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Welcome to E-XFL.COM

What is "Embedded - Microcontrollers"?

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

Applications of "Embedded -
Microcontrollers"

Embedded microcontrollers are used in virtually every
sector of electronics, providing the necessary control and
processing power for a multitude of applications. In
consumer electronics, they manage the operations of
smartphones, home appliances, and wearable devices. In
automotive systems, microcontrollers control engine
functions, safety features, and infotainment systems.
Industrial applications rely on microcontrollers for
automation, robotics, and process control. Additionally,
microcontrollers are integral in medical devices, handling
functions such as monitoring, diagnostics, and control of
therapeutic equipment. Their versatility and
programmability make them essential components in
creating efficient, responsive, and intelligent electronic
systems.

Common Subcategories of "Embedded -
Microcontrollers"

Embedded microcontrollers can be categorized based on
their architecture, performance, and application focus.
Common subcategories include 8-bit, 16-bit, and 32-bit
microcontrollers, differentiated by their processing power
and memory capacity. 8-bit microcontrollers are typically
used in simple applications like basic control systems and
small devices. 16-bit microcontrollers offer a balance
between performance and complexity, suitable for
medium-scale applications like industrial automation. 32-
bit microcontrollers provide high performance and are
used in complex applications requiring advanced
processing, such as automotive systems and sophisticated
consumer electronics. Each subcategory serves a specific
range of applications, providing tailored solutions for
different performance and complexity needs.

Types of "Embedded - Microcontrollers"

There are various types of embedded microcontrollers,
each designed to meet specific application requirements.
General-purpose microcontrollers are versatile and used in
a wide range of applications, offering a balance of
performance, memory, and peripheral options. Special-
purpose microcontrollers are tailored for specific tasks,
such as automotive controllers, which include features like
built-in motor control peripherals and automotive-grade
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RAM Size 3K x 8

Voltage - Supply (Vcc/Vdd) 3V ~ 5.5V

Data Converters A/D 16x10b

Oscillator Type External

Operating Temperature -40°C ~ 105°C (TA)

Mounting Type Surface Mount

Package / Case 120-BQFP

Supplier Device Package 120-QFP (28x28)

Purchase URL https://www.e-xfl.com/product-detail/infineon-technologies/mb90223pf-gt-375

Email: info@E-XFL.COM Address: Room A, 16/F, Full Win Commercial Centre, 573 Nathan Road, Mongkok, Hong Kong

https://www.e-xfl.com/product/pdf/mb90223pf-gt-375-4453414
https://www.e-xfl.com
https://www.e-xfl.com/product/filter/embedded-microcontrollers
https://www.e-xfl.com/product/filter/embedded-microcontrollers
https://www.e-xfl.com/product/filter/embedded-microcontrollers
https://www.e-xfl.com/product/filter/embedded-microcontrollers
https://www.e-xfl.com/product/filter/embedded-microcontrollers


MB90220 Series
■ PIN ASSIGNMENT 

P01/D01     96
P02/D02     97
P03/D03     98
P04/D04     99
P05/D05   100
P06/D06   101
P07/D07   102
P10/D08   103
P11/D09   104
P12/D10   105
P13/D11   106
P14/D12   107
P15/D13   108
P16/D14   109
P17/D15   110
P20/A00   111
P21/A01   112
P22/A02   113
P23/A03   114
P24/A04   115
P25/A05   116
P26/A06   117
P27/A07   118

VSS    119
P30/A08   120

60   PA5/INT0
59   PA4/PWC3/POT3/ASR3
58   PA3/PWC2/POT2/ASR2
57   PA2/PWC1/POT1/ASR1
56   PA1/PWC0/POT0
55   PA0/ASR0
54   VCC

53   P67/AN07
52   P66/AN06
51   P65/AN05
50   P64/AN04
49   P63/AN03
48   P62/AN02
47   P61/AN01
46   P60/AN00
45   AVSS

44   AVRL
43   AVRH
42   AVCC

41   P97/AN15
40   P96/AN14
39   P95/AN13
38   P94/AN12
37   P93/AN11
36   P92/AN10
35   P91/AN09
34   P90/AN08
33   VSS

32   P87/PPG1
31   P86/PPG0

VSS     91
X0     92
X1     93

VCC     94
P00/D00     95
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(FPT-120P-M03)
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MB90220 Series
Note: The pull-up and pull-down resistors are always connected, regardless of the state.
(Continued)

Type Circuit Remarks

C • CMOS-level output
• CMOS-level hysteresis input with standby 

control

D • CMOS-level input with no standby control
Mask ROM products only:
MD2: with pull-down resistor
MD1: with pull-up resistor
MD0: with pull-down resistor

• CMOS-level input with no standby control
MD2 of OTPROM products/EPROM products 
only

E • CMOS-level hysteresis input with no standby 
control

• With input analog filter (40 ns Typ.)

Digital output

Digital output

Digital input

R

Digital input

R

VPP power supply

Digital input

R

Digital input

R

Analog filter
14



MB90220 Series
8. Power-on Sequence for A/D Converter Power Supplies and Analog Inputs 

Be sure to turn on the digital power supply (VCC) before applying voltage to the A/D converter power supplies
(AVCC, AVRH, and AVRL) and analog inputs (AN00 to AN15). 

When turning power supplies off, turn off the A/D converter power supplies (AVCC, AVRH, and AVRL) and analog
inputs (AN00 to AN15) first, then the digital power supply (VCC). 

When turning AVRH on or off, be careful not to let it exceed AVCC. 
17



MB90220 Series
5. Recommended Screening Conditions

High temperature aging is recommended as the pre-assembly screening procedure.

6. Programming Yeild

MB90P224A/P224B cannot be write-tested for all bits due to their nature. Therefore the write yield cannot always
be guaranteed to be 100%.

7. Pin Assignments in EPROM Mode

(1) Pins Compatible with MBM27C1000

MBM27C1000 MB90P224A/P224B/
MB90W224A/W224B MBM27C1000 MB90P224A/P224B/

MB90W224A/W224B

Pin no. Pin name Pin no. Pin name Pin no. Pin name Pin no. Pin name

1 VPP 87 MD2 (VPP) 32 VCC 8, 54, 94 VCC

2 OE 83 P55 31 PGM 84 P56

3 A15 7 P37 30 N.C. — —

4 A12 4 P34 29 A14 6 P36

5 A07 118 P27 28 A13 5 P35

6 A06 117 P26 27 A08 120 P30

7 A05 116 P25 26 A09 1 P31

8 A04 115 P24 25 A11 3 P33

9 A03 114 P23 24 A16 9 P40

10 A02 113 P22 23 A10 2 P32

11 A01 112 P21 22 CE 82 P54

12 A00 111 P20 21 D07 102 P07

13 D00 95 P00 20 D06 101 P06

14 D01 96 P01 19 D05 100 P05

15 D02 97 P02 18 D04 99 P04

16 GND 33, 63, 91,119 VSS 17 D03 98 P03

Program, verify

Aging 
+150°C, 48 Hrs.

Data verification

Assembly
20



MB90220 Series
■ PROGRAMMING MODEL  

Accumulator

User stack pointer

System stack pointer

Processor status

Program counter

User stack upper register

System stack upper register

User stack lower register

System stack lower register

Direct page register

Program bank register

Data bank register

User stack bank register

System stack bank register

Additional bank register

Max.32 banks 

RW 7

RW 6

RW 5

RW 4

R 7

R 5

R 3

R 1

R 6

R 4

R 2

R 0

RW3

RW 2

RW 1

RW 0

RL 3

RL 2

RL 1

RL 0

000180H + RP × 10H

ILM —       I        S       T       N       Z       V       C

Processor Status (PS)

General-purpose Registers

Dedicated Registers
AH AL

USP

SSP

 PS

 PC

USPCU

SSPCU

USPCL

SSPCL

DPR

PCB

DTB

USB

SSB

ADB

8 bit
16 bit

32 bit

C C R 

16 bit

  RP

Lower

Upper

MSB LSB 
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MB90220 Series
(Continued)

Initial value
0: The initial value of this bit is “0”.
1: The initial value of this bit is “1”.
X: The initial value of this bit is undefined.
–: This bit is not used.  The initial value is undefined.
*: The initial value of this bit varies with the reset source.
#: The initial value of this bit varies with the operation mode.
*1: Access prohibited
*2: Only this area is open to external access in the area below address 0000FFH (inclusive).  All addresses which 

are not described in the table are reserved areas, and accesses to these areas are handled in the same 
manner as for internal areas.  The access signal for the external bus is not generated.

*3: When an external bus is enable mode, never access to resisters which are not used as general ports in areas 
address 000000H to 000005H or 000010H to 000015H.

Address Register Register
name Access Resouce

name Initial value

001F48H
PPG cycle setting register 0 PCSR0 W

16-bit PPG 
timer 0

X X X X X X X X

001F49H X X X X X X X X

001F4AH
PPG duty setting register 0 PDUT0 W

X X X X X X X X

001F4BH X X X X X X X X

001F4CH
PPG cycle setting register 1 PCSR1 W

16-bit PPG 
timer 1

X X X X X X X X

001F4DH X X X X X X X X

001F4EH
PPG duty setting register 1 PDUT1 W

X X X X X X X X

001F4FH X X X X X X X X

001F50H
ICU lower-order data register 0 ICRL0 R

Input capture 0

X X X X X X X X

001F51H X X X X X X X X

001F52H
ICU higher-order data register 0 ICRH0 R

X X X X X X X X

001F53H 0 0 0 0 0 0 0 0

001F54H
ICU lower-order data register 1 ICRL1 R

Input capture 1

X X X X X X X X

001F55H X X X X X X X X

001F56H
ICU higher-order data register 1 ICRH1 R

X X X X X X X X

001F57H 0 0 0 0 0 0 0 0

001F58H
ICU lower-order data register 2 ICRL2 R

Input capture 2

X X X X X X X X

001F59H X X X X X X X X

001F5AH
ICU higher-order data register 2 ICRH2 R

X X X X X X X X

001F5BH 0 0 0 0 0 0 0 0

001F5CH
ICU lower-order data register 3 ICRL3 R

Input capture 3

X X X X X X X X

001F5DH X X X X X X X X

001F5EH
ICU higher-order data register 3 ICRH3 R

X X X X X X X X

001F5FH 0 0 0 0 0 0 0 0

001F60H

to 1FFFH
(Reserved area)*1
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MB90220 Series
(Continued)

: EI2OS is supported (with stop request).
: EI2OS is supported (without stop request).
: EI2OS is supported; however, since two interrupt sources are allocated to a single ICR, in case EI2OS is used

for one of the two, EI2OS and ordinary interrupt are not both available for the other (with stop request).
: EI2OS is supported; however, since two interrupt sources are allocated to a single ICR, in case EI2OS is used

for one of the two, EI2OS and ordinary interrupt are not both available for the other (without stop request).
: EI2OS is not supported.

Note: Since the interrupt sources having interrupt vector Nos. 15 to 18, 20, and 25 to 28 are OR’ed, respectively,
select them by means of the interrupt enable bits of each resource.

If EI2OS is used with the above-mentioned interrupt sources OR’ed with the interrupt vector Nos. 15 to 18,
20, and 25 to 28, be sure to activate one of the interrupt sources. 

Also in this case, a request flag in the same series as the one interrupt source is likely to be cleared
automatically by EI2OS. 

Assume for example that an interrupt for compare 4 of the interrupt vector No. 25 is activated at this time by
ICR07, so that the compare 6 is disabled. If EI2OS is activated at this time by ICR07, so that the compare 6
interrupt takes place during generation of or simultaneously with the compare 4 interrupt, not only the interrupt
flag for the compare 4 but also that for the compare 6 will be automatically cleared after EI2OS is automatically
transferred due to the compare 4 interrupt.

Interrupt source EI2OS
support

Interrupt vector Interrupt control
register

No. Address ICR Address

UART0 (ch.0) reception completed #39 27H FFFF60H ICR14 0000BEH

Delay interrupt generation module × #42 2AH FFFF54H ICR15 0000BFH

Stack fault × #255 FFH FFFC00H — —
34



MB90220 Series
(2) Block Diagram 

CONTROL BUS

Dedicated baud rate clock

16-bit reload timer 5
(internally connected)

External clock

Clock selector Receiving clock

Transmitting clock

Receiving interrupt
(to CPU)

SCK

Transmission interrupt
(to CPU)

Transmission controller

Transmission
start circuit

Transmitted bit counter

Transmission
parity counter

SOD

Transmitting shifter

UODR

Start of
transmission

Receiving controller

Start bit detector

Received bit counter

Received
parity counter

Receiving shifter

End of
reception

UIDR

Received status
determination circuit

Signal indicating occurrence
of receiving error for EI2OS (to CPU)

 Internal data bus

UMC
register

USR
register

PEN
SBL
MC1
MC0
SMDE
RFC
SCKE
SOE

RDRF
ORFE
PE
TDRE
RIE
TIE
RBF
TBF

URD
register

BCH
RC3
RC2
RC1
RC0
BCH
P
D8

CONTROL BUS

SID
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MB90220 Series
5. 10-bit A/D Converter

The 10-bit A/D converter converts analog input voltage into a digital value.  The features of this module are
described below:

• Conversion time: 6.125 µs/channel (min.) (with machine clock running at 16 MHz)
• Uses RC-type sequential comparison and conversion method with built-in sample and hold circuit
• 10-bit resolution
• Analog input can be selected by software from among 16 channels

Single-conversion mode: Selects and converts one channel.
Scan conversion mode: Converts several consecutive channels (up to 16 can be programmed).
One-shot mode: Converts the specified channel once and terminates.
Continuous conversion mode: Repeatedly converts the specified channel.
Stop conversion mode: Pauses after converting one channel and waits until the next startup (permits 

synchronization of start of conversion).
• When A/D conversion is completed, an “A/D conversion complete” interrupt request can be issued to the CPU.

Because the generation of this interrupt can be used to start up the EI2OS and transfer the A/D conversion
results to memory, this function is suitable for continuous processing.

• Startup triggers can be selected from among software, an external trigger (falling edge), and a timer (rising
edge).

(1) Register Configuration

bit7 bit6 bit5 bit4 bit3 bit2 bit1

ANS3 ANS2 ANS1 ANS0 ANE3 ANE2 ANE1 ANE0

bit0
000032HADCH 00000000 B

bit15 bit14 bit13 bit12 bit11 bit10 bit9

— — — MOD1 MOD0 STS1 STS0

bit8

(R/W)(—) (R/W)(—) (—) (W) (R/W) (R/W)

BUSY INT INTE PAUS — — STRT

(—)(R/W) (W)(R/W) (R/W) (R/W) (—) (R/W)

D7 D6 D5 D4 D3 D2 D1 D0  

000033HADMD - - - X0000 B

bit7 bit6 bit5 bit4 bit3 bit2 bit1 bit0
000034HADCS 0000 - - 00 B

XXXXXXXX B000036HADCD
bit7 bit6 bit5 bit4 bit3 bit2 bit1 bit0

Register name   Address

This register specfies the A/D converter conversion channel.

This register specfies the A/D converter operation mode and the startup source.

This register is the A/D converter control and status register.

Note:  Program “0” to bit 12 when write. Read value is indeterminated.

This register stores the A/D converter conversion data.

Register name   Address

Register name   Address

Register name   Address

Initial value

Initial value

Initial value

Initial value

(R/W) (R/W) (R/W) (R/W) (R/W) (R/W) (R/W) (R/W)

Reserved

Reserved

(R) (R) (R) (R) (R) (R) (R) (R)

• A/D Channel Setting Register (ADCH)

• A/D Mode Register (ADMD)

• A/D Control Status Register (ADCS)

• A/D Data Register (ADCD)
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MB90220 Series
(2) Block Diagram

D9 D8— — — — — —
000037HADCD

bit15 bit14 bit13 bit12 bit11 bit10 bit9 bit8

000000XX B

Register name    Address Initial value

(R) (R) (R) (R) (R) (R) (R) (R)

MPX

AN0

AN1

AN2

AN3

AN4

AN5
AN6

AN7

AN8
AN9

AN10

AN11

AN12

AN13

AN14

AN15

Comparator

Sample and hold circuit

AVCC

AVRH/AVRL

AVSS

D/A converter

Sequential
comparison register

A/D data register

ADCD

ADCH

ADMD

ADCS

A/D channel setting register

A/D mode register

A/D control status register

Operation clock

Prescalerφ

Timer
(16-bit reload timer 3 output)

Timer startup

Machine clock

ATG
Trigger startup
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t
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MB90220 Series
6. PWC (Pulse Width Count) Timer

The PWC (pulse width count) timer is a 16-bit multifunction up-count timer with an input-signal pulse-width count
function and a reload timer function. The hardware configuration of this module is a 16-bit up-count timer, an
input pulse divider with divide ratio control register, four count input pins, and a 16-bit control register. Using
these components, the PWC timer provides the following features: 

• Timer functions: An interrupt request can be generated at set time intervals. 
Pulse signals synchronized with the timer cycle can be output. 
The reference internal clock can be selected from among three internal clocks. 

• Pulse-width count functions: The time between arbitrary pulse input events can be counted. 
The reference internal clock can be selected from among three internal clocks.
Various count modes: 

“H” pulse width (↑ to ↓)/“L” pulse width (↓ to ↑) 
Rising-edge cycle (↑ to ↑/Falling-edge cycle (↓ to ↓) 
Count between edges (↑ or ↓ to ↓ or ↑) 

Cycle count can be performed by 22n division (n = 1, 2, 3, 4) of the input
pulse, with an 8 bit input divider. 
An interrupt request can be generated once counting has been performed.
The number of times counting is to be performed (once or subsequently) can
be selected. 

The MB90220 series has four channels for this module.

(1) Register Configuration 

bit15 bit14 bit13 bit12 bit11 bit10 bit9

STRT STOP EDIR EDIE OVIR OVIE ERR POUT

bit8000051 H

000053 H

000055 H

000057 H

bit7 bit6 bit5 bit4 bit3 bit2 bit1

CKS1 CKS0 PIS1 PIS0 S/C MOD1 MOD1 MOD0

bit0000050 H

000052 H

000054 H

000056 H

001F01 H

001F03 H

001F05 H

001F07 H

001F00 H

001F02 H

001F04 H

001F06 H

PWCSR0
PWCSR1
PWCSR2
PWCSR3

00000000B

PWCSR0
PWCSR1
PWCSR2
PWCSR3

00000000B

PWCR0
PWCR1
PWCR2
PWCR3

00000000B

PWCR0
PWCR1
PWCR2
PWCR3

00000000B

bit7 bit6 bit5 bit4 bit3 bit2 bit1 bit0

Register name   Address

Register name   Address

Register name   Address

Register name   Address

(R/W) (R/W) (R) (R/W) (R/W) (R/W) (R) (R/W)

Initial value

Initial value

Initial value

Initial value

bit15 bit14 bit13 bit12 bit11 bit10 bit9 bit8

(R/W) (R/W) (R/W) (R/W) (R/W) (R/W) (R/W) (R/W)

(R/W) (R/W) (R/W) (R/W) (R/W) (R/W) (R/W) (R/W)

(R/W) (R/W) (R/W) (R/W) (R/W) (R/W) (R/W) (R/W)

• PWC Control Status Register 0 to 3 (PWCSR0 to PWCSR3)

• PWC Data Buffer Register 0 to 3 (PWCR0 to PWCR3)
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MB90220 Series
12. Watchdog Timer and Timebase Timer Functions

The watchdog timer consists of a 2-bit watchdog counter using carry from an 18-bit timebase timer as the clock
source, a control register, and a watchdog reset control section. The timebase timer consists of an 18-bit timer
and an interval interrupt control circuit.

(1) Register Configuration 

(2) Block Diagram

0000A8 H
PONR STBR WRST ERST SRST WTE WT1 WT0

bit7 bit6 bit5 bit4 bit3 bit2 bit1 bit0

0000A9 H

(—) (—) (—) (R/W) (R/W) (R) (R/W) (R/W)

— — — TBIE TBOF TBR TBC1 TBC0

bit15 bit14 bit13 bit12 bit11 bit10 bit9 bit8

WDTC

TBTC

XXXXXXXX

- - - XXXXX

Register name   Address

Register name   Address

Initial value

Initial value

(R) (R) (R) (R) (R) (W) (W) (W)

• Watchdog Timer Control Register (WDTC)

• Timebase Timer Control Register (TBTC)

TBTC

TBC1

TBC0

TBR

TBIE

TBOF

Selector

AND Q R
S

Selector

Timebase
interrupt

WDTC

WT1

WT0

WTE

PONR

STBR

WRST

ERST

SRST From RST bit of STBYC register

RST pin

From hardware standby controller

From power-on signal generator

WDGRST
To internal reset signal generator

2-bit counter

OF  

CLR

Watchdog reset
signal generator

CLR

212

214

216

218

TBTRES

Clock input

Timebase timer

214 216 217 218

Oscillation clock
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a 
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MB90220 Series
13. Delay Interruupt Generation Module 

The delayed interrupt generation module is used to generate an interrupt task switching.  Using this module
allows an interrupt request to the F2MC-16F CPU to generated or cancel by software.

(1) Register Configuration

(2) Block Diagram

00009F H

(—) (—) (—) (—) (—) (—) (—) (R/W)

— — — — — — — R0

bit15 bit14 bit13 bit12 bit11 bit10 bit9 bit8
DIRR

- - - - - - - 0

Register name   Address
Initial value

• Delay Interrupt Source Generation/Cancel Register (DIRR)
In

te
rn

al
 d

at
a 

bu
s

Source latch

Delay interrupt source generation/cancel decoder
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(5) Bus Read Timing

 (VCC = +4.5 V to +5.5 V, VSS = 0.0 V, TA = –40°C to +70°C)

 Parameter Symbol Pin name Condition
Value

Unit Remarks
Min. Max.

Valid address → RD ↓ time tAVRL A23 to A00

Load 
condition: 
80 pF

tCYC/2 – 20 — ns

RD pulse width tRLRH RD tCYC – 25 — ns

RD ↓ → Valid data input tRLDV

D15 to D00

— tCYC – 30 ns

RD ↑ → Data hold time tRHDX 0 — ns

Valid address → Valid data input tAVDV — 3 tCYC/2 – 40 ns

RD ↑ →  Address valid time tRHAX A23 to A00 tCYC/2 – 20 — ns

Valid address → CLK ↑ time tAVCH
A23 to A00
CLK tCYC/2 – 25 — ns

RD ↓ →  CLK ↓ time tRLCL RD, CLK tCYC/2 – 25 — ns

CLK

RD

A23 to A00

D15 to D00

tRHDX

Read data
0.8 VCC

0.2 VCC

0.8 VCC

0.2 VCC

0.7 VCC

0.3 VCC

0.3 VCC

0.7 VCC

0.7 VCC

0.3 VCC

0.7 VCC

0.3 VCC

tAVCH tRLCL

tAVRL tRLRH

tRHAX

tRLDV   

tAVDV
71
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(Continued)

Symbol Explanation

#imm4
#imm8
#imm16
#imm32

ext (imm8)

4-bit immediate data
8-bit immediate data
16-bit immediate data
32-bit immediate data
16-bit data signed and extended from 8-bit immediate data

disp8
disp16

8-bit displacement
16-bit displacement

bp Bit offset value

vct4
vct8

Vector number (0 to 15)
Vector number (0 to 255)

(   )b Bit address

rel
ear
eam

Branch specification relative to PC
Effective addressing (codes 00 to 07)
Effective addressing (codes 08 to 1F)

rlst Register list
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Table 6    Transfer Instructions (Byte) [50 Instructions]

(Continued)

Mnemonic # cycles B Operation LH AH I S T N Z V C RMW

MOV A, dir
MOV A, addr16
MOV A, Ri
MOV A, ear
MOV A, eam
MOV A, io
MOV A, #imm8
MOV A, @A
MOV A, @RLi+disp8
MOV A, @SP+disp8
MOVP A, addr24
MOVP A, @A
MOVN A, #imm4 

MOVX A, dir
MOVX A, addr16
MOVX A, Ri
MOVX A, ear
MOVX A, eam
MOVX A, io
MOVX A, #imm8
MOVX A, @A
MOVX A,@RWi+disp8
MOVX A, @RLi+disp8
MOVX A, @SP+disp8
MOVPX A, addr24
MOVPX A, @A

MOV dir, A
MOV addr16, A
MOV Ri, A
MOV ear, A
MOV eam, A
MOV io, A
MOV @RLi+disp8, A
MOV @SP+disp8, A
MOVP addr24, A

MOV Ri, ear
MOV Ri, eam
MOVP @A, Ri
MOV ear, Ri
MOV eam, Ri
MOV Ri, #imm8
MOV io, #imm8
MOV dir, #imm8
MOV ear, #imm8
MOV eam, #imm8

MOV @AL, AH
 

2
3
1
2

2+
2
2
2
3
3
5
2
1

2
3
2
2

2+
2
2
2
2
3
3
5
2

2
3
1
2

2+
2
3
3
5

2
2+
2
2

2+
2
3
3
3

3+

2

2
2
1
1

2+ (a)
2
2
2
6
3
3
2
1

2
2
1
1

2+ (a)
2
2
2
3
6
3
3
2

2
2
1
2

2+ (a)
2
6
3
3

2
3+ (a)

3
3

3+ (a)
2
3
3
2

2+ (a)

2

(b)
(b)
0
0

(b)
(b)
0

(b)
(b)
(b)
(b)
(b)
0

(b)
(b)
0
0

(b)
(b)
0

(b)
(b)
(b)
(b)
(b)
(b)

(b)
(b)
0
0

(b)
(b)
(b)
(b)
(b)

0
(b)
(b)
0

(b)
0

(b)
(b)
0

(b)

(b)

byte (A) ← (dir)
byte (A) ← (addr16)
byte (A) ← (Ri)
byte (A) ← (ear)
byte (A) ← (eam)
byte (A) ← (io)
byte (A) ← imm8
byte (A) ← ((A))
byte (A) ← ((RLi))+disp8)
byte (A) ← ((SP)+disp8)
byte (A) ←(addr24)
byte (A) ← ((A))
byte (A) ← imm4

byte (A) ← (dir)
byte (A) ← (addr16)
byte (A) ← (Ri)
byte (A) ← (ear)
byte (A) ← (eam)
byte (A) ← (io)
byte (A) ← imm8
byte (A) ← ((A))
byte (A) ← ((RWi))+disp8)
byte (A) ← ((RLi))+disp8)
byte (A) ← ((SP)+disp8)
byte (A) ←(addr24)
byte (A) ← ((A))

byte (dir) ← (A)
byte (addr16) ← (A)
byte (Ri) ← (A)
byte (ear) ← (A)
byte (eam) ← (A)
byte (io) ← (A)
byte ((RLi)) +disp8) ← (A)
byte ((SP)+disp8) ← (A)
byte (addr24) ← (A)

byte (Ri) ← (ear)
byte (Ri) ← (eam)
byte ((A)) ← (Ri)
byte (ear) ← (Ri)
byte (eam) ← (Ri)
byte (Ri) ← imm8
byte (io) ← imm8
byte (dir) ← imm8
byte (ear) ← imm8
byte (eam) ← imm8

byte ((A)) ← (AH)

Z
Z
Z
Z
Z
Z
Z
Z
Z
Z
Z
Z
Z

X
X
X
X
X
X
X
X
X
X
X
X
X

–
–
–
–
–
–
–
–
–

–
–
–
–
–
–
–
–
–
–

–

*
*
*
*
*
*
*
–
*
*
*
–
*

*
*
*
*
*
*
*
–
*
*
*
*
–

–
–
–
–
–
–
–
–
–

–
–
–
–
–
–
–
–
–
–

–

–
–
–
–
–
–
–
–
–
–
–
–
–

–
–
–
–
–
–
–
–
–
–
–
–
–

–
–
–
–
–
–
–
–
–

–
–
–
–
–
–
–
–
–
–

–

–
–
–
–
–
–
–
–
–
–
–
–
–

–
–
–
–
–
–
–
–
–
–
–
–
–

–
–
–
–
–
–
–
–
–

–
–
–
–
–
–
–
–
–
–

–

–
–
–
–
–
–
–
–
–
–
–
–
–

–
–
–
–
–
–
–
–
–
–
–
–
–

–
–
–
–
–
–
–
–
–

–
–
–
–
–
–
–
–
–
–

–

*
*
*
*
*
*
*
*
*
*
*
*
R

*
*
*
*
*
*
*
*
*
*
*
*
*

*
*
*
*
*
*
*
*
*

*
*
*
*
*
*
–
–
*
–

*

*
*
*
*
*
*
*
*
*
*
*
*
*

*
*
*
*
*
*
*
*
*
*
*
*
*

*
*
*
*
*
*
*
*
*

*
*
*
*
*
*
–
–
*
–

*

–
–
–
–
–
–
–
–
–
–
–
–
–

–
–
–
–
–
–
–
–
–
–
–
–
–

–
–
–
–
–
–
–
–
–

–
–
–
–
–
–
–
–
–
–

–

–
–
–
–
–
–
–
–
–
–
–
–
–

–
–
–
–
–
–
–
–
–
–
–
–
–

–
–
–
–
–
–
–
–
–

–
–
–
–
–
–
–
–
–
–

–

–
–
–
–
–
–
–
–
–
–
–
–
–

–
–
–
–
–
–
–
–
–
–
–
–
–

–
–
–
–
–
–
–
–
–

–
–
–
–
–
–
–
–
–
–

–
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Table 12    Unsigned Multiplication and Division Instructions (Word/Long Word) [11 Instructions]

For an explanation of “(b)” and “(c), refer to Table 5, “Correction Values for Number of Cycle Used to Calculate
Number of Actual Cycles.”

*1: 3 when dividing into zero, 6 when an overflow occurs, and 14 normally.
*2: 3 when dividing into zero, 5 when an overflow occurs, and 13 normally.
*3: 5 + (a) when dividing into zero, 7 + (a) when an overflow occurs, and 17 + (a) normally.
*4: 3 when dividing into zero, 5 when an overflow occurs, and 21 normally.
*5: 4 + (a) when dividing into zero, 7 + (a) when an overflow occurs, and 25 + (a) normally.
*6: (b) when dividing into zero or when an overflow occurs, and 2 × (b) normally.
*7: (c) when dividing into zero or when an overflow occurs, and 2 × (c) normally.
*8: 3 when byte (AH) is zero, and 7 when byte (AH) is not 0.
*9: 3 when byte (ear) is zero, and 7 when byte (ear) is not 0.

*10: 4 + (a) when byte (eam) is zero, and 8 + (a) when byte (eam) is not 0.
*11: 3 when word (AH) is zero, and 11 when word (AH) is not 0.
*12: 3 when word (ear) is zero, and 11 when word (ear) is not 0.
*13: 4 + (a) when word (eam) is zero, and 12 + (a) when word (eam) is not 0.

Mnemonic # cycles B Operation LH AH I S T N Z V C RMW

DIVU A

DIVU A, ear

DIVU A, eam

DIVUW A, ear

DIVUW A, eam

MULU A
MULU A, ear
MULU A, eam
MULUW A
MULUW A, ear
MULUW A, eam

1

2

2+

2

2+

1
2

2+
1
2

2+

*1

*2

*3

*4

*5

*8

*9

*10

*11

*12

*13

0

0

*6

0

*7

0
0

(b)
0
0

(c)

word (AH) /byte (AL)
Quotient → byte (AL)  Remainder → byte (AH)
word (A)/byte (ear)
Quotient → byte (A)  Remainder → byte (ear)
word (A)/byte (eam)
Quotient → byte (A)  Remainder → byte (eam)
long (A)/word (ear)
Quotient → word (A)  Remainder → word (ear) 
long (A)/word (eam)
Quotient → word (A)  Remainder → word (eam) 

byte (AH) × byte (AL) → word (A)
byte (A) × byte (ear) → word (A)
byte (A) × byte (eam) → word (A)
word (AH) × word (AL) → long (A)
word (A) × word (ear) → long (A)
word (A) × word (eam) → long (A)

–

–

–

–

–

–
–
–
–
–
–

–

–

–

–

–

–
–
–
–
–
–

–

–

–

–

–

–
–
–
–
–
–

–

–

–

–

–

–
–
–
–
–
–

–

–

–

–

–

–
–
–
–
–
–

–

–

–

–

–

–
–
–
–
–
–

–

–

–

–

–

–
–
–
–
–
–

*

*

*

*

*

–
–
–
–
–
–

*

*

*

*

*

–
–
–
–
–
–

–

–

–

–

–

–
–
–
–
–
–
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Table 15    Logical 2 Instructions (Long Word) [6 Instructions]

For an explanation of “(a)” and “(d)”, refer to Table 4, “Number of Execution Cycles for Each Form of Addressing,”
and Table 5, “Correction Values for Number of Cycles Used to Calculate Number of Actual Cycles.” 

Table 16    Sign Inversion Instructions (Byte/Word) [6 Instructions]

For an explanation of “(a)”, “(b)” and “(c)” and refer to Table 4, “Number of Execution Cycles for Each Form of
Addressing,” and Table 5, “Correction Values for Number of Cycles Used to Calculate Number of Actual Cycles.” 

Table 17    Absolute Value Instructions (Byte/Word/Long Word) [3 Insturctions]

Table 18    Normalize Instructions (Long Word) [1 Instruction]

* : 5 when the contents of the accumulator are all zeroes, 5 + (R0) in all other cases.

Mnemonic # cycles B Operation LH AH I S T N Z V C RMW

ANDL A, ear
ANDL A, eam

ORL A, ear
ORL A, eam

XORL A, ear
XORL A, eam

2
2+

2
2+

2
2+

5
6+ (a)

5
6+ (a)

5
6+ (a)

0
(d)

0
(d)

0
(d)

long (A) ← (A) and (ear)
long (A) ← (A) and (eam)

long (A) ← (A) or (ear)
long (A) ← (A) or (eam)

long (A) ← (A) xor (ear)
long (A) ← (A) xor (eam)

–
–

–
–

–
–

–
–

–
–

–
–

–
–

–
–

–
–

–
–

–
–

–
–

–
–

–
–

–
–

*
*

*
*

*
*

*
*

*
*

*
*

R
R

R
R

R
R

–
–

–
–

–
–

–
–

–
–

–
–

Mnemonic # cycles B Operation LH AH I S T N Z V C RMW

NEG A

NEG ear
NEG eam

1

2
2+

2

2
3+ (a)

0

0
2× (b)

byte (A) ← 0 – (A)

byte (ear) ← 0 – (ear)
byte (eam) ← 0 – (eam)

X

–
–

–

–
–

–

–
–

–

–
–

–

–
–

*

*
*

*

*
*

*

*
*

*

*
*

–

*
*

NEGW A

NEGW ear
NEGW eam

1

2
2+

2

2
3+ (a)

0

0
2× (c)

word (A) ← 0 – (A)

word (ear) ← 0 – (ear)
word (eam) ← 0 – (eam)

–

–
–

–

–
–

–

–
–

–

–
–

–

–
–

*

*
*

*

*
*

*

*
*

*

*
*

–

*
*

Mnemonic # cycles B Operation LH AH I S T N Z V C RMW

ABS A
ABSW A
ABSL A

2
2
2

2
2
4

0
0
0

byte (A) ← absolute value (A)
word (A) ← absolute value (A)
long (A) ← absolute value (A)

Z
–
–

–
–
–

–
–
–

–
–
–

–
–
–

*
*
*

*
*
*

*
*
*

–
–
–

–
–
–

Mnemonic # cycles B Operation LH AH I S T N Z V C RMW

NRML A, R0 2 * 0 long (A) ← Shifts to the position at 
which “1” was set first
byte (R0) ← current shift count

– – – – * – – – – –
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Table 19    Shift Instructions (Byte/Word/Long Word)  [27 Instructions]

For an explanation of “(a)” and “(b)”, refer to Table 4, “Number of Execution Cycles for Each Form of Addressing,”
and Table 5, “Correction Values for Number of Cycles Used to Calculate Number of Actual Cycles.” 

*1: 3 when R0 is 0, 3 + (R0) in all other cases.
*2: 3 when R0 is 0, 4 + (R0) in all other cases.
*3: 3 when imm8 is 0, 3 + (imm8) in all other cases.
*4: 3 when imm8 is 0, 4 + (imm8) in all other cases. 

Mnemonic # cycles B Operation LH AH I S T N Z V C RMW

RORC A
ROLC A

RORC ear
RORC eam
ROLC ear
ROLC eam

ASR A, R0
LSR A, R0
LSL A, R0

ASR A, #imm8
LSR A, #imm8
LSL A, #imm8

2
2

2
2+
2

2+

2
2
2

3
3
3

2
2

2
3+ (a)

2
3+ (a)

*1

*1

*1

*3

*3

*3

0
0

0
2× (b)

0
2× (b)

0
0
0

0
0
0

byte (A) ← Right rotation with carry
byte (A) ← Left rotation with carry

byte (ear) ← Right rotation with carry
byte (eam) ← Right rotation with carry
byte (ear) ← Left rotation with carry
byte (eam) ← Left rotation with carry

byte (A) ← Arithmetic right barrel shift (A, R0) 
byte (A) ← Logical right barrel shift (A, R0)
byte (A) ← Logical left barrel shift (A, R0)

byte (A) ← Arithmetic right barrel shift (A, imm8) 
byte (A) ← Logical right barrel shift (A, imm8) 
byte (A) ← Logical left barrel shift (A, imm8) 

–
–

–
–
–
–

–
–
–

–
–
–

–
–

–
–
–
–

–
–
–

–
–
–

–
–

–
–
–
–

–
–
–

–
–
–

–
–

–
–
–
–

–
–
–

–
–
–

–
–

–
–
–
–

*
*
–

*
*
–

*
*

*
*
*
*

*
*
*

*
*
*

*
*

*
*
*
*

*
*
*

*
*
*

–
–

–
–
–
–

–
–
–

–
–
–

*
*

*
*
*
*

*
*
*

*
*
*

–
–

*
*
*
*

–
–
–

–
–
–

ASRW A
LSRW A/SHRW A
LSLW A/SHLW A

ASRW A, R0
LSRW A, R0
LSLW A, R0

ASRW A, #imm8
LSRW A, #imm8
LSLW A, #imm8

1
1
1

2
2
2

3
3
3

2
2
2

*1

*1

*1

*3

*3

*3

0
0
0

0
0
0

0
0
0

word (A) ← Arithmetic right shift (A, 1 bit) 
word (A) ← Logical right shift (A, 1 bit) 
word (A) ← Logical left shift (A, 1 bit)

word (A) ← Arithmetic right barrel shift (A, R0) 
word (A) ← Logical right barrel shift (A, R0) 
word (A) ← Logical left barrel shift (A, R0)

word (A) ← Arithmetic right barrel shift (A, imm8)
word (A) ← Logical right barrel shift (A, imm8) 
word (A) ← Logical left barrel shift (A, imm8) 

–
–
–

–
–
–

–
–
–

–
–
–

–
–
–

–
–
–

–
–
–

–
–
–

–
–
–

–
–
–

–
–
–

–
–
–

*
*
–

*
*
–

*
*
–

*
R
*

*
*
*

*
*
*

*
*
*

*
*
*

*
*
*

–
–
–

–
–
–

–
–
–

*
*
*

*
*
*

*
*
*

–
–
–

–
–
–

–
–
–

ASRL A, R0
LSRL A, R0
LSLL A, R0

ASRL A, #imm8
LSRL A, #imm8
LSLL A, #imm8

2
2
2

3
3
3

*2

*2

*2

*4

*4

*4

0
0
0

0
0
0

long (A) ← Arithmetic right shift (A, R0)
long (A) ← Logical right barrel shift (A, R0)
long (A) ← Logical left barrel shift (A, R0) 

long (A) ← Arithmetic right shift (A, imm8)
long (A) ← Logical right barrel shift (A, imm8)
long (A) ← Logical left barrel shift (A, imm8) 

–
–
–

–
–
–

–
–
–

–
–
–

–
–
–

–
–
–

–
–
–

–
–
–

*
*
–

*
*
–

*
*
*

*
*
*

*
*
*

*
*
*

–
–
–

–
–
–

*
*
*

*
*
*

–
–
–

–
–
–
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■ ORDERING INFORMATION

Part number Type Package Remarks

MB90224
MB90223
MB90P224A
MB90P224B

MB90224PF
MB90223PF
MB90P224PF
MB90P224BPF

120-pin Plastic QFP 
(FPT-120P-M03)

MB90W224A
MB90W224B

MB90W224ZF
MB90W224BZF

120-pin Ceramic QFP
(FPT-120C-C02) ES level only

MB90V220 MB90V220CR 256-pin Ceramic PGA
(PGA-256C-A02) For evaluation
101


