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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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Hysteresis

Mode 0

Hysteresis 1 (CPnHYP/N1–0 = 00) — 0 — mV

Hysteresis 2 (CPnHYP/N1–0 = 01) — 8.5 — mV

Hysteresis 3 (CPnHYP/N1–0 = 10) — 17 — mV

Hysteresis 4 (CPnHYP/N1–0 = 11) — 34 — mV

Mode 1

Hysteresis 1 (CPnHYP/N1–0 = 00) — 0 — mV

Hysteresis 2 (CPnHYP/N1–0 = 01) — 6.5 — mV

Hysteresis 3 (CPnHYP/N1–0 = 10) — 13 — mV

Hysteresis 4 (CPnHYP/N1–0 = 11) — 26 — mV

Mode 2

Hysteresis 1 (CPnHYP/N1–0 = 00) — 0 1 mV

Hysteresis 2 (CPnHYP/N1–0 = 01) 2 5 10 mV

Hysteresis 3 (CPnHYP/N1–0 = 10) 5 10 20 mV

Hysteresis 4 (CPnHYP/N1–0 = 11) 12 20 30 mV

Mode 3

Hysteresis 1 (CPnHYP/N1–0 = 00) — 0 — mV

Hysteresis 2 (CPnHYP/N1–0 = 01) — 4.5 — mV

Hysteresis 3 (CPnHYP/N1–0 = 10) — 9 — mV

Hysteresis 4 (CPnHYP/N1–0 = 11) — 17 — mV

Table 4.17. VREG0 Electrical Characteristics
VBAT = 1.8 to 3.8 V, –40 to +85 °C unless otherwise specified.

Parameter Conditions Min Typ Max Units

Input Voltage Range 1.8 — 3.8 V

Bias Current Normal, idle, suspend, or stop mode — 20 — µA

Table 4.16. Comparator Electrical Characteristics (Continued)
VBAT = 1.8 to 3.8 V, –40 to +85 °C unless otherwise noted.

Parameter Conditions Min Typ Max Units

*Note: Vcm is the common-mode voltage on CP0+ and CP0–.
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Figure 5.5. ADC Window Compare Example: Right-Justified Single-Ended Data

Figure 5.6. ADC Window Compare Example: Left-Justified Single-Ended Data

5.6.2. ADC0 Specifications

See “4. Electrical Characteristics” on page 56 for a detailed listing of ADC0 specifications. 
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SFR Page = 0x0; SFR Address = 0x9E

SFR Definition 7.6. CPT1MX: Comparator1 Input Channel Select

Bit 7 6 5 4 3 2 1 0

Name CMX1N[3:0] CMX1P[3:0]

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

Reset 1 1 1 1 1 1 1 1

Bit Name Function

7:4 CMX1N Comparator1 Negative Input Selection.

Selects the negative input channel for Comparator1.

0000: P0.1 1000: P2.1 

0001: P0.3 1001: P2.3

0010: P0.5 1010: Reserved

0011: Reserved 1011: Reserved

0100: Reserved 1100: Compare

0101: Reserved 1101: VBAT divided by 2

0110: P1.5 1110: Digital Supply Voltage

0111: P1.7 1111: Ground

3:0 CMX1P Comparator1 Positive Input Selection.

Selects the positive input channel for Comparator1.

0000: P0.0 1000: P2.0 

0001: P0.2 1001: P2.2 

0010: P0.4 1010: Reserved

0011: P0.6 1011: Reserved

0100: Reserved 1100: Compare

0101: Reserved 1101: VBAT divided by 2

0110: P1.4 1110: VBAT Supply Voltage

0111: P1.6 1111: VDC Supply Voltage
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SFR Page = 0x2; SFR Address = 0xBE; Not Bit-Addressable

SFR Definition 13.1. CRC1CN: CRC1 Control

Bit 7 6 5 4 3 2 1 0

Name CLR DMA FLIP INV SEED

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

Reset 0 0 0 0 0 0 0 0

Bit Name Function

7 CLR Reset.
Setting this bit to 1 will reset the CRC module and set the CRC results SFR to 
the seed value as specified by the SEED bit. The CRC module should be reset 
before starting a new CRC.
This bit is self-clearing.

6:4 Reserved

3 DMA DMA Mode.
Setting this bit will configure the CRC1 module for DMA mode. 
Once a DMA channel has been configured to use accept peripheral requests 
from CRC1, setting this bit will initiate a DMA CRC operation.
This bit should be cleared after each CRC DMA transfer.

2 FLIP Flip.
Setting this bit will flip the contents of the 16-bit CRC result SFRs. 
(CRC0OUTH:CRC0OUTL)
This operation is normally performed only on the final CRC results.
This bit should be cleared before starting a new CRC computation.

1 INV Invert.
Setting this bit will invert the contents of the 16-bit CRC result SFR. 
(CRC0OUTH:CRC0OUTL)
This operation is normally performed only on the final CRC results.
This bit should be cleared before starting a new CRC computation.

0 SEED Seed Polarity.
If this bit is zero, a seed value or 0x0000 will be used.
If this bit is 1, a seed value of 0xFFFF will be used.
This bit should be set before setting the RST bit. 
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;SFR Page = All Pages; SFR Address = 0x86

SFR Definition 16.4. SFRLAST: SFR Last

Bit 7 6 5 4 3 2 1 0

Name SFRLAST[7:0]

Type R/W

Reset 0 0 0 0 0 0 0 0

Bit Name Function

7:0 SFRLAST[7:0] SFR Page Stack Bits. 

This is the value that will go to the SFRNEXT register upon a return from inter-
rupt.

Write: Sets the SFR Page in the last entry of the SFR Stack. This will cause the 
SFRNEXT SFR to have this SFR page value upon a return from interrupt.

Read: Returns the value of the SFR page contained in the last entry of the SFR 
stack.

SFR page context is retained upon interrupts/return from interrupts in a 3 byte 
SFR Page Stack: SFRPAGE is the first entry, SFRNEXT is the second, and 
SFRLAST is the third entry. The SFR stack bytes may be used alter the context 
in the SFR Page Stack, and will not cause the stack to “push” or “pop”. Only 
interrupts and return from interrupts cause pushes and pops of the SFR Page 
Stack.
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TL0 0x8A 0x0 Timer/Counter 0 Low 452

TL1 0x8B 0x0 Timer/Counter 1 Low 452

TMOD 0x89 0x0 Timer/Counter Mode 451

TMR2CN 0xC8 All Pages Timer/Counter 2 Control 457

TMR2H 0xCD 0x0 Timer/Counter 2 High 459

TMR2L 0xCC 0x0 Timer/Counter 2 Low 459

TMR2RLH 0xCB 0x0 Timer/Counter 2 Reload High 458

TMR2RLL 0xCA 0x0 Timer/Counter 2 Reload Low 458

TMR3CN 0x91 0x0 Timer/Counter 3 Control 463

TMR3H 0x95 0x0 Timer/Counter 3 High 465

TMR3L 0x94 0x0 Timer/Counter 3 Low 465

TMR3RLH 0x93 0x0 Timer/Counter 3 Reload High 464

TMR3RLL 0x92 0x0 Timer/Counter 3 Reload Low 464

TOFFH 0xBB 0xF Temperature Offset High 99

TOFFL 0xBD 0xF Temperature Offset Low 99

VDM0CN 0xFF All Pages VDD Monitor Control 282

XBR0 0xE1 0x0 and 
0xF

Port I/O Crossbar Control 0 358

XBR1 0xE2 0x0 and 
0xF

Port I/O Crossbar Control 1 359

XBR2 0xE3 0x0 and 
0xF

Port I/O Crossbar Control 2 360

Table 16.3. Special Function Registers  (Continued)

SFRs are listed in alphabetical order. All undefined SFR locations are reserved

Register Address SFR Page Description Page
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18.2.  Non-volatile Data Storage
The flash memory can be used for non-volatile data storage as well as program code. This allows data 
such as calibration coefficients to be calculated and stored at run time. Data is written using the MOVX 
write instruction and read using the MOVC instruction. Note: MOVX read instructions always target XRAM.

18.3.  Security Options
The CIP-51 provides security options to protect the flash memory from inadvertent modification by soft-
ware as well as to prevent the viewing of proprietary program code and constants. The Program Store 
Write Enable (bit PSWE in register PSCTL) and the Program Store Erase Enable (bit PSEE in register 
PSCTL) bits protect the flash memory from accidental modification by software. PSWE must be explicitly 
set to 1 before software can modify the flash memory; both PSWE and PSEE must be set to 1 before soft-
ware can erase flash memory. Additional security features prevent proprietary program code and data con-
stants from being read or altered across the C2 interface.

A Security Lock Byte located at the last byte of flash user space offers protection of the flash program 
memory from access (reads, writes, or erases) by unprotected code or the C2 interface. The flash security 
mechanism allows the user to lock n 1024-byte flash pages, starting at page 0 (addresses 0x0000 to 
0x03FF), where n is the 1s complement number represented by the Security Lock Byte. The page con-
taining the Flash Security Lock Byte is unlocked when no other flash pages are locked (all bits of 
the Lock Byte are 1) and locked when any other flash pages are locked (any bit of the Lock Byte is 
0). See example in Figure 18.1

The 128 kB flash devices (C8051F960/1/2/3) do not have a reserved area. The lock byte is at the top of 
the flash area (0x1FFFF). Writing 0x80 to the lock byte of the 128 kB devices will lock the entire flash. 

Figure 18.1. Flash Security Example

Security Lock Byte:   11111101b

ones Complement: 00000010b

Flash pages locked: 3 (First two flash pages + Lock Byte Page)

Lock Byte Page

Locked Flash Pages

Access limit set 
according to the 
FLASH security 

lock byte

Lock Byte  

Reserved Area
 

Unlocked FLASH Pages

Locked when 
any other FLASH 
pages are locked
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of an inadvertent write to the PCON register. If this behavior is not desired, the WDT may be disabled by 
software prior to entering the idle mode if the WDT was initially configured to allow this operation. This pro-
vides the opportunity for additional power savings, allowing the system to remain in the Idle mode indefi-
nitely, waiting for an external stimulus to wake up the system. Refer to Section “22.6. PCA Watchdog Timer 
Reset” on page 283 for more information on the use and configuration of the WDT.

19.3.  Stop Mode
Setting the Stop Mode Select bit (PCON.1) causes the CIP-51 to enter Stop mode as soon as the instruc-
tion that sets the bit completes execution. In Stop mode the precision internal oscillator and CPU are 
stopped; the state of the low power oscillator and the external oscillator circuit is not affected. Each analog 
peripheral (including the external oscillator circuit) may be shut down individually prior to entering Stop 
Mode. Stop mode can only be terminated by an internal or external reset. On reset, the CIP-51 performs 
the normal reset sequence and begins program execution at address 0x0000. 

If enabled, the Missing Clock Detector will cause an internal reset and thereby terminate the Stop mode. 
The Missing Clock Detector should be disabled if the CPU is to be put to in STOP mode for longer than the 
MCD timeout.

Stop Mode is a legacy 8051 power mode; it will not result in optimal power savings. Sleep, Suspend, or 
Low Power Idle mode will provide more power savings if the MCU needs to be inactive for a long period of 
time.

19.4.  Low Power Idle Mode
Low Power Idle Mode uses clock gating to reduce the supply current when the device is placed in Idle 
mode. This mode is enabled by configuring the clock tree gates using the PCLKEN register, setting the 
LPMEN bit in the CLKMODE register, and placing the device in Idle mode. The clock is automatically gated 
from the CPU upon entry into Idle mode when the LPMEN bit is set. This mode provides substantial power 
savings over the standard Idle Mode especially at high system clock frequencies.

The clock gating logic may also be used to reduce power when executing code. Low Power Active Mode is 
enabled by configuring the PCLKACT and PCLKEN registers, then setting the LPMEN bit. The PCLKACT 
register provides the ability to override the PCLKEN setting to force a clock to certain peripherals in Low 
Power Active mode. If the PCLKACT register is left at its default value, then PCLKEN determines which 
perpherals will be clocked in this mode. The CPU is always clocked in Low Power Active Mode.

Figure 19.2. Clock Tree Distribution
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SFR Page = 0xF; SFR Address = 0xFD; Bit-Addressable

SFR Definition 19.3. CLKMODE: Clock Mode

Bit 7 6 5 4 3 2 1 0

Name Reserved Reserved Reserved Reserved Reserved LPMEN Reserved Reserved

Type R/W 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

7:3 Reserved Read = 0b; Write = Must write 00000b.

2 LPMEN Low Power Mode Enable.

Setting this bit allows the device to enter Low Power Active or Idle Mode. 

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

0 Reserved Read = 0b; Must write 0b.
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SFR Address = 0xC1; SFR Page = 0x2

SFR Definition 25.4. PC0STAT: PC0 Status

Bit 7 6 5 4 3 2 1 0

Name FLUTTER DIRECTION STATE[1:0] PC1PREV PC0PREV PC1 PC0

Type RO RO RO RO RO RO RO

Reset 0 0 0 0 0 0 0 0

Bit Name Function

7 FLUTTER Flutter

During quadrature mode, a disparity may occur between the number of neg-
ative edges of PC1 and PC0 or the number of positive edges of PC1 and 
PC0. This could indicate flutter on one reed switch or one reed switch may 
be faulty.
0: No flutter detected.
1: Flutter detected.

6 DIRECTION Direction

Only applicable for quadrature mode.
(First letter is PC1; second letter is PC0)
0: Counter clock-wise - (LL-LH-HH-HL) 
1: Clock-wise - (LL-HL-HH-LH)

5:4 STATE[1:0] PC0 State

Current State of Internal State Machine.

3 PC1PREV PC1 Previous

Previous Output of PC1 Integrator.

2 PC0PREV PC0 Previous

Previous Output of PC0 Integrator.

1 PC1 PC1

Current Output of PC1 Integrator.

0 PC0 PC0

Current Output of PC0 Integrator.
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SFR Address = 0xDC; SFR Page = 0x2

SFR Address = 0xD8; SFR Page = 0x2

SFR Address = 0xDA; SFR Page = 0x2

Note: PC0CTR0L must be read before PC0CTR0M and PC0CTR0H to latch the count for reading. PC0CTRL must 
be qualified using the RDVALID bit (PC0TH[0]).

SFR Definition 25.7. PC0CTR0H: PC0 Counter 0 High (MSB)

Bit 7 6 5 4 3 2 1 0

Name PC0CTR0H[23:16]

Type R

Reset 0 0 0 0 0 0 0 0

Bit Name Function

7:0 PC0CTR0H[23:16] PC0 Counter 0 High Byte

Bits 23:16 of Counter 0.

SFR Definition 25.8. PC0CTR0M: PC0 Counter 0 Middle

Bit 7 6 5 4 3 2 1 0

Name PC0CTR0M[15:8]

Type R

Reset 0 0 0 0 0 0 0 0

Bit Name Function

7:0 PC0CTR0M[15:8] PC0 Counter 0 Middle Byte

Bits 15:8 of Counter 0.

SFR Definition 25.9. PC0CTR0L: PC0 Counter 0 Low (LSB)

Bit 7 6 5 4 3 2 1 0

Name PC0CTR0L[7:0]

Type R

Reset 0 0 0 0 0 0 0 0

Bit Name Function

7:0 PC0CTR0L[7:0] PC0 Counter 0 Low Byte

Bits 7:0 of Counter 0.



C8051F96x

Rev. 1.0 344

26.4.  Adjusting the VBAT Monitor Threshold
The VBAT Monitor is used primarily for the contrast control function, to detect when VBAT has fallen below 
a specific threshold. The VBAT monitor threshold may be set independently of the contrast setting or it may 
be linked to the contrast setting. When the VBAT monitor threshold is linked to the contrast setting, an off-
set (in 60mV steps) may be configured so that the VBAT monitor generates a VBAT low condition prior to 
VBAT dropping below the programmed contrast voltage. The LCD0VBMCN register is used to enable and 
configure the VBAT Monitor. The VBAT monitor may be enabled as a wake-up source to wake up the 
device from Sleep mode when the battery is getting low. See the Power Management chapter for more 
details.

SFR Page = 0x2; SFR Address = 0xA6

SFR Definition 26.7. LCD0VBMCN: LCD0 VBAT Monitor Control

Bit 7 6 5 4 3 2 1 0

Name VBATMEN OFFSET THRLD[4:0]

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

Reset 0 0 0 0 0 0 0 0

Bit Name Function

7 VBATMEN VBAT Monitor Enable

The VBAT Monitor should be enabled in Contrast Control Mode 2, Mode 3, and 
Mode 4.
0: The VBAT Monitor is disabled.
1: The VBAT Monitor is enabled.

6 OFFSET VBAT Monitor Offset Enable

0: The VBAT Monitor Threshold is independent of the contrast setting.
1: The VBAT Monitor Threshold is linked to the contrast setting.

5 Unused Read = 0. Write = Don’t Care.

4:0 THRLD[4:0] VBAT Monitor Threshold

If OFFSET is set to 0b, this bit field has the same defintion as the CNTRST bit field 
and can be programmed independently of the contrast.

If OFFSET is set to 1b, this bit field is interpreted as an offset to the currently pro-
grammed contrast setting. The LCD0CNTRST register should be written before 
setting OFFSET to logic 1 and should not be changed as long as VBAT Moni-
tor Offset is enabled. When THRLD[4:0] is set to 00000b, the VBAT monitor 
threshold is equal to the contrast voltage. When THRLD[4:0] is set to 00001b, the 
VBAT monitor threshold is one step higher than the contrast voltage. The step size 
is equal to the step size of the CNTRST bit field.
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27.4.  Port Match
Port match functionality allows system events to be triggered by a logic value change on P0 or P1. A soft-
ware controlled value stored in the PnMAT registers specifies the expected or normal logic values of P0 
and P1. A Port mismatch event occurs if the logic levels of the Port’s input pins no longer match the soft-
ware controlled value. This allows Software to be notified if a certain change or pattern occurs on P0 or P1 
input pins regardless of the XBRn settings.

The PnMASK registers can be used to individually select which P0 and P1 pins should be compared 
against the PnMAT registers. A Port mismatch event is generated if (P0 & P0MASK) does not equal 
(PnMAT & P0MASK) or if (P1 & P1MASK) does not equal (PnMAT & P1MASK). 

A Port mismatch event may be used to generate an interrupt or wake the device from a low power mode. 
See Section “17. Interrupt Handler” on page 232 and Section “19. Power Management” on page 257 for 
more details on interrupt and wake-up sources.

SFR Page= 0x0; SFR Address = 0xC7

SFR Page= 0x0; SFR Address = 0xD7

SFR Definition 27.4. P0MASK: Port0 Mask Register

Bit 7 6 5 4 3 2 1 0

Name P0MASK[7:0]

Type R/W

Reset 0 0 0 0 0 0 0 0

Bit Name Function

7:0 P0MASK[7:0] Port0 Mask Value.

Selects the P0 pins to be compared with the corresponding bits in P0MAT.
0: P0.n pin pad logic value is ignored and cannot cause a Port Mismatch event.
1: P0.n pin pad logic value is compared to P0MAT.n.

SFR Definition 27.5. P0MAT: Port0 Match Register

Bit 7 6 5 4 3 2 1 0

Name P0MAT[7:0]

Type R/W

Reset 1 1 1 1 1 1 1 1

Bit Name Function

7:0 P0MAT[7:0] Port 0 Match Value.

Match comparison value used on Port 0 for bits in P0MASK which are set to 1.
0: P0.n pin logic value is compared with logic LOW.
1: P0.n pin logic value is compared with logic HIGH.
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The SMBCS1–0 bits select the SMBus clock source, which is used only when operating as a master or 
when the Free Timeout detection is enabled. When operating as a master, overflows from the selected 
source determine the absolute minimum SCL low and high times as defined in Equation 28.1. The 
selected clock source may be shared by other peripherals so long as the timer is left running at all times. 
For example, Timer 1 overflows may generate the SMBus and UART baud rates simultaneously. Timer 
configuration is covered in Section “32. Timers” on page 444.

Equation 28.1. Minimum SCL High and Low Times
The selected clock source should be configured to establish the minimum SCL High and Low times as per 
Equation 28.1. When the interface is operating as a master (and SCL is not driven or extended by any 
other devices on the bus), the typical SMBus bit rate is approximated by Equation 28.1.

Equation 28.2. Typical SMBus Bit Rate
Figure 28.4 shows the typical SCL generation described by Equation 28.2. Notice that THIGH is typically 
twice as large as TLOW. The actual SCL output may vary due to other devices on the bus (SCL may be 
extended low by slower slave devices, or driven low by contending master devices). The bit rate when 
operating as a master will never exceed the limits defined by Equation 28.2.

Figure 28.4. Typical SMBus SCL Generation

Setting the EXTHOLD bit extends the minimum setup and hold times for the SDA line. The minimum SDA 
setup time defines the absolute minimum time that SDA is stable before SCL transitions from low-to-high. 
The minimum SDA hold time defines the absolute minimum time that the current SDA value remains stable 
after SCL transitions from high-to-low. EXTHOLD should be set so that the minimum setup and hold times 
meet the SMBus Specification requirements of 250 ns and 300 ns, respectively. Table 28.2 shows the min-
imum setup and hold times for the two EXTHOLD settings. Setup and hold time extensions are typically 
necessary when SYSCLK is above 10 MHz.

Table 28.1. SMBus Clock Source Selection

SMBCS1 SMBCS0 SMBus Clock Source
0 0 Timer 0 Overflow
0 1 Timer 1 Overflow
1 0 Timer 2 High Byte Overflow
1 1 Timer 2 Low Byte Overflow

THighMin TLowMin
1

fClockSourceOverflow
----------------------------------------------= =

BitRate
fClockSourceOverflow

3
----------------------------------------------=

SCL

Timer Source
Overflows

SCL High TimeoutTLow THigh
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31.5. Serial Clock Phase and Polarity

Four combinations of serial clock phase and polarity can be selected using the clock control bits in the 
SPI1 Configuration Register (SPI1CFG). The CKPHA bit (SPI1CFG.5) selects one of two clock phases 
(edge used to latch the data). The CKPOL bit (SPI1CFG.4) selects between an active-high or active-low 
clock. Both master and slave devices must be configured to use the same clock phase and polarity. SPI1 
should be disabled (by clearing the SPIEN bit, SPI1CN.0) when changing the clock phase or polarity. The 
clock and data line relationships for master mode are shown in Figure 31.5. For slave mode, the clock and 
data relationships are shown in Figure 31.6 and Figure 31.7. Note that CKPHA should be set to 0 on both 
the master and slave SPI when communicating between two Silicon Labs C8051 devices.

The SPI1 Clock Rate Register (SPI1CKR) as shown in SFR Definition 31.3 controls the master mode 
serial clock frequency. This register is ignored when operating in slave mode. When the SPI is configured 
as a master, the maximum data transfer rate (bits/sec) is one-half the system clock frequency or 12.5 MHz, 
whichever is slower. When the SPI is configured as a slave, the maximum data transfer rate (bits/sec) for 
full-duplex operation is 1/10 the system clock frequency, provided that the master issues SCK, NSS (in 4-
wire slave mode), and the serial input data synchronously with the slave’s system clock. If the master 
issues SCK, NSS, and the serial input data asynchronously, the maximum data transfer rate (bits/sec) 
must be less than 1/10 the system clock frequency. In the special case where the master only wants to 
transmit data to the slave and does not need to receive data from the slave (i.e. half-duplex operation), the 
SPI slave can receive data at a maximum data transfer rate (bits/sec) of 1/4 the system clock frequency. 
This is provided that the master issues SCK, NSS, and the serial input data synchronously with the slave’s 
system clock.

Figure 31.5. Master Mode Data/Clock Timing
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To to initiate a fixed-length SPI Slave mode bidirectional data transfer:

1. Configure the SPI1 SFRs normally for Slave mode.

a. Enable Slave mode by clearing bit 6 in SPI1CFG.

b. Configure the clock polarity CKPOL and clock phase CKPHA as desired in SPI1CFG.

c. Configure SPI1CKR for the desired SPI clock rate.

d. Configure SPI1CN for 4-wire slave mode.

e. Enable the SPI by setting bit 0 of SPI1CN. 

2. Configure the first DMA channel for the XRAM-to-SPI1DATA transfer:

a. Disable the first DMA channel by clearing the corresponding bit in DMA0EN.

b. Select the first DMA channel by writing to DMA0SEL.

c. Configure the selected DMA channel to use the XRAM-to-SPI1DAT peripheral request by writing 
0x03 to DMA0NCF.

d. Write 0 to DMA0NMD to disable wrapping.

e. Write the address of the first byte of the slave output (MISO) data to DMA0NBAH:L.

f. Write the size of the SPI transfer in bytes to DMA0NSZH:L.

g. Clear the address offset SFRs DMA0A0H:L.

3. Configure the second DMA channel for the SPI1DAT-to-XRAM transfer:

a. Disable the second DMA channel by clearing the corresponding bit in DMA0EN.

b. Select the second DMA channel by writing to DMA0SEL.

c. Configure the selected DMA channel to use the SPI1DAT-to-XRAM peripheral request by writing 
0x04 to DMA0NCF.

d. Enable DMA interrupts for the second channel by setting bit 7 of DMA0NCF. 

e. Write 0 to DMA0NMD to disable wrapping.

f. Write the address for the first byte of the slave input (MOSI) data to DMA0NBAH:L.

g. Write the size of the SPI transfer in bytes to DMA0NSZH:L.

h. Clear the address offset SFRs DMA0A0H:L.

i. Enable the interrupt on the second channel by setting the corresponding bit in DMA0INT.

j. Enable DMA interrupts by setting bit 5 of EIE2.

4. Clear the interrupt bits in DMA0INT for both channels.

5. Enable both channels by setting the corresponding bits in the DMA0EN SFR to initiate the SPI 
transfer operation.

6. Wait on the DMA interrupt.

7. Clear the DMA enables in the DMA0EN SFR.

8. Clear the DMA interrupts in the DMA0INT SFR.


