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REVISION HISTORY

VERSION 1.2 (December 27, 2013)
“Figure 3.6 Oscillation stabilization time* is added.

VERSION 1.1 (October 25, 2012)
Internal OSC frequency error rate is changed from £10% to £2% at 25°C and 5V VDD condition.

VERSION 1.0 (May 14, 2012)
Modify operating voltage from 2.7~5.5V to 5.0~5.5V and POR level is changed to 4.0V

VERSION 0.05 (November 2, 2011)
Package diagram is added.

VERSION 0.04 (March 30, 2011)
24 SKDIP PKG name is chagned from MC81F6204K and MC81F6104K to MC81F6204G and MC81F6104G.

VERSION 0.03 (December 23, 2009)
Some errata is fixed.
“Figure 1.27 8MHz Int.ISC” is added.

VERSION 0.02 (March 31, 2009)
Some errata is fixed.

VERSION 0.00 (January 08, 2009)
A draft manual.
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MC81F6204 / MC81F6104

CMOS SINGLE-CHIP 8-BIT MICROCONTROLLER WITH
PROGRAMMABLE PULSE GENERATOR

1. OVERVIEW

1.1 Description

MCB81F6204 is a general purpose microcontroller based on G800 Core which contains 4K internal flash memory,

192byte SRAM, 3-channel Timer, 8bit ADC, Watch Dog Timer, Buzzer, PWM, Auto Triggering PWM with

Analog Comparators, and On-chip OP-Amp.

4K Bytes 192 Bytes

4K Bytes 192 Bytes

1.2 Features

» 8Bit CPU (G800 Core)
» 4K bytes Code Flash
» 192 Bytes On-Chip Data RAM
(Including STACK Area)
» Minimum Instruction Execution time
: 250ns at 8MHz (2-cycle NOP Instruction)
» One 8-bit Basic Interval Timer
» One 7-bit Watch Dog Timer
» Timer

> Timer/Counter/Capture: 8-bit x 2 ch. (16-bit
x 1ch.)

> Compare: 8-bit x 2 ch
» 10-bit High Speed PWM 2 ch
> Duty & Period Programmable PWM: 2ch

> Duty Programmable PWM with auto
triggering mod: 1ch

» 5 Internal Comparator (CMPO, 1, 2, 3, 4)
» OP-Amp for Current Protection (1/2 stage)
: Condition - 4.5V ~ 5.5V, offset < 5mV

» 4 External Interrupt Source Ports

6

General MC81F6204G (24SKDIP)
MC81F6204D (24SOP)
PPG MC81F6104G (24SKDIP)
MC81F6104D (24SOP)
MC81F6204M (20SOP)
MC81F6204B (20PDIP)
PPG MC81F6104M (20SOP)
MC81F6104B (20PDIP)

General

» One Programmable 6-bit Buzzer Driving Port

» 8(7) Ch. 8-bit On-Chip Analog to Digital
Converter ( Total Accuracy : £1.5 LSB )

» 16 Interrupt Sources (including RESET)
>4 External Sources (INTO, 1, 2, 3)
[>5 Comparator Interrupts Sources
[>3 Timer/Counter Sources (Timer0,1,3)
[>3 Functional Sources (ADC,WDT,BIT)
» Operating Voltage & Frequency
> 4.5V ~ 5.5V (at 1~12MHz)
» Oscillator:

[> Crystal
[> Ceramic Resonator

> External RC/R Oscillator

> Internal 1IMHz/2MHz/4MHz/8MHz
Oscillator

» Low Power Saving Modes
[> STOP mode
> SLEEP mode
> RC-WDT mode

January 14, 2014 Ver. 1.2
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» Noise Immunity Circuit

> Low Voltage Reset (2.4V/ 2.7V/3V/4.0V )

> Power On Reset (2.4V)

» Package Type

: 24SKDIP/SOP, 20 PDIP/SOP
» All 1/O: programmable Pull-up, Open drain

PIN # (R0 JR1______[R2______|lO#

20
MC81F6104 24
20
MC81F6204 24

January 14, 2014 Ver. 1.2
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1.3 Block Diagram

I 24pin only
J
VDD Vss
— ___ RO7
RO6
RO5
A\ RO4
RI3/ANT Q— G800 Core <:: RO Port RO3
R12/AN6 OQ— A4 R02
RO6/AN4 O)—> RO1
RO4/AN3 O)—> AD_C (‘—‘) ROO
RO3/AN2 O— 8bit I 4
RO2AN1 O—>
RO1/ANO
A A—N\ R14
N SRAM (192bytes) N—y| R1Port R13
R12
R11
R10
R21/BUZO OQe— Buzzer
R27
R26
R25
R12/ECO N <:: R2 Port Roa
. or
RO2/INTO Timer AN FLASH (4Kbytes) R23
RO3/INT1 o Nn— [V 7 R22
RO6/PWM10 R21
RO7/T0O R20
VRN R11/INT3
i Interrupt RO4/INT2
R11/INT3 Timer3  N—y RO3/INT1
A\ n
RO5/PWM30 8: BIT/WDT/ Co RO2/INTO
o INTCON
R27/0P_IN
RO3/SDA R26/0P_CAP1
; AN\ A\ ) _
RO4/SCL Serial K OpP R25/0P_CAP2
ROO/VPP MTPI/F ¥ Y N—V AMP R24/0P_OUT
AVSS
A\
N LVRPOR R10/CMP4_IN_N
XOUT/R23 A\ A\ R14/CMP2_IN_P
X|N/R24§§ Clock / N r) N—V Compara R20/CMP2_IN_N
RSTBIROONVPP Syscon tor RoZIGMPCIND
R23/CMPO_IN_N

Figure 1.1 Top Abstract Block Diagram
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1.4 PIN Assignment
Ml serial PGM
voD [1] vss I 24pin only
ROO/RSTB/VPP [ 2] AVSS
XIN/RO1/ANO[ 3 ] R27/0P_IN
XOUT/RO2/AN1/INTO[ 4 R26/0P_CAP1
RO3/AN2/INT1/SDA [ 5 | R25/OP_CAP2
RO4/AN3/INT2/SCL [ 6 | MCBL2046 R24/0P_OUT
Ros/PWM3O [7] e R23/CMPO_IN_N
RO6/AN4/PWM10 [ 8 R22/CMPO_IN_P
R07/T0/BUZO [ 9| R21/CMP1_IN_N
R10/CMP4_IN_N [10] R20/CMP2_IN_N
R11/INT3 [11] R14/CMP2_IN_P
R12/AN6/ECO [12] R13/AN7/AVDD
voD [1] [20] vss
ROO/RSTB/VPP[ 2 ] [19] R27/0P_IN
XIN/RO1/ANO [ 3] 18] R26/0P_CAPL
XOUT/R02/AN1/INTO [ 4 [17] R25/0P_cAP2
RO3/AN2/INT1/SDA [ 5 | MC%/FBGZO“ [16] R24/0P_OUT
RO4/AN/INTZ/SCL6 | p0ppyy 18] R23/CMPO_INN

RO5/PWM30 [ 7 |
RO6/AN4/PWM10 [ 8 |
R07/T0/BUZO [ 9 |
R12/AN6/ECO [10]

[14] R22/CMPO_IN_P
[13] R21/CMPL_IN_N
[12] R20/CMP2_IN_N
[ 11] R13/AN7/AVDD

Figure 1.2 PIN Assignment Diagram of MC81F6204 (with non protection pin)
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PRT_IN [ 8|

R07/T0/BUZO [ 9]
R12/AN6/ECO [10]

M Serial PGM
voD [ 1] VS I 20pinorly
ROO/RSTB/VPP [ 2 ] AVSS
XIN/RO1/ANO[ 3 ] R27/0P_IN
XOUT/R02/AN1/INTO[ 4 R26/0P_CAP1
RO3/AN2/INT1/SDA[ 5 | R25/0P_CAP2
RO4/AN3/INT2/SCL [ 6 | MCBL104G R24/OP_OUT
atewM [7] e R23/CMPO_IN_N
PRT_IN [8 R22/CMPO_IN_P
R07/T0/BUZO [ 9] R21/CMP1_IN_N
R10/CMP4_IN_N [10] R20/CMP2_IN_N
R11/INT3 [11] R14/CMP2_IN_P
R12/AN6/ECO [12] R13/AN7/AVDD
voD [ 1] [20] vss
ROO/RSTB/VPP[ 2 | [19] R27/0P_IN
XIN/RO1/ANO [ 3] 18] R26/0P_CAPL
XOUT/R02/AN1/INTO [ 4 | [17] R25/0P_caAP2
RO3/AN2/INT1/SDA[ 5 | Mcﬁfglo“ 16] R24/0P_OUT
RO4/AN3/INT2/SCL [ 6 | (20PIN) [ 15] R23/CMPO_IN_N
ATPWM [ 7] [14] R22/CMPO_IN_P

[13] R21/CMP1_IN_N
[12] R20/CMP2_IN_N
E R13/AN7/AVDD

Figure 1.3 PIN Assignment Diagram of MC81F6104 (with protection pin)
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1.5 PACKAGE DIAGRAM
1.5.1 24 SKDIP
unit: inch
MAX
MIN
e e e Y e e O e Y e s A O s O |
O
e N ) I
TYP 0.300
1.265 -~ "
1160 . 0.300
o = 0.250
© o
o / \ z
% IRE -
= 1o
N
y © o 0\4
0.021 L /| =y 008
—.‘ ‘.._ ‘ Fi 0~15°
0.015 0.065 TYP 0.100
0.045
1.5.2 24 SOP
unit: millimetres
MAX
HIHAAAAERAAHAA i
Q
O 8 @
m (=)
¢ g |2
3 =
M~
FHESHARRAERAE.
© 5~15° )
\ w
- g e ) l;-;
15.401 BSC o)< N P
- 3 8\2 S
o - | GAUGE PLANE
— + Fr"‘ I * SEATING PLANE
X g o512 -t Loz e < ok
= o 0312 1.27 BSC 0.40 5~ 18
o e 1.40 REF
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1.5.3 20 PDIP
] [0 7 ] [ 7 ] 7 [ [
© unit: inch
q MAX
MIN
AN B N B
. 1.043
1.010 TYP 0.300
0.270
z 0.245
D -
&5 2
s 1l | 2 ——
241 mRE
= =N Y=
=€
cyo ey
ﬂ—‘ L *‘ }‘; e 008
0.015 0.085 TYP 0.100 0~15°
0.050
1.5.4 20 SOP
S _
{HHHAHAE A i nch
) MAX
3 & 2y =} MIN
[s2 R e>] — |
( oy (™
oo Qo
sogBdandne_ 4
~ 0.5118
0.4961 D&
— |0
S 1 =
581 AN . \
0.020 o -r}.. 0~8°
& 0.042 %
0.013 Qs L
TYP 0.050 = (8_ 001
o o
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1.6 PIN Description

PIN 1/0 | Function @Reset Shared With
ROO » Port RO. RSTB,VPP
RO1 » 8-bit I/O port. (7-bit 1/0 port at 24pin) XIN,ANO
RO2 » Can be set in input or output mode in 1-bit units. XOUT,ANL INTO
R03 » Internal pull-up register can be used via software AN2.INTLSDA
110 when this port is used as input port. Input
R4 » Open Drain enable register can be used via software ANS,INT2,SCL
ROS when this port is used as output port. PWMS30,IGBT_PWM30
R06 » Secondary Function can be controlled by PSRO, PSR1, AN4,PW10,PRT_IN
RO7 and PSR2 Register. T00,BUZO
R10 » Port R1. CMP4_IN_N
R11 » 5-bit I/0 port. (2-bit I/0 port at 20pin) INT3
R12 » Can be set in input or output mode in 1-bit units. ANG ECO
R13 » Internal pull-up register can be used via software AN7.AVDD
1/0 when this port is used as input port. Input
Ri4 » Open Drain enable register can be used via software CMP2_INP
- when this port is used as output port. )
- » Secondary Function can be controlled by RLIFUNC -
- Register -
R20 » Port R2. CMP2_IN_N
R21 » 8-hit I/0 port. CMP1_IN_N
R22 » Can be set in input or output mode in 1-bit units. CMPO_IN_P
R23 » Internal pull-up register can be used via software CMPO_IN_N
1/0 when this port is used as input port. Input
R24 » Open Drain enable register can be used via software OP_OUT
R25 when this port is used as output port. OP_CAP2
R26 » Secondary Function can be controlled by R2FUNC OP_CAP1
R27 Register. OP_IN
Table 1.1 Pin Description
Power 1/0 ADC INT CLK/RST TIMER PGM PPG
1 VDD
2 R0OO RSTB VPP
3 RO1 ANO XIN
4 R02 AN1 INTO XOouT
5 R0O3 AN2 INT1 SDA
6 R04 AN3 INT2 SCL

January 14, 2014 Ver. 1.2 13
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Power 1/0 ADC INT CLK/RST TIMER PGM PPG

7 R05 PWM30 ATPWM

8 R06 AN4 PWM10 PRT_IN

9 RO7 T0O/BUZO
10* R10 CMP4_IN_N
11* R11 INT3

12 R12 ANG ECO

13 AVDD R13 AN7 AVDD
14* R14 CMP2_IN_P
15 R20 CMP2_IN_N
16 R21 CMPL_IN_N
17 R22 CMPO_IN_P
18 R23 CMPO_IN_N
19 R24 OP_OUT
20 R25 OP_CAP2
21 R26 OP_CAP1
22 R27 OP_IN

23 AVSS AVSS

24 VSS

* 24pin package only.

14

Table 1.2 Second Function Category Map
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1.7 Port Structure

VDD

Pull-up Enable E_

VDD
Open-Drain

Output Data I_D_|| —D4d  ROO/RSTB/VPP

Direction

OEB

Data <+

Loy

RSTB Enable (from Config)

resete ! ‘{l v
VPP Detect
VPP (High Voltage)

Figure 1.4 ROO/RSTB/VPP Port Structure
VDD
Pull-up Enable E_
VDD
Open-Drain ¢ D l::
Output Data

—D4 R13/AN7/AVDD
N 5>
Direction 2
S
OEB 2~
Data < {__I'_G—
d=p b
AN7 <— e
AN7_EN _Dj
<
AVDD Enable 3 V]_DD
Analog VDD < 1
N T
l/"

Figure 1.5 R13/AN7/AVDD Port Structure
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Pull-up Enable

Open-Drain

Output Data

Direction

—5>
>

OEB

Data <

|__|'—(:|'_

ECOE (from PSR)

ECO

Noise Fllter

—X] R12/AN6/ECO

ANG <

AN6_EN 4

BN

Figure 1.6 R12/AN6/ECO Port Structure

Pull-up Enable

Open-Drain

Output Data

Direction

OEB —

YV

L

Data +——

VDD

p— R10/CMP4_IN_N

CMP4_IN_N <
CMP4_IN_N_EN

16

Figure 1.7 R10/CMP4_IN_N Port Structure
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VDD

Output Data

Pull-up Enable
VDD
Open-Drain _ D l:: |
I_D_| —DJ RO4/AN3/INT2/SCL
Direction $
OEB D: )

Data <« [

INT2E (from PSR) +

%@M

INT2 Noise Filter
VPP Detect
SCL Noise Filter

AN3 < <
AN3_EN —-4D°jq

Figure 1.8 RO4/AN3/INT2/SCL Port Structure
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Pull-up Enable

Open-Drain

Output Data

VDD

]

Direction

OEB

Data

INT1E (from PSR)

s

-

f

o,

—d RO3/AN2/INT1/SDA

INT1 Noise Filter —GJ_
VPP Detect
SDA_I Noise Filter —GJ_
AN2 < <
AN2_EN —-4D°jq
Figure 1.9 RO3/AN2/INT1/SDA
Pull-up Enable E_
VDD
Open-Drain ¢ D l::
Output Data I_D_| —PqJ R11/ INT3
Direction
OEB ) >—

Data +—

INT3E (from PSR)
INT3

=p
5>
B

:

Noise Filter

2

<

Figure 1.10 R11/INT3 Port Structure
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VDD
Pull-up Enable E_
VDD
Open-Drain ¢ 3 l:
Output Data | —DJ RO7/ TOO/BUZO

TOO Enable (from PSR)

BUZO Enable (from PSR)

/]
Direction ‘1 i
OEB
Data [

1 <

Figure 1.11 RO7/TOO/BUZO Port Structure
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VDD
Pull-up Enable E_
VDD
Open-Drain ¢ D l::
Output Data —Pd XIN/RO1/ANO
> L5 |
Direction —2 )
SN,
o8 ——=2> ]
Data «— ?
ANO < e
ANO_EN —M

XTAL Mode (from Config)

Ext RC Mode (from Config) m
Main Clock d!

« <l ¢

Pull-up Enable L.
VDD
Open-Drain _ D l:: |
Output Data —Pd XOUT/R02/AN1/INTO

Direction

i
Y

OEB

Data < I_I fl ( l:
INTOE (from PSR)

INTO Noise Filter —GJ—

AN1
AN1_EN —4

{

Figure 1.12 XIN, XOUT Port Structure
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VDD

Pull-up Enable E_

VDD

Open-Drain ! D l::
Output Data [ —X] RO5/PWM30/ATPWM

PWM30/ATPWM ——
PWM3O_EN (from PSR)

Direction T 'l

SN,
o8 — 2.

Data < }_['_G- >
~

Figure 1.13 RO5/PWM3O/ATPWMO Port Structure

Pull-up Enable E_
Open-Drain : D l:: |
Output Data l E —D  RO6/AN4/PWM10

PWM10 —
PWM10_EN (from PSR)

Direction

OEB

Data I_ —fr—G' E
CMP4_IN_N < R
CMP4_IN_N_EN _‘M

Figure 1.14 RO6/AN4/PWM10 Port Structure
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VDD

—

PWM1O — X ATPWM

PWM10O_EN —J

X PRT IN

POR_RESET — T
PRT_OFF

Figure 1.15 ATPWM/PRT_IN Port Structure

VDD

Pull-up Enable E_

VDD

Open-Drain

Output Data —D4 R14/CMP2_IN_P

Direction

OEB

Data «+—

CMP2_IN_P «
CMP2_IN_P_EN

gl
K3

Figure 1.16 R14/CMP2_IN_P Port Structure
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Data +—

CMP1_IN_N <
CMP1_IN_N_EN —4

VDD
Pull-up Enable E_
VDD
Open-Drain o D l:: E_
Output Data P4 R20/CMP2_IN_N
> >
Direction —2/
OEB ——D 1
Data «—4|__|'_<1—
CMP2_IN_N < R
CMP2_IN_N_EN .—Doj]
Figure 1.17 R20/CMP2_IN_N Port Structure
VDD
Pull-up Enable E_
VDD
Open-Drain ¢ D l::
Output Data —DJ R21/CMP1_IN_N
> >
Direction —2/
OEB ——D ]
—
M

January 14, 2014

Figure 1.18 R21/CMP1_IN_N Port Structure
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Pull-up Enable

Open-Drain

L

Output Data

Direction

OEB —

Data «—

VDD

>

B R22/CMPO_IN_P

CMPO_IN_P <

CMPO_IN_P_EN

5o
I

Figure 1.19 R22/CMPO_IN_P Port Structure

Pull-up Enable

Open-Drain

Output Data

Direction

OEB —]

Data +—

CMPO_IN_N «

I‘D’—|

[Py

VDD

D

—Pd R23/CMPO_IN_N

CMPO_IN_N_EN

‘&zg

24

Figure 1.20 R23/CMPO_IN_N Port Structure
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VDD
Pull-up Enable E_
VDD
Open-Drain ' D l:: E_
Output Data I_D_|
d

B4 R24/0P_OUT

Direction

OEB —

Data «—

OP_OUT
OP_OUT_EN

5o
i

Figure 1.21 R24/OP_OUT Port Structure

VDD

Pull-up Enable E_

VDD

Open-Drain

Output Data

— R25/0P_CAP2

Direction

OEB —

Data «+—

OP_CAP2
OP_CAP2_EN

gl
Lk

Figure 1.22 R25/0P_OUT Port Structure
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VDD
Pull-up Enable E_
VDD
Open-Drain ¢
Output Data LD,_|| —X] R26/0P_CAP1
Direction —D
N,
o8 —1—=2° ]
Data <—-—|"|'_G— .
OP_CAP1 R
OP_CAP1_EN _4| >oj
Figure 1.23 R26/OP_CAP1 Port Structure
VDD
Pull-up Enable E_
VDD
Open-Drain > Zj l:
Output Data I_D’_| —P R27/0P_IN
Direction
OEB
Data +—
OP_IN el
OP_IN_EN _.4| >oj
Figure 1.24 R27/OP_IN Port Structure
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1.8 Electrical Characteristics

1.8.1 Absolute Maximum Ratings

Parameter Symbol Rating Unit

Supply Voltage VDD -0.3~+6.0
AVDD VDD -0.3~VDD +0.3 \Y
AVSS -0.3~0.3 \%

Normal Voltage Pin Vi -0.3~VDD +0.3 \%
VO -0.3~VDD+0.3 \%
IOH 10 mA
YIOH 80 mA
IOL 20 mA
I0L 160 mA

Total Power Dissipation PT 600 mw

Storage Temperature TSTG -45 ~ +125 T

Table 1.3 Absolute Maximum Ratings

Note: Stresses above those listed under “Absolute Maximum Ratings” may cause permanent 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.

1.8.2 Recommended Operating Condition

Parameter Symbol Condition MIN TYP MAX Unit

Supply Voltage VDD fXIN = 12MHz 4.5 5 5.5 \%

Operating Temperature TOPR VDD=4.5 ~ 5.5V -40 85 T

Operating Frequency fXIN VDD=4.5 ~5.5V 1 12 MHz
Table 1.4 Recommended Operating Condition

* This condition will be confirmed from the final test result.
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1.8.3 A/D Converter Characteristics

(TA=-40~85TC, AVDD=VDD=5.12V, AIN=3.072V, VSS=VSS=0V)

Parameter Symbol Condition MIN TYP MAX Unit
Analog Power Supply AVDD - VSS - VDD \Y
Input Voltage Range
Analog Input Voltage Range | VAN - VSS-0.3 | - AVDD+0.3 | V
Conversion Current ICON VDD=5.12V - 80 200 UA
fXIN = 4MHz
Overall Accuracy CAIN - - +1.0 2.0 LSB
Non Linearity Error NNLE fXIN = 4MHZ - 1.0 2.0 LSB
Differential Non Linearity NDNLE - +1.0 2.0 LSB
Error
Zero Offset Error NZOE - 0.5 15 LSB
Full Scale Error NFSE - +0.25 0.5 LSB
Gain Error NGE - +1.0 15 LSB
Conversion clock TCONV fMAIN = 4MHz - - 30 us
Resolution RES - - 8 - bit
Table 1.5 A/D Converter Characteristics
1.8.4 DC Characteristics
Specification
Parameter Symbol PIN Condition Unit
Min Typ Max
\m Xin,» RESET 0.8Vpp | - Vbb
‘H’ Input Voltage v Normal Port VDD =5.0V -55V | V 0.8V ] v
1H2 (Schmitt Pin) 2YDD b
Vil Xin, RESET 0 - 0.2Vpp
‘L’ Input Voltage v Normal Port VDD =5.0V-55V | V 0 ] .
L2 (Schmitt Pin) VDD
VI=0V, TA=25°C,
25 50 100
VDD = 50V
Input Pull-up Current Ip RO,R1,R2 kQ
VI=0V, TA=25°C,
50 100 200
VDD = 30V
- All Pins _ ) )
H’ Input Leakage Current Iy (except Xin) Vpp = 5.0V UA 1
q All Pins _
L’ Input Leakage Current I (except Xin) Vpp = 5.0V UA -1 - -

28
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Specification
Parameter Symbol PIN Condition Unit
Min Typ Max
Vpp = 5.0V/gn=-
Von1 RO,R1,R2 ZnZE,)A OH \J Vpp-1 - -
‘H’ Output Voltage
Vop = 5.0V/lgy=-
Vot R05 5anDA OH \% Vop-l5 | - -
‘L’ Output Voltage v RO,RL,R2 Voo = Y - - 2.0
ot R 5.0V/lg =15mA ’
Hysteresis Vit Schmitt Pin Vpp = 5.0V \Y 0.5 - -
Operating | v fyin=12Mhz/ MA i 6 12
Current bo b Vpp=5.5V
Idle Timer ) ) fx|N:lZMhZ/ 2
Current I|d|e-T|mer VDD VDD:5-5V mA - 1
fx|N:lehZ/
VDD:5-5V
Power Istop1 Vb CMP disable, OP uA - 1 S
Current amp disable, LVR
Stop Mode off
Current
fx|N:lZMhZ/
| v Voo=5.5V mA 15
storz op CMP enable, OP '
amp enable, LVR
RCWDT Mode fyin=12Mhz/
Current lrewor | Voo Vpp=5.5V uA ; 20 5
Internal RCWDT Period TrewoT XouT Vpp=5.0V us 25 - 90
Vpor Vb - \Y - 2.4 -
Power On RESET
Trise Voo - Vims | - - 0.02
RESETB Input Noise _
Cancel Time Trstene | RESETB Vpp=5.0V us 1.5u 1.8u

Table 1.6 DC Characteristics

1.8.5LVR (Low Voltage Reset) Electrical Characteristics

(TA=-40°Cto+85°C, VDD =22V t05.5 V)

Specification
Parameter Symbol Condition Unit

Min Typ Max

2.2 2.4 2.6

25 2.7 29
LVR Voltage V\ivr - \Y

2.7 3.0 3.3

3.6 4.0 44
VDD voltage rising time tr - us 10 - (note2)
VDD voltage off time torr - S 0.5 - -
Hysteresis voltage of AV - mV - 10 100
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Specification
Parameter Symbol Condition Unit
Min Typ Max
LVR
Current consumption lLvr VDD =3V uA - 45 80

Table 1.7LVR (Low Voltage Reset) Electrical Characteristics

NOTES:
1. The current of LVR circuit is consumed when LVR is enabled by “ROM Option”.
2. 2%/fx (= 6.55 ms at fx = 10 MHz)

1.8.6 Main Clock Oscillator Characteristics

(TA=-10°Cto+70°C,VDD =45V t05.5V)

Specification
Oscillator Parameter Condition Unit
Min Typ Max
Main
Crystal oscillation 45V -55V 1.0 - 12.0 MHz
frequency
Main
Ceramic Oscillator oscillation 45V -55V 1.0 - 12.0 MHz
frequency
External Clock f'“ Input 45V _55V 1.0 ; 12.0 MHz
requency

Table 1.8 Main Clock Oscillator Characteristics

1.8.7 External RC Oscillation Characteristics

(TA=-10°Cto+70°C, VDD =5.0Vt0 5.5V)

Specification
Parameter Symbol Condition Unit
Min Typ Max
RC oscillator frequency range™t fERC TA =25°C 1 - 8 MHz
VDD =5.0V, TA=
25°C 6 ; +6
Accuracy of RC oscillation™°t¢ ACCERC VDD =5.0V, %
TA=-10 Cto -12 - +12
+70°C
RC oscillator setup time™°®® tSUERC TA =25°C - - 10 ms

Table 1.9 External RC Oscillation Characteristics

NOTES:

1. The external resistor is connected between VDD and XIN pin and the 270pF capacitor is connected between XIN and VSS pin. (XOUT
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 (LMHz to 8MHz)
3. Data based on characterization results, not tested in production

30 January 14, 2014 Ver. 1.2




\BO\

SEMICONDUCTOR MC81F6104/6204
| Vss Xin Vb |
270pF R

Figure 1.25 External Clock

1.8.8 Internal RC Oscillation Characteristics

(TA=-40°Cto+85°C,VDD =45V t055V)

Specification

Parameter Symbol Condition Unit
Min Typ Max
VDD =5.0V, TA=
25°C 7.84 8.0 8.16
H (Note 1)
RC oscillator frequency range fIRC VDD =50V, MHz
6.4 8.0 9.6
TA=-40°Cto +85°C
Clock duty ratio TOD - 40 50 60 %
RC oscillator setup time™°®®? tSUIRC | TA=25°C - - 10 ms

Table 1.10 Internal RC Oscillation Characteristics

NOTES:
1. Data based on characterization results, not tested in production
2. XIN and XOUT pins can be used as 1/0 ports.
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1.8.9 AC Characteristics

Parameter Symbol PIN MIN TYP MAX Unit
Operating Frequency fMCP XIN 0.4 12 Mz
System Clock Cycle Time tSYS 1+ fMCP ns
Oscillation Stabilization Time(4MHz) tMST1 XIN,XOUT 20 ms
External Clock “H” or “L” Pulse Width tCPW XIN 35 ns
External Clock Transition Time tRCP,tFCP XIN 20 ns
Interrupt Input Pulse Width tIw INTO ~ INT3 2 tSYS
RESETB Input Pulse “L” Width tRST RESETB 8 tSYS
Event Counter Input “H” or “L” Pulse Width tECW ECO,EC1 2 tSYS
Event Counter Transition Time tRECtFEC ECO,EC1 20 ns

Table 1.11 AC Characteristics

W

WVDD
0.1vDD

tECW

1fMCP .
XIN
tIW
/
INTO /- 0.8VDD
INT1
3 tRST
RESETB 5(
3 tECW
/
ECO 7Z
tREC

0.8VDD
110.2vDD

Figure 1.26 AC Characteristics Timing Diagram
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1.8.10 Typical Characteristics

This graphs and tables provided in this section are for design guidance only and are not tested or guaranteed. In
some graphs or tables the data presented are outside specified operating range (e.g. outside specified VDD
range). This is for information only and devices are guaranteed to operate properly only within the specified
range. The data presented in this section is a statistical summary of data collected on units from different lots
over a period of time. “Typical” represents the mean of the distribution while “max” or “min” represents (mean
+ 30) and (mean. 3o) respectively where o is standard deviation.

8.5MHz

Z\\

-7V
=>=3 3y
==t=4 Qv
=©=5.0v

=f="5 5v

S 6.5

6.0

(J O(J O(/ O(J O(J O(/ O(/ (J

o o (/
SRR S
I T A S RS LA

S
N

Figure 1-27 8MHz Int.OSC
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2. Functional Description

2.1 Registers

15 7 0
PCH PCL Program Counter
7 0
A A Register
15 7 0
s : YA 16Bit Accumulator
A
7 0
X X Register
7 0
Y Y Register
7 0
SP Stack Pointer *
7 0
PSW Program Status Word

N|J]V|G|[B|H|[I]|]Z]|C

L Carry Flag

Zero Flag

Interrupt Enable Flag
Half Carry Flag
Break Flag

G Flag

Overflow Flag

Negative Flag

*0 Stack Address(0000H~00BFH) — 192bytes
15 7 0
O0H SP

.

Hardware fix : RAM 0 page = 00XXH

Figure 2.1 Registers

The MC81F6204 device is based on G800-Core which contains special internal registers, ALU buffers like A, X,
Y, stack pointer SP, and program counter PC. The core’s ALU operation results in program status word register
(PSW).

The following figure describes the stack operation using stack pointer (SP) for each operation case-by-case.
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» Interrupt. » Subroutine. » PUSH A (X,Y,PSW).
M(SP)—(PCH) M(SP) _ (PCH) M(SP) —A
' ' !
SP SP-1 SP_ SP-1 SPSP-1
! !
M(SP) —(PCL) M(SP) __(PCL)
' '
SP SP-1 SPSP-1
!
M(SP) —(PSW)
'
SP SP-1
» RETI » RET » POP A (X,Y,PSW)
SPSP+1 SPSP+1 SP_SP+1
! ! !
(PSW)_M(SP) (PCL) —M(SP) A—M(SP)
' !
SPSP+1 SPSP+1
! !
(PCL) —M(SP) (PCH) —M(SP)
'
SP._SP+1 (Return From Subroutine)
!
(PCH) —M(SP)

Figure 2.2 Stack Operation

2.2 Memory Map

The G800 Core contains 16bit program counter (PC) which can access the maximum 64k address space. The
MC81F6204 has specific address space containing SRAM, registers, and FLASH ROM in 64K memory space.
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0000H
0-Page
00BFH |
00COH
SFR
(64Byte Special Purpose Registers)
00FFH
|
oo )
| 20COH
" I Writable via ROM Writer
| 20C7H :
L_—— L -
Not Used
FOOOH
FFFFH
Figure 2.3 Memory Map
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2.3 SMART Option

System Mode 0x20C7 0x00CF

Table 2.1 Smart Option Bit Table

(7) System Mode (@20C7)

SM_20C5[7:0] [7] (6] [5] (4] (3] (2] [ [0]
SM_20C5 COMO PPG PKG
CLK
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20C5H SM_20C5 (SMART Option 20C5 Area)
| | | DLY EN PAD 20PIN
R/W Can be only written by ROM Writer
RESET - - - - 0 - 0 0
Table 2.2 Smart 20C5h Option
Address [0] Remark
20C5H PKG 20PIN 20 Pin Package Selection
0 24 Pin Package
1 20 Pin Package -> R1[0], R1[1], R1[4] is input mode and pull up enabled
Address [1] Remark
20C5H PPG PAD PPG, PRT PIN Pad Selection
0 RO5 /PWM30, R06/AN4/PWM10
1 ATPWMO, PRT_IN
Address [3] Remark
20C5H COMO CLK | Comparator0 Low Pass Filter Clock Delay Enable
DLYEN 16T and PWM10’s Period is selected with CMPLPFO[L:0].
CMPLPFO[1:0] & 20C5H[3] : 110(16T), 111(PWM10’s Period)
0 16T — In case ComparatorO LPF Clock Source (CMPLPFO[1:0]) is 11.
1 PWM10’s Period - In case ComparatorO LPF Clock Source (CMPLPFO[1:0]) is 11.
20C7H SM_20C7 (SMART Option 20C7 Area)
SM_20C7[7:0] [71 [6] [5] (4] (3] [2 (1] [0]
SM_20C7 LVRENB LVRLS[1:0] FCLK_DIV LOCK 0OSCS[2:0]
R/W Can be only written by ROM writer
RESET 0 0 0 0 0 0 0 0
Table 2.3 Smart 20C7h Option
Address [7] Remark
20C7H LVRENB | Low-Voltage-Reset Enable (active low)
0 LVR Enabled (default) - RSTB Pin can be used as normal I/O
1 LVR Disabled (using External RSTB)
Address [6] [5] ‘ Remark
20C7H LVRLS[2:0] ‘ LVR Level Selection
38 [M=] January 14, 2014 Ver. 1.2




\BO\

MC81F6104/6204
0 0 2.2V
0 1 2.1V
1 0 3.0v
1 1 4.0V
Address [4] Remark
20C7H FCLK DIV FCLK 1/2 Selection
0 Default FCLK is System Clock
1 System Clock SCLK is FCLK/2

FCLK is main clock (external XTAL or internal osc clock source)

Address [3] Remark
20C7H LOCK Flash Access Lock
0 Code Protection Disabled
1 Code Protection Enabled (can’t read or PGM by Writer before entirely erased)
Address [2] [1] [0] Remark
20C7H 0OSCS[2:0] System Clock Selection
0 0 0 E/xternal RC (8Mhz @ R=30K) — XOUT pin can be used as normal
1/0
0 0 1 Internal Oscillator (4Mhz) XIN/XOUT pin can be used as
normal 1/0
0 1 0 Internal Oscillator (2Mhz)
0 1 1 Internal Oscillator (1Mhz)
1 0 0 Internal Oscillator (8Mhz)
1 0 1 Not Available
1 1 0 Not Available
1 1 1 Crystal / Ceramic Resonator

Table 2.4 Oscillator Mode Selection on Normal Mode

January 14, 2014 Ver. 1.2
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2.4 TCALL & Interrupt Vector

2.4.1 PCALL and TCALL Area

PCALL Area Memory

Address
FFOOH
PCALL Area
(256 Bytes)
FFBF,

Address
FFCO
Cl
Cc2
C3
C4
C5
C6
(o4
C8
Cc9
CA
CB
cc
CD
CE
CF
FFDO
D1
D2
D3
D4
D5
D6
D7
D8
D9
DA
DB
DC
DD
DE
DF

H

NOTE :

TCALL Area Memory

....................... TCALL 0/BRK

* means that the BRK software interrupt is

using same address with TCALLO.

Figure 2.4 PCALL and TCALL Area Map

2.4.2 Interrupt Vector Area

Request Source Symbol Priority MASK Vector High Vector Low
Hardware Reset RESETB 0 Non Maskable FFFFh FFFEh
External Interrupt O INTO 1 FFFDh FFFCh
External Interrupt 1 INT1 2 FFFBh FFFAh
External Interrupt 2 INT2 3 FFF9h FFF8h
External Interrupt 3 INT3 4 FFF7h FFF6h
Maskable
Analog Comparator 0 CMPO 5 FFF5h FFF4h
Analog Comparator 1 CMP1 6 FFF3h FFF2h
Analog Comparator 2 CMP2 7 FFF1h FFFOh
Analog Comparator 3 CMP3 8 FFEFh FFEEh

40
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Request Source Symbol Priority MASK Vector High Vector Low
Analog Comparator 4 CMP4 9 FFEDh FFECh
Timer O Interrupt T0 10 FFEBh FFEAh
Timer 1 Interrupt T1 11 FFESh FFE8h
Timer 3 Interrupt T3 12 FFE7h FFE6h
ADC Interrupt ADC 13 FFES5h FFE4h
WDT Interrupt WDT 14 FFE3h FFE2h
BIT Interrupt BIT 15 FFE1h FFEOh

Table 2.5 Interrupt Vector Area

2.5 Peripheral Registers

Reset Value

Address Function Symbol R/W

7|16|5|4|3[2(1]0
00COH Port RO Data Register RO RW [0|0]O|O|]O|JO]|]O]|O
00C1H Port RO Direction Register ROIO w ofojojoflojojO|oO
00C2H Port R1 Data Register R1 RW [0|0]O|O|]O|JO]|]O]|O
00C3H Port R1 Direction Register R110 w ofojojoflojoj0O|oO
00C4H Port R2 Data Register R2 RW [0|0]O|O|]O|JO]|]O]|O
00C5H Port R2 Direction Register R210 w ofojojoflojoj0O|oO
00C6H RO Pull Up Register ROPU W o|jofo|jojojo|0]oO
00C7H R1 Pull Up Register R1PU w ofojojoflojojO0O|oO
00C8H R2 Pull Up Register R2PU W o|jofo|jojojo|o0]oO
00C9H RO Open Drain Register ROOD W ojo|jo|jOo|O|OfO]O
00CAH R1 Open Drain Register R10D w ofojojo|lojojO|oO
00CBH R2 Open Drain Register R20D W ojojofo|j0|0f0O]|O

00CCH Reserved

00CDH Reserved

00CEH Buzzer Driver Register BUZR w 1111|1111

00CFH Reserved

00DOH Timer 0 Mode Control Register TOCR R/W o(ojojo0j0]|oO
Timer O Register TO R ojo|jo0|jO0O|O|OfO]O
00D1H Timer 0 Data Register TODR w 1(1f(1j1]1)1|1|1
Timer 0 Capture Data Register CDRO R ojo|jo0o|jO0O|O|OfO]O
00D2H Timer 1 Mode Control Register T1CR RW [0|O|O|O|O]O|O]|O
Timer 1 Data Register T1DR W 1111 (1(1(1]1]|1
00D3H
Timer 1 PWM Period Register T1PPR W 1111 (1(1|1|1]|1
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Reset Value
Address Function Symbol R/W
5[4 (13|21
Timer 1 Register T1 R 0|j0j0f0]|O
00D4H Timer 1 PWM Duty Register T1PDR R/W o(ojojoj|o
Timer 1 Capture Data Register CDR1 R o(ojojoj|o
00D5H Timer 1 PWM High Register T1IPWHR w 0|00
00D6H Reserved
00D7H Reserved
00D8H Timer 3 Mode Control Register T3CR R/W o(ojfojoj|o
Timer 3 Data Register T3DR w 1|1(1|1]1
00D9H Timer 3 PWM Period Register T3PPR w 1|1(1|1]1
Timer3 Auto Triggering PWM Maximum Period Register ATMPR R/W 111111
Timer 3 Register T3 R 0|jo0j0f0]|O
Timer 3 PWM Duty Register T3PDR R/W o(ojojoj|o
00DAH
Timer 3 Auto Triggering PWM Duty Register ATDR R/W 0|0lO0O]0O]O
Timer 3 Capture Data Register CDR3 R 0j0j0f0]|O
Timer 3 PWM High Register T3PWHR W o(o0ofo
00DBH Timer 3 Auto Triggering PWM High Register ATPWHR W 0|0 0
R 0|0l0O]0O]O
00DCH Timer 3 Auto Triggering PWM Control Register ATCR R/W 0o(fojfojojo
00DDH Timer 3 Auto Triggering PWM Duty Buffer Register ATDBR R o(fofojo0f}oO
00DEH Timer 3 Auto Triggering PWM Flag Register ATPWFR R/W 0(0|o0
00DFH Timer 3 Auto Triggering PWM Step Register ATSTEP R/W 0o(fojfojojo
00EOH 8hit A/D Converter Control Register ADCM R/W oj(oj0]|oO
00E1H 8bit A/D Converter Result Register ADCR R EO R I I
00E2H Reserved
00E3H Reserved
00E4H Reserved
0OES5SH LVR Control Register for POR on/off PORC W ofofojojo
Clock Control Register CKCTLR W 0(1(0(1]1
00E6H
BIT Counter Value Register BITR R 0j0j0f0]|O
00E7H Reserved
00E8H Watch Dog Timer Register WDTR W 1({1|1]|1|1
00E9H Sleep and Stop Mode Control Register SSCR W o(ojojoj|o
00EAH Comparator Control Register CMPCR R/W o(fofoy|-1o0
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Reset Value
Address Function Symbol R/W
7 5(4]|3 1
00EBH Comparator Emergency Channel Selection Register CMPEMCR | R/W | 0 1111 0
00ECH Comparator Positive Input Selection Register0 CMPPINO R/W | 0 ofofo 1
00EDH Comparator Positive Input Selection Registerl CMPPIN1 R/W 0
00EEH Comparator Edge Selection Register0 CMPEDSO R/W 1101 1
00EFH Comparator Edge Selection Registerl CMPEDS1 R/W 1
00FOH Comparator Low Pass Filter Control Register0 CMPLPFO R/W | 0 of11o0 0
00F1H Comparator Low Pass Filter Control Registerl CMPLPF1 R/W 0
00F2H Operational Amplifier Control Register AMPCR RW | 0 - 0
00F3H Port Selection Register 0 PSRO w 0 0|00 0
00F4H Port Selection Register 1 PSR1 W 0 0|0fO0 0
00F5H Port Selection Register 2 PSR2 w 0 0
00F6H Interrupt Enable Register High IENH R/W | 0 0|0fO0 0
00F7H Interrupt Enable Register Low IENL R/W | 0 0|00 0
00F8H Interrupt Request Register High IRQH R/W | 0 o(o0fo 0
00F9H Interrupt Request Register Low IRQL R/W | 0 o(o0fo 0
00FAH Reserved
00FBH Reserved
00FCH Interrupt Edge Selection Register IEDS R/W | 0 0|00 0
00FDH Interrupt Vector Test Register INTV R 0 0|0fO0 0
00FEH Reserved
00FFH Reserved
Table 2.6 Peripheral Registers
2.6 1/0 Port
2.6.1 RO Port Group
00COH RO (RO Data Register)
Bit[7:0] [71 (6] [5] [4] [3] [2 [1] [0]
RO RO7 R06 RO5 R04 RO3 R02 RO1 R0OO
R/W R/W R/W RIW RIW R/W R/W R/W R/W
RESET 0 0 0 0 0 0 0 0
RO[7:0] — Port RO Group Read or Output Data, Bit Handling Available
Table 2.7 RO Data Register
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00C1H ROIO (RO Direction Register)

Bit[7:0] (7] (6] [5] [4] 3] [2 [1] [0]

ROIO ROIO7 R0OIO6 R0OIO5 R0IO4 R0OIO3 RO102 R0OIO1 ROIO0

RIW w w w w w w w w

RESET 0 0 0 0 0 0 0 0
Table 2.8 ROIO - RO Direction Register

0: Input Mode, 1: Output Mode

00C6H ROPU (RO Pull-up Register)

Bit[7:0] [7] (6] (5] (4] (3] [2] [1] (0]

ROPU ROPU7 ROPUG6 ROPU5 ROPU4 ROPU3 ROPU2 ROPU1 ROPUO

R/IW w w w w w w w w

RESET 0 0 0 0 0 0 0 0
Table 2.9 ROPU - RO Pull Up Register

0: Internal Pull-up Register Off, 1: Internal Pull-up On

00C9H ROOD (R0 Open-Drain Register)

Bit[7:0] [7] (6] (5] (4] (3] [2] [1] (0]

ROOD ROOD7 ROOD6 ROOD5 ROOD4 ROOD3 ROOD2 ROOD1 ROODO

RIW w w w w w w W w

RESET 0 0 0 0 0 0 0 0

Table 2.10 ROOD - RO Open-Drain Register

0: Push-Pull, 1: Open-Drain

2.6.2 R1 Port

00C2H R1 (R1 Data Register)

Bit[7:0] [71 (6] [5] [4] [3] [2 [1] [0]

R1 - - - R14 R13 R12 R11 R10

R/IW - - - R/IW R/W RIW R/W RIW

RESET - - - 0 0 0 0 0

Table 2.11 R1 - R1 Data Register

R1[7:0] — Port R1 Group Read or Output Data, Bit Handling Available

00C3H

R110 (R1 Direction Register)
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Bit[7:0] (7] (6] [5] [4] 3] [2 [1] [0]
R110 - - - R1104 R1103 R1102 R1I01 R1100
RIW - - - w w w w w
RESET - - - 0 0 0 0 0

Table 2.12 R1I0 — R1 Direction Register
0: Input Mode, 1: Output Mode
00C7H R1PU (R1 Pull-up Register)
Bit[7:0] (7] (6] [5] [4] 3] [2 [1] [0]
R1PU R1PU7 R1PU6 R1PU5 R1PU4 R1PU3 R1PU2 R1PU1 R1PUO
RIW w w w w w w w w
RESET 0 0 0 0 0 0 0 0
Table 2.13 R1PU - R1 Pull Up Register
0: Internal Pull-up Off, 1: Internal Pull-up On
00CAH R10D (R1 Open-Drain Register)
Bit[7:0] [7] (6] (5] (4] (3] [2] [1] (0]
R10D R10D7 R10D6 R10D5 R10D4 R10D3 R10D2 R10D1 R10D0
R/IW w w w w w w w w
RESET 0 0 0 0 0 0 0 0
Table 2.14 R10D - R1 Open-Drain Register
0: Push-Pull, 1: Open-Drain
2.6.3 R2 Port
00C4H R2 (R2 Data Register)
Bit[7:0] [7] (6] [3] [4] 3] [2 [1] [0]
R2 R27 R26 R25 R24 R23 R22 R21 R20
R/IW R/IW R/W R/W R/W R/W RIW R/W RIW
RESET 0 0 0 0 0 0 0 0
Table 2.15 R2 — R2 Data Register
R2[7:0] — Port R2 Group Read or Output Data, Bit Handling Available
00C5H R210 (R1 Direction Register)
Bit[7:0] [7] (6] [5] [4] B3] [2 [1] [0]
R210 R2107 R2106 R2105 R2104 R2103 R2102 R2101 R2100
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R/IW w w w w w w w w

RESET 0 0 0 0 0 0 0 0
Table 2.16 R210 - R2 Direction Register

0: Input Mode, 1: Output Mode

00C8H R2PU (R2 Pull-up Register)

Bit[7:0] [71 (6] [5] (4] [3] [2 [1] [0]

R2PU R2PU7 R2PU6 R2PU5 R2PU4 R2PU3 R2PU2 R2PU1 R2PUO

R/IW w w w w w w w w

RESET 0 0 0 0 0 0 0 0
Table 2.17 R2PU - R2 Pull Up Register

0: Internal Pull-up Register Off, 1: Internal Pull-up On

00CBH R20D (R2 Open-Drain Register)

Bit[7:0] (7] (6] [5] [4] [3] [2 [1] [0]

R20D R20D7 R20D6 R20D5 R20D4 R20D3 R20D2 R20D1 R20D0

RIW w w w w w w w w

RESET 0 0 0 0 0 0 0 0

Table 2.18 R20D - R2 Open-Drain Register

0: Push-Pull, 1: Open-Drain

2.6.4 Port Selection Registers

00F3H PSRO (Port Selection Register 0)

Bit[7:0] [71 (6] [5] [4] [3] [2 [1] [0]

PSRO INT3E INT2E INT1E INTOE BUZOE ECOE TOOE PWM10E

RIW w w w w w w W w

RESET 0 0 0 0 0 0 0 0

INT3E is only available for 24pin package.

Table 2.19 PSRO - Port Selection Register 0

Address [7] Remark
00F3H INT3E INT3 Input Selection
0 R11 Port
1 INT3 Input Port
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Address [6] Remark
00F3H INT2E INT2 Input Selection
0 R04 Port
1 INT2 Input Port
Address [5] Remark
00F3H INT1E INTZ Input Selection
0 RO3 Port
1 INT1 Input Port
Address [4] Remark
00F3H INTOE INTO Input Selection
0 RO2 Port
1 INTO Input Port
Address [3] Remark
00F3H BUZOE Buzzer Output Selection
0 RO7 Port
1 Buzzer Output Port
Address [2] Remark
00F3H ECOE Event Counter Input Selection
0 R12 Port
1 ECO Input Port
Address [1] Remark
00F3H TOOE Timer0 Output Selection
0 RO7
1 Timer0 Output Port
Address [0] Remark
00F3H PWM10OE | PWM1 Output Selection
0 RO6 Port
1 PWM10 Output Port
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00F4H PSR1 (Port Selection Register 1)
Bit[7:0] (7] (6] [5] [4] 3] [2 [1] [0]
PSR1 CMPOP | CMPON | OP_OUT | OP_CAP2 | OP_CAP1 | OP_IN AVDD | PWMB3OE
R/W W w \W \W W \W W W
RESET 0 0 0 0 0 0 0 0
Table 2.20 PSR1 - Port Selection Register 1
Address [7] Remark
00F4H CMPO_P Comparator0 Input Selection
0 R22 Port
1 Comparator0Q Positive Input Selection
Address [6] Remark
00F4H CMPO_N Comparator0 Input Selection
0 R23 Port
1 Comparator0 Negative Input Selection
Address [5] Remark
00F4H OP_OUT | Op-Amp Output Selection
0 R24 Port
1 Op-Amp Output Port
Address [4] Remark
00F4H OP_CAP2 | Op-Amp External Capacitor Selection
0 R25 Port
1 Op-Amp External Capacitor Pin
Address [3] Remark
00F4H OP_CAP1 | Op-Amp External Capacitor Selection
0 R26 Port
1 Op-Amp External Capacitor Pin
Address [2] Remark
00F4H OP_IN Op-Amp Input Selection
0 R27
1 Op-Amp Input Port
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Address [1] Remark
00F4H AVDD AVDD Analog Voltage Selection
0 R13
1 AVDD Voltage Used
Address [0] Remark
00F4H PWM3OE | PWM3 Output Selection
0 R05
1 PWM3O0 Output Port
00F5H PSR2 (Port Selection Register 2)
Bit[7:0] (71 6] (5] [4] (3] [2] [1] [0]
PSR2 - - - - CMP4_N CMP2_P CMP2_N CMP1_N
R/W - - - - w w w
RESET - - - - 0 0 0
Table 2.21 PSR2 - Port Selection Register 2
CMP4_N is only available for 24pin package.
CMP2_P is only available for 24pin package.
Address [3] Remark
00F5H CMP4_N Comparator 4 Input Selection
0 R10
1 Comparator 4 Negative Input Port
Address [2] Remark
00F5H CMP2_P Comparator 2 Input Selection
0 R14
1 Comparator 2 Positive Input Port
Address [1] Remark
00F5H CMP2_N Comparator 2 Input Selection
0 R20
1 Comparator 2 Negative Input Port
Address [0] Remark
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00F5H CMP1_N Comparator 1 Input Selection

0 R21

1 Comparator 1 Negative Input Port

3. Peripheral Hardware

3.1 System Configuration (ROM Option)

The system configuration is loaded into register buffer from FLASH special region on Power-on-Reset (POR),
External PAD Reset, or Low-Voltage-Reset (LVR) release. The configuration area can only be accessed by
ROM writer. The default value is 00h. The following table describes the details of the system configuration
value.

5.0V

VDD 1.83v

POR_RESETB

( OSC_MODE[2:0] : 3'b001 > INTOSC 4Mhz X 3'b111 > XTAL )

(Counter X XXXXX ~ OO

CFG_READ < 196x250n =I_‘_,_‘_ |_|_

500khz
—>

4

SMART Option Register

(a0con X a0cih oy 200 )

RESET_SYSB |

Figure 3.1 Smart Option Read Timing

20C7H SYSCFG (System Configuration)
SYSCFG[7:0] [7] (6] [5] [4] 3] [2] [1] [0]
SYSCFG LVRENB LVRLS[1:0] FCLK LOCK 0SCS[2:0]
DIV
R/W Can be only written by ROM writer
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RESET 0 0 0 - 0 0 0 0
Table 3.1 System Configuration Option
Address [7] Remark
20C7H LVRENB | Low-Voltage-Reset Enable (active low)
0 LVR Enabled (default) - RSTB Pin can be used as normal I/O
1 LVR Disabled (using External RSTB)
Address [6] [5] Remark
20C7H LVRLS[2:0] LVR Level Selection
0 0 2.2V
0 1 2.1V
1 0 3.0v
1 1 4.0V
Address [4] Remark
20C7H LOCK Flash Access Lock
0 Code Protection Disabled
1 Code Protection Enabled (can’t read or PGM by Writer before entirely erased)
Address [2] [1] [0] Remark
20C7H 0OSCS[2:0] System Clock Selection
0 0 0 IIE/éternal RC (8Mhz @ R=30K) — XOUT pin can be used as normal
0 0 1 Internal Oscillator (4Mhz) XIN/XOUT pin can be used as
normal 1/0
0 1 0 Internal Oscillator (2Mhz)
0 1 1 Internal Oscillator (1Mhz)
1 0 0 Internal Oscillator (8Mhz)
1 0 1 Not Available
1 1 0 Not Available
1 1 1 Crystal / Ceramic Resonator
00E5H PORC (POR Control Register)
Bit[7:0] [71 (6] [5] (4] [3] [2 (1] [0]
SSCR PORCI[7:0]
R/W W w W W \W \W w w
RESET 0 0 0 0 0 0 0 0
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Table 3.2 Power-On-Reset Control Register (PORC)

Address [71 (0611511041103 1[2]][1] | [0] | Remark

00E5H PORCI7:0] POR Control Register

0 1 0 1 1 0 1 0 | POR Disable (prevent static current of LVR circuit)

0 0 0 0 0 0 0 0 | Default POR Enabled (1.83V)

3.2 SLEEP and STOP

The entire hardware including G800 Core and Peripherals has STOP or SLEEP mode for low power feature.
The SLEEP/STOP can be enabled via register access by writing 5Ah/OFh. The following is a table describing
Sleep Stop Control Register (SSCR).

00E9H SSCR (Stop & Sleep Control Register)

Bit[7:0] (7] (6] [5] [4] 3] [2 (1] [0]
SSCR SSCR[7:0]

R/W W w AW w W W w w
RESET 0 0 0 0 0 0 0 0

Table 3.3 Stop & Sleep Mode Control Register

Address | [71 | 161 | [51 | 141 | [31 | 121 | [21 | [0] | Remark

00E9H SSCR[7:0] Stop & Sleep Control Register

0 1 0 1 1 0 1 0 | Stop Mode Enabled

0 0 0 0 1 1 1 1 | Sleep Mode Enabled

To enter the STOP mode, SSCR must be configured before STOP instruction. To enter the SLEEP mode, just
write OFh to SSCR.

In the Sleep/Stop mode, the core and peripherals has each states summarized in the following table.

Peripherals STOP Mode SLEEP Mode
CPU All CPU operation are disabled All CPU operations are disabled
RAM Retain Retain
BIT Halted Operates Continuously
WDT Stop (except RCWDT mode) Operates Continuously
TIMERO/1 Halted (except Event Counter Mode) Operates Continuously
BUZZER Stop Operates Continuously
ADC Stop Stop
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MAIN OSC Stop (Xin=L, Xout=H) Oscillation
1/0 Port Retain Retain
Control Registers Retain Retain

Comparator

Disabled, (or can be enabled)

Disabled, (or can be enabled)

OP AMP

Disabled

Disabled

Release Method

RESET, or All Interrupts

RESET or All Interrupts

Table 3.4 Peripheral Operation in Sleep/Stop Mode

3.3 PPG & Protection PAD

Address | [71 [ 161 | 51 | [41 | [31 | [21 | [2] | [0 | Remark

00E7H PRT_IN_DIS[7:0] Protection In Pin Disable

o|l1lo| 1] 1] o0/ 1] 0 |PRTINDisabled(Write 5AH)

0 0 0 0 0 0 0 0 | PRT_IN Enabled

Table 3.5 Protection Pin Disable Register

3.4 Clock Generator

The Clock Generator provide the features of XTAL, External RC, and INTOSC (1/2/4/8 MHz). The XIN/XOUT
port is dedicated to XTAL mode. The external RC mode needs only XIN port. The INTOSC mode doesn’t need
any dedicated ports. The selected main clock is directly used as the internal system clock. The prescaler
generates the divided clocks for peripherals. The STOP mode disables the main clock. The SLEEP mode only
disables system clock, so the peripheral clocks are alive.

STOP SLEEP Clock Mode

Oscillator

(XTAL,ExtRC,INTOSC)

SYS_OPTION[2:0] : OSC Mode

I PSO lPSlj PSZlPSB 1PS4 JPSS lPS6lPS7 lPSS lPSQ lPSliPSll PS12
/

SYS_OPTION N\
[20C7]

XIN Internal System Clock

—2o0r=1 >

[
[—

XOouT

Prescaler

Peripheral Clock
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Figure 3.2 Clock Generator Block Diagram

3.5 Basic Interval Timer (BIT)

The Basic Interval Timer (BIT) is an 8-bit binary counter containing the following three features.

1. Timer for Oscillation stabilization time on Power-up
2. Timer for Oscillation stabilization time on Stop release
3. Interrupt Request for Timer

The BIT is controlled by BIT Clock Control Register (CKCTLR). 8-bit BIT counter is operated by the clock
selected from PS3~PS10, or RCWDT Clock by CKCTLR[2:0]. The BIT counter is cleared by BCL bit of
CKCTLR which is automatically cleared after 1 machine cycle. If the RCWDT bit is enabled, the BIT is
counted by RCWDT ring clock and the overflow is directly connected to WDT clock.

RCWDT

l

RC-Ring OSC

STOP

PS5 8-bit Up Counter

fl BIT Interrupt
BITRZ:0]  FSIO%) prrie | E

PS7 MUX

v

Sou
PS9 Clock [00E6H]

PS10 |

y

(WDTCK)

BCK[2:0]  |RcwDT BCL | |

RCWDT

CKCTLR ERead

Clock Control Register “ i* [00E6H]
i iWrite

< Data Bus >

oo

Figure 3.3 BIT Block Diagram

The CKCTLR register is write-only register accessed via [00F2H]. The BITR counter register uses same address
which is read-only register via [00F2H].

00E6H CKCTLR (Clock Control Register)
Bit[7:0] [71 6] [5] (4] [3] [2 (1] [0]
CKCTLR ADRST - RCWDT WDTON BCL BCK][2:0]
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R/W W - W w \W \W W W
RESET 0 - 0 1 0 1 1 1

Table 3.6 CKCTLR - Clock Control Register (Write-Only)
Address [2] [1] [0] Remark
00E6H BCK[2:0] Basic Interval Timer Clock Selection
0 0 0 fx/23
0 0 1 fx/2*
0 1 0 fx/2°
0 1 1 fx/2°
1 0 0 fx/2
1 0 1 fx/2°
1 1 0 fx/2°
1 1 1 fx/2"°
Address [3] Remark
00E6H BCL Basic Interval Timer Counter Clear
0 Free Running
1 Counter Clear ( Auto clear after 1 Machine Cycle )
Address [4] Remark
00E6H WDTON Watch Dog Timer Enable
0 7bit Timer
1 Watch Dog Timer
Address [5] Remark
00E6H RCWDT RC WDT Selection
0 Disable Internal RC-WDT
1 Enable Internal RC-WDT
Address [7] Remark
00E6H ADRST Address Trap Reset
0 Enable Address Trap Reset
1 Disable Address Trap Reset
00E6H BITR[7:0] — Basic Interval Timer Register
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Bit[7:0] [7] (6] B3] (4] B3] [2 (1] [0]
BITR BIT[7:0]

RIW R R R R
RESET X X X X X X X X

Table 3.7 BITR - Basic Interval Timer Register (Read-Only)

3.6 Watch Dog Timer (WDT)

The Watch Dog Timer (WDT) contains 7-bit binary counter, 7-bit comparator, and Watch Dog Timer
Register(WDTR[7:0]). The WDT reset feature is enabled by WDTON bit (CKCTLR[4]), or used as 7-bit Timer.
The WDT counter can be cleared by WDTCL (WDTR][7]).

—PBIT Overflow WDT6 | WDT5 |WDT4 |WDT3 WDT2 WDT1 WDTO 4%2@ tDw
| - J
T ;\ WDT Interrupt
2 WDTIF|——
1 =ﬁparator
[ @ ] WDTON
WDTCL|WDTR6 | WDTRS |WDTR4 WDTR3 WDTR2 |WDTR1 WDTRO CKCTLR
| Watch Dog Timer Register [00E8H] Clock Control Register [00F2]
Figure 3.4 Block Diagram of Watch Dog Timer

00E8H WDTR (Watch Dog Timer Register)
Bit[7:0] [71 (6] [5] (4] [3] [2 (1] [0]
WDTR WDTCL WDT[6:0]
R/W W w W w W \W W w
RESET 0 1 1 1 1 1 1 1
Address Bit 7 Remark
00E8H WDTCL WDT Clear

0 Free Run

1 WDT Clear (Auto Clear after 1 cycle)
Address Bit[6:0] Remark
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00E8H

| WDTI[6:0] ‘ WDT Interrupt Interval Value

| XXXXXX ‘ WDT Interrupt Interval = (BIT Interrupt Interval) * (WDT + 1)

3.7 Reset Generator

The Reset is used to initialize all hardware including logic, analog circuit. The reset sources are listed in the
following list.

External RESETB Pin
Power-On-Reset (PORC 00h)
Low-Voltage-Reset (LVRENB low)
WDT overflow reset

Address Trap Reset

SM_20C7[7]

l/' L

PAP_RESETB—— NC60US » TEST_MODE

L RESET_SYSB
Ne2us ‘__D— CONFIG_READ

RESET_DIRECTB
WDTOUTB |
ADDR_TRAPB l
" RN
1'b1 RESET_SYSB
BIT_OVERFLOW >
VPP_DET— NC2US

Figure 3.5 Reset Generator

The following figure describes the RESET tree of MC81F6204. The RSTB PAD is directly used in TEST Mode
regardless of any other control signals. The first reset is controlled by LVR reset and Smart option. If
SM_20C7[0] is O, the RESET_DIRECTB is controlled by LVR_RST only. Otherwise, the system waits for
External PAD_RESETB release. The RESET_SYSB is released on BIT overflow after RESET_DIRECTB is
released. If VPP is detected, the system is all disabled by RESET_SYSB.
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5.0V
VDD £ 32ms(@8MHz), 64ms(@ 4MHz), 128ms(@2MHz), 256ms(@1MHz)
POR_RESETB :
i Firmware run
RESET_SYSB

sosc [N

Figure 3.6 Oscillation stabilization time

3.8 Timer/Counter/PWM (Timer 0/1)

The timer consists of two 8-bit timer (0,1) which can be used as 16-bit timer mode. The timer has 7 different
operating mode.

8 Bit Timer/Counter Mode

8 Bit Capture Mode

8 Bit Compare Output Mode
16 Bit Timer/Counter Mode
16 Bit Capture Mode

16 Bit Compare Output Mode
PWM Mode

Timer 0 uses prescaler output and external ECO as clock source. Timer 1 does timer 0 clock and prescaler output.
The capture mode captures the timer result by INTO or INT1. Timer 0 compare result outputs into TOO. Timer 1
compares outputs into PWM10. In PWM mode, PWM waveform is assigned into PWM10.

00DOH TOCR (Timer0 Mode Control Register)
Bit[7:0] [7] (6] [3] (4] 3] [2 (1] [0]
TOCR - - CAPO TOCK][2:0] TOCN TOST
R/W - - R/W R/W RIW R/W R/W R/W
RESET - - 0 0 0 0 0 0
Table 3.8 TOCR - Timer0 Mode Control Register

Address [5] Remark
00DOH CAPO Counter Mode Selection

0 Timer / Counter Mode

1 Capture Mode
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Address [1] Remark
00DOH TOCN Timer0 Continue Start
0 Pause Counting
1 Continue Counting
Address [0] Remark
00DOH TOST Timer0 Start Count
0 Counter Stop
1 Counter Cleared and Start Again
Address [4] [3] [2] Remark
00DOH TOCK2 TOCK1 TOCKO Timer 0 Clock Selection
0 0 0 x/2
0 0 1 fx/2?
0 1 0 fx/23
0 1 1 fx/2°
1 0 0 fx/2’
1 0 1 fx/2°
1 1 0 fx/2t
1 1 1 External Clock(ECO)
00D1H TO (Timer0 Register) — Counter Value
Bit[7:0] [7] [6] [5] [4] [3] [2 [1 [0]
TO TO[7:0]
R/W R R R R R R R R
RESET 0 0 0 0 0 0 0 0
Table 3.9 TO - Timer0 Counter Register
TO register can be read on Timer/Counter Mode.
00D1H TODR (Timer0 Data Register) — TO Compare Data
Bit[7:0] [7] [6] [5] [4] [3] [2 [1] []
TODR TOD[7:0]
R/W W W w W w w W W
RESET 1 1 1 1 1 1 1 1
Table 3.10 TODR - Timer0 Data Register
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00D1H CDRO (Capture 0 Data Register) — TO Capture Data (Capture Mode)

Bit[7:0] (7] (6] [5] (4] 3] [2 (1] [0]

CDRO CDRO[7:0]

R/W R R R R R R R R

RESET 0 0 0 0 0 0 0 0
Table 3.11 CDRO - Capture 0 Data Register

CDRO register is readable on Capture mode

00D2H T1CR (Timerl Mode Control Register)

Bit[7:0] [7] (6] (5] (4] (3] [2] (1] [0]

T1CR POL 16BIT PWM1E CAP1 T1CK[1:0] T1CN T1ST

R/W R/W R/W RIW RIW R/W R/W R/W R/W

RESET 0 0 0 0 0 0 0 0

Address [7]

Table 3.12 Timer 1 Mode Control Register

Remark

00D2H POL

PWM Polarity Selection

0 Negative
1 Positive
Address [6] Remark

00D2H 16BIT 16BIT Mode Selection
0 8-BIT Mode
1 16-BIT Mode
Address [5] Remark
00D2H PWM1E PWM1 Enable
0 Disable PWM1
1 PWML1 Enabled

Address [4]

Remark

00D2H CAP1 Counter Mode Selection
0 Timer / Counter Mode
1 Capture Mode

Address [3]

[2] Remark
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00D2H T1CKI1:0] Timer 1 Clock Selection
0 0 x
0 1 x/2
1 0 fx/2°
1 1 Timer O Selected Clock
Address [1] Remark
00D2H TI1CN Timerl Continue Start
0 Pause Counting
1 Continue Counting
Address [0] Remark
00D2H T1ST Timerl Start Count
0 Counter Stop
1 Counter Cleared and Start Again
00D3H T1DR (Timerl Data Register) — T1 Compare Data
Bit[7:0] [7] (6] (5] (4] (3] [2] (1] [0]
T1DR T1DR[7:0]
R/W W w \W w W \W W w
RESET 1 1 1 1 1 1 1 1
Table 3.13 Timer 1 Data Register
T1DR can be written in Timer/Capture mode
00D3H T1PPR (Timerl PWM Period Register) — T1 PWM Period
Bit[7:0] [71 (6] [5] (4] [3] [2 (1] [0]
T1PPR T1PPR[7:0]
R/W W w W w \W \W W W
RESET 1 1 1 1 1 1 1 1
Table 3.14 Timer 1 PWM Period Register
T1PPR can be written in PWM Mode
00D4H T1 (Timerl Register) — Counter Value
Bit[7:0] [7] (6] [5] (4] 3] [2 [1] [0]
T1 T1[7:0]
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R/W R R R R R R R R
RESET 0 0 0 0 0 0 0 0
Table 3.15 Timer 1 Counter Register
T1 register can be read on Timer/Counter Mode.
00D4H CDR1 (Capture 1 Data Register) — T1 Capture Data (Capture Mode)
Bit[7:0] [71 (6] [5] (4] [3] [2 (1] [0]
CDR1 CDR1[7:0]
R/W R R R R R R R R
RESET 0 0 0 0 0 0 0 0
Table 3.16 Timerl Capture Data
CDR1 register can be read on Capture mode
00D4H T1PDR (Timerl PWM Duty Register) — T1 PWM Duty
Bit[7:0] (7] (6] [5] [4] [3] [2 (1] [0]
T1PDR T1PDR[7:0]
R/W R/W R/IW R/W RIW R/W R/W R/W R/IW
RESET 0 0 0 0 0 0 0 0
Table 3.17 Timer 1 PWM Duty Register
T1PDR can be written or read in PWM Mode
00D5H T1PWHR (Timerl PWM High Register) — T1 PWM Period / Duty High Register
Bit[7:0] [7] [6] (5] [4] (3] [2 (1] [0]
T1IPWHR T1IPWHR[3:0]
R/W w \W w W
RESET 0 0 0 0
Table 3.18 Timer 1 PWM High Register
T1PWHR[3:2], TLPPR[7:0] -> 10bit Period
T1PWHR[1:0], TIPDR[7:0] -> 10bit Duty
16BIT | CAPO | CAP1 | PWMLIE | TOCK | TICK | TOO_EN PWM10_EN TIMERO TIMER1"
0 0 0 0 XXX XX 0 8-bit timer | 8-bit timer
0 0 0 0 XXX XX 1 8-hit 8-bit timer
compare
output
0 0 1 0 111 XX 0 8-bit event 8-bit
counter capture
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0 1 0 0 XXX XX 0 1 8-bit 8-bit
capture compare
output
0 0 0 1 XXX XX 0 1 8-bit timer | 10bit PWM
1 0 0 0 XXX 11 0 0 16-bit timer
1 0 0 0 111 11 0 0 16-bit event counter
1 1 1 0 XXX 11 0 0 16-bit capture
1 0 0 0 XXX 11 0 1 16bit compare output

Table 3.19 Operating Mode of Timer 0/1

The operating mode of timer is defined by the control register and port selection register value.

3.8.1 8Bit Timer/Counter Mode of Timer 0/1

TOCK[2:0] TOST

2N

Timer0 8-bit counter

~g TO (8bit)
FCLK 7
& +32 Timer 0 Interrupt

[00D1H]
+128 | MUX ¢ TOCN . TOIF —>
Comparator
+512

+2048 | TODR (8bit) |

ECO [00D1H] T0O
ECO
|:|_[> — | T»D_D
Scaler T1ST

TOO_EN(PSR)
8bit compare-out mode

Clear

Timer1 8-bit counter

T1CK[1:0]

Clear

-1 T1 (8bit)

=2 [00D4H] Timer 1 Interrupt
= a1 . T1IF >
-8 > MUX T1CN Comparator

|_' | T1DR (8bit) |

[0003H} _l-.D—DToo

PWM10O_EN(PSR)
8bit compare-out mode

Figure 3.7 Block Diagram of 8 Bit Timer/Event Counter Mode of Timer 0/1

00DOH TOCR (Timer0 Mode Control Register) — 8bit Timer / Counter Mode Configuration

Bit[7:0] [7] [6] [5] [4] [3] [2] [1] [0]
TOCR - - CAPO TOCK][2:0] TOCN TOST
Value - - 0 X X X X X

00D2H T1CR (Timerl Mode Control Register) — 8bit Timer / Counter Mode Configuration

Bit[7:0] [7] (6] (5] (4] (3] [2] (1] [0]
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TICR POL 16BIT | PWMIE CAP1 T1CK[L:0] TICN T1ST
Value X 0 0 0 X X X X

T0 1

L TDRO.TDRI n

n-i
n-2
Pcr

HTIME

|<_ Interrupt period

Timer 0,1 (TOIF T1IF) T T =Porx (n+1) T

Interrupt

Occur Interrupt Occur Interrupt Occur Interrupt

Figure 3.8 Counting Example of Timer Data Registers
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T0 ¢

I TDRO.IDAI

Disable Enable
Clear & Start \

STOP

Timer 0,1 (TOIF,T1IF)
Interrupt

Occur Interrupt Occur Interrupt

TOST,T1ST=0  TOST,T1ST=1

TOCN,T1CN=0 TOCN,T1CN=1

Figure 3.9 Timer Count Operation

3.8.2 16bit Timer / Counter Mode of Timer 0/1

TOCK[2:0]
g \L TOST
- o S
8 > : Timer0 8-bit counter Timer1 8-bit counter:
- H . | : Clear
FCLK D 32 T (8bit) |Overﬂow'| T1 (8bit) Timer 0 Interrupt
Pre- [ 108 | MUX o) W I Lo iad ! DO
Scaler +512 | TOCN Comparator TOIF b—>
2048 D
ECO I:I_b ECO / { [00D1H] [00D3H] :

| TODR (8bit) | | T1DR (8bit) |
‘ Timer0 Data Register :

Timerl Data Register :

TOO

TOO_EN(PSR)
8bit compare-out mode

Figure 3.10 Block Diagram of 16 Bit Timer/Event Counter Mode of Timer 0/1

00DOH

TOCR (Timer0 Mode Control Register) — 16bit Timer / Counter Mode Configuration
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Bit[7:0] [7] [6] [5] [4] [3] [2] [1] []
TOCR - - CAPO TOCK[2:0] TOCN TOST
Value - - 0 X X X X X
00D2H TI1CR (Timerl Mode Control Register) — 16bit Timer / Counter Mode Configuration
Bit[7:0] [7] [6] [5] [4] [3 [2] [1] [0]
T1CR POL 16BIT PWM1E CAP1 T1CK][1:0] T1CN T1ST
Value X 1 0 0 1 1 X X
3.8.3 8 Bit Capture Mode of Timer 0/1
TOCK[2:0] TOST
<2 \‘i'\
- Timer0 8-bit counter
—4
s 0 Bbit) e
FCLK : y
D +32 Clear | [00D1H] Timer 0 Interrupt
+128 | MUX [—¢ TOCN TOIF >
- 512ﬁ Comparator]
<2048 | | CDRO | TODR
ECO D_b ECO , / [00D1H]  [0OD1H]
Pre-
Scaler INTO Interrupt
INTO |:|— > INTOIF >
T1ST
T1CK[1:0] Timer1 8-bit counter
. Clear
-1 T1 (8bit)
2 Clear [00D4H] Timer 1 Interrupt
=8 | mux T1CN T1IF >
o Comparator
| CDR1 T1DR
[00D4H]  [00D3H]
INT1 Interrupt
INT1 [T} »{INT1IF >

Figure 3.11 Block Diagram of 8bit Capture Mode of Timer 0/1

00DOH

TOCR (Timer0 Mode Control Register) — 8bit Capture Mode Configuration
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Bit[7:0] [7] (6] B3] (4] B3] [2 (1] [0]
TOCR - - CAPO TOCK[2:0] TOCN TOST
Value - - 1 X X X X X

00D2H TI1CR (Timerl Mode Control Register) — 8bit Capture Mode Configuration

Bit[7:0] [7] (6] [5] (4] (3] (2] (1] [0]
TICR POL 16BIT PWM1E CAP1 T1CKI[L:0] TICN TIST
Value X 0 0 1 X X X X

o0 1 cme Load
L TDRO.TDR]

0 _, TIME

Ext. INTOPIN
20ns

Interrupt Request
(INTOF/INT1F) <

—p ie——

Interrupt Interval Period >

Figure 3.12 Example of 8Bit Capture Mode
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FFH FFH
XXH
T0,T1
00 00H 00H 00H 00H
Ext. INTO PIN
I(T[;[I-?ggi)|tNB|—?%eSt < Interriipt Interval Period >
InterruptReguest

(TOF,T1F)

!

Interrupt Interval Period=01H+FH+01H+FH+01H+13H=214H

Figure 3.13 Excess Timer Overflow in Capture Mode
3.8.4 16-Bit Capture Mode of Timer 0/1

Timer 0 Interrupt

TOCK[2:0]
9 ‘\4»\ TOST
T8 > Timer0 8-bit counter Timer1 8-bit counter
30 " : TO (8bit) Imv" T1 (8bit)
SPrT 128 | MUX . [00D1H] [00R4H]
> eal
caler 512 TOCN « :D Clear, TOIF
+2048 \7 X
ECO / :
| CDRO |TODR| | CDR1 |T1DR|
[00D1H] [00D1H] [00D4H] [00D3H]
INTO Interrupt
»{INTLIF

Figure 3.14 Block Diagram of 16bit Capture Mode of Timer 0/1

00DOH TOCR (Timer0 Mode Control Register) — 16bit Capture Mode Configuration
Bit[7:0] [7] [6] [5] [4] [3] [2 (1] [0]
68
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TOCR - - CAPO TOCK[2:0] TOCN TOST
Value - - 1 X X X X X
00D2H T1CR (Timerl Mode Control Register) — 16bit Capture Mode Configuration
Bit[7:0] [7] [6] [5] [4] [3] [2 [1] [0]
T1CR POL 16BIT PWM1E CAP1 T1CK[1:0] TICN T1ST
Value X 1 0 1 1 1 X X
3.8.5 PWM Mode of Timer 0/1
Timer 1 Pulse Period Register
2bit | T1PPR(8bit)
T1PWHR[3:2] [00D5H] [00D3H]
Loading
f obit | TIPPR(DID) |
T1ST S Q
TlCK[l:O] 1 omparator
1 2bit LGOI ] g
FCLK Pre- -2 (8+2)bit Tirher [00D4H] | POL PWMI(PSR)
I:' Scaler |-8 MUX T1CN
|  2bit { TLPDR(8bit)
Timer0 L a— lunsnssoesannznsnnnnunnnn - PWM10 Di
Clock 5
Loading
T1PWHR[1:0] [00D5H] | [00D4H
2bit | T1PDR(8bit)
Timer 1 Pulse Duty Register
Figure 3.15 Block Diagram of PWM Mode of Timer 0/1
00D2H T1CR (Timerl Mode Control Register) — PWM Mode Configuration
Bit[7:0] [7] [6] [5] [4] [3] [2 [1] [0]
T1CR POL1 16BIT PWM1E CAP1 T1CK[1:0] T1CN T1ST
Value X 0 1 0 X X X X
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00D5H T1IPWHR (Timerl PWM High Register) — PWM Pulse High Register

Bit[7:0] [7] [6] (5] (4] 3] [2] (1] [0]
TIPWHR - - - - T1IPWHR[3:2] T1PWHR[1:0]
Value - - - - X X X X
Remark - - - - Period High Duty High

Source
Clock
(FXIN)

T1

R22/AN7/Avref/INT2/PWM]
poLl=1

R22/AN7/Avref/INT2/PWM]
POL1=0

UL

Duty Cycle (1+80H)X250ns=32.25us

Period Cycle (1+3FFH)X250ns=256us, 3.9kHz

A

T1CK[1:0]=00 (FXIN)
T1PWHR[OD5H]
T1PPR[OD3H]
T1PDR[0D4H]

Period

Duty

Y

PWIH3 | PW1H2 T1PPR (8-bit)
1 1 FFH

PWiHL | PW1HO T1PDR (8-bit)
0 0 80H

70

Figure 3.16 Example of PWM at 4Mhz
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T1CK[1:0]=10(2us)
T1PWHR=00H
T1PPR=0EH Write TIPPR to 0AH

T1PDR=05H

s (AL
D XA AR A MR A KGR AR AR ARN AR AN

&

R10/PWM10
POLO=1 L
- Duty Cycle - ) Duty Cycle - ) Duty Cycle
1+05H)X2us=12us 1+05H)X2us=12us (1+05H)X2us=12us
) Period Cycle " Period Cycle g
(1+0EH)X2us=32us, 31.25kHz (1+0AH)X2us=22us, 45.5kHz

Figure 3.17 Example of Changing Period in Absolute Duty Cycle (4Mhz)

3.9 Analog Comparator

The MC81F6204 contains 5 analog comparators which can be easily used to compare the external input voltage
with internally selected voltage like VDD. The each comparator has its comparator interrupt controlled by
interrupt controller. The interrupt vector address is described in interrupt controller section. The comparator
input port can be also used as normal 1/0 port.

The comparator0 is a special comparator featured with low offset characteristics which can be used as a trigger
source of ATPWM block.

The comparator4 output is used as a sync signal to write the duty in specific time into ATDBR.

The comparator3’s input pin is connected with the internal node of on-chip OP-Amp’s 1% stage.
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S/W Trigger
CMPQ_IN_N P
1/2.VDD Noise | ——(
CMPO_IN_P  1/4vpD Filter
/_MUX omparator0 . TS
ATPWM Trigger Source AUTO
CMP1 IN N T CMPOLP[1:0] CMPOED[1:0] CMPOATE
T CMPOPIN[1:0] CMP1EN
1/2VDD Noise | <
1/4 VDD Filter Eav
Comparatorl i
Emergency Source % -»| Trigger
CMP2_IN_N | cypipmliiop L cmpoeCMPLLPLL0]  CMPIEDL1:0]
1/2 VDD Noise |, _{
CMP2_IN_P | 1/avDD}, Filter N
E ‘omparator2 ATPWMO
mergency Source
CMP2LP[1:0] CMP2ED[1:0] De-Mux ATPWM ——| |
OP-Amp 1% ofitput ~ CMP2PIN[1:0] P CMP3EN (0]
1/2 VDD Noise |, _—{
1/4 VDD Filter e STOP1
omparator3 "
Emergency Source STDN
CMP4_IN_N . CMP3LP[1:0]  CMP3ED[1:0]
E_l _| CMP3PIN[1:0] T P <TOP3
- j
1/2 VDD Noise | | =.
1/2 VDD Filter s
omparator 4
Emergency Source
CMP4PIN[1:0] CMP4LP[1:0] CMP4ED[1:0]

CMPxC[1:0]

L Comparatorl Interrupt
——— Comparator2 Interrupt
b Comparator3 Interrupt
L Comparator4 Interrupt
' Comparator0 Interrupt

Figure 3.18 Block Diagram of Comparator and ATPWM

00EAH CMPCR (Analog Comparator Control Register)
Bit[7:0] [71 [6] (5] [4] (3] [2] [1] [0]
CMPCR CMP4EN CMP3EN CMP2EN CMP1EN CMPOEN - CMP4ADWT | CMPOATE
R/W R/W R/W R/W R/W R/W - RIW R/W
RESET 0 0 0 0 0 - 0 1
Table 3.20 CMPCR - Analog Comparator Control Register

Address [7] Remark
00EAH CMP4EN | Analog Comparator4 Enable

0 Disabled

1 Enabled
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Address [6] Remark
00EAH CMP3EN | Analog Comparator3 Enable
0 Disabled
1 Enabled
Address [5] Remark
00EAH CMP2EN | Analog Comparator2 Enable
0 Disabled
1 Enabled
Address [4] Remark
00EAH CMP1EN | Analog Comparatorl Enable
0 Disabled
1 Enabled
Address [3] Remark
00EAH CMPOEN | Analog Comparator0 Enable
0 Disabled
1 Enabled
Address [1] Remark
00EAH CMP4DWT | Comparator4 Duty Write Trigger Enable
0 Disabled
1 Enabled (use as duty writing sync signal)
Address [0] Remark
00EAH CMPOATE | Analog Comparator0 ATPWM Use as Trigger Source
0 Disabled
1 Enabled (use as a trigger source)
00EBH CMPEMCR (Analog Comparator Emergency Channel Selection Register)
Bit[7:0] [7] [6] [5] [4] [3] [2 [1] []
CMPEMCR CMP4C[1:0] CMP3C[1:0] CMP2C[1:0] CMP1C[1:0]
R/W R/W RIW R/W R/W R/W R/W R/W R/W
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RESET

0

0

1 1 1 0 0 1

Table 3.21 CMPEMCR - Analog Comparator Emergency Channel Selection Register

Address [7] [6] Remark
00EBH CMPA4CJ1:0] Comparator4 Emergency Channel Selection
0 0 Disabled
0 1 STOP1 (Stop until STOP1F cleared to 0 by S/W)
1 0 STDN (ATDBR decrease with STEP value)
1 1 STOP3 (Stop until comparator0 trigger signal occurred)
Address [5] [4] Remark
00EBH CMP3CJ[1:0] Comparator3 Emergency Channel Selection
0 0 Disabled
0 1 STOP1 (Stop until STOPL1F cleared to 0 by S/W)
1 0 STDN (ATDBR decrease with STEP value)
1 1 STOP3 (Stop until comparator0 trigger signal occurred)
Address [3] [2] Remark
00EBH CMP2C[1:0] Comparator2 Emergency Channel Selection
0 0 Disabled
0 1 STOP1 (Stop until STOP1F cleared to 0 by S/W)
1 0 STDN (ATDBR decrease with STEP value)
1 1 STOP3 (Stop until comparator0 trigger signal occurred)
Address [1] [0] Remark
00EBH CMP1CI[1:0] Comparatorl Emergency Channel Selection
0 0 Disabled
0 1 STOP1 (Stop until STOP1F cleared to 0 by S/W)
1 0 STDN (ATDBR decrease with STEP value)
1 1 STOP3 (Stop until comparator0 trigger signal occurred)
00ECH CMPPINO (Analog Comparator Positive Input Selection Register0)
Bit[7:0] (7] (6] (5] [4] (3] [2 (1] [0]
CMPPINO CMP3PIN[1:0] CMP2PIN[1:0] CMP1PIN[1:0] CMPOPIN[1:0]
R/W R/W R/W R/W R/W R/W R/W RIW R/W
RESET 0 0 0 0 0 0 1 0
74 January 14, 2014 Ver. 1.2




\BO\

SEMICONDUCTOR MC81F6104/6204
Table 3.22 CMPPINO - Analog Comparator Positive Input Source Selection Register 0
Address [7] [6] Remark
00ECH CMP3PIN[1:0] Comparator3 Positive Input Selection
0 0 1/2 VDD
0 1 1/4 VDD
1 0 R11/CMP2_IN_P (24pin package only)
1 1 Prohibited
Address [5] [4] Remark
00ECH CMP2PIN[1:0] Comparator2 Positive Input Selection
0 0 1/2 vDD
0 1 1/4 VDD
1 0 R11/CMP2_IN_P (24pin package only)
1 1 Prohibited
Address [3] [2] Remark
00ECH CMP1PIN[1:0] Comparatorl Positive Input Selection
0 0 1/2 VDD
0 1 1/4 VDD
1 0 R11/CMP2_IN_P (24pin package only)
1 1 Prohibited
Address [1] [0] Remark
00ECH CMPOPIN[1:0] Comparator0 Positive Input Selection
0 0 1/2 VDD
0 1 1/4 VDD
1 0 R14/CMPO_IN_P
1 1 Prohibited
00EDH CMPPINL1 (Analog Comparator Positive Input Selection Register0)
Bit[7:0] [7] [6] (5] [4] (3] [2] (1] [0]
CMPPIN1 CMP4PIN[1:0]
R/W R/W R/W
RESET 0 1

Table 3.23 CMPPINL1 - Analog Comparator Positive Input Source Selection Register 1
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Address [1] [0] Remark
00DOH CMP4PIN[1:0] Comparator4 Positive Input Selection
0 0 1/2 VDD
0 1 1/4VvDD
1 0 R11/CMP2_IN_P (24pin package only)
1 1 Prohibited
00EEH CMPEDSO (Analog Comparator Edge Selection Register 0)
Bit[7:0] [71 [6] [5] [4] [3] [2 [1] [0]
CMPEDSO CMP3EDI[1:0] CMP2EDI[1:0] CMP1EDI[1:0] CMPOEDI[1:0]
R/W R/W RIW R/W R/W R/W R/W R/W R/W
RESET 1 0 1 0 1 0 1 0
Table 3.24 CMPEDSO - Analog Comparator Edge Selection Register 0
Address [7] [6] Remark
00EEH CMP3ED[1:0] Comparator3 Edge Selection
0 0 Prohibited
0 1 Rising Edge
1 0 Falling Edge
1 1 Both Edge
Address [5] [4] Remark
00EEH CMP2ED[1:0] Comparator2 Edge Selection
0 0 Prohibited
0 1 Rising Edge
1 0 Falling Edge
1 1 Both Edge
Address [3] [2] Remark
00EEH CMP1ED[1:0] Comparatorl Edge Selection
0 0 Prohibited
0 1 Rising Edge
1 0 Falling Edge
1 1 Both Edge
Address [1] [0] Remark
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00EEH CMPOED[1:0] Comparator0 Edge Selection

0 0 Prohibited

0 1 Rising Edge

1 0 Falling Edge

1 1 Both Edge
00EFH CMPEDSI1 (Analog Comparator Edge Selection Register 1)
Bit[7:0] [7] [6] [3] [4] [3] [2 [1] []
CMPEDS1 CMP4ED[1:0]
R/W R/W R/W
RESET 1 0

Table 3.25 CMPEDSL - Analog Comparator Edge Selection Register 0

Address [1] [0] Remark
00EFH CMP4ED[1:0] Comparator4 Edge Selection

0 0 Prohibited

0 1 Rising Edge

1 0 Falling Edge

1 1 Both Edge

January 14, 2014 Ver. 1.2
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T1CK[1:0]

Pre-
Scaler

T1PWHR[3:2] [00D5H]

Timer 1 Pulse Period Register

2bit | T1PPR(8bit)

[00D3H]
Loading

i 2bit { TIPPR(8bit)

................................. -

PWM1(PSR)

D0

PWM10

POL

| TIPDR(8bit) |
TlmerO Sassssssshasssssssssssssssannannnn -
Clock é
Loading
T1PWHR[1:0] [00D5H] | [00D4H
2bit T1PDR(8bit)
PS2 PWM10 Timer 1 Pulse Duty Register
Smart Option 0
MUX
SM_20C5[3]
PSO PS1 CMPMPFX[1:0]
Noise Filter
NC 10NS f—— ATPWM
Comparator
Output LPF not used
Figure 3.19 Low Pass Filter Block Diagram(ComparatorQ)
PSO PS1 PS2 CMPMPFX[1:0]
A y
Noise Filter
NC 10NS |—— ATPWM
Comparator
Output LPF not used

Figure 3.20 Low Pass Filter Block Diagram(Comparator1,2,3,4 except Comparator0)
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Remarks)

Noise Filter is a noise canceler based on the clock edge type to cancel the signal of the specific duty. Therefore
if you use thie noise filter as the delay effect, the amount of the delay varies from 0 to filtering duty .

00FOH CMPLPFO (Analog Comparator Output Low Pass Filter Selection Register 0)
Bit[7:0] [71 [6] [5] [4] [3] [2 [1] [0]
CMPLPFO CMP3LP[1:0] CMP2LP[1:0] CMP1LP[1:0] CMPOLP[1:0]
R/W R/W R/W R/W R/W R/W R/W R/W R/W
RESET 0 1 0 1 0 1 0 1
Table 3.26 CMPLPFO- Analog Comparator Output Low Pass Filter Selection Register 0
Address [7] [6] Remark
00FOH CMP3LP[1:0] Comparator3 Low Pass Filter Selection
0 0 LPF is not used
0 1 12)T
1 0 T
1 1 16T
Address [5] [4] Remark
00FOH CMP2LPJ[1:0] Comparator2 Low Pass Filter Selection
0 0 LPF is not used
0 1 w21
1 0 T
1 1 16T
Address [3] [2] Remark
00FOH CMP1LP[1:0] Comparatorl Low Pass Filter Selection
0 0 LPF is not used
0 1 12)T
1 0 T
1 1 16T
Address [1] [0] Remark
00FOH CMPOLPJ[1:0] Comparator0 Low Pass Filter Selection
0 0 LPF is not used
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0 1 1/2)T
1 0 T
1 1 16T

PWM10’s Period (if SM_20C5[3] is 1)

00F1H CMPLPF1 (Analog Comparator Output Low Pass Filter Selection Register 1)

Bit[7:0] [7] [6] [5] [4] [3] [2 [1] [0]
CMPLPF1 CMPA4LP[1:0]
R/W R/W R/W
RESET 0 1

Table 3.27 CMPLPFL1 - Analog Comparator Output Low Pass Filter Selection Register 1

Address [1] [0] Remark
00F1H CMP4LP[1:0] Comparator4 Low Pass Filter Selection
0 0 LPF is not used
0 1 w21
1 0 T
1 1 16T

3.10 Operational Amplifier

The MC81F6204 contains the on-chip two-stage operation amplifier which can provide the find-grained current
measurement. The output of Op-Amp 1% stage is connected with comparator3. The output of Op-Amp 2™ stage
is connected with ADC channel. The 1% stage has fixed gain (x20) and the 2" stage gain is variably controlled
by S/W register (8 steps) defined in the following table.
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VDD

AVDD

[T~
_
R27/0P_IN Di

AVDD_EN

ly

Comparator3

>

xed Gain (x20)

—— A

+

OP_CAP1 D—N‘

AVSS (24pin only) / VSS

ATPWM
Block

S/W rontrolled gain

10KQ
sk

ADC

_—D R03/0P_OUT
D OP_CAP2

Figure 3.21 Block Diagram of Operational Amplifier

00F2H AMPCR (Operational Amplifier Control Register)
Bit[7:0] [7] (6] (5] (4] (3] (2] [1] (0]
AMPCR | AMP_EN - - - - GAIN[2:0]
R/W R/W - - - - R/W R/W RIW
RESET 0 - - - - 0 0 0
Table 3.28 AMPCR - Operational Amplifier Control Register
Address [7] Remark
00F2H AMP_EN | Operational Amplifier Enable
0 Disabled
1 Enabled
Address [2] [1] [0] Remark
00F2H GAIN[2:0] 2" Stage Operational Amplifier Gain
0 0 0 x 1.0
0 0 1 x 2.0
0 1 0 x (9/4)
0 1 1 X (18/7)
1 0 0 x 3.0
1 0 1 x 3.6
1 1 0 x4.5
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3.11 Auto Triggering PWM Mode (Timer 3)

The timer3 contains auto triggering PWM output feature in addition to the basic timer/counter/capture integrated
with timer 0/1. The timer 3 can be normal PWM mode or Auto-Triggering PWM mode. Timer3 don’t support
16bit timer/counter/capture/compare-out mode and 8bit compare-out mode.

- 8 Bit Timer/Counter/Capture Mode
- PWM Mode (Timer 3)
- Auto-Triggering PWM Mode (Timer 3)

Timer 3 uses clock used in timerQ and prescaler output as the clock source. The capture mode captures the timer
result by INT3. In PWM mode, PWM waveform is also assigned into PWM3O0. In Auto-triggering PWM mode,
the PWM waveform derived by Analog comparator output is redirected into PWM30.

00D8H T3CR (Timer3 Mode Control Register)
Bit[7:0] [7] (6] (5] (4] (3] [2] (1] [0]
T3CR POL3 ATPWM PWM3E CAP3 T3CK]J1:0] T3CN T3ST
R/W R/W R/W RIW RIW R/W R/W R/W R/W
RESET 0 0 0 0 0 0 0 0
Table 3.29 Timer 3 Mode Control Register
Address [7] Remark
00D8H POL3 PWM Polarity Selection
0 Negative
1 Positive
Address [6] Remark
00D8H ATPWM Auto-Triggering PWM Mode
0 ATPWM Disabled
1 ATPEM Enabled
Address [5] Remark
00D8H PWM3E PWM3 Enable
0 Disable PWM3
1 PWMS3 Enabled
Address [4] Remark
00D8H CAP3 Counter Mode Selection
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0 Timer / Counter Mode
1 Capture Mode
Address [3] [2] Remark
00D8H T3CKI1:0] Timer 3 Clock Selection
0 0 x
0 1 x/2
1 0 fx/2°
1 1 Using Timer0 Clock
Address [1] Remark
00D8H T3CN Timer3 Continue Start
0 Pause Counting
1 Continue Counting
Address [0] Remark
00D8H T3ST Timer3 Start Count
0 Counter Stop
1 Counter Cleared and Start Again
00D9H T3DR (Timerl Data Register) — T3 Compare Data
Bit[7:0] [7] (6] [3] (4] 3] [2 (1] [0]
T3DR T3DR[7:0]
R/W W w W w \W \W W W
RESET 1 1 1 1 1 1 1 1
Table 3.30 Timer 3 Data Register
T3DR can be written in Timer/Capture mode
00D9H T3PPR (Timer3 PWM Period Register) — T3 PWM Period
Bit[7:0] [71 (6] [5] (4] [3] [2 (1] [0]
T3PPR T3PPR[7:0]
R/W W w W w W W w w
RESET 1 1 1 1 1 1 1 1
Table 3.31 Timer 3 PWM Period Register
T3PPR can be written in PWM Mode
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00DAH T3 (Timer3 Register) — Counter Value

Bit[7:0] (7] (6] [5] (4] 3] [2 (1] [0]
T3 T3[7:0]

RIW R R R R R R R R
RESET 0 0 0 0 0 0 0 0

Table 3.32 Timer 3 Counter Register

T3 register can be read on Timer/Counter Mode.

00DAH CDR3 (Capture 1 Data Register) — T3 Capture Data (Capture Mode)

Bit[7:0] [7] (6] (5] (4] (3] [2] (1] [0]

CDR3 CDR3J[7:0]

R/W R R R R R R R R

RESET 0 0 0 0 0 0 0 0

Table 3.33 Timer3 Capture Data

CDRa3 register can be read on Capture mode

0ODAH T3PDR (Timer3 PWM Duty Register) — T3 PWM Duty

Bit[7:0] (7] (6] [5] [4] [3] [2 (1] [0]

T3PDR T3PDR[7:0]

R/W RIW R/W R/W R/W RIW R/W R/W R/W

RESET 0 0 0 0 0 0 0 0
Table 3.34 Timer 3 PWM Duty Register

T3PDR can be written or read in PWM Mode

00DBH T3PWHR (Timer3 PWM High Register) — T3 PWM Period / Duty High Register

Bit[7:0] [7] [6] (5] [4] (3] [2 (1] [0]

T3PWHR T3PWHR[3:0]

R/W w \W w W

RESET 0 0 0 0
Table 3.35 Timer 3 PWM High Register

T3PWHR[3:2], T3PPR[7:0] -> 10bit Period

T3PWHR[1:0], T3PDR[7:0] -> 10bit Duty

00DCH ATCR (Auto Triggering PWM Mode Control Register)

Bit[7:0] [71 6] [5] (4] (3] [2] [1] [0]
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ATCR AT_EN AUTO M_ST STDNE STOP1E STOP3E MAX_E MAX_CN
R/W R/W R/W R/W R/W R/W R/W R/W R/W
RESET 0 0 0 0 0 0 0 0

Table 3.36 ATCR - Auto Triggering PWM Mode Control Register
Address [7] Remark
00DCH AT_EN ATPWM Enable
0 Disabled
1 ATPWM Enabled

Output Status (Disabled) : POL:0 -> output low, POL:1 -> output high

Address [6] Remark

00DCH AUTO Triggering Source Selection
0 Manual (S/W) Trigger
1 Auto (H/W) Trigger

Manual Trigger Mode: generates manually high pulse (POL:1) or low pulse (POL:0) by writing 1 into M_ST

Auto Trigger Mode: generates automatically high pulse (POL:1) or low pulse (POL:0) according to comparator 0 output trigger signal.

Address [5] Remark

00DCH M_ST Manual Trigger to Start
0 No effect
1 Start PWM (one pulse)

On manual trigger mode, writi

ng 1 on M_ST generates one pulse (auto cleared)

Address [4] Remark

00DCH STDNE Decrease ATDBR by Comparator2
0 Disabled
1 Enabled of ATBR-decrease mode

On STDNE enabled, ATDBR will be decreased with ATSTEP value when the comparator2 trigger happens during comparator0 triggered.

If there is no comparator?2 trigger during previous comparator0 triggered, the ATDBR is immediately reset to ATDR (RS Mode 1), or will

be increased with ATSTEP.

Address [3] Remark
00DCH STOP1E STOP PWM by Comparatorl
0 Disabled
1 Enable of PWM-STOP mode by Comparatorl

If STOPLE is enabled, the ATPWM output is immediately disabled on comparatorl trigger until STOP1 bit of ATCR is cleared by S/W.
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Address [2] Remark
00DCH STOP3E STOP PWM by Comparator3

0 Disabled

1 Enable of PWM-STOP mode by Comparator3

If STOP3E is enabled, the ATPWM output is immediately disabled on comparator3 trigger until comparator 0 trigger happens. The STOP3

bit of ATFR is also cleared on comparator0 trigger.

Address [1] Remark

00DCH MAX_E Maximum Period Enable
0 Disabled
1 Enabled

On MAX_E enabled, the pulse will be generated on the maximum period after comparator0 trigger happens..

Address [0] Remark

00DCH MAX_CN | Maximum Period Auto Start Mode
0 One pulse
1 Continuous Mode

In one pulse mode, one pulse is generated on the maximum period after comparator0 trigger happens and waits until
comparatorO trigger happens.

In continuous mode, one pulse is continuously generated on the maximum period until comparator0 trigger happens.

00DAH ATDR (Auto Triggering Mode PWM Duty Register)

Bit[7:0] [71 (6] [5] (4] (3] [2] [1] [0]

ATDR ATDR[7:0]

R/W R/W R/IW R/W R/W R/W R/IW R/W R/W

RESET 0 0 0 0 0 0 0 0
Table 3.37 ATDR - Auto Triggering Mode PWM Duty Register

ATDR value means auto triggering PWM duty which can be writable when PWM3E is 0 and ATPWM is 1

ATDR is accessible on ATPWM mode

00DDH ATDBR (Auto Triggering Mode PWM Duty Buffer Register)

Bit[7:0] [7] (6] [3] (4] (3] [2] [1] [0]

ATDBR ATDBR[7:0]

R/W R R R R R R R R

RESET 0 0 0 0 0 0 0 0

Table 3.38 ATDBR - Auto Triggering Mode PWM Duty Buffer Register

The ATDBR value will be updated with ATDR value on PWM pulse start. The ATDBR is used to compare with the PWM
counter value to generate PWM pulse.
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On STDNE enabled (Decrease mode on comparator2 trigger), ATDBR will be decreased with ATSTEP value when the
comparator2 trigger happens during comparator0 triggered.

If there is no comparator2 trigger during previous comparator0 triggered, the ATDBR is immediately reset to ATDR (RS
Mode 1), or will be increased with ATSTEP. But ATDBR can’ be greater than ATDR value.

00D9H ATMPR (Auto Triggering Mode PWM Maximum Period Register)

Bit[7:0] [71 (6] [5] (4] (3] (2] [1] [0]

ATMPR ATMPR][7:0]

R/IW R/IW R/W R/W R/W R/W RIW R/W RIW

RESET 1 1 1 1 1 1 1 1
Table 3.39 ATMPR - Auto Triggering Mode PWM Maximum Period Register

On MAX_E of ATCR register enabled, the pulse will be generated on the maximum period after comparator0 trigger

happens. The maximum period check mode is divided into two modes by MAX_CN bit of ATCR register.

In one pulse mode, one pulse is generated on the maximum period after comparator0 trigger happens and waits until

comparatorO trigger happens.

In continuous mode, one pulse is continuously generated on the maximum period until comparator0 trigger happens.

ATMPR is accessible on ATPWM mode.

00DBH ATPWHR (Auto-Triggering PWM High Register)

Bit[7:0] [7] (6] (5] (4] (3] (2] (1] (0]

ATPWHR ATPWPH[1:0] ATPWBH[1:0] ATPWDHI1:0]

R/IW RIW RIW R R RIW R/W

RESET 0 0 0 0 0 0

Remark Max Period High Buffer High Duty High

Table 3.40 ATPWHR - Auto-Triggering PWM High Register

ATPWPH[1:0]+ATMPR[7:0] : Auto Triggering Mode PWM Maximum Period Value (10bit)

ATPWBH[1:0]+ATDBR[7:0] : Auto Triggering Mode PWM Duty Buffer Value (10bit)

ATPWDHI1:0]+ATDR[7:0] : Auto Triggering Mode PWM Duty Value (10bit)

ATPWBHI1:0] is read-only.

ATPWBH is accessible on ATPWM mode

00DEH ATPWEFR (Auto-Triggering PWM Flag Register)

Bit[7:0] [7] [6] (5] [4] 3] [2 [1] [0]

ATPWFR CMP4F MAXF STOP3F STNDF STOP1F

R/IW R/IW R/W RIW RIW RIW

RESET 0 0 0 0 0

Table 3.41 ATPWFR - Auto Triggering Mode PWM Flag Register

Address | [4] ‘ Remark
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0ODEH CMP4F Comparator4 Trigger

0 Idle
1 Comparator4 Trigger happened
Address [3] Remark

00DEH MAX_F Maximum Period Flag

0 Idle

1 Maximum Period Expired

The MAX_F is set when comparator0 trigger didn’t happen during maximum period time defined in
ATPWP[1:0]JH+ATMPR[7:0]. The MAX_F is automatically cleared on comparator0 trigger.

Address [2] Remark

00DEH STOP3F Emergency Stop Flag (type 3)

0 Idle

1 Emergency stop happened (type 3)

The emergency stop 3 trigger (default by comparator3) will disable PWM output and set the STOP3F flag value until
comparatorO trigger happens. The STOP3F will be automatically cleared on comparator0 trigger. The emergency stop 3
trigger source can be selected from comparator1,2,3

Address [1] Remark

00DEH STDNF Emergency Standby Flag

0 Idle

1 Emergency Standby happened

The emergency standby flag STNDE flag will be set by comparator2 trigger. The STDNF will be automatically cleared on
comparatorO trigger. The emergency standby 1 trigger source can be selected from comparatorl,2,3

Address [0] Remark

00DEH STOP1F Emergency Stop Flag (type 1)

0 Idle

1 Emergency Stop happened (type 1)

The emergency stop 1 trigger (default by comparatorl) will disable PWM output and set the STOP1F flag value until the
STOP1F is cleared by software. The STOP3F will be not automatically cleared on comparatorO trigger. The emergency stop
1 trigger source can be selected from comparatorl,2,3

00DFH ATSTEP (Auto-Triggering PWM Duty Adjust Step Register)

Bit[7:0] [7] [6] [5] [4] [3] [2 [1] [0]
ATSTEP RS_MODE STEP[6:0]

R/W R/W RIW RIW R/W R/W R/W R/W R/W
RESET 0 0 0 0 0 0 0 0
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Table 3.42 ATSTEP - Auto Triggering Mode PWM Duty Adjust Step Register

Address [0] Remark

0ODFH RS_MODE | ATDR Restore Mode

0 ATDBR will be directly restored to ATDR

1 ATDBR will be increased with STEP[6:0]

When RS_MODE is 0, the ATDBR value will be directly restored to ATDR value after the comparator?2 trigger not
happened, Otherwise, the ATDBR value will be increased with STEP[6:0] value.

ATDBR = ATDBR + ATSTEP[6:0] (maximum ATDBR)

On comparator2 trigger during comparator0 trigger, the ATDR will be decreased with STEP[6:0].
ATDBR = ATDBR - ATSTEP[6:0]

ATPWM CAP3 PWM3E T3CK][1:0] PWM3O_EN TIMER3®
0 0 0 XX 0 8-bit timer
0 1 0 XX 0 8-bit capture
0 0 0 XX 1 8-bit compare
output
0 0 1 XX 1 10bit PWM
1 0 0 XX 1 10-bit Auto
Triggering PWM
Mode

Table 3.43 Operating Mode of Timer3

The operating mode of timer is defined by the control register and port selection register value.

3.11.1 8Bit Timer/Counter Mode of Timer3

T3ST

Timer3 8-bit counter

T3CK[1:0]

$

T3 (8bit)

[00DAH] Timer 3 Interrupt
. T3IF —>
T3CN Comparator

| T3DR (8bit) |

[00D9H]

+1

FCLK I:Ii Pre- =2
Scaler =g

Timer 0 Clock

Figure 3.22 Block Diagram of 8 Bit Timer/Counter Mode of Timer 3
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00D8H T3CR (Timer3 Mode Control Register) — 8bit Timer / Counter Mode Configuration

Bit[7:0] [7] [6] [5] [4] [3] [2 [1] [0]
T3CR POL3 ATPWM PWM3E CAP3 T3CK[1:0] T3CN T3ST
Value X 0 0 0 X X X X

3.11.2 8 Bit Capture Mode of Timer3

I:l Pre-
FCLK Scaler 8
Timer 0 Clock

INT3 |:|— »|INT3IF

T3ST

Timer3 8-bit counter

T3 (8bit)

[00DAH] Timer 3 Interrupt
> T3IF
Comparator

| CDR3 | T3DR |
[00DAH]  [00D9H]

T3CK[1:0]

Clear
=1
=2

INT3 Interrupt

Figure 3.23 Block Diagram of 8bit Capture Mode of Timer 3

00D8H T3CR (Timer3 Mode Control Register) — 8bit Capture Mode Configuration

Bit[7:0] [7] [6] [5] [4] [3] [2 [1] [0]
T3CR POL3 ATPWM PWM3E CAP3 T3CK[1:0] T3CN T3ST
Value X 0 0 1 X X X X
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3.11.3 PWM Mode of Timer3
Timer 3 Pulse Period Register
2bit T3PPR(8bit)
T3PWHR[3:2] [00DBH] [00D9H]
Loading
: obiti T3PPR(SHL) |
T3ST | > S Q
T3CK[1:0] 1 omparator
Cl
iy 2bit+T3(8bit) L R
Pre- -2 (8+2)bit Tirher [00DAH] | PWM3(PSR)
FCLKD_ Scaler |+-8 MUX T3CN POL

Timer0 J

| T3PDR(

Uessssssshassssssssnnnnnnnnnnnnnnn -

bit)

pwmM30 [ ——

Clock 5
Loading
T1PWHR[1:0] [00DBH] | [00DAH
2bit | T3PDR(8bit)
Timer 3 Pulse Duty Register
Figure 3.24 Block Diagram of PWM Mode of Timer 3
00D8H T3CR (Timer3 Mode Control Register) — PWM Mode Configuration
Bit[7:0] [71 (6] [5] [4] [3] [2 (1] [0]
T3CR POL3 ATPWM PWM3E CAP3 T3CK]J1:0] T3CN T3ST
Value X 0 1 0 X X X X
00DBH T3PWHR (Timer3 PWM High Register) — PWM Pulse High Register
Bit[7:0] [7] [6] (5] (4] 3] [2] (1] [0]
T3PWHR - - - - T3PWHR[3:2] T3PWHR[1:0]
Value - - - - X X X X
Remark - - - - Period High Duty High
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3.11.4 Auto Triggering PWM Mode of Timer3

M_ST

ATCR.5 [00DCH]
(S/W Controlled)

Auto Cleared

. s
Compartor0 > l';l_c;;se 1
ilter e
CMPOED[l:O]CMPOATE & AUTO
s STOP1F
Compartorl Eﬁ::f > e —_J}—'S ]
_/ \_ ™~ R
Emergency Source ATPWFR.0 [00DEH]
CMP1ED[1:0] CMP1C[1:0] (Clear on S/W writing
. s
Compartor2 > ’:ﬁ::? — . e
|7 B
Emergency Source
CMPZED‘!;:O] CMP2C[1:0] STOP1E !
. o~ g
Compartor3 > Eﬁ;:? | o
L~ =
Emergency Source %
CMP3ED[1:0] CMP3C[1:0]
. a ]
Compartor4 > Eﬁ;:f d Y B‘Ex B
I =
Emergency Source ,P
CMP4ED[1:0] CMP4C[1:0]
+1 >
Pre- |=2 a R
Fek [} Scaler [=g | mux 2bit+T3(8bit) el
| T 2ot Tiher
. | T 13N T3sT
gmiro T3CK[L:0]  seeeeesegeessssbenssneneossionn
oc 2bit i ATDBR(8bit)
ATPWBH[‘I.:E).] ...............................
Loading
[00DAH
2bit |  ATDR(8bit)

PWM3(PSR)

POL

w30 [ ——

Figure 3.25 Auto Triggering PWM Mode by Emergency STOP1 Type

00DCH ATCR (Auto Triggering PWM Mode Control Register)

Bit[7:0] [7] [6] [5] [4] [3] [2 [1] [0]
ATCR AT EN AUTO M_ST STDNE STOP1E STOP3E MAX _E MAX_CN
Value 1 X X X 1 X 0 X
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-..JOROIDRL........

Pep

, TIME
— Interuptperiod |
. =P 1
Timer 0,1 (TOFT1IF) o )
Interrupt T T
Occur Interrupt Occur Interrupt Occur Interrupt

Figure 3.26 Example of ATPWM

CMPOED selection bit (falling edge, rising edge, both edge). The PWM out is set to 1 on the edge detection of
comparator output after the counter value is reset and continues to count. When the counter value matches the
duty register value (ATDR). The glitch of comparator output is ignored by low pass filter.
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T0 ¢
T TDRO.TDA

Disable
Clear & Start

Enable

STOP

TIME

Interrupt

Timer 0,1 (TOIF,T1IF)

I

I

Occur Interrupt

Occur Interrupt

TOST, T1ST= TOST, T1ST=1

TOCN,T1CN=0

TOCN,T1CN=1

Figure 3.27 Example of STOP1 Mode by Comparatorl

The comparator-0 output immediately disables the PWM output. Then the PWM output is disabled until the

ATFR STOP1F bit is cleared in spite of comparator-0 trigger.

# CMPO Trigger (or Manual Start) and STOP1 Emergency by CMP1 Trigger

LDM
LDM
LDM
LDM
LDM
LDM
LDM
LDM
LDM
LDM
SET1

94

ATCR, #B8AH
PSR2, #05H
CMPEMCR #01H
CMPPINO,#08H
CMPEDSO,#08H
CMPLPFO,#00H
CMPCR, #10H
ATDR, #OFH

ATMPR, #2FH
ATPWEFR, #00H
ATCR.5

; Using compl for STOP1
; Comp1 positive input -> CMP2_P
; Comp1 output falling edge detect
; Compl output LPF Disable
; CMP1 Enable
; Duty Register
; Maximum Period
; clear flag
; Manual Start (M_ST) or wait CMPO Trigger

; ATPWM Enabled, STOP1E Enabled, Maximum period One Pulse
; CMP2_P, CMP1_N secondary selection (comparatorl source)
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]

/ MUX \
1 0\ Next Duty Update Selection (STDNF happened)

- STEP[6:0]

ATDBR = ATDBR - STEP

]

+ STEP[6:0]

ATDBR = ATDBR + STEP

ATPWDH[1:0]

/ Mly\r RS_MODE
1 0 Duty Reset Mode Selection

[00DAH]

2bit

ATDR(8bit)

ATPWM Duty Register

SEMICONDUCTOR MC81F6104/6204
Auto Cleared
M_ST
ATCR.5 [00DCH]
(S/W Controlled)
Noise =
Comparator0 [~ o —'_;\:_
CMPOATE & AUTO
CMPOED[1:0]
Comparatorl > Eﬁ;:? > M
L
Emergency Source % ATPWFR. 1 [00DEH]
CMP1ED[1:0] CMP1C[1:0]
STDNF
. v S Qe
Comparator2 [~ Eﬁ:sf | . MoX
e e = r R
Emergency Source
CMP2ED[1:0] CMP2C[1: Emergency Clear
. - _ STDNE
Comparator3 > ’:ﬁ::? | Mix
|7 = ]
Emergency Source
CMP3ED[1:0] CMP3C[1:0]
. v i B
Comparator4 > Eﬁ;:f | B‘Ex
L7 -
Emergency Source
CMP4ED[1:0] CMP4C[1:0]
S1 S QX
Pre- |=2 cl R
Fek [ Scaler [~g | mux 2bit+T3(8bit) =
| T (B+2) Tiher PWM3(PSR)
| T TN T3sT D PoL
TimerQ T3CK[1:0]  eeeeeee. S IRl
Clock et 2hit |  ATDBR(8I)
e SR PWM30 I:li
loading

Figure 3.28 Auto Triggering PWM Mode by Emergency STDN Type

00DCH

ATCR (Auto Triggering PWM Maode Control Register)
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Bit[7:0] [7] [6] [5] [4] [3] [2] [1] [0]
ATCR AT_EN AUTO M_ST STDNE STOP1E STOP3E MAX_E MAX_CN
Value 1 X X 1 X X 0 X

T3CK[1:0]=10(1us)

STDNE =1
ATDR = 04H
ATSTEP = 01H

= [N
D SR RAARAAA Y

COMPO

e
=

(=]
o
N

=

JULUULULUTUHIUL
etkietiet

COMP2

R04/PWM30
POLO=1 — |

Duty Cycle Duty Cycle
1+04H)X1us=5us (1+03H)X1us=4us (1+02H)X1us=3us

Duty Cycle Duty Cycle
(1+04H)X1us=5us

Figure 3.29 Example of STDN Mode (Duty Reset Mode)

If the STDN is enabled for comparator-2 output, the next ATDBR is decreased on compactor-2 trigger. If there
is no trigger of comparator-2, the ATDBR is immediately restored to ATDR (RS_MODE 0). If RS_MODE is 1,

the ATDBR will be increased with ATSTEP.

# CMPO Trigger (or Manual Start) and Auto Decrement STDN Mode by CMP1 Trigger
LDM ATCR, #90H ; ATPWM Enabled, STDN Enabled, Maximum period Disabled
LDM PSR2, #05H ;CMP2_P, CMP1_N secondary selection (comparatorl source)
LDM CMPEMCR#02H ; Using compl for STDN
LDM CMPPINO,#08H ; Compl positive input -> CMP2_P
LDM CMPEDSO0,#08H ; Compl output falling edge detect
LDM CMPLPF0,#00H ; Compl output LPF Disable
LDM CMPCR, #10H ;CMP1 Enable
LDM ATDR, #O0FH ; Duty Register
LDM ATMPR, #2FH ; Maximum Period
LDM ATSTEP, #06H ; Auto Decrement Step -> 06H, Direct Restore Mode
LDM  ATPWEFR, #00H ; clear flag
SET1 ATCR.S5 ; Manual Start (M_ST) or wait CMPO Trigger
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# CMPO Trigger (or Manual Start) and Auto Increment STDN Mode by CMP1 Trigger
LDM ATSTEP, #86H ; Auto Decrement Step -> 06H, Increment Restore Mode

Auto Cleared
M_ST

ATCR.5 [00DCH]
(S/W Controlled)

. 7
Compartor0 > ’I\:lﬁtlsf —> ]
€ L~
CMPOATE & AUTO
CMPOED[1:0]
. A
Compartorl > ’;‘ﬁ;:f | o o
|7 —
Emergency Source %
CMP1ED[1:0] CMP1C[1:0]
Noise < L
— \_ - -
Compartor2 Filter e
Emergency Source
CMP2ED[1:0] CMP2C[1: ATPWFR.2 [00DEH]
STOP3F
. 7 ) | S Q_
Compartor3 Eﬁ:sf —> | " ox >
€ L] = l—- R
Emergency Source
CMP3ED[1:0] CMP3C[1:0]
STOP3E
c ord o| Noise |, { e | i J
ompartor Filter P MUX i

Emergency Source
CMP4ED[1:0] CMP4C[1:0]

21 »S Ql—
Pre- |2 | R
Fk [ oarer T8 | mux 2bit+ T3(8bit) clear
. T e PWM3(PSR)
| | T 13N Tast PoL
Timer0 T3CK[1:0] RN WO ook :
Clock  2bit | ATDBR(Bbit) |
R st ERaw ——o

— PWM30(MC81F6204)
oading

[00DAH ATPWM(MC81F6104)
2bit |  ATDR(8bit)

ATPWDH[1:0] ATPWM Duty Register

Figure 3.30 Auto Triggering PWM Mode by Emergency STOP3 Type

January 14, 2014 Ver. 1.2 97




\BO\

MC81F6104/6204
00DCH ATCR (Auto Triggering PWM Mode Control Register)

Bit[7:0] [7] [6] [5] [4] [3] [2 [1] [0]
ATCR AT_EN AUTO M_ST STDNE STOP1E STOP3E MAX_E MAX_CN
Value 1 X X X X 1 0 X

# CMPO Trigger (or Manual Start) and STOP3 Emergency by CMP1 Trigger
LDM ATCR, #8AH ; ATPWM Enabled, STOP3E Enabled, Maximum period One Pulse
LDM PSR2, #05H ;CMP2_P, CMP1_N secondary selection (comparatorl source)
LDM CMPEMCR#03H ; Using compl for STOP3
LDM CMPPINO,#08H ; Compl positive input -> CMP2_P
LDM CMPEDSO,#08H
LDM  CMPLPFO,#00H
LDM CMPCR, #10H
LDM ATDR, #O0FH
LDM ATMPR, #2FH
LDM  ATPWEFR, #00H ; clear flag
SET1 ATCR.S ; Manual Start (M_ST) or wait CMPO Trigger

; Comp1 output falling edge detect
; Comp1 output LPF Disable
; CMP1 Enable
; Duty Register
; Maximum Period
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Auto Cleared

M_ST

ATCR.5 [00DCH]
(S/W Controlled)

Compartor0 Eﬁ;:? S
L7 N
CMPo;PD[ 1 0]CMPOATE & AUTO
\
Emergency SSTT(;T\IlFF | >
Channel STOP3F — &
CMP4DWT
— CMP4F
Compartor4 Noise L | = s Q
Filter e CMP4 Sync
R
Emergency Source :[' r
CMP4ED[1:0]
s1 S Q _)
Pre- |=2 R
Fk [ seair T | mux 2bit+T3(8bit) clear
| T B+ 2)bt Tiher PWM3(PSR)
| T 13N T3sT =D POL
Timer0 170 (o £10) RN et omeaaer
Clock i obit | ATDBR(8Dit) |
ATPWBH[-l-:-O-] ----------------------------- - PWM3O F
Amading ]
| [00DAH
2bit |  ATDR(8bit)
ATPWDHI[1:0] ATPWM Duty Register
Figure 3.31 Duty Change Mode Synced by Compartor4 Trigger
00DCH ATCR (Auto Triggering PWM Mode Control Register)
Bit[7:0] [7] [6] [5] [4] [3] [2 [1] [0
ATCR AT_EN AUTO M_ST STDNE STOP1E STOP3E MAX_E MAX_CN
Value 1 X X X X X 0 X
00EAH CMPCR (Analog Comparator Control Register)
Bit[7:0] [7] [6] [5] [4] [3] [2 [1] []
CMPCR CMP4EN CMP3EN CMP2EN CMP1EN CMPOEN - CMP4DWT | CMPOATE
Value 1 X X X 1 - 1 1
99
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Source
Clock
(fXIN)

T3

COMPO

COMP4

ATD
D

ATDBR

R04/PWM30
POLO=1

T3CK[1:0]=10(1us)

CMP4E =1

CMP4DWT = 1

CMP4ED[1:0 = 10(falling edge)
ATDR =

03

_IUULUUTH
ek el

e =
e

oo

£ S

L
ool ol

==

03H 05H

05H |

03H

rite O5H to ATDR

> <>
<> >
Duty Cycle Duty Cycle Du
a - ty Cycle Duty Cycle
£1+03H)X1us-4u (1+03H)X1us=4us (1+03H)X1us=3us (1+05H)X1us=6u

Figure 3.32 Example of Duty Change Synced by Comparator4

The ATDBR is basically updated with ATDR on comparator0 trigger (CMP4DWT is 0). If CMPADWDT is 1,
the ATDBR is not updated with ATDR until the comparator4 trigger happens. The ATDBR is updated with
ATDR on first comparator0 trigger after the comparator4 trigger happens.

# CMPO Trigger (or Manual Start) and ATDBR Update Mode Synced by CMP4 Trigger

LDM
LDM
LDM
LDM
LDM
LDM
LDM
LDM

100

ATCR, #B80H ; ATPWM Enabled, Maximum period Disabled

PSR2, #0CH ; CMP2_P, CMP$_N secondary selection (comparator4 source)
CMPEMCR#00H ; Emergency Channel Disabled

CMPPIN1,#02H ; Comp4 positive input -> CMP2_P

CMPEDS1,#02H ; Comp4 output falling edge detect

CMPLPF1,#00H ; Comp4 output LPF Disable

CMPCR, #82H ; CMP4 Enabled, CPWA4DWT Enabled (ATDBR sync mode by CMP4)
ATDR, #1FH ; Duty Register
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LDM  ATMPR, #2FH
LDM  ATPWFR, #00H

SET1

ATCR.5

; clear flag
; Manual Start (M_ST) or wait CMPO Trigger

; Maximum Period

M_ST

Auto Cleared

ATCR.5 [00DCH]
(S/W Controlled)

Compartor0

Noise
Filter

a

=
L7

FCLK

+1

Pre- [£2

Scaler

Timer0
Clock

T

¥

CMPOATE & AUTO

CMPOED[1:0]

ATPWM Maximum Period Register

Emergency
Channel

STOP1F

STDNF /
STOP3F

MAX_CN

L
rR

Dy

2bit

ATMPR(8bit)

ATPWPH[1:0]

MUX

T 3N

3CK[1:0]

[XXXXH]

2bit+T3(8bit)

T (B+2)bit Tiher

T3ST

ATDBR(8bit)

...................... -

PWM3(PSR)
POL

pwmso[_—

AI ‘Loading

[00DAH

2bit

ATDR(8bit)

ATPWDH[1:0]

ATPWM Duty Register

Figure 3.33 Auto Triggering PWM Maximum Period Auto Start Mode

00DCH ATCR (Auto Triggering PWM Mode Control Register)

Bit[7:0] [7] [6] [5] [4] [3] [2 [1] [0

ATCR AT_EN AUTO M_ST STDNE STOP1E STOP3E MAX_E MAX_CN

Value 1 X X X X X 1 X
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# CMPO Trigger (or Manual Start) and Maximum Period Restart (one pulse)
LDM ATCR, #8AH ; ATPWM Enabled, STOP1E Enabled, Maximum period One Pulse
LDM T3CR, #C6H ; ATPWM Mode, Fx/2, T3CN, POL1
LDM PSR1, #01H ;select PWM3
LDM ATDR, #OFH ; Duty->O0FH
LDM ATMPR, #2FH ; Maximum Period -> 2FH
SET1 T3ST ; Start T3 Counter
SET1 ATCR.5 ; Manual Start (M_ST) or wait CMPO Trigger

# CMPO Trigger (or Manual Start) and Maximum Period Restart (Continuous pulse)
LDM ATCR, #83H ; ATPWM Enabled, Maximum period Continuous Pulse
LDM T3CR, #C6H ; ATPWM Mode, Fx/2, T3CN, POL1
LDM PSR1, #01H ;select PWM3
LDM ATDR, #0FH ;Duty->0FH
LDM ATMPR, #2FH ; Maximum Period -> 2FH
SET1 T3ST ; Start T3 Counter
SET1 ATCR.S ; Manual Start (M_ST) or wait CMPO Trigger

3.12 Interrupt Controller

3.12.1 Overview

The Interrupt Controller contains interrupt enable register (IENH,IENL), interrupt request register
(IRQH,IRQL), interrupt edge selection register (IEDS), interrupt flag register (IFR), priority circuit, master
enable flag (I flag from PSW).

- External Interrupt INTO,INT1,INT2,INT3

- Comparator Interrupt CMP0,CMP1,CMP2,CMP3, CMP4
- Peripheral Interrupt (BIT,T0,T2,T3,ADC,BIT,WDT)

- Multiple Interrupt Supported

- Software Interrupt by IRQH,IRQL setting

- Interrupt Masking Support by IENH,IENL except RESET

The interrupt request operating is globally controlled by I flag bit of PSW register of CPU. The | flag have to be
set before interrupt service routine started. On interrupt requested, its interrupt request flag maintains until the
CPU accepts the interrupt (auto cleared).

The BRK command is used to request the software interrupt. The BRK command set the B-bit of PSW, reset the
I-bit of PSW after the current PC(program counter), PSW(program status word) has been saved into stack. The
BRK vector tables shares the TCALLO routine. The B-bit of PSW can be used to determine whether BRK vector
happens or TCALLDO is requested.
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Because interrupt request clears the interrupt enable bit, any other interrupts is ignored during a interrupt service
routine is performed. The El command activates the multiple interrupt service features based on interrupt
priority. Although any interrupt service routine is being performed, an interrupt having higher priority interrupt
is immediately accepted. The paused interrupt service is immediately performed after the prior interrupt returned.
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3.12.2 Block Diagram

RESET

—

[00FCH] [00F8H] [00F6H]
IEDS[7:0] IRQH[7:0] IENH[7:0]
INTOIF \‘D—
vl INTLIF _D—
f\_ INT2IF —D_
| iNTaIF D_
CMPOIF _! —
CMP1IF —! )—
Analog CMP2IF ! —
Comparator
CMP3IF D—
CMP4IF iD
»| TOIF D
Timer 0/1
> TF i )
Timer 3 T3IF _D_
ADC »| ADCIF _D_
WDT WDTIF _D_
BIT BITIF ’_D7
IRQL[7:1] IENL[7:1]

2
3
4
IRQ
5
6
7
8
Priority
Control
9 Vector
Gen

10

11

12

13

14

15

Release SLEEP/STOP

| Flag

[00F9H]

[00F7H]

Interrupt Master
Enable Flag
[PSW.2]

Interrupt Allow
from CPU

Interrupt Request

D to CPU

Interrupt Vector]
Address |
Generator

To Data BUS

—_
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Figure 3.34 Block Diagram of Interrupt Controller
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00F6H IENH (Interrupt Enable Register High)

Bit[7:0] [71 (6] [5] (4] [3] [2 (1] [0

IENH INTOIE INTLIE INT2IE INT3IE CMPOIE CMPL1IE CMP2IE CMP3IE

R/W R/W R/W R/W R/W R/W R/W R/W R/W

RESET 0 0 0 0 0 0 0 0

Table 3.44 IENH - Interrupt Enable Register High

0: Interrupt Disabled, 1: Interrupt Enabled

00F7H IENL (Interrupt Enable Register Low)

Bit[7:0] [71 6] [5] (4] [3] [2 (1] [0

IENL CMP4IE TOIE TLlIE T3IE ADCIE WDTIE BITIE -

R/W R/W R/W R/W R/W R/W R/W R/W -

RESET 0 0 0 0 0 0 0 -

Table 3.45 IENL - Interrupt Enable Register Low

0: Interrupt Disabled, 1: Interrupt Enabled

00F8H IRQH (Interrupt Request Flag High Register)

Bit[7:0] [71 (6] [] (4] (31 [2 (1] [0]

IRQH INTOIF INTLIF INT2IF INT3IF CMPOIF CMP1IF CMP2IF CMP3IF

R/IW R/W R/W R/W R/W R/W R/W R/W R/W

RESET 0 0 0 0 0 0 0 0
Table 3.46 IRQH - Interrupt Request Flag High Register

0: Interrupt not occurred, 1: Interrupt Requested

00F9H IRQL (Interrupt Request Flag Low Register)

Bit[7:0] [71 6] [5] (4] [3] [2 (1] [0

IRQL CMP4IF TOIF TL1IF T3IF ADCIF WDTIF BITIF -

R/W R/W R/W R/W R/W R/W R/W R/W -

RESET 0 0 0 0 0 0 0 -
Table 3.47 IRQL - Interrupt Request Flag Low Register

0: Interrupt not occurred, 1: Interrupt Requested

00FCH IEDS (Interrupt Edge Selection Register)

Bit[7:0] (71 (6] [5] (4] [3] [2 (1] [0]

IEDS IED3H IED3L IED2H IED2L IED1H IED1L IEDOH IEDOL

R/W R/W R/W R/W R/W R/W R/W R/W R/W
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00FCH IEDS (Interrupt Edge Selection Register)
RESET 0 0 0 0 0 0 0 0
Table 3.48 IEDS - Interrupt Edge Selection Register
Address [1] [0] Remark
00FCH IEDOH IEDOL INTO Edge Selection Register
0 0 Reserved
0 1 Falling Edge
1 0 Rising Edge
1 1 Both (Falling & Rising Edge)
Address [3] [2] Remark
00FCH IED1H IED1L INT1 Edge Selection Register
0 0 Reserved
0 1 Falling Edge
1 0 Rising Edge
1 1 Both (Falling & Rising Edge)
Address [5] [4] Remark
00FCH IED2H IED2L INT2 Edge Selection Register
0 0 Reserved
0 1 Falling Edge
1 0 Rising Edge
1 1 Both (Falling & Rising Edge)
Address [7] [6] Remark
00FCH IED3H IED3L INT3 Edge Selection Register
0 0 Reserved
0 1 Falling Edge
1 0 Rising Edge
1 1 Both (Falling & Rising Edge)

3.12.3 Interrupt Category

The interrupts have three categories of maskable interrupt request, unmaskable reset interrupt, and software
interrupt (BRK). The interrupts are controlled by interrupt priority handler with priority level(0~15). The each
interrupt has its target address to jump into service routine. The following tables describe all summary of
interrupt priority, maskable option, and target address for each interrupt.

Request Source Symbol Priority MASK Vector High Vector Low

106 January 14, 2014 Ver. 1.2




\BO\

MC81F6104/6204
Hardware Reset RESETB 0 Non Maskable FFFFh FFFEh
External Interrupt O INTO 1 FFFDh FFFCh
External Interrupt 1 INT1 2 FFFBh FFFAh
External Interrupt 2 INT2 3 FFF9h FFF8h
External Interrupt 3 INT3 4 FFF7h FFF6h
Analog Comparator 0 CMPO 5 FFF5h FFF4h
Analog Comparator 1 CMP1 6 FFF3h FFF2h
Analog Comparator 2 CMP2 7 FFFlh FFFOh
Analog Comparator 3 CMP3 8 Maskable FFEFh FFEEh
Analog Comparator 4 CMP4 9 FFEDh FFECh
Timer O Interrupt TO 10 FFEBh FFEAhQ
Timer 1 Interrupt Tl 11 FFESh FFE8h
Timer 3 Interrupt T3 12 FFE7h FFE6h
ADC Interrupt ADC 13 FFE5h FFE4h
WDT Interrupt WDT 14 FFE3h FFE2h
BIT Interrupt BIT 15 FFE1h FFEOh

Table 3.49 Interrupt Vector Address

3.13 A/D Converter

A/D converter Data Register

[00E0]

R01/AN0|:|—-\ ADCR(8bit)
ROZ/ANlD—» [00E1]
Sample & Hold
RO3/AN2[J——
Roa/ANS[——1 y1ux - ADC
Ro6/ANA[_—— Successive ADIF |,
Approximation Circuit
Op-Amp Output ==
R12/AN6|:|—> e Comparator
R13/AN7[_J——1~1
//
ADCHS[2:0]
Resister Ladder
Circuit
T ADCEN
ADCM(8bit) <
ADSF

Figure 3.35 8-bit A/D Converter Block Diagram
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Figure 3.35 is an abstract block diagram of our A/D converter. The analog input can be selected with
ADCHS[3:0]. The A/D converter processing result is saved in ADCR[7:0] The following table describes
registers related in A/D converter. To start A/D conversion, the ADCST bit must be set. After the A/D
conversion finished, the ADSF is set to 1. The ADC On/Off is globally controlled by ADCEN bit.

00EOH ADCM (A/D Converter Mode Control Register)

Bit[7:0] [71 (6] (5] (4] (3] [2 [1] [0]
ADCM - ADCEN - ADCHS[3:0] ADCST ADSF
R/W - R/W - R/W R/W R/W R/W R
RESET 0 0 - 0 0 0 0 0

Table 3.50 ADCM - A/D Converter Mode Control Register

Address [6] Remark
00EOH ADCEN A/D Converter Enable
0 ADC Disabled
1 ADC Enabled
Address [4] [3] [2] Remark
00EOH ADCHS[2:0] A/D Converter Channel Selection
0 0 0 Channel 0 (ANO)
0 0 1 Channel 1 (AN1)
0 1 0 Channel 2 (AN2)
0 1 1 Channel 3 (AN3)
1 0 0 Channel 4 (AN4)
1 0 1 Op-Amp Output
1 1 0 Channel 6 (AN6)
1 1 1 Channel 7 (AN7)
Address [1] Remark
00EOH ADCST A/D Converter Start Control
0 Stopped
1 A/D Conversion start
Address [0] Remark
00EOH ADSF A/D Converter Status Bit
0 During A/D Conversion (clear on ADC Started)
1 A/D Conversion Finished
00E1H ADCR (A/D Converter Data Register)
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00E1H ADCR (A/D Converter Data Register)
Bit[7:0] [ 6] (5] [4] (3] (2] [1 [0]
ADCR ADCR[7:0]
R/W R R R R R R R R
RESET 0 0 0 0 0 0 0 0
Table 3.51 A/D Converter Data Register
3.14 Buzzer Driver
Clear
I:l— Pre- Counter (6bit)
scaler
FCLK
FIF BUZO
omparator
BUR[5:0]
BUZ_EN
BUCK[1:0] (PSR)
Figure 3.36 Block Diagram of BUZZER Driver
00CEH BUZR (Buzzer Driver Register)
Bit[7:0] [71 [6] [8] [4] [3 [2 [1 [9]
BUZR BUCK]1:0] BUR[5:0]
W W W W W W W W W
RESET 1 1 1 1 1 1 1 1
Table 3.52 Buzzer Driver Control Register

Address [71 [6] Remark
00CEH BUCK][1:0] Buzzer Clock Selection

0 0 x/2°

0 1 x/2*

1 0 x/2°

1 1 x/2°
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Address Bit 5~0 Remark
00CEH BUR[5:0] Buzzer Period Data

00_0000 00h

11 1111 3Fh

3.14.1 Minimizing Current Consumption

3.14.1.1 Input Pins

Pull -up Current Flows.

Pull -up selection Input Pin
- / O
i

GND

:| OPEN

X O

Input Level Should be Closed to VDD, VSS
to Avoid Power Consumption. VDD
Input Pin ] O
/ =0
i

< I I::' OPEN
Current Flow ] O
GND l

X =0
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Figure 3.37 Input Pin Configuration for Minimizing Current Consumption
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3.14.1.2 Output Pins

—o|[_ on

—|[_ oFF

X

Current Flows from Port to GND

GND

~
N

—oren

O

ON

VDD

O

Figure 3.38 Output Pin Configuration for Minimizing Current Consumption
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4. Serial Flash Programming Specification

4.1 Pin Diagram for Serial Flash

______ vopfi]_ Vss
Vg'lig;e ROO/RSTB/VPP| 2 | ! AVSS
_ ~ TXIN/RO1/ANO] 3 R27/0P_IN
(B?_Z:zc'x:l) XQUI/RO2/ANY/INTO E_I R26/0P_CAP1
RO3/AN2/INT1/SDA[5 | | R25/0P_CAP2
serin Clock_.LR24/_AN_3/IL\JTE/S_CLE MCBLi9204G R24/0P_OU
(Uni-directional) ROSPWMIO [ 7] penn R23/CMPO_IN_
RO6/AN4/PWM10 [ 8 | R22/CMPQ_IN_P
R07/T0/BUZO [ 9 | R21/CMP1_IN_
R10/CMP4_IN_N [10] R20/CMP2_IN_N
R11/INT3 [11] R14/CMP2_IN_P
R12/AN6/ECO [12] R13/AN7/AVDD

Figure 4.1 Ports for Serial Flash
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4.2 Programming Region

0000H
SRAM 0-Page
(192Bytes including Stack)
00BFH 1
00COH
SFR
(64Byte Special Purpose Registers)
00FFH
Confidential  Erase
R R R L g et e eadSE DE
saved before erased and restored
2106H Device ID
\\
Not Used \ Read Only by Device ID read
command
[ - .
FOOOH I _All Data will be erased by Erase
Command
: 1
| 1
| 1
I 1
| 1
I 1
| 1
| FLASH 1
1
: (4K Bytes) I
| 1
| 1
| 1
| 1
I 1
| 1
FFFAH !
| 1
L e o e e e e e e ___ 1

Figure 4.2 Programming Region
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4.3 Flash Command (Confidential)

0 . 3'RD
Byte 1'ST Byte 2'ND Byte Byte
Address
2 Address 1 Address Data
Mode Code e Code e 0 . Comment
A16) (A7-A0)
Bitn ggi B20-B17 B16 B15-B8 B7-B0
0 XXh XXh **h 20us
PGM1B 010b XXXXb Main ROM PGM
1 XXh XXh **h 40us
0 20h C4h Comment 20us 20C4 :
XXXX,XXXXb
20C5:
PGM of XXXX,XXXXb
Config 1 e Gl 20C6 :
20C7 :
XXXX,0xxxb
0 20h COh **h 20us i -
PGM of Config PGM - 4
Config 2 010 0000b bytes
1 20h COh o 4ous | (20C0~20C3)
0 20h C7h DO001000 1 90us
Read _ 010 0000b Read protection
Protection set
1 20h C7h 8000,1000 40us
Read 101b XXXXb 1 XXh XXh **h Main ROM Read
Read of . Config ROM Read - 4
Config 1 101b 0000b 1 20h C4h h bytes (20C4~20C7)
Read of . Config ROM Read - 4
Config 2 101b 0000b 1 20h COh h bytes (20C0~20C3)
PGM Verify 110b XXXXb 0 XXh XXh **h VPP Enable
ChipErase | 1006 | --yyb 1 Xxh xXh - Enﬁ): SEEIE (L, 2, 8
Erase Verify 100b 0000b 0 20h Coh . \S/PP Disable, Internal RC
ync.
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] 0 3'RD
Byte 1'ST Byte 2ND Byte | o yte
Address
2 Address 1 e Data
Mode Code (AL0 Code (A15-A8) 0 (07-0) Comment
Al6) (A7-A0)
. B23-
Bitn B21 B20-B17 B16 B15-B8 B7-BO
Pre Program | 111b 0101b 0 20h COh **h Internal RC Sync.
ReadUser 1 101 | 000ob 1 21h 06h x4 User ID Read(1 bytes)
0 Xxh Xxh o 20
us
PGM8B 011b XXXXb Main ROM PGM
1 Xxh Xxh o 40
us
Erase Verify 110b XXXXb 1 XXh XXh **h VPP Disable, SCL Sync.
E:/Iell VT 001b b 1 xXh sXh — Reference Cell VT
easure Measure
E;§|I|V| REF 001b xxxxb 0 XXh XXh **h Reference Cell Program
e REE L ooob | 1010 1 xxh xxh oy Erase time = 256us
Flash
AA =FCONO (*
el 000b | 0101b 0 AAh BBh **h )
Register BB = FCONL1 (*)
Setting
Table 4.1 Summary of Flash Command
B7 B6 B5 B4 B3 B2 B1 BO
FCONO gngger_ VEEIUP[1:0] ? NWOP™ | eveviy | evevio) | pvevig | pveyio]
VBOOT
Bulk Gate i -~ | vBoOoT_ | M _PUP_
FCON1 it it Not Used VBOOT_REG37[1:0] E\CT_PR DIS_PRE DIS

January 14, 2014 Ver. 1.2
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4.4 Write/Read on Configuration Region

1% Byte 2nd 3" Byte | N-th Comment
Byte Byte
e | Code Addr 2 Code | Addrl1 | AddrO Data
B B[23:21] | B[20:17] | B[16] | B[15:8] | B[7:0] D0~D3
PGM 010 0000 0 20h Csh 20us | 20C4 : xxxx,xxxxb
20C5 : xxxx,xxxxb
1 20h Csh 40us | 20C6 : xxxx,xxxxb
20C7 : xxxx,0xxxb
Table 4.3 Configuration Region (20C4~20C7) Programming Command
Bytel PGM Time (tPGM)
01000000b 20us )’ ‘(—\O—hu
01000001b 40us ARAFFAFFRF P
soar [ ! Y Y Y Y Y Y Y Y Y Y Y Y i
seue I UL UL AL LALALAT S LL AL LA L A LA L  LAPLA AL AL L L
DATA DATA DATA . DATA Dummy Cycle
(@20C4) (@20C5) (@20C6) (@20(:7)
PGM tPGM I I ‘ ‘
<DAT: DATA DATA DATA
(@20C4) (@20C5) (@20Ce6) (@20C7)
Program Program Program Program
Figure 4.3 Programming on Configuration Region (20C4~20C7)
1%t Byte 2nd 3" Byte | N-th Comment
Byte Byte
Code Addr 2 Code | Addr1 | AddrO Data
B B[23:21] | B[20:17] | B[16] | B[15:8] | B[7:0] D0~D3
PGM 010 0000 0 20h COh 20us | 20CO0 : xxxx,xxxxb
20C1 : xxxx,xxxxb
1 20h COh 40us | 20C2 : xxxx,xxxxb
20C3 : xxxx,xxxxb
Table 4.4 Configuration Region (20C0~20C3) Programming Command
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Bytel PGM Time (tPGM)
01000000b 20us
01000001b 40 us
[}

s P
soar [ (o J L o [ em | I J 1 J 1 J \
sewc I O LALALLT LA AL LELPLL S LU L LA LU AL LU L

DATA DATA DATA DATA Dummy Cycle
(@20C0) (@20C1) (@20C2) (@20C3)
PGM tPGM‘ I ‘ I
.
DATA DATA DATA DATA
(@20C0) (@20C1) (@20C2) (@20C3)
Program Program Program Program

Figure 4.4 Programming on Configuration Region (20C0~20C3)

1% Byte 2 3" Byte | N-th Comment

Byte Byte
e | Code Addr 2 Code | Addr1 | AddrO Data

B B[23:21] | B[20:17] | B[16] | B[15:8] | B[7:0] D0~D3

Read 101 0000 - - - - - Read Data (20C4 ~ 20C7)
(Reverse Mode)
1 20h C4h Read -
Data

Table 4.5 Configuration Region Read Command (20C4~20C7)

S P
10100001b 20h y ‘( C4h y ‘( y Y y
SDAT J ( ] 1 J 1 \
Dummy Dummy
,,,,,,, P p
1 2~7 8 9 1 27 8 9 1 2-7 8 9 1 2-7 8 9 1 2-7 8 9 1 2-7 8 9 1 2~7 8 9 1 2~7 8 9
SCLK
823 B22-817 Bl6 BIS B14-89 B8 87 B6-BL B0 Dummy L D7-00 1 Dummy L D7-00 1 Dummy L D7-00 T Dummy L D7-00 Dummy L h
. pATA  *  DATA - DATA - DATA  “  Dummy Cycle
(@20C4) (@20C5) (@20C6) (@20C7)

nOE U U U i U

+ Config data can be read regardless of Read Protection bit setting.

Figure 4.5 Reading Configuration Region (20C4~20C7)
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1% Byte 2nd 3" Byte | N-th Comment
Byte Byte
Mode | Code Addr 2 Code | Addr1 | AddrO Data
Bitn | B[23:21] | B[20:17] | B[16] | B[15:8] | B[7:0] D0~D3
Read 101 0000 - - - - - Read Data (20C0 ~ 20C3)
(Reverse Mode)
1 20h COh Read -
Data
Table 4.6 Configuration Region Read Command (20C0~20C3)
S P
SDAT J ‘( 10100001b y ‘( 20h y ‘( Coh y ‘( y ‘( y_\( y_\( y L
scwe UL WU 2 WAL 2 UL PP ) UL WAL TP T U ™ L
“ patA  “  patAa *  pata DATA ™ Dummy Cycle
(@20C0) (@20C1) (@20C2) (@20C3)
nOE i | i | i

+ Config data can be read regardless of Read Protection bit setting.

Figure 4.6 Reading Configuration Region (20C0~20C3)
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4.5 Reading Device ID

1% Byte 2nd 3" Byte | 1-th Comment
Byte byte
Mode | Code Addr 2 Code | Addr1 | AddrO Data
Bitn B[23:21] | B[20:17] | B[16] | B[15:8] | B[7:0] DO
Read 101 0000 - - - - - ID Data (2106h)
(Reverse Mode)
1 21h 06h ID -
Table 4.7 Device ID Read Command
SDAT is
, output pin
S e > P
SDAT an oo VY /
Dummy
1] [2577] [s c9 1] 2577 [8] [o] [x] [2<77] [e] [o] [z
SC L K B23 B22~-B17 B16 B15 B14~B9 B8 B7 B6~B1 BO
...... Dummy L D7-DO ! Dummy L
Device ID Dummy Cycle

nOE || ||

+Device ID can be read regardless of Read Protection bit setting.
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4.6 Program and Verify

1%t Byte 2nd 3" Byte | N-th Comment
Byte Byte
e | Code Addr 2 Code | Addrl | AddrO Data
B B[23:21] | B[20:17] | B[16] | B[15:8] | B[7:0] | DO~Dn
PGM 010 XXXX 0 XXh XXh XXh 20us | Main ROM Program
1 XXh XXh XXh 40us

Table 4.8 Main ROM Program Command

] P
soar ) s T oo T e Y I [ =1 J \
sewc I LA LALPLLY T LALPLALT 2 AL LA AL -=== AT LA L L

DATA DATA i DATA Dummy Cycle
(@Addr) (@Addr+1) {(@ADDR Last)
PGM tPGM kel
> DATA DATA
(g:;jr) (@Addr Last - 1) (@Addr Last)
Program Program Program
Bytel PGM Time (tPGM)
Q A byte of dummy cycle must be present after
010xxxx0b 20us ROM code writing.
010xxxx1b 40 us
Figure 4.7 Main ROM Programming Timing Diagram
1% Byte 2 3" Byte | N-th Comment
Byte Byte
de | Code Addr 2 Code | Addrl | Addr0 Read
Data
B B[23:21] | B[20:17] | B[16] | B[15:8] | B[7:0] DO~Dn
Read 101 XXXX - - - - Main ROM Read
1 XXh XXh XXh

Table 4.9 Main ROM Read Command

120
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SDAT is
input pin
SDAT is e SDAT is Verify data at every
output pin output pin SCLK rising edge
S ; P
SDAT ﬂ 101x0001b )' Y Xxh )' ‘( XXh y ‘(i. - y Y V \
Dummy Dummy e
7777777 ok ok
1 2~7 8 9 1 2-7 8 9 1 2-7 8 9 1 2-7 8 9 1 2~7 8 9 P -J%I—r 2-7 M 2-7 m
SCLK
823 B22-BI7 BI6 B1S  B14-B9 B8 87 B6-BL B0 pummy L D7-D0 Dummy L D7-D0 Dummy L D7-00 S Dummy L h
“  patAa * patAa " DATA  *  Dummy Cycle
(@Addr) (@Addr+1) (@ADDR Last)

nOE U U U ==l i

Figure 4.8 Main ROM Read Timing Diagram

1% Byte 2 3" Byte | N-th Comment
Byte Byte

Mode | Code Addr 2 Code | Addrl1 | AddrO Read
Data

Bitn | B[23:21] | B[20:17] | B[16] | B[15:8] | B[7:0] | DO-Dn

PGM 110 XXXX 0 XXh XXh XXh - Main ROM Program Verify

VFY (FCON must be configured before
PGM VFY executed)

Table 4.10 Main ROM Program Verify Command
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4.7 Read & Write after Setting Protection (lock) Bit

1% Byte 2nd 3rd N-th Byte Comment
Byte Byte
Mode | Code Addr 2 Code | Addrl | Addr0 | Data

Bitn | B[23:21] | B[20:17] | B[16] | B[15:8] | B[7:0] | DO

PGM 010 0000 0 20h C7h 0000_1000b 20us | Protection Bit Setting

1 20h C7h 0000_1000b 40us

Table 4.11 Protection(lock) Bit Setting Command

FFh FFh FFh
SDAT is
input pin
SDAT is - SDAT is Verify data at every
output pin output pin SCLK rising edge
S f P
SDAT ' Y 101xxxx1b y ‘( XXh y ‘( XXh y ‘(i. .J
Dummy Dummy oo
77777777777777 ok
SCLK 1 2=7 ] [e] [o] [x 2-7 8] [o] [1 2-7 8| [o] [1 2-7 8| [o] [1 2-7 Y eeee |1 | 27 8| [o] [1] [ 27 B 9
B23  B22-B17 BI6 B15 Bl4-B9 B8 B7  B6-BL B0 Dummy D7-D0 m D7-D0 Dummy D7-D0 Dummy h
*  patA  * patAa * DATA ™ Dummy Cycle
(@Addr) (@Addr+1) (@ADDR Last)
nOE i i NN ]
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4.8 Erase Sequence

Pre Program Command

‘v- e

Iﬂ

Pre PGM finished

A4

Erase Command

Pre Program (FFh)

A

Chip Erase finished

Erase Verify 2 Command

Chip Erase

Pass Report ?

Report Pass/Fail

A4

Nol

Erase Verify

Yes
Yes
Fail Count <16 ?
No,
Figure 4.9 Erase Sequence
1%t Byte 2nd 3" Byte | Wait Comment
Byte
Mode Code Addr 2 Code | Addrl | Addr0 | Wait
Bitn B[23:21] | B[20:17] | B[16] | B[15:8] | B[7:0] Wait
Pre- 111 0101 0 20h COh -- Pre Program
Program

Table 4.12 Pre-Program Command

January 14, 2014 Ver. 1.2
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SDAT is
SDAT is input pin SDAT is output pin input pin
S

SDATﬂ en e

[ U e

Dummy

Dummy Dummy

sew I LU I 2 LFLPLPL 7 LA Uuuuuuyuuil s
: [
-1
KPZ’\TZ_IEAS
tWAIT.PRE_PGM
+ tWAIT.PRE_PGM = (Nbytes+64) x 27us + 50us
+ In case of 4K Bytes ROM : tWAIT.PRE_PGM = (4096+64)x27us + 50us = 112,370us
< Figure 4.10 Pre-Program Timing Diagram
1 Byte 2™ 3'" Byte | Wait Comment
Byte
Mode | Code Addr 2 Code | Addrl | Addr0 Wait
Bitn B[23:21] | B[20:17] | B[16] | B[15:8] | B[7:0] Wait
Erase 100 -yy 1 XXh XXh -- yy : Erase Time Control
Table 4.13 Chip Erase Command
SDAT is
. SDAT is input pin P SDAT is output pin _ input pin _

S
SDAT J \(81h/83h/85h/87h)' \

XXh y ‘( XXh y

ERASE

Dummy
clk clk

SCLK :
823 B22-817 Bl 815 Bl4-80 B8 87 B6-B1 B0
[ ‘
e i
tCE Need n
55h” detected Need not
stop condition
tWAIT.ERASE cl

Bytel Erase Time (tCE) tWAIT.ERASE
81h 1ms 1.5ms
83h 2ms 3ms
85h 4ms 6ms
87h 8ms 12ms

124

Figure 4.11 Chip Erase Timing Diagram
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1% Byte 2nd 3" Byte | Wait Comment
Byte

e | Code Addr 2 Code | Addrl1 | AddrO Wait

B B[23:21] | B[20:17] | B[16] | B[15:8] | B[7:0] | Wait
Erase 100 0000 0 20h COh XX VPP disabled, internal RC clock synced
VEY

Table 4.14 Erase Verify Command

SDAT is
SDAT is output pin input pin

+ Erase Verify Pass
SDAT is input pin

S

SDAT J—\( on J {0 J U om \_/—\_/Wl
TR R G E P R B

823 B22-B17 B16

SAEN Hﬂﬂ“ﬂﬂﬂ

tWAIT.EVFY2 '55h” detected Need not
Erase verify Pass stop condition
3 dummy clk
IS net Sa
H B SDAT is
+Erase Verify Fail 0 iumm SDAT is output pin input pin
S
80h y ‘( 20h ‘( Coh )' \_/—\_/7 \
SDAT J_\( y

SAEN [TUT==J1TT

tWAIT.EVFY2

umi umm,
7777777 clk ok ol
1 277 8] [9] [1 27 8] [9] [1 27 8] [o "
Bls  Bl4-BO B8 87 B6-8L  BO
A

“33h" detected Need not
Erase verify Fail stop condition
3 dummy clk

+ tWAIT.EVFY2 = (Nbytes+64) x 1.7us +50us
+ In case of 4K Bytes ROM : tWAIT.EVFY2 = (4096+64)x1.7us + 50us = 7,098.2us

Figure 4.12 Erase Verify Timing Diagram
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4.9 AC Timing
Y
vdd A
- |\
Y
Vpp I _‘
tvD.S —Z tvD.H o
SCLK X
) tVP.S g ) tvP.H g
SDAT
tVC.S tvC.H
Figure 4.13 Power Sequence

SDAT
Output

:

R
|

Figure 4.14 Serial

126
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"""" S 1 2 <
s p
SCLK / \
A
SDAT 7/ % X
tBG.; tBG.H <tD_S> tD.H
7 8 9
""""""""""" T\ /—’\_/—\_/7 \ /S
|
tLP 7 tHP
................... 8 9
N/
A S
tED.S tDIF ‘
Figure 4.15 Whole Frame of Serial Data/ Clock Sequence

Symbol Parameter Min | Typ Max [ Unit [ Comment
VDD Logic power supply - 5 - \Y
VPP Power supply pin for - i 9 i v

programmable cell writing
tvD.S Vdd setup time 50 - - ms
tvD.H Vdd hold time 10 - - ms
tVP.S/tVP.H Vpp setup and hold time 10 - - ms
tVC.S/tVC.H SCLK setup and hold time 1 - - us
tOR.D Data out rising delay time - - 200 ns
tOF.D Data out falling delay time - - 200 ns
fSCLK.PGM SCLK clock frequency in program | i 195 KHz tPGM =

mode 20us
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Symbol Parameter Min | Typ Max [ Unit [ Comment
tPGM =
- - 62.5 KHz 40Us
fSCLK.RD SCLK clock frequency in read i i 5 MHz
mode
tBG.S/tBG.H Begin setup and hold time 1 - - us
tED.S End setup and hold time 1 - - us
{DIF Time interval for new transition 1 i i us
start
3 i i Us tPGM =
ioh | . ; . 20us
tHP.PGMI/LLP.PGM High and low period of SCLK in
program mode
6 i i Us tPGM =
40us
tHP.RD/{LP.RD High and low period of SCLK in 0.2 i i us
read mode
Rising and falling time of SCLK
tR/tF and SDAT - - 20 ns
tD.S/ItD.H Data setup and holdtime 150 - - ns
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AVCC AVCC

J_ USERA

1
3
5|
7
9
. 1
m 3|l (Rea/RsTB w
) = (Re1/XIN/ANG 3
o E ( RR2/XOUT/AN1/INT@ 9
y g R@3/AN2/INT1 21
5 (R@4/AN3/INT2 23
- . R@5/PWM30/ATPWM 25 R22/CMP@_IN_P
=l = . ROE/AN4/PWM10/PRT_IN 27 28 R21/CMP1_IN_N
id s - ) { [
. g S (Re7/Te/BUZO 23 %0 R28/CMP2_IN_N
S AN, ( 31 32 7
H : S Y e (R18/CMP4_IN_N 33 33 R17
' x = (R11/INT3 35 36 R16
Ly & (R12/AN6/EC@ 37 38 R15) .
m R13/AN7./AVDD ) %5 0 {R14/CMP2_IN_P )
i (R30/TX m MM maqw
g R31/RX 45 46 ”PS
(R32/ACK 47 48 R3S )
(B33 49 50 G
| IFCA—58PA—2.54DSA
SereRaanr | PHB2X25
| : A

GND

P YO

(%]
=
o

Figure 5.1 EVA. Board Dip Switch
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5.1 DIP Switch Description

DIP S/W Name Description
SW5.1 - OSC_SELO Rom Option bit 0~2 : OSC Selection bits
SW5.2 - OSC_SEL1 (On:1,0ff:0)
SW5.3 - OSC_SEL2 000: External RC — XOUT pin can be used as normal 1/0
001: Internal RC; 4MHz — XOQUT pin can be used as normal 1/O
010: Internal RC; 2MHz — XOUT pin can be used as normal 1/0
011: Internal RC; IMHz — XOUT pin can be used as normal 1/0
100: Internal RC; 8MHz — XOUT pin can be used as normal 1/0
101: Not available
110: Not available
111: Crystal/ceramic oscillator
SW5.4 - LVRS.0 Rom Option bit 5~6 : Low Voltage Reset Level Selection bit
® SW5.5 - LVRS.1 (On: 1,0ff:0)
SW5 00: 2.4V 10: 3.0V
01: 2.7v 11: 4.0V
SWH5.6 — LVREN Rom Option bit 7 : Low Voltage Reset Enable bit
On : (1) Disable (RESETB)
Off : (0) Enable (R35)
SW5.7 - FCLK_DIV_EN | FCLK 1/2 Selection
On : (1) System Clock(SCLK) is FCLK/2
Off : (0) System Clock(SCLK) is FCLK.(Default)
SW5.8 - PPG PPG_PRT PAD Enable
On : (1) ATPWM and PRT_IN Enabled
Off : (0) Disable(Using R06/R05)
TEST Mode (It is used at test mode at fabrication.)
SW6.1 On : (1) Prohibited
Off : (0) User Mode(Must be 0 at MDS).
EVA Mode(lt is used using MDS)
@) SW6.2 On : (1) EVA Mode (Must be 1 at MDS).
SW6 Off . (0) Normal MCU Mode
SM ACCESS Enable Mode
SW6.3 On : (1) Enable Smart Option Aceess
Off : (0) Disable Smart Option Aceess(Must be 0 at MDS).
SW6.4 No Connection
ADC Power Selection
SW2.1
3 01: EVA_VCC Enable
SW2.2
SW2 10: Target_VCC Enable
SW2.3 User RESET Selection

January 14, 2014 Ver. 1.2
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DIP S/W Name Description
0 : RESETB(Low Active) input for EVA interface
1: ROO/RESETB Port Selection
SW2.4 No Connection
X-TAL Selection
SW2.5 .
On : RO1/XIN port Selection
SW2.6 .
Off : X-TAL(X2) of EVA board Selection
@ X2 A Oscillator socket
® X1 A Crystal/Resonator socket

SW3 - EVA PWR SEL

Eva.Board power source selection switch
MDS MDS

USER USER

Use MDS Power Use User's Power

User’s power source is supplied from the connector V_USER(®)
which is described below.

V_USER

A connector for power source which can be used for Eva.Board.

J_USERA

A connecter for target system.

SW8.1

ATPWM Selection(MC81F6104)
On : ATPWM port Enable
Off : ATPWM port Disable

SW8.2

RO5 Selection(MC81F6204)
On : RO5 port Enable
Off : RO5 port Disable

SW8.3

PRT_IN Selection(MC81F6104)
On : PRT_IN port Enable
Off : PRT_IN port Disable

SW8.4

RO6 Selection(MC81F6204)
On : R0O6 port Enable
Off : R06 port Disable

Note :

Only GND is connected between Eva.Board and the target system. VDD is not connected.
So, the target system is required it's own power source.

132
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6. IN SYSTEM PROGRAMMING

6.1 Getting Started / ISP Installation

The In-System Programming (ISP) is performed without removing the microcontroller from the system. The In-
System Programming(ISP) facility consists of a series of internal hardware resources coupled with internal
firmware through the serial port.

The In-System Programming (ISP) facility has made in-circuit programming in an embedded application
possible with a minimum of additional expense in components and circuit board area.

The following section details the procedure for accomplishing the installation procedure.
1. Power off the target system.

Configure the target system as ISP mode.
(See ‘0
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2. Hardware Conditions to Enter the ISP Mode’ page 136)
3. Attach a USB-SIO-ISP B/D into the target system.

4. Runthe ABOV USB-SIO-ISP software.
- Down load the ISP S/W from http://www.abov.co.kr.
- Unzip the download file and run USB-SIO-ISP.exe

5. Select a device in the USB-SIO-ISP S/W.
6. Power on the target system.

7. Execute ISP command such as read, program, auto... by pressing buttons on the USB-SIO-ISP
S/W.

B usB-SI0-ISP S/W |- | ~ [X| m Log

ABOV: | o= |

AB3Y a9mizendarter
00000:Success to open the ISPEDUSE driver

(Ver. nfo |
00001:Configuring for the selected device,,,
|B'a“k Che'Zkl | Hex Edit | 00002:Success to configure,

| Program |

[ Read | [ SerialiD |

[ Erase ] [Option Write]

Address Range
Slartl FoOO Endl FFFF

v A&uto Option Wite
AUTOFI2) & auto Show Option

ABOY USB-SIO-ISP Prograrnrner

\
Checksum I A
Option I A

Select Device

|81 F5204 L]

L
M Hex editor
Update Buffer

[Fooo: FF FF
FOL0:FF FF FF FF FF FF FF FF FF FF FF FF FF FF FF FF
F020:FF FF FF FF FF FF FF FF FF FF FF FF FF FF FF FF
FO30:FF FF FF FF FF FF FF FF FF FF FF FF FF FF FF FF
F040:FF FF FF FF FF FF FF FF FF FF FF FF FF FF FF FF
FO50:FF FF FF FF FF FF FF FF FF FF FF FF FF FF FF FF
FO60: FF FF FF FF FF FF FF FF FF FF FF FF FF FF FF FF
FO70:FF FF FF FF FF FF FF FF FF FF FF FF FF FF FF FF
FO80: FF FF FF FF FF FF FF FF FF FF FF FF FF FF FF FF
FO90: FF FF FF FF FF FF FF FF FF FF FF FF FF FF FF FF
FOAQD: FF FF FF FF FF FF FF FF FF FF FF FF FF FF FF FF
FOBO: FF FF FF FF FF FF FF FF FF FF FF FF FF FF FF FF
FOCO: FF FF FF FF FF FF FF FF FF FF FF FF FF FF FF FF
FODO:FF FF FF FF FF FF FF FF FF FF FF FF FF FF FF FF ¥

Figure 6.1 ISP Software

6.2 Basic ISP S/W Information

The 57! FZ YES 22 5= Q5 UTh is the ISP software based on MS-Windows. This software is only
supporting devices with SIO.

Function Description

Load HEX File Load the data from the selected file storage into the memory buffer.
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Save HEX File Save the current data in your memory buffer to a disk storage by using the Intel
Motorola HEX format.

Blank Check Verify whether or not a device is in an erased or unprogrammed state. Program This
button enables you to place new data from the memory buffer into the target device.
Read the data in the target MCU into the buffer for examination. The checksum will

Read -
be displayed on the checksum box.

Veri Assures that data in the device matches data in the memory buffer. If your device is

erify P :

secured, a verification error is detected.

Erase Erase the data in your target MCU before programming it.

Option Selection

Set the configuration data of target MCU. The security locking is set with this button.

Progam the configuration data of target MCU. The security locking is performed with

Option Write this button.
AUTO Following sequence is performed ; 1.Erase 2.Program 3.Verify 4.0ption Write
Edit Buffer Modify the data in the selected address in your buffer memory
Fill Buffer Fill the selected area with a data.
Goto Display the selected page.
Start Starting address
End End address
Checksum Display the checksum(Hexdecimal) after reading the target device.
Select Device Select target device.
Note:

MCU Configuration value is erased after erase operation. It must be configured to match with
user target board. Otherwise, it is failed to enter ISP mode, or its operation is not desirable.
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6.3 Hardware Conditions to Enter the ISP Mode

The boot loader can be executed by holding ALEB high, RST/ Vrpas +9V.

USB-SIO-ISP B/D

User Target Board 10-pin connector
: User reset circuitry I .
o T o PCB Top View
E Vop(+5V) E :

‘ 0.1uF 47KQ -

; %—M\LJ b

: ' P

2 M :

! H

! MCU :

; E

; RESET/Vpp :

| s

f SDA ;

: SCK :

: H

V N H

E == XTAL2 GND ;

E I—= XTAL1 VDD :

E 7T

’

’

1. If other signals affect SIO communication in ISP mode, disconnect these pins by using a jumper or a switch.
2. If ALEB is sharing with other function. Toggle the port between ISP and user mode.

Figure 6.2 Hardware Conditions to Enter the ISP Mode
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6.4 Sequence to enter ISP mode/user mode

Reset Init ISP mode

A
Y

- -
min.10us| 64ms@4MHz
XiN 2 ~12MHz

Vbp

Vep /

Figure 6.3 Timing diagram to enter the ISP mode

Note: Vpp is needed to rise within 64ms@4MHz after Vdd rising time( at lease 10us@4MHz
after vVdd rising time).

Sequence to enter ISP mode from user mode.

Power off the target system.

Configure the target system as ISP mode.
Attach a ISP B/D into the target system.
Run the ISP S/W

Select the target device.

Power on the target system.

© gk~ w N PR

Sequence to enter user mode from ISP mode.

Close the ISP S/W.

Power off the target system.

Configure the target system as user mode
Detach a ISP B/D from the target system.
Power on.

o~ w DN e
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6.5 USB-SIO-ISP Board

Connect USB
-mini type cable

USB-SI0-ISP B/D
10-pin connector

3

QO€
®

PCB Top View

®
:
e

ddA
vas
polS
aNo
aan

Figure 6.4 USB-SIO-ISP Board
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7. INSTRUCTION SET

7.1 Terminology List

Accumulator

X - register
Y - register
PSW Program Status Word
#imm 8-bit Immediate data
dp Direct Page Offset Address
labs Absolute Address
[ Indirect expression
{} Register Indirect expression
{}+ Register Indirect expression, after that, Register auto-increment
bit Bit Position
A.bit Bit Position of Accumulator
dp.bit Bit Position of Direct Page Memory
M.bit Bit Position of Memory Data (0004~0FFF)
rel Relative Addressing Data
upage U-page (OFF004~0FFFFy) Offset Address
n Table CALL Number (0~15)
+ Addition
X Upper Nibble Expression in Opcode when it is even number (bit7~bit5, bit4=0)
[ [ oL T[]
Bit Position
y Upper Nibble Expression in Opcode when it is odd number (bit7~bit5, bit4=1)
[ Ll L[ []
Bit Position
- Subtraction
x Multiplication
/ Division
O Contents Expression
A AND

January 14, 2014 Ver. 1.2
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\% OR

@ Exclusive OR

~ NOT

— Assignment / Transfer / Shift Left

— Shift Right

“ Exchange

= Equal

* Not Equal
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7.2 Instruction Map

LOW
00000 | 00001 | 00010 00011 00100 | 00101 | 00110 | 00111 | 01000 | 01001 | 01010 | 01011 | 01100 | 01101 | 01110 | 01111
HIGH 00 01 02 03 04 05 06 07 08 09 0A 0B oc oD OE OF
000 SET1 BBS BBS ADC ADC | ADC | ADC | ASL | ASL | TCALL| SETA1| BIT POP | PUSH
B BRK
dp.bit | A.bitrel [ dp.bit,rel |  #imm dp dp+X | labs A dp 0 .bit dp A A
001 . . ., SBC | SBC | SBC | SBC | ROL | ROL |TCALL|CLRALl | COM | POP | PUSH| BRA
CLRC 2 X
#imm dp dp+X | labs A dp .bit dp X rel
010 ., ., ., CMP | CMP | CMP | CMP | LSR | LSR |TCALL| NOT1 | TST | POP | PUSH | PCALL
CLRG 4 v
#imm dp dp+X | labs A dp M.bit dp Y Upage
011 ., ., ., OR OR | OR | OR | ROR | ROR |TCALL| OR1 |CMPX| POP |PUSH
DI RET
#imm dp dp+X | labs A dp 6 OR1B dp PSW | PSW
100 ) ) ) AND | AND | AND | AND | INC | INC |TCALL| AND1 | CMPY | CBNE INC
CLRV 8 TXSP
#imm dp dp+X | labs A dp AND1B | dp dp+X X
101 ) ) ) EOR | EOR | EOR | EOR | DEC | DEC |TCALL| EOR1 | DBNE | XMA DEC
SETC 10 TSPX
#imm dp dp+X | labs A dp EOR1B | dp dp+X X
110 ) ) ., LDA | LDA | LDA | LDA LDY |TCALL| LDC | LDX | LDX DAS
SETG TXA 12 XCN
#imm dp dp+X | labs dp LDCB dp dp+Y (N/A)
111 ) ) ., LDM | STA | STA | STA STY |TCALL| STC | STX | STX
El TAX 14 XAX | STOP
dp,#imm | dp dp+X | labs dp M.bit dp dp+Y
LOW
10000 | 10001 | 10010 10011 10100 | 10101 | 10110 | 10111 | 11000 | 11001 | 11010 | 11011 | 11100 | 11101 | 11110 | 11111
HIGH 10 11 12 13 14 15 16 17 18 19 1A 1B 1C 1D 1E 1F
000 BPL | CLR1| BBC BBC ADC ADC ADC | ADC | ASL | ASL |TCALL| JMP BIT | ADDW | LDX | JMP
rel | dp.bit | A.bit,rel | dp.bit,rel {X} labs+Y | [dp+X] | [dp]+Y | labs | dp+X 1 labs labs dp #mm | [labs]
001 | BVC ., ., ., SBC | SBC | SBC | SBC | ROL | ROL |TCALL| CALL | TEST | SUBW | LDY | JMP
rel X} labs+Y | [dp+X] | [dp]+Y | !abs | dp+X 3 labs labs dp #imm | [dp]
010 | BCC ., ., ., CMP | CMP | CMP | CMP | LSR | LSR |TCALL TCLR1 | CMPW | CMPX | CALL
MUL
rel X} labs+Y | [dp+X] | [dp]+Y | !abs | dp+X 5 labs dp #imm | [dp]
011 | BNE ) ., . OR OR OR | OR | ROR | ROR |TCALL | DBNE | CMPX | LDYA |CMPY
RETI
rel {x} labs+Y | [dp+X] | [dp]+Y | !labs | dp+X 7 Y labs dp #mm
100 | BMI ., ., ., AND | AND | AND | AND | INC | INC |TCALL CMPY | INCW | INC
9 DIV TAY
rel {x} labs+Y | [dp+X] | [dp]+Y | 'abs | dp+X labs dp Y
101 | BvS ) . ) EOR | EOR | EOR | EOR | DEC | DEC |TCALL| XMA | XMA |DECW | DEC
TYA
rel {X} |[tabs+Y |[dp+X] |[dpJ+Y | tabs | dp+x | T | {x dp dp Y
110 | BCS ) . ) LDA | LDA | LDA | LDA | LDY | LDY |TCALL| LDA | LDX | STYA DAA
XAY
rel 3 |'abs+Y |[dp+X] | [dp+Y | tabs | dp+x | 13 | pg+ | rabs | dp (N/A)
111 | BEQ ., ., ., STA | STA | STA | STA | STy | STY |TCALL| STA | STX | CBNE
15 XYX | NOP
rel X} labs+Y | [dp+X] | [dp]+Y | 'abs | dp+X {X}+ labs dp
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7.3 Instruction Set

7.3.1 Arithmetic / Logic

OoP BYTE CYCLE FLAG
NO. | MNEMONIC | ~o5c | “no NO OPERATION NVGBHIZC
1 ADC #imm 04 2 2
2 ADC dp 05 2 3
3 ADC dp + X 06 2 4
4 ADC labs 07 3 4 .
Add with carry. NV--H-ZC
A (A)+(M)+C
5 ADC labs +Y 15 3 5
6 ADC [dp+X] | 16 2 6
7 ADC [dp]+Y 17 2 6
8 ADC {X} 14 1 3
9 AND #imm 84 2 2
10 | AND dp 85 2 3
11 AND dp + X 86 2 4
12 AND !abs 87 3 4 Logical AND
A (A)A (M) Noooee z
13 AND labs +Y 95 3 5 <
14 | AND [dp+X] 96 2 6
15 AND [dp]+Y 97 2 6
16 AND {X} 94 1 3
17 ASL A 08 1 2
Arithmetic shift left
18 ASL dp 09 2 4
C 76543210 N----- zZC
19 | ASL dp+X 19 2 5 S e K o o o
20 ASL labs 18 3 5
21 CMP #imm 44 2 2
22 CMP dp 45 2 3
23 CMP dp + X 46 2 4 Compare accumulator contents with memory
contents N----- zC
24 | CMP labs 47 3 4 (A)-(M)
25 CMP labs +Y 55 3 5
26 | CMP [dp+X]| 56 2 6
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OoP BYTE CYCLE FLAG
NO. MNEMONIC CODE NO NO OPERATION NVGBHIZC
27 CMP [dp]+Y 57 2 6
28 CMP {X} 54 1 3
29 CMPX #mm 5E 2 2
30 CMPX dp 6C 2 3 Compare X contents with memory contents N zC
(X)-(M)
31 CMPX labs 7C 3 4
32 CMPY #imm 7E 2 2
a3 CMPY dp 8C 2 3 Compare Y contents with memory contents No---- zC
(Y)-(M)
34 CMPY labs oC 3 4
35 COM dp 2C 2 4 1's Complement : (dp ) < ~(dp) N----- Z -
36 DAA - - - Unsupported -
37 DAS - - - Unsupported -
38 DEC A A8 1 2
39 DEC dp A9 2 4
40 DEC dp + X B9 2 5 Decrement
N----- z-
41 | DEC labs B8 3 5 Me(M) -1
42 DEC X AF 1 2
43 DEC Y BE 1 2
44 DIV 9B 1 12 Divide : YA/X QA, RY NV--H-Z-
45 EOR #imm A4 2 2
46 EOR dp A5 2 3
47 EOR dp + X A6 2 4
|
48 EOR !abs AT 3 4 Exclusive OR N 7
49 | EOR labs+Y | BS5 3 5 AR & (M)
50 EOR [dp + X] B6 2 6
51 EOR [dp]+Y B7 2 6
52 EOR {X} B4 1 3
53 INC A 88 1 2
Increment
N----- Z-
54 | INC dp 89 2 4 Me (M) + 1
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OoP BYTE CYCLE FLAG
NO. MNEMONIC CODE NO NO OPERATION NVGBHIZC
55 INC dp + X 99 2 5
56 INC 'abs 98 3 5
57 INC X 8F 1 2
58 INC Y 9E 1 2
59 LSR A 48 1 2
Arithmetic shift left
60 LSR dp 49 2 4
76 543210 N----- ZC
61 | LSR dp+X 59 2 5 ‘0 9|9|9|9|—>I—>I9I9I$I9|:|
62 LSR labs 58 3 5
63 MUL 5B 1 9 Multiply : YA <Y x A N----- Z-
64 OR #imm 64 2 2
65 OR dp 65 2 3
66 OR dp+X 66 2 4
67 OR labs 67 3 4 Logical OR
Ac(A)V (M) Noooes Z-
68 OR labs +Y 75 3 5 <
69 OR [dp + X] 76 2 6
70 OR [dp]+Y 77 2 6
71 OR {X} 74 1 3
72 ROL A 28 1 2
Rotate left through carry
73 ROL dp 29 2 4
C 76543210 N-o-o-- ze
w | roLwex | w | 2 | 5 | pAEIEEEEEEes
75 ROL !abs 38 3 5
76 ROR A 68 1 2
Rotate right through carry
77 ROR dp 69 2 4
76543210 N 20
78 | ROR dp +X 79 2 5 ﬁéHHHHHHHHHD%_]
79 ROR labs 78 3 5
80 SBC #imm 24 2 2
Subtract with carry
81 SBC d 25 2 3 NV--HzC
P A (A)-(M)-~(C)
82 SBC dp + X 26 2 4
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OP BYTE CYCLE FLAG
NO. MNEMONIC | ~Soc | "o NO OPERATION NVGBHIZC
83 SBC labs 27 3 4
84 SBC labs +Y 35 3 5
85 SBC [dp + X] 36 2 6
86 SBC [dp]+Y 37 2 6
87 SBC {X} 34 1 3
Test memory contents for negative or zero
88 TST dip 4C 2 3 N----- Z -
(dp)— 00k
Exchange nibbles within the accumulator
89 XCN CE 1 5 N----- 7 -
A7~A4 <> A3“Ao
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7.3.2 Register / Memory Operation

OP BYTE CYCLE FLAG
NO. MNEMONIC CODE NO NO OPERATION NVGBHIZC
1 LDA #imm C4 2 2
2 LDA dp C5 2 3
3 LDA dp + X C6 2 4
4 LDA !abs c7 3 4
Load accumulator
A« (M)
5 LDA l'abs +Y D5 3 5
N----- Z -
6 LDA [dp+ X] D6 2 6
7 LDA [dp]+Y D7 2 6
8 LDA {X} D4 1 3
X-register auto-increment :
+
9 LDA {X} DB 1 4 A (M) XeX+1
. Load memory with immediate data :
10 LDM dp, #imm E4 3 5 e
(M) «imm
11 LDX #mm 1E 2 2
12 LDX dp CcC 2 3 .
Load X-register
N----- z-
X« (M)
13 LDX dp+Y CD 2 4
14 LDX labs DC 3 4
15 LDY #imm 3E 2 2
16 LDY dp c9 2 3 .
Load Y-register
N----- z-
Y« (M)
17 LDY dp+Y D9 2 4
18 LDY !abs D8 3 4
19 STA dp ES5 2 4
20 STA dp+ X E6 2 5
21 STA !abs E7 3 5
2 STA labs + Y F5 3 6 Store accumulator contents in memory
Myea
23 STA [dp + X] F6 2 7
24 STA [dp]+Y F7 2 7
25 STA {X} F4 1 4
26 STA {X}+ FB 1 4 X-register auto-increment :
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OP BYTE CYCLE FLAG
NO. MNEMONIC CODE NO NO OPERATION NVGBHIZC
(M)« A X X+1
27 STX dp EC 2 4
Store X-register contents in memo
28 | STX dp+Y ED 2 5 9 L
(M)« X
29 STX labs FC 3 5
30 STY dp E9 2 4
Store Y-register contents in memo
31 | STY dp+X F9 2 5 9 S
(M)«Y
32 STY labs F8 3 5
33 TAX ES 1 2 Transfer accumulator contents to X-register : NP 7.
X« A
34 TAY oF 1 2 Transfer accumulator contents to Y-register : N 7.
YA
35 TSPX AE 1 2 Transfer stack-pointer contents to X-register : N 7.
X« sp
36 TXA cs 1 2 Transfer X-register contents to accumulator : NP 7.
A< X
37 TXSP 8E 1 2 Transfer X-register contents to stack-pointer : NI 7.
sp « X
38 TYA BE 1 2 Transfer Y-register contents to accumulator : NI 7.
A<Y
39 XAX EE 1 4 Exchange X-register contents with accumulator: |
XA
40 XAY DE 1 4 Exchange Y-register contents with accumulator: |
Yo A
41 XMA dp BC 2 5
42 XMA dp + X AD 2 6 Exchange memory contents with accumulator : NI 7.
(M)A
43 XMA {X} BB 1 5
44 XYX EE 1 4 Exchange X-register contents with Y-register: |
XY
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7.3.3 16 BIT Manipulation

OP BYTE CYCLE FLAG
NO. MNEMONIC CODE NO NO OPERATION NVGBHIZC
16-bits add without carry
1 ADDW dp 1D 2 5 YA (YA)+(dp+1)(dp) NV--H-ZC
Compare YA contents with memory pair contents :
2 CMPW d 5D 2 4 N----- zZC
P (YA)-(dp+1) (dp)
Decrement memory pair
3 DECW d BD 2 6 N----- z-
i (dp+1)(dp)« (dp+1)(dp)-1
Increment memory pair
4 INCW d 9D 2 6 N----- Z -
i (dp+1)(dp)« (dp+1)(dp)+1
Load YA
5 LDYA dp 7D 2 5 YA< (dp+1)(dp) N--eon- 7.
Store YA
TYA Db | 2 | 5 |77t e
5 | STYA D 2 5 | (dp+1)(dp)eva
16-bits subtract without carry
BW D --H-
7 SuU dp 3 2 5 YA < (YA)-(dp+1)(dp) NV--H-zZC
7.3.4 BIT Manipulation
OoP BYTE CYCLE FLAG
NO. MNEMONIC CODE NO NO OPERATION NVGBHIZC
1 | AND1 M.bit 8B 3 4 Bit AND Cflag: C « (C) A (Mbit) | ------- c
5 ANDLB M.bit 8B 3 4 Bit AND C-flag and NOT : c
o Ce(C)A ~(Mbity |
BIT . .
3 dp oc 2 4 Bit test A with memory : MM .
Ze (A)YAN (M), Ne (M), Ve (M
4 | BIT tabs 1c 3 5 CAYAM)N (M) V(M)
5 | CLR1 dp.bit yl 2 4 Clear bit: (M.bit) «*0" -
6 | CLRAL A.bit 2B 2 2 Clear Abit: (Abit)«“0" |-
7 CLRC 20 1 2 ClearCflag:C«*0 | -=-=-=-=-=-- 0
8 CLRG 40 1 2 Clear G-flag : G « “0” --0-----
9 CLRV 80 1 2 Clear V-flag : V « “0” -0--0---
10 | EOR1 M.bit AB 3 5 Bit exclusive-OR C-flag: C « (C) @ (M.bit) | ------- C
1 EOR1B M.bit AB 3 5 Bit exclusive-OR C-flag and NOT : c
bit | AB | 3 | 5 | e
C« (C)® ~(M.bit)
12 | LDC M.bit cB 3 4 Load C-flag: C « (M.bit) |- C
13 | LDCB M.bit CB 3 4 Load C-flag with NOT : C « ~(M.bit) | ------- c
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No. | mnemonic | oFc | BYE | Yo OPERATION NV(ELBAﬁlzc
14 NOT1 M.bit 4B 3 5 Bit complement : (M.bit) < ~(M.bit) | --------
15 | OR1 M.bit 6B 3 5 BitORCflag:C«C V (Mbit) | ------- C
16 | OR1B M.bit 6B 3 5 Bit OR C-flagand NOT: C « C V ~(M.bit)  |[------- c
17 | SET1 dp.bit x1 2 4 Setbit: (Mbit) «*“1” -
18 | SETA1 A.bit 0B 2 2 SetAbit: (Abit) «“1” e
19 | SETC A0 1 2 SetCflag: C«*1" - 1
20 SETG Co 1 2 Set G-flag : G « “1” --1l-----
21 STC M.bit EB 3 6 Store C-flag : (M.bit) «~C | ------ -
22 | TCLR1 1abs 5C 3 e Test and clear bits with A : N -
A-(M), (M)« (M)A ~(A)
23 | TSET1 1abs ac 3 6 Test and set bits with A : N 5.
A=(M), (M)« (M) V (A)
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7.3.5 Branch / Jump

OP BYTE CYCLE FLAG
NO. MNEMONIC CODE NO NO OPERATION NVGBHIZC
1 BBC A.bit, rel y2 2 4/6 o
Branch if bit clear: |
If (bit) =0, then pc « (pc) + rel
2 BBC dp.bit, rel y3 3 5/7 (bit) P (pc)
3 BBS A.bit, rel X2 2 4/6 o
Branch if bitset: .
If (bit) =1, then pc c) +rel
4 BBS dp.bit, rel x3 3 5/7 (bit) pe < (pe)
Branch if carry bit clear :
5 BCC rel 50 2 2/4 f(C)=0 thenpc < (pc)+rel |7
Branch if carry bit set :
DO | 2 | g4 | DTERARLAYDRSEL. o L.
6 BCS rel 0 2 214 If (C)=1,thenpc« (pc)+rel
Branch if equal :
7 BEQ rel FO 2 2/4 f(Z)=1thenpc< (pc)+rel |70
Branch if minus :
8 BMI rel %0 2 24 If(N)=1,thenpc« (pc)+rel |~ °°°°°
Branch if not equal :
70 | 2 | g4 | PMREEEMUA. o
9 BNE rel 0 2 214 If (Z)=0,then pc« (pc) +rel
Branch if plus :
10 | BPL rel 10 2 2/4 f(N)=0 thenpce (pc)+rel |ttt
11 | BRA rel 2F 2 4 Branch always : pc < (pc)+rel | --------
Branch if overflow bit clear :
12| BVC rel 30 2 214 If(V)=0,thenpc« (pc)+rel |77 77777
Branch if overflow bit set :
BO | 2 | g4 | BIERHEOVEIIDWRRSEL. L.
13 | BVS rel 0 2 214 If (V)=1,thenpc « (pc) +rel
14 | CALL !abs 3B 3 8 Subroutine call
M(sp) « (pch),sp«sp—1,
M(sp)<«(pcL),sp«sp-1, | ... ..
15 | CALL [dp] 5F 2 8 If labs, pc « abs ;
if [dp], pcL «— (dp ), pcw < (dp +1)
16 CBNE dp, rel FD 3 5/7 .
P Compare and branch if not equal :
if (A M), thenpc« (pc)+rel |77 777
17 CBNE dp+X, rel 8D 3 6/8 (A)7 (M) P (pe)
18 DBNE dp, rel AC 3 5/7 .
P Decrement and branch if not equal :
if (M) # 0, then pc c)+rel |77
19 DBNE Y, rel 7B 2 4/6 (M)# pe < (pc)
20 JMP labs 1B 3 3
21 | IMP [iabs] 1E 3 5 Uncor?dltlonal juywop:
pc « jump address
22 | JMP [dp] 3F 2 4
23 | PCALL upage 4F 2 6 U-pagecall e
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OP BYTE CYCLE FLAG
NO. MNEMONIC CODE NO NO OPERATION NVGBHIZC
M(sp) <« (pcu),sp<«sp-1,
M(sp) <« (pcL),sp<sp—-1,
pcL < (upage ), pcu « “OFFy”
Table call
M(sp) <« (pcu),sp<«sp-1,
24 | TCALL n nA 1 8 M(sp) <« (pcL)spesp—1, | rtotee--
pcL « ( Table vector L ), pcu < (Table vector H)
7.3.6 Control Operation / Etc
OP BYTE CYCLE FLAG
NO. MNEMONIC CODE NO NO OPERATION NVGBHIZC
Software interrupt : B « “1”,
M('sp) « (pCh), Sp « sp—1,
1 BRK OF 1 8 M(sp) <« (pcL), sp«<sp-1, ---1-0--
M(sp) <« (PSW),sp«sp—-1,
PCL < ( OFFDEy ), PCH < ( OFFDFy )
2 DI 60 1 3 Disable interrupt : | <0 | ----- 0--
3 El EO 1 3 Enable interrupt: l 2> | ----- 1--
4 NOP FF 1 2 No operaton |-
5 POP A oD 1 4
6 | POP X 2D 1 4 spesptlL AeM(sp) | oLl
sp«sp+1, X« M(sp)
sp«sp+1, Y« M(sp)
7 POP Y 4D 1 4 sp<«sp+1, PSW <« M(sp)
8 POP PSW 6D 1 4 restored
9 PUSH A OE 1 4
10 | PUSH X 2E 1 4 M(sp) <A sp<«sp-1
M(sp) <« X,sp«<sp-12 |
M(sp) <« Y,sp«sp-1
11 | PUSH Y 4E 1 4 M(sp ) < PSW, sp < sp- 1
12 | PUSH PSW 6E 1 4
Return from subroutine
13 RET 6F 1 5 Sp<«sp+ 1, pcL « M( sp ), """"
sp<«sp+1,pcy < M(sp)
Return from interrupt
14 | RETI 7F 1 6 Sp<sp+1,PSW <« M(sp), restored
sp<«sp+1,pc. « M(sp),
sp«sp+1,pcy « M(sp)
15 | STOP EF 1 3 Stop mode ( halt CPU, stop oscillator) | - - - - - - - -
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