FUJITSU SEMICONDUCTOR
DS07-16615-2E

32-bit Microcontroller
CMOS

FR60 MB91460P Series

MB91F465PA, MB91F467PA

B DESCRIPTION

MB91460P series is a line of general-purpose 32-bit RISC microcontrollers designed for embedded control
applications which require high-speed real-time processing, such as consumer devices and on-board vehicle
systems. This series uses the FR60 CPU, which is compatible with the FR family* of CPUs.

This series contains the LIN-USART and CAN controllers.
*: FR, the abbreviation of FUJITSU RISC controller, is a line of products of FUJITSU Semiconductor Limited.

B FEATURES

1. FR60 CPU core

* 32-bit RISC, load/store architecture, five-stage pipeline

* 16-bit fixed-length instructions (basic instructions)

¢ Instruction execution speed: 1 instruction per cycle

* Instructions including memory-to-memory transfer, bit manipulation, and barrel shift instructions: Instructions
suitable for embedded applications

* Function entry/exit instructions and register data multi-load store instructions : Instructions supporting C
language

* Register interlock function: Facilitating assembly-language coding

 Built-in multiplier with instruction-level support
Signed 32-bit multiplication  : 5 cycles
Signed 16-bit multiplication  : 3 cycles

¢ Interrupts (save PC/PS) : 6 cycles (16 priority levels)

* Harvard architecture enabling program access and data access to be performed simultaneously

* Instructions compatible with the FR family

For the information for microcontroller supports, see the following web site.
This web site includes the "Customer Design Review Supplement" which provides the latest cautions on
system development and the minimal requirements to be checked to prevent problems before the system
development.

http://edevice.fujitsu.com/micom/en-support/

Copyright©2009-2010 FUJITSU SEMICONDUCTOR LIMITED All rights reserved FU]ITSU
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2.

Internal peripheral resources

General-purpose ports : Maximum 141 ports

DMAC (DMA Controller)

Maximum of 5 channels able to operate simultaneously

2 transfer sources (internal peripheral/software)

Activation source can be selected using software

Addressing mode specifies full 32-bit addresses (increment/decrement/fixed)
Transfer mode (demand transfer/burst transfer/step transfer/block transfer)
Transfer data size selectable from 8/16/32-bit

Multi-byte transfer enabled (by software)

DMAC descriptor in I/O areas (200+ to 2401, 1000+ to 1024+)

A/D converter (successive approximation type)

10-bit resolution: maximum 41 channels *

Conversion time: minimum 1 ms

External interrupt inputs : 16 channels *

9 channels shared with CAN RX or I2C pins

Bit search module (for REALOS)

Function to search the first bit position of “1”, “0”, “changed” from the MSB (most significant bit) within one word
LIN-USART (full duplex double buffer): 12 channels, 4 channels with FIFO *
Clock synchronous/asynchronous selectable

Sync-break detection

Internal dedicated baud rate generator

12C bus interface (supports 400 kbps): 4 channels

Master/slave transmission and reception

Arbitration function, clock synchronization function

CAN controller (C-CAN): up to 4 channels

Maximum transfer speed: 1 Mbps

32 transmission/reception message buffers

Sound generator : 1 channel

Tone frequency : PWM frequency divide-by-two (reload value + 1)

16-bit PPG timer : 32 channels *

16-bit PFM timer : 1 channel

16-bit reload timer: 16 channels

8 reload timers can be used as up to 4 32-bit reload timers (by cascading 2 reload timers each).
16-bit free-run timer: 8 channels (1 channel each for ICU and OCU)

Input capture: 8 channels (operates in conjunction with the free-run timer)
Output compare: 8 channels (operates in conjunction with the free-run timer)
Up/Down counter: 4 channels (4*8-bit or 2*16-bit) *

Watchdog timer

Real-time clock

Low-power consumption modes : Sleep/stop mode function

Low voltage detection circuit

Note: * The maximum channel count is given; the real number depends on port multiplexing.

(Continued)
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(Continued)

¢ Clock supervisor
Monitors the sub-clock (32 kHz) and the main clock (4 MHz) , and switches to a recovery clock (CR oscillator,
etc.) when the oscillations stop.

¢ Clock modulator

¢ Clock monitor

* Sub-clock calibration
Corrects the real-time clock timer when operating with the 32 kHz or CR oscillator

* Main oscillator stabilization timer
Generates an interrupt in sub-clock mode after the stabilization wait time has elapsed on the 23-bit stabilization
wait time counter

* Sub-oscillator stabilization timer
Generates aninterrupt in main clock mode after the stabilization wait time has elapsed on the 15-bit stabilization
wait time counter

3. Package and technology
* Package : QFP-176
e CMOS 0.18 mm technology
* Power supply range 3 V to 5V (1.8 V internal logic provided by a step-down voltage converter)
¢ Operating temperature range: between - 40°C and + 125°C

DS07-16615-2E FUﬁTSU 3
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B PRODUCT LINEUP

Emulation Devices

Feature MB91F465PA MB91F467PA
MB91V460A MB91FV460B
Max. core frequency (CLKB) 80 MHz 100 MHz 100 MHz 100 MHz
Max. resource frequency (CLKP) 40 MHz 50 MHz 50 MHz 50 MHz
Max. external bus frequency (CLKT) 40 MHz 50 MHz 50 MHz 50 MHz
Max. CAN frequency (CLKCAN) 20 MHz 50 MHz 50 MHz 50 MHz
Max. FlexRay frequency (SCLK) - - - -
Technology 0.35um 0.18um 0.18um 0.18um
Watchdog timer yes yes yes yes
Watchdog timer (RC osc. based) yes (disengageable) yes yes yes
Bit Search yes yes yes yes
Reset input (INITX) yes yes yes yes
Hardware standby input (HSTX) yes no no no
Clock Modulator yes yes yes yes
Clock Monitor yes yes yes yes
Low Power Mode yes yes yes yes
DMA 5ch 5ch 5ch 5ch
MMU/MPU MPU (16 ch)™ MPU (16 ch)™ MPU (8 ch)* MPU (8 ch)™
Internal Flash memory
Flash memory ESZLI;Ii?triggdStiﬁy externalzg;illfa%;—n SRAM 544 KByte 1088 KByte
with 64bit read data
Satellite Flash memory - Data Flash 64 KByte - Data Flash 64 KByte
Flash Protection - yes yes yes
D-RAM 64 KByte 64 KByte 24 KByte 48 KByte
ID-RAM 64 KByte 64 KByte 16 KByte 32 KByte
Flash-Cache (Instruction cache) 16 KByte 16 KByte 8 KByte 8 KByte
Boot-ROM / BI-ROM 4 KByte fixed 16 KByte Boot Flash 4 KByte 4 KByte
RTC 1ch 1ch 1ch 1ch
Free Running Timer 8ch 12ch 8 ch*? 8 ch*?
ICU 8ch 10 ch 8 ch*? 8 ch*?
ocu 8ch 8ch 8 ch*? 8 ch*?
Reload Timer 8 ch 16 ch 16 ch 16 ch
PPG 16-bit 16 ch 32ch 32 ch*? 32 ch*?
PFM 16-bit 1ch 1ch 1ch 1ch
Sound Generator 1ch 1ch 1ch 1ch

Up/Down Counter (8/16 bit)

4 ch (8-bit) / 2 ch (16-bit)

4 ch (8-bit) / 2 ch (16-bit)

4 ch (8-bit) / 2 ch (16-bit)*2

4 ch (8-bit) / 2 ch (16-bit)*2

C_CAN 6 ch (128msg) 6 ch (128msg) 3 ch (32msg) 4 ch (32msg)
8 ch + 4 ch FIFO*?
- *2
LIN-USART 4ch+4chFIFO +8ch 16 ch FIFO 8 ch + 4 ch FIFO (2 more pin relocations)
I2C (400K) 4 ch 8ch 4 ch*? 4 ch*?
4 DS07-16615-2E
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Feature

Emulation Devices

MB91V460A

MB91FV460B

MB91F465PA

MB91F467PA

FR external bus

yes (32bit addr, 32bit data)

yes (32bit addr, 32bit data)

yes (24bit addr, 16bit data)

yes (24bit addr, 16bit data)

External Interrupts 16 ch 16 ch 16 ch*? 16 ch*?
NMI Interrupts 1ch 1ch 1ch 1ch
General I/O ports 288 328 (24 non-multiplexed) 141 141
SMC 6 ch 328 (24 non-multiplexed) - -
LCD controller (40x4) 1ch 1ch - -

. 32ch+22ch 2 32ch*+9ch
ADC (10-bit) 82 ch (2 ADC macros) 82.ch (2 ADC macros)
Alarm Comparator 2ch 2ch - -
Supply Supervisor (low voltage detection) yes yes yes yes
Clock Supervisor yes yes yes yes
Main clock oscillator 4 MHz 4 MHz 4 MHz 4 MHz
Sub clock oscillator 32kHz 32kHz 32kHz 32kHz
RC oscillator 100kHz 100kHz / 2MHz 100kHz / 2MHz 100kHz / 2MHz
PLL x 20 x 25 x 25 x 25
DSU4 yes yes no no
EDSU yes (32 BP)™ yes (32 BP)™ yes (16 BP)™ yes (16 BP)™
Supply voltage 3V/5V 3V/5V 3V/5V 3V/5V
Regulator yes yes yes yes
Power consumption n.a. n.a. <14W <14 W
Temperature Range (Ta) 0.70C 0.70C -40..125C -40..125C
Package BGA660 BGA896 LQFP-176 LQFP-176
Power on to PLL run <20 ms <20 ms <20 ms <20 ms
Flash Download Time n.a. < 8 sec. typical < 5 sec. typical < 6 sec. typical

*1: MPU channels use EDSU breakpoint registers (shared operation between MPU and EDSU).
*2: Maximum channel count is shown; function is multiplexed with external bus addresses.
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H PIN ASSIGNMENT
1. MB91F465PA

(TOP VIEW)
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P21_5/SOT1 [ 3] O 50| AVRHS
P21_6/SCKI/CK1 [ 4] 9] AVSS5
P21 7 [5] 55| P25.1
PO6_0/A8 or P21 0/SINO [ 6] 57] P25.0
P06 1/A9 or P21_1/S0T0 [ 7] 561 Pi7_7/PPG7
POB_2/A10 or P21_2/SCKO/ICKO | 8] 55| P17 6/PPG6
P06_3/A11 of P17_4/PPG4 [ 9] 52| P17.5/PPGS
PO6_4/A12 or P14_4/ICU4/TIN12/4/TTG28/20112/4 |10 ] 53] P18 6/SCK7/ZIN3/CK7
PO6_5/A13 or P14_5/ICUS/TIN13/5/TTG29/21/13/5 |11 ] i55] P18 _5/SOT7/BIN3
PO6_6/A14 or P14_6/ICUB/TIN14/6/TTG30/22/14/6 | 12] 57] P18_4/SIN7/AIN3
POB_7/A15 or P14_7/CU7/TIN15/7/TTG31/23/15/7 [13] i55] P18 2/SCK6/ZIN2/CKE
P05_O/A16 or P16 0/PPG8 |14 ] T5] P18 1/SOT6/BIN2
15
16 |

P05 _1/A17 or P16_1/PPGY i8] P18_0/SING/AIN2
PO5_2/A18 or (P20_0/SINZ/AINO or P34_0/SIN10) 7] P19_6/SCK5/CK5
PO5_3/A19 or (P20_1/SOT2/BINO or P34 1/S0T10) [17 76| P19_5/S0T5
PO5_4/A20 or (P20_2/SCK2/ZINO/CK2 or P34 2/SCK10) 5] P19_4/SINS
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P05_6/A22 or (P20_5/SOT3/BIN1 or P34 5/SOT11) - 13| P19_1/S0T4
P05_7/A23 or (P20_6/SCK3/ZIN1/CK3 or P34_6/SCK11) 2| P19_0/SIN4
VDD35 iT] vsss
VSs5 0
PO1_0/D16 or P17_0/PPGO 9] VDDsR
PO1_1/D17 or P17_1/PPG1 5| VDDSR
PO1_2/D18 or P17 2/PPG2 [2 7] vocisc
PO1_3/D19 or P17_3/PPG3 5] VSSs
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P00_7/D31 or P24_7/INT7

P22_0/INT12

P22_1
P22_2/INT13
P22_3
VDD35
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P23_7
P23_6/INT11
P23_5/TX2
P23_4/RX2/INT10
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2. MB91F467PA

VSS5

P21_4/SIN1
P21_5/SOT1

P21 6/SCK1/CK1

P06_0/A8 or P21 O/SINO

P06_1/A9 or P21_1/SOTO

P06_2/A10 or P21_2/SCKO/CKO

P06_3/A11 or P17_4/PPG4

P06_4/A12 or P14_4/ICU4/TIN12/4/TTG28/20/12/4
P06_5/A13 or P14_5/ICU5/TIN13/5/TTG29/21/13/5
P06_6/A14 or P14_6/ICU6/TIN14/6/TTG30/22/14/6
P06_7/A15 or P14_7/ICU7/TIN15/7/TTG31/23/15/7
P05_0/A16 or P16_0/PPG8

P05_1/A17 or P16_1/PPG9

P05_2/A18 or (P20_0/SIN2/AINO or P34_0/SIN10)
P05_3/A19 or (P20_1/SOT2/BINO or P34_1/SOT10)
P05_4/A20 or (P20_2/SCK2/ZINO/CK2 or P34_2/SCK10)
P05_5/A21 or (P20_4/SIN3/AIN1 or P34_4/SIN11)
P05_6/A22 or (P20_5/SOT3/BIN1 or P34_5/SOT11)
P05_7/A23 or (P20_6/SCK3/ZIN1/CK3 or P34_6/SCK11)
VDD35

VSS5

P01_0/D16 or P17_0/PPGO

P01_1/D17 or P17_1/PPG1

P01_2/D18 or P17_2/PPG2

P01_3/D19 or P17_3/PPG3

P01_4/D20 or P15_4/0CU4/TOT4

P01_5/D21 or P15_5/0CU5/TOT5

P01_6/D22 or P15_6/OCU6/TOT6

P01_7/D23 or P15_7/0CU7/TOT7

P00_0/D24 or P24_0/INTO

P00_1/D25 or P24_1/INT1

P00_2/D26 or P24_2/INT2

P00_3/D27 or P24_3/INT3

P00_4/D28 or P24_4/INT4

P00_5/D29 or P24_5/INT5

P00_6/D30 or P24_6/INT6

P00_7/D31 or P24_7/INT7

P22_0/INT12

P22_1
P22_2/INT13
P22_3
VDD35
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(TOP VIEW)
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VSS!
VDD5

P30_0/PPG1
P30_1/PPG1

P23_2/RX1/INT9

P08_7/RDY
P16_2/PPG10
P22_4/SDAO/INT14

P22_6/SDA1/INT15

P08_1/WRX1
P14_0/ICUO/TIN8/O/TTG24/16/8/0

P08_0/WRX0
P08_4/RDX

P30_2/PPG1
P30_3/PPG1

P10_0/SYSCLK or P34_0/SIN1

P16_3/PPG11
P16_4/PPG12/SGA
P16_5/PPG13/SGO

P30_5/PPG21

P30_6/PPG22

P30_7/PPG23

P23_1/TX0

P23_3/TX1
P22_5/SCLO
P22_7/SCL1

P30_4/PPG20

P23_0/RX0/INT8

P15_1/OCU1/TOT1

P15_2/0CU2/TOT2
P15_3/0CU3/TOT3

P15_0/0CUO/TOTO

P16_7/PPG15/AGTX

P10_3/WEX or P34_2/SCK1

P09_0/CSXO0 or P34_4/SIN11

P09_1/CSX1 or P34_5/SOT11

P09_2/CSX2 or P34_6/SCK11

P10_1/ASX or P34_1/SOT1

P14_1/ICU1/TIN9/1/TTG25/17/9/1

P14_2/ICU2/TIN10/2/TTG26/18/10/2

P14_3/ICU3/TIN11/3/TTG27/19/11/3

The pinout of MB91F467PA differs versus MB91F465PA at the following pins:
* Pins 50-55: Added re-located LIN-USART10/11

DS07-16615-2E

Pins 92-93: Added CAN3 RX3,TX3
Pins 118-126: Added ADC channels AN37-42, AN44-46
Pins 99-100: X0/X1 are mirrored

Po)
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P17_7/PPG7/AN39
P17_6/PPG6/AN38
P17_5/PPG5/AN37
P18_6/SCK7/ZIN3/CK7/AN46
P18_5/SOT7/BIN3/AN45
P18_4/SIN7/AIN3/AN44
P18_2/SCK6/ZIN2/CK6/AN42
P18_1/SOT6/BIN2/AN41
P18_0/SIN6/AIN2/AN40
P19_6/SCK5/CK5
P19_5/SOT5

P19_4/SINS
P19_2/SCK4/CK4
P19_1/SOT4

P19_0/SIN4

P23_6/RX3/INT11
P23_5/TX2
P23_4/RX2/INT10
V8s5
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H PIN DESCRIPTION
1. MB91F465PA, MB91F467PA

Pin no. Pin name 1/0 I/Ocirciuit Mux Function
type*'
5 P21_4 /o A General-purpose input/output port
SIN1 Data input pin of USART1
3 P21_5 /o A General-purpose input/output port
SOT1 Data output pin of USART1
P21_6 General-purpose input/output port
4 SCK1 e A . Clock input/output pin of USART1
External clock input pin of free-run timer
CK1 1
5 P21_7 I/0 A — General-purpose input/output port
P06_0 General-purpose input/output port
— I/0 A PPMUX.PS4=0 purp P Pup
A8 Signal pin of external address bus (bit8)
6 OR
P21_0 General-purpose input/output port
— I/0 A PPMUX.PS4=1 puTP P Pup
SINO Data input pin of USARTO
P06_1 General-purpose input/output port
— I/0 A PPMUX.PS4=0 pure P Pep
A9 Signal pin of external address bus (bit9)
7 OR
P21_1 General-purpose input/output port
— I/0 A PPMUX.PS4=1 P p- P Puip
SOTO Data output pin of USARTO
P06_2 General-purpose input/output port
— I/0 A PPMUX.PS4=0 il P Pep
A10 Signal pin of external address bus (bit10)
OR
8 P21_2 General-purpose input/output port
SCKO /O A PPMUX_ PS4=1 Clock input/output pin of USARTO
CKO 5xternal clock input pin of free-run timer
P06_3 General-purpose input/output port
— I/O A PPMUX.PS4=0 — .p P P PYp -
Al1 Signal pin of external address bus (bit11)
9 OR
P17_4 General-purpose input/output port
— I/0 A PPMUX.PS4=1 p P p Pup
PPG4 Output pin of PPG timer

8 FUﬁTSU DS07-16615-2E
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Pin no. Pin name /0 Ilocmiﬁ"t Mux Function
type
P06_4 to P06_7 General-purpose input/output ports
/0 A PPMUX.PS4=0 |sjgnal pins of external address bus
Al2to A15 (bit12 to bit15)
OR
1010 13 P14_4to P14_7 General-purpose input/output ports
ICU4 to ICU7 Input capture input pins
TIN12/4 to /0 A PPMUX.PS4=1 | External trigger input pins of reload timer
TIN15/7
TTG28/20/12/4t0 . . . .
TTG31/23/15/7 External trigger input pins of PPG timer
P0O5_0 General-purpose input/output port
e A PPMUX.PR10=0 | Signal pin of external address bus (bit16
A16 .
to bit17)
14 OR
P16_0 General-purpose input/output port
— I/O A PPMUX.PR10=1 p P p Pup
PPG8 Output pin of PPG timer
PO05_1 General-purpose input/output port
e A PPMUX.PR11=0 | signal pin of external address bus (bit16
A17 .
to bit17)
15 OR
P16_1 General-purpose input/output port
— I/O A PPMUX.PR11=1 p P p Pup
PPG9 Output pin of PPG timer
P05_2 General-purpose input/output port
I/O A PPMUX.PR12=0 — - -
A18 Signal pin of external address bus (bit18)
OR
P20_0 PPMUX.PR12=1 | General-purpose input/output port
SIN2 10 A ;’;d Data input pin of USART2
16 -
AINO MUX.PRPS0=1 |Up/down counter input pin
OR
P34_0 PPMUX.PR12=1 | General-purpose input/output port
Vo A and -
SIN10 PP- Data input pin of USART10
MUX.PRPS0=0
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MB91460P Series
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Pin no. Pin name /0 I/Ociri?it Mux Function
type
P0O5_3 General-purpose input/output port
I/O A PPMUX.PR13=0 — - -
A19 Signal pin of external address bus (bit19)
OR
P20_1 PPMUX.PR13=1 | General-purpose input/output port
SoT2 /0 A ';‘,r;,d Data output pin of USART2
17 B
BINO MUX.PRPS0=1 |Up/down counter input pin
OR
P34_1 PPMUX.PR13=1 | General-purpose input/output port
Vo A and
SOT10 PP- Data output pin of USART10
MUX.PRPS0=0
P0O5_4 General-purpose input/output port
I/O A PPMUX.PR14=0 — - -
A20 Signal pin of external address bus (bit20)
OR
P20_2 General-purpose input/output port
SCK2 PPMUX-ZR14=1 Clock input/output pin of USART2
an
18 ZINO 1’0 A PP- Up/down counter input pin
MUX.PRPS0=1 | External clock input pin of free-run timer
CK2 5
OR
P34_2 PPMUX.PR14=1 | General-purpose input/output port
/0 A and _ _
SCK10 PP- Clock input/output pin of USART10
MUX.PRPS0=0
P05_5 General-purpose input/output port
I/O A PPMUX.PR15=0
A21 Signal pin of external address bus (bit21)
OR
P20_4 PPMUX.PR15=1 | General-purpose input/output port
SIN3 Yo, A gr;,d Data input pin of USART3
19 -
AIN1 MUX.PRPS0=1 |Up/down counter input pin
OR
P34_4 PPMUX.PR15=1 | General-purpose input/output port
Vo A and
SIN11 PP- Data input pin of USART11
MUX.PRPS0=0
10 DS07-16615-2E
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MB91460P Series
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Pin no. Pin name /0 |/OCII’(il1,IIt Mux Function
type
P0O5_6 General-purpose input/output port
I/O A PPMUX.PR16=0 — - -
A22 Signal pin of external address bus (bit22)
OR
P20_5 PPMUX.PR16=1 | General-purpose input/output port
SOT3 /0 A ';‘,r;,d Data output pin of USART3
20 -
BIN1 MUX.PRPS0=1 |Up/down counter input pin
OR
P34_5 PPMUX.PR16=1 | General-purpose input/output port
/0 A and _
SOT11 PP- Data output pin of USART11
MUX.PRPS0=0
P0O5_7 General-purpose input/output port
I/O A PPMUX.PR17=0 |— - -
A23 Signal pin of external address bus (bit23)
OR
P20_6 General-purpose input/output port
SCK3 PPMUX-ZR17=1 Clock input/output pin of USART3
an
o1 ZIN1 1’0 A PP- Up/down counter input pin
MUX.PRPS0=1 | External clock input pin of free-run timer
CK3 3
OR
P34_6 PPMUX.PR17=1 | General-purpose input/output port
/0 A and _ _
SCK11 PP- Clock input/output pin of USART11
MUX.PRPS0=0
PO1_0to P0O1_3 General-purpose input/output ports
I/O A PPMUX.PS3=0 |g; i i
D16 to D19 S.|gnal pins of external data bus (bit16 to
bit19)
24 to 27 OR
P17_0to P17_3 General-purpose input/output ports
I/0 A PPMUX.PS3=1 - .
PPGO to PPG3 Output pins of PPG timer
P0O1_4 to PO1_7 General-purpose input/output ports
IO A PPMUX.PS3=0 |g; i i
D20 to D23 Sllgnal pins of external data bus (bit20 to
bit23)
28 to 31 OR
P15_4to P15_7 General-purpose input/output ports
OCU4 to OCU7 I/0 A PPMUX.PS3=1 |Output compare output pins
TOT4 to TOT7 Reload timer output pins
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MB91460P Series
e

Pin no. Pin name /0 Ilocmiﬁ"t Mux Function
type
P00_0 to P00_7 General-purpose input/output ports
I/O A PPMUX.PR0O=0 |g; i i
D24 to D31 Sllgnal pins of external data bus (bit24 to
bit31)
3210 39 OR
P24_0to P24_7 General-purpose input/output ports
I/O A PPMUX.PRO=1
INTO to INT7 External interrupt input pins
P22_0 General-purpose input/output port
40 — I/O A — puTP P Pep
INT12 External interrupt input pin
41 P22_1 I/0 A — General-purpose input/output port
pP22_2 General-purpose input/output port
42 — I/O A — il P pPep
INT13 External interrupt input pin
43 P22_3 I/0 A — General-purpose input/output port
P30_0to P30_3 General-purpose input/output ports
46 to 49 I/O A — - -
PPG16 to PPG19 Output pins of PPG timer
P10_0 /o A General-purpose input/output port
SYSCLK External bus clock output pin
50 OR (MB91F467PA only)
P34_0 General-purpose input/output port
I/O A PPMUX2.PRO=1
SIN10 Data input pin of USART10
P10_1 /o A General-purpose input/output port
ASX Address strobe output pin
51 OR (MB91F467PA only)
P34_1 General-purpose input/output port
— I/O A PPMUX2.PR1=1 puTp P PUtp
SOT10 Data output pin of USART10
P10_8 /o A General-purpose input/output port
WEX Write enable output pin
52 OR (MB91F467PA only)
P34_2 General-purpose input/output port
I/O A PPMUX2.PR2=1
SCK10 Clock input/output pin of USART10
P09_0 /o A General-purpose input/output port
CSXo Chip select output pin
53 OR (MB91F467PA only)
P34_4 General-purpose input/output port
I/O A PPMUX2.PR3=1 - -
SIN11 Data input pin of USART11

12 FUﬁTSU DS07-16615-2E



MB91460P Series
e

Pin no. Pin name 1/0 I/Ocirtiuit Mux Function
type*'
P09_1 Vo A General-purpose input/output port
CSX1 Chip select output pin
54 OR (MB91F467PA only)
P34_5 General-purpose input/output port
I/O A PPMUX2.PR4=1
SOT11 Data output pin of USART11
P09_2 /o A General-purpose input/output port
CSX2 Chip select output pin
55 OR (MB91F467PA only)
P34_6 General-purpose input/output port
I/O A PPMUX2.PR5=1
SCK11 Clock input/output pin of USART11
P08_0, P08_1 General-purpose input/output ports
56, 57 — I/O A — P -p P P .p
WRX0, WRX1 External write strobe output pins
P08_4 General-purpose input/output port
58 — I/O A — puTP P PYp
RDX External read strobe output pin
P08_7 General-purpose input/output port
59 — I/O A — purp P Putp
RDY External ready input pin
P16_2, P16_3 General-purpose input/output ports
60, 61 — I/O A — pure P Pup
PPG10, PPG11 Output pins of PPG timer
P16_4 General-purpose input/output port
62 PPG12 I/O A — Output pin of PPG timer
SGA SGA output pin of sound generator
P16_5 General-purpose input/output port
63 PPG13 I/0 A — Output pin of PPG timer
SGO SGO output pin of sound generator
P16_6 General-purpose input/output port
64 PPG14 I/O A — Output pin of PPG timer
PFM Pulse frequency modulator output pin
P16_7 General-purpose input/output port
65 PPG15 I/0 A — Output pin of PPG timer
ATGX A/D converter external trigger input pin
P23_0 General-purpose input/output port
68 RXO0 I/O A — RX input pin of CANO
INT8 External interrupt input pin
P23_1 General-purpose input/output port
69 — I/O A — P 'p P Puip
TXO0 TX output pin of CANO
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Pin no. Pin name 1/0 v Ct’;;';?it Mux Function
P23 _2 General-purpose input/output port
70 RX1 I/O A — RX input pin of CAN1
INT9 External interrupt input pin
1 P23_3 /o A . General-purpose input/output port
TX1 TX output pin of CAN1
P22_4 General-purpose input/output port
75 SDAO Yo, c . :jgitr)j;Js DATA input/output pin (open
INT14 External interrupt input pin
P22_5 General-purpose input/output port
73 SCLO /0 C — :;’C;i?]l;s clock input/output pin (open
P22_6 General-purpose input/output port
74 SDA{ /O C . :;C;itr)]l;s DATA input/output pin (open
INT15 External interrupt input pin
P22_7 General-purpose input/output port
75 ne; C — [2C bus clock input/output pin (open
SCL drain)
P14_0to P14_3 General-purpose input/output ports
ICUO to ICUS3 Input capture input pins
761079 |TIN8/Oto TIN11/3| 1O A — External trigger input pins of reload timer
-;1:'_%2247//11651/? /go External trigger input pins of PPG timer
P15_0to P15_3 General-purpose input/output ports
80to 83 | OCUO to OCU3 I/O A — Output compare output pins
TOTO to TOT3 Reload timer output pins
84 1o 87 P30_4 to P30_7 /o A . General-purpose input/output ports
PPG20 to PPG23 Output pins of PPG timer
P23_4 General-purpose input/output port
90 RX2 I/O A — RX input pin of CAN2
INT10 External interrupt input pin
o1 P23_5 /o A . General-purpose input/output port
TX2 TX output pin of CAN2
P23_6 General-purpose input/output ports
92 RX3 I/O A — RX input pin of CAN3 *#
INT11 External interrupt input pin
14 DS07-16615-2E
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MB91460P Series
e

Pin no. Pin name 1/0 v ?;:;?it Mux Function
93 P23_7 Vo A . General-purpose input/output port
TX3 TX output pin of CAN3 *4
94 MD_0 I G — Mode setting pin
95 MD_1 I G — Mode setting pin
96 MD_2 I G — Mode setting pin
97 MONCLK 0] M — Clock Monitor pin
98 MD_3 I G — Fast clock input pin
99 X1 . " . Clock (oscillation) output, FA65PA
X0 Clock (oscillation) input, F467PA
100 X0 . I . Clock (oscillation) input, F4A65PA
X1 Clock (oscillation) output, F467PA
102 X0A — J2 — Sub clock (oscillation) input
103 X1A — J2 — Sub clock (oscillation) output
104 INITX I H — External reset input pin
105 NMIX | H — Non-maskable interrupt input pin
112 P19_0 /o A . General-purpose input/output port
SIN4 Data input pin of USART4
113 P19_1 /o A . General-purpose input/output port
SOT4 Data output pin of USART4
P19_2 General-purpose input/output port
114 SCK4 Ve A . Clock input/output pin of USART4
CK4 External clock input pin of free-run timer
115 P19_4 /o A . General-purpose input/output port
SIN5 Data input pin of USART5
116 P19_5 /o A . General-purpose input/output port
SOT5 Data output pin of USART5
P19_6 General-purpose input/output port
117 SCK5 Ve A . Clock input/output pin of USART5
CK5 External clock input pin of free-run timer
P18_0 General-purpose input/output port
SING A Data input pin of USART6
118 I/0 or —
AIN2 B *2 Up/down counter input pin
AN40 Analog input pin of A/D converter 2 *3
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Pin no. Pin name /0 I/Ociri?it Mux Function
type
P18_1 General-purpose input/output port
SOT6 A Data output pin of USART6
119 I/0 or —
BIN2 B *2 Up/down counter input pin
AN41 Analog input pin of A/D converter 2 *3
P18_2 General-purpose input/output port
SCK6 Clock input/output pin of USART6
A X ;
120 ZIN2 /O or . Up/down counter input pin
CK6 B *2 gxternal clock input pin of free-run timer
AN42 Analog input pin of A/D converter 2 *3
P18_4 General-purpose input/output port
SIN7 A Data input pin of USART?
121 I/O or —
AIN3 B *2 Up/down counter input pin
AN44 Analog input pin of A/D converter 2 *3
P18_5 General-purpose input/output port
SOT7 A Data output pin of USART7
122 I/0 or —
BINS B *2 Up/down counter input pin
AN45 Analog input pin of A/D converter 2 *3
P18_6 General-purpose input/output port
SCK7 A Clock input/output pin of USART7
123 ZIN3 /O BO£2 . Up/down counter input pin
External clock input pin of free-run timer
CK7 7
AN46 Analog input pin of A/D converter 2 *3
P17_5to P17_7 A General-purpose input/output ports
1?‘2‘&0 PPG5 to PPG7 | /O or — Output pin of PPG timer
AN37 to AN39 B Analog input pins of A/D converter 2 *3
127,128 | P25_0, P25_1 I/0 A — General-purpose input/output ports
P35_3 General-purpose input/output port
134 — I/O A — purp P Pep
PPG24 Output pin of PPG timer
P35_7 General-purpose input/output port
135 — I/O A — p P p Pep
PPG25 Output pin of PPG timer
P34_3 General-purpose input/output port
136 — I/0 A — p P p PUip
PPG26 Output pin of PPG timer
P34_7 General-purpose input/output port
137 — I/O A — purp P Pup
PPG27 Output pin of PPG timer
16 DS07-16615-2E
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MB91460P Series
e

I/Ocircuit

Pin no. Pin name /0 type*! Mux Function
P35_0 General-purpose input/output port
— I/O B PPMUX.PS5=0 il P PYp
SIN8 Data input pin of USART8
138 OR
P29_0 General-purpose input/output port
— I/0 B PPMUX.PS5=1 pure P Pup
ANO Analog input pin of A/D converter
P35_1 General-purpose input/output port
— I/0 B PPMUX.PS5=0 P p- P Pup
SOT8 Data output pin of USART8
139 OR
P29_1 General-purpose input/output port
— I/0 B PPMUX.PS5=1 pure P Puip
AN1 Analog input pin of A/D converter
P35_2 General-purpose input/output port
— I/0 B PPMUX.PS5=0 puTe P Puip
SCK8 Clock input/output pin of USARTS8
140 OR
P29_2 General-purpose input/output port
— I/0 B PPMUX.PS5=1 purp P Putp
AN2 Analog input pin of A/D converter
P35_4 General-purpose input/output port
— I/0 B PPMUX.PS5=0 pure P Pup
SIN9 Data input pin of USART9
141 OR
P29_3 General-purpose input/output port
— I/0 B PPMUX.PS5=1 PP P PYp
ANS3 Analog input pin of A/D converter
P35_5 General-purpose input/output port
I/0 B PPMUX.PS5=0
SOT9 Data output pin of USART9
142 OR
P29_4 General-purpose input/output port
— I/0 B PPMUX.PS5=1 .p p. P Puip
AN4 Analog input pin of A/D converter
P35_6 General-purpose input/output port
I/0 B PPMUX.PS5=0 - -
SCK9 Clock input/output pin of USART9
143 OR
P29_5 General-purpose input/output port
— I/0 B PPMUX.PS5=1 pure P Puip
AN5 Analog input pin of A/D converter
P29_6, P29_7 General-purpose input/output ports
144,145 — I/0 B — -p p- P PP
ANG, AN7 Analog input pins of A/D converter
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Pin no. Pin name /0 Ilocmiﬁ"t Mux Function
type
P24_0to P24_3 PPMUX.PS2=0 |General-purpose input/output ports
I/0 B and PP-
INTO to INT3 MUX.PR0O=0 External interrupt input pins
146 to
149 OR
P28_0 to P28_3 PPMUX.PS2=1 |General-purpose input/output ports
I/O B or
ANS8 to AN11 PPMUX.PR0O=1 |Analog input pins of A/D converter
P24_4 General-purpose input/output port
INT4 Vo P PPMUX.PS2=0 External interrupt input pin
and PP- PLinPut P
B 2 . .
SDA2 /O D MUX.PR0O=0 || C_bus DATA input/output pin (open
drain)
150
OR
P28_4 PPMUX.PS2=1 |General-purpose input/output port
I/0 D or
AN12 PPMUX.PR0O=1 |Analog input pin of A/D converter
P24 _5 General-purpose input/output port
INT5 Vo P PPMUX.PS2=0 External interrupt input pin
and PP- Ptinput b
-~ 2 . .
SCL2 /O D MUX.PRO=0 || C'bus clock input/output pin (open
drain)
151
OR
P28 _5 PPMUX.PS2=1 |General-purpose input/output port
I/0 D or
AN13 PPMUX.PR0O=1 |Analog input pin of A/D converter
P24_6 General-purpose input/output port
PPMUX.PS2=0 . . -
INT6 /O D and PP- External interrupt input pin
MUX.PR0=0 |I?C bus DATA input/output pin (open
SDA3 drain)
152
OR
P28_6 PPMUX.PS2=1 |General-purpose input/output port
I/0 D or
AN14 PPMUX.PR0O=1 |Analog input pin of A/D converter
P24_7 General-purpose input/output port
PPMUX.PS2=0 . . X
INT7 /O c and PP- External interrupt input pin
MUX.PR0O=0 |I?C bus clock input/output pin (open
SCL3 drain)
153
OR
P28_7 PPMUX.PS2=1 |General-purpose input/output port
I/0 B or
AN15 PPMUX.PR0O=1 |Analog input pin of A/D converter
18 DS07-16615-2E
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MB91460P Series
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Pin no. Pin name /0 Iloc'riﬁ"t Mux Function
type
P16_0 PPMUX.PS1=0 |General-purpose input/output port
I/O A and ] i
PPG8 PPMUX.PR10=0 Output pin of PPG timer
156 OR
P27_0 PPMUX.PS1=1 |General-purpose input/output port
I/O A or
AN16 PPMUX.PR10=1 |Analog input pin of A/D converter
P16_1 PPMUX.PS1=0 |General-purpose input/output port
I/0 A and ] ]
PPG9 PPMUX.PR11=0 | Output pin of PPG timer
157 OR
P27_1 PPMUX.PS1=1 |General-purpose input/output port
I/0 A or
AN17 PPMUX.PR11=1 |Analog input pin of A/D converter
P20_0 PPMUX.PS1=0 |General-purpose input/output port
SIN2 a’}ﬁ,—P”“ Data input pin of USART2
Vo A MUX.PR12=1
AINO and PP- Up/down counter input pin
MUX.PRPS0=1)
158 OR
P27_2 PPMUX.PS1=1 |General-purpose input/output port
or
/o A (PP-
AN18 MUX.PR12=1 | Analog input pin of A/D converter
and PP-
MUX.PRPS0=1)
P20_1 PPMUX.PS1=0 |General-purpose input/output port
soT2 arzgﬁm Data output pin of USART2
Vo A MUX.PR13=1
BINO and PP- Up/down counter input pin
MUX.PRPS0=1)
159 OR
P27_3 PPMUX.PS1=1 |General-purpose input/output port
or
Vo A (PP-
AN19 MUX.PR13=1 | Analog input pin of A/D converter
and PP-
MUX.PRPS0=1)
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MB91460P Series
e

. . I/Ocircuit .
Pin no. Pin name 110 type* Mux Function
P20_2 PPMUX.PS1=0 |General-purpose input/output port
SCK2 arzg_;ot Clock input/output pin of USART2
ZINO /0 A MUX PR14=1 |Up/down counter input pin
CK2 and PP- External clock input pin of free-run timer
MUX.PRPS0=1) |2
160 OR
P27_4 PPMUX.PS1=1 |General-purpose input/output port
or
Vo A (PP- o
AN20 MUX.PR14=1 | Analog input pin of A/D converter
and PP-
MUX.PRPS0=1)
P20_4 PPMUX.PS1=0 |General-purpose input/output port
SIN3 a’zg—F{‘m Data input pin of USART3
Vo A MUX.PR15=1
AIN1 and PP- Up/down counter input pin
MUX.PRPS0=1)
161 OR
P27_5 PPMUX.PS1=1 |General-purpose input/output port
or
o A (PP- -
AN21 MUX.PR15=1 | Analog input pin of A/D converter
and PP-
MUX.PRPS0=1)
P20_5 PPMUX.PS1=0 |General-purpose input/output port
SOT3 arzgﬁm Data output pin of USART3
Vo A MUX.PR16=1
BIN1 and PP- Up/down counter input pin
MUX.PRPS0=1)
162 OR
P27_6 PPMUX.PS1=1 | General-purpose input/output port
or
/O A (PP-
AN22 MUX.PR16=1 | Analog input pin of A/D converter
and PP-
MUX.PRPS0=1)
20 DS07-16615-2E
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MB91460P Series
e

Pin no. Pin name /0 I/Ociri?it Mux Function
type
P20_6 PPMUX.PS1=0 |General-purpose input/output port
SCK3 arzgﬁnot Clock input/output pin of USART3
ZINT ne; A MUX PR17=1 |Up/down counter input pin
CK3 and PP- External clock input pin of free-run timer
MUX.PRPS0=1) |3
163 OR
P27_7 PPMUX.PS1=1 | General-purpose input/output port
or
Vo A (PP-
AN23 MUX.PR17=1 | Analog input pin of A/D converter
and PP-
MUX.PRPS0=1)
P0O7_0 General-purpose input/output port
I/O A PPMUX.PS0=0 — - -
A0 Signal pin of external address bus (bit0)
164 OR
P26_0 General-purpose input/output port
— I/0 A PPMUX.PS0=1 pure P Puip
AN24 Analog input pin of A/D converter
PO7_1 General-purpose input/output port
— I/0 A PPMUX.PS0=0 |— .p P P Pup -
A1 Signal pin of external address bus (bit1)
165 OR
P26_1 General-purpose input/output port
— I/0 A PPMUX.PS0=1 purp P Putp
AN25 Analog input pin of A/D converter
P07_2 General-purpose input/output port
— I/0 A PPMUX.PS0=0 |— .p P P Puip -
A2 Signal pin of external address bus (bit2)
166 OR
P26_2 General-purpose input/output port
— I/0 A PPMUX.PS0=1 purp P Puip
AN26 Analog input pin of A/D converter
P07_3 General-purpose input/output port
— I/0 A PPMUX.PS0=0 pure P Puip
A3 Signal pin of external address bus (bit3)
167 OR
P26_3 General-purpose input/output port
— I/O A PPMUX.PS0=1 puTP P PUp
AN27 Analog input pin of A/D converter
P0O7_4 General-purpose input/output port
I/0 A PPMUX.PS0=0
A4 Signal pin of external address bus (bit4)
168 OR
P26_4 General-purpose input/output port
— I/0 A PPMUX.PS0=1 pure P Puip
AN28 Analog input pin of A/D converter
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MB91460P Series
e

Pin no. Pin name /0 I/Ocirtiuit Mux Function
type*
P07_5 General-purpose input/output port
— I/0 A PPMUX.PS0=0 - .p P P PP -
A5 Signal pin of external address bus (bit5)
169 OR
P26_5 General-purpose input/output port
— I/0 A PPMUX.PS0=1 purp P PP
AN29 Analog input pin of A/D converter
P07_6 General-purpose input/output port
— 110 A PPMUX.PS0=0 - .p P P Putp -
A6 Signal pin of external address bus (bit6)
170 OR
P26_6 General-purpose input/output port
— I/0 A PPMUX.PS0=1 purp P Putp
AN30 Analog input pin of A/D converter
P0O7_7 General-purpose input/output port
— 110 A PPMUX.PS0=0 - 'p P P Putp -
A7 Signal pin of external address bus (bit7)
171 OR
P26_7 General-purpose input/output port
— /0 A PPMUX.PS0=1 Purp P pPutp
AN31 Analog input pin of A/D converter
P33_3 General-purpose input/output port
172 — 110 A — purp P Putp
PPG28 Output pin of PPG timer
P33_7 General-purpose input/output port
173 — I/0 A — purp P Putp
PPG29 Output pin of PPG timer
P32_3 General-purpose input/output port
174 — 110 A — purp P PP
PPG30 Output pin of PPG timer
P32_7 General-purpose input/output port
175 — 1’0 A — purp P Putp
PPG31 Output pin of PPG timer

*1: For information about the I/O circuit type, refer to “B@ /O CIRCUIT TYPES”.
*2: MB91F465PA has type A, MB91F467PA has type B

*3: A/D converter channels 37-42, 44-46 only available on MB91F467PA.

*4: CAN3 only available on MB91F467PA.
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[Power supply/Ground pins]

Pin no. Pin name /0 Function
1’1%%” ‘:51167138391;%1 VSS5 Ground pins
66, 88, 110, 132, 154 VDD5 Power supply pins
108, 109 VDD5R Power supply pins for internal regulator
129 AVSS5 Supply Analog ground pin for A/D converter
131 AVCC5 Power supply pin for A/D converter
130 AVRH5 Reference power supply pin for A/D converter
107 VCC18C Capacitor connection pin for internal regulator
22,44,176 VDD35 Power supply pins for external bus part of I/O ring
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MB91460P Series

Hl 1/0 CIRCUIT TYPES

Type Circuit Remarks
A Ull-ub control CMOS level output
pul-dp (programmable lo. = 5mA, lon = -5mA
driver strength and lo. = 2mA, loH = -2mA)
’_I_ control 2 different CMOS hysteresis inputs with input
| data line shutdown function
D Automotive input with input shutdown function
}J_ TTL input with input shutdown function
Programmable pull-up resistor: 50kQ approx.
pull- down control
R
Vi @O—DC}— CMOS hysteresis type1
PA@O—DO— CMOS hysteresis type2
,_@-DC}— Automotive inputs
> Do—|><}— TTL input
standby control for
input shutdown
B CMOS level output
pull-up control (programmable lo. = 5mA, lon = -5mA
driver strength and lo. = 2mA, lon = -2mA)
control 2 different CMOS hysteresis inputs with input
| data line shutdown function
Automotive input with input shutdown function
H }Jﬁ TTL input with input shutdown function
Programmable pull-up resistor: 50kQ approx.
Analog input
L pull- down control
R
_/WV @O_D@_ CMOS hysteresis type1
'__@o-bg_ CMOS hysteresis type2
,__@O‘DG_ Automotive inputs
[ D)-[>Q»— TTL input
standby control for
input shutdown
L
L[ }— analog input
L
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MB91460P Series

Type Circuit Remarks
C Ull-to control CMOS level output (lo. = 3mA, lon = -3mA)
pul-dp 2 different CMOS hysteresis inputs with input
shutdown function
Automotive input with input shutdown function
| data line TTL input with input shutdown function
D }J_ Programmable pull-up resistor: 50kQ approx.
pull- down control
R
Vi @O—DC}— CMOS hysteresis type1
PA@O—DO— CMOS hysteresis type2
,—@—D(}— Automotive inputs
> Do—[><}— TTL input
standby control for
input shutdown
D CMOS level output (lo. = 3mA, lon = -3mA)

pull-up control

— data line

pull- down control

W

| CMOS hysteresis type1

|- CMOS hysteresis type2

I Automotive inputs

L IES:

I TTL input

standby control for

input shutdown

¥

L[ }— analog input

<|

2 different CMOS hysteresis inputs with input
shutdown function

Automotive input with input shutdown function
TTL input with input shutdown function
Programmable pull-up resistor: 50kQ approx.
Analog input

DS07-16615-2E
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MB91460P Series

Type Circuit Remarks
E Ull-ub control CMOS level output
pull-up (programmable lo. = 5mA, lon = -5mA
driver strength and lo. = 2mA, lon = -2mA,
’_I_ control and lo. = 30mA, lon = -30mA)
D | data line 2 different CMQS hysteresis inputs with input
shutdown function
}J_ Automotive input with input shutdown function
TTL input with input shutdown function
Programmable pull-up resistor: 50kQ2 approx.
pull- down control
R
Vi @O—DC}— CMOS hysteresis type1
PA@O—DO— CMOS hysteresis type2
_@—D(}— Automotive inputs
> Do—[><}— TTL input
standby control for
input shutdown
F CMOS level output
pull-up control (programmable lo. = 5mA, lon = -5mA
driver strength and lo. = 2mA, lon = -2mA,
control and lo. = 30mA, lon = -30mA)
, 2 different CMOS hysteresis inputs with input
— data line .
D shutdown function
H }Jﬁ Automotive input with input shutdown function
TTL input with input shutdown function
Programmable pull-up resistor: 50kQ approx.
- pU”' down control Analog |nput
R
VWY H )O—‘ SO+ CMOS hysteresis typet
'__@o-bg_ CMOS hysteresis type2
,__@O‘DG_ Automotive inputs
[ D)-[>Q»— TTL input
standby control for
input shutdown
L
L[ }— analog input
L
26 DS07-16615-2E

o)
FUJITSU




MB91460P Series
e

Type

Circuit

Remarks

D A A A . Hysteresis
" " inputs

Mask ROM and EVA device:
CMOS Hysteresis input pin
Flash device:
CMOS input pin
12 V withstand (for MD [2:0])

Pull-up
Resistor

. Hysteresis
». »' inputs

CMOS Hysteresis input pin
Pull-up resistor value: 50 kQ2 approx.

J1

ﬂ Xout
R FCI

pa

xo[_]

FCI or osc disable

High-speed oscillation circuit:

* Programmable between oscillation mode
(external crystal or resonator connected
to X0/X1 pins) and
Fast external Clock Input (FCI) mode
(external clock connected to X0 pin)

¢ Feedback resistor = approx. 2 * 0.5 MQ.
Feedback resistor is grounded in the center
when the oscillator is disabled or in FCI mode.

J2

&G Xout
o

X0A[ |4

X1A[ f—

osc disable

Low-speed oscillation circuit:

* Feedback resistor = approx. 2 * 5 MQ.
Feedback resistor is grounded in the center
when the oscillator is disabled.

DS07-16615-2E
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MB91460P Series

Type Circuit Remarks
K Ull-ub control CMOS level output
pul-dp (programmable lo. = 5mA, lon = -5mA
driver strength and lo. = 2mA, lox = -2mA)
’_I_ control 2 different CMOS hysteresis inputs with input
D | data line shutdow_n fqnction o _
Automotive input with input shutdown function
}J_ TTL input with input shutdown function
Programmable pull-up resistor: 50kQ2 approx.
LCD SEG/COM output
pull- down control
R
Vi @O—DC}— CMOS hysteresis type1
H H )O—I >O1— CMOS hysteresis type2
,_@-DC}— Automotive inputs
D | — TTL input
standby control for
input shutdown
LCD SEG/COM
L CMOS level output
pull-up control (programmable lo. = 5mA, lon = -5mA
driver strength . and loL = 2mA, .Ior-_| = -2mA_) .
control 2 different CMOS hysteresis inputs with input
| data line shutdown function
Automotive input with input shutdown function)
}_‘ TTL input with input shutdown function
Programmable pull-up resistor: 50kQ approx.
Analog input
L pull- down control LCD Voltage input
R
—W @Q_D(}_ CMOS hysteresis typet
_@o-bc}_ CMOS hysteresis type2
_@)_D(}_ Automotive inputs
! W— TTL input
standby control for
input shutdown
VLCD
28 DS07-16615-2E
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MB91460P Series

Type Circuit Remarks

M CMOS level tri-state output
(lo. = 5mA, lon = -5mA)

tri-state control
—

— data line

i
in

Analog input pin with protection

i analog input line

DS07-16615-2E FUﬁTSU 29



MB91460P Series

B PORT MULTIPLEXING
1. PPMUX Register

MB91460P series uses port multiplexing. This means that there are more implemented resources than actual pins.
Which ports/resources are multiplexed to which pin depends on the PPMUX register setting.

0x040A 15 14 13 12 11 10 9 8
X \ PR17 | PR16 | PR15 | PR14 | PR13 | PR12 | PR11 | PR10 |
05 04OE 6 5 4 3 2 1 0
X ] PRPSO | PRO | PS5 | PS4 | PS3 | PS2 | PS1 | PSO |

The PPMUX register can only be written as a half-word. It is writable only once.
The PPMUX register is reset by INIT or by a soft reset (the initial value is 0x0000 then).

Note: Port relocation (via PRx) always has higher priority than Port Switching (via PSx).

2. PPMUX2 Register (MB91F467PA)

MB91F467PA has a second port multiplexing register, PPMUX2, for multiplexing of LIN-USART10,11.
The settings of PPMUX2 have priority over the settings of PPMUX.

14 13 12 11 10 9 8
0x049C
| - | - | Prs | PRa | PR3 | PR2 | PRt | PRO |
6 5 4 3 2 1 0

0x049D ‘

The PPMUX2 register can only be written as a half-word. It is writable only once.
The PPMUX2 register is reset by INIT or by a soft reset (the initial value is 0x00 then).
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3. Multiplex Pinout MB91F465PA

if ANxx channel is enabled

if ANxx channel is enabled
(via PFR) pin’s switched i

(via PFR), pin is switched
to

if ANox channel s enabled
(via PFR & EPFR), pin is
sitched to analogue

if AN channel s enabled
(via PFR & EPFR), pin is
switched to analogue N
i ut, _analogue input, digital analogue input, digital
mgua\ input is then i input

disabled
(independant of
PPMUX.PS/PR bits)

input,

digital input is then
disabled
(independant of
PPMUX.PS/PR bits

is then disabled
(independant of
PPMUX.PS/PR bits

Is then disabled
(independant o
At bits)

1 configbit

1 configbit o )
to

(PPMUX.PS0)

1 configbit

1 configbit
(PPMUX.PS1)

(PPMUX.PS2)

0 0 0
switch between switch between switch between switch between

the two port the two por the two port the two port
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MB91V460A, 55555553,4%&%5&—‘0‘ b R NERNE MB91V460A,
but Ro5I53=5R 550858 (5550840 ual RIAAg but
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portfunction doddeeddrzz22ad (32388 REfadf portfunction
GoggLlitiitinaaNEs sl 88885555 B5588snany
ceecteet < QDD D 552 m
BEGO55555555RLP9LEIBE| [FeoieoronolPelleBa88
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OSB3 E555555RSR83822@addIIITIIJIRNIBL8888FTI 880
S o o o S SN S NN S o o o S S S
|§qgﬂN|—|D|m|QT qng "h’lwlmlql | gg'\l 3 ki
EEEEEE gégaa_eem FEEEEEEEEEEEEE E

vsss | 1] [[32] vbDs
P21_4/SINT | 2| [131] AvCCs
P21.5/s0T1 | 3 | O [130) AVRH5
P21_6/SCK1/CK1 | 4 | [129] Avsss
17 5] | confite (PF‘MUX.PR17 8] P25 1
i P06_0/A8 or P21_O/SINO| | 6 elocate perpher mncnon H27) P25
"p?ﬂﬁgf 'p‘:s4) to P06_1/A9 or P21_1/SOTO| | 7 | (all 8 pmé’ b\i’x not ANxx), 126§ P17_7/PPG7
switch between PO6_2/A10 or P21_2/SCKo/CKo| | 8 | external bus '\mcﬂon Is 125§ P17_6/PPG6
external bus PO6_3/A11 or P17_4/PPG4| | o | disabled when relocated 124] P17_5/PPG5
P06_4/A12 or P14_4/ICU4/TIN12/4/TTG28/20/12/4| |10 ] [123] P18_6/SCK7/ZIN3/CK7
function P06_5/A13 or P14_5/ICUS/TIN13/5/TTG29/21/13/5| | 11 | 122 P18_5/SOT7/BIN3
(all 8 pins) P06_6/A14 or P14_6/ICU/TIN14/6/TTG30/22/14/6 | | 12 | 1 confighit (PPMUX.PRO) 10 [121] P18_4/SIN7/AIN3
PO6_7/A15 or P14_7/\CU7/TIN15/7/TTG31/23/15/7| | 13 | Tolooata peripheral ,mc(,o,‘ [120) P18_2/SCK6/ZIN2/CK6
1 configbit P05_0/A16 or P16_0/PPG8| [14 | (all 8 pins, but not ANxx [119] P18_1/SOT6/BIN2
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P05_5/A21 or (P20_4/SINS/AIN1 or P34_4/SIN11)| |1 [114] _:
£20 or switch PO5_6/A22 or (P20_5/SOT3/BIN1 or P34_5/SOT11) i Q F P' 1 76 13| P19_1/SOT4
to P34 P05_7/A23 or (P20_6/SCK3/ZIN1/CK3 or P34_6/SCK11)| | 21 | [112] P19_0/SIN4
VDD35 [ 22 | iii] vsss
vsss 2 [(io] vDDs
PO1_0/D16 or P17_0/PPGO| |24 | [109] VDD5R
oomiaot PO1_1/D17 or P17_1/PPG1| | 2! 108§ VDDSR
configbi PO1_2/D18 or P17_2/PPG2| |26 107] VvCCi8C
RS9 0 PO1_3/D19 or P17_a/PPG3| |27 | [l06] vsSs
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- P00_0/D24 or P24_0/NTo| |32 | 101} vsss
PO0_1/D25 or P24_1/INT1 100} X0
P00_2/D26 or P24_2/INT2 i [99] X1
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4. Multiplex Pinout MB91F467PA

i ANxx channel is enabled
(via PFR) pin is switched

if ANxx channel is enabled
(via PFR), pin is switched

if ANxx channel is enabled
(via PFR & EPFR), pin is
swwu:hed to analogue

iny

dlgl(al mpm is then
disabled
(independant of
i bits)

if ANxx channel is enabled
(via PFR & EPFR), pin is
switched to analoguie

iny

dlgwal lnpul is then
disabled

(independant of
PPMUX.PS/PR bits)

to to

analogue input, digital analogue input, digital
input input
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PPMUX.PS/PR bits)

1 configbit
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1 configbit
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B RELOAD TIMER / NEW FEATURES

1. Overview

The reload timer uses a 16 bit down counter to detect the input signal trigger and perform a count down.
The count length is 16 bits.

2. Features
Format: 16 bit down counter with reload register
Quantity: 16 (Output: 8 channels TOT[O to 7])

Cascading clock mode: (only available for Reload timers 8,10,12,14)
¢ Count clock for Reload timer 8: Output of Reload timer 9
¢ Count clock for Reload timer 10: Output of Reload timer 11
* Count clock for Reload timer 12: Output of Reload timer 13
* Count clock for Reload timer 14: Output of Reload timer 15

Count active edge: When in external event mode, choose from 3 types.

¢ External trigger (rising /falling/both edges)
Interrupt: Request generated by underflow
Other 1: Counter stop in software/can be reopened
Other 2: Control of other peripheral functions possible
* PPG activation trigger source:
Reload timer 8 : PPG16, PPG17
Reload timer 9 : PPG18, PPG19

Reload timer 10 :
: PPG22, PPG23
: PPG24, PPG25
: PPG26, PPG27
: PPG28, PPG29
: PPG30, PPG31
* A/D converter activation trigger source (Reload timer 7 : A/D)

Reload timer 11
Reload timer 12
Reload timer 13
Reload timer 14
Reload timer 15

DS07-16615-2E
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3. Registers

3.1. TMCSR: Reload Timer Control Status Register

The control status register controls the operation mode of the reload timer and interrupts.
e TMCSR8 (Reload timer 8): Address: 00596H (Access: Byte, Half-word)
e TMCSR9 (Reload timer 9): Address: 0059EEH (Access: Byte, Half-word)
e TMCSR10 (Reload timer 10): Address: 005A6H (Access: Byte, Half-word)

e TMCSR11 (Reload timer 11): Address: 005AEH (Access: Byte, Half-word)
e TMCSR12 (Reload timer 12): Address: 005B6H (Access: Byte, Half-word)
e TMCSR13 (Reload timer 13): Address: 005BEH (Access: Byte, Half-word)
e TMCSR14 (Reload timer 14): Address: 005C6H (Access: Byte, Half-word)
e TMCSR15 (Reload timer 15): Address: 005CEH (Access: Byte, Half-word)
15 14 13 12 11 10 9 8 bit
CsL2 CSL1 CSLo MOD2 MOD1
- - - 0 0 0 0 0 Initial Value
RX/WX | RX/WX RX/WX R/W R/W R/W R/WO R/W Attribute
Rewrite during
operation
7 6 5 4 3 2 1 0 bit
MODO OULT RELD INTE UF CNTE TRG
0 - 0 0 0 0 0 0 Initial Value
R/W RX/WX R/W R/W R/W R(RM1),W R/W RO/W Attribute
o o o Rewrite d_unng
operation

(O: can be rewritten, x: cannot be rewritten)

* bit12-10: Count clock selection CLKP: peripheral clock
CSL2 CSLA1 CSLo Count clock Remarks
0 0 0 Internal clock CLKP/2
0 0 1 Internal clock CLKP/8
0 1 0 Internal clock CLKP/32
0 1 1 External event (external clock)
1 0 1 Internal clock CLKP/64
1 1 0 Internal clock CLKP/128
1 1 1 RLT n+1 output only allowed for RLT 8, 10, 12, 14
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3.2. TMR: Timer Register

¢ TMR8 (Reload timer 8): Address: 0592H (Access: Half-word)

e TMR9 (Reload timer 9): Address: 059AH (Access: Half-word)

e TMR10 (Reload timer 10): Address: 05A2H (Access: Half-word)
e TMR11 (Reload timer 11): Address: 05AAH (Access: Half-word)
* TMR12 (Reload timer 12): Address: 05B2H (Access: Half-word)
e TMR13 (Reload timer 13): Address: 05BAH (Access: Half-word)
e TMR14 (Reload timer 14): Address: 05C2H (Access: Half-word)
¢ TMR15 (Reload timer 15): Address: 05CAH (Access: Half-word)

3.3. TMRC: Consistent Timer Register
e TMR89 (Reload timer 8, 9): Address: 05DOH (Access: Word)
e TMR1011 (Reload timer 10, 11): Address: 05D4H (Access: Word)
e TMR1213 (Reload timer 12, 13): Address: 05D8H (Access: Word)
e TMR1415 (Reload timer 14, 15): Address: 05DCH (Access: Word)

31 30 29 28 27 26 25 24 bit
D31 D30 D29 D28 D27 D26 D25 D24
X X X X X X X X Initial Value

R/WX R/WX R/WX R/WX R/WX R/WX R/WX R/WX Attribute

23 22 21 20 19 18 17 16 bit
D23 D22 D21 D20 D19 D18 D17 D16
X X X X X X X X Initial Value

R/WX R/WX R/WX R/WX R/WX R/WX R/WX R/WX Attribute

15 14 13 12 11 10 9 8 bit
D15 D14 D13 D12 D11 D10 D9 D8
X X X X X X X X Initial Value

R/WX R/WX R/WX R/WX R/WX R/WX R/WX R/WX Attribute

7 6 5 4 3 2 1 0 bit
D7 D6 D5 D4 D3 D2 D1 DO
X X X X X X X X Initial Value

R/WX R/WX R/WX R/WX R/WX R/WX R/WX R/WX Attribute

The count values of cascaded reload timers can be read out through the timer register TMRC at the same time.
Upper halfword contain TMRn, lower halfword TMRn+1.

Please perform the read out using word access.
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3.4. TMRBLR: Reload register
¢ TMRLR8 (Reload timer 8): Address: 0590H (Access: Half-word)
¢ TMRLR9 (Reload timer 9): Address: 0598H (Access: Half-word)
e TMRLR10 (Reload timer 10): Address: 05A0H (Access: Half-word)
e TMRLR11 (Reload timer 11): Address: 05A8H (Access: Half-word)
* TMRLR12 (Reload timer 12): Address: 05BOH (Access: Half-word)
e TMRLR13 (Reload timer 13): Address: 05B8H (Access: Half-word)
e TMRLR14 (Reload timer 14): Address: 05COH (Access: Half-word)
¢ TMRLR15 (Reload timer 15): Address: 05C8H (Access: Half-word)

4. Cascading Operation
In reload mode Reload timer 9 Output is set as Count event for Reload timer 8, both edge modes.

TMLR9 n

TMLRS m

TMR9 :><0Xan-1X :>(0XnX"-1X )C

TOUT9 ! L)

e X D

TOUT8

(1) TOUTO signal change caused by underflow TMR9
(2) TMR8 decreased by TOUT9
(3) TOUTS signal change caused by underflow of TMR8

36 FUﬁTSU DS07-16615-2E



MB91460P Series
e

Hl ADDITIONAL PPGs
1. Register

1.1. PCSR: PPG Cycle Setting Register
Controls the cycle of the PPG.
* PCSR16 (PPG16): Address 0512h (Access: Half-word)
e PCSR17 (PPG17): Address 0518h (Access: Half-word)
e PCSR18 (PPG18): Address 0522h (Access: Half-word)
e PCSR19 (PPG19): Address 0528h (Access: Half-word)
¢ PCSR20 (PPG20): Address 0532h (Access: Half-word)
* PCSR21 (PPG21): Address 0538h (Access: Half-word)
* PCSR22 (PPG22): Address 0542h (Access: Half-word)
* PCSR23 (PPG23): Address 0548h (Access: Half-word)
e PCSR24 (PPG24): Address 0552h (Access: Half-word)
¢ PCSR25 (PPG25): Address 0558h (Access: Half-word)
( Address 0562h (Access: Half-word)
( Address 0568h (Access: Half-word)
( Address 0572h (Access: Half-word)
e PCSR29 (PPG29): Address 0578h (Access: Half-word)
¢ PCSR30 (PPG30): Address 0582h (Access: Half-word)
¢ PCSR31 (PPG31): Address 0588h (Access: Half-word)

1.2. PDUT: PPG Duty Setting Register
Sets the duty of the PPG output waveform.
e PDUT16 (PPG16): Address 0514h (Access: Half-word)
e PDUT17 (PPG17): Address 051Ch (Access: Half-word)
e PDUT18 (PPG18): Address 0524h (Access: Half-word)
e PDUT19 (PPG19): Address 052Ch (Access: Half-word)
e PDUT20 (PPG20): Address 0534h (Access: Half-word)
e PDUT21 (PPG21): Address 053Ch (Access: Half-word)
e PDUT22 (PPG22): Address 0544h (Access: Half-word)
e PDUT23 (PPG23): Address 054Ch (Access: Half-word)
e PDUT24 (PPG24): Address 0554h (Access: Half-word)
)
)
)
)
)
)

* PCSR26 (PPG26):
* PCSR27 (PPG27):
* PCSR28 (PPG28):

— e = N = e e e e

e PDUT25 (PPG25): Address 055Ch (Access: Half-word)
e PDUT26 (PPG26): Address 0564h (Access: Half-word)
e PDUT27 (PPG27): Address 056Ch (Access: Half-word)
e PDUT28 (PPG28): Address 0574h (Access: Half-word)
e PDUT29 (PPG29): Address 057Ch (Access: Half-word)
e PDUT30 (PPG30): Address 0584h (Access: Half-word)
e PDUT31 (PPG31): Address 058Ch (Access: Half-word)

1.3. PCN: PPG Control Status register

Controls the operations and status of PPGs.
e PCN16 (PPG16): Address 0516h (Access: Byte, Half-word)
e PCN17 (PPG17): Address 051Eh (Access: Byte, Half-word)
* PCN18 (PPG18): Address 0526h (Access: Byte, Half-word)
* PCN19 (PPG19): Address 052Eh (Access: Byte, Half-word)
e PCN20 (PPG20): Address 0536h (Access: Byte, Half-word)
e PCN21 (PPG21): Address 053Eh (Access: Byte, Half-word)
e PCN22 (PPG22): Address 0546h (Access: Byte, Half-word)
e PCN23 (PPG23): Address 054Eh (Access: Byte, Half-word)
* PCN24 (PPG24): Address 0556h (Access: Byte, Half-word)
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PCN25 (PPG25): Address 055Eh (Access: Byte, Half-word)
PCN26 (PPG26): Address 0566h (Access: Byte, Half-word)
PCN27 (PPG27): Address 056Eh (Access: Byte, Half-word)
PCN28 (PPG28): Address 0576h (Access: Byte, Half-word)
PCN29 (PPG29): Address 057Eh (Access: Byte, Half-word)
PCN30 (PPG30): Address 0586h (Access: Byte, Half-word)
PCN31 (PPG31): Address 058Eh (Access: Byte, Half-word)

1.4. GCN1: General Control register 1
Selects a trigger input to PPGO PPG16-PPG19, PPG20-PPG23, PPG24-PPG27 and PPG28-PPG31.
e GCN14 (PPG16-PPG19): Address 0500h (Access: Half-word)
¢ GCN15 (PPG20-PPG23): Address 0504h (Access: Half-word)
* GCN16 (PPG24-PPG27): Address 0505h (Access: Half-word)
e GCN17 (PPG28-PPG31): Address 050Ch (Access: Half-word)

1.5. GCNZ2: General Control register 2
Generates PPG16-PPG19, PPG20-PPG23, PPG24-PPG27 and PPG28-PPG31 internal trigger levels using soft-
ware.

e GCN24 (PPG16-PPG19): Address 0503h (Access: Byte)

¢ GCN25 (PPG20-PPG23): Address 0507h (Access: Byte)

e GCN26 (PPG24-PPG27): Address 050Bh (Access: Byte)

e GCN27 (PPG28-PPG31): Address 050Fh (Access: Byte)

1.6. PTMR: PPG Timer Register
Reads the counts of PPGs.
e PTMR16 (PPG16): Address 0510h (Access: Half-word)
e PTMR17 (PPG17): Address 0518h (Access: Half-word)
e PTMR18 (PPG18): Address 0520h (Access: Half-word)
e PTMR19 (PPG19): Address 0528h (Access: Half-word)
¢ PTMR20 (PPG20): Address 0530h (Access: Half-word)
¢ PTMR21 (PPG21): Address 0538h (Access: Half-word)
e PTMR22 (PPG22): Address 0540h (Access: Half-word)
* PTMR23 (PPG23): Address 0548h (Access: Half-word)
( )
( )
( )
( )
( )
( )
( )
( )

e PTMR24 (PPG24): Address 0550h (Access: Half-word
e PTMR25 (PPG25): Address 0558h (Access: Half-word
¢ PTMR26 (PPG26): Address 0560h (Access: Half-word
* PTMR27 (PPG27): Address 0568h (Access: Half-word
* PTMR28 (PPG28): Address 0570h (Access: Half-word
e PTMR29 (PPG29): Address 0578h (Access: Half-word
e PTMR30 (PPG30): Address 0581h (Access: Half-word
e PTMR31 (PPG31): Address 0588h (Access: Half-word
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l A/D CONVERTER / NEW FEATURES (MB91F467PA)

MB91F467PA has two 10-bit A/D Converter macros. The original ADC, which is available on all MB91460 series
devices, is now called “ADC 0”, the second macro is called “ADC 1”.

1. A/D Converter Features
* Both ADC 0 and ADC 1 are 10-bit/ 1 us macros used on other MB91460 series devices.
Both ADCs have the new digital part with separated A/D Result registers and 4-channel Range Comparator,
see chapter "A/D CONVERTER / RANGE COMPARATOR (MB91F467PA)’ on page 41.
Both ADCs can be triggered from Reload Timer RLT7.
Both ADCs can be triggered from the same external ATGX pin (GP16_7).
On MB91F467PA, ADCO and ADC1 share the same analog power and reference supply (AVcc5,AVRH5,AVss).

2. Analog Input Connections

2.1. Global ADC Analog Channel Enable
The global ADC channel enable feature makes the ADC analog inputs independend of PFR/EPFR settings. It was
introduced for 2 reasons:
* Some new ADC channels are assigned to ports whose PFR/EPFR combinations are already used completely
for other resources.
* Customers may measure digital output signals with the ADC to check for external shortages.
PFR/EPFR settings for ADC always switch the digital port to HiZ mode.

The global ADC channel enable is controlled by bit ADCHE in PORTEN register:
PORTEN Register Address: 0x0498 Access: Byte

7 6 5 4 3 2 1 0 Bit
[ - | - | - | - | - |ADCHE|CPORTEN|GPORTEN|

X X X X X 0 0 0 Initial value
RX, W0 RX, WO RX, W0 RX,W0 RX,W0 R,W R, W R, W Attribute

* Bit7-3: Reserved bits. Always write O to these bits.

¢ Bit2: ADCHE Global A/D Channel Enable.

ADCHE Function

Global A/D Channel Enable is OFF.

The ADC analog lines of channels 0-31 are enabled by setting of the ADC enable bits (ADEn)
in the ADERH,ADERL register and PFR/EPFR. PFR/EPFR will set the digital output to HiZ
mode and disable the digital input lines of the port.

Global A/D Channel Enable is ON.

The ADC analog lines of channels 6-7 are enabled by setting of the ADC enable bits (ADEn)
1 in the ADERH,ADERL register only. ADEn will disable the digital input lines of the port, but
the digital outputs are not changed. For analog measurement, the user has to switch the port
to input direction.

This bit is cleared by software reset (RST) and can be written and read by CPU.

Note: For new ADC channels (AN32 to AN53, device depending), the ADCHE feature is always ON.
For old ADC channels (ANO to AN31), the ADCHE feature is always OFF if the channels are re-located to
other pins. On MB91F467PA, the ADCHE feature is only available on the non-relocated ADC channels 6-7
on ports P29[6,7].

0 [initial]

DS07-16615-2E FUﬁTSU 39



MB91460P Series
e

* Bit1:0: CPORTEN,GPORTEN Global Port Input Enable

CPORTEN | GPORTEN Function
0 [initial] 0 [initial] | All port input lines are disabled.
The Port Input for LIN-USART 4 is enabled. This functionality is used by the

1 0 Boot ROM to establish a serial communication with Softune for flash pro-
gramming.
X 1 All port input lines are enabled.

- These bits are cleared by software reset (RST) and can be written and read by CPU.
- After execution of the Boot ROM the bits are in initial state.

2.2. ADC 0 Analog Inputs
ADC 0 serves the analog inputs ANO to AN31. There are 2 methods for enabling the analog inputs:
* For all channels: Set ADC channel enable bits (ADEn) in the ADERH,ADERL register and set PFR/EPFR of
the attached I/O port
* For channels 6-7: Set ADC channel enable bits (ADEN) in the ADERH,ADERL register and set global ADC
channel enable, see "Global ADC Analog Channel Enable’ on page 39.

Note : To use the channels ANO to AN5 and AN8 to AN31, port multiplexing must be set. See chapter "PORT
MULTIPLEXING’ on page 30 and chapter "PIN DESCRIPTION’ on page 8 for details. The ADC channel
enable feature ADCHE is not available on the re-located channels.

2.3. ADC 1 Analog Inputs

ADC 1 serves the analog inputs AN37 to AN42, AN44 to AN46.

The analog inputs are enabled just by setting the ADC channel enable bits ADEn in the AD1ERH, AD1ERL regis-
ters. The Global ADC Analog Channel Enable feature is fixed ON here.
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l A/D CONVERTER / RANGE COMPARATOR (MB91F467PA)

The new A/D Converter with Range Comparator is available on MB91FV460B and MB91F467PA and is backward
compatible to the A/D converter used on older devices.

This chapter provides an overview of the A/D converter, describes the register structure and functions, and
describes the operation of the A/D converter.

1. Overview of A/D Converter and A/D Range Comparator

The A/D converter converts analog input voltages into digital values and provides the following features. Any
ADC channel can be assigned to one of 4 Range Comparators.

1.1. Features of the A/D converter:

* Conversion time: minimum 1us per channel.

* RC type successive approximation conversion with sample & hold circuit
10-bit or 8-bit resolution
Program section analog input from 32 channels
1 common result data register and 32 dedicated channel result data registers
Single conversion mode: Convert the specified channel(s) only once.

¢ Continuous mode: Repeatedly convert the specified channels.
* Scan conversion mode:  Continuous conversion of multiple channels, programmable for up to 32 channels
e Stop mode: Convert one channel, then temporarily halt until the next activation.

(Enables synchronization of the conversion start timing.)

* A/D conversion can be followed by an A/D conversion interrupt request to CPU. This interrupt, an option that
is ideal for continuous processing can be used to start a DMA transfer of the results of A/D conversion to
memory.

» A/D conversion of all enabled channels (scan conversion) can be followed by an A/D End of Scan interrupt
request to CPU. The data is stored into dedicated channel result registers, which can be read out using DMA
transfer.

» Conversion startup may be by software, external trigger (falling edge) or timer (rising edge).

1.2. Features of the A/D Range Comparator (RCO):
* 4 conversion result Range Comparator channels, comparing the upper 8 bit of the conversion result with an
upper and a lower threshold. The thresholds are programmable for the 4 comparators independently.
¢ Any ADC channel can be assigned to one of the 4 range comparators.
* The comparison results will set “overflow” and “interrupt” flags per ADC channel, depending on the configu-
ration. It is possible to configure the comparison for:
- “out of range”: The flags are set if the A/D result is below the lower OR above the upper threshold.
- “inside range”: The flags are set if the A/D result is above the lower AND below the upper threshold.
¢ The configuration can be set individually per ADC channel.
¢ Range comparison can be followed by an A/D Range Comparator interrupt request to CPU.

2. A/D Converter Input Impedance

The following figure shows the sampling circuit of the A/D converter:

ADC
Analog Rext Q Rin
signal I>_/\/V\/ = oo AN\
source Analog SW
Gin ——
77/

Do not set Rext over maximum sampling time (Tsamp).
Rext =Tsamp / (7*Cin) - Rin
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3. Block Diagram of A/D Converter

The following figure shows block diagram of A/D converter.

AVCC AVRH AVRL AVSS

. ARR;

ANO ——| D/A converter
ANl —» 7\
AN2 —
AN3 —>
AN4 —] : : Sequential

ANS — : \ I comparison register

AN6 —» - -
ANS —» : Comparator

AN9 —» H
AN10 —| : 777 :
T : ADC

ANI1 —
ANI2 — Sample &Hold Range 32
circuit Comparator AID channel

AN13 —
4 digital data registers

R-Bus

AN14 —
AN15 —
AN16 comparators

- . ADCDO00
AN17 — with upper C :> o
AN1§ — and lower
AN19 —»| threshold ADCD31

Input Circuit

AN2] — 32 * 2 flags

AN22 — (2 flags per

AN23 — ADC channel)
AN24 —>
AN25 — \/
AN26 —>
AN27 — A/D data register
AN28 —
AN29 — - INT2
AN30 —» A/D control register 2 P
AN31 —

RCO Flags
RCO INT

* — Decoder |-e1——| A/Dcontrolregister0 —

A/D control register 1 INT >

f ADCS0/1

ATGX .
Operating

16-bit Clock
Reload Timer

CILKP Prescaler
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4. Registers of the A/D Converter

The A/D converter with Range Comparator has the following registers:

Address | Address | X=0 or 1 for ADCO, ADC1 respectively Reqist
egister

(ADC0) | (ADC 1) +0 +1 +2 +3 g

0001AOH | 000O5EOQH ADxERH ADxERL A/D channel Enable register

A/D Control / Status register 0 + 1,
A/D Conversion Result register

0001A4+ | 0005E4H | ADxCS1 | ADxCSO | ADxCR1 | ADxCRO

Sampling timer setting register,
0001A8+ | 0005E8H | ADXxCT1 | ADXxCTO | ADxSCH | ADXECH | Start Channel setting register,
End Channel setting register

0006BO+ | 0006DCH | ADXxCS2 - - - A/D Control / Status register 2
Range Comparator 0,1 High/Low threshold

000688+ | 0006B4+ | RCOxHO | RCOxLO | RCOxH1 | RCOXL1

registers
00068CH | 0006B8H | RCOXH2 | RCOXL2 | RCOXH3 | RCOXL3 f‘e‘;?gigomparator 2,3 High/Low threshold
000690+ | 0006BCH RCOXIRS ?:r:l?(fl Comparator Inverted Range Select
000694+ | 0006COH RCOxOF Range Comparator Overflow flags
000698+ | 0006C4+ RCOXINT Range Comparator Interrupt flags
0006A0H | 0006CCH | ADxCCO | ADxCC1 | ADxCC2 | ADxCC3 |Channel control forch 0to 7
0006A4+ | 0006D0H | ADxCC4 | ADxCC5 | ADxCC6 | ADxCC7 | Channel control for ch 8 to 16
0006A8+ | 0006D4+ | ADxCC8 | ADxCC9 | ADxCC10 | ADxCC11 | Channel control for ch 16 to 23
0006ACH | 0006D8H | ADxCC12 | ADxCC13 | ADxCC14 | ADxCC15 | Channel control for ch 24 to 31
0006EOQH | 000720H ADCxDO ADCxD1 ADC Channel Data register, channel 0,1
0006E4+ | 000724+ ADCxD2 ADCxD3 ADC Channel Data register, channel 2,3
0006E8H | 000728+ ADCxD4 ADCxD5 ADC Channel Data register, channel 4,5
0006ECH | 00072CH ADCxD6 ADCxD7 ADC Channel Data register, channel 6,7
0006FO0+ | 0007301 ADCxD8 ADCxD9 ADC Channel Data register, channel 8,9
0006F4+ | 000734+ ADCxD10 ADCxD11 ADC Channel Data register, channel 10,11
0006F8+ | 000738H ADCxD12 ADCxD13 ADC Channel Data register, channel 12,13
0006FCH | 00073CH ADCxD14 ADCxD15 ADC Channel Data register, channel 14,15
000700n | 0007401 ADCxD16 ADCxD17 ADC Channel Data register, channel 16,17
000704+ | 000744+ ADCxD18 ADCxD19 ADC Channel Data register, channel 18,19
000708+ | 0007481 ADCxD20 ADCxD21 ADC Channel Data register, channel 20,21
00070CH | 00074CH ADCxD22 ADCxD23 ADC Channel Data register, channel 22,23
000710+ | 0007501 ADCxD24 ADCxD25 ADC Channel Data register, channel 24,25
000714n | 000754+ ADCxD26 ADCxD27 ADC Channel Data register, channel 26,27
000718n | 000758+ ADCxD28 ADCxD29 ADC Channel Data register, channel 28,29
00071CH | 00075CH ADCxD30 ADCxD31 ADC Channel Data register, channel 30,31
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4.1. A/D Input Enable Register (ADER)

This register enables the analog input functions of the A/D converter. On MB91F467PA, additionally the bit
ADCHE in PORTEN register influences the enabling of analog input.

e ADERH : Access: Word, Half-word, Byte

31 30 29 28 27 26 25 24 Bit
ADE31 ADE30 ADE29 ADE28 ADE27 ADE26 ADE25 ADE24
0 0 0 0 0 0 0 0 Initial value
R/W R/W R/W R/W R/W R/W R/W R/W Attribute
23 22 21 20 19 18 17 16 Bit
ADE23 ADE22 ADE21 ADE20 ADE19 ADE18 ADE17 ADE16
0 0 0 0 0 0 0 0 Initial value
R/W R/W R/W R/W R/W R/W R/W R/W Attribute

e ADERL : Access: Word, Half-word, Byte

15 14 13 12 11 10 9 8 Bit
ADE15 | ADE14 | ADE13 | ADE12 | ADE11 | ADE10 | ADE9 | ADES
0 0 0 0 0 0 0 0 Initial value
R/W R/W R/W R/W R/W R/W R/W R/W  Attribute
7 6 5 4 3 2 1 0 Bit
| ADE7 | ADE6 | ADE5 | ADE4 | ADE3 | ADE2 | ADE1 | ADEO |
0 0 0 0 0 0 0 0 Initial value
R/W R/W R/W R/W R/W R/W R/W R/W  Attribute

[ADE31-0]: A/D Input Enable
ADEnN PORTEN.ADCHE Function

Analog input of A/D channel n is disabled.
The ADC will not sample/convert this channel.

0 [initial] X

Analog input of the channel n is enabled. Additionally, the port function register
0 [initial] (PFR,EPFR) of the corresponding port must be set. The PFR/EPFR will switch
the port to input direction (output driver = HiZ) and disable the digital input lines.

Analog input of the channel n is enabled. Setting the port function register(s) is
1 not necessary. ADEn will disable the digital input lines of the ports, but it does
not change the port’s direction.

¢ Software reset (RST) clears ADEn and PORTEN.ADCHE to 0.
¢ Be sure to set start channel and end channel to cover all enabled channels.
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4.1. A/D Control Status Registers (ADCS2, ADCS1, ADCSO0)

The A/D control status registers control and show the status of A/D converter. Do not overwrite ADCSO register
during A/D converting.

e ADCS2 : Access: Byte

15 14 13 12 11 10 9 8 Bit
| BUSY | INT INTE | PAUS | - - INT2 INTE2

0 0 0 0 0 0 0 0 Initial value

R R R R RO RO R/W R/W  Attribute

[bits 15:12] BUSY, INT, INTE, PAUS

These bits are a mirror of the corresponding bits in ADCS1, intended to quickly read out all status and interrupt
information using only one register access. To write the bits, access them via ADCS1.

[bits 11:10] -
These bits do not exist. Read operation returns 0.
[bit 9] INT2 (End of Scan Flag)

The End of Scan flag is set when conversion data of the last channel is stored in ADCR, whereas the last channel
is defined by ADECH register setting.

If bit 8 (INTE2) is "1" when this bit is set, and the ADC runs in continuous conversion mode, an End of Scan
interrupt request is generated or, if activation of DMA is enabled, DMA is activated.

* Only clear this bit by writing "0" when A/D conversion is halted.

Initialized to "0" by a reset.

If DMA is used, this bit is cleared at the end of DMA transfer.

Read-modify-write operations read this bit as “1”.

[bit 8] INTE2 (Enable End of Scan Interrupt)

INTE2 enables the End of Scan interrupt in continuous conversion mode. In the other conversion modi, this bit
has no effect.

Additionally, setting INTE2 changes the protect function of converted data (see description of ADCS1.PAUS).

INTE2 Function

Disable End of Scan interrupt,

0 [initial] ADC result protection protects the ADCR register data.

Enable End of Scan interrupt,
1 ADC result protection protects the ADCDO0...ADCD31 register data
(in continuous conversion mode only)
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e ADCS1 : Access: Half-word, Byte

15 14 13 12 11 10 9 8 Bit

| BUSY | INT INTE | PAUS | STS1 | STSO | STRT |reserved
0 0 0 0 0 0 0 0 Initial value
R/W R/W R/W R/W R/W R/W R/W R/W  Attribute

[bit 15] BUSY (busy flag and stop)

BUSY Function
. A/D converter operation indication bit. Set on activation of A/D conversion
Reading .
and cleared on completion.
Writing Writing "0" to this bit during A/D conversion forcibly terminates conversion.

Use to forcibly terminate in continuous and stop modes.

* Read-modify-write instructions read the bit as "1".

* Cleared on the completion of A/D conversion in single conversion mode.

* In continuous and stop mode, the flag is not cleared until conversion is terminated by writing "0".

* Initialized to "0" by a software reset (RST).

* Do not specify forcible termination and software activation (BUSY="0" and STRT="1") at the same time.

[bit 14] INT (End of Conversion Interrupt flag)

This bit is set when conversion data is stored in ADCR.

e If bit 5 (INTE) is "1" when this bit is set, an interrupt request is generated or, if activation of DMA is enabled,
DMA is activated.

¢ Only clear this bit by writing "0" when A/D conversion is halted.

* Initialized to "0" by a software reset (RST).

 |If DMA is used, this bit is cleared at the end of DMA transfer.

[bit 13] INTE (End of Conversion Interrupt enable)
This bit is enables or disables the conversion completion interrupt.

INTE Function
0 Disable interrupt [Initial value]
1 Enable interrupt

* Cleared by a software reset (RST).

FUﬁTSU DS07-16615-2E



MB91460P Series
e

[bit 12] PAUS (A/D converter pause)
This bit is set when A/D conversion temporarily halts.

The A/D converter has one register to store the conversion result (ADCR) and additionally 32 ADC channel data
registers. If a conversion is finished and the data of the previous conversion has not been read out before,
previous data would be overwritten.

To avoid this problem, the next conversion data is not stored in the data registers until the previous value has
been read out (e.g. by DMA). A/D conversion halts during this time. A/D conversion resumes when the ADC
interrupt flag ADCR1.INT is cleared.

The register protection function depends on the conversion mode and the setting of ADCR2.INTE2:

Mode INTE2 Function
S'Srlgls’ X Protect ADCR (the common result register)
) 0 Protect ADCR (the common result register)
Continuous - -
Protect ADCDO...ADCD31 (the dedicated channel data registers)

* In continuous mode with INTE2==1, PAUS is set when data of the start channel (set by ADSCH) is ready for
writing to the registers, but IRQ2 (End of Scan interrupt) is active.

In the other modes or if INTE2==0, PAUS is set when data of any channel is ready for writing to the registers,
but IRQ (End of Conversion) is active.

PAUS is cleared by writing "0" or by a reset. (Not cleared at the end of DMA transfer.) However when waiting
condition of DMA transfer, this bit cannot be cleared.

* Regarding protect function of converted data, see Section “6. Operation of A/D Converter".

[bit 11, 10] STS1, STSO (Start source select)
These bits select the A/D activation source.

STSH1 STSO Function
0 0 Software activation [Initial value]
0 1 External trigger pin activation and software activation
1 0 Timer activation and software activation
1 1 External trigger pin activation, timer activation and software activation

¢ These bits are initialized "00" by software reset (RST).

* In multiple-activation modes, the first activation to occur starts A/D conversion.

* The activation source changes immediately on writing to the register. Therefore care is required when switching
activation mode during A/D operation.

e The A/D converter detects falling edges on the external trigger pin. When external trigger level is "L" and if
these bits are changed to external trigger activation mode, A/D converting may starts.

* Selecting the timer selects the 16-bit reload timer 7.
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[bit 9] STRT (Start)

Writing "1" to this bit starts A/D conversion (software activation).

* Write "1" again to restart conversion.

¢ |nitialized to "0" by a software reset (RST).

* In continuous and stop mode, restarting is not occurred. Check BUSY bit before writing "1". (Activate conversion

after clearing.)
* Do not specify forcible termination and software activation (BUSY="0" and STRT="1") at the same time.

[bit 8] reserved bit
Always write "0" to this bit.

e ADCSO : Access: Half-word, Byte

7 6 5 4 3 2 1 0 Bit
ACHO/
MD1 MDO S10 ACH4 ACH3 ACH2 ACH1 ACHMD
0 0 0 0 0 0 0 0 Initial value
R/W R/W R/wW R R R R R,wW Attribute

[bit 7, 6] MD1, MDO (A/D converter mode set)

These bits the operation mode.

MD1 MDO Operating mode
0 0 Single mode 1 (Reactivation during A/D conversion is allowed)
0 1 Single mode 2 (Reactivation during A/D conversion is not allowed)
1 0 Continuous mode (Reactivation during A/D conversion is not allowed)
1 1 Stop mode (Reactivation during A/D conversion is not allowed)

¢ Single mode: A/D conversion is continuous performed from the selected start channel (ADSCH)
to the selected end channel (ADECH). The conversion stops once it has been done
for all these channels.

¢ Continuous mode: A/D conversion is repeatedly performed from the selected start channel (ADSCH)
to the selected end channel (ADECH) in a row.

» Stop mode: A/D conversion is performed from the selected start channel (ADSCH) to
the selected end channel (ADECH), followed by a pause after each channel.
The conversion is resumed upon activation.

When A/D conversion is started in continuous mode or stop mode, conversion operation continued until stopped
by the BUSY bit.

Conversion is stopped by writing "0" to the BUSY bit.
On activation after forcibly stopping, conversion starts from the start channel, selected by ADSCH register.

Reactivation during A/D conversion is disabled for any of the timer, external trigger and software start sources
in single mode 2, continuous and stop mode.
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[bit 5] S10

This bit defines resolution of A/D conversion. If this bit set "0", the resolution is 10-bit. In the other case, resolution
is 8-bit and the conversion result is stored to ADCRO and in the lower 8 bits of the dedicated ADC result registers.
* |nitialized to "0" by a reset.

[bit 4 to 0] ACH4-0 (Analog convert select channel, read-only)

These bits show the number of the currently or previously converted analog channel, depending on bit ACHMD
(see below).

ACH4 ACH3 ACH2 ACH1 ACHO Converted channel
0 0 0 0 0 ANO
0 0 0 0 1 AN1
1 1 1 1 0 AN30
1 1 1 1 1 AN31

» Writing these bits has no effect (bit 0 is writable with special function ADCHMD).
* Initialized to "0000" by software reset (RST).

[bit 0] ACHMD (ACH register mode, write-only)
For reading out the ACH4-0 register bits (see below), there is a direct mode and a latched mode.

In direct mode, ACH4-0 shows the number of the ADC channel which is currently in conversion, e.g. the internal
conversion channel pointer. This pointer is incremented immediately after a conversion is finished.

In latched mode, ACH4-0 shows the number of the ADC channel whose conversion was finished previously.
After a conversion is finished, the conversion channel pointer is latched and the latched data can be read in this
mode. At the end of the next conversion, the latch is overwritten if no PAUSE condition exists.

ACHMD Function

0 Direct ACH register mode [Initial value]

1 Latched ACH register mode

* ACHMD is a write-only bit.
¢ Read- or read-modify-write access returns the value of bit ACHO, see below.
e |nitial value is 0.
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4.2. Common Data Register (ADCR1, ADCRO)

These registers store the conversion results of the A/D converter. ADCRO stores lower 8-bit. ADCR1 stores
upper 2-bit. The register values are updated at the completion of each conversion. The registers normally store
the results of the previous conversion.

¢ ADCR1 : Access: Word, Half-word, Byte

15 14 13 12 11 10 9 8 Bit

- - - - - - D9 D8

0 0 0 0 0 0 X X Initial value
RO, W0 RO,WO RO,WO RO,WO RO,WO RO,WO R R Attribute

e ADCRO : Access: Word, Half-word, Byte

7 6 5 4 3 2 1 0 Bit
| D7 | D6 | D5 D4 D3 D2 D1 DO

X X X X X X X X Initial value

R R R R R R R R Attribute

* Bit 15 to 10 of ADCR1 are read as "0".
» The A/D converter has a conversion data protection function. See the "Operation" section for further informa-
tion.

4.3. Dedicated A/D Channel Data Register (ADCDO to ADCD31)

There are 32 ADC result data registers, one per channel. The registers are written by hardware at the end of
conversion of the attached channel. ADCDO is attached to channel 0, ADCD31 is attached to channel 31.

e ADCDO ... ADCD31 : Access: Word, Half-word, Byte

15 14 13 12 11 10 9 8 Bit
- - - - - - D9 D8

0 0 0 0 0 0 X X Initial value
RO RO RO RO RO RO R R Attribute
7 6 5 4 3 2 1 0 Bit
D7 D6 D5 D4 D3 D2 D1 DO

X X X X X X X X lInitial value
R R R R R R R R Attribute

* Bit 15 to 10 of the ADCD registers are read as "0".

* The A/D converter has a conversion data protection function. In continuous conversion mode, the protection
function can be changed to protect the A/D Channel Data registers rather then the A/D Data Register (ADCR1).
See section “6.6. Protection of the ADC Channel Data Registers" for further information.
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4.4. Sampling Timer Setting Register (ADCT)

ADCT register controls the sampling time and comparison time of analog input. This register sets A/D conversion
time. Do not update value of this register during A/D conversion operation.

e ADCT1: Access: Word, Half-word, Byte

15 14 13 12 11 10 9 8 Bit

| c15 | €14 | €13 | CT2 | CT1 | CT0O | ST9 | ST8 |
0 0 0 1 0 0 0 0 Initial value
R/W R/W R/W R/W R/W R/W R/W RW  Attribute

e ADCTO: Access: Word, Half-word, Byte

7 6 5 4 3 2 1 0 Bit
| sT7 | sT6 | ST5 | ST4 | ST3 | ST2 | STi | STO |
0 0 1 0 1 1 0 0 Initial value
R/W R/W R/W R/W R/W R/W R/W R/W  Attribute

[bit 15 to 10] CT5-0 (A/D comparison time set)

These bits specify clock division of comparison time.

e Setting "000001" means one division (=CLKP).

* Do not set these bits "000000".

Initialized these bits to "000100" by software reset (RST).

e Comparison time = CT value * CLKP cycle * 10 + (4 * CLKP)
* Do not set comparison time over 500 ps.

[bit 9 to 0] ST9-0 (Analog input sampling time set)

These bits specify sampling time of analog input.

* |nitialized these bits to "0000101100" by software reset (RST).

e Sampling time = ST value * CLKP cycle

* Do not set sampling time below 1.2 us when AVCC is below 4.5 V.

Necessary sampling time and ST value are calculated by following.
* Necessary sampling time (Tsamp) = (Rext + Rin) * Cin * 7
e ST9 to STO = Tsamp / CLKP cycle

ST has to be set that sampling time is over Tsamp.
Example: CLKP = 32MHz, AVCC >= 4.5V, Rext = 200KQ

Tsamp = (200 * 10 +2.52*10%) * 10.7 * 10'2* 7 = 15.17 [us]
ST =15.17%/31.25° = 485.44
ST has to be set over 4860 (111100110s).

Tsamp is decided by Rext. Thus conversion time should be considered together with Rext.
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4.5. A/D Channel Setting Register (ADSCH, ADECH)

These registers specify the channels for the A/D converter to convert. Do not update these registers while the
A/D converting is operating.

e ADSCH: Access: Word, Half-word, Byte

15 14 13 12 11 10 9 8 Bit

- - - | ANs4 | ANS3 | ANS2 | ANS1 | ANSO |

- - - 0 0 0 0 0 Initial value
RX,W0 RX,W0 RX,W0  R/W R/W R/W R/W RW  Attribute

e ADECH : Access: Word, Half-word, Byte

7 6 5 4 3 2 1 0 Bit
- | - - ANE4 | ANE3 | ANE2 | ANE1 | ANEO
- - - 0 0 0 0 0 Initial value
RX,W0O RX,W0 RX,W0  RW R/W R/W R/W R/W  Attribute

These bits set the start and end channel for A/D converter.

» Setting of ANE4 to ANEO the same channel as in ANS4 to ANSO specifies conversion for that channel only.
(Single conversion)

* In continuous or stop mode, conversion is performed up to the channel specified by ANE4 to ANEO. Conversion
then starts again from the start channel specified by ANS4 to ANSO.

* If ANS > ANE, conversion starts with the channel specified by ANS, continuous up to channel 31, starts again
from channel 0, and ends with the channel specified by ANE.

* Initialized to ANS="00000", ANE="00000" by a software reset (RST).

Example: Channel Setting ANS=30ch, ANE=3ch, single conversion mode
Operation : Conversion channel 30ch -> 31ch -> Och -> 1ch -> 2ch -> 3ch end

[bit 12 to 8] ANS4-0 (Analog start channel set)
[bit 4 to 0] ANE4-0 (Analog end channel set)

ANS4 | ANS3 | ANS2 | ANS1 | ANSO
ANE4 | ANE3 | ANE2 | ANE1 ANEO Start / End Channel
0 0 0 0 0 ANO
. 0 0 0 1 AN{
0 0 0 1 0 AN2
0 0 0 1 1 AN3
! ! 0 1 AN29
1 ! ! 1 0 AN30
1 ! ! 1 1 AN
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The Range Comparator has 4 comparison groups with an upper and a lower threshold register each. The 32
ADC channels can be enabled for range comparison and assigned to one of the 4 comparators individually. If
enabled, the comparison will set up to 2 flags for this ADC channel:

* An interrupt flag RCOINT, signalling that the ADC result is outside the range or, by “inverted” configuration,

inside the range.

* An overflow flag RCOOF, showing that the range violation was an overflow and no underflow.

Furthermore, each ADC channel can be enabled to send an interrupt request to the CPU, if the RCOINT flag is set.

Upper/lower threshold regs Comparators
| RcoHo7:0] = >
1 =
L RCOOF
| RcoLof7:0] |- < - [0:31] o RB
o R-Bus
32
| RcoH1[7:0] = > Overflow
= ™ - flags
o2 Lo
& ) <l .
g | RCOL1[7:0] |—> >
3
3 | RcoH2[7:0] = > _ RCOINT
5 ™ [0:31]
& L] <
g | RCOL2[7:0] |_> > - to R-Bus
3 Interrupt
S [ Reonaro) - flags
: Flag
settin
| RcoLs[7:0] =~ < = |ogicg
AS[4:0] A/D Conversion current channel number
A/D Conversion result register load pulse (strobe) RCOIRQ
ADE[31:0] A/D Channel Enable AND OR |
A/D Channel Control registers (per ADC channel
| ADCCO : RCOIE, RCOE, RCOS|1:0]
ADCC1 : RCOIE, RCOE, RCOSJ[1:0]
RCOIE[0:31]

| ADCC2 : RCOIE, RCOE, RCOS|1:0]
| ADCC3 : RCOIE, RCOE, RCOS[1:0]

I ADCC30 : RCOIE, RCOE, RCOSJ[1:0]

| ADCC31: RCOIE, RCOE, RCOSI1:0]

)

|_>
|_>
|_>
|_>
|_>
|_>

<—| RCOIRS[0:31] |

Inverted Range Selection register:
Set the flags, if the ADC result is
inside upper and lower threshold,

RCOS[1:0]: Select one of the 4 comparators for this channel
RCOE : Enable Comparision for this ADC channel
RCOIE: Enable Comparision Interrupt for this ADC channel
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5.2. Range Comparator Registers

The Range Comparator (RCO) has the following registers:

* RCOHXx[7:0] : Upper threshold register, one register per comparator block (x = 0...3)
RCOLXx[7:0] : Lower threshold register, one register per comparator block (x = 0...3)
ADCCm([7:0] : ADC channel control, one register per 2 ADC channels (m = 0...15)
RCOIRS[0:31] : RCO Inverted Range Selection, one bit per ADC channel
RCOOF[0:31] : RCO Overflow Flags, one bit per ADC channel, read-only
RCOINT[0:31] : RCO Interrupt Flags, one bit per ADC channel

5.2.1. Range Comparator Threshold registers (RCOHO0/LO to RCOH3/L3)

* RCOHO-3 : Higher threshold, access: Word, Half-word, Byte

15 14 13 12 11 10 9 8 Bit
| RCOH7 | RCOH6 | RCOH5 | RCOH4 | RCOH3 | RCOH2 | RCOH1 | RCOHO |
1 1 1 1 1 1 1 1 Initial value
R/W R/W R/W R/W R/W R/W R/W RW  Attribute

[bit 7:0] RCOH[7:0] (Range Comparator High threshold)
The RCOH bits define the higher comparison threshold of the Range Comparator channel.

The upper Range Comparator compares that the upper 8 bits of the ADC conversion result are higher then
RCOHJ7:0].

e RCOLO0-3 : Lower threshold, access: Word, Half-word, Byte

7 6 5 4 3 2 1 0 Bit
| RCOL7 | RCOL6 | RCOL5 | RCOL4 | RCOL3 | RCOL2 | RCOL1 | RCOLO |
0 0 0 0 0 0 0 0 Initial value
R/W R/W R/W R/W R/W R/W R/W RW  Attribute

[bit 7:0] RCOL[7:0] (Range Comparator Low threshold)
The RCOL bits define the lower comparison threshold of the Range Comparator channel.

The lower Range Comparator compares that the upper 8 bits of the ADC conversion result are lower then
RCOL[7:0] .
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5.2.2. A/D Converter Channel Control registers (ADCCO0 to ADCC15)

The A/D channel control registers serve 2 ADC channels per register and control the range comparison for these
channels.

ADCCO register controls A/D channels 0 + 1,

ADCCH1 register controls A/D channels 2 + 3,

ADCC15 register controls A/D channels 30 + 31

e ADCCO0-15: Access: Word, Half-word, Byte

7 6 5 4 3 2 1 0 Bit
| RCOIE1 | RCOE1 | RCOS11 | RCOS10 | RCOIEO | RCOEO | RCOS01 | RCOSOO |

0 0 0 0 0 0 0 0 Initial value

R/W R/W R/W R/W R/W R/W R/W RW  Attribute

| Bits 7:4 control A/D channels 1,3,5,7,...31 Bits 3:0 control A/D channels 0,2,4,6,...,30 ‘

[bit 7,3] RCOIE1, RCOIEO (Range Comparator Interrupt enable)
The RCOIE bits enable the Range Comparator interrupt for the corresponding ADC channel.

RCOIE Function
0 RCO interrupt for this ADC channel is disabled [default]
1 RCO interrupt for this ADC channel is enabled

[bit 6,2] RCOE1, RCOEO (Range Comparator operation enable)
The RCOE bits enable the Range Comparison for the corresponding ADC channel:

RCOE Function
0 RCO disabled,
RCO flags for this ADC channel will not be set [defaul]
1 RCO enabled for this ADC channel

[bits 5:4,1:0] RCOS1[1:0], RCOSO0[1:0] (converter channel select)
These bits select the A/D converter channel to be assigned to the Range Comparator channel:

RCOS[1:0] Function
00 Select range comparator channel 0 for this ADC channel [default]
01 Select range comparator channel 1 for this ADC channel
10 Select range comparator channel 2 for this ADC channel
11 Select range comparator channel 3 for this ADC channel

DS07-16615-2E FUT])TSU 55



MB91460P Series
e

5.2.3. Inverted Range Selection register

The RCOIRS register controls that the comparison should check for “out of range” or “inside range”.
The 32 bits of RCOIRS is organized “per ADC channel”. ADC channel 0 is located on the MSB of the register
and ADC channel 31 is on the LSB.

* RCONIRS : Access: Word, Half-word, Byte

31 30 29 28 27 26 259 24 Bit

| RCOIRSO | RCOIRS1 | RCOIRS2 | RCOIRS3 | RCOIRS4 | RCOIRS5 | RCOIRS6 | RCOIRS? |
0 0 0 0 0 0 0 0 Initial value
R/W R/W R/W R/W R/W R/W R/W R/W Attribute
23 22 21 20 19 18 17 16 Bit

| RCOIRS8 | RCOIRS9 | RCOIRS10 | RCOIRS11 | RCOIRS12 | RCOIRS13 | RCOIRS14 | RCOIRS15 |
0 0 0 0 0 0 0 0 Initial value
R/W R/W R/W R/W R/W R/W R/W R/W Attribute
15 14 13 12 11 10 9 8 Bit

| RCOIRS16 | RCOIRS17 | RCOIRS18 | RCOIRS19 | RCOIRS20 | RCOIRS21 | RCOIRS22 | RCOIRS23 |
0 0 0 0 0 0 0 0 Initial value
R/W R/W R/W R/W R/W R/W R/W R/W Attribute
7 6 5 4 3 2 1 0 Bit

| RCOIRS24 | RCOIRS25 | RCOIRS26 | RCOIRS27 | RCOIRS28 | RCOIRS29 | RCOIRS30 | RCOIRS31 |
0 0 0 0 0 0 0 0 Initial value
R/W R/W R/W R/W R/W R/W R/W R/W Attribute

Note that bit[31] is assigned to ADC channel 0, bit[30] is assigned to ADC channel one and so on.
[bits 31:0] RCOIRS[0:31] (Inverted Range Select)

The RCOIRS bits control how the Range Comparator result flags are set.

¢ |f the RCOIRS[n] is 0, the flags are set when the ADC result is above the upper threshold
OR below the lower threshold. That is called “out of range” mode.

¢ |f the RCOIRS[n] is 1, the flags are set when the ADC result is below or equal the upper threshold
AND above or equal the lower threshold. That is called “inside range” mode.

RCOIRSn Function
0 Range comparison for this ADC channel checks for “out of range” (default)
1 Range comparison for this ADC channel checks for “inside range”
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5.2.4. Range Comparator Result Flags

The result of range comparison is stored in 2 flag registers:
e RCOINT[0:31]: Range comparison interrupt flags
* RCOOF[0:31]: Range comparison overflow flags

The Range Comparator Result flags are organized “per ADC channel”. There are 32 Range Comparator overflow
flags and 32 interrupt flags. In case of a RCO interrupt, all interrupt flags can be read out by one 32-bit read
operation and analyzed using the Bit Search Unit. The Bit Search Unit will return the number of the interrupting
channel. Since bit search works from MSB to LSB (from left to right), ADC channel 0 is located on the MSB of
the registers and ADC channel 31 is on LSB.

* RCONINT : Access: Word, Half-word, Byte

31 30 29 28 27 26 259 24 Bit
| RCOINTO | RCOINT1 | RCOINT2 | RCOINT3 | RCOINT4 | RCOINT5 | RCOINT6 | RCOINT? |
0 0 0 0 0 0 0 0 Initial value
R/WO R/WO R/WO R/WO R/WO R/WO R/WO R/WO  Attribute
23 22 21 20 19 18 17 16 Bit
| RCOINT8 | RCOINT9 | RCOINT10 | RCOINT11 | RCOINT12 | RCOINT13 | RCOINT14 | RCOINT15 |
0 0 0 0 0 0 0 0 Initial value
R/WO R/WO R/WO R/WO R/WO R/WO R/WO R/WO  Attribute
15 14 13 12 11 10 9 8 Bit
| RCOINT16 | RCOINT17 | RCOINT18 | RCOINT19 | RCOINT20 | RCOINT21 | RCOINT22 | RCOINT23 |
0 0 0 0 0 0 0 0 Initial value
R/WO R/WO R/WO R/WO R/WO R/WO R/WO R/WO  Attribute
7 6 5 4 3 2 1 0 Bit
| RCOINT24 | RCOINT25 | RCOINT26 | RCOINT27 | RCOINT28 | RCOINT29 | RCOINT30 | RCOINT31 |
0 0 0 0 0 0 0 0 Initial value
R/WO R/WO R/WO R/WO R/WO R/WO R/WO R/WO  Attribute

Note that bit[31] is assigned to ADC channel 0, bit[30] is assigned to ADC channel one and so on.

[bits 31:0] RCOINT[0:31] (Range Comparator Interrupt flags)

The RCOINT flags show that a “out of range” or “inside range” condition has been found on the ADC channel.
The bits are set under the following condition:

¢ the ADC channel is enabled ADER.ADE][i] is set and
* the range comparison for this channel is enabled ADCCn.RCOE][i] is set and
* the conversion of the ADC channel is just finished and

e an interrupt condition was found (see the table on next page).

The bits are cleared by writing 0 or by software reset (RST). Writing 1 has no effect.
Read-modify-write operations read 1.
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The interrupt condition depends on the comparison results and the RCOIRS setting for this channel:

Upper Lower
Mode |RCOIRS| threshold threshold Interrupt condition
comparator comparator
1 X INT condition: above range, RCOOF is set
out of
0 0 0 -
range
X 1 INT condition: below range, RCOOF is cleared
1 X -
inside 1 0 0 INT condition: inside range
range
X 1 -

Note: The upper threshold comparator returns 1 if the upper 8 bits of the ADC result are greater then the threshold
value in RCOH[7:0].
The lower threshold comparator returns 1 if the upper 8 bits of the ADC result are smaller then the threshold
value in RCOL[7:0].

* RCONOF : Access: Read-only, Word, Half-word, Byte

31 30 29 28 27 26 259 24 Bit
| RCOOF0 | RCOOF1 | RCOOF2 | RCOOF3 | RCOOF4 | RCOOF5 | RCOOF6 | RCOOF7
0 0 0 0 0 0 0 0 Initial value
R R R R R R R R Attribute
23 22 21 20 19 18 17 16 Bit
RCOOF8 | RCOOF9 | RCOOF10 | RCOOF11 | RCOOF12| RCOOF13 | RCOOF14 | RCOOF15
0 0 0 0 0 0 0 0 Initial value
R R R R R R R R Attribute
15 14 13 12 11 10 9 8 Bit
| RCOOF16 | RCOOF17 | RCOOF18 | RCOOF19 | RCOOF20 | RCOOF21 | RCOOF22 | RCOOF23 |
0 0 0 0 0 0 0 0 Initial value
R R R R R R R R Attribute
7 6 5 4 3 2 1 0 Bit
RCOOF24 | RCOOF25 | RCOOF26 | RCOOF27 | RCOOF28 | RCOOF29 | RCOOF30 | RCOOF31
0 0 0 0 0 0 0 0 Initial value
R R R R R R R R Attribute

Note that bit[31] is assigned to ADC channel 0, bit[30] is assigned to ADC channel one and so on.
[bits 31:0] RCOOF[0:31] (Range Comparator Overflow flag)

The RCOOF read-only flags store the output signal of the upper threshold comparator at the time when an
interrupt condition (see above) appeared and the corresponding RCOINT flag was not set. So the RCOOF flags
indicate the upper comparator state when the RCOINT flag had the last rising edge.
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The RCOOF flag for a ADC channel is loaded with the upper threshold comparator output signal under the
following condition:

* the corresponding RCOINT flag is not yet setand

* the corresponding RCOINT flag has a set condition in this cycle.

The flags are initialized by software reset (RST).

RCOOFn Function
0 The output of the upper threshold comparator was 0 [defaul]
1 The output of the upper threshold comparator was 1

5.3. Range Comparator Interrupt request

The Range Comparator has one interrupt output line RCOIRQ. The interrupt output line becomes active if at
least one of the Range Comparator interrupt flags RCOINT[31:0] is set and the corresponding interrupt enable
bit in the ADCC registers is set.

It is not possible to activate a DMA request from the range comparator interrupts.
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6. Operation of A/D Converter

The A/D converter operates using the successive approximation method with 10-bit or 8-bit resolution. There is
one 16-bit register provided to store conversion results (ADCR), which is updated each time conversion com-
pletes. Additionally, there is one ADC Channel Data register per channel (ADCDO...31), which is updated each
time the assigned channel is converted. The Channel Data registers especially improve the continuous conversion

mode.
It is recommended to use the DMA service. The following describes the operation modes.

Single Mode

In single conversion mode, the analog input signals selected by the ANS bits and ANE bits are converted in
order until the completion of conversion on the end channel determined by the ANE bits. A/D conversion then
ends. If the start channel and end channel are the same (ANS=ANE), only a single channel conversion is
performed.

Examples:
¢ ANS=00000b, ANE=00011b

Start -> ANO -> AN1 -> AN2 -> AN3 -> End
¢ ANS=00010b, ANE=00010b

Start -> AN2 -> End

6.2. Continuous Mode

In continuous mode the analog input signals selected by the ANS bits and ANE bits are converted in order until
the completion of conversion on the end channel determined by the ANE bits, then the converter returns to the
ANS channel for analog input and repeats the process continuously. When the start and end channels are the
same (ANS=ANE), conversion is performed continuously for that channel.

Examples:
* ANS=00000b, ANE=00011b

Start -> ANO -> AN1 -> AN2 -> AN3 -> ANO ... -> repeat
* ANS=00010b, ANE=00010b

Start -> AN2 -> AN2 -> AN2 ... -> repeat

In continuous mode, conversion is repeated until '0' is written to the BUSY bit. (Writing '0' to the BUSY bit forcibly
stops the conversion operation.) Note that forcibly terminating operation halts the current conversion during mid-
conversion. (If operation is forcibly terminated, the value in the conversion register is the result of the most
recently completed conversion.)

6.3. Stop Mode

In stop mode the analog input signal selected by the ANS bits and ANE bits are converted in order, but conversion
operation pauses after each channel. The pause is released by applying another start signal.

At the completion of conversion on the end channel determined by the ANE bits, the converter returns to the
ANS channel for analog input signal and repeats the conversion process continuously. When the start and end
channel are the same (ANS=ANE), only a signal channel conversion is performed.

Examples:

* ANS=00000b, ANE=00011b
Start -> ANO -> stop -> start -> AN1 -> stop -> start -> AN2 -> stop -> start -> AN3 -> stop -> start -> ANO ...
-> repeat

* ANS=00010b, ANE=00010b
Start -> AN2 -> stop -> start -> AN2 -> stop -> start -> AN2 ... -> repeat
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In stop mode the startup source is the source determined by the STS1, STSO bits. This mode enables synchro-
nization of the conversion start signal.

6.4. Single-shot Conversion

The following figure shows the operation of A/D converter in Single-shot conversion mode

1 1
1 [}
T
AN input : E
1
(1! !
1 ]
Channel : !
selection : \
1
@) :
Activation |
. 1 I I [
(trigger) ! : : : ¥
S
| ] ]
1 \ I
Internal level _:\ @ O E ] ¥
1 1 \ \ 1
: Sample :Conversion: Conversion: Conversion: :
1 _hold _1 a ) b \ s |
< ~ ) )
\ A Pl
Conversion Conversion in progress | Finalized
value | ; ; ; ;
! ! \ ] @)
Buffer Previous conversion value | [ New conversion value
(ADT) | |
1
) /Flag clear on A/D conversion activation ®)
Conversion end
(IND ) (6) Flag clear
BUSY (A{D cpnversion
: Conversion time : activation,
|< ! or software)

(1) Channel selection

(2) A/D conversion activation (Trigger input: Software trigger/Reload timer/External trigger)

(3) INT flag clear, BUSY flag set

4) Sample hold
)
)
)
)

—_ o~

5) Conversion (Conversion a + Conversion b + Conversion c)
(6) Conversion end, INT flag set, BUSY flag clear

(7) Buffers the conversion value. Buffered data storage

(8) Software-based INT flag clear
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6.5. Scan Conversion

The following figure shows the operation of A/D converter in Scan conversion mode

[
T R N A H—
ANinput ! b — L B ) 1 :—:—r{—
O R R T
Scan start ! H \ ! \ ! ! |
channel IANO  1ANT  1AN2  !AN3  1ANO P ANT  1AN2 1 AN3 | ANO
selection . ! ! : ! ) : : !
]
Activation (EHE@M GG ( 0)” : i !
trigger T T (5) 7 \ i \ \ T
REE U SN T T | | : i
. ' Ta, b,ch) \ \ \ | \ \ | ! |
Result registers ! : ) : ! ) )
ADCDO | ! ANO cq'nversion value ANO next conversion value
! : h ! : ' ' I '
ADCD1 | E AN1 C(Jnversion value | ANT next value
i ! N : i : . .
T T
ADCD2 | | AN2 cc?nversion value ‘ AN2 next value
! : : ! : .
ADCD3 | AN3 cqnversion value
End of Scan INT ®) |
] i
3)! ; |© l !
]
PAUS | :
\ E ! 1

(1) Activation channel selection

(2) A/D activation (Trigger: Software trigger/Reload timer/External trigger)

3) INT flag clear, PAUS flag clear
)

4) ANO conversion
a. Sample hold, conversion (conversion a + conversion b + conversion c)
b. Conversion end
c. Buffers the conversion value.

(
(

(5) AN1 conversion
(6) AN2 conversion

)

)
(7) AN3 conversion
(8) INT2 (End of Scan) flag is set, ANO conversion starts
)

(9) Because INT2 has not been cleared yet, the ADC protects the result register of ANO
against overwriting and enters PAUSE state.

(10)INT2 flag cleared by DMA or by software, the ADC stores the result of ANO and continues sampling AN1.

6.6. Protection of the ADC Channel Data Registers

There are 32 ADC result data registers, one register per channel. The registers are written by hardware at the
end of conversion of the attached channel. ADCDO is attached to channel 0, ADCD31 is attached to channel 31.

The CPU can read the data registers any time.
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If a conversion is finished and the data of the previous conversion has not been read out before, previous data
would be overwritten. To avoid this problem, the next conversion data is not stored in the data registers until the
previous value has been read out (e.g. by DMA). A/D conversion halts during this time and the PAUS flag is set.
A/D conversion restarts when the ADC interrupt flag ADCR1.INT is cleared.

The register protection function depends on the conversion mode and the setting of ADCR2.INTE2:

Mode INTE2 Function
Single, Stop X Protection of ADCR
] 0 Protection of ADCR
Continuous
1 Protection of ADCDO...ADCD31

6.6.1. Protection of ADCDO...31

In continuous mode with INTE2==1, PAUS is set when data of the start channel (set by ADSCH) is ready for
writing to the registers, but IRQ2 (End of Scan interrupt) is already active.

Example: Start channel =4, end channel=7, continous mode, ADCS1.INTE=0, ADCS2.INTE2=1

Start by CPU --> convert channel 4 + safe data to ADCD4,
convert channel 5 + safe data to ADCD5,
convert channel 6 + safe data to ADCDB,
convert channel 7 + safe data to ADCD7 ---> End of Scan interrupt (IRQ2),
convert channel 4 + set PAUS (protect ADCDA4...7).

After the CPU or DMA have read the data registers and cleared IRQ2, the scan conversion continues.

6.6.2. Protection of ADCR

In the other modes or if INTE2==0, PAUS is set when data of any channel is ready for writing to the registers,
but IRQ (End of Conversion) is active. Because in this mode the protection function is active after each single
conversion, the ADCR register is protected.

7. ADC Interrupt Generation and DMA Access

There are 2 ADC interrupt sources: End of Conversion and End of Scan.
End of Conversion

The End of Conversion (EoC) interrupt is enabled by ADCS1.INTE bit and is compatible to the A/D converts in
old devices of MB91460 series. If EoC is enabled, it appears after any conversion cycle. It is recommended to
use DMA transfer to read out the data from ADCR.

7.2. End of Scan

The End of Scan (EoS) interrupt is enabled by ADCS2.INTE2 bit. If EoS is enabled, it appeares after the
conversion of the end channel, which is defined by the setting of ADECH register.

If the End of Conversion interrupt is enabled in parallel, both interrupt bits are set. In this case it is recommended
that the interrupt routine reads out ADCS2 register (containing mirrored bits of ADCS1[7:4]) to check where the
interrupt comes from.

7.3. DMA Transfer

DMA transfer can be triggered by End of Conversion interrupt or by End of Scan interrupt. The interrupts are
assigned to separate DMA resource numbers (please refer to the Interrupt Vector Table).

The automatic interrupt clear after DMA transfer works for End of Conversion and for End of Scan separately.
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B HANDLING DEVICES
1. Preventing Latch-up

Latch-up may occur in a CMOS IC if a voltage higher than (Voo5, Vop35 or HVoo5 *1) or less than (Vss5 or
HVss5 *1) is applied to an input or output pin or if a voltage exceeding the rating is applied between the power
supply pins and ground pins. If latch-up occurs, the power supply current increases rapidly, sometimes resulting
in thermal breakdown of the device. Therefore, be very careful not to apply voltages in excess of the absolute
maximum ratings.

Note *1: HVop5, HVss5 are available only on devices having Stepper Motor Controller.
2. Handling of unused input pins

If unused input pins are left open, abnormal operation may result. Any unused input pins should be connected
to pull-up or pull-down resistor (2KQ to 10KQ) or enable internal pullup or pulldown resisters (PPER/PPCR)
before the input enable (PORTEN) is activated by software. The mode pins MD_x can be connected to Vss5 or
Voo5 directly. Unused ALARM input pins can be connected to AVss5 directly.

3. Power supply pins

In MB91460 series, devices including multiple power supply pins and ground pins are designed as follows; pins
necessary to be at the same potential are interconnected internally to prevent malfunctions such as latch-up.
All of the power supply pins and ground pins must be externally connected to the power supply and ground
respectively in order to reduce unnecessary radiation, to prevent strobe signal malfunctions due to the ground
level rising and to follow the total output current ratings. Furthermore, the power supply pins and ground pins of
the MB91460 series must be connected to the current supply source via a low impedance.

It is also recommended to connect a ceramic capacitor of approximately 0.1 uF as a bypass capacitor between
power supply pin and ground pin near this device.

This series has a built-in step-down regulator. Connect a bypass capacitor of 4.7 uF (use a X7R ceramic
capacitor) to VCC18C pin for the regulator.

4. Crystal oscillator circuit

Noise in proximity to the X0 (X0A) and X1 (X1A) pins can cause the device to operate abnormally. Printed circuit
boards should be designed so that the X0 (X0A) and X1 (X1A) pins, and crystal oscillator, as well as bypass
capacitors connected to ground, are located near the device and ground.

It is recommended that the printed circuit board layout be designed such that the X0 and X1 pins or X0A and
X1A pins are surrounded by ground plane for the stable operation.

Please request the oscillator manufacturer to evaluate the oscillational characteristics of the crystal and this
device.

5. Notes on using external clock

When using the external clock, it is necessary to simultaneously supply the X0 (X0A) and the X1 (X1A) pins. In
the described combination, X1 (X1A) should be supplied with a clock signal which has the opposite phase to
the X0 (X0A) pins. At X0 and X1, a frequency up to 16 MHz is possible.

(Continued)
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(Continued)
Example of using opposite phase supply

>0 X0 (XOA)
i T—[>c X1 (X1A)

6. Mode pins (MD_x)

These pins should be connected directly to the power supply or ground pins. To prevent the device from entering
test mode accidentally due to noise, minimize the lengths of the patterns between each mode pin and power
supply pin or ground pin on the printed circuit board as possible and connect them with low impedance.

7. Notes on operating in PLL clock mode

If the oscillator is disconnected or the clock input stops when the PLL clock is selected, the microcontroller may
continue to operate at the free-running frequency of the self-oscillating circuit of the PLL. However, this self-
running operation cannot be guaranteed.

8. Pull-up control

The AC standard is not guaranteed in case a pull-up resistor is connected to the pin serving as an external bus pin.
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H NOTES ON DEBUGGER
1. Execution of the RETI Command

If single-step execution is used in an environment where an interrupt occurs frequently, the corresponding
interrupt handling routine will be executed repeatedly to the exclusion of other processing. This will prevent the
main routine and the handlers for low priority level interrupts from being executed (For example, if the time-base
timer interrupt is enabled, stepping over the RETI instruction will always break on the first line of the time-base
timer interrupt handler).

Disable the corresponding interrupts when the corresponding interrupt handling routine no longer needs debug-
ging.

2. Break function

If the range of addresses that cause a hardware break (including event breaks) is set to the address of the
current system stack pointer or to an area that contains the stack pointer, execution will break after each
instruction regardless of whether the user program actually contains data access instructions.

To prevent this, do not set (word) access to the area containing the address of the system stack pointer as the
target of the hardware break (including an event breaks).

3. Operand break

It may cause malfunctions if a stack pointer exists in the area which is set as the DSU operand break. Do not
set the access to the areas containing the address of system stack pointer as a target of data event break.

4. Notes on PS register

As the PS register is processed in advance by some instructions, when the debugger is being used, the exception
handling may result in execution breaking in an interrupt handling routine or the displayed values of the flags in
the PS register being updated.

As the microcontroller is designed to carry out reprocessing correctly upon returning from such an EIT event,
the operation before and after the EIT always proceeds according to specification.

* The following behavior may occur if any of the following occurs in the instruction
immediately after a DIVOU/DIVOS instruction:
(a) a user interrupt or NMI is accepted;
(b) single-step execution is performed;
(c) execution breaks due to a data event or from the emulator menu.
1. DO and D1 flags are updated in advance.
2. An EIT handling routine (user interrupt/NMI or emulator) is executed.

3. Upon returning from the EIT, the DIVOU/DIVOS instruction is executed
and the DO and D1 flags are updated to the same values as those in 1.

e The following behavior occurs when an ORCCR, STILM, MOV Ri,PS instruction is executed
to enable a user interrupt or NMI source while that interrupt is in the active state.
1. The PS register is updated in advance.
2. An EIT handling routine (user interrupt/NMI or emulator) is executed.

3. Upon returning from the EIT, the above instructions are executed and the PS register
is updated to the same value as in 1.
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32 <-> 16
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l CPU AND CONTROL UNIT

The FR family CPU is a high performance core that is designed based on the RISC architecture with advanced
instructions for embedded applications.

1. Features

» Adoption of RISC architecture
Basic instruction: 1 instruction per cycle

* General-purpose registers: 32-bit x 16 registers

¢ 4 Gbytes linear memory space

* Multiplier installed
32-bit x 32-bit multiplication: 5 cycles
16-bit x 16-bit multiplication: 3 cycles

e Enhanced interrupt processing function
Quick response speed (6 cycles)
Multiple-interrupt support
Level mask function (16 levels)

¢ Enhanced instructions for I/O operation
Memory-to-memory transfer instruction
Bit processing instruction
Basic instruction word length: 16 bits

* Low-power consumption
Sleep mode/stop mode

2. Internal architecture
¢ The FR family CPU uses the Harvard architecture in which the instruction bus and data bus are independent
of each other.
* A 32-bit «> 16-bit buffer is connected to the 32-bit bus (D-bus) to provide an interface between the CPU and
peripheral resources.
¢ A Harvard < Princeton bus converter is connected to both the I-bus and D-bus to provide an interface between
the CPU and the bus controller.
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3. Programming model
3.1. Basic programming model

32 bits
| | Initial value
RO XXXX XXXXH
R1
General-purpose registers < R1o
R13 AC
R14 FP XXXX XXXXH
_ R15 SP 0000 0000H
Program counter PC | |
Program status RS | — | wm | — [ scr | ccr |
Table base register TBR | |
Return pointer RP | [
System stack pointer ssP | |
User stack pointer usP | [
Multiply & divide registers MDH
MDL
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4. Registers
4.1. General-purpose register

32 bits

I | Initial value
RO XXXX XXXXH
R1
R12
R13 AC
R14 Fp XXXX XXXXH
R15 SP 0000 0000H

Registers ROto R15 are general-purpose registers. These registers can be used as accumulators for computation
operations and as pointers for memory access.

Of the 16 registers, enhanced commands are provided for the following registers to enable their use for particular
applications.

R13 : Virtual accumulator
R14 : Frame pointer
R15 : Stack pointer

Initial values at reset are undefined for RO to R14. The value for R15 is 00000000+ (SSP value).
4.2. PS (Program Status)

This register holds the program status, and is divided into three parts, ILM, SCR, and CCR.
All undefined bits (-) in the diagram are reserved bits. The read values are always “0”. Write access to these bits

is invalid.
Bit position — pit 31 bit 20 bit 16 bit 10 bit 8 bit 7 bit 0
— L 111 — I T T T T O O
;Y_J \_Y_}\ J
Y
ILM SCR CCR
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4.3. CCR (Condition Code Register)

. ) . ) _ ) _ ) Initial value
bit7 bit6é bit5 bit4 bit3 bit2 bit1 bit0

— | SV S | N z " C - 000XXXXs

SV : Supervisor flag
S : Stackflag

| :Interrupt enable flag
: Negative enable flag
: Zero flag

: Overflow flag

O < N Z

: Carry flag

4.4. SCR (System Condition Register)

bit10 bit9 bits Initial value
D1 DO T XX0B

Flag for step division (D1, DO)

This flag stores interim data during execution of step division.

Step trace trap flag (T)

This flag indicates whether the step trace trap is enabled or disabled.

The step trace trap function is used by emulators. When an emulator is in use, it cannot be used in execution
of user programs.

4.5. ILM (Interrupt Level Mask register)

bit 20 bit19 bit18 bit17 bit1e  INitial value
ILM4|ILM3 | ILM2]ILM1 [ILMO 011118

This register stores interrupt level mask values, and the values stored in ILM4 to ILMO are used for level masking.
The register is initialized to value “011118” at reset.

4.6. PC (Program Counter)

bit 31 bit0 Initial value
XXXXXXXXH

The program counter indicates the address of the instruction that is being executed.
The initial value at reset is undefined.
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4.7. TBR (Table Base Register)

bit 31 bit 0 Initial value
000FFCOOH

The table base register stores the starting address of the vector table used in EIT processing.
The initial value at reset is 000FFCOO-.

4.8. RP (Return Pointer)

bit 31 bit 0 Initial value
XXXXXXXXH

The return pointer stores the address for return from subroutines.
During execution of a CALL instruction, the PC value is transferred to this RP register.

During execution of a RET instruction, the contents of the RP register are transferred to PC.
The initial value at reset is undefined.

4.9. USP (User Stack Pointer)

bit 31 bito Initial value

XXXXXXXXH

The user stack pointer, when the S flag is “17, this register functions as the R15 register.
* The USP register can also be explicitly specified.

The initial value at reset is undefined.

* This register cannot be used with RETI instructions.

4.10. Multiply & divide registers

bit 31 bit 0

MDH

MDL

These registers are for multiplication and division, and are each 32 bits in length.
The initial value at reset is undefined.
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B EMBEDDED PROGRAM/DATA MEMORY (FLASH)

1. Flash features
* MB91F465PA: 544 KBytes (8 x 64 Kbytes + 4 x 8 KBytes = 4.25 Mbits)
MB91F467PA: 1088 KBytes (16 x 64 Kbytes + 8 x 8 KBytes = 8.5 Mbits)
* Programmable wait states for read/write access
Flash and Boot security with security vector at 0x0014:8000 - 0x0014:800F
¢ Boot security
* Basic specification: Same as MBM29LV400TC (except size and part of sector configuration)

2. Operation modes:
(1) 64-bit CPU mode (available on MB91F467PA only) :
* CPU reads and executes programs in word (32-bit) length units.
¢ Flash writing is not possible.
* Actual Flash Memory access is performed in d-word (64-bit) length units.

(2) 32-bit CPU mode:
* CPU reads and executes programs in word (32-bit) length units.
* Actual Flash Memory access is performed in word (32-bit) length units.

(3) 16-bit CPU mode:
* CPU reads and writes in half-word (16-bit) length units.
* Program execution from the Flash is not possible.
* Actual Flash Memory access is performed in word (16-bit) length units.

Note: The operation mode of the flash memory can be selected using a Boot-ROM function. The function start
address is 0xBF60. The parameter description is given in the Hardware Manual in chapter 54.6 "Flash Access
Mode Switching".

DS07-16615-2E FUﬁTSU 73



MB91460P Series
e

3. Flash access in CPU mode

3.1.
3.1.1.

74

Flash configuration
Flash memory map MB91F465PA

Addr

0014:FFFFh
0014:C000h

0014:BFFFh
0014:8000n

0014:7FFFh
0014:4000h

0014:3FFFh
0014:0000n

0013:FFFFh
0012:0000h

0011:FFFFh
0010:0000h

000F:FFFFh
000E:0000h

000D:FFFFh
000C:0000h

000B:FFFFh
000A:0000h

0009:FFFFh
0008:0000n

0007:FFFFh
0006:0000n

0005:FFFFh
0004:0000n

16bit read/write
32bit read

Legend

SAB (8KB) SA7 (8KB)
SA4 (8KB) SA5 (8KB)
ROMS7
SA2 (8KB) SA3 (8KB)
SA0 (8KB) SA1 (8KB)
SA22 (64KB) SA23 (64KB)
ROMS6
SA20 (64KB) SA21 (64KB)
SA18 (64KB) SA19 (64KB) ROMS5
SA16 (64KB) SA17 (64KB) ROMS4
SA14 (64KB) SA15 (64KB) ROMS3
SA12 (64KB) SA13 (64KB) ROMS2
SA10 (64KB) SA11 (64KB) ROMS1
SA8 (64KB) SA9 (64KB) ROMS0
addr+0 addr+1 addr+2 addr+3 addr+4 addr+5 addr+6 addr+7
dat[31:16] dat[15:0] dat[31:16] dat[15:0]
dat[31:0] dat[31:0]

Memory not available in this area

Memory available in this area

o)
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3.1.2. Flash memory map MB91F467PA

Address
0014:FFFFh
0014:C000h SAG (8KB) SA7 (8KB)
0014:BFFFh
0014:8000h SA4 (8KB) SAS5 (8KB)
ROMS7
0014:7FFFh
0014:4000h SA2 (8KB) SA3 (8KB)
0014:3FFFh
0014:0000h SAO (8KB) SA1 (8KB)
0013:FFFFh
0012:0000h SA22 (64KB) SA23 (64KB)
ROMS6
0011:FFFFh
0010:0000h SA20 (64KB) SA21 (64KB)
000F:FFFFh
000E:0000h SA18 (64KB) SA19 (64KB) ROMS5
000D:FFFFh
000C:0000h SA16 (64KB) SA17 (64KB) ROMS4
000B:FFFFh
000A:0000h SA14 (64KB) SA15 (64KB) ROMS3
0009:FFFFh
0008:0000h SA12 (64KB) SA13 (64KB) ROMS2
0007:FFFFh
0006:0000h SA10 (64KB) SA11 (64KB) ROMS1
0005:FFFFh
0004:0000h SA8 (64KB) SA9 (64KB) ROMS0
addr+0 addr+1 addr+2 | addr+3 addr+4 addr+5 addr+6 | addr+7
16bit read/write dat[31:16] dat[15:0] dat[31:16] dat[15:0]
32bit read/write dat[31:0] dat[31:0]
64bit read dat[63:0]
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3.2. Flash access timing settings in CPU mode

The following tables list all settings for a given maximum Core Frequency (through the setting of CLKB or
maximum clock modulation) for Flash read and write access.

3.2.1. Flash read timing settings (synchronous read)

Core clock (CLKB) ATD ALEH EQ WEXH WTC Remark
to 24 MHz 0 0 0 -
to 48 MHz 0 0 1 - 2
to 100 MHz 1 3 - 4
3.2.2. Flash write timing settings (synchronous write)
Core clock (CLKB) ATD ALEH EQ WEXH WTC Remark
to 16 MHz 0 - - 0 3
to 32 MHz 0 - - 0 4
to 48 MHz 0 - - 0 5
to 64 MHz 1 - - 0 6
to 96 MHz 1 - - 0 7
to 100 MHz 1 - - 1 8
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3.3. Address mapping from CPU to parallel programming mode

The following tables show the calculation from CPU addresses to flash macro addresses which are used in

parallel programming.

3.3.1. Address mapping MB91F465PA
CPU Address - Flash .

(addr) Condition sectors FA (flash address) Calculation
14:{ig°°h addr2}e SA4, SA6 FA := addr - addr9%00:4000h + (addr®%00:4000h)/2 -
A, (8 Kbyte) (addr/2)%4 + addr%4 - 0D:0000h
14:?2(’0“ add2]oe SA5, SA7 FA := addr - addr%00:4000h + (addr?00:4000h)/2 +
A, (8 Kbyte) 00:2000h - (addr/2)%4 + addr%4 - 0D:0000h
OO | szl | SAT2, SAT4, SA16, SA18 | FA = addr - add%02:0000 + (addr%02:0000h)/2 -
13F-FFFFh (64 Kbyte) (addr/2)%4 + addr%4
08:0000h _ . -

” addr2}et| SAT3. SATS, SA17,SAT9 | FA := addr - addr%02:0000h + (add%02:0000h)2 +
- (64 Kbyte) 01:0000h - (addr/2)%4 + addr%4

Note: FA result is without 10:0000h offset for parallel Flash programming .
Set offset by keeping FA[20] = 1 as described in section “Parallel Flash programming mode”.

3.3.1. Address mapping MB91F467PA
CPU Address -, Flash .
(addr) Condition sectors FA (flash address) Calculation
14:0000h , o . o .

o addr[2}==0 SA0, SA2, SA4, SA6 FA := addr - addr£000.4000rl + (addr%00:4000h)/2
14:FFEEh (8 Kbyte) - (addr/2)%4 + addr%4 - 05:0000h
14:0000h FA := addr - addr%00:4000h + (addr%00:4000h)/2

to addr[2]== SA1, ??ﬁbStAe?’ SAT - (addr/2)%4 + addr%4 - 05:0000h
14:FFFFh y +00:2000h
04:0000h SA8, SA10, SA12, SAT, | n._ o ddr - addr%02:0000 + (addr%02:0000h)/2

to addr[2]==0| SA16, SA18, SA20, SA22 - (addr/2)%4 + addr%4 + 0C-0000h
13:FFFFh (64 Kbyte) ° ° '
04:0000h SA9, SA11, SA13, SA15, | FA := addr - addr%02:0000h + (addr%02:0000h)/2
to addr[2]==1| SA17, SA19, SA21, SA23 - (addr/2)%4 + addr%4 + 0C:0000h
13:FFFFh (64 Kbyte) +01:0000h

Note: FA result is without 20:0000h offset for parallel Flash programming .
Set offset by keeping FA[21] = 1 as described in section “Parallel Flash programming mode”.
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4. Parallel Flash programming mode

41.

Parallel Flash programming mode (MD[2:0] = 111):
MB91F465PA

FA[20:01

001F:FFFFh
001F:0000h

001E:FFFFh
001E:0000h

001D:FFFFh
001D:0000h

001C:FFFFh
001C:0000h

001B:FFFFh
001B:0000h

001A:FFFFh
001A:0000h

0019:FFFFh
0019:0000h

0018:FFFFh
0018:0000h

0017:FFFFh
0017:E000h

0017:DFFFh
0017:C000h

0017:BFFFh
0017:A000h

0017:9FFFh
0017:8000h

16bit write mode

Legend

SA19 (64KB)

SA18 (64KB)

SA17 (64KB)

SA16 (64KB)

SA15 (64KB)

SA14 (64KB)

SA13 (64KB)

SA12 (64KB)

SA11 (64KB)

SA10 (64KB)

SA9 (64KB)

SA8 (64KB)

SAT (8KB)

SA6 (8KB)

SA5 (8KB)

SA4 (8KB)

SA3 (8KB)

SA2 (8KB)

SA1 (8KB)

SAO (8KB)

FA[1:0]=00

FA[1:0=10

DQ[15:0]

DQ[15:0]

Remark: Always keep FA[0] = 0 and FA[20] = 1

Memory available in this area

Memory not available in this area

Remark: Always keep FA[0] = 0 and FA[21] =1

78
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Flash configuration in parallel Flash programming mode

FA[21:0]

003F:FFFFh
003F:0000h

003E:FFFFh
003E:0000h

003D:FFFFh
003D:0000h

003C:FFFFh
003C:0000h

003B:FFFFh
003B:0000h

003A:FFFFh
003A:0000h

0039:FFFFh
0039:0000h

0038:FFFFh
0038:0000h

0037:FFFFh
0037:0000h

0036:FFFFh
0036:0000h

0035:FFFFh
0035:0000h

0034:FFFFh
0034:0000h

0033:FFFFh
0033:0000h

0032:FFFFh
0032:0000h

0031:FFFFh
0031:0000h

0030:FFFFh
0030:0000h

002F:FFFFh
002F:E000h

002F:DFFFh
002F:C000h

002F:BFFFh
002F:A000h

002F:9FFFh
002F:8000h

002F:7FFFh
002F:6000h

002F:5FFFh
002F:4000h

002F:3FFFh
002F:2000h

002F:1FFFh
002F:0000h

16bit write mode

MB91F467PA

SA23 (64KB)

SA22 (64KB)

SA21 (B4KB)

SA20 (64KB)

SA19 (64KB)

SA18 (64KB)

SA17 (64KB)

SA16 (64KB)

SA15 (64KB)

SA14 (64KB)

SA13 (64KB)

SA12 (64KB)

SA11 (64KB)

SA10 (64KB)

SA9 (64KB)

SA8 (64KB)

SA7 (8KB)

SA6 (8KB)

SA5 (8KB)

SA4 (8KB)

SA3 (8KB)

SA2 (8KB)

SA1 (8KB)

SAO (8KB)

FA[1:0]=00

FA[1:0=10

DQ[15:0]

DQ[15:0]
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4.2. Pin connections in parallel programming mode

Resetting after setting the MD[2:0] pins to [111] will halt CPU functioning. At this time, the Flash memory's
interface circuit enables direct control of the Flash memory unit from external pins by directly linking some of
the signals to GP-Ports. Please see table below for signal mapping.

In this mode, the Flash memory appears to the external pins as a stand-alone unit. This mode is generally set
when writing/erasing using the parallel Flash programmer. In this mode, all operations of the 8.5 Mbits Flash
memory's Auto Algorithms are available.

Correspondence between MBM29LV400TC and Flash Memory Control Signals

MBM29LV400TC MB91F465PA, MB91F467PA external pins
External pins FR-CPUmode | Flash memory Normal function | Pin number Comment
mode
- INITX - INITX 104
RESET - FRSTX NMIX 105
- - MD_2 MD_2 96 Set to ‘1’
- - MD_1 MD_1 95 Set to ‘1’
- - MD_0 MD_0 94 Setto ‘1’
RY/BY FMCS:RDY bit RY/BYX P19_0 112
BYTE Internally fixed to ‘H’ BYTEX P19_2 114
WE WEX P18_0 118
OE OEX P19_6 117
CE Internal control sig- CEX P19.5 116
- nal + control via inter- ATDIN MD_3 98 Setto ‘0’
- face circuit EQIN MONCLK 97 Setto 0’
- TESTX P19_4 115 Setto ‘1’
- RDYI P19_1 113 Setto ‘0’
A-1 FAO P17_5 124 Set to ‘0’
A0 to A7 FA1 to FA8 P06_0 to P06_7 61to 13
A8 to A15 FA9 to FA16 P05_0to PO5_7 14 to 21
A16 to A18 FA17 to FA19 P18E,11’8P118—2’ 119,120, 121
o Internal address bus . o1 5 o Setto 1 on
- MB91F465PA
Not needed on
— FA21 P18_6 123 Mggt?f?g:‘;
MB91F467PA
DQO to DQ7 DQO to DQ7 P01_0to PO1_7 24 to 31
DQ8 to DQ15 Internal data bus DQ8 to DQ15 P00_0 to P00_7 32t0 39
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5. Poweron Sequence in parallel programming mode

The flash memory can be accessed in programming mode after a certain wait time, which is needed for Security
Vector fetch:

¢ Minimum wait time after VDD5/VDD5R power on:  2.76 ms
* Minimum wait time after INITX rising:

6. Flash Security

6.1. Vector addresses

Two Flash Security Vectors (FSV1, FSV2) are located parallel to the Boot Security Vectors (BSV1, BSV2)
controlling the protection functions of the Flash Security Module:

FSV1: 0x14:8000
FSV2: 0x14:8008

6.2. Security Vector FSV1

The setting of the Flash Security Vector FSV1 is responsible for the read and write protection modes and the
individual write protection of the 8 Kbytes sectors.

6.2.1. FSV1 (bit31 to bit16)

BSV1: 0x14:8004
BSV2: 0x14:800C

1.0 ms

The setting of the Flash Security Vector FSV1 bits [31:16] is responsible for the read and write protection modes.

Explanation of the bits in the Flash Security Vector FSV1[31:16]

FSV1[18]
. . . FSV1[17] FSV1[16] .
FSV1[31:19] ertelllezelctlon Write Protection | Read Protection Flash Security Mode
. ms . as Read Protection (all device modes, ex-
set all to ‘0 setto ‘0 setto ‘0 setto 1 cept INTVEC mode MD[2:0]="000")
set all to ‘O’ set 1o ‘0’ setto 1’ set 1o ‘0’ Write Protection (all de\{|ce modes, with-
out exception)
Read Protection (all device modes, ex-
set all to ‘0’ setto ‘0’ setto ‘1’ setto ‘1’ cept INTVEC mode MD[2:0]="000") and
Write Protection (all device modes)
(y 1) . 4 Read Protection (all device modes, ex-
set all to ‘0 set to ‘1 setto ‘0 setto 1 cept INTVEC mode MD[2:0]="000)
. s s . Write Protection (all device modes, ex-
set all to ‘0 set to ‘1 set to ‘1 setto ‘0 cept INTVEC mode MD[2:0]="000")
Read Protection (all device modes, ex-
set all to ‘0’ setto ‘1’ set to ‘1’ set to ‘1’ cept INTVEC mode MD[2:0]="000") and
Write Protection (all device modes except
INTVEC mode MD[2:0]="000")
80 DS07-16615-2E
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6.2.2. FSV1 (bit15 to bit0)

The setting of the Flash Security Vector FSV1 bits [15:0] is responsible for the individual write protection of the
8 Kbytes sectors. It is only evaluated if write protection bit FSV1[17] is set.

Explanation of the bits in the Flash Security Vector FSV1[15:0]

FSV1 bit Sector ES?&EC‘{Y;EE DE;‘:L%}’:’;:‘E Comment
FSV1[0] SA0 (MB91F467PA) set to “0” set to “1” not available
FSV1[1] SA1 (MB91F467PA) set to “0” set to “1” not available
FSV1[2] SA2 (MB91F467PA) set to “0” set to “1” not available
FSV1[3] SA3 (MB91F467PA) set to “0” set to “1” not available
FSVA[4] SA4 set to “0” — ‘r’n\';i;zgg’rt;c“o” s
FSV1[5] SA5 set to “0” set to “1”

FSV1[6] SA6 set to “0” set to “1”

FSV1[7] SA7 set to “0” set to “1”

FSV1[8] — set to “0” set to “1” not available
FSV1[9] — set to “0” set to “1” not available
FSV1[10] — set to “0” set to “1” not available
FSV1[11] — set to “0” set to “1” not available
FSV1[12] — set to “0” set to “1” not available
FSV1[13] — set to “0” set to “1” not available
FSV1[14] — set to “0” set to “1” not available
FSV1[15] — set to “0” set to “1” not available

Note: Itis mandatory to always set the sector where the Flash Security Vectors FSV1 and FSV2 are located to
write protected (here sector SA4). Otherwise it is possible to overwrite the Security Vector to a setting where
it is possible to either read out the Flash content or manipulate data by writing.

See section “Flash access in CPU mode” for an overview about the sector organization of the Flash
Memory.
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6.3. Security Vector FSV2

The setting of the Flash Security Vector FSV2 bits [31:0] is responsible for the individual write protection of the
64 kByte sectors. It is only evaluated if write protection bit FSV1[17] is set.

Explanation of the bits in the Flash Security Vector FSV2[31:0]

FSV2 bit Sector nggtl:c‘tl:g:e D:fraoﬂi:’i\’;:e Comment
FSV2[0] SA8 (MB91F467PA) set to “0” set to “1”
FSV2[1] SA9 (MB91F467PA) set to “0” set to “1”
FSV2[2] SA10 (MB91F467PA) set to “0” set to “1”
FSV2[3] SA11 (MB91F467PA) set to “0” setto “1”
FSV2[4] SA12 set to “0” set to “1”
FSV2[5] SA13 set to “0” set to “1”
FSV2[6] SA14 set to “0” set to “1”
FSV2[7] SA15 set to “0” set to “1”
FSV2[8] SA16 set to “0” set to “1”
FSV2[9] SA17 set to “0” set to “1”
FSV2[10] SA18 set to “0” set to “1”
FSV2[11] SA19 set to “0” set to “1”
FSV2[12] SA20 (MB91F467PA) set to “0” setto “1”
FSV2[13] SA21 (MB91F467PA) set to “0” setto “1”
FSV2[14] SA22 (MB91F467PA) set to “0” setto “1”
FSV2[15] SA23 (MB91F467PA) set to “0” set to “1”
FSV2[31:16] — set to “0” set to “1” not available

Note : See section “Flash access in CPU mode” for an overview about the sector organisation of the Flash Memory.

7. Notes About Flash Memory CRC Calculation

The Flash Security macro contains a feature to calculate the 32-bit checksum over addresses located in the Flash
Memory address space. This feature is described in the MB91460 Series Hardware Manual, chapter 55.4.1 “Flash
Security Control Register”.

Additional notes are given here:

The CRC calculation runs on the internal RC clock. It is recommended to switch the RC clock frequency to 2 MHz

for shortening the calculation time. However, the CPU clock (CLKB) must be faster then RC clock, otherwise the
CRC calculation may not start correctly.
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B EMBEDDED DATA FLASH (MB91F467PA)

MB91F467PA contains a 64 KByte internal data flash.

1. Data Flash Features

* MB91F467PA:

* Data width of flash macro: 8 bit

» Synchronous flash interface and flash macro
¢ 2 access modes (direct access, command sequencer access)
* Read access 8/16/32-bit by internal sequencer hardware

* Write access 8-bit in direct access mode, 8/16/32-bit in command sequencer write mode
* Programmable wait states for read/write access

¢ CRC calculation feature

* Interrupt- and DMA request, DMA stop request

2. Data Flash Block Diagram

The Data Flash consists of the flash macro and interface, control, status, command sequencer and security logic.
On MB91460 series devices, the Data Flash is connected to the X-Bus in parallel to the External Bus interface:

Data Flash Security feature (read and write protection)

MB91460P Series
e

64 Kbytes (4 x 16 Kbytes + 1 x 256 bytes security sector)

—> BAAX
—> WEX
X-bus /32 —> ASX
— RDX
— WRXO0 to WRX3
<+—— BRQ
—
— External |—, mgtﬁg
3 = bus  |+— MCLKI
7] = Q@ interface [ SYSCLK
o g S interface |—— BGRNTX
S| 4 — «—— RDY
3 3 g =3 —> CSX0to CSX7
> o
o g O ¢ > A0to A31
Q_ —
2| Ll o = K> D00 D31
51 & < <
= =2 = =
£ Qo o &)
Data Flash
32 8 8 Data 8
= Write Command [EZ=> > Flash 7>
Sequencer .
Security D
Data 8, direct mode write data _, | Data ata
Flash | Flash Flash
bus (‘ 32 read data macro mask macro
Data Flash ::
K— Control/Status
Registers RDY
Data Flash
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3.

3.1.

Data Flash Operation Modes

The data flash is located in the top address space of external bus area. Per default (after software reset RST),
the data flash is disabled and does not accept any read/write access. The data flash can be enabled by setting
the bit DFCS:FLASHEN (DFCS is the Data Flash Control/Status register).

Direct Access mode:

The Direct Access mode provides data flash access similar to the access of the embedded program/data flash

(main flash). For write/program operations, the flash command sequences must be written by the CPU. The

command sequences are the same as used for the embedded program/data flash (main flash).

¢ CPU reads data in byte, halfword or word (8/16/32-bit) length units, whereas 16- or 32-bit read operations are
split into 2 or 4 sequential 8-bit flash macro read accesses by hardware.

¢ CPU writes data in byte (8-bit) width units.

* For write/program operations, the flash command sequences must be written by the CPU.

» The flash macro auto algorithms (Chip Erase, Sector Erase, Sector Erase Suspend,...) can only be activated
in direct access mode.

* Direct access mode is the default mode after software reset (RST).

3.2. Command Sequencer Mode:

In command sequencer mode, the flash macro command sequences for data write operation are generated by

hardware.

¢ CPU reads data in byte, halfword or word (8/16/32-bit) length units (same as in direct access mode).

* CPU writes data in byte, halfword or word (8/16/32-bit) length units using normal “store” instructions. The flash
macro command sequences are generated by internal command sequencer hardware. For 16- or 32-bit write,
2 or 4 command sequences are generated, respectively.

* The data flash interface will not issue wait states after a command sequencer write operation was started. The
CPU can continue working during data flash programming.

 If a command sequencer write operation is ongoing, and the CPU writes data again, this second write
request is ignored! The error flag DFWS:PAEREF is set in case of such a prohibited access. Itis recommended
to use the data flash interrupts, which indicate that the proceeding write sequence was finished and successful.

* If a command sequencer write operation is ongoing, and the CPU tries to read data, 0x00 is returned
and the error flag DFWS:PAERF is set.

* The flash macro auto algorithms (Chip Erase, Sector Erase, Sector Erase Suspend,...) cannot be activated.

e Command Sequencer mode is enabled by setting the bit DFWC:WE (Data Flash Write Control register).

* After software reset (RST), the command sequencer mode is disabled.

3.3. Parallel Programming mode:

* The parallel programming mode works similar to the main flash memory. The function/timing of some external
control lines are different.

* In parallel programming mode, it is not necessary to set the Data Flash enable bit (DFCS:FLASHEN).

» Data Flash Memory access is performed in byte (8-bit) length units.
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4. Data Flash access in CPU mode
4.1. Data Flash memory map MB91F467PA

The Data Flash macro is 8 bit wide. It is located in the top address space of external bus area:

CPU Parallel
address programming
mode
0050 0000+ address
External bus area
FFFBFO00H | |Dummy addresses for auto algorithm
FFFB FFOOw Data Flash Security Sector (256 Byte) 00 FFOOx
FFFC 0000~ 01 0000H
Data Flash Sector 0 (16 KB)
FFFC 40001 01 4000H
Data Flash Sector 1 (16 KB)
FFFC 80001 01 8000H
Data Flash Sector 2 (16 KB)
FFFC CO00H 01 CO00H
Data Flash Sector 3 (16 KB)
01 FFFFw
FFFD 0000+
External bus area
FFFF FFFFu

Note: The address in parallel programming mode is listed here without 10:0000h offset.
Set the offset by keeping FA[22:20] = 001 the same kind as used for programming of the main flash.

Note: The “Dummy addresses for auto algorithm” are accepted although they are located below the physical
addresses of the flash macro. This address space is needed to apply correct addresses in auto algorithms.

See the example in "Auto Program Algorithms’ on page 86 . However, toggle flags cannot be read using the
dummy addresses.

4.2. Data Flash and External Bus

If the Data Flash is disabled (see "Data Flash Operation Modes’ on page 84), the complete address space can
be used for the external bus.

If the Data Flash is enabled, the user should take care that no external bus chip select area overlaps the address
range of the Data Flash.

If a chip select area overlaps the Data Flash addresses, the following scenario may appear:

* Write operations will be sent to data flash and external bus in parallel. This may cause heavy problems,
especially if the data flash is written in direct mode, where the CPU sends the command sequences for
programming (see "Direct Access mode:’ on page 84).

¢ Read operations will return unpredictable results.
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4.3. Flash access timing settings in CPU mode

The Data Flash can be accessed up to CLKB = 100 MHz. For timing and wait state setup, please refer to the
description of the bits TMG2, TMG1, TMGO in "Data Flash Control and Status Register’ on page 89 .

Although the data flash is located in the address space of external bus, there is no dependency between external
bus timing and data flash timing.

4.4. Auto Program Algorithms

The auto program algorithms can only be applied in direct access mode, while the “Program” sequence can be
generated by hardware if the Command Sequencer Mode is used.
The data flash supports command sequences similar to the main flash:

Command [ Bus|1st bus|2nd bus|3rd bus|4th bus|5th bus]|]6th bus

Sequenc | Write Write cycle Write cycle Write cycle Write cycle Write cycle Write cycle
e Cycle | Addess | Data | Addess | Data | Address | Data Addess | Data | Addess | Data

Read/Reset 1 XXX FO RA RD

Read/Reset 3 AA8 AA 554 55 AA8 FO RA

Program 4 AA8 AA 554 55 AA8 A0 PA

RD

PD
Chip Erase 6 AA8 AA 554 55 AA8 80 AA8 AA 554 55 AA8 10
Sector Brase 6 AA8 AA 554 55 AA8 80 AA8 AA 554 55 SA 30
Sector Erase Suspend | Sector Erase Suspend by input of address “XXX" and data “B0”
Sector Erase Resume | Sector Erase Resume by input of address “XXX" and data “30”

Unlock
Bypass 3 AA8 AA 554 55 AA8 20
set
Unlock
Bypass 2 XXX AO PA PD
program
Unlock Fo/
Bypass 2 XXX 90 XXX 00
Reset
PA: Program Address PD: Program Data. Data to be programmed at location PA.
RA: Read Address RD: Data to read at location RA.

SA: Sector Address (points into the sector to be erased)

It is recommended that the addresses “AA8” and “554” point to the sector which is to be programmed.
For example, to program a byte into sector SAS, the following sequence should be used:

Address PA=0xFFFBFF83 is inside sector SAS.

1. write addr=OxFFFBFAA8 data=0xAA
2. write addr=OxFFFBF554 data=0x55
3. write addr=0xFFFBFAA8 data=0xA0

4. write addr=0xFFFBFF83 =PA data=PD

Note: The address for the write sequence (1., 2., 3. write) points into the “Dummy addresses for auto algorithm”
here. For polling of toggle bits, an address pointing inside the programmed sector has to be used, for example
the programmed address (PA) itself.
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4.5. Data Flash Hardware Sequence Flags (Toggle Bits)

In direct access mode, the data flash returns toggle bits shown in the following table.
In command sequencer mode, it is not necessary to read the toggle bits because they are observed by the
command sequencer automatically.

Status DQ7 DQ6 DQ5 DQ4 | DQ3 DQ2
Embedded Program Algorithm ~DQ7 | Toggle 0 0 0 1
Busy t d
Embedded Erase Algorithm usy fo suspen 0 Toaale 0 ! 1 Toaale
(Erase Suspended Sector) 99 99
Ready to suspend 0
1
In Embedded Erase Algorithm Busy to suspend
Progress (Non-Erase Suspended Sector) 0 Toggle 0 1 1
Ready to suspend 0
Erase Suspend Read
(Erase Suspended Sector) 1 1 0 0 0 Toggle
Erase  Suspended | Erase Suspend Read
Mode (Non-Erase Suspended Sector) Data Data Data Data | Data Data
Erase Suspend Program -
(Non-Erase Suspended Sector) DQ7 | Toggle 0 0 0 1
Embedded Program Algorithm ~DQ7 | Toggle 1 0 0 1
_IE_an?:eded Embedded Erase Algorithm 0 Toggle 1 N/A 1 N/A
Limits Erase Suspended | Erase Suspend Program -
Mode (Non-Erase Suspended Sector) DQ7 | Toggle 1 0 0 N/A

Note: For polling of toggle bits, an address pointing inside the programmed sector has to be used, for example the
programmed address itself. Do not use a “Dummy addresses for auto algorithm”.
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5. Data Flash Registers

The Data Flash has the following control/status registers:

DFCS : Data Flash Control and Status Register
Address 31 30

29 28 27 26 25 24 bit
071141 | RDYI [ TMG2 | TMG1 | TMGO [FLASHEN| INTE |RDYINT [ RDY
0 1 1 1 0 0 0 1 Initial val-
ue
R/W R/W R/W R/W R/W R/W R/WO R Attribute
DFWC : Data Flash Write Command Sequencer Control Register
Address 23 22 21 20 19 18 17 16 bit
07115k - - - ERINTE | FININTE | IDLINTE Il\[/)ll,&[é- WE
x X x 0 0 0 0 0 Initial val-
ue
- - - R/W R/W R/W R/W R/W  Attribute
DFWS : Data Flash Write Command Sequencer Status Register
Address 15 14 13 12 11 10 9 8 bit
07116n | PAERF [ WIERINT | WERINT | TOERINT [ FININT | IDLINT | ST1 | STO |
0 0 0 0 0 0 0 0 Initial val-
ue
R/WO0 R/WO R/WO R/WO R/WO0 R/WO0 R R Attribute
DFSCRO : Data Flash Security Control Register 0
Address 31:24 23:16 15:8 7:0 bit
07118n | DFSCRO[31:0]
1111 1111 1111 1111 1111 1111 1111 1111 '”'t'i"e"a"
R/W, R R R R Attribute
DFSCR1 : Data Flash Security Control Register 1
Address 31:24 23:16 15:8 7:0 bit
0711CH | DFSCR1[31:0] |
0--- 0001 0000 0000 0000 0000 0000 0000 '”'t'ﬁg"a"
R, R'W R, R'W R, R'W R, R'W Attribute
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Data Flash Control and Status Register

This section explains the Data Flash Control and Status register.
DFCS : Data Flash Control and Status register

MB91460P Series
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Addr:  0x07114
31 30 29 28 27 26 25 24 bit
RDYI T™MG2 TMGH1 TMGO FLASHEN INTE RDYINT RDY
0 1 1 1 0 0 0 1 initial
R/W R/W R/W R/W R/W R/W R/WO R attribute
RDYI Ready Inversion
0 (default) Normal flash operation

1

Setting this bit to ’1’ activates the RDYI input of the Flash. As a result, the RDY output of
the Flash goes to ’0’ (used for test purposes only). Always write 0 to this bit.

 This bit is cleared by software reset (RST).
* Always write 0 to this bit.

Data Flash Timing Control
TMG2| TMG1| TMGO CLKB Frequency CLKB Cycles per CLKB Cycles per
up to Read Operation Write Operation
0 0 0 6.2 MHz 3 3
0 0 1 16.7 MHz 4 3
0 1 0 33.3 MHz 5 3
0 1 1 50 MHz 6 3
1 0 0 66.6 MHz 8 4
1 0 1 83.3 MHz 9 5
1 1 0 100 MHz 10 6
1 1 1 (default) 100 MHz 11 6

* These bits control the number of wait cycles for read and write operations.
¢ The bits are set to “111” by software reset (RST) and can be read and written

FLASHEN

Data Flash Enable

0

(default) Data Flash is disabled and does not accept read and write access

1

Data Flash is enabled and can be read and written depending on data flash security settings.

¢ This bit is cleared by software reset (RST) and can be read and written
» Before setting this bit, the user has to take care that no External Bus Chip Select area overlaps the data flash
address space.
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INTE Ready Interrupt Enable
0 (default) Disable the interrupt of the RDYINT flag
1 Enable the interrupt of the RDYINT flag

* |f this bit is cleared, no interrupt is generated when the RDYINT flag is set.

* |f this bit is set, the interrupt by RDYINT flag is enabled.
 This bit is cleared by software reset (RST) and can be read and written.

RDYINT Ready Interrupt Flag
0 (default) The flash macro has not entered the READY state
1 The flash macro has entered the READY state

* This bit is set after a rising edge of the RDY status line of the flash macro.
* This bit is cleared by software reset (RST) or by writing 0. Writing 1 has no effect.

* Read-modify-write operations will read 1.

RDY

Flash Macro Ready Status

0

Indicates that a program/erase command is currently executed. Only the reset and suspend

commands are accepted in this state.

1

(default) Indicates that no program/erase command is currently executed. Any command

can be written to the Flash.

* This bit shows the RDY status line of the flash macro after a certain response time tsusy:

In direct access mode, tsusy is minimum 90 ns after the last write access of a program sequence.
In write sequencer mode, the command sequencer cares about RDY signal. There is no need to poll RDY.

* This bit

is read-only.

o)
FUJITSU
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5.2. Data Flash Write Command Sequencer Control Register

This section explaines the Data Flash Sequencer Control register

DFWC : Data Flash Write Command Sequencer Control

Addr: 0x07115
23 22 21 20 19 18 17 16
- - - ERINTE FININTE IDLINTE | IDLDMAE WE
X X X 0 0 0 0 0
- - - R/W R/W R/W R/W R/W

* Always write 0 to the bits 7:5.

ERINTE

Error Interrupt Enable

0

(default) Disable the interrupt of the error flags

1

Enable the interrupt of the error flag

MB91460P Series

bit

initial

attribute

e |f this bit is cleared, no interrupt is generated when a error flag (TOERINT, WERINT and WIERINT) is set.
* |f this bit is set, an interrupt is generated when one of the error flags is set.

* This bit is cleared by software reset (RST) and can be read and written.

FININTE

Finish Interrupt Enable

0

(default) Disable the interrupt of the FININT flag

1

Enable the interrupt of the FININT flag

* |f this bit is cleared, no interrupt is generated when the FININT flag is set.
¢ [f this bit is set, an interrupt is generated when the FININT flag is set.

¢ This bit is cleared by software reset (RST) and can be read and written.

IDLINTE

Idle Interrupt Enable

0

(default) Disable the interrupt of the IDLINT flag

1

Enable the interrupt of the IDLINT flag

* |f this bit is cleared, no interrupt is generated when the IDLINT flag is set.
* |f this bit is set, an interrupt is generated when the IDLINT flag is set.
¢ This bit is cleared by software reset (RST) and can be read and written.

IDLDMAE

Idile DMA Enable

0

(default) Disable the DMA transfer request

1

Enable the DMA transfer request if the IDLINT flag is set

e [f this bit is cleared, no DMA transfer request is generated when the IDLINT flag is set.

¢ [f this bit is set, an DMA transfer request is generated when the IDLINT flag is set.
¢ This bit is cleared by software reset (RST) and can be read and written.

DS07-16615-2E

[e®)
FUJITSU



MB91460P Series
e

WE Write Command Sequencer Enable

0 (default) Disable the Write Command Sequencer, Data Flash operates in direct mode

Enable the Write Command Sequencer Mode

¢ This bit enables the Command Sequencer mode.
* This bit is cleared by software reset (RST) and can be read and written.
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5.3. Data Flash Write Command Sequencer Status Register

This section explaines the Data Flash Command Sequencer Status register.

DFWS : Data Flash Write Command Sequencer Status

Addr:  0x07116

15 14 13 12 11 10 9 8 bit
PAERF | WIERINT | WERINT | TOERINT FININT IDLINT ST1 STO

0 0 0 0 0 0 0 0 initial
R/WO R/WO R/WO0 R/WO0 R/WO R/WO R R attribute

The command sequencer status flags are only set if the command sequencer is enabled (DFWC:WE=1).

PAERF Prohibited Access Error Flag
0 (default) No prohibited access detected
1 Prohibited access detected

* This flag is set if the CPU tried to read or write into the Data Flash area while the Data Flash is accessed by
the Command Sequencer.

* This flag cannot generate an interrupt.

* This bit is cleared by software reset (RST) or by writing 0. Writing 1 has no effect.

¢ Read-modify-write operations will read 1.

WIERINT Write Incomplete Error Flag
0 (default) Command sequencer write operation was completed
1 Command sequencer was disabled while a write operation was ongoing

* This flag is set when the command sequencer is disabled (set DFWC:WE=0) in "not idle" state .
e [f this flag is 0O, it is no guarantee that the write operation was successful. Use the FININT flag!

* This flag can generate an interrupt if DFWC:ERINTE is set.

* This bit is cleared by software reset (RST) or by writing 0. Writing 1 has no effect.

* Read-modify-write operations will read 1.

WERINT Write Error Flag
0 (default) No write error detected
1 Write operation returned error

* This flag is set after a write access returned error:
- tried to write to an erase-suspended or write-protected sector,
- tried to write a bit “1” although it is already “0” in flash.
* This flag can generate an interrupt if DFWC:ERINTE is set.
* This bit is cleared by software reset (RST) or by writing 0. Writing 1 has no effect.
¢ Read-modify-write operations will read 1.

TOERINT Timeout Error Flag
0 (default) No timeout error detected
1 A write operation ended with timeout error

DS07-16615-2E
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* This flag is set after a write operation ended in timeout state.
* This flag can generate an interrupt if DFWC:ERINTE is set.

* This bit is cleared by software reset (RST) or by writing 0. Writing 1 has no effect.

¢ Read-modify-write operations will read 1.

FININT

Command Sequence Finished Flag

0

(default) Write command was not (yet) finished successfully

1

Write command was finished successfully

* This flag is set after a command sequencer write operation was finished successfully.

* This flag can generate an interrupt if DFWC:FININTE is set.

* This bit is cleared by software reset (RST) or by writing 0. Writing 1 has no effect.

* This bit is also cleared after a DMA transfer (caused by IDLINT) was finished.
* Read-modify-write operations will read 1.

IDLINT

Command Sequencer Idle Flag

0

(default) Command sequencer is disabled or not in IDLE state

1

Command sequencer entered the IDLE state

* This flag is set after the command sequencer was enabled (set DFWC:WE=1) or entered the IDLE state after
a write operation was finished.

* This flag can generate an interrupt if DFWC:INTE is set.

* This flag can generate a DMA transfer request if DFWC:IDLDMAE is set.

* This bit is cleared by software reset (RST) or by writing 0. Writing 1 has no effect.

¢ This bit is also cleared after a DMA transfer was finished.
* Read-modify-write operations will read 1.

ST1 STO Command Sequencer Status Flags
0 0 (default) Command sequencer is disabled or in IDLE state
0 1 Command sequencer is submitting the write command
1 0 Command sequencer is waiting for Flash program finish
1 1 Command sequencer was disabled in "not idle" state

e Status bit {ST1,ST0} =2’b11 show that the command sequencer was disabled in "not idle" state and direct
access to Flash is not yet permitted (wait for proceeding Flash sequence to finish). Max duration of this wait
can be 11 clock cycle after disabling Command Sequencer.

5.4. Data Flash security Control Register 0,1

Please refer to "Data Flash Security Registers’ on page 102 .

o)
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6. Data Flash Interrupts and DMA Access

If a command sequencer write operation is ongoing, and the CPU writes data again, this second write
request is ignored! Therefore, it is recommended to use the data flash interrupts or DMA, which indicates that
the write sequence is finished and successful.

6.1. Data Flash Interrupt Flag Overview

The Data Flash interface has 6 interrupt flags with certain relationship to the 3 output lines for interrupt / DMA
request:

Interrupt Flags:

e |IDLINT IDLE flag, indicates that the command sequencer has entered the IDLE state
after a write sequence. This flag is also set just after the command sequencer was
enabled by setting DFWC:WE.

¢ RDYINT READY flag, indicates that the flash macro has entered READY state.

e FININT FINISH flag, indicates that the command sequencer finished a write sequence successfully.

* TOERINT TIMEOUT Error flag, indicates that a command sequencer write sequence
ended in TIMEOUT error state.

* WERINT Suspend Sector Write Error flag, indicates that there was a write request to a sector which is
erase suspended or write-protected and not ready for writing.

e WIERINT Write Incomplete Error flag, indicates that the command sequencer was disabled
(DFWC:WE = 0) while a write sequence was ongoing.

* PAERF Prohibited Access Error flag, indicates that the CPU tried a read or write access while a

command sequencer write was ongoing. PAERF is a status flag and cannot generate
an interrupt.

The following picture shows the interrupt flags and their enable bits.

INTE

—>
IDLDMAE
RDYINT —l2p DMA Request
IDLINT |
IDLINTE _,
IDLINT > \ Interrupt Request to CPU

FININTE

FININT

ERINTE

U&% » H)

—

TOERINT x DMA Stop Request
WERINT X > >
WIERINT /

\/
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The DMA request can be activated by the IDLE flag only and has a separate enable bit (DFWC:IDLDMAE).
DMA Stop request is activated by the error flags.

The CPU interrupt can be activated by all interrupt flags.
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7. Data Flash parallel programming mode

Note: The currently available parallel flash programmers do not support the programming of the data flash. The
programmers may be updated on request. This chapter is for information only.

7.1. Flash configuration in parallel Flash programming mode
Parallel Flash programming mode (MD[2:0] = 111):

MB91F467PA
CPU Parallel
address programming
mode
0050 0000+ address
External bus area

FFFBFO00H | |Dummy addresses for auto algorithm

FFFB FFOOx Data Flash Security Sector (256 Byte) 00 FFOOx

FFFC 00001 01 0000H
Data Flash Sector 0 (16 KB)

FFFC 4000+ 01 40004
Data Flash Sector 1 (16 KB)

FFFC 8000+ 01 80001
Data Flash Sector 2 (16 KB)

FFFC CO00~ 01 CO00H
Data Flash Sector 3 (16 KB)

01 FFFFw
FFFD 0000+
External bus area
FFFF FFFFx

Note: The address in parallel programming mode is listed here without 10:0000h offset.
Set the offset by keeping FA[22:20] = 001 the same kind as used for programming of the main flash.

Note: The “Dummy addresses for auto algorithm” are accepted although they are located below the physical
addresses of the flash macro. This address space is needed to apply correct addresses in auto algorithms.
See the example in "Auto Program Algorithms’ on page 86 .

7.2. Address mapping from CPU to parallel programming mode

The following tables show the calculation from CPU addresses to data flash macro addresses which are used
in parallel programming.
7.2.1. Address mapping MB91F467PA

CPU Address - Flash
(addr) Condition sectors

FA (flash address) Calculation

FFFB:FFO0n SAS, SA0, SA1, SA2, SA3 _ .
0 ) (256 Byte + 64 Kbyte) FA := addr - 0B:0000h
FFFC:FFFFh y y

Note: FA result is without 10:0000h offset for parallel Flash programming .
Set the offset by keeping FA[22:20] = 001 the same kind as used for programming of the main flash.
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7.3. Pin connections in parallel programming mode

Resetting after setting the MD[2:0] pins to [111] will halt CPU functioning. At this time, the Flash memory’s
interface circuit enables direct control of the Flash memory unit from external pins by directly linking some of
the signals to General Purpose Ports. Please see table below for signal mapping.

In this mode, the Data Flash memory appears to the external pins as a stand-alone unit. This mode is generally
set when writing/erasing using the parallel Flash programmer. In this mode, all operations of the Data Flash

memory’s Auto Algorithms are available.

Correspondence between flash macro and Flash Memory Control Signasl

32?; OFIF?I?]Z FR-CPU mode MB91F467PA external pins Comment
— INITX — INITX 104
FRSTX — FRSTX NMIX 105
— — MD_2 MD_2 96 Setto ‘1’
— — MD_1 MD_1 95 Setto ‘1’
— — MD_0 MD_0 94 Setto ‘1’
RDY FMCS:RDY bit RY/BYX P19_0 112
FCLK FCLK P19_2 114 Clock input
WEX WEX P18_0 118
OEX OEX P19_6 117
CEX CEX P19_5 116
RAS Internal control signal RAS MD_3 98
+ control viainterface
EQIN circuit EQIN MONCLK 97
LTIN LTIN P23 0 68 Set to ‘0’
— TESTX P19_4 115 Set to ‘1’
— RDYI P19_1 113 Setto ‘0’
FAO FAOQ P17_5 125
Internal address bus
FA1 to FA8 FA1 to FA8 P06_0 to P06_7 6to 13
FA9 to FA16 FA9 to FA16 P05_0 to PO5_7 14 to 21
— Internal address bus | FA17 to FA19 P 8511’8F_)118—2’ 11?’21120’ Setto ‘0’
— FA20,FA21 P18_5,P18_6 122, 123 Set to “10”
a0 | Intemal databus | DQOtoDQ7 | PO 0toPO1 7 | 24-31

o)
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7.4. Wait time before data flash access in parallel programming mode

After power-on or the end of a Setting Initialization Request (INITX), the internal data flash security module fetches
the security information. The parallel programmer cannot access the flash until the security vector fetch is finished
and has to wait for the following time:

¢ Min waittime after VDD5/VDD5R power on : 2.9 ms
* Min waittime after INITX rising : 1.0 ms
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8. Data Flash Security
8.1. Data Flash Security Operation

The data flash security protects the flash against unauthorized read and write access.
* A read access to protected flash will return data=0x00 without notification. There is no flag indicating that the
read access was masked by data flash security module.
¢ A write access to a write-protected sector will be cancelled.
The flash macro will be put into RESET state, and the security macro will re-fetch the security information.
It may take up to 600us until the data flash can be accessed again.
In direct access mode, the toggle bits will not change and the bit DFCS:RDY will not go to low state.
In command sequencer mode, the flag DFWS:WERINT is set, indicating that the write operation was not
successful.
* The only possible write operation to a protected sector is Chip Erase.
* The data flash security can be disabled by setting the external pin FSC_DISABLE = 1.
 After INIT, please wait 3 ms before accessing the data flash. This time is needed for the security vector fetch
as well as internal signal synchronization. This time is valid also if FSC_DISABLE = 1.

8.1. Security Vectors

Two 16-bit Data Flash Security Vectors (DFSV1, DFSV2) are located in the 256 byte security sector, controlling
the protection functions of the Data Flash Security module:

DFSV1[15:0]: OXFFFB:FF00
DFSV2[15:0]: OXFFFB:FF02

Vectors
Address +0 | +1 +2 +3 Block
FFFBFFOOH DFSVA1[15:0] DFSV2[15:0] Data Flash
Security Vectors

8.2. Security Vector DFSV1 (bit15 to bit0)
The setting of the Flash Security Vector DFSV1 is responsible for the read and write protection modes.

Explanation of the bits in the Flash Security Vector DFSV1 [15:0]

D';'Vs‘:i’t‘e[zl DFSV1[1] | DFSV1[0]
DFSV1[15:3] Protection Write Read Flash Security Mode
Level Protection | Protection

setallto “0” | setto“0” | setto“0” | setto“1” |Read Protection (all device modes, except INTVEC ')

setallto “0” | setto“0” | setto“1” | setto“0” |Write Protection (all device modes, without exception)

Read Protection (all device modes, except INTVEC) and

setallto 0 setto "0 setto ™ setto ™ Write Protection (all device modes, without exception)

setallto “0” | setto“1” | setto“0” | setto“1” |Read Protection (all device modes, except INTVEC)
setallto “0” | setto“1” | setto“1” | setto “0” |Write Protection (all device modes, except INTVEC)
setallto“0” | setto“” | setto“” | setto“1” Read Protection (all device modes, except INTVEC) and

Write Protection (all device modes, except INTVEC)

1. INTVEC mode is the Internal Vector Fetch mode (MD[2:0] = “000”)
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Note : If Read Protection is set and the device is not in INTVEC mode and the data flash is written using the
Command Sequencer write access, then the command sequencer will set the error flag because it cannot
check that the flash programming was successful.
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8.3. Security Vector DFSV2

The setting of the Flash Security Vector DFSV2 bits [15:0] is responsible for the individual write protection of
the Data Flash sectors. It is only evaluated if write protection bit DFSV1 [1] is set.

Explanation of the bits in the Flash Security Vector DFSV2[15:0]

DFSV2 bit Sector Elr;f:tfc‘tlyc:ir:e D:,s;tt’:;:’iv;'i]te Comment
DFSV2|[0] SA0 set to “0” set to “1”
DFSV2[1] SA1 set to “0” set to “1”
DFSV2[2] SA2 set to “0” set to “1”
DFSV2[3] SA3 set to “0” set to “1”
DFSV2[7:4] — — — sectors not available
DFSV2[8] SAS set to “0” — write protection is mandatory!
DFSV2[15:9] — — — sectors not available

Note : It is mandatory to always set the sector where the Flash Security Vectors DFSV1 and DFSV2 are located to
write protected (here sector SAS). Otherwise it is possible to overwrite the Security Vector to a setting where
it is possible to either read out the Flash content or manipulate data by writing.

See section "Data Flash access in CPU mode’ on page 85 for an overview about the sector organisation of
the Flash Memory.

8.4. Data Flash Security Registers

The Data Flash Security module can be used to calculate a CRC over the Data Flash contents. And it is possible
to force a security vector re-fetch by using the following registers.

8.4.1. DFSCRO : Data Flash Security Control Register 0

Address 31:24 23:16 15:8 7:0 bit
S[7:0] .
07118+ CRC[31:24] CRC[23:0]
1111 1111 1111 1111 1111 1111 1111 1111 Initial
value
W, R R R R Attribute
S[7:0] Sequence Activation

O0xA5 --> Ox5A | Start of a Flash Security Vector Re-Fetch Sequence (write only)
0xFO --> OxOF | Start of a Flash Memory CRC32 Checksum Sequence (write only)

e Continuously writing “A5w”, “6Ax” in the DFSCRO0[31:24] register will start a Flash Security Vector Re-fetch
sequence immediately after writing “5A+”. There is no time restrictions between “A5+” and “5Aw”, but if “A5w” is
written followed by the one other than “5Aw”, it must be written “A5+” again. If not, the Re-Fetch sequence
cannot be started even if “5AH” is written.

¢ Continuously writing “FOw”, “OF+” in the DFSCRO0[31:24] register will start a CRC32 checksum sequence im-
mediately after writing “OF+”. There is no time restrictions between “FO+” and “OF+”, but if “FOH” is written followed

by the one other than “OF+”, it must be written “FO+” again. If not, the CRC checksum sequence cannot be
started even if “OF+” is written.
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¢ These bits are cleared by an INIT signal from external pin (INITX) or hardware watchdog and can be written only.

Note: The Flash Security Vector Re-Fetch sequence is especially intended to be used after a chip erase command
to update the security status without the need of applying an external INITX reset or after changing the status
of the DFSV1 security vector.

Note: The CRC calculation runs on the internal RC clock. It is recommended to switch the RC clock frequency to
2 MHz for shortening the calculation time. However, the CPU clock (CLKB) must be faster then RC clock,
otherwise the CRC calculation may not start correctly.

CRCI[31:0] CRC checksum result
CRC checksum result (read only)

* This register contains the CRC32 checksum result after completion of the CRC32 checksum sequence (the
sequence completion is indicated by DFSCR1.RDY). The CRC checksum is calculated in a standard
CRC32/AALS5 algorithm with the polygon
XAB2+XN26+XN23+XN22+XM 6+XM 2+ XM 1 +XA O+ XAB+XAT +XNS+XNM+XN2+X+1.

* These bits are set to OxFFFFFFFF by an INIT signal from external pin (INITX) or hardware watchdog and can
be read only.

8.4.2. DFSCR1 : Data Flash Security Control Register 1

Address 31:24 23:16 15:8 7:0 bit
0711Cx | SVF_RDY--- --- RDY| ---- CSZ[3:0] | CSA[15:0]
Oxxx xxx1 0000 0000 0000 0000 0000 0000 \'/’;'ﬂi
R/Wx R, R’'W R/W R/W Attribute

¢ Bit30-25: Reserved bits. The read value is always “X”.
* Bit23-20: Reserved bits. The read value is always “0”.

Bit 31:
SVF_RDY Security Vector Fetch Ready (flag)
0 Th.e security vector has no_t been fetched. The data flash is _protected_against read and
write access. Read operations to data flash return 0x00. Write operations are ignored.
1 Thg secur_ity vector has been done. The data flash can be accessed according to the se-
curity settings.
Bit 24:
RDY CRC Sequence Ready (flag)
0 CRC sequence running or not yet started
1 CRC sequence ready (data in the DFSCRO register is valid)
Bit 19-16:
CSZ[3:0] CRC Size Mask
0000 CRC size mask is 256 Byte
0001 CRC size mask is 512 Byte
0010 CRC size mask is 1 KByte
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CSZ[3:0] CRC Size Mask
0011 CRC size mask is 2 KByte
0100 CRC size mask is 4 KByte
0101 CRC size mask is 8 KByte
0110 CRC size mask is 16 KByte
0111 CRC size mask is 32 KByte
1000 CRC size mask is 64 KByte
1001 - 1111 | Not supported

e (CSZ3-0 is used as an OR-mask for the address given by CSA15-0. See address calculation below.
* These bits are cleared by an INIT signal from external pin (INITX) or hardware watchdog.

Bit 15-0

CSA[15:0] CRC Calculation Start Address
Ox00FF CRC start address is 0OxOFFQO0 (sector SAS start)
0x0100 CRC start address is 0x10000 (sector SAO start)
0x0140 CRC start address is 0x14000 (sector SA1 start)

Notes: The values given above are just examples. The addresses to be written in this register are flash memory
addresses like used in the flash parallel programming mode and not the mapped addresses which are used
in CPU mode. See "Address mapping from CPU to parallel programming mode’ on page 97 .

* The CSA register contains the CRC start address which is aligned to 256 Byte addresses. It is only possible
to calculate the CRC checksum over addresses located in the Data Flash Memory address space. Other
addresses are invalid and might lead to wrong checksums.

8.4.3. Calculation of the CRC Start- and End-addresses

The CSZ3-0 setting is first translated into a mask value:

CSZ3-0 MASK
0000 0000_0000_0000_0000
0001 0000_0000_0000_0001
0010 0000_0000_0000_0011
0011 0000_0000_0000_0111
0100 0000_0000_0000_1111
0101 0000_0000_0001_1111
0110 0000_0000_0011_1111
0111 0000_0000_0111_1111
1000 0000_0000_1111_1111
1001-1111 and so on...

* CRC Start address = CSA[15:0] << 8 + 0x00
* CRC End address = (CSA[15:0] or MASK ) << 8 + OxFF
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B MEMORY SPACE

The FR family has 4 Gbytes of logical address space (22 addresses) available to the CPU by linear access.
* Direct addressing area

The following address space area is used for I/O.

This area is called direct addressing area, and the address of an operand can be specified directly in an
instruction.

The size of directly addressable area depends on the length of the data being accessed as shown below.
Byte data access : 000+ to OFFH
Half word access : 000n to 1FF+
Word data access : 000+ to 3FF+
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B MEMORY MAPS
1. MB91F465PA, MB91F467PA

00000000+
00000400+
00001000+
00002000+
00004000+
00006000+
00007000+

00008000+

0000B000H
0000CO00H

0000DO00H

0002A000H
00030000+

00034000+
00040000+

00080000+

00100000+
00148000+

001500004
001800001

00500000+

FFFFFFFFy

Note:

106

MB91F465PA

1/0 (direct addressing area)

1/0

DMA

Flash-Cache (8 KBytes)

Flash memory control

Boot ROM (4 Kbytes)

CAN

D-RAM (0 wait, 24 Kbytes)

ID-RAM (16 Kbytes)

External bus area

Flash memory (512 Kbytes)

External bus area

Flash memory (32 Kbytes)

External bus area

External data bus

Access prohibited areas

00000000+
00000400w
00001000w
00002000+
00004000+
00006000+
00007000+

00008000w

0000B000H
0000CO00H

0000D000H

00024000w
00030000+

00038000w
00040000w

00150000+
00180000w

00500000+

FFFBFOOOK
FFFBFFOOH

FFFCFFFFu
FFFFFFFFu

Note:

o)
FUJITSU

MB91F467PA

1/0 (direct addressing area)

I/0

DMA

Flash-Cache (8 KBytes)

Flash memory control

Boot ROM (4 KBytes)

CAN

D-RAM (0 wait, 48 KBytes)

ID-RAM (32 KBytes)

Flash memory (1088 KBytes)

External bus area

External bus area

Data Flash 64KB + 256Byte /
External bus area

Access prohibited areas
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H /O MAP
1. MB91F465PA, MB91F467PA
Register
Address Block
+0 +1 +2 +3
000000k PDRO [R/W] PDR1 [R/W] PDR2 [R/W] PDRS3 [R/W] T-unit

A

|

OGO | XXXXXXXX XXXXXXXX XXXXXXXX

port data register

L Read/write attribute

Register initial value after reset

address 4n + 1...)

becomes the MSB side of the data.)

Note : Initial values of register bits are represented as follows:
“1” :lnitial value “1”
“0” :Initial value “0”
“X7” :lInitial value “ undefined ”

[T ]

: No physical register at this location

Access is barred with an undefined data access attribute.
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Leftmost register address (for word access, the register in column 1

Register name (column 1 register at address 4n, column 2 register at
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Register
Address Block
+0 +1 +2 +3
PDROO [R/W] PDRO1 [R/W]
000000H XXXXXXXX XXXXXXXX Reserved Reserved
PDRO5 [R/W] PDRO06 [R/W] PDRO7 [R/W]
000004 Reserved XXXXXXXX XXXXXXXX XXXXXXXX
PDRO8 [R/W] PDR09 [R/W] PDR10 [R/W]
000008+ XX XX | el XXX oo XXX Reserved
PDR14 [R/W] PDR15 [R/W]
00000CH Reserved Reserved XXX XXX
000010 PDR16 [R/W] PDR17 [R/W] PDR18 [R/W] PDR19 [R/W] P?&bg:ta
H XXXXXXXX XXXXXXXX - XXX - XXX - XXX - XXX Register
000014 PDR20 [R/W] PDR21 [R/W] PDR22 [R/W] PDR23 [R/W]
H - XXX - XXX XXXX - XXX XXXXXXXX XXXXXXXX
000018 PDR24 [R/W] PDR25 [R/W] PDR26 [R/W] PDR27 [R/W]
H XXXXXXXX | mmmm- XX XXXXXXXX XXXXXXXX
PDR28 [R/W] PDR29 [R/W] PDR30 [R/W]
00001CHx - XXXXX XXXXXXXX XXXXXXXX Reserved
000020 PDR32 [R/W] PDR33 [R/W] PDR34 [R/W] PDR35 [R/W]
H Xoo-X--- X-noXo--- XXXXXXXX XXXXXXXX
000024+
to Reserved
00002CH
000030, | EIRRO [RW] | ENIRO [R/W] ELVRO [R/W] E(f,fleT"(‘)at'o'”ltﬁ;r “7'1)“
H XXXXXXXX 00000000 00000000 00000000 M
000034 EIRR1 [R/W] ENIR1 [R/W] ELVR1 [R/W] External interrupt
H XXXXXXXX 00000000 00000000 00000000 (INT 8 to INT 15)
000038+ DICR [R/W] HRCL [R/W] Reserved Delay interrupt
------- 0 0--11111
00003CH Reserved
000040, | SCRO0 [RAW,W] | SMROO [RAW,W] | SSR00 [RMW.R] RDR[OF%(/?ROO
00000000 00000000 00001000 00000000 LIN-USART
ECCRO00 0
0000444, Eso%ggg)ggéw ] [R/W.R,W] Reserved
-00000XX
000045, | SCROT[RW.W] | SMROT [RMW,W] | SSRO1 [RMW.R] RDR;)F;/\%?RM
00000000 00000000 00001000 00000000 IN.USART
ECCRO1 1
00004CH ESO%ES&SQN ] [R/W.R,W] Reserved
~00000XX
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000050, | SCROZ[RMW,W] | SMRO2 [RMW,W] | SSR02 [RMW.R] RDR[O:/\CFV']DROQ
00000000 00000000 00001000 ooonatno N.USART
ECCR02 2
000054+ Eso%ggg)ggglv ] [R/W,R,W] Reserved
~00000XX
000055, | SCROSRM.W] | SMRO3 [RMW,W] | SSRO3 [RMW.R] RDR[O;’/\’L?R”
00000000 00000000 00001000 oogoed NUSART
ECCR03 3
00005CH Eso%ggg)EgQN ] [R/W.R,W] Reserved
~00000XX
000060, | SCRO4 [RW,W] | SMRO4 [RMW,W] | SSRO4 [RMW.R] RDR[OF:‘/\CFV?ROA'
00000000 00000000 00001000 ooonors |_|N_U4SART
000064, | ESCRO4 [RAW] [E/?NC:OV‘\‘,] FSR04 [R] FCRO4 [R/W] with FIFO
00000X00 NSO - -~ 00000 0001 - 000
000065, | SCROS RW.W] | SMRO5 [RW,W] | SSR05 [RIW,R] RDR[OFf/gV']DR%
00000000 00000000 00001000 00000000 LIN-USSART
00006C, | ESCRO5 [RW] [FE/C\;/\(I:EOV?I] FSRO5 [R] FCRO5 [R/W] with FIFO
00000X00 SN - - - 00000 0001 - 000
000070, | SCROB [RAW,W] | SMROG [RMW,W] | SSR06 [R/W.R] RDR[OF?/GV?ROG
00000000 00000000 00001000 00900000 LIN-U68ART
000074, | ESCROB [RAW] [E/?A?EOV%] FSRO6 [R] FCRO6 [R/W] with FIFO
00000X00 PTIN - - - 00000 0001 - 000
000076, | SCRO7 [RW,.W] | SMRO7 [RMW,W] | SSRO7 [RMW.R] RDR;)FZ A%?RW
00000000 00000000 00001000 oootots |_|N_U7SART
00007, | ESCRO7 [RMW] [FE/?,\?EOVC] FSRO7 [R] FCRO7 [R/W] with FIFO
00000X00 PSION - - - 00000 0001 - 000
000080, | BGR100[R/W] | BGROOO[RMW] | BGR101[RMW] | BGROOT [R/W]
" 00000000 00000000 00000000 00000000
000084, | BGR102[RW] | BGRO02[RW] | BGR103[R/W] | BGROO3 [RMW] Baudrate
H 00000000 00000000 00000000 00000000 Generator
000088 BGR104 [R/W] | BGR004 [R/W] | BGR105[R/W] | BGRO0O05 [R/W] LIN-USART
H 00000000 00000000 00000000 00000000 Oto7
00005G, | BGR106 [RAW] | BGROOG [RAW] | BGR107 [RW] | BGROO7 [R/W]
H 00000000 00000000 00000000 00000000
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000090+
to Reserved
0000CCH
000000 IBCRO [R/W] IBSRO [R] ITBAHO [R/W] | ITBALO [R/W]
H 00000000 00000000 | ------ 00 00000000
ITMKHO [RW] | ITMKLO [R/W] ISMKO [R/W] ISBAO [R/W] ,
0000D4+ 00----11 11111111 01111111 - 0000000 ECO
IDARO [R/W] ICCRO [R/W]
0000D8H Reserved 00000000 - 0011111 Reserved
0000DC IBCR1 [R/W] IBSR1 [R] ITBAH1 [RW] | ITBAL1 [R/W]
H 00000000 00000000 | ------ 00 00000000
ITMKH1 [RW] | ITMKL1 [R/W] ISMK1 [R/W] ISBA1 [R/W] ,
0000EQH 00----11 11111111 01111111 - 0000000 C 1
IDAR1 [R/W] ICCR1 [R/W]
0000E4H Reserved 00000000 - 0011111 Reserved
0000E8H
to Reserved
0000FCH
GCN10 [R/W] GCN20 [R/W] PPG Control
000100~ 00110010 00010000 Reserved - ---0000 0to3
GCN11 [R/W] GCN21 [R/W] PPG Control
000104+ 00110010 00010000 Reserved - ---0000 4107
GCN12 [R/W] GCN22 [R/W] PPG Control
000108+ 00110010 00010000 Reserved - ---0000 8to 11
000110 PTMROO [R] PCSR00 [W]
H 11111111 11111111 XXXXXXXX XXXXXXXX opG 0
000114 PDUTO0 [W] PCNH00 [R/W] | PCNLOO [R/W]
H XXXXXXXX XXXXXXXX 0000000 - 000000 - 0
000118 PTMRO1 [R] PCSRO1 [W]
H 11111111 11111111 XXXXXXXX XXXXXXXX .
00011C PDUTO1 [W] PCNHO1 [R/W] | PCNLO1 [R/W]
H XXXXXXXX  XXXXXXXX 0000000 - 000000 - 0
000120 PTMRO2 [R] PCSR02 [W]
H 11111111 11111111 XXXXXXXX XXXXXXXX opG 2
000124 PDUTO2 [W] PCNH02 [R/W] | PCNLO2 [R/W]
H XXXXXXXX XXXXXXXX 0000000 - 000000 - 0
000128 PTMRO3 [R] PCSR03 [W]
H 11111111 11111111 XXXXXXXX XXXXXXXX opG 3
00012C PDUTO3 [W] PCNHO3 [R/W] | PCNLO3 [R/W]
H XXXXXXXX XXXXXXXX 0000000 - 000000 - 0
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000130 PTMRO04 [R] PCSR04 [W]

" 11111111 11111111 XXXXXXXX  XXXXXXXX PPG 4
000134 PDUTO04 [W] PCNHO04 [R/W] | PCNLO4 [R/W]

" XUXXXXXXX  XXXXXXXX 0000000 - 000000 - 0
000138 PTMRO5 [R] PCSR05 [W]

; 11111111 11111111 XXXXXXXX XXXXXXXX PPG 5
00013C PDUTO05 [W] PCNHO05 [R/W] | PCNLO5 [R/W]

: XXXXXXXX XXXXXXXX 0000000 - 000000 -0
000140 PTMRO06 [R] PCSR06 [W]

: 11111111 11111111 XXXXXXXX  XXXXXXXX PPG 6
000144 PDUTO06 [W] PCNHO06 [R/W] | PCNLO6 [R/W]

; XUXXXXXXX  XXXXXXXX 0000000 - 000000 - 0
000148 PTMRO07 [R] PCSR07 [W]

" 11111111 11111111 XXXXXXXX  XXXXXXXX PPG 7
00014C PDUTO07 [W] PCNHO7 [R/W] | PCNLO7 [R/W]

: XUXXXXXXX  XXXXXXXX 0000000 - 000000 - 0
000150 PTMRO08 [R] PCSR08 [W]

; 11111111 11111111 XXXXXXXX XXXXXXXX PPG 8
000154 PDUTO08 [W] PCNHO08 [R/W] | PCNLO8 [R/W]

: XUXXXXXXX XXXXXXXX 0000000 - 000000 -0
000158 PTMRO09 [R] PCSR09 [W]

: 11111111 11111111 XXXXXXXX  XXXXXXXX PPG 9
00015C PDUTO09 [W] PCNHO09 [R/W] | PCNLO9 [R/W]

: XUXXXXXXX  XXXXXXXX 0000000 - 000000 - 0
000160 PTMR10 [R] PCSR10 [W]

" 11111111 11111111 XXXXXXXX  XXXXXXXX PPG 10
000164 PDUT10 [W] PCNH10 [R/W] | PCNL10 [R/W]

" XXXXXXXX  XXXXXXXX 0000000 - 000000 - 0
000168 PTMR11 [R] PCSR11 [W]

; 11111111 11111111 XXXXXXXX XXXXXXXX PPG 11
00016C PDUT11 [W] PCNH11 [R/W] | PCNL11 [R/W]

: XUXXXXXXX XXXXXXXX 0000000 - 000000 -0

POTMCSRH POTMCSRL P1TMCSRH P1TMCSRL
000170H [R/W] [R/W] [R/W] [R/W]
- 0000000 01000000 - 0000000 01000000 Pulse

000174 POTMRLR [W] POTMR [R] Frequency Modula-

; XUXXXXXXX XXXXXXXX XXXXXXXX XXXXXXXX tor
000178 P1TMRLR [W] P1TMR [R]

: XUXXXXXXX XXXXXXXX XXXXXXXX XXXXXXXX
00017Cn Reserved
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ICSO01 [R/W] ICS23 [R/W]
000180+ Reserved 00000000 Reserved 00000000
Input
IPCPO [R] IPCP1 [R]
0001844 XXXXXXXX XXXXXXXX XXXXXXXX XXXXXXXX Cgfgusre
000188 IPCP2 [R] IPCP3 [R]
H XXXXXXXX XXXXXXXX XXXXXXXX XXXXXXXX
0OCS01 [R/W] 0CS23 [R/W]
00018CH ---0--00 0000 -- 00 ---0--00 0000 --00
500190 OCCPO [R/W] OCCP1 [RIW] cgrfp::e
H XXXXXXXX XXXXXXXX XXXXXXXX XXXXXXXX 4 tcr>)3
000194 OCCP2 [R/W] OCCP3 [R/W]
H XXXXXXXX XXXXXXXX XXXXXXXX XXXXXXXX
000198 SGCRH [RW] | SGCRL [R/W] SGFR [R/W, R]
H 0000 - - 00 --0--000 XXXXXXXX XXXXXXXX Sound
SGAR [R/W] SGTR [R/W] SGDR [R/W] Generator
00013CH 00000000 Reserved XXXXXXXX XXXXXXXX
0001A0 ADERH [R/W] ADERL [R/W]
H 00000000 00000000 00000000 00000000
0001A4 | ADCST [RMW] ADCSO [R/W] ADCR1 [R] ADCRO [R] A/D
00000000 00000000 000000XX XXXXXXXX Converter 0
0001A8 ADCT1 [R/W] ADCTO [R/W] | ADSCH[R/MW] | ADECH [R/W]
H 00010000 00101100 - -- 00000 - -- 00000
0001ACH Reserved
0001B0 TMRLRCO [W] TMRCO [R]
H XXXXXXXX XXXXXXXX XXXXXXXX XXXXXXXX
Reload Timer 0
TMCSRCHO TMCSRCLO (PPG 0-1)
0001B4H Reserved [R/W] [R/W]
- -- 00000 0 - 000000
000188 TMRLRC1 [W] TMRC1 [R]
H XXXXXXXX XXXXXXXX XXXXXXXX XXXXXXXX
Reload Timer 1
TMCSRCH1 TMCSRCL1 (PPG 2-3)
0001BCH Reserved [R/W] [R/W]
- -- 00000 0 - 000000
0001C0 TMRLRC2 [W] TMRC2 [R]
H XXXXXXXX XXXXXXXX XXXXXXXX XXXXXXXX
Reload Timer 2
TMCSRCH2 TMCSRCL2 (PPG 4-5)
0001C4n Reserved [R/W] [R/W]
- -- 00000 0 - 000000
0001C8 TMRLRC3 [W] TMRC3 [R]
H XXXXXXXX XXXXXXXX XXXXXXXX XXXXXXXX
Reload Timer 3
TMCSRCH3 TMCSRCL3 (PPG 6-7)
0001CCw Reserved [R/W] [R/W]
- -- 00000 0 - 000000
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000100 TMRLRC4 [W] TMRC4 [R]
H XXXXXXXX XXXXXXXX XXXXXXXX XXXXXXXX _
Reload Timer 4
TMCSRCH4 TMCSRL4 (PPG 8 10 9)
0001D4+ Reserved [R/W] [R/W]
- -- 00000 0 - 000000
000108 TMRLRC5 [W] TMRC5 [R]
H XXXXXXXX XXXXXXXX XXXXXXXX XXXXXXXX
Reload Timer 5
TMCSRCH5 TMCSRL5 (PPG10to 11)
0001DCH Reserved [R/W] [R/W]
- -- 00000 0 - 000000
0001E0 TMRLRC6 [W] TMRC6 [R]
H XXXXXXXX XXXXXXXX XXXXXXXX XXXXXXXX
Reload Timer 6
TMCSRCH6 TMCSRL6 (PPG 810 9)
0001E4H Reserved [R/W] [R/W]
- -- 00000 0 - 000000
0001E8 TMRLR7 [W] TMRC7 [R]
H XXXXXXXX XXXXXXXX XXXXXXXX XXXXXXXX _
Reload Timer 7
TMCSRCH7 TMCSRCL? (PPG 14 to 15)
0001ECH Reserved [R/W] [R/W]
- -- 00000 0 - 000000
Free Running
TCDTO [RW] TCCSO [R/W] .
0001FOx XXXXXXXX XXXXXXXX Reserved 00000000 (IC-)rLIJm;:ooﬂ
Free Running
TCDT1 [RW] TCCS1 [R/W] :
0001F4x XXXXXXXX XXXXXXXX Reserved 00000000 (OgllTZrt:) 3
Free Running
TCDT2 [RIW] TCCS2 [R/W] :
0001F8x XXXXXXXX XXXXXXXX Reserved 00000000 (ogLTgrtgn
Free Running
TCDT3 [RIW] TCCS3 [R/W] :
0001FCx XXXXXXXX XXXXXXXX Reserved 00000000 Timer 3
(OCU 2 to 3)
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000200 DMACAO [R/W]
" 00000000 0000XXXX XXX XXXXX XXXXXXXX
000204 DMACBO [R/W]
. 00000000 00000000 XXXXXXXX XXXXXXXX
000208 DMACA1 [R/W]
; 00000000 0000XXXX XXXXXXXX XXXXXXXX
DMACB1 [R/W]
00020C 00000000 00000000 XXXXXXXX XXXXXXXX
000210 DMACA2 [R/W]
: 00000000 0000XXXX XXX XXXXX XXXXXXXX
000214 DMACB2 [R/W]
; 00000000 00000000 XXXXXXXX XXXXXXXX
000218 DMACA3 [R/W] DMAC
" 00000000 0000XXXX XXX XXXXX XXXXXXXX
00021C DMACB3 [R/W]
A 00000000 00000000 XXXXXXXX XXXXXXXX
000220 DMACA4 [R/W]
; 00000000 0000XXXX XXXXXXXX XXXXXXXX
000224 DMACB4 [R/W]
; 00000000 00000000 XXXXXXXX XXXXXXXX
000228+
to Reserved
00023CH
DMACR [R/W]
000240+ 00 - - 0000 Reserved
000244+
to Reserved
00027CH
000280, | SCRO8 [RW,W] | SMRO08 [R/W,W] | SSR08 [R/W,R] RDRFS/QV?ROS
00000000 00000000 00001000 00000000 LIN.USART
ECCRO08 8
000284+ ESOCOIS(())(E)B)EEKQN ] [R/W,R,W] Reserved
-00000XX
000285, | SCRO9 [RW.W] | SMRO9 [RMW,W] | SSR09 [RMW.R] RDR[OF?/\’,TV?ROQ
00000000 00000000 00001000 00000000 LIN.USART
ECCR09 9
00028CH Eso%ggg)EgQN ] [R/W.R,W] Reserved
-00000XX
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000290, | SCR10[RW,W] | SMR10 [RMW,W] | SSR10 [RMW.R] RDRFF?/\CFV']DWO
00000000 00000000 00001000 0000000 N-USART
ECCR10 10
0002944 Eso%ggg)gggm [R/W,R,W] Reserved
~00000XX
000268, | SCR1TIRW.W] | SMR11 [RW,W] | SSR11 [RAW,R] RDRFF:/\/L?R”
00000000 00000000 00001000 00000 N.USART
ECCR11 11
00029CH ESO%(F;;&SQN] [R/W.R,W] Reserved
~00000XX
0002A0x
to Reserved
0002BCh
0002C0, | BGR108[R/W] | BGRO08 [RMW] | BGR109 [R/W] | BGRO09 [RMW] Baudrate
00000000 00000000 00000000 00000000 Generator
000204 BGR110 [R/W] BGRO10 [R/W] | BGR111[R/W] | BGRO11 [R/W] LIN-USART
: 00000000 00000000 00000000 00000000 8to 11
0002C8x
to Reserved
0002CCh
ICS45 [RW] ICS67 [RIW]
0002D0H Reserved 00000000 Reserved 00000000
Input
IPCP4 [R] IPCP5 [R]
0002D4+ XXXXXXXX XXXXXXXX XXXXXXXX XXXXXXXX Cj‘;’;”;e
00208 IPCP6 [R] IPCP7 [R]
H XXXXXXXX XXXXXXXX XXXXXXXX XXXXXXXX
0CS45 [R/W] OCS67 [R/W]
0002DC: -~ -0 - -00 0000 - -00 - -0 - -00 0000 - -00
0002E0 OCCP4 [RW] OCCP5 [R/W] CgrL::p::e
H XXXXXXXX XXXXXXXX XXXXXXXX XXXXXXXX ompa
002E4 OCCP6 [R/W] OCCP7 [RW]
H XXXXXXXX XXXXXXXX XXXXXXXX XXXXXXXX
0002E8H
to Reserved
0002ECH
Free Running
TCDT4 [R/W] TCCS4 [RW] .
0002F0x XXXXXXXX XXXXXXXX Reserved 00000000 Timer 4
(ICU 4 to 5)
Free Running
TCDT5 [R/W] TCCS5 [R/W] .
0002F4s XXXXXXXX  XXXXXXXX Reserved 00000000 (Igbm:::?)
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Free Running
TCDT6 [RIW] TCCS6 [R/W] :
0002F8x XXXXXXXX XXXXXXXX Reserved 00000000 (Ongjrtg 5)
Free Running
TCDT7 [RIW] TCCS7 [RIW] :
0002FCr XXXXXXXX XXXXXXXX Reserved 00000000 (ocT:ItTgrtZ) 2
000300 UDRC1 [W] UDRCO [W] UDCR1 [R] UDCRO [R]
H 00000000 00000000 00000000 00000000
Up/Down
UDCCHO [R/W] | UDCCLO [R/W] UDCSO0 [R/W]
000304 00000000 00000000 Reserved 00000000 Cg‘t‘gtfr
UDCCH1 [R/W] | UDCCL1 [R/W] UDCS1 [R/W]
000308+ 00000000 00000000 Reserved 00000000
00030CH Reserved
000310 UDRC3 [W] UDRC2 [W] UDCR3 [R] UDCR2 [R]
H 00000000 00000000 00000000 00000000
Up/Down
UDCCH2 [R/W] | UDCCL2 [R/W] UDCS2 [R/W]
000314u 00000000 00000000 Reserved 00000000 CzoltJ:tSer
UDCCH3 [R/W] | UDCCL3 [R/W] UDCS3 [R/W]
000318+ 00000000 00000000 Reserved 00000000
00031CH Reserved
GCN13 [R/W] GCN23 [R/W] PPG Control
000320+ 00110010 00010000 Reserved - ---0000 1210 15
000324+
to Reserved
00032CH
PTMR12 [R] PCSR12 [W]
000330u 11111111 11111111 XXXXXXXX XXXXXXXX 5P 12
000334 PDUT12 [W] PCNH12 [R/W] | PCNL12 [R/W]
H XXXXXXXX XXXXXXXX 0000000 - 000000 - 0
PTMR13 [R] PCSR13 [W]
000338u 11111111 11111111 XXXXXXXX XXXXXXXX 5P 13
00033C PDUT13 [W] PCNH13 [R/W] | PCNL13 [R/W]
H XXXXXXXX XXXXXXXX 0000000 - 000000 - 0
PTMR14 [R] PCSR14 [W]
000340w 11111111 11111111 XXXXXXXX XXXXXXXX e 14
000344 PDUT14 [W] PCNH14 [R/W] | PCNL14 [R/W]
H XXXXXXXX XXXXXXXX 0000000 - 000000 - 0
PTMR15 [R] PCSR15 [W]
000348+ 11111111 11111111 XXXXXXXX XXXXXXXX opG 1
00034C PDUT15 [W] PCNH15 [R/W] | PCNL15 [R/W]
H XXXXXXXX XXXXXXXX 0000000 - 000000 - 0
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000368 IBCR2 [R/W] IBSR2 [R] ITBAH2 [R/W] ITBAL2 [R/W]
. 00000000 00000000 | ------ 00 00000000
ITMKH2 [R/W] ITMKL2 [R/W] ISMK2 [R/W] ISBA2 [R/W] 5
00036CH 00----11 11111111 o1111111 - 0000000 :C 2
IDAR2 [R/W] ICCR2 [R/W]
000370 Reserved 00000000 - 0011111 Reserved
000374 IBCR3 [R/W] IBSR3 [R] ITBAH3 [R/W] ITBAL3 [R/W]
: 00000000 00000000 | ------ 00 00000000
ITMKH3 [R/W] ITMKL3 [R/W] ISMK3 [R/W] ISBA3 [R/W] ’
000378+ 00----11 11111111 01111111 - 0000000 FC3
IDARS [R/W] ICCRS3 [R/W]
00037CH Reserved 00000000 - 0011111 Reserved
000380+
to Reserved
00038CH
ROMS [R] .
000390~ 11111111 01000011 Reserved ROM Select Register
000394+
to Reserved
0003ECH
BSDO [W]
0003FOx XXXXXXKX XXKXXXKK XXKXXXKK XXXKXXXX
0003F 4+ BSD1  [R/W]
)0.00.0.0.00.9.0.000.0.000.0.00000089.9.900.0.004
Bit Search Module
0003F8H BSDC ' [W]
)0.00.0.0.00.9.0.000.0.0089.9.000.000.89.9.900.0.004
BSRR [R]
0003FCH ) 0.0.0.0.0.00.9.0.000.0.009.9.000.0.00.9.9.000.0.004
000400+
to Reserved
00043CH
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ICROO [R/W] ICRO1 [R/W] ICRO2 [R/W] ICRO3 [R/W]
000440x —11111 —11111 —11111 —11111
ICRO4 [R/W] ICRO5 [R/W] ICRO6 [R/W] ICRO7 [R/W]
0004444 —-11111 11111 —11111 —11111
ICROS [R/W] ICRO9 [R/W] ICR10 [R/W] ICR11 [R/W]
000448« —11111 —11111 —11111 —11111
ICR12 [R/W] ICR13 [R/W] ICR14 [R/W] ICR15 [R/W]
00044Cx —11111 —11111 —11111 —11111
ICR16 [R/W] ICR17 [R/W] ICR18 [R/W] ICR19 [R/W]
000450w —11111 —11111 —11111 —11111
ICR20 [R/W] ICR21 [R/W] ICR22 [R/W] ICR23 [R/W]
000454+ —11111 —11111 —11111 —11111
000458 ICR24 [R/W] ICR25 [R/W] ICR26 [R/W] ICR27 [R/W]
H —11111 —11111 —11111 —11111
ICR28 [R/W] ICR29 [R/W] ICR30 [R/W] ICR31 [R/W]
00045Cn 11111 11111 11111 11111 Interrupt
Control
000460 ICR32 [R/W] ICR33 [R/W] ICR34 [R/W] ICR35 [R/W] Unit
—11111 —11111 —11111 —11111
ICR36 [R/W] ICR37 [R/W] ICR38 [R/W] ICR39 [R/W]
000464+ —11111 —11111 —11111 —11111
ICR40 [R/W] ICR41 [R/W] ICR42 [R/W] ICR43 [R/W]
000468+ —11111 —11111 —11111 —11111
ICR44 [R/W] ICR45 [R/W] ICR46 [R/W] ICR47 [R/W]
00046CH —11111 —11111 —11111 —11111
ICR48 [R/W] ICR49 [R/W] ICR50 [R/W] ICR51 [R/W]
000470x —11111 —11111 —11111 —11111
ICR52 [R/W] ICR53 [R/W] ICR54 [R/W] ICR55 [R/W]
000474x —-11111 11111 —11111 —11111
ICR56 [R/W] ICR57 [R/W] ICR58 [R/W] ICR59 [R/W]
000478u —--11111 —-11111 —-11111 —-11111
ICR60 [R/W] ICR61 [R/W] ICR62 [R/W] ICR63 [R/W]
00047Cx —11111 —11111 —11111 —11111
000480 RSRR [R/W] STCR [R/W] TBCR [R/W] CTBR [W]
. 10000000 00110011 00XXX — 00 XXXXXXXX CC'Ofkl
ontro
000484 CLKR [R/W] WPR [W] DIVRO [R/W] DIVR1 [R/W] Unit
---- 0000 XXXXXXXX 00000011 00000000
000488+ Reserved Reserved
00048Cy | PLLDIVM [RMW] | PLLDIVN [R/W] | PLLDIVG [RW] | PLLDIVG [W]
: - -- 00000 - --00000 - --00000 00000000 PLL Clock
Gear Unit
000490+ PLLCTRL [R/W] Reserved
- ---0000
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Main/Sub
000494, | OSCCTIRW] OSCS1[RW] | OSCC2[RW] | OSCS2[R/W] Occilintor
----- 010 00001111 -.---010 00001111
Control
Port Input
PORTEN [R/W] PPMUX [R/W] **
000498+ | = T 000 Reserved 00000000 00000000 Enable Control /
PortMux Control
PPMUX2 [R/W] *2 PortMux Control 2
00049Cn --000000 - --- ---- Reserved (MB91F467PA)
WTCER [R/W] WTCR [R/W]
0004A0x Reserved | = . 00 00000000 000 — 00 — 0
WTBR [R/W] Real Time Clock
0004A4s Reserved L XXX XXXXXXXX XXXXXXXX (Watch Timer)
WTHR [R/W] WTMR [R/W] WTSR [R/W]
0004A8x - -- 00000 - - 000000 - - 000000 Reserved
Clock-
0004AC CSVTR [R/W] CSVCR [R/W] CSCFG [R/W] CMCFG [R/W] | Supervisor/ Selector
H ---00010 00011100 0X000000 00000000 /
Monitor
CUCR [R/W] CUTD [R/W]
e 0--00 10000000 00000000 Calibration Unit of
CUTR1 [R] CUTR2[R] Sub Oscillation
e 00000000 00000000 00000000
CMPR [R/W] CMCR [R/W]
000488x ~-000010 11111101 Reserved 2001 - - 00 Clock
CMT1 [R/W] CMT2 [R/W] Modulation
0004BCx 00000000 1 - - - 0000 --000000 - - 000000
CANPRE [R/W] | CANCKD [R/W]
0004CO0H 0---0000 - --0000 *3 Reserved Reserved CAN Clock Control
LV Detection /
0004C4s | LVSEL [RMW] LVDET [RW] | HWWDE [R/W] | HWWD [R/W,W] Lo oo,
00000111 00000-00 | ------ 00 00011000
Watchdog
0004Cg, | OSCRHIRMWI | OSCRLIRW] | WPCRH[RMW] | WPCRL[RMW] “ﬁ:g:g@:ﬁg‘ﬁ
H 000--001 | ----- 000 00---000 | ------ 00 :
Timer
Main- Oscillation
OSCCR [R/W] REGSEL [R/W] | REGCTR[R/W] | Standby Control
0004CCH |~ . 00 Reserved --000110 ---0--00 | Main/Sub Regulator
Control
GCN14 [R/W] GCN24 [R/W] PPG Control
000500+ 00110010 00010000 Reserved - ---0000 16 to 19
GCN15 [R/W] GCN25 [R/W] PPG Control
000504 00110010 00010000 Reserved - ---0000 20 to 23
GCN16 [R/W] GCN26 [R/W] PPG Control
000508+ 00110010 00010000 Reserved - ---0000 24 t0 27
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GCN17 [RW] GCN27 [R/W] PPG Control
00050CH 00110010 00010000 Reserved ----0000 28 to 31
00510 PTMR16 [R] PCSR16 [W]
H 11111111 11111111 XXXXXXXX XXXXXXXX opG 16
000514 PDUT16 [W] PCNH16 [R/W] | PCNL16 [R/W]
H XXXXXXXX XXXXXXXX 0000000 - 000000 - 0
000518 PTMR17 [R] PCSR17 [W]
H 11111111 11111111 XXXXXXXX XXXXXXXX oo 17
0051C PDUT17 [W] PCNH17 [R/W] | PCNL17 [RW]
H XXXXXXXX XXXXXXXX 0000000 - 000000 - 0
PTMR18 [R] PCSR18 [W]
000520w 11111111 11111111 XXXXXXXX XXXXXXXX PG 18
000524 PDUT18 [W] PCNH18 [R/W] | PCNL18 [R/W]
H XXXXXXXX XXXXXXXX 0000000 - 000000 - 0
PTMR19 [R] PCSR19 [W]
000528 11111111 11111111 XXXXXXXX XXXXXXXX opG 10
00052C PDUT19 [W] PCNH19 [R/W] | PCNL19 [R/W]
H XXOXXXXXX XXXXXXXX 0000000 - 000000 - 0
PTMR20 [R] PCSR20 [W]
000530~ 11111111 11111111 XXXXXXXX XXXXXXXX ope 20
000534 PDUT20 [W] PCNH20 [R/W] | PCNL20 [R/W]
H XXXXXXXX XXXXXXXX 0000000 - 000000 - 0
PTMR21 [R] PCSR21 [W]
000538+ 11111111 11111111 XXXXXXXX XXXXXXXX opG o1
00053C PDUT21 [W] PCNH21 [R/W] | PCNL21 [R/W]
H XXXXXXXX XXXXXXXX 0000000 - 000000 - 0
PTMR22 [R] PCSR22 [W]
0005401 11111111 11111111 XXXXXXXX XXXXXXXX b 20
000544 PDUT22 [W] PCNH22 [R/W] | PCNL22 [R/W]
H XXXXXXXX XXXXXXXX 0000000 - 000000 - 0
PTMR23 [R] PCSR23 [W]
000548+ 11111111 11111111 XXXXXXXX XXXXXXXX ope 2
0054C PDUT23 [W] PCNH23 [R/W] | PCNL23 [R/W]
H XXXXXXXX XXXXXXXX 0000000 - 000000 - 0
0005501 PTMR24 [R] PCSR24 [W]
11111111 11111111 XXXXXXXX XXXXXXXX opG 24
000554 PDUT24 [W] PCNH24 [R/W] | PCNL24 [R/W]
H XXXXXXXX XXXXXXXX 0000000 - 000000 - 0
000556, PTMR25 [R] PCSR25 [W]
11111111 11111111 XXXXXXXX XXXXXXXX opG 2
00055C PDUT25 [W] PCNH25 [R/W] | PCNL25 [R/W]
H XXXXXXXX XXXXXXXX 0000000 - 000000 - 0
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000560 PTMR26 [R] PCSR26 [W]
H 11111111 11111111 XXXXXXXX XXXXXXXX PG 26
000564 PDUT26 [W] PCNH26 [R/W] | PCNL26 [R/W]
H XXXXXXXX XXXXXXXX 0000000 - 000000 - 0
PTMR27 [R] PCSR27 [W]
000568« 11111111 11111111 XXOKXXXX XXXXXXXX ope 27
0056C PDUT27 [W] PCNH27 [R/W] | PCNL27 [RW]
H XXXXXXXX XXXXXXXX 0000000 - 000000 - 0
PTMR28 [R] PCSR28 [W]
000570w 11111111 11111111 XXXXXXXX XXXXXXXX opG 28
000574 PDUT28 [W] PCNH28 [R/W] | PCNL28 [R/W]
H XXXXXXXX XXXXXXXX 0000000 - 000000 - 0
0005781 PTMR29 [R] PCSR29 [W]
11111111 11111111 XXXXXXXX XXXXXXXX opG 20
0057C PDUT29 [W] PCNH29 [R/W] | PCNL29 [R/W]
H XXXXXXXX XXXXXXXX 0000000 - 000000 - 0
PTMR30 [R] PCSR30 [W]
000580« 11111111 11111111 XXOKXXXX XXXXXXXX N
000554 PDUT30 [W] PCNH30 [R/W] | PCNL30 [R/W]
H XXXXXXXX XXXXXXXX 0000000 - 000000 - 0
PTMR31 [R] PCSR31 [W]
000588 11111111 11111111 XXXXXXXX XXXXXXXX oo a1
0058C PDUT31 [W] PCNH31 [R/W] | PCNL31 [R/W]
H XXXXXXXX XXXXXXXX 0000000 - 000000 - 0
000590 TMRLR8 [W] TMRS [R]
H XXXXXXXX XXXXXXXX XXXXXXXX XXXXXXXX
Reload Timer 8
TMCSRHS TMCSRLS (PPG 16 10 19)
0005944 Reserved [R/W] [R/W]
- - 000000 0 - 000000
000568 TMRLR9 [W] TMR9 [R]
H XXXXXXXX XXXXXXXX XXXXXXXX XXXXXXXX
Reload Timer 9
TMCSRH9 TMCSRLO (PPG 16 0 19)
00059CH Reserved [R/W] [R/W]
- - 000000 0 - 000000
10050 TMRLR10 [W] TMR10 [R]
H XXXXXXXX XXXXXXXX XXXXXXXX XXXXXXXX Reload Timer 10
TMCSRH10 TMCSRL10
0005A4H Reserved [R/W] [R/W] (PPG 20 to 23)
- - 000000 0 - 000000
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0005A8 TMRLR11 [W] TMR11 [R]
" XOXOXXXXXX XXXXXXXX XXX XXXXXXXX Reload Timer 11
TMCSRH11 TMCSRL11
0005ACH Reserved [R/W] [R/W] (PPG 20 to 23)
- - 000000 0 - 000000
000580 TMRLR12 [W] TMR12 [R]
H MXOOOXXXX XXXXXXXX YXOOOXXX XXXXXXXX Reload Timer 12
TMCSRH12 TMCSRL12
0005B4+ Reserved [R/W] [R/W] (PPG 24 to 27)
- - 000000 0 - 000000
0005B8 TMRLR13 [W] TMR13 [R]
: XXX XXXXXXXX XOOOXXXX XXXXXXXX Reload Timer 13
TMCSRH13 TMCSRL13
0005BCH Reserved [R/W] [R/W] (PPG 24 to 27)
- - 000000 0 - 000000
0005C0 TMRLR14 [W] TMR14 [R]
" XOXOXXXXX XXXXXXXX XOXOXXXXX XXXXXXXX Reload Timer 14
TMCSRH14 TMCSRL14
0005C4+ Reserved [R/W] [R/W] (PPG 28 to 31)
- - 000000 0 - 000000
0005C8H TMRLR15 [W] TMR15 [R]
XOOXXXXX XXXXXXXX XOXOXXXXXX XXXXXXXX Reload Timer 15
TMCSRH15 TMCSRL15
0005CCH Reserved [R/W] [R/W] (PPG 28 to 31)
- - 000000 0 - 000000
TMR89 [R] .
0005D0x XXXXXXXX XXXXXXXK XXXXXXXX XXXXXXXX Reload Timers 8 + 9
0005D4 TMR1011 [R] Reload Timers 10 +
" XOOOXXXX XXXXXXXX XXXXXXXX XXXXXXXX 11
0005D8 TMR1213 [R] Reload Timers 12 +
A XOOXXXXX XXXXXXXX XXXXXXXX XXXXXXXX 13
0005DC TMR1415 [R] Reload Timers 14 +
. XOOXXXX XXXXXXXX XXXXXXXX XXXXXXXX 15
0005E0 AD1ERH [R/W] AD1ERL [R/W]
: 00000000 00000000 00000000 00000000
AD1CS1[R/W] | AD1CSO0 [R/W] AD1CR1 [R] AD1CRO [R] .
0005E4+ A/D Converter 1 *
00000000 00000000 000000XX XXXXXXXX (MBO1F467PA)
AD1CT1[R/W] | AD1CTO [R/W] AD1SCH AD1ECH
0005E8H 00010000 00101100 [R/W] [R/W]
---00000 ---00000
0005ECH
to Reserved
00063Fn
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000640x ASRO [R/W] ACRO [R/W]
00000000 00000000 1111**00 00100000 *5
000644 ASR1 [R/W] ACR1 [RW]
H XXXXXXXX XXXXXXXXK XXXXXXXX XXXXXXXX
000648 ASR2 [R/W] ACR2 [R/W]
H XXXXXXXX XXXXXXXXK XXXXXXXX XXXXXXXX
00064C ASR3  [R/W] ACR3 [R/W]
H XXXXXXXX XXXXXXXXK XXXXXXXX XXXXXXXX
000650 ASR4 [R/W] ACR4 [R/W]
H XXXXXXXX XXXXXXXXK XXXXXXXX XXXXXXXX
000654 ASR5 [R/W] ACR5 [R/W]
H XXXXXXXX XXXXXXXXK XXXXXXXX XXXXXXXX
000658 ASR6 [R/W] ACR6 [R/W]
H XXXXXXXX XXXXXXXXK XXXXXXXX XXXXXXXX
00065C,. ASR7 [R/W] ACR7 [R/W]
XXXXXXXX XXXXXXXXK XXXXXXXX XXXXXXXX Extornal Bus
000660 AWRO [R/W] AWRT [R/W] Unit
H 01111111 11111011 XXXXXXXX XXXXXXXX
000664 AWR2 [R/W] AWR3 [R/W]
H XXXXXXXX XXXXXXXXK XXXXXXXX XXXXXXXX
000668 AWR4 [R/W] AWRS5 [R/W]
H XXXXXXXX XXXXXXXXK XXXXXXXX XXXXXXXX
00066C AWRG [R/W] AWR7 [R/W]
H XXXXXXXX XXXXXXXXK XXXXXXXX XXXXXXXX
MCRA [R/W] MCRB [R/W]
000670x XXXXXXXX XXXXXXXX Reserved
000674+ Reserved
IORWO [R/W] IORW1 [R/W] | IORW2 [R/W]
000678 XXXXXXXX XXXXXXXX XXXXXXXX Reserved
00067CH Reserved
CSER [R/W] CHER [R/W] TCR [R/W]
000680~ 00000001 11111111 Reserved 0000**** *6
RCRH [R/W] RCRL [R/W]
000684+ 00XXXXXX XXXXOXXX Reserved
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000688, | RCOOHO[RW] | RCOOLO [R/W] | RCOOH1[R/W] | RCOOLT[R/W]
" 11111111 0000 0000 1111111 0000 0000
00068C, | RCOOH2[R/W] | RCOOL2 [R/W] | RCOOHS3 [R/W] | RCOOLS [R/W]
4 1111111 0000 0000 1111111 0000 0000
000690 RCOOIRS [R/W] A/D Converter 0
" 00000000 00000000 00000000 00000000 Range Cgmparator
RCOO0OF [R] MB91F467PA
000694« 00000000 00000000 00000000 00000000 ( )
RCOOINT [R/WO0]
000698« 00000000 00000000 00000000 00000000
00069CH reserved
0006A0 ADOCCO [R/W] | ADOCC1 [R/W] | ADOCC2[R/W] | ADOCC3 [R/W]
" 0000 0000 0000 0000 0000 0000 0000 0000
0006A4y | APOCC4[RMW] | ADOCCS5 [R/W] | ADOCC6 [R/W] | ADOCC7 [R/W]
" 0000 0000 0000 0000 0000 0000 0000 0000 A/D Converter 0
Channel Control
0006A8, | ADOCCB[RMW] | ADOCCY[R/MW] | ADOCC10 [R/W] | ADOCC11T[RW] | (MB91F467PA)
0000 0000 0000 0000 0000 0000 0000 0000
0006AC, | APOCC12 [R/W] | ADOCC13 [R/W] | ADOCC14 [R/W] | ADOCC15 [R/W]
" 0000 0000 0000 0000 0000 0000 0000 0000
A/D Converter 0
0006BOH Agggc;s, 2[2(\)/\, ] reserved Control register 2
(MB91F467PA)
000684, | RCOTHO[RMW] | RCO1LO[RMW] | RCOTH1[RMW] | RCOIL1 [R/W]
" 11111111 0000 0000 11111111 0000 0000
000688, | RCOTH2[RW] | RCO1L2[R/W] | RCOTH3[R/W] | RCO1L3 [R/W]
" 11111111 0000 0000 11111111 0000 0000
0006BCH RCOTIRS [R/W] A/D Converter 1
00000000 00000000 00000000 00000000 Range Comparator
0006CO0 RCO10F [R] (MB91F467PA)
" 00000000 00000000 00000000 00000000
RCO1INT [R/WO0]
0006C4« 00000000 00000000 00000000 00000000
0006C8H reserved
0006CC, | AP1CCO[RW] | AD1CC1[R/W] | AD1CC2[R/W] | AD1CC3 [R/W]
" 0000 0000 0000 0000 0000 0000 0000 0000
0006D0 AD1CC4 [R/W] | AD1CC5[R/W] | AD1CC6[R/W] | AD1CC7 [R/W]
" 0000 0000 0000 0000 0000 0000 0000 0000 A/D Converter 1
Channel Control
000604y | AD1CC8I[RM] | AD1CCY[R/MW] | AD1CC10[RMW] | ADICC11[RW] | (MB91F467PA)
0000 0000 0000 0000 0000 0000 0000 0000
000608, | AD1CC12[RMW] | AD1CC13 [RIW] | AD1CC14 [R/W] | AD1CC15 [R/W]
" 0000 0000 0000 0000 0000 0000 0000 0000
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A/D Converter 1
0006DCH Agg)gos 2[2(\)N ] reserved Control register 2
(MB91F467PA)
ADCODO [R] ADCOD1 [R]
0006EOW | ______ XXX | e XX XXXXXXXX
ADCOD2 [R] ADCOD3 [R]
0006E4w | _____ XXOOOXXXX | eeeee- XX XXXXXXXX
ADCODA4 [R] ADCODS [R]
0006E8x | _____. XXXXXXXXXK | e XX XXXXXXXX
ADCODS [R] ADCO0D?7 [R]
O00BECH | _____. XXOOKXXXXK | ememes XX XXXXXXXX
ADCODS [R] ADCO0DS [R]
0006FOw | _____. XXX | e XX XXXXXXXX
ADCOD10 [R] ADCOD11 [R]
0006F4w | _____. XXOOOXXXX | e XX XXXXXXXX
ADCOD12 [R] ADCOD13 [R]
0006F8H | . .. XX XXXXXXXX | emeeee XX XXXXXXXX
0006FCH ADCOD14 [R] ADCO0DO015 [R] A/D Converter 0
------ XX XXXXXXXX - == == = XXOXXXXXXXX Channel Data regis-
00700 ADCOD16 [R] ADCOD17 [R] ters *®
A XX XXXXXXXX | aee-e- XX XXXXXXXX (MB91F467PA)
ADCOD18 [R] ADCOD19 [R]
000704w | ______ XX XXXXXXXX | e XX XXXXXXXX
ADCOD20 [R] ADCO0D21 [R]
000708~ | _____. XXOOOOXXXX | aeeee- XX XXXXXXXX
ADCOD22 [R] ADCO0D23 [R]
0go70CH | . XXOXXKXXXK | mmmee XX XXXXXXXX
000710 ADCOD24 [R] ADCO0D25 [R]
A XX XXXXXXXX | --a--- XX XXXXXXXX
000714 ADCO0D26 [R] ADCOD27 [R]
A I XX XXXXXXXX | - XX XXXXXXXX
000718 ADCOD28 [R] ADCO0D29 [R]
N XX XXXXXXXX | - XX XXXXXXXX
ADCOD30 [R] ADCO0D31 [R]
00071Cw | . XXOXXKXXXX | mmmees XX XXXXXXXX

DS07-16615-2E

L
FUJITSU

125




MB91460P Series
e

Register
Address Block
+0 +1 +2 +3
ADC1DO [R] ADC1D1 [R]
000720n | .. XXOXXXXXXXX | =mmm e XX XXXXXXXX
ADC1D2 [R] ADC1D3 [R]
000724n | ... XXOXXXXXXX | =mmm e XX XXXXXXXX
ADC1D4 [R] ADC1DS [R]
000728+ | ... XXXXXXXXXX | =eme e XX XXXXXXXX
ADC1D6 [R] ADC1D7 [R]
00072Cw | _____. XX XXXXXXXX | = XX XXXXXXXX
ADC1D8 [R] ADC1D9 [R]
000730k | . XX XXXXXXXX | - XX XXXXXXXX
ADG1D10[R] ADC1D11 [R]
000734w | .. XX XXXXXXXX | = XX XXXXXXXX
ADC1D12 [R] ADC1D13 [R]
000788 | .. XXOXXXXXXXX | =mmm e XX XXXXXXXX
10073C: ADC1D14 [R] ADC1DO015 [R] A/D Converter 1
------ XX XXXXXXXX == = XK XKXXXXXX Channel Data regis-
ADC1D16 [R] ADC1D17 [R] ters
000740H ______ XX XXXXXXXX ______ XX XXXXXXXX (MBg1 F467PA)
ADC1D18 [R] ADC1D19 [R]
000744« | .. XXXXXXXXXX | emmee XX XXXXXXXX
ADC1D20 [R] ADC1D21 [R]
000748« | ... XXXXXXXXXX | e XX XXXXXXXX
ADC1D22 [R] ADC1D23 [R]
00074Cw | ... XX XXXXXXXX | - XX XXXXXXXX
ADC1D24 [R] ADC1D25 [R]
000750 | .. XX XXXXXXXX | e XX XXXXXXXX
ADG1D26 [R] ADC1D27 [R]
000754n | .. XX XXXXXXXX | e XX XXXXXXXX
ADC1D28 [R] ADC1D29 [R]
000758 | .. XXOXXKXXXXK | e XX XXXXXXXX
ADC1D30 [R] ADC1D31 [R]
00075Cw | ... XXXXXXXXXX | =emeee XX XXXXXXXX
000760+
to Reserved
0007F8n
MODR [W] i
0007FCH Reserved XXXXXXXX Reserved Reserved Mode Register
000800+
to Reserved
000BFCh
*9
000CO0x reserved o -Unit
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000C04+
to reserved
000CFCH
PDRDOO [R] PDRDO1 [R]
000D00OH XXXXXXXX XXXXXXXX Reserved Reserved
PDRDO5 [R] PDRDO6 [R] PDRDO7 [R]
000D04+ Reserved XXXXXXXX XXXXXXXX XXXXXXXX
PDRDOS [R] PDRDO9 [R] PDRD10 [R]
000DO08H XX o XX | e XXX XXX Reserved
PDRD14 [R] PDRD15 [R]
000DOCH Reserved Reserved XXXXXXXX XXXXXXXX R bus
000D10 PDRD16 [R] PDRD17 [R] PDRD18 [R] PDRD19 [R] Port Data
H XXXXXXXX XXXXXXXX - XXX - XXX - XXX - XXX Direct Read
000D14 PDRD20 [R] PDRD21 [R] PDRD22 [R] PDRD23 [R] Register
M XXX - XXX XXXX - XXX XXXXXXXX XXXXXXXX
000D18 PDRD24 [R] PDRD25 [R] PDRD26 [R] PDRD27 [R]
H XXXXXXXX | mmmm- XX XXXXXXXX XXXXXXXX
PDRD28 [R] PDRD29 [R] PDRD30 [R]
000D1CH |y X XXXXX XXXXXXXX XXXXXXXX Reserved
000D20 PDRD32 [R] PDRD33 [R] PDRD34 [R] PDRD35 [R]
H XoooXonon- XonoXono- XXXXXXXX XXXXXXXX
000D24+
to Reserved
000D3CH
DDROO [R/W] DDRO1 [R/W]
000D40H 00000000 00000000 Reserved Reserved
DDRO5 [R/W] | DDRO6 [R/W] DDRO7 [R/W]
000DA44x Reserved 00000000 00000000 00000000
DDRO8 [R/W] DDRO9 [R/W] | DDR10 [R/W]
000D48H 0--0--00 | ----- 000 e --0-00 Reserved
DDR14 [R/W] DDR15 [R/W]
000D4CH Reserved Reserved 00000000 00000000
R-bus
DDR16 [R/W] DDR17 [R/W] | DDR18[R/W] DDR19 [R/W] Pus
000DS50x 00000000 00000000 - 000 - 000 - 000 - 000 Poge[;g;tr"’”
000D54 DDR20 [R/W] DDR21 [R/W] | DDR22 [R/W] DDR23 [R/W]
H - 000 - 000 0000 - 000 00000000 00000000
000D58 DDR24 [R/W] DDR25 [R/W] | DDR26 [R/W] DDR27 [R/W]
H 00000000 | ------ 00 00000000 00000000
DDR28 [R/W] DDR29 [R/W] | DDR30 [R/W]
000D5CH 00000000 00000000 00000000 Reserved
00060 DDR32 [R/W] DDR33[R/W] | DDR34 [R/W] DDR35 [R/W]
H 0---0--- 0---0--- 00000000 00000000
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000D64+
to Reserved
000D7CH
PFROO [R/W] PFRO1 [R/W]
000D80w 00000000 *0 00000000 Reserved Reserved
PFRO05 [R/W] PFRO06 [R/W] PFRO07 [R/W]
000D84x Reserved 00000000 00000000 00000000
PFRO8 [R/W] PFRO09 [R/W] PFR10 [R/W]
000D88H 0--0--00 | —oo-. 000 ee-0-00 Reserved
PFR14 [R/W] PFR15 [R/W]
000D8CH Reserved Reserved 00000000 00000000
R-bus
PFR16 [R/W] PFR17 [R/W] PFR18 [R/W] PFR19 [R/W] .
000DI0n 00000000 00000000 - 000 - 000 - 000 - 000 Pogezlgg;on
000D94 PFR20 [R/W] PFR21 [R/W] PFR22 [R/W] PFR23 [R/W]
" - 000 - 000 - 000 - 000 00000000 00000000
000D98 PFR24 [R/W] PFR25 [R/W] PFR26 [R/W] PFR27 [R/W]
A 00000000 | ------ 00 00000000 00000000
PFR28 [R/W] PFR29 [R/W] PFR30 [R/W]
000D9Cr 00000000 00000000 00000000 Reserved
000DAO PFR32 [R/W] PFR33 [R/W] PFR34 [R/W] PFR35 [R/W]
. 0---0--- 0---0--- 00000000 00000000
000DA4H
to Reserved
000DBCH
000DCOH
to Reserved
000DC8H
000DCCH Reserved Reserved EPFR1 0 _[F_V(\)N] Reserved
EPFR14 [R/W] EPFR15 [R/W]
000DCCH Reserved Reserved 00000000 00000000
000DDO EPFR16 [R/W] EPFR17 [R/W] EPFR18 [R/W] EPFR19 [R/W]
H 0000 - - - - 00000000 - 000 - 000 -0---0--
R-bus Port
000DD4H EPFR20 [R/W] EPFR21 [R/W] Reserved Reserved Extra Function
- 000 - 000 -0---0-- )
Register
EPFR24 [R/W] EPFR26 [R/W] EPFR27 [R/W]
000DD8x 0000 - - - - Reserved 00000000 00000000
EPFR30 [R/W]
000DDCH Reserved Reserved 00000000 Reserved
000DEO EPFR32 [R/W] EPFR33 [R/W] EPFR34 [R/W] EPFR35 [R/W]
. 0---0--- 0---0--- 00000000 00000000
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000DE4+
to Reserved
000DFCH
PODROO [R/W] | PODRO1 [R/W]
000EOOH 00000000 00000000 Reserved Reserved
PODRO5 [R/W] | PODRO06 [R/W] | PODRO7 [RIW]
000EQ4- Reserved 00000000 00000000 00000000
PODRO8 [R/W] | PODR09 [R/W] | PODR10 [R/W]
000EO08H 0--0--00 | ----- 000 . --0-00 Reserved
PODR14 [R/W] | PODR15 [R/W]
O00EOCH Reserved Reserved 00000000 00000000
R-bus Port
PODR16 [R/W] | PODR17 [R/W] | PODR18 [R/W] | PODR19 [R/W] :
O00E10x 00000000 00000000 - 000 - 000 - 000 - 000 o“tp“g{ggi"s’ferse'e‘“
000E{4. | PODR20[RMW] | PODR21 [RMW] | PODR22 [RM] | PODR23 [R/W]
H - 000 - 000 0000 - 000 00000000 00000000
000E{g, | PODR24[R/W] | PODR25[R/W] | PODR26 [RMW] | PODR27 [R/W]
H 00000000 | ------ 00 00000000 00000000
PODR28 [R/W] | PODR29 [R/W] | PODR30 [R/W]
O0OE1Cx 0000000 00000000 00000000 Reserved
000E20, | PODR32[RW] | PODR33[RMW] | PODR34 [RMW] | PODRS5 [R/W]
H 0---0--- 0---0--- 00000000 00000000
000E24+
to Reserved
000E3CH
PILROO [R/W] PILRO1 [R/W]
000E40nH 00000000 00000000 Reserved Reserved
PILRO5 [R/W] | PILRO6 [R/W] PILRO7 [R/W]
O00E44- Reserved 00000000 00000000 00000000
PILROS [R/W] PILRO9 [R/W] | PILR10 [R/W]
000E48H 0--0--00 | ----- 000 ee--0-00 Reserved
PILR14 [R/W] PILR15 [R/W]
000E4CH Reserved Reserved 00000000 00000000
PILR16 [R/W] PILR17 [R/W] | PILR18[R/W] | PILR19 [R/W] R-bus Port
000ES50x 00000000 00000000 - 000 - 000 - 000 - 000 '”p“tRLfé’iieSre'eCt
PILR20 [R/W] PILR21 [R/W] | PILR22 [R/W] PILR23 [R/W]
000E54H - 000 - 000 0000 - 000 00000000 00000000
000ESS PILR24 [R/W] PILR25 [R/W] | PILR26 [R/W] PILR27 [R/W]
H 00000000 | ------ 00 00000000 00000000
PILR28 [R/W] PILR29 [R/W] | PILR30 [R/W]
O00E5CH 00000000 00000000 00000000 Reserved
000EEO PILR32 [R/W] PILR33[R/W] | PILR34 [R/W] PILR35 [R/W]
H 0---0--- 0---0--- 00000000 00000000
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Address Block
+0 +1 +2 +3
000E64+
to Reserved
000E7CH
EPILROO [R/W] | EPILRO1 [R/W]
000E80H 00000000 00000000 Reserved Reserved
EPILRO5 [R/W] | EPILRO6 [R/W] | EPILRO7 [R/W]
000E84x Reserved 00000000 00000000 00000000
EPILROS [R/W] | EPILRO9 [R/W] | EPILR10 [R/W]
000E88H 0--0--00 | ----- 000 e --0-00 Reserved
EPILR14 [R/W] | EPILR15 [R/W]
OO0OES8CH Reserved Reserved
00000000 00000000 R-bus Port
000E90 EPILR16 [R/W] | EPILR17 [R/W] | EPILR18 [R/W] | EPILR19[R/W] |Extra Input Level Se-
: 00000000 00000000 - 000 - 000 - 000 - 000 lect
000E94, | EPILR20[RW] | EPILR21[RMW] | EPILR22 [R/W] | EPILR23 [R/W] Register
: - 000 - 000 0000 - 000 00000000 00000000
000E9S EPILR24 [R/W] | EPILR25[R/W] | EPILR26 [R/W] | EPILR27 [R/W]
: 00000000 | ------ 00 00000000 00000000
EPILR28 [R/W] | EPILR29 [R/W] | EPILR30 [R/W]
O0OE9CH 00000000 00000000 00000000 Reserved
000EAD, | EPILR32[R/W] | EPILR33[R/W] | EPILR34 [R/W] | EPILR35 [RW]
. 0---0--- 0---0--- 00000000 00000000
000EA4+
to Reserved
000EBCH
PPEROO [R/W] | PPERO1 [R/W]
OO0OECOH 00000000 00000000 Reserved Reserved
PPERO5 [R/W] | PPERO06[R/W] | PPERO7 [R/W]
O00EC4« Reserved 00000000 00000000 00000000
PPERO8 [R/W] | PPERO09[R/W] | PPER10 [R/W]
0OOECS8H 0--0--00 | ---_- 000 e -0-00 Reserved
PPER14 [R/W] | PPER15 [R/W]
000ECCH Reserved Reserved
00000000 00000000 R-bus Port
000EDO PPER16 [R/W] | PPER17[R/W] | PPER18[R/W] | PPER19[R/W] | Pull-Up/Down En-
. 00000000 00000000 - 000 - 000 - 000 - 000 able
000ED4 PPER20 [R/W] | PPER21[R/W] | PPER22[R/W] | PPER23[R/W] Register
. - 000 - 000 0000 - 000 00000000 00000000
000EDS PPER24 [R/W] | PPER25[R/W] | PPER26[R/W] | PPER27 [R/W]
. 00000000 | ------ 00 00000000 00000000
PPER28 [R/W] | PPER29[R/W] | PPER30 [R/W]
OOOEDCH 0000000 00000000 00000000 Reserved
000EED PPER32 [R/W] | PPER33[R/W] | PPER34[R/W] | PPERS35[R/W]
H 0---0--- 0---0--- 00000000 00000000
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Register
Address Block
+0 +1 +2 +3
O0OEE4+
to Reserved
O0OEFCH
PPCRO0 [R'W] | PPCRO1 [R/W]
000FO00H 00000000 00000000 Reserved Reserved
PPCRO5 [R/W] | PPCRO6[R/W] | PPCRO7 [R/W]
000F04+ Reserved 00000000 00000000 00000000
PPCRO8 [R/W] | PPCRO09[R/W] | PPCR10 [R/W]
000F08H 0--0--00 | ----- 000 e --0-00 Reserved
PPCR14 [R/W] | PPCR15 [R/W]
000FOCH Reserved Reserved
00000000 00000000 R-bus Port
000E10 PPCR16 [R/W] | PPCR17 [R/W] | PPCR18[R/W] | PPCR19[R/W] | Pull-Up/Down Con-
: 00000000 00000000 - 000 - 000 - 000 - 000 trol
000E14y | PPCR20[RW] | PPCR21[R/W] | PPCR22[R/W] | PPCR23 [R/W] Register
: - 000 - 000 0000 - 000 00000000 00000000
000F18: | PPCR24[R/W] | PPCR25[R/W] | PPCR26[R/W] | PPCR27 [RIW]
00000000 | o ------ 00 00000000 00000000
PPCR28 [R/W] | PPCR29 [R/W] | PPCR30 [R/W]
000F1Cx 0000000 00000000 00000000 Reserved
000E20 PPCR32 [R/W] | PPCR33[R/W] | PPCR34[R/W] | PPCR35[R/W]
: 0---0--- 0---0--- 00000000 00000000
000F24x
to Reserved
O0OFFCH
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Address Block
+0 +1 +2 +3
001000 DMASAO [R/W]
. ) 0.9.0.0.0.0.0.9.0.90.0.90.0.9.0.9.90.0.99.000.0.9.9.9.090.0.4
001004 DMADAO [R/W]
. ) 0.9.0.0.0.9.90.9.9.90.0.9.0.9.0.9.9.0.9.9.9090.09.9.90.9.9.90.9.4
001008 DMASA1 [R/W]
H ) 0.0.0.0.0.00.9.900.00.000.0.90.009000.0.9.909.000.04
00100C DMADA1 [R/W]
H ) 0.9.0.0.90.00.9.090.00.00.0.9.90.009000.0.9.9090.000.04
001010 DMASAZ2 [R/W]
. ) 0.9.0.0.90.0.0.9.0.0.00.000.9.90.0.09.000.0.9.9090.090.04 DMAG
001014 DMADA2 [R/W]
: ) 0.9.0.0.0.0.0.9.0.0.00.0.90.0.9.90.0.909.0000.9.9090.090.0.4
001018 DMASAS [R/W]
. ) 0.9.90.0.0.0.90.9.0.90.0.90.0.9.0.9.9.0.99.000.0.9.909.9090.9.4
00101C DMADAS [R/W]
A ) 0.9.0.0.0.90.90.9.9.90.0.90.0.9.0.9.9.0.99.9090.9.90.9.9.90.90.9.4
001020 DMASA4 [R/W]
H ) 0.9.0.0.0.00.9.900.00.00.0.9.90.009000.0.9.9090.000.04
001024 DMADA4 [R/W]
: ) 0.9.0.0.0.00.9.090.00.000.9.90.009000.0.9.9090.000.04
001028
to Reserved
001FFCH
002000+ . o .
o MB91F465PA: Flash-cache size is 8 Kbytes : 004000+ to 005FFC Flash-cache /
MB91F467PA: Flash-cache size is 8 Kbytes : 004000+ to 005FFCH I-RAM area
006FFCH
007000k FMCS [R/W] FMCR [R] FCHCR [R/W]
01101000 ---00000 | = ------ 00 10000011 Flash Memory/
007004 FMWT [R/W] FMWT2 [R] FMPS [R/W] F - Cache
: 11111111 11111111 -001---- | ----- 000 Control
007003 FMAC [R] Register
: 00000000 00000000 00000000 00000000
FCHAO [R/W]
00700Cw | . ... 00000 00000000 00000000 I-Cache Non-cache-
FCHAT [RW] able area setting
Register
007010w L ... 00000 00000000 00000000 g
007014+
to Reserved
0070FCH
FSCRO [R/W, R] ,
007100 11111111 11111111 11111111 11111111 Flash Security CRC
FSCR1[R, R/W] control
) register
0071044 0---0001 00000000 00000000 00000000 9
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Register
Address Block
+0 +1 +2 +3
007108H
to Reserved
007110~
007114 DFCS [R/W] DFWC [R/W] DFWS [R/W,R] reserved Data Flash Control
" 0000 000X ---00000 0000 0000 register
DFSCRO [R/W, R]
007118 11111111 11111111 11111111 11111111 Data Flash
116 DFSCR1 [R, R/W] Security CRC control
00711C 0 - - - 0000 00000000 00000000 00000000
007120~
to Reserved
007FFCH
008000~ MB91F465PA: Boot-ROM size is 4Kbytes: 00B0O00H to 00BFFCH
to MB91F467PA: Boot-ROM size is 4Kbytes: 00B000+ to 00BFFCH Boot ROM area
0OBFFCH (instruction access is 1 wait cycle, data access is 1 waitcycle)
00C000 CTRLRO [R/W] STATRO [R/W]
: 00000000 00000001 00000000 00000000
ERRCNTO [R] BTRO [R/W]
00C004x 00000000 00000000 00100011 00000001 gA';‘ OI
ontro
INTRO [R] TESTRO [R/W] Reaqister
00C008 00000000 00000000 00000000 X0000000 I
BRPEO [R/W]
00C00CH 00000000 00000000 Reserved
00C010 IF1CREQO [R/W] IF1CMSKO [R/W]
: 00000000 00000001 00000000 00000000
IF1MSK20 [R/W] IF1MSK10 [R/W]
00CO144 11111111 11111111 11111111 11111111
00C018 IF1ARB20 [R/W] IF1ARB10 [R/W]
4 00000000 00000000 00000000 00000000
IF1IMCTRO [R/W]
00CO1CH 00000000 00000000 Reserved
IF1IDTA10 [R/W] IF1DTA20 [R/W]
00C020n 00000000 00000000 00000000 00000000 CAN 0
IF 1 Register
00C024 IF1DTB10 [R/W] IF1DTB20 [R/W]
: 00000000 00000000 00000000 00000000
00C028H
to Reserved
00C02CH
00C030 IF1DTA20 [R/W] IF1DTA10 [R/W]
: 00000000 00000000 00000000 00000000
00C034 IF1DTB20 [R/W] IF1DTB10 [R/W]
: 00000000 00000000 00000000 00000000

DS07-16615-2E FUﬁTSU 133



MB91460P Series
e

Register
Address Block
+0 +1 +2 +3
00C038H
to Reserved
00CO03CH
00C040 IF2CREQO [R/W] IF2CMSKO [R/W]
A 00000000 00000001 00000000 00000000
IF2MSK20 [R/W] IF2MSK10 [R/W]
00C044+ 11111111 11111111 11111111 11111111
00C048 IF2ARB20 [R/W] IF2ARB10 [R/W]
: 00000000 00000000 00000000 00000000
IF2MCTRO [R/W]
00C04CH 00000000 00000000 Reserved
00C050 IF2DTA10 [R/W] IF2DTA20 [R/W]
: 00000000 00000000 00000000 00000000
00C054 IF2DTB10 [R/W] IF2DTB20 [R/W] CAN 0
" 00000000 00000000 00000000 00000000 IF 2 Register
00C058H
to Reserved
00CO05CH
00C080 IF2DTA20 [R/W] IF2DTA10 [R/W]
: 00000000 00000000 00000000 00000000
00C064 IF2DTB20 [R/W] IF2DTB10 [R/W]
: 00000000 00000000 00000000 00000000
00C068H
to Reserved
00CO07CH
00C080 TREQR20 [R] TREQR10 [R]
: 00000000 00000000 00000000 00000000
00C084+
to Reserved
00C08CH
00C090 NEWDT20 [R] NEWDT10 [R]
A 00000000 00000000 00000000 00000000
00C094+ CAN 0
to Reserved Status Flags
00C09CH 9
INTPND20 [R] INTPND10 [R]
00COAOH 00000000 00000000 00000000 00000000
00CO0A4+H
to Reserved
00COACH
00CORO MSGVAL20 [R] MSGVAL10 [R]
. 00000000 00000000 00000000 00000000
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Address Block
+0 +1 +2 +3
00CO0B4H
to Reserved
00COFCH
00C100 CTRLR1 [R/W] STATR1 [R/W]
A 00000000 00000001 00000000 00000000
00C104 ERRCNT1 [R] BTR1 [R/W] g?nl\tlrcll
: 00000000 00000000 00100011 00000001 .
Register
00C108 INTR1 [R] TESTR1 [R/W]
: 00000000 00000000 00000000 X0000000
BRPE1 [R/W]
00C10CH 00000000 00000000 Reserved
00C110 IF1CREQ1 [R/W] IF1CMSK1 [R/W]
: 00000000 00000001 00000000 00000000
IF1IMSK21 [R/W] IF1IMSK11 [R/W]
00C 1144 11111111 11111111 11111111 11111111
00C118 IF1ARB21 [R/W] IF1ARB11 [R/W]
A 00000000 00000000 00000000 00000000
IFIMCTR1 [R/W]
00C11Cx 00000000 00000000 Reserved
IF1DTA11 [R/W] IF1DTA21 [R/W]
00C 120w 00000000 00000000 00000000 00000000 CAN 1
IF 1 Register
00C124 IF1DTB11 [R/W] IF1DTB21 [R/W]
" 00000000 00000000 00000000 00000000
00C128H
to Reserved
00C12CH
00C130 IF1DTA21 [R/W] IF1IDTA11 [R/W]
: 00000000 00000000 00000000 00000000
00C134 IF1DTB21 [R/W] IF1DTB11 [R/W]
A 00000000 00000000 00000000 00000000
00C138H
to Reserved
00C13CH
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Address Block
+0 +1 +2 +3
00C140 IF2CREQ1 [R/W] IF2CMSK1 [R/W]
" 00000000 00000001 00000000 00000000
IF2MSK21 [R/W] IF2MSK11 [R/W]
00C144x 11111111 11111111 11111111 11111111
00C148 IF2ARB21 [R/W] IF2ARB11 [R/W]
: 00000000 00000000 00000000 00000000
IF2MCTR1 [R/W]
00C14CH 00000000 00000000 Reserved
00C150 IF2DTA11 [R/W] IF2DTA21 [R/W]
: 00000000 00000000 00000000 00000000
00C154 IF2DTB11 [R/W] IF2DTB21 [R/W] CAN 1
" 00000000 00000000 00000000 00000000 IF 2 Register
00C158H
to Reserved
00C15CH
00C160 IF2DTA21 [R/W] IF2DTA11 [R/W]
" 00000000 00000000 00000000 00000000
00C164 IF2DTB21 [R/W] IF2DTB11 [R/W]
: 00000000 00000000 00000000 00000000
00C168H
to Reserved
00C17Cx
00C180 TREQR21 [R] TREQR11 [R]
: 00000000 00000000 00000000 00000000
00C184H
to Reserved
00C18CH
00C190 NEWDT21 [R] NEWDT11 [R]
" 00000000 00000000 00000000 00000000
00C194+ CAN 1
to Reserved Status Flags
00C19CH 9
00C1AQ INTPND21 [R] INTPND11 [R]
H 00000000 00000000 00000000 00000000
00C1A4H
to Reserved
00C1ACH
00C1B0 MSGVAL21 [R] MSGVAL11 [R]
: 00000000 00000000 00000000 00000000
00C1B4#
to Reserved
00C1FCn
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Address Block
+0 +1 +2 +3
00C200 CTRLR2 [R/W] STATR2 [R/W]
H 00000000 00000001 00000000 00000000
ERRCNT2 [R] BTR2 [R/W]
00CG204x 00000000 00000000 00100011 00000001 gA"t‘ 2|
ontro
INTR2 [R] TESTR2 [R/W] Register
00C208x 00000000 00000000 00000000 X0000000 g
BRPE2 [R/W]
00C20CH 00000000 00000000 Reserved
00C240 IF1CREQ2 [R/W] IF1CMSK2 [R/W]
H 00000000 00000001 00000000 00000000
IF1MSK22 [R/W] IF1IMSKA12 [R/W]
00CG2144 11111111 11111111 11111111 11111111
00C218 IF1ARB22 [R/W] IF1ARB12 [R/W]
H 00000000 00000000 00000000 00000000
IFIMCTR2 [R/W]
00C21C 00000000 00000000 Reserved
00C220 IF1DTA12 [R/W] IF1DTA22 [RIW]
H 00000000 00000000 00000000 00000000
00C224 IF1DTB12 [R/W] IF1DTB22 [R/W] CAN 2
H 00000000 00000000 00000000 00000000 IF 1 Register
00C228+
to Reserved
00C22CH
00C230 IF1DTA22 [R/W] IF1IDTA12 [R/W]
H 00000000 00000000 00000000 00000000
00C234 IF1DTB22 [R/W] IF1DTB12 [R/W]
H 00000000 00000000 00000000 00000000
00C238+
to Reserved
00C23CH
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Address Block
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006240 IF2CREQ2 [R/W] IF2CMSK2 [R/W]
" 00000000 00000001 00000000 00000000
IF2MSK22 [R/W] IF2MSK12 [R/W]
00G244 11111111 11111111 11111111 11111111
00C248 IF2ARB22 [R/W] IF2ARB12 [R/W]
: 00000000 00000000 00000000 00000000
IF2MCTR2 [R/W]
00C24C 00000000 00000000 Reserved
00C250 IF2DTA12 [R/W] IF2DTA22 [R/W]
: 00000000 00000000 00000000 00000000
000254 IF2DTB12 [R/W] IF2DTB22 [R/W] CAN 2
" 00000000 00000000 00000000 00000000 IF 2 Register
00C258H
to Reserved
00C25CH
00C260 IF2DTA22 [R/W] IF2DTA12 [R/W]
" 00000000 00000000 00000000 00000000
00C264 IF2DTB22 [R/W] IF2DTB12 [R/W]
: 00000000 00000000 00000000 00000000
00C268H
to Reserved
00C27Cx
00C280 TREQR22 [R] TREQR12 [R]
: 00000000 00000000 00000000 00000000
00C284H
to Reserved
00C28CH
006290 NEWDT22 [R] NEWDT12 [R]
" 00000000 00000000 00000000 00000000
00C294+ CAN 2
to Reserved Status Flags
00C29CH 9
INTPND22 [R] INTPND12 [R]
00C2A0x 00000000 00000000 00000000 00000000
00C2A4+
to Reserved
00C2ACH
00C2B0 MSGVAL22 [R] MSGVAL12 [R]
: 00000000 00000000 00000000 00000000
00C2B4+
to Reserved
00C2FChH
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Address Block
+0 +1 +2 +3
00C300 CTRLR3 [R/W] STATR3 [R/W]
" 00000000 00000001 00000000 00000000
00C304 ERRCNT3 [R] BTR3 [R/W] CAN 3
A 00000000 00000000 00100011 00000001 Control
00C308 INTR3 [R] TESTR3 [R/W] Register
: 00000000 00000000 00000000 X0000000 (MB91F467PA)
BRPES [R/W]
00C30CH 00000000 00000000 Reserved
00C310 IF1CREQS3 [R/W] IF1CMSK3 [R/W]
: 00000000 00000001 00000000 00000000
IF1MSK23 [R/W] IFIMSK13 [R/W]
00C3144 11111111 11111111 11111111 11111111
00C318 IF1ARB23 [R/W] IF1ARB13 [R/W]
: 00000000 00000000 00000000 00000000
IFIMCTR3 [R/W]
00C31CH 00000000 00000000 Reserved
00C320 IF1DTA13 [R/W] IF1DTA23 [R/W]
: 00000000 00000000 00000000 00000000 CAN 3
00C324n IFIDTB13 [R/W] IF1DTB23 [R/W] IF 1 Register
00000000 00000000 00000000 00000000 (MB91F467PA)
00C328H
to Reserved
00C32CH
00C330 IF1DTA23 [R/W] IF1IDTA13 [R/W]
: 00000000 00000000 00000000 00000000
00C334 IF1DTB23 [R/W] IF1IDTB13 [R/W]
" 00000000 00000000 00000000 00000000
00C338H
to Reserved
00C33CH
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Address Block
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00C340 IF2CREQS [R/W] IF2CMSKS [R/W]
" 00000000 00000001 00000000 00000000
IF2MSK23 [R/W] IF2MSK13 [R/W]
00C344s 11111111 11111111 11111111 11111111
00C348 IF2ARB23 [R/W] IF2ARB13 [R/W]
: 00000000 00000000 00000000 00000000
IF2MCTRS3 [R/W]
00C34CH 00000000 00000000 Reserved
00C350 IF2DTA13 [R/W] IF2DTA23 [R/W]
: 00000000 00000000 00000000 00000000 CAN 3
00C354n IF2DTB13 [R/W] IF2DTB23 [R/W] IF 2 Register
00000000 00000000 00000000 00000000 (MB91F467PA)
00C358H
to Reserved
00C35CH
00C360 IF2DTA23 [R/W] IF2DTA13 [R/W]
A 00000000 00000000 00000000 00000000
00C364 IF2DTB23 [R/W] IF2DTB13 [R/W]
: 00000000 00000000 00000000 00000000
00C368H
to Reserved
00C37CH
00C380 TREQR23 [R] TREQR13 [R]
: 00000000 00000000 00000000 00000000
00C384+
to Reserved
00C38CH
00C390 NEWDT23 [R] NEWDT13 [R]
" 00000000 00000000 00000000 00000000
00C394+ CAN 3
to Reserved Status Flags
00C39CH (MB91F467PA)
INTPND23 [R] INTPND13 [R]
00C3AOH 00000000 00000000 00000000 00000000
00C3A4H
to Reserved
00C3ACH
00C3B0 MSGVAL23 [R] MSGVAL13 [R]
. 00000000 00000000 00000000 00000000
00C3B4+
to Reserved
OOEFFCH
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Address Block
+0 +1 +2 +3
BCTRL [R/W]
OOFOOOw | 11111100 00000000
BSTAT [R/W]
O00F004w | 000 00000000 10 - - 0000
BIAC [R]
ooFoO8w | 00000000 00000000
BOAC [R]
ooFooCw | T 00000000 00000000
BIRQ [R/W]
ooFOtOw | . 00000000 00000000
00F014x EDSU / MPU
to Reserved
00F01CH
BCRO [R/W]
00FO20w | . 00000000 00000000 00000000
BCR1 [R/W]
e 00000000 00000000 00000000
BCR2 [R/W]
e 00000000 00000000 00000000
BCR3 [R/W]
00F02Cw | . 00000000 00000000 00000000
00F030H
to Reserved
00F07CH
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Address Block
+0 +1 +2 +3
00F080 BADO  [R/W]
H XXXXXXXX XXXXXXXK XXXXXXXX  XXXXXXXX
00F084 BAD1  [R/W]
H XXXXXXXX XXXXXXXK XXXXXXXX  XXXXXXXX
00F088 BAD2 - [R/W]
H XXOOKXXX XXXXXXXK XXXXXXXX XXXXXXXX
BAD3 [R/W]
00F08CH XXXXXKXX XXXXXXXK XXXXXXXX XXXXXXXX
00F090 BAD4 - [R/W]
H XXXXXKXX XXXXXXXK XXXXXXXX XXXXXXXX
00F094 BADS - [R/W]
H XXXXXKXX XXXXXXXK XXKXXXXX XXXXXXXX
00F098 BAD6  [R/W]
H XXXXXXXX XXXXXXXK XXXXXXXX XXXXXXXX
00F09CH BAD7  [R/W]
XXXXXXXX XXXXXXXK XXXXXXXX  XXXXXXXX
EDSU / MPU
00FOAO BAD8 - [R/W]
H XXXOXXXXX XXXXXXXK XXXXXXXX XXXXXXXX
BAD9 [R/W]
00F0A4x XXXXXKXX XXXXXXXK XXXXXXXX XXXXXXXX
BAD10 [R/W]
00F0ASH XXXXXXXX XXXXXXXK XXXXXXXX XXXXXXXX
BAD11 [R/W]
OOFOACH XXXXXKXX XXXXXXXK XXXXXXXX XXXXXXXX
OFOEG BAD12 [R/W]
H XXXXXXXX XXXXXXXK XXXXXXXX  XXXXXXXX
COFOB4 BAD13 [R/W]
H XXXXXXXX XXXXXXXK XXXXXXXX  XXXXXXXX
OFOBS BAD14 [R/W]
H XXXXXXXX XXXXXXXK XXXXXXXX  XXXXXXXX
BAD15 [R/W]
00FOBCH XXXXXXXX XXXXXXXK XXXXXXXX XXXXXXXX
00FOCOx
to Reserved
023FFCh
024000+ MB91F467PA: D-RAM size is 48Kbytes: 024000+ to 02FFFCr D-RAM
to MB91F465PA: D-RAM size is 24Kbytes: 02A000+ to 02FFFCr area
02FFFCH (data access is 0 wait cycles)
030000+ MB91F465PA: ID-RAM size is 16Kbytes: 030000+ to 033FFCH
to MB91F467PA: ID-RAM size is 32Kbytes: 030000+ to 037FFCH ID-RAM area
037FFCHx (instruction access is 0 waitcycles, data access is 1 wait cycle)

1. Writable only once and only as half-word. PPMUX is reset by INIT and RST.
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PPMUX2 is available on MB91F467PA only. Writable only once and only as half-word,
reset by INIT and RST.

Depends on the number of available CAN channels:

MB91F465PA has 3 CAN channels - bits[2:0] exist

MB91F467PA has 4 CAN channels - bits[3:0] exist

ADCH1 is only available on MB91F467PA.

ACROI[11:10] depends on Modevector fetch information on buswidth.

TCR [3:0] INIT value = 0000, keeps value after RST.

Range Comparator for ADCO, ADC1 are only available on MB91F467PA.

ADCO, ADC1 channel data registers are only available on MB91F467PA.

On MB91F467PA, always write 1 to bit IOS[1].

PFR initial values for ports 00--10 depend on the selected mode at the modepins MD_0--MD_2:
internal vector fetch mode (MD=000): PFR00--PFR10 initialized to all '0'

external vector fetch mode (MD=001): PFR00--PFR10 initialized to all '1'
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2. Flash Memory, Data Flash and External Bus Area

32bit _ ]
read/write * dat[31:0] dat[31:0]
16bit read/write |  dat[31:16] |  dat[15:0] dat[31:16] |  dat[15:0] Block
Register
Address
+0 | +1 ’ +2 ‘ +3 +4 l +5 | +6 I +7
0403)00“ SA8 (64KB, MB91F467PA) SA9 (64KB, MB91F467PA) ROMSO
05EEECH External bus (MB91F465PA) External bus (MB91F465PA)
0603)00“ SA10 (64KB, MB91F467PA) SA11 (64KB, MB91F467PA) FOMST
07FFECh External bus (MB91F465PA) External bus (MB91F465PA)
080000+
to SA12(64kB) SA13(64kB) ROMS?2
09FFFCH
0A0000H
to SA14(64kB) SA15(64kB) ROMS3
OBFFFCH
0C0000H
to SA16(64kB) SA17(64kB) ROMS4
ODFFFCH
OEO0000H
to SA18(64kB) SA19(64kB)
OFFFF4x ROMS5
FMV [R] *2 FRV [R]
OFFFFCH 06 00 00 00k 00 00 BF F8H
1003)00“ SA20 (64KB, MB91F467PA) SA21 (64KB, MB91F467PA)
11FFF8y External bus (MB91F465PA) External bus (MB91F465PA)
ROMS6
120000
o SA22 (64KB, MB91F467PA) SA23 (64KB, MB91F467PA)
13FFF8y External bus (MB91F465PA) External bus (MB91F465PA)
1408)00” SAO (8KB, MB91F467PA) SA1 (8KB, MB91F467PA)
143FFCh Reserved (MB91F465PA) Reserved (MB91F465PA)
1443)00” SA2 (8KB, MB91F467PA) SA3 (8KB, MB91F467PA)
17FECh Reserved (MB91F465PA) Reserved (MB91F465PA)
ROMS?7
148000
to SA4(8kB) SA5(8kB)
14BFFCh
14C000H
to SA6(8kB) SA7(8kB)
14FFFCu
144 DS07-16615-2E
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32bit . .
read/write * dat[31:0] dat[31:0]
16bit read/write dat[31:16] ‘ dat[15:0] dat[31:16] | dat[15:0] Block
Register
Address
+0 | +1 ‘ +2 ‘ +3 ‘ +4 | +5 | +6 | +7
150000+ ROMS7
to Reserved (continued)
17FFFCn
180000+
to ROMSS8
1BFFFCH
1CO0000H
to ROMS9
1FFFFCH
200000+
to ROMS10
27FFFCH
280000+
to ROMS11
2FFFFCH
External Bus Area
300000+
to ROMS12
37FFFCn
380000+
to ROMS13
3FFFFCH
400000+
to ROMS14
47FFFCH
480000+
to ROMS15
4FFFFCH
500000+
- External Bus Area External Bus
FFFBEFFCH
FFFB_FOOOH Data Flash area (if enabled) or External Bus area, Data Flash
. 3
FFFCFFFCH Data Flash on MB91F467PA is 64 KB + 256 Byte area
FFFDOOOOH
- External Bus Area Exte;rn:; bus
FFFFFFFCH

1. 32-bit write to flash memory only available on MB91F467PA.

2. Write operations to address OFFFF8H and OFFFFCH are not possible.
When reading these addresses, the values shown above will be read.

3. Data Flash is only available on MB91F467PA.

DS07-16615-2E
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3. Data Flash memory sector organisation

The Data Flash sectors can be accessed only after the data flash has been enabled by setting DFCS:FLASHEN.
If the data flash is enabled, the user must ensure that no chip select area overlaps the data flash address space.

MB91F467PA
32bit access dat[31:0]
16bit access dat[31:16] dat[15:0]
8bit access dat[7:0] | dat[7:0] | dat[7:0] | dat[7:0]
Address +0 +1 +2 +3 Comments
... to

FFEB EFFCn External bus area
FFFBtEOOOH Dummy area for flash auto algorithm
FEFB FEFCH addressing (write sequences)
FFFBtEFoo” SAS (256 Byte)
FEFB FFFCu Security Sector
FFFC 0000+

to SAO0 (16 KB)
FFFC 3FFCH

Data Flash

FFFC 4000+

to SA1 (16 KB)
FFFC 7FFCx
FFFC 8000+

to SA2 (16 KB)
FFFC BFFCH
FFFC COO0O~

to SA3 (16 KB)
FFFC FFFCn
FFFD 0000+

to External bus area
FFFF FFFCH

o)
FUJITSU
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B INTERRUPT VECTOR TABLE

Intern;g: num- Interrupt level *! Interrupt vector
DMA
Interrupt . Hexa- . . Resource
Deci- deci- Setting | Register Offset Default vec- | number
mal mal Register | address tor address
Reset 0 00 — — 3FChx 000FFFFC —
Mode vector 1 01 — — 3F8H 000FFFF8 —
System reserved 2 02 — — 3F4n OOOFFFF4 —
System reserved 3 03 — — 3FOH 000FFFFO —
System reserved 4 04 — — 3ECH 000FFFEC —
CPU supervisor mode 5 05 . . 3E8 00OFFFES .
(INT #5 instruction)
Memory Protection exception " 6 06 — — 3E4+ O00FFFE4 —
System reserved 7 07 — — 3EOH 000OFFFEO —
System reserved 8 08 — — 3DCH O0OFFFDC —
System reserved 9 09 — — 3D8H OO0OFFFD8 —
System reserved 10 0A — — 3D4+ 000FFFD4 —
System reserved 11 0B — — 3DO0~ 0O00FFFDO —
System reserved 12 oC — — 3CC 000FFFCC —
System reserved 13 oD — — 3C8u O000OFFFC8 —
Undeflhed instruction 14 OE . . 3C4n 000FFFC4 .
exception
NMI request 15 OF Fw fixed 3CO~ 000FFFCO —
External Interrupt O 16 10 3BCH 000FFFBC 0, 16
ICROO 440H
External Interrupt 1 17 11 3B8H OOOFFFB8 1,17
External Interrupt 2 18 12 3B4+ 000FFFB4 2,18
ICRO1 441u
External Interrupt 3 19 13 3BO0+ O000FFFBO 3,19
External Interrupt 4 20 14 3ACH 000FFFAC 20
ICRO2 442n
External Interrupt 5 21 15 3A8H OOOFFFAS8 21
External Interrupt 6 22 16 3A4H OO00OFFFA4 22
ICRO3 443n
External Interrupt 7 23 17 3AO0H 000FFFAO 23
External Interrupt 8 24 18 39CH 000FFF9C —
ICRO4 444y
External Interrupt 9 25 19 398H OOOFFF98 —
External Interrupt 10 26 1A 394H 000FFF94 —
ICR05 445H
External Interrupt 11 27 1B 390+ 000FFF90 —
External Interrupt 12 28 1C 38CH 000FFF8C —
ICRO6 446+
External Interrupt 13 29 1D 388H OOOFFF88 —
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Interrtlj)gt num- Interrupt level *' Interrupt vector 2
DMA
Interrupt - Resource
Deci- ';2)((:?- Setting | Register Offset Default vec- | number
mal mal Register | address tor address
External Interrupt 14 30 1E 384n 000FFF84 —
ICRO7 4474
External Interrupt 15 31 1F 380w 000FFF80 —
Reload Timer 0 32 20 37C« | OooFFF7c | 432
Reload Timer 8 128
. ICRO8 | 448k
Reload Timer f 33 21 3784 | O000FFF78 | =33
Reload Timer 9 129
Reload Timer 2 34 22 3741 | O0OFFF74 3
Reload Timer 10 130
: ICRO9 | 449
Reload Timer 3 35 23 3704 | OOOFFF70 35
Reload Timer 11 131
Reload Timer 4 36 24 36CH | O00FFF6C 36
Reload Timer 12 132
ICR10 44An
Rel i
eload Timer 5 37 25 368+ | O0OFFF68 37
Reload Timer 13 133
Reload Timer 6 38 26 364« | OOOFFF64 38
Reload Timer 14 134
ICR11 44Bn
Rel i
eload Timer 7 39 27 3601 | O0OFFF60 39
Reload Timer 15 135
Free Run Timer 0 40 28 35CH 000FFF5C 40
ICR12 44Cw
Free Run Timer 1 41 29 358H O00FFF58 41
Free Run Timer 2 42 2A 3544 O00FFF54 42
ICR13 44Dn
Free Run Timer 3 43 2B 350H 000FFF50 43
Free Run Timer 4 44 2C 34CH 000OFFF4C 44
ICR14 44EH
Free Run Timer 5 45 2D 348H O00FFF48 45
Free Run Timer 6 46 2E 344+ 000FFF44 46
ICR15 44Fy
Free Run Timer 7 47 2F 340H 000FFF40 47
CANO 48 30 33CH 000FFF3C —
ICR16 450H
CAN 1 49 31 338H OO0OFFF38 —
CAN 2 50 32 3344 | OOOFFF34 —
ICR17 4514
CAN 3 *6 51 33 330+ O00FFF30 —
Reserved 52 34 32CH 000FFF2C —
ICR18 4524
Reserved 53 35 328H 000OFFF28 —
LIN-USART 0 RX 54 36 3244 000FFF24 6, 48
ICR19 453H
LIN-USART 0 TX 55 37 320+ 000FFF20 7,49
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Interrtlj)gt num- Interrupt level *' Interrupt vector
DMA
Interrupt . Hexa- . . Resource
Deci- deci- Setting | Register Offset Default vec- | number
mal mal Register | address tor address
LIN-USART 1 RX 56 38 31CH 000FFF1C 8, 50
ICR20 454n
LIN-USART 1 TX 57 39 318H O00FFF18 9, 51
LIN-USART 2 RX 58 3A 314n 000FFF14 52
ICR21 455+
LIN-USART 2 TX 59 3B 310H 000FFF10 53
LIN-USART 3 RX 60 3C 30CH 000FFFOC 54
ICR22 456+
LIN-USART 3 TX 61 3D 308H 000FFFO08 55
System reserved 62 3E . 304+ 000OFFFO4 —
ICR23 457w
Delayed Interrupt 63 3F 300~ 000FFFO00 —
System reserved ™ 64 40 2FCn 000FFEFC —
(ICR24) (458n)
System reserved " 65 41 2F8n OOOFFEF8 —
LIN-USART (FIFO) 4 RX 66 42 2F4n OOOFFEF4 10, 56
ICR25 459+
LIN-USART (FIFO) 4 TX 67 43 2F0n 000FFEFO 11,57
LIN-USART (FIFO) 5 RX 68 44 2ECH 00OFFEEC 12, 58
ICR26 45AH
LIN-USART (FIFO) 5 TX 69 45 2E8H 0O0OFFEES8 13, 59
LIN-USART (FIFO) 6 RX 70 46 2E4+ OOOFFEE4 60
ICR27 45BH
LIN-USART (FIFO) 6 TX 71 47 2EOH O0OFFEEO 61
LIN-USART (FIFO) 7 RX 72 48 2DCH 000FFEDC 62
ICR28 45CH
LIN-USART (FIFO) 7 TX 73 49 2D8H 0O0OFFED8 63
[2C0/I2C2 74 4A 2D4n 000FFED4 —
ICR29 45DH
[PC1/12C 3 75 4B 2DO0+ 000FFEDO —
LIN-USART 8 RX 76 4C 2CCH 000FFECC 64
ICR30 45EH
LIN-USART 8 TX 77 4D 2C8n OOOFFECS 65
LIN-USART 9 RX 78 4E 2C4n 000FFEC4 66
ICR31 45Fn
LIN-USART 9 TX 79 4F 2C0H 000FFECO 67
LIN-USART 10 RX 80 50 2BCn 000FFEBC 68
ICR32 460+
LIN-USART 10 TX 81 51 2B8H OOOFFEBS8 69
LIN-USART 11 RX 82 52 2B4n 000OFFEB4 70
ICR33 461n
LIN-USART 11 TX 83 53 2B0H 000FFEBO 71
Reserved 84 54 2ACH OO0OFFEAC 72
ICR34 462n
Reserved 85 55 2A8H O000FFEAS8 73
Reserved 86 56 2A4H 000FFEA4 74
ICR35 463+
Reserved 87 57 2A0H 000FFEAO 75
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Interrt;pt num- Interrupt level *' Interrupt vector 2
er DMA
Interrupt . Hexa- . . Resource
Deci- deci- Setting | Register Offset Default vec- | number
mal mal Register | address tor address
R 88 58 29C 000FFESC 76
eserved ICR36 | 464« i
Reserved 89 59 298+ O00FFE98 77
R 90 5A 294 000FFE94 78
eserved ICR37 | 465k "
Reserved 91 5B 2901 O00FFE90 79
Input Capt 92 5C 28CH 000FFES8C 80
nut Gapture 0 ICR38 | 466w
Input Capture 1 93 5D 2881 OO0OFFE88 81
Input Capture 2 94 5E 284+ OOOFFE84 82
nNut Gapture ICR39 | 4674
Input Capture 3 95 5F 280+ OO0OFFEB80 83
Input Capture 4 96 60 27Cn 000FFE7C 84
nut Capture ICR40 | 468
Input Capture 5 97 61 278n OOOFFE78 85
Input Capt 98 62 274+ O00OFFE74 86
nput Capture 6 ICR41 469+
Input Capture 7 99 63 270n 000FFE70 87
100 64 26CH 000FFE6C 88
Output Compare 0 ICR42 46A
Output Compare 1 101 65 268+ 00OOFFE68 89
102 66 264+ 0OOFFE64 90
Output Compare 2 ICR43 46Bx
Output Compare 3 103 67 260+ 000FFE60 91
Output C 4 104 68 25CH 000FFES5SC 92
P wompare ICR44 | 46CH
Output Compare 5 105 69 258+ OOOFFE58 93
Output C 6 106 6A 254+ OOOFFE54 94
Lt wompare ICR45 | 46D
Output Compare 7 107 6B 250H 000FFES50 95
108 6C 24Cn 000FFE4C —
Sound Generator ICR46 ABEH
Phase Frequency Modulator 109 6D 248 O000OFFE48 —
110 6E 2444 OOOFFE44 —
System reserved ICR47 2 A6Fw
System reserved 111 6F 240w 000FFE40 —
PPGO 12 | 70 23Cu | 000FFE3C | 1229
PPG16 144
ICR48 470n
PPGH 113 71 238+ | OOOFFE38 7
PPG17 145
PPG2 114 72 2341 | O0OFFE34 98
PPG18 146
ICR49 471n
PPG3 115 73 2304 | OOOFFE30 99
PPG19 147
150 DS07-16615-2E
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Interrt;pt num- Interrupt level *' Interrupt vector
er DMA
Interrupt . Hexa- . . Resource
Deci- deci- Setting | Register Offset Default vec- | number
mal mal Register | address tor address
PPG4 116 74 22CH | O000FFE2C 100
PPG20 148
ICR50 | 472x
PPGS5 117 75 2284 | O000FFE28 101
PPG21 149
PPG6 118 76 2244 | OOOFFE24 102
PPG22 150
ICR51 4734
PPG7 119 77 2201 | O000FFE20 103
PPG23 151
PPG8 120 78 21Cx | O00OFFE1C 104
PPG24 152
ICR52 | 474x
PPGO 121 79 2184 | O0OOFFE18 105
PPG25 153
PPG10 122 | 7A 2144 | OOOFFE14 106
PPG26 154
ICR53 | 475+
PPG11 123 7B 2104 | O0OFFE10 107
PPG27 155
PPG12 124 | 7C 20CH | 00OFFEOC 108
PPG28 156
ICR54 | 476w
PPG13 125 | 7D 2084 | O00OFFEOS 109
PPG29 157
PPG14 126 7E 2044 | O0OFFEQ4 110
PPG30 158
ICR55 | 477x
PPG15 127 | 7F 2004 | OOOFFEQD 1
PPG31 159
Uo/Down Counter 0 128 80 1FCx | OO0OFFDFC —
proown Zounter ICR56 | 478
Up/Down Counter 1 129 81 1F84 OO0OFFDF8 —
Up/Down Counter 2 130 82 1F4n OO0OFFDF4 —
ICR57 | 479
Up/Down Counter 3 131 83 1FOH O0OFFDFO —
Real Time Clock 132 84 1ECH 000FFDEC —
ICR58 | 47Au
Calibration Unit 133 85 1E8H 000FFDES8 —
2’/ g g°”"e"erg o 134 | 86 1E44 | OOOFFDE4 1142’(; 12
t *|
onverter nao can |CR59 47BH
*6 *6
A/D Converter 1 135 | 87 1EO« | 00OFFDEO | 1137
A/D Converter 1 End of Scan *¢ 121
R d 136 88 1DCH | O0OOFFDDC —
eserve ICR60 | 47Cx
Reserved 137 89 1D8+ | OO0OFFDD8 —
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Interrt;pt num- Interrupt level *' Interrupt vector
er DMA
Interrupt . Hexa- . . Resource
Deci- deci- Setting | Register Offset Default vec- | number
mal mal Register | address tor address
Low Vol D i 138 8A 1D4+ 000FFDD4 —
ow Voltage Detection ICR61 47Dn
Reserved 139 8B 1DOH O0OOFFDDO —
Timebase Overflow 140 8C 1CCH 000FFDCC —
ICR62 47En _
PLL Clock Gear 141 | 8D 1C8+ | O0OFFDCS .
Data Flash Write Complete *¢ 195
DMA Controll 142 8E 1C4n 000FFDC4 —
Controller ICR63 47Fn
Main/Sub OSC stability wait 143 8F 1CO+ | OOOFFDCO —
Security vector 144 90 — — 1BCH 000FFDBC —
Used by the INT instruction 145 91 1B8 to 000FFDBS8
to to — — 000k to —
255 FF 000FFCO00

Notes:

*1 The The Interrupt Control Registers (ICRs) are located in the interrupt controller and set the interrupt level for
each interrupt request. An ICR is provided for each interrupt request.

*2 The vector address for each EIT (exception, interrupt or trap) is calculated by adding the listed offset to the table
base register value (TBR). The TBR specifies the top of the EIT vector table. The addresses listed in the table
are for the default TBR value (000FFCO0O0+). The TBR is initialized to this value by a reset. The TBR is set to
000FFCOO0H after the internal boot ROM is executed.

*3 ICR23 and ICR47 can be exchanged by setting the REALOS compatibility bit (addr 0C03+ : I0S[0])
*4 Used by REALOS

*5 Memory Protection Unit (MPU) support

*6 CAN 3, Data Flash, ADC1 and ADCO (End of Scan) interrupts are available on MB91F467PA only.
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B RECOMMENDED SETTINGS
1. PLL and Clockgear settings

Please note that for MB91F465PA the core base clock frequencies are valid in the 1.8V operation mode of the
Main regulator and Flash .

Recommended PLL divider and clockgear settings

PLL CoreBase
PLL Frequency Parameter | Clockgear Parameter | Output (X) | Clock
Input (CLK) [MHz] [MHz] Remarks
[MHz] DIVM DIVN DIVG MULG MULG
4 2 25 16 24 200 100
4 2 24 16 24 192 96
4 2 23 16 24 184 92
4 2 22 16 24 176 88
4 2 21 16 20 168 84
4 2 20 16 20 160 80
4 2 19 16 20 152 76
4 2 18 16 20 144 72
4 2 17 16 16 136 68
4 2 16 16 16 128 64
4 2 15 16 16 120 60
4 2 14 16 16 112 56
4 2 13 16 12 104 52
4 2 12 16 12 96 48
4 2 11 16 12 88 44
4 4 10 16 24 160 40
4 4 9 16 24 144 36
4 4 8 16 24 128 32
4 4 7 16 24 112 28
4 6 6 16 24 144 24
4 8 5 16 28 160 20
4 10 4 16 32 160 16
4 12 3 16 32 144 12
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2. Clock Modulator settings

The following table shows all possible settings for the Clock Modulator in a base clock frequency range from
32MHz up to 88MHz.

The Flash access time settings need to be adjusted according to Fmax while the PLL and clockgear settings
should be set according to base clock frequency.

Clock Modulator settings, frequency range and supported supply voltage

Modulation Random No CMPR Baseclk Fmin Fmax
Degree (k) (N) [hex] [MHZz] [MHZz] [MHZz]

1 3 026F 88 79.5 98.5
1 3 026F 84 76.1 93.8
1 3 026F 80 72.6 89.1
1 5 02AE 80 68.7 95.8
2 3 046E 80 68.7 95.8
1 3 026F 76 69.1 84.5
1 5 02AE 76 65.3 90.8
1 7 02ED 76 62 98.1
2 3 046E 76 65.3 90.8
3 3 066D 76 62 98.1
1 3 026F 72 65.5 79.9
1 5 02AE 72 62 85.8
1 7 02ED 72 58.8 92.7
2 3 046E 72 62 85.8
3 3 066D 72 58.8 92.7
1 3 026F 68 62 75.3
1 5 02AE 68 58.7 80.9
1 7 02ED 68 55.7 87.3
1 9 032C 68 53 95

2 3 046E 68 58.7 80.9
2 5 04AC 68 53 95

3 3 066D 68 55.7 87.3
4 3 086C 68 53 95

1 3 026F 64 58.5 70.7
1 5 02AE 64 55.3 75.9
1 7 02ED 64 52.5 82

1 9 032C 64 49.9 89.1
1 11 036B 64 47.6 97.6
2 046E 64 55.3 75.9
2 5 04AC 64 49.9 89.1
3 3 066D 64 52.5 82
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Modulation Random No CMPR Baseclk Fmin Fmax
Degree (k) (N) [hex] [MHZz] [MHZz] [MHZz]

4 3 086C 64 49.9 89.1
5 3 0A6B 64 47.6 97.6
1 3 026F 60 54.9 66.1
1 5 02AE 60 51.9 71

1 7 02ED 60 49.3 76.7
1 9 032C 60 46.9 83.3
1 11 036B 60 447 91.3
2 3 046E 60 51.9 71

2 5 04AC 60 46.9 83.3
3 3 066D 60 49.3 76.7
4 3 086C 60 46.9 83.3
5 3 0A6B 60 447 91.3
1 3 026F 56 51.4 61.6
1 5 02AE 56 48.6 66.1
1 7 02ED 56 46.1 71.4
1 9 032C 56 43.8 77.6
1 11 036B 56 41.8 84.9
1 13 03AA 56 39.9 93.8
2 3 046E 56 48.6 66.1
2 5 04AC 56 43.8 77.6
2 7 04EA 56 39.9 93.8
3 3 066D 56 46.1 71.4
3 5 06AA 56 39.9 93.8
4 3 086C 56 43.8 77.6
5 3 0A6B 56 41.8 84.9
6 3 0C6A 56 39.9 93.8
1 3 026F 52 47.8 57

1 5 02AE 52 45.2 61.2
1 7 02ED 52 42.9 66.1
1 9 032C 52 40.8 71.8
1 11 036B 52 38.8 78.6
1 13 03AA 52 37.1 86.8
1 15 03E9 52 35.5 96.9
2 3 046E 52 45.2 61.2
2 5 04AC 52 40.8 71.8
2 7 04EA 52 37.1 86.8
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Modulation Random No CMPR Baseclk Fmin Fmax
Degree (k) (N) [hex] [MHZz] [MHZz] [MHZz]

3 3 066D 52 42.9 66.1
3 5 06AA 52 37.1 86.8
4 3 086C 52 40.8 71.8
5 3 0A6B 52 38.8 78.6
6 3 0C6A 52 37.1 86.8
7 3 OE69 52 35.5 96.9
1 3 026F 48 442 52.5
1 5 02AE 48 41.8 56.4
1 7 02ED 48 39.6 60.9
1 9 032C 48 37.7 66.1
1 11 036B 48 35.9 72.3
1 13 03AA 48 34.3 79.9
1 15 03E9 48 32.8 89.1
2 3 046E 48 41.8 56.4
2 5 04AC 48 37.7 66.1
2 7 04EA 48 34.3 79.9
3 3 066D 48 39.6 60.9
3 5 06AA 48 34.3 79.9
4 3 086C 48 37.7 66.1
5 3 0A6B 48 35.9 72.3
6 3 0C6A 48 34.3 79.9
7 3 OE69 48 32.8 89.1
1 3 026F 44 40.6 48.1
1 5 02AE 44 38.4 51.6
1 7 02ED 44 36.4 55.7
1 9 032C 44 34.6 60.4
1 11 036B 44 33 66.1
1 13 03AA 44 31.5 73

1 15 03E9 44 30.1 81.4
2 3 046E 44 38.4 51.6
2 5 04AC 44 34.6 60.4
2 7 04EA 44 315 73

2 9 0528 44 28.9 921
3 3 066D 44 36.4 55.7
3 5 06AA 44 31.5 73

4 3 086C 44 34.6 60.4

156 FUﬁTSU DS07-16615-2E



MB91460P Series
e

Modulation Random No CMPR Baseclk Fmin Fmax
Degree (k) (N) [hex] [MHZz] [MHZz] [MHZz]

4 5 08A8 44 28.9 92.1
5 3 0A6B 44 33 66.1
6 3 0C6A 44 31.5 73

7 3 OE69 44 30.1 81.4
8 3 1068 44 28.9 92.1
1 3 026F 40 37 43.6
1 5 02AE 40 34.9 46.8
1 7 02ED 40 33.1 50.5
1 9 032C 40 315 54.8
1 11 036B 40 30 59.9
1 13 03AA 40 28.7 66.1
1 15 03E9 40 27.4 73.7
2 3 046E 40 34.9 46.8
2 5 04AC 40 315 54.8
2 7 04EA 40 28.7 66.1
2 9 0528 40 26.3 83.3
3 3 066D 40 33.1 50.5
3 5 06AA 40 28.7 66.1
3 7 06E7 40 25.3 95.8
4 3 086C 40 315 54.8
4 5 08A8 40 26.3 83.3
5 3 0A6B 40 30 59.9
6 3 0C6A 40 28.7 66.1
7 3 OE69 40 27.4 73.7
8 3 1068 40 26.3 83.3
9 3 1267 40 25.3 95.8
1 3 026F 36 33.3 39.2
1 5 02AE 36 31.5 42

1 7 02ED 36 29.9 45.3
1 9 032C 36 28.4 49.2
1 11 036B 36 27.1 53.8
1 13 03AA 36 25.8 59.3
1 15 03E9 36 24.7 66.1
2 3 046E 36 31.5 42

2 5 04AC 36 28.4 49.2
2 7 04EA 36 25.8 59.3
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Modulation Random No CMPR Baseclk Fmin Fmax
Degree (k) (N) [hex] [MHZz] [MHZz] [MHZz]
2 9 0528 36 23.7 74.7
3 3 066D 36 29.9 45.3
3 5 06AA 36 25.8 59.3
3 7 06E7 36 22.8 85.8
4 3 086C 36 28.4 49.2
4 5 08A8 36 23.7 74.7
5 3 0A6B 36 27.1 53.8
6 3 0C6A 36 25.8 59.3
7 3 0E69 36 24.7 66.1
8 3 1068 36 23.7 74.7
9 3 1267 36 22.8 85.8
1 3 026F 32 29.7 34.7
1 5 02AE 32 28 37.3
1 7 02ED 32 26.6 40.2
1 9 032C 32 25.3 43.6
1 11 036B 32 241 47.7
1 13 03AA 32 23 52.5
1 15 03E9 32 22 58.6
2 3 046E 32 28 37.3
2 5 04AC 32 25.3 43.6
2 7 04EA 32 23 52.5
2 9 0528 32 21.1 66.1
2 11 0566 32 19.5 89.1
3 3 066D 32 26.6 40.2
3 5 06AA 32 23 52.5
3 7 06E7 32 20.3 75.9
4 3 086C 32 25.3 43.6
4 5 08A8 32 21.1 66.1
5 3 0A6B 32 241 47.7
5 5 0AA6 32 19.5 89.1
6 3 0C6A 32 23 52.5
7 3 0E69 32 22 58.6
8 3 1068 32 21.1 66.1
9 3 1267 32 20.3 75.9
10 3 1466 32 19.5 89.1
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1. Absolute maximum ratings
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e

Rating .
Parameter Symbol - Unit Remarks
Min Max
Power supply slew rate — — 50 V/ms
Power supply voltage 1™ Voo5R -0.3 + 6.0 \Y
Power supply voltage 2*1 Voo5 -0.3 + 6.0 \Y
Power supply voltage 3* Vop35 -0.3 + 6.0 \Y
At least one of the pins
Vo05-0.3 Voo5+0.3 v | P07, P16, P20, P24, or
P29 (ANn) is used as
Relationship of the supply AVec5 digital input or output.
voltages All pins of the ports P07,
P16, P20, P24, or P29
Vss5-0.3 Veo5+0.3 v (ANn) follow the condition
of Via
Analog power supply voltage™! AVcch -0.3 + 6.0 vV |*2
Analog reference . AVRH .03 +60 v |
power supply voltage™*
Input voltage 1* Vit Vss5 - 0.3 Voo5 + 0.3 \Y
Input voltage 2* Vi Vss5-0.3 Voo35 + 0.3 V | External bus
Analog pin input voltage™" Via AVss5-0.3 | AVcec5 +0.3 \Y
Output voltage 1* Vor Vss5 - 0.3 Voo5 + 0.3 \Y
Output voltage 2* Vo Vss5 - 0.3 Voo35 + 0.3 V | External bus
Maximum clamp current lcLamp -4.0 +4.0 mA |*3
Total maximum clamp current T |lcame| — 20 mA |*3
L” level maX|r11um loL L 10 mA
output current*
L” level avera:ge loLav L 8 mA
output current*s
L” level total maximum SloL o 100 mA
output current
L” level total :ilverage SloLay L 50 mA
output current*®
H” level maX|£num lon L 10 mA
output current*
H” level avereige lonay L -4 mA
output current*s
H” level total maximum Slon o -100 mA
output current
H Ieve*l total average output Slomay L .05 mA
current*®
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Rating

Parameter Symbol - Unit Remarks
Min Max
fmax, cLkB — 100
) ) fmax, cLkP — 50
Permitted operating frequency MHz | Ta< 105 °C
fmax, CLKT — 50
fmax, cLkcAN — 50
fmax, cLkB — 96
] ) fmax, cLkP — 48
Permitted operating frequency MHz | Ta< 125 °C
fmax, CLKT — 48
fmax, cLkcAN — 48
— 12508 mW |[Ta<85°C

— 630 & mW |Ta< 105 °C

Ta< 105 °C, no Flash pro-
gram/erase °

— 1400 '8 mw

Permitted power dissipation 7 Po
o 1100 mw | TA<115 C,*no Flash pro-
gram/erase "
o 780 *8 mw Ta< 125 C,*no Flash pro-
gram/erase *°
Operating temperature Ta -40 +125 °C
Storage temperature Tstg -55 + 150 °C
*1 : The parameter is based on Vss5 = AVss5 = 0.0 V.
*2 1 AVcch and AVRH5 must not exceed Voo5 + 0.3 V.
*3 : e Use within recommended operating conditions.
¢ Use with DC voltage (current).
e +B signals are input signals that exceed the Voo5 voltage. +B signals should always be applied by
connecting a limiting resistor between the +B signal and the microcontroller.
¢ The value of the limiting resistor should be set so that the current input to the microcontroller pin does not
exceed the rated value at any time , either instantaneously or for an extended period, when the +B signal
is input.
¢ Note that when the microcontroller drive current is low, such as in the low power consumption modes, the
+B input potential can increase the potential at the power supply pin via a protective diode, possibly affecting
other devices.
¢ Note that if the +B signal is input when the microcontroller is off (not fixed at 0 V), power is supplied through
the +B input pin; therefore, the microcontroller may partially operate.
¢ Note that if the +B signal is input at power-on, since the power is supplied through the pin, the power-on reset
may not function in the power supply voltage.
160
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e Do not leave +B input pins open.
e Example of recommended circuit :

e Input/output equivalent circuit

Protective diode

/ Vce
Limiting /‘ P-ch

resistor —
+B input (0 Vto 16 V) e +

*8
*9

: Maximum output currentis defined as the value of the peak current flowing through any one of the corresponding

pins.

: Average output current is defined as the value of the average current flowing through any one of the

corresponding pins for a 100 ms period.

: Total average output current is defined as the value of the average current flowing through all of the

corresponding pins for a 100 ms period.

: The maximum permitted power dissipation depends on the ambient temperature, the air flow velocity and the

thermal conductance of the package on the PCB.
The actual power dissipation depends on the customer application and can be calculated as follows:
Po = Pio + Pt
Pio = X (VoL * loL + Von + lon) (10 load power dissipation, sum is performed on all IO ports)
Pint = Vop5R * lec + AVec5 * Ia + AVRH5 * Ir (internal power dissipation)

: Worst case value for the QFP package mounted on a 4-layer PCB at specified Ta without air flow.
: Please contact Fujitsu for reliability limitations when using under these conditions.

WARNING: Semiconductor devices can be permanently damaged by application of stress (voltage, current,

temperature, etc.) in excess of absolute maximum ratings. Do not exceed these ratings.
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2. Recommended operating conditions
(Vssh = AVss5 = 0.0 V)

Value .
Parameter Symbol - Unit Remarks
Min Typ Max
Vobo5 3.0 — 55 \%
Voo5R 3.0 — 5.5 V |Internal regulator
Power supply voltage
Voo35 3.0 — 5.5 V | External bus
AVcch 3.0 — 5.5 V | A/D converter

: . Use a X7R ceramic capacitor or
Smoothing capacitor at . S
. Cs — 4.7 — uF | a capacitor that has similar fre-
VCC18C pin o
quency characteristics.

Power supply slew rate — — 50 |V/ms
Main Oscillation
- . 10 ms
stabilisation time
Lock-up time PLL
(4 MHz ->16 ...100MHz) 06 | ms
ESD Protection vV 2 KV Rdischarge = 1.5kQ
(Human body model) suree Cuischarge = 100pF
. frc100kHzZ 50 100 200 kHz
RC Oscillator frcontis 1 > 4 MHz VDDcore > 1.65V

WARNING: The recommended operating conditions are required in order to ensure the normal operation of
the semiconductor device. All of the device's electrical characteristics are warranted when the
device is operated within these ranges.

Always use semiconductor devices within their recommended operating condition ranges.
Operation outside these ranges may adversely affect reliability and could result in device failure.

No warranty is made with respect to uses, operating conditions, or combinations not represented
on the data sheet. Users considering application outside the listed conditions are advised to contact
their representatives beforehand.

VCC18C

VSS5 AVSS5

Cs
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3. DC characteristics

Note: In the following tables, “Voo” means Vop35 for pins of ext. bus or Voo5 for other pins.
In the following tables, “Vss” means ground Pins Vss5 for the other pins.
(Vop5 = AVec5 =3.0V1t05.5V, Vssb = AVss5 =0V, Ta=-40 °C to + 125 °C)

Value
Parameter | Symbol | Pin name Condition - Unit Remarks
Min Typ Max
Portinputs if CMOS CMOS
— Hysteresis 0.8/0.2 | 0.8 x Voo | — | Voo + 0.3 | V |hysteresis
input is selected input
Portinputsif CMOS | 0.7 xVoo | — |Voo +0.3| V [45V<Vop<5.5V
— Hysteresis 0.7/0.3
Vi input is selected 0.74xVoo | — |Vobo +0.3| V |3V<Vp<45V
AUTOMOTIVE
— Hysteresis inputis | 0.8 xVoo | — | Voo +0.3 | V
selected
Port inputs if TTL
Input “H” o input is selected 2.0 — | Vo031V
voltage - -
INITX input pin
ViR INITX — 08xVop| — |[Vop+0.3| V [(CMOS
Hysteresis)
Viru MI\EI’[—ESO — Voo-03 | — |Voo+0.3| V |Mode input pins
Vios | X0, XOA — 25 | — |vo+o3| v |EXteralclockin
Oscillation mode
External clock in
ViHxoF X0 — 08xVoo | — |Voo+0.3| V |“Fast Clock Input
mode”
Portinputs if CMOS
— Hysteresis 0.8/0.2 | Vss-0.3 | — | 02xVom | V
input is selected
Portinputs if CMOS
— Hysteresis 0.7/0.3 | Vss-0.3 | — | 03 x Voo | V
v input is selected
IL
Port inputs if Vss-03 | — [05%xVoo| V |45V<Vop<55V
L AUTOMOTIVE
Hysteresis inputis | Vss-0.3 | — |0.46xVoo| V |3V <Vop<4.5V
Input “L” selected
voltage - .
. |Portinputs T TTL | v 03| — | o8 |V
input is selected
INITX input pin
Vit INITX — Vss-03 | — [02xVoo | V [(CMOS
Hysteresis)
Vitm Ml\%fgo _ Vss-03 | — |Vss+0.3| V |Mode input pins
Vioos | X0, XOA — Vss-03 | — | o5 | v |EXtermnalclockin
Oscillation mode
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(Vop5 = AVec5 =3.0Vt05.5V, Vssb = AVss5 =0V, Ta=-40 °C to + 125 °C)

Pin . Value :
Parameter | Symbol Condition - Unit Remarks
name Min Typ Max
Inout “L” External clock in
b ViLxoF X0 — Vss - 0.3 — 0.2xVoo| V |“FastClock Input
voltage »
mode
4.5V < Voo< 5.5V,
lon = - 2mA ivi
Vonz Normal Vob - 0.5 L o Vv Driving strength
outputs | 3,0V < Voo < 4.5V, setto 2 mA
lon= -1.6mA
Output “H” 4.5V < Vob< 5.5V,
voltage lon= -5mA Vi
g Vorts Normal Voo - 0.5 . L Vv Driving strength
outputs | 3,0V < Voo < 4.5V, setto 5 mA
lon= -3mA
[2C |3.0V< Voo< 5.5V, i
Vors | outputs [lon = - 3mA Voo -0.5 — - v
4.5V < Vob< 5.5V,
loo = +2mA Vi
VoLz Normal | 'ot L o 0.4 Vv Driving strength
outputs | 3.0V < Voo < 4.5V, setto 2 mA
loo= +1.6mA
Output “I” 4.5V < Vop< 5.5V,
voltage lo.= +5mA Vi
g VoLs Normal L . 0.4 Vv Driving strength
outputs | 3,0V < Voo < 4.5V, setto 5 mA
loo= +3mA
2C |3.0V< Vop< 5.5V,
Vous outputs [lo = + 3mA o o 0.4 v
3.0V< Vopo< 5.5V
Vssb < Vi< Vop -1 — +1
Input leak- Pnn_m | Ta=25°C
I o LA
age current 3.0V< Voo< 5.5V
Vssb < Vi< Vop -3 — +3
Ta=125°C
] 3.0V< Vop< 5.5V
Analog in- TAzD5 °C -1 — +1 HA
put leak- [ain ANn *2 30V<V Y
age current OV < Vbp< S, - _
g Ta=125 °C 3 3 | A
Pnn_m | 3.0V<Vop<3.6V 40 100 160
Pull-up .
resistance Rue ° kQ
INITX 4.5V <Vop <5.5V 25 50 100
Pu"_down Pnn m 30V SVDD S36V 40 100 180
. Roown wa kQ
resistance 4.5V <Vop <5.5V 25 50 100
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Pin . Value .
Parameter | Symbol Condition - Unit Remarks
name Min Typ Max
All ex-
cept
Input Voob,
. VooSR, |, i
f:r?:gl- Cin Vss5, f=1MHz 5 15 pF
AVcc5,
AVss5h,
AVRH5
CLKB: 100 MHz
CLKP: 50 MHz Code fetch from
lcc Voo5R CLKT: 50 MHz - 110 140 mA Flash
CLKCAN: 50 MHz
Ta= +25°C - 30 150 A
Ta= +105°C - 0.3 2.0 mA | At stop mode
Ta= +125°C - 0.75 5.0 mA
Ta= +25°C - 100 500 LA
| Voo5R |Ta= + 105 °C - 05 24 | ma |RIC:
Power ocr o i i i 4 MHz mode 5
supply Ta= +125°C - 0.85 5.4 mA
K/Iugent Ta= +25°C - 50 250 nA
91- > RTC:
F465PA Ta= +105 C - 0.4 2.2 mA 100 kHz mode 5
Ta= +125°C - 0.8 5.2 mA
lve | Voos — — 70 150 | pa |BXternallow volt
age detection
ILvi Vop5R — — 50 100 pA Internal IOV.V volt-
age detection
Main clock
- - 250 500 LA (4 MH2)
losc Vob5 Sub olock
ub cloc
] ] 20 40| BA 5 ki)
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Pin . Value :
Condition - Unit Remarks
name Min Typ Max

CLKB: 100 MHz
CLKP: 50 MHz Code fetch from

lcc Voo5R CLKT: 50 MHz - 130 160 mA | Flash, Data
Flash enabled

CLKCAN: 50 MHz

Parameter | Symbol

Ta= +25°C - 30 150 A
Ta= +105°C - 0.3 2.0 mA | At stop mode 7
Ta= +125°C - 0.75 5.0 mA
Ta= +25°C - 100 500 A
loow | VooBR |Ta= + 105 °C - 05 24 | mA |RTC:
Power : ’ 4 MHz mode
supply Ta= +125°C - 0.85 5.4 mA
current Ta= +25°C _ 50 250 uA
MB91- ; RTC :
F467PA *6 Ta= +105°C - 0.4 2.2 mA 100 kHz mode
Ta= +125°C - 0.8 5.2 mA
lLve Voo5 _ o 70 150 uA External Io_w volt-
age detection
Ly Voo5R _ o 50 100 uA Internal Iov_v volt-
age detection
Main clock
- - 250 500 A (4 MHz)
losc Vo5 Sob ook
ub cloc
) ) 20 40 MA 1 (32 kHz)

1. Pnn_m includes all GPIO pins. Analog (AN) channels and PullUp/PullDown are disabled.

2.  ANn includes all pins where AN channels are enabled.

3.  Pnn_mincludes all GPIO pins. The pull up resistors must be enabled by PPER/PPCR setting and
the pins must be in input direction.

4.  Pnn_mincludes all GPIO pins. The pull down resistors must be enabled by PPER/PPCR setting and
the pins must be in input direction.

5. Main regulator OFF, sub regulator set to 1.2V, Low voltage detection disabled.

6. MB91F467PA target data

7. Main regulator OFF, sub regulator set to 1.2V, Low voltage detection disabled.
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(Voo5 = AVec5=3.0Vt0 5.5V, Vss5 =AVss5 =0V, Ta=-40°C to + 125 °C)

Value
Parameter Symbol | Pin name - Unit Remarks
Min Typ Max
Resolution — — — — 10 bit
Total error — — -3 — +3 LSB
Nonlinearity error — — -25 — +2.5 LSB
Differential nonlinearity L L ‘19 . +19 LSB
error
: AVRL-1.5 |AVRL +0.5| AVRL + 2.5
Zero reading voltage Vor ANnN LSB LSB LSB \Y
. AVRH-3.5 | AVRH-1.5 |[AVRH + 0.5
Full scale reading voltage VrsT ANnN LSB LSB LSB \Y
0.6 — 16,500 | ps gg Vi< AVecd <
Compare time Teomp — :
20 L L s 3.0V < AVcch <
' HS a5y
45V < AVcch <
0.4 — — us |5.5V,
o Rext < 2 kQ
Sampling time Tsamp —
3.0V <AVcch <
1.0 — — us 4.5V,
Rext < 1 kQ
10 L o s 4.5V < AVcch <
' HS 155V
Conversion time Teonv —
3.0 s 3.0V <AVcec5 <
' - - HS 145y
Input capacitance Cin ANn — — 11 pF
4.5V < AVcch <
— — 2.6 kQ 55\
Input resistance Rin ANnN 30V < AV
. < cco <
— — 121 kQ 45V
. -1 — +1 A |Ta= +25°C
Analog input leakage LA ANN [ A
current -3 — +3 A [Ta= +125°C
Analog input voltage range Van ANnN AVRL — AVRH \
Offset between input chan- . ANn . L 4 LSB
nels
(Continued)
Note : The accuracy gets worse as AVRH - AVRL becomes smaller
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(Continued)
Value
Parameter Symbol | Pin name - Unit Remarks
Min Typ Max
0.75 x
AVRH | AVRH5 AVec5 — AVcch Vv
Reference voltage range
AVRL | AVss5 | AVsss — AVecdx |y,
% 5 0.25
A AVcch — 25 5 mA A/D Converter
Power supply current active
er ADC macro *3
P " AVoc5 _ L 5 uA A/D Converte:
not operated *'
ln AVRH5 _ 0.7 1 mA | A/D Converter
Reference voltage current active
er ADC macro *?
P - AVRH5 - . 5 uA A/D Converte:
not operated *?

*1: Supply current at AVcc5, if A/D converter and ALARM comparator are not operating,
(Voo5 = AVec5 = AVRH = 5.0 V)

*2 : Input current at AVRHS5, if A/D converter is not operating, (Voo5 = AVec5 = AVRH = 5.0 V)

*3 1 The current consumption per ADC macro is given here. On devices having more then one A/D converter, the
current values have to be multiplied by the number of macros.

Sampling Time Calculation
Tsamp = ( 2.6 KOhm + Rext) x 11pF x 7; for 4.5V < AVccb < 5.5V
Tsamp = (12.1 kOhm + Rext) x 11pF x 7; for 3.0V < AVcc5 < 4.5V

Conversion Time Calculation
Teonv = Tsamp + Tcomp

Definition of A/D converter terms

¢ Resolution
Analog variation that is recognizable by the A/D converter.

¢ Nonlinearity error
Deviation between actual conversion characteristics and a straight line connecting the zero transition point
(00 0000 00008 <> 00 0000 0001s) and the full scale transition point (11 1111 11108 & 11 1111 1111s).

* Differential nonlinearity error
Deviation of the input voltage from the ideal value that is required to change the output code by 1 LSB.

¢ Total error
This error indicates the difference between actual and theoretical values, including the zero transition error,
full scale transition error, and nonlinearity error.
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Total error
3FFn T
i 1.5LSB’
3FEn T . peeee
Actual conversion—
characteristics ;
3FDH premnnnee
{1LSB'(N-1)+0.5 LSB'}
-— 1 y
> ' h
[oN
8
>
o
E 0041 '
2 . ¢ Vnt
(@] 003n T ;---------' (measurement value
: i=—— Actual conversion
0024 — ~--- L ERREEEEEE characteristics
i [ Ideal characteristics
00TH - 4—rd------"
™ = 05LSB'

AVss5 AVRH
Analog input

1LSB (ideal value) = AVRH-AVesS 1y

Total error of digital output N =Y~ {1 LSBIX1 f_l\.lSB” +0.5LSB}

N : A/D converter digital output value

Vor' (ideal value) = AVss5 + 0.5 LSB' [V]

Vrst' (ideal value) = AVRH - 1.5 LSB' [V]

Vnr : Voltage at which the digital output changes from (N + 1) 1 to Nw

(Continued)
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(Continued)
Nonlinearity error Differential nonlinearity error
3FFH T Actual conversion characteristicg ~ Actual conversion characteristics
3FEn + \ (N+1H + \ :
{1LSB(N-1)+Vor} ! ! Vrst : §
3FDu oo -* (measure- Ideal 5
'\ ment value) i ! .
5 : S 5 characteristics | |
Q : o B NG fe NHT N\ oo 1
= ' ! ' =] \ H
3 Pl 5 \ e ]
< 004n — - — § : : :
A . VNt B : :
= (measure- a H H '
0O o003+ + ment value) (N-DH roee —d : Vesr
. : T (measure-
Actual conversion : : VNT ment value)
002v + . characteristics : (measure-
i [«+— Ideal characteristics | | ment value)
001w T (N-2)n ~T """ Actual conversion
V1o (measurement value) : characteristics
AVss5 AVRH AVss5 AVRH
Analog input Analog input
Nonlinearity error of digital output N = Vi - {1 LSB1>I<_S(BN -1) +Vor} | gpj

Differential nonlinearity error of digital output N =

V (N+1)T-VnT
1LSB

-1[LSB]

1LSB = VEst - Vor V]

Vor
VEstT

1022

: A/D converter digital output value
: Voltage at which the digital output changes from 000+ to 001H.
: Voltage at which the digital output changes from 3FE+ to 3FFH.
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5. FLASH memory program/erase characteristics
5.1. MB91F465PA

(Voo5=38.0V1t0 5.5V, Voo5R = 3.0V 10 5.5V, Vss5 =0V, Ta=-40°C t0 + 105 °C)

Value
Parameter Unit Remarks
Min Typ Max
. i Erasure programming time not
Sector erase time 0.9 3.6 s included
Chip erase time i n*0.9 n*3.6 S n is the number of Flash sector

of the device

Word (16-bit width) pro- i System overhead time not in-
gramming time 23 870 Hs cluded
Programme/Erase cycle | 10 000 cycle

Flash data retention time 20 year *q

*1: This value was converted from the results of evaluating the reliability of the technology (using Arrhenius
equation to convert high temperature measurements into normalized value at 85°C)

5.2. MB91F467PA

(VDD5 =3.0Vto55V, Voo5R=3.0Vt055V,Vss5 =0V, Ta=-40°C t0 + 105 °C)
Value

Parameter - Unit Remarks
Min Typ Max
. i Erasure programming time not
Sector erase time 0.5 2.0 s included
Chip erase time i n*0.5 n*2.0 s n is the number of Flash sector

of the device

Word (16 or 32-bit width) ) 6 100 s System overhead time not in-
programming time H cluded
Program/Erase cycle 10 000 cycle

Flash data retentiontime| 20 year *1

*1: This value was converted from the results of evaluating the reliability of the technology (using Arrhenius
equation to convert high temperature measurements into normalized value at 85°C)
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5.3. MB91F467PA DATA FLASH
(Voo5=38.0V1t0 5.5V, Voo5R =3.0V 10 5.5V, Vss5 =0V, Ta=-40°C t0 + 105°C)

Value
Parameter Unit Remarks
Min Typ Max
) Erasure programming time not
) 0.5 2.0 s included
Sector erase time £ a time i
i rasure programming time is
0.8 3.6 S included
L System overhead time not in-
Bye programming time - 15 100 us cluded
Word programming time System overhead time is in-
(32bit width command - 63 403 us cluded
sequencer write *7) CLKB = 64 MHz
at Tj=<105°C/
Program/Erase cycle 100 000 cycle 10,000 cycle at Tj>105 °C

1. The time from CPU write access until the interrupt flag DFWS:FININT is set.
It includes 4 byte programming times + 180 CLKB cycles for write sequence, RDY
polling and result verification done by the command sequencer. Does not include
the interrupt latency time of the CPU.
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6. AC characteristics
6.1. Clock timing

MB91460P Series
e

(Voo5=3.0V1t05.5V,Vss5 =AVss5 =0V, Ta=-40°Cto + 125 °C)

Value
Parameter |Symbol| Pin name - Unit Condition
Min Typ Max
X0 35 4 16 MHz Opposite phase external
X1 supply or crystal
Clock frequency fc XOA
1A 32 32.768 100 kHz
 Clock timing condition
tc
X0, —
X1, / —--0.8Vcc
XO0A, / ---0.2Vcc
X1A
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6.2. Reset input ratings

(Vo5 =3.0V1t05.5V, Vssb =AVss5 =0V, Ta=-40°C to + 125 °C)

INITX

Value
Parameter Symbol Pin name Condition - Unit
Min Max
INITX input time 8 _ ms
(at power-on)
tinTL INITX —
INITX input time 20 _ s
(other than the above) H
tINTL |
0.2 Vce

174
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6.3. LIN-USART Timings at Voo5 =3.0t0 5.5V
* Conditions during AC measurements
All AC tests were measured under the following conditions:

- |Odrive = 5 mA
-Vop5=3.0V1t0 5.5V, licas =3 mA
-Vss5=0V

- Ta= -40 xC to +125 xC

- Ci = 50 pF (load capacity value of pins when testing)
-VOL = 0.2 x Voo5

-VOH = 0.8 x Voo5

- EPILR =0, PILR = 1 (Automotive Level = worst case)

(Vop5=3.0V 1055V, Vss5 =AVss5 =0V, Ta=-40°C to + 125 °C)

Voo5=3.0V t04.5V |Voo5=4.5V to 55V
Parameter Symbol Pin name Condition Unit
Min Max Min Max

Serial .CIOCk tscye SCKn 4 tcikp — 4 toke — ns
cycle time
SCK ! — SOT SCKn
delay time tsLovi SOTn Internal - 30 30 -20 20 ns
soT»sckl | sCckn | (9°% [ mx B m |
delay time over SOTn P teike - 30* teike - 20*

(master
Valid SIN — SCKn mode)
SCK 1 setup time tivsi SINn tcke + 55 — toke + 45 — ns
SCK T — valid ) SCKn 0 0 ns
SIN hold time s SINn - —
Serial clock
g . tsHsLE SCKn toke + 10 — toke + 10 — ns

H” pulse width
“S?I'Ial CIOC‘.( tsLsHE SCKn toke + 10 — toke + 10 — ns
L pulse width

SCK | — soT i SCKn External . 2 tokr + . 2t +45| ns
delay time SLOVE SOTn clock 55 cLe
Valid SIN — t SCKn O?zlr:\fg’“ 0 -~ o .
SCK T setup time | "' SINn

mode)
SCK T — valid ' SCKn toue 4 10 o touke + 10 o ns
SIN hold time SHXE SINn e e
SCKrising time tre SCKn — 20 — 20 ns
SCK falling time tre SCKn — 20 — 20 ns
* . Parameter m depends on tscvci and can be calculated as :

o if tscvel = 2*k*tckp, then m = k, where k is an integer > 2
o if tscvel = (2*k + 1)*tckr then m =k + 1, where k is an integer > 1
Notes : e The above values are AC characteristics for CLK synchronous mode.
o tcike is the cycle time of the peripheral clock.
175
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¢ Internal clock mode (master mode)

tscvcl
N\ 4
SCKn VoL Voy \\VOL
for ESCR:SCES = 0 N
¢ Vo o
SCKn / VoL R /
for ESCR:SCES =1
tsLovi tovsHI
SOTn ><
tivsHI
tSHIXI |
VIH VIH
SINn ViL "
¢ External clock mode (slave mode)
tSHSLE
\ VOH
SCKn \\VOL Voy/ \\VOL
for ESCR:SCES =0
Vo VorY o
SCKn /| N vo V4
for ESCR:SCES = 1 < tREr|<
tSLOVE
SOTn ><
tIivSHE tSHIXE |
VIH VIH
SINn ViL i
176
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6.4. I2C AC Timings at Voo5 =3.0t0 5.5V
¢ Conditions during AC measurements
All AC tests were measured under the following conditions:

- 1Odrive = 3 MA

- Voo5=3.0Vto5.5 V, lioad = 3 MA

- Vssb=0V

- Ta= -40°Cto +125°C

- Ci=50pF

- VOL = 0.3 x Vbp5

- VOH = 0.7 x Vop5

- EPILR =0, PILR = 0 (CMOS Hysteresis 0.3 x Vbop5/0.7 x Vop5)
Fast mode:

(Vop5=3.5V 1055V, Vss5 =AVss5 =0V, Ta=-40°Cto + 125 °C)
. Value .
Parameter Symbol Pin name - Unit Remark
Min Max

SCL clock frequency fscL SCLn 0 400 kHz
Hold time (repeated) START
condition. After this period, the first | tHp;sTa SCLn, SDANn 0.6 — us
clock pulse is generated
LOW period of the SCL clock tLow SCLn 1.3 — us
HIGH period of the SCL clock thigH SCLn 0.6 — us
Setup.tlme for a repeated START tsusTa SCLn, SDAN 06 . us
condition
Data hold time for I12°C-bus devices | tHp;pat SCLn, SDAnN 0 0.9 us
Data setup time tsu;pat SCLn SDANn 100 — ns
Rise time of both SDA and SCL t SCLn, SDAn [20+0.1Cs| 300 ns
signals
Fall time of both SDA and SCL t SCLn, SDAn [20+0.1Cs| 300 ns
signals
Setup time for STOP condition tsu;sTo SCLn, SDAnN 0.6 — us
Bus free time between a STOP
and START condition teor | SCLn, SDAn 13 - us
Capacitive load for each bus line Co SCLn, SDAnN — 400 pF
Pul_se W|d_th of spike suppressed tep SCLn, SDAN 0 (1..1.5) x ns 1
by input filter tewke

*1 The noise filter will suppress single spikes with a pulse width of Ons and between (1 to 1.5) cycles
of peripheral clock, depending on the phase relationship between 12C signals (SDA, SCL) and peripheral clock.

Note: tcwke is the cycle time of the peripheral clock.
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6.5. Free-run timer clock

MB91460P Series

(Vop5=3.0Vt05.5V,Vss5 =AVss5 =0V, Ta=-40°C to + 125 °C)

. . Value .
Parameter Symbol Pin name Condition - Unit
Min Max
Input pulse width trwn CKn — 4tcikp — ns
trwe

Note : tcwke is the cycle time of the peripheral clock.

K VIH / VIH\'\ /

: / \VIL ViL
tTIwWH triwL

6.6. Trigger input timing

(Voo5=3.0V1t05.5V, Vssb =AVss5 =0V, Ta=-40°Cto + 125 °C)

. . Value .
Parameter Symbol Pin name Condition - Unit
Min Max
Input capture input trigger tine ICUn — Stcike — ns
A/D converter trigger tatex ATGX — Steike — ns
Note : tcike is the cycle time of the peripheral clock.
tATGX, tINP

ICUn, \ /

ATGX \ /
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6.7. External Bus AC Timings at Vo035 =4.5t0 5.5V
* Conditions during AC measurements
All AC tests were measured under the following conditions:
- |Odrive = 5 MA
- Vo35 =45V 1055V, loas =5 mA
- Vssb=0V
- Ta=-40°Cto +125°C
- C=50pF
- VOL = 0.2 x Vop35
- VOH = 0.8 x Vop35
- EPILR =0, PILR = 1 (Automotive Level = worst case)

6.7.1. Basic Timing
(Voo35=4.5V1t05.5V,Vss5 =AVss5 =0V, Ta=-40°Cto + 125 °C)

Value
Parameter Symbol Pin name - Unit
Min Max

toLen 1/2 x teikr -4 | 1/2 X tokt + 2 ns
SYSCLK SYSCLK

teHeL 1/2 x teikr -2 | 1/2 X tokt + 4 ns

teresL — 12 ns
SYSCLK | to CSXn delay time

toLesH SYSCLK — 9 ns
SYSCLK T to CSXn delay time ‘ CSXn 3 8 ns
(Addr — CS delay) crest

toLasL — 13 ns
SYSCLK | to ASX delay time SYSCLK

toLasH ASX — 12 ns

. . SYSCLK

SYSCLK | to Address valid delay time teLav A23 10 AO — 13 ns

Note : tcwkt is the cycle time of the external bus clock.
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tcLcH tCHCL tcyc
teLesL
le |, tocsk
CSXn
t|CHCSL
delayed CSXn
tCLASH
tCLASL
ASX
tcLAV
ADDRESS ><
tCLBAH
tCLBAL
BAAX
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6.7.2. Synchronous/Asynchronous read access
(Vo35 =4.5Vt05.5V,Vss5=AVss5=0V, Ta=-40°Cto + 125 °C)

Value
Parameter Symbol Pin name Unit
Min Max
TCHRL 2 7 ns
SYSCLK T to RDX delay time SYSCLK
TCHRH RDX 2 9 ns
Data valid to RDX T setup time TDSRH RDX 20 — ns
D31to D16
RDX T to Data valid hold time TRHDX RDX 0 — ns
D31to D16
SYSCLK | to WRXn TCLWRL SYSCLK — 12 ns
(as byte enable) delay time TCLWRH WRXn 3 _ ns
TCLCSL — 12 ns
SYSCLK | to CSXn delay time SYSCLK
TCLCSH CSXn — 9 ns

jrala
L, _ tacsH

CSXn )‘

tCLWRL “ tCLWRH

WRXn
(as byte enable)

TCHRH

A

tCHRL

RDX AN 7

L tDSRH J tRHDX

A

A

DATAIN
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6.7.3. Synchronous write access - byte control type

(Vo35 =4.5Vt05.5V,Vss5=AVss5=0V, Ta=-40°Cto + 125 °C)

Value
Parameter Symbol Pin name - Unit
Min Max
TCLWL — 12 ns
SYSCLK | to WEX delay time SYSCLK
TCLWH WEX 2 — ns
. . WEX
Data valid to WEX { setup time TDSWL D31 to D16 -2 — ns
WEX T to Data valid hold time TWHDH WEX tekr - 9 — ns
D31to D16
SYSCLK | to WRXn (as byte enable) | TCLWRL SYSCLK — 12 ns
delay time TCLWRH WRXn 3 — ns
TCLCSL — 12 ns
SYSCLK | to CSXn delay time SYSCLK
TCLCSH CSXn — 9 ns
SYSCLK /_\ (_/1 J\ J\
R L, tcLesL L tcLesH
CSXn )‘
. tawrL R L tCLWRH
WRXn
(as byte enable) \
N
R tcLwH
> tcLwL
WEX \ 74
ol le tOSWL tWHDH
DATA OUT

DS07-16615-2E
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6.7.4. Synchronous write access - no byte control type
(Vo35 =4.5Vt05.5V,Vss5=AVss5=0V, Ta=-40°Cto + 125 °C)

Value
Parameter Symbol Pin name Unit
Min Max
TCLWRL 12 ns
SYSCLK | to WRXn delay time SYSCLK
TCLWRH WRXn — ns
. . WRXn
Data valid to WRXn | setup time TDSWRL D31 to D16 — ns
. . WRXn
WRXn T to Data valid hold time TWRHDH D31 to D16 tekr - 9 — ns
TCLCSL 12 ns
SYSCLK | to CSXn delay time SYSCLK
TCLCSH CSXn 9 ns

SYSCLK

SN N S NS L

|, tacs ‘4 tCLCSH

A

Y

CSXn

tCLWRH

TCLWRL

<

WRXn

DATA OUT

N

| |, tDSwRL TWRHDH
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6.7.5. Asynchronous write access - byte control type
(Vo35 =4.5Vt05.5V,Vss5=AVss5=0V, Ta=-40°Cto + 125 °C)

MB91460P Series
e

Value
Parameter Symbol Pin name - Unit
Min Max
WEX | to WEX T pulse width TWLWH WEX tokr - 8 — ns
. . WEX
Data valid to WEX { setup time TDSWL D31 to D16 1/2 x towkr - 1 — ns
WEX T to Data valid hold time TWHDH WEX 1/2 x tokr - 9 — ns
D31to D16
) TWRLWL WEX — 12xtokr+1| ns
WEX to WRXn delay time
TWHWRH WRXn 1/2 x towkr - 0 — ns
) TCLWL WEX — 1/2xtckr+7 | ns
WEX to CSXn delay time
TWHCH CSXn 1/2 x towr - 1 — ns
CSXn \ ) E—
tcLwL N < ¢ tWHCH
1
WRXn
(as byte enable)
WAL j » tWHWRH
g
_ tWLWH R
WEX \ %
DSWL |= tWHDH
DATA OUT
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6.7.6. Asynchronous write access - no byte control type

(Vo35 =4.5Vt05.5V,Vss5=AVss5=0V, Ta=-40°Cto + 125 °C)

Value
Parameter Symbol Pin name - Unit
Min Max

WRXn | to WRXn T pulse width | TWRLWRH WRXn tekt - 7 — ns
. . WRXn

Data valid to WRXn | setup time| TDSWRL D31 to D16 1/2 x towkr - 1 — ns
. . WRXn

WRXn T to Data valid hold time TWRHDH D31 to D16 1/2 % tewkr - 9 — ns

TCLWRL — 1/2 x tekt + 7 ns
WRXn to CSXn delay time WRXn

TWRHCH CSXn 1/2 x toikr - 1 — ns

CSXn

tCLWRL |

A

TWRLWRH

tWRHCH
<

WRXn

DATA OUT

N 2

tDSWRL
—>

v

tWRHDH

Y
A
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6.7.7. RDY waitcycle insertion
(Vop35=4.5Vt05.5V,Vss5 =AVss5=0V, Ta=-40°Cto + 125 °C)

Value
Parameter Symbol Pin name - Unit
Min Max
; SYSCLK
RDY setup time TRDYS RDY 16 — ns
; SYSCLK
RDY hold time TRDYH RDY 0 — ns

SYSCLK

trRDYS tRDYH

RDY
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6.8. External Bus AC Timings at Voo35 =3.0t0 4.5V
* Conditions during AC measurements
All AC tests were measured under the following conditions:

- |Odrive = 5 MA

- Vop35=3.0Vt04.5V, las =3 mA

- Vssb=0V

- Ta=-40°Cto +125°C
- Ci=50pF

- VOL = 0.2 x Voo35

- VOH = 0.8 x Vop35

- EPILR =0, PILR =1 (Automotive Level = worst case)

6.8.1. Basic Timing

(Vop35=3.0Vto 4.5V, Vss5=AVss5 =0V, Ta=-40°Cto + 125 °C)

Value
Parameter Symbol Pin name Unit
Min Max
TCLCH 1/2 x towk - 4 1/2 x tcikt + 5 ns
SYSCLK SYSCLK
TCHCL 1/2 x towkt - 5 1/2 x tcikt + 4 ns
] TCLCSL — 8 ns
SYSCLK | to CSXn delay time
TCLCSH SYSCLK — 9 ns
; CSXn
SYSCLK T to CSXn delay time
(Addr — CS delay) TCHCSL 1 8 ns
TCLASL — 8 ns
SYSCLK | to ASX delay time SYSCLK
TCLASH ASX — 9 ns
SYSCLK | to Address valid delay SYSCLK
time TCLAV | 2310 AO - 12 ns
188 DS07-16615-2E

o)
FUJITSU




MB91460P Series

tcLcH tCHCL tcyc
tcLes
L |, tacsH
CSXn
t|CHCSL
delayed CSXn
o e taask
tCLASL
ASX
tCLAV
ADDRESS ><
|, taBAH
tCLBAL
BAAX
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6.8.2. Synchronous/Asynchronous read access
(Vop35=3.0Vto4.5V,Vss5=AVss5=0V, Ta=-40°Cto + 125 °C)

tcLese

le

CSXn

WRXn

tCLWRL

Value
Parameter Symbol Pin name Unit
Min Max
TCHRL 1 8 ns
SYSCLK T to RDX delay time SYSCLK
TCHRH RDX 2 8 ns
Data valid to RDX T setup time TDSRH RDX 26 — ns
D31to D16
RDX T to Data valid hold time TRHDX RDX 0 — ns
D31to D16
SYSCLK | to WRXn TCLWRL SYSCLK — 9 ns
(as byte enable) delay time TCLWRH WRXn 3 _ ns
TCLCSL — 8 ns
SYSCLK | to CSXn delay time SYSCLK
TCLCSH CSXn — 9 ns
SYSCLK /_\ ,/_vé \ (_/_\

tCLCSH

(as byte enable)

/£
L

tCLWRH

Y

tCHRL

tCHRH

A

RDX

DATAIN

tDSRH

A

tRHDX

A

A
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6.8.3. Synchronous write access - byte control type
(Vop35=3.0Vto4.5V,Vss5=AVss5=0V, Ta=-40°Cto + 125 °C)

Value
Parameter Symbol Pin name - Unit
Min Max
TCLWL — 9 ns
SYSCLK | to WEX delay time SYSCLK
TCLWH WEX 3 — ns
. . WEX
Data valid to WEX { setup time TDSWL D31 to D16 -6 — ns
WEX T to Data valid hold time TWHDH WEX tewkr - 13 — ns
D31to D16
SYSCLK | to WRXn (as byte enable) TCLWRL SYSCLK — 9 ns
delay time TCLWRH WRXn 4 — ns
TCLCSL — 8 ns
SYSCLK | to CSXn delay time SYSCLK
TCLCSH CSXn — 9 ns
SYSCLK f\ f J\ J\
|, tacs L tCLCSH
CSXn )‘
_ tawmL R L tCLWRH
WRXn
(as byte enable) \
AN
R tCLwWH
_ tewiL
WEX \ Va
;|  DSWL tWHDH
DATA OUT

DS07-16615-2E
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6.8.4. Synchronous write access - no byte control type

(Vop35=3.0Vto4.5V,Vss5=AVss5=0V, Ta=-40°Cto + 125 °C)

CSXn

le

tcLcse

>
> <

WRXn

‘4

tCLCSH

TCLWRH

TCLWRL

A4

DATA OUT

<~/

tDSWRL

A

Value
Parameter Symbol Pin name Unit
Min Max
TCLWRL — 9 ns
SYSCLK | to WRXn delay time SYSCLK
TCLWRH WRXn 4 — ns
, . WRXn
Data valid to WRXn | setup time| TDSWRL D31 to D16 -6 — ns
. . WRXn
WRXn T to Data valid hold time TWRHDH D31 to D16 tewkr - 15 — ns
TCLCSL — 8 ns
SYSCLK | to CSXn delay time SYSCLK
TCLCSH CSXn — 9 ns
e ﬁ\;/jL/_\KI\

tWRHDH
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6.8.5. Asynchronous write access - byte control type

MB91460P Series
e

(Vop35=3.0Vto4.5V,Vss5=AVss5=0V, Ta=-40°Cto + 125 °C)

(as byte enable)

tWRLWL

A

tWLWH

A

WEX

DATA OUT

tbswL

tWHWRH

Value
Parameter Symbol Pin name - Unit
Min Max
WEX | to WEX T pulse width TWLWH WEX towkr - 4 — ns
. . WEX
Data valid to WEX | setup time TDSWL D31 to D16 1/2 X towkr - 6 — ns
WEX T to Data valid hold time TWHDH WEX 1/2 % tewkr - 13 — ns
D31to D16

) TWRLWL WEX — 1/2 x tewkt + 1 ns

WEX to WRXn delay time
TWHWRH WRXn 1/2 x towr - 1 — ns
) TCLWL WEX — 1/2 x towkr + 1 ns

WEX to CSXn delay time
TWHCH CSXn 1/2 x towkr - 0 — ns

CSXn N f
tcLwL tWHCH
> < <
[
WRXn
14

tWHDH

A

DS07-16615-2E
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6.8.6. Asynchronous write access - no byte control type
(Vop35=3.0Vto4.5V,Vss5=AVss5=0V, Ta=-40°Cto + 125 °C)

Value
Parameter Symbol Pin name - Unit
Min Max
WRXn | to WRXn T pulse width| TWRLWRH WRXn towkr - 2 — ns
Data valid to WRXn | setup time TDSWRL D3\qwt::)XS16 1/2 X tokr - 6 — ns
WRXn T to Data valid hold time TWRHDH D3V1VIt::)XS16 1/2 x towkt - 14 — ns
TCLWRL — 1/2 x towkt + 1 ns
WRXn to CSXn delay time WRXn
TWRHCH CSXn 1/2 x toikr - 0 — ns
CSXn
TCLWRL ;‘ . | TWRHCH
TWRLWRH
WRXn \ A=
TDSWRL |  TWRHDH
—> > <
DATA OUT
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6.8.7. RDY waitcycle insertion
(Vop35=3.0Vto4.5V,Vss5=AVss5=0V, Ta=-40°Cto + 125 °C)

Value
Parameter Symbol Pin name - Unit
Min Max
; SYSCLK
RDY setup time TRDYS RDY 21 — ns
; SYSCLK
RDY hold time TRDYH RDY 0 — ns

SYSCLK

tRDYS tRDYH

RDY
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H ORDERING INFORMATION

Part number Package Remarks

176-pin plastic LQFP
(FPT-176P-M07)

176-pin plastic LQFP
(FPT-176P-M07)

MB91F465PAPMC-GSE2 Lead-free package

MB91F467PAPMC-GSE2 Lead-free package
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B PACKAGE DIMENSION

176-pin plastic LQFP Lead pitch 0.50 mm

Package width x

oackage length 24.0 x 24.0 mm
Lead shape Gullwing

Sealing method Plastic mold

Mounting height 1.70 mm MAX
(Re?e‘igice) P-LQFP-0176-2424-0.50

(FPT-176P-M07)
176-pin plastic LQFP Note 1) * : Values do not include resin protrusion.
(FPT-176P-MQ7) Resin protrusion is +0.25(.010)Max(each side).

Note 2) Pins width and pins thickness include plating thickness

26.000.20(1.024+.008)SQ Note 3) Pins width do not include tie bar cutting remainder.

*24.00+0.10(.945+.004)SQ

0.145:0.055
(.006:£.002)
(2
ARRRAARARARARAAAAAAAAAARAARAAAAARAAAARARARGR
ClE= =
= Q = (1008003
% % rDeitaﬂs;fTArp;n 77777777777 |
= | = +0.20 ‘
% % i ﬁ(Mounting height) }
= = ! ‘
% % } 0.10£0.10 }
= = ‘ (.004.004) |
= = | ‘0°~8° (Stand off) |
= E |
= = |
.~ Of |
= s 05050, 0.25(.010
= = " | (.Ooggx.%gg) |
L e R R R R R } Oo'ggfodég [
LEADNo.@‘ | (w008
0.22:0.0
L (.009:.002) ©]0.08(.003) @
Dimensions in mm (inches).
© 20042010 FUITSU SEMICONDUCTOR LIMITED 176013513 Note: The values n parentheses are reference values.

Please check the latest package dimension at the following URL.
http://edevice.fujitsu.com/package/en-search/
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B REVISION HISTORY

Version Date Remark
2.0 2008-06-10 | Initial version

Handling devices: Section Notes on PS Register changed for better
understanding

Interrupt Vector Table: corrected the footnotes

FLASH: Added note about the flash operation mode switching,
added section "Poweron Sequence in parallel programming mode"

Absolute maximum ratings: Removed the note that analog input/output
pins cannot accept +B signal input.

DC Characteristics: Updated PullUp/Down resistors, updated the footnotes
splitted ILV into external and internal LV detection

AD Converter characteristics updated (complete section)

Added MB91F467PA with Data Flash and 2 ADC macros:
- added chapter A/D Converter / New Features

- added chapter A/D Converter / Range Comparator

- added chapter Embedded Data Flash

A/D CONVERTER / NEW FEATURES (MB91F467PA):

The ADC Channel Enable feature is only available on the non-relocated
ADC channels 6-7.

IO MAP: Added I0S register (addr. 0xC03) with note
“always write 1 to I0S[1]”; Added bookmarks inside 10 MAP; the IO MAP
is common for MB91F465PA and MB91F467PA.

EMBEDDED DATA FLASH (MB91F467PA):

Added info about read operation during Command Sequencer write is active.

2.1 2008-08-15

22 2008-09-04

2.3 2008-09-23

Data Flash: Corrected text about Command Sequencer Mode
(DFWC:WE bit); corrected TMG2,TMG1,TMGO0=000 to max. 6.2MHz
Corrected notes about CRC calculation (CLKB faster then RC clock)

Embedded Program/Data Memory (Flash):

3.0 2008-09-23 | Added section 7 "Notes About Flash Memory CRC Calculation”
(CLKB must be faster then the RC clock)

Pin Assignment: Corrected “SYSCLK7”

Pin Description: Added X0/X1 pinning spec of F467PA

Added Ta=125C characteristics

Embedded Data Flash: Added 3 notes that “Dummy addresses for auto
algorithm” cannot be used for toggle bit polling.
not released DFCS register bit description: corrected INTEN into INTE,
yet Data flash security: Added information about FSC_DISABLE.
FLASH memory program/erase characteristics:
Added 5.3 MB91F467PA DATA FLASH (erase / programming times)
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H MAIN CHANGES IN THIS EDITION

Page Section Change Results
31 B PORT MULTIPLEXING Corrected the text bubbles in Figure “3. Multiplex Pinout MB91F465PA”.
32 Corrected the text bubbles in Figure “4. Multiplex Pinout MB91F467PA”.

The vertical lines marked in the left side of the page show the changes.
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FUJITSU SEMICONDUCTOR LIMITED

Nomura Fudosan Shin-yokohama Bldg. 10-23, Shin-yokohama 2-Chome,

Kohoku-ku Yokohama Kanagawa 222-0033, Japan
Tel: +81-45-415-5858
http://jp.fujitsu.com/fsl/en/

For further information please contact:

North and South America

FUJITSU MICROELECTRONICS AMERICA, INC.
1250 E. Arques Avenue, M/S 333

Sunnyvale, CA 94085-5401, U.S.A.

Tel: +1-408-737-5600 Fax: +1-408-737-5999
http://www.fma.fujitsu.com/

Europe

FUJITSU MICROELECTRONICS EUROPE GmbH
Pittlerstrasse 47, 63225 Langen, Germany

Tel: +49-6103-690-0 Fax: +49-6103-690-122
http://emea.fujitsu.com/microelectronics/

Korea

FUJITSU MICROELECTRONICS KOREA LTD.
206 Kosmo Tower Building, 1002 Daechi-Dong,
Gangnam-Gu, Seoul 135-280, Republic of Korea
Tel: +82-2-3484-7100 Fax: +82-2-3484-7111
http://kr.fujitsu.com/fmk/

Asia Pacific

FUJITSU MICROELECTRONICS ASIA PTE. LTD.
151 Lorong Chuan,

#05-08 New Tech Park 556741 Singapore

Tel : +65-6281-0770 Fax : +65-6281-0220
http://www.fmal.fujitsu.com/

FUJITSU MICROELECTRONICS SHANGHAI CO., LTD.
Rm. 3102, Bund Center, No.222 Yan An Road (E),
Shanghai 200002, China

Tel : +86-21-6146-3688 Fax : +86-21-6335-1605
http://cn.fujitsu.com/fmc/

FUJITSU MICROELECTRONICS PACIFIC ASIA LTD.
10/F., World Commerce Centre, 11 Canton Road,
Tsimshatsui, Kowloon, Hong Kong

Tel : +852-2377-0226 Fax : +852-2376-3269
http://en.fujitsu.com/fmc/en/

All Rights Reserved.

connection with above-mentioned uses of the products.

levels and other abnormal operating conditions.

Specifications are subject to change without notice. For further information please contact each office.

The contents of this document are subject to change without notice.

Customers are advised to consult with sales representatives before ordering.

The information, such as descriptions of function and application circuit examples, in this document are presented solely for the purpose
of reference to show examples of operations and uses of FUJITSU SEMICONDUCTOR device; FUIITSU SEMICONDUCTOR does not
warrant proper operation of the device with respect to use based on such information. When you develop equipment incorporating the device
based on such information, you must assume any responsibility arising out of such use of the information.

FUJITSU SEMICONDUCTOR assumes no liability for any damages whatsoever arising out of the use of the information.

Any information in this document, including descriptions of function and schematic diagrams, shall not be construed as license of the use
or exercise of any intellectual property right, such as patent right or copyright, or any other right of FUJIITSU SEMICONDUCTOR or
any third party or does FUJITSU SEMICONDUCTOR warrant non-infringement of any third-party's intellectual property right or other
right by using such information. FUIITSU SEMICONDUCTOR assumes no liability for any infringement of the intellectual property
rights or other rights of third parties which would result from the use of information contained herein.

The products described in this document are designed, developed and manufactured as contemplated for general use, including without
limitation, ordinary industrial use, general office use, personal use, and household use, but are not designed, developed and manufactured
as contemplated (1) for use accompanying fatal risks or dangers that, unless extremely high safety is secured, could have a serious effect to
the public, and could lead directly to death, personal injury, severe physical damage or other loss (i.e., nuclear reaction control in nuclear
facility, aircraft flight control, air traffic control, mass transport control, medical life support system, missile launch control in weapon
system), or (2) for use requiring extremely high reliability (i.e., submersible repeater and artificial satellite).

Please note that FUJITSU SEMICONDUCTOR will not be liable against you and/or any third party for any claims or damages arising in

Any semiconductor devices have an inherent chance of failure. You must protect against injury, damage or loss from such failures by
incorporating safety design measures into your facility and equipment such as redundancy, fire protection, and prevention of over-current

Exportation/release of any products described in this document may require necessary procedures in accordance with the regulations of
the Foreign Exchange and Foreign Trade Control Law of Japan and/or US export control laws.
The company names and brand names herein are the trademarks or registered trademarks of their respective owners.

Edited: Sales Promotion Department
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