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built-in motor control peripherals and automotive-grade
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AT89C51RD2/ED2
Table 3-3. Interrupt SFRs 

Mnemonic Add Name 7 6 5 4 3 2 1 0

IEN0 A8h Interrupt Enable Control 0 EA EC ET2 ES ET1 EX1 ET0 EX0

IEN1 B1h Interrupt Enable Control 1 - - - - - ESPI KBD

IPH0 B7h Interrupt Priority Control High 0 - PPCH PT2H PHS PT1H PX1H PT0H PX0H

IPL0 B8h Interrupt Priority Control Low 0 - PPCL PT2L PLS PT1L PX1L PT0L PX0L

IPH1 B3h Interrupt Priority Control High 1 - - - - - SPIH KBDH

IPL1 B2h Interrupt Priority Control Low 1 - - - - - SPIL KBDL

Table 3-4. Port SFRs

Mnemonic Add Name 7 6 5 4 3 2 1 0

P0 80h 8-bit Port 0

P1 90h 8-bit Port 1

P2 A0h 8-bit Port 2

P3 B0h 8-bit Port 3

P4 C0h 8-bit Port 4

P5 E8h 8-bit Port 5

P5 C7h 8-bit Port 5 (byte addressable)

Table 3-5. Timer SFRs

Mnemonic Add Name 7 6 5 4 3 2 1 0

TCON 88h Timer/Counter 0 and 1 Control TF1 TR1 TF0 TR0 IE1 IT1 IE0 IT0

TMOD 89h Timer/Counter 0 and 1 Modes GATE1 C/T1# M11 M01 GATE0 C/T0# M10 M00

TL0 8Ah Timer/Counter 0 Low Byte

TH0 8Ch Timer/Counter 0 High Byte

TL1 8Bh Timer/Counter 1 Low Byte

TH1 8Dh Timer/Counter 1 High Byte

WDTRST A6h WatchDog Timer Reset

WDTPRG A7h WatchDog Timer Program - - - - - WTO2 WTO1 WTO0

T2CON C8h Timer/Counter 2 control TF2 EXF2 RCLK TCLK EXEN2 TR2 C/T2# CP/RL2#

T2MOD C9h Timer/Counter 2 Mode - - - - - - T2OE DCEN

RCAP2H CBh
Timer/Counter 2 Reload/Capture 

High Byte

RCAP2L CAh
Timer/Counter 2 Reload/Capture 

Low Byte

TH2 CDh Timer/Counter 2 High Byte
5
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AT89C51RD2/ED2
 shows all SFRs with their address and their reset value.

Table 3-9. Keyboard Interface SFRs

Mnemonic Add Name 7 6 5 4 3 2 1 0

KBLS 9Ch Keyboard Level Selector KBLS7 KBLS6 KBLS5 KBLS4 KBLS3 KBLS2 KBLS1 KBLS0

KBE 9Dh Keyboard Input Enable KBE7 KBE6 KBE5 KBE4 KBE3 KBE2 KBE1 KBE0

KBF 9Eh Keyboard Flag Register KBF7 KBF6 KBF5 KBF4 KBF3 KBF2 KBF1 KBF0

Table 3-10. EEPROM data Memory SFR (AT89C51ED2 only)

Mnemonic Add Name 7 6 5 4 3 2 1 0

EECON D2h EEPROM Data Control EEE EEBUSY

Table 3-11. SFR Mapping

Bit

Addressable Non Bit Addressable

0/8 1/9  2/A 3/B  4/C 5/D 6/E  7/F

F8h
CH

0000 0000

CCAP0H

XXXX XXXX

CCAP1H

XXXX XXXX

CCAP2H

XXXX XXXX

CCAP3H

XXXX XXXX

CCAP4H

XXXX XXXX
FFh

F0h
B

0000 0000
F7h

E8h

P5 bit 

addressable

1111 1111

CL

0000 0000

CCAP0L

XXXX XXXX

CCAP1L

XXXX XXXX

CCAP2L

XXXX XXXX

CCAP3L

XXXX XXXX

CCAP4L

XXXX XXXX
EFh

E0h
ACC

0000 0000
E7h

D8h
CCON

00X0 0000

CMOD

00XX X000

CCAPM0

X000 0000

CCAPM1

X000 0000

CCAPM2

X000 0000

CCAPM3

X000 0000

CCAPM4

X000 0000
DFh

D0h
PSW

0000 0000

FCON

XXXX 0000

EECON

xxxx xx00
D7h

C8h
T2CON

0000 0000

T2MOD

XXXX XX00

RCAP2L

0000 0000

RCAP2H

0000 0000

TL2

0000 0000

TH2

0000 0000
CFh

C0h
P4 

1111 1111

SPCON

0001 0100

SPSTA

0000 0000

SPDAT

XXXX XXXX

P5 byte 

Addressable

1111 1111

C7h

B8h
 IPL0

X000 000

SADEN

0000 0000
BFh

B0h
P3

1111 1111

IEN1

XXXX X000

IPL1

XXXX X000

IPH1

XXXX X000

IPH0

X000 0000
B7h

A8h
IEN0

0000 0000

SADDR

0000 0000

CKCON1

XXXX XXX0
AFh
7
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AT89C51RD2/ED2
ALE/PRO

G
33 27 68 56 O (I)

Address Latch Enable/Program Pulse: Output pulse for latching the 

low byte of the address during an access to external memory. In normal 

operation, ALE is emitted at a constant rate of 1/6 (1/3 in X2 mode) the 

oscillator frequency, and can be used for external timing or clocking. Note 

that one ALE pulse is skipped during each access to external data 

memory. This pin is also the program pulse input (PROG) during Flash 

programming. ALE can be disabled by setting SFR’s AUXR.0 bit. With 

this bit set, ALE will be inactive during internal fetches.

PSEN 32 26 67 55 O Program Strobe ENable: The read strobe to external program memory. 

When executing code from the external program memory, PSEN is 

activated twice each machine cycle, except that two PSEN activations 

are skipped during each access to external data memory. PSEN is not 

activated during fetches from internal program memory.

EA 35 29 2 58 I External Access Enable: EA must be externally held low to enable the 

device to fetch code from external program memory locations 0000H to 

FFFFH. If security level 1 is programmed, EA will be internally latched on 

Reset.

Table 4-1. Pin Description (Continued)

Mnemonic

Pin Number
Type

Name and FunctionPLCC44 VQFP44 PLCC68 VQFP64
13
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Reset Value = XXXX XX0X0b

Not bit addressable

Note: 1. Bit 2 stuck at 0; this allows to use INC AUXR1 to toggle DPS without changing GF3.

ASSEMBLY LANGUAGE 

; Block move using dual data pointers 

; Modifies DPTR0, DPTR1, A and PSW 

; note:  DPS exits opposite of entry state 

; unless an extra INC AUXR1 is added 

; 

00A2  AUXR1 EQU 0A2H 

; 

0000 909000MOV DPTR,#SOURCE ; address of SOURCE 

0003 05A2 INC AUXR1 ; switch data pointers 

0005 90A000 MOV DPTR,#DEST ; address of DEST 

0008 LOOP:  

0008 05A2 INC AUXR1 ; switch data pointers 

000A E0 MOVX A,@DPTR ; get a byte from SOURCE 

000B A3 INC DPTR ; increment SOURCE address 

000C 05A2 INC AUXR1 ; switch data pointers 

000E F0 MOVX @DPTR,A ; write the byte to DEST 

000F A3 INC DPTR ; increment DEST address 

0010 70F6JNZ LOOP ; check for 0 terminator 

0012 05A2 INC AUXR1 ; (optional) restore DPS 

INC is a short (2 bytes) and fast (12 clocks) way to manipulate the DPS bit in the AUXR1 SFR.

However, note that the INC instruction does not directly force the DPS bit to a particular state,

but simply toggles it. In simple routines, such as the block move example, only the fact that DPS

is toggled in the proper sequence matters, not its actual value. In other words, the block move

routine works the same whether DPS is '0' or '1' on entry. Observe that without the last instruc-

tion (INC AUXR1), the routine will exit with DPS in the opposite state. 
22
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10. Reset

10.1 Introduction

The reset sources are: Power Management, Hardware Watchdog, PCA Watchdog and Reset

input. 

Figure 10-1. Reset schematic

10.2 Reset Input

The Reset input can be used to force a reset pulse longer than the internal reset controlled by

the Power Monitor. RST input has a pull-down resistor allowing power-on reset by simply con-

necting an external capacitor to VCC as shown in Figure 10-2. Resistor value and input

characteristics are discussed in the Section “DC Characteristics” of the AT89C51RD2/ED2

datasheet.

Figure 10-2. Reset Circuitry and Power-On Reset

10.3 Reset Output

Reset output can be generated by two sources:

• Internal POR/PFD

• Hardware watchdog timer

As detailed in Section “Hardware Watchdog Timer”, page 84, the WDT generates a 96-clock

period pulse on the RST pin.

In order to properly propagate this pulse to the rest of the application in case of external capaci-

tor or power-supply supervisor circuit, a 1 kΩ resistor must be added as shown Figure 10-3.

Power
Monitor

Hardware
Watchdog

PCA
Watchdog

RST

Internal Reset

RST

R
R

S
T

VSS

To internal reset

RST

VDD

+

b. Power-on Reseta. RST input circuitry
26

4235K–8051–05/08

AT89C51RD2/ED2



AT89C51RD2/ED2
Figure 10-3. Recommended Reset Output Schematic

RST

VDD

+

VSS

VDD

RST

1K

To other
on-board
circuitry

AT89C51XD2
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AT89C51RD2/ED2
Figure 12-1. Auto-reload Mode Up/Down Counter (DCEN = 1)

12.2 Programmable 
Clock-output

In the clock-out mode, Timer 2 operates as a 50% duty-cycle, programmable clock generator

(See Figure 12-2). The input clock increments TL2 at frequency FCLK PERIPH/2. The timer repeat-

edly counts to overflow from a loaded value. At overflow, the contents of RCAP2H and RCAP2L

registers are loaded into TH2 and TL2. In this mode, Timer 2 overflows do not generate inter-

rupts. The formula gives the clock-out frequency as a function of the system oscillator frequency

and the value in the RCAP2H and RCAP2L registers:

For a 16 MHz system clock, Timer 2 has a programmable frequency range of 61 Hz 

(FCLK PERIPH/216
) to 4 MHz (FCLK PERIPH/4). The generated clock signal is brought out to T2 pin

(P1.0). 

Timer 2 is programmed for the clock-out mode as follows:

• Set T2OE bit in T2MOD register. 

• Clear C/T2 bit in T2CON register. 

• Determine the 16-bit reload value from the formula and enter it in RCAP2H/RCAP2L 

registers. 

• Enter a 16-bit initial value in timer registers TH2/TL2. It can be the same as the reload value 

or a different one depending on the application. 

• To start the timer, set TR2 run control bit in T2CON register. 

(DOWN COUNTING RELOAD VALUE)

C/T2

TF2

TR2

T2

EXF2

TH2
(8-bit)

TL2
(8-bit)

RCAP2H
(8-bit)

RCAP2L

(8-bit)

FFh
(8-bit)

FFh
(8-bit)

TOGGLE

(UP COUNTING RELOAD VALUE)

TIMER 2

INTERRUPT

FCLK PERIPH 0

1

T2CON T2CON

T2CON

T2CON

T2EX:

If DCEN = 1, 1 = UP

If DCEN = 1, 0 = DOWN

If DCEN = 0, up counting

:6 

Clock O– utFrequency
FCLKPERIPH

4 65536 RCAP2H RCAP2L⁄ )–(×
---------------------------------------------------------------------------------------------=
31

4235K–8051–05/08



AT89C51RD2/ED2
Figure 13-2. PCA Interrupt System

PCA Modules: each one of the five compare/capture modules has six possible functions. It can

perform:

• 16-bit Capture, positive-edge triggered

• 16-bit Capture, negative-edge triggered

• 16-bit Capture, both positive and negative-edge triggered

• 16-bit Software Timer

• 16-bit High Speed Output

• 8-bit Pulse Width Modulator

In addition, Module 4 can be used as a Watchdog Timer. 

Each module in the PCA has a special function register associated with it. These registers are:

CCAPM0 for Module 0, CCAPM1 for Module 1, etc. (See Table 13-3). The registers contain the

bits that control the mode that each module will operate in. 

• The ECCF bit (CCAPMn.0 where n = 0, 1, 2, 3, or 4 depending on the module) enables the 

CCF flag in the CCON SFR to generate an interrupt when a match or compare occurs in the 

associated module. 

• PWM (CCAPMn.1) enables the pulse width modulation mode. 

• The TOG bit (CCAPMn.2) when set causes the CEX output associated with the module to 

toggle when there is a match between the PCA counter and the modules capture/compare 

register. 

• The match bit MAT (CCAPMn.3) 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 modules capture/compare 

register.

• The next two bits CAPN (CCAPMn.4) and CAPP (CCAPMn.5) 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 and a capture will 

occur for either transition. 

• The last bit in the register ECOM (CCAPMn.6) when set enables the comparator function. 

CF CR
CCON

0xD8
CCF4 CCF3 CCF2 CCF1 CCF0

Module 4 

Module 3 

Module 2 

Module 1 

Module 0 

ECF

PCA Timer/Counter 

ECCFn CCAPMn.0CMOD.0
IEN0.6 IEN0.7

To Interrupt
Priority Decoder

EC EA
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Table 13-6. CCAPnL Registers (n = 0 - 4)

CCAP0L - PCA Module 0 Compare/Capture Control Register Low (0EAh)

CCAP1L - PCA Module 1 Compare/Capture Control Register Low (0EBh)

CCAP2L - PCA Module 2 Compare/Capture Control Register Low (0ECh)

CCAP3L - PCA Module 3 Compare/Capture Control Register Low (0EDh)

CCAP4L - PCA Module 4 Compare/Capture Control Register Low (0EEh)

Reset Value = 0000 0000b

Not bit addressable

Table 13-7. CH Register

CH - PCA Counter Register High (0F9h)

Reset Value = 0000 0000b

Not bit addressable

Table 13-8. CL Register

CL - PCA Counter Register Low (0E9h)

Reset Value = 0000 0000b

Not bit addressable

7 6 5 4 3 2 1 0

- - - - - - - -

Bit 

Number

Bit       

Mnemonic Description

7 - 0 -
PCA Module n Compare/Capture Control

CCAPnL Value

7 6 5 4 3 2 1 0

- - - - - - - -

Bit 

Number

Bit       

Mnemonic Description

7 - 0 -
PCA counter

CH Value

7 6 5 4 3 2 1 0

- - - - - - - -

Bit 

Number

Bit       

Mnemonic Description

7 - 0 -
PCA Counter

CL Value
42
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AT89C51RD2/ED2
Table 14-12. PCON Register

PCON - Power Control Register (87h)

Reset Value = 00X1 0000b

Not bit addressable

Power-off flag reset value will be 1 only after a power on (cold reset). A warm reset doesn’t affect

the value of this bit. 

7 6 5 4 3 2 1 0

SMOD1 SMOD0 - POF GF1 GF0 PD IDL

Bit 

Number

Bit 

Mnemonic Description

7 SMOD1
Serial port Mode bit 1 for UART

Set to select double baud rate in mode 1, 2 or 3.

6 SMOD0

Serial port Mode bit 0 for UART

Cleared to select SM0 bit in SCON register. 

Set to select FE bit in SCON register. 

5 -
Reserved

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

4 POF

Power-Off Flag

Cleared to recognize next reset type. 

Set by hardware when VCC rises from 0 to its nominal voltage. Can also be set by 

software. 

3 GF1

General purpose Flag

Cleared by user for general purpose usage. 

Set by user for general purpose usage. 

2 GF0

General purpose Flag

Cleared by user for general purpose usage. 

Set by user for general purpose usage. 

1 PD

Power-Down mode bit

Cleared by hardware when reset occurs. 

Set to enter power-down mode. 

0 IDL

Idle mode bit

Cleared by hardware when interrupt or reset occurs. 

Set to enter idle mode. 
57
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Reset Value = 0001 0100b

Not bit addressable

16.3.5.2 Serial Peripheral Status Register (SPSTA)

The Serial Peripheral Status Register contains flags to signal the following conditions:

• Data transfer complete

• Write collision

• Inconsistent logic level on SS pin (mode fault error)

Table 16-4 describes the SPSTA register and explains the use of every bit in the register. 

Table 16-4. SPSTA Register

SPSTA - Serial Peripheral Status and Control register (0C4H)

4 MSTR

Serial Peripheral Master

Cleared to configure the SPI as a Slave.

Set to configure the SPI as a Master.

3 CPOL

Clock Polarity

Cleared to have the SCK set to ’0’ in idle state.

Set to have the SCK set to ’1’ in idle low.

2 CPHA

Clock Phase

Cleared to have the data sampled when the SCK leaves the idle state (see 

CPOL).

Set to have the data sampled when the SCK returns to idle state (see 

CPOL).

1
SPR1

SPR2  SPR1  SPR0 Serial Peripheral Rate

0 0 1 FCLK PERIPH /2

0 0 1 FCLK PERIPH /4

0 1  0 FCLK PERIPH /8

0 1  1FCLK PERIPH /16

1 0 0FCLK PERIPH /32

1 0  1FCLK PERIPH /64

1 1 0FCLK PERIPH /128

1 1  1Invalid

SPR0

Bit Number Bit Mnemonic Description

7 6 5 4 3 2 1 0

SPIF WCOL SSERR MODF - - - -

Bit Number

Bit 

Mnemonic Description

7 SPIF

Serial Peripheral Data Transfer Flag

Cleared by hardware to indicate data transfer is in progress or has been approved by a 

clearing sequence. 

Set by hardware to indicate that the data transfer has been completed. 

6 WCOL

Write Collision Flag

Cleared by hardware to indicate that no collision has occurred or has been approved by a 

clearing sequence. 

Set by hardware to indicate that a collision has been detected. 
70
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17. Interrupt System
The AT89C51RD2/ED2 has a total of 9 interrupt vectors: two external interrupts (INT0 and

INT1), three timer interrupts (timers 0, 1 and 2), the serial port interrupt, SPI interrupt, Keyboard

interrupt and the PCA global interrupt. These interrupts are shown in Figure 17-1.

Figure 17-1. Interrupt Control System

Each of the interrupt sources can be individually enabled or disabled by setting or clearing a bit

in the Interrupt Enable register (Table 17-4 and Table 17-6). This register also contains a global

disable bit, which must be cleared to disable all interrupts at once. 

Each interrupt source can also be individually programmed to one out of four priority levels by

setting or clearing a bit in the Interrupt Priority register (Table 17-7) and in the Interrupt Priority

High register (Table 17-5 and Table 17-6) shows the bit values and priority levels associated

with each combination. 

IE1

0

3

High Priority

Interrupt

Interrupt

Polling

Sequence, Decreasing from 

High to Low Priority

Low Priority

Interrupt

Global DisableIndividual Enable

EXF2

TF2

TI

RI

TF0

INT0

INT1

TF1

IPH, IPL

IE0

0

3

0

3

0

3

0

3

0

3

0

3

PCA IT

KBD IT

SPI IT

0

3

0

3
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AT89C51RD2/ED2
18.3 Power-Down Mode

The Power-Down mode places the AT89C51RD2/ED2 in a very low power state. Power-Down

mode stops the oscillator, freezes all clock at known states. The CPU status prior to entering

Power-Down mode is preserved, i.e., the program counter, program status word register retain

their data for the duration of Power-Down mode. In addition, the SFR and RAM contents are pre-

served. The status of the Port pins during Power-Down mode is detailed in Table 18-1.

Note: VCC may be reduced to as low as VRET during Power-Down mode to further reduce power dissi-

pation. Take care, however, that VDD is not reduced until Power-Down mode is invoked.

18.3.1 Entering Power-Down Mode

To enter Power-Down mode, set PD bit in PCON register. The AT89C51RD2/ED2 enters the

Power-Down mode upon execution of the instruction that sets PD bit. The instruction that sets

PD bit is the last instruction executed.

18.3.2 Exiting Power-Down Mode

Note: If VCC was reduced during the Power-Down mode, do not exit Power-Down mode until VCC is 

restored to the normal operating level.

There are three ways to exit the Power-Down mode:

1. Generate an enabled external interrupt.

– The AT89C51RD2/ED2 provides capability to exit from Power-Down using INT0#, 

INT1#.

Hardware clears PD bit in PCON register which starts the oscillator and restores the 

clocks to the CPU and peripherals. Using INTx# input, execution resumes when the 

input is released (see Figure 18-1). Execution resumes with the interrupt service 

routine. Upon completion of the interrupt service routine, program execution 

resumes with the instruction immediately following the instruction that activated 

Power-Down mode.

Note: The external interrupt used to exit Power-Down mode must be configured as level sensitive 

(INT0# and INT1#) and must be assigned the highest priority. In addition, the duration of the inter-

rupt must be long enough to allow the oscillator to stabilize. The execution will only resume when 

the interrupt is deasserted.

Note: Exit from power-down by external interrupt does not affect the SFRs nor the internal RAM content.

Figure 18-1. Power-Down Exit Waveform Using INT1:0#

2. Generate a reset.

– A logic high on the RST pin clears PD bit in PCON register directly and 

asynchronously. This starts the oscillator and restores the clock to the CPU and 

peripherals. Program execution momentarily resumes with the instruction 

immediately following the instruction that activated Power-Down mode and may 

INT1:0#

OSC

Power-down phase Oscillator restart phase Active phaseActive phase
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AT89C51RD2/ED2
Figure 23-2. Recommended EEPROM Data Read Sequence

23.3 Registers
Table 23-1. EECON Register

EECON (0D2h)

EEPROM Control Register

EEPROM Data Read

Sequence

Data Read
DPTR= Address

ACC= Data
Exec: MOVX A, @DPTR

Last Byte

to Read?

 EEPROM Data Mapping
EECON = 02h (EEE=1)

 EEPROM Data Mapping
EECON = 00h (EEE = 0

 Save & Disable IT
EA= 0

 Restore IT

EEBusy

Cleared?

7 6 5 4 3 2 1 0

- - - - - - EEE EEBUSY

Bit Number

Bit 

Mnemonic Description

7 - 2 -
Reserved

The value read from this bit is indeterminate. Do not set this bit.
91

4235K–8051–05/08



AT89C51RD2/ED2
24.6.3 Functional Description

Figure 24-3. Bootloader Functional Description

On the above diagram, the on-chip bootloader processes are:

• ISP Communication Management

The purpose of this process is to manage the communication and its protocol between the on-

chip bootloader and a external device. The on-chip ROM implements a serial protocol (see sec-

tion “Bootloader Protocol”). This process translate serial communication frame (UART) into

Flash memory access (read, write, erase, etc.).

• User Call Management

Several Application Program Interface (API) calls are available for use by an application pro-

gram to permit selective erasing and programming of Flash pages. All calls are made through a

common interface (API calls), included in the ROM bootloader. The programming functions are

selected by setting up the microcontroller’s registers before making a call to a common entry

point (0xFFF0). Results are returned in the registers. The purpose on this process is to translate

the registers values into internal Flash Memory Management.

• Flash Memory Management

This process manages low level access to Flash memory (performs read and write access).

ISP Communication
Management

User

Application
Specific Protocol
Communication

Management 

Flash
Memory

External Host with

Flash Memory

User Call
Management (API)
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24.6.4 Bootloader Functionality

The bootloader can be activated by two means: Hardware conditions or regular boot process.

The Hardware conditions (EA = 1, PSEN = 0) during the Reset# falling edge force the on-chip

bootloader execution. This allows an application to be built that will normally execute the end

user’s code but can be manually forced into default ISP operation. 

As PSEN is a an output port in normal operating mode after reset, user application should take

care to release PSEN after falling edge of reset signal. The hardware conditions are sampled at

reset signal falling edge, thus they can be released at any time when reset input is low.

To ensure correct microcontroller startup, the PSEN pin should not be tied to ground during

power-on (See Figure 24-4).

Figure 24-4. Hardware conditions typical sequence during power-on.

The on-chip bootloader boot process is shown Figure 24-5.

VCC

PSEN

RST

Table 24-6. Bootloader Process Description

Purpose

Hardware Conditions
The Hardware Conditions force the bootloader execution whatever BLJB, 

BSB and SBV values.

BLJB

The Boot Loader Jump Bit forces the application execution.

BLJB = 0 => Bootloader execution

BLJB = 1 => Application execution

The BLJB is a fuse bit in the Hardware Byte.

It can be modified by hardware (programmer) or by software (API).

Note: The BLJB test is performed by hardware to prevent any program 

execution.

SBV

The Software Boot Vector contains the high address of customer bootloader 

stored in the application.

SBV = FCh (default value) if no customer bootloader in user Flash.

Note: The customer bootloader is called by JMP [SBV]00h instruction.
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24.9.5 Write/Program Commands Description

This flow is common to the following frames:

• Flash/EEPROM Programming Data Frame

• EOF or Atmel Frame (only Programming Atmel Frame)

• Config Byte Programming Data Frame

• Baud Rate Frame

Figure 24-9. Write/Program Flow

Host Bootloader

Write Command

’X’ & CR & LF

NO_SECURITY

Wait Write Command

Checksum Error

Wait Programming

Send Security Error

Send COMMAND_OK

Send Write Command

Wait Checksum Error

Wait COMMAND_OK

Wait Security Error

OR

COMMAND ABORTED

COMMAND FINISHED

Send Checksum Error

COMMAND ABORTED

’P’ & CR & LF
OR

’.’ & CR & LF
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Table 25-3. AC Parameters for a Variable Clock

25.3.3 External Program Memory Read Cycle

25.3.4 External Data Memory Characteristics

Symbol Type Standard Clock X2 Clock 

X parameter for 

-M range Units

TLHLL Min 2 T - x T - x 15 ns

TAVLL Min T - x 0.5 T - x 20 ns

TLLAX Min T - x 0.5 T - x 20 ns

TLLIV Max 4 T - x 2 T - x 35 ns

TLLPL Min T - x 0.5 T - x 15 ns

TPLPH Min 3 T - x 1.5 T - x 25 ns

TPLIV Max 3 T - x 1.5 T - x 45 ns

TPXIX Min x x 0 ns

TPXIZ Max T - x 0.5 T - x 15 ns

TAVIV Max 5 T - x 2.5 T - x 45 ns

TPLAZ Max x x 10 ns

TPLIV
TPLAZ

ALE

PSEN

PORT 0

PORT 2

A0-A7A0-A7 INSTR ININSTR IN INSTR IN

ADDRESS
OR SFR-P2 ADDRESS A8-A15ADDRESS A8-A15

12 TCLCL

TAVIV

TLHLL

TAVLL

TLLIV

TLLPL

TPLPH

TPXAV

TPXIX

TPXIZ
TLLAX
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Table 25-9. AC Parameters for a Variable Clock

25.3.8 Shift Register Timing Waveforms

25.3.9 External Clock Drive Waveforms

25.3.10 AC Testing Input/Output Waveforms

AC inputs during testing are driven at VCC - 0.5 for a logic “1” and 0.45V for a logic “0”. Timing

measurement are made at VIH min for a logic “1” and VIL max for a logic “0”.

Symbol Type

Standard 

Clock X2 Clock

X Parameter For 

-M Range Units

TXLXL Min 12 T 6 T ns

TQVHX Min 10 T - x 5 T - x 50 ns

TXHQX Min 2 T - x T - x 20 ns

TXHDX Min x x 0 ns

TXHDV Max 10 T - x 5 T- x 133 ns

INPUT DATA VALIDVALID VALID VALID

0 1 2 3 4 5 6 87

ALE

CLOCK

OUTPUT DATA

WRITE to SBUF

CLEAR RI

TXLXL

TQVXH

TXHQX

TXHDV

TXHDX SET TI

SET RI

INSTRUCTION

0 1 2 3 4 5 6 7

VALID VALID VALID VALID

VCC-0.5V

0.45V

0.7VCC

0.2VCC-0.1

TCHCL TCLCX

TCLCL

TCLCH

TCHCX

INPUT/OUTPUT
0.2 VCC + 0.9

0.2 VCC - 0.1

VCC -0.5V

0.45V
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