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Read-Modify-Write
Instructions
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Figure 3. Port 2 Structure
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Notes: 1. Port 2 is precluded from use as general-purpose I/0O Ports when as address/data bus
drivers.
2. Port 2 internal strong pull-ups FET (P1 in FIGURE) assist the logic-one output for
memory bus cycle.

When Port 0 and Port 2 are used for an external memory cycle, an internal control signal
switches the output-driver input from the latch output to the internal address/data line.

Some instructions read the latch data rather than the pin data. The latch based instruc-
tions read the data, modify the data and then rewrite the latch. These are called "Read-
Modify-Write" instructions. Below is a complete list of these special instructions (see
Table ). When the destination operand is a Port or a Port bit, these instructions read the
latch rather than the pin:

Instruction Description Example
ANL logical AND ANL P1, A
ORL logical OR ORL P2, A
XRL logical EX-OR XRL P3, A
JBC jump if bit = 1 and clear bit JBC P1.1, LABEL
CPL complement bit CPL P3.0
INC increment INC P2
DEC decrement DEC P2
DJINZ decrement and jump if not zero DJINZ P3, LABEL
MOV Px.y, C move carry bit to bit y of Port x MOV P15, C
CLR Px.y clear bit y of Port x CLR P24
SET Px.y set bit y of Port x SET P3.3

It is not obvious the last three instructions in this list are Read-Modify-Write instructions.
These instructions read the port (all 8 bits), modify the specifically addressed bit and

ATMEL ;



Description

41820-CAN-09/08

The AT89C51CCO03 core needs only 6 clock periods per machine cycle. This feature,
called”X2”, provides the following advantages:

< Divides frequency crystals by 2 (cheaper crystals) while keeping the same CPU
power.

e Saves power consumption while keeping the same CPU power (oscillator power
saving).

e Saves power consumption by dividing dynamic operating frequency by 2 in
operating and idle modes.

* Increases CPU power by 2 while keeping the 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 the software.

An extra feature is available to start after Reset in the X2 mode. This feature can be
enabled by a bit X2B in the Hardware Security Byte. This bit is described in the section
"In-System Programming".

The X2 bit in the CKCON register (see Table 2) allows switching from 12 clock cycles
per instruction to 6 clock cycles and vice versa. At reset, the standard speed is activated
(STD mode).

Setting this bit activates the X2 feature (X2 mode) for the CPU Clock only (see Figure
5.).

The Timers 0, 1 and 2, Uart, PCA, WatchDog or CAN switch in X2 mode only if the cor-
responding bit is cleared in the CKCON register.

The clock for the whole circuit and peripheral is first divided by two before being used by
the CPU core and peripherals. This allows any cyclic ratio to be accepted on the XTAL1
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. The X2
bit is validated on the XTAL1+2 rising edge to avoid glitches when switching from the X2
to the STD mode. Figure 6 shows the mode switching waveforms.

ATMEL v
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Figure 15. Power Fail Detect

Vcc
A

L

When the power is applied, the Power Monitor immediately asserts a reset. Once the
internal supply after the voltage regulator reach a safety level, the power monitor then
looks at the XTAL clock input. The internal reset will remain asserted until the Xtall lev-
els are above and below VIH and VIL. Further more. An internal counter will count 1024
clock periods before the reset is de-asserted.

If the internal power supply falls below a safety level, a reset is immediately asserted.

30 /A T 8O C 51 CC O3 1 ——
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External Code Memory Access

Memory Interface

External Bus Cycles

41820-CAN-09/08

The external memory interface comprises the external bus (port 0 and port 2) as well as
the bus control signals (PSEN#, and ALE).

Figure 21 shows the structure of the external address bus. PO carries address A7:0
while P2 carries address A15:8. Data D7:0 is multiplexed with A7:0 on PO. Table 21
describes the external memory interface signals.

Figure 21. External Code Memory Interface Structure
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Table 12. External Code Memory Interface Signals

Signal Alternate
Name Type | Description Function

. Address Lines )
AL5:8 © Upper address lines for the external bus. P2.7:0

. Address/Data Lines .
AD7:0 Vo Multiplexed lower address lines and data for the external memory. PO.7:0

Address Latch Enable
ALE O | ALE signals indicates that valid address information are available on lines -
AD7:0.

Program Store Enable Output
PSEN# O | This signal is active low during external code fetch or external code read -
(MOVC instruction).

This section describes the bus cycles the AT89C51CCO03 executes to fetch code (see
Figure 22) in the external program/code memory.

External memory cycle takes 6 CPU clock periods. This is equivalent to 12 oscillator
clock period in standard mode or 6 oscillator clock periods in X2 mode. For further infor-
mation on X2 mode see section “Clock “.

For simplicity, the accompanying figure depicts the bus cycle waveforms in idealized
form and do not provide precise timing information.

For bus cycling parameters refer to the ‘AC-DC parameters’ section.
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Power Down Request

Reading the Flash Spaces

User

Extra Row

Hardware Security Byte

Flash Protection from Parallel

Programming

41820-CAN-09/08

Before entering in Power Down (Set bit PD in PCON register) the user should check that
no write sequence is in progress (check BUSY=0), then check that the column latches
are reset (FLOAD=0 in FSTA register. Launch a reset column latches to clear FLOAD if
necessary.

The following procedure is used to read the User space:

* Read one byte in Accumulator by executing MOVC A,@A+DPTR with
A+DPTR=read@.

Note:  FCON is supposed to be reset when not needed.

The following procedure is used to read the Extra Row space and is summarized in
Figure 28:

* Map the Extra Row space by writing 02h in FCON register.

« Read one byte in Accumulator by executing MOVC A,@A+DPTR with A =0 and
DPTR = FF80h to FFFFh.

e Clear FCON to unmap the Extra Row.

The following procedure is used to read the Hardware Security space and is
summarized in Figure 28:

e Map the Hardware Security space by writing 04h in FCON register.

¢ Read the byte in Accumulator by executing MOVC A,@A+DPTR with A =0 and
DPTR = 0000h.

Figure 28. Clear FCON to unmap the Hardware Security Byte.Reading Procedure

Flash Spaces Reading

!

Flash Spaces Mapping
FCON= 00000xx0b

!

[N
Data Read

DPTR= Address
ACC=0
Exec: MOVC A, @A+DPTR

!

Clear Mode
FCON = 00h

'

The three lock bits in Hardware Security Byte (see "In-System Programming" section)
are programmed according to Table 17 provide different level of protection for the on-
chip code and data located in FMO and FM1.

The only way to write this bits are the parallel mode. They are set by default to level 4

ATMEL 2
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Hardware Boot Process

41820-CAN-09/08

Boot Loader Jump Bit (BLJB):

- This bit indicates if on RESET the user wants to jump to this application at address
@0000h on FMO or execute the boot loader at address @F800h on FM1.

- BLIB = 0 on parts delivered with bootloader programmed.

- To read or modify this bit, the APIs are used.

Boot Vector Address (SBV):

- This byte contains the MSB of the user boot loader address in FMO.
- The default value of SBV is FCh (no user boot loader in FMO0).

- To read or modify this byte, the APIs are used.

Extra Byte (EB) and Boot Status Byte (BSB):
- These Bytes are reserved for customer use.
- To read or modify these Bytes, the APIs are used.

At the falling edge of RESET, the bit ENBOOT in AUXR1 register is initialized with the
value of Boot Loader Jump Bit (BLJB).

Further at the falling edge of RESET if the following conditions (called Hardware condi-
tion) are detected:
* PSEN low,
« EA high,
e ALE high (or not connected).
— After Hardware Condition the FCON register is initialized with the value 00h
and the PC is initialized with F800h (FM1).
The Hardware condition makes the bootloader to be executed, whatever BLJB value is.
If no hardware condition is detected, the FCON register is initialized with the value FOh.

Check of the BLJB value.

e IfbitBLIB = 1:
User application in FMO will be started at @0000h (standard reset).

« IfbitBLIB=0:
Boot loader will be started at @F800h in FM1.

Note: 1. As PSEN is an output port in normal operating mode (running user applications or
bootloader applications) after reset it is recommended to release PSEN after the fall-
ing edge of Reset is signaled.

The hardware conditions are sampled at reset signal Falling Edge, thus they can be
released at any time when reset input is low.

2. To ensure correct microcontroller startup, the PSEN pin should not be tied to ground
during power-on.

ATMEL =
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Registers
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For slaves A and B, bit 2 is a don’t care bit; for slave C, bit 2 is set. To communicate with
all of the slaves, the master must send an address FFh. To communicate with slaves A
and B, but not slave C, the master can send and address FBh.

Table 25. SCON Register

SCON (S:98h)
Serial Control Register

7 6 5 4 3 2 1 0
| FE/SMO ‘ SM1 SM2 REN TB8 RBS TI RI
Bit Bit
Number | Mnemonic | Description
Framing Error bit (SMOD0=1)
7 FE Clear to reset the error state, not cleared by a valid stop bit.
Set by hardware when an invalid stop bit is detected.
SMO Serial port Mode bit 0 (SMODO0=0)
Refer to SM1 for serial port mode selection.
Serial port Mode bit 1
SMO SM1 Mode Baud Rate
6 SM1 0 0 Shift Register Fyqa /12 (0r Fyra, /6 in mode X2)
0 1 8-bit UART  Variable
1 0 9-bit UART  Fyqa /64 OF Fypa /32
1 1 9-bit UART  Variable
Serial port Mode 2 bit/Multiprocessor Communication Enable bit
5 SM2 Clear to disable multiprocessor communication feature.
Set to enable multiprocessor communication feature in mode 2 and 3.
Reception Enable bit
4 REN Clear to disable serial reception.
Set to enable serial reception.
Transmitter Bit 8/Ninth bit to transmit in modes 2 and 3
3 TB8 Clear to transmit a logic O in the 9th bit.
Set to transmit a logic 1 in the 9th bit.
Receiver Bit 8/Ninth bit received in modes 2 and 3
2 RB8 Cleared by hardware if 9th bit received is a logic O.
Set by hardware if 9th bit received is a logic 1.
Transmit Interrupt flag
1 T 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.
Receive Interrupt flag
0 RI Clear to acknowledge interrupt.
Set by hardware at the end of the 8th bit time in mode 0, see Figure 33. and
Figure 34. in the other modes.

Reset Value = 0000 0000b
Bit addressable

ATMEL
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Table 26. SADEN Register

SADEN (S:B9%h)
Slave Address Mask Register

7 6 5 4 3 1
Bit Bit

Number Mnemonic | Description
7-0 Mask Data for Slave Individual Address

Reset Value = 0000 0000b
Not bit addressable

Table 27. SADDR Register

SADDR (S:A9h)
Slave Address Register

7 6 5 4 3 1
Bit Bit

Number | Mnemonic | Description
7-0 Slave Individual Address

Reset Value = 0000 0000b
Not bit addressable

Table 28. SBUF Register

SBUF (S:99h)
Serial Data Buffer

7 6 5 4 3 1
Bit Bit

Number Mnemonic | Description
7-0 Data sent/received by Serial /0 Port

Reset Value = 0000 0000b
Not bit addressable

/A T 8O C 51 CC O3 1 ——
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Table 35. TL1 Register
TL1 (S:8Bh)
Timer 1 Low Byte Register

7 6 5 4 3 2 1 0

Bit Bit
Number Mnemonic | Description

7:0 Low Byte of Timer 1.

Reset Value = 0000 0000b

ATMEL 7
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Table 45. WDTRST Register

WDTRST (S:A6h Write only)
Watchdog Timer Enable Register

Bit Bit
Number Mnemonic | Description

7 - Watchdog Control Value

Reset Value = 1111 1111b

Note: The WDRST register is used to reset/enable the WDT by writing 1EH then E1H in
sequence without instruction between these two sequences.

84 /A T 8O C 51 CC O3 1 ——
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Each module in the PCA has a special function register associated with it (CCAPMO for
module 0 ...). The CCAPMO:4 registers contain the bits that control the mode that each
module will operate in.

« The ECCEF bit enables the CCF flag in the CCON register to generate an interrupt
when a match or compare occurs in the associated module.

e 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.

e 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.

e 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.

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

PCA Interrupt

Figure 68. PCA Interrupt System

CCON
CF CR CCF4 | CCF3 | CCF2 | CCF1 | CCFO

PCA Timer/Counter Eu

e

Module 0

Module 1 To Interrupt

»
-

Module 2
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Module 4

ECF ECCFY | EC |[ EA |
CMOD.0 CCAPMN.O IENO.6 IENO.7

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 CCAPnNH). 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.

A mEI% 143
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High Speed Output Mode In this mode the CEX output (on port 1) associated with the PCA module will toggle

each time a match occurs between the PCA counter and the module’s capture registers.
To activate this mode the TOG, MAT, and ECOM bits in the module’s CCAPMn SFR
must be set.

Figure 71. PCA High Speed Output Mode

Write to
CCAPNnH, Reset

Write to
CCAPNL

CCON
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CF CR CCF4 | CCF3 | CCF2 | CCF1 | CCFO
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|
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}

CCAPMn,n=0to 4
OxDA to OXDE

Pulse Width Modulator
Mode

41820-CAN-09/08

All the PCA modules can be used as PWM outputs. The output frequency depends on
the source for the PCA timer. All the modules will have the same output frequency
because they all share the PCA timer. The duty cycle of each module is independently
variable using the module’s capture register CCAPLn. When the value of the PCA CL
SFR is less than the value in the module’'s CCAPLn SFR the output will be low, when it
is equal to or greater than it, the output will be high. When CL overflows from FF to 00,
CCAPLn is reloaded with the value in CCAPHNn. the allows the PWM to be updated with-
out glitches. The PWM and ECOM bits in the module’s CCAPMn register must be set to
enable the PWM mode.
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Figure 73. ADC Description

ADCON.5 ADCON.3
| ADEN || ADSST |

ADCON.4 > ADC
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| SCH2 | SCH1 | SCHO | VAREE VAGND
ADCON.2 ADCON.1 ADCON.O

Figure 74 shows the timing diagram of a complete conversion. For simplicity, the figure
depicts the waveforms in idealized form and do not provide precise timing information.
For ADC characteristics and timing parameters refer to the Section “AC Characteristics”
of the AT89C51CCO03 datasheet.

Figure 74. Timing Diagram
| [

ADEN /
Tsetup —>
ADSST \
> /7

Tconvy
ADEOC

A

Note:  Tsetup min =4 us
Tconv=11 clock ADC = 1sample and hold + 10 bit conversion
The user must ensure that 4 us minimum time between setting ADEN and the start of the first conversion.
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Registers

41820-CAN-09/08

Table 103. ADCF Register

ADCF (S:F6h)
ADC Configuration

7 6 5 4 3 2 0
| CH7 ‘ CH6 | CHS5 CH4 CH3 CH2 CHO
Bit Bit
Number | Mnemonic | Description
Channel Configuration
7-0 CHO0:7 | Setto use P1.x as ADC input.
Clear to use P1.x as standart 1/O port.
Reset Value =0000 0000b
Table 104. ADCON Register
ADCON (S:F3h)
ADC Control Register
7 6 5 4 3 2 0
| - ‘ PSIDLE | ADEN ADEOC | ADSST SCH2 SCHO
Bit Bit
Number | Mnemonic | Description
7 -
Pseudo Idle Mode (Best Precision)
6 PSIDLE | Set to put in idle mode during conversion
Clear to convert without idle mode.
Enable/Standby Mode
5 ADEN Set to enable ADC
Clear for Standby mode (power dissipation 1 uW).
End Of Conversion
4 ADEOC Set by hardware when ADC result is ready to be read. This flag can generate an
interrupt.
Must be cleared by software.
Start and Status
3 ADSST | Set to start an A/D conversion.
Cleared by hardware after completion of the conversion
) Selection of Channel to Convert
20 SCHZ0 | oo Table 102

Reset Value =X000 0000b

ATMEL
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Table 105. ADCLK Register

ADCLK (S:F2h)
ADC Clock Prescaler

7 6 5 4 3 2 1 0

| - ‘ - | - PRS 4 PRS 3 PRS 2 PRS 1 PRS0

Bit Bit
Number Mnemonic | Description

7-5 Reserved
The value read from these bits are indeterminate. Do not set these bits.
4-0 PRS4:0 Clock Prescaler

See Note W

Reset Value = XXX0 0000b
Note: 1. In X1 mode:
For PRS > 0 Fppc = EXTAL

4xPRS
For PRS = 0 Fppc = EXTAL
128
In X2 mode:
For PRS > 0 Fppc = EXTAL
2xPRS
For PRS = 0 Fppc = EXTAL
64

Table 106. ADDH Register

ADDH (S:F5h Read Only)
ADC Data High Byte Register

7 6 5 4 3 2 1 0

| ADAT 9 ‘ ADAT 8 | ADAT 7 ‘ ADAT6 | ADAT5 | ADAT4 | ADAT3 | ADAT?2

Bit Bit
Number Mnemonic | Description

ADC result

70 ADATO:2 |\ 0 ™

Reset Value = 00h

Table 107. ADDL Register

ADDL (S:F4h Read Only)
ADC Data Low Byte Register

7 6 5 4 3 2 1 0

| - ‘ - | - ‘ - - - ADAT1 | ADATO
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Electrical Characteristics

Absolute Maximum Ratings

. . Note:  Stresses at or above those listed under “Absolute Maximum
Ambiant Temperature Under Bias: Ratinas” . .

atings” may cause permanent damage to the device. This

I = INAUSEAL .. -40°C to 85°C is a stress rating only and functional operation of the device

A = aUtOMOtiVe. ..o -40°C 10 +125°C at these or any other conditions above those indicated in

the operational sections of this specification is not implied.

Voltage on Ve from Vg -0.5Vto + 6V Exposure to absolute maximum rating conditions may affect

) device reliability.

Voltage on Any Pin from Veg...........ccoo...... -0.5V10 Ve + 0.2V The power dissipation is based on the maximum allowable

Power DiSSIPAtioN ..........coceiriiiiiiniie e 1w die temperature and the thermal resistance of the package-

ICCOP Test Conditions

Power Consumption Since the introduction of the first C51 device, every manufacturer made operating Ic

Management measurements under Reset, which made sense for the designs where the CPU was
running under reset. In our new devices, the CPU is no longer active during reset, so the
power consumption is very low but not representative of what will happen in the cus-
tomer system. Thus, while keeping measurements under Reset, we present a new way
to measure the operating I.c.

Using an internal test ROM, the following code is executed.
Label: SIMP Label (80FE)

Ports 1 and 4 are disconnected, RST = Vcc, XTAL2 is not connected and XTALL1 is
driven by the clock.

This is much more representative of the real operating Icc.

DC Parameters for Standard Voltage

Industrial T, = -40°C to +85°C; Vg = OV,
Automotive T, = -40°C to +125°C; Vgg = OV

Ve =3.0V 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)
Table 116. DC Parameters in Standard Voltage

Symbol | Parameter Min Typ® Max Unit Test Conditions
V. Input Low Voltage -0.5 0.2Vce - 0.1 \
Vig Input High Voltage except XTAL1, RST 0.2V +0.9 Vee +0.5 \
Vi1 Input High Voltage, XTAL1, RST 0.7 Ve Vee + 0.5 \%
0.3 V  |lo =100 uA®
VoL Output Low Voltage, ports 1, 2, 3 and 4© 0.45 V. |lo =1.6 mA®
1.0 V  |lo =3.5mA®
0.3 V  |lo =200 uA®
Vo1 Output Low Voltage, port 0, ALE, PSEN ©® 0.45 Vo |lo =3.2mA®
1.0 V  |lo =7.0mA®

168 AT SO C'5 1 C C O\ s ———
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External Data Memory Write Cycle

TwhLH
AE

PSEN /
—T W >« Twiwh
WR
< Tovwx pleT

< Tax Tovwh < Twhox

PORT 0 AO-A7 DATA OUT
Tawe, —>

PORT 2 ADDRESS

ADDRESS A8-A15 OR SFR P2

V

OR SFR-P2

External Data Memory Read Cycle

TwhLH P
ALE I < Tiiov >
PSEN
—T >< TRLRH
RD
< Tavov * Trioz
=T ax— Trpx P <
PORT 0 D_< AO-A7 DATA IN
< Triaz
Ty ——>

PORT2  ADDRESS > ADDRESS A8-A15 OR SFR P2 >

Serial Port Timing — Shift Register Mode
Table 124. Symbol Description (F = 40 MHz)

Symbol Parameter

Tyixt Serial port clock cycle time

Tovhx Output data set-up to clock rising edge
Txrox Output data hold after clock rising edge
TyHDx Input data hold after clock rising edge
Tyrov Clock rising edge to input data valid

176 AT SO C'5 1 C C O s ———
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Clock Waveforms Valid in normal clock mode. In X2 mode XTAL2 must be changed to XTAL2/2.

STATE4 | STATES , STATE6 , STATEL , STATE2 , STATE3 , STATE4 , STATES
INTERNAL
cLock pr| P2 |pPr|P2|pPi|P2|pPr|P2|pPi|pa|pPL|p2|pPL]pa|pL]e2

ALE ] ]
THESE SIGNALS ARE NOT ACTIVATED DURING THE
EXTERNAL PROGRAM MEMORY EETCH EXECUTION OF A MOVX INSTRUCTION
PSEN
PO [DATA PCLOUT DATA PCLOUT DATA PCLOUT
AM AMP MP
FLOA Li FLOAT_.I L_ FLOAT_.I
P2 (EXT) [ INDICATES ADDRESS TRANSITIDNS |
READ CYCLE
RD | |

PCL OUT (IF PROGRAM
MEMORY IS EXTERNAL)

PO [ DPLORRtOU] [DATA
| SAMPLED |
e FLOAT R
P2 [ INDICATESDPHORPZSFRTO PCHTRANSITION |
WRITE CYCLE
WR | |  PCL OUT (EVEN IF PROGRAM
MEMORY IS INTERNAL)
PO [ DPLORRTOU] '—14 |
| |3 |PCL OUT (IF PROGRAM
e DATA OUT el I ORY 1S EXIERNAL
P2 INDICATES DPH OR P2 SFR TO PCH TRANSITION
PORT OPERATION
MOV PORT SRC OLD DATANEW DATA
PO PINS SAMPLED PO PINS SAMPLED
MOV DEST PO PR N
MOV DEST PORT (P1. P2. P3) P1, P2, P3 PINS SAMPLED P1, P2, P3 PINS SAMPLED
(INCLUDES INTO. INT1. TO T1) 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. Propaga-
tion also varies from output to output and component. Typically though (T,=25°C fully loaded) RD and WR propagation
delays are approximately 50ns. The other signals are typically 85 ns. Propagation delays are incorporated in the AC
specifications.
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e 1. 27 BSC . 030 BSC
H 1. 07 1, 42 . 04e . 056
J 0. 51 - . 020 -
K 0 33 0. 33 . 013 . 021
Nl 13 13
Ne 13 13
PKG STD 00
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