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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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SFR Page = 0x0; SFR Address = 0xAF 

SFR Definition  10.3. EMI0TC: External Me mory T iming Control

Bit 7 6 5 4 3 2 1 0

Name EAS[1:0] EWR[3:0] EAH[1:0]

Type R/W R/W R/W

Reset 1 1 1 1 1 1 1 1

Bit Name Function

7:6 EAS[1:0] EMIF Address Setup Time Bits.
00: Address setup time = 0 SYSCLK cycles.
01: Address setup time = 1 SYSCLK cycle.
10: Address setup time = 2 SYSCLK cycles.
11: Address setup time = 3 SYSCLK cycles.

5:2 EWR[3:0] EMIF WR and RD Pulse-Width Control Bits.
0000: WR and RD pulse width = 1 SYSCLK cycle.
0001: WR and RD pulse width = 2 SYSCLK cycles.
0010: WR and RD pulse width = 3 SYSCLK cycles.
0011: WR and RD pulse width = 4 SYSCLK cycles.
0100: WR and RD pulse width = 5 SYSCLK cycles.
0101: WR and RD pulse width = 6 SYSCLK cycles.
0110: WR and RD pulse width = 7 SYSCLK cycles.
0111: WR and RD pulse width = 8 SYSCLK cycles.
1000: WR and RD pulse width = 9 SYSCLK cycles.
1001: WR and RD pulse width = 10 SYSCLK cycles.
1010: WR and RD pulse width = 11 SYSCLK cycles.
1011: WR and RD pulse width = 12 SYSCLK cycles.
1100: WR and RD pulse width = 13 SYSCLK cycles.
1101: WR and RD pulse width = 14 SYSCLK cycles.
1110: WR and RD pulse width = 15 SYSCLK cycles.
1111: WR and RD pulse width = 16 SYSCLK cycles.

1:0 EAH[1:0] EMIF Address Hold Time Bits.
00: Address hold time = 0 SYSCLK cycles.
01: Address hold time = 1 SYSCLK cycle.
10: Address hold time = 2 SYSCLK cycles.
11: Address hold time = 3 SYSCLK cycles.
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12.3.  Preparing fo r a CRC Calculation
To prepare CRC0 for a CRC calculation, software should select the desired polynomial and set the initial 
value of the result. Two polynomials are available: 0x1021 (16-bit) and 0x04C11DB7 (32-bit). The CRC0 
result may be initialized to one of two values: 0x00000000 or 0xFFFFFFFF. The following steps can be 
used to initialize CRC0.

1. Select a polynomial (Set CRC0SEL to 0 for 32-bit or 1 for 16-bit).
2. Select the initial result value (Set CRC0VAL to 0 for 0x00000000 or 1 for 0xFFFFFFFF).
3. Set the result to its initial value (Write 1 to CRC0INIT).

12.4.  Performing a CRC Calculation
Once CRC0 is initialized, the input data stream is sequentially written to CRC0IN, one byte at a time. The 
CRC0 result is automatically updated after each byte is written. The CRC engine may also be configured to 
automatically perform a CRC on one or more flash sectors. The following steps can be used to automati-
cally perform a CRC on flash memory.

1. Prepare CRC0 for a CRC calculation as shown above.
2. If necessary, set the IFBANK bits in the PSBANK for the desired code bank.
3. Write the index of the starting page to CRC0AUTO.
4. Set the AUTOEN bit in CRC0AUTO.
5. Write the number of flash sectors to perform in the CRC calculation to CRC0CNT.  

Note: Each flash sector is 1024 bytes.
6. Write any value to CRC0CN (or OR its contents with 0x00) to initiate the CRC calculation. The 

CPU will not execute code any additional code until the CRC operation completes.
7. Clear the AUTOEN bit in CRC0AUTO.
8. Read the CRC result using the procedure below.

Setting the IFBANK bits in the PSBANK SFR is only necessary when accessing the upper banks on 
128 kB code bank devices (�F960/1/2/3). Multiple CRCs are required to cover the entire 128 kB Flash 
array. When writing to the PSBANK SFR, the code initiating the auto CRC of flash must be executing from 
the common area. 

12.5.  Accessing th e CRC0 Result 
The internal CRC0 result is 32-bits (CRC0SEL = 0b) or 16-bits (CRC0SEL = 1b). The CRC0PNT bits 
select the byte that is targeted by read and write operations on CRC0DAT and increment after each read or 
write. The calculation result will remain in the internal CR0 result register until it is set, overwritten, or addi-
tional data is written to CRC0IN.

Table 12.2. Example 32-bit CRC Outputs

Input Output

0x63 0xF9462090

0xAA, 0xBB, 0xCC 0x41B207B3

0x00, 0x00, 0xAA, 0xBB, 0xCC 0x78D129BC
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14.6.4.1.  CBC Decryption using DMA
Normally, the AES block is used with the DMA. This provides the best performance and lowest power con-
sumption. Code examples are provided in 8051 compiler independent C code using the DMA. It is highly 
recommended to use with the code examples. The steps are documented in the datasheet for complete-
ness.

 Prepare decryption Key, initialization vector, and data to be decrypted in xram. 
 The initialization vector should be located immediately before the data to be decrypted to decrypt 

multiple blocks.
 Reset AES module by clearing bit 2 of AES0BCFG.
 Disable the first four DMA channels by clearing bits 0 to 3 in the DMA0EN sfr.
 Configure the first DMA channel for the AES0KIN sfr

Select the first DMA channel by writing 0x00 to the DMA0SEL sfr
Configure the first DMA channel to move xram to AES0KIN sfr by writing 0x05 to the DMA0NCF sfr
Write 0x01 to DMA0NMD to enable wrapping
Write the xram location of decryption key to the DMA0NBAH and DMA0NBAL sfrs.
Write the key length in bytes to DMA0NSZL sfr
Clear the DMA0NSZH sfr
Clear the DMA0NAOH and DMA0NAOL sfrs

 Configure the second DMA channel for the AES0BIN sfr.
Select the second DMA channel by writing 0x01 to the DMA0SEL sfr.
Configure the second DMA channel to move xram to AES0BIN sfr by writing 0x06 to the DMA0NCF sfr.
Clear DMA0NMD to disable wrapping.
Write the xram address of the data to be decrypted to the DMA0NBAH and DMA0NBAL sfrs.
Write the number of bytes to be decrypted in multiples of 16 bytes to the DMA0NSZH and DMA0NSZL sfrs.
Clear the DMA0NAOH and DMA0NAOL sfrs.

 Configure the third DMA channel for the AES0XIN sfr.
Select the third DMA channel by writing 0x02 to the DMA0SEL sfr.
Configure the third DMA channel to move xram to AES0XIN sfr by writing 0x07 to the DMA0NCF sfr.
Clear DMA0NMD to disable wrapping.
Write the xram address of initialization vector to the DMA0NBAH and DMA0NBAL sfrs. 
Write the number of bytes to be decrypted in multiples of 16 bytes to the DMA0NSZH and DMA0NSZL sfrs.
Clear the DMA0NAOH and DMA0NAOL sfrs.

 Configure the fourth DMA channel for the AES0YOUT sfr
Select the fourth channel by writing 0x03 to the DMA0SEL sfr
Configure the fourth DMA channel to move the contents of the AES0YOUT sfr to xram by writing 0x08 to the 

DMA0NCF sfr
Enable transfer complete interrupt by setting bit 7 of DMA0NCF sfr
Clear DMA0NMD to disable wrapping
Write the xram address for decrypted data to the DMA0NBAH and DMA0NBAL sfrs.
Write the number of bytes to be decrypted in multiples of 16 bytes to the DMA0NSZH and DMA0NSZL sfrs.
Clear the DMA0NAOH and DMA0NAOL sfrs.

 Clear first four DMA interrupts by clearing bits 0 to 2 in the DMA0INT sfr.
 Enable first four DMA channels setting bits 0 to 2 in the DMA0EN sfr
 Configure the AES Module data flow for XOR on output data by writing 0x02 to the AES0DCFG sfr.
 Write key size to bits 1 and 0 of the AES0BCFG
 Configure the AES core for decryption by clearing bit 2 of AES0BCFG
 Initiate the decryption operation be setting bit 3 of AES0BCFG
 Wait on the DMA interrupt from DMA channel 3
 Disable the AES Module by clearing bit 2 of AES0BCFG
 Disable the DMA by writing 0x00 to DMA0EN
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SFR Address = 0xEA; SFR page = 0x2; Not bit-Addressable

SFR Definition  14.2. AES0DCFG: AES Data Configuration

Bit 7 6 5 4 3 2 1 0

Name OUTSEL[1:0] XORIN

Type R R R R R R/W R/W

Reset 0 0 0 0 0 0 0 0

Bit Name Function

2:1 OUTSEL[1:0] DATA Select.
These bits select the output data source for the AES0YOUT sfr.
00: Direct AES Data
01: AES Data XOR with AES0XIN 
10: Inverse Key
11: reserved

0 XORIN XOR Input Enable.
Setting this bit with enable the XOR data path on the AES input. If enabled, 
AES0BIN will be XORed with the AES0XIN and the results will feed into the AES 
data input. Clearing this bit to 0 will disable the XOR gate on the input. The con-
tents of AES0BIN will go directly into the AES data input.
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15.  Encoder/Decoder
The Encoder/Decoder consists of three 8-bit data registers, a control register and an encoder/decoder 
logic block.

The size of the input data depends on the mode. The input data for Manchester encoding is one byte. For 
Manchester decoding it is two bytes. Three-out-of-Six encoding is two bytes. Three-out-of six decoding is 
three bytes. 

The output size also depends on the mode selected. The input and output data size are shown below:

The input and output data is always right justified. So for Manchester mode the input uses only ENC0L and 
the output data is only in ENC0M and ENC0L. ENC0H is not used for Manchester mode

Table 15.1. Encoder Input and Output Data Sizes

Input 
Data Size

Output 
Data Size

Operation Bytes Bytes

Manchester Encode 1 2
Manchester Decode 2 1

Three out of Six Encode 2 3
Three out of Six Decode 3 2
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20.  On-Chip DC-DC Buck Converter (DC0)
C8051F96x devices include an on-chip step down dc-dc converter to efficiently utilize the energy stored in 
the battery, thus extending the operational life time. The dc-dc converter is a switching buck converter with 
an input supply of 1.8 to 3.8 V and an output that is programmable from 1.8 to 3.5 V in steps of 0.1 V. The 
battery voltage should be at least 0.4 V higher than the programmed output voltage. The programmed out-
put voltage has a default value of 1.9 V. The dc-dc converter can supply up to 250 mW. The dc-dc con-
verter can be used to power the MCU and/or external devices in the system (e.g., an RF transceiver).

The dc-dc converter has a built in voltage reference and oscillator, and will automatically limit or turn off the 
switching activity in case the peak inductor current rises beyond a safe limit or the output voltage rises 
above the programmed target value. This allows the dc-dc converter output to be safely overdriven by a 
secondary power source (when available) in order to preserve battery life. When enabled, the dc-dc con-
verter can source current into the output capacitor, but cannot sink current. The dc-dc converter�s settings 
can be modified using SFR registers described in Section 20.8. 

Figure 20.1 shows a block diagram of the buck converter.

Figure 20.1. Step Down DC-DC Buck Converter Block Diagram
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SFR Page = 0x2; SFR Address = 0xB3

SFR Definition  20.3. DC0MD: DC-DC Converter Mode

Bit 7 6 5 4 3 2 1 0

Name Reserved ILIMIT FORBYP AUTOBYP Reserved DC0EN

Type R/W R/W R/W R/W R/W R/W

Reset 0 1 0 1 0 0 0 0

Bit Name Function

7 Reserved Read = 0b; Must write 0b.

6:4 ILIMIT Peak Current Limit Threshold.
000: Reserved
001: Peak Inductor current is limited to 200 mA
010: Peak Inductor current is limited to 300 mA
011: Peak Inductor current is limited to 400 mA 
100: Peak Inductor current is limited to 500 mA
101: Peak Inductor current is limited to 600 mA
110: Reserved
111: Reserved 

3 FORBYP Enable Forced Bypass Mode.
0: Forced bypass mode is disabled.
1: Forced bypass mode is enabled.

2 AUTOBYP Enable Automatic Bypass Mode.
0: Automatic Bypass mode is disabled.
1: Automatic bypass mode is enabled.

1 Reserved Read = 1b; Must write 1b.

0 DC0EN DC-DC Converter Enable.
0: DC-DC converter is disabled.
1: DC-DC converter is enabled.
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SFR Address = 0xD9; SFR Page = 0x2

Note that writing to this register will clear the counter registers PC0CTR0H:M:L and PC0CTR1H:M:L.

SFR Definition  25.1. PC0MD: PC0 Mode Configuration

Bit 7 6 5 4 3 2 1 0

Name PCMODE[1:0] PCRATE[1:0] DUALCMPL STPCNTFLTR DUALSTCH

Type R/W R/W R/W R R/W R

Reset 0 0 0 0 0 1 0 0

Bit Name Function

7:6 PCMODE[1:0] Counter Mode
00: Pulse Counter disabled.
01: Single Counter mode.
10: Dual Counter mode.
11: Quadrature Counter mode.

5:4 PCRATE[1:0] PC Sample Rate
00: 250 µs 
01: 500 µs
10: 1 ms
11: 2 ms

3 Reserved

2 STPCNTFLTR Stop Counting on Flutter
(Only valid for quadrature counter mode and DUALSTCH off.)
0: Disabled.
1: Enabled.

1 DUALSTCH Dual Mode Switch During Flutter
(Only valid for quadrature counter mode.)
0: Disabled�quadrature mode remains set during flutter.
1: Enabled�quadrature mode changes to dual during flutter.

0 Reserved
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SFR Page = 0x2; SFR Address = 0xAB

SFR Definition  26.4. LCD0MSCN: LCD0 Master Control

Bit 7 6 5 4 3 2 1 0

Name BIASEN DCBIASOE CLKOE LOWDRV LCDRST LCDEN

Type R/W R/W R/W R/W R/W R/W R/W R/W

Reset 0 0 1 0 0 0 0 0

Bit Name Function

7 Reserved Read = 0b. Must write 0b.
6 BIASEN LCD0 Bias Enable.

LCD0 bias may be disabled when using a static LCD (single backplane), contrast 
control mode 1 (Bypass Mode) is selected, and the VLCD/VIO Supply Comparator 
is disabled (LCD0CF.5 = 1). It is required for all other modes.
0: LCD0 Bias is disabled.
1: LCD0 Bias is enabled

5 DCBIASOE DCDC Converter Bias Output Enable. (Note 1)
0: The bias for the DCDC converter is gated off.
1: LCD0 provides the bias for the DCDC converter.

4 CLKOE LCD Clock Output Enable.
0: The clock signal to the LCD0 module is gated off.
1: The SmaRTClock provides the undivided clock to the LCD0 Module.

3 Reserved Read = 0b. Must write 0b.
2 LOWDRV Charge Pump Reduced Drive Mode.

This bit should be set to 1 in Contrast Control Mode 3 and Mode 4 for minimum 
power consumption. This bit may be set to 0 in these modes to support higher load 
current requirements.
0: The charge pump operates at full power.
1: The charge pump operates at reduced power.

1 LCDRST LCD0 Reset.
Writing a 1 to this bit will clear all the LCD0Dn registers to 0x00. This bit must be 
cleared by software.

0 LCDEN LCD0 Enable.
0: LCD0 is disabled.
1: LCD0 is enabled.

Note 1: To same bias generator is shared by the DCDC Converter and LCD0. 
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26.5.  Setting the LCD Refresh Rate
The clock to the LCD0 module is derived from the SmaRTClock and may be divided down according to the 
settings in the LCD0CN register. The LCD refresh rate is derived from the LCD0 clock and can be pro-
grammed using the LCD0DIVH:LCD0DIVL registers. The LCD mux mode must be taken into account 
when determining the prescaler value. See the LCD0DIVH/LCD0DIVL register descriptions for more 
details. For maximum power savings, choose a slow LCD refresh rate and the minimum LCD0 clock fre-
quency. For the least flicker, choose a fast LCD refresh rate.

SFR Page = 0x2; SFR Address = 0xAA

SFR Page = 0x2; SFR Address = 0xA9

SFR Definition  26.8. LCD0CLKDIVH: LCD0 Refresh Rate Prescaler High Byte

Bit 7 6 5 4 3 2 1 0

Name LCD0DIV[9:8]

Type R/W R/W R/W R/W R/W R/W R/W

Reset 0 0 0 0 0 0 0 0

Bit Name Function

7:2 Unused Read = 000000. Write = Don�t Care.
1:0 LCD0DIV[9:8] LCD Refresh Rate Prescaler .

Sets the LCD refresh rate according to the following equation:

SFR Definition  26.9. LCD0CLKDIVL: LCD Refresh  Rate Prescaler L ow Byte

Bit 7 6 5 4 3 2 1 0

Name LCD0DIV[7:0]

Type R/W

Reset 0 0 0 0 0 0 0 0

Bit Name Function

7:0 LCD0DIV[7:0] LCD Refresh Rate Prescaler .
Sets the LCD refresh rate according to the following equation:

LCD Refresh Rate 
LCD0 Clock Frequency

4 mux_mode× LCD0DIV 1+( )×
-----------------------------------------------------------------------------------=

LCD Refresh Rate 
LCD0 Clock Frequency

4 mux_mode× LCD0DIV 1+( )×
-----------------------------------------------------------------------------------=
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SFR Page = 0x0; SFR Address = 0x98; Bit-Addressable

SFR Definition  29.1. SCON0: Serial Port 0 Control

Bit 7 6 5 4 3 2 1 0

Name S0MODE MCE0 REN0 TB80 RB80 TI0 RI0

Type R/W R R/W R/W R/W R/W R/W R/W

Reset 0 1 0 0 0 0 0 0

Bit Name Function

7 S0MODE Serial Port 0 Operation Mode.
Selects the UART0 Operation Mode.
0: 8-bit UART with Variable Baud Rate.
1: 9-bit UART with Variable Baud Rate.

6 Unused Read = 1b. Write = Don�t Care.

5 MCE0 Multiprocessor Communic ation Enable.
For Mode 0 (8-bit UART): Ch ecks for vali d stop bit.
0: Logic level of stop bit is ignored.
1: RI0 will only be activated if stop bit is logic level 1.
For Mode 1 (9-bit UART): Multip rocessor Communica tions E nable.
0: Logic level of ninth bit is ignored.
1: RI0 is set and an interrupt is generated only when the ninth bit is logic 1.

4 REN0 Receive Enable.
0: UART0 reception disabled.
1: UART0 reception enabled.

3 TB80 Ninth Transmission Bit.
The logic level of this bit will be sent as the ninth transmission bit in 9-bit UART Mode 
(Mode 1). Unused in 8-bit mode (Mode 0).

2 RB80 Ninth Receive Bit.
RB80 is assigned the value of the STOP bit in Mode 0; it is assigned the value of the 
9th data bit in Mode 1.

1 TI0 Transmit Interrupt Flag.
Set by hardware when a byte of data has been transmitted by UART0 (after the 8th bit 
in 8-bit UART Mode, or at the beginning of the STOP bit in 9-bit UART Mode). When 
the UART0 interrupt is enabled, setting this bit causes the CPU to vector to the UART0 
interrupt service routine. This bit must be cleared manually by software.

0 RI0 Receive Interrupt Flag. 
Set to 1 by hardware when a byte of data has been received by UART0 (set at the 
STOP bit sampling time). When the UART0 interrupt is enabled, setting this bit to 1 
causes the CPU to vector to the UART0 interrupt service routine. This bit must be 
cleared manually by software.
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Figure 31.6. Slave Mode Data/Clock Timing (CKPHA = 0)

Figure 31.7. Slave Mode Data/Clock Timing (CKPHA = 1)
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