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Full Speed USB Flash MCU Family
Analog Peripherals
- 10-Bit ADC (C8051F340/1/2/3/4/5/6/7/A/B only)

• Up to 200 ksps
• Built-in analog multiplexer with single-ended and  

differential mode
• VREF from external pin, internal reference, or VDD
• Built-in temperature sensor
• External conversion start input option

- Two comparators
- Internal voltage reference 

(C8051F340/1/2/3/4/5/6/7/A/B only)
- Brown-out detector and POR Circuitry
USB Function Controller
- USB specification 2.0 compliant
- Full speed (12 Mbps) or low speed (1.5 Mbps) operation
- Integrated clock recovery; no external crystal required for 

full speed or low speed
- Supports eight flexible endpoints
- 1 kB USB buffer memory
- Integrated transceiver; no external resistors required
On-Chip Debug
- On-chip debug circuitry facilitates full speed, non-intru-

sive in-system debug (No emulator required)
- Provides breakpoints, single stepping,  

inspect/modify memory and registers
- Superior performance to emulation systems using 

ICE-chips, target pods, and sockets
Voltage Supply Input: 2.7 to 5.25 V
- Voltages from 3.6 to 5.25 V supported using On-Chip  

Voltage Regulator

HIgh Speed 8051 µC Core
- Pipelined instruction architecture; executes 70% of 

Instructions in 1 or 2 system clocks
- 48 MIPS and 25 MIPS versions available.
- Expanded interrupt handler
Memory
- 4352 or 2304 Bytes RAM
- 64 or 32 kB Flash; In-system programmable in 512-byte 

sectors
Digital Peripherals
- 40/25 Port I/O; All 5 V tolerant with high sink current
- Hardware enhanced SPI™, SMBus™, and one or two 

enhanced UART serial ports
- Four general purpose 16-bit counter/timers
- 16-bit programmable counter array (PCA) with five cap-

ture/compare modules
- External Memory Interface (EMIF)
Clock Sources
- Internal Oscillator: ±0.25% accuracy with clock recovery 

enabled. Supports all USB and UART modes
- External Oscillator: Crystal, RC, C, or clock (1 or 2 Pin 

modes)
- Low Frequency (80 kHz) Internal Oscillator
- Can switch between clock sources on-the-fly
Packages
- 48-pin TQFP (C8051F340/1/4/5/8/C)
- 32-pin LQFP (C8051F342/3/6/7/9/A/B/D)
- 5x5 mm 32-pin QFN (C8051F342/3/6/7/9/A/B)
Temperature Range: –40 to +85 °C
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1. System Overview
C8051F340/1/2/3/4/5/6/7/8/9/A/B/C/D devices are fully integrated mixed-signal System-on-a-Chip MCUs. 
Highlighted features are listed below. Refer to Table 1.1 for specific product feature selection.

• High-speed pipelined 8051-compatible microcontroller core (up to 48 MIPS)
• In-system, full-speed, non-intrusive debug interface (on-chip)
• Universal Serial Bus (USB) Function Controller with eight flexible endpoint pipes, integrated trans-

ceiver, and 1 kB FIFO RAM
• Supply Voltage Regulator
• True 10-bit 200 ksps differential / single-ended ADC with analog multiplexer
• On-chip Voltage Reference and Temperature Sensor
• On-chip Voltage Comparators (2)
• Precision internal calibrated 12 MHz internal oscillator and 4x clock multiplier
• Internal low-frequency oscillator for additional power savings
• Up to 64 kB of on-chip Flash memory
• Up to 4352 Bytes of on-chip RAM (256 + 4 kB)
• External Memory Interface (EMIF) available on 48-pin versions.
• SMBus/I2C, up to 2 UARTs, and Enhanced SPI serial interfaces implemented in hardware
• Four general-purpose 16-bit timers
• Programmable Counter/Timer Array (PCA) with five capture/compare modules and Watchdog Timer 

function
• On-chip Power-On Reset, VDD Monitor, and Missing Clock Detector
• Up to 40 Port I/O (5 V tolerant)

With on-chip Power-On Reset, VDD monitor, Voltage Regulator, Watchdog Timer, and clock oscillator, 
C8051F340/1/2/3/4/5/6/7/8/9/A/B/C/D devices are truly stand-alone System-on-a-Chip solutions. The 
Flash memory can be reprogrammed in-circuit, providing non-volatile data storage, and also allowing field 
upgrades of the 8051 firmware. User software has complete control of all peripherals, and may individually 
shut down any or all peripherals for power savings.

The on-chip Silicon Labs 2-Wire (C2) Development Interface allows non-intrusive (uses no on-chip 
resources), full speed, in-circuit debugging using the production MCU installed in the final application. This 
debug logic supports inspection and modification of memory and registers, setting breakpoints, single 
stepping, run and halt commands. All analog and digital peripherals are fully functional while debugging 
using C2. The two C2 interface pins can be shared with user functions, allowing in-system debugging with-
out occupying package pins.

Each device is specified for 2.7–5.25 V operation over the industrial temperature range (–40 to +85 °C). 
For voltages above 3.6 V, the on-chip Voltage Regulator must be used.  A minimum of 3.0 V is required for 
USB communication. The Port I/O and RST pins are tolerant of input signals up to 5 V. C8051F340/1/2/3/
4/5/6/7/8/9/A/B/C/D devices are available in 48-pin TQFP, 32-pin LQFP, or 32-pin QFN packages. See 
Table 1.1, “Product Selection Guide,” on page 18 for feature and package choices.
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8051F340-GQ 48 64k 4352       2 4  40     2 TQFP48

8051F341-GQ 48 32k 2304       2 4  40     2 TQFP48

8051F342-GQ 48 64k 4352       1 4  25 —    2 LQFP32

8051F342-GM 48 64k 4352       1 4  25 —    2 QFN32

8051F343-GQ 48 32k 2304       1 4  25 —    2 LQFP32

8051F343-GM 48 32k 2304       1 4  25 —    2 QFN32

8051F344-GQ 25 64k 4352       2 4  40     2 TQFP48

8051F345-GQ 25 32k 2304       2 4  40     2 TQFP48

8051F346-GQ 25 64k 4352  —     1 4  25 —    2 LQFP32

8051F346-GM 25 64k 4352  —     1 4  25 —    2 QFN32

8051F347-GQ 25 32k 2304  —     1 4  25 —    2 LQFP32

8051F347-GM 25 32k 2304  —     1 4  25 —    2 QFN32

8051F348-GQ 25 32k 2304       2 4  40  — — — 2 TQFP48

8051F349-GQ 25 32k 2304       1 4  25 — — — — 2 LQFP32

8051F349-GM 25 32k 2304       1 4  25 — — — — 2 QFN32

8051F34A-GQ 48 64k 4352       2 4  25 —    2 LQFP32

8051F34A-GM 48 64k 4352       2 4  25 —    2 QFN32

8051F34B-GQ 48 32k 2304       2 4  25 —    2 LQFP32

8051F34B-GM 48 32k 2304       2 4  25 —    2 QFN32

8051F34C-GQ 48 64k 4352       2 4  40  — — — 2 TQFP48

8051F34D-GQ 48 64k 4352       1 4  25 — — — — 2 LQFP32
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C8051F340/1/2/3/4/5/6/7/8/9/A/B/C/D
Figure 1.1. C8051F340/1/4/5 Block Diagram
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C8051F340/1/2/3/4/5/6/7/8/9/A/B/C/D
Figure 1.2. C8051F342/3/6/7 Block Diagram
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C8051F340/1/2/3/4/5/6/7/8/9/A/B/C/D
Figure 1.3. C8051F348/C Block Diagram
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C8051F340/1/2/3/4/5/6/7/8/9/A/B/C/D
Figure 1.4. C8051F349/D Block Diagram
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C8051F340/1/2/3/4/5/6/7/8/9/A/B/C/D
Figure 1.5. C8051F34A/B Block Diagram

Analog Peripherals

10-bit
 200 ksps 
ADC

A
M
U
X

Temp 
Sensor

2 Comparators

+
-

VREFVDD

CP0

VDD

+
-

CP1
VREF

Debug / Programming 
Hardware

Port 0
Drivers

P0.0

AIN0 - AIN20

Port I/O Configuration

Digital Peripherals

Priority 
Crossbar 
Decoder

Crossbar Control

Power-On 
Reset

Power 
Net

UART0

Timers 0, 1, 
2, 3

PCA/WDT

SMBus

SPI

P0.1
P0.2/XTAL1
P0.3/XTAL2
P0.4
P0.5
P0.6/CNVSTR
P0.7/VREF

Port 1
Drivers

Port 2
Drivers

Port 3
Drivers

P1.0
P1.1
P1.2
P1.3
P1.4
P1.5
P1.6
P1.7

P2.0
P2.1
P2.2
P2.3
P2.4
P2.5
P2.6
P2.7

P3.0/C2D

Supply 
Monitor

System Clock Setup

External 
Oscillator

Internal 
Oscillator

XTAL1
XTAL2

Low Freq. 
Oscillator*

Clock 
Multiplier

Clock 
Recovery

USB Peripheral

Controller

1 kB RAM

Full / Low 
Speed 

Transceiver

SFR 
Bus

Voltage 
Regulator

D+

D-

VBUS

VDD

VREG

GND

C2CK/RST

Reset

CIP-51 8051 
Controller Core

64/32 kB ISP FLASH 
Program Memory

256 Byte RAM

4/2 kB XRAM

C2D

UART1
Rev. 1.3 23



C8051F340/1/2/3/4/5/6/7/8/9/A/B/C/D
2. Absolute Maximum Ratings

Table 2.1. Absolute Maximum Ratings*

Parameter Conditions Min Typ Max Units

Ambient temperature under bias –55 125 °C

Storage Temperature –65 150 °C

Voltage on any Port I/O Pin or RST with 
respect to GND

–0.3 5.8 V

Voltage on VDD with respect to GND –0.3 4.2 V

Maximum Total current through VDD and 
GND

500 mA

Maximum output current sunk by RST or any 
Port pin

100 mA

*Note:  Stresses above those listed under “Absolute Maximum Ratings” may cause permanent damage to the 
device. This is a stress rating only and functional operation of the devices at those or any other conditions 
above those indicated in the operation listings of this specification is not implied. Exposure to maximum rating 
conditions for extended periods may affect device reliability.
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C8051F340/1/2/3/4/5/6/7/8/9/A/B/C/D
3. Global DC Electrical Characteristics

Table 3.1. Global DC Electrical Characteristics  

–40 to +85 °C, 25 MHz System Clock unless otherwise specified.

Parameter Conditions Min Typ Max Units

Digital Supply Voltage1 VRST 3.3 3.6 V

Digital Supply RAM Data 
Retention Voltage

1.5 V

SYSCLK (System Clock)2 C8051F340/1/2/3/A/B/C/D
C8051F344/5/6/7/8/9

0
0

48
25

MHz

Specified Operating  
Temperature Range

–40 +85 °C

Digital Supply Current - CPU Active (Normal Mode, accessing Flash)

IDD
3 VDD = 3.3 V, SYSCLK = 48 MHz 

VDD = 3.3 V, SYSCLK = 24 MHz 
VDD = 3.3 V, SYSCLK = 1 MHz 
VDD = 3.3 V, SYSCLK = 80 kHz

VDD = 3.6 V, SYSCLK = 48 MHz 
VDD = 3.6 V, SYSCLK = 24 MHz

25.9
13.9
0.69
55

29.7
15.9

28.5
15.7

32.3
18

mA
mA
mA
µA

mA
mA

IDD Supply Sensitivity3,4 SYSCLK = 1 MHz,  
relative to VDD = 3.3 V
SYSCLK = 24 MHz,  
relative to VDD = 3.3 V

47

46

%/V

%/V

IDD Frequency Sensitivity3,5 VDD = 3.3 V, SYSCLK < 30 MHz,  
T = 25 ºC
VDD = 3.3 V, SYSCLK > 30 MHz,  
T = 25 ºC

VDD = 3.6 V, SYSCLK < 30 MHz,  
T = 25 ºC
VDD = 3.6 V, SYSCLK > 30 MHz,  
T = 25 ºC

0.69

0.44

0.80

0.50

mA/MHz

mA/MHz

mA/MHz

mA/MHz

Digital Supply Current - CPU Inactive (Idle Mode, not accessing Flash)

IDD
3 VDD = 3.3 V, SYSCLK = 48 MHz 

VDD = 3.3 V, SYSCLK = 24 MHz 
VDD = 3.3 V, SYSCLK = 1 MHz 
VDD = 3.3 V, SYSCLK = 80 kHz

VDD = 3.6 V, SYSCLK = 48 MHz 
VDD = 3.6 V, SYSCLK = 24 MHz

16.6
8.25
0.44
35

18.6
9.26

18.75
9.34

20.9
10.5

mA
mA
mA
µA

mA
mA

IDD Supply Sensitivity3,4 SYSCLK = 1 MHz,  
relative to VDD = 3.3 V
SYSCLK = 24 MHz,  
relative to VDD = 3.3 V

41

39

%/V

%/V
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C8051F340/1/2/3/4/5/6/7/8/9/A/B/C/D
Other electrical characteristics tables are found in the data sheet section corresponding to the associated 
peripherals. For more information on electrical characteristics for a specific peripheral, refer to the page 
indicated in Table 3.2.

IDD Frequency Sensitivity3,6 VDD = 3.3 V, SYSCLK < 1 MHz,  
T = 25 ºC
VDD = 3.3 V, SYSCLK > 1 MHz,  
T = 25 ºC

VDD = 3.6 V, SYSCLK < 1 MHz,  
T = 25 ºC
VDD = 3.6 V, SYSCLK > 1 MHz,  
T = 25 ºC

0.44

0.32

0.49

0.36

mA/MHz

mA/MHz

mA/MHz

mA/MHz

Digital Supply Current (Stop 
Mode, shutdown)

Oscillator not running,  
VDD monitor disabled < 0.1 µA

Digital Supply Current for USB 
Module (USB Active Mode)

VDD = 3.3 V, USB Clock = 48 MHz

VDD = 3.6 V, USB Clock = 48 MHz

8.69

9.59

mA

mA

Digital Supply Current for USB 
Module (USB Suspend Mode)

Oscillator not running 
VDD monitor disabled < 0.1 µA

Notes:
1. USB Requires 3.0 V Minimum Supply Voltage.
2. SYSCLK must be at least 32 kHz to enable debugging.
3. Based on device characterization of data; Not production tested.
4. Active and Inactive IDD at voltages and frequencies other than those specified can be calculated using the IDD 

Supply Sensitivity.  For example, if the VDD is 3.0 V instead of 3.3 V at 24 MHz: IDD = 13.9 mA typical at 3.3 V 
and SYSCLK = 24 MHz.  From this, IDD = 13.9 mA + 0.46 x (3.0 V – 3.3 V) = 13.76 mA at 3.0 V and SYSCLK 
= 24 MHz.

5. IDD can be estimated for frequencies < 30 MHz by multiplying the frequency of interest by the frequency 
sensitivity number for that range. When using these numbers to estimate IDD for > 30 MHz, the estimate should 
be the current at 24 MHz (or 48 MHz) minus the difference in current indicated by the frequency sensitivity 
number. For example: VDD = 3.3 V; SYSCLK = 35 MHz, IDD = 13.9 mA – (24 MHz – 35 MHz) x 0.44 mA/MHz = 
18.74 mA.

6. Idle IDD can be estimated for frequencies < 1 MHz by multiplying the frequency of interest by the frequency 
sensitivity number for that range. When using these numbers to estimate Idle IDD for > 1 MHz, the estimate 
should be the current at 24 MHz (or 48 MHz) minus the difference in current indicated by the frequency 
sensitivity number. For example: VDD = 3.3 V; SYSCLK = 5 MHz, Idle IDD = 8.25 mA – (24 MHz – 5 MHz) x 
0.32 mA/MHz = 2.17 mA.

Table 3.1. Global DC Electrical Characteristics  (Continued)

–40 to +85 °C, 25 MHz System Clock unless otherwise specified.

Parameter Conditions Min Typ Max Units
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C8051F340/1/2/3/4/5/6/7/8/9/A/B/C/D
Table 3.2. Index to Electrical Characteristics Tables

Table Title Page No.
ADC0 Electrical Characteristics 56
Voltage Reference Electrical Characteristics 58
Comparator Electrical Characteristics 68
Voltage Regulator Electrical Specifications 69
Reset Electrical Characteristics 106
Flash Electrical Characteristics 109
AC Parameters for External Memory Interface 130
Oscillator Electrical Characteristics 141
Port I/O DC Electrical Characteristics 158
USB Transceiver Electrical Characteristics 187
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C8051F340/1/2/3/4/5/6/7/8/9/A/B/C/D
4. Pinout and Package Definitions

Table 4.1. Pin Definitions for the C8051F340/1/2/3/4/5/6/7/8/9/A/B/C/D  

Name
Pin Numbers

Type Description
48-pin 32-pin

VDD 10 6 Power In

Power 
Out

2.7–3.6 V Power Supply Voltage Input.

3.3 V Voltage Regulator Output. See Section 8.

GND 7 3 Ground.

RST/

C2CK

13 9 D I/O

D I/O

Device Reset. Open-drain output of internal POR or VDD 
monitor. An external source can initiate a system reset by 
driving this pin low for at least 15 µs. See Section 11.

Clock signal for the C2 Debug Interface.

C2D 14 — D I/O Bi-directional data signal for the C2 Debug Interface.

P3.0 / 

C2D

— 10 D I/O

D I/O

Port 3.0. See Section 15 for a complete description of Port 
3.

Bi-directional data signal for the C2 Debug Interface.

REGIN 11 7 Power In 5 V Regulator Input. This pin is the input to the on-chip volt-
age regulator. 

VBUS 12 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 indi-
cates a USB network connection.

D+ 8 4 D I/O USB D+.

D- 9 5 D I/O USB D–.

P0.0 6 2 D I/O or
A In

Port 0.0. See Section 15 for a complete description of Port 
0.

P0.1 5 1 D I/O or
A In

Port 0.1.

P0.2 4 32 D I/O or
A In

Port 0.2.

P0.3 3 31 D I/O or
A In

Port 0.3.

P0.4 2 30 D I/O or
A In

Port 0.4.

P0.5 1 29 D I/O or
A In

Port 0.5.

P0.6 48 28 D I/O or
A In

Port 0.6.

P0.7 47 27 D I/O or
A In

Port 0.7.
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C8051F340/1/2/3/4/5/6/7/8/9/A/B/C/D
P1.0 46 26 D I/O or
A In

Port 1.0. See Section 15 for a complete description of Port 
1.

P1.1 45 25 D I/O or
A In

Port 1.1.

P1.2 44 24 D I/O or
A In

Port 1.2.

P1.3 43 23 D I/O or
A In

Port 1.3.

P1.4 42 22 D I/O or
A In

Port 1.4.

P1.5 41 21 D I/O or
A In

Port 1.5.

P1.6 40 20 D I/O or
A In

Port 1.6.

P1.7 39 19 D I/O or
A In

Port 1.7.

P2.0 38 18 D I/O or
A In

Port 2.0. See Section 15 for a complete description of Port 
2.

P2.1 37 17 D I/O or
A In

Port 2.1.

P2.2 36 16 D I/O or
A In

Port 2.2.

P2.3 35 15 D I/O or
A In

Port 2.3.

P2.4 34 14 D I/O or
A In

Port 2.4.

P2.5 33 13 D I/O or
A In

Port 2.5.

P2.6 32 12 D I/O or
A In

Port 2.6.

P2.7 31 11 D I/O or
A In

Port 2.7.

P3.0 30 — D I/O or
A In

Port 3.0. See Section 15 for a complete description of Port 
3.

P3.1 29 — D I/O or
A In

Port 3.1.

P3.2 28 — D I/O or
A In

Port 3.2.

Table 4.1. Pin Definitions for the C8051F340/1/2/3/4/5/6/7/8/9/A/B/C/D  (Continued)

Name
Pin Numbers

Type Description
48-pin 32-pin
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C8051F340/1/2/3/4/5/6/7/8/9/A/B/C/D
P3.3 27 — D I/O or
A In

Port 3.3.

P3.4 26 — D I/O or
A In

Port 3.4.

P3.5 25 — D I/O or
A In

Port 3.5.

P3.6 24 — D I/O or
A In

Port 3.6.

P3.7 23 — D I/O or
A In

Port 3.7.

P4.0 22 — D I/O or
A In

Port 4.0. See Section 15 for a complete description of Port 
4.

P4.1 21 — D I/O or
A In

Port 4.1.

P4.2 20 — D I/O or
A In

Port 4.2.

P4.3 19 — D I/O or
A In

Port 4.3.

P4.4 18 — D I/O or
A In

Port 4.4.

P4.5 17 — D I/O or
A In

Port 4.5.

P4.6 16 — D I/O or
A In

Port 4.6.

P4.7 15 — D I/O or
A In

Port 4.7.

Table 4.1. Pin Definitions for the C8051F340/1/2/3/4/5/6/7/8/9/A/B/C/D  (Continued)

Name
Pin Numbers

Type Description
48-pin 32-pin
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C8051F340/1/2/3/4/5/6/7/8/9/A/B/C/D
Figure 4.1. TQFP-48 Pinout Diagram (Top View)
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C8051F340/1/2/3/4/5/6/7/8/9/A/B/C/D
Figure 4.2. TQFP-48 Package Diagram

Table 4.2. TQFP-48 Package Dimensions
Dimension Min Nom Max

A — — 1.20
A1 0.05 — 0.15
A2 0.95 1.00 1.05
b 0.17 0.22 0.27
c 0.09 — 0.20
D 9.00 BSC

D1 7.00 BSC
e 0.50 BSC
E 9.00 BSC

E1 7.00 BSC
L 0.45 0.60 0.75

aaa 0.20
bbb 0.20
ccc 0.08
ddd 0.08

θ 0° 3.5° 7°

Notes:
1. All dimensions shown are in millimeters (mm) unless otherwise noted.
2. Dimensioning and Tolerancing per ANSI Y14.5M-1994.
3. This drawing conforms to JEDEC outline MS-026, variation ABC.
4. The recommended card reflow profile is per the JEDEC/IPC J-STD-020 

specification for Small Body Components.
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C8051F340/1/2/3/4/5/6/7/8/9/A/B/C/D
Figure 4.3. TQFP-48 Recommended PCB Land Pattern

Table 4.3. TQFP-48 PCB Land Pattern Dimensions
Dimension Min Max

C1 8.30 8.40
C2 8.30 8.40
E 0.50 BSC

X1 0.20 0.30
Y1 1.40 1.50

Notes:
General:

1. All dimensions shown are in millimeters (mm) unless otherwise noted.
2. This Land Pattern Design is based on the IPC-7351 guidelines.

Solder Mask Design:
3. All metal pads are to be non-solder mask defined (NSMD). Clearance between 

the solder mask and the metal pad is to be 60 µm minimum, all the way around 
the pad.

Stencil Design:
4. A stainless steel, laser-cut and electro-polished stencil with trapezoidal walls 

should be used to assure good solder paste release.
5. The stencil thickness should be 0.125 mm (5 mils).
6. The ratio of stencil aperture to land pad size should be 1:1 for all pads.

Card Assembly:
7. A No-Clean, Type-3 solder paste is recommended.
8. The recommended card reflow profile is per the JEDEC/IPC J-STD-020 

specification for Small Body Components.
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Figure 4.4. LQFP-32 Pinout Diagram (Top View)
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C8051F340/1/2/3/4/5/6/7/8/9/A/B/C/D
Figure 4.5. LQFP-32 Package Diagram

Table 4.4. LQFP-32 Package Dimensions
Dimension Min Nom Max

A — — 1.60
A1 0.05 — 0.15
A2 1.35 1.40 1.45
b 0.30 0.37 0.45
c 0.09 — 0.20
D 9.00 BSC

D1 7.00 BSC
e 0.80 BSC
E 9.00 BSC

E1 7.00 BSC
L 0.45 0.60 0.75

aaa 0.20
bbb 0.20
ccc 0.10
ddd 0.20

θ 0° 3.5° 7°

Notes:
1. All dimensions shown are in millimeters (mm) unless otherwise noted.
2. Dimensioning and Tolerancing per ANSI Y14.5M-1994.
3. This drawing conforms to JEDEC outline MS-026, variation BBA.
4. The recommended card reflow profile is per the JEDEC/IPC J-STD-020 

specification for Small Body Components.
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Figure 4.6. LQFP-32 Recommended PCB Land Pattern

Table 4.5. LQFP-32 PCB Land Pattern Dimensions
Dimension Min Max

C1 8.40 8.50
C2 8.40 8.50
E 0.80 BSC

X1 0.40 0.50
Y1 1.25 1.35

Notes:
General:

1. All dimensions shown are in millimeters (mm) unless otherwise noted.
2. This Land Pattern Design is based on the IPC-7351 guidelines.

Solder Mask Design:
3. All metal pads are to be non-solder mask defined (NSMD). Clearance between 

the solder mask and the metal pad is to be 60 µm minimum, all the way around 
the pad.

Stencil Design:
4. A stainless steel, laser-cut and electro-polished stencil with trapezoidal walls 

should be used to assure good solder paste release.
5. The stencil thickness should be 0.125 mm (5 mils).
6. The ratio of stencil aperture to land pad size should be 1:1 for all pads.

Card Assembly:
7. A No-Clean, Type-3 solder paste is recommended.
8. The recommended card reflow profile is per the JEDEC/IPC J-STD-020 

specification for Small Body Components.
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Figure 4.7. QFN-32 Pinout Diagram (Top View)
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C8051F340/1/2/3/4/5/6/7/8/9/A/B/C/D
Figure 4.8. QFN-32 Package Drawing

Table 4.6. QFN-32 Package Dimensions 

Dimension Min Nom Max

A 0.80 0.9 1.00

A1 0.00 0.02 0.05

b 0.18 0.25 0.30

D 5.00 BSC

D2 3.20 3.30 3.40

e 0.50 BSC

E 5.00 BSC

E2 3.20 3.30 3.40

L 0.30 0.40 0.50

Notes:
1. All dimensions shown are in millimeters (mm) unless otherwise noted.
2. Dimensioning and Tolerancing per ANSI Y14.5M-1994.
3. This drawing conforms to the JEDEC Solid State Outline MO-220, 

variation VHHD except for custom features D2, E2, and L which are 
toleranced per supplier designation.

4. Recommended card reflow profile is per the JEDEC/IPC J-STD-020 
specification for Small Body Components.
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C8051F340/1/2/3/4/5/6/7/8/9/A/B/C/D
The C/T0 bit (TMOD.2) selects the counter/timer's clock source. When C/T0 is set to logic 1, high-to-low 
transitions at the selected Timer 0 input pin (T0) increment the timer register (Refer to Section 
“15.1. Priority Crossbar Decoder” on page 144 for information on selecting and configuring external I/O 
pins). Clearing C/T selects the clock defined by the T0M bit (CKCON.3). When T0M is set, Timer 0 is 
clocked by the system clock. When T0M is cleared, Timer 0 is clocked by the source selected by the Clock 
Scale bits in CKCON (see SFR Definition 21.3).

Setting the TR0 bit (TCON.4) enables the timer when either GATE0 (TMOD.3) is logic 0 or the input signal 
INT0 is active as defined by bit IN0PL in register INT01CF (see SFR Definition 9.13). Setting GATE0 to ‘1’ 
allows the timer to be controlled by the external input signal INT0 (see Section “9.3.5. Interrupt Register 
Descriptions” on page 90), facilitating pulse width measurements.

Setting TR0 does not force the timer to reset. The timer registers should be loaded with the desired initial 
value before the timer is enabled.

TL1 and TH1 form the 13-bit register for Timer 1 in the same manner as described above for TL0 and TH0. 
Timer 1 is configured and controlled using the relevant TCON and TMOD bits just as with Timer 0. The 
input signal INT1 is used with Timer 1; the INT1 polarity is defined by bit IN1PL in register INT01CF (see 
SFR Definition 9.13).

Figure 21.1. T0 Mode 0 Block Diagram

21.1.2. Mode 1: 16-bit Counter/Timer

Mode 1 operation is the same as Mode 0, except that the counter/timer registers use all 16 bits. The coun-
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21.1.3. Mode 2: 8-bit Counter/Timer with Auto-Reload

Mode 2 configures Timer 0 and Timer 1 to operate as 8-bit counter/timers with automatic reload of the start 
value. TL0 holds the count and TH0 holds the reload value. When the counter in TL0 overflows from all 
ones to 0x00, the timer overflow flag TF0 (TCON.5) is set and the counter in TL0 is reloaded from TH0. If 
Timer 0 interrupts are enabled, an interrupt will occur when the TF0 flag is set. The reload value in TH0 is 
not changed. TL0 must be initialized to the desired value before enabling the timer for the first count to be 
correct. When in Mode 2, Timer 1 operates identically to Timer 0. 

Both counter/timers are enabled and configured in Mode 2 in the same manner as Mode 0. Setting the 
TR0 bit (TCON.4) enables the timer when either GATE0 (TMOD.3) is logic 0 or when the input signal INT0
is active as defined by bit IN0PL in register INT01CF (see Section “9.3.2. External Interrupts” on 
page 88 for details on the external input signals INT0 and INT1).

Figure 21.2. T0 Mode 2 Block Diagram
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21.1.4. Mode 3: Two 8-bit Counter/Timers (Timer 0 Only)

In Mode 3, Timer 0 is configured as two separate 8-bit counter/timers held in TL0 and TH0. The counter/
timer in TL0 is controlled using the Timer 0 control/status bits in TCON and TMOD: TR0, C/T0, GATE0 and 
TF0. TL0 can use either the system clock or an external input signal as its timebase. The TH0 register is 
restricted to a timer function sourced by the system clock or prescaled clock. TH0 is enabled using the 
Timer 1 run control bit TR1. TH0 sets the Timer 1 overflow flag TF1 on overflow and thus controls the 
Timer 1 interrupt.

Timer 1 is inactive in Mode 3. When Timer 0 is operating in Mode 3, Timer 1 can be operated in Modes 0, 
1 or 2, but cannot be clocked by external signals nor set the TF1 flag and generate an interrupt. However, 
the Timer 1 overflow can be used to generate baud rates for the SMBus and/or UART, and/or initiate ADC 
conversions. While Timer 0 is operating in Mode 3, Timer 1 run control is handled through its mode set-
tings. To run Timer 1 while Timer 0 is in Mode 3, set the Timer 1 Mode as 0, 1, or 2. To disable Timer 1, 
configure it for Mode 3.

Figure 21.3. T0 Mode 3 Block Diagram
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C8051F340/1/2/3/4/5/6/7/8/9/A/B/C/D
SFR Definition 21.1. TCON: Timer Control

Bit7: TF1: Timer 1 Overflow Flag.
Set by hardware when Timer 1 overflows. This flag can be cleared by software but is auto-
matically cleared when the CPU vectors to the Timer 1 interrupt service routine.
0: No Timer 1 overflow detected.
1: Timer 1 has overflowed.

Bit6: TR1: Timer 1 Run Control. 
0: Timer 1 disabled.
1: Timer 1 enabled.

Bit5: TF0: Timer 0 Overflow Flag.
Set by hardware when Timer 0 overflows. This flag can be cleared by software but is auto-
matically cleared when the CPU vectors to the Timer 0 interrupt service routine.
0: No Timer 0 overflow detected.
1: Timer 0 has overflowed.

Bit4: TR0: Timer 0 Run Control. 
0: Timer 0 disabled.
1: Timer 0 enabled.

Bit3: IE1: External Interrupt 1. 
This flag is set by hardware when an edge/level of type defined by IT1 is detected. It can be 
cleared by software but is automatically cleared when the CPU vectors to the External Inter-
rupt 1 service routine if IT1 = 1. When IT1 = 0, this flag is set to ‘1’ when INT1 is active as 
defined by bit IN1PL in register INT01CF (see SFR Definition 9.13).

Bit2: IT1: Interrupt 1 Type Select. 
This bit selects whether the configured INT1 interrupt will be edge or level sensitive. INT1 is 
configured active low or high by the IN1PL bit in the IT01CF register (see SFR Definition 
9.13).
0: INT1 is level triggered.
1: INT1 is edge triggered.

Bit1: IE0: External Interrupt 0. 
This flag is set by hardware when an edge/level of type defined by IT0 is detected. It can be 
cleared by software but is automatically cleared when the CPU vectors to the External Inter-
rupt 0 service routine if IT0 = 1. When IT0 = 0, this flag is set to ‘1’ when INT0 is active as 
defined by bit IN0PL in register INT01CF (see SFR Definition 9.13).

Bit0: IT0: Interrupt 0 Type Select. 
This bit selects whether the configured INT0 interrupt will be edge or level sensitive. INT0 is 
configured active low or high by the IN0PL bit in register IT01CF (see SFR Definition 9.13).
0: INT0 is level triggered.
1: INT0 is edge triggered.

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

TF1 TR1 TF0 TR0 IE1 IT1 IE0 IT0 00000000
Bit7 Bit6 Bit5 Bit4 Bit3 Bit2 Bit1 Bit0 SFR Address:

(bit addressable) 0x88
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SFR Definition 21.2. 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 is active as defined by bit IN1PL in register 
INT01CF (see SFR Definition 9.13).

Bit6: C/T1: Counter/Timer 1 Select. 
0: Timer Function: Timer 1 incremented by clock defined by T1M bit (CKCON.3).
1: Counter Function: Timer 1 incremented by high-to-low transitions on external input pin 
(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 is active as defined by bit IN0PL in register 
INT01CF (see SFR Definition 9.13).

Bit2: C/T0: Counter/Timer Select. 
0: Timer Function: Timer 0 incremented by clock defined by T0M bit (CKCON.2).
1: Counter Function: Timer 0 incremented by high-to-low transitions on external input pin 
(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

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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SFR Definition 21.3. CKCON: Clock Control

Bit7: T3MH: Timer 3 High Byte Clock Select.
This bit selects the clock supplied to the Timer 3 high byte if Timer 3 is configured in split 
8-bit timer mode. T3MH is ignored if Timer 3 is in any other mode.
0: Timer 3 high byte uses the clock defined by the T3XCLK bit in TMR3CN.
1: Timer 3 high byte uses the system clock.

Bit6: T3ML: Timer 3 Low Byte Clock Select.
This bit selects the clock supplied to Timer 3. If Timer 3 is configured in split 8-bit timer 
mode, this bit selects the clock supplied to the lower 8-bit timer.
0: Timer 3 low byte uses the clock defined by the T3XCLK bit in TMR3CN.
1: Timer 3 low byte uses the system clock.

Bit5: T2MH: Timer 2 High Byte Clock Select.
This bit selects the clock supplied to the Timer 2 high byte if Timer 2 is configured in split 
8-bit timer mode. T2MH is ignored if Timer 2 is in any other mode.
0: Timer 2 high byte uses the clock defined by the T2XCLK bit in TMR2CN.
1: Timer 2 high byte uses the system clock.

Bit4: T2ML: Timer 2 Low Byte Clock Select.
This bit selects the clock supplied to Timer 2. If Timer 2 is configured in split 8-bit timer 
mode, this bit selects the clock supplied to the lower 8-bit timer.
0: Timer 2 low byte uses the clock defined by the T2XCLK bit in TMR2CN.
1: Timer 2 low byte uses the system clock.

Bit3: T1M: Timer 1 Clock Select. 
This select the clock source supplied to Timer 1. T1M is ignored when C/T1 is set to logic 1.
0: Timer 1 uses the clock defined by the prescale bits, SCA1-SCA0.
1: Timer 1 uses the system clock.

Bit2: T0M: Timer 0 Clock Select. 
This bit selects the clock source supplied to Timer 0. T0M is ignored when C/T0 is set to 
logic 1.
0: Counter/Timer 0 uses the clock defined by the prescale bits, SCA1-SCA0.
1: Counter/Timer 0 uses the system clock.

Bits1–0: SCA1-SCA0: Timer 0/1 Prescale Bits.
These bits control the division of the clock supplied to Timer 0 and/or Timer 1 if configured 
to use prescaled clock inputs.

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

T3MH T3ML T2MH T2ML T1M T0M SCA1 SCA0 00000000
Bit7 Bit6 Bit5 Bit4 Bit3 Bit2 Bit1 Bit0 SFR Address:

0x8E

SCA1 SCA0 Prescaled Clock
0 0 System clock divided by 12
0 1 System clock divided by 4
1 0 System clock divided by 48
1 1 External clock divided by 8

Note: External clock divided by 8 is synchronized with the 
system clock.
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SFR Definition 21.4. TL0: Timer 0 Low Byte

SFR Definition 21.5. TL1: Timer 1 Low Byte

SFR Definition 21.6. TH0: Timer 0 High Byte

SFR Definition 21.7. TH1: Timer 1 High Byte

Bits 7–0: TL0: Timer 0 Low Byte. 
The TL0 register is the low byte of the 16-bit Timer 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:

0x8A

Bits 7–0: TL1: Timer 1 Low Byte. 
The TL1 register is the low byte of the 16-bit Timer 1.

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:

0x8B

Bits 7–0: TH0: Timer 0 High Byte. 
The TH0 register is the high byte of the 16-bit Timer 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:

0x8C

Bits 7–0: TH1: Timer 1 High Byte. 
The TH1 register is the high byte of the 16-bit Timer 1.

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:

0x8D
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21.2. Timer 2

Timer 2 is a 16-bit timer formed by two 8-bit SFRs: TMR2L (low byte) and TMR2H (high byte). Timer 2 may 
operate in 16-bit auto-reload mode, (split) 8-bit auto-reload mode, USB Start-of-Frame (SOF) capture 
mode, or Low-Frequency Oscillator (LFO) Falling Edge capture mode. The Timer 2 operation mode is 
defined by the T2SPLIT (TMR2CN.3), T2CE (TMR2CN.4) bits, and T2CSS (TMR2CN.1) bits.

Timer 2 may be clocked by the system clock, the system clock divided by 12, or the external oscillator 
source divided by 8. The external clock mode is ideal for real-time clock (RTC) functionality, where the 
internal oscillator drives the system clock while Timer 2 (and/or the PCA) is clocked by an external preci-
sion oscillator. Note that the external oscillator source divided by 8 is synchronized with the system clock.

21.2.1. 16-bit Timer with Auto-Reload

When T2SPLIT = ‘0’ and T2CE = ‘0’, Timer 2 operates as a 16-bit timer with auto-reload. Timer 2 can be 
clocked by SYSCLK, SYSCLK divided by 12, or the external oscillator clock source divided by 8. As the 
16-bit timer register increments and overflows from 0xFFFF to 0x0000, the 16-bit value in the Timer 2 
reload registers (TMR2RLH and TMR2RLL) is loaded into the Timer 2 register as shown in Figure 21.4, 
and the Timer 2 High Byte Overflow Flag (TMR2CN.7) is set. If Timer 2 interrupts are enabled, an interrupt 
will be generated on each Timer 2 overflow. Additionally, if Timer 2 interrupts are enabled and the TF2LEN 
bit is set (TMR2CN.5), an interrupt will be generated each time the lower 8 bits (TMR2L) overflow from 
0xFF to 0x00.

Figure 21.4. Timer 2 16-Bit Mode Block Diagram
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21.2.2. 8-bit Timers with Auto-Reload

When T2SPLIT = ‘1’ and T2CE = ‘0’, Timer 2 operates as two 8-bit timers (TMR2H and TMR2L). Both 8-bit 
timers operate in auto-reload mode as shown in Figure 21.5. TMR2RLL holds the reload value for TMR2L; 
TMR2RLH holds the reload value for TMR2H. The TR2 bit in TMR2CN handles the run control for TMR2H. 
TMR2L is always running when configured for 8-bit Mode.

Each 8-bit timer may be configured to use SYSCLK, SYSCLK divided by 12, or the external oscillator clock 
source divided by 8. The Timer 2 Clock Select bits (T2MH and T2ML in CKCON) select either SYSCLK or 
the clock defined by the Timer 2 External Clock Select bit (T2XCLK in TMR2CN), as follows:

The TF2H bit is set when TMR2H overflows from 0xFF to 0x00; the TF2L bit is set when TMR2L overflows 
from 0xFF to 0x00. When Timer 2 interrupts are enabled, an interrupt is generated each time TMR2H over-
flows. If Timer 2 interrupts are enabled and TF2LEN (TMR2CN.5) is set, an interrupt is generated each 
time either TMR2L or TMR2H overflows. When TF2LEN is enabled, software must check the TF2H and 
TF2L flags to determine the source of the Timer 2 interrupt. The TF2H and TF2L interrupt flags are not 
cleared by hardware and must be manually cleared by software.

Figure 21.5. Timer 2 8-Bit Mode Block Diagram

T2MH T2XCLK TMR2H Clock Source T2ML T2XCLK TMR2L Clock Source
0 0 SYSCLK / 12 0 0 SYSCLK / 12
0 1 External Clock / 8 0 1 External Clock / 8
1 X SYSCLK 1 X SYSCLK

SYSCLK

TCLK

0

1
TR2

External Clock / 8

SYSCLK / 12 0

1

T2XCLK

1

0

TMR2H

TMR2RLH
Reload

Reload

TCLK TMR2L

TMR2RLL

Interrupt

 T
M

R
2C

N

T2SPLIT

T2CSS

T2CE
TF2LEN

TF2L
TF2H

T2XCLK

TR2

To ADC, 
SMBus

To SMBus

CKCON
T
3
M
H

T
3
M
L

S
C
A
0

S
C
A
1

T
0
M

T
2
M
H

T
2
M
L

T
1
M

244 Rev. 1.3



C8051F340/1/2/3/4/5/6/7/8/9/A/B/C/D
21.2.3. Timer 2 Capture Modes: USB Start-of-Frame or LFO Falling Edge

When T2CE = ‘1’, Timer 2 will operate in one of two special capture modes. The capture event can be 
selected between a USB Start-of-Frame (SOF) capture, and a Low-Frequency Oscillator (LFO) Falling 
Edge capture, using the T2CSS bit. The USB SOF capture mode can be used to calibrate the system clock 
or external oscillator against the known USB host SOF clock. The LFO falling-edge capture mode can be 
used to calibrate the internal Low-Frequency Oscillator against the internal High-Frequency Oscillator or 
an external clock source. When T2SPLIT = ‘0’, Timer 2 counts up and overflows from 0xFFFF to 0x0000. 
Each time a capture event is received, the contents of the Timer 2 registers (TMR2H:TMR2L) are latched 
into the Timer 2 Reload registers (TMR2RLH:TMR2RLL). A Timer 2 interrupt is generated if enabled.

Figure 21.6. Timer 2 Capture Mode (T2SPLIT = ‘0’)

External Clock / 8

SYSCLK / 12

SYSCLK

TMR2L TMR2H

TMR2RLL TMR2RLH

TCLK
0

1

TR2

0

1

Interrupt

CKCON
T
3
M
H

T
3
M
L

S
C
A
0

S
C
A
1

T
0
M

T
2
M
H

T
2
M
L

T
1
M

Capture

USB Start-of-Frame (SOF)

Enable

TMR2CN
T
F
2
H

T
F
2
L

T
2
X
C
L
K

T
2
C
S
S

T
R
2

T
F
2
L
E
N

T
2
C
E

T
2
S
P
L
I
T

0

1

T2CSS

Low-Frequency Oscillator
Falling Edge

To ADC,
SMBus

To SMBus
TL2

Overflow
Rev. 1.3 245



C8051F340/1/2/3/4/5/6/7/8/9/A/B/C/D
When T2SPLIT = ‘1’, the Timer 2 registers (TMR2H and TMR2L) act as two 8-bit counters. Each counter 
counts up independently and overflows from 0xFF to 0x00. Each time a capture event is received, the con-
tents of the Timer 2 registers are latched into the Timer 2 Reload registers (TMR2RLH and TMR2RLL). A 
Timer 2 interrupt is generated if enabled.

Figure 21.7. Timer 2 Capture Mode (T2SPLIT = ‘1’)
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SFR Definition 21.8. TMR2CN: Timer 2 Control

Bit7: TF2H: Timer 2 High Byte Overflow Flag.
Set by hardware when the Timer 2 high byte overflows from 0xFF to 0x00. In 16 bit mode, 
this will occur when Timer 2 overflows from 0xFFFF to 0x0000. When the Timer 2 interrupt is 
enabled, setting this bit causes the CPU to vector to the Timer 2 interrupt service routine. 
TF2H is not automatically cleared by hardware and must be cleared by software. 

Bit6: TF2L: Timer 2 Low Byte Overflow Flag.
Set by hardware when the Timer 2 low byte overflows from 0xFF to 0x00. When this bit is 
set, an interrupt will be generated if TF2LEN is set and Timer 2 interrupts are enabled. TF2L 
will set when the low byte overflows regardless of the Timer 2 mode. This bit is not automat-
ically cleared by hardware.

Bit5: TF2LEN: Timer 2 Low Byte Interrupt Enable.
This bit enables/disables Timer 2 Low Byte interrupts. If TF2LEN is set and Timer 2 inter-
rupts are enabled, an interrupt will be generated when the low byte of Timer 2 overflows. 
0: Timer 2 Low Byte interrupts disabled.
1: Timer 2 Low Byte interrupts enabled.

Bit4: T2CE: Timer 2 Capture Enable
0: Capture function disabled.
1: Capture function enabled. The timer is in capture mode, with the capture event selected 
by bit T2CSS. Each time a capture event is received, the contents of the Timer 2 registers 
(TMR2H and TMR2L) are latched into the Timer 2 reload registers (TMR2RLH and 
TMR2RLH), and a Timer 2 interrupt is generated (if enabled).

Bit3: T2SPLIT: Timer 2 Split Mode Enable.
When this bit is set, Timer 2 operates as two 8-bit timers with auto-reload.
0: Timer 2 operates in 16-bit auto-reload mode.
1: Timer 2 operates as two 8-bit auto-reload timers.

Bit2: TR2: Timer 2 Run Control. 
This bit enables/disables Timer 2. In 8-bit mode, this bit enables/disables TMR2H only; 
TMR2L is always enabled in this mode.
0: Timer 2 disabled.
1: Timer 2 enabled.

Bit1: T2CSS: Timer 2 Capture Source Select.
This bit selects the source of a capture event when bit T2CE is set to ‘1’.
0: Capture source is USB SOF event.
1: Capture source is falling edge of Low-Frequency Oscillator.

Bit0: T2XCLK: Timer 2 External Clock Select.
This bit selects the external clock source for Timer 2. If Timer 2 is in 8-bit mode, this bit 
selects the external oscillator clock source for both timer bytes. However, the Timer 2 Clock 
Select bits (T2MH and T2ML in register CKCON) may still be used to select between the 
external clock and the system clock for either timer.
0: Timer 2 external clock selection is the system clock divided by 12.
1: Timer 2 external clock selection is the external clock divided by 8. Note that the external 
oscillator source divided by 8 is synchronized with the system clock.

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

TF2H TF2L TF2LEN T2CE T2SPLIT TR2 T2CSS T2XCLK 00000000
Bit7 Bit6 Bit5 Bit4 Bit3 Bit2 Bit1 Bit0 SFR Address:

(bit addressable) 0xC8
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SFR Definition 21.9. TMR2RLL: Timer 2 Reload Register Low Byte

SFR Definition 21.10. TMR2RLH: Timer 2 Reload Register High Byte

SFR Definition 21.11. TMR2L: Timer 2 Low Byte

SFR Definition 21.12. TMR2H Timer 2 High Byte

Bits 7–0: TMR2RLL: Timer 2 Reload Register Low Byte. 
TMR2RLL holds the low byte of the reload value for Timer 2 when operating in auto-reload 
mode, or the captured value of the TMR2L register in capture mode.

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:

0xCA

Bits 7–0: TMR2RLH: Timer 2 Reload Register High Byte. 
The TMR2RLH holds the high byte of the reload value for Timer 2 when operating in 
auto-reload mode, or the captured value of the TMR2H register in capture mode.

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:

0xCB

Bits 7–0: TMR2L: Timer 2 Low Byte.
In 16-bit mode, the TMR2L register contains the low byte of the 16-bit Timer 2. In 8-bit mode, 
TMR2L contains the 8-bit low byte timer value.

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:

0xCC

Bits 7–0: TMR2H: Timer 2 High Byte.
In 16-bit mode, the TMR2H register contains the high byte of the 16-bit Timer 2. In 8-bit 
mode, TMR2H contains the 8-bit high byte timer value.

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:

0xCD
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21.3. Timer 3

Timer 3 is a 16-bit timer formed by two 8-bit SFRs: TMR3L (low byte) and TMR3H (high byte). Timer 3 may 
operate in 16-bit auto-reload mode, (split) 8-bit auto-reload mode, USB Start-of-Frame (SOF) capture 
mode, or Low-Frequency Oscillator (LFO) Rising Edge capture mode. The Timer 3 operation mode is 
defined by the T3SPLIT (TMR3CN.3), T3CE (TMR3CN.4) bits, and T3CSS (TMR3CN.1) bits.

Timer 3 may be clocked by the system clock, the system clock divided by 12, or the external oscillator 
source divided by 8. The external clock mode is ideal for real-time clock (RTC) functionality, where the 
internal oscillator drives the system clock while Timer 3 (and/or the PCA) is clocked by an external preci-
sion oscillator. Note that the external oscillator source divided by 8 is synchronized with the system clock.

21.3.1. 16-bit Timer with Auto-Reload

When T3SPLIT (TMR3CN.3) is ‘0’ and T3CE = ‘0’, Timer 3 operates as a 16-bit timer with auto-reload. 
Timer 3 can be clocked by SYSCLK, SYSCLK divided by 12, or the external oscillator clock source divided 
by 8. As the 16-bit timer register increments and overflows from 0xFFFF to 0x0000, the 16-bit value in the 
Timer 3 reload registers (TMR3RLH and TM3RLL) is loaded into the Timer 3 register as shown in 
Figure 21.4, and the Timer 3 High Byte Overflow Flag (TMR3CN.7) is set. If Timer 3 interrupts are enabled, 
an interrupt will be generated on each Timer 3 overflow. Additionally, if Timer 3 interrupts are enabled and 
the TF3LEN bit is set (TMR3CN.5), an interrupt will be generated each time the lower 8 bits (TMR3L) over-
flow from 0xFF to 0x00.

Figure 21.8. Timer 3 16-Bit Mode Block Diagram
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21.3.2. 8-bit Timers with Auto-Reload

When T3SPLIT is ‘1’ and T3CE = ‘0’, Timer 3 operates as two 8-bit timers (TMR3H and TMR3L). Both 8-bit 
timers operate in auto-reload mode as shown in Figure 21.5. TMR3RLL holds the reload value for TMR3L; 
TMR3RLH holds the reload value for TMR3H. The TR3 bit in TMR3CN handles the run control for TMR3H. 
TMR3L is always running when configured for 8-bit Mode.

Each 8-bit timer may be configured to use SYSCLK, SYSCLK divided by 12, or the external oscillator clock 
source divided by 8. The Timer 3 Clock Select bits (T3MH and T3ML in CKCON) select either SYSCLK or 
the clock defined by the Timer 3 External Clock Select bit (T3XCLK in TMR3CN), as follows:

The TF3H bit is set when TMR3H overflows from 0xFF to 0x00; the TF3L bit is set when TMR3L overflows 
from 0xFF to 0x00. When Timer 3 interrupts are enabled, an interrupt is generated each time TMR3H over-
flows. If Timer 3 interrupts are enabled and TF3LEN (TMR3CN.5) is set, an interrupt is generated each 
time either TMR3L or TMR3H overflows. When TF3LEN is enabled, software must check the TF3H and 
TF3L flags to determine the source of the Timer 3 interrupt. The TF3H and TF3L interrupt flags are not 
cleared by hardware and must be manually cleared by software.

Figure 21.9. Timer 3 8-Bit Mode Block Diagram
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21.3.3. USB Start-of-Frame Capture

When T3CE = ‘1’, Timer 3 will operate in one of two special capture modes. The capture event can be 
selected between a USB Start-of-Frame (SOF) capture, and a Low-Frequency Oscillator (LFO) Rising 
Edge capture, using the T3CSS bit. The USB SOF capture mode can be used to calibrate the system clock 
or external oscillator against the known USB host SOF clock. The LFO rising-edge capture mode can be 
used to calibrate the internal Low-Frequency Oscillator against the internal High-Frequency Oscillator or 
an external clock source. When T3SPLIT = ‘0’, Timer 3 counts up and overflows from 0xFFFF to 0x0000. 
Each time a capture event is received, the contents of the Timer 3 registers (TMR3H:TMR3L) are latched 
into the Timer 3 Reload registers (TMR3RLH:TMR3RLL). A Timer 3 interrupt is generated if enabled.

Figure 21.10. Timer 3 Capture Mode (T3SPLIT = ‘0’)
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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 capture event is received, the con-
tents of the Timer 3 registers are latched into the Timer 3 Reload registers (TMR3RLH and TMR3RLL). A 
Timer 3 interrupt is generated if enabled.

Figure 21.11. Timer 3 Capture Mode (T3SPLIT = ‘1’)
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SFR Definition 21.13. TMR3CN: Timer 3 Control

Bit7: TF3H: Timer 3 High Byte Overflow Flag.
Set by hardware when the Timer 3 high byte overflows from 0xFF to 0x00. In 16 bit mode, 
this will occur when Timer 3 overflows from 0xFFFF to 0x0000. When the Timer 3 interrupt is 
enabled, setting this bit causes the CPU to vector to the Timer 3 interrupt service routine. 
TF3H is not automatically cleared by hardware and must be cleared by software. 

Bit6: TF3L: Timer 3 Low Byte Overflow Flag.
Set by hardware when the Timer 3 low byte overflows from 0xFF to 0x00. When this bit is 
set, an interrupt will be generated if TF3LEN is set and Timer 3 interrupts are enabled. TF3L 
will set when the low byte overflows regardless of the Timer 3 mode. This bit is not automat-
ically cleared by hardware.

Bit5: TF3LEN: Timer 3 Low Byte Interrupt Enable.
This bit enables/disables Timer 3 Low Byte interrupts. If TF3LEN is set and Timer 3 inter-
rupts are enabled, an interrupt will be generated when the low byte of Timer 3 overflows. 
This bit should be cleared when operating Timer 3 in 16-bit mode.
0: Timer 3 Low Byte interrupts disabled.
1: Timer 3 Low Byte interrupts enabled.

Bit4: T3CE: Timer 3 Capture Enable
0: Capture function disabled.
1: Capture function enabled. The timer is in capture mode, with the capture event selected 
by bit T3CSS. Each time a capture event is received, the contents of the Timer 3 registers 
(TMR3H and TMR3L) are latched into the Timer 3 reload registers (TMR3RLH and 
TMR3RLH), and a Timer 3 interrupt is generated (if enabled).

Bit3: T3SPLIT: Timer 3 Split Mode Enable.
When this bit is set, Timer 3 operates as two 8-bit timers with auto-reload.
0: Timer 3 operates in 16-bit auto-reload mode.
1: Timer 3 operates as two 8-bit auto-reload timers.

Bit2: TR3: Timer 3 Run Control. 
This bit enables/disables Timer 3. In 8-bit mode, this bit enables/disables TMR3H only; 
TMR3L is always enabled in this mode.
0: Timer 3 disabled.
1: Timer 3 enabled.

Bit1: T3CSS: Timer 3 Capture Source Select.
This bit selects the source of a capture event when bit T3CE is set to ‘1’.
0: Capture source is USB SOF event.
1: Capture source is rising edge of Low-Frequency Oscillator.

Bit0: T3XCLK: Timer 3 External Clock Select.
This bit selects the external clock source for Timer 3. If Timer 3 is in 8-bit mode, this bit 
selects the external oscillator clock source for both timer bytes. However, the Timer 3 Clock 
Select bits (T3MH and T3ML in register CKCON) may still be used to select between the 
external clock and the system clock for either timer.
0: Timer 3 external clock selection is the system clock divided by 12.
1: Timer 3 external clock selection is the external clock divided by 8. Note that the external 
oscillator source divided by 8 is synchronized with the system clock.

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

TF3H TF3L TF3LEN T3CE T3SPLIT TR3 T3CSS T3XCLK 00000000
Bit7 Bit6 Bit5 Bit4 Bit3 Bit2 Bit1 Bit0 SFR Address:

0x91
Rev. 1.3 253
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SFR Definition 21.14. TMR3RLL: Timer 3 Reload Register Low Byte

SFR Definition 21.15. TMR3RLH: Timer 3 Reload Register High Byte

SFR Definition 21.16. TMR3L: Timer 3 Low Byte

SFR Definition 21.17. TMR3H Timer 3 High Byte

Bits 7–0: TMR3RLL: Timer 3 Reload Register Low Byte. 
TMR3RLL holds the low byte of the reload value for Timer 3 when operating in auto-reload 
mode, or the captured value of the TMR3L register when operating in capture mode.

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:

0x92

Bits 7–0: TMR3RLH: Timer 3 Reload Register High Byte. 
The TMR3RLH holds the high byte of the reload value for Timer 3 when operating in 
auto-reload mode, or the captured value of the TMR3H register when operating in capture 
mode.

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:

0x93

Bits 7–0: TMR3L: Timer 3 Low Byte.
In 16-bit mode, the TMR3L register contains the low byte of the 16-bit Timer 3. In 8-bit mode, 
TMR3L contains the 8-bit low byte timer value.

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:

0x94

Bits 7–0: TMR3H: Timer 3 High Byte.
In 16-bit mode, the TMR3H register contains the high byte of the 16-bit Timer 3. In 8-bit 
mode, TMR3H contains the 8-bit high byte timer value.

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:

0x95
254 Rev. 1.3



C8051F340/1/2/3/4/5/6/7/8/9/A/B/C/D
22. Programmable Counter Array (PCA0)
The Programmable Counter Array (PCA0) provides enhanced timer functionality while requiring less CPU 
intervention than the standard 8051 counter/timers. The PCA consists of a dedicated 16-bit counter/timer 
and five 16-bit capture/compare modules. Each capture/compare module has its own associated I/O line 
(CEXn) which is routed through the Crossbar to Port I/O when enabled (See Section “15.1. Priority 
Crossbar Decoder” on page 144 for details on configuring the Crossbar). The counter/timer is driven by 
a programmable timebase that can select between six sources: system clock, system clock divided by four, 
system clock divided by twelve, the external oscillator clock source divided by 8, Timer 0 overflow, or an 
external clock signal on the ECI input pin. Each capture/compare module may be configured to operate 
independently in one of six modes: Edge-Triggered Capture, Software Timer, High-Speed Output, Fre-
quency Output, 8-Bit PWM, or 16-Bit PWM (each mode is described in Section “22.2. Capture/Compare 
Modules” on page 257). The external oscillator clock option is ideal for real-time clock (RTC) functionality, 
allowing the PCA to be clocked by a precision external oscillator while the internal oscillator drives the sys-
tem clock. The PCA is configured and controlled through the system controller's Special Function Regis-
ters. The PCA block diagram is shown in Figure 22.1

Important Note: The PCA Module 4 may be used as a watchdog timer (WDT), and is enabled in this mode 
following a system reset. Access to certain PCA registers is restricted while WDT mode is enabled. See 
Section 22.3 for details.

Figure 22.1. PCA Block Diagram
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22.1. PCA Counter/Timer

The 16-bit PCA counter/timer consists of two 8-bit SFRs: PCA0L and PCA0H. PCA0H is the high byte 
(MSB) of the 16-bit counter/timer and PCA0L is the low byte (LSB).   Reading PCA0L automatically latches 
the value of PCA0H into a “snapshot” register; the following PCA0H read accesses this “snapshot” register. 
Reading the PCA0L Register first guarantees an accurate reading of the entire 16-bit PCA0 counter.
Reading PCA0H or PCA0L does not disturb the counter operation. The CPS2-CPS0 bits in the PCA0MD 
register select the timebase for the counter/timer as shown in Table 22.1.

When the counter/timer overflows from 0xFFFF to 0x0000, the Counter Overflow Flag (CF) in PCA0MD is 
set to logic 1 and an interrupt request is generated if CF interrupts are enabled. Setting the ECF bit in 
PCA0MD to logic 1 enables the CF flag to generate an interrupt request. The CF bit is not automatically 
cleared by hardware when the CPU vectors to the interrupt service routine, and must be cleared by soft-
ware (Note: PCA0 interrupts must be globally enabled before CF interrupts are recognized. PCA0 inter-
rupts are globally enabled by setting the EA bit (IE.7) and the EPCA0 bit in EIE1 to logic 1). Clearing the 
CIDL bit in the PCA0MD register allows the PCA to continue normal operation while the CPU is in Idle 
mode.

Figure 22.2. PCA Counter/Timer Block Diagram

Table 22.1. PCA Timebase Input Options
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0 0 0 System clock divided by 12
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0 1 0 Timer 0 overflow

0 1 1
High-to-low transitions on ECI (max rate = system clock divided 
by 4)

1 0 0 System clock
1 0 1 External oscillator source divided by 8*

*Note:  External oscillator source divided by 8 is synchronized with the system clock.
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22.2. Capture/Compare Modules

Each module can be configured to operate independently in one of six operation modes: Edge-triggered 
Capture, Software Timer, High Speed Output, Frequency Output, 8-Bit Pulse Width Modulator, or 16-Bit 
Pulse Width Modulator. Each module has Special Function Registers (SFRs) associated with it in the 
CIP-51 system controller. These registers are used to exchange data with a module and configure the 
module's mode of operation. 

Table 22.2 summarizes the bit settings in the PCA0CPMn registers used to select the PCA capture/com-
pare module’s operating modes. Setting the ECCFn bit in a PCA0CPMn register enables the module's 
CCFn interrupt. Note: PCA0 interrupts must be globally enabled before individual CCFn interrupts are rec-
ognized. PCA0 interrupts are globally enabled by setting the EA bit and the EPCA0 bit to logic 1. See 
Figure 22.3 for details on the PCA interrupt configuration.

Figure 22.3. PCA Interrupt Block Diagram

Table 22.2. PCA0CPM Register Settings for PCA Capture/Compare Modules

PWM16 ECOM CAPP CAPN MAT TOG PWM ECCF Operation Mode

X X 1 0 0 0 0 X
Capture triggered by positive edge on 
CEXn

X X 0 1 0 0 0 X
Capture triggered by negative edge on 
CEXn

X X 1 1 0 0 0 X Capture triggered by transition on CEXn
X 1 0 0 1 0 0 X Software Timer
X 1 0 0 1 1 0 X High Speed Output
X 1 0 0 X 1 1 X Frequency Output
0 1 0 0 X 0 1 X 8-Bit Pulse Width Modulator
1 1 0 0 X 0 1 X 16-Bit Pulse Width Modulator

X = Don’t Care

PCA0CN
C
F

C
R

C
C
F
0

C
C
F
2

C
C
F
1

C
C
F
4

C
C
F
3

PCA0MD
C
I
D
L

W
D
T
E

E
C
F

C
P
S
1

C
P
S
0

W
D
L
C
K

C
P
S
2

0

1

PCA Module 0
(CCF0)

PCA Module 1
(CCF1)

ECCF1

0

1

ECCF0

0

1

PCA Module 2
(CCF2)

ECCF2

0

1

PCA Module 3
(CCF3)

ECCF3

0

1

PCA Module 4
(CCF4)

ECCF4

PCA Counter/
Timer Overflow

0

1

Interrupt
Priority
Decoder

EPCA0

0

1

EA

0

1

PCA0CPMn

(for n = 0 to 4)

P
W
M
1
6
n

E
C
O
M
n

E
C
C
F
n

T
O
G
n

P
W
M
n

C
A
P
P
n

C
A
P
N
n

M
A
T
n

Rev. 1.3 257



C8051F340/1/2/3/4/5/6/7/8/9/A/B/C/D
22.2.1. Edge-triggered Capture Mode

In this mode, a valid transition on the CEXn pin causes the PCA to capture the value of the PCA counter/
timer and load it into the corresponding module's 16-bit capture/compare register (PCA0CPLn and 
PCA0CPHn). The CAPPn and CAPNn bits in the PCA0CPMn register are used to select the type of transi-
tion that triggers the capture: low-to-high transition (positive edge), high-to-low transition (negative edge), 
or either transition (positive or negative edge). When a capture occurs, the Capture/Compare Flag (CCFn) 
in PCA0CN is set to logic 1 and an interrupt request is generated if CCF interrupts are enabled. The CCFn 
bit is not automatically cleared by hardware when the CPU vectors to the interrupt service routine, and 
must be cleared by software. If both CAPPn and CAPNn bits are set to logic 1, then the state of the Port 
pin associated with CEXn can be read directly to determine whether a rising-edge or falling-edge caused 
the capture.

Figure 22.4. PCA Capture Mode Diagram

Note: The CEXn input signal must remain high or low for at least 2 system clock cycles to be recognized by 
the hardware.
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22.2.2. Software Timer (Compare) Mode

In Software Timer mode, the PCA counter/timer value is compared to the module's 16-bit capture/compare 
register (PCA0CPHn and PCA0CPLn). When a match occurs, the Capture/Compare Flag (CCFn) in 
PCA0CN is set to logic 1 and an interrupt request is generated if CCF interrupts are enabled. The CCFn bit 
is not automatically cleared by hardware when the CPU vectors to the interrupt service routine, and must 
be cleared by software. Setting the ECOMn and MATn bits in the PCA0CPMn register enables Software 
Timer mode.

Important Note About Capture/Compare Registers: When writing a 16-bit value to the PCA0 Capture/
Compare registers, the low byte should always be written first. Writing to PCA0CPLn clears the ECOMn bit 
to ‘0’; writing to PCA0CPHn sets ECOMn to ‘1’.

Figure 22.5. PCA Software Timer Mode Diagram
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22.2.3. High Speed Output Mode

In High Speed Output mode, a module’s associated CEXn pin is toggled each time a match occurs 
between the PCA Counter and the module's 16-bit capture/compare register (PCA0CPHn and 
PCA0CPLn) Setting the TOGn, MATn, and ECOMn bits in the PCA0CPMn register enables the 
High-Speed Output mode. 

Important Note About Capture/Compare Registers: When writing a 16-bit value to the PCA0 Capture/
Compare registers, the low byte should always be written first. Writing to PCA0CPLn clears the ECOMn bit 
to ‘0’; writing to PCA0CPHn sets ECOMn to ‘1’.

Figure 22.6. PCA High Speed Output Mode Diagram
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22.2.4. Frequency Output Mode

Frequency Output Mode produces a programmable-frequency square wave on the module’s associated 
CEXn pin. The capture/compare module high byte holds the number of PCA clocks to count before the out-
put is toggled. The frequency of the square wave is then defined by Equation 22.1.

Equation 22.1. Square Wave Frequency Output
Where FPCA is the frequency of the clock selected by the CPS2-0 bits in the PCA mode register, PCA0MD. 
The lower byte of the capture/compare module is compared to the PCA counter low byte; on a match, 
CEXn is toggled and the offset held in the high byte is added to the matched value in PCA0CPLn. Fre-
quency Output Mode is enabled by setting the ECOMn, TOGn, and PWMn bits in the PCA0CPMn register.

Figure 22.7. PCA Frequency Output Mode
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22.2.5. 8-Bit Pulse Width Modulator Mode

Each module can be used independently to generate a pulse width modulated (PWM) output on its associ-
ated CEXn pin. The frequency of the output is dependent on the timebase for the PCA counter/timer. The 
duty cycle of the PWM output signal is varied using the module's PCA0CPLn capture/compare register. 
When the value in the low byte of the PCA counter/timer (PCA0L) is equal to the value in PCA0CPLn, the 
output on the CEXn pin will be set. When the count value in PCA0L overflows, the CEXn output will be 
reset (see Figure 22.8). Also, when the counter/timer low byte (PCA0L) overflows from 0xFF to 0x00, 
PCA0CPLn is reloaded automatically with the value stored in the module’s capture/compare high byte 
(PCA0CPHn) without software intervention. Setting the ECOMn and PWMn bits in the PCA0CPMn register 
enables 8-Bit Pulse Width Modulator mode. The duty cycle for 8-Bit PWM Mode is given by Equation 22.2. 

Important Note About Capture/Compare Registers: When writing a 16-bit value to the PCA0 Capture/
Compare registers, the low byte should always be written first. Writing to PCA0CPLn clears the ECOMn bit 
to ‘0’; writing to PCA0CPHn sets ECOMn to ‘1’.

Equation 22.2. 8-Bit PWM Duty Cycle
Using Equation 22.2, 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’.

Figure 22.8. PCA 8-Bit PWM Mode Diagram
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22.2.6. 16-Bit Pulse Width Modulator Mode

A PCA module may also be operated in 16-Bit PWM mode. In this mode, the 16-bit capture/compare mod-
ule defines the number of PCA clocks for the low time of the PWM signal. When the PCA counter matches 
the module contents, the output on CEXn is asserted high; when the counter overflows, CEXn is asserted 
low. To output a varying duty cycle, new value writes should be synchronized with PCA CCFn match inter-
rupts. 16-Bit PWM Mode is enabled by setting the ECOMn, PWMn, and PWM16n bits in the PCA0CPMn 
register. For a varying duty cycle, match interrupts should be enabled (ECCFn = 1 AND MATn = 1) to help 
synchronize the capture/compare register writes. The duty cycle for 16-Bit PWM Mode is given by 
Equation 22.3. 

Important Note About Capture/Compare Registers: When writing a 16-bit value to the PCA0 Capture/
Compare registers, the low byte should always be written first. Writing to PCA0CPLn clears the ECOMn bit 
to ‘0’; writing to PCA0CPHn sets ECOMn to ‘1’.

Equation 22.3. 16-Bit PWM Duty Cycle
Using Equation 22.3, the largest duty cycle is 100% (PCA0CPn = 0), and the smallest duty cycle is 
0.0015% (PCA0CPn = 0xFFFF). A 0% duty cycle may be generated by clearing the ECOMn bit to ‘0’.

Figure 22.9. PCA 16-Bit PWM Mode
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22.3. Watchdog Timer Mode

A programmable watchdog timer (WDT) function is available through the PCA Module 4. The WDT is used 
to generate a reset if the time between writes to the WDT update register (PCA0CPH4) exceed a specified 
limit. The WDT can be configured and enabled/disabled as needed by software.

With the WDTE and/or WDLCK bits set to ‘1’ in the PCA0MD register, Module 4 operates as a watchdog 
timer (WDT). The Module 4 high byte is compared to the PCA counter high byte; the Module 4 low byte 
holds the offset to be used when WDT updates are performed. The Watchdog Timer is enabled on 
reset. Writes to some PCA registers are restricted while the Watchdog Timer is enabled.

22.3.1. Watchdog Timer Operation

While the WDT is enabled:

• PCA counter is forced on.
• Writes to PCA0L and PCA0H are not allowed.
• PCA clock source bits (CPS2-CPS0) are frozen.
• PCA Idle control bit (CIDL) is frozen.
• Module 4 is forced into Watchdog Timer mode.
• Writes to the Module 4 mode register (PCA0CPM4) are disabled.

While the WDT is enabled, writes to the CR bit will not change the PCA counter state; the counter will run 
until the WDT is disabled. The PCA counter run control (CR) will read zero if the WDT is enabled but user 
software has not enabled the PCA counter. If a match occurs between PCA0CPH4 and PCA0H while the 
WDT is enabled, a reset will be generated. To prevent a WDT reset, the WDT may be updated with a write 
of any value to PCA0CPH4. Upon a PCA0CPH4 write, PCA0H plus the offset held in PCA0CPL4 is loaded 
into PCA0CPH4 (See Figure 22.10).

Figure 22.10. PCA Module 4 with Watchdog Timer Enabled
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Equation 22.4. Watchdog Timer Offset in PCA Clocks
The WDT reset is generated when PCA0L overflows while there is a match between PCA0CPH4 and 
PCA0H. Software may force a WDT reset by writing a ‘1’ to the CCF4 flag (PCA0CN.4) while the WDT is 
enabled.

22.3.2. Watchdog Timer Usage

To configure the WDT, perform the following tasks:
1. Disable the WDT by writing a ‘0’ to the WDTE bit.
2. Select the desired PCA clock source (with the CPS2-CPS0 bits).
3. Load PCA0CPL4 with the desired WDT update offset value.
4. Configure the PCA Idle mode (set CIDL if the WDT should be suspended while the CPU is in 

Idle mode).
5. Enable the WDT by setting the WDTE bit to ‘1’.
6. (optional) Lock the WDT (prevent WDT disable until the next system reset) by setting the 

WDLCK bit to ‘1’.
7. Write a value to PCA0CPH4 to reload the WDT. 

The PCA clock source and Idle mode select cannot be changed while the WDT is enabled. The watchdog 
timer is enabled by setting the WDTE or WDLCK bits in the PCA0MD register. When WDLCK is set, the 
WDT cannot be disabled until the next system reset. If WDLCK is not set, the WDT is disabled by clearing 
the WDTE bit. 
The WDT is enabled following any reset. The PCA0 counter clock defaults to the system clock divided by 
12, PCA0L defaults to 0x00, and PCA0CPL4 defaults to 0x00. Using Equation 22.4, this results in a WDT 
timeout interval of 256 PCA clocks. Table 22.3 lists some example timeout intervals for typical system 
clocks.

Table 22.3. Watchdog Timer Timeout Intervals1

System Clock (Hz) PCA0CPL4 Timeout Interval (ms)
12,000,000 255 65.5
12,000,000 128 33.0
12,000,000 32 8.4
24,000,000 255 32.8
24,000,000 128 16.5
24,000,000 32 4.2

1,500,0002 255 524.3

1,500,0002 128 264.2

1,500,0002 32 67.6

32,768 255 24,000
32,768 128 12,093.75
32,768 32 3,093.75

Notes:
1. Assumes SYSCLK / 12 as the PCA clock source, and a PCA0L 

value of 0x00 at the update time.
2. System Clock reset frequency.

Offset 256 PCA0CPL4×( ) 256 PCA0L–( )+=
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22.4. Register Descriptions for PCA

Following are detailed descriptions of the special function registers related to the operation of the PCA.

SFR Definition 22.1. PCA0CN: PCA Control

Bit7: CF: PCA Counter/Timer Overflow Flag.
Set by hardware when the PCA Counter/Timer overflows from 0xFFFF to 0x0000. When the 
Counter/Timer Overflow (CF) interrupt is enabled, setting this bit causes the CPU to vector 
to the PCA interrupt service routine. This bit is not automatically cleared by hardware and 
must be cleared by software.

Bit6: CR: PCA Counter/Timer Run Control. 
This bit enables/disables the PCA Counter/Timer. 
0: PCA Counter/Timer disabled.
1: PCA Counter/Timer enabled.

Bit5: UNUSED. Read = 0b, Write = don't care.
Bit4: CCF4: PCA Module 4 Capture/Compare Flag. 

This bit is set by hardware when a match or capture occurs. When the CCF4 interrupt is 
enabled, setting this bit causes the CPU to vector to the PCA interrupt service routine. This 
bit is not automatically cleared by hardware and must be cleared by software.

Bit3: CCF3: PCA Module 3 Capture/Compare Flag. 
This bit is set by hardware when a match or capture occurs. When the CCF3 interrupt is 
enabled, setting this bit causes the CPU to vector to the PCA interrupt service routine. This 
bit is not automatically cleared by hardware and must be cleared by software.

Bit2: CCF2: PCA Module 2 Capture/Compare Flag. 
This bit is set by hardware when a match or capture occurs. When the CCF2 interrupt is 
enabled, setting this bit causes the CPU to vector to the PCA interrupt service routine. This 
bit is not automatically cleared by hardware and must be cleared by software.

Bit1: CCF1: PCA Module 1 Capture/Compare Flag. 
This bit is set by hardware when a match or capture occurs. When the CCF1 interrupt is 
enabled, setting this bit causes the CPU to vector to the PCA interrupt service routine. This 
bit is not automatically cleared by hardware and must be cleared by software.

Bit0: CCF0: PCA Module 0 Capture/Compare Flag. 
This bit is set by hardware when a match or capture occurs. When the CCF0 interrupt is 
enabled, setting this bit causes the CPU to vector to the PCA interrupt service routine. This 
bit is not automatically cleared by hardware and must be cleared by software.

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

CF CR - CCF4 CCF3 CCF2 CCF1 CCF0 00000000
Bit7 Bit6 Bit5 Bit4 Bit3 Bit2 Bit1 Bit0 SFR Address:

(bit addressable) 0xD8
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SFR Definition 22.2. PCA0MD: PCA Mode

Bit7: CIDL: PCA Counter/Timer Idle Control.
 Specifies PCA behavior when CPU is in Idle Mode.

0: PCA continues to function normally while the system controller is in Idle Mode.
1: PCA operation is suspended while the system controller is in Idle Mode.

Bit6: WDTE: Watchdog Timer Enable
If this bit is set, PCA Module 4 is used as the watchdog timer. 
0: Watchdog Timer disabled.
1: PCA Module 4 enabled as Watchdog Timer.

Bit5: WDLCK: Watchdog Timer Lock
This bit enables and locks the Watchdog Timer. When WDLCK is set to ‘1’, the Watchdog 
Timer may not be disabled until the next system reset.
0: Watchdog Timer unlocked.
1: Watchdog Timer enabled and locked.

Bit4: UNUSED. Read = 0b, Write = don't care.
Bits3–1: CPS2–CPS0: PCA Counter/Timer Pulse Select. 

These bits select the timebase source for the PCA counter.

Bit0: ECF: PCA Counter/Timer Overflow Interrupt Enable. 
This bit sets the masking of the PCA Counter/Timer Overflow (CF) interrupt. 
0: Disable the CF interrupt.
1: Enable a PCA Counter/Timer Overflow interrupt request when CF (PCA0CN.7) is set.

Note: When the WDTE bit is set to ‘1’, the PCA0MD register cannot be modified. To change the 
contents of the PCA0MD register, the Watchdog Timer must first be disabled.

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

CIDL WDTE WDLCK - CPS2 CPS1 CPS0 ECF 01000000
Bit7 Bit6 Bit5 Bit4 Bit3 Bit2 Bit1 Bit0 SFR Address:

0xD9

CPS2 CPS1 CPS0 Timebase
0 0 0 System clock divided by 12
0 0 1 System clock divided by 4
0 1 0 Timer 0 overflow

0 1 1
High-to-low transitions on ECI (max rate = system clock 
divided by 4)

1 0 0 System clock
1 0 1 External clock divided by 8*
1 1 0 Reserved
1 1 1 Reserved

*Note:  External oscillator source divided by 8 is synchronized with the system clock.
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SFR Definition 22.3. PCA0CPMn: PCA Capture/Compare Mode

PCA0CPMn Address: PCA0CPM0 = 0xDA (n = 0), PCA0CPM1 = 0xDB (n = 1),
PCA0CPM2 = 0xDC (n = 2), PCA0CPM3 = 0xDD (n = 3),
PCA0CPM4 = 0xDE (n = 4)

Bit7: PWM16n: 16-bit Pulse Width Modulation Enable.
This bit selects 16-bit mode when Pulse Width Modulation mode is enabled (PWMn = 1).
0: 8-bit PWM selected.
1: 16-bit PWM selected. 

Bit6: ECOMn: Comparator Function Enable. 
This bit enables/disables the comparator function for PCA module n. 
0: Disabled.
1: Enabled.

Bit5: CAPPn: Capture Positive Function Enable. 
This bit enables/disables the positive edge capture for PCA module n. 
0: Disabled.
1: Enabled.

Bit4: CAPNn: Capture Negative Function Enable. 
This bit enables/disables the negative edge capture for PCA module n. 
0: Disabled.
1: Enabled.

Bit3: MATn: Match Function Enable. 
This bit enables/disables the match function for PCA module n. When enabled, matches of 
the PCA counter with a module's capture/compare register cause the CCFn bit in PCA0MD 
register to be set to logic 1. 
0: Disabled.
1: Enabled.

Bit2: TOGn: Toggle Function Enable. 
This bit enables/disables the toggle function for PCA module n. When enabled, matches of 
the PCA counter with a module's capture/compare register cause the logic level on the 
CEXn pin to toggle. If the PWMn bit is also set to logic 1, the module operates in Frequency 
Output Mode.
0: Disabled.
1: Enabled.

Bit1: PWMn: Pulse Width Modulation Mode Enable. 
This bit enables/disables the PWM function for PCA module n. When enabled, a pulse width 
modulated signal is output on the CEXn pin. 8-bit PWM is used if PWM16n is cleared; 16-bit 
mode is used if PWM16n is set to logic 1. If the TOGn bit is also set, the module operates in 
Frequency Output Mode.
0: Disabled.
1: Enabled.

Bit0: ECCFn: Capture/Compare Flag Interrupt Enable. 
This bit sets the masking of the Capture/Compare Flag (CCFn) interrupt. 
0: Disable CCFn interrupts.
1: Enable a Capture/Compare Flag interrupt request when CCFn is set.

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

PWM16n ECOMn CAPPn CAPNn MATn TOGn PWMn ECCFn 00000000
Bit7 Bit6 Bit5 Bit4 Bit3 Bit2 Bit1 Bit0 SFR Address:

0xDA, 0xDB, 
0xDC, 0xDD, 

0xDE
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SFR Definition 22.4. PCA0L: PCA Counter/Timer Low Byte

SFR Definition 22.5. PCA0H: PCA Counter/Timer High Byte

SFR Definition 22.6. PCA0CPLn: PCA Capture Module Low Byte

Bits 7–0: PCA0L: PCA Counter/Timer Low Byte. 
The PCA0L register holds the low byte (LSB) of the 16-bit PCA Counter/Timer.

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:

0xF9

Bits 7–0: PCA0H: PCA Counter/Timer High Byte. 
The PCA0H register holds the high byte (MSB) of the 16-bit PCA Counter/Timer.

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:

0xFA

PCA0CPLn Address: PCA0CPL0 = 0xFB (n = 0), PCA0CPL1 = 0xE9 (n = 1),
PCA0CPL2 = 0xEB (n = 2), PCA0CPL3 = 0xED (n = 3),
PCA0CPL4 = 0xFD (n = 4)

Bits7–0: PCA0CPLn: PCA Capture Module Low Byte.
 The PCA0CPLn register holds the low byte (LSB) of the 16-bit capture module n. 

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:

0xFB, 0xE9, 
0xEB, 0xED, 

0xFD 
Rev. 1.3 269



C8051F340/1/2/3/4/5/6/7/8/9/A/B/C/D
SFR Definition 22.7. PCA0CPHn: PCA Capture Module High Byte

PCA0CPHn Address: PCA0CPH0 = 0xFC (n = 0), PCA0CPH1 = 0xEA (n = 1),
PCA0CPH2 = 0xEC (n = 2), PCA0CPH3 = 0xEE (n = 3),
PCA0CPH4 = 0xFE (n = 4)

Bits7–0: PCA0CPHn: PCA Capture Module High Byte.
 The PCA0CPHn register holds the high byte (MSB) of the 16-bit capture module n. 

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:

0xFC, 0xEA, 
0xEC,0xEE, 

0xFE
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23. C2 Interface
C8051F34x devices include an on-chip Silicon Labs 2-Wire (C2) debug interface to allow Flash program-
ming and in-system debugging with the production part installed in the end application. The C2 interface 
uses a clock signal (C2CK) and a bi-directional C2 data signal (C2D) to transfer information between the 
device and a host system. See the C2 Interface Specification for details on the C2 protocol.

23.1. C2 Interface Registers

The following describes the C2 registers necessary to perform Flash programming functions through the 
C2 interface. All C2 registers are accessed through the C2 interface as described in the C2 Interface Spec-
ification.

C2 Register Definition 23.1. C2ADD: C2 Address

C2 Register Definition 23.2. DEVICEID: C2 Device ID

Bits7–0: The C2ADD register is accessed via the C2 interface to select the target Data register for 
C2 Data Read and Data Write commands.

Reset Value

00000000
Bit7 Bit6 Bit5 Bit4 Bit3 Bit2 Bit1 Bit0

Address Description
0x00 Selects the Device ID register for Data Read instructions
0x01 Selects the Revision ID register for Data Read instructions
0x02 Selects the C2 Flash Programming Control register for Data Read/Write instructions
0xAD Selects the C2 Flash Programming Data register for Data Read/Write instructions

This read-only register returns the 8-bit device ID: 0x0F (C8051F340/1/2/3/4/5/6/7/8/9/A/B/C/D).

Reset Value

00001111
Bit7 Bit6 Bit5 Bit4 Bit3 Bit2 Bit1 Bit0
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C2 Register Definition 23.3. REVID: C2 Revision ID

C2 Register Definition 23.4. FPCTL: C2 Flash Programming Control

C2 Register Definition 23.5. FPDAT: C2 Flash Programming Data

This read-only register returns the 8-bit revision ID.

Reset Value

Variable
Bit7 Bit6 Bit5 Bit4 Bit3 Bit2 Bit1 Bit0

Bits7–0 FPCTL: Flash Programming Control Register.
This register is used to enable Flash programming via the C2 interface. To enable C2 Flash 
programming, the following codes must be written in order: 0x02, 0x01. Note that once C2 
Flash programming is enabled, a system reset must be issued to resume normal operation.

Reset Value

00000000
Bit7 Bit6 Bit5 Bit4 Bit3 Bit2 Bit1 Bit0

Bits7–0: FPDAT: C2 Flash Programming Data Register.
This register is used to pass Flash commands, addresses, and data during C2 Flash 
accesses. Valid commands are listed below.

Reset Value

00000000
Bit7 Bit6 Bit5 Bit4 Bit3 Bit2 Bit1 Bit0

Code Command
0x06 Flash Block Read
0x07 Flash Block Write
0x08 Flash Page Erase
0x03 Device Erase
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23.2. C2 Pin Sharing

The C2 protocol allows the C2 pins to be shared with user functions so that in-system debugging and 
Flash programming functions may be performed. This is possible because C2 communication is typically 
performed when the device is in the halt state, where all on-chip peripherals and user software are stalled. 
In this halted state, the C2 interface can safely ‘borrow’ the C2CK (RST) and C2D (P3.0) pins. Note that 
the C2D pin is shared on the 32-pin packages only (C8051F342/3/6/7/9/A/B). In most applications, exter-
nal resistors are required to isolate C2 interface traffic from the user application. A typical isolation configu-
ration is shown in Figure 23.1.

Figure 23.1. Typical C2 Pin Sharing

The configuration in Figure 23.1 assumes the following:

1. The user input (b) cannot change state while the target device is halted.
2. The RST pin on the target device is used as an input only.

Additional resistors may be necessary depending on the specific application.

C2D

C2CKRST  (a)

Input (b)

Output (c)

C2 Interface Master

C8051Fxxx
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DOCUMENT CHANGE LIST

Revision 0.5 to Revision 1.0

• Updated Table 3.1, “Global DC Electrical Characteristics,” on page 25.
• Updated Table 5.1, “ADC0 Electrical Characteristics,” on page 56.
• Various small text changes.
• Updated Table 8.1, “Voltage Regulator Electrical Specifications,” on page 69. 
• Updated Flash security behavior.

Revision 1.0 to Revision 1.1

• Added two new part numbers C8051F348/9 and made associated changes. 
• Corrected the entries "24 kHz" and "48 kHz" to "24 MHz" and "48 MHz" in the "Conditions" column of 

Table 3.1, "Global DC Electrical Characteristics," on page 38.
• Added note to configure external interrupt pin as open-drain with a “1” in the port latch in Section 9.3.2. 

"External Interrupts" on page 96.
• Various small text changes. 
• Updated the figures in Section 15.1. "Priority Crossbar Decoder" and added a new figure to clarify 

crossbar capabilities.
• Corrected the description of the UNDRUN bit in USB Register Definition 16.19. "EINCSRL: USB0 IN 

Endpoint Control Low Byte" on page 198 to clarify that this bit works only in Isochronous Mode.
• Corrected the maximum SMBus speed from 1/10th to 1/20th of the system clock in Section 17. 

"SMBus" on page 205.
• Corrected the descriptions for the following states and the corresponding typical response options in 

Table 17.4. "SMBus Status Decoding" on page 221:
- Slave Transmitter (Status Vector: 0101) 
- Slave Receiver (Status Vector: 0001)

• Corrected the bit location of MSTEN from SPI0CN.6 to SPI0CFG.6 in Section 20.2. "SPI0 Master 
Operation" on page 243.

• Corrected the description of the WCOL bit in SFR Definition 20.2. "SPI0CN: SPI0 Control" on page 
249 to match the description in Section 20.4. "SPI0 Interrupt Sources" on page 245.

• Clarified the following parameters in Table 8.1, “Voltage Regulator Electrical Specifications,” on 
page 69:
- VBUS Detection Input High and Low Voltages
- Dropout Voltage

• Updated the package drawings with additional dimensions in Figure 4.2 and Table 4.2, “TQFP-48 
Package Dimensions,” on page 32, and Figure 4.4 and Table 4.4, “LQFP-32 Package Dimensions,” 
on page 35.

Revision 1.1 to Revision 1.2

• Added two new part numbers C8051F34A/B and made associated changes.
• Corrected references to locations of T0M and T1M in the SFR definition of TMOD on page 240.
• Corrected instances of "8k" to "4k" in the SFR definition of EMI0CF on page 118.

Revision 1.2 to Revision 1.3

• Added QFN-32 package.

Revision 1.3 to Revision 1.4

• Added C8051F34C and C8051F34D devices.
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