CMOS single-chip 8-bit MCU

with 12-bit ADC

Main features
8-bit Microcontroller with high performance CM8051-S CPU

Basic MCU Function

— 2 Kbytes Flash Code Memory
— Code Area Protection
— 256 bytes SRAM Data Memory

Built-in Analog Function

— Power-On Reset and Brown-out Detect Reset
— Internal 32 MHz RC Oscillator (+1.5%@25°C)

Peripheral features

— 12-bit Analog to Digital Converter

/0 and packages

— Up to 14 programmable 1/O lines with 16pin package
— Package types 16SOP, 16QFN, 10SSOP, 8SOP

Operating conditions

— -40°C to 85°C temperature range
— -40°C to 105°C temperature range

Application

— Battery charge & discharge control
— Small home appliance
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Overview

1. Description

The MC94F1202A is an advanced CMOS 8-bit microcontroller with 2 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 : 2 Kbytes of FLASH, 256 bytes of SRAM, 16-bit timer/counter/PWM, Watchdog timer
with WDTOSC, 12-bit ADC, On-chip POR, LVI and LVR, Internal RC-Oscillator, Internal WDT-Oscillator and clock

circuitry. The MC94F 1202A also supports Power saving modes to reduce Power Consumption.

Device Name FLASH IRAM XRAM ADC /O PORT Package Temperature Range

MC94F1202AMB 2 Kbytes 256 bytes - 14 inputs 14 16-SOP

MC94F1202AUB 2 Kbytes 256 bytes - 14 inputs 14 16-QFN . 5
MC94F1102ASB 2 Kbytes 256 bytes - 8 inputs 8 10-SSOP “40°C ~ +85°C
MC94F1102AMB 2 Kbytes 256 bytes - 6 inputs 6 8-SOP

MC94F1202AMB2 | 2 Kbytes 256 bytes - 14 inputs 14 16-SOP

MC94F1202AUB2 | 2 Kbytes 256 bytes - 14 inputs 14 16-QFN . .
MC94F1102ASB2 | 2 Kbytes 256 bytes - 8 inputs 8 10-SSOP -40°C ~ +105°C
MC94F1102AMB2 | 2 Kbytes 256 bytes - 6 inputs 6 8-SOP

Table 1-1 Ordering Information of MC94F1x02A
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Device Nomenclature

MC94F1x02A Family Name
x=1 8/10 pin

MC94F1x02A M B 2 N (T)

x=2 16 pin

Package Type
M SOP

S SSOP
u QFN

RoHS
B Halogen Free

Temperature
none -40°C ~85°C

2 -40°C ~ 105°C

Bonding Wire
none Au wire

N Pd-Cu wire

Packing
(T) Tape & Reel
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1.2 Features

CPU
— CMB8051-S (8051 Compatible, 1 clock per cycle)

2 Kbytes On-Chip FLASH

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

256 bytes IRAM

Input Output Ports
- GPIO 14

Timer/Counter
— 16-bit x 2-ch (Timer0, Timer1)
— 8-bit x 1-ch (Timer2)

PWM (16-bit 2-ch, Using Timer0,1)
Watch Dog Timer

12-bit A/D Converter

— 14-Input channels
— 1-channel for internal ref.

Interrupt Sources

— External Interrupts (3, with PCI)
— Timer (3)

— ADC (1)

— WDT (1)

- Lvi(1)

On-Chip RC-Oscillator

32MHz Osillator (£1.5%@25°C)

32MHz Osillator (+2.5%@-20°C~+60°C)
32MHz Osillator (+3.0%@-40°C~+85°C)
32MHz Osillator (£5.0%@-40°C~+105°C)

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

Power On Reset
- 11V

Low Voltage Reset
— 1-Level (1.8 V)

Low Voltage Indicator
— 3-Level (2.1V, 2.5V, 3.5V)

Minimum Instruction Execution Time
— 125ns (@8MHz, NOP Instruction)

Power Down Mode
— IDLE, STOP1, STOP2 mode

Operating Frequency
- 1/4/8/16MHz

Operating Voltage
- 22V ~55V

Operating Temperature
— -40°C ~ +85°C
— -40°C ~ +105°C

Package Type
— 16-SOP, 16-QFN, 10-SSOP, 8-SOP
— Pb free package
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1.3 Development tools

1.3.1 Compiler
ABOV semiconductor does not provide any compiler for the MC94F1202A. But the CPU core of MC94F1202A is
CM8051-S 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 OCD1&0CD2 manual for more details.

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

The OCD?2 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.
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1.3.3 OCD Port Operation

Configure Read

[ A
 J

| I |
f
Intemal nPOR | : :
| | |
LVI RESETB | i
Test Mode |
or LVR RESETB Control Reset | :
—» jt— | |
I
DSCL I | ’ | | | I : :
= | | |
I
DSDA I||||I |||||T | :
| |
I
|
I

Intemal RESETb 16 ms (£ 20%) @ Internal Ring OSC

A
A

TEST_MODE
(OCD Mode)

I
I
I
I
i
I
I
I
I 12 ms (+20%) @ Internal Ring OSC _|
T
I
I
I
I
I
I
|

Figure 1- 1 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 (MC94F1202A DSCL pin)
- P00 (MC94F1202A DSDA pin)

NOTE)

1 [e] 2 UserVCC
3 o 4 User GND
5 []O o 6 DSCL
7 [e] 8 DSDA
9 (o] 10
Figure 1- 2 On Chip Debugger 2 and Pin description (OCD2 mode)
E-PGM+, PGM Plus LC2, E-PGM+ Gang4/6
R1 (2kQ ~ 5kQ)
DSCL(I) j To application circuit
R2 (2kQ ~ 5kQ)
DSDA(/0) | | To application circuit
]
VDD | |
— O |
(0.1uf)
vss | ]
Figure 1- 3 OCD Interface Circuit

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.

The value of R1, R2 and C1 is recommended value. It varies with circuit of system.
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OCD2 (On Chip Debug) Emulator
. MCU emulation control via 2pin OCD interface.
. 2pin interface : OCD2 clock & data.
. Higher interface speed than OCD dongle.
. 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.

0. ABOV Semiconductor M8051 OCD1 & OCD2 debugger @

i File View Emulation Break/Configure Test Window Help
SR e® | AAA RS 6L

i) Device name : OCD2 test

Disasm View 8 X Globalvar. 2 X CodeView 2 x startup.a51 x| DA Register Driver.c | v
BlLE Bl b3 = 91 EXTRN CODE (2C_START) 5
. 92
Sr| Addr | Opcode | Mnemonic Type | attrib__| Name. [vailf Code : 00000 a3 PUBLIC >C_STARTUP
R s [ADDC ARs unsigned it CODE__ICE.DUMMY._ 03| Addr [0 |1 |2 [3 |4 |5 [6[7 8] s
ooooL 84 DV AB 00000 3C 84 FE EF 75 FO 3C 84 ES g CSEG AT a
00002 FE MOV R6A 00010 25 64 00 20 20 20 20 00 00 AR K
00003 EF MOV AR7 00020 00 00 00 00 00 00 00 E4 FF
00004 73F03C MOV OF0#03C 00030 E4 FF 12 43 8 EF 60 03 7F RIEE 2C CSISIRRIDR
00007 JES b A8 00040 DB ED 24 FE 60 03 04 70 04
00008  ESFO MOV A0F0 00050 4F FF 22 E4 FF FE 12 01 F4 IF IDATALEN <> 0
0000A 6001 JZ  0000D Pl e — »| 00060 09 EI 70 F2 OA 80 EF 22 E4 MOV RO, $IDATALEN - 1
ooooc - 0E INC RE 00070 05 EF 7C 00 7D 64 AE 04 AF CLR A
0000D  AFOS MOV R7,006 s e 00080 04 7F 02 80 05 90 03 A7 EO IDRTALOOP: MOV 0RO, A
0000F 22 RET Forhan WX 00030 94 07 50 OC 74 72 2F F5 82 - Dz RO, IDATRLOOE
00010 2564 ADD ADE4 000A0 22 32 32 32 32 00 33 33 33
00012 00 NOP RO RL R2 R3 R4 RS R6 R7 000B0 05 13 88 03 7B 01 7A 00 79 IF XDATALEN <> 0
00013 202020 JB 024.0,00036 000CO EA FD FC 02 7E 95 EF 75 FO MOV DPIR, $KDATASTART
¥ #0 |00 foo {00 |00 |00 foo |00 |00 v
OGN 200000 B 020.0,00019 [0 Joo oo [u foo oo fao foo 000D0 35 FO FA 7B FF 22 12 7A 36 0 MOV R7,4LOW (XDATALEN)
00019 O NOP ™ =1 [oo [oo [a0"[00 o000 [o0 [a0” OOCED 01 F5 83 E0 FF 22 EF 75 FO 111 IF (LOW (XDATALEN)) <> 0
00014 00 NOP 112 MOV BE, # (HIGH (XDATALEN)
o8 100 NP I~ #2 00 [00 [00 [00 [o0 [oo [0 [0 000F0 35 FO FA 78 FF 22 EF 70 04 e
0001C 00 NOP I~ #3 00 [00 [o0 [00 [o0 [0 [0 [0 (-jﬁa_x - MOV RE, $HIGH (XKDATALEN)
5
0001D 00 NOP CY AC FO RS1 RSO OV Fi PA < m CIR a
L MOVE EDPTR, A
a7 i ] v e oofoofoofo]o] Xdata View me oemR
e ax A [00 oem [ 0000 BliS S DJNZ  R7,XDATALOOFR
DJNZ R6, XDATALOOP
7] 8 [oo ec [ooooo 4 Xaddr : 00000 E
IRAM : 00D Sir View g Addr o |1 (2 [3 (4|5 [6[7 [e S . Jj
addr |0 |12 |3 a5 67~ 7 00000 00 00 00 00 00 00 00 00 [ af "~ | D
w0 B EEEREEE TR 00010 00 00 00 00 00 00 00 00 C | %
P ——— | 00020 00 00 00 00 00 00 00 00 (
00020 00 00 00 00 00 00 oo o | Addr [0 [1 ]2 |3 |4 [5 [6 |7 |8 [90005 00 00 00 00 00 0O 00 00 C | Emulation &break information will be dispiayed herc.
00030 100 100 00 00 00 (00, 00 'oj=| 00080 00 07 00 00 0D 45 %5 00 FE 0 00040 00 00 00 00 00 00 00 00 O\ s
00040 ©0 00 00 00 00 00 00 ol | 00090 38 00 00 07 00 00 F3 FF 00 000050 00 00 00 00 00 00 00 00 € || prengetected:
00050 Q0 00 00 00 0O Q0 Q0 Qi | DODAC 00 0D 00 FO FF FF 00 00 0p F 000GC 00 00 0O 00 00 00 00 00 ( Next PC = 000001
00060 00 00 00 00 00 00 00 o O000BO 00 FO FF FO FF 00 00 00 07 O ©00C70 00 0O €O 00 00 0O OO 00 C OSC count 0,000,000,000,002
00070 100 00 00 00 00 00 00 G 00OCO 00 00 00 00 00 00 00 00 00 0|00GSO 0O 00 (00 00 00 00 00 00 ¢ | Emuitiontine=0000:00 000ms000.2us
00080 00 00 00 00 00 00 00 o 000DC 00 00 00 00 0C 0O 00 00 op 500090 00 00 0 00 00 00 0O 00 C
00090 00 (00 00 00 00 00 00 o | O00ED 00 28 00 00 0O 00 00 00 op 0 000AC 00 00 00 00 00 00 00 00 C
000AC 00 (00 00 00 00 (00 00 o | O00OFD 00 00 00 00 00 00 00 00 0o 0 00080 00 00 00 00 00 00 00 00 C
00050 R N B e P R G 000C0 00 00 00 00 00 00 00 00 C~
ooocn, 4L m | b < i ] » | 000D0 < | i ] 3 W 4 b M| Status; Breaks | TABZ
Ready (AP NUM SRl Connected

Figure 1- 4 OCD Debugger
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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 : 1TMB

© USBL120 pC1o~15V  S/W
cl N R
1 ! 4
OFF
¥

Power DC 9 ~ 15V

Enter Key Connector.
To connect with the auto-

-

For ISP(In-System-Programming)

handler

For Barcode reader

. MCU RX

VDD

MCU TX

GND

Run Flag or Boot Pin
Serial Clock

GND

Serial Data

. N/A

0. VPP or Reset Pin

Figure 1- 5

E-PGM+ component and connector
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PGMPIlusLC 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).
*  Supported high voltage Max 18V.

*  PGMplusLC2 is based on PC environment.

*  PGMplusLC2 is faster than PGMplusLC.

+  Transmission speed is 64Kbyte/s

2.Vdd
4. GND
6. Serial Clock
8. Serial Data

Figure 1-6 PGMplusLC Writer
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E-PGM+ Gang4/6

*  Product name : E-PGM+ GANG 4

«  Dimension(x, Yy, 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 1-7 Gang Programmer
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2 Block diagram

P14/PWMO PO
Timer 0 -~
POO/ECO mer rornr | Poo~Pos
0CD2
P13/PWM1 On-Chip debugger 2
Timer 1 P1
P16/EC1 PORT | Pro~pi6
Mzt 2 CM8051-8
CORE
PO2/EINTO (WSVT%TSC)
P16/EINTH FLASH
Interrupt (2K bytes)
Controller
System & ¢ ¢
IRAM Clock Control ) RESETB/P02
(256 bytes)
INT-RC voltage
. PCI CE9 il Convertor
P1[6:0] Q—>»
INT-WDT I
OSC 8KHz AN14
AN13/P16
AN12/P15
AN11/P14
Power on AN10/P13
Reset
AN9/P12
AN8/P11
Low Voltage 12 bit ADC AN7/P10
Indicator ANG6/P06
AN5/P05
AN4/P04
Low Voltage
- AN3/PO3
AN2/P02
AN1/PO1
ANO/PO0O
VDD VSS AVret/P16
Figure 2- 1 Block diagram of MC94F1202A
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3 Pin assighment

N

vDD [] 1 16 [] VSS
DSDA/ ECO/ ANO/ P00 [ 2 15 [] P10/ AN7
DSCL/AN1/P01 [ 3 14 [ P11/ AN8
RESETB/ EINTO/ AN2/ P02 ] 4 MC94F1202AM 13 1 P12/ AN9
AN3/ P03 [ 5 12 [ P13/ AN10/ PWM1
AN4/ P04 ] 6 11 [ P14/ AN11/ PWMO
AN5/ P05 ] 7 10 1 P15/ AN12
AN6/ P06 (] 8 9 [ P16/ AN13/ AVREF/EINT1/ EC1
Figure 3-1 MC94F1202AM 16 SOP pin assignment
vDD ] 1 10 [ VvSS
DSDA/ ECO/ ANO/ P00 [ 2 9 [ P12/ AN9
DSCL/ AN1/ P01 ] 3 MC94F1102AS 8 [ P13/ AN10/ PWM1
RESETB/ EINTO/ AN2/ P02 [ 4 7 [ P14/ AN11/ PWMO
AN5/ P05 [ 5 6 [—1 P16/ AN13/ AVREF/ EINT1/ EC1
Figure 3- 2 MC94F1102AS 10 SSOP pin assignment
vDD ] 1 8 [ vss
DSDA/ ECO/ ANO/ POO [ 2 MC94F1102AM 7 [ P13/ AN10/ PWM1
DSCL/ AN1/ P01 [ 3 6 [ P14/ AN11/ PWMO
RESETB/EINTO/ AN2/ P02 [ 4 5 [ P16/ AN13/ AVREF/ EINT1/ EC1

Figure 3-3

NOTE)

1. When using 10-pin, 8-pin products, floating port should be set to input pull-up or output state in order to

prevent current consumption.

MC94F1102AM 8 SOP pin assignment
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16 [__] POO/ANO/ECO/DSDA

15 ] VDD

14 ] vsS
13 [__] P10/AN7

DSCL/AN1/PO1 [ 1 12 ] P11/AN8
RESET/EINTO/AN2/P02 ] 2 pmceaF1202au 11— P12/AN9
AN3/PO3 []3  (16-QFN) 4™ p13/AN10/PWM1
AN4/P04 [] 4 9 [ P14/AN11/PWMO

AN5/PO5 []5
AN6/PO6 [_]6

EC1/EINT1/AVREF/AN13/P16 [ 7
AN12/P15 []8

Figure 3- 4 MC94F1202AU 16 QFN pin assignment
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MC94F1x02A

Package Diagram
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5 Pin Description
PIN . .
N /0 Function @RESET Shared with
ame
P00 Port PO ANO/ ECO/ DSDA
PO ort AN1/ DSCL
P02 7-bit 1/0 Port AN2/ EINTO/ RESETB
Can be set in input or output mode in 1-bit units
Po3 /o Internal pull-up register can be selected by software Input AN3
P04 when this port is used as input port AN4
Open Drain enable register can be selected by software
P05 . ) ANS
when this port is used as output port
P06 ANG
P10 AN7
Port P1
P11 ANS8
P12 7-bit 1/0 Port AN9
I/O | Can be set in input or output mode in 1-bit units
P13 Internal pull-up register can be selected by software Input AN10/ PWM1
P14 when this port is used as input port AN11/ PWMO
Open Drain enable register can be selected by software
P15 . ) AN12
when this port is used as output port
P16 AN13/ AVREF/EINT1/ EC1
VDD Power Supply
VSS System Ground
Table 5- 1 Pin Description
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6 Port Structure

OPEN-DRAIN REGISTER

( SUB-FUNC ENABLE

VDD VDD

DATA REGISTER

e

('SUB-FUNC OUTPUT DATA

( SUB-FUNC DIRECTION

DIRECTION REGISTER *

MUX Schmitt Level Input

: g -
—(_| ]
SUB-FUNC INPUT —Ci

PORTx INPUT

( Analog Channel enable

ANALOG INPUT

VDD

PULL-UP REGISTER } 0

PxFSRH or PxFSRL = 11 - Analog Channel enable
PxFSRH or PxFSRL = 00 -> GPIO
PxFSRH or PxFSRL = 10 or 01 - SUB-Function
Figure 6- 1 Second Function 1/0 Por
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7 Electrical Characteristics

71 Absolute Maximum Ratings

Parameter Symbol Rating Unit Note
Supply Voltage VDD -0.3~+6.5 \Y -
Vi -0.3~vDD+0.3 \Y o
Voltage on any pin with respect to VSS
Vo -0.3~VDD+0.3 \Y
Vi Note2) Vik<6.5 \Y lik = 200uA
) (VDD- Vik) < 6.5 \Y lik = -200uA
Normal Voltage Pin X -
lon -10 mA Maximum current output sourced by (lon per I/O pin)
Ylon -80 mA Maximum current (¥ lon)
lo 20 mA Maximum current sunk by (loL per I/O pin)
SloL 160 mA Maximum current (3loL)
Total Power Dissipation Pt 600 mwW -
Storage Temperature Tstc -65~+150 °C -
Table 7- 1 Absolute Maximum Ratings

NOTE)

1. 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.

2. Vi is instantaneous voltage like noise. (Burst, Impulse etc)

Vdd
Vbat
— —» Vi PN MCU p——
Vss
N N N
Figure 7-1 Figure Describing VIK

23



MC94F1x02A ABOV Semiconductor Co., Ltd.

7.2 Recommended Operating Conditions

Parameter Symbol Conditions MIN TYP MAX | Unit
TorrMNOTEN = 40~+85°C
fx=1, 4, 8, 16MHz _ o 2.2 - 5.5
Operating Voltage voD | TorrNOTED = -40~+105°C Vv
fx=1, 4, 8MHz Topr = +5~+35°C Vivr(NOTE2) - 55
Table 7- 2 Recommended Operating Conditions

NOTE)
1. Torr is the Operating Temperature.

2. VwwR is the reset release voltage by Low Voltage Reset. Refer to chapter 7.5 for Low Voltage Reset
characteristics.
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7.3 A/D Converter Characteristics

(Ta=-40°C ~ +85°C or Ta=-40°C ~ +105°C, VDD= 2.2V ~ 5.5V, VSS=0V)

Parameter Symbol Conditions MIN TYP MAX Unit
Resolution - AVREF=2.7V~5.5V — 12 - bit
Integral Non-Linearity INL - - 4
Differential Non-Linearity DNL | Analog Reference - - +1

Voltage = 2.7V ~ 5.5V LSB
Zero Offset Error ZOE fx= 8MHz -3 - +7
Overall Accuracy OA - - +3

AVREF = 4.0V ~ 5.5V 20 - -
Conversion Time tconv AVREF = 3.0V ~ 5.5V 30 - - us

AVREF = 2.7V ~ 5.5V 60 - -
Analog Input Voltage VaN - VSS - VDD \%
Analog Reference Voltage AVREF 2.7V (NOTED) 2.7 - - \Y,
Analog Input Leakage Current laN AVREF=5.12V - - uA

. Enable - 1 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 2.7V, the ADC resolution is decrease.

2.  ADC clock should be used below 3MHz. If the Analog Reference Voltage is low, the A/D clock speed
should also be slow.

3. If AVREF is less than 2.7V, the resolution degrades by 1-bit whenever AVREF drops 0.1V.
(@ADCLK = 0.5MHz, Under 2.7V resolution has no test.)

4. ADCLK must be less than 0.5MHz. If ADCLK is less than 0.125MHz, it can be improved INL

characteristic.

VDD = AVREF [V] Resolution Conditions
2.6 Upper 11-bit valid
2.5 Upper 10-bit valid
2.4 Upper 9-bit valid
2.3 Upper 8-bit valid
2.2 Upper 7-bit valid ADCLK < 0.5MHz, INL = +6 [LSB]
2.1 Upper 6-bit valid
2.0 Upper 5-bit valid
1.9 Upper 4-bit valid
1.8 Upper 3-bit valid

NOTE)

Table 7- 4

Recommended ADC Resolution

1. 0is not guaranteed to work at voltage below 2.7V and this table should be used for reference only.
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7.4 BMR Reference Voltage Characteristics
(Ta=-40°C ~ +85°C or Ta=-40°C ~ +105°C, VDD=2.2 ~ 5.5V, VSS=0V)

Parameter Symbol Conditions MIN TYP MAX Unit
-40°C ~ +85°C
BMR Reference Voltage VBMR -40°C ~ +105°C 1.205 1.295 1.385 \
Table 7- 5 BMR Reference Voltage Characteristics

7.5 Power-On Reset Characteristics

(TA=-40°C ~ +85°C or Ta=-40°C ~ +105°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 \Y,
VDD Voltage Rising Time tr 0V to 2.0V 0.05 - 5 V/ms
POR Current Ipor - - 0.1 - uA

Table 7- 6 Power-On Reset Characteristics

7.6 Low Voltage Reset and Low Voltage Indicator Characteristics
(TA=-40°C ~ +85°C or Ta=-40°C ~ +105°C, VDD=5.0V, VSS=0V)

Parameter Symbol Conditions MIN TYP MAX Unit
1.65 1.80 1.95
. VLR The LVR can select all levels but LVI 1.6 21 2.6
Detection Level \Y
Vivi can select other levels except 1.80V 1.95 25 3.05
29 3.5 4.1
Hysteresis AV - - 50 - mV
Minimum Pulse Width tiw - - 500 - us
LVR 1.80V - 1 -
LVR and LVI Current IsL VDD=5V uA
LVR/LVI except 1.80V - - 50
Table 7-7 LVR and LVI Characteristics

7.7 Internal RC Oscillator Characteristics
(TA=-40°C ~ +85°C or Ta=-40°C ~ +105°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 +1.5
Ta = -20°C to +60°C With 0.1uF +2.5
Tolerance - — " Bypass - - %
Ta =-40°C to +85°C capacitor +3.0
Ta =-40°C to +105°C 5.0
Stabilization Time THrs - - 1 - ms
IRC Current lirc Enable - 0.4 - mA
Table 7- 8 Internal RC Oscillator Characteristics

NOTE)
1. 0.1uF bypass capacitor should be connected to VDD and VSS.
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7.8 Internal WDT Oscillator Characteristics
(TA=-40°C ~ +85°C or Ta=-40°C ~ +105°C, VDD=2.2V ~ 5.5V, VSS=0V)

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

Enable - 5 -
WDTRC Current IwpTRC uA
Disable - - 0.1
Table 7-9 Internal WDT Oscillator Characteristics

7.9 DC Characteristics

(Ta=-40°C ~ +85°C or Ta=-40°C ~ +105°C, VDD=2.2V ~ 5.5V, VSS=0V, fx=8.0MHz)

NOTE)

1. STOP1: WDT only running,

STOP2: All function disable.

Parameter Symbol Conditions MIN TYP MAX Unit
Input High Voltage ViH1 PO, P1 0.8vDD - VDD \%
Input Low Voltage Vi1 PO, P1 - - 0.2vDD V
VDD=3.3V, lon=-5mA,
Output High Vo All output ports VDD-1.5 B B v
Voltage VDD=5V, lon=-10mA,
Vorz | All output ports VDD-1.5 - - v
Output Low Voltage VoL loL= 20mA,All output ports - - 1.0 \Y,
Input High Leakage .
Current I8 All input ports -1 - 1 uA
Input Low Leakage .
Current he All input ports -1 - 1 uA
. Vi=0V, Ta= 25°C
Pull-Up Resistor Rpu1 Al Input ports 25 50 75 kQ
oot | Run Mode, fx=8MHz - 3 5 mA
(RUN) ’
libb2 _
(IDLE) IDLE Mode, fx=8MHz - 2 4 mA
Iobs STOP1 Mode,
Power Supply Current | s16p4) | WDTRC Enable, LVR ON - 5 10 UA
Ippa STOP2 Mode,
(STOP2) | WDTRC Disable, LVR ON - 25 5 uA
Ipps STOP2 Mode, ) 1 ) A
(STOPL) | WDTRC Disable, LVR OFF u
Table 7- 10 DC Characteristics
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7.10 AC Characteristics

(Ta=-40°C ~ +85°C or Ta=-40°C ~ +105°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 ttm Al interrupt, VDD=5V 125 - - ns
External Counter Input High, tECWH, _ _

Low Pulse Width {ECWL ECn, VDD=5V (n=0. 1) 125 - - ns
External Counter Transition Time tﬁzlé(é ECn, VDD=5V (n=0, 1) - - 20 ns
Table 7- 11 AC Characteristics

P tiwL R P tIwH N
External 0.8vDD
Interrupt
X + 0.2VDD
tRST R
RESETB
X + 0.2vVDD
J tECWL 1L tECWH R
«— tFEC —> tREC
ECn 0.8vDD
X + 0.2VDD
Figure 7- 2 AC Timing
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7.11 Operating Voltage Range

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

16 MHz -

1 MHZ -oreereee ,

Supply voltage (V) 55

Figure 7- 3 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 3.3
0.6 3.2
0.5 3.1 \\
04 —5.0V 3 \
0.3 2.9 3.3V
—3.3V N

0.2 2.8
0.1 2.7

0 2.6 T T T 1

5mA 10mA  15mA  20mA 1.25mA 2.5mA 3.75mA 5mA
Figure 7- 4 Output Low Voltage (VOL) Figure 7- 5 Output High Voltage (VOL1)

5
4.9
48 &\

AN
s \
P N\ 5.0V
4.4 AN
4.3 AN

4.2 T T T 1
2mA  2.5mA 7.5mA 10mA

Figure 7- 6 Output High Voltage (VOL2)
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3.00%

2.2V
—3.3V
—5.0V
—5.5V

-3.00%

Figure 7-7 IRC Tolerance

2.8
2.6
24
2.2
mA 2
1.8
1.6

1.4
2.2 3.3 5 5.5
VDD
——IRC 16MHz ——IRC 8MHz
IRC 4MHz ——IRC 1MHz
——IRC 8Mhz_IDLE

Figure 7- 8 Power Supply Current (RUN, IDLE)

24
2.2

1.8
1.
uA 6
1.4

1.2

0.8
2.2V 3.3V 5.0V 5.5V
VDD

—STOP1 ——STOP2 STOPL

Figure 7-9 Power Supply Current (STOP1, STOP2, STOPL)
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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’OCESSOI’.

This 0.1uF capacitor should

pin of MCU onthe PCB
layout.

...............

bewitin fom flomthe VDD \/ppy  yo

VDD[—1¢¥-

Ca

. ot 1 DC
‘1. 0.1uF Ju Y o—
— 3 v T Power
ST + % TheMCU power line (VDD and VSS)
R 4 '\, shoudbe separated fromthe high-
“*~% current part ata DC power node on

the PCB layout.

Figure 7-10

Recommended Power Circuit part when using DC Power.
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