SHARP

LU8500FO0/F1

NEW PRODUCT

INFORMATION

8-bit Single-chip Microcomputer
with built-in Flash Memory

B Description

The LU8500F0/F1 are single chip 8-bit microcomputers, flash
memory versions of SM8500 series. LU85S00FO is packaged in
100-pin QFP and LU8500F1 in 100-pin LQFP (0.5 mm pin-
pitch).

The LU8S500F0/F1's internal flash memory is user
programmable: it can be programmed using a PROM writer,
through the serial interface (UART) (on-board w1_~iting), or by

B Features

1. CMOS silicon gate process

2. Flash memory capacity 61 440 X 8-bit
3. RAM capacity 2 048 X 8-bit
4. Memory organization

+ Itis possible to set the range of accessible address of the
internal flash memory in unit of 4k bytes (4 to 60k bytes)
by the user program.

5. External memory expansion

+ The LU8500F0/F1 can access external memory by

program setting.
6. CPU core

+ 8-bit X 8 ports (or 16-bit X4 ports) and 16-bit X4 ports
general purpose register are used as accumulator, register
pointer, and index register.

* 68 instructions sets include multiplication, division, and
bit manipulation instruction.

- 23 types of addressing mode.

+ System clock cycle 0.17 2 s (MIN.) (When main clock
cycleis 12 MHz.)

+ System clock cycle can be varied by program.

+ System clock can be derived from the main clock
(divided by 1/2, 1/4, 1/8, 1/16 or 1/32) or sub clock
(divided-by-2 32.768 kHz).

copying data stored in a PROM by using the copy board designed
for this purpose.

LU8500F0/F1 are compatible with SM8500 series which
contains ROM instead of flash memory. LU8500F0/F1 can be
programmed to operate as ROM version. Once the program has
been imported into the ROM, the user can run the program
without having to verify it.

7. Oscillator circuit
* Main clock oscillation circuit (CKwv, CKour pins)
:1.5t0 12 MHz
- Sub clock crystal osicllation circuit
(OSCm, OSCour pins)
132,768 kHz
8.  Interrupt
+ Maskable interrupts : 14
4 external interrupts and 10 internal interrupts from

peripheral functions can be set to enable/disable

independently and masked by 14-level priority.
+ Non-maskable interrupts : 2
Watchdog timer interrupt.
Tllegal instruction trap
9. Standby modes
- HALT Mode
Changing the mode by HALT instruction.
The system clock supplied to CPU will be stopped.
+ STOP Mode
Changing the mode by STOP instruction.
The main clock will be stopped (sub clock is kept
running).
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LU8500F0/F1 8-bit Single-chip Microcomputer with built-in Flash Memory
10. I/O ports 14. D/A converter
- 2 input ports (each 8 bits) ( one port also serves as A/D + Resolution 8-bit (4-bit for waveform generator)
input) - Channel 2 channels '
The pull-up resistor of one port can be turned on/off by 15. Waveform generator
software. + Internal waveform RAM 2 channels
+ 2 output ports (each 8 bits) + User programmable 16 level waveforms
These are large current output pins. + Combined with external circuit, DTMF waveform can
- 8-bit X 6 I/O ports and 4-bit X 1 I/O port be output.
The pull-up resistors can be turned on/off by software. 16. Clock output
11. Timer/event counter - P7¢/F pin can be used to drive a buzzer (timer 5 output)
+ Timer/event counter 16-bit X 1, 8-bit X S5 17. Operation power and voltage
+ These timers can output PWM (period and duty cycle of + 2.7 t0 3.6 V : system clock frequency 3.0 MHz (MAX.)
1 channel are variable, duty cycle of 3 + 45105.5V : system clock freugncy 6.0 MHz (MAX.)
+ Watchdog timer 8-bit X 1 The LU8S00F0/F1 can operate at the max. 12 MHz main
+ Clock timer 8-bit X 1 clock if the operating voltage is in the range (2.7 to
12. Serial interface 5.5 V). However, the main clock frequency must be
+ SIO 8-bit clock sync. X 1 divided to the system clock according to the operating
- UART 8-bit clock async. X 1 voltage range.
13. A/D converter 18. Package
- Resolution 10-bit + LU8500F0 100-pin QFP (QFP100-P-1420)
+ Channel 8 channels + LU8500F1 100-pin LQFP (LQFP100-P-1414)
(Pin-pitch 0.5 mm)
<Flash memory features >
1.  Writing method 4. Reliability
- Using instruction : in the same way as used for SHARP  Write/erase cycle : 100
8 M bits flash memory "LH28F008SA" 5. Three writing modes

- Auto byte write : through the command user interface
(CUDh
*Vpp = 12 V (external)

*PROM mode
Program can be stored/erased by using general purpose
PROM writer.

2. Erasing method - Serial mode (on-board mode)
- Auto block erase by CUL Data can be read/written/erased from PC.
3. Block configuration + Copy mode i
- 8 blocks (1 block by 4k bytes, 7 blocks by 8k bytes) When the dedicated copy board is used, data stored in
+ Each block can be cleared independently. PROM can be copied into the internal flash memory.
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8-bit Single-chip Microcomputer with built-in Flash Memory

Bl Pin Connections
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LU8500F0/F1

8-bit Single-chip Microcomputer with built-in Flash Memory

B Pin Description

Pin name 1/0 Function
POo-P0O7 I Input ports
Plo-Ply /0 1/0 ports / External memory data I/O ports
P20-P27 1/0 I/O ports / External memory address output ports
P3o/Touto-P32/Tout2 /O I/O ports / Timer outputs (Touro, Tour, Toutz)
P33/PINTo/CNTo /O 1/O port / External interrupt input / Capture trigger input / Event count input (PINTo/CNTo)
P34/CNT1, P3s/CNT2 /0 1/O ports / Event count inputs (CNT1/CNT?2)
P3¢/PINT1, P37/PINT2 /O 1/O ports / External interrupt inputs (PINT1/PINT?)
P4o/ADo-P47/AD: 1 Input ports / Analog input ports (ADv-AD7)
P50-P57 I/0 1/O ports / External memory address output ports
P60-P67 (0] Output ports (Large current output : 10 mA) (By mask option, the port can be configured as a N-ch open drain pin)
- PlofRxD- v/e] 1/O port / UART data input
P7/TxD 1/0 1/0 port / UART data output
P72 1/0 1/0 port
P73/Sin 1/0 1/O port / SIO data input
P74/Sout 1/0 I/O port / SIO data output
P75/Sck I/O /O port / SIO transfer clock I/O
P7¢/F I/O 1/O port (Buzzer output)
P7:/PWM I/O I/O port (PWM output)
P8o-P87 /O I/O ports
P90-P9s I/0 I/O ports
PAo-PA7 0] Output ports (Large current output : 10 mA) (By mask option, the port can be configured as a N-ch open drain pin)
DAVRs, DAVRI I D/A converter reference voltage input ports
DAouto, DAout: 6] D/A converter output ports
VR 1 A/D converter high-level reference voltage input port
AGND 1 A/D converter low-level reference voltage input port
CKw, CKour ILO Oscillator pins for main clock (Connecting crystal oscillator)
OSCin, OSCour ILO Oscillator pins for subclock (Connecting 32.768 kHz crystal oscillator)
RESET I Hardware reset signal input port
TEST/Vee 1 Test pin (Connect to GND nomally)/writting high voltage pin
Voo, GND I Power supply pin, GND pin (Also serving as the D/A ground pin)
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8-bit Single-chip Microcomputer with built-in Flash Memory LU8500F0/F1

B Block Diagram
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. Pin numbers apply to the 100-pin QFP (QFP100-P-1420)
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LU8500F0/F1 8-bit Single-chip Microcomputer with built-in Flash Memory

B Absolute Maximum Ratings

Parameter Symbol Condition Rating Unit
Supply voltage Vop —0.3to0 +6.5 \'
Write voltage Vep —02to +14 v
Input voltage Vi —0.3to Voo +0.3 A\
Output voltage Vo —0.3 to Voo+0.3 v
High Ton All output pins 4.0 mA
ﬁ‘;}g‘ggﬁm Loy | ot | PoPGr PACPAT 30 mA
oLz All output pin except P6o-P67, PAo-PA7 4.0 mA
High 2 Ion All output pins 20 mA
Total output Ly | Zlou | Perpe, PACPA; 100 mA
2 ToL2 All output pin except P6o-P67, PAo-PA7 20 mA
Operating temperature Topr —20to +70 T
Store temperature Tstg —55to0 +125 T

B Recommended Operating Conditions

Parameter Symbol Condition Rating Unit Note
Supply Yol v at3 Vmode 2.7t03.6 v
voltage
HPPLy vOTas ® | a5 Vmode 451055

Vop=4.5t055V 0.17 to 61

System clock cycle tsvs us
Vop=27t03.6V 0.33 to 61
Vop=4.5t05.5V 6.0

Maximum system clock frequency | fsmax MHz
Vop=2.7t03.6 V 3.0
Vop=4.51055V 12.0

Maximum main clock frequency fmain MHz ———
Vob=2.7t03.6 V 6.0 1
Vop=2.7t03.6 V

Subclock frequency fsub 32.768 kHz
Vop=4.5t055V

Operating temperature topr —20to +70 T

Note 1. The system clock is divided-by-2 main clock. When deriving the system clock from a clock source other than divided-by-
2 main clock, the main clock can be set to match the systm clock frequency.
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8-bit Single-chip Microcomputer with built-in Flash Memory LUB500FO0/F1

B DC Electrical Characteristics

(Vop=2.7t03.6 V. Ta=—20to +70 C)

. Rating
Parameter Symbol Condition Unit Note
MIN. TYP. MAX.
Vi 0.8Vop Vob
v 2
Vit 0 0.2Vop
Input voltage
Vinz Vob—0.3 Vob
v 3
ViLz 0 03
Tim ViNn=Vbp, Vop=3.0 V 10
H“A 4
Input current Iy Vin=0V, Vop=3.0V —10
Iz Vin=0V, Vop=3.0V —10 —25 —50 rA 5
Voni Ion=—0.6 mA, Vbob=3.0V Vop—0.5 v p
VoLi Too,=6.0 mA, Voo=3.0V 1.0
Output voltage
Vo Iou=—0.6 mA, Vpp=30V Vobp—0.5 v 7
VoL To,=0.6 mA, Vop=3.0V 0
Resolution 10 bits
A/D Differential linear tolerance VR=Vop=3.0V +1.0 +2.5 LSB
CONVrsion | | jnear tolerance fsys=3.0 MHz +30 | £5.0 LSB
Combined tolerance +4.0 +6.0 LSB
Resolution 8.0 bits
D/A — = _
conversion Output voltage range DAVR=Vp=3.0V 08 Vop—0.8| kQ 8
Total tolerance +0.03 | X006 A"
Inp fsys=3.0 MHz 9.0 15
mA 9
) Ioon fsys=3.0 MHz, HALT mode 1.0 2.0
Current consumption -
Iops! OSC running, STOP mode 20 40 HA 10
Ippsz OSC in stop, STOP mode 1.0 6.0 uA 11

Note 2.
Note 3.
Note 4.
Note 5.

Note 6.
Note 7.

Note 8.
Note 9.
Note 10.
Note 11.

Applied to pins  P10-P17, P20-P27, P30-P3z2, P40-P47, P50-P57, P71, P72, P74, P76, P77, P80-P87, P90-P93, CKIN
Applied to pins RESET, OSCIN, POo-P07, P33-P37, P70, P73, P75
Applied to pins (with pull-up resistors disconnected) P0o-P07, P10-P17, P20-P27, P30-P37, P40-P47, P50-P57, P70-P77, P80-P87, P90-PY3
Applied to pins RESET
{with pull-up resistors disconnected) P00-P07, P10-P17, P20-P27, P30-P37, PSo-P57, P70-P77, P80-P87, P90-P93

Applied to pins  P60-P67, PAo-PA7
Applied to pins  Plo-P17, P20-P27, P30-P37, P50-P57, P70-P77, P80-P87, P90-P93

POo (RD), P01 (WR) (in external memory expansion mode)
Applied to pins DAouTo, DAouyTi
Without load Vop=3.0 V, main clock frequency =16 MHz
Without load Vop=3.0 V, OSC running (32.768 kHz), VR =GND, constant input signal
Without load Vbp=3.0 V, OSCIN=GND, VR=GND, constant input signal
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(Vop=4.5105.5V., Ta=—20t0 +70 C)

. Rating
Parameter Symbol Condition Unit Note
MIN. TYP. MAX.
Vi 0.8Vpp Vob
\% 12
Vit 0 0.2Vop
Input voltage
Vi Vopo—0.5 Vob
\% 13
Viez 0 0.5
T Vin=Vbp, Vop=35.0V —10
uA 14
Input current T Vin=0V, Vop=50V 10
T2 Vin=0V, Vop=50V —40 —75 —150 rA 15
Voui JIou=—1.0mA, Voo=5.0V Vop—0.5 v %
VoLi Io,=10 mA, Vobp=350V 2.0
Output voltage
Vouz Iou=—1.0mA, Vboop=5.0V Vop—0.5 v 17
Vo2 Io,=1.0 mA, Vop=5.0V 0
Resolution 10 bits
A/D Differential linear tolerance VR=Vp=350V *+10 *25 LSB
conversion | | inear tolerance foys=6.0 MHz +30 | +50 | LSB
Combined tolerance +4.0 +6.0 LSB
Resolution 8.0 bits
D/A =Vpp= —
conversion | Output voltage range DAVR=Vpp=5.0V 0.8 Vop—0.8] kQ 18
Total tolerance +0.05 | £0.10 \"
Iop fsys=6.0 MHz 20 30
mA 19
] TooH fsys=6.0 MHz, HALTmode 3.0 6.0
Current consumption -
Ippsi OSC running STOP mode 30 60 HA 20
Iops2 OSC in stop, STOP mode 1.0 10 ©A 21

Note 12. Applied to pins  P10-P17, P20-P27, P30-P32, P40-P47, PS0-P57, P71, P72, P74, P76, P77, P80-P87, P90-P93, CKiN
Note 13. Applied to pins RESET, OSCIN, P00-P07, P33-P37, P70, P73, P75
Note 14. Applied to pins (with pull-up resistors disconnected) P00-P07, P10-P17, P20-P27, P30-P37, P40-P47, P50-P57, P70-P77, P80-P87, P90-P93
Note 15. Applied to pins RESET
(with pull-up resistors disconnected) P00-P07, P10-P17, P20-P27, P30-P37, P50-P57, P70-P77, P80-P87, P90-P93

Note 16. Applied to pins  P60-P67, PAo-PA7
Note 17. Applied to pins  Plo-P17, P20-P27, P30-P37, P50-P57, P70-P77, P8o-P87, P90-P93

POo (RD), P01 (WR) (in external memory expansion mode)
Note 18. Applied to pins DAoute, DAouT!
Note 19. Without load Vpp=5.0 V, main clock frequency=12 MHz
Note 20. Without load Vpp=5.0 V, OSC running (32.768 kHz), VR =GND, constant input signal
Note 21. Without load Vpp=5.0 V, OSCin=GND, VR =GND, constant input signal




8-bit Single-chip Microcomputer with built-in Flash Memory LUB500F0/F1
B LU8500F0/F1 Development Support System

The software program for LU8500F0/F1 can be developed through a system consisting of a personal computer (MS-DOSTM)#*
serving as a host, an in-circuit emulator and many types of development deveices for user's system evaluation.
If a GP-IB interface is used in place of the standard RS-232C interface, programs can be transferred to an emulator at high speed.

* MS-DOS™ is a trademark of Microsoft Corporation.

ICE-Advice
(YOKOGAWA Digital
Computer Corporation)

Support software

* Macro assembler
e Library

Emulation Pod

Host computer
(personal computer with Document Target system
MS-DOS™/Windows
operating system)

ICE Debugger Support language
YOKOGAWA Digital Computer Corptoration |  Micro VIEW-G * Assembler (SHARP)
AD200-S56/PP150A (Windows) * Structured assembler /
C compiler (ADaC Corporation)
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SHARP CORPORATION Japan

HEAD OFFICE

INTERNATIONAL SALES & MARKETING GROUP
-IC/ELECTRONIC COMPONENTS

22-22, NAGAIKE-CHO, ABENQO-KU, OSAKA 545, JAPAN
PHONE: (81) 6-621-1221

FAX: 8117-725300, 6117-725301, 6117-725302

U.S.A.

IC SALES DEPARTMENT

INTERNATIONAL SALES & MARKETING GROUP

-IC/ELECTRONIC COMPONENTS

2613-1 ICHINOMOTO-CHQ TENRI-CITY NARA 632, JAPAN

PHONE: (81) 7436-5-1321
FAX: (81) 7436-5-1532

EUROPE

ASIA

SHARP ELECTRONICS CORPORATION
Microelectronics Group
North American Headquarters
5700 Northwest Pacific Rim Blvd. #20,
Camas, WA 98607
PHONE : (1)360-834-2500
FAX : {1)360-834-8903
West N
1980 Zanker Road, San Jose, CA 95112
PHONE : {1)408-436-4900
FAX  :(1)408-436-0924

16841 Armstrong Avenue,
Irvine, CA 92714

PHONE: (1)714-250-0225
FAX  :(1)714-250-0438

1025 Royal Lane, DFW Airport,
TX 75261-9035

PHONE: (1)972-574-5205

FAX  :(1)972-574-9870

10222 Scull Creek, Austin, TX 78730
PHONE : (1)512-349-7262
FAX  :(1)512-349-7002

9950 Cypresswood, Suite 350,
Houston, TX 77070

PHONE : {1)713-955-9909
FAX  :(1)713-955-9910

East

1300 Napervill Road, Romeoville, IL 60441
PHONE : (1)630-226-2400

FAX : (1)630-759-8572

691 N. Squirrel Road, Suite 110,
Auburn Hills, M! 48326
PHONE: (1)810-377-8220

FAX  :(1)810-377-9222

14A Second Avenue, Burlington, MA 01803
PHONE: (1)617-270-7979

FAX  :(1)617-229-9117

Canterbury Hall, 4815 Emperor Blvd.

Suite 140, Durham, NC 27703

PHONE : {1)919-941-0065

FAX  :{1)919-941-0066

SHARP ELECTRONICS (EUROPE)

GmbH

Headquarters

Microelectronics Division, (MED)
Sonninstrasse 3, 20097 Hamburg, Germany
PHONE : (49)40-23 76 22 86

FAX  :(49)40-237622 32

Germany MED Stuttgart Office
Zettachring 8, 70567, Stutigart, Germany
PHONE : (49)711-90076-3

FAX  :(48)711-90076-50

Germany MED Ndrnberg Office
Donaustrasse 69, 90451 Ndrnberg, Germany
PHONE : (49)911-642 70 51

FAX  :(49)911-642 66 69

France MED Paris Office
Immeuble Rosny 2, Avénue du
Général de Gauile 93110

Rosny Sous Bois Cédex, France
PHONE: (33)1-48 12 19 00

FAX  :(33)1-48554678

italy MED Milano Office

Centro Direzionale Colleoni
Palazzo Taurus Ingresso 2

20041 Agrate Brianza, Milano, Italy
PHONE : (39)39-68 99 946

FAX  :(39)39-68 99 948

U.K. MED Londcn Office
Centennial Court, Easthampstead
Road Bracknell, Berks RG12 1YQ,
United Kingdom

PHONE : (44)1344-86 99 22

FAX : (44)1344-36 09 03

U.K. MED Scotland Office

Unit 48 Grovewood Business Centre,
Strathclyde Business Park,

Bellshill ML43NQ,

Scotland, United Kingdom
PHONE : (44)1698-84 34 42

FAX  :{44)1698-84 28 99
Ireland MED Dublin Office

First Fioor, Block 1, St. Johns Court
Santry, Dublin 8, Ireland

PHONE : (353)1-842 87 05

FAX  :(353)1-84284 55

SHARP-ROXY (HONG KONG) LTD.
3rd Business Division,

17/F, Admiralty Centre,

Tower 1, 18 Harcourt Road, Hong Kong

PHONE : (852)28229311

FAX : (852)28660779

SHARP ELECTRONICS (SINGAPORE)

PTE., LTD.

438A Alexandra Road #05-01/02
Alexandra Technopark
Singapore 119967

PHONE : (65)271-3566

FAX  :(65)271-3855

SHARP ELECTRONIC

COMPONENTS (TAIWAN) CORPORATION
8Fl., No. 16, Sec. 4, Nanking E. Rd.,

Taipei, Taiwan, Republic of China

PHONE : (886)2-577-7341

FAX  :(886)2-577-7326, (886)2-577-7328

SHARP ELECTRONIC

COMPONENTS (KOREA) CORPORATION
AM 501 Geosung B/D, 541,

Dohwa-dong, Mapo-ku, Seoul, Korea

PHONE : (82)2-711-5813 10 5818

FAX 1 (82)2-711-5819

The circuit application examples in this publication are provided to explain
representative applications of SHARP devices and are not intended to guarantee
any circuit design or license any intellectual property rights. SHARP takes no
responsibility for any problems related to any intellectual property right of a third
party resuiting from the use SHARP devices.

SHARP reserves the right to make changes in the specifications, characteristics,
data, materials, structures and other contents described herein at any time without
notice in order to improve design or reliability. Contact SHARP in order to obtain the
latest specification sheets before using any SHARP device. Manufacturing locations
are also subject to change without notice.

In the absence of confirmation by device specification sheets, SHARP takes no
" responsibility for any defects that occur in equipment using any SHARP devices
shown in catalogs, data books, etc.

Observe the following points when using any device in this publication. SHARP
takes no responsibility for change caused by improper use of the devices, which
does not meet the conditions and absolute maximum ratings for use specified in the
relevant specification sheet nor meet the following conditions

I The devices in this publication are designed for use in general electronic equipment
designs such as :
@ Personal computers
® Office automation equipment
® Telecommunication equipment (except for trunk lines)
@ Test and measurement equipment
@ Industrial control
® Audio visual equipment
® Consumer electronics

H Measures such as faii-safe function and redandant desigh should be taken to
ensure reliability and safety when SHARP devices are used for or in connection
with equipment that requires higher reliability such as :

® Main frame computers
@ Transportation control and safety equipment (i.e. aircraft, trains, automobiles, etc.)

Ref. No. NP 169C

® Traffic signals

@ Gas leakage sensor breakers
® Alarm equipment

® Various safety devices, efc.

W SHARP devices shall not be used for or in connection with equipment that requires
an extremely high level of reliability and safety such as :
® Military and aero space applications
® Telecommunication equipment (trunk lines)
® Nuclear power control equipment
® Medical and other life suport equipment (e.g., scuba)

Contact a SHARP representative in advance when intending to use SHARP devices
for any “specific” applications other than those recommended by SHARP or when it
is unclear which category mentioned above controls the intended use.

If the SHARP devices listed in this publication fal! in the scope of strategic products
described in the Foreign Exchange and Foreign Trade Control Law, it is necessary to
obtain export permission or approval under the law in order to export such SHARP
devices.

This publication is the proprietary product of SHARP and copyrighted, with all rights
reserved. Under the copyright laws, no part of this publication may be reproduced or
transmitted in any form or by any means, electronic or mechanical, for any purpose,
in whole or in part, without the express written permission of SHARP. Express written
permission is also required before any use of this publication may be made by a third
party.

Contact and consult with a SHARF representative if there are any questions about
the contents of this publication.

© SHARP CORP. DEC. 96 A3EI Printed in Japan



