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within electronic devices to control various functions,
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Applications of "Embedded -
Microcontrollers"
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microcontrollers, differentiated by their processing power
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used in simple applications like basic control systems and
small devices. 16-bit microcontrollers offer a balance
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medium-scale applications like industrial automation. 32-
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processing, such as automotive systems and sophisticated
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General-purpose microcontrollers are versatile and used in
a wide range of applications, offering a balance of
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such as automotive controllers, which include features like
built-in motor control peripherals and automotive-grade
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Registers Table 18.  PSW Register

PSW (S:D0h)

Program Status Word Register

Reset Value = 0000 0000b

Table 19.  AUXR Register

AUXR (S:8Eh)

Auxiliary Register

7 6 5 4 3 2 1 0

CY AC F0 RS1 RS0 OV F1 P

Bit 

Number

Bit 

Mnemonic Description

7 CY
Carry Flag

Carry out from bit 1 of ALU operands.

6 AC
Auxiliary Carry Flag

Carry out from bit 1 of addition operands.

5 F0 User Definable Flag 0.

4-3 RS1:0
Register Bank Select Bits

Refer to Table 16 for bits description.

2 OV
Overflow Flag

Overflow set by arithmetic operations.

1 F1 User Definable Flag 1

0 P

Parity Bit

Set when ACC contains an odd number of 1’s.

Cleared when ACC contains an even number of 1’s.

7 6 5 4 3 2 1 0

- - M0 - XRS1 XRS0 EXTRAM A0

Bit 

Number

Bit 

Mnemonic Description

7-6 -
Reserved

The value read from these bits are indeterminate. Do not set this bit.

5 M0

Stretch MOVX control:

the RD/ and the WR/ pulse length is increased according to the value of M0.

M0 Pulse length in clock period

0  6

1  30

4 -
Reserved

The value read from this bit is indeterminate. Do not set this bit.

3-2 XRS1-0

XRAM size:

Accessible size of the XRAM

XRS 1:0 XRAM size

   0  0    256 Bytes

   0  1   512 Bytes

   1  0  768 Bytes

   1  1  1024 Bytes (default)
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Registers Table 21.  EECON Register

EECON (S:0D2h)

EEPROM Control Register

Reset Value = XXXX XX00b

Not bit addressable

7 6 5 4 3 2 1 0

EEPL3 EEPL2 EEPL1 EEPL0 - - EEE EEBUSY

Bit Number

Bit 

Mnemonic Description

7-4 EEPL3-0
Programming Launch command bits

Write 5Xh followed by AXh to EEPL to launch the programming.

3 -
Reserved

The value read from this bit is indeterminate. Do not set this bit.

2 -
Reserved

The value read from this bit is indeterminate. Do not set this bit.

1 EEE

Enable EEPROM Space bit

Set to map the EEPROM space during MOVX instructions (Write in the column 

latches)

Clear to map the XRAM space during MOVX.

0 EEBUSY

Programming Busy flag

Set by hardware when programming is in progress.

Cleared by hardware when programming is done.

Can not be set or cleared by software.
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FM0 Memory Architecture The Flash memory is made up of 4 blocks (see Figure 20):

• The memory array (user space) 32K Bytes

• The Extra Row

• The Hardware security bits

• The column latch registers

User Space This space is composed of a 32K Bytes Flash memory organized in 256 pages of 128

Bytes. It contains the user’s application code. 

Extra Row (XRow) This row is a part of FM0 and has a size of 128 Bytes. The extra row may contain infor-

mation for boot loader usage.

Hardware Security Byte The Hardware security Byte space is a part of FM0 and has a size of 1 byte.

The 4 MSB can be read/written by software, the 4 LSB can only be read by software and

written by hardware in parallel mode.

Column Latches The column latches, also part of FM0, have a size of full page (128 Bytes).

The column latches are the entrance buffers of the three previous memory locations

(user array, XROW and Hardware security byte).

Cross Flash Memory Access 

Description

The FM0 memory can be program only from FM1. Programming FM0 from FM0 or from

external memory is impossible.

The FM1 memory can be program only by parallel programming. 

The Table 24 show all software Flash access allowed.

Table 24.  Cross Flash Memory Access

C
o

d
e

 e
x

e
c

u
ti

n
g

 f
ro

m

Action

FM0

(user Flash)

FM1

(boot Flash)

FM0

(user Flash)

Read ok -

Load column latch ok -

Write - -

FM1

(boot Flash)

Read ok ok

Load column latch ok -

Write ok -

External 

memory

EA = 0

Read - -

Load column latch - -

Write - -
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Table 26.  Programming Spaces

Notes: 1. The sequence 5xh and Axh must be executing without instructions between them

otherwise the programming is aborted.

2. Interrupts that may occur during programming time must be disabled to avoid any

spurious exit of the programming mode.

Status of the Flash Memory The bit FBUSY in FCON register is used to indicate the status of programming.

FBUSY is set when programming is in progress.

Selecting FM1 The bit ENBOOT in AUXR1 register is used to map FM1 from F800h to FFFFh.

Loading the Column Latches Any number of data from 1 Byte to 128 Bytes can be loaded in the column latches. This

provides the capability to program the whole memory by byte, by page or by any number

of Bytes in a page.

When programming is launched, an automatic erase of the locations loaded in the col-

umn latches is first performed, then programming is effectively done. Thus no page or

block erase is needed and only the loaded data are programmed in the corresponding

page.

The following procedure is used to load the column latches and is summarized in

Figure 21:

• Save then disable interrupt and map the column latch space by setting FPS bit.

• Load the DPTR with the address to load.

• Load Accumulator register with the data to load.

• Execute the MOVX @DPTR, A instruction.

• If needed loop the three last instructions until the page is completely loaded.

• Unmap the column latch and Restore Interrupt

Write to FCON

OperationFPL3:0 FPS FMOD1 FMOD0

User

5 X 0 0 No action

A X 0 0
Write the column latches in user 

space

Extra Row

5 X 0 1 No action

A X 0 1
Write the column latches in extra row 

space

Hardware 

Security 

Byte

5 X 1 0 No action

A X 1 0 Write the fuse bits space

Reserved

5 X 1 1 No action

A X 1 1 No action
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Table 32.  Read MOVC A, @DPTR

Code Execution

FCON Register

ENBOOT DPTR FM1 FM0 XROW

Hardware

Byte

External

CodeFMOD1 FMOD0 FPS

From FM0

0 0 X

0 0000h to 7FFFh OK

1
0000h to 7FFFh OK

F800h to FFFFh Do not use this configuration

0 1 X X
0000 to 007Fh

See (1)
OK

1 0 X X X OK

1 1 X

0 000h to 7FFFh OK

1
0000h to 7FFFh OK

F800h to FFFFh Do not use this configuration

From FM1

(ENBOOT =1

0 0

0
1

0000h to 7FFF OK

F800h to FFFFh OK

0 X NA

1
1 X OK

0 X NA

0 1 X
1 0000h to 007h

See (2)

OK

0 NA

1 0 X
1

X
OK

0 NA

1 1 X
1

000h to 7FFFh
OK

0 NA

 External code:

EA=0 or Code 

Roll Over

X 0 X X X OK

1. For DPTR higher than 007Fh only lowest 7 bits are decoded, thus the behavior is the same as for addresses from 0000h to 

007Fh

2. For DPTR higher than 007Fh only lowest 7 bits are decoded, thus the behavior is the same as for addresses from 0000h to 

007Fh
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Table 45.  TL1 Register

TL1 (S:8Bh)

Timer 1 Low Byte Register

Reset Value = 0000 0000b

7 6 5 4 3 2 1 0

– – – – – – – –

Bit 

Number

Bit 

Mnemonic Description

7:0 Low Byte of Timer 1.
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Figure 41.  CAN Bit Construction

Synchronization Segment The first segment is used to synchronize the various bus nodes.

On transmission, at the start of this segment, the current bit level is output. If there is a

bit state change between the previous bit and the current bit, then the bus state change

is expected to occur within this segment by the receiving nodes.

Propagation Time Segment This segment is used to compensate for signal delays across the network.

This is necessary to compensate for signal propagation delays on the bus line and

through the transceivers of the bus nodes.

Phase Segment 1 Phase Segment 1 is used to compensate for edge phase errors.

This segment may be lengthened during resynchronization.

Sample Point The sample point is the point of time at which the bus level is read and interpreted as the

value of the respective bit. Its location is at the end of Phase Segment 1 (between the

two Phase Segments).

Phase Segment 2 This segment is also used to compensate for edge phase errors.

This segment may be shortened during resynchronization, but the length has to be at

least as long as the information processing time and may not be more than the length of

Phase Segment 1.

Information Processing Time It is the time required for the logic to determine the bit level of a sampled bit.

The Information processing Time begins at the sample point, is measured in TQ and is

fixed at 2 TQ for the Atmel CAN. Since Phase Segment 2 also begins at the sample

point and is the last segment in the bit time, Phase Segment 2 minimum shall not be

less than the Information processing Time.

Bit Lengthening As a result of resynchronization, Phase Segment 1 may be lengthened or Phase Seg-

ment 2 may be shortened to compensate for oscillator tolerances. If, for example, the

transmitter oscillator is slower than the receiver oscillator, the next falling edge used for

resynchronization may be delayed. So Phase Segment 1 is lengthened in order to

adjust the sample point and the end of the bit time.

Time Quantum
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Time Trigger 
Communication (TTC) 
and Message Stamping

The T89C51CC01 has a programmable 16-bit Timer (CANTIMH and CANTIML) for

message stamp and TTC.

This CAN Timer starts after the CAN controller is enabled by the ENA bit in the CANG-

CON register.

Two modes in the timer are implemented:

• Time Trigger Communication:

– Capture of this timer value in the CANTTCH and CANTTCL registers on 

Start Of Frame (SOF) or End Of Frame (EOF), depending on the SYNCTTC 

bit in the CANGCON register, when the network is configured in TTC by the 

TTC bit in the CANGCON register.

Note: In this mode, CAN only sends the frame once, even if an error occurs.

• Message Stamping

– Capture of this timer value in the CANSTMPH and CANSTMPL registers of 

the message object which received or sent the frame.

– All messages can be stamps.

– The stamping of a received frame occurs when the RxOk flag is set.

– The stamping of a sent frame occurs when the TxOk flag is set.

The CAN Timer works in a roll-over from FFFFh to 0000h which serves as a time base.

When the timer roll-over from FFFFh to 0000h, an interrupt is generated if the ETIM bit

in the interrupt enable register IEN1 is set.

Figure 51.  Block Diagram of CAN Timer

EOF on CAN frame

ENA
CANGCON.1

CANTCON

RXOK i
CANSTCH.5

TXOK i
CANSTCH.4

÷ 6
Fcan

CLOCK

SOF on CAN frame

TTC

CANGCON.5

SYNCTTC

CANGCON.4

CANTTCH and CANTTCLCANSTMPH and CANSTMPL

CANTIMH and CANTIML

OVRTIM
CANGIT.5

When 0xFFFF to 0x0000
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Registers Table 58.  CANGCON Register

CANGCON (S:ABh)

CAN General Control Register

Reset Value = 0000 0000b

7 6 5 4 3 2 1 0

ABRQ OVRQ TTC SYNCTTC AUTOBAUD TEST ENA GRES

Bit 

Number Bit Mnemonic Description

7 ABRQ

Abort Request

Not an auto-resetable bit. A reset of the ENCH bit (message object control 

and DLC register) is done for each message object. The pending transmission 

communications are immediately aborted but the on-going communication will 

be terminated normally, setting the appropriate status flags, TXOK or RXOK.

6 OVRQ

Overload frame request (initiator)

Auto-resetable bit.

Set to send an overload frame after the next received message.

Cleared by the hardware at the beginning of transmission of the overload 

frame.

5 TTC

Network in Timer Trigger Communication

set to select node in TTC.

clear to disable TTC features.

4 SYNCTTC

Synchronization of TTC

When this bit is set the TTC timer is caught on the last bit of the End Of 

Frame.

When this bit is clear the TTC timer is caught on the Start Of Frame.

This bit is only used in the TTC mode.

3 AUTOBAUD

AUTOBAUD

set to active listening mode.

Clear to disable listening mode

2 TEST
Test mode. The test mode is intended for factory testing and not for customer 

use.

1 ENA/STB

Enable/Standby CAN Controller

When this bit is set, it enables the CAN controller and its input clock.

When this bit is clear, the on-going communication is terminated normally and 

the CAN controller state of the machine is frozen (the ENCH bit of each 

message object does not change).

In the standby mode, the transmitter constantly provides a recessive level; the 

receiver is not activated and the input clock is stopped in the CAN controller. 

During the disable mode, the registers and the mailbox remain accessible.

Note that two clock periods are needed to start the CAN controller state of the 

machine.

0 GRES

General Reset (software reset)

Auto-resetable bit. This reset command is ‘ORed’ with the hardware reset in 

order to reset the controller. After a reset, the controller is disabled.
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Table 60.  CANGIT Register

CANGIT (S:9Bh)

CAN General Interrupt

Note: 1. This field is Read Only.

Reset Value = 0x00 0000b

7 6 5 4 3 2 1 0

CANIT - OVRTIM OVRBUF SERG CERG FERG AERG

Bit 

Number Bit Mnemonic Description

7 CANIT

General Interrupt Flag(1)

This status bit is the image of all the CAN controller interrupts sent to the 

interrupt controller.

It can be used in the case of the polling method.

6 -
Reserved

The values read from this bit is indeterminate. Do not set this bit.

5 OVRTIM

Overrun CAN Timer

This status bit is set when the CAN timer switches 0xFFFF to 0x0000.

If the bit ETIM in the IE1 register is set, an interrupt is generated.

Clear this bit in order to reset the interrupt.

4 OVRBUF

Overrun BUFFER

0 - no interrupt.

1 - IT turned on

This bit is set when the buffer is full.

Bit resetable by user.

see Figure 46.

3 SERG

Stuff Error General

Detection of more than five consecutive bits with the same polarity.

This flag can generate an interrupt. resetable by user.

2 CERG

CRC Error General

The receiver performs a CRC check on each destuffed received message 

from the start of frame up to the data field.

If this checking does not match with the destuffed CRC field, a CRC error is 

set.

This flag can generate an interrupt. resetable by user.

1 FERG

Form Error General

The form error results from one or more violations of the fixed form in the 

following bit fields:

CRC delimiter

acknowledgment delimiter

end_of_frame

This flag can generate an interrupt. resetable by user.

0 AERG

Acknowledgment Error General

No detection of the dominant bit in the acknowledge slot.

This flag can generate an interrupt. resetable by user.
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Table 89.  CANIDM2 Register for V2.0 part B

CANIDM2 for V2.0 part B (S:C5h)

CAN Identifier Mask Registers 2

Note: The ID Mask is only used for reception.

No default value after reset.

Table 90.  CANIDM3 Register for V2.0 part B

CANIDM3 for V2.0 part B (S:C6h)

CAN Identifier Mask Registers 3

Note: The ID Mask is only used for reception.

No default value after reset.

7 6 5 4 3 2 1 0

IDMSK 20 IDMSK 19 IDMSK 18 IDMSK 17 IDMSK 16 IDMSK 15 IDMSK 14 IDMSK 13

Bit 

Number Bit Mnemonic Description

7-0 IDMSK20:13

IDentifier Mask Value

0 - comparison true forced.

1 - bit comparison enabled.

See Figure 50.

7 6 5 4 3 2 1 0

IDMSK 12 IDMSK 11 IDMSK 10 IDMSK 9 IDMSK 8 IDMSK 7 IDMSK 6 IDMSK 5

Bit 

Number Bit Mnemonic Description

7-0 IDMSK12:5

IDentifier Mask Value

0 - comparison true forced.

1 - bit comparison enabled.

See Figure 50.
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Table 99.  CANTTCL Register

CANTTCL (S:A4h Read Only)

CAN TTC Timer Low

Reset Value = 0000 0000b

7 6 5 4 3 2 1 0

TIMTTC 7 TIMTTC 6 TIMTTC 5 TIMTTC 4 TIMTTC 3 TIMTTC 2 TIMTTC 1 TIMTTC 0

Bit 

Number Bit Mnemonic Description

7-0 TIMTTC7:0
Low byte of TTC Timer

See Figure 51.
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Each module in the PCA has a special function register associated with it (CCAPM0 for

module 0 ...). The CCAPM0:4 registers contain the bits that control the mode that each

module will operate in.

• The ECCF bit enables the CCF flag in the CCON register to generate an interrupt 

when a match or compare occurs in the associated module.

• The PWM bit enables the pulse width modulation mode.

• The TOG bit when set causes the CEX output associated with the module to toggle 

when there is a match between the PCA counter and the module’s capture/compare 

register.

• The match bit MAT when set will cause the CCFn bit in the CCON register to be set 

when there is a match between the PCA counter and the module’s capture/compare 

register.

• The two bits CAPN and CAPP in CCAPMn register determine the edge that a 

capture input will be active on. The CAPN bit enables the negative edge, and the 

CAPP bit enables the positive edge. If both bits are set both edges will be enabled.

• The bit ECOM in CCAPM register when set enables the comparator function.

PCA Interrupt

Figure 54.  PCA Interrupt System

PCA Capture Mode To use one of the PCA modules in capture mode either one or both of the CCAPM bits

CAPN and CAPP for that module must be set. The external CEX input for the module

(on port 1) is sampled for a transition. When a valid transition occurs the PCA hardware

loads the value of the PCA counter registers (CH and CL) into the module’s capture reg-

isters (CCAPnL and CCAPnH). If the CCFn bit for the module in the CCON SFR and the

ECCFn bit in the CCAPMn SFR are set then an interrupt will be generated.

CF CR
CCON

CCF4 CCF3 CCF2 CCF1 CCF0

Module 4 

Module 3 

Module 2 

Module 1 

Module 0 

PCA Timer/Counter 

ECCFn

CCAPMn.0

To Interrupt

EA
IEN0.7

EC
IEN0.6

ECF
CMOD.0
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Figure 55.  PCA Capture Mode 

16-bit Software Timer 
Mode

The PCA modules can be used as software timers by setting both the ECOM and MAT

bits in the modules CCAPMn register. The PCA timer will be compared to the module’s

capture registers and when a match occurs an interrupt will occur if the CCFn (CCON

SFR) and the ECCFn (CCAPMn SFR) bits for the module are both set.

Figure 56.  PCA 16-bit Software Timer and High Speed Output Mode 
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Interrupt
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Compare/Capture ModulePCA Counter
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Reset

Write to 

CCAPnL

Write to CCAPnH

For software Timer mode, set ECOMn and MATn.

For high speed output mode, set ECOMn, MATn and TOGn.

Toggle
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// clear the field SCH[2:0]

 ADCON and = F8h

// Select the channel

 ADCON | = channel

// Start conversion in precision mode

 ADCON | = 48h

Note: to enable the ADC interrupt:

EA = 1
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Table 116.  IEN1 Register

IEN1 (S:E8h)

Interrupt Enable Register

Reset Value = xxxx x000b

bit addressable

7 6 5 4 3 2 1 0

- - - - - ETIM EADC ECAN

Bit 

Number

Bit 

Mnemonic Description

7 -
Reserved

The value read from this bit is indeterminate. Do not set this bit.

6 -
Reserved

The value read from this bit is indeterminate. Do not set this bit.

5 -
Reserved

The value read from this bit is indeterminate. Do not set this bit.

4 -
Reserved

The value read from this bit is indeterminate. Do not set this bit.

3 -
Reserved

The value read from this bit is indeterminate. Do not set this bit.

2 ETIM

TImer Overrun Interrupt Enable bit

Clear to disable the timer overrun interrupt.

Set to enable the timer overrun interrupt.

1 EADC

ADC Interrupt Enable bit

Clear to disable the ADC interrupt.

Set to enable the ADC interrupt.

0 ECAN

CAN Interrupt Enable bit

Clear to disable the CAN interrupt.

Set to enable the CAN interrupt.
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Table 119.  IPH0 Register

IPH0 (B7h)

Interrupt High Priority Register

Reset Value = X000 0000b

7 6 5 4 3 2 1 0

- PPCH PT2H PSH PT1H PX1H PT0H PX0H

Bit 

Number

Bit 

Mnemonic Description

7 -
Reserved

The value read from this bit is indeterminate. Do not set this bit.

6 PPCH

PCA Interrupt Priority Level Most Significant bit

PPCH PPC Priority level

0  0 Lowest

0  1

1  0

1  1 Highest priority

5 PT2H

Timer 2 Overflow Interrupt High Priority bit

PT2H PT2 Priority Level

0  0 Lowest

0  1

1  0

1  1 Highest

4 PSH

Serial Port High Priority bit

PSH PS Priority Level

0  0 Lowest

0  1

1  0

1  1 Highest

3 PT1H

Timer 1 Overflow Interrupt High Priority bit

PT1H PT1 Priority Level

0  0 Lowest

0  1

1  0

1  1 Highest

2 PX1H

External Interrupt 1 High Priority bit

PX1H PX1 Priority Level

0  0 Lowest

0  1

1  0

1  1 Highest

1 PT0H

Timer 0 Overflow Interrupt High Priority bit

PT0H PT0 Priority Level

0  0 Lowest

0  1

1  0

1  1 Highest

0 PX0H

External Interrupt 0 high priority bit

PX0H PX0 Priority Level

0  0 Lowest

0  1

1  0

1  1 Highest
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Figure 65.  ICC Test Condition, Idle Mode

Figure 66.  ICC Test Condition, Power-Down Mode

Figure 67.  Clock Signal Waveform for ICC Tests in Active and Idle Modes
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Notes: 1. Typicals are based on a limited number of samples and are not guaranteed.

2. With ADC enabled.

AC Parameters

Explanation of the AC 

Symbols

Each timing symbol has 5 characters. The first character is always a “T” (stands for

time). The other characters, depending on their positions, stand for the name of a signal

or the logical status of that signal. The following is a list of all the characters and what

they stand for.

Example: TAVLL = Time for Address Valid to ALE Low.

TLLPL = Time for ALE Low to PSEN Low.

TA = -40°C to +85°C; VSS = 0V; VCC = 5V ±10%; F = 0 to 40 MHz.

TA = -40°C to +85°C; VSS = 0V; VCC = 5V ± 10%.

(Load Capacitance for port 0, ALE and PSEN = 60 pF; Load Capacitance for all other

outputs = 60 pF.)

Table 123, Table 126 and Table 129 give the description of each AC symbols.

Table 124, Table 128 and Table 130 give for each range the AC parameter.

Table 125, Table 128 and Table 131 give the frequency derating formula of the AC

parameter for each speed range description. To calculate each AC symbols: Take the x

value and use this value in the formula.

Example: TLLIV and 20 MHz, Standard clock.

x = 30 ns

T = 50 ns

TCCIV = 4T - x = 170 ns

Table 122.  DC Parameters for AD Converter in Precision Conversion

Symbol Parameter Min Typ(1) Max Unit Test Conditions

AVin Analog input voltage Vss- 0.2 Vref + 0.2 V

Rref(2) Resistance between Vref and Vss 12 16 24 kΩ

Varef Reference voltage 2.40 3.00 V

Cai Analog input Capacitance 60 pF During sampling

Rai Analog input Resistor 400 Ω During sampling

INL Integral non linearity 1 2 lsb

DNL Differential non linearity 0.5 1 lsb

OE Offset error -2 2 lsb
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