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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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2.   Block Diagram

Block diagram of MB96(F)33xY/R
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Block diagram of MB96(F)33xU
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I

• CMOS level output (programmable IOL = 5mA,

IOH = -5mA and IOL = 2mA, IOH = -2mA)

• 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: 50k approx.
• Analog input

N

• CMOS level output (IOL = 3mA, IOH = -3mA)

• 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: 50k approx.

Type Circuit Remarks

R

Hysteresis input

Hysteresis input

Standby control 
for input shutdown

Standby control 
for input shutdown

Standby control 
for input shutdown

Standby control 
for input shutdown

Pull-up control

Pout

Nout

Automotive input

TTL input

Analog input

Pout

pull-up control

Nout

R

Hysteresis input

Automotive input

TTL input

Hysteresis input

Standby control 
for input shutdown

Standby control 
for input shutdown

Standby control 
for input shutdown

Standby control 
for input shutdown
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O
HCONX
• Available only for device with suffix “U”

P
USB IO cell: UDP and UDM
• Available only for device with suffix “U”

Type Circuit Remarks

Pout (Always disabled)

pull-up control

Nout

R

Hysteresis input

Automotive inputs

TTL input

Hysteresis input

Standby control for 
input shutdown

Standby control for 
input shutdown

Standby control for 
input shutdown

Standby control for 
input shutdown

Analog input

Differential

D+ Input

D- Input

Input

D+ output

Direction

D- output

D-

D+
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00005EH EXTINT1 - External Interrupt Level Select Low ELVRL1 ELVR1 R/W

00005FH EXTINT1 - External Interrupt Level Select High ELVRH1 R/W

000060H RLT0 - Timer Control Status Register Low TMCSRL0 TMCSR0 R/W

000061H RLT0 - Timer Control Status Register High TMCSRH0 R/W

000062H RLT0 - Reload Register - for writing TMRLR0 W

000062H RLT0 - Reload Register - for reading TMR0 R

000063H RLT0 - Reload Register - for writing W

000063H RLT0 - Reload Register - for reading R

000064H RLT1 - Timer Control Status Register Low TMCSRL1 TMCSR1 R/W

000065H RLT1 - Timer Control Status Register High TMCSRH1 R/W

000066H RLT1 - Reload Register - for writing TMRLR1 W

000066H RLT1 - Reload Register - for reading TMR1 R

000067H RLT1 - Reload Register - for writing W

000067H RLT1 - Reload Register - for reading R

000068H RLT2 - Timer Control Status Register Low TMCSRL2 TMCSR2 R/W

000069H RLT2 - Timer Control Status Register High TMCSRH2 R/W

00006AH RLT2 - Reload Register - for writing TMRLR2 W

00006AH RLT2 - Reload Register - for reading TMR2 R

00006BH RLT2 - Reload Register - for writing W

00006BH RLT2 - Reload Register - for reading R

00006CH RLT3 - Timer Control Status Register Low TMCSRL3 TMCSR3 R/W

00006DH RLT3 - Timer Control Status Register High TMCSRH3 R/W

00006EH RLT3 - Reload Register - for writing TMRLR3 W

00006EH RLT3 - Reload Register - for reading TMR3 R

00006FH RLT3 - Reload Register - for writing W

00006FH RLT3 - Reload Register - for reading R

000070H
RLT6 - Timer Control Status Register Low (dedic. RLT for 
PPG)

TMCSRL6 TMCSR6 R/W

000071H
RLT6 - Timer Control Status Register High (dedic. RLT for 
PPG)

TMCSRH6 R/W

000072H RLT6 - Reload Register (dedic. RLT for PPG) - for writing TMRLR6 W

I/O map MB96(F)33x (4 of 40)

Address Register Abbreviation 
8-bit access

Abbreviation 
16-bit access Access
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000433H I/O Port P03 - Data Direction Register DDR03 R/W

000434H I/O Port P04 - Data Direction Register DDR04 R/W

000435H I/O Port P05 - Data Direction Register DDR05 R/W

000436H I/O Port P06 - Data Direction Register DDR06 R/W

000437H I/O Port P07 - Data Direction Register DDR07 R/W

000438H I/O Port P08 - Data Direction Register DDR08 R/W

000439H I/O Port P09 - Data Direction Register DDR09 R/W

00043AH I/O Port P10 - Data Direction Register DDR10 R/W

00043BH I/O Port P11 - Data Direction Register DDR11 R/W

00043CH I/O Port P12 - Data Direction Register DDR12 R/W

00043DH I/O Port P13 - Data Direction Register DDR13 R/W

00043EH I/O Port P14 - Data Direction Register DDR14 R/W

00043FH I/O Port P15 - Data Direction Register DDR15 R/W

000440H Reserved -

000441H I/O Port P17 - Data Direction Register DDR17 R/W

000442H-
000443H

Reserved -

000444H I/O Port P00 - Port Input Enable Register PIER00 R/W

000445H I/O Port P01 - Port Input Enable Register PIER01 R/W

000446H I/O Port P02 - Port Input Enable Register PIER02 R/W

000447H I/O Port P03 - Port Input Enable Register PIER03 R/W

000448H I/O Port P04 - Port Input Enable Register PIER04 R/W

000449H I/O Port P05 - Port Input Enable Register PIER05 R/W

00044AH I/O Port P06 - Port Input Enable Register PIER06 R/W

00044BH I/O Port P07 - Port Input Enable Register PIER07 R/W

00044CH I/O Port P08 - Port Input Enable Register PIER08 R/W

00044DH I/O Port P09 - Port Input Enable Register PIER09 R/W

00044EH I/O Port P10 - Port Input Enable Register PIER10 R/W

00044FH I/O Port P11 - Port Input Enable Register PIER11 R/W

000450H I/O Port P12 - Port Input Enable Register PIER12 R/W

000451H I/O Port P13 - Port Input Enable Register PIER13 R/W

I/O map MB96(F)33x (16 of 40)

Address Register Abbreviation 
8-bit access

Abbreviation 
16-bit access Access
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0004DEH Peripheral Resource Relocation Register 8 PRRR8 R/W

0004DFH Peripheral Resource Relocation Register 9 PRRR9 R/W

0004E0H RTC - Sub Second Register L WTBRL0 WTBR0 R/W

0004E1H RTC - Sub Second Register M WTBRH0 R/W

0004E2H RTC - Sub-Second Register H WTBR1 R/W

0004E3H RTC - Second Register WTSR R/W

0004E4H RTC - Minutes WTMR R/W

0004E5H RTC - Hour WTHR R/W

0004E6H RTC - Timer Control Extended Register WTCER R/W

0004E7H RTC - Clock select register WTCKSR R/W

0004E8H RTC - Timer Control Register Low WTCRL WTCR R/W

0004E9H RTC - Timer Control Register High WTCRH R/W

0004EAH CAL - Calibration unit Control register CUCR R/W

0004EBH Reserved -

0004ECH CAL - Duration Timer Data Register Low CUTDL CUTD R/W

0004EDH CAL - Duration Timer Data Register High CUTDH R/W

0004EEH CAL - Calibration Timer Register 2 Low CUTR2L CUTR2 R

0004EFH CAL - Calibration Timer Register 2 High CUTR2H R

0004F0H CAL - Calibration Timer Register 1 Low CUTR1L CUTR1 R

0004F1H CAL - Calibration Timer Register 1 High CUTR1H R

0004F2H-
0004F9H

Reserved -

0004FAH RLT - Timer input select (for Cascading) TMISR R/W

0004FBH-
0004FFH

Reserved -

000500H FRT2 - Data register of free-running timer TCDT2 R/W

000501H FRT2 - Data register of free-running timer R/W

000502H FRT2 - Control status register of free-running timer Low TCCSL2 TCCS2 R/W

000503H FRT2 - Control status register of free-running timer High TCCSH2 R/W

000504H FRT3 - Data register of free-running timer TCDT3 R/W

000505H FRT3 - Data register of free-running timer R/W

I/O map MB96(F)33x (21 of 40)

Address Register Abbreviation 
8-bit access

Abbreviation 
16-bit access Access
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000579H PPG8 - Timer register R

00057AH PPG8 - Period setting register PCSR8 W

00057BH PPG8 - Period setting register W

00057CH PPG8 - Duty cycle register PDUT8 W

00057DH PPG8 - Duty cycle register W

00057EH PPG8 - Control status register Low PCNL8 PCN8 R/W

00057FH PPG8 - Control status register High PCNH8 R/W

000580H PPG9 - Timer register PTMR9 R

000581H PPG9 - Timer register R

000582H PPG9 - Period setting register PCSR9 W

000583H PPG9 - Period setting register W

000584H PPG9 - Duty cycle register PDUT9 W

000585H PPG9 - Duty cycle register W

000586H PPG9 - Control status register Low PCNL9 PCN9 R/W

000587H PPG9 - Control status register High PCNH9 R/W

000588H PPG10 - Timer register PTMR10 R

000589H PPG10 - Timer register R

00058AH PPG10 - Period setting register PCSR10 W

00058BH PPG10 - Period setting register W

00058CH PPG10 - Duty cycle register PDUT10 W

00058DH PPG10 - Duty cycle register W

00058EH PPG10 - Control status register Low PCNL10 PCN10 R/W

00058FH PPG10 - Control status register High PCNH10 R/W

000590H PPG11 - Timer register PTMR11 R

000591H PPG11 - Timer register R

000592H PPG11 - Period setting register PCSR11 W

000593H PPG11 - Period setting register W

000594H PPG11 - Duty cycle register PDUT11 W

000595H PPG11 - Duty cycle register W

000596H PPG11 - Control status register Low PCNL11 PCN11 R/W

I/O map MB96(F)33x (25 of 40)

Address Register Abbreviation 
8-bit access

Abbreviation 
16-bit access Access
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0007A3H CAN0 - Interrupt Pending 2 Register High INTPND2H0 R

0007A4H-
0007AFH

Reserved -

0007B0H CAN0 - Message Valid 1 Register Low MSGVAL1L0 MSGVAL10 R

0007B1H CAN0 - Message Valid 1 Register High MSGVAL1H0 R

0007B2H CAN0 - Message Valid 2 Register Low MSGVAL2L0 MSGVAL20 R

0007B3H CAN0 - Message Valid 2 Register High MSGVAL2H0 R

0007B4H-
0007CDH

Reserved -

0007CEH CAN0 - Output enable register COER0 R/W

0007CFH-
0007FFH

Reserved -

000800H CAN1 - Control register Low CTRLRL1 CTRLR1 R/W

000801H CAN1 - Control register High (reserved) CTRLRH1 R

000802H CAN1 - Status register Low STATRL1 STATR1 R/W

000803H CAN1 - Status register High (reserved) STATRH1 R

000804H CAN1 - Error Counter Low (Transmit) ERRCNTL1 ERRCNT1 R

000805H CAN1 - Error Counter High (Receive) ERRCNTH1 R

000806H CAN1 - Bit Timing Register Low BTRL1 BTR1 R/W

000807H CAN1 - Bit Timing Register High BTRH1 R/W

000808H CAN1 - Interrupt Register Low INTRL1 INTR1 R

000809H CAN1 - Interrupt Register High INTRH1 R

00080AH CAN1 - Test Register Low TESTRL1 TESTR1 R/W

00080BH CAN1 - Test Register High (reserved) TESTRH1 R

00080CH CAN1 - BRP Extension register Low BRPERL1 BRPER1 R/W

00080DH CAN1 - BRP Extension register High (reserved) BRPERH1 R

00080EH-
00080FH

Reserved -

000810H CAN1 - IF1 Command request register Low IF1CREQL1 IF1CREQ1 R/W

000811H CAN1 - IF1 Command request register High IF1CREQH1 R/W

000812H CAN1 - IF1 Command Mask register Low IF1CMSKL1 IF1CMSK1 R/W

000813H CAN1 - IF1 Command Mask register High (reserved) IF1CMSKH1 R

I/O map MB96(F)33x (34 of 40)

Address Register Abbreviation 
8-bit access

Abbreviation 
16-bit access Access
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00084BH CAN1 - IF2 Arbitration 2 Register High IF2ARB2H1 R/W

00084CH CAN1 - IF2 Message Control Register Low IF2MCTRL1 IF2MCTR1 R/W

00084DH CAN1 - IF2 Message Control Register High IF2MCTRH1 R/W

00084EH CAN1 - IF2 Data A1 Low IF2DTA1L1 IF2DTA11 R/W

00084FH CAN1 - IF2 Data A1 High IF2DTA1H1 R/W

000850H CAN1 - IF2 Data A2 Low IF2DTA2L1 IF2DTA21 R/W

000851H CAN1 - IF2 Data A2 High IF2DTA2H1 R/W

000852H CAN1 - IF2 Data B1 Low IF2DTB1L1 IF2DTB11 R/W

000853H CAN1 - IF2 Data B1 High IF2DTB1H1 R/W

000854H CAN1 - IF2 Data B2 Low IF2DTB2L1 IF2DTB21 R/W

000855H CAN1 - IF2 Data B2 High IF2DTB2H1 R/W

000856H-
00087FH

Reserved -

000880H CAN1 - Transmission Request 1 Register Low TREQR1L1 TREQR11 R

000881H CAN1 - Transmission Request 1 Register High TREQR1H1 R

000882H CAN1 - Transmission Request 2 Register Low TREQR2L1 TREQR21 R

000883H CAN1 - Transmission Request 2 Register High TREQR2H1 R

000884H-
00088FH

Reserved -

000890H CAN1 - New Data 1 Register Low NEWDT1L1 NEWDT11 R

000891H CAN1 - New Data 1 Register High NEWDT1H1 R

000892H CAN1 - New Data 2 Register Low NEWDT2L1 NEWDT21 R

000893H CAN1 - New Data 2 Register High NEWDT2H1 R

000894H-
00089FH

Reserved -

0008A0H CAN1 - Interrupt Pending 1 Register Low INTPND1L1 INTPND11 R

0008A1H CAN1 - Interrupt Pending 1 Register High INTPND1H1 R

0008A2H CAN1 - Interrupt Pending 2 Register Low INTPND2L1 INTPND21 R

0008A3H CAN1 - Interrupt Pending 2 Register High INTPND2H1 R

0008A4H-
0008AFH

Reserved -

0008B0H CAN1 - Message Valid 1 Register Low MSGVAL1L1 MSGVAL11 R

I/O map MB96(F)33x (36 of 40)

Address Register Abbreviation 
8-bit access

Abbreviation 
16-bit access Access
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12.  Interrupt Vector Table

Interrupt vector table MB96(F)33x (1 of 5)

Vector 
number

Offset in 
vector 
table

Vector name Cleared  
by DMA

Index in 
ICR to 

program
Description

0 3FCH CALLV0 No -  

1 3F8H CALLV1 No -  

2 3F4H CALLV2 No -  

3 3F0H CALLV3 No -  

4 3ECH CALLV4 No -  

5 3E8H CALLV5 No -  

6 3E4H CALLV6 No -  

7 3E0H CALLV7 No -  

8 3DCH RESET No -  

9 3D8H INT9 No -  

10 3D4H EXCEPTION No -  

11 3D0H NMI No - Non-Maskable Interrupt

12 3CCH DLY No 12 Delayed Interrupt

13 3C8H RC_TIMER No 13 RC Timer

14 3C4H MC_TIMER No 14 Main Clock Timer

15 3C0H SC_TIMER No 15 Sub Clock Timer

16 3BCH PLL_UNLOCK No 16 Reserved

17 3B8H EXTINT0 Yes 17 External Interrupt 0

18 3B4H EXTINT1 Yes 18 External Interrupt 1

19 3B0H EXTINT2 Yes 19 External Interrupt 2

20 3ACH EXTINT3 Yes 20 External Interrupt 3

21 3A8H EXTINT4 Yes 21 External Interrupt 4

22 3A4H EXTINT5 Yes 22 External Interrupt 5

23 3A0H EXTINT6 Yes 23 External Interrupt 6

24 39CH EXTINT7 Yes 24 External Interrupt 7

25 398H EXTINT8 Yes 25 External Interrupt 8

26 394H EXTINT9 Yes 26 External Interrupt 9
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14.2  Recommended Operating Conditions

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 Cypress representatives
beforehand.

Parameter Symbol
Value

Unit Remarks
Min Typ Max

Power supply voltage VCC 3.0 - 5.5 V

USB power supply voltage VCC3 3.0 3.3 3.6 V USB device only

Smoothing capacitor at C pin CS 4.7 - 10 F Use a low inductance capacitor (for 
example X7R ceramic capacitor)
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14.3  DC characteristics

(TA = -40°C to 125°C, VCC = AVCC = 3.0V to 5.5V, VCC3 = 3.0V to 3.6V, VSS = AVSS = 0V)

Parameter Symbol Pin Condition
Value

Unit Remarks
Min Typ Max

Input H voltage

VIH
Port inputs

Pnn_m

CMOS Hysteresis 
0.8/0.2 input 
selected

0.8 
VCC

-
VCC + 

0.3
V

CMOS Hysteresis 
0.7/0.3 input 
selected

0.7 
VCC

-
VCC + 

0.3
V VCC 4.5V

0.74 
VCC

-
VCC + 

0.3
V VCC < 4.5V

AUTOMOTIVE
Hysteresis input
selected

0.8 
VCC

-
VCC + 

0.3
V

TTL input selected 2.0 -
VCC + 

0.3
V

VIHUSB UDP, UDM - 2.0 -
VCC3 + 

0.3
V USB pins

VIHX0F X0
External clock in 
“Fast Clock Input 
mode”

0.8 
VCC

-
VCC + 

0.3
V

VIHX0S
X0,X1, 

X0A,X1A
External clock in 
“oscillation mode” 2.5 -

VCC + 
0.3

V

VIHR RSTX -
0.8 
VCC

-
VCC + 

0.3
V CMOS Hysteresis input

VIHM MD2-MD0 -
VCC - 
0.3

-
VCC + 

0.3
V
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Output L voltage

VOL2
Normal 
outputs

4.5V VCC  5.5V

IOL = +2mA
- - 0.4 V Driving strength set to 

2mA3.0V VCC  4.5V

IOL = +1.6mA

VOL5
Normal 
outputs

4.5V VCC  5.5V

IOL = +5mA
- - 0.4 V Driving strength set to 

5mA3.0V VCC  4.5V

IOL = +3mA

VOL3 3mA outputs
3.0V VCC  5.5V

IOL = +3mA
- - 0.4 V

VOLUSB UDP, UDM
3.0V VCC3  3.6V

IOL = +20mA
- - 0.4 V USB pins

Input leak current IIL
Pnn_m

(except USB 
pins)

VSS < VI < VCC

AVSS, AVRL < VI < 
AVCC, AVRH

-1 - +1 A Single port pin

USB input leak cur-
rent UDP, UDM VSS < VI < VCC3 -5 - +5 A USB pins

Pull-up resistance RUP
Pnn_m, 
RSTX

VCC  3.3V  10 40 100 160 k

VCC  5.0V  10 25 50 100 k

(TA = -40°C to 125°C, VCC = AVCC = 3.0V to 5.5V, VCC3 = 3.0V to 3.6V, VSS = AVSS = 0V)

Parameter Symbol Pin Condition
Value

Unit Remarks
Min Typ Max
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(TA  40°C to 125°C, VCC  3.0 to 4.5V, VSS  0.0 V, IOdrive = 5mA, CL = 50pF)

Parameter Sym-
bol Pin Conditions

Value
Unit Remarks

Min Max

ALE pulse width
(multiplexed)

tLHLL ALE

EACL:STS=0 and
EACL:ACE=0

tCYC/2  8 —

ns

EBM:NMS 
= 0 

EACL:STS=1 tCYC  8 —

EACL:STS=0 and 
EACL:ACE=1

3tCYC/2  8 —

Valid address 
  ALE  time
(multiplexed)

tAVLL ALE, A[23:16],

EACL:STS=0 and
EACL:ACE=0

tCYC  20 —

ns

EACL:STS=1 and
EACL:ACE=0    

3tCYC/2  20 —

EACL:STS=0 and 
EACL:ACE=1

2tCYC  20 —

EACL:STS=1 and
EACL:ACE=1

5tCYC/2  20 —

tADVLL ALE, AD[15:0]

EACL:STS=0 and
EACL:ACE=0

tCYC/2  20 —

ns

EACL:STS=1 and
EACL:ACE=0   

tCYC   20 —

EACL:STS=0 and 
EACL:ACE=1

3tCYC/2  20 —

EACL:STS=1 and
EACL:ACE=1

2tCYC  20 —

ALE  
 Address valid time
(multiplexed)

tLLAX ALE, AD[15:0]
EACL:STS=0 tCYC/2  20 —

ns
EACL:STS=1 -20 —

Valid address
     RDX  time
(non-multiplexed)

tAVRL RDX, A[23:0] EBM:NMS= 1 tCYC/2  20 — ns

Valid address
     RDX  time
(multiplexed)

tAVRL  RDX, A[23:16]

EACL:ACE=0
EBM:NMS=0

3tCYC/2  20 —

ns
EACL:ACE=1
EBM:NMS=0

5tCYC/2  20 —

tADVRL  RDX, AD[15:0]

EACL:ACE=0
EBM:NMS=0

tCYC  20 —

ns
EACL:ACE=1
EBM:NMS=0

2tCYC   20 —

Valid address
   Valid data input
(non-multiplexed)

tAVDV
A[23:0],
AD[15:0]

EBM:NMS= 1 — 2tCYC  60 ns
w/o cycle 
extension
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 CSn  WRX time
(non-multiplexed)

tCSLWL
WRX, WRLX, 
WRHX, CSn

EACL:STS=0
EBM:NMS=1

— tCYC/2  20

ns
EACL:STS=1
EBM:NMS=1

— tCYC  20

CSn  WRX time
(multiplexed)

tCSLWL
WRX, WRLX, 
WRHX, CSn

EACL:ACE=0
EBM:NMS=0

— 3tCYC/2  20

ns
EACL:ACE=1
EBM:NMS=0

— 5tCYC/2  20

 WRX  CSn time
(non-multiplexed)

tWHCSH
WRX, WRLX, 
WRHX, CSn

EACL:STS=1
EBM:NMS=1

  20 — ns

EACL:STS=0
EBM:NMS=1

tCYC/2  20 — ns

WRX  CSn time
(multiplexed)

tWHCSH
WRX, WRLX, 
WRHX, CSn

EBM:NMS=0 tCYC/2  20 — ns

 (TA  40°C to 125°C, VCC  3.0 to 4.5V, VSS  0.0 V, IOdrive = 5mA, CL = 50pF) 

Parameter Symbol Pin Condition
Value

Unit Remarks
Min Max

ECLK

tWLCH

0.8*VCC

ALE

tWHLH

WRX (WRLX, WRHX)

tWLWHtADVWL

A[23:0]

tWHAX

AD[15:0] Address Write data

tDVWH tWHDX

CSn

tWHCSH

tAVWL

tCSLWL

0.2*VCC

Refer to the Hardware Manual for detailed Timing Charts
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To satisfy the A/D conversion precision standard, the relationship between the external impedance and minimum sampling time must 
be considered and then either the resistor value and operating frequency must be adjusted or the external impedance must be 
decreased so that the sampling time (Tsamp) is longer than the minimum value. Usually, this value is set to 7where= RC. If the 
external input resistance (Rext) connected to the analog input is included, the sampling time is expressed as follows:

Tsamp [min] = 7 × (Rext + 2.6k) × C for 4.5 AVcc 5.5 

Tsamp [min] = 7 × (Rext + 12.1k) × C for 3.0 AVcc 4.5

If the sampling time cannot be sufficient, connect a capacitor of about 0.1 F to the analog input pin.

About the error

The accuracy gets worse as |AVRH - AVRL| becomes smaller.
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14.7  Alarm Comparator

(TA = -40 °C to +125 °C, VCC = AVCC = 3.0V - 5.5V, VSS = AVSS = 0V)

Parameter Symbol Pin
Value

Unit Remarks
Min Typ Max

Power supply current

IA5ALMF

AVCC

- 25 45 A
Alarm comparator
enabled in fast mode 
(one channel)

IA5ALMS - 7 13 A
Alarm comparator 
enabled in slow mode 
(one channel)

IA5ALMH - - 5 A Alarm comparator 
disabled

ALARM pin input current IALIN

ALARM0, 
ALARM1

-1 - +1 A TA = 25 °C

-3 - +3 A TA = 125 °C

ALARM pin input voltage 
range

VALIN 0 - AVCC V

External low threshold 
high->low transition

VEVTL(H->L)
0.36 * AVCC 

-0.25
0.36 * AVCC 

-0.1
- V

INTREF = 0

External low threshold 
low->high transition

VEVTL(L->H) -
0.36 * AVCC 

+0.1
0.36 * AVCC 

+0.25
V

External high threshold 
high->low transition

VEVTH(H->L)
0.78 * AVCC 

-0.25
0.78 * AVCC 

-0.1
- V

External high threshold 
low->high transition

VEVTH(L->H)
0.78 * AVCC 

+0.1
0.78 * AVCC 

+0.25
V

Internal low threshold 
high->low transition

VIVTL(H->L) 0.9 1.1 - V

INTREF = 1

Internal low threshold 
low->high transition

VIVTL(L->H) - 1.3 1.55 V

Internal high threshold 
high->low transition

VIVTH(H->L) 2.2 2.4 - V

Internal high threshold 
low->high transition

VIVTH(L->H) - 2.6 2.85 V

Switching hysteresis VHYS 50 - 300 mV

Comparison time
tCOMPF - 0.1 1 s CMD = 1 (fast)

tCOMPS - 1 10 s CMD = 0 (slow)

Slow/Fast mode transition 
time

tCMD - 100 500 s

Threshold levels 
specified above are not 
guaranteed within this 
time
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