CMOS single-chip 8-bit MCU
with 12-bit ADC and LDO

Main features

8-bit Microcontroller with high performance M8051 CPU

Basic MCU Function
— 6 Kbytes Flash Code Memory
— Code Area Protection
— 256 bytes SRAM Data Memory

Built-in Analog Function
— Power-On Reset and Low Voltage Indicator Reset
— Internal 32 MHz RC Oscillator

Peripheral features
— 12-bit Analog to Digital Converter with 2.5V LDO

I/0 and packages
— Up to 18 programmable I/O lines with 20pin package
— Package types 20QFN, 20TSSOP, 16SOPN

Operating conditions
— -40°C to 85°C temperature range
— 2.2V to 5.5V wide operation range

Application
— Battery charge & discharge control
— Small home appliance
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1 Overview

1.1. Description

The MC96F 1206 is an advanced CMOS 8-bit microcontroller with 6 Kbytes of FLASH. This is powerful microcontroller

which provides a highly flexible and cost effective solution to many embedded control applications. This provides the

following features :

6 Kbytes of FLASH, 256 bytes of SRAM, 16-bit timer/counter/PWM, Watchdog timer with

WDTOSC, 12-bit ADC with LDO, On-chip POR, LVI and LVR, Internal RC-Oscillator, Internal WDT-Oscillator and clock

circuitry. The MC96F 1206 also supports Power saving modes to reduce Power Consumption.

Device Name FLASH IRAM XRAM ADC /0 PORT Package
MC96F1206USBN 6 Kbytes 256 bytes - 15 inputs 18 20-QFN
MC96F1206RBN 6 Kbytes 256 bytes - 15 inputs 18 20-TSSOP
MC96F1206MBN 6 Kbytes 256 bytes - 12 inputs 14 16-SOPN
Table 1.1 Ordering Information of MC96F 1206

Device Nomenclature

MC96F1206 Family Name

MC96F1206

Pin count & Package type

US BN (M

us 20QFN

R 20TSSOP

M 16SOPN
RoHS

B Halogen Free
Bonding Wire

None Au wire
N Pd-Cu wire

Packing

M Tape & Reel

Figure 1.1

Device Nomenclature
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1.2 Features

e CPU
— M8051 (8051 Compatible, 2 clock per cycle)
e 6 Kbytes On-Chip FLASH

— Endurance : 10,000 times at room temperature
— Retention : 10 years
— Self-Writing (Code protect option)

® 256 bytes IRAM

e Input Output Ports
- GPIO 18
e Timer/Counter
— 16-bit x 2-ch (Timer0, Timer1)
— Basic Interval Timer
e PWM (16-bit 2-ch, Using Timer0,1)
e Watch Dog Timer
e 12-bit A/D Converter

— 15-Input channels

— Internal 2.5V LDO reference (option)
e Interrupt Sources

— External Interrupts (3, with PCI)

— Timer (2)

— ADC (1)

- BIT (1)

- WDT (1)

- LVI(1)

On-Chip RC-Oscillator
— 32MHz (£5%) Oscillator

On-Chip WDT-Oscillator
— 8kHz (+50%) Oscillator

Power On Reset

- 11V

Low Voltage Reset

- 1-Level (1.75 V)

Low Voltage Indicator

— 3-Level (21V,25V,3.5V)
Minimum Instruction Execution Time
— 125ns (@16MHz, NOP Instruction)
Power Down Mode

— IDLE, STOP1, STOP2 mode
Operating Frequency

- 16 MHz

Operating Voltage

- 2.2V~55V

Operating Temperature : 40 ~+85C

Package Type

— 20 QFN/TSSOP, 16 SOPN
— Pb free package

MC96F1206
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1.3 Development tools

1.3.1  Compiler

ABOV semiconductor does not provide any compiler for the MC96F1206. But the CPU core of MC96F 1206 is M8051
core, you can use all kinds of third party's standard 8051 compiler like Keil C Compiler, Open Source SDCC (Small
Device C Compiler). These compilers' output debug information can be integrated with our OCD2 emulator and
debugger. Refer to OCD2 manual for more details.

1.3.2 OCD2 emulator and debugger
The OCD2 emulator supports ABOV Semiconductor’s 8051 series MCU emulation.

The OCD2 interface uses two wires interfacing between PC and MCU which is attached to user’s system. The
OCD2 can read or change the value of MCU internal memory and 1/O peripherals. And also the OCD2 controls MCU
internal debugging logic, it means OCD2 controls emulation, step run, monitoring etc.

The OCD2 Debugger program works on Microsoft-Windows NT, 2000, XP, Vista (32-bit), 7, 8, 8.1 operating system.

If you want to see more details, please refer OCD2 debugger manual. You can download debugger S/W and manual
from our web-site.

MC96F1206 5
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1.3.3 OCD Port Operation

I
L TS
12 ms (+ 20%) @ Internal Ring OSC | |

16 ms (+ 20%) @ Internal Ring OSC

Configure Read

| | |
|

Intemal nPOR | : :

| | |

LVI RESETB | |

or LVR RESETB ool oot : :

ol pe— | |

| |

DSCL | H|H T : :

! B | |

DSDA : :

|

|

|

A————|-—-F

Intemal RESETb

A

TEST_MODE
(OCD Mode)

Figure 1.2 OCD Mode Sequence

The OCD port is used for flash program writing and device debugging. The device has a section that determines
whether to use it in that mode of POR. This is done when the internal reset is cleared and waiting to clear Configure
Read and Internal Reset. If the internal reset is cleared and DSCL and DSDA wait for a period of time from internal
pull-up 'high' to 'low', the internal controller for entering test mode is initialized. Then, when DSCA and DSCA
appointed communication, the test mode is entered.

As described above, OCD port is a port for special purpose. Even if it is used as Normal GPIO in User Program, it is
necessary to limit the state to prevent malfunction during POR. Therefore, it is recommended to connect Pull-up
Resistor to the outside of OCD Port and to fix OCD Port input to VDD / GND at POR. If it is difficult to apply pull-up on
the circuit, install at least 0.1uf bypass capacitor to prevent Floating state at POR. However, if you install a bypass cap,
you can not use on board writing and OCD Debugger.
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There are OCD2 mode connection

- P01 (MC96F1206 DSCL pin)
- P00 (MC96F1206 DSDA pin)

2 UserVCC
4 User GND

6 DSCL

8 DSDA

0O 0O 0 0o o

10

Figure 1.3 On Chip Debugger 2 and Pin description

E-PGM+, PGM Plus LC2, E-PGM+ Gang4/6

DSCL(I)

DSDA(l/0)

VDD

VSS

R1
(10kQ)

]

LI L) L]

R2 (0 ~ 200Q)

L
R1

]

(10kQ) % R2 (0 ~ 200Q)

To application circuit

L

. To application circuit

]
L

_— C1
(0.1uf)

L]

NOTE)

Figure 1.4 OCD Interface Circuit

1. In on-board programming mode, very high-speed signal will be provided to pin DSCL and DSDA. And it will
cause some damages to the application circuits connected to DSCL or DSDA port if the application circuit is
designed as high speed response such as relay control circuit. If possible, the 1/0 configuration of DSDA,
DSCL pins had better be set to input mode.

2. The value of R1, R2 and C1 is recommended value. It varies with circuit of system.

MC96F1206



MC96F1206 ABOV Semiconductor Co., Ltd.

OCD2 (On Chip Debug) Emulator
. MCU emulation control via 2pin or 3pin OCD interface.
. 2pin interface : OCD2 clock & data.

. 1pin option interface
- Support device OCD2 mode entry during user S/W is running.
- Support exact emulation time measurement.

. Higher interface speed than OCD dongle.

. Support newly added debugging specifications.
- Data access break (1, 2, 4bytes),
- internal OSC Frequency measurement and trimming, etc.

. Compact size.

. Cost effective emulator.

. Emulation & debugging on the target system directly.
. Real time emulation.

. PC interface : USB.

Debugger
. Operates with OCD2 emulator H/W.

. Integrated Development Environment (IDE).
Support docking windows and menus.

. Support Free run, Step run, auto step run.
. Support Symbolic debugging.
. Support Source level debugging.

i File View Emulation Break/Configure Test Window Help
EHR®ee® LA BE|02
i) Device name: OCD2 test
Disasm View R X Globalvar. 3 X Code View & X 7 startup.aSl x DA_Register_Driver.c -
il Bl E 91 EXTRN CODE (2C_START) 5
. 92
sr| Addr | Opcode | Mnemonic Type | attib__| Name [vallj Code : 00000 23 PUBLIC 2C_STARTUR
RECTTIN oC  [ADDC ARd unsigned it CODE _ICE_ DUMMY_ 03 addr [0 |1 |2 [3 |4 |5 [6[7 8] =
00001 84 Dv A8 00000 3C 84 FE EF 75 FO 3C 84 (5 s CSEC AT 0
00002 FE MOV REA 00010 25 64 00 20 20 20 20 00 00 GRTA R U I R 22 EI T
00003 EF MOV AR7 00020 00 00 00 00 00 00 00 E4 FF c c e
NI 77 L H S WKL 20 5 00030 E4 FF 12 43 8C EF 60 03 7F o RSEG  2C_CSLSTARTUR
00007 JETS DIV AB 00040 DB ED 24 FE 60 03 04 70 04 | 100 STARTUPL:
00008 ESFO MOV AOFG 00050 4F FF 22 EA FF FE 12 01 F4 101 IF IDATALEN <> 0
00004 6001 JZ 00000 0 A E— vl 00050 09 E9 70 F2 0A 80 EF 22 4 9 »OV RO, $IDATALEN - 1
ooooC 02 INC RE 00070 05 EF 7C 00 7D 64 AE 04 AF c 2
Q000D AFDS MOV R7.006 e 000ED 04 TF 02 80 05 90 03 A7 EO [LAIALOCE: VOV (RO,
0000F 22 RET TR @ x 00090 94 07 50 OC 74 72 2F F5 82 - DNZ - RO, IDATRLOOR
00010 2564 ADD ADG4 000A0 22 32 32 32 32 00 33 33 33
00012 00 NOP RO RL RZ R3 R4 RS R6 R7 000B0 05 13 88 03 78 01 7A 00 79 F RDATALEN <> 0
00013 202020 JB 024000036 000C0 E4 FD FC 02 JE 95 EF 75 FO ov DPTR, #XDRTASTART
v #0 |00 foo [oo oo |00 fo0 |00 |00 v
[T 200000 J8  020.0,00019 [0 Joo oo [0 foo [oo [ao foo 000D0 35 FO FA 7B FF 22 12 7A 3E 0.5C 40 BT, #LOW (XDRTALEN)
00019 00 NOP I~ #1[o0 [oo [oo [eo [00 [oo [0 oo OODEQ Ol F5 83 E0 FF 22 EF 75 FO 111 IF (LOW (XDATALEN)) <> 0
0001A 00 NOP . 112 MOV RG,#(HIGH (NDATALEN)
emi e ™ #2[ o0 [0 [oo [0 [00 [0 [0 [oo- 000F0 35 FO FA 7B FF 22 EF 70 04 fEPR—
0001C 00 NOP I #3 00 [00 [00 [0 [o0 [oo [0 [0 IE: . MOV RE, $HIGH (XDATALEN)
o001 o0 NOP CY AC FO RS1 RSO OV FL PA <[ i v ] CIR 3
XDATALOOE: MOVE @DPTR, R
< o) oew ofofofolefofele]f st View ax e e
Iram View p x ACC |00 DPTR | 0000 Bl DJNZ  R7,XDAT
4434 c DINZ  R6,DAT
7 8 [oo ec [ooom | Xaddr : 00000 121 ENDIF
IRAM : 000 Sirview ax addr Jo |1 |2 s |a |56 |7 fe-f| 222 Jﬂ
Addr [0 [1 ]2 3 [4]5]6 (7437 00000 00 00 00 00 00 00 00 00 ( | |4 »
00000 007 001007 100" 00 00 00 0 | ~SFR 080 00010 00 €0 00 00 00 00 00 00 O\ =
o ————————— 00020 00 00 00 00 00 00 00 00 (
o00z0 [ORIooN N icol oNoomioonn 1 o [1 ]2 |3 [« [5 |6 |7 |8 [9co030 0o 00 0O 00 00 00 0O 0O ( | Emulation & breakinformation will be displayed here.
00020 00 00 00 00 0 00 00 = C00EC D0 07 00 00 00 45 95 00 FE 0 00040 0O 00 00 00 00 00 00 00 O gz
00020 00 00 00 00 00 00 Q0 Of | 00080 38 00 00 07 00 00 F3 FF 00 0 00CS0 00 00 00 00 00 00 00 00 C | progidetected!
000A0 00 00 00 FO FF FF 00 00 OO F OOOGC 0O 00O 00 00 00 OO 0O 00 ( Next PC = 0:x00001
00050 00 00 00 00 00 00 00 O
00060 00 00 00 00 00 00 00 o | 00CBO 00 FO FF FO FF 00 00 00 07 000070 00 0O 00 00 00 00 00 00 ( || fOSCcount,000,000,000,002
20070 00 90 00 00 00 00 00 o 000CO 00 00 00 00 0O GO 00 0O 0O 0 00030 00 00 03 00 00 00 0O 00 (| Emuistiontime -00:00:00 000ms000.2us
00080 00 00 00 |00 60 00 00 o | 000DO 00 00 00 00 00 0O 00 00 00 500090 00 00 00 00 00 00 00 00 C
00030 100 00 00 |00 60 00 00 o |OCOEO 00 28 00 00 00 0O 00 00 OO Of00OAC 00 00 00 00 00 00 00 00 C
000AD 00 00 00 00 00 00 Q0 o O0OFO 00 00 00 00 00 00 00 00 00 O 0CBO 00 00 0O 00 00 00 0O 00 C
00050 I e R B e Bt ™ 000CO 00 00 00 00 00 00 00 00 C~
AnACA < . ] < | [ » | 000D0 < | 1 » K 4 » M Status  Breaks = T4BZ
Ready CAP NUM SCRL Connected

Figure 1.5 OCD Debugger
Support Devices
. MC95xxxx
. MC96xxxx
. MCO7xxxx
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1.3.4 Programmer

E-PGM +

*  Support ABOV / ADAM devices
*  2~5times faster than S-PGM+
*  Main controller : 32 bit MCU @ 72MHz

«  Buffer memory : 1 MByte

ABOV
E-PGM+

0 @0

=8 22 ysmri20 DC10~-15V  S/W
F’ _i . ON

Enter Key Connector.
To connect with the auto-
handler

Power DC 10 ~ 15V

_ I . MCU RX

ns-232 I SWO

1

2.VDD

3. MCU TX

4. GND

5. Run Flag or Boot Pin
6

7

8

9

1

. Serial Clock

. GND

. Serial Data

. N/A

0. VPP or Reset Pin

For ISP(In-System-Programming) For Barcode reader

Figure 1.6 PGMplus USB
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PGMPlusLC 2
Description
PGMPIusLC2 is for ISP (In System Programming). It is used to write into the MCU
Which is already mounted on target board using 10pin cable.

Features
*  PGMplusLC2 is low cost writing Tool.
+ USB interface is supported.
*  Not need USB driver installation.
»  Connect the external power adaptor (5v@2A).
*  Fast 32-bit Cortex-M3 MCU is used.
*  Supported high voltage Max 18V.
* PGMplusLC2 is based on PC environment.
*  PGMplusLC2 is faster than PGMplusLC.
»  Transmission speed is 64Kbyte/s

2.vVdd

4. GND

6. Serial Clock
8. Serial Data
10. Vpp

Figure 1.7 PGMplusLC Writer
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E-PGM+ Gang4/6

*  Product name : E-PGM+ GANG 4

»  Dimension(x, y, h) : 33.5 x 22.5 x35mm
*  Weight : 2.0kg

*  Input Voltage : DC Adaptor 15V/2A

*  Power Consumption :

*  Operating Temp : -10 ~40°C
+  Storage Temp : -30 ~80°C
*  Water Proof : No

*  Product name : E-PGM+ GANG 6
*  Dimension(x, y, h) : 148.2 x 22.5 x35mm
*  Weight : 2.8kg

*  Input Voltage : DC Adaptor 15V/2A
*  Power Consumption :

*  Operating Temp : -10 ~40°C
»  Storage Temp : -30 ~ 80°C
*  Water Proof : No

Figure 1.8 Gang Programmer
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Block diagram

0oCD2

On- Chip Debugger2

M8051
CORE

FLASH
(6K byte)

IRAM
(256 bytes)

Power On
Reset

Low Voltage
Indicator

INT-RC
0OSC 32MHz

INT-WDT
OSC 8KHz

Voltage
Down
Convertor

Low Voltage
Reset

PO
PORT

P1
PORT

P2
PORT

BIT

g8 ¢ 8 ¢

WDT
(WDTOSC)

2.5V LDO

AREF

12 bit ADC

SRR -

AN15/BMRJ

P04/PWMO0Q) <€—
P04/PWM10) <€— Timer
&
Poo/ECOQ —»  PWM
P13/EC1Q —P
POZ/INTOI —>
> Interrupt
P13/INT1 Cintroller
T PCl
P1[7:0]1Q — PCI
System &
RESET/P02Q — Clock
Control
\I/ 1

VvDD VSS

P00- PO7

P10- P17

P20- P21

ANO/P0O0O
AN1/PO1
AN2/P03
AN3/P04
AN4/P05
AN5/P06
AN6/P07
AN7/P10
AN8/P13
AN9/P14
AN10/P15
AN11/P16
AN12/P17
AN13/P20
AN14/P21

Figure 2.1

Block diagram of MC96F 1206
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3 Pin assighment

RESETB/INTO0/P02

AN2/P03
AN3/P04
AN4/P05
AN5/P06

P01/AN1/DSCL

()20 ]

AN6/PO7 | 6 |

POO/ANO/ECO/DSDA

vDD

[ 19 |

L7 ]

AN7/P10

VSSs
P21/AN14

[ 16 ]

P20/AN13

P17/AN12

P16/AN11

P15/AN10

P14/AN9

[ 10 ]

EC1/INT1/AN8/P13

Figure 3.1

MC96F 1206 20QFN assignment

AN3/PO4| 6 |
AN4/P05
AN5/PO6| 8 |
AN6/PO7| 9 |

AN7/P10

VSS

P21/AN14
P20/AN13
P17/AN12
P16/AN11
P15/AN10
P14/AN9
P13/AN8/INT1/EC1
P12

P11

Figure 3.2

MC96F1206 20TSSOP assignment

MC96F1206
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vss
DSDA/ECO/ANO/P00 P21/AN14

DSCL/AN1/PO1 P20/AN13
P17/AN12
AN2/P03 P16/AN11

AN3/P04| 6 |
AN4/PO5
AN5/P06| 8 |

P15/AN10
P14/AN9

| 9 |P13/ANS/INT1/ECT

Figure 3.3 MC96F 1206 16SOPN assignment

NOTE)

1. The P07, P10-P12 pins should be selected as a push-pull output or an input with pull-up resistor by software control
when the 16SOPN package is used.
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4 Package Diagram

[ v | prs— [oore | e | arow
| — [ cenerate | tomerte | amkm [ vachae
|_ o2
- | Nd
20 20
_ - 1 I MILLIMETER
| -] L{'J U U U ! s A
| | A 0.70 | o.7s 0. 80
. ‘ 9 T e 1 Al —_ u.ipz o 0_5
i b 0.15 | 0.20 | 0.25
5 ‘ - [ r 018 | ozo0 | oz
_ | .ﬁ" — D 290 | 300 | 310
‘ D2 155 | 165 | 175
) ( < 0. 40BSC
Ne 1. 60BSC
| = < ~a T Gossc
E 290 | 3.00 [ 310
l 1 | f‘w ﬂ r\l E2 155 | 1.65 | 1.78
L 0.35 | 0.4 | 045
e b
4Hk h 0.20 | 0.25 | 0.30
EXPOSED THERMAL /
PAD ZONE BOTTOM VIEW
<
= — i
= — — LI
z| NOTES:
1. DIMENSION "o APPLIED TO METALLIZED TERMINAL AND IS MEASURED BETWEEN
0.15MM AND 0.30MM FROM THE TERMINAL TIP
IF THE TERMINAL HAS OPTIONAL RADIUS ON THE OTHER END OF THE TEMINAL.
THE DIMENSION &' SHOULD BE MEASURED IN THAT RADIUS AREA.
LIST OF MATERIAL AND APPLICASLE DOCUMENTS
e [PV EC R v
S | B e am QFN 3X3MM 20LD
PROUECTION S EHECHED: YU CHAE PACKAGE OUTLINE
urasss — | =
srecwiEn — | e APPROVED: vy CHAE
Py DRANING NUMBER: REv. | seeew
ABOV SEMICONDUCTOR|  oan-0303207x OQN-0303207X 1 0F 1
Figure 4.1 20 QFN Package
o COMMON DIMENSIONS
{UNITS OF MEASURE=MILLIMETER)
SYMBOL MIN NOM MAX
A - - 1.20
A1 0.05 — 0.15
A2 0.80 1.00 1.05
b 0.19 - 0.30
b1 0.19 022 0.25
c 0.09 — 0.20
& c1 0.09 — 0.16
D 6.40 6.50 6.60
E1 4.30 440 4.50
E 6.20 6.40 6.60
e 0.65 BSC
L 0.45 0.60 0.75
L1 1.00 REF
) > [ - T =
NOTES:
1. ALL DIMENSIONS REFER TO JEDEC STANDARD MO-153-AC.
2. DIMENSION 'D" DOES NOT INCLUDE MOLD FLASH, PROTRUSIONS OR GATE
BURRS. MOLD FLASH, PROTRUSIONS OR GATE BURR SHALL NOT EXCEED
<= 0.15MM PER SIDE.
_ 3. DIMENSION 'E1" DOES NOT INCLUDE INTERLEAD FLASH OR PROTRUSICN.
= INTERLEAD FLASH OR PROTRUSION SHALL NOT EXCEED 0.25MM PER SIDE.
4. DIMENSION 'b" DOES NOT INCLUDE DAMBAR PROTRUSION. ALLOWABLE
DAMBAR PROTRUSION SHALL BE 0.08MM TOTAL IN EXCESS OF THE 'b’
DIMENSION AT MAXIMUM MATERIAL CONDITION.
5.'A1" 1S DEFINED AS THE VERTICAL DISTANCE FROM THE SEATING PLANE TO
b THE LOWEST POINT ON THE PACKAGE BODY.
GAUGE PLANE 0.26 ]
! LIST OF MATERIAL AND APPLICABLE DOCUMENTS
f soas NONE | PATE oy oy | BRAN IS, KANG
ENSoRL =0 [ ENGINEER: kM TSSOP 4.4MM 20LD
N PROECTION CHECKED: vy cHAE PACKAGE OUTLINE
LEAD FORM PART SECTION B-B wusss gy
_— E— sPECFIED AFPROVED ). cHAE
CAD NAME. DRAVING NUMBER: =0 SHEET:
ABOV SEMICONDUCTOR OTS-4400020 OTS-4400020 — 1 OF 1

Figure 4.2

20 TSSOP Package
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2 L2 COMMON DIMENSIONS
ﬂjf {UNITS OF MEASURE=MILLIMETER)
7 I H SYMBOL | MIN NOM MAX
HHHA[ARAE Jl e
£ Al 010 — 035
PIN 1 INDEX AR 195 — —
b 0.3 - 051
. - b1 0.28 - 0.48
( } = - wf c 010 - 026
\__/ ct 010 - 023
) | D 9.70 9.90 10.20
' = N e E 580 600 520
f L | = E1 170 190 420
_.EL_ e 1.27 BSC
L 040 | — | 127
B B L1 1.04 REF
0.25BSC
h 025 | — [ 0%
6 T = [ #

NOTES:
1. ALL DIMENSION REFER TO JEDEC STANDARD MS-012-AC.

2. DIMENSION 'D' DOES NOT INCLUDE MOLD FLASH, PROTRUSIONS OR GATE
BURR. MOLD FLASH, PROTRUSIONS OR GATE BURRS SHALL NOT EXCEED
0.15MM PER END. DIMENSION 'E1' DOES NOT INCLUDE INTERLEAD FLASH
OR PROTRUSION. INTERLEAD FLASH OR PROTRUSION SHALL NOT EXCEED
0.25MM PER SIDE

b 3. DIMENSION 'b" DOES NOT INCLUDE THE DAMBAR PROTRUSION.
ALLOWABLE DAMBAR PROTRUSION SHALL BE 0.10MM TOTAL IN EXCESS
‘ OF THE 'b’ DIMENSION AT MAXIMUM MATERIAL CONDITION.

/ .
L DS amy, | COERMCET | ENCOEET ) Kk SOP 150MIL 16LD
PROJECTION CRECKED' v, CHAE PACKAGE OUTLINE

UNLESS by |
seecmeD S = | e HEPSART WlaOHAE

SECTION B-B CADHAME: CRANING NUNBER:
ABOV SEMICONDUCTOR| 5501500015 050-1500016

A1

LIST OF MATERIAL AND APPLICABLE DOCUMENTS

o SCALE: NONE | PTSqaryy | PP 15, KaNG | TTE

BASE METAL WITH PLATING

REV. SHEET:

1 OF 1

Figure 4.3 16 SOPN Package
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5 Pin Description

NPIN /10 Function @RESET Shared with
ame
P00 Port PO ANO/ ECO/ DSDA
8-bit 1/0 Port
PO1 Can be set in input or output mode in 1-bit units AN1/DSCL
P02 Internal pull-up register can be selected by software INTO/ RESETB
P03 when this port is used as input port AN2
/o | Open Drain enable register can be selected by Input
P04 software when this port is used as output port AN3/ PWMO/ PWM1
P05 AN4/ PWMO0/ PWM1
P06 AN5/ PWMO/ PWM1
P07 AN6/ PWMO/ PWM1
P10 Port P1 AN7
8-bit 1/0 Port
PN Can be set in input or output mode in 1-bit units
P12 Internal pull-up register can be selected by software
when this port is used as input port
P13 | /O | Open Drain enable register can be selected by Input ANB/ INT1 / EC1
P14 software when this port is used as output port AN9/ PWMO/ PWM1
P15 AN10/ PWMO0O/ PWM1
P16 AN11/ PWMO/ PWM1
P17 AN12/ PWMO0O/ PWM1
Port P2
Can be set in input or output mode in 1-bit units
I/O | Internal pull-up register can be selected by software Input
when this port is used as input port
P21 Open Drain enable register can be selected by AN14
software when this port is used as output port
VDD Power Supply
VSS System Ground
Table 5.1 Pin Description

NOTE) when using ports as PWMO or PWM1 output port, set corresponding PSRPWM (PWM Port Selection
Register. (0xDE)
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6

Port Structure

OPEN-DRAIN REGISTER

(_ SUB-FUNCENABLE )

DATA REGISTER

DIRECTIOMN REGISTER

(_SUB—F UNC OUTPUT DATA)—L

(" SUB-FUNC DIRECTION _}———t—

PORTx INPUT

SUB-FUNGC INPUT —C_

MUK

Schmitt Level Input

( Digital Input blocking enable }

=

-

(- Analog Channel enable }

ANALOG INPUT

PULL-LUF REGISTER

VDD

D(

|

Figure 6.1

Second Function I/O Port
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7 Electrical Characteristics

71 Absolute Maximum Ratings

Parameter Symbol Rating Unit Note
Supply Voltage VDD -0.3~+6.5 \% -
\' -0.3~VDD+0.3 \Y o
Voltage on any pin with respect to VSS
Vo -0.3~vVDD+0.3 \Y
) loH -15 mA Maximum current output sourced by (lon per 1/O pin)
Normal Voltage Pin -
Ylon -80 mA Maximum current (3 lon)
loL 30 mA Maximum current sunk by (loL per 1/0O pin)

YloL 160 mA Maximum current (¥loL)
Total Power Dissipation P 400 mwW -
Storage Temperature Tste -65~+150 °C -

Table 7.1 Absolute Maximum Ratings

NOTE) Stresses beyond 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 beyond
those indicated in the operational sections of this specification is not implied. Exposure to absolute
maximum rating conditions for extended periods may affect device reliability.

7.2 Recommended Operating Conditions
Ta=-40°C ~ +85°C)

Parameter Symbol Conditions MIN TYP MAX Unit
Operating Voltage VDD fx=1, 4, 8, 16MHz Internal RC 2.2 - 55 V
Operating Temperature Topr VDD=2.2~5.5V -40 - 85 °C
Table 7.2 Recommended Operating Conditions
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7.3 A/D Converter Characteristics
(TA=-40TC ~ +85C, VDD= 2.2V ~ 5.5V, VSS=0V)

Parameter Symbol Conditions MIN TYP MAX Unit
Resolution - - — 12 - bit
Integral Non-Linearity INL - - 4
Differential Non-Linearity DNL Analog Reference - - *1

Voltage = 2.5V ~ 5.5V LSB
Zero Offset Error ZOE fx= 8MHz -3 - +7
Full Scale Error FSE - - 13
Conversion Time tcon - 60 - Cycle
Analog Input Voltage VAIN - VSS - VDD \Y,
VDDREF NOTE 2.2 - VDD
Analog Reference Voltage \%
LDOREF - - 25 -
Analog Input Leakage Current IAIN VDDREF=5.12V - - 2 uA
. Enable - 1 2 mA
ADC Operating Current lanc - VDD=5.12V
Disable - - 0.1 uA

Table 7.3 A/D Converter Characteristics

NOTE) When Analog Reference Voltage is lower than 2.5V, the ADC resolution is worse.
ADC zero offset value (-3LSB ~ 7 LSB) is addressed at 0x1868 of option memory. (@ LDOREF)

7.4 Low Drop Out Characteristics
(TA=-40°C ~ +85°C, VDD=2.7 ~ 5.5V, VSS=0V)

Parameter Symbol Condition MIN TYP MAX Unit
Operating Current Iop - - - 200 uA
Load Current ILoaD - - 1 - mA
-40°C ~ 85°C 2.450 25 2.550 \Y
LDO Output Voltage Vipo
25°C 2.475 25 2.525 \Y

Table 7.4 Low Drop Out Characteristics

7.5 Power-On Reset Characteristics
(Ta=-40°C ~ +85°C, VDD=2.2 ~ 5.5V, VSS=0V)

Parameter Symbol Conditions MIN TYP MAX Unit
RESET Release Level Vpor - 0.9 1.1 1.3 \%
VDD Voltage Rising Time tr 0V to 2.0V 0.05 - 5 V/ms
POR Current Ipor - - 0.1 - uA
Table 7.5 Power-On Reset Characteristics
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7.6 Low Voltage Reset and Low Voltage Indicator Characteristics

(Ta=-40°C ~ +85°C, VDD=5.0V, VSS=0V)

Parameter Symbol Conditions MIN TYP MAX Unit
- 1.80 1.95
1.6 2.1 2.6
Detection Level VLvr The LVR can select all levels but LVI v
Vivi can select other levels except 1.80V 2.0 25 3.0
3.0 3.5 4.0
Hysteresis AV - - 50 - mV
Minimum Pulse Width fiw - - 500 - us
LVR 1.80V - 1 -
LVR and LVI Current IsL VDD=5V uA
LVR/LVI except 1.80V - - 50

Table 7.6 LVR and LVI Characteristics

NOTE) LVR 1.80V is always ON.

7.7 Internal RC Oscillator Characteristics

(Ta=-40°C ~ +85°C, VDD=2.2V ~ 5.5V, VSS=0V)

Parameter Symbol Conditions MIN TYP MAX Unit
Frequency firc Vbp =2.2 ~5.5V - 32 - MHz
Ta=25°C With 0.1uF - - +2.0
Tolerance - S S Bypass %
Ta =-40°C to +85°C capacitor - - +5.0
Stabilization Time Thrs - - 1 - ms
Enable - 04 - mA
IRC Current lirc -
Disable - - 0.1 uA
Table 7.7 Internal RC Oscillator Characteristics

NOTE) A 0.1uF bypass capacitor should be connected to VDD and VSS.

7.8 Internal WDT Oscillator Characteristics

(TaA=-40°C ~ +85°C, VDD=2.2V ~ 5.5V, VSS=0V)

Parameter Symbol Conditions MIN TYP MAX Unit
Frequency fwpTrC - 4 8 12 kHz
Stabilization Time twoTs - - 1 - ms
Enable - 5 -

WDTRC Current IwbTre - uA
Disable - - 0.1

Table 7.8 Internal WDT Oscillator Characteristics
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7.9 DC Characteristics
(Ta=-40°C ~ +85°C, VDD=2.2V ~ 5.5V, VSS=0V, fx=8.0MHz)

Parameter Symbol Conditions MIN TYP MAX Unit
Input High Voltage Vin PO, P1, P2 0.8vDD - VDD \Y,
Input Low Voltage ViL1 PO, P1, P2 - - 0.2vDD \Y,
VDD=3.3V, lon=-5mA,
Output High Vot All output ports VDD-1.5 B B v
Voltage VDD=5V, lon=-10mA,
VoH2 All output ports VDD-1.5 - - \%
Output Low Voltage VoL loL= 20mA,All output ports - - 1.0 \%
Input High Leakage .
Current IiH All input ports -1 - 1 uA
Input Low Leakage .
Current I All input ports -1 - 1 UuA
. V=0V, Ta= 25°C
Pull-Up Resistor Rpu1 All Input ports 25 50 100 kQ
loos Run Mode, fx=8 MHz - 3 5 mA
(RUN) ’
libb2 —
(IDLE) IDLE Mode, fx=8 MHz - 2 5 mA
Supply Current o3
(STOP1) STOP1 Mode, WDTRC Enable - 2 35 uA
Iob4 .
(STOP2) STOP2 Mode, WDTRC Disable - 1.5 30 uA
Table 7.9 DC Characteristics
NOTE) STOP1: WDT only running, STOP2: All function disable.
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7.10 AC Characteristics
(Ta= -40°C ~ +85°C, VDD=2.2V ~ 5.5V)

Parameter Symbol Conditions MIN TYP MAX Unit
RESETB input low width trsT Input, VDD=5V - 500 - us
Interrupt input high, low width tt|\|/\\/lvl1 All interrupt, VDD=5V 125 - - ns
External Counter Input High, tecwH, _ _
Low Pulse Width teowt ECn, VDD=5V (n=0, 1) 125 - - ns
External Counter Transition Time trec, treC ECn, VDD=5V (n=0, 1) - - 20 ns
Table 7.10 AC Characteristics
B tiwL P tIWH R
External 0.8vDD
Interrupt
N + 0.2VDD
J tRST R
RESETB
X + 0.2VDD
J tECWL 1L tECWH R
«— tFEC — tREC
ECn 0.8vDD
X + 0.2VDD

Figure 7.1 AC Timing
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711

Operating Voltage Range

16 MHz -1

1 MHz

(fx=1, 4, 8, 16 MHz)

Supply voltage (V) 55

Figure 7.2 Operating Voltage Range
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7.12 Typical Characteristics

These 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 - 30)
respectively where o is standard deviation.

0.7

0.6

0.5

0.4

0.3

0.2

0.1

y |

yd

=4—=\VDD 5.0V

—#—VDD 3.3V

-
P
v

S5SmA 10mA 15mA 20mA

Figure 7.3 Output Low Voltage (VoL)
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Figure 7.4 Output High Voltage (VoH1)

Figure 7.5

Output High Voltage (Von2)
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3.4 18
_ — + ’ . A
—+—RUN Mode[mA] ’/
- IRC 16MHz 14 /
) —m—RUN Mode[mA] 12 —4—STOP1 Mode[uA]
IRC 8MHz / LVI OFF
10
mA 24 - RUN Mode[mA] / —li—STOP2 Mode[uA]
- & IRC 4MHz uA 8 / LVI ON
i | DLE Mode [MmA] 6 ./ STOP2 Mode[uA]
19 | . o IRC 1MHz LVI OFF
- 4
RV —fe=IDLE Mode[mA]
— IRC 8MHz 2 e — t—
(P
1.4 0] T 1
2.2V 3.3v 5.0V 5.5V 2.2V 3.3V 5.0V 5.5V
Figure 7.6 Power Supply Current (RUN, IDLE) Figure 7.7 Power Supply Current (STOP1, STOP2)
4.00%
3.00% — = —
2.00% .__.___.?——l—
1.00% ——40 C
0.00% . w20
22\ 3.3V 5.0v 55V 25°C
-1.00% .
—60C
-2.00% 85 ¢
-3.00%
-4.00% e — S & —X
-5.00%

Figure 7.8

IRC Tolerance
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7.13 Recommended Application Circuit

For the microprocessor and other devices in the system to function correctly, it is also necessary to monitor the supply
voltage during operations. Voltage drops or glitches on the power supply lines, can cause unwanted changes in the
internal registers, which can lead to instructions being incorrectly executed, incorrect output signals and errors in the
operations results. If noise is applied to the VDD rising slope due to external factors during the POR, the
microprocessor may malfunction because the microprocessor continues to operate and does not recognize that the
voltage has fallen below the threshold due to the internal RC time constants. Therefore, VDD / GND requires a power
capacitor for VDD drop and a decoupling capacitor for high frequency noise. Normally, electrolytic / tantalum
capacitors of 10uf / 9V or more are recommended for power capacitors and multilayer ceramic capacitors of 0.1uF or
more are recommended for decoupling capacitors. Decoupling capacitors should be placed as close as possible to the

m iCI’OpI’OCGSSOI’.

This 0.1uF capacitor should
be within 1cm from the VDD
pin of MCU on the PCB
layout. \

O voopo—;

921Ad
<
w
w

the PCB layout.

Figure 7.9 Recommended Power Circuit part when using DC Power.
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8

Memory

The MC96F 1206 addresses two separate address memory stores: Program memory and Data memory. The logical
separation of Program and Data memory allows Data memory to be accessed by 8-bit addresses, which can be more
quickly stored and manipulated by 8-bit CPU. Nevertheless, 16-bit Data memory addresses can also be generated
through the DPTR register.

Program memory can only be read, not written to. There can be up to 64Kbytes of Program memory. In the
MC96F 1206 FLASH version of these devices the 6 Kbytes of Program memory are provided on-chip. Data memory

can be read and written to up to 256 bytes internal memory (DATA) including the stack area.

8.1 Program Memory

A 16-bit program counter is capable of addressing up to 64Kbytes, but this device has just 6 Kbytes as program

memory space.

0 shows a map of the lower part of the program memory. After reset, the CPU begins execution from address 0000H.
Each interrupt is assigned to a fixed address in program memory. The interrupt causes the CPU to jump to that
addressed, where it commences execution of the service routine. External interrupt 0, for example, is assigned to
address 0003H. If external interrupt O would be requested, its service routine must begin at location 0003H. When the
interrupt is not used, the ROM address is used as general purpose program memory. If an interrupt service routine is
short enough (as is often the case in control applications), it can reside entirely within that 8-byte interval. Longer

service routines can use a jump instruction to skip over subsequent interrupt locations, if other interrupts are in use.

17FFH

-

W
o
53 Program Memory Areas % 0060H 32bytes
B 6Kbytes % 005FH Configuration Areas 2
\\\Q 0040H 32bytes
003FH Configuration Areas 1
0020H 32bytes
\ 001FH Configuration Areas 0
0000H & 0000H 32bytes
Figure 8.1 Program Memory

— User Function Mode: 6 Kbytes Included Interrupt Vector Region
— Non-volatile and reprogramming memory: Flash memory based on EEPROM cell
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8.2 Data Memory

FFH FFH
Upper 128bytes Special Function Registers
internal RAM 128bytes
(Indirect Addressing) (Direct Addressing)
80H 80H
7FH

Lower 128bytes
internal RAM
(Direct or Indirect
Addressing)

00H

Figure 8.2 Data Memory Map

The internal data memory space is divided into two blocks, which are generally referred to as the lower 128 bytes,

upper 128 bytes and SFR space.

Internal Data memory addresses are always one byte wide, which implies an address space of only 256bytes.
However, the addressing modes for internal RAM can in fact accommodate 384 bytes, using a simple trick. Direct
addresses higher than 7FH access one memory space and indirect addresses higher than 7FH access a different
memory space. Thus 0 shows the upper 128 and SFR space occupying the same block of addresses, 80H through

FFH, although they are physically separate entities.

The lower 128 bytes of RAM are present in all 8051 devices as mapped in 0. The lowest 32 bytes are grouped into 4
banks of 8 registers. Program instructions call out these registers as RO through R7. Two bits in the Program Status
Word select which register bank is in use. This allows more efficient use of code space, since register instructions are

shorter than instructions that use direct addressing.

The next 16 bytes above the register banks form a block of bit-addressable memory space. The 8051 instruction set
includes a wide selection of single-bit instructions, and the 128 bits in this area can be directly addressed by these

instructions. The bit addresses in this area are 00H through 7FH.

All of the bytes in the lower 128 bytes can be accessed by either direct or indirect addressing. These spaces are used

for data RAM and stack. The upper 128bytes RAM can only be accessed by indirect addressing.
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[ TFH J|7r|7e|{7D|7C|7B|7A| 79| 78
77176 75|74 [ 73|72 71| 70
6F [6E [6D|6C|6B|6A |69 |68
. 67|66 (65|64 |63|62|61]60
General Purpose 5F |5E | 5D | 5C 5B | 5A| 59 | 58
80bytes < Register 57|56 |55 |54 |53|52|51|50
g 4F |[4E|4D|4C|4B[4A[ 49| 48
47 |46 | 45|44 [ 43|42 |41 40
3F|3E|{3D|3C|3B|3A[39]38
\. 30H 37(36(35[34(33[32|31[30
2FH 2F [2E|2D|2C|2B|2A |29 28
2726|2524 (23|22 [21]20
16bytes Bit Addressable 1F[1E[1D[1C[1B[1A|19] 18
(128b't3){ 171615 [14 [13[12]11] 10
20H OF |oE|{0D|0C|0B|0A|09]08
8bytes b Register Bank 3 o [07]06]05]04]03]02101]00
\8H (8bytes)
17H
Register Bank 2
8bytes { 10H (8bytes)
OFH Register Bank 1 R7
8bytes { - (8bytes) =5
07H Register Bank 0 | Ei
8bytes { g(8bytes) =3
00H ™
R1
RO

Figure 8.3 Lower 128 bytes RAM
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8.3 SFR Map

8.3.1 SFR Map Summary

OH/8H 1H/9H 2H/AH 3H/BH 4H/CH 5H/DH 6H/EH THIFH
F8H IP1
FOH B FEARL FEARM FEARH
ES8H FEMR FECR FESR FETCR
EOH ACC P2PU
D8H P1PU PSRO PSR2 PSR3 PSRPWM
DOH PSW POPU
C8H
COH P20D
B | N R R i I B
B0 I I I B
ASH IE IE1
AOH LDOCR EO EIENAB EIFLAG EIEDGE EIPOLA EIBOTH
98H P20 PCl1
90H P2 P110 ADCM1 ADCM ADCRL ADCRH
88H P1 POIO SCCR BCCR BITR WDTMR /\)’VVDDTTgR LVIR
80H PO sP DPL DPH DPL1 DPH1 RSFR PCON

Table 8.1 SFR Map Summary

NOTE) the registers of which lower 3-bit address are 000 are bit-addressable

8.3.2 8051 Compiler Compatible SFR

ACC (Accumulator) : EOH
7 6 5 4 3 2 1 0

RW RW RW RW RW RW RW RW
Initial value : 00H

ACC Accumulator

B (B Register) : FOH
7 6 5 4 3 2 1 0

RW RW RW RW RW RwW RwW RW
Initial value : 00H

B B Register
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SP (Stack Pointer) : 81H
7 6 5 4 3 2 1 0

RW RW RW RW RW RW RwW RW
Initial value : 07H

SP Stack Pointer

DPL (Data Pointer Low Byte) : 82H
7 6 5 4 3 2 1 0

RW RW RW RW RW RW RW RW
Initial value : 00H

DPL Data Pointer Low Byte

DPH (Data Pointer High Byte) : 83H
7 6 5 4 3 2 1 0

RW RW RW RW RW RW RW RW
Initial value : 00H

DPH Data Pointer High Byte

DPL1 (Data Pointer1 Low Byte) : 84H

7 6 5 4 3 2 1 0
| DPL1

RW RW RW RW RW RW RW RW
Initial value : 00H

DPL1 Data Pointer1 Low Byte

DPH1 (Data Pointer1 High Byte) : 85H

7 6 5 4 3 2 1 0
| DPH1

RW RW RW RW RW RW RW RW
Initial value : 00H

DPHA1 Data Pointer1 High Byte
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PSW (Program Status Word) : DOH

7 6 5 4 3 2 1 0
| o | ~ | m RSt RSO ov F1 P
RW RW RW RW RW RW RW RW
Initial value : 00H

CY Carry Flag
AC Auxiliary Carry Flag
FO General Purpose User-Definable Flag
RS1 Register Bank Select bit 1
RSO Register Bank Select bit 0
ov Overflow Flag
F1 User-Definable Flag
P Parity Flag. Set/cleared by hardware each instruction cycle to

indicate an odd/even number of ‘1’ bits in the accumulator

EO (Extended Operation Register) : A2H

7 6 5 4 3 2 1 0
| - - | - | - - - - DPSELO
R R R RW R R R RW
Initial value : 00H
DPSEL Select Banked Data Point Register
0 DPTR = {DPH, DPL}
1 DPTR1 = {DPH1, DPL1}

MC96F1206 33



MC96F1206 ABOV Semiconductor Co., Ltd.

9 1/0 Ports

9.1 1/0 Ports

The MC96F 1206 has eighteen 1/O ports (PO, P1 and P2). Each port can be easily configured by software as 1/O pin,
internal pull up and open drain pin to meet various system configurations and design requirements. Also P1 includes

function that can generate interrupt according to change of state of the pin.

9.2 Port Register

9.2.1 Data Register (Px)

Data Register is a bidirectional /O port. If ports are configured as output ports, data can be written to the
corresponding bit of the Px. If ports are configured as input ports, the data can be read from the corresponding bit of
the Px.

9.2.2 Direction Register (PxIO)

Each I/0O pin can independently used as an input or an output through the PxIO register. Bits cleared in this read/write
register will select the corresponding pin in Px to become an input, setting a bit sets the pin to output. All bits are

cleared by a system reset.
9.2.3 Pull-up Resistor Selection Register (PxPU)

The on-chip pull-up resistor can be connected to them in 1-bit units with a pull-up resistor selection register (PxPU).
The pull-up register selection controls the pull-up resister enable/disable of each port. When the corresponding bit is 1,

the pull-up resister of the pin is enabled. When 0, the pull-up resister is disabled. All bits are cleared by a system reset.
9.2.4 Open-drain Selection Register (PxOD)

There is internally open-drain selection register (PxOD). The open-drain selection register controls the open-drain

enable/disable of each port. Ports become push-pull by a system reset.
9.2.5 Pin Change Interrupt Enable Register (PCI)

The P1 can support Pin Change Interrupt function. Pin Change Interrupts PCI will trigger if any enabled P1[7:0] pin

toggles. The PCI Register control which pins contribute to the pin change interrupts.
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9.2.6 Register Map

Name Address Dir Default Description
PO 80H R/W 00H PO Data Register
POIO 89H R/W O00H PO Direction Register
POPU D1H R/W O00H PO Pull-up Resistor Selection Register
POOD B1H R/W O00H PO Open-drain Selection Register
P1 88H R/W 00H P1 Data Register
P110 91H R/W O00H P1 Direction Register
P1PU D9H R/W O00H P1 Pull-up Resistor Selection Register
P10D B9H R/W O00H P1 O1pen-drain Selection Register
P2 90H R/W 00H P2 Data Register
P210 99H R/W 00H P2 Direction Register
P2PU E1H R/W 00H P2 Pull-up Resistor Selection Register
P20D C1H R/W 00H P2 Open-drain Selection Register
PCI1 9FH R/W 00H Pin change interrupt enable register
PSRO DAH R/W 00H Port Debounce selection register
PSR2 DCH R/W 00H PO Function Selection Register
PSR3 DDH R/W 00H P1, P2 Function Selection Register
PSRPWM DEH R/W 00H PWM Port Select Register
Table 9.1 Register Map
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9.3 PxPort

9.3.1 Px Port Description

Px is 8-bit I/O port. Px control registers consist of Data register (Px), direction register (PxIO), pull-up register selection

register (PxPU), open-drain selection register (PxOD), pin change interrupt register (PCI).

9.3.2 Register description for P0

PO (PO Data Register) : 80H

7 6 5 4 3 2 1 0
| P07 | P06 | P05 PO4 P03 P02 PO1 P00
RW R R R RW R R RW

Initial value : 00H

PO[7:0] I/0 Data

POIO (PO Direction Register) : 89H

7 6 5 4 3 2 1 0
| pPmo | Peo | PosO PO4IO PO3IO PO2I0 PO1IO P0OIO
RW RW RW RW RW RW RW RW
Initial value : 00H
POIO[7:0] PO data 1/O direction.
0 Input
1 Output

POPU (PO Pull-up Resistor Selection Register) : D1H

7 6 5 4 3 2 1 0
| pPoru | PosPU PSPU |  PoaPU POBPU PO2PU POTPU POOPU
RW RW RW RW RW RW RW RW
Initial value : 00H
POPUI[7:0] Configure pull-up resistor of PO port
0 Disable
1 Enable

POOD (PO Open-drain Selection Register) : B1H

7 6 5 4 3 2 1 0
| pPovob | PosoD POSOD |  PO4OD PO3OD PO20D PO1OD POOOD
RW RW RW RW RW RW RW RW
Initial value : 00H
POOD[7:0] Configure open-drain of PO port
0 Disable
1 Enable
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9.3.3 Register description for P1

P1 (P1 Data Register) : 88H

7 6 5 4 3 2 1 0
| P17 | P16 | P15 P14 P13 P12 P11 P10
RW RW RW RW RW RW RW RW

Initial value : 00H

P1[7:0] /O Data

P110 (P1 Direction Register) : 91H

7 6 5 4 3 2 1 0
| P1710 | P1610 | P1510 P14i10 P1310 P120 P1110 P1010
RW RW RW RW RW RW RW RW
Initial value : 00H
P110[7:0] P1 data /O direction.
0 Input
1 Output

P1PU (P1 Pull-up Resistor Selection Register) : D9H

7 6 5 4 3 2 1 0
| Py | PieRU PISPU |  PuPU P13PU P12PU P11PU P10PU
RW RW RW RW RW RW RW RW
Initial value : 00H
P1PU[7:0] Configure pull-up resistor of P1 port
0 Disable
1 Enable

P10D (P1 Open-drain Selection Register) : BOH

7 6 5 4 3 2 1 0
| proo | pPwob | pPisob | PuoD P130D P120D P110D P100D
RW RW RW RW RW RW RW RW
Initial value : 00H
P10D[7:0] Configure open-drain of P1 port
0 Disable
1 Enable
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9.3.4 Register description for P2

P2 (P2 Data Register) : 90H

7 6 5 4 3 2 1 0
T - : - [ e
- - - 5 = - RW RW

Initial value : 00H

P2[1:0] /O Data

P2IO (P2 Direction Register) : 99H

7 6 5 4 3 2 1 0
| - | - | - - - - P21I0 P20I0
- - - - - - RW RW
Initial value : 00H
P210[1:0] P2 data 1/O direction.
0 Input
1 Output

P2PU (P2 Pull-up Resistor Selection Register) : E1H

7 6 5 4 3 2 1 0
| - | - - | - ] - P21PU P20PU
- - - - - - RW RW
Initial value : 00H
P2PU[1:0] Configure pull-up resistor of P2 port
0 Disable
1 Enable

P20D (P2 Open-drain Selection Register) : C1H

7 6 5 4 3 2 1 0
| - | - - | - - - P210D P200D
- - - - - - RW RW
Initial value : 00H
P20D[1:0] Configure open-drain of P2 port
0 Disable
1 Enable

PCI1 (Pin Change Interrupt Register) : 9FH

7 6 5 4 3 2 1 0
| Pz | Poe | Pons | poma PCI13 PCI12 PCI11 PCI10
RW R R R RW R R RW
Initial value : 00H
PCI[7:0] Select PCl interrupt enable or disable of P1x
0 Disable
1 Enable
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PSRO (Port Debounce selection register) : DAH

7 6 5 4 3 2 1 0
| - | - - | - - - PSRO1 PSR00
- = - - - - RW RW
Initial value : 00H
PSRO01 P13 Port Debounce Enable Register
0 disable
1 enable (about 500us fix)
PSRO00 P02 Port Debounce Enable Register
0 disable
1 enable (about 500us fix)

NOTE) Before you use MCU STOP1/2 mode, you must disable P02, P13 debounce.

PSR2 (PO, P1, P2 Port Selection Register) : DCH

7 6 5 4 3 2 1 0
| PRz | PSR PSR5 | PSR PSR23 PSR22 PSR21 PSR20
RW RW RW RW RW RW RW RW
Initial value : 00H
PSR27 P10 Port Selection Register
0 P10
1 AN7
PSR26 P07 Port Selection Register
0 P07
1 ANG6
PSR25 P06 Port Selection Register
0 P06
1 AN5
PSR24 P05 Port Selection Register
0 P05
1 AN4
PSR23 P04 Port Selection Register
0 P04
1 AN3
PSR22 P03 Port Selection Register
0 P03
1 AN2
PSR21 P01 Port Selection Register
0 P01
1 AN1
PSR20 P00 Port Selection Register
0 P00
1 ANO
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PSR3 (P1, P2 Port Selection Register) : DDH

7 6 5 4 3 2 1 0
| - | PSR® | PSR® | PsR# PSR33 PSR32 PSR31 PSR30
- R R R RW R R RW

Initial value : 00H

PSR36 P21 Port Selection Register
0 P21
1 AN14

PSR35 P20 Port Selection Register
0 P20
1 AN13

PSR34 P17 Port Selection Register
0 P17
1 AN12

PSR33 P16 Port Selection Register
0 P16
1 AN11

PSR32 P15 Port Selection Register
0 P15
1 AN10

PSR31 P14 Port Selection Register
0 P14
1 AN9

PSR30 P13 Port Selection Register
0 P13
1 AN8
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PSRPWM (PWM Port Selection Register) : DEH

7 6 5 4 0
| - | PSRPWM6 | PSRPWM5 | PSRPWM4 PSRPWMO
- RW RW RW RW
Initial value : 00H
PSRPWMI[6:4] PWM1 Ports Selection Register
0 PWM1 out to PO4(default)
1 PWM1 out to P05
2 PWM1 out to P06
3 PWM1 out to P07
4 PWM1 out to P14
5 PWM1 out to P15
6 PWM1 out to P16
7 PWM1 out to P17
PSRPWMI[2:0] PWMO Ports Selection Register

N o o0 b~ WN -~ O

PWMO out to PO4(default)

PWMO out to P05
PWMO out to P06
PWMO out to P07
PWMO out to P14
PWMO out to P15
PWMO out to P16
PWMO out to P17

NOTE) When using ports as PWMO and PWM1 output port (PSRPWM=0x00), PWMO is preferentially operated.

MC96F1206
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10 Interrupt Controller

10.1 Overview

The MC96F1206 supports up to 9 interrupt sources. The interrupts have separate enable register bits associated
with them, allowing software control. They can also have four levels of priority assigned to them. The interrupt
controller has following features:

- receive the request from 9 interrupt source
- 6 group priority

- 4 priority levels

- Multi Interrupt possibility

- If the requests of different priority levels are received simultaneously, the request of higher priority
level is serviced

- Each interrupt source can control by EA bit and each IEx bit
- Interrupt latency: 5~8 machine cycles in single interrupt system

The maskable interrupts are enabled through five pair of interrupt enable registers (IE, IE1). Bits of IE, IE1 register
each individually enable/disable a particular interrupt source. Overall control is provided by bit 7 of IE (EA). When EA
is set to ‘0", all interrupts are disabled: when EAis set to ‘1’, interrupts are individually enabled or disabled through the
other bits of the interrupt enable registers. The MC96F1206 supports a four-level priority scheme. Each maskable
interrupt is individually assigned to one of three priority levels by writing to IP or IP1.

Priority sets two bit which is to IP and IP1 register about group. If two requests of different priority levels are received
simultaneously, the request of higher priority level is serviced. If the request of same or lower priority level is received,
that request is not serviced.

Example : Group 2 Priority Level 2 Setting — —
S HIENIEN N EN KN ER
= | S L | I
p[ofoJofJoJofel]
2 ™4 =3 "3 I
Priority level 3 : : high
. B R Lo
Pricrity level 2 NT14 : INTE : NT2
1 X R = B gt
..................... R R RS IR
Priorty level 1 : I : | f |
DR S .l A IS U RS -
Prll:rrilyle'u'ell} MT1TFRT1TENT S FTIAINTI2INTT T 1N INTS INTT |BNTG [INTS JINTS | INTS IMTT JIMTO lows

Figure 10.1 Interrupt Group Priority Level
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10.2 Pin Change Interrupt

The pin change interrupt on P1 ports receive the both edge (Falling-edge and Rising-edge) interrupt request as
shown in Figure 10.2. Also each pin change interrupt source has enable setting bits. The FLAG (flag register) register
provides the status of ports change interrupts.

\

P10
P11
P12
P13
P14
P15
P16
P17

mux |— | A X | —] FLac2 —— peit interrupt

F 3

N

EREREEY.

PCI1EN

Figure 10.2  External Interrupt Description
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10.3 Block Diagram

Priority
EIEDGE[A5,]
EIPOLA[A6]

EBOTAAT.] [ Emea | | Pesa | PrFsa I:'_—|_|
I— . Priority High
»| 0
INTO—pb] [ -—| FLAGO I i

INT1—> R — Fuact |
I\

—| FLAG2 I
|

reserved -

reserved 4>|:

| IE1[A94] |

L,

0
1

(1

J

iggad deuncs

L A
N

>
S |5 Release Stop/Sleep

vo

reserved 4>|:
Lvi ————»[ LvRF |

by~

=

v®

0 l_:)—»

ak EA(IE.7[A84])

BIT BITF

e ) N —

v

— Priority Low

Figure 10.3  Block Diagram of Interrupt
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10.4 Interrupt Vector Table

The interrupt controller supports 9 interrupt sources as shown in the Table 10.1 below. When interrupt becomes

service, long call instruction (LCALL) is executed in the vector address. Interrupt request 9 has a decided priority order.

Interrupt

Interrupt Source Symbol Enable bit Priority Mask Vector Address
Hardware Reset RESETB 0 0 Non-Maskable 0000H
External Interrupt O INTO IE.O 1 Maskable 0003H
External Interrupt 1 INT1 IEA 2 Maskable 000BH
PCI INT2 IE.2 3 Maskable 0013H
- INT3 IE.3 4 Maskable 001BH
- INT4 IE.4 5 Maskable 0023H
ADC INT5 IE.5 6 Maskable 002BH
- INT6 IE.6 7 Maskable 0033H
TIMER O INT7 IE1.1 8 Maskable 003BH
TIMER 1 INT8 IE1.2 9 Maskable 0043H
LVI INT9 IE1.3 10 Maskable 004BH
BIT INT10 IE1.4 11 Maskable 0053H
WDT INT11 IE1.5 12 Maskable 005BH

Table 10.1 Interrupt Vector Address Table

For maskable interrupt execution, first EA bit must set ‘1’ and specific interrupt source must set ‘1’ by writing a ‘1’ to
associated bit in the IEx. If interrupt request is received, specific interrupt request flag set ‘1. And it remains ‘1’ until

CPU accepts interrupt. After that, interrupt request flag will be cleared automatically.
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10.5 Interrupt Sequence

An interrupt request is held until the interrupt is accepted or the interrupt latch is cleared to ‘0’ by a reset or an
instruction. Interrupt acceptance always generates at last cycle of the instruction. So instead of fetching the current
instruction, CPU executes internally LCALL instruction and saves the PC stack. For the interrupt service routine, the
interrupt controller gives the address of LUJMP instruction to CPU. After finishing the current instruction, at the next
instruction to go interrupt service routine needs 5~8 machine cycle and the interrupt service task is terminated upon
execution of an interrupt return instruction [RETI]. After generating interrupt, to go to interrupt service routine, the

following process is progressed.

M

B BEH B H B

H

IEEEA Flag < 14
[Exy <« 1+

:

Program Counter low Byte L
SP <SP +11

M({SP) € (PCL}

:

Program Counter high Byte +
SP£SP+11
M(SP) <« (PCH)

EA =0+

:> Saves PC value in order to continue
process again afterexecuting ISR .

:

Interrupt Vector Address occurrence +
(Interrupt Vector Addressy

:

[SR(Interrupt Service Routine) move, execute+!

.

Return from ISR+
RETI+

I

EA =1+
Program Counter high Byte recovery +
(PCH) <« M{5P) .
SP « SP-1+

I

Program Counter low Byte recovery 4
(PCL) < M{SP) .
SP < SP-1+

:

Main Program execution+

Figure 10.4

Interrupt Execution Flow
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10.6 Effective Timing after Controlling Interrupt bit

Interrupt Enable Register

command

Next Instruction

Setting both EA bit and individual interrupt enable
bit INTNnE makes the pending interrupt active after
executing the next instruction.

Next Instruction

Figure 10.5 Interrupt Enable Register effective Timing

10.7 Multi Interrupt

If two requests of different priority levels are received simultaneously, the request of higher priority level is serviced. At
this time, an interrupt polling sequence determines which request is serviced by hardware. However, multiple
processing through software for special features is possible.

Following example is shown to service INTO routine during INT1 routine in 0. In this example, INTO interrupt priority is

higher than INT1 interrupt priority. If some interrupt is lower than INT1 priority, it can’t service its interrupt service

routine.
Main Program Service INT1 ISR INTO ISR
SETB EA
Occur Oceur
—_—p
INT1 Interrupt INTO Interrupt
Example) Software Multi Interrupt: RETI RETI
INT1 : MOV IE, #03H ; Enable INTO only
SETB EA ; Enable global interrupt (necessary for multi interrupt)
RETI

Figure 10.6  Execution of Multi Interrupt
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10.8 Interrupt Enable Accept Timing

Max. 4 Machine Cycle. 4 Machine Cycle —s

System
Clock E‘a o
AN J
g v
Interrupt Interrupt Interrupt Processing Interrupt Rautine
goes Latched “LCALL & LIMP
Active

Figure 10.7  Interrupt Response Timing Diagram

10.9 Interrupt Service Routine Address

Basic interval Timer Basic interval Timer
Vector Table Address Service Routine Address
053H 02H 1 0125H OEH
054H otH J |::> 0126H 2EH
055H 25H
"_\__
—""-'-"-\_____

Figure 10.8 Correspondence between Vector Table Address and the Entry Address of ISR

10.10 Saving/Restore General-Purpose Registers

IMTxx - PUSH P3W
FUSH DFL kain Task

PUSH DPH oo
PLSH B anvice las

PUSH ACC Saving
. Register

Intarrupt_Processing :

- Sestaning
FOP ACC

POPE [ e
POP DPH

FOF DFL
POP PSW
RETI

Register

Figure 10.9  Saving/Restore Process Diagram and Sample Source
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10.11 Interrupt Timing

Interrupt sampled here

CLP2 CLP1 \ CLP2 1M Ci1F2 c2m capz2
s _f L LM Lf Lf L L f

INT_SRC |

INT_ACK | |

LAST_CYC | |
INTRLLCALL | |
INT_VEC . ){ B=hit intermupt Yector >
PROGA W {8h00, INT_VEC} »

Figure 10.10 Timing Chart of Interrupt Acceptance and Interrupt Return Instruction

Interrupt source sampled at last cycle of the command. When sampling interrupt source, it is decided to low 8-bit of
interrupt vector. M8051 core makes interrupt acknowledge at first cycle of command, executes long call to jump
interrupt routine as INT_VEC.

NOTE) command cycle CLPx : L=Last cycle, 1=15t cycle or 15t phase, 2=2" cycle or 2" phase

10.12 External Interrupt

The external interrupt on INTO, INT1pins receive various interrupt request depending on the edge selection register
EIEDGE (External Interrupt Edge register) and EIPOLA (External Interrupt Polarity register) as shown in Figure 10.11.
Also each external interrupt source has control setting bits. The EIFLAG (External interrupt flag register) register

provides the status of external interrupts.

INTO Pin I:l—P

=J| FLAGO | INTO inferrupt

S5

S

INT1 Fin D -r'IIFLAG1 INT1 Interrupt

N 3

[0xAE] External Interrupt Edge Register

EIBOTH, EIEDGE, EIPOLA [0xA6] External Interrupt Polarity Register
[0xAT7] Extemal Interrupt Both Edge Enable Register

Figure 10.11 External Interrupt Description
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10.13 Interrupt Register Overview

10.13.1 Interrupt Enable Register (IE, IE1)

Interrupt enable register consists of Global interrupt control bit (EA) and peripheral interrupt control bits. Totally 32

peripheral are able to control interrupt.

10.13.2 Interrupt Priority Register (IP, IP1)

The 32 interrupt divides 8 groups which have each 4 interrupt sources. A group can decide 4 levels interrupt priority
using interrupt priority register. Level 3 is the high priority, while level 0 is the low priority. Initially, IP, IP1 reset value is
‘0. At that initialization, low interrupt number has a higher priority than high interrupt number. If decided the priority, low

interrupt number has a higher priority than high interrupt number in that group.

10.13.3 Register Map

Name Address Dir Default Description
IE A8H R/W 00H Interrupt Enable Register
IE1 A9H R/W 00H Interrupt Enable Register 1
IP B8H R/W 00H Interrupt Priority Register
IP1 F8H R/W 00H Interrupt Priority Register 1
EIENAB A3H R/W 00H Interrupt Enable Register
EIFLAG A4H R/W 00H Interrupt Flag Register
EIEDGE A5H R/W 00H Interrupt Edge Register
EIPOLA AGH R/W O00H Interrupt Polarity Register
EIBOTH A7TH R/W O00H Interrupt Both Edge Register

Table 10.2 Register Map
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10.14 Interrupt Register Description

The Interrupt Register is used for controlling interrupt functions. Also it has External interrupt control registers. The
interrupt register consists of Interrupt Enable Register (IE), Interrupt Enable Register 1 (IE1), Interrupt Priority Register
(IP), Interrupt Priority Register 1 (IP1), P1 Pin Change Interrupt Enable Register (PCI1).

The pin change interrupt on P1 ports receive the both edge (Falling edge and Rising edge) interrupt request.

10.14.1 Register Description for Interrupt

IE (Interrupt Enable Register) : ABH

7 6 5 4 3 2 1 0
Y - | NTE | - - INT2E INTIE INTOE
Initial value : 00H
EA Enable or disable all interrupt bits
0 All Interrupt disable
1 All Interrupt enable
INTSE Enable or disable ADC Interrupt
0 ADC interrupt Disable
1 ADC interrupt Enable
INT2E Enable or disable Pin Change Interrupt
0 Pin Change Interrupt Disable
1 Pin Change Interrupt Enable
INT1E Enable or disable External Interrupt 1
0 External interrupt 1 Disable
1 External interrupt 1 Enable
INTOE Enable or disable External Interrupt O
0 External interrupt 0 Disable
1 External interrupt 0 Enable
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IE1 (Interrupt Enable Register 1) : A9H

7 6 5 4 3 2 1 0
| - | - | NTE | NT0E INTOE INTSE INT7E -
Initial value : 00H
INT1E Enable or disable WDT Interrupt
0 WDT interrupt Disable
1 WDT interrupt Enable
INT10E Enable or disable BIT Interrupt
0 BIT interrupt Disable
1 BIT interrupt Enable
INTOE Enable or disable LVI Interrupt
0 LVl interrupt Disable
1 LVI interrupt Enable
INT8E Enable or disable Timer 1 Interrupt
0 Timer1 interrupt Disable
1 Timer1 interrupt Enable
INT7E Enable or disable Timer 0 Interrupt
0 TimerQ interrupt Disable
1 TimerQ interrupt Enable

IP (Interrupt Priority Register) :B8H

7 6 5 4 3 2 1 0
| ] | ] | P | P P3 P2 P1 IPO
_ ] RAW RW RW RW RW RW

Initial value : 00H

7 6 5 4 3 2 1 0
- | - | P | P IPH3 PH2 IPH1 IPHO
] ] RW RW RW RW RW RW

Initial value : 00H

IP[5:0], Select Interrupt Priority.

IPH[5:0] Each IPH and IP corresponds to INT5~INTO.

IPH IP Description

level 0 (lowest)

level 1

level 2

level 3 (highest)

- a O O
- O = O
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EIENAB (External Interrupt Enable Register) : A3H

7 6 5 4 3 2 1 0
| - - - | - | - - ENABT ENABO
- - - - - - RW RW
Initial value: OH
ENAB1 Enable or Disable External Interrupt 1
0 Disable External Interrupt 1(default)
1 Enable External Interrupt 1
ENABO Enable or Disable External Interrupt 0
0 Disable External Interrupt O(default)
1 Enable External Interrupt 0

EIFLAG (External Interrupt Flag Register) : A4H

7 6 5 4 3 2 1 0
| R | - - | - | - FLAG2 FLAGT FLAGD

Initial value: OH

If External Interrupt is occurred, the flag becomes ‘1. The flag can
be cleared by writing a ‘0’ to bit. It is also cleared automatically
after interrupt service routine is served.

FLAG2 When Pin Change Interrupt is occurred this bit is set.
0 Pin Change Interrupt is not occurred
1 Pin Change Interrupt is occurred

FLAG1 When External Interrupt 1 is occurred this bit is set.
0 External Interrupt 1 is not occurred
1 External Interrupt 1 is occurred

FLAGO When External Interrupt 0 is occurred this bit is set.
0 External Interrupt O is not occurred
1 External Interrupt O is occurred

EIEDGE (External Interrupt Edge Register) : ASH

7 6 5 4 3 2 1 0
| - - - | - | - - EDGE1 EDGEO
- - - - - - RW RW
Initial value : OH
EDGE1 Determines the type of External interrupt 1, edge or level sensitive.
0 Level (default)
1 Edge
EDGEO Determines the type of External interrupt 0, edge or level sensitive.
0 Level (default)
1 Edge

MC96F1206 53



MC96F1206 ABOV Semiconductor Co., Ltd.

EIPOLA (External Interrupt Polarity Register) : A6H

7 6 5 4 3 2 1 0

Initial value: OH

According to EIEDGE, this register acts differently. If EIEDGE is
level type, external interrupt polarity have level value. If EIEDGE is
edge type, external interrupt polarity have edge value.

POLA1 Determine the polarity of External Interrupt 1
0 When High level or rising edge, Interrupt occur(default)
1 When Low level or falling edge, Interrupt occur

POLAO Determine the polarity of External Interrupt O
0 When High level or rising edge, Interrupt occur(default)
1 When Low level or falling edge, Interrupt occur

EIBOTH (External Interrupt Both Edge Enable Register) : A7H

7 6 5 4 3 2 1 0
- | - - - | - | - BOTH1 BOTHO

Initial value: OH

If BOTHXx is written to “1°, the corresponding external pin interrupt is
enabled by both edges (no level).

And EIEDGE and EIPOLA register value are ignored.

BOTH1 Determine the type of External Interrupt 1
0 Both edge detection Disable (default)
1 Both edge detection Enable

BOTHO Determine the type of External Interrupt O
0 Both edge detection Disable (default)
1 Both edge detection Enable

54 MC96F1206



MC96F1206 ABOV Semiconductor Co., Ltd.

11  Peripheral Hardware

11.1 Clock Generator

11.1.1 Overview

The clock generator produces the basic clock pulses which provide the system clock to CPU and peripheral hardware.
The internal RC-OSC is used as system clock and the default division rate is two.
- Callibrated Internal RC Oscillator (32MHz)

. INTERNAL CLOCK(16MHz)/1 (16MHz)

. INTERNAL CLOCK(16MHz)/2 (8MHz, Default system clock)

. INTERNAL CLOCK(16MHz)/4 (4MHz)

. INTERNAL CLOCK(16MHZz)/16 (1MHz)

11.1.2 Block Diagram

» _ TIMERO
Clock Source
1 (16MHz) _
1/2 (8MHz, defaulg
INTRC-OSC >
P » DIV | 1/4 4MHR) fx
(32MHz) INTERNAL CLOCK >
{(16MHz) 1716 (IMH2)

Figure 11.1  Clock Generator Block Diagram
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11.1.3 Register Map and Register Description for Clock Generator

Name Address Dir Default Description
SCCR 8AH R/W O00H System and Clock Control Register
Table 11.1 Register Map

SCCR (System and Clock Control Register) : 8AH

7 6 5 4 3 2 1 0
| stor DIV1 D | oBYS ISTOP - - cs
RW RW RW RW RW - - RW
Initial value : 20H
STOP1 Control the STOP Mode
NOTE) When PCON=0x03, This bit is applied. When PCON=0x01,
This bit is not applied.
0 STOP2 Mode (at PCON=0x03) (default)
1 STOP1 Mode (at PCON=0x03)
DIV[1:0] When using internal clock as system clock, determine division rate.
NOTE) when using internal clock as system clock, only division
rate come into effect.
NOTE) To change by software, CBYS set to ‘1’
DIV1 DIVO description
0 0 1-Div (16MHz)
0 1 2-Div (8MHz, default system clock)
1 0 4-Div (4MHz)
1 1 16-Div (1MHz)
CBYS Control the scheme of clock change. If this bit set to ‘0’, clock
change is controlled by hardware. But if this set to ‘1’, clock
change is controlled by software. Ex) when setting CS, if CBYS bit
set to ‘0, it is not changed right now, CPU goes to STOP mode
and then when wake-up, it applies to clock change.
NOTE) when clear this bit, keep other bits in SCCR.
0 Clock changed by hardware during stop mode (default)
1 Clock changed by software
ISTOP Control the operation of INT-RC Oscillation
NOTE) when CBYS='1’, It is applied
0 RC-Oscillation enable (default)
1 RC-Oscillation disable
CS Determine System Clock

NOTE) by CBYS bit, reflection point is decided
CS Description
0 System clock (default 8MHz)
1 fwoTosc (8 kHz)
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11.2 BIT

11.2.1 Overview

The MC96F1206 has one 8-bit Basic Interval Timer that is free-run and can’t stop. Block diagram is shown in . In
addition, the Basic Interval Timer generates the time base for watchdog timer counting. It also provides a Basic interval
timer interrupt (BITF).
- The MC96F 1206 has these Basic Interval Timer (BIT) features:

. During Power On, BIT gives a stable clock generation time

. On exiting Stop mode, BIT gives a stable clock generation time

. As clock function, time interrupt occurrence

WDTOSC
(BKHz)

! |. _I—h-] BIT Interrupt Generator ]—b— BIT Interrupt Flag
BIT_CLK ——={ BITR (8-bit COUNT)
_I—>| BIT Out Generator I—h BIT_OUT {WDT clock source)

® BCK[2:0] = 00ib

BIT_CLK
BitR 0001 2 3 )4 W s K6 K7 Ne N o o)1)z 14 15 16 N 17 N 18 ¥ 19 K20 ]
BIT_Int_Flag ™ 1 ™ . M
BIT_Out I | [ | 1 [ |
Figure 11.2 BIT Block Diagram

Name Address Dir Default Description
BCCR 8BH R/W 06H BIT Clock Control Register
BITR 8CH R 00H Basic Interval Timer Register

Table 11.2 Register Map
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11.2.2 Bit Interval Timer Register description

The Bit Interval Timer Register consists of BIT Clock control register (BCCR) and Basic Interval Timer register (BITR).
If BCLR bit set to ‘“1’, BITR becomes ‘0’ and then counts up. After 1 machine cycle, BCLR bit is cleared as ‘0’

automatically.

11.2.3 Register description for Bit Interval Timer

BCCR (BIT Clock Control Register) : 8BH

7 6 5 4 3 2 1 0
N - | - | RcsE BOLR BCK2 BCK1 BCKO
RW R R RW RW RW RW RW
Initial value : 06H
BITF When BIT Interrupt occurs, this bit becomes ‘1’. For clearing bit, write ‘0’
to this bit.
0 no generation
1 generation
IRC_SEL BIT Clock source select
0 WDT 8kHz
1 64kHz (IRC Clock source)
BCLR If BCLR Bit is written to ‘“1’, BIT Counter is cleared as ‘0’
0 Free Running
1 Clear Counter
BCK][2:0] Select BIT overflow period (ex) BIT Clock = 8kHz)

BCK2 BCK1 BCKO

0 0 0 0.25msec ( BIT Clock * 2)

0 0 1 0.50msec

0 1 0 1.00msec

0 1 1 2.00msec

1 0 0 4.00msec

1 0 1 8.00msec

1 1 0 16.0msec (default)

1 1 1 32.0msec

Boiz R e e, e
000 0.25 msec 0.03125 msec
001 0.50 msec 0.0625 msec
010 1.00 msec 0.125 msec
oM 2.00 msec 0.250 msec
100 4.00 msec 0.500 msec
101 8.00 msec 1.000 msec
110 (default) 16.00 msec 2.000 msec

111 32.00 msec 4.000 msec

Table 11.3 BIT period Table
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BITR (Basic Interval Timer Register) : 8CH

7 6 5 4 3 2 1 0
| B7 | BT | B | BIT4 BIT3 B2 BIT1 BITO
R R R R R R R R

Initial value : OOH

BIT[7:0] BIT Counter
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11.3 Watch Dog Timer

11.3.1 Overview

The watchdog timer rapidly detects the CPU malfunction such as endless looping caused by noise or the like, and
resumes the CPU to the normal state. The watchdog timer signal for detecting malfunction can be selected either a
reset CPU or an interrupt request. When the watchdog timer is not being used for malfunction detection, it can be
used as a timer to generate an interrupt at fixed intervals. It is possible to use free running 8-bit timer mode
(WDTRSON="0") or watch dog timer mode (WDTRSON="1") as setting WDTMR[6] bit. If writing WDTMR][5] to ‘1’, WDT
counter value is cleared and counts up. After 1 machine cycle, this bit has ‘0’ automatically. The watchdog timer
consists of 8-bit binary counter and the watchdog timer data register. When the value of 8-bit binary counter is equal to
the 8 bits of WDTR, the interrupt request flag is generated. This can be used as Watchdog timer interrupt or reset the
CPU in accordance with the bit WDTRSON.

The clock source of Watch Dog Timer is BIT overflow output. The interval of watchdog timer interrupt is decided by BIT

overflow period and WDTR set value. The equation is as below

Watchdog Timer
Counter Register

Clear -
BIT Overflow —>_)_> WDTCR <
WDTEN[ ™

[8EH]

__ To Reset

_\
/ " Circuit

Yy

> / L»T_» WDTIFR To interrupt

—>»0 block
Clear
[8EH]
WDTR T
INT_ACK
Watchdog Timer Register
WDTCL WDTRSON
WDTMR
Figure 11.3  WDT Block Diagram
11.3.2 Register Map
Name Address Dir Default Description
WDTR 8EH w FFH Watch Dog Timer Register
WDTCR 8EH R O00H Watch Dog Timer Counter Register
WDTMR 8DH R/W 00H Watch Dog Timer Mode Register

Table 11.4 Register Map
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11.3.3 Register Description for Watch Dog Timer

WDTR (Watch Dog Timer Register) : 8EH

7 6 5 4 3 2 1 0
| worRe | womRe | wWDRS | wDTR4 WDTR3 WDTR WDTRI WDTRO
w w w w w w w w

Initial value : FFH

WDTR][7:0] Set a period
WDT Interrupt Interval=(BIT Interrupt Interval) x(WDTR Value+1)

NOTE) To guarantee proper operation, the data should be greater than 01H.

WDTCR (Watch Dog Timer Counter Register: Read Case) : 8EH

7 6 5 4 3 2 1 0
| wotcRr | WDTOR6 | WDTCRS WDTCR4 |  WDTCR3 WDTCR2 WDTCR1 WDTCRO
R R R R R R R R

Initial value : 00H
WDTCR[7:0] WDT Counter

WDTMR (Watch Dog Timer Mode Register) : 8DH

7 6 5 4 3 2 1 0
| WOEN | WDTRSON wotcL | - - - - WDTIFR
RW RW RW - - - - RW
Initial value : 00H
WDTEN Control WDT operation
0 disable
1 enable
WDTRSON Control WDT Reset operation
0 Free Running 8-bit timer
1 Watch Dog Timer Reset ON
WDTCL Clear WDT Counter
0 Free Run
1 Clear WDT Counter (auto clear after 1 Cycle)
WDTIFR When WDT Interrupt occurs, this bit becomes ‘1’. For clearing bit, write
‘0’ to this bit or auto clear by INT_ACK signal.
0 WDT Interrupt no generation
1 WDT Interrupt generation
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11.3.4 WDT Interrupt Timing Waveform

wot ook sawss [ | [ | [ | T LT[

WDT_CNT 0 1 2 3 X0 1 2 3 T 0 1 2
WDT_CLR oc:curj counter clear

WDTR n 3
- WDTR € 0000_0011b

WDT_flag H Match Detect

WDT_RESETB RESET

Figure 11.4  WDT Interrupt Timing Waveform
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11.4 Timer/PWM

11.4.1 Overview

The 16-bit timer x(0~1) consists of Multiplexer, Timer Data Register High/Low, Timer Register High/Low, Timer Mode
Control Register, PWM Duty High/Low, PWM Period High/Low Register. It is able to use internal 16-bit timer/ counter

without a port output function.
The 16-bit timer x can be clocked by internal or external clock source (ECO, EC1). The divided clock of the main clock

selected from prescaler output.
T32M in the TOCR1 register is select internal-RCOSC(32MHz) as Timer0 clock source.

11.4.2 16-bit Timer/Counter Mode

In the 16-bit Timer/Counter Mode, If the TxH + TxL value and the TxDRH + TxDRL value are matched, Tx/PWMx

port outputs. The output is 50:50 of duty square wave, the frequency is following

7 B Timer Clock Frequency
COMP 2 xPrescaler Value x (TxDR +1)

fcomp is timer output frequency and TxDR is the 16 bits value of TXxDRH and TxDRL.

To export the compare output as TX/PWMx, the Tx_PE bit in the TXCR1 register must set to ‘1°.

The 16-bit Timer/Counter Mode is selected by control registers as shown in Figure 11.5

When TxH, TxL are read, TxL should be read first. Because when TxL is read TxH is captured to buffer, and when TxH

is read captured value of TxH is read.

ADDRESS : B2y, BAy
TXCR | TxEN | PWANE | CAPx | TXCK2 | TXCK1 | TXCKO [ TXCN [ TxST [[ oo ie 00000000,
Internal-RCOSC
32MHz ADDRESS : B3y, BB,
TxCR1 - T32M | TxIN[2] | TxIN[1] | TxIN[O] | ECEN | TxPE POL INITIALVALUEH: ooorcll_uom‘,
e T H N
R +4 »
E +8 TxST
s | =16 |— — _| TXEN
fx —»| C [ <64 p * Y 16-bit Counter
Al +266 | MuX [ | — : )
E 1024 : o o] TxH(8-bit) TxL(8-bit)
R | *2048 0 |
i | | TxIF —-I'Tmem
ECO —m comparator nterrupt
TxIN = 000 | T32M |
EC1 —» ECEN =1 - TXDRH(8-bit) | TxDRL(8-bit)
TN = 001 TimerO only
3 4
TxIN[2:0] ECEN,TxCK[2:0]

Figure 11.5 Timerx 16-bit Mode Block Diagram
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11.4.3 16-bit Capture Mode

The timer x(0~1) capture mode is set by CAPx as ‘1’ in TxCR register. The clock is same source as Output Compare
mode. The interrupt occurs at TxH, TxL and TxDRH, TxDRL matching time. The capture result is loaded into CDRxH,
CDRXxL. The TxH, TxL value is automatically cleared(0000r) by hardware and restarts counter.

This timer interrupt in capture mode is very useful when the pulse width of captured signal is wider than the maximum

period of timer. As the EIEDGE and EIPOLA and EIBOTH register setting, the external interrupt INTx function is

chosen.

The CDRxH, PWMxDRH and TxH are in same address. In the capture mode, reading operation is read the CDRxH,
not TxH because path is opened to the CDRxH. PWMxDRH will be changed in writing operation. The PWMxDRL, TxL,

CDRXL has the same function.

TxCR I TxEN |F'u'\'.\hE CAPx |r:cx2 ITxCK1 |T.CK0| TxCN | TxST ::?Eﬁfiigél-&?ﬁ} 0000,
TxCR1 I . ] ln:h[z]lmmul.—;m‘,mlEcm lTxPE [ POL |f:‘f:?|§f':‘:uf;ggen 000
P +1 \\\
R 4 .
E +§ TxST
s +16 TxEN
fy —=| C | g4 l 16-bit Counter
A :
ll:: _fgg,,_ *| MUX l'o"oll TxH(8-bit) TxL(B-bit)  fe—
+ 2048 clear
R 22, N i L.
l/f/ - TxIF e Timerx
Interrupt
| comparator
] CAPx
CDRxH(8-bit) TxDRH(8-bit)
4 CDRxL(8-bit) TxDRL(8-bit)
ECEN.TxCK(29) 16-0t Caglure Regiser  16-bFt Timer Duata Register
ECD ]
ECT ] EINTx_F EINTX
- Interrupt
3
TxIN[2:0)
3
EINTO [} { 50
EINT1 D—_/—\- d
i
EIEDGEIAS.]
EIPOLAJAG.]
EIBOTHIAT.]
Figure 11.6  Timerx 16-bit Capture Mode
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11.4.4 PWM Mode

The timer x(0~1) has a PWM (pulse Width Modulation) function. In PWM mode, the Tx/PWMx output pin outputs up to
16-bit resolution PWM output. This pin should be configured as a PWM output by set TX_PE to ‘1. The PWM output
mode is determined by the PWMxPRH, PWMxPRL, PWMxDRH and PWMxDRL. And you should configure PWMXxE
bit to “1” in TXCR register before write to PWM registers.

PWM Period = ({(PWMxPRH, PWMxPRL} + 1) X Timerx Clock Period
PWM Duty = ({PWMxDRH, PWMxDRL} + 1) X Timerx Clock Period

Frequency (MC96F1206)
Resolution T32M =0 T32M =0 T32M =0
T32M =1 TxCK[2:0]=000 TxCK[2:0]=001 TxCK[2:0]=010
(62.5ns) (250ns) (500ns)
16-bit 488.281 Hz 244141 Hz 61.035 Hz 30.517 Hz
15-bit 976.563 Hz 488.281 Hz 122.07 Hz 61.035 Hz
10-bit 31.250 kHz 15.625 kHz 3.906 kHz 1.953 kHz
9-bit 62.500 kHz 31.250 kHz 7.812 kHz 3.906 kHz
8-bit 125.00 kHz 62.500 kHz 15.625 kHz 7.812 kHz
Table 11.5 PWM Frequency vs. Resolution at 16MHz and 32MHz

In PWM mode, the duty value and counter matching enables the period value and counter comparison. After counter
and the period value matching, counter restarts. If the duty value is set same to the period value, counter doesn't
restart after the duty value and counter matching. It is highly recommended that the duty value is not set same to the

period value. PWM Period and Duty same output shown in Figure 11.9. The POL bit of TXCR register decides the

polarity of duty cycle.
TXCR | TxEN |PwWwxE | CAPx | TxCk2 | TxCK1 | TxCko | TxcN | TxsT ﬁﬂifﬁj?:&‘ﬂm 0000,
TxCR1 | - | Tazm TNz | TN TxIN[0]|ECEN TPE | POL |JI:I?1?I§E§?\I:_3:T:&_OOBD.,
Internal-RCOSC
S2MHz 16-bit Timerx PWM Period Register
- Timerx
PWMxPRH | PWNXPRL ™ P ™ nterrupt
(8-bit) (8-bit)
[ TXPE
B | Loz T D
R +4 - l \L
8 . | |1
E | *8
- - o o TxH(8-bit TxL(8-bit) |« R POL Px
. S Lo o0 ®om &0 clear | 1 PWMx
g g 1 T ™ | 16-bit Counter
A | +256
L <1004 | |
E > comparator
+2048
R > | T32M | Slave | PWMxDRH PWMxDRL
—_— (8-bit) (8-bit)
Timer0 only
S
TxCK[2:0] PWMxDRH PWMxDRL
Master (8-bit) (8-bit)
Figure 11.7 PWM Mode
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Source Clock (f.) | | |

L {EXEXEEXE  @EXEEXE)  EXEEXE)

|

F(s ! [
TEWM, Ed
POLO =1 g
h L ]
e
T, I
POILO = E

Duty Cycle (1+00804)X500ns = 64.5us

Period Cycle (1+03FF)X500ns = 512us -» 1.955 kHz

TCH[Z0] = 0lulfacyc’d)

PWMLPRH = 03, | P FRH(EDR) | | PWhPRL{BbI) |

PWILPRL = FFy iEw FFy

PWDRH = 00y

FWhDRL = B0y | P PRH(E0E) | WML PRL{EDI |
DOy B0,

Figure 11.8  Example of PWM at 8MHz

[

Source Clock (f.) | | [ | | | |
o LEmEXE) XXX X=X
TN, ' ] I
POLO=1
Pariod =Duty ! : s ¥ ;
! Ve 1 .
TAwM,
POLO =3
Pericd = Duly } '

Duty Cycle (1+0002,)X500ns = 1.5us

Period Cycle (FFFF+1+0002,)X500ns = 32.76ms -> 30.525 kHz

TREK[Z0 = Blulfacyad)

FWNLERH = 00y | PV FRHEDR) | | PV PRLISDI) |

PWILPRL = 02y 00y 02y

PWDRH = 00y

FWMXDRL = 024 | P FRH[BDR) | | PP RL{EbI) |
0oy 02,

Figure 11.9  Example of PWM at 8MHz (Period = Duty)
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11.4.5 Timer Data and Period/Duty Write

When writing a value to the Timer x data registers, write to the TxDRH first, then write to the TxDRL. When writing to
the high register, it is stored in a temporary buffer. When writing to the low register, temporary buffer is saved the data
high register. Timer period/duty registers (PWMxDRH, PWMxDRL, PWMxPRH, PWMxPRL) operate in the same way.

Whenever the counter is started, data high/low registers are loaded to the compare registers.

TxDRH write

ﬁ

| TxDRH_BUF |

TxDRL write

<+

\ \
Data High Register | Data Low Register

Timer x start W
\

TxDRH TxDRL

D>
‘4> Compare

| TxHIL (16-bit Counter) |

%

Figure 11.10 Timer x Compare Data Write
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11.4.6 Register Map

Name Address Dir Default Description
TOCR B2n RW 00H Timer 0 Mode Control Register
TOCR1 B3n RW 00H Timer 0 Mode Control Register 1
TOL B4n R 00H Timer 0 Low Register
PWMODRL B4y RW 00H PWM 0 Duty Register Low
CDROL B4n R 00H Timer 0 Capture Data Register Low
TOH B5H R 00H Timer 0 Register High
PWMODRH B5H RW 00H PWM 0 Duty Register High
CDROH BSH R 00H Timer 0 Capture Data Register High
TODRL B6H w FFu Timer 0 Data Register Low
PWMOPRL B6H w FFu PWM 0 Period Register Low
TODRH B7u w FFu Timer 0 Data Register High
PWMOPRH B7x w FFu PWM 0 Period Register High
T1CR BAH R/W 00H Timer 1 Mode Control Register
T1CR1 BBH R/W 00H Timer 1 Mode Control Register 1
T1L BCx R 00H Timer 1 Register Low
PWM1DRL BCx RW 00H PWM 1 Duty Register Low
CDR1L BChx R 00H Timer 1 Capture Data Register Low
T1H BDH R 00H Timer 1 Register High
PWM1DRH BDH RW 00H PWM 1 Duty Register High
CDR1H BDH R 00H Timer 1 Capture Data Register High
T1DRL BEH w FFu Timer 1 Data Register Low
PWM1PRL BEH w FFu PWM 1 Period Register Low
T1DRH BFH w FFu Timer 1 Data Register High
PWM1PRH BFH w FFu PWM 1 Period Register High

Table 11.6 Register Map
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11.4.7 Register description for Timer/Counter x

TxCR (Timer 0~1 Mode Control Register): B2H, BAH

7 6 5 4 3 2 1 0
| meNn | Pwme cax | Tk TXCK1 TXCKO TXCN TXST
RW RW RW RW RW RW RW RW
Initial value : 00H
TxEN Control Timer x
0 Timer x disable
1 Timer x enable
PWMxE Control PWM enable
0 PWM disable
1 PWM enable
CAPx Control Timer x capture mode.
0 Timer/Counter mode
1 Capture mode
TxCK[2:0] Select clock source of Timer x. Fx is the frequency of main system
TxCK2 TxCK1 TxCKO  description
0 0 0 fx
0 0 1 fx/4
0 1 0 x/8
0 1 1 fx/16
1 0 0 fx/64
1 0 1 fx 1256
1 1 0 fx/1024
1 1 1 x/2048
TxCN Control Timer x Count pause/continue.
0 Temporary count stop
1 Continue count
TxST Control Timer x start/stop
0 Counter stop
1 Clear counter and start

NOTE) set TxST bit after write to Tx, PWM, CDRXx registers.
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TxCR1 (Timer 0~1 Mode Control Register 1) : B3H, BBH

7 6 5 4 3 2 1 0
| - Y ™NZ | TN ™NO | EceN | TPE POL
- RW RW RW RW RW RW RW
Initial value : 00H
T32M Select the Timer Clock Source to 32MHz IRC. (Timer0 Only)
0 Clock Source is selected by TxCK[2:0]
1 32MHz Clock Source
TxIN[2:0] Select Event Counter and External Interrupt for Capture mode
TxIN2  TxIN1 TxINO description
0 0 0 ECO
0 0 1 EC1
0 1 0 XINTO
0 1 1 XINTA1
1 0 0 -
1 0 1 -
1 1 0 -
1 1 1 -
ECEN Control Event Counter
0 Event Counter disable
1 Event Counter enable
Tx_PE Control Timer x Output port
0 Timer x Output disable
1 Timer x Output enable
POL Configure PWM polarity
0 Negative (Duty Match: Clear)
1 Positive (Duty Match: Set)

TxL (Timer 0~1 Register Low, Read Case) : B4H, BCH

7 6 5 4 3 2 1 0
| w7 | w™e | ™5 | ™4 | ™3 | ™2 ™71 @O
R R R R R R R R

Initial value : 00H

TxL[7:0] TxL Counter Period Low data.

CDRXxL (Capture 0~1 Data Register Low, Read Case) : B4H, BCH

7 6 5 4 3 2 1 0
| coreo7 | coreos | cORMOS CDR(04 | CDRAO3 CDRX.02 CDRXLO1 CDRXL00
R R R R R R R R

Initial value : 00H

CDRxL[7:0] Tx Capture Low data.

PWMxDRL (PWM 0~1 Duty Register Low, Write Case) : B4H, BCH

7 6 5 4 3 2 1 0
PAMOR7 | PWMORS | PWMORS | PAWMOR4 | PWMORS3 | PWWOR2 | PWMORT | PWWORLO
w w w w w w w w

Initial value : 00H

PWMxDRL][7:0] Tx PWM Duty Low data
NOTE) Writing is effective only when PWMxE = 1 and TxST =0
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TxH (Timer 0~1 Register High, Read Case) : B5H, BDH

7 6 5 4 3 2 1 0
| ™7 | ™e ™ | M TH3 TH2 ToH1 THHO
R R R R R R R R

Initial value : 00H
TxH[7:0] TxH Counter Period High data.

CDRXxH (Capture 0~1 Data High Register, Read Case) : B5SH, BDH

7 6 5 4 3 2 1 0
| CDRH07 | CDRH06 |  CDRHOS CDRH04 |  CDR¢HO3 CDRXHO2 CDRXHOT CDRXHO0
R R R R R R R R

Initial value : 00H

CDRxH[7:0] Tx Capture High data

PWMxDRH (PWMO0~1 Duty Register High, Write Case) : B5H, BDH

7 6 5 4 3 2 1 0
PWMxDRH7 | PWMXDRH6 PWMXDRH5 PWMXxDRH4 | PWMXDRH3 PWMXDRH2 PWMxDRH1 PWMXDRHO
w w w w W W w w

Initial value : 00H

PWMxDRH([7:0] Tx PWM Duty High data
NOTE) Writing is effective only when PWMxE =1 and TxST =0

TxDRL (Timer 0~1 Data Register Low, Write Case) : B6H, BEH

7 6 5 4 3 2 1 0
| mOR7 | TORE | TORS5 | TOR4 | TOR3 TORL2 TORL1 TORLO
W W w W w w W w

Initial value : FFH

TxDRL[7:0] TxL Compare Low data

NOTE) Be sure to clear PWMXxE before loading this register.
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PWMxPRL (PWM 0~1 Period Register Low, Write Case) : B6H, BEH

7 6 5 4 3 2 1 0
PWMXPRL7 | PWMXPRL6 PWMxPRL5 PWMPRL4 | PWMXPRL3 PWMPRL2 PWMXPRLA1 PWMXPRLO
w w w w W W w w

Initial value : FFH

PWMxPRL[7:0] TxPWM Period Low data
NOTE) Writing is effective only when PWMxE = 1 and TxST =0

TxDRH (Timer 0~1 Data Register High, Write Case) : B7TH, BFH

7 6 5 4 3 2 1 0
| DR | TOR6 | TORS | TOR#M | TORS TORH2 TXORH1 TORHO
W W w W w w W W

Initial value : FFH

TxDRH[7:0] TxH Compare High data
NOTE) Be sure to clear PWMXxE before loading this register.

PWMxPRH (PWM 0~1 Period Register High, Write Case) : B7H, BFH

7 6 5 4 3 2 1 0
PAMPRH? | PWMWPRHE | PWMXPRHS | PWMWPRH#4 | PWMXPRH3 | PWWPRH2 | PWMPRHI | PWMKPRHO
R/W w w w w w w w

Initial value : FFH

PWMxPRH[7:0] TxPWM Period High data
NOTE) Writing is effective only when PWMXxE =1 and TxST =0
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11.5 12-bit A/D Converter

11.5.1 Overview

The analog-to-digital converter (A/D) allows conversion of an analog input signal to a corresponding 12-bit digital value.
The A/D module has tenth analog inputs. The output of the multiplex is the input into the converter, which generates
the result via successive approximation. The A/D module has four registers which are the control register ADCM (A/D
Converter Mode Register), ADCM1 (A/D Converter Mode Register 1) and A/D result register ADCHR (A/D Converter
Result High Register) and ADCLR (A/D Converter Result Low Register). It is selected for the corresponding channel to
be converted by setting ADSEL[3:0]. To executing A/D conversion, ADST bit sets to ‘“1’. The register ADCHR and
ADCLR contains the results of the A/D conversion. When the conversion is completed, the result is loaded into the
ADCHR and ADCLR, the A/D conversion status bit AFLAG is set to ‘1’, and the A/D interrupt is set. For processing A/D
conversion, AFLAG bit is read as ‘0’. If using STBY (power down) bit, the ADC is disabled. Also internal timer, external

generating event, comparator, the trigger of timer1pwm and etc. can start ADC regardless of interrupt occurrence.
ADC Conversion Time = ADCLK * 60 cycles

After STBY bit is reset (ADC power enable) and it is restarted, during some cycle, ADC conversion value may have an
inaccurate value.
When using ports as ADC input port, it is recommended to set corresponding PSR2, PSR3 registers to prevent current

leakage or unexpected function, because analog value enters to digital circuit.

ADC zero offset value is written to 1868h of option memory.

To read the zero offset value, refer to the assembly code below.

(Example)

char Zero_offset; /I signed value

#pragma ASM
mov A, #0 ;
mov  DPTR, #1868h ; ADC Zero offset value is addressed at 0x1868
movc A, @A+DPTR ; A=ADC zero offset value

#pragma ENDASM

Zero_offset = ACC; 1
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11.5.2 Block Diagram

4
Pre | =8 MUX
SCLK— scaler| =16
+32
12bit A/D Converter Data Register
2 ADCRH[7:0] ADCRL[7:4]
\ CKSEL[1:0] ADCLK 8bit Abit ADST or EXTRG
BMR NOTE1 ( ! ) ( ! ) l
D Clear
ANta[ }— o De el
AN13 D_. 12 AFLAG
AN12 D_. X
Successive
MUX >
4 Approximation »| ADIF > ﬁ?:,mpt
Circuit
Comparator
TSEL[2:0]
ANO I:'_> XINTO
-
XINT1
Trigger| MU | «——
4 X T0
ADSEL[3:0] 0
-
ADST
ADC Resistor Ladder
| |—> oo > Circuit -
Reference
NOTE) BMR : Beta-Multiplier Reference

Figure 11.11 ADC Block Diagram

Analog © ANO ~ AN14
Input

0~1000pF

Figure 11.12 A/D Analog Input Pin Connecting Capacitor
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11.5.3 ADC Operation

Align bit set “0”

|ADCO11 |ADCO10| ADCO9 | ADCO8 | ADCO7 | ADCO6 | ADCO5 | ADCO4 | ADCO3 | ADCO2 | ADCO1 | ADCOO |

Y VL Y Y y y y y y y Y y
| ADCRH7 | ADCRH6 | ADCRHS5 |ADCRH4 | ADCRH3 | ADCRH2 | ADCRH1 | ADCRHO | ADCRL7 | ADCRL6 | ADCRL5 | ADCRL4 |

— U\ J
— ~
ADCRL[7:4]

ADCRH[7:0] ADCRL([3:0] bits are “0”

Align bit set “1”

|ADCO11 |ADCO10| ADCO9 | ADCO8 | ADCO7 | ADCO6 | ADCO5 | ADCO4 | ADCO3 | ADCO2 | ADCO1 | ADCO0 |

y w Y y y y y y y y Y y
|ADCRH3 | ADCRH2 | ADCRH1 |ADCRHO | ADCRL7 | ADCRL6 | ADCRL5 | ADCRL4 | ADCRL3 | ADCRL2 | ADCRL1 | ADCRLO |

- N~ _
Y V
ADCRH[3:0]

ADCRH[7:4] bits are “0” ADCRLI[7:0]

Figure 11.13 ADC Operation for Align bit

SET ADCM2 Select ADC Clock & Data Align bit.

ADC enable & Select AN Input Channel.

Start ADC Conversion.

If Conversion is completed, AFLG is set “1” and ADC
interrupt is occurred.

AFLAG =1?

READ ADCRH/L After Conversion is completed, read ADCRH and ADCRL.

2 o I I 1

Y
[ ADC END ]

Figure 11.14 Converter Operation Flow
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11.5.4 Register Map

Name Address Dir Default Description
ADCM 95H R/W 8FH A/D Converter Mode Register
ADCM1 94H R/W 01H A/D Converter Mode 1 Register
ADCRL 96H R xxH A/D Converter Result Low Register
ADCRH 97H R xxH A/D Converter Result High Register
LDOCR A1H R/W O00H LDO Control Register
Table 11.7 Register Map
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11.5.5 Register Description for ADC

The ADC Register consists of A/D Converter Mode Register (ADCM), A/D Converter Result High Register (ADCRH),
A/D Converter Result Low Register (ADCRL), A/D Converter Mode 1 Register (ADCM1)..

NOTE) When STBY bit is set to ‘1’, ADCM1 is read.
If ADC enables, it is possible only to write ADCM1. When reading, ADCRL is read.

ADCM (A/D Converter Mode Register) : 95H

7 6 5 4 3 2 1 0
| smy | apst | ReFsEL | ARAG | ADsE3 | ADsE2 | ADsEU ADSELO
RW RW RW R RW RW RW RW
Initial value : 8FH
STBY Control operation of A/D standby (power down)
0 ADC module enable
1 ADC module disable (power down)
ADST Control A/D Conversion stop/start.
0 ADC Conversion Stop
1 ADC Conversion Start
REFSEL A/D Converter reference selection
0 VDD Reference (default)
1 Internal LDO (2.5V) Reference
AFLAG A/D Converter operation state
0 During A/D Conversion
1 A/D Conversion finished

ADSEL[3:0] A/D Converter input selection
ADSEL3 ADSEL2 ADSEL1 ADSELO Description

0 0 0 0 Channel0(ANO)
0 0 0 1 Channel1(AN1)
0 0 1 0 Channel2(AN2)
0 0 1 1 Channel3(AN3)
0 1 0 0 Channel4(AN4)
0 1 0 1 Channel5(AN5)
0 1 1 0 Channel6(ANG)
0 1 1 1 Channel7(AN7)
1 0 0 0 Channel8(AN8)
1 0 0 1 Channel9(AN9)
1 0 1 0 Channel10(AN10)
1 0 1 1 Channel11(AN11)
1 1 0 0 Channel12(AN12)
1 1 0 1 Channel13(AN13)
1 1 1 0 Channel14(AN14)
1 1 1 1 Channel15(BMR)

NOTE) When using ports as ADC input port, set corresponding PSR2, PSR3 register to ADC input mode in
order to open analog input switch and to prevent digital input.
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ADCRH (A/D Converter Result High Register) : 97H

7 6 5 4 3 2 1 0
ADDM11 ADDM10 ADDM9 ADDM8 ADDM7 ADDM6 ADDM5 ADDV4
ADDL11 ADDL10 ADDL9 ADDL8
R R R R R R R R
Initial value : xxH
ADDM[11:4] MSB align, A/D Converter High result (8-bit), default
ADDL[11:8] LSB align, A/D Converter High result (4-bit)
ADCRL (A/D Converter Result Low Register) : 96H
7 6 5 4 3 2 1 0
ADDM3 ADDM2 ADDM1 ADDMO
ADDL7 ADDL6 ADDL5 ADDL4 ADDL3 ADDL2 ADDL1 ADDLO
R R R R R R R R
Initial value : xxH
ADDM[3:0] MSB align, A/D Converter Low result (4-bit), default
ADDL[7:0] LSB align, A/D Converter Low result (8-bit)
ADCM1 (A/D Converter Mode Register) : 94H
7 6 5 4 3 2 1 0
| ExRre TSEL2 TSEL1 | TSEW - ALIGN CKSEL1 CKSELO
RW RW RW RW - RW RW RW
Initial value : 01H
EXTRG A/D external Trigger
0 External Trigger disable
1 External Trigger enable
TSEL[2:0] A/D Trigger Source selection
TSEL2 TSEL1 TSELO  Description
0 0 0 Ext. Interrupt O
0 0 1 Ext. Interrupt 1
0 1 0 -
0 1 1 -
1 0 0 TimerQ interrupt
1 0 1 Timer1 interrupt
1 1 0 -
ALIGN A/D Converter data align selection.
0 MSB align (ADCRH][7:0], ADCRL[7:4])
1 LSB align (ADCRH[3:0], ADCRL][7:0])
CKSEL[1:0] A/D Converter Clock selection
CKSEL1 CKSELO ADC Clock ADC VDD
0 0 fx/4 3V~5V
0 1 fx/8 3V~5V
1 0 fx/16 2.7V~3V
1 1 fx/32 2.4V~2.7V

NOTE) fx: system clock
ADC clock should be used below 3MHz
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LDOCR (LDO Control Register) : A1H

7 6 5 4 3 2 1 0
| - | ] | ] ] | - | VREF2P3SEL | DSCHGEN LDOEN

Initial value : 00H
VREF2P3SEL LDO output voltage select (Test only)

0 2.5V (default)
1 About 2.3V
DSCHGEN LDO Output Voltage Discharge Enable (Test only)
0 Disable
1 Enable
LDOEN 2.5V LDO Enable
0 Disable (default)
1 Enable
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12 Power Down Operation

12.1 Overview

The MC96F1206 has three power-down modes to minimize the power consumption of the device. In power down
mode, power consumption is reduced considerably. The device provides three kinds of power saving functions, IDLE,
STOP1 and STOP2 mode. In three modes, program is stopped.

To go to STOP1 mode, WDTRC should be set by writing ‘1’ to STOP1 bit in SCCR register.

12.2 Peripheral Operation in IDLE/STOP Mode

. STOP1 Mode STOP2 Mode
Peripheral IDLE Mode STOP1 = 1’ STOP1 = ‘0’
CPU ALL CPU Operation are Disable | ALL CPU Operation are Disable ALL CPU Operation are Disable
RAM Retain Retain Retain
Watch Dog Timer | Operates Continuously Operates Continuously Stop
Halted Halted
Timer Operates Continuously (Only when the Event Counter Mode | (Only when the Event Counter Mode
is Enable, Timer operates Normally) |is Enable, Timer operates Normally)
Internal OSC _—
(32MHz) Oscillation Stop Stop
Internal WDTOSC _—— I
(8kHz) Oscillation Oscillation Stop
I/O Port Retain Retain Retain
Control Register Retain Retain Retain
Address Data Bus |Retain Retain Retain
By RESET, External Interrupt, By RESET, External Interrupt, LVI,
Release Method By RESET, all Interrupts WDT, LVI, TIMER(EC) TIMER(EC)

Table 12.1 Peripheral Operation during Power Down Mode

NOTE) Before you use MCU STOP1/2 mode, you must disable P02, P13 debounce.
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12.3 IDLE Mode

The power control register is set to ‘01h’ to enter the IDLE Mode. In this mode, the internal oscillation circuits remain
active. Oscillation continues and peripherals are operated normally but CPU stops. It is released by reset or interrupt.
To be released by interrupt, interrupt should be enabled before IDLE mode. If using reset, because the device

becomes initialized state, the registers have reset value.

Lis
CPU Clock I | | | I = | | | I

- .
External : ]
Inberrupd :

Mormal Creration >< StandHowy Mode X Momnal Coeration

Figure 12.1 IDLE Mode Release Timing by External Interrupt

(Ex) MOV  PCON, #0000_0001b ; setting of IDLE mode : set the bit of STOP and IDLE Control register (PCON)

12.4 STOP Mode

The power control register is set to ‘03h’ to enter the STOP Mode. In the stop mode, the main oscillator, system clock
and peripheral clock is stopped, but watch timer continue to operate if STOP1 bit in SCCR register is written to ‘1.
With the clock frozen, all functions are stopped, but the on-chip RAM and control registers are held.
The source for exit from STOP mode is hardware reset and interrupts. The reset re-defines all the control registers.
When exit from STOP mode, enough oscillation stabilization time is required to normal operation. It is proportional to
the system clock.

Oscillation stabilization time = Default 16ms @ 8kHz WDTRC

o TIMIL,  _—WLUIL
CPU Clock ”l | I ? ! || |

)1
Extemal i

Inbarrupt

Helease

STOF commiand Oscillation stabilization time = 16ms

\ &0 BMHE stenm Clock
Momal Oparation @’;’JDEF 1 Swuand=by Moda ><n-r_—.l Doodation

Figure 12.2 STOP Mode Release Timing by External Interrupt

H
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12.5 Release Operation of STOP1, 2 Mode

After STOP1, 2 mode is released, the operation begins according to content of related interrupt register just before
STOP1, 2 mode start (Figure 12.3). Interrupt Enable Flag of All (EA) of IE should be set to "1°. Released by only

interrupt which each interrupt enable flag = “1°, and jump to the relevant interrupt service routine.

SET STOP1
SET PCON[10]
SET IExb

STOPT, 2 Mode

Interrupt Regueasl
Coresponding Inlarmpl |
Enmak'e kit {IE, IE1)

5TOPT, 2 Mode

Aelease

Y
Interrupt Servce
Rouling

Mext Instruction

Figure 12.3 STOP1, 2 Mode Release Flow

12.5.1 Register Map and Register Description for Power Down Operation

Name Address Direction Default Description
PCON 87H R/W OO0H Power Control Register

Table 12.2 Register Map

PCON (Power Control Register) : 87H

7 6 5 4 3 2 1 0
| oz | w6 | b5 bit4 bit3 bi2 bit1 b0
RW RW RW RW RW RW RW RW

Initial value : 00H

01H IDLE mode enable
03H STOP1, 2 mode enable

NOTE)
1. To enter IDLE mode, PCON must be set to ‘01H’.
2. To STOP1, 2 mode, PCON must be set to ‘03H’.
(In STOP1, 2 mode, PCON register is cleared automatically by interrupt or reset)
When PCON is set to ‘03H’, if STOP1 (in the SCCR register) is set to ‘1’, it enters the STOP1 mode. if
STOP1 is cleared to ‘0, it enters the STOP2 mode

5. The different thing in STOP 1, 2 is only clock operation of internal 8 kHz-WDTOSC during STOP mode
operating.

B w
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13 RESET

13.1 Overview

The MC96F 1206 has reset by external RESETB pin. The following is the hardware setting value.

On Chip Hardware Initial Value
Program Counter (PC) 0000h
Accumulator 00h
Stack Pointer (SP) 07h
Peripheral Clock On
Control Register Peripheral Registers refer
Low Voltage Indicator Enable

Table 13.1 Reset state

13.2 Reset Source

The MC96F 1206 has six types of reset generation procedures. The following is the reset sources.
- External RESETB
- Power ON RESET (POR)
- WDT Overflow Reset (In the case of WDT_EN =1")
- LVR Reset
- OCD Reset

- LVI Reset (In the case of LVILS # ‘000’)

13.3 RESET Block Diagram

RESET Noise
Canceller

Ext RESET
Disable by FUSE

LVI_OUT
LVI Enable

RESET Noise

Canceller
RESETB

POR RST

WDT RST
WDT RSTEN

LVR RST
LVROFF

Figure 13.1  RESET Block Diagram
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13.4 Power on RESET

When rising device power, the POR (Power ON Reset) have a function to reset the device. If using POR, it executes
the device RESET function instead of the RESET IC or the RESET circuits. And External RESET PIN is able to use as
Normal I/O pin.

Visgs = L1V (Typ)

VOD M
|
|

nPoR
{Internal Signal}

Internal RESETEH

AR

Orscillation

O=cillation Stabilization time

Figure 13.2 Internal RESET Release Timing On Power-Up

Counting for configura aption read star after RESET is released

VDD /—
Intermal nPOR J

Intermal Courtar ) f
for RESET release . ea " ee - \
Default 16ms @ WDTRC 8kHz
Internal RESETH
!
Configure Read Configure aption is read after intemal reset s released h
|
Y
Program Counter \ Q004 X 0307 }:

Figure 13.3  Configuration timing when Power-on
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Reset Rel o m_‘

b i ' |

VDO Input
s cinternal OSC

P- .

Y -

Figure 13.4  Boot Process Waveform

Process Description Remarks
® -No Operation
-1st POR level Detection
® -Internal OSC (32MHz) ON -about 1.2V~ 1.6V
-Delay section (=12ms)
® -VDD input voltage must rise over than flash operating voltage for | -Slew Rate >= 0.05V/ms
Config read
-about 1.5V ~ 1.6V
@ - Config read point -Config Value is determined by Writing
Option
® - Rising section to Reset Release Level ;;ﬁan;:e point after POR or EXT_reset
- Reset Release section (BIT overflow)
® i) after16ms, after External Reset Release (External reset) - BIT is used for Peripheral stability
i) 16ms point after POR (POR only)
@ -Normal operation

Table 13.2 Boot Process Description

MC96F1206
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PRESCALER COUNT START

UL

Figure 13.5  Oscillator generating waveform example

VDD

BSC START TIMINa

NOTE) As shown Figure 13.5, the stable generating time is not included in the start-up time.
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13.5 External RESETB Input

The External RESETB is the input to a Schmitt trigger. A reset in accomplished by holding the reset pin low for at least
10us over, within the operating voltage range and oscillation stable, it is applied, and the internal state is initialized.
After reset state becomes ‘1’, it needs the stabilization time with default 16ms and after the stable state, the internal
RESET becomes ‘1’. And the program execution starts at the vector address stored at address 0000H.

The Figure 13.6 is the Noise canceller time diagram. It has the Noise cancel value of about 500us (@Vop=5V) to the

low input of System Reset.

< Tang 1< Taue

12 T 2 Tanc =

Figure 13.6  Reset noise canceller time diagram

e UL UL

External RESETE
BOD RESETH
LVD RESETH
WOT RESEThH

Internal Courter
for RESET release

T

Default 16ms @ WDTRC 8kHz
Internal RESETh

I

Configure Read Configure aption is read after intermal reset is released h

Il.
1

Program Couriter { il X i1 X

Figure 13.7  Timing Diagram after RESET
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13.6 Low Voltage Indicator Processor

The MC96F1206 has an On-chip Low Voltage Indicator circuit for monitoring the VDD level during operation by
comparing it to a fixed trigger level. The trigger level for the LVI can be selected by LVILS[2:0]. In the STOP mode, this

will contribute significantly to the total current consumption. So to minimize the current consumption, the LVILS[2:0] is

set to off by software.
STOP1/2 mode
1
External VDD ———p»| LVIRF I LVlreset
0
Low Voltage )
Indicator
2.1V (LvI)
2.5V {>o—> D Q
3.5V
LVIIF — LVlint t
De-bounce Clock —>>CP _[>_ interrup
LVILS[2:0] f
LVILS[2:0] # 0

Figure 13.8  Block Diagram of LVI
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13.6.1 Register Map

Name Address Dir Default Description
RSFR 86H R/W 84H Reset Source Flag Register
LVIR 8FH R/W 40H LVI Control Register

Table 13.3 Register Map

13.6.2 Register Description for Reset Operation

RSFR (Reset Source Flag Register) : 86H

7 6 5 4 3 2 1 0
| PR | BARF | woRF | OcDRF LVIRF LVRRF - -
RW RW RW RW RW RW - -
Initial value : C4H
PORF Power-On Reset flag bit. The bit is reset by writing ‘0’ to this bit.
0 No detection
1 Detection
EXTRF External Reset flag bit. The bit is reset by writing ‘0’ to this bit or by
Power ON reset.
0 No detection
1 Detection
WDTRF Watch Dog Reset flag bit. The bit is reset by writing ‘0’ to this bit or by
Power ON reset.
0 No detection
1 Detection
OCDRF On-Chip Debug Reset flag bit. The bit is reset by writing ‘0’ to this bit or
by Power ON reset.
0 No detection
1 Detection
LVIRF Low Voltage Indicator Reset flag bit. The bit is reset by writing ‘0’ to this
bit or by Power ON reset.
0 No detection
1 Detection
LVRRF Low Voltage Reset flag bit. The bit is reset by writing ‘0’ to this bit or by
Power ON reset.
0 No detection
1 Detection
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LVIR (LVI Control Register) : 8FH

7 6 5 4 3 2 1 0
| - | LvNtoN | - . - LVILS2 LVILST LVILSO
- RW - - - RW RW RW
Initial value : 40H
LVIINTON Select LVI reset or Interrupt
0 Reset
1 Interrupt
LVILS[2:0] LVI level Voltage

LVILS2 LVILS1 LVILSO Description

0 0 0 LVI disable (default)
0 0 1 2.1V

0 1 0 LVI disable

0 1 1 2.5V

1 0 0 LVI disable

1 0 1 3.5V

1 1 0 LVI disable

1 1 1 LVI disable
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14 On-chip Debug System

14.1 Overview

14.1.1 Description

On-chip debug System (OCD2) of MC96F1206 can be used for programming the non-volatile memories and on-chip
debugging. Detailed descriptions for programming via the OCD2 interface can be found in the following chapter.

Figure 14.1 shows a block diagram of the OCD2 interface and the On-chip Debug system.

14.1.2 Feature

. Two-wire external interface: 1-wire serial clock input, 1-wire bi-directional serial data bus

. Debugger Access to:

— All Internal Peripheral Units
- Internal data RAM
- Program Counter

- Flash Memories
. Extensive On-chip Debug Support for Break Conditions, Including

- Break Instruction

- Single Step Break

- Program Memory Break Points on Single Address

- Programming of Flash, EEPROM, Fuses, and Lock bits through the two-wire Interface
-  On-chip Debugging Supported by OCD2 Dongle

. Operating frequency

Supports the maximum frequency of the target MCU
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Target MCU internal circuit

Format
converter

LLLI DSCL

— DBG

ﬂ\g = DSDA BDC Control
m| B

L

CPU DBG Register

Address bus

User I/0O |

Code memory )
SRAM Data memory Peripheral

-Flash
-EEPROM

Figure 14.1  Block Diagram of On-chip Debug System

14.2 Two-Pin External Interface

14.2.1 Basic Transmission Packet

*  10-bit packet transmission using two-pin interface.

*  1-packet consists of 8-bit data, 1-bit parity and 1-bit acknowledge.

»  Parity is even of ‘1’ for 8-bit data in transmitter.

* Receiver generates acknowledge bit as ‘0’ when transmission for 8-bit data and its parity has no error.

*  When transmitter has no acknowledge (Acknowledge bit is ‘1’ at tenth clock), error process is executed in
transmitter.

*  When acknowledge error is generated, host PC makes stop condition and transmits command which has
error again.

»  Background debugger command is composed of a bundle of packet.

»  Star condition and stop condition notify the start and the stop of background debugger command respectively.
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St Do | D1 D2 | D3 | D4 | D5 | D | D7 F A,

Figure 14.2  10-bit transmission packet

14.2.2 Packet Transmission Timing

14.2.2.1 Data Transfer

DSDA
LSB Acknowledgement LSB Acknowledgement
signal from receiver signal from receiver
DSCL
St \ ’1\ ’10\ ’1\ ’10\ ’ Sp
ACK ACK

START STOP

Figure 14.3  Data transfer on the twin bus
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14.2.2.2 Bit Transfer

=/ X X
- T

Data line
stable: Change
data valid of data
allowed

except Start and Stop

Figure 14.4  Bit transfer on the serial bus

14.2.2.3 Start and Stop Condition

DSDA
DSDA
St \ / \ / Sp
START condition STOP condition

Figure 14.5  Start and stop condition

14.2.2.4 Acknowledge bit

Dataoutput = "\ gy e
by transmitter \ X X X X

no acknowledge
Data output

By receiver \ ’

acknowledge

DSCL from
master \ ’ 1 \ ’ 2 \ 9 10

clock pulse for acknowledgement

Figure 14.6  Acknowledge on the serial bus
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Acknowledge bit Acknowledge bit
transmission transmission
Minimum 500ns : .
; i wait HIGH start HIGH
S /_\ /V_

\

o
"
LT3

Host B
p8€LouTt ¢
Start wait
Target Device
DSCL
minimum 1T
<—  Maximum 5T, —S— for next byte —
— transmission —
DSCL \ / \ /
<— Internal Operation —_—
Figure 14.7  Clock synchronization during wait procedure
14.2.3 Connection of Transmission
Two-pin interface connection uses open-drain(wire-AND bidirectional I/O).
? VDD
pull-up Rp Rp
resistors
DSDA (Debugger Serial Data Line)
O O
DSCL (Debugger Serial Clock Line)
© Q

]_ VDD

Host Machine (Master)

Target Device (Slave)

Figure 14.8

Current source for DSCL to fast 0 to 1 transition in high speed mode

Connection of transmission
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15 Memory Programming

15.1 Overview

15.1.1 Description

MC96F 1206 has flash memory to which a program can be written, erased, and overwritten while mounted on the

board. Serial ISP mode is supported.
15.1.2 Features

*  Flash Size : 6Kbytes

*  Single power supply program and erase

*  Command interface for fast program and erase operation

*  Upto 10,000 program/erase cycles at typical voltage and temperature for flash memory

»  Security feature

15.2 Flash Control and status register
Registers to control Flash are Mode Register (FEMR), Control Register (FECR), Status Register (FESR), Time Control

Register (FETCR), Address Low Register (FEARL), Address Middle Register (FEARM) and address High Register

(FEARH). They are mapped to SFR area and can be accessed only in programming mode.

15.2.1 Register Map

Name Address Dir Default Description
FEMR EAH R/W 00H Flash Mode Register
FECR EBH R/W 03H Flash Control Register
FESR ECH R/W 80H Flash Status Register
FETCR EDH R/W O00H Flash Time Control Register
FEARL F2H R/W 00H Flash Address Low Register
FEARM F3H R/W 00H Flash Address Middle Register
FEARH F4H R/W 00H Flash Address High Register

Table 15.1 Register Map
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15.2.2 Register Description for Flash

FEMR (Flash Mode Register) : EAH

7 6 5 4 3 2 1 0
I - | Poum ERASE PBUFF OTPE VFY FEEN
RW - RW RW RW RW RW RW
Initial value : 00H
FSEL Select flash memory.
0 Deselect flash memory
1 Select flash memory
PGM Enable program or program verify mode with VFY
0 Disable program or program verify mode
1 Enable program or program verify mode
ERASE Enable erase or erase verify mode with VFY
0 Disable erase or erase verify mode
1 Enable erase or erase verify mode
PBUFF Select page buffer
0 Deselect page buffer
1 Select page buffer
OTPE Select OTP area instead of program memory
0 Deselect OTP area
1 Select OTP area
VFY Set program or erase verify mode with PGM or ERASE

Program Verify: PGM=1, VFY=1
Erase Verify: ERASE=1, VFY=1

FEEN Enable program and erase of Flash. When inactive, it is possible to read
as normal mode

0 Disable program and erase
1 Enable program and erase

FEARL (Flash address low Register) : F2H

7 6 5 4 3 2 1 0
| &7 | e | AR5 | A4 ARL3 ARL2 ARL1 ARLO
w w w w W w w w
Initial value : 00H
ARL[7:0] Flash address low
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FECR (Flash Control Register) : EBH

7 6 5 4 3 2 1 0
| A | - I EXITO WRITE READ NFERST nPBRST
RW - RW RW RW RW RW RW
Initial value : 03H
AEF Enable flash bulk erase mode
0 Disable bulk erase mode of Flash memory
1 Enable bulk erase mode of Flash memory
EXIT[1:0] Exit from program mode. It is cleared automatically after 1 clock
EXIT1 EXITO Description
0 0 Don’t exit from program mode
0 1 Don’t exit from program mode
1 0 Don’t exit from program mode
1 1 Exit from program mode
WRITE Start to program or erase of Flash. It is cleared automatically after 1 clock
0 No operation
1 Start to program or erase of Flash
READ Start auto-verify of Flash. It is cleared automatically after 1 clock
0 No operation
1 Start auto-verify of Flash
nFERST Reset Flash control logic. It is cleared automatically after 1 clock
0 No operation
1 Reset Flash control logic.
nPBRST Reset page buffer with PBUFF. It is cleared automatically after 1 clock
PBUFF nPBRST Description
0 0 Page buffer reset
1 0 Write checksum reset

WRITE and READ bits can be used in program, erase and verify mode with FEAR registers. Read or writes for
memory cell or page buffer uses read and write enable signals from memory controller. Indirect address mode with

FEAR is only allowed to program, erase and verify
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FESR (Flash Status Register) : ECH

7 6 5 4 3 2 1 0
| Pevesy | VFvcooD | - - ROMINT WMODE EMODE VMODE
R RW R R RW R R R

Initial value : 80H

Operation status flag. It is cleared automatically when operation starts.

PEVBSY Operations are program, erase or verification
0 Busy (Operation processing)
1 Complete Operation
VFYGOOD Auto-verification result flag.
0 Auto-verification fails
1 Auto-verification successes
ROMINT Flash interrupt request flag. Auto-cleared when program/erase/verify
starts. Active in program/erase/verify completion
0 No interrupt request.
1 Interrupt request.
WMODE Write mode flag
EMODE Erase mode flag
VMODE Verify mode flag
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FEARM (Flash address middle Register) : F3H

7 6 5 4 3 2 1 0
| a&Rw | AR ARG | AR ARV ARVR ARM( ARMO
w w w w w w w w
Initial value : 00H
ARM[7:0] Flash address middle

FEARH (Flash address high Register) : F4H

7 6 5 4 3 2 1 0
| a7 | a6 | AR5 | ARH ARH3 ARH2 ARH{ ARHO
w w w W w w w w
Initial value : 00H
ARHI[7:0] Flash address high

FEAR registers are used for program, erase and auto-verify. In program and erase mode, it is page address and
ignored the same least significant bits as the number of bits of page address. In auto-verify mode, address increases

automatically by one.
FEARs are write-only register. Reading these registers returns 24-bit checksum result

FETCR (Flash Time control Register) : EDH

7 6 5 4 3 2 1 0
| v | toRe | ToRs | TCR4 TCR3 TCR2 TCRI TCRO
RW RW RW RW RW RW RW RW

Initial value : 00H

TCRJ7:0] Flash Time control

Program and erase time is controlled by setting FETCR register. Program and erase timer uses 10-bit counter. It
increases by one at each divided system clock frequency(=SCLK/128). It is cleared when program or erase starts.

Timer stops when 10-bit counter is same to FETCR. PEVBSY s cleared when program, erase or verify starts and set

when program, erase or verify stops.
Max program/erase time at 16Mhz system clock : (255+1) * 2 * (62.5ns * 128) = 4.096ms
In the case of 10% of error rate of counter source clock, program or erase time is  3.6~4.5ms

* * Program/erase time calculation
for page write or erase, Tpe = (TCON+1) * 2 * (SCLK * 128)
for bulk erase, Tbe = (TCON+1) * 4 * (SCLK * 128)

Min Typ Max Unit
program/erase Time 2.4 2.5 2.6 ms
Table 15.2 Program/erase Time

X Recommended program/erase time at 16MHz (FETCR = 9Dh)
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15.3 Memory map

15.3.1 Flash Memory Map

Program memory uses 6-Kbyte of Flash memory. It is read by byte and written by page. One page is 32-byte

FFFFh
p
R
0
G
R pgm/ers/vfy
A
M .L Flash
F MUX
i I N
R 0 17FFh
]
N
T
E 6KBytes
R
0000h

Figure 15.1 Flash Memory Map

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

PAGE ADDRESS WORD ADDRESS

Program Memory
0xBF

Page 191

Y

Ox1F

Page 190

=

Page 1

Page 0

0x000

0x00

* Page buffer size: 32Bytes

Figure 15.2

Address configuration of Flash memory
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15.4 Serial In-System Program Mode

Serial in-system program uses the interface of debugger which uses two wires. Refer to chapter 14 in details about

debugger.

15.4.1 Flash operation

Configuration (This Configuration is just used for follow description)

7 6 5 4 2 ! 0
- | revRw am | FEVRE &) | - FEVRE | FECRS | FECRW
- ERASESVFY  PGMBVFY - OTPE AES AEF
Master Reset
> Page Buffer Reset
Page Buffer Load (0X00H) - Page Buffer Reset
""_"__1: Page Buffer Load
A 4
In the case of OTP
OTPEflagSet | ( F---------- !
. v

\ 4

Erase Latency (500us)

A 4

Page Buffer Reset

A 4

Configuration Reg. setting

\ 4

Cell Read

Configuration Reg. Clear

In the case of OTP
OTPE flag Set

Pgm Latency (500us)

v

Page Buffer Reset

A 4

Configuration Reg. setti

ng

A 4

Cell Read

Figure 15.3

The sequence of page program and erase of Flash memory
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Master Reset

v

Page Buffer Reset

v

Page Buffer Load

\ 4

Configuration Reg. <0> Set

\ 4
Erase Latency (500us)

v

Page Buffer Reset

\ 4

Configuration Reg. <0> clear
Reg. <6:5> setting

\ 4
Cell Read

Figure 15.4 The sequence of bulk erase of Flash memory
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15.4.1.1 Flash Read

Step 1. Enter OCD(=ISP) mode.

Step 2. Set ENBDM bit of BCR.

Step 3. Enable debug and Request debug mode.
Step 4. Read data from Flash.

15.4.1.2 Enable program mode

Step 1. Enter OCD(=ISP) mode.
Step 2. Set ENBDM bit of BCR.
Step 3. Enable debug and Request debug mode.
Step 4. Enter program/erase mode sequence.2
(1) Write OxAA to OxF555.
(2) Write 0x55 to OxFAAA.

(3) Write OxA5 to 0xF555.

1 Refer to how to enter ISP mode..

2 Command sequence to activate Flash write/erase mode. It is composed of sequentially writing data of Flash memory.

15.4.1.3 Flash write mode

Step 1. Enable program mode.

Step 2. Reset page buffer. FEMR: 1000_0001 FECR:0000_0010

Step 3. Select page buffer. FEMR:1000_1001

Step 4. Write data to page buffer.(Address automatically increases by twin.)
Step 5. Set write mode. FEMR:1010_0001

Step 6. Set page address. FEARH:FEARM:FEARL=20'hx_xxxx

Step 7. Set FETCR.

Step 8. Start program. FECR:0000_1011

Step 9. Insert one NOP operation

Step 10. Read FESR until PEVBSY is 1.

Step 11. Repeat step2 to step 8 until all pages are written.
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15.4.1.4 Flash page erase mode

Step 1. Enable program mode.

Step 2. Reset page buffer. FEMR: 1000_0001 FECR:0000_0010
Step 3. Select page buffer. FEMR:1000_1001

Step 4. Write ‘h00 to page buffer. (Data value is not important.)
Step 5. Set erase mode. FEMR:1001_0001

Step 6. Set page address. FEARH:FEARM:FEARL=20’hx_xxxx
Step 7. Set FETCR.

Step 8. Start erase. FECR:0000_1011

Step 9. Insert one NOP operation

Step 10. Read FESR until PEVBSY is 1.

Step 11. Repeat step2 to step 8 until all pages are erased.

15.4.1.5 Flash bulk erase mode

Step 1. Enable program mode.
Step 2. Reset page buffer. FEMR: 1000_0001 FECR:0000_0010
Step 3. Select page buffer. FEMR:1000_1001
Step 4. Write ‘h00 to page buffer. (Data value is not important.)
Step 5. Set erase mode. FEMR:1001_0001.
(Only main cell area is erased. For bulk erase including OTP area, select OTP area.(set FEMR to 1000_1101.)
Step 6. Set FETCR
Step 7. Start bulk erase. FECR:1000_1011
Step 8. Insert one NOP operation
Step 9. Read FESR until PEVBSY is 1.

15.4.1.6 Flash OTP area read mode

Step 1. Enter OCD(=ISP) mode.

Step 2. Set ENBDM bit of BCR.

Step 3. Enable debug and Request debug mode.
Step 4. Select OTP area. FEMR:1000_0101
Step 5. Read data from Flash.
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15.4.1.7 Flash OTP area write mode

Step 1. Enable program mode.

Step 2. Reset page buffer. FEMR: 1000_0001 FECR:0000_0010

Step 3. Select page buffer. FEMR:1000_1001

Step 4. Write data to page buffer.(Address automatically increases by twin.)
Step 5. Set write mode and select OTP area. FEMR:1010_0101

Step 6. Set page address. FEARH:FEARM:FEARL=20’hx_xxxx

Step 7. Set FETCR.

Step 8. Start program. FECR:0000_1011

Step 9. Insert one NOP operation

Step 10. Read FESR until PEVBSY is 1.

15.4.1.8 Flash OTP area erase mode

Step 1. Enable program mode.

Step 2. Reset page buffer. FEMR: 1000_0001 FECR:0000_0010
Step 3. Select page buffer. FEMR:1000_1001

Step 4. Write ‘h00 to page buffer. (Data value is not important.)
Step 5. Set erase mode and select OTP area. FEMR:1001_0101
Step 6. Set page address. FEARH:FEARM:FEARL=20’hx_xxxx
Step 7. Set FETCR.

Step 8. Start erase. FECR:0000_1011

Step 9. Insert one NOP operation

Step 10. Read FESR until PEVBSY is 1.

15.4.1.9 Flash program verify mode

Step 1. Enable program mode.
Step 2. Set program verify mode. FEMR:1010_0011
Step 3. Read data from Flash.

15.4.1.10 Flash program verify mode

Step 1. Enable program mode.
Step 2. Set program verify mode. FEMR:1010_0011
Step 3. Read data from Flash.
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15.4.1.11 OTP program verify mode

Step 1. Enable program mode.
Step 2. Set program verify mode. FEMR:1010_0111
Step 3. Read data from Flash.

15.4.1.12 Flash erase verify mode

Step 1. Enable program mode.
Step 2. Set erase verify mode. FEMR:1001_0011
Step 3. Read data from Flash.

15.4.1.13 Flash page buffer read

Step 1. Enable program mode.
Step 2. Select page buffer. FEMR:1000_1001
Step 3. Read data from Flash.

15.4.2 Summary of Flash Program/Erase Mode

Operation mode Description
Flash read Read cell by byte.
Flash write Write cell by bytes or page.
E Flash page erase Erase cell by page.
A Flash bulk erase Erase the whole cells.
a Flash program verify Read cell in verify mode after programming.
Flash erase verify Read cell in verify mode after erase.
Flash page buffer load Load data to page buffer.
Table 15.3 Operation Mode
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15.5 Mode entrance method of ISP and byte-parallel mode

15.5.1 Mode entrance method for ISP

TARGET MODE DSDA DSCL DSDA
OCD(ISP) ‘hC ‘hC ‘hC

Release from worst 1.7V

rd

Power on reset J Low period required during more 10us

- ) ‘
nCin—
[T o111

RESET_SYSB

Figure 15.5 ISP mode

15.6 Security

MC96F1206 provides Lock bits which can be left unprogrammed (“0”) or can be programmed (“1”) to obtain the
additional features listed in

Table 15.4. The Lock bits can be erased to “0” with only the bulk erase command and a value of more than 0x80 at
FETCR.

USER MODE ISP/PMODE
LOCK

MODE
FLASH OTP FLASH OTP

LOCKF R W PE BE R w PE BE R w PE BE R W PE BE

Table 15.4 Security policy using lock-bits

* LOCKEF: Lock bit of Flash memory
* R:Read

+  W: Write

» PE: Page erase

+ BE: Bulk Erase

* O: Operation is possible.

»  X: Operation is impossible.
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16 Configure option

16.1 Configure option Control Register

FUSE_CFGO0 (Pseudo-Configure Data)

7 6 5 4 3 2 1 0
BSZE[ | BSZED | - | - RSTEN LOCKB - LOCKF
R R - - R R - R
Initial value : 00H
BSIZE[1:0] Select Specific Area for Write Protection.

NOTE) When LOCKB s set, it’s applied.
00 000h~7FFh (2KB)

01 000h~9FFh (2.5KB)

10 000h~BFFh (3KB)

11 000h~DFFh (3.5KB)

RSTEN Select RESETB pin.
0 Enable RESETB pin. (default)
1 Disable RESETB pin.
LOCKB Select Code Write Protection with Specific Area
0 Disable Code Write Protection
1 Enable Code Write Protection
LOCKF Select Code Read Protection.
0 Disable Code Read Protection
1 Enable Code Read Protection
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17 APPENDIX

A. Instruction Table

Instructions are either 1, 2 or 3 bytes long as listed in the ‘Bytes’ column below.
Each instruction takes either 1, 2 or 4 machine cycles to execute as listed in the following table. 1

comprises 2 system clock cycles.

machine cycle

ARITHMETIC
Mnemonic Description Bytes Cycles Hex code
ADD A,Rn Add register to A 1 1 28-2F
ADD A,dir Add direct byte to A 2 1 25
ADD A,@Ri Add indirect memory to A 1 1 26-27
ADD A #data Add immediate to A 2 1 24
ADDC A,Rn Add register to A with carry 1 1 38-3F
ADDC A, dir Add direct byte to A with carry 2 1 35
ADDC A,@Ri Add indirect memory to A with carry 1 1 36-37
ADDC A, #data Add immediate to A with carry 2 1 34
SUBB A,Rn Subtract register from A with borrow 1 1 98-9F
SUBB A,dir Subtract direct byte from A with borrow 2 1 95
SUBB A,@Ri Subtract indirect memory from A with borrow 1 1 96-97
SUBB A #data Subtract immediate from A with borrow 2 1 94
INCA Increment A 1 1 04
INC Rn Increment register 1 1 08-0F
INC dir Increment direct byte 2 1 05
INC @Ri Increment indirect memory 1 1 06-07
DECA Decrement A 1 1 14
DEC Rn Decrement register 1 1 18-1F
DEC dir Decrement direct byte 2 1 15
DEC @Ri Decrement indirect memory 1 1 16-17
INC DPTR Increment data pointer 1 2 A3
MUL AB Multiply A by B 1 4 A4
DIV AB Divide Aby B 1 4 84
DAA Decimal Adjust A 1 1 D4
LOGICAL
Mnemonic Description Bytes Cycles Hex code
ANLARn AND register to A 1 1 58-5F
ANL A,dir AND direct byte to A 2 1 55
ANL A,@Ri AND indirect memory to A 1 1 56-57
ANL A #data AND immediate to A 2 1 54
ANL dir,A AND A to direct byte 2 1 52
ANL dir,#data AND immediate to direct byte 3 2 53
ORLA,Rn OR register to A 1 1 48-4F
ORL A,dir OR direct byte to A 2 1 45
ORLA,@Ri OR indirect memory to A 1 1 46-47
ORL A #data OR immediate to A 2 1 44
ORL dir,A OR A to direct byte 2 1 42
ORL dir#data OR immediate to direct byte 3 2 43
XRLA,Rn Exclusive-OR register to A 1 1 68-6F
XRL A,dir Exclusive-OR direct byte to A 2 1 65
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XRL A, @RI “Exclusive-OR indirect memory to A 1 1 6667 |
XRL A #data Exclusive-OR immediate to A 2 1 64
XRL dir,A Exclusive-OR A to direct byte 2 1 62
XRL dir,#data Exclusive-OR immediate to direct byte 3 2 63
CLRA 1 1 E4
CPLA Complement A 1 1 F4
SWAP A Swap Nibbles of A 1 1 Cc4
RLA Rotate A left 1 1 23
RLC A Rotate A left through carry 1 1 33
RR A Rotate A right 1 1 03
RRC A Rotate A right through carry 1 1 13
DATA TRANSFER
Mnemonic Description Bytes Cycles Hex code
MOV ARn Move register to A 1 1 E8-EF
MOV A,dir Move direct byte to A 2 1 E5
MOV A,@Ri Move indirect memory to A 1 1 E6-E7
MOV A #data Move immediate to A 2 1 74
MOV Rn,A Move A to register 1 1 F8-FF
MOV Rn,dir Move direct byte to register 2 2 A8-AF
MOV Rn,#data Move immediate to register 2 1 78-7F
MOV dir,A Move A to direct byte 2 1 F5
MQV dir,Rn Move register to direct byte 2 2 88-8F
MOV dir,dir Move direct byte to direct byte 3 2 85
MOV dir,@Ri Move indirect memory to direct byte 2 2 86-87
MOV dir,#data Move immediate to direct byte 3 2 75
MOV @Ri,A Move A to indirect memory 1 1 F6-F7
MOV @Ri,dir Move direct byte to indirect memory 2 2 AG-A7
MOV @Ri,#data Move immediate to indirect memory 2 1 76-77
MOV DPTR, #data Move immediate to data pointer 3 2 90
MOVC A,@A+DPTR Move code byte relative DPTR to A 1 2 93
MOVC A,@A+PC Move code byte relative PC to A 1 2 83
MOVXA,@Ri Move external data(A8) to A 1 2 E2-E3
MOVX A ,@DPTR Move external data(A16) to A 1 2 EO
MOVX @Ri,A Move A to external data(A8) 1 2 F2-F3
MOVX @DPTR,A Move A to external data(A16) 1 2 FO
PUSH dir Push direct byte onto stack 2 2 Co
POP dir Pop direct byte from stack 2 2 DO
XCHA,Rn Exchange A and register 1 1 C8-CF
XCH A,dir Exchange A and direct byte 2 1 C5
XCHA @RI Exchange A and indirect memory 1 1 C6-C7
XCHD A,@Ri Exchange A and indirect memory nibble 1 1 D6-D7
BOOLEAN
Mnemonic Description Bytes Cycles Hex code
CLRC Clear carry 1 1 C3
CLR bit Clear direct bit 2 1 C2
SETB C Set carry 1 1 D3
SETB bit Set direct bit 2 1 D2
CPLC Complement carry 1 1 B3
CPL bit Complement direct bit 2 1 B2
ANL C,bit AND direct bit to carry 2 2 82
ANL C,/bit AND direct bit inverse to carry 2 2 BO
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"ORL Cbit OR direct bit to carry 2 2 7
ORL C,/bit OR direct bit inverse to carry 2 2 A0
MOV C,bit Move direct bit to carry 2 1 A2
MOV bit,C Move carry to direct bit 2 2 92

BRANCHING
Mnemonic Description Bytes Cycles Hex code
ACALL addr 11 Absolute jump to subroutine 2 2 11—F1
LCALL addr 16 Long jump to subroutine 3 2 12
RET Return from subroutine 1 2 22
RETI Return from interrupt 1 2 32
AJMP addr 11 Absolute jump unconditional 2 2 01—E1
LJMP addr 16 Long jump unconditional 3 2 02
SJMP rel Short jump (relative address) 2 2 80
JC rel Jump on carry = 1 2 2 40
JNC rel Jump on carry =0 2 2 50
JB bit,rel Jump on direct bit = 1 3 2 20
JNB bit,rel Jump on direct bit =0 3 2 30
JBC bit,rel Jump on direct bit = 1 and clear 3 2 10
JMP @A+DPTR Jump indirect relative DPTR 1 2 73
JZ rel Jump on accumulator = 0 2 2 60
JINZ rel Jump on accumulator #0 2 2 70
CJINE A dir,rel Compare A, direct jne relative 3 2 B5
CJINE A #d,rel Compare A, immediate jne relative 3 2 B4
CJINE Rn,#d,rel Compare register, immediate jne relative 3 2 B8-BF
CJINE @Ri #d,rel Compare indirect, immediate jne relative 3 2 B6-B7
DJNZ Rn,rel Decrement register, jnz relative 2 2 D8-DF
DJNZ dir,rel Decrement direct byte, jnz relative 3 2 D5
MISCELLANEOUS
Mnemonic Description Bytes Cycles Hex code
NOP No operation 1 1 00
ADDITIONAL INSTRUCTIONS (selected through EO[7:4])
Mnemonic Description Bytes Cycles Hex code
MOVC @(DPTR++),A M8051W/M8051 EW-specific instruction supporting 1 2 A5
software download into program memory
TRAP Software break command 1 1 A5

In the above table, an entry such as E8-EF indicates a continuous block of hex op-codes used for 8 different
registers, the register numbers of which are defined by the lowest three bits of the corresponding code. Non-
continuous blocks of codes, shown as 11—F1 (for example), are used for absolute jumps and calls, with the top 3 bits
of the code being used to store the top three bits of the destination address.

The CJINE instructions use the abbreviation #d for immediate data; other instructions use #data.
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B. Package relation

MC96F1206 (16SOPN) | MC96F1206 (20-Pin)

Pin count 16 20
Max I/0 14 18
Difference P07, P10 ~ P12

(removed functions on standard MC96F1206)

NOTE) The P07, P10-P12 pins should be selected as a push-pull output or an input with pull-up resistor by software
control when the 16SOPN package is used.
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