NABON MC81F4104

ABOV SEMICONDUCTOR
8-BIT SINGLE-CHIP MICROCONTROLLERS

MC81F4104

User 0s (vMaan u a l

Preliminary

NBON

SEMICONDUCTOR

March 5, 2009 Ver.0.6 1



MC81F4104 NABON

Version 0.6 Preliminary
Published by FAE Team
02008 ABOV Semiconductor Co., Ltd. All rights reserved.

Additional information of this manual may be served by ABOV Semiconductor offices in Korea or
Distributors.

ABOV Semiconductor reserves the right to make changes to any information here in at any time
without notice.

The information, diagrams and other data in this manual are correct and reliable; however, ABOV
Semiconductor is in no way responsible for any violations of patents or other rights of the third
party generated by the use of this manual.

2 March 5, 2009 Ver.0.6



NABON

MC81F4104

REVISION HISTORY

VERSION 0.6 Preliminary (March 5, 2009) This book
Correct pin map diagram in the chapter 2.EMULATOR®
Move the SCLK pin for ISP is moved to R04 port.

Note for ADC recommended circuit is changed.

VERSION 0.5 Preliminary (February 12, 2009)

Update the chapter &. PORT STRUCTURE®

Update the chapter &. ELECTRICAL CHARACTERISTICSH
Update the chapter 3. IN SYSTEM PROGRAMMING®6

VERSION 0.4 Preliminary (December 19, 2008)
Block diagrams of Timer 2/3 and PWM are corrected.

VERSION 0.3 Preliminary (December 8, 2008)
Operating Voltage Changed (2.2V~5.5V  2.0V~5.5V)

VERSION 0.2 Preliminary (November 17, 2008)
Some errata are corrected.

VERSION 0.1 Preliminary (November 14, 2008)
Some errata are corrected.

VERSION 0.0 Preliminary (November 12, 2008)

March 5, 2009 Ver.0.6



MC81F4104 NABON

TABLE OF CONTENTS

REVISION HISTORY .ttt ettt e e e ettt e e e e e s kbbb ettt e e e s e s nsbb b e e et e e e s e snnbnreeeeeeeaeannn 3
TABLE OF CONTENTS ... oeiiieii ittt ettt ettt e e e e e st e et e e e e e s s bbb ettt e e e s e s nnbb b e et e e e e s e annnbrnneeaeens 4
L OVERVIEW ...ttt ettt e e oo e et et e et e e e e e s n s bttt e eeeae e e e nsbeteeeeeeeseannbeneeaaaaeeeaanns 7
O 0 =T 0] o o SRS 7
D T 1 (0 =S TP PP PP PRPRPRPRPRN 7
1.3 DEVEIOPMENT TOOIS ... .uiiiiiiiiee e e s it e e s e e e e s e st e e e e e e s e s e e e e e e aeeesasssataeeeeeeessanrnraesaeaesaannns 8
1.4 Ordering INFOIMATION .........eeiiiiiiiie ettt e s bt e et e s eab et e e e s e e e e aabee e e e eees 9
2. BLOCK DIAGRAM ..ottt e et e e e e e sttt e e e e e e e e s a et e eeeeteeeseannbeeeeeaaeeseannsbeneanaanas 10
3. PIN ASSIGNMENT .ottt e e e e ettt e e e s s s a e b bt e e et e e e s e ane bR e e e aeeeaaanbbaeeeeaaens 11
B.L A0 PIN- SSOP ...ttt bt e b e s b b et e e e b et e n b e e e e e abaeeeeanbreeeeaa 11
3.2 8 PIN- PDIP/SOP ...ttt ettt e et et e e e e e bbb et e e e e e s a b e b e e e e e e e e nnbrrreeaeeas 11
3.3 SUMIMIANY .ttt ettt ettt e e e e sttt e e e 1 e e s et e e e e e e s d R ettt e e e e e a e re e et e e s e e e nn e e e e e s 12
4, PACKAGE DIAGRADM ..ottt ettt e e e s e e e e e a4 e et eeeae e e s sanb e tae et e eeteaan s bateeeeeeeaeasnteeneeaeeas 13
4.1 10 SSOP - MCBILFALOAS ...ttt ettt e e e et e e e e e ea s kb et e e e e e e s s e bnba e e e e aeeeeannnnenees 13
4.2 8 PDIP - MCBLFALOAB ... .ottt ettt e e e s e it e e e e e e e nb et ee e e e e e saansnteeeeaaeeesansnreees 14
4.3 8 SOP - MCBILFALOAD ... oottt ettt e e ettt e e s e e e e s e e e e e e e e s e e abbbr e e e e e e e e e e nnnnenees 15
5. PIN DESCRIPTION. . ettt ettt ittt et ettt e e e e e sttt et e e e s s s s bt e e eeee s e s s abaabeeeeeeaeansteaneeeeeesaasntenneeaaeas 16
6. PORT STUGCTURE ..ottt ettt e e bt e e e s s sk b b e et e e e e e e e e nnbb e e e e aeeesaannbenneeaeeas 17
7. ELECTRICAL CHARACTERISTICS ...ttt ettt e et e e e e e e s snnbneneeaeeas 19
7.1 Absolute Maximum RELINGS .....o.ueeieiiiiiee ittt e et e e et e e e sabb e e s abae e e e abbeeeeans 19
7.2 Recommended Operating CoNItIONS ........ccooeieiiieie i 19
7.3 AID Converter CharaCteriStiCS .. ....iiiureiiiiie et e e e e e e e e e st r e e e e e s e ennreneeeeees 20
7.4 DC Electrical CharaCteriSHICS ....c..ouiiuuriiiiiiee ittt e e e e e s eeeee s 21
7.5 INPUL/OULPUL CAPACIIANCE ...eiieiiiiiieiiiiiieee ettt ettt ettt et e e e sbb e e e sabb e e e e sabb e e e e anbaeeeeabbeeeeans 22
7.6 Serial EICtriC CharaCteriStCS ..iiiiiiiiiiiiiiie e ettt e e e e e e e e e e e st r e e e e e s e annreneeeeeens 22
7.7 Data Retention Voltage in StOPp MOAE ......cccooiiiiiiie e 23
7.8 LVR (Low Voltage Reset) Electrical CharacteriStiCs ..........eeiiiiiiiiiiiiiieiiiiee e 24
7.9 Main clock OSCillator CharaCteriSHCS .........oouiiuiiiiiiiie et 24
7.10 External RC Oscillation CharaCteriStiCS........c.uuuiiiiiee i ereeeeee e 25
7.11 Internal RC Oscillation CharacCteriStiCS .........c.uuuiiiiiee i e e enreeeeeee s 26
7.12 Main Oscillation StabiliZation TIME .........coiiiiiiiiie e 26
7.13 Operating VOoltage RANGE ......c.veiiiiiiiiee ettt e et e e e st e e e anbeeeeeanbaeeeeans 27
8. ROM OPTION ... ttiittte ettt ettt e e oo ettt e e e e e e o s b b e et e e ea e e e e aaa bbb et e e ee e e s e annnbeeeeeaaeeaaannnbeeneeaaeas 28
S = L] 1 (1 o 1o ] F PP UURPTRRRPN 28
9. MEMORY ORGANIZATION. ...ttt ittt ettt ettt e e e s e bt e e e e e s e e bt e e e e e e e e e s e e snnbbeneaaaeas 29
S B B =T o 1S3 (=] £ PP 29
9.2 PrOgram IMEIMOIY ...cciiiiiiiiiiie et ettt e ettt e e a1 et e e e e e s e bbb e et e e e e e s nb e be e et e e e s e annrenneeeeeas 33
0.3 DALA IMBIMIOIY .. 36
9.4 USEI IMBIMOIY ...ttt ettt ettt e e o4 ettt e e o4 e e b et e e a2 a4 e e e et e e e e e st e b e e et e e e s e annbnnneeeee s 36
S RS 1= 1o QY (=T NPT 36
9.6 CONtrol REJISIEIS [ SFR ) .viiiiiiiiiie ittt ettt e e et e e et b e e e abaeeeeabreeeeans 36
9.7 AAreSSING MOUES ......eeiiiiiiiie ittt e e et e e e st e e e st bt e e e sabb e e e e snbbeeeeanbbeeeeanbaeeeeanbeeeaen 39
O O I @ T 1 TP TP PUOUUUPPRRTP 47
O {0 o = =T ] (T PR a7
11. INTERRUTP CONTROLLER ... ..ottt ettt e e e et e e e e e e e e st reeeaaaaeeaans 51
4 March 5, 2009 Ver.0.6



NABON MC81F4104

B I = =T 1] (=T SR 52
11.2 INEITUPE SEOUENCE .....eeiiiieiiie e ettt ettt e e st e et e e e s e s e et e e e s e s e e e et e e e s e annrnneeeeee s 54
R I =y (G 01 (=] ¢ (U] o PSP SUPPPTPPPRT 56
Y TW (0 (=T o PR 56
11.5 Interrupt Vector & Priority TaDIE ..o 57
12. EXTERNAL INTERRUPTS ..ttt ettt ettt e e e e e st e e e e e e e aanbn e e e eeeeeeanns 58
D R = To L1 (= £ S PP P PP PRPPPRPON 58
D e o o= T U = PSSR 59
13. OSCILLATION CIRCUITS ..oiiii ettt ettt ettt e e e e e s e te et e e e e e e e santnbeeeeeaeesaannbaseeetanaeeaanns 60
13.1 Main OSCIlAtION CIFCUILS ..eeiiieiiiiiiiiieii ettt e e e e st e e e e e e s e st e e e e e e e s e annsbenneeaeeas 60
L1302 PCB LAYOUL.....eeetiieeiiiiiitett et e ettt ettt et e e e s e s e bbbttt et e e a4 e e ab b et et e e e e e e e aannbb e e e e e e e e s e annnbnneeaeeaas 61
14. BASIC INTERVAL TIMER....cii ittt ettt a e et e e e e e e st et e e e e s an s sssnneeaaaeesann 62
I Lo 0 1] (T £ P 63
15. WATCH DOG TIMER. .....ctiiiiiie ittt ettt e ettt e e e e e s st et e e e e aeeesaantasaeesaaessaanssseeeaaeeseannns 64
T =0 L1 (= £ S PP SRR OPPPPN 65
G 0 =] o o PP TP P TP OO PPPPPPPIN 66
T = To L1 (= £ S T P PP PP TP POTPRPN 66
16.2 TIMEI 2 8-BIt IMOTE ......eeieeiiiie ettt ettt e e e 4t e e e e e e e e e snb b b e b e e e e e e s e annnbnneeeeeeas 68
A I = e SRRSO PRRRRR 70
A T L 1] (T =P 70
17.2 TIMEI 3 8-BIt IMOTE ......eeeeeiiiie ettt ettt e e e ettt e et e e e e e s bbb e e e e e e e e s e annnbeneeeeeeas 72
18. High SPEEA PWIM.....eeiiiiiiiiiie ittt b ekttt S ket s bbbt e e skt e e e s nbe e e e s nbneeesannnee s 74
S I Lo 1] (T = PR 76
L TR 7 T Y 5 OSSR 77
S I L= 1] (T =Y 78
L T2 o o o= o [ PR 79
R R @o 1)Y= =1 o] o N T 1 11 o OO POTPRPN 79
19.4 Internal Reference VORAJE LEVEIS .........uuuiuiuiiiiiiiiiiiiiiieiiiiieieieieieeeiaieieaersrerneeeneerersesesrsrsrsrnrnrnnes 80
19.5 RECOMMENAEA CIICUIL ...uuiieiieeeis ittt eee e e iie et e e e e e sttt e e e e e e s e et r e e e e e s s snntaeeeeeeeeseannnrnnneeeeens 80
20 RESET .ottt ettt oottt e e oot e e e e oo b bttt e e e e e e e e n e e et e e e e e e e anbreneeaaeas 81
20.1 RESEE PrOCESS ...t 81
A S =TS S Yo U o 82
20.3 EXEEINAI RESEL ...ttt e e e ettt e e e e e sttt e e e e e e e e e e nnbraeeeaeeas 82
20.4 WaLCh DO TIMEI RESEL ....ceiiiiiiiei ittt ettt e e et e e e st e e e snbb e e e e snbaeeeeabbeeeeans 82
20.5 POWET O RESEL ... 83
20.6 LOW VORAGE RESEL.....ceiiiiiiiiiiiiiiie ettt ettt ettt e et e e e st bt e e e snbb e e e e snbaeeeeanbneeeeans 83
21. POWER DOWN OPERATION ...ttt ettt ettt e e ettt e e e e e s e et e e e e e e e e e s e annbeeaeeaaeas 84
A S 1=T=T o N Y, o To [ PP 84
P2 A1 o] o 1 1Y Lo T [T PP 86
A IS (=T= o ISR (o] o PP 89
21.4 Minimizing Current CONSUMPLION ......eeiiiiiieeiiiiiee et e ettt e e s bee e e et e e e e sbr e e e e snbaeeessbeeeeeans 90
22,  EMULATOR L.ttt ettt ettt et e a4 4o ok b ettt et e e oo e ek bbb et e e e e e e e e e nnbeeeeeeaeeaaannnbeeeeaaaeas 92
23. IN SYSTEM PROGRAMMING ......coiitttiitiie e e e ettt e e e s s st e e e e e e s s sssteaeeeaeeessssnteaneeaeeesaassnenneeeees 95
23.1 Getting Started / ISP INSLAllAtiON ........ccoioiiiiiiiiie e 95
23.2 BasSiC ISP S/W INFOIMATION ...eoiiiiiiiiiiiiiiie ettt e e e e et e e e e s e ennbeaeeeeeeas 96
23.3 Hardware Conditions to Enter the ISP MOE..........cueviiiiiiii i 97
23.4 Sequence to enter ISP Mmode/USEr MOME .........ueiiiiiiiiiiiii e 98
23.5 USB-SIO-ISP BOAIM ....cvviiieiiiiiiie ittt ettt ettt e e e sttt e e e ssbe e e e s snbbe e e e snbaeeessnbeeeeeans 99

March 5, 2009 Ver.0.6 5



MC81F4104 NABON

24, INSTRUCTION SET ...iitiiiiiiieeiiiite ettt st et e e sttt e e e sttt e e e ssbe e e e e asbaeeeeasbeeeeaasbeeeeesnbeeeeeanbeeeeannees 100
24,1 TermMiNOIOGY LIST ......eeiiiiiiiite ettt ettt ekt e e b e e e s anbn e e e s annne s 100
2 [ 1S3 {8 Tox 1T o T Y= o PSSR 101
P e B L Y i 0 od o IR Y= TSR SR 102

6 March 5, 2009 Ver.0.6



NABON MC81F4104

MC81F4104

8 bit MCU with 12-bit A/D Converter

1. OVERVIEW

1.1 Description

MC81F4104 is a CMOS 8 bit MCU which provides a 4K bytes FLASH-ROM and 192 bytes RAM.
It has following major features,

12 bit ADC : It has 7(5) ch A/D Converter which can be used to measure minute electronic voltage
and currents.

810 Core : Same with ABOV& 800 Core but twice faster. 800 Core use a divided system clock but
810 Core use the system clock directly

1.2 Features

ROM(FLASH) : 4K Bytes Power Down Mode
SRAM : 192 Bytes Stop mode
Minimum instruction execution time Sleep mode
166n sec at 12MHz (NOP instruction) Operating Voltage & Frequency
12-bit A/D converter : 7 ch 40V7i 55V (at1.07 12.0MHz)
General Purpose I/O(GPIO) 2.7V1i 55V (at 1.07 8.0MHZ2)
10-pin PKG: 8 2.2Vi 5.5V (at1.01 4.2MHz)
8-pin PKG: 6 2.0V 1 5.5V (at 1.017 2.0MHz), only internal

Timer/Counter oscillator mode

8Bit x 2ch(or 16Bit * 1ch) Operating Temperature
PWM - 40°C ~ 85°C
10 bit High Speed PWM * 1ch Oscillator Type
Watchdog timer(WDT) : 8Bitx 1 ch Crystal, Ceramic, RC for main clock
Basic Interval Timer(BIT) : 8Bit x 1ch Internal Oscillator (8MHz/4MHz/2MHz/1MHz)

Package
10 SSOP, 8 PDIP/SOP

Interrupt Source : 9 ch
External Interrupts : 3 ch
Timer 2/3 Match/Overflow Available Pb free package
WDT, BIT

Power On Reset (POR)

Low Voltage Reset (LVR)

4 level detector (2.4/2.7/3.0/4.0V)

March 5, 2009 Ver.0.6 7
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1.3 Development Tools

The MC81F4104 is supported by a full-featured macro assembler, C-Compiler, an in-circuit emulator
CHOICE-Dr.™ , FALSH programmers and ISP tools. There are two different type of programmers
such as single type and gang type. For more detail, Macro assembler operates under the MS-
Windows 95 and up versioned Windows OS. And HMS800C compiler only operates under the MS-
Windows 2000 and up versioned Windows OS.

Please contact sales part of ABOV semiconductor. And you can see more information at
( http://www.abov.co.kr )

Figure 1-4 StandAlone Gang4

(for Mass Production)

Figure 1-1 PGMplusUSB ( Single Writer )

[y s

T

= s

Figure 1-2 SIO ISP ( In System Programmer )
Figure 1-5 Choice-Dr ( Emulator )

Figure 1-3 StandAlone ISP
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1.4 Ordering Information

Device Name FLASH ROM RAM Package
MC81F4104D 8_SOP
MC81F4104B 4K Bytes 192 Bytes 8_PDIP
MC81F4104S 10_SSOP

March 5, 2009 Ver.0.6
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2. BLOCK DIAGRAM

RESET

!

Xin
Xout

VDD

VSs

|

EXT1/AN6/RO6/EC2 ——p
AN4/R04/PWM20/T20/EXTO 4—»

8-bit Timer/Counter2

AN4/R04/PWM20/T20/EXTO 4——

Port I/0 and EXTerrupt

AN7/RO7/Vref/EXT2/EC3 ——p

Xin/ANO/RO0 ¢—»

Xout/AN1/R01 <¢—»

AN2/R02 +—»

RESETB/R03 ¢—»
T20/EXTO/PWM20/AN4/R04 4—»
ANS5/R05 4—»
EC2/EXT1/AN6/R06 4—»
EC3/EXT2/Vref/AN7/R07 4—»

High Speed PWM Control
8-bit Timer/Counter3
G 810 CPU
Port 0
4K x 8-bit 192 x 8-bit
ROM RAM

LVR (POR)

Basic Timer/
Watchdog Timer

A/D Converter

<4—— ANO/Xin/R00

<4— AN1/Xout/RO1

<4—— AN2/R02

<4—— AN4/R04/PWM20/EXTO/T20
<4—— AN5/R05

<4——— AN6/RO6/EC2/EXT1

4—— AN7/RO7/Vref[EC3/EXT2

10

Figure 2-1 System Block Diagram
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3. PIN ASSIGNMENT

3.1 10 pin- SSOP

\J
Vss ] 1 1043 VoD
Xin/ROO/ANO ] 2 9 [ RO7/AN7/Vref[EC3/EXT2
Xout/ROL/ANL . 3MC81F4104 8 [ RO6/ANG/EC2/EXT1 (SDATA)
RO2/AN2 ] 4 7 3 RO5/AN5
Vpp/RESETB/R03 [ 5 6 [ RO4/AN4/PWM20O/EXTO/T20 (SCLK)
3.2 8 pin- PDIP/SOP
\_/
Vss [] 1 8 [ VDD
Xin/ROO/ANO ] 2 7 3 RO7/ANT7/Vref[EC3/EXT2
MC81F4104
Xout/RO1/AN1 ] 3 6 [ RO6/ANG/EC2/EXT1 (SDATA)
Vpp/RESETB/R03 [ 4 5 [ RO4/AN4/PWM20/EXTO/T20 (SCLK)
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3.3 Summary
alternative functions Pin number Pin status
10pin | 8pin at RESET
ROO | ANO/Xin 2 2 input
RO1 | AN1/Xout 3 3 input
RO2 | AN2 4 X Open-drain output
RO3 | Vpp/RESETB 5 4 input
RO4 | AN4/EXTO/PWM20/T20 6 5 input
RO5 | AN5 7 X Open-drain output
R06 | ANG/EXT1/EC2 8 6 input
RO7 | AN7/EXT2/Vref/[EC3 9 7 input
VDD _ 10 8 4
VSS _ 1 1 .
Note :

12

Some pins are initialized by open-drain output mode, when the device is reset. Because the
pins are hided in 8 pin package and it is stable that hided pins are be in open-drain-output

mode.

March 5, 2009 Ver.0.6



NABON

MC81F4104

4. PACKAGE DIAGRAM

4.1 10 SSOP - MC81F4104S

ZL's

_| _ 0.20%84
T
=
o
9 — =
:
%]
(]
S
f:__;_i—/
<
-
II
I|
_Or\.. -
g

0Z0F56'¢

Dimensions in milimeters

== ==

o —_
IO_:I \_)
=]
o
H_
=
(¥
(=)

= =

o =]

4.92+0.20
= —
= f'f '| o
> ;
o VL | H ||I o
-] | | | J -
0.35+0

1.0C

OL'0 NIW
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4.2 8 PDIP - MC81F4104B

’—A3 E
] | | o
— a2, L
| | Al [T
] - | I
1 1 1 AL—T | |
I |
| | ? T ! I |
1 1 1 I !L
It ] ]

N I | — ec
AL L . d}
—b3f—  |—po— —| |—b | eB |

D
o
Hrh b o
‘> TSN
1PIN INDEX Z
N
El N § cl c
N N
A
LJ HH Hrl LL‘ BASE METAL
COMMON DIMENSIONS

(UNITS OF MEASURE=MILLIMETER)
SYMBOL | MIN NOM MAX
A 4.80
Al 0.50 -
A2 310 3.30 350
A3 1.40 1.50 1.60
b 0.38 — 0.55
b1 0,34 0.48 0.51
b7 1.47 152 157
b3 0.89 0.99 1.09
c 0.21 0.35
cl 0.20 0.25 0.30
D 9.10 9.20 9.30
o1 0.13 — —
E 7.62 7.87 8.25
F1 6.05 .55 6.45
e 2 54B5SC
ah 7.62B5C
eB 7.62 8.80 10.90
ec 0 - 1.52
L 2.92 3.30 3.81

14
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4.3 8 SOP - MC81F4104D

,4-7\93 - 01
1
/
A AZ 7 i (/;
AT 0

ot
0Ll 010

(UNITS OF MEASURE=MILLIMETER)

| i
: SYMBOL MIN SO BAAX
i i 4 1.35 1.55 1.75
i i a1 0.10 0.15 0.25
[

— BI -
b
4 H. 5 A :
N i
! ] r
j L
F1 i E
INDEX | BASE METAL
/ :’ COMMON DIMENSIONS

‘ . ; A2 1.95 1.40 | 1.65
I [ —= 43 0.50 0.60 0.70

| & 0'?‘@. b D.38 - 0.51
b 0.37 0.42 0.47

A 017 | - | 0725

el 0.17 0.20 0.23

4.80 4.90 5.00

E 5.80 5.00 £.20
E1 3.80 3.90 4.00
e 1.27BSC

L 0.45 | 0.60 0.80
L 1.04REl

L2 0.25R5C

R 0.07 —
R1 0.07 - 1

h 0.30 0.40 0.50
0 o — 3
01 15" 17 19
] 11° 13 15"
03 15° 179
04 11 13 15"
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5. PIN DESCRIPTION

Pin Names | 1/O Pin Description ﬁtircrl?c:ir:/:
R0OO Xin/ANO
RO1 Xout/AN1
R0O2 AN2
RO3 ) . , ) RESETB

This port is a 1-bit programmable 1/O pin.
RO4 1o Schmitt trigger input, Push-pull, or Open-drain output port. P\;VQAE/SQI_ZOO/
When used as an input port, a Pull-up resistor can be
RO5 specified in 1-bit. AN5
R06 EC2/AN6/
EXT1
RO7 EC3/Vref/AN7/
EXT2
EXTO . _ . . R04/PWM20/
I/0 | External interrupt input/Timer 2 capture input T20/ANA
EXT1 I/0 | External interrupt input RO6/EC2/ANG6/
EXT2 I/0 | External interrupt input/Timer 3 capture input R07/iil3;/Vref/
T20 . R04/PWM20/
I/O | Timer 2 clock output AN4/EXTO
EC2 . : RO6/ANG6/
I/O | Timer 2 event count input EXT1
PWM20 R04/T20/
I/O | PWM 2 clock output AN4/EXTO
EC3 . : RO7/Vref/AN7/
I/O | Timer 3 event count input EXT?
ANO RO0/Xin
AN1 RO1/Xout
AN2 R0O2
AN4 R04/PWM20/
I/O | ADC input pins T20/EXTO
ANS RO5
ANG6 RO6/EC2/EXT1
AN7 RO7/EC3/Vref/
EXT2
RESETB | | System reset pin RO3
XIN ROO/ANO,
T Main oscillator pins
Xout RO1/AN1
VDD i . ) T
Ves i Power input pins '
VREF i | A/ID converter reference voltage RO?/Q)I;I;/ZECN

16
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6. PORT STUCTURE

O

Input data 4—@

LVREN

Output data

Internal RESET 4—@

LVREN

RO3/RESETB

Pull-up

Enable

OPEN-

Do
DRAIN 4~[>°*Do—{

*Qutput data*
Output

Disable L

ADC
enable

VDD

I/10

ADC select——- )
*Input data* < { I

\_l

*ADC* 4—@2}

OSCSs z

Xin/Xout

Input/Output data Clock

ADC

ROO Xin

ANO

RO1 Xout

AN1

R0OO0/Xin, RO1/Xout

March 5, 2009 Ver.0.6
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VDD
Pull-up
Enable {>O
VDD
OPEN-
DRAIN 3}_{
*Qutput data* 110

Output

Disable N

ADC

enable

oo [ p

select ]

Input data* <« \_J)‘ s ®

Input/Output data Input data Output data ADC

R0O2 - - AN2
R0O4 EXTO PWM20/T20 AN4
RO5 - - ANS5
R0O6 EXT1/EC2 - ANG
RO7 EXT2/EC3 - AN7/Vref

18
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7. ELECTRICAL CHARACTERISTICS

7.1 Absolute Maximum Ratings

Parameter Symbol Ratings Unit Note
Supply Voltage VDD -0.37 +6.0 V T
vi -0.31 VDD+0.3 v Voltage on any pin with respect
VO |[-0.371 VDD+0.3| V RS
IOH .10 mA | Maximum current output sourced
by (IOH per 1/O pin)
Normal Voltage Pin
El OH -80 mA Maxi mum curr ern
1oL 20 mA Maximum current s_unk by (IOL
per 1/O pin)
El Ol 160 mA Maximumc ur r ent (
Total Power Dissipation fXIN 600 mw T
Storage Temperature TSTG -651 +150 °C T
Note :
Stresses above those | i stRadt iunngdsedr nfiadyb scoal uust eg

damage to the device. This is a stress rating only and functional operation of the device at
any other conditions above those indicated in the operational sections of this specification is
not implied. Exposure to absolute maximum rating conditions for extended periods may affect

device reliability.

7.2 Recommended Operating Conditions

(TA=-40 Cto+85C)

Parameter Symbol Conditions Min Max Units

fx=1.07 2.0MHz 2.0 5.5
fx=1.07 4.2MHz 2.2 55

Operating Voltage VDD \Y,
fx=1.07 8.0MHz 2.7 5.5
fx=1.07 12.0MHz 4.0 5.5

Operating TOPR VDD =221 5.5V -40 85 °C

Temperature
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7.3 A/D Converter Characteristics

(TA=-40 Cto+85C,Vpp=2.7Vto5.5V)

Parameter Symbol Conditions Min | Typ | Max Units
A/D converting Resolution T T T 12 T bits
Integral Linearity Error ILE T T °3
Differential Linearity Error DLE T T °2
Vref = 5.12V, -
Offset Error of Top EOT — I 1 °3 LSB
Vss =0V, TA=+25 C
Offset Error of Bottom EOB T 1 °3
Overall Accuracy T T 3 5
Conversion time tcoNV T 25 i i ns
Analog input voltage VAIN ) Vss T Vref \%
Analog Reference Voltage Vref ) 2.7 T 5.5 \%
Analog input current IAIN | VDD = Vref =5V I i 10 m
VDD = Vref =5V T 1 3
mA
VDD = Vref = 3V | 0.5 15
Analog block current IAVDD
VDD “ERR i | 100 | 500 [ nA
Power down mode
- VDD=5v, TA=+25 C| - 1.67 -
BGR - VDD =4v,Tpa=+25 C| - 1.63 - v
- VDD=3v, ToA=+25 C| - 1.62 -
20 March 5, 2009 Ver.0.6
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7.4 DC Electrical Characteristics

(TA=-40 Cto+85C,Vpp=2.0i 5.0V, Vss=0V, fXIN=12MHz)

Parameter Symbol Conditions Min Typ Max Units
VIH1 RO,Vpp=4.5Vi 55V | 0.8vDD | i |VvDD+0.3
Input High Voltage Xin, Xout \
VIH2 VDD = 4.5V i 5.5V 0.8vDD T VDD+0.3
VIL1 RO, VpDp =4.5V i 5.5V i 0.3 i 0.2VDD
Input Low Voltage Xin, Xout \
VIL2 103 ) 0.2vDD

VDD = 4.5V i 5.5V

All output ports

Output High Voltage VOH IOH =T 2mA VDD-1.0 ] T Vv
Vpp = 4.5V i 5.5V

All output ports

Output Low Voltage VOL IOL=15mA T T 2.0 \%
VDD = 4.5V 1 5.5V

Input high leakage

I1H ROx T R3x, Vin=VDD T T 1 UA
current
Input low leakage y . . .
I1L ROx i R3x, Vin=Vss 1 I I UA
current
VI=0V, TA=25 C,
RO except R0O3 25 50 100
) VDD=5V
Pull-up resistor RPU — kq
VI=0V, TA=25 C,
RO except R03 50 100 200
VDD=3V
OSC feedback Xin=VDD, Xout=VSS
) RX _ 350 700 1500 Mq
resistor TA=25 C, VDD=5V
Active mode,
DDL fx=12MHz, VDD=5V+10% ) 8.0 15.0 mA
Crystal oscillator
fx=8MHz, VDD=3V+10% i 3.0 6.0
Suppl . Sleep mode,
Hpply giren fx=12MHz, VDD=5V+10% i 15| 30
ISLEEP . mA
Crystal oscillator
fx=8MHz, VDD=3V+10% |1 0.8 |15
Stop mode
ISTOP T 05 |5 UuA

VDD=5.5V, TA=25 C
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7.5 Input/Output Capacitance

(TA=-40 Cto+85C,Vpp=0V)
Parameter Symbol Conditions Min Typ | Max Units
Input Capacitance CIN
put ~ap f=1MHz
Output Capacitance CouT Unmeasured pins are T ) 10 pF
. connected Vss
I/0O Capacitance Clo
7.6 Serial Electric Characteristics
(TA=-40 Cto+85C,Vpp=2.0Vto5.5V)
Parameter Symbol Conditions Min Typ Max Units
i i t
InterrL.th input, high, INTH, | Ay interrupt, Vpp =5V | 200 T T ns
low width UNTL
RESETB input low
. P tRSL Input, Vpp =5 V 10 i i us
width
tiNTH tNTH
External —(—0-8 Voo -~
Interrupt
—— —— 0.2 Vbp
7-1 Input Timing for External Interrupt
tRsL
< g
RESETB
—— —+— 0.2 Vop

22

Figure 7-2 Input Timing for RESETB
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7.7 Data Retention Voltage in Stop Mode

(TA=-40 Cto+85C,Vpp=2.0Vto5.5V)

Parameter Symbol Conditions Min Typ | Max Units
Data retention suppl
PPY | Vooor i 2.0 i 5.5 \Y;
voltage
Data retention supply | |- o VDDDR = 2.0V : : q UA
current (Tp =25 C), Stop mode
IDLE Mode
X (Watchdog Timer Active)
|¢———— Stop Mode > <>
Normal
Operating Mode
|¢—— Data Retention ——p
Vb it
T \/DDDR
Execution of
STOP Instruction
0.8VDD7L
INT Request
—P{twAIT[€—
NOTE: tWAIT is the same as 256 X 1/BT Clock
Figure 7-3 Stop Mode Release Timing When Initiated by an Interrupt
RESET
Occurs
l Oscillation
— | 2 S .
Stop Mode X Stabillization Time
. g Normal
|«—— Data Retention ——p Operating Mode
VDD it
T \/DDDR
Execution of
RESTAD STOP Instruction
s /‘ 0.8VDD
0.2VD
—P| TWAIfE—

NOTE: tWAIT is the same as 256 X 1024 X 1/fxx (65.5mS @4MHz)

Figure 7-4 Stop Mode Release Timing When Initiated by RESETB
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7.8 LVR (Low Voltage Reset) Electrical Characteristics

(TA=-40 Cto+85C,Vpp=2.0V t05.5V)

Parameter Symbol Conditions Min Typ Max Units
2.2 2.4 2.6
25 2.7 2.9
LVR voltage VLVR T \%
2.7 3.0 3.3
3.6 4.0 4.4
VDD voltage rising time R T 10 ) (note2) uS
VDD voltage off time toFg i 0.5 i T S
Hysteresis voltage of . .
Vv | | 10 100 mV
LVR
Current consumption ILVR VDD = 3V T 45 80 uA
NOTES:
1. The current of LVR circuit is consumed when LVR is enabled by fROM Optiono .
2. 216/fx (= 6.55 ms at fx = 10 MHz)
7.9 Main clock Oscillator Characteristics
(TA=-40 Cto+85C,Vpp=22V1to55V)
Oscillator Parameter Conditions Min Typ. Max Units
22Vi 55V 1.0 i 4.2
Crystal Maf'” oscillation |, 7y, 55y 1.0 i 8.0 MHz
reguency
40Vi 55V 1.0 ) 12.0
22Vi 55V 1.0 i 4.2
Cergmlc Main oscillation 27V 55V 10 i 8.0 MHz
Oscillator frequency
40Vi 55V 1.0 i 12.0
22Vi 55V 1.0 i 4.2
External |y \ input frequency | 2.7 Vi 55V 1.0 i 8.0 MHz
Clock
40Vi 55V 1.0 i 12.0

24
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XN Xout

151

o

Figure 7-5 Crystal/Ceramic Oscillator

XIN XouTt

Figure 7-6 External Clock

7.10 External RC Oscillation Characteristics

(TA=-40 Cto+85C,Vpp=22V1t055V)

Parameter Symbol Conditions Min Typ. Max Units
RC oscillator freque- _ .
1) fERC To=25 C 1 | 8 MHz
ncy Range (
VDD =3.3V,Tp=25C | 16 i +6
Accuracy of RC - o
Vpp =3.3V, 0
Oscillation (2) DD i . ‘12
Tpo=7110 Cto+70 C
RC oscillator setup _
tSUERC To=25 C T i 10 mS
time (3)
NOTES:

1. The external resistor is connected between Vpp and X,y pin and the 270pF capacitor is

connected between X,y and

V pin. (X_,, pin can be used as a normal port). The frequency is adjusted by external

resistor.

2. The min/max frequencies are within the range of RC OSC frequency (1MHz to 8MHz)

3. Data based on characterization results, not tested in production

March 5, 2009 Ver.0.6

25




MC81F4104 NBON

| vss XIN VoD |

L LJ

270pF R

Figure 7-7 External Clock

7.11 Internal RC Oscillation Characteristics

(TA=-40 Cto+85C,Vpp=2.0Vto5.5V)

Parameter Symbol Conditions Min Typ. Max Units
VDD =3.3V, Tpo=25 C| 7.2 8.0 8.8
RC oscillator RC v 33V MH
=3. , Z
frequency (1) oD _| 64 8.0 9.6
Tpo=710 Cto+70 C
Clock duty ratio TOD T 40 50 60 %
RC oscillator setup _
tSUIRC Tp=25 C | T 10 mS
time (2)
NOTES:

1. Data based on characterization results, not tested in production
2. Xy and Xt pins can be used as 1/0 ports.

7.12 Main Oscillation Stabilization Time

(TA=-40 Cto+85C,Vpp=22Vt055V)

Oscillator Conditions Min Typ. Max Units
Crystal fx >1 MHz T T 60 mS
Oscillation stabilization occurs when
Ceramic Vpp is equal to the minimum i i 10 ms
oscillator voltage range.
External Clock | XN input high and low width (tx, tx;) | 40.0 i 480 nS
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P 1/fx .
txL txH
XN 0.8VDD
— — 0.2VDD N
Figure 7-8 Clock Timing Measurement at XIN
7.13 Operating Voltage Range
(Main OSC frequency)
12.0MHz -
8.0MHz -
4.2MHz -
1.0MHz -1
22 ' 40 55
2.7
Supply voltage (V)
Figure 7-9 Operating Voltage Range
27
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8. ROM OPTION

The ROM Option is a start-condition byte of the chip. The default ROM Option value is 00H (LVR
enable and External RC is selected). It can be changed by appropriate writing tools such as
PGMPIusUSB, ISP, etc.

8.1 Rom Option

7 6 5 4 3 2 1 0
ROM | LVREN | LVRS | i | i | 0scs
OPTION

0: Enable (R03)
1: Disable (RESETB)

LVREN LVR Enable/Disable bit

00: 2.4V
. . 01: 2.7V
LVRS LVR Level Selection bits
10: 3.0V
11: 4.0V
T bit4 7 bit3 Not used MC81F4104

000: External RC

001: Internal RC; 4MHz

010: Internal RC; 2MHz

011: Internal RC; 1MHz

100: Internal RC; 8MHz

101: Not available ( Note 4)
110: Not available ( Note 5)
111: Crystal/ceramic oscillator

OSCs Oscillator Selection bits

Note :

1. When LVR is enabled, LVR level should be set to appropriate value, not default value.
2. When you select the Crystal/ceramic oscillator, R33 and R34 pins are automatically
selected for XIN and XOUT mode.

3. When you select the external RC, R34 pin is automatically selected for XIN mode.

4. If OSCS is set by d01§ Oscillator works as dnternal RC; 4MHzémode.

5. If OSCS is set by 410§ Oscillator works as dnternal RC; 2MHzémode.
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9. MEMORY ORGANIZATION

This MCU has separated address spaces for the *program memory* and the *data Memory*.

The program memory is a ROM which stores a program code. It is not possible to write a data at the
program memory while the MCU is running.

The Data Memory is a REM which is used by MCU at running time.

9.1 Registers

There are few registers which are used for MCU operating.

| A | ACCUMULATOR
| X | XREGISTER
| Y | Y REGISTER
| SP | STACK POINTER
PCH | PCL | PROGRAM COUNTER
| PSW | PROGRAM STATUS WORD

Figure 9-1 Configuration of Registers

Accumulator( A Register ) : Accumulator is a 8-bit general purpose register, which is used for
accumulating and some data operations such as transfer, temporary saving, and conditional judgment ,
etc.

And it can be used as a part of 16-bit register with Y Register as shown below.

Two 8-bit Registers can be used as a” YA 16-bit Register

Figure 9-2 Configuration of YA 16-bit Registers
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X, Y Registers: In the addressing mode, those are used as a index register. It makes it possible to
access at Xth or Yth memory from specific address. It is extremely effective for referencing a
subroutine table and a memory table.

These registers also have increment, decrement, comparison and data transfer functions, and they
can be used as a simple accumulator.

Stack Address (O0OH _ OBFH)
15 8 7 0
00H |

SP |
|—> 00H _ OBFH

Hardware fixed

Figure 9-3 Stack Pointer

Stack Pointer: Stack Pointer is an 8-bit register which indicates the current gushdpoint in the stack
area. It is used to push and pop when interrupts or general function call is occurred. Stack Pointer
identifies the location in the stack to be accessed (save or restore).

Generally, SP is automatically updated when a subroutine call is executed or an interrupt is accepted.
However, if it is used in excess of the stack area permitted by the data memory allocating
configuration, the user-processed data may be lost.

The stack can be located at any position within OOH to OBFH of the internal data memory. The SP is
not initialized by hardware, requiring to write the initial value (the location with which the use of the
stack starts) by using the initialization routine. Normally,t he i ni t iBeEHOusadsue of

30 March 5, 2009 Ver.0.6




NABON

MC81F4104

A CALL/TCALL/PCALL

00BF
00BE
00BD
00BC

SP befor
execution

SP after
exccution

At execution of

At execution

of RET instruction

PCH <«|-puysh  OOBF

PCL <{—down 00BE

00BD
00BC

At execution

Of PUSH instruction

PUSH A(X,Y,PSW)
00BF| A < :;‘VSV':]
00BE
00BD
00BC

SP befor
execution 00BF
SP after
exccution 00BE

PCH —» Pop
PCL —» up

00BF
00BE
00BD
00BC

00BF
00BE
00BD
00BC

At acceptance

of interrupt

PCH
PCL <
PSW <

At execution
Of POP instruction
POP A(X,Y,PSW)

A

| Pop

up

:Push
down

At execution

of RETI instruction

00BF
00BE
00BD
00BC

PCH —|»
1, Pop

PCL

PSW —>

00BF Stack
Depth

0100

Figure 9-4 Stack Operation

OVERFLOW FLAG

SELECT DIRECT PAGE
When G=1, page is selected to~ page 1

BRK FLAG

NEGATIVE FLAG J

CARRY FLAG RECEIVES

CARRY OUT
ZERO FLAG

INTERRUPT ENABLE FLAG

HALF CARRY FLAG RECEIVES

CARRY OUT FROM BIT 1 OF

ADDITION OPERANDS

Figure 9-5 PSW ( Program Status Word ) Registers

Program Status Word: Program Status Word (PSW)contains several bits that reflect the current state
of the CPU. It contains the Negative flag, the Overflow flag, the Break flag the Half Carry (for BCD
operation), the Interrupt enable flag, the Zero flag, and the Carry flag.

[Carry flag C]
This flag stores any carry or borrow from the ALU of CPU after an arithmetic operation and is also
changed by the Shift Instruction or Rotate Instruction.
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[Zero flag Z]

This flag is set when the result of an arithmetic operatonor dat a transfer is A0O0 and
other result.

[Interrupt disable flag 1]

This flag enables/disables all interrupts except interrupt caused by Reset or software BRK instruction.
Allinterruptsar e di sabl ed when c immediatelyb e coo nfie0sd . i OToh i veh efnl aagn | n |
served. It is set by the El instruction and cleared by the DI instruction.

[Half carry flag H]

After operation, this is set when there is a carry from bit 3 of ALU or there is no borrow from bit 4 of
ALU. This bit can not be set or cleared except CLRV instruction with Overflow flag (V).

[Break flag B]

This flag is set by software BRK instruction to distinguish BRK from TCALL instruction with the same
vector address.

[Direct page flag G]

This flag assigns RAM page for direct addressing mode. In the direct addressing mode, addressing
area is from zero page O0H to OFFH when this flag is "0". If it is set to "1", addressing area is assigned
100H to 1FFH. It is set by SETG instruction and cleared by CLRG.

[Overflow flag V]

This flag is set to A10 wh ehanarithmatiocvoperation mwelvilgsigns.r s as t h
An overflow occurs when the result of an addition or subtraction exceeds +127(7FH) or -128(80H).

The CLRV instruction clears the overflow flag. There is no set instruction. When the BIT instruction is

executed, bit 6 of memory is copied to this flag.

[Negative flag N]

This flag is set to match the sign bit (bit 7) status of the result of a data or arithmetic operation. When
the BIT instruction is executed, bit 7 of memory is copied to this flag.
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9.2 Program Memory

Figure 9-6 Program Memory Map

A 16-bit program counter is capable of addressing up to
64K bytes, but this device has 4k bytes program
memory space only physically implemented. Accessing
a location above FFFFH will cause a wrap-around to
0000H.

Figure 9-6 shows a map of Program Memory. After
reset, the CPU begins execution from reset vector

which is stored in address FFFEH and FFFFH. As

shown in Figure 9-6, each area is assigned a fixed
location in Program Memory.

Program memory area contains the user program Page
Call (PCALL) area contains subroutine program to
reduce program byte length by using 2 bytes PCALL
instead of 3 bytes CALL instruction. If it is frequently
called, it is more useful to save program byte length.

Table Call (TCALL) causes the CPU to jump to each
TCALL address, where it commences the execution of
the service routine. The Table Call service area spaces
2-byte for every TCALL: OFFCOH for TCALL15,
OFFC2H for TCALL14, etc., as shown in Figure 9-7.

The interrupt causes the CPU to jump to specific location where it commences the execution of the
service routine. The interrupt service locations spaces 2-byte interval. The External interrupt O, for

Example, is assigned to location OFFFCH.

Any area from OFFOOH to OFFFFH, if it is not going to be used, its service location is available as

general purpose Program Memory.
Example :
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