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.

6 MC96F1206
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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
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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/INT0/P02

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

P01/AN1/DSCL

%0 |
EE

AN6/PO7 | 6 |

POO/ANO/ECO/DSDA

VDD

L7 ]

AN7/P10

VSS
P21/AN14

| 16 ]

P20/AN13

P17/AN12

P16/AN11

P15/AN10

P14/AN9

70|

EC1/INT1/AN8/P13

Figure 3.1

MC96F1206 20QFN assignment

DSDA/ECO/ANO/PO0
DSCL/AN1/PO1
RESETB/INTO/PO2

AN2/P03
AN3/PO4| 6 |
AN4/PO5
AN5/P06| 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

MC96F 1206 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.
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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)
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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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