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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"

Embedded microcontrollers are used in virtually every
sector of electronics, providing the necessary control and
processing power for a multitude of applications. In
consumer electronics, they manage the operations of
smartphones, home appliances, and wearable devices. In
automotive systems, microcontrollers control engine
functions, safety features, and infotainment systems.
Industrial applications rely on microcontrollers for
automation, robotics, and process control. Additionally,
microcontrollers are integral in medical devices, handling
functions such as monitoring, diagnostics, and control of
therapeutic equipment. Their versatility and
programmability make them essential components in
creating efficient, responsive, and intelligent electronic
systems.

Common Subcategories of "Embedded -
Microcontrollers"

Embedded microcontrollers can be categorized based on
their architecture, performance, and application focus.
Common subcategories include 8-bit, 16-bit, and 32-bit
microcontrollers, differentiated by their processing power
and memory capacity. 8-bit microcontrollers are typically
used in simple applications like basic control systems and
small devices. 16-bit microcontrollers offer a balance
between performance and complexity, suitable for
medium-scale applications like industrial automation. 32-
bit microcontrollers provide high performance and are
used in complex applications requiring advanced
processing, such as automotive systems and sophisticated
consumer electronics. Each subcategory serves a specific
range of applications, providing tailored solutions for
different performance and complexity needs.

Types of "Embedded - Microcontrollers"

There are various types of embedded microcontrollers,
each designed to meet specific application requirements.
General-purpose microcontrollers are versatile and used in
a wide range of applications, offering a balance of
performance, memory, and peripheral options. Special-
purpose microcontrollers are tailored for specific tasks,
such as automotive controllers, which include features like
built-in motor control peripherals and automotive-grade
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Figure 5.  Clock CPU Generation Diagram
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External Space

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

Figure 10 shows the structure of the external address bus. P0 carries address A7:0
while P2 carries address A15:8. Data D7:0 is multiplexed with A7:0 on P0. Table 5
describes the external memory interface signals.

Figure 10.  External Data Memory Interface Structure

Table 5.  External Data Memory Interface Signals

External Bus Cycles This section describes the bus cycles the AT89C51CC03 executes to read (see
Figure 11), and write data (see Figure 12) in the external data 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.

Slow peripherals can be accessed by stretching the read and write cycles. This is done
using the M0 bit in AUXR register. Setting this bit changes the width of the RD# and
WR# signals from 3 to 15 CPU clock periods.

For simplicity, the accompanying figures depict the bus cycle waveforms in idealized
form and do not provide precise timing information. For bus cycle timing parameters
refer to the Section “AC Characteristics” of the AT89C51CC03 datasheet.

Signal 
Name Type Description

Alternative 
Function

A15:8 O
Address Lines
Upper address lines for the external bus.

P2.7:0

AD7:0 I/O
Address/Data Lines
Multiplexed lower address lines and data for the external 
memory.

P0.7:0

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

-

RD# O
Read
Read signal output to external data memory.

P3.7

WR# O
Write
Write signal output to external memory.

P3.6

RAM
PERIPHERAL

AT89C51CC03

P2

P0
AD7:0

A15:8

A7:0

A15:8

D7:0

A7:0

ALE

WR
OERD#

WR#

Latch



28 AT89C51CC03
4182O–CAN–09/08

Reset Value = X001 0100b
Not bit addressable

Table 8.  AUXR1 Register

AUXR1 (S:A2h)
Auxiliary Control Register 1

Reset Value = XXXX 00X0b

4-2 XRS1-0

ERAM size:
Accessible size of the ERAM
XRS 2:0 ERAM size
000 256 Bytes
001 512 Bytes
010 768 Bytes
011  1024 Bytes

100 1792 Bytes

101 2048 Bytes (default configuration after reset)

110  Reserved

111 Reserved

1 EXTRAM

Internal/External RAM (00h - FFh)
access using MOVX @ Ri/@ DPTR
0 - Internal ERAM access using MOVX @ Ri/@ DPTR.
1 - External data memory access.

0 A0

Disable/Enable ALE)
0 - ALE is emitted at a constant rate of 1/6 the oscillator frequency (or 1/3 if X2 
mode is used)
1 - ALE is active only during a MOVX or MOVC instruction.

7 6 5 4 3 2 1 0

- - ENBOOT - GF3 0 - DPS

Bit 
Number

Bit 
Mnemonic Description

7-6 -
Reserved
The value read from these bits is indeterminate. Do not set these bits.

5 ENBOOT
Enable Boot Flash
Set this bit for map the boot Flash between F800h -FFFFh
Clear this bit for disable boot Flash.

4 -
Reserved
The value read from this bit is indeterminate. Do not set this bit.

3 GF3 General-purpose Flag 3

2 0
Always Zero
This bit is stuck to logic 0 to allow INC AUXR1 instruction without affecting GF3 
flag.

1 - Reserved for Data Pointer Extension.

0 DPS
Data Pointer Select Bit
Set to select second dual data pointer: DPTR1.
Clear to select first dual data pointer: DPTR0.

Bit 
Number

Bit 
Mnemonic Description
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In-System 
Programming (ISP)

With the implementation of the User Space (FM0) and the Boot Space (FM1) in Flash
technology the AT89C51CC03 allows the system engineer the development of applica-
tions with a very high level of flexibility. This flexibility is based on the possibility to alter
the customer program at any stages of a product’s life:

• Before assembly the 1st personalization of the product by programming in the FM0 
and if needed also a customized Boot loader in the FM1.
Atmel provide also a standard Boot loader by default UART or CAN.

• After assembling on the PCB in its final embedded position by serial mode via the 
CAN bus or UART.

This In-System Programming (ISP) allows code modification over the total lifetime of the
product.

Besides the default Boot loader Atmel provide to the customer also all the needed Appli-
cation-Programming-Interfaces (API) which are needed for the ISP. The API are located
also in the Boot memory.

This allow the customer to have a full use of the 64-Kbyte user memory.

Flash Programming and 
Erasure

There are three methods of programming the Flash memory:

• The Atmel bootloader located in FM1 is activated by the application. Low level API 
routines (located in FM1)will be used to program FM0. The interface used for serial 
downloading to FM0 is the UART or the CAN. API can be called also by the user’s 
bootloader located in FM0 at [SBV]00h.

• A further method exists in activating the Atmel boot loader by hardware activation.

• The FM0 can be programmed also by the parallel mode using a programmer.

Figure 29.  Flash Memory Mapping

Boot Process

Software Boot Process 
Example

Many algorithms can be used for the software boot process. Before describing them, 

The description of the different flags and Bytes is given below:

F800h

FFFFh

64K Bytes

Flash memory

2K Bytes IAP
bootloader

FM0

FM1
Custom
Boot Loader

[SBV]00h

FFFFh

FM1 mapped between F800h and FFFFh
when API called

0000h
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valid stop bits cannot clear the FE bit. When the FE feature is enabled, RI rises on the
stop bit instead of the last data bit (See Figure 33. and Figure 34.).

Figure 33.  UART Timing in Mode 1

Figure 34.  UART Timing in Modes 2 and 3

Automatic Address 
Recognition

The automatic address recognition feature is enabled when the multiprocessor commu-
nication feature is enabled (SM2 bit in SCON register is set).

Implemented in the hardware, automatic address recognition enhances the multiproces-
sor communication feature by allowing the serial port to examine the address of each
incoming command frame. Only when the serial port recognizes its own address will the
receiver set the RI bit in the SCON register to generate an interrupt. This ensures that
the CPU is not interrupted by command frames addressed to other devices.

If necessary, you can enable the automatic address recognition feature in mode 1. In
this configuration, the stop bit takes the place of the ninth data bit. Bit RI is set only when
the received command frame address matches the device’s address and is terminated
by a valid stop bit.

To support automatic address recognition, a device is identified by a given address and
a broadcast address.
Note: The multiprocessor communication and automatic address recognition features cannot

be enabled in mode 0 (i.e. setting SM2 bit in SCON register in mode 0 has no effect).
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Mode 0 (13-bit Timer) Mode 0 configures Timer 0 as an 13-bit Timer which is set up as an 8-bit Timer (TH0
register) with a modulo 32 prescaler implemented with the lower five bits of TL0 register
(see Figure 35). The upper three bits of TL0 register are indeterminate and should be
ignored. Prescaler overflow increments TH0 register.

Figure 35.  Timer/Counter x (x = 0 or 1) in Mode 0

Mode 1 (16-bit Timer) Mode 1 configures Timer 0 as a 16-bit Timer with TH0 and TL0 registers connected in
cascade (see Figure 36). The selected input increments TL0 register.

Figure 36.  Timer/Counter x (x = 0 or 1) in Mode 1
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Watchdog Programming The three lower bits (S0, S1, S2) located into WDTPRG register permit to program the
WDT duration.

Table 42.  Machine Cycle Count

To compute WD Time-Out, the following formula is applied:

Note: Svalue represents the decimal value of (S2 S1 S0) 

The following table outlines the time-out value for FoscXTAL = 12 MHz in X1 mode

Table 43.  Time-Out Computation

S2 S1 S0 Machine Cycle Count

0 0 0 214 

0 0 1 215 

0 1 0 216 

0 1 1 217 

1 0 0 218 

1 0 1 219 

1 1 0 220 

1 1 1 221 

S2 S1 S0  Fosc = 12 MHz Fosc = 16 MHz Fosc = 20 MHz

0 0 0 16.38 ms 12.28 ms 9.82 ms

0 0 1 32.77 ms 24.57 ms 19.66 ms

0 1 0 65.54 ms 49.14 ms 39.32 ms

0 1 1 131.07 ms 98.28 ms 78.64 ms

1 0 0 262.14 ms 196.56 ms 157.28 ms

1 0 1 524.29 ms 393.12 ms 314.56 ms

1 1 0 1.05 s 786.24 ms 629.12 ms

1 1 1 2.10 s 1.57 s 1.25 s

FTime Out
Fosc

6 2× WDX2 X2∧
2

14
2

Svalue×( )
-----------------------------------------------------------------------------=–
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Table 45.  WDTRST Register

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

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.

7 6 5 4 3 2 1 0

– – – – – – – –

Bit 
Number

Bit 
Mnemonic Description

7 - Watchdog Control Value
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Table 51.  CANTEC Register

CANTEC (S:9Ch Read Only)
CAN Transmit Error Counter

Reset Value = 00h

Table 52.  CANREC Register

CANREC (S:9Dh Read Only)
CAN Reception Error Counter

Reset Value = 00h

7 6 5 4 3 2 1 0

TEC7 TEC6 TEC5 TEC4 TEC3 TEC2 TEC1 TEC0

Bit 
Number Bit Mnemonic Description

7-0 TEC7:0
Transmit Error Counter
see Figure 53

7 6 5 4 3 2 1 0

REC7 REC6 REC5 REC4 REC3 REC2 REC1 REC0

Bit 
Number Bit Mnemonic Description

7-0 REC7:0
Reception Error Counter
see Figure 53
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Table 79.  CANIDM2 Register for V2.0 part B

CANIDM2 for V2.0 part B (S:C5h)
CAN Identifier Mask Registers 2

Note: The ID Mask is only used for reception.

No default value after reset.

Table 80.  CANIDM3 Register for V2.0 part B

CANIDM3 for V2.0 part B (S:C6h)
CAN Identifier Mask Registers 3

Note: The ID Mask is only used for reception.

No default value after reset.

7 6 5 4 3 2 1 0

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

Bit 
Number Bit Mnemonic Description

7-0 IDMSK20:13

IDentifier Mask Value
0 - comparison true forced.
1 - bit comparison enabled.
See Figure 54.

7 6 5 4 3 2 1 0

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

Bit 
Number Bit Mnemonic Description

7-0 IDMSK12:5

IDentifier Mask Value
0 - comparison true forced.
1 - bit comparison enabled.
See Figure 54.
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When a transmission is in progress a new data can be queued and sent as soon as
transmission has been completed. So it is possible to transmit bytes without latency,
useful in some applications. 

The SPTE bit in SPSCR is set as long as the transmission buffer is free. It means that
the user application can write SPDAT with the data to be transmitted until the SPTE
becomes cleared.

Figure 63 shows a queuing transmission in master mode. Once the Byte 1 is ready, it is
immediately sent on the bus. Meanwhile an other byte is prepared (and the SPTE is
cleared), it will be sent at the end of the current transmission. The next data must be
ready before the end of the current transmission.

Figure 63.  Queuing Transmission In Master Mode

In slave mode it is almost the same except it is the external master that start the
transmission.

Also, in slave mode, if no new data is ready, the last value received will be the next data
byte transmitted.
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SCK

MSB B6 B5 B4 B3 B2 B1 LSB

BYTE 1 under transmission

MSB B6 B5 B4 B3 B2 B1 LSB MSB B6 B5 B4 B3 B2 B1 LSBMISO

Data Byte 1 Byte 2 Byte 3
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BYTE 2 under transmission
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Reset Value = 0001 0100b

Not bit addressable

Serial Peripheral Status Register 
and Control (SPSCR)

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 93.  SPSCR Register

SPSCR - Serial Peripheral Status and Control register (0D5H)

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 state.

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 0 Invalid

0 0 1 FCLK PERIPH /4

0 1  0 FCLK PERIPH /8

0 1  1 FCLK PERIPH /16

1 0 0 FCLK PERIPH /32

1 0  1 FCLK PERIPH /64

1 1 0 FCLK PERIPH /128

1 1  1 Invalid

0 SPR0

Bit Number Bit Mnemonic Description

7 6 5 4 3 2 1 0

SPIF - OVR MODF SPTE UARTM SPTEIE MODFIE

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. 

This bit is cleared when reading or writing SPDATA after reading SPSCR.

6 -
Reserved
The value read from this bit is indeterminate. Do not set this bit. 

5 OVR

Overrun Error Flag

- Set by hardware when a byte is received whereas SPIF is set (the previous 
received data is not overwritten).

- Cleared by hardware when reading SPSCR
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Each module in the PCA has a special function register associated with it (CCAPM0 for
module 0 ...). The CCAPM0:4 registers contain the bits that control the mode that each
module will operate in.

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

• The PWM bit enables the pulse width modulation mode.

• The TOG bit when set causes the CEX output associated with the module to toggle 
when there is a match between the PCA counter and the module’s capture/compare 
register.

• The match bit MAT when set will cause the CCFn bit in the CCON register to be set 
when there is a match between the PCA counter and the module’s capture/compare 
register.

• The two bits CAPN and CAPP in CCAPMn register determine the edge that a 
capture input will be active on. The CAPN bit enables the negative edge, and the 
CAPP bit enables the positive edge. If both bits are set both edges will be enabled.

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

PCA Interrupt

Figure 68.  PCA Interrupt System

PCA Capture Mode To use one of the PCA modules in capture mode either one or both of the CCAPM bits
CAPN and CAPP for that module must be set. The external CEX input for the module
(on port 1) is sampled for a transition. When a valid transition occurs the PCA hardware
loads the value of the PCA counter registers (CH and CL) into the module’s capture reg-
isters (CCAPnL and CCAPnH). If the CCFn bit for the module in the CCON SFR and the
ECCFn bit in the CCAPMn SFR are set then an interrupt will be generated.
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Analog-to-Digital 
Converter (ADC)

This section describes the on-chip 10 bit analog-to-digital converter of the
AT89C51CC03. Eight ADC channels are available for sampling of the external sources
AN0 to AN7. An analog multiplexer allows the single ADC converter to select one from
the 8 ADC channels as ADC input voltage (ADCIN). ADCIN is converted by the 10-bit
cascaded potentiometric ADC. 

Two kinds of conversion are available:
- Standard conversion (8 bits).
- Precision conversion (10 bits) (Up to 85°C only).

For the precision conversion, set bit PSIDLE in ADCON register and start conversion.
The device is in a pseudo-idle mode, the CPU does not run but the peripherals are
always running. This mode allows digital noise to be as low as possible, to ensure high
precision conversion.

For this mode it is necessary to work with end of conversion interrupt, which is the only
way to wake the device up.

If another interrupt occurs during the precision conversion, it will be treated only after
this conversion is ended.

Features • 8 channels with multiplexed inputs

• 10-bit cascaded potentiometric ADC

• Conversion time 16 micro-seconds (typ.)

• Zero Error (offset) ± 2 LSB max

• Positive External Reference Voltage Range (VREF) 2.4 to 3.0Volt (typ.)

• ADCIN Range 0 to 3Volt

• Integral non-linearity typical 1 LSB, max. 2 LSB

• Differential non-linearity typical 0.5 LSB, max. 1 LSB

• Conversion Complete Flag or Conversion Complete Interrupt

• Selectable ADC Clock

ADC Port1 I/O Functions Port 1 pins are general I/O that are shared with the ADC channels. The channel select
bit in ADCF register define which ADC channel/port1 pin will be used as ADCIN. The
remaining ADC channels/port1 pins can be used as general-purpose I/O or as the alter-
nate function that is available. 
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Table 105.  ADCLK Register

ADCLK (S:F2h)
ADC Clock Prescaler

Reset Value = XXX0 0000b
Note: 1. In X1 mode:

For PRS > 0 FADC = FXTAL
4xPRS

For PRS = 0 FADC = FXTAL
128

In X2 mode:
For PRS > 0 FADC = FXTAL

2xPRS
For PRS = 0 FADC = FXTAL

64

Table 106.  ADDH Register

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

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

- - - PRS 4 PRS 3 PRS 2 PRS 1 PRS 0

Bit 
Number

Bit 
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 (1)

7 6 5 4 3 2 1 0

ADAT 9 ADAT 8 ADAT 7 ADAT 6 ADAT 5 ADAT 4 ADAT 3 ADAT 2

Bit 
Number

Bit 
Mnemonic Description

7-0 ADAT9:2
ADC result
bits 9-2

7 6 5 4 3 2 1 0

- - - - - - ADAT 1 ADAT 0
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Each of the interrupt sources can be individually enabled or disabled by setting or clear-
ing a bit in the Interrupt Enable register. This register also contains a global disable bit
which must be cleared to disable all the interrupts at the same time.

Each interrupt source can also be individually programmed to one of four priority levels
by setting or clearing a bit in the Interrupt Priority registers. The Table below shows the
bit values and priority levels associated with each combination.

Table 108.  Priority Level Bit Values

A low-priority interrupt can be interrupted by a high priority interrupt but not by another
low-priority interrupt. A high-priority interrupt cannot be interrupted by any other interrupt
source.

If two interrupt requests of different priority levels are received simultaneously, the
request of the higher priority level is serviced. If interrupt requests of the same priority
level are received simultaneously, an internal polling sequence determines which
request is serviced. Thus within each priority level there is a second priority structure
determined by the polling sequence, see Table 109.

Table 109.  Interrupt priority Within level

IPH.x IPL.x Interrupt Level Priority

0 0 0 (Lowest)

0 1 1

1 0 2

1 1 3 (Highest)

Interrupt Name Interrupt Address Vector Priority Number

external interrupt (INT0) 0003h 1

Timer0 (TF0) 000Bh 2

external interrupt (INT1) 0013h 3

Timer1 (TF1) 001Bh 4

PCA (CF or CCFn) 0033h 5

UART (RI or TI) 0023h 6

Timer2 (TF2) 002Bh 7

CAN (Txok, Rxok, Err or OvrBuf) 003Bh 8

ADC (ADCI) 0043h 9

CAN Timer Overflow (OVRTIM) 004Bh 10

SPI interrupt 0053h 11
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Table 112.  IPL0 Register

IPL0 (S:B8h)
Interrupt Enable Register

Reset Value = X000 0000b
bit addressable

7 6 5 4 3 2 1 0

- PPC PT2 PS PT1 PX1 PT0 PX0

Bit 
Number

Bit 
Mnemonic Description

7 -
Reserved
The value read from this bit is indeterminate. Do not set this bit.

6 PPC
PCA Interrupt Priority bit
Refer to PPCH for priority level

5 PT2
Timer 2 Overflow Interrupt Priority bit
Refer to PT2H for priority level.

4 PS
Serial Port Priority bit
Refer to PSH for priority level.

3 PT1
Timer 1 Overflow Interrupt Priority bit
Refer to PT1H for priority level.

2 PX1
External Interrupt 1 Priority bit
Refer to PX1H for priority level.

1 PT0
Timer 0 Overflow Interrupt Priority bit
Refer to PT0H for priority level.

0 PX0
External Interrupt 0 Priority bit
Refer to PX0H for priority level.
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External Clock Drive 
Waveforms

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”.

Float Waveforms

For timing purposes as port pin is no longer floating when a 100 mV change from load
voltage occurs and begins to float when a 100 mV change from the loaded VOH/VOL level
occurs. IOL/IOH ≥ ± 20 mA.
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