tha same page oceurs.
~ It the ZF i 1, a branch to
BZ addr | Branch on 2F 01 1 1|1 11022 |PCro~P7PePsPa | sddress specified with _the
PiPgPsPa|P3P2P1Pp P1P2P1Po |immediate data P;PgPgP4PaPoP Py
o IF=1 within the sama page occurs.
' gy — If the ZF is 0, a branch to
BNZ addr| Branch on no ZF 001 1|1y vO|(|2]|2|PCr~o—P:PsgP5Pa the sddress specified with the
Pi1PgPsPa|PaP2P1Po P1P2P1 PO (immediate date P7PgPgP4P3P2P1Pg
it ZF =0 within the ssme page ocoun.
F h fl ' 11 1 ) - If the immediate data nansnqng-
BFn addr| Branch on flag b o O 1 tnanianing|2 |2 [PCr~o =Py PePsPa | e of the 16 Tlags of oA
1PePsPafPaPzP1PO P3P2P1Po | specified register bank b s 1, a branch to \tm veht 0F 1.
tl bFn=1 tha address specified with immediate
tala PyPgPgF 4P5P2P 1 Pg within the
sama page occurs.
h 1 1 e If the immediate data ngnanyng- -
BNFn addr| Branch on no flag 00 1 [namaning|2 |2 |PCy-ga=P1PePsPa | o Biliiing bit of the 16 Tlage sl RS seogng
. ol P1PsPsPa |[PaP2PIPo P1P2P1Po | specified register bank b is O, a branch to 16 tha valur of 1.
i BFR=0 the address specified with immediate
data P7PgPgP4P3P2P1Pg within the
same page ocours,
1P Input port 10 AC oo0oCco |t 1 0oo0]|t]1|AC=[PDP] or | The contents of port B(DP| ) or pseudo A zE
W [GP{DP}} or [M2(DP)] part GP{DP} or RAM2 are Toaded in the
5 AC.
T [op Output AC 1o port o1 10|looo0 1 ||y |PDPYor GRDP)or The AC contents are output 1o port
2 uteu P M2(DP) — (AC) PIDP,} or pseuda part GR{DP) or RAMZ.
1% T
£ P{DPL B1B0) or A singte bit in port P(DP| ) or pseuco port Whan this instruttion
3 SPB bt | Set port b 000010 tBiBat |2 GR{DP, B1Boj or GP{DP) or RAM2 sgeciriléd with b emecusted, the €
g. M2(DP, B1B2) 1 immediate data B1Bg is set. ki
o
= p 1 1 1 DPL, B1B0, A single bit in port F{DP| ) or pseudo port F Wi it i
5 RPB bil ! Reset port bit 00 c|0 B1Bo 2 EP(Dl;' B\Bé)or::r DB or RAM2 specifiléd . 2 i‘:::;.:.ﬁm
£ MZ{DF;, BI1B2) — 0 immediate data BBy is reset. oantents ant dedtroyed |
, - The immediate data B3B9B 4 Bg-specified
SCTL bur| Set coniral regisier co1 0110022 cnag;géalaf ' bits of the contrel regig(e?(indieidual *2
bt 1000 |83B2B1Bo ar interrupt enabie flag) or the master
interrupt enable flag is set.
y B3B2B1B0 — The immediate deta B3B8 Bo-specified *#9
g |RETL bir| Reser conirol register 10 6 1 01 100|212 f:',;'ﬂs.fyf, o 0 bits of the contral register {indiodual zF 2
2 bt 1001 [BaB7B'BO R interrupt enable flag} or the master
E intercupt enable flag is reset.
i - A I i ~ (E}, {AC) The E and AC cantents are loaded in the | TMOF
g WITH Wiite timer =0 Too ;mgF -EC'U “a timer Q. The TMF is reset.
i
5 |HaLt Hal 1 t v 1 le 1o |1 | Hat How The standby made is entered.
NOP No operalion 0000 |000O0|[1]|1|No cperaton No operation is performed, but 1 machine
cycle is consumed.

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

following CLA instructions are changed to the NOP instructions. This is also true of the Ll instruction.

*2 B3B3B1Bg = COO0EB to 10008

, the first CLA instruction only is effective and the
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LC6538D Option Code Specifying Method

General Description

It is requested that you should submit to us various mask options of the LC6538D together with the program
code which are stored in an EPROM. ‘

By using our cross assembler for the LC6538D, the option code can be specified interactively and stored in the
EPROM. '

If our cross assembler is not used, specify the option code as shown below. (This is the same as the method
where the cross assembler is created.)

The Type No. of the EPROM to be submitted is 27128,

EPROM address map

O0COH -

Program code area (BK bytes}

EOSONINNRNINSR]
ANNRRRRRRRAN

QOption code area

MRONAONRODOMNRNAOARN N RDRN RN —
[elejalslelelelololelelelelale oty
—COOoQOoCOoODCOOOOOoOCCT
CTIMOOPDEFOENOUOEWN—=CT
IITIITITIITIITIIITIEIIITITIITI

\

IFFFH

m Always write 00" in this shaded area.
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Option Code Contents

27 20
20004 (o] [ | JoJoTo]o]
\_[_! r)'\—..l .J;T_)

- Always write "0".
» Port C output level at initial reset mode

0 "L”-level output
I— 1 “H"-level output
- Port D output level at initial reset mode

0 “L”-level output
1 “H"-level output
» Watchdog timer reset function

27 20
2001+ [o]o ofolofolc]o]
\, /
T
Always write “0",

27 20
2002n (PR PRe[ PR [ Pho]

l_ 0 Without function
1 With function

« Port A output configuration select

27 20
2003+ [o]ofojofc]olo|o]

Always write 0"

27 20
2004H [ PCs| PC2| PC1| PCo ]
\

- ,

00 Nch open drain output
01 Output with pull-up MOS

:?]No allocation (not selectable)

» Port C output configuration select
00 Nch open drain output

27 20
20051 [Pbi ] #oe ] 5 ] Pbo]
3 S

01 Output with pull-up MOS

1?}No allocation (not selectable)

« Port D output configuration select

Q0 Nch open drain output
01 Qutput with pull-up MOS

1?}No allocation (not selectable)

Continued on next page.
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Continued from preceding page.

27 20
2006H [0]0] PE2 | PE1 | PEo |

[ I 4\
T

» Port E output configuration select
00 Nch open drain output
01 Qutput with pull-up MOS

Always write 0"

:?}No allocation (not selectable)

27 20
z007H | P:Fa [ Pizz ‘ Piﬁ J P:FU [
‘ f = Port F output configuraticn select
00 Nch open drain output
01 Qutput with pull-up MOS

:?INO allocation (not selectable)

27 20
2008H | PGs | PGz | PGI | PGo |
- ‘ ! » Port G output configuration select
00 Nch open drain output
01 Output with pull-up MOS
:?}No allocation (not selectable)
27 20
2008+ [ PP | Pre [ P | s |
- L ' - Port H output configuration select
: 00 Nch open drain output
01 Qutput with pull-up MOS
10 ,
11 }No allocation (not selectable)
27 20

200aK [ T3 (T2 [ T1 [ To |

I = Digit-only pin output configuration select — (1)
00 Pch open drain cutput
01 No allocation {not selectable)
10 Qutput with pull-down resistance
11 No allocation {not selectable)

27 20
2008H | T7 [ T8 [ T5 [ T4 ]

| + Digit-only pin output configuration select — (2}
00 Pch open drain output
01 No allocation (not selectable)
10 Output with pull-down resistance
11 No allocation {not selectable)

Continued on next page.
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Continued from preceding page.

97 . 90
200cH [T [Tio] T8 [ T8 |

[ ]

| - Digit-only pin output configuration select — (3).
00 Pch open drain output
01 No allocation (not selectable)
10 Cutput with pull-down resistance
11 No allocation (not selectable}

27 20
2000H | T15/sa| Tiarse [riz/sio[Tressn ]

[ 7

| « Digit/segment common pin ocutput configuration select
00 Pch open drain output

01 No allocation {not selectable)

10 Output with pull-down resistance

11 No allocation {not selectable)

27 20
200EH | S8 | Sz | S1 | SO |

1 :

| « Segment-only pin output configuration select — {1}
00 Pch open drain output

01 No allocation {not selectable)

10 Qutput with pull-down resistance

11 No allocation (not selectable)

27 20
200FH | s7 [ s6 | s5 | s4 |
) ’ « Segment-only pin output configuration select — (2}
00 Pch open drain output
01 No allocation {not selectable)
10 Output with pull-down resistance
11 No allocation {not selectable)
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Notes on Programming

® In this section, we shall describe the notes on developing programs for the LC6538D microcomputer.

ltem

Function

Notes

System clock

System clock
mode

One of the following clock sources can be selected on your
program as the system clock source for the LC6538D
microcomputer.
@ Main clock 1/1 mode (Toyc=0.95us}
@ Main clock 1/2 mode (Tcyc=1.9us}
& Main clock 1/32 mode (Tey=30.5us)
@ Sub-clock mode (Toyc=61us)
{Note} Main clock: 4.194304MHz
Sub-clock: 32.768kHz

The main clock must be supplied
at the system start-up.

The sub-clock must be supplied
when your application is
designed to use the sub-clock
mode. :

System clock
select

The system clock source can be selected by setting data in
the clock mode flag (CMF: 2 bits) of the system cleck control
register.

CMF Mode
0 Main clock 1/32 mode (at the reset)
1 Main clock 1/1 mode
2 Main clock 1/2 mode
3 Sub-clock mode

System clock modes can be
changed only when the main
clock oscillation is stable or the
clock signals are sent from
external clock with the AMSTPF
flag set to 0"

The clock mode newly selected
by the CMF flag is actually
activated up to 64/fggc cycles
later after data is set in that
flag. To change high-speed
mode to low-speed mode and
then start the standby mode,
execute the HALT instruction
after the buffer time elapses.
Ciock modes should be
changed, with supplied voltage
at 4.0V or greater.

Main clock
oscillation
halt/start

The main clock operatiori {halt/start) can be controlled by
setting data in the 4MSTPF flag of the system clock control
register. .

4MSTPF Main clock
0 Start (at the reset)
1 Halt

If one of the main clock modes
is selected as the system clock
source, you must not set the
4AMSTPF flag to "1".

Set the 4MSTPF flagto "1"
after the sub-clock mode
becomes actually activated.
That is, you have to set the flag
to “1" after the sub-clock mode
is specified by the flag data and
then becomes activated after
the buffer time elapses.

To change the main clock halt
state at the sub-clock mode to
one of the main clock medes,
set the 4AMSTPF flag to "0~
and wait at least until the main
clock oscillation becomes stable.
Wait for tpxs or McFs cycles.

Low-speed
operation mode

The foltowing blocks are forced to stop their functions when
the low-speed operation mode {main clock 1/32 mode or
sub-clock mode) is selected.

Item Contents

Port B If data is input to the accurnulator

{comparator input) | {(AC}from port B, Q (zero) is input to
the AC.

H counter The contents of the H counter are
cleared.

Display controller Not to support dynamic display

mode operation

Do not use the blocks at the left
column during the low-speed
operation mode.

Note that the low-speed
operation is selected at the
system reset.

Continued on next page.
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Continued from preceding page.

Item

Function

Notes

Standby mode

HALT mode
activation/release

{Activation}

The HALT mode can be activated by executing the HALT
instruction when the SLPF flag of the standby control regis-
ter has been already set to "0". However, the HALT instruc-
tion will be processed equally as the NOP instruction when
the following HALT mode release conditions are satisfied.

(Release)
(D Reset
@ The PE2/START pin signal level is “H" with the WG2=1.

(® The overflow signal is generated by the time base timer

(@ The interrupt release signal is delivered with the WG3=1.

o If you want to release the HALT

mode by using the PEg/START
pin “H" level signal or interrupt
release signal, set the WG2 or
WG3 flag prior to the execution
of the HALT instruction.

circuit.
HOLD mode {Activation) The HOLD mode can be
activation/ The HOLD mode can be selected by executing the HALT released only by the reset
release instruction with the SLPF="1", signal.

(Release)
Reset

Execute a single NOP
instruction prior to the
execution of the HALT
instruction for activating the
HOLD mode.

Never output logic “1" to bit 1
of the standby control register
{STBC). -

Watchdog timer
reset {effective
only if the
watchdog timer
function has been
selected by
option)

The time base timer can be used to detect runaway and
cause watchdog reset to occur.

You have to create a routine
which allows the TBF flag to be
reset every program-defined
time cycle (0.6sec. max.).

_ The clock which has been

already in operation must be

selected as the time base timer

source,

if the time base interrupt request

flag {TBF) is set to “1” prior to

HALT activation, the HALT

mode release signal triggered

by time base overflow signal
and watchdog reset signal are
to be generated at the same
time.

Teo avoid the generation of

watchdog reset signal in the

above case, there are two
methods as follows:

() Reset the TBF flag
immediately before the
HALT instruction is
executed.

or

@ Set the time base interrupt
enable flag {TBEN) and HALT
release enable flag (WG3)
before the HALT instruction
is executed.

Interrupt

Interrupt enable
flag (Control
register: 8 bits)

o There are 8 interrupt enable flags, which are assigned to
8 interrupt sources. These flags are set to enable inter-
rupt requests by SCTLO to SCTL? instructions. Note that
two or more flags cannot be set at a time,

® All the interrupt enable flags are set to disable interrupt
at the reset mode.

The interrupt enable flags are
not reset after interrupt
processing is carried out. If you
want to reset interrupt enable
flag, you have to use the RCTL
instruction.

All the interrupt enable flags
are reset when the HOLD mode
is started up. You have to set
necessary flags after the HOLD
mode is released,

Continued on next page.
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Continued from preceding page.

Item

Function

Notes

Interrupt

Interrupt request

® There are 8 interrupt request flags, which are assigned to

& These flags are not reset even

Notes on use of common ports

flag 8 interrupt sources. after interrupt processing is
Four interrupt request flags are assigned as an interrupt carried out.
extended register. That is, 8 interrupt request flags are Reset the interrupt source flag
assigned as two internal extended registers. Therefore, of a corresponding interrupt
these registers can be accessed by executing the BANK source factor when interrupt
and IP/OP instructions consecutively. If you input data to processing is performed.
the accumulator (AC) from one of these registers, you can | ® All the flags are reset when the
use the BANK and IP instructions consecutively. If you HOLD mode is started up.
output data to one of these registers, you can use the ® The interrupt request register
BANK and OP instructions consecutively. However, you cannot be manipulated by the
cannot set any bit of the internal extended register. if you BANK + SPB/RPB instructions.
are to reset some bits of the register, set data of O for
them but 1 for other bits in the accumulator and output
the data to interrupt request register by executing the
BANK and OP instructions consecutively.
® Flags other than timer 1 interrupt request flag {TM1F) are
set to “0” at the reset mode.
® The TMOF, SIOOF, SIOTF flags are reset at the time of
WTTM instruction execution, SI00, S101 data transfer
start, respectively.
PEg/VREFQ | Port Eg and Eq can be also used as the external reference ® |f you want to use these pins as
W PE{/VREE1 | voltage input pins VREFQ and VREF1 for comparator input VREFQ. VREF1. and START, you
£ {port B). have to output logic 1" to the
g PE2/START | Port E2 can be also used as the HALT mode control pin "1 iﬁ%;fﬁé i%%?g%ég;:i ;t:ze;”
START. viq e
setto "17)
PFo/Slp Port Fg and F1 , and F2 can be also used as the 510, S00, and| @ If you want to use these pins as
W PF4/S00 SCKO pins for serial data transfer O. S10, SO0, SCKO, and INTO, you
= | PF2/SCKO have to output logic “1"” to the
£ PF3/INTO gol: F;? can be also used as the INTO pin for external interrupt :;SOE’tPnila:thr{ea;gopt?}s::gt;ir:-.eg,_
put. are all setto “17.)
PGp/SI1 Part G, Gq. and Gg can be also used as the SI1, SO1, and ® If you want to use these pins as
PG1/801 | SCK1 pins for serial data transfer 1. 511, $O1, 5CK1, and INTT, you
‘g PG2/8CK1 have to output logic “17 to the
& PG3/W Pgrt G can be also used as the INT1 pin for external interrupt re(-;sgt ;i:jepﬁé :gg ':SEG(:L:::
1 input. e aur
are all set to ”1".)
PHg/DACQ | ® Port Hgand Hq can be also used as the DACO and DAC1 | @ If you want to use these pins as
PH1/DACT pins for PWM type DAC output. DACO, CACT, and S5QR pins, you
____________ e e s s T 71 have to output logic 0" to the
PH2/SQR L :i(;rl:al-ll%jtapr:nbe also used as the SOR pin for burst pulse PHo, PH1, and PH. (At the reset
T ' mode, the PHp, PH1{, and PHa
:c_, pins are all setto "“1".)
PH3/HCNT | @ Port Hg can be also used as the HCNT pin for horizontal | @ If you want to use these pins as

sync signal input,

HCNT, you have to output logic
“1" to the PH3. (At the reset
mode, the PH3 pin is set to 1"}

Continued on next page.
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Continued from preceding page.

Item

Function

Notes

Display controller

Operational
status at system
¢lock selection

When the CPU has entered low-speed operation mode (main
clock 1/32 mode or sub-clock mode), dynamic display mode
operation is not successfully carried out.

® When low-speed operation mode
is employed, do not select the
dynamic display mode.

Operational
status at
standby mode

Dynamic
display mode

& Segment output pin----""H"”"-level output at

all the pins
® Digit output pin----Unpredictable
® Fixed address output pin------Keeps old
contents.

Static display
mode

® S50 to S7 pins---"H"-level output at all the
pins
® TO0to T11
T12/511 to T15/88 ping------ Keeps old
contents,

Display OFF
mode

® All FLT pins----"L"-level output at the all
pins

® Selectdisplay OFF mode prior to
the standby mode activation so
that no current is dissipated by
FLT pin.

W 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 liks, 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 SANYO ELECTRIC CO., LTD, its affiliates,
subsidiaries and distributors and all their officers and employees, jointly and severally, against any
and all claims and Itigation 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-
esd for volume production. SANYQ believes information herein is accurate and reliable, but no guarantees
are made or implied regarding its use or any infringements of intellsctual property rights or other rights of
third parties.
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