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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"

Active

80C51

8-Bit

60MHz

SPI, UART/USART
POR, PWM, WDT
34

64KB (64K x 8)
FLASH

2K'x 8

2K x 8

2.7V ~ 5.5V
External

-40°C ~ 85°C (TA)
Surface Mount
44-L.CC ()-Lead)
44-PLCC (16.6x16.6)
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NIC: Not Internaly Connected
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Table 4-1. Pin Description

Pin Number
Type
Mnemonic | PLCC44 | VQFP44 | PLCC68 | VQFP64 Name and Function
Vss 22 16 51 40 I Ground: 0V reference
Vee 44 38 17 8 | Power Supply: Th|§ is the power supply voltage for normal, idle and
power-down operation
Port 0: Port 0 is an open-drain, bidirectional I/O port. Port 0 pins that
have 1s written to them float and can be used as high impedance inputs.
Port 0 must be polarized to Vg or Vgg in order to prevent any parasitic
15,14, |6,5,3,2, current consumption. Port 0 is also the multiplexed low-order address
P0.0-P0.7 | 43-36 | 37-30 12, 11, 64, /0 | and data bus during access to external program and data memory. In this
9,6,5,3 | 61,60,59 application, it uses strong internal pull-up when emitting 1s. Port 0 also
inputs the code bytes during EPROM programming. External pull-ups are
required during program verification during which PO outputs the code
bytes.
19, 21, 10, 12, Port 1: Port 1 is an 8-bit bidirectional 1/0 port with internal pull-ups. Port 1
P1.0-P1.7 2-9 40-44 | 22,23, 13, 14, /0O | pins that have 1s written to them are pulled high by the internal pull-ups
1-83 25, 27, 16, 18, and can be used as inputs. As inputs, Port 1 pins that are externally
28,29 19, 20 pulled low will source current because of the internal pull-ups. Port 1 also
receives the low-order address byte during memory programming and
verification.
Alternate functions for AT89C51RD2/ED2 Port 1 include:
2 40 19 10 /0 | P1.0: Input/Output
/0 | T2 (P1.0): Timer/Counter 2 external count input/Clockout
3 41 21 12 I/0 | P1.1: Input/Output
| T2EX: Timer/Counter 2 Reload/Capture/Direction Control
| SS: SPI Slave Select
4 42 22 13 /0 | P1.2: Input/Output
| ECI: External Clock for the PCA
5 43 23 14 /0 | P1.3: Input/Output
/0 | CEXO: Capture/Compare External I/O for PCA module 0
6 44 25 16 /0 | P1.4: Input/Output
/0 | CEX1: Capture/Compare External I/O for PCA module 1
7 1 27 18 /0 | P1.5: Input/Output
/0 | CEX2: Capture/Compare External I/O for PCA module 2
/0 | MISO: SPI Master Input Slave Output line
When SPI is in master mode, MISO receives data from the slave
peripheral. When SPI is in slave mode, MISO outputs data to the master
controller.
8 2 28 19 /0 | P1.6: Input/Output
/0 | CEX3: Capture/Compare External I/O for PCA module 3
/0 | SCK: SPI Serial Clock

ATMEL y
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Table 4-1. Pin Description (Continued)

Pin Number
Type
Mnemonic | PLCC44 | VQFP44 | PLCC68 | VQFP64 Name and Function
9 3 29 20 /0 | P1.7: Input/Output:
/O | CEX4: Capture/Compare External I/O for PCA module 4
/0 | MOSI: SPI Master Output Slave Input line
When SPI is in master mode, MOSI outputs data to the slave peripheral.
When SPI is in slave mode, MOSI receives data from the master
controller.
XTALAA 21 15 49 38 | XTALA 1: Input to the |nvlert|rllg oscillator amplifier and input to the
internal clock generator circuits.
XTALA2 20 14 48 37 O | XTALA 2: Output from the inverting oscillator amplifier

Port 2: Port 2 is an 8-bit bidirectional I/O port with internal pull-ups. Port 2
pins that have 1s written to them are pulled high by the internal pull-ups
and can be used as inputs. As inputs, Port 2 pins that are externally
pulled low will source current because of the internal pull-ups. Port 2

/0O | emits the high-order address byte during fetches from external program
memory and during accesses to external data memory that use 16-bit
addresses (MOVX @DPTR).In this application, it uses strong internal
pull-ups emitting 1s. During accesses to external data memory that use
8-bit addresses (MOVX @Ri), port 2 emits the contents of the P2 SFR.

54, 55, 43, 44,
56, 58, 45, 47,
59, 61, 48, 50,
64, 65 53, 54

P2.0-P2.7| 24-31 | 18-25

34, 39, 25, 28,
P3.0 - P3.7 11, 5, 40, 41, 29, 30, 110
13-19 | 7-13 42, 43, 31, 32,
45, 47 34, 36

Port 3: Port 3 is an 8-bit bidirectional I/0 port with internal pull-ups. Port 3
pins that have 1s written to them are pulled high by the internal pull-ups
and can be used as inputs. As inputs, Port 3 pins that are externally
pulled low will source current because of the internal pull-ups. Port 3 also
serves the special features of the 80C51 family, as listed below.

11 5 34 25 | RXD (P3.0): Serial input port

13 7 39 28 O | TXD (P3.1): Serial output port

14 8 40 29 | INTO (P3.2): External interrupt O

15 9 41 30 | INT1 (P3.3): External interrupt 1

16 10 42 31 | TO (P3.4): Timer 0 external input

17 1 43 32 | T1 (P3.5): Timer 1 external input

18 12 45 34 o |wR (P3.6): External data memory write strobe

19 13 47 36 O |RD (P3.7): External data memory read strobe
20, 24, 11,15, Port 4: Port 4 is an 8-bit bidirectional 1/0 port with internal pull-ups. Port 3

P4.0 - P4.7 ) ) 26, 44, 17,33, e pins that have 1s written to them are pulled high by the internal pull-ups

46, 50, 35,39, and can be used as inputs. As inputs, Port 3 pins that are externally
53, 57 42, 46 pulled low will source current because of the internal pull-ups.

60, 62, 49,51, Port 5: Port 5 is an 8-bit bidirectional 1/0 port with internal pull-ups. Port 3

P5.0 - P5.7 pins that have 1s written to them are pulled high by the internal pull-ups
- - 63,7,8, | 52,62, 110 . . ’
and can be used as inputs. As inputs, Port 3 pins that are externally
10,13,16|63,1,4,7 . i

pulled low will source current because of the internal pull-ups.
Reset: A high on this pin for two machine cycles while the oscillator is
running, resets the device. An internal diffused resistor to Vgg permits a

RST 10 4 30 21 | : . LS9
power-on reset using only an external capacitor to V¢. This pin is an
output when the hardware watchdog forces a system reset.

12 AT89C51RD2/ED2 m——
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7. Enhanced Features

7.1

711

X2 Feature

Description

4235K-8051-05/08

In comparison to the original 80C52, the AT89C51RD2/ED2 implements some new features,
which are:

» 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 AT89C51RD2/ED2 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 sig-

nal 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 two before being used by the
CPU core and the peripherals.

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

Figure 7-1 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 STD mode. Figure 7-2 shows the
switching mode waveforms.

ATMEL L
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Table 13-4. PCA Module Modes (CCAPMn Registers)
ECOMn | CAPPn | CAPNn MATn TOGn PWMm | ECCFn | Module Function

0 0 0 0 0 0 0 No Operation
X 1 0 0 0 0 X :rgggrc:rﬁ)tgllfzexzy a positive-edge
X 0 1 0 0 0 X 2;?5)2:1 capture by a negative trigger on
X 1 1 0 0 0 X 16-bit capture by a transition on CEXn
1 0 0 1 0 0 X 16-bit Software Timer/Compare mode.
1 0 0 1 1 0 X 16-bit High Speed Output
1 0 0 0 0 1 0 8-bit PWM
1 0 0 1 X 0 X Watchdog Timer (module 4 only)

There are two additional registers associated with each of the PCA modules. They are CCAPnH
and CCAPnL and these are the registers that store the 16-bit count when a capture occurs or a
compare should occur. When a module is used in the PWM mode these registers are used to
control the duty cycle of the output (See Table 13-5 & Table 13-6).

Table 13-5.

CCAPNH Registers (n=0 - 4)

CCAPOH - PCA Module 0 Compare/Capture Control Register High (OFAh
CCAP1H - PCA Module 1 Compare/Capture Control Register High (0FBh

CCAP3H - PCA Module 3 Compare/Capture Control Register High (OFDh

( )
( )
CCAP2H - PCA Module 2 Compare/Capture Control Register High (OFCh)
( )
( )

CCAP4H - PCA Module 4 Compare/Capture Control Register High (OFEh

7 6 5 4 2 1 0
Bit Bit
Number Mnemonic | Description
7.0 PCA Module n Compare/Capture Control
CCAPNH Value
Reset Value = 0000 0000b
Not bit addressable
41

4235K-8051-05/08
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Table 14-3. Baud Rate Selection Table UART

TCLK RCLK TBCK RBCK Clock Source Clock Source

(T2CON) (T2CON) (BDRCON) (BDRCON) UART Tx UART Rx
0 0 0 0 Timer 1 Timer 1
1 0 0 0 Timer 2 Timer 1
0 1 0 0 Timer 1 Timer 2
1 1 0 0 Timer 2 Timer 2
X 0 1 0 INT_BRG Timer 1
X 1 1 0 INT_BRG Timer 2
0 X 0 1 Timer 1 INT_BRG
1 X 0 1 Timer 2 INT_BRG
X X 1 1 INT_BRG INT_BRG

14.41 Internal Baud Rate Generator (BRG)
When the internal Baud Rate Generator is used, the Baud Rates are determined by the BRG
overflow depending on the BRL reload value, the value of SPD bit (Speed Mode) in BDRCON
register and the value of the SMOD1 bit in PCON register.

Figure 14-5. Internal Baud Rate

FCIk Periph

| BRG |Overflow

\/‘ (8 bits) w2

SPD | [ BRR
BDRCON.1 BDRCON.4

INT_BRG

PCON.7
BRL
(8 bits)
» The baud rate for UART is token by formula:

oSMOD1 | |

Baud Rate =~ emor 3. (25P(§R—BRL)
2$MOD1 .F

BRI =256 - 6(1-SPD) . 32 BazlzciF:Rate
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16. Serial Port Interface (SPI)

The Serial Peripheral Interface Module (SPI) allows full-duplex, synchronous, serial communica-
tion between the MCU and peripheral devices, including other MCUs.

16.1 Features
Features of the SPI Module include the following:

* Full-duplex, three-wire synchronous transfers

» Master or Slave operation

+ Eight programmable Master clock rates

+ Serial clock with programmable polarity and phase

» Master Mode fault error flag with MCU interrupt capability
» Write collision flag protection

16.2 Signal Description

Figure 16-1 shows a typical SPI bus configuration using one Master controller and many Slave
peripherals. The bus is made of three wires connecting all the devices.

Figure 16-1. SPI Master/Slaves Interconnection

MISO Slave 1
MOSI o®
SCK 28% o
SS L vbD ==20U
Master
0
E
s 1
o
2
,
— [
_ = o®n
(37 3% 8 D v »Lx
1%} [2¥e} 200w
S84 S=38 S20638
Slave 4 Slave 3 Slave 2

The Master device selects the individual Slave devices by using four pins of a parallel port to
control the four SS pins of the Slave devices.

16.2.1 Master Output Slave Input (MOSI)

This 1-bit signal is directly connected between the Master Device and a Slave Device. The MOSI
line is used to transfer data in series from the Master to the Slave. Therefore, it is an output sig-
nal from the Master, and an input signal to a Slave. A Byte (8-bit word) is transmitted most
significant bit (MSB) first, least significant bit (LSB) last.

16.2.2 Master Input Slave Output (MISO)
This 1-bit signal is directly connected between the Slave Device and a Master Device. The MISO
line is used to transfer data in series from the Slave to the Master. Therefore, it is an output sig-

nal from the Slave, and an input signal to the Master. A Byte (8-bit word) is transmitted most
significant bit (MSB) first, least significant bit (LSB) last.

ATMEL e
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16.2.4

16.2.5

64
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SPI Serial Clock (SCK)

This signal is used to synchronize the data movement both in and out of the devices through
their MOSI and MISO lines. It is driven by the Master for eight clock cycles which allows to
exchange one Byte on the serial lines.

Slave Select (g)

Baud Rate

Each Slave peripheral is selected by one Slave Select pin (@)_ This signal must stay low for any
message for a Slave. It is obvious that only one Master (SS high level) can drive the network.
The Master may select each Slave device by software through port pins (Figure 16-2). To pre-
vent bus conflicts on the MISO line, only one slave should be selected at a time by the Master

for a transmission.

In a Master configuration, the SS line can be used in conjunction with the MODF flag in the SPI
Status register (SPSTA) to prevent multiple masters from driving MOSI and SCK (see Error
conditions).

A high level on the SS pin puts the MISO line of a Slave SPI in a high-impedance state.
The SS pin could be used as a general-purpose if the following conditions are met:

 The device is configured as a Master and the SSDIS control bit in SPCON is set. This kind of
configuration can be found when only one Master is driving the network and there is no way
that the SS pin could be pulled low. Therefore, the MODF flag in the SPSTA will never be
set("),

« The Device is configured as a Slave with CPHA and SSDIS control bits set®®. This kind of
configuration can happen when the system comprises one Master and one Slave only.
Therefore, the device should always be selected and there is no reason that the Master uses
the SS pin to select the communicating Slave device.

Note: 1. Clearing SSDIS control bit does not clear MODF.

2. Special care should be taken not to set SSDIS control bit when CPHA =0’ because in this
mode, the SS is used to start the transmission.

In Master mode, the baud rate can be selected from a baud rate generator which is controlled by
three bits in the SPCON register: SPR2, SPR1 and SPR0.The Master clock is selected from one
of seven clock rates resulting from the division of the internal clock by 2, 4, 8, 16, 32, 64 or 128.

Table 16-1 gives the different clock rates selected by SPR2:SPR1:SPRO.
Table 16-1. SPI Master Baud Rate Selection

SPR2 SPR1 SPRO Clock Rate Baud Rate Divisor (BD)

0 0 0 Fok peripH /2 2

0 0 1 Fok peripH /4 4

0 1 0 Fok peripH/8 8

0 1 1 Fowk peripH /16 16

1 0 0 Fok peripH /32 32

1 0 1 Fok peripH /64 64

1 1 0 FoLk peripy /128 128

1 1 1 Don’t Use No BRG

AT89C51RD2/ED2 meeeees—
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Figure 16-3. Full-Duplex Master-Slave Interconnection

MISO MISO

8-bit Shift register |« 8-bit Shift register
r x MOSI MOSI 4 T
SPI SCK SCK
Clock Generator

SS 2 vDD ss

Master MCU < | Slave MCU

VSsS

16.3.1.1 Master Mode

The SPI operates in Master mode when the Master bit, MSTR ('), in the SPCON register is set.
Only one Master SPI device can initiate transmissions. Software begins the transmission from a
Master SPI Module by writing to the Serial Peripheral Data Register (SPDAT). If the shift register
is empty, the Byte is immediately transferred to the shift register. The Byte begins shifting out on
MOSI pin under the control of the serial clock, SCK. Simultaneously, another Byte shifts in from
the Slave on the Master's MISO pin. The transmission ends when the Serial Peripheral transfer
data flag, SPIF, in SPSTA becomes set. At the same time that SPIF becomes set, the received
Byte from the Slave is transferred to the receive data register in SPDAT. Software clears SPIF
by reading the Serial Peripheral Status register (SPSTA) with the SPIF bit set, and then reading
the SPDAT.

16.3.1.2 Slave Mode
The SPI operates in Slave mode when the Master bit, MSTR ), in the SPCON register is
cleared. Before a data transmission occurs, the Slave Select pin, SS, of the Slave device must
be set to '0’. SS must remain low until the transmission is complete.

In a Slave SPI Module, data enters the shift register under the control of the SCK from the Mas-
ter SPI Module. After a Byte enters the shift register, it is immediately transferred to the receive
data register in SPDAT, and the SPIF bit is set. To prevent an overflow condition, Slave software
must then read the SPDAT before another Byte enters the shift register ©). A Slave SPI must
complete the write to the SPDAT (shift register) at least one bus cycle before the Master SPI
starts a transmission. If the write to the data register is late, the SPI transmits the data already in
the shift register from the previous transmission. The maximum SCK frequency allowed in slave
mode is Fg k peripn /4-

16.3.2 Transmission Formats
Software can select any of four combinations of serial clock (SCK) phase and polarity using two
bits in the SPCON: the Clock Polarity (CPOL ) and the Clock Phase (CPHA*). CPOL defines
the default SCK  line level in idle state. It has no significant effect on the transmission format.
CPHA defines the edges on which the input data are sampled and the edges on which the out-
put data are shifted (Figure 16-4 and Figure 16-5). The clock phase and polarity should be
identical for the Master SPI device and the communicating Slave device.

1. The SPI Module should be configured as a Master before it is enabled (SPEN set). Also, the Mas-
ter SPI should be configured before the Slave SPI.

The SPI Module should be configured as a Slave before it is enabled (SPEN set).
3. The maximum frequency of the SCK for an SPI configured as a Slave is the bus clock speed.
Before writing to the CPOL and CPHA bits, the SPI should be disabled (SPEN = '0’).

66 AT89C51RD2/ED2 meeeees—
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Figure 16-4. Data Transmission Format (CPHA = 0)
SCK Cycle Number | 1

|

|

|

|

|

SPEN (Internal)

©

SCK (CPOL = 0) — \! Y
SCK (CPOL = 1) ‘ I/ 2s—
MOSI (from Master) \}( SB ‘)f
MISO (from Slave) — | jMSB j)( Litﬁ ‘X Lns ‘X Ln4 ‘X ins ‘X an ‘)( Lm ‘)( SBjX
sSostave) — N | | Lo | b
Capture Point | | | | | |
Figure 16-5. Data Transmission Format (CPHA = 1)
SCK Cycle Number |+ | 2 [ s ] 4] 5 | & [ 7 [ 8 |
s ————————\
| | | | | | | | |
SCK (CPOL = 1) AN 72 N 7 N 7 N 7N 7 NI 720 N 2Nl 7
MOSI (from Master) :\( MSB ‘X bit6 ‘X bit5 ‘X bit4 ‘X bit3 ‘X bit2 ‘X bit1 ‘X LSB ‘y
MISO (from Slave) —\_‘X N‘ISBjX bit6 j)( Lits :)( bitd ‘)( b‘its ‘x Litz ‘X bit1 ‘X ‘ LjSB
SS (to Slave) I R R R R A
Capture Point | ot | |
Figure 16-6. CPHA/SS Timing
MISO/MOSI Byte 1 Byte 2 Byte3 X
Masterg# \_
(C&ﬁl’i%i [

oSEesS /

As shown in Figure 16-4, the first SCK edge is the MSB capture strobe. There_fore, the Slave
must begin driving its data before the first SCK edge, and a falling edge on the SS pin is used to

start the transmission. The SS pin must be toggled high and then low between each Byte trans-
mitted (Figure 16-6).

Figure 16-5 shows an SPI transmission in which CPHA is ’1’. In this case, the Master begins
driving its MOSI pin on the first SCK edge. Therefore, the Slave uses the first SCK edge as a
start transmission signal. The SS pin can remain low between transmissions (Figure 16-6). This

format may be preferred in systems having only one Master and only one Slave driving the
MISO data line.

16.3.3 Error Conditions
The following flags in the SPSTA signal SPI error conditions:

ATMEL o7

4235K-8051-05/08



74

Table 17-3.

IENO Register
IENO - Interrupt Enable Register (A8h)

7 6 5 4 3 2 1 0
EA EC ET2 ES ET1 EX1 ETO EXO0
Bit Bit

Number Mnemonic | Description

Enable All interrupt bit

7 EA Cleared to disable all interrupts.
Set to enable all interrupts.
PCA interrupt enable bit

6 EC Cleared to disable.
Set to enable.
Timer 2 overflow interrupt Enable bit

5 ET2 Cleared to disable timer 2 overflow interrupt.
Set to enable timer 2 overflow interrupt.
Serial port Enable bit

4 ES Cleared to disable serial port interrupt.
Set to enable serial port interrupt.
Timer 1 overflow interrupt Enable bit

3 ET1 Cleared to disable timer 1 overflow interrupt.
Set to enable timer 1 overflow interrupt.
External interrupt 1 Enable bit

2 EX1 Cleared to disable external interrupt 1.
Set to enable external interrupt 1.
Timer 0 overflow interrupt Enable bit

1 ETO Cleared to disable timer 0 overflow interrupt.
Set to enable timer 0 overflow interrupt.
External interrupt 0 Enable bit

0 EX0 Cleared to disable external interrupt 0.

Set to enable external interrupt 0.

Reset Value = 0000 0000b
Bit addressable

AT89C51RD2/ED2 meeeees—
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Table 17-5.  IPHO Register
IPHO - Interrupt Priority High Register (B7h)

76

7

6

5

4

PPCH

PT2H

PSH

PT1H

PX1H

PTOH

PX0H

Bit
Number

Bit
Mnemonic

Description

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

PPCH

PCA interrupt Priority high bit.
PPCHPPCLPriority Level

0 OLowest

0 1

10

1 1Highest

PT2H

Timer 2 overflow interrupt Priority High bit
PT2HPT2L Priority Level

0 OLowest

0 1

1

1

0
1Highest

PSH

Serial port Priority High bit
PSH_PSLPriority Level

0 OLowest

0 1
1 0

1 1Highest

PT1H

Timer 1 overflow interrupt Priority High bit
PT1HPT1L Priority Level

0 0 Lowest

0 1
1

1

0
1Highest

PX1H

External interrupt 1 Priority High bit
PX1HPX1LPriority Level

0 OLowest

0 1

1

1

0
1Highest

PTOH

Timer 0 overflow interrupt Priority High bit
PTOHPTOL Priority Level

0 OLowest

0 1
1 0

1 1Highest

PXOH

External interrupt 0 Priority High bit
PX0H PXOLPriority Level

0 OLowest

0 1
1

1

0
1Highest

Reset Value = X000 0000b
Not bit addressable

AT89C51RD2/ED2 meeeees—

4235K-8051-05/08




EEesssssssssssssssss—————eeeeeeeeessssss A TS9C51RD2/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 SFrR 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 Vg 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 INTO#,
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
(INTO# 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#

INT1:0#

0OSC - -

— Active phase —»Power-down phase»|<Oscillator restart phase—»«———Active phase

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

ATMEL o
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Table 19-2. WDTPRG Register
WDTPRG - Watchdog Timer Out Register (0A7h)

7 6 5 4 2 1 0

- - - - S2 S1 S0

Bit Bit

Number Mnemonic | Description

7

6

5 Reserved
The value read from this bit is undetermined. Do not try to set this bit.

4

3

2 S2 WDT Time-out select bit 2

1 St WDT Time-out select bit 1

0 SO WDT Time-out select bit 0
S2 S1 S0Selected Time-out
0 00  (2'"-1)machine cycles, 16.3 ms @ Fogca =12 MHz
0 01 (2'® - 1) machine cycles, 32.7 ms @ Fogoa=12 MHz
0 10 (2" - 1) machine cycles, 65. 5 ms @ Fpgoa=12 MHz
0o 11 (2'7 - 1) machine cycles, 131 ms @ Fogca=12 MHz
1 00 (2'® - 1) machine cycles, 262 ms @ Fogca=12 MHz
1 01(2'°- 1) machine cycles, 542 ms @ Fogea=12 MHz
1 10 (2% - 1) machine cycles, 1.05 ms @ Fogea=12 MHz
1 1 (22" - 1) machine cycles, 2.09 ms @ Fogoa=12 MHz

Reset Value = XXXX X000

19.2 WDT during Power-down and Idle

In Power-down mode the oscillator stops, which means the WDT also stops. While in Power-
down mode the user does not need to service the WDT. There are 2 methods of exiting Power-
down mode: by a hardware reset or via a level activated external interrupt which is enabled prior
to entering Power-down mode. When Power-down is exited with hardware reset, servicing the
WDT should occur as it normally should whenever the AT89C51RD2/ED2 is reset. Exiting
Power-down with an interrupt is significantly different. The interrupt is held low long enough for
the oscillator to stabilize. When the interrupt is brought high, the interrupt is serviced. To prevent
the WDT from resetting the device while the interrupt pin is held low, the WDT is not started until
the interrupt is pulled high. It is suggested that the WDT be reset during the interrupt service
routine.

To ensure that the WDT does not overflow within a few states of exiting of powerdown, it is bet-
ter to reset the WDT just before entering powerdown.

In the Idle mode, the oscillator continues to run. To prevent the WDT from resetting the
AT89C51RD2/ED2 while in Idle mode, the user should always set up a timer that will periodically
exit ldle, service the WDT, and re-enter ldle mode.

ATMEL o
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21. Power-off Flag
The power-off flag allows the user to distinguish between a “cold start” reset and a “warm start”
reset.

A cold start reset is the one induced by V¢ switch-on. A warm start reset occurs while Vg is still
applied to the device and could be generated for example by an exit from power-down.

The power-off flag (POF) is located in PCON register (Table 21-1). POF is set by hardware
when V rises from 0 to its nominal voltage. The POF can be set or cleared by software allow-
ing the user to determine the type of reset.

Table 21-1. PCON Register
PCON - Power Control Register (87h)

7 6 5 4 3 2 1 0
SMOD1 SMODO - POF GF1 GFo0 PD IDL
Bit Bit
Number Mnemonic |Description
Serial port Mode bit 1
/ SMOD?1 Set to select double baud rate in mode 1, 2 or 3.
Serial port Mode bit 0
6 SMODO Cleared to select SMO 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.
Power-Off Flag
4 POF Cleared by software to recognize the next reset type.
Set by hardware when V rises from 0 to its nominal voltage. Can also be set by
software.
General-purpose Flag
3 GF1 Cleared by user for general-purpose usage.
Set by user for general-purpose usage.
General-purpose Flag
2 GFO0 Cleared by user for general-purpose usage.
Set by user for general-purpose usage.
Power-down mode bit
1 PD Cleared by hardware when reset occurs.
Set to enter power-down mode.
Idle mode bit
0 IDL Cleared by hardware when interrupt or reset occurs.
Set to enter idle mode.

Reset Value = 00X1 0000b
Not bit addressable
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24.3.3 Default Values

Table 24-2.  Program Lock Bits

Program Lock Bits
Security
Level LBO LB1 LB2 | Protection Description

1 u u U No program lock features enabled.
MOVC instruction executed from external program memory is disabled from

o P U U fetching code bytes from internal memory, EA is sampled and latched on reset,
and further parallel programming of the on chip code memory is disabled.
ISP and software programming with API are still allowed.
Same as 2, also verify code memory through parallel programming interface is

3 X P u :
disabled.

4 X X P | Same as 3, also external execution is disabled (Default).

Note:  U: Unprogrammed or "one" level.
P: Programmed or "zero" level.
X: Do not care
WARNING: Security level 2 and 3 should only be programmed after Flash and code verification.

These security bits protect the code access through the parallel programming interface. They
are set by default to level 4. The code access through the ISP is still possible and is controlled
by the "software security bits" which are stored in the extra Flash memory accessed by the ISP
firmware.

To load a new application with the parallel programmer, a chip erase must first be done. This will
set the HSB in its inactive state and will erase the Flash memory. The part reference can always
be read using Flash parallel programming modes.

The default value of the HSB provides parts ready to be programmed with ISP:

» BLJB: Programmed force ISP operation.

+ X2: Unprogrammed to force X1 mode (Standard Mode).

* XRAM: Unprogrammed to valid XRAM

+ LB2-0: Security level four to protect the code from a parallel access with maximum security.

2434 Software Registers

4235K-8051-05/08

Several registers are used in factory and by parallel programmers. These values are used by
Atmel ISP.

These registers are in the "Extra Flash Memory" part of the Flash memory. This block is also
called "XAF" or eXtra Array Flash. They are accessed in the following ways:

« Commands issued by the parallel memory programmer.

» Commands issued by the ISP software.

+ Calls of APl issued by the application software.
Several software registers are described in Table 24-3.

Table 24-3. Default Values

Mnemonic | Definition Default value Description

SBV Software Boot Vector FCh

ATMEL s
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Table 24-8. Autobaud Performances (Continued)

Frequency

(MHz)

Baudrate (kHz) | 1.8432 2 2.4576 3 3.6864 4 5 6 7.3728
4800 OK - OK OK OK OK OK OK OK
9600 OK - OK OK OK OK OK OK OK
19200 OK - OK OK OK - - OK OK
38400 - - OK OK - OK OK OK
57600 - - - - OK - - - OK
115200 - - - - . - - - OK
Frequency

(MHz)

Baudrate (kHz) 8 10 11.0592 12 14.746 16 20 24 26.6
2400 OK OK OK OK OK OK OK OK OK
4800 OK OK OK OK OK OK OK OK OK
9600 OK OK OK OK OK OK OK OK OK
19200 OK OK OK OK OK OK OK OK OK
38400 - - OK OK OK OK OK OK OK
57600 - - OK - OK OK OK OK OK
115200 - - OK - OK - - - -

2494 Command Data Stream Protocol
All commands are sent using the same flow. Each frame sent by the host is echoed by the
bootloader.

Figure 24-8. Command Flow

r - = /"
‘ Host Bootloader ‘
Sends First Character of the N > If (not received ":")
‘ Frame - o |->—| ‘
. Else
Sends Echo and Start
| Reception |
| - ' |
Sends Frame (made of 2 ASCII ) ; Gets Frame, and Sends Back Echo
‘ Characters Per Byte) | for Each Received Byte
Echo Analysis ' .
| - |
- - - _ - o 1

A ||'|E|,® 105

4235K-8051-05/08



ATMEL

24.9.6.1 Example

Blank Check ok
HOST : 05 0000 04 0000 7FFF 01 78
BOOTLOADER : 05 0000 04 0000 7FFF 01 78 . CR LF

Blank Check ok at address xxxx
HOST : 05 0000 04 0000 7°FFF 01 78

BOOTLOADER : 05 0000 04 0000 7FFF 01 78 xxxx CR LF

Blank Check with checksum error
HOST : 05 0000 04 0000 7FFF 01 70

BOOTLOADER : 05 0000 04 0000 7FFF 01 70 X CR LF CR LF

108  AT89C51RD2/ED2 messsssssss——
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Figure 25-5. Internal Clock Signals
STATE4 , STATE5 , STATE6 , STATE1 , STATE2 , STATE3 , STATE4 , STATE5
INTERNAL

CLOCK Pi|p2|pPi|P2|pPi|P2|pPt|P2|pPi|Pa|pPi|Pa|Pi]pa|pri]epe

ALE ] | |
THESE SIGNALS ARE NOT ACTIVATED DURING THE
EXTERNAL PROGRAM MEMORY FETCH EXECUTION OF A MOVX INSTRUCTION
PSEN
PO
AMP AMP AMP
FLOA Li FLOAT_>| L_ FLOAT.
P2 (EXT) INDICATES ADDRESS TRANSITIDNS |
READ CYCLE
RD |
PCL OUT (IF PROGRAM
MEMORY IS EXTERNAL)
POW
| SAMPLED |
l< FLOAT >
P2 [ NDICATES DPHOR P2 SFRTO PCH TRANSITION |
WRITE CYCLE
WR | [ PcLouUT (EVENIF PROGRAM
MEMORY IS INTERNAL)
POW \ |<:—4T’|
| I,g PCL OUT (IF PROGRAM
e DATA OUT MEMORY 16 EXTERNAL)
P2 2
PORT OPERATION
MOV PORT SRC OLD DATANEW DATA
PO PINS SAMPLED PO PINS SAMPLED
MOV DEST PO N
MOV DEST PORT (P1. P2.P3) __P1, P2, P3 PINS SAMPLED P1, P2, P3 PINS SAMPLED
(INCLUDES INTO. N1 70 T I | m
SERIAL PORT SHIFT CLOCK RXD SAMPLED RXD SAMPLED

TXD (MODE 0) |

This diagram indicates when signals are clocked internally. The time it takes the signals to propagate to the pins, however,
ranges from 25 to 125 ns. This propagation delay is dependent on variables such as temperature and pin loading. Propa-
gation also varies from output to output and component. Typically though (T, = 25°C fully loaded) RD and WR propagation
delays are approximately 50 ns. The other signals are typically 85 ns. Propagation delays are incorporated in the AC
specifications.

A ||'|E|,® 125
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STANDARD NOTES FOR PQFP/ VQFP / TQFP / DQFP

1/ CONTROLLING DIMENSIONS : INCHES

2/ ALL DIMENSIONING AND TOLERANCING CONFORM TO ANSI Y 14.5M -
1982.

3/ "D1 AND E1" DIMENSIONS DO NOT INCLUDE MOLD PROTUSIONS.
MOLD PROTUSIONS SHALL NOT EXCEED 0.25 mm (0.010 INCH).

THE TOP PACKAGE BODY SIZE MAY BE SMALLER THAN THE BOTTOM
PACKAGE BODY SIZE BY AS MUCH AS 0.15 mm.

4/ DATUM PLANE "H" LOCATED AT MOLD PARTING LINE AND
COINCIDENT WITH LEAD, WHERE LEAD EXITS PLASTIC BODY AT
BOTTOM OF PARTING LINE.

5/ DATUM "A" AND "D" TO BE DETERMINED AT DATUM PLANE H.

6/ DIMENSION " f " DOES NOT INCLUDE DAMBAR PROTUSION ALLOWABLE
DAMBAR PROTUSION SHALL BE 0.08mm/.003" TOTAL IN EXCESS OF THE

" f" DIMENSION AT MAXIMUM MATERIAL CONDITION .

DAMBAR CANNOT BE LOCATED ON THE LOWER RADIUS OR THE FOOT.
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