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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

Details

Product Status Obsolete

Core Processor 8051

Core Size 8-Bit

Speed 25MHz

Connectivity SMBus (2-Wire/I²C), SPI, UART/USART, USB

Peripherals Brown-out Detect/Reset, POR, PWM, Temp Sensor, WDT

Number of I/O 21

Program Memory Size 16KB (16K x 8)

Program Memory Type FLASH

EEPROM Size -

RAM Size 2.25K x 8

Voltage - Supply (Vcc/Vdd) 2.7V ~ 3.6V

Data Converters A/D 13x10b

Oscillator Type Internal

Operating Temperature -40°C ~ 85°C (TA)

Mounting Type Surface Mount

Package / Case 28-VFQFN Exposed Pad

Supplier Device Package 28-MLP (5x5)

Purchase URL https://www.e-xfl.com/product-detail/silicon-labs/c8051f321

Email: info@E-XFL.COM Address: Room A, 16/F, Full Win Commercial Centre, 573 Nathan Road, Mongkok, Hong Kong

https://www.e-xfl.com/product/pdf/c8051f321-4427837
https://www.e-xfl.com
https://www.e-xfl.com/product/filter/embedded-microcontrollers
https://www.e-xfl.com/product/filter/embedded-microcontrollers
https://www.e-xfl.com/product/filter/embedded-microcontrollers
https://www.e-xfl.com/product/filter/embedded-microcontrollers
https://www.e-xfl.com/product/filter/embedded-microcontrollers


C8051F320/1
17.1.Enhanced Baud Rate Generation...................................................................................194
17.2.Operational Modes ........................................................................................................195

17.2.1. 8-Bit UART .........................................................................................................195
17.2.2. 9-Bit UART .........................................................................................................196

17.3.Multiprocessor Communications...................................................................................197
18. ENHANCED SERIAL PERIPHERAL INTERFACE (SPI0) .........................................203

18.1.Signal Descriptions........................................................................................................204
18.1.1. Master Out, Slave In (MOSI) ..............................................................................204
18.1.2. Master In, Slave Out (MISO) ..............................................................................204
18.1.3. Serial Clock (SCK) ..............................................................................................204
18.1.4. Slave Select (NSS)...............................................................................................204

18.2.SPI0 Master Mode Operation........................................................................................205
18.3.SPI0 Slave Mode Operation ..........................................................................................207
18.4.SPI0 Interrupt Sources...................................................................................................207
18.5.Serial Clock Timing ......................................................................................................208
18.6.SPI Special Function Registers .....................................................................................210

19. TIMERS ...............................................................................................................................217
19.1.Timer 0 and Timer 1......................................................................................................217

19.1.1. Mode 0: 13-bit Counter/Timer.............................................................................217
19.1.2. Mode 1: 16-bit Counter/Timer.............................................................................218
19.1.3. Mode 2: 8-bit Counter/Timer with Auto-Reload.................................................219
19.1.4. Mode 3: Two 8-bit Counter/Timers (Timer 0 Only) ...........................................220

19.2.Timer 2 .......................................................................................................................225
19.2.1. 16-bit Timer with Auto-Reload ...........................................................................225
19.2.2. 8-bit Timers with Auto-Reload............................................................................226
19.2.3. USB Start-of-Frame Capture ...............................................................................227

19.3.Timer 3 .......................................................................................................................230
19.3.1. 16-bit Timer with Auto-Reload ...........................................................................230
19.3.2. 8-bit Timers with Auto-Reload............................................................................231
19.3.3. USB Start-of-Frame Capture ...............................................................................232

20. PROGRAMMABLE COUNTER ARRAY (PCA0) .........................................................235
20.1.PCA Counter/Timer.......................................................................................................236
20.2.Capture/Compare Modules............................................................................................237

20.2.1. Edge-triggered Capture Mode .............................................................................238
20.2.2. Software Timer (Compare) Mode........................................................................239
20.2.3. High Speed Output Mode ....................................................................................240
20.2.4. Frequency Output Mode ......................................................................................241
20.2.5. 8-Bit Pulse Width Modulator Mode ....................................................................242
20.2.6. 16-Bit Pulse Width Modulator Mode ..................................................................244

20.3.Watchdog Timer Mode..................................................................................................246
20.3.1. Watchdog Timer Operation .................................................................................246
20.3.2. Watchdog Timer Usage .......................................................................................247

20.4.Register Descriptions for PCA ......................................................................................248
21. C2 INTERFACE ..................................................................................................................253

21.1.C2 Interface Registers ...................................................................................................253
6 Rev. 1.1



C8051F320/1
Figure 14.16. P2MDIN: Port2 Input Mode Register .............................................................139
Figure 14.17. P2MDOUT: Port2 Output Mode Register.......................................................140
Figure 14.18. P2SKIP: Port2 Skip Register...........................................................................140
Figure 14.19. P3: Port3 Register............................................................................................141
Figure 14.20. P3MDIN: Port3 Input Mode Register .............................................................141
Figure 14.21. P3MDOUT: Port3 Output Mode Register.......................................................142
Table 14.1. Port I/O DC Electrical Characteristics ..............................................................142

15. UNIVERSAL SERIAL BUS CONTROLLER (USB0) ...................................................143
Figure 15.1. USB0 Block Diagram........................................................................................143
Table 15.1. Endpoint Addressing Scheme............................................................................144
Figure 15.2. USB0XCN: USB0 Transceiver Control............................................................145
Figure 15.3. USB0 Register Access Scheme.........................................................................146
Figure 15.4. USB0ADR: USB0 Indirect Address Register ...................................................147
Figure 15.5. USB0DAT: USB0 Data Register ......................................................................148
Figure 15.6. INDEX: USB0 Endpoint Index (USB Register) ...............................................148
Table 15.2. USB0 Controller Registers ................................................................................149
Figure 15.7. CLKREC: Clock Recovery Control (USB Register) ........................................150
Figure 15.8. USB FIFO Allocation........................................................................................151
Table 15.3. FIFO Configurations .........................................................................................152
Figure 15.9. FIFOn: USB0 Endpoint FIFO Access (USB Registers) ...................................152
Figure 15.10. FADDR: USB0 Function Address (USB Register) ........................................153
Figure 15.11. POWER: USB0 Power (USB Register) ..........................................................155
Figure 15.12. FRAMEL: USB0 Frame Number Low (USB Register) .................................156
Figure 15.13. FRAMEH: USB0 Frame Number High (USB Register) ................................156
Figure 15.14. IN1INT: USB0 IN Endpoint Interrupt (USB Register)...................................157
Figure 15.15. OUT1INT: USB0 Out Endpoint Interrupt (USB Register).............................158
Figure 15.16. CMINT: USB0 Common Interrupt (USB Register)........................................159
Figure 15.17. IN1IE: USB0 IN Endpoint Interrupt Enable (USB Register) .........................160
Figure 15.18. OUT1IE: USB0 Out Endpoint Interrupt Enable (USB Register)....................160
Figure 15.19. CMIE: USB0 Common Interrupt Enable (USB Register) ..............................161
Figure 15.20. E0CSR: USB0 Endpoint0 Control (USB Register) ........................................164
Figure 15.21. E0CNT: USB0 Endpoint 0 Data Count (USB Register) .................................165
Figure 15.22. EINCSRL: USB0 IN Endpoint Control High Byte (USB Register) ...............168
Figure 15.23. EINCSRH: USB0 IN Endpoint Control Low Byte (USB Register) ...............169
Figure 15.24. EOUTCSRL: USB0 OUT Endpoint Control High Byte (USB Register) .......171
Figure 15.25. EOUTCSRH: USB0 OUT Endpoint Control Low Byte (USB Register) .......172
Figure 15.26. EOUTCNTL: USB0 OUT Endpoint Count Low (USB Register) ..................172
Figure 15.27. EOUTCNTH: USB0 OUT Endpoint Count High (USB Register) .................172
Table 15.4. USB Transceiver Electrical Characteristics ......................................................173

16. SMBUS .................................................................................................................................175
Figure 16.1. SMBus Block Diagram .....................................................................................175
Figure 16.2. Typical SMBus Configuration ..........................................................................176
Figure 16.3. SMBus Transaction ...........................................................................................177
Table 16.1. SMBus Clock Source Selection.........................................................................180
Figure 16.4. Typical SMBus SCL Generation.......................................................................181
12 Rev. 1.1



C8051F320/1
Table 16.2. Minimum SDA Setup and Hold Times .............................................................181
Figure 16.5. SMB0CF: SMBus Clock/Configuration Register .............................................182
Figure 16.6. SMB0CN: SMBus Control Register .................................................................184
Table 16.3. Sources for Hardware Changes to SMB0CN ....................................................185
Figure 16.7. SMB0DAT: SMBus Data Register ...................................................................186
Figure 16.8. Typical Master Transmitter Sequence...............................................................187
Figure 16.9. Typical Master Receiver Sequence ...................................................................188
Figure 16.10. Typical Slave Receiver Sequence ...................................................................189
Figure 16.11. Typical Slave Transmitter Sequence ...............................................................190
Table 16.4. SMBus Status Decoding....................................................................................191

17. UART0 .................................................................................................................................193
Figure 17.1. UART0 Block Diagram.....................................................................................193
Figure 17.2. UART0 Baud Rate Logic ..................................................................................194
Figure 17.3. UART Interconnect Diagram ............................................................................195
Figure 17.4. 8-Bit UART Timing Diagram ...........................................................................195
Figure 17.5. 9-Bit UART Timing Diagram ...........................................................................196
Figure 17.6. UART Multi-Processor Mode Interconnect Diagram .......................................197
Figure 17.7. SCON0: Serial Port 0 Control Register.............................................................198
Figure 17.8. SBUF0: Serial (UART0) Port Data Buffer Register .........................................199
Table 17.1. Timer Settings for Standard Baud Rates Using The Internal Oscillator ...........200
Table 17.2. Timer Settings for Standard Baud Rates Using an External Oscillator.............200
Table 17.3. Timer Settings for Standard Baud Rates Using an External Oscillator.............201
Table 17.4. Timer Settings for Standard Baud Rates Using an External Oscillator.............201
Table 17.5. Timer Settings for Standard Baud Rates Using an External Oscillator.............202
Table 17.6. Timer Settings for Standard Baud Rates Using an External Oscillator.............202

18. ENHANCED SERIAL PERIPHERAL INTERFACE (SPI0) ........................................203
Figure 18.1. SPI Block Diagram............................................................................................203
Figure 18.2. Multiple-Master Mode Connection Diagram ....................................................206
Figure 18.3. 3-Wire Single Master and 3-Wire Single Slave Mode Connection Diagram ...206
Figure 18.4. 4-Wire Single Master Mode and 4-Wire Slave Mode Connection Diagram ....206
Figure 18.5. Master Mode Data/Clock Timing......................................................................208
Figure 18.6. Slave Mode Data/Clock Timing (CKPHA = 0) ................................................209
Figure 18.7. Slave Mode Data/Clock Timing (CKPHA = 1) ................................................209
Figure 18.8. SPI0CFG: SPI0 Configuration Register............................................................210
Figure 18.9. SPI0CN: SPI0 Control Register ........................................................................211
Figure 18.10. SPI0CKR: SPI0 Clock Rate Register ..............................................................212
Figure 18.11. SPI0DAT: SPI0 Data Register ........................................................................213
Figure 18.12. SPI Master Timing (CKPHA = 0) ...................................................................214
Figure 18.13. SPI Master Timing (CKPHA = 1) ...................................................................214
Figure 18.14. SPI Slave Timing (CKPHA = 0) .....................................................................215
Figure 18.15. SPI Slave Timing (CKPHA = 1) .....................................................................215
Table 18.1. SPI Slave Timing Parameters............................................................................216

19. TIMERS  ..............................................................................................................................217
Figure 19.1. T0 Mode 0 Block Diagram................................................................................218
Figure 19.2. T0 Mode 2 Block Diagram................................................................................219
Rev. 1.1 13



C8051F320/1
1.1. CIP-51™ Microcontroller Core

1.1.1. Fully 8051 Compatible

The C8051F320/1 family utilizes Silicon Labs' proprietary CIP-51 microcontroller core. The CIP-51 is fully compat-
ible with the MCS-51™ instruction set; standard 803x/805x assemblers and compilers can be used to develop soft-
ware. The CIP-51 core offers all the peripherals included with a standard 8052, including four 16-bit counter/timers, 
a full-duplex UART with extended baud rate configuration, an enhanced SPI port, 2304 bytes of on-chip RAM, 
128 byte Special Function Register (SFR) address space, and 25/21 I/O pins.

1.1.2. Improved Throughput

The CIP-51 employs a pipelined architecture that greatly increases its instruction throughput over the standard 8051 
architecture. In a standard 8051, all instructions except for MUL and DIV take 12 or 24 system clock cycles to exe-
cute with a maximum system clock of 12-to-24 MHz. By contrast, the CIP-51 core executes 70% of its instructions in 
one or two system clock cycles, with only four instructions taking more than four system clock cycles. 

The CIP-51 has a total of 109 instructions. The table below shows the total number of instructions that require each 
execution time.

With the CIP-51's maximum system clock at 25 MHz, it has a peak throughput of 25 MIPS. Figure 1.3 shows a com-
parison of peak throughputs for various 8-bit microcontroller cores with their maximum system clocks.

Clocks to Execute 1 2 2/3 3 3/4 4 4/5 5 8

Number of Instructions 26 50 5 14 7 3 1 2 1
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C8051F320/1
4. PINOUT AND PACKAGE DEFINITIONS

Table 4.1. Pin Definitions for the C8051F320/1

Name
Pin Numbers

Type Description
‘F320 ‘F321

VDD 6 6

Power In

Power 
Out

2.7-3.6 V Power Supply Voltage Input.

3.3 V Voltage Regulator Output. See Section 8.

GND 3 3 Ground.

/RST/

C2CK

9 9

D I/O

D I/O

Device Reset. Open-drain output of internal POR or VDD moni-
tor. An external source can initiate a system reset by driving this 
pin low for at least 15 µs. See Section 10.

Clock signal for the C2 Debug Interface.

P3.0/

C2D
10 10

D I/O

D I/O

Port 3.0. See Section 14 for a complete description.

Bi-directional data signal for the C2 Debug Interface.

REGIN 7 7 Power In 5 V Regulator Input. This pin is the input to the on-chip voltage 
regulator. 

VBUS 8 8 D In
VBUS Sense Input. This pin should be connected to the VBUS 
signal of a USB network. A 5 V signal on this pin indicates a USB 
network connection.

D+ 4 4 D I/O USB D+.

D- 5 5 D I/O USB D-.

P0.0 2 2 D I/O Port 0.0. See Section 14 for a complete description.

P0.1 1 1 D I/O Port 0.1. See Section 14 for a complete description.

P0.2/

XTAL1

32 28

D I/O

A In

Port 0.2. See Section 14 for a complete description.

External Clock Input. This pin is the external oscillator return for 
a crystal or resonator. See Section 13.

P0.3/

XTAL2

31 27

D I/O

A I/O or
D In

Port 0.3. See Section 14 for a complete description.

External Clock Output. This pin is the excitation driver for an 
external crystal or resonator, or an external clock input for CMOS, 
capacitor, or RC oscillator configurations. See Section 13.

P0.4 30 26 D I/O Port 0.4. See Section 14 for a complete description.

P0.5 29 25 D I/O Port 0.5. See Section 14 for a complete description.
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C8051F320/1
5. 10-BIT ADC (ADC0)
The ADC0 subsystem for the C8051F320/1 consists of two analog multiplexers (referred to collectively as AMUX0) 
with 17 total input selections, and a 200 ksps, 10-bit successive-approximation-register ADC with integrated track-
and-hold and programmable window detector. The AMUX0, data conversion modes, and window detector are all 
configurable under software control via the Special Function Registers shown in Figure 5.1. ADC0 operates in both 
Single-ended and Differential modes, and may be configured to measure P1.0-P3.0, the Temperature Sensor output, 
or VDD with respect to P1.0-P3.0, VREF, or GND. The ADC0 subsystem is enabled only when the AD0EN bit in the 
ADC0 Control register (ADC0CN) is set to logic 1. The ADC0 subsystem is in low power shutdown when this bit is 
logic 0. 
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C8051F320/1
Figure 5.9. ADC0L: ADC0 Data Word LSB Register

Bits7-0: ADC0 Data Word Low-Order Bits.
For AD0LJST = 0: Bits 7-0 are the lower 8 bits of the 10-bit Data Word.
For AD0LJST = 1: Bits 7-6 are the lower 2 bits of the 10-bit Data Word. Bits 5-0 will always read ‘0’.

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:

0xBD
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C8051F320/1
Figure 7.7. CPT1CN: Comparator1 Control Register

Bit7: CP1EN: Comparator1 Enable Bit.
0: Comparator1 Disabled.
1: Comparator1 Enabled.

Bit6: CP1OUT: Comparator1 Output State Flag.
0: Voltage on CP1+ < CP1-.
1: Voltage on CP1+ > CP1-.

Bit5: CP1RIF: Comparator1 Rising-Edge Flag.
0: No Comparator1 Rising Edge has occurred since this flag was last cleared.
1: Comparator1 Rising Edge has occurred.

Bit4: CP1FIF: Comparator1 Falling-Edge Flag.
0: No Comparator1 Falling-Edge has occurred since this flag was last cleared.
1: Comparator1 Falling-Edge has occurred.

Bits3-2: CP1HYP1-0: Comparator1 Positive Hysteresis Control Bits.
00: Positive Hysteresis Disabled.
01: Positive Hysteresis = 5 mV.
10: Positive Hysteresis = 10 mV.
11: Positive Hysteresis = 20 mV.

Bits1-0: CP1HYN1-0: Comparator1 Negative Hysteresis Control Bits.
00: Negative Hysteresis Disabled.
01: Negative Hysteresis = 5 mV.
10: Negative Hysteresis = 10 mV.
11: Negative Hysteresis = 20 mV.

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

CP1EN CP1OUT CP1RIF CP1FIF CP1HYP1 CP1HYP0 CP1HYN1 CP1HYN0 00000000
Bit7 Bit6 Bit5 Bit4 Bit3 Bit2 Bit1 Bit0 SFR Address:

0x9A
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C8051F320/1
Figure 7.9. CPT1MD: Comparator1 Mode Selection Register

Bits7-6: UNUSED. Read = 00b, Write = don’t care.
Bit5: CP1RIE: Comparator1 Rising-Edge Interrupt Enable.

0: Comparator1 rising-edge interrupt disabled.
1: Comparator1 rising-edge interrupt enabled.

Bit4: CP1FIE: Comparator1 Falling-Edge Interrupt Enable.
0: Comparator1 falling-edge interrupt disabled.
1: Comparator1 falling-edge interrupt enabled.

Bits1-0: CP1MD1-CP1MD0: Comparator1 Mode Select.
These bits select the response time for Comparator1. 

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

- - CP1RIE CP1FIE - - CP1MD1 CP1MD0 00000010
Bit7 Bit6 Bit5 Bit4 Bit3 Bit2 Bit1 Bit0 SFR Address:

0x9C

Mode CP1MD1 CP1MD0 CP1 Response Time (TYP)
0 0 0 100 ns
1 0 1 175 ns
2 1 0 320 ns
3 1 1 1050 ns
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C8051F320/1
10.1. Power-On Reset
During power-up, the device is held in a reset state and the /RST pin is driven low until VDD settles above VRST. A 
Power-On Reset delay (TPORDelay) occurs before the device is released from reset; this delay is typically less than 
0.3 ms. Figure 10.2. plots the power-on and VDD monitor reset timing.

On exit from a power-on reset, the PORSF flag (RSTSRC.1) is set by hardware to logic 1. When PORSF is set, all of 
the other reset flags in the RSTSRC Register are indeterminate (PORSF is cleared by all other resets). Since all resets 
cause program execution to begin at the same location (0x0000) software can read the PORSF flag to determine if a 
power-up was the cause of reset. The content of internal data memory should be assumed to be undefined after a 
power-on reset. The VDD monitor is enabled following a power-on reset.

Software can force a power-on reset by writing ‘1’ to the PINRSF bit in register RSTSRC.

Power-On
Reset

VDD
Monitor
Reset

/RST

t

vo
lts

1.0

2.0

Logic HIGH

Logic LOW
TPORDelay

VD
D

2.70
2.4

VRST

VDD

Figure 10.2. Power-On and VDD Monitor Reset Timing
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C8051F320/1
Figure 14.9. P0MDOUT: Port0 Output Mode Register

Bits7-0: Output Configuration Bits for P0.7-P0.0 (respectively): ignored if corresponding bit in register 
P0MDIN is logic 0.
0: Corresponding P0.n Output is open-drain.
1: Corresponding P0.n Output is push-pull.

(Note: When SDA and SCL appear on any of the Port I/O, each are open-drain regardless of the value 
of P0MDOUT).

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:

0xA4

Figure 14.10. P0SKIP: Port0 Skip Register

Bits7-0: P0SKIP[7:0]: Port0 Crossbar Skip Enable Bits.
These bits select Port pins to be skipped by the Crossbar Decoder. Port pins used as analog inputs (for 
ADC or Comparator) or used as special functions (VREF input, external oscillator circuit, CNVSTR 
input) should be skipped by the Crossbar.
0: Corresponding P0.n pin is not skipped by the Crossbar.
1: Corresponding P0.n pin is skipped by the Crossbar.

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:

0xD4
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Figure 15.23. EINCSRH: USB0 IN Endpoint Control Low Byte (USB Register)

Bit7: DBIEN: IN Endpoint Double-buffer Enable.
0: Double-buffering disabled for the selected IN endpoint.
1: Double-buffering enabled for the selected IN endpoint.

Bit6: ISO: Isochronous Transfer Enable.
This bit enables/disables isochronous transfers on the current endpoint.
0: Endpoint configured for bulk/interrupt transfers.
1: Endpoint configured for isochronous transfers.

Bit5: DIRSEL: Endpoint Direction Select.
This bit is valid only when the selected FIFO is not split (SPLIT = ‘0’).
0: Endpoint direction selected as OUT.
1: Endpoint direction selected as IN.

Bit4: Unused. Read = ‘0’. Write = don’t care.
Bit3: FCDT: Force Data Toggle.

0: Endpoint data toggle switches only when an ACK is received following a data packet transmission.
1: Endpoint data toggle forced to switch after every data packet is transmitted, regardless of ACK 
reception.

Bit2: SPLIT: FIFO Split Enable.
When SPLIT = ‘1’, the selected endpoint FIFO is split. The upper half of the selected FIFO is used by 
the IN endpoint; the lower half of the selected FIFO is used by the OUT endpoint.

Bits1-0: Unused. Read = 00b; Write = don’t care.

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

DBIEN ISO DIRSEL - FCDT SPLIT - - 00000000
Bit7 Bit6 Bit5 Bit4 Bit3 Bit2 Bit1 Bit0 USB Address:

0x12
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Table 17.3. Timer Settings for Standard Baud Rates Using an External Oscillator
Frequency: 22.1184 MHz
Target 
Baud Rate 
(bps)

Baud Rate 
% Error

 Oscillator 
Divide 
Factor

Timer Clock 
Source

SCA1-SCA0
(pre-scale select)†

T1M† Timer 1 
Reload 
Value (hex)

SY
SC

LK
 fr

om
 

Ex
te

rn
al

 O
sc

.

230400 0.00% 96 SYSCLK XX 1 0xD0
115200 0.00% 192 SYSCLK XX 1 0xA0
57600 0.00% 384 SYSCLK XX 1 0x40
28800 0.00% 768 SYSCLK / 12 00 0 0xE0
14400 0.00% 1536 SYSCLK / 12 00 0 0xC0
9600 0.00% 2304 SYSCLK / 12 00 0 0xA0
2400 0.00% 9216 SYSCLK / 48 10 0 0xA0
1200 0.00% 18432 SYSCLK / 48 10 0 0x40

SY
SC

LK
 fr

om
 

In
te

rn
al

 O
sc

.

230400 0.00% 96 EXTCLK / 8 11 0 0xFA
115200 0.00% 192 EXTCLK / 8 11 0 0xF4
57600 0.00% 384 EXTCLK / 8 11 0 0xE8
28800 0.00% 768 EXTCLK / 8 11 0 0xD0
14400 0.00% 1536 EXTCLK / 8 11 0 0xA0
9600 0.00% 2304 EXTCLK / 8 11 0 0x70

X = Don’t care
†SCA1-SCA0 and T1M bit definitions can be found in Section 19.1.

Table 17.4. Timer Settings for Standard Baud Rates Using an External Oscillator
Frequency: 18.432 MHz
Target 
Baud Rate 
(bps)

Baud Rate 
% Error

 Oscillator 
Divide 
Factor

Timer Clock 
Source

SCA1-SCA0
(pre-scale select)†

T1M† Timer 1 
Reload 
Value (hex)

SY
SC

LK
 fr

om
 

Ex
te

rn
al

 O
sc

.

230400 0.00% 80 SYSCLK XX 1 0xD8
115200 0.00% 160 SYSCLK XX 1 0xB0
57600 0.00% 320 SYSCLK XX 1 0x60
28800 0.00% 640 SYSCLK / 4 01 0 0xB0
14400 0.00% 1280 SYSCLK / 4 01 0 0x60
9600 0.00% 1920 SYSCLK / 12 00 0 0xB0
2400 0.00% 7680 SYSCLK / 48 10 0 0xB0
1200 0.00% 15360 SYSCLK / 48 10 0 0x60

SY
SC

LK
 fr

om
 

In
te

rn
al

 O
sc

.

230400 0.00% 80 EXTCLK / 8 11 0 0xFB
115200 0.00% 160 EXTCLK / 8 11 0 0xF6
57600 0.00% 320 EXTCLK / 8 11 0 0xEC
28800 0.00% 640 EXTCLK / 8 11 0 0xD8
14400 0.00% 1280 EXTCLK / 8 11 0 0xB0
9600 0.00% 1920 EXTCLK / 8 11 0 0x88

X = Don’t care
†SCA1-SCA0 and T1M bit definitions can be found in Section 19.1.
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18.2. SPI0 Master Mode Operation
A SPI master device initiates all data transfers on a SPI bus. SPI0 is placed in master mode by setting the Master 
Enable flag (MSTEN, SPI0CN.6). Writing a byte of data to the SPI0 data register (SPI0DAT) when in master mode 
writes to the transmit buffer. If the SPI shift register is empty, the byte in the transmit buffer is moved to the shift reg-
ister, and a data transfer begins. The SPI0 master immediately shifts out the data serially on the MOSI line while pro-
viding the serial clock on SCK. The SPIF (SPI0CN.7) flag is set to logic 1 at the end of the transfer. If interrupts are 
enabled, an interrupt request is generated when the SPIF flag is set. While the SPI0 master transfers data to a slave on 
the MOSI line, the addressed SPI slave device simultaneously transfers the contents of its shift register to the SPI 
master on the MISO line in a full-duplex operation. Therefore, the SPIF flag serves as both a transmit-complete and 
receive-data-ready flag. The data byte received from the slave is transferred MSB-first into the master's shift register. 
When a byte is fully shifted into the register, it is moved to the receive buffer where it can be read by the processor by 
reading SPI0DAT. 

When configured as a master, SPI0 can operate in one of three different modes: multi-master mode, 3-wire single-
master mode, and 4-wire single-master mode. The default, multi-master mode is active when NSSMD1 (SPI0CN.3) = 
0 and NSSMD0 (SPI0CN.2) = 1. In this mode, NSS is an input to the device, and is used to disable the master SPI0
when another master is accessing the bus. When NSS is pulled low in this mode, MSTEN (SPI0CN.6) and SPIEN 
(SPI0CN.0) are set to 0 to disable the SPI master device, and a Mode Fault is generated (MODF, SPI0CN.5 = 1). 
Mode Fault will generate an interrupt if enabled. SPI0 must be manually re-enabled in software under these circum-
stances. In multi-master systems, devices will typically default to being slave devices while they are not acting as the 
system master device. In multi-master mode, slave devices can be addressed individually (if needed) using general-
purpose I/O pins. Figure 18.2 shows a connection diagram between two master devices in multiple-master mode.

3-wire single-master mode is active when NSSMD1 (SPI0CN.3) = 0 and NSSMD0 (SPI0CN.2) = 0. In this mode, 
NSS is not used, and is not mapped to an external port pin through the crossbar. Any slave devices that must be 
addressed in this mode should be selected using general-purpose I/O pins. Figure 18.3 shows a connection diagram 
between a master device in 3-wire master mode and a slave device.

4-wire single-master mode is active when NSSMD1 (SPI0CN.3) = 1. In this mode, NSS is configured as an output 
pin, and can be used as a slave-select signal for a single SPI device. In this mode, the output value of NSS is con-
trolled (in software) with the bit NSSMD0 (SPI0CN.2). Additional slave devices can be addressed using general-pur-
pose I/O pins. Figure 18.4 shows a connection diagram for a master device in 4-wire master mode and two slave 
devices.
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Figure 18.10. SPI0CKR: SPI0 Clock Rate Register

Bits 7-0: SCR7-SCR0: SPI0 Clock Rate.
These bits determine the frequency of the SCK output when the SPI0 module is configured for master 
mode operation. The SCK clock frequency is a divided version of the system clock, and is given in the 
following equation, where SYSCLK is the system clock frequency and SPI0CKR is the 8-bit value 
held in the SPI0CKR register.

for 0 <= SPI0CKR <= 255

Example: If SYSCLK = 2 MHz and SPI0CKR = 0x04,

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: 0xA2

fSCK
2000000

2 4 1+( )×
--------------------------=

fSCK 200kHz=

fSCK
SYSCLK

2 SPI0CKR 1+( )×
-------------------------------------------------=
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Table 18.1. SPI Slave Timing Parameters
PARAMETER DESCRIPTION MIN MAX UNITS

MASTER MODE TIMING† (See Figure 18.12 and Figure 18.13)
TMCKH SCK High Time 1*TSYSCLK ns

TMCKL SCK Low Time 1*TSYSCLK ns

TMIS MISO Valid to SCK Shift Edge 1*TSYSCLK + 20 ns

TMIH SCK Shift Edge to MISO Change 0 ns

SLAVE MODE TIMING† (See Figure 18.14 and Figure 18.15)
TSE NSS Falling to First SCK Edge 2*TSYSCLK ns

TSD Last SCK Edge to NSS Rising 2*TSYSCLK ns

TSEZ NSS Falling to MISO Valid 4*TSYSCLK ns

TSDZ NSS Rising to MISO High-Z 4*TSYSCLK ns

TCKH SCK High Time 5*TSYSCLK ns

TCKL SCK Low Time 5*TSYSCLK ns

TSIS MOSI Valid to SCK Sample Edge 2*TSYSCLK ns

TSIH SCK Sample Edge to MOSI Change 2*TSYSCLK ns

TSOH SCK Shift Edge to MISO Change 4*TSYSCLK ns

TSLH Last SCK Edge to MISO Change (CKPHA = 1 ONLY) 6*TSYSCLK 8*TSYSCLK ns

†TSYSCLK is equal to one period of the device system clock (SYSCLK).
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19.3.3. USB Start-of-Frame Capture

When T3SOF = ‘1’, Timer 3 operates in USB Start-of-Frame (SOF) capture mode. When T3SPLIT = ‘0’, Timer 3 
counts up and overflows from 0xFFFF to 0x0000. Each time a USB SOF is received, the contents of the Timer 3 reg-
isters (TMR3H:TMR3L) are latched into the Timer 3 Reload registers (TMR3RLH:TMR3RLL). A Timer 3 interrupt 
is generated if enabled. This mode can be used to calibrate the system clock or external oscillator against the known 
USB host SOF clock.

When T3SPLIT = ‘1’, the Timer 3 registers (TMR3H and TMR3L) act as two 8-bit counters. Each counter counts up 
independently and overflows from 0xFF to 0x00. Each time a USB SOF is received, the contents of the Timer 3 reg-
isters are latched into the Timer 3 Reload registers (TMR3RLH and TMR3RLL). A Timer 3 interrupt is generated if 
enabled. 

Figure 19.22. Timer 3 SOF Capture Mode (T3SPLIT = ‘0’)
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Figure 19.23. Timer 3 SOF Capture Mode (T3SPLIT = ‘1’)
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Using Equation 20.2, the largest duty cycle is 100% (PCA0CPHn = 0), and the smallest duty cycle is 0.39% 
(PCA0CPHn = 0xFF). A 0% duty cycle may be generated by clearing the ECOMn bit to ‘0’.

8-bit
Comparator

PCA0L

PCA0CPLn

PCA0CPHn

CEXn Crossbar Port I/OEnable

Overflow

PCA Timebase

0 0 x 0 x
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Figure 20.8. PCA 8-Bit PWM Mode Diagram
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