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Welcome to E-XFL.COM

What is "Embedded - Microcontrollers"?

"Embedded - Microcontrollers" refer to small, integrated
circuits designed to perform specific tasks within larger
systems. These microcontrollers are essentially compact
computers on a single chip, containing a processor core,
memory, and programmable input/output peripherals.
They are called "embedded" because they are embedded
within electronic devices to control various functions,
rather than serving as standalone computers.
Microcontrollers are crucial in modern electronics,
providing the intelligence and control needed for a wide
range of applications.

Applications of "Embedded -
Microcontrollers"

Obsolete

F2MC-16LX

16-Bit

24MHz

CANbus, EBI/EMI, LINbus, SCI, UART/USART
DMA, POR, WDT

82

128KB (128K x 8)
FLASH

6K x 8

3.5V ~ 5.5V

A/D 16x8/10b
External

-40°C ~ 105°C (TA)
Surface Mount
100-LQFP
100-LQFP (14x14)
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Pin No. 1/10
1 2 Pin name Clrcugc Function
QFP100* LQFP100* type*

P43 General purpose I/O pin.

19 17 IN7 E Trigger input pin for input capture.
X1 TX Output pin for CAN1

(MB90341E/342E/F342E/F345E only)

P44 General purpose I/O pin.

20 18 SDAO H Serial data 1/O pin for 12C (devices with a C suffix in the part number)
FRCKO Input pin for the 16-bit Free-run Timer O
P45 General purpose I/O pin.

21 19 SCLO H Serial clock I/0 pin for 12c (devices with a C suffix in the part number)
FRCKA1 Input pin for the 16-bit Free-run Timer
P46 General purpose I/O pin.

22 20 H >
SDA1 Serial data /O pin for I°C (devices with a C suffix in the part number)
P47 General purpose I/O pin.

23 21 H >
SCL1 Serial clock 1/0 pin for 1°C (devices with a C suffix in the part number)
P50 General purpose I/O pin.

24 22 AN8 (0] Analog input pin for the A/D converter
SIN2 Serial data input pin for UART2
P51 General purpose |/O pin.

25 23 AN9 Analog input pin for the A/D converter
SOT2 Serial data output pin for UART2
P52 General purpose I/O pin.

26 24 AN10 Analog input pin for the A/D converter
SCK2 Clock 1/0 pin for UART2
P53 General purpose I/O pin.

27 25 AN11 Analog input pin for the A/D converter
TIN3 Event input pin for the reload timer
P54 General purpose I/O pin.

28 26 AN12 Analog input pin for the A/D converter
TOT3 Output pin for the reload timer
P55 General purpose /0O pin.

29 27 il P
AN13 Analog input pin for the A/D converter
P56, P57 General purpose /O pins.

30, 31 28, 29 J
AN14, AN15 Analog input pins for the A/D converter

32 30 AVce K Analog power input pin for the A/D Converter

(Continued)
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(Continued)
Type Circuit Remarks
B CMOS level output
(IOL =4 mA, IOH =-4 mA)
Pout B CMOS input (with function to disconnect input
during standby)
Nout B Automotive input (with function to
disconnect input during standby)
M
— CMOS input
— Automotive input
Standby control for
input shutdown
®m CMOS level output
PU”'Up control (|o|_ =4 mA, IOH =—4 mA)
B CMOS input (with function to disconnect input
w Pout during standby)
®  Automotive input (with function to
disconnect input during standby)
|7 Nout . . . .
B TTL input (with function to disconnect
input during standby)
N Programmable pull-up resistor: 50 kQ
DO-DQ— CMOS input approx
—EKD-DO'— Automotive input
> DO—DO— TTL input
Standby control for
input shutdown
B CMOS level output
(IOL =4 mA, IOH =-4 mA)
P-ch Pout m  CMOS input (with function to disconnect input
during standby)
B Automotive input (with function to
N-ch Nout disconnect input during standby)
R B A/D converter analog input
O
— CMOS input
— Automotive input
Standby control for
input shutdown
1
L™ Analog input
T
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13.Stabilization of power supply voltage
A sudden change in the supply voltage may cause the device to malfunction even within the V¢ supply voltage operating range.

Therefore, the V¢ supply voltage should be stabilized. For reference, the supply voltage should be controlled so that V¢ ripple
variations (peak- to-peak values) at commercial frequencies (50 MHz/60 MHz) fall below 10% of the standard V¢ supply voltage

and the coefficient of fluctuation does not exceed 0.1 V/ms at instantaneous power switching.

14.Port 0 to Port 3 Output During Power-on (External-bus Mode)
As shown below, when the power is turned on in External-Bus mode, there is a possibility that output signal of Port 0 to Port 3 might

be unstable irrespective of the reset input.

// 1/2Vcc

Vce E—

Port0 to Port3

Port0 to Port3 outputs  Port0 to Port3 outputs = Hi-Z
might be unstable

15.Notes on Using the CAN Function
To use the CAN function, please set the DIRECT bit of the CAN Direct Mode Register (CDMR) to 1.

16.Flash Security Function (except for MB90F346E)

A security bit is located in the area of the flash memory.
If protection code 014 is written in the security bit, the flash memory is in the protected state by security.

Therefore please do not write 01y in this address if you do not use the security function.
Refer to following table for the address of the security bit.

Flash memory size Address of the security bit
MBOOF347E Embedded 1 Mbit Flash Memory FEO0001y
VS Embedded 2 Mbits Flash Memory FC0001,
MBOO0F345E Embedded 4 Mbits Flash Memory F80001y

17.Serial Communication
There is a possibility to receive wrong data due to the noise or other causes on the serial communication.

Therefore, design a printed circuit board so as to avoid noise.
Retransmit the data if an error occurs because of applying the checksum to the last data in consideration of receiving wrong data

due to the noise.
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6. Block Diagrams
B MB90V340E-101/102
X0,X1 —P
)Fi(é,ikr,X1A — CCI:)CI; F 16LX
—| Controller | CPU
Free-run
RAM Timer O — FRCKO
30 Kbytes
Input
Capture  |[—— IN7 to INO
8 channels
Output
Compare —®» OUT7 to OUTO
8 channels
Prescaler |<—® Free-run
5 Che;me's Timer1  |<@— FRCK1
SOT4 to SOTO -— CAN
LIN-UART -—
SCK4 to SCKO < 5 channels - Controller RX2 to RX0
SIN4 to SINO —B» 3channels [ ™ TX2 to TXO
AVce —> 16-b_:}i22:oad < TIN3 to TINO
AVss 8/10-bit 4 channels [—® TOT3to TOTO
AN23 to ANO —B|
A/D converter
AVRH 24 channels
AVRL —P g AD15to ADOO
ADTG —P 2] —— A23 to A16
g — ALE
. I —] ﬁ
10-bit Q External WR/WRL
DAO1, DAO0  ~—D/A converter |<— = Bus >
2 channels = Interface  |—®» RH
— HRQ
8/16-bit —— HAK
PPGF to PPGO — PPG P -—— RDY
16/8 channels I CLK
SDA1, SDA0 =P 12C
Interface | <@——p External <€—— INT15t0INT8
SCL1, SCLO @€ 2 channels Interrupt (INT15R to INT8R)
16 channels |<@—— INT7 to INTO
DMAGC Clock ‘ > CKOT
Monitor

Document Number: 002-04498 Rev. *A
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Address Register Abbreviation | Access | Resource name | Initial value
000020y | Serial Mode Register 0 SMRO W,R/W 000000005
000021y | Serial Control Register 0 SCRO W,R/W 00000000g
000022, | Reception/Transmission Data Register 0 RDRO/TDRO R/W 000000005
000023, | Serial Status Register 0 SSRO R,R/W 00001000
000024, E)é;eig?eidOCommunication Control ECCRO EW UARTO 000000XXg
000025, | Extended Status/Control Register 0 ESCRO R/wW 00000100g
000026y | Baud Rate Generator Register 00 BGRO00O R/wW 00000000g
000027y |Baud Rate Generator Register 01 BGRO1 R/wW 000000005
000028, | Serial Mode Register 1 SMR1 W,R/W 00000000
000029y | Serial Control Register 1 SCR1 W,R/W 00000000g
00002A | Reception/Transmission Data Register 1 RDR1/TDR1 R/W 000000005
00002By, | Serial Status Register 1 SSR1 R,R/W 00001000g
00002C,, E)étg(—:‘irs]?;d100mmunication Control ECCR1 E/w UART1 000000XXg
00002Dy | Extended Status/Control Register 1 ESCR1 R/wW 00000100g
00002Ey |Baud Rate Generator Register 10 BGR10 R/wW 000000005
00002F, |Baud Rate Generator Register 11 BGR11 R/wW 00000000g
000030y | PPG 0 Operation Mode Control Register PPGCO W,R/W 0X000XX1g
000031y | PPG 1 Operation Mode Control Register PPGC1 W,RIW 16-bit PPG 0/1 0X000001g
000032, | PPG 0/PPG 1 Count Clock Select Register PPGO1 R/W 000000X0g
000033y Reserved

000034y | PPG 2 Operation Mode Control Register PPGC2 W,RIW 0X000XX1g
000035, | PPG 3 Operation Mode Control Register PPGC3 W,R/W 16-bit PPG 2/3 0X000001g
000036y | PPG 2/PPG 3 Count Clock Select Register PPG23 R/wW 000000X0g
000037y Reserved

000038y | PPG 4 Operation Mode Control Register PPGC4 W,R/W 0X000XX1g
000039y | PPG 5 Operation Mode Control Register PPGC5 W,R/W 16-bit PPG 4/5 0X000001g
00003A, | PPG 4/PPG 5 Clock Select Register PPG45 R/W 000000X0g
00003By; | Address Detect Control Register 1 PACSR1 RIW Address Match 000000005
00003Cy | PPG 6 Operation Mode Control Register PPGC6 W,RIW 0X000XX1g
00003Dy | PPG 7 Operation Mode Control Register PPGC7 W,R/W 16-bit PPG 6/7 0X000001g
00003Ey | PPG 6/PPG 7 Count Clock Control Register PPG67 R/wW 000000X0g
00003F, | Reserved

Document Number: 002-04498 Rev. *A

(Continued)

Page 31 of 92




O

YPRESS

MB90340E Series

Embedded in Tomorrow™

Address Register Abbreviation | Access Resource name Initial value
007900y Reload Register LO PRLLO R/W XXXXXXXXg
007901y Reload Register HO PRLHO R/W XXXXXXXXg

16-bit PPG 0/1
007902y Reload Register L1 PRLL1 R/W XXXXXXXXg
007903 Reload Register H1 PRLH1 R/W XXXXXXXXg
007904 Reload Register L2 PRLL2 R/W XXXXXXXXg
007905y Reload Register H2 PRLH2 R/W XXXXXXXXg
16-bit PPG 2/3
007906} Reload Register L3 PRLL3 R/W XXXXXXXXg
007907y Reload Register H3 PRLH3 R/W XXXXXXXXg
007908y Reload Register L4 PRLL4 R/W XXXXXXXXg
007909 Reload Register H4 PRLH4 R/W XXXXXXXXg
16-bit PPG 4/5
00790A Reload Register L5 PRLL5 R/W XXXXXXXXg
00790By Reload Register H5 PRLH5 R/W XXXXXXXXg
00790Cy Reload Register L6 PRLL6 R/W XXXXXXXXg
00790Dy Reload Register H6 PRLH6 R/W XXXXXXXXg
16-bit PPG 6/7
00790Ey Reload Register L7 PRLL7 R/W XXXXXXXXg
00790Fy Reload Register H7 PRLH7 R/W XXXXXXXXg
007910y Reload Register L8 PRLL8 R/W XXXXXXXXg
007911y Reload Register H8 PRLH8 R/W XXXXXXXXg
16-bit PPG 8/9
007912 Reload Register L9 PRLL9 R/W XXXXXXXXg
007913 Reload Register H9 PRLH9 R/W XXXXXXXXg
007914y Reload Register LA PRLLA R/W XXXXXXXXg
0079154 Reload Register HA PRLHA R/W XXXXXXXXg
16-bit PPG A/B
007916y Reload Register LB PRLLB R/W XXXXXXXXg
007917y Reload Register HB PRLHB R/W XXXXXXXXg
0079184 Reload Register LC PRLLC R/W XXXXXXXXg
007919y Reload Register HC PRLHC R/W XXXXXXXXg
16-bit PPG C/D
00791A4 Reload Register LD PRLLD R/W XXXXXXXXg
00791By Reload Register HD PRLHD R/W XXXXXXXXg
00791Cy Reload Register LE PRLLE R/W XXXXXXXXg
00791Dy Reload Register HE PRLHE R/W XXXXXXXXg
16-bit PPG E/F
00791E4 Reload Register LF PRLLF R/W XXXXXXXXg
00791Fy Reload Register HF PRLHF R/W XXXXXXXXg
007920y Input Capture 0 IPCPO R XXXXXXXXg
0079214 Input Capture 0 IPCPO R XXXXXXXXg
Input Capture 0/1
007922y, Input Capture 1 IPCP1 R XXXXXXXXg
007923 Input Capture 1 IPCP1 R XXXXXXXXg
(Continued)
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Address Register Abbreviation Access Resource name Initial value
007924 Input Capture 2 IPCP2 R XXXXXXXXg
007925y Input Capture 2 IPCP2 R XXXXXXXXg

Input Capture 2/3
007926 Input Capture 3 IPCP3 R XXXXXXXXg
007927 Input Capture 3 IPCP3 R XXXXXXXXg
007928y Input Capture 4 IPCP4 R XXXXXXXXg
007929 Input Capture 4 IPCP4 R XXXXXXXXg
Input Capture 4/5
00792A4 Input Capture 5 IPCP5 R XXXXXXXXg
00792By Input Capture 5 IPCP5 R XXXXXXXXg
00792CH Input Capture 6 IPCP6 R XXXXXXXXg
00792Dy Input Capture 6 IPCP6 R XXXXXXXXg
Input Capture 6/7
00792Ey Input Capture 7 IPCP7 R XXXXXXXXg
00792Fy Input Capture 7 IPCP7 R XXXXXXXXg
007930y Output Compare 0 OCCPO R/W XXXXXXXXg
007931y Output Compare 0 OCCPO R/W XXXXXXXXg
Output Compare 0/1
007932y Output Compare 1 OCCP1 R/W XXXXXXXXg
007933 Output Compare 1 OCCP1 R/W XXXXXXXXg
007934y Output Compare 2 OCCP2 R/wW XXXXXXXXg
007935y Output Compare 2 OCCP2 R/W XXXXXXXXg
Output Compare 2/3
007936y Output Compare 3 OCCP3 R/W XXXXXXXXg
007937y Output Compare 3 OCCP3 R/W XXXXXXXXg
007938y Output Compare 4 OCCP4 R/wW XXXXXXXXg
007939 Output Compare 4 OCCP4 R/W XXXXXXXXg
Output Compare 4/5
00793Ay Output Compare 5 OCCP5 R/W XXXXXXXXg
00793By Output Compare 5 OCCP5 R/W XXXXXXXXg
00793Cy Output Compare 6 OCCP6 R/W XXXXXXXXg
00793Dy Output Compare 6 OCCP6 R/W XXXXXXXXg
Output Compare 6/7
00793Ey Output Compare 7 OCCP7 R/W XXXXXXXXg
00793Fy Output Compare 7 OCCP7 R/W XXXXXXXXg
007940y Timer Data 0 TCDTO R/IW 00000000
007941y Timer Data 0 TCDTO R/W 000000005
Free-run Timer O
007942, Timer Control Status 0 TCCSLO R/W 000000005
007943y Timer Control Status 0 TCCSHO R/W OXXXXXXXg
007944, Timer Data 1 TCDT1 R/W 000000005
007945, Timer Data 1 TCDT1 R/W 000000005
Free-run Timer 1
007946y Timer Control Status 1 TCCSLA1 R/W 00000000g
007947y Timer Control Status 1 TCCSH1 R/W OXXXXXXXg
(Continued)
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List of Message Buffers (ID Registers) (2)

Address . L .
Register Abbreviation Access Initial Value
CANO CAN1

007A40, 007C40y XXXXXXXXg

007A414 007C41y KRXXXXXXsg
ID Register 8 IDR8 R/W

007A42, 007C42y, XXX

007A43y, 007C43, XXXXXXX X

007A44,, 007C44y, XXXXXXXXg

007A45y, 007C45y, XXXXXXXXg
ID Register 9 IDR9 R/W

007A46, 007C46y XXXXXXXXg

007A474 007C47, KRXXXXXXsg

007A48y, 007C48y, XXX

007A49, 007C49,, XXXXXXX X
ID Register 10 IDR10 R/W

007A4A 007C4Ay XXXXXXXXg

007A4By 007C4B XXXXXXXXg

007A4Cy 007C4Cy XXXXXXXXg

007A4Dy 007C4Dy XXXXXXXXs
ID Register 11 IDR11 RIW

007A4E, 007C4Ey XXOOXXKKg

007A4F, 007CA4Fy XXXXXXX X5

007A50, 007C50y XXXXXXXXg

007A51y 007C51y XXXXXXXXs
ID Register 12 IDR12 R/W

007A52, 007C52y XXXXXXXXg

007A53y, 007C53, XXXXXXXXs

007A54y, 007C54y, XXOOXXKKg

007A55y, 007C55, XXXXXXX X5
ID Register 13 IDR13 RIW

007A56, 007C56y XXXXXXXXg

007A57, 007C57, XXXXXXXXs

007A58y, 007C58y, XXXXXXXXg

007A59, 007C59, XXXXXXXXs
ID Register 14 IDR14 RIW

007A5A 007C5Ay XXOOXKKg

007A5By 007C5B, XXXXXXX X5

007A5Cy 007C5Cy XXXXXXXXg

007A5Dy 007C5Dy XXXXXXXXs
ID Register 15 IDR15 R/W

007A5E 007C5Ey XXXXXXXXg

007A5F 007C5F, XXXXXXXXs

Document Number: 002-04498 Rev. *A
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List of Message Buffers (DLC Registers and Data Registers) (2)

Address
Register Abbreviation Access Initial Value
CANO CAN1
007A80,, 007C80,, _ XXXXXXXXg
to to E(’gtgy'fees%'swr 0 DTRO RIW to
007A87,4 007C87,, XXXXXXXXg
007A88 007C88 _ XXXXXXXX
o o ?gtg ?eesg'Ste” DTR1 RIW to °
007A8F, 007C8Fy 4 XXXXXXXXg
007A90,, 007C90,, Dot Reaistor 2 XXXXXXXXg
to to (gtgyteesg)"“er DTR2 RIW to
007A97,, 007C97,, XXXXXXXXg
007A98,, 007C98,, _ XXXXXXXXg
to to E(’gtgy'fees%'swr 3 DTR3 RIW to
007A9F, 007C9Fy XXXXXXXXg
007AAQ 007CAO0 _ XXXXXXXX
o o ?gtg ?eeS%'Ster 4 DTR4 RIW to °
007AAT7y, 007CA7, 4 XXXXXXXXg
007AA8, 007CA8,, Dot Reaistor XXXXXXXXg
to to (gtsytees%"smr DTR5 RIW to
007AAF 007CAFy XXXXXXXXg
007ABOy 007CBOy, _ XXXXXXXXg
to to E(’gtgyﬁig'swr 6 DTR6 RIW to
007ABT7y 007CB74 XXXXXXXXg
007AB8y, 007CB8y _ XXXXXXXXg
to to '?gtgy?eesg'swr 7 DTR7 RIW to
007ABF 007CBFy XXXXXXXXg
007ACOy, 007CCOy Dot Reaistor 8 XXXXXXXXg
to to (gtsytees%"smr DTRS RIW to
007ACT} 007CC7, XXXXXXXXg
007AC8, 007CCsy _ XXXXXXXXg
to to E(’gtgyﬁig'swr 9 DTR9 RIW to
007ACF, 007CCFy XXXXXXXXg
007ADO, 007CDOy _ XXXXXXXXg
to to '?gtgy?ees%'swr 10 DTR10 RIW to
007AD7,, 007CD7, XXXXXXXXg
007ADS,, 007CD8, Dot Reistor 11 XXXXXXXXg
to to (gtsytees%"smr DTR11 RIW to
007ADF, 007CDFy XXXXXXXXg
007AEQy 007CEOy, _ XXXXXXXXg
to to E(’gtgy';es%'swr 12 DTR12 RIW to
007AE7y 007CE7y XXXXXXXXg
007AE8y, 007CE8y _ XXXXXXXXg
to to '?gtgy?ees%'swr 13 DTR13 RIW to
007AEF 007CEFy, XXXXXXXXg
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(Continued)
DMA Interrupt control
EI20S Interrupt vector ist
Interrupt cause Support channel register
number Number Address Number Address
UART 2 RX/UART 4 RX Y2 14 #39 FFFF60H
ICR14 0000BEy
UART 2 TX / UART 4 TX Y1 15 #40 FFFF5CH
Flash Memory N — #41 FFFF58,
ICR15 0000BFy
Delayed Interrupt N — #42 FFFF54y

Y1 : Usable
Y2 : Usable, with EI20S stop function

N : Unusable

Note: @ The peripheral resources sharing the ICR register have the same interrupt level.
®\When two peripheral resources share the ICR register, only one can use Extended Intelligent I/O Service

at a time.

®\When either of the two peripheral resources sharing the ICR register specifies Extended Intelligent 1/0

Service, the other one cannot use interrupts.
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11.3 DC Characteristics
(TA =—40°C to +1 05°C, VCC =50V=* 10%, fCPS 24 MHZ, VSS = AVSS =0 V)

Value
Parameter Syr{lb Pin Condition - Unit Remarks
o Min Typ Max
Port inputs if CMOS
. - - hysteresis input levels are selected
Vins 0.8 Vee Ve +03 |V (except P12, P44, P45, P46, P47,
P50, P82, P85)
_ _ - Port inputs if
ViHa 0.8Vce Ve 103 |V Automotive input levels are selected
Port inputs if TTL input levels are
Input H Vier  |— - 2.0 _ Vee +03 |V selecter:j i
v((')qlta\?e P12, P50, P82, P85
cc= L . _ ; ] .
5V +10%) Vins 0.7 Ve Vee+0.3 |V ;nepigéstel]; CMOS input levels are
P44, P45, P46, P47
Vini — — 0.7 Ve — Vee +0.3 |V inputs if CMOS hysteresis
input levels are selected
o o _ RST input pin
ViHr 0.8 Ve Vec+0.3 (CMOS hysteresis)
V|HM — — VCC —03 |— VCC +03 |V MD input pln
Port inputs if CMOS
- - _ - hysteresis input levels are selected
Vis Ves — 0.3 02Vee |V (except P12, P44, P45, P46, P47,
P50, P82, P85)
. o _ - Port inputs if
ViLa Ves —03 05 Vee v Automotive input levels are selected
_ _ _ _ Port inputs if TTL
|nF|>tUt L Vi Ves —03 08 v input levels are selected
v(c;‘ta\?e P12, P50, P82, P85
cC o — - _ _ . ; ;
5V +10%) ViLs Vgs — 0.3 0.3 Ve \Y ;neﬁgést;LCMOS input levels are
P44, P45, P46, P47
Vi — — Vgs— 0.3 |— 0.3 Ve \Y inputs if CMOS hysteresis
input levels are selected
_ _ _ - RST input pin
ViR Ves —03 02 Vee v (CMOS hysteresis)
VILM — — VSS —03 |— VSS +03 |V MD input pln
Output H Normal Vec =45V, _ . .
voltage Von outputs lon = —4.0 mA Vec =05 v
Output H 12C current | Voc =45V, _ . .
voltage Vori outputs lon = —3.0 mA Vec =05 v
Output L Normal Vec =45V, - .
voltage Vo outputs loL = 4.0 mA 04 v
Output L 12C current  |Vec =45V, . .
voltage Vou | outputs lo. =3.0mA 04 v

(Continued)
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Clock Timing

tcyL

X0 /

PwL

PwH

tcr

tovLL

X0A /

PwLL

PwHL

tcF
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11.4.2 Reset Standby Input
(Tp = —40°C to +105°C, Ve = 5.0 V + 10%, fop< 24 MHz, Vgg = AVgg = 0.0 V)
Value
Parameter Symbol Pin - Unit Remarks
Min Max
500 — ns Under normal operation
- Oscillation ti f oscillator* In Stop mode, Sub Clock mode,
Reset input time | trsTL RST fﬁ'og |or; Ime ot oscillator — Us Sub Sleep mode and Watch
H mode
100 — HUs In Time Timer mode

* : The oscillation time of the oscillator is the time it takes for the amplitude of the oscillations to reach 90%. For
crystal oscillators, this time is between several ms and several tens of ms, for ceramic oscillators the time is
between several hundred LLs and several ms, and for an external clock, the time is 0 ms.

® Under normal operation:

tRSTL. ~————————f
RST
0.2 Vce 0.2 Vce

® |In Stop mode, Sub Clock mode, Sub Sleep mode, Watch mode:

tRSTL

RST —\
0.2Vce % —+-0.2Vcce
90% of
amplitude
X0

100 us

Internal operation
clock

Oscillation time o I
of oscillator Oscillation stabilization
waiting time

Instruction execution

Internal reset
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11.4.5 Bus Timing (Read)
(Tpo =—40°C to +105°C, Ve = 5.0 V £ 10%, Vgg = 0.0 V, fop< 24 MHz)

. . Value .
Parameter Symbol Pin Condition - Unit
Min Max
ALE pUlSG width tLHLL ALE th/Z —10 e ns
Valid address —> ALE, A23 to A16, AD15 to _ _
ALE | time tavLL ADOO tep/2 =20 ns
ALE! — _ .
Address valid fime tLax ALE, AD15 to AD0OO tcpl2 — 15 ns
Valid address —> t A23to A16, ___ too— 15 S
RD { time AVRL AD15 to AD0O, RD cP ns
Valid address —> A23 to A16, _ —
Valid data input tavbv AD15 to ADOO 5 tcp/2 — 60 ns
RD pulse width tRLRH RD — 3tep2—20 |— ns
RD ! —> Valid data input triDV RD, AD15 to AD0O — 3tcp/2 — 50 ns
RDT —> Data hold time tRHDX RD, AD15 to AD0O 0 — ns
RDT — ALE 1 time tRHLH RD, ALE tep/l2 — 15 — ns
RD T —> Address valid time truAX RD, A23 to A16 tep/2 — 10 — ns
Valid address —> t A23 to A16, to/2 — 16 -
CLK T time AVCH AD15 to AD0O, CLK CP! ns
RDJ{ — CLK 1 time trLcH RD, CLK tepl2 — 15 — ns
ALEJ — RD ! time tULRL ALE, RD tepl2 — 15 — ns
|e— taveH —»| tRcH
CLK 24V 24V
0.8V
|a—— taviL > tuax - | tRHLH
ALE 24V 24V 24V
fLHLL \ 08V
- tavRL >l tRLRH >
=5 \ 24vf
£ 0.8V
le— tLLRL 1|
| tRHAX
if 2.4V
A23 to A16 f 24V
N 0.8V 08V
<« tRIDV——» tRHDX
tavov -
2.4 V1 24V Ve 4 A BY,
AD15 to AD0OO —f Address k ng Read data H
0.8 VN fosv Vick v
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11.4.7 Ready Input Timing

(Tpo =—40°C to +105°C, Ve = 5.0 V £ 10%, Vgg = 0.0 V, fop< 24 MHz)
= - = Test Rated Value . = g
arameter Symbo in Condition Min Max Unit emarks
45 — ns fcp = 16 MHz
RDY setup time trRyHs RDY
— 32 — ns fcp =24 MHz
RDY hold time tRYHH RDY 0 — ns

Note:

: If the RDY setup time is insufficient, use the auto-ready function.

CLK

ALE

24V

RD/WR

-
Py
=<
I
w
A
A

RDY
When WAIT is not used.

RDY
When WAIT is used.
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11.4.8 Hold Timing

(Ta = —40°C to +105°C, Ve = 5.0 V + 10%, Vgg = 0.0 V, fop< 24 MHz)

. . Value .
Parameter Symbol Pin Condition : Unit
Min Max
Pin floating —> HAK { time txHAL HAK 30 tcp ns
HAK T time —> Pin valid time thany HAK tcp 2 tcp ns
Note: : There is more than 1 cycle from when HRQ reads in until the HAK is changed.
— A
HAK \ 24V
08V-y
le——— txHAL ——» le—— tHAHV — |
, X 24V Hi-z 24 v
Each pin
7l 0.8V 0.8 V!‘
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W Bit setting: ESCR:SCES =1, ECCR:SCDE =1

(To =—40°C to +105°C, Ve = 5.0 V + 10%, fcp< 24 MHz, Vgg=0V)
. . Value .
Parameter Symbol Pin Condition = Unit
Min Max
Serial clock cycle time tscve SCKO to SCK3 5tcp — ns
SCK | - SOT delay time tsoi | SGho fo SCK3, —50 +50 ns
: SCKO to SCK3, Internal clock operation -
Valid SIN - SCK T tvsHi SINO to SIN3 output pins are tcp + 80 ns
CL.=80pF+1TTL.
SCK T > Valid SIN hold time tshix S oA 0 — ns
SOT - SCK * delay time tsovil | S 10 SCKS. 3tep—70 |— ns
Note: o C, is load capacity value of pins when testing.
® t-p is internal operating clock cycle time (machine clock) . Refer to “Clock Timing”.
tscyc
[ o4y 24V,
SCKO to SCK3 '
0.8V
tsLovi
tSOVHI
24V 24V
SOTO to SOT3
0.8V 0.8V
tIvSHI tSHIXI |
/
SINO to SIN3 Vi Vi
b Vi ViL
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11.4.13 I2C Timing

(Tp =—40°C to +105°C, Voo = 5.0 V £ 10%, Vgg = 0.0 V)

- Standard-mode | Fast-mode*’ )
Parameter Symbol Condition : - Unit
Min Max Min Max

SCL clock frequency fscL 0 100 0 400 kHz
Hold time (repeated) START condition - -
SDA! > SCL ¢ tHDSTA 4.0 0.6 Hs
“L” width of the SCL clock tLow 47 — 1.3 — Us
“H” width of the SCL clock thicH 4.0 — 0.6 — s
Set-up time (repeated) START condition - -
SCL T — SDA ¢ 'susTA  |R=17ko, 4.7 0.6 Hs
Data hold time t C=50pF 0 3.45+3 0 0.9*
SCL - SDA 1 HDDAT : : Hs
Data set-up time _ _
SDA 1 - sCL 1 tsupat 250 100 ns
Set-up time for STOP condition _ _
SCL T — SDA 1 tsusto 4.0 0.6 Hs
Bus free time between a STOP and START condition |tgyg 4.7 — 1.3 — Us

*1:For use at over 100 kHz, set the machine clock to at least 6 MHz.
*2:R,C: Pull-up resistor and load capacitor of the SCL and SDA lines.
*3:The maximum typpar Meets the requirement that it does not extend the “L” width (t_ o) of the SCL signal.
*4:A Fast-mode I°C-bus device can be used in a Standard-mode 1°C-bus system, but the requirement tsupaT = 250 ns must then be

met.

Y Vi
SDA
Vi VL
> < —»
tLow tsupar
_\» ViH ViH \ Vi
SCL
Vi Vi Vi
—» | —» | PjtHicH €
tHDSTA tHDDAT tsusTa

W

ViH ViH
Vi
. —P s
‘ tHDSTA teus
N/ IH [ \ ViH -
Ab 47
tsusto
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11.5 A/D Converter

(Ta = —40°C to +105°C, 3.0 V< AVRH — AVRL, Ve = AV = 5.0 V £ 10%, fop< 24 MHz, Vgg = AVgg =0 V)

input channels

. Value .
Parameter Symbol Pin i = M Unit Remarks
in yp ax

Resolution — — — — 10 bit
Total error — — — — +3.0 LSB
Nonlinearity error — — — — *25 LSB
Differential - - - - +19 LSB
nonlinearity error -
Zero reading AVRL AVRL AVRL
voltage Vot ANOtoAN23 - \"_ Y5 1sB | +05xLSB | +25%xLsB |V
Full scale reading AVRH AVRH AVRH
voltage VrsT ANOtOAN23  |"_ 355 |sB | —15xLSB | +05%xLsB |V

1.0 45V AVeS 55V
Compare time — — — 16500 us

2.0 40VS AV <45V

o 0.5 45VS AVS55V

Sampling time — — — [00) us

1.2 40VS AVge < 45V
Analog port input AN ANOto AN23  [—0.3 — +0.3 WA
current
Analog input Vam ANOto AN23 | AVRL — AVRH v
voltage range
Reference — AVRH AVRL+27 |— AVee \%
voltage range — AVRL 0 — AVRH—27 |V
Power supply I AVec — 3.5 7.5 mA
current Ian AVee R R 5 MA
Reference IR AVRH — 600 900 LA
voltage current IRH AVRH - - 5 LA
Offset between — ANO to AN23  [— — 4 LSB

*: If the A/D convertor is not operating, a current when CPU is stopped is applicable (Voo = AVgc = AVRH=5.0 V).

Note:
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11.6 Definition of A/D Converter Terms

Resolution : Analog variation that is recognized by the A/D converter.

Non linearity . The deviation between the actual conversion characteristics and a line that joins the

error zero-transition line ( “00 0000 0000” « — “00 0000 0001” ) to the full-scale transition line
(“11 1111 110" « > “11 1111 11117) .

Differential

" Deviation of input voltage, which is required for changing output code by 1 LSB, from an ideal value.

linearity error

Total error

. Difference between the actual value and the ideal value. The total error includes zero

transition error, full-scale transition error, and linear error.

Total error
3FFH T e n
3FEHT-  Actual conversion - T 15LsB
characteristcs !
3FDH 1 [ oo
~ 5 {1LSBx (N-1)+0.5LSB}
2 oo ' J
5 el :
o .\ !
8 004H T \ VNT
g : (Actually-measured value)
0031 -
! ™ Actual conversion
00204 ¢ —------ : characteristics
i < Ideal characteristics
0011+ ===
—| ~— 0.5LSB
AVRL AVRH
Analog input

i Vyt —{1LSB x (N—1) +0.5LSB}
Total error of digital output “N” = T1LSB

AVRH — AVRL
1024

[LSB]

1 LSB (ldeal value) = V]

N : Value of the digital output from the A/D converter

Vor (Ideal value) = AVRL + 0.5 LSB [V]

Vg (Ideal value) = AVRH — 1.5 LSB [V]

VT : A voltage at which the digital output transitions from (N — 1) to Np.

Document Number: 002-04498 Rev. *A

(Continued)

Page 74 of 92



