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Table 8. Serial /0 Port SFRs

Mnemonic Add | Name 7 6 5 4 3 2 1 0
SCON 98h | Serial Control FE/SMO SM1 SM2 REN TB8 RB8 TI RI
SBUF 99h | Serial Data Buffer

SADEN B9h | Slave Address Mask
SADDR A9h | Slave Address
BDRCON 9Bh | Baud Rate Control BRR TBCK RBCK SPD SRC
BRL 9Ah | Baud Rate Reload
Table 9. SPI Controller SFRs
Mnemonic Add | Name 7 6 5 4 3 2 1 0
SPCON C3h | SPI Control SPR2 SPEN | SSDIS | MSTR CPOL CPHA SPR1 SPRO
SPSTA C4h | SPI Status SPIF WCOL | SSERR | MODF - - - -
SPDAT C5h | SPI Data SPD7 SPD6 SPD5 SPD4 SPD3 SPD2 SPD1 SPDO
Table 10. 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 KBLSO
KBE 9Dh | Keyboard Input Enable KBE7 KBEG6 KBES KBE4 KBE3 KBE2 KBE1 KBEO
KBF 9Eh | Keyboard Flag Register KBF7 KBF6 KBF5 KBF4 KBF3 KBF2 KBF1 KBFO
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Enhanced Features

X2 Feature

Description

AImEL

In comparison to the original 80C52, the AT89C51RB2/RC2 implements some new fea-
tures, which are:

e X2 option

* Dual Data Pointer

 Extended RAM

* Programmable Counter Array (PCA)
» Hardware Watchdog

* SPlinterface

* 4-level interrupt priority system

» power-off flag

*  ONCE mode

* ALE disabling

» Some enhanced features are also located in the UART and the timer 2

The AT89C51RB2/RC2 core needs only 6 clock periods per machine cycle. This feature
called ‘X2’ provides the following advantages:

» Divide frequency crystals by 2 (cheaper crystals) while keeping same CPU power.
» Save power consumption while keeping same CPU power (oscillator power saving).

»  Save power consumption by dividing dynamically the operating frequency by 2 in
operating and idle modes.

* Increase CPU power by 2 while keeping same crystal frequency.

In order to keep the original C51 compatibility, a divider by 2 is inserted between the
XTAL1 signal and the main clock input of the core (phase generator). This divider may
be disabled by software.

The clock for the whole circuit and peripherals is first divided by 2 before being used by
the CPU core and the peripherals.

This allows any cyclic ratio to be accepted on XTALL1 input. In X2 mode, as this divider is
bypassed, the signals on XTAL1 must have a cyclic ratio between 40 to 60%.

Figure 5 shows the clock generation block diagram. X2 bit is validated on the rising edge
of the XTAL1+2 to avoid glitches when switching from X2 to X1 mode. Figure 6 shows
the switching mode waveforms.

Figure 5. Clock Generation Diagram
CKRL
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Table 15. CKCONO Register
CKCONOQO - Clock Control Register (8Fh)

7 6 5 4 3 2 1 0
- WDX2 PCAX2 SIX2 T2X2 T1X2 TOX2 X2
Bit Bit

Number Mnemonic | Description

7 Reserved

Watchdog Clock

(This control bit is validated when the CPU clock X2 is set; when X2 is low, this bit
6 WDX2 | has no effect).
Cleared to select 6 clock periods per peripheral clock cycle.

Set to select 12 clock periods per peripheral clock cycle.

Programmable Counter Array Clock

(This control bit is validated when the CPU clock X2 is set; when X2 is low, this bit
5 PCAX2 | has no effect).

Cleared to select 6 clock periods per peripheral clock cycle. Set to select 12 clock
periods per peripheral clock cycle.

Enhanced UART Clock (Mode 0 and 2)

(This control bit is validated when the CPU clock X2 is set; when X2 is low, this bit
4 SIX2 has no effect).

Cleared to select 6 clock periods per peripheral clock cycle. Set to select 12 clock
periods per peripheral clock cycle.

Timer 2 Clock

(This control bit is validated when the CPU clock X2 is set; when X2 is low, this bit
3 T2X2 has no effect).
Cleared to select 6 clock periods per peripheral clock cycle.

Set to select 12 clock periods per peripheral clock cycle.

Timer 1 Clock

(This control bit is validated when the CPU clock X2 is set; when X2 is low, this bit
2 T1X2 has no effect).

Cleared to select 6 clock periods per peripheral clock cycle. Set to select 12 clock
periods per peripheral clock cycle.

Timer0 Clock

(This control bit is validated when the CPU clock X2 is set; when X2 is low, this bit
1 TOX2 has no effect).

Cleared to select 6 clock periods per peripheral clock cycle. Set to select 12 clock
periods per peripheral clock cycle.

CPU Clock

Cleared to select 12 clock periods per machine cycle (STD, X1 mode) for CPU
and all the peripherals. Set to select 6 clock periods per machine cycle (X2
mode) and to enable the individual peripherals’X2’ bits. Programmed by
hardware after Power-up regarding Hardware Security Byte (HSB), Default
setting, X2 is cleared.

Reset Value = 0000 000'HSB. X2'b (see Table 65 “Hardware Security Byte”)
Not bit addressable

18 ATS89C51RB2/RC2 m e —
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Table 21. T2MOD Register
T2MOD - Timer 2 Mode Control Register (C9h)

7 6 5 4 3 2 1 0

- - - - - - T20E DCEN

Bit Bit
Number | 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 ) Reserved

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

Timer 2 Output Enable Bitt
1 T20E Cleared to program P1.0/T2 as clock input or 1/0O port.
Set to program P1.0/T2 as clock output.

Down Counter Enable Bit
0 DCEN Cleared to disable Timer 2 as up/down counter.
Set to enable Timer 2 as up/down counter.

Reset Value = XXXX XX00b
Not bit addressable

30 ATS89C51RB2/RC2 m e —
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Programmable
Counter Array (PCA)

4180E-8051-10/06

The PCA provides more timing capabilities with less CPU intervention than the standard
timer/counters. Its advantages include reduced software overhead and improved accu-
racy. The PCA consists of a dedicated timer/counter which serves as the time base for
an array of five compare/capture Modules. Its clock input can be programmed to count
any one of the following signals:

» Peripheral clock frequency (Fc ik peripn) = 6
» Peripheral clock frequency (F¢ k peripn) = 2
» Timer O overflow

« External input on ECI (P1.2)

Each compare/capture Modules can be programmed in any one of the following modes:
» Rising and/or falling edge capture

»  Software timer

» High-speed output

* Pulse width modulator

Module 4 can also be programmed as a watchdog timer (see Section "PCA Watchdog
Timer", page 42).

When the compare/capture Modules are programmed in the capture mode, software
timer, or high speed output mode, an interrupt can be generated when the Module exe-
cutes its function. All five Modules plus the PCA timer overflow share one interrupt
vector.

The PCA timer/counter and compare/capture modules share Port 1 for external 1/0O.
These pins are listed below. If one or several bits in the port are not used for the PCA,
they can still be used for standard 1/O.

PCA Component External 1/0 Pin
16-bit Counter P1.2/ECI
16-bit Module 0 P1.3/CEXO0
16-bit Module 1 P1.4/CEX1
16-bit Module 2 P1.5/CEX2
16-bit Module 3 P1.6/CEX3

The PCA timer is a common time base for all five Modules (see Figure 11). The timer
count source is determined from the CPS1 and CPSO bits in the CMOD register
(Table 22) and can be programmed to run at:

« 1/6 the peripheral clock frequency (Fc « peripn)
« 1/2 the peripheral clock frequency (F¢ik peripH)
* The Timer O overflow

e The input on the ECI pin (P1.2)

AIMEL 3



Figure 12. PCA Interrupt System
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PCA Modules: each one of the five compare/capture Modules has six possible func-
tions. 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 regis-
ters are: CCAPMO for Module 0, CCAPM1 for Module 1, etc. (see Table 24). 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 Module's
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 Module's
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.

Table 24 shows the CCAPMn settings for the various PCA functions.

4180E-8051-10/06
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Table 33. SCON Register

SCON - Serial Control Register (98h)

7

6

5 4 3 2 1 0

FE/SMO

SM1

SM2 REN TB8 RB8 TI RI

Bit
Number

Mnemonic

Bit

Description

FE

Framing Error bit (SMODO0=1)

Clear to reset the error state, not cleared by a valid stop bit.
Set by hardware when an invalid stop bit is detected.

SMODO must be set to enable access to the FE bit.

SMO

Serial port Mode bit 0
Refer to SM1 for serial port mode selection.

SMODO must be cleared to enable access to the SMO bit.

SM1

Serial port Mode bit 1

SMO SM1 Mode Baud Rate

0 0 Shift Register Fyra /12 (or Fya /6 in mode X2)
8-bit UART  Variable

9-bit UART  Fyqa /64 Or Fyqa /32

9-bit UART  Variable

=
= o

SM2

Serial port Mode 2 bit / Multiprocessor Communication Enable bit
Clear to disable multiprocessor communication feature.

Set to enable multiprocessor communication feature in mode 2 and 3, and
eventually mode 1.This bit should be cleared in mode 0.

REN

Reception Enable bit
Clear to disable serial reception.
Set to enable serial reception.

TB8

Transmitter Bit 8 / Ninth bit to transmit in modes 2 and 3

Clear to transmit a logic 0 in the 9th bit.
Set to transmit a logic 1 in the 9th bit.

RB8

Receiver Bit 8 / Ninth bit received in modes 2 and 3

Cleared by hardware if 9th bit received is a logic 0.

Set by hardware if 9th bit received is a logic 1.

In mode 1, if SM2 = 0, RB8 is the received stop bit. In mode 0 RB8 is not
used.

TI

Transmit Interrupt flag

Clear to acknowledge interrupt.

Set by hardware at the end of the 8th bit time in mode 0 or at the beginning
of the stop bit in the other modes.

RI

Receive Interrupt flag

Clear to acknowledge interrupt.

Set by hardware at the end of the 8th bit time in mode 0O, see Figure 18.
and Figure 19. in the other modes.

Reset Value = 0000 0000b

Bit addressable

AIMEL

49




52

AImEL

Table 40. T2CON Register
T2CON - Timer 2 Control Register (C8h)

7 6 5 4 3 2 1 0
TF2 EXF2 RCLK TCLK EXEN2 TR2 CIT2# CP/RL2#
Bit Bit
Number Mnemonic Description

Timer 2 overflow Flag

7 TF2 Must be cleared by software.
Set by hardware on timer 2 overflow, if RCLK = 0 and TCLK = 0.
Timer 2 External Flag
Set when a capture or a reload is caused by a negative transition on T2EX pin if
EXEN2=1.

6 EXF2 When set, causes the CPU to vector to timer 2 interrupt routine when timer 2
interrupt is enabled.
Must be cleared by software. EXF2 doesn't cause an interrupt in Up/down
counter mode (DCEN = 1)
Receive Clock bit for UART

5 RCLK Cleared to use timer 1 overflow as receive clock for serial port in mode 1 or 3.
Set to use timer 2 overflow as receive clock for serial port in mode 1 or 3.
Transmit Clock bit for UART

4 TCLK Cleared to use timer 1 overflow as transmit clock for serial port in mode 1 or 3.
Set to use timer 2 overflow as transmit clock for serial port in mode 1 or 3.
Timer 2 External Enable bit

3 EXEN2 Cleared to ignore events on T2EX pin for timer 2 operation.
Set to cause a capture or reload when a negative transition on T2EX pin is
detected, if timer 2 is not used to clock the serial port.
Timer 2 Run control bit

2 TR2 Cleared to turn off timer 2.
Set to turn on timer 2.
Timer/Counter 2 select bit

1 CIT2# Cleared for timer operation (input from internal clock system: Fg k peripn)-
Set for counter operation (input from T2 input pin, falling edge trigger). Must be
0 for clock out mode.
Timer 2 Capture/Reload bit
If RCLK=1 or TCLK=1, CP/RL2# is ignored and timer is forced to auto-reload on

0 CP/RL2# timer 2 overflow.

Cleared to auto-reload on timer 2 overflows or negative transitions on T2EX pin
if EXEN2=1.
Set to capture on negative transitions on T2EX pin if EXEN2=1.

Reset Value = 0000 0000b
Bit addressable

ATEOCE 1R B 2/ R C 2 s —
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Warm Reset

Watchdog Reset

4180E-8051-10/06

Table 1. Minimum Reset Capacitor Value for a 50 kQ Pull-down Resistor®

VDD Rise Time

Oscillator
Start-Up Time 1ms 10 ms 100 ms
5ms 820 nF 1.2 uF 12 pF
20 ms 2.7 uF 3.9 uF 12 pF

Note:  These values assume Vpp starts from 0V to the nominal value. If the time between 2
on/off sequences is too fast, the power-supply de-coupling capacitors may not be fully
discharged, leading to a bad reset sequence.

To achieve a valid reset, the reset signal must be maintained for at least 2 machine
cycles (24 oscillator clock periods) while the oscillator is running. The number of clock
periods is mode independent (X2 or X1).

As detailed in Section “Hardware Watchdog Timer”, page 77, 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 capacitor or power-supply supervisor circuit, a 1 kQ

resistor must be added as shown Figure 33.

Figure 33. Reset Circuitry for WDT Reset-out Usage
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Reset Recommendation
to Prevent Flash
Corruption

Idle Mode

Power-down Mode

AImEL

An example of bad initialization situation may occur in an instance where the bit
ENBOOT in AUXR1 register is initialized from the hardware bit BLIB upon reset. Since
this bit allows mapping of the bootloader in the code area, a reset failure can be critical.

If one wants the ENBOOT cleared in order to unmap the boot from the code area (yet
due to a bad reset) the bit ENBOOT in SFRs may be set. If the value of Program
Counter is accidently in the range of the boot memory addresses then a Flash access
(write or erase) may corrupt the Flash on-chip memory.

It is recommended to use an external reset circuitry featuring power supply monitoring to
prevent system malfunction during periods of insufficient power supply voltage (power
supply failure, power supply switched off).

An instruction that sets PCON.O indicates that it is the last instruction to be executed
before going into Idle mode. In Idle mode, the internal clock signal is gated off to the
CPU, but not to the interrupt, Timer, and Serial Port functions. The CPU status is pre-
served in its entirety: the Stack Pointer, Program Counter, Program Status Word,
Accumulator and all other registers maintain their data during idle. The port pins hold the
logical states they had at the time Idle was activated. ALE and PSEN hold at logic high
level.

There are two ways to terminate the Idle mode. Activation of any enabled interrupt will
cause PCON.0 to be cleared by hardware, terminating the Idle mode. The interrupt will
be serviced, and following RETI the next instruction to be executed will be the one fol-
lowing the instruction that put the device into idle.

The flag bits GFO and GF1 can be used to give an indication if an interrupt occurred dur-
ing normal operation or during idle. For example, an instruction that activates idle can
also set one or both flag bits. When idle is terminated by an interrupt, the interrupt ser-
vice routine can examine the flag bits.

The other way of terminating the Idle mode is with a hardware reset. Since the clock
oscillator is still running, the hardware reset needs to be held active for only two
machine cycles (24 oscillator periods) to complete the reset.

To save maximum power, a Power-down mode can be invoked by software (see Table
14, PCON register).

In Power-down mode, the oscillator is stopped and the instruction that invoked Power-
down mode is the last instruction executed. The internal RAM and SFRs retain their
value until the Power-down mode is terminated. V. can be lowered to save further
power. Either a hardware reset or an external interrupt can cause an exit from Power-
down. To properly terminate Power-down, the reset or external interrupt should not be
executed before V. is restored to its normal operating level and must be held active
long enough for the oscillator to restart and stabilize.

Only external interrupts INTO, INT1 and Keyboard Interrupts are useful to exit from
Power-down. For that, interrupt must be enabled and configured as level or edge sensi-
tive interrupt input. When Keyboard Interrupt occurs after a power down mode, 1024
clocks are necessary to exit to power down mode and enter in operating mode.

Holding the pin low restarts the oscillator but bringing the pin high completes the exit as
detailed in Figure 34. When both interrupts are enabled, the oscillator restarts as soon
as one of the two inputs is held low and power down exit will be completed when the first
input will be released. In this case, the higher priority interrupt service routine is exe-
cuted. Once the interrupt is serviced, the next instruction to be executed after RETI will

82 ATEOCE 1R B 2/ R C 2 s —
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be the one following the instruction that puts the AT89C51RB2/RC2 into Power-down
mode.

Figure 34. Power-down Exit Waveform

T [T

I iy

——Active Phase ————><—Power-down Phase—><- Oscillator Restart Phase><<

Active Phase-

Exit from Power-down by reset redefines all the SFRs, exit from Power-down by exter-
nal interrupt does no affect the SFRs.

Exit from Power-down by either reset or external interrupt or keyboard interrupt does not
affect the internal RAM content.

Note: If idle mode is activated with Power-down mode (IDL and PD bits set), the exit sequence
is unchanged, when execution is vectored to interrupt, PD and IDL bits are cleared and
idle mode is not entered.

Table 62 shows the state of ports during idle and power-down modes.

Table 62. State of Ports

Mode Program Memory ALE PSEN PORTO PORT1 PORT2 PORT3
Idle Internal 1 1 Port Data® Port Data Port Data Port Data
Idle External 1 1 Floating Port Data Address Port Data
Power Down Internal 0 0 Port Data® Port Data Port Data Port Data
Power Down External 0 0 Floating Port Data Port Data Port Data

4180E-8051-10/06

Port 0 can force a 0 level. A "one" will leave port floating.
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Bootloader Architecture
Introduction The bootloader manages a communication according to a specific defined protocol to
provide the whole access and service on Flash memory. Furthermore, all accesses and

routines can be called from the user application.

Figure 36. Diagram Context Description

Access via
Specific

Protocol Flash Memory

Bootloader

Access Fro/m/

User
Application

Acronyms ISP: In-system Programming
SBV: Software Boot Vector
BSB: Boot Status Byte
SSB: Software Security Bit
HW : Hardware Byte

AIMEL o
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Boot Process

Figure 39. Bootloader process
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Functional Description

Software Security Bits (SSB)

96

AImEL

The SSB protects any Flash access from ISP command.

The command "Program Software Security bit" can only write a higher priority level.

There are three levels of security:
* level 0: NO_SECURITY (FFh)

This is the default level.
From level 0, one can write level 1 or level 2.

« level 1: WRITE_SECURITY (FEh)

For this level it is impossible to write in the Flash memory, BSB and SBV.
The Bootloader returns 'P’ on write access.

From level 1, one can write only level 2.

« level 2: RD_WR_SECURITY (FCh

The level 2 forbids all read and write accesses to/from the Flash/EEPROM memory.
The Bootloader returns 'L’ on read or write access.
Only a full chip erase in parallel mode (using a programmer) or ISP command can reset
the software security bits.
From level 2, one cannot read and write anything.

Table 71. Software Security Byte Behavior

Level O

Level 1

Level 2

Flash/EEPROM

Any access allowed

Read only access allowed

Any access not allowed

Fuse Bit

Any access allowed

Read only access allowed

Any access not allowed

BSB & SBV

Any access allowed

Read only access allowed

Any access not allowed

SSB

Any access allowed

Write level 2 allowed

Read only access allowed

Manufacturer
Info

Read only access allowed

Read only access allowed

Read only access allowed

Bootloader Info

Read only access allowed

Read only access allowed

Read only access allowed

Erase Block Allowed Not allowed Not allowed
Full-chip Erase Allowed Allowed Allowed
Blank Check Allowed Allowed Allowed

ATEOCE 1R B 2/ R C 2 s —
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Example

Programming Data (write 55h at address 0010h in the Flash)

HOST : 01 0010 00 55
BOOTLOADER : 01 0010 00 55

9A
9A . CR LF

Programming Atmel function (write SSB to level 2)

01 F5
01 F5. CR LF

55h)

HOST : 02 0000 03 05
BOOTLOADER : 02 0000 03 05
Writing Frame (write BSB to
HOST : 03 0000 03 06
BOOTLOADER : 03 0000 03 06

00 55 9F
00 55 9F . CR LF

100 AT89C5H51RB2/RC2 m——
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Display Data
Description

Figure 44. Display Flow

Host Bootloader
‘ Send Display Command }; _ _ 1. Dl_sp_lay_C_ormn@n_c‘ _____ <| Wait Display Command
OR Checksum error
Y
|Wait Checksum Error | - X' & CR&LF _| send Checksum Err(ﬁ

COMMAND ABORTED

OR l

l Wait Security Error ‘ |- L'&CR&LF - Send Security Errorj
COMMAND ABORTED

RD_WR_SECURITY

Y

‘ Read Data

All data read

Complete Frame
Y
"Address ="

Wait Display Data s e e di P I

F— —|— — - Rea ing value. | | _ _ _ _ | Send Display Data

CR&LF
F_-— - . — — — — 4
All data read O Q All data read

COMMAND FINISHED COMMAND FINISHED

Note:  The maximum size of block is 400h. To read more than 400h Bytes, the Host must send a new command.

102 AT89C5H51RB2/RC2 m——
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Tp= -40°C t0 +85°C; Vg = OV;

Ve =2.7V to 5.5V and F = 0 to 40 MHz (both internal and external code execution)

Ve =4.5V to 5.5V and F = 0 to 60 MHz (internal code execution only) (Continued)

Symbol | Parameter Min Typ Max Unit | Test Conditions
Ve =5V +£10%
Ve -0.3 V|l =-200 pA
Ve - 0.7 V. |loy=-3.2mA
Vo | Output High Voltage, port 0, ALE, PSEN Vee-1.5 Vo llow=-7.0mA
VCC =2.7Vto 5.5V
0.9 Ve V  |loy =-10uA
Rgrst | RST Pulldown Resistor 50 200 250 kQ
I Logical 0 Input Current ports 1, 2, 3, 4 and 5 -50 pA | V,y=0.45V
I Input Leakage Current for PO only +10 pA | 0.45V <V |y < Ve
It Logical 1 to 0 Transition Current, ports 1, 2, 3, 4 -650 HA [V =2.0V
. Fc =3 MHz
Co Capacitance of 1/0 Buffer 10 pF Ta = 25°C
[ Power Down Current 100 150 PA |45V <V 5.5v®
lccop Power Supply Current on normal mode 0.4 x Frequency (MHz) +5| mA Ve = 5.5V
lccipLe | Power Supply Current on idle mode 0.3 x Frequency (MHz) +5| mA |V =5.5vY
0.4 x
lccprog | POwer Supply Current during flash Write / Erase Frequency mA | Ve =5.5v®
(MHz) + 20
Notes: 1. Operating I is measured with all output pins disconnected; XTAL1 driven with T o, Tenel = 5 ns (see Figure 49.), V, =
Vgg + 0.5V, .
Viy = Vee - 0.5V; XTAL2 N.C.; EA = RST = Port 0 = V. lcc Would be slightly higher if a crystal oscillator used (see Figure
46).
2. ldle Icc is measured with all output pins disconnected; XTAL1 driven with Te oy, Teper =5 ns, V) = Vgg + 0.5V, Vi = Ve -
0.5V; XTAL2 N.C; Port 0 = Vc; EA = RST = V4 (see Figure 47).
3. Power Down I is measured with all output pins disconnected; EA = Vqg, PORT 0 = V; XTAL2 NC.; RST = V4 (see Fig-
ure 48).
4. Capacitance loading on Ports 0 and 2 may cause spurious noise pulses to be superimposed on the Vg, s of ALE and Ports 1
and 3. The noise is due to external bus capacitance discharging into the Port 0 and Port 2 pins when these pins make 1to 0
transitions during bus operation. In the worst cases (capacitive loading 100pF), the noise pulse on the ALE line may exceed
0.45V with maxi V_ peak 0.6V. A Schmitt Trigger use is not necessary.
5. Typical are based on a limited number of samples and are not guaranteed. The values listed are at room temperature and
5V.
6. Under steady state (non-transient) conditions, I, must be externally limited as follows:
Maximum Iy, per port pin: 10 mA
Maximum |, per 8-bit port:
Port 0: 26 mA
Ports 1, 2 and 3: 15 mA
Maximum total 15, for all output pins: 71 mA
If 15, exceeds the test condition, V5, may exceed the related specification. Pins are not guaranteed to sink current greater
than the listed test conditions.
7. For other values, please contact your sales office.
8. lcc Flash Write operation current while an on-chip flash page write is on going.
9. Flash Retention is guaranteed with the same formula for V- Min down to 0.
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