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Welcome to E-XFL.COM

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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C8051F2xx
Figure 1.6. Comparison of Peak MCU Throughputs

1.2. On-Board Memory

The CIP-51 has a standard 8051 program and data address configuration.  It includes 256 bytes of data 
RAM, with the upper 128 bytes dual-mapped.  An optional 1024 bytes of XRAM is available on the 'F206, 
'F226 and 'F236.  Indirect addressing accesses the upper 128 bytes of general purpose RAM, and direct 
addressing accesses the 128-byte SFR address space.  The lower 128 bytes of RAM are accessible via 
direct or indirect addressing.  The first 32 bytes are addressable as four banks of general purpose regis-
ters, and the next 16 bytes can be byte addressable or bit addressable. 

The MCU's program memory consists of 8 k + 128 bytes of Flash.  This memory may be reprogrammed in-
system in 512 byte sectors, and requires no special off-chip programming voltage.  The 512 bytes from 
addresses 0x1E00 to 0x1FFF are reserved for factory use.  There is also a user programmable 128-byte 
sector at address 0x2000 to 0x207F, which may be useful as a table for storing software constants, nonvol-
atile configuration information, or as additional program space.  See Figure 1.7 for the MCU system mem-
ory map.
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C8051F2xx
P2.7 18 D I/O
A In

Port2 Bit7.  (See the Port I/O Sub-System section for complete 
description).

P3.0 44 D I/O
A In

Port3 Bit0.  (See the Port I/O Sub-System section for complete 
description).

P3.1 43 D I/O
A In

Port3 Bit1.  (See the Port I/O Sub-System section for complete 
description).

P3.2 42 D I/O
A In

Port3 Bit2.  (See the Port I/O Sub-System section for complete 
description).

P3.3 41 D I/O
A In

Port3 Bit3.  (See the Port I/O Sub-System section for complete 
description).

P3.4 30 D I/O
A In

Port3 Bit4.  (See the Port I/O Sub-System section for complete 
description).

P3.5 29 D I/O
A In

Port3 Bit5.  (See the Port I/O Sub-System section for complete 
description).

P3.6 20 D I/O
A In

Port3 Bit6.  (See the Port I/O Sub-System section for complete 
description).

P3.7 19 D I/O
A In

Port3 Bit7.  (See the Port I/O Sub-System section for complete 
description).

Table 4.1. Pin Definitions  (Continued)

Name

‘F206,
F220,
226,
230,
236

‘F221,
231 Type Description

48-Pin 32-Pin
Rev. 1.6 27



C8051F2xx
Figure 4.2. LQFP-32 Pin Diagram
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C8051F2xx
Figure 4.3. TQFP-48 Package Drawing
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C8051F2xx
Figure 4.4. LQFP-32 Package Drawing
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C8051F2xx
SFR Definition 5.1. AMX0SL: AMUX Channel Select

Bits 7–6: UNUSED.  Read = 00b; Write = don't care
Bit 5: AMXEN enable

0: AMXEN disabled and port pins are unavailable for analog use.
1: AMXEN enabled to use/select port pins for analog use.

Bits 4–3: PRTSL1–0:  Port Select Bits*.
00: Port0 select to configure pin for analog input from this port.
01: Port1 select to configure pin for analog input from this port.
10: Port2 select to configure pin for analog input from this port.
11: Port3 select to configure pin for analog input from this port.

Bits 2–0:PINSL2–0:  Pin Select Bits
000: Pin 0 of selected port (above) to be used for analog input.
001: Pin 1 of selected port (above) to be used for analog input.
010: Pin 2 of selected port (above) to be used for analog input.
011: Pin 3 of selected port (above) to be used for analog input.
100: Pin 4 of selected port (above) to be used for analog input.
101: Pin 5 of selected port (above) to be used for analog input.
110: Pin 6 of selected port (above) to be used for analog input.
111: Pin 7 of selected port (above) to be used for analog input.

*  Selecting a port for analog input does NOT default all pins of that port as analog input.  After select-
ing a port for analog input, a pin must be selected using pin select bits (PINSL2–0).  For example, 
after setting the AMXEN to ‘1’, setting PRTSL1–0 to “11”, and setting PINSL2–0 to “100” P3.4  is 
configured as analog input.  All other Port 3 pins remain as GPIO pins.  Also note that in order to use 
a port pin as analog input, its input mode should be set to analog.  Please see section 14.2.

R/W R/W R/W R/W R/W R/W R/W R/W Reset Value

- - AMXEN PRTSL1 PRTSL0 PINSL2 PINSL1 PINSL0 00000000

Bit7 Bit6 Bit5 Bit4 Bit3 Bit2 Bit1 Bit0 SFR Address:

0xBB
34 Rev. 1.6



C8051F2xx
8. Comparators
The MCU has two on-board voltage comparators as shown in Figure 8.1.  The inputs of each Comparator 
are available at the package pins.  The output of each comparator is optionally available at port1 by config-
uring (see Section 14).  When assigned to package pins, each comparator output can be programmed to 
operate in open drain or push-pull modes (see section 14.2).

The hysteresis of each comparator is software-programmable via its respective Comparator Control Regis-
ter (CPT0CN, CPT1CN).   The user can program both the amount of hysteresis voltage (referred to the 
input voltage) and the positive-going and negative-going symmetry of this hysteresis around the threshold 
voltage.  The output of the comparator can be polled in software, or can be used as an interrupt source. 
Each comparator can be individually enabled or disabled (shutdown).  When disabled, the comparator out-
put (if assigned to a Port I/O pin via the Port1 MUX) defaults to the logic low state and its interrupt capabil-
ity is suspended.  Comparator inputs can be externally driven from –0.25 V to (VDD) + 0.25 V without 
damage or upset.

The Comparator 0 hysteresis is programmed using bits 3–0 in the Comparator 0 Control Register CPT0CN 
(shown in SFR Definition 8.1).  The amount of negative hysteresis voltage is determined by the settings of 
the CP0HYN bits.  As shown in Figure 8.2, settings of 10, 4 or 2 mV of negative hysteresis can be pro-
grammed, or negative hysteresis can be disabled.  In a similar way, the amount of positive hysteresis is 
determined by the setting the CP0HYP bits.

Comparator interrupts can be generated on both rising-edge and falling-edge output transitions.  (For Inter-
rupt enable and priority control, see Section 9.4).  The CP0FIF flag is set upon a Comparator 0 falling-edge 
interrupt, and the CP0RIF flag is set upon the Comparator 0 rising-edge interrupt.  Once set, these bits 
remain set until cleared by the user software.  The Output State of Comparator 0 can be obtained at any 
time by reading the CP0OUT bit.   Comparator 0 is enabled by setting the CP0EN bit, and is disabled by 
clearing this bit.  Note there is a 20 mS power on time between setting CP0EN and the output stabilizing. 
Comparator 0 can also be programmed as a reset source.  For details, see Section 11.  The operation of 
Comparator 1 is identical to that of Comparator 0, except the Comparator 1 is controlled by the CPT1CN 
Register (SFR Definition 8.2).  Also, Comparator 1 can not be programmed as a reset source.  The com-
plete electrical specifications for the Comparators are given in Table 8.1.
52 Rev. 1.6



C8051F2xx
Table 8.1. Comparator Electrical Characteristics
VDD = 3.0 V, –40 to +85 ×C unless otherwise specified.

Parameter Conditions Min Typ Max Units

Response Time1* (CP+) – (CP–) = 100 mV — 4 — µs

Response Time2* (CP+) – (CP–) = 10 mV — 12 — µs

Common Mode Rejection 
Ratio

— 1.5 4 mV/V

Positive Hysteresis1 CPnHYP1-0 = 00 — 0 1 mV

Positive Hysteresis2 CPnHYP1-0 = 01 2 4.5 7 mV

Positive Hysteresis3 CPnHYP1-0 = 10 4 9 15 mV

Positive Hysteresis4 CPnHYP1-0 = 11 10 17 25 mV

Negative Hysteresis1 CPnHYN1-0 = 00 — 0 1 mV

Negative Hysteresis2 CPnHYN1-0 = 01 2 4.5 7 mV

Negative Hysteresis3 CPnHYN1-0 = 10 4 9 15 mV

Negative Hysteresis4 CPnHYN1-0 = 11 10 17 25 mV

Inverting or Non-inverting 
Input Voltage Range

–0.25 —
(VDD)
+ 0.25

V

Input Capacitance — 7 — pF

Input Bias Current –5 0.001 +5 nA

Input Offset Voltage –10 — +10 mV

POWER SUPPLY

Power-up Time CPnEN from 0 to 1 — 20 — µs

Power Supply Rejection — 0.1 1 mV/V

Supply Current
Operating Mode 
(each comparator) at DC

— 1.5 4 µA

*Note:  CPnHYP1-0 = CPnHYN1-0 = 00.
Rev. 1.6 57



C8051F2xx
Notes:
1. C8051F230/1/6 Do not have these registers.
2. C8051F221/231 Does not have this register (32 pin package).
3. On the C8051F206 and C8051F226/236 only.
4. On the C8051F206 only (12-bit ADC)

0xA4 PRT0CF Port 0 Configuration 105

0xA5 PRT1CF Port 1 Configuration 106

0xA6 PRT2CF Port 2 Configuration 107

0xA7 PRT3CF Port 3 Configuration 108

0xE1 PRT0MX Port 0 Multiplexer I/O Configuration 103

0xE2 PRT1MX Port 1 Multiplexer I/O Configuration 104

0xE3 PRT2MX Port 2 Multiplexer I/O Configuration 104

0x8F PSCTL Program Store RW Control 88

0xD0 PSW Program Status Word 72

0xCB RCAP2H Counter/Timer 2 Capture (High Byte) 138

0xCA RCAP2L Counter/Timer 2 Capture (Low Byte) 138

0xD1 REF0CN Voltage Reference Control Register 50

0xEF RSTSRC Reset Source Register 95

0x99 SBUF Serial Data Buffer (UART) 123

0x98 SCON Serial Port Control (UART) 124

0x81 SP Stack Pointer 71

0x9A SPI0CFG Serial Peripheral Interface Configuration 114

0x9D SPI0CKR SPI Clock Rate 116

0xF8 SPI0CN SPI Bus Control 115

0x9B SPI0DAT SPI Port 1Data 116

0xAD SWCINT Software Controlled Interrupt Register 75

0xC8 T2CON Counter/Timer 2 Control 137

0x88 TCON Counter/Timer Control 129

0x8C TH0 Counter/Timer 0 Data Word (High Byte) 132

0x8D TH1 Counter/Timer 1 Data Word (High Byte) 132

0xCD TH2 Counter/Timer 2 Data Word (High Byte) 138

0x8A TL0 Counter/Timer 0 Data Word (Low Byte) 132

0x8B TL1 Counter/Timer 1 Data Word (Low Byte) 132

0xCC TL2 Counter/Timer 2 Data Word (Low Byte) 138

0x89 TMOD Counter/Timer Mode 130

0xFF WDTCN Watchdog Timer Control 94

0x84–86, 0x91–97, 0x9C, 0xA1–A3, 0xA9–
AC, 0xAE, 0xB3–B5, 0xB9–BA, 0xBD–
BE,0xC0–C4, 0xC6,0xCE–CF,0xD2–
DF,0xE9–EE,0xF5,0xF9–FE

Reserved

Table 9.3. Special Function Registers  (Continued)

SFR’s are listed in alphabetical order.

Address Register Description Page No.
70 Rev. 1.6



C8051F2xx
9.4.4. Interrupt Priorities

Each interrupt source can be individually programmed to one of two priority levels: low or high. A low prior-
ity interrupt service routine can be preempted by a high priority interrupt.  A high priority interrupt cannot be 
preempted.  Each interrupt has an associated interrupt priority bit in an SFR (IP–EIP2) used to configure its 
priority level.  Low priority is the default.  If two interrupts are recognized simultaneously, the interrupt with 
the higher priority is serviced first.  If both interrupts have the same priority level, a fixed priority order is 
used to arbitrate.  

9.4.5. Interrupt Latency

Interrupt response time depends on the state of the CPU when the interrupt occurs.  Pending interrupts are 
sampled and priority decoded each system clock cycle.  Therefore, the fastest possible response time is 5 
system clock cycles: 1 clock cycle to detect the interrupt and 4 clock cycles to complete the LCALL to the 
ISR.  If an interrupt is pending when a RETI is executed, a single instruction is executed before an LCALL 
is made to service the pending interrupt.   Therefore, the maximum response time for an interrupt (when no 
other interrupt is currently being serviced or the new interrupt is of greater priority) occurs when the CPU is 
performing an RETI instruction followed by a DIV as the next instruction.   In this case, the response time is 
18 system clock cycles: 1 clock cycle to detect the interrupt, 5 clock cycles to execute the RETI, 8 clock 
cycles to complete the DIV instruction and 4 clock cycles to execute the LCALL to the ISR.  NOTE:  If a 
Flash write or erase is performed, the MCU is stalled during the operation and interrupts will not be ser-
viced until the operation is complete.  If the CPU is executing an ISR for an interrupt with equal or higher 
priority, the new interrupt will not be serviced until the current ISR completes, including the RETI and fol-
lowing instruction.

ADC0 End of Conversion 0x007B 15 ADCINT (ADC0CN.5) EADC0 (EIE2.1)

Software Controlled Interrupt 0 0x0083 16 SCI0 (SWCINT.4) ESCI0 (EIE2.2)

Software Controlled Interrupt 1 0x008B 17 SCI1 (SWCINT.5) ESCI1 (EIE2.3)

Software Controlled Interrupt 2 0x0093 18 SCI2 (SWCINT.6) ESCI2 (EIE2.4)

Software Controlled Interrupt 3 0x009B 19 SCI3 (SWCINT.7) ESCI3 (EIE2.5)

Unused Interrupt Location 0x00A3 20 None Reserved (EIE2.6)

External Crystal OSC Ready 0x00AB 21 XTLVLD (OSCXCN.7) EXVLD (EIE2.7)

Table 9.4. Interrupt Summary  (Continued)

Interrupt Source
Interrupt 
Vector

Priority 
Order

Interrupt-Pending Flag Enable
76 Rev. 1.6



C8051F2xx
SFR Definition 9.12. EIP1: Extended Interrupt Priority 1

Bit7: PCP1R: Comparator 1 (CP1) Rising Interrupt Priority Control.  
This bit sets the priority of the CP1 interrupt.    
0:  CP1 rising interrupt set to low priority level.
1:  CP1 rising interrupt set to high priority level.

Bit6: PCP1F: Comparator 1 (CP1) Falling Interrupt Priority Control.  
This bit sets the priority of the CP1 interrupt.    
0:  CP1 falling interrupt set to low priority level.
1:  CP1 falling interrupt set to high priority level.

Bit5: PCP0R: Comparator 0 (CP0) Rising Interrupt Priority Control.  
This bit sets the priority of the CP0 interrupt.    
0:  CP0 rising interrupt set to low priority level.
1:  CP0 rising interrupt set to high priority level.

Bit4: PCP0F: Comparator 0 (CP0) Falling Interrupt Priority Control.  
This bit sets the priority of the CP0 interrupt.    
0:  CP0 falling interrupt set to low priority level.
1:  CP0 falling interrupt set to high priority level.

Bit3: Reserved.  Read = 0, Write = don't care.

Bit2: PWADC0: Analog-to-Digital Converter 0 window compare (ADC0) Interrupt Priority Control. 
This bit sets the priority of the ADC0 window compare interrupt.    
0:  ADC0 window compare interrupt set to low priority level.
1:  ADC0 window compare interrupt set to high priority level.

Bit1: UNUSED.  Read = 0, Write = don't care.

Bit0: PSPI0: Serial Peripheral Interface 0 Interrupt Priority Control.  
This bit sets the priority of the SPI0 interrupt.    
0:  SPI0 interrupt set to low priority level.
1:  SPI0 interrupt set to high priority level.

R/W R/W R/W R/W R/W R/W R/W R/W Reset Value

PCP1R PCP1F PCP0R PCP0F - PWADC0 - PSPI0 00000000

Bit7 Bit6 Bit5 Bit4 Bit3 Bit2 Bit1 Bit0 SFR Address:

0xF6
Rev. 1.6 81



C8051F2xx
11. On-Chip XRAM (C8051F206/226/236)
The C8051F206/226/236 features 1024 Bytes of RAM mapped into the external data memory space.  All 
address locations may be accessed using the external move instruction (MOVX) and the data pointer 
(DPTR), or using indirect MOVX addressing mode.  If the MOVX instruction is used with an 8-bit operand 
(such as @R1), then the high byte is the External Memory Interface Control Register (EMI0CN, shown in 
SFR Definition 11.1).  Addressing using 8 bits will map to one of four 256-byte pages, and these pages are 
selected by setting the PGSEL bits in the EMI0CN register.

NOTE:  The MOVX instruction is also used for write to the Flash memory.  Please see section 10 for 
details.  The MOVX instruction will access XRAM by default.

For any of the addressing modes, the upper 6 bits of the 16-bit external data memory address word are 
"don't cares".  As a result, the 1024-byte RAM is mapped modulo style ("wrap around") over the entire 64k 
of possible address values.  For example, the XRAM byte at address 0x0000 is also at address 0x0400, 
0x0800, 0x0C00, 0x1000, etc.  This feature is useful when doing a linear memory fill, as the address 
pointer does not have to be reset when reaching the RAM block boundary.

SFR Definition 11.1. EMI0CN: External Memory Interface Control

Bits7–2:  Not Used -read only 000000b
Bits1–0:  XRAM Page Select Bits PGSEL[1:0]

The XRAM Page Select bits provide the high byte of the 16-bit external memory address 
when using an 8-bit MOVX command, effectively selecting a 256-byte page of RAM.  The 
upper 6 bits are "don't cares", so the 1k address blocks are repeated modulo over the entire 
data memory address space.
00:0x000 – 0x0FF
01:0x100 – 0x1FF
10:0x200 – 0x2FF
11:0x300 – 0x3FF

R R R R R R R/W R/W Reset Value

- - - - - - PGSEL1 PGSEL0 00000000

Bit7 Bit6 Bit5 Bit4 Bit3 Bit2 Bit1 Bit0 SFR Address:

0xAF
90 Rev. 1.6



C8051F2xx
12. Reset Sources
The reset circuitry of the MCU allows the controller to be easily placed in a predefined default condition. 
On entry to this reset state, the CIP-51 halts program execution, forces the external port pins to a known 
state and initializes the SFRs to their defined reset values.  Interrupts and timers are disabled.  On exit, the 
program counter (PC) is reset, and program execution starts at location 0x0000.

All of the SFRs are reset to predefined values.  The reset values of the SFR bits are defined in the SFR 
detailed descriptions.  The contents of internal data memory are not changed during a reset and any previ-
ously stored data is preserved.  However, since the stack pointer SFR is reset, the stack is effectively lost 
even though the data on the stack are not altered.  

The I/O port latches are reset to 0xFF (all logic ones), activating internal weak pull-ups which take the 
external I/O pins to a high state.  The weak pull-ups are enabled during and after the reset.  If the source of 
reset is from the VDD Monitor or writing a '1' to the PORSF bit, the RST pin is driven low until the end of the 
VDD reset timeout.

On exit from the reset state, the MCU uses the internal oscillator running at 2MHz as the system clock by 
default.  Refer to Section 13 for information on selecting and configuring the system clock source.  The 
Watchdog Timer is enabled using its longest timeout interval.  (Section 12.7 details the use of the Watch-
dog Timer.)  Once the system clock source is stable, program execution begins at location 0x0000.

There are six sources for putting the MCU into the reset state: power-on/power-fail (VDD monitor), external 
RST pin, software commanded, Comparator 0, Missing Clock Detector, and Watchdog Timer.  Each reset 
source is described below:

Figure 12.1. Reset Sources Diagram
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C8051F2xx
13.1. External Crystal Example

If a crystal were used to generate the system clock for the MCU, the circuit would be as shown in 
Figure 13.1, Option 1.  For an ECS-110.5-20-4 crystal, the resonate frequency is 11.0592 MHz, the intrin-
sic capacitance is 7 pF, and the ESR is 60 W.  The compensation capacitors should be 33 pF each, and 
the PWB parasitic capacitance is estimated to be 2 pF.  The appropriate External Oscillator Frequency 
Control value (XFCN) from the Crystal column in the table in SFR Definition 13.2 (OSCXCN Register) 
should be 111b.

The Crystal Oscillator Valid Flag (XTLVLD in register OSCXCN) is set to logic 1 by hardware when the 
external oscillator is running and stable.  The XTLVLD detection circuit requires a startup time of at least 
1ms between enabling the oscillator and checking the XTLVLD flag.  Switching to the external oscillator 
before 1ms can result in unpredictable behavior.  The recommend procedure is:

1. Enable the external oscillator 
2. Wait 1 ms 
3. Poll for XTLVLD '0' ==> '1' 
4. Switch to the external oscillator  

Switching to the external oscillator before the crystal oscillator has stabilized could result in unpredictable 
behavior.

NOTE: Crystal oscillator circuits are quite sensitive to PCB layout. The crystal should be placed as close 
as possible to the XTAL pins on the device, keeping the traces as short as possible and shielded with 
ground plane from any other traces which could introduce noise or interference.

13.2. External RC Example

If an external RC network were used to generate the system clock for the MCU, the circuit would be as 
shown in Figure 13.1, Option 2.  The capacitor must be no greater than 100 pF, but using a very small 
capacitor will increase the frequency drift due to the PWB parasitic capacitance.  To determine the required 
External Oscillator Frequency Control value (XFCN) in the OSCXCN Register, first select the RC network 
value to produce the desired frequency of oscillation.  If the frequency desired is 100 kHz, let R = 246 kW 
and C = 50 pF:

f = 1.23(103)/RC = 1.23(103) / [246 x 50] = 0.1 MHz = 100 kHz

XFCN ³ log2(f/25 kHz) 
XFCN ³ log2(100 kHz/25 kHz) = log2(4)  
XFCN ³ 2, or code 010

13.3. External Capacitor Example

If an external capacitor were used to generate the system clock for the MCU, the circuit would be as shown 
in Figure 13.1, Option 3.  The capacitor must be no greater than 100 pF, but using a very small capacitor 
will increase the frequency drift due to the PWB parasitic capacitance.  To determine the required External 
Oscillator Frequency Control value (XFCN) in the OSCXCN Register, select the capacitor to be used and 
find the frequency of oscillation from the equations below.  Assume VDD = 3.0 V and C = 50 pF:

f = KF / (C x VDD) = KF / (50 x 3) 
f = KF / 150

If a frequency of roughly 90kHz is desired, select the K Factor from the table in SFR Definition 13.2 as KF 
= 13:

f = 13 /150 = 0.087 MHz, or 87 kHz

Therefore, the XFCN value to use in this example is 011.
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SFR Definition 15.3. SPI0CKR: SPI Clock Rate Register

Bits7–0: SCR7–SCR0: SPI Clock Rate  
These bits determine the frequency of the SCK output when the SPI module is configured for master 

mode operation.  The SCK clock frequency is a divided down version of the system clock, 
and is given in the following equations:

fSCK = 0.5 x fSYSCLK / (SPI0CKR + 1), for 0 < SPI0CKR < 255,

SFR Definition 15.4. SPI0DAT: SPI Data Register

Bits7–0: SPI0DAT: SPI0 Transmit and Receive Data.
The SPI0DAT register is used to transmit and receive SPI data.  Writing data to SPI0DAT 
places the data immediately into the shift register and initiates a transfer when in Master 
Mode.  A read of SPI0DAT returns the contents of the receive buffer.

R/W R/W R/W R/W R/W R/W R/W R/W Reset Value

SCR7 SCR6 SCR5 SCR4 SCR3 SCR2 SCR1 SCR0 00000000

Bit7 Bit6 Bit5 Bit4 Bit3 Bit2 Bit1 Bit0 SFR Address:

0x9D

R/W R/W R/W R/W R/W R/W R/W R/W Reset Value

- - - - - - - - 00000000

Bit7 Bit6 Bit5 Bit4 Bit3 Bit2 Bit1 Bit0 SFR Address:

0x9B
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16.1.3. Mode 2: 9-Bit UART, Fixed Baud Rate

Mode 2 provides asynchronous, full-duplex communication using a total of eleven bits per data byte: a start 
bit, 8 data bits (LSB first), a programmable ninth data bit, and a stop bit (see timing diagram in 
Figure 16.6). On transmit, the ninth data bit is determined by the value in TB8 (SCON.3).  It can be 
assigned the value of the parity flag P in the PSW or used in multiprocessor communications.  On receive, 
the ninth data bit goes into RB8 (SCON.2) and the stop bit is ignored. 

Data transmission begins when an instruction writes a data byte to the SBUF register.  The TI Transmit 
Interrupt Flag (SCON.1) is set at the end of the transmission (the beginning of the stop-bit time).  Data 
reception can begin any time after the REN Receive Enable bit (SCON.4) is set to logic 1.  After the stop bit 
is received, the data byte will be loaded into the SBUF receive register if the following conditions are met: 
RI must be logic 0, and if SM2 is logic 1, the 9th bit must be logic 1.

If these conditions are met, the eight bits of data is stored in SBUF, the ninth bit is stored in RB8 and the RI 
flag is set.  If these conditions are not met, SBUF and RB8 will not be loaded and the RI flag will not be set. 
An interrupt will occur if enabled when either TI or RI are set.

The baud rate in Mode 2 is a direct function of the system clock frequency as follows:  

Mode 2 Baud Rate = 2SMOD x (SYSCLK / 64).

The SMOD bit (PCON.7) selects whether to divide SYSCLK by 32 or 64.  In the formula, 2 is raised to the 
power SMOD, resulting in a baud rate of either 1/32 or 1/64 of the system clock frequency.  On reset, the 
SMOD bit is logic 0, thus selecting the lower speed baud rate by default.

Figure 16.6. UART Modes 2 and 3 Timing Diagram

16.1.4. Mode 3: 9-Bit UART, Variable Baud Rate

Mode 3 is the same as Mode 2 in all respects except the baud rate is variable.  The baud rate is deter-
mined in the same manner as for Mode 1.   Mode 3 operation transmits 11 bits: a start bit, 8 data bits (LSB 
first), a programmable ninth data bit, and a stop bit.  Timer 1 or Timer 2 overflows generate the baud rate 
just as with Mode 1.  In summary, Mode 3 transmits using the same protocol as Mode 2 but with Mode 1 
baud rate generation.

 

D1D0 D2 D3 D4 D5 D6 D7
START

BIT
MARK

STOP
BIT

BIT TIMES

BIT SAMPLING

SPACE
D8
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SFR Definition 17.2. TMOD: Timer Mode

Bit7: GATE1: Timer 1 Gate Control. 
0: Timer 1 enabled when TR1 = 1 irrespective of /INT1 logic level. 
1: Timer 1 enabled only when TR1 = 1 AND /INT1 = logic level one.

Bit6: C/T1: Counter/Timer 1 Select.  
0:  Timer Function: Timer 1 incremented by clock defined by T1M bit (CKCON.4).
1:  Counter Function: Timer 1 incremented by high-to-low transitions on external input pin  
P0.5/T1.

Bits5–4: T1M1–T1M0: Timer 1 Mode Select.   
These bits select the Timer 1 operation mode.

Bit3: GATE0: Timer 0 Gate Control. 
0: Timer 0 enabled when TR0 = 1 irrespective of /INT0 logic level. 
1: Timer 0 enabled only when TR0 = 1 AND /INT0 = logic level one. 

Bit2: C/T0: Counter/Timer Select.  
0:  Timer Function: Timer 0 incremented by clock defined by T0M bit (CKCON.3).
1:  Counter Function: Timer 0 incremented by high-to-low transitions on external input pin 
P0.4/T0.

Bits1–0: T0M1–T0M0: Timer 0 Mode Select.   
These bits select the Timer 0 operation mode.

R/W R/W R/W R/W R/W R/W R/W R/W Reset Value

GATE1 C/T1 T1M1 T1M0 GATE0 C/T0 T0M1 T0M0 00000000

Bit7 Bit6 Bit5 Bit4 Bit3 Bit2 Bit1 Bit0 SFR Address:

0x89

T1M1 T1M0 Mode

0 0 Mode 0: 13-bit counter/timer

0 1 Mode 1: 16-bit counter/timer

1 0 Mode 2: 8-bit counter/timer with auto-reload

1 1 Mode 3: Timer 1 Inactive/stopped

T0M1 T0M0 Mode

0 0 Mode 0: 13-bit counter/timer

0 1 Mode 1: 16-bit counter/timer

1 0 Mode 2: 8-bit counter/timer with auto-reload

1 1 Mode 3: Two 8-bit counter/timers
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18. JTAG
Description
The MCU has an on-chip JTAG interface and logic to support Flash read and write operations and non-
intrusive in-circuit debug.  The C8051F2xx may be placed in a JTAG test chain in order to maintain only 
one JTAG interface in a system for boundary scan of other parts, and still utilize the C8051F2xx debug and 
Flash programming.  However, the C8051F2xx does NOT support boundary scan and will act as BYPASS 
as specified in IEEE 1149.1. 

The JTAG interface is implemented via four dedicated pins on the MCU, which are TCK, TMS, TDI, and 
TDO.  These pins are all 5 volt tolerant.

Through the 16-bit JTAG Instruction Register (IR), five instructions shown in JTAG Register Definition 18.1 
can be commanded.  These commands can either select the device ID code, or select registers for Flash 
programming operations.  BYPASS is shown to illustrate its default setting.  There are four Data Registers 
associated with the Flash read and write operations on the MCU.

JTAG Register Definition 18.1. IR: JTAG Instruction

Reset Value

0x0000

Bit15 Bit0

IR value Instruction Description

0x0004 IDCODE Selects device ID Register

0xFFFF BYPASS

Selects bypass Data Register and is DEFAULT for the device.  Note:  
The device does NOT support boundary scan.  However, it may be 
placed in a scan chain and bypassed in a system of other devices utiliz-
ing boundary scan.

0x0082 Flash Control
Selects FLASHCON Register to control how the interface logic 
responds to reads and writes to the FLASHDAT Register

0x0083 Flash Data Selects FLASHDAT Register for reads and writes to the Flash memory

0x0084 Flash Address
Selects FLASHADR Register which holds the address of all Flash read, 
write, and erase operations

0x0085 Flash Scale
Selects FLASHSCL Register which controls the prescaler used to gen-
erate timing signals for Flash operations
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18.1. Flash Programming Commands

The Flash memory can be programmed directly over the JTAG interface using the Flash Control, Flash 
Data, Flash Address, and Flash Scale registers.  These Indirect Data Registers are accessed via the JTAG 
Instruction Register.  Read and write operations on indirect data registers are performed by first setting the 
appropriate DR address in the IR register.  Each read or write is then initiated by writing the appropriate 
Indirect Operation Code (IndOpCode) to the selected data register.  Incoming commands to this register 
have the following format:

IndOpCode:  These bit set the operation to perform according to the following table:

The Poll operation is used to check the Busy bit as described below.  Although a Capture-DR is performed, 
no Update-DR is allowed for the Poll operation.  Since updates are disabled, polling can be accomplished 
by shifting in/out a single bit.

The Read operation initiates a read from the register addressed by the DRAddress.  Reads can be initiated 
by shifting only 2 bits into the indirect register.  After the read operation is initiated, polling of the Busy bit 
must be performed to determine when the operation is complete.

The write operation initiates a write of WriteData to the register addressed by DRAddress.  Registers of 
any width up to 18 bits can be written.  If the register to be written contains fewer than 18 bits, the data in 
WriteData should be left-justified, i.e. its MSB should occupy bit 17 above.  This allows shorter registers to 
be written in fewer JTAG clock cycles.  For example, an 8-bit register could be written by shifting only 10 
bits.  After a Write is initiated, the Busy bit should be polled to determine when the next operation can be 
initiated.  The contents of the Instruction Register should not be altered while either a read or write opera-
tion is in progress.

Outgoing data from the indirect Data Register has the following format:

The Busy bit indicates that the current operation is not complete.  It goes high when an operation is initi-
ated and returns low when complete.  Read and Write commands are ignored while Busy is high.  In fact, if 
polling for Busy to be low will be followed by another read or write operation, JTAG writes of the next oper-
ation can be made while checking for Busy to be low.  They will be ignored until Busy is read low, at which 
time the new operation will initiate.  This bit is placed at bit 0 to allow polling by single-bit shifts.  When wait-
ing for a Read to complete and Busy is 0, the following 18 bits can be shifted out to obtain the resulting 
data.  ReadData is always right-justified.  This allows registers shorter than 18 bits to be read using a 
reduced number of shifts.  For example, the result from a byte-read requires 9 bit shifts (Busy + 8 bits).

19:18 17:0

IndOpCode WriteData

IndOpCode Operation

0x Poll

10 Read

11 Write

19 18:5 0

0 ReadData Busy
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DOCUMENT CHANGE LIST

Revision 1.5 to Revision 1.6

• Table 3.1 on page 24 corrected to show 32 kHz instead of 32 MHz.
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