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C8051F341-GQ 48 | 32k | 2304 | v | v | v |v|v]|v]|2 v|a |v|v|v]|v]2]| Torpas
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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

Pin Numbers

Name Type |Description
48-pin | 32-pin yp P
Vpp 10 6 Power In |2.7-3.6 V Power Supply Voltage Input.
Power |3.3V Voltage Regulator Output. See Section 8.
Out

GND 7 Ground.

RST/ 13 D I/O |Device Reset. Open-drain output of internal POR or Vpp
monitor. An external source can initiate a system reset by
driving this pin low for at least 15 ps. See Section 11.

C2CK D I/O |Clock signal for the C2 Debug Interface.

c2D 14 — D I/O |Bi-directional data signal for the C2 Debug Interface.

P3.0/ — 10 D I/O |Port 3.0. See Section 15 for a complete description of Port

3.
C2D D I/O
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 D1/O |USB D+.

D- D1/O |USB D-.

P0.0 D I/O or |Port 0.0. See Section 15 for a complete description of Port
Aln |0.

PO.1 5 1 D I/O or |Port 0.1.
Aln

P0.2 4 32 D I/O or |Port 0.2.
Aln

P0.3 3 31 D I/O or |Port 0.3.
Aln

P0.4 2 30 |DI/Oor |Port0.4.
Aln

P0.5 1 29 | DI/Oor |Port0.5.
Aln

P0.6 48 28 | DI/Oor |Port0.6.
Aln

PO0.7 47 27 | DI/Oor |Port0.7.
Aln
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9. CIP-51 Microcontroller

The MCU system controller core is the CIP-51 microcontroller. The CIP-51 is fully compatible with the
MCS-51™ instruction set; standard 803x/805x assemblers and compilers can be used to develop soft-
ware. The MCU family has a superset of all the peripherals included with a standard 8051. Included are
four 16-bit counter/timers (see description in Section 21), an enhanced full-duplex UART (see description
in Section 18), an Enhanced SPI (see description in Section 20), 256 bytes of internal RAM, 128 byte
Special Function Register (SFR) address space (Section 9.2.6), and 25 Port I/O (see description in Sec-
tion 15). The CIP-51 also includes on-chip debug hardware (see description in Section 23), and interfaces
directly with the analog and digital subsystems providing a complete data acquisition or control-system
solution in a single integrated circuit.

The CIP-51 Microcontroller core implements the standard 8051 organization and peripherals as well as
additional custom peripherals and functions to extend its capability (see Figure 9.1 for a block diagram).
The CIP-51 includes the following features:

- Fully Compatible with MCS-51 Instruction

Extended Interrupt Handler

Set - Reset Input
- 0to 48 MHz Clock Frequency - Power Management Modes
- 256 Bytes of Internal RAM - On-chip Debug Logic
- 25 Port /O - Program and Data Memory Security
DATA BUS

ACCUMULATOR [ BREGISTER |  [STACKPOINTER]

DATA BUS

SRAM
ADDRESS >(255’2§(M8)
REGISTER

i

DATA BUS !
SFR_ADDRESS

BUFFER H‘z» I
SFR_CONTROL

¥

SFR :
H«ﬂﬂ BUS SFR_WRITE_DATA
4—»‘ DATA POINTER H INTERFACE - — >
SFR_READ_DATA |
4—»‘ PC INCREMENTER ‘

MEM_ADDRESS
| MEVADDRESS

MEM_CONTROL

PROGRAM COUNTER (PC)‘ I
MEMORY I
I

DATA BUS

1
PRGM. ADDRESS REG. } A16 INTERFACE MEM_WRITE_DATA
P

MEM_READ_DATA

RESET CONTROL
| clock roeie SYSTEM_IRQs
P INTERRUPT |
|,& INTERFACE | | EMULATIONIRQ_
I POWER CONTROL
<«PE REGISTER «3»
Figure 9.1. CIP-51 Block Diagram
®
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Table 9.1. CIP-51 Instruction Set Summary (Continued)

. - Clock
Mnemonic Description Bytes Cycles
ORL A, #data OR immediate to A 2 2
ORL direct, A OR A to direct byte 2 2
ORL direct, #data OR immediate to direct byte 3 3
XRL A, Rn Exclusive-OR Register to A 1 1
XRL A, direct Exclusive-OR direct byte to A 2 2
XRL A, @Ri Exclusive-OR indirect RAM to A 1 2
XRL A, #data Exclusive-OR immediate to A 2 2
XRL direct, A Exclusive-OR A to direct byte 2 2
XRL direct, #data Exclusive-OR immediate to direct byte 3 3
CLR A Clear A 1 1
CPLA Complement A 1 1
RL A Rotate A left 1 1
RLC A Rotate A left through Carry 1 1
RR A Rotate A right 1 1
RRC A Rotate A right through Carry 1 1
SWAP A Swap nibbles of A 1 1
Data Transfer
MOV A, Rn Move Register to A
MOV A, direct Move direct byte to A
MOV A, @Ri Move indirect RAM to A
MOV A, #data Move immediate to A
MOV Rn, A Move A to Register

MOV Rn, direct

Move direct byte to Register

MOV Rn, #data

Move immediate to Register

MOV direct, A

Move A to direct byte

MOV direct, Rn

Move Register to direct byte

MOV direct, direct

Move direct byte to direct byte

MOQV direct, @Ri

Move indirect RAM to direct byte

MOV direct, #data

Move immediate to direct byte

MOV @RI, A

Move A to indirect RAM

MOV @RI, direct

Move direct byte to indirect RAM

MOV @RI, #data

Move immediate to indirect RAM

MOV DPTR, #datal6

Load DPTR with 16-bit constant

MOVC A, @A+DPTR

Move code byte relative DPTR to A

MOVC A, @A+PC

Move code byte relative PC to A

MOVX A, @Ri

Move external data (8-bit address) to A

MOVX @Ri, A

Move A to external data (8-bit address)

MOVX A, @DPTR

Move external data (16-bit address) to A

MOVX @DPTR, A

Move A to external data (16-bit address)

RPN NNRP R R R WNDNER W DNWNNN N RPN RPN -

NININEFE| NN W W W W W W wWwNNINWNWNNNNERINNDN P

PUSH direct Push direct byte onto stack

POP direct Pop direct byte from stack

XCH A, Rn Exchange Register with A

XCH A, direct Exchange direct byte with A

XCH A, @Ri Exchange indirect RAM with A

XCHD A, @Ri Exchange low nibble of indirect RAM with A
76 Rev. 1.3
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SFR Definition 9.7. IE: Interrupt Enable

R/W R/W R/W R/W R/W R/W R/W R/W Reset Value
EA ESPI0O | ET2 [ ESO | ET1 [ EX1 | ETO | EX0 |00000000
Bit7 Bit6 Bit5 Bit4 Bit3 Bit2 Bitl Bit0 SFR Address:

(bit addressable) ~ OXA8

Bit7: EA: Enable All Interrupts.
This bit globally enables/disables all interrupts. It overrides the individual interrupt mask set-
tings.

0: Disable all interrupt sources.

1. Enable each interrupt according to its individual mask setting.
Bit6: ESPIO: Enable Serial Peripheral Interface (SPIO) Interrupt.

This bit sets the masking of the SPIO interrupts.

0: Disable all SPIO0 interrupts.

1: Enable interrupt requests generated by SPIO.
Bit5: ET2: Enable Timer 2 Interrupt.

This bit sets the masking of the Timer 2 interrupt.

0: Disable Timer 2 interrupt.

1: Enable interrupt requests generated by the TF2L or TF2H flags.
Bit4: ESO: Enable UARTO Interrupt.

This bit sets the masking of the UARTO interrupt.

0: Disable UARTO interrupt.

1: Enable UARTO interrupt.
Bit3: ET1: Enable Timer 1 Interrupt.

This bit sets the masking of the Timer 1 interrupt.

0: Disable all Timer 1 interrupt.

1: Enable interrupt requests generated by the TF1 flag.
Bit2: EX1: Enable External Interrupt 1.

This bit sets the masking of External Interrupt 1.

0: Disable external interrupt 1. _

1: Enable interrupt requests generated by the INT1 input.
Bitl: ETO: Enable Timer O Interrupt.

This bit sets the masking of the Timer O interrupt.

0: Disable all Timer O interrupt.

1. Enable interrupt requests generated by the TFO flag.
BitO: EXO: Enable External Interrupt O.

This bit sets the masking of External Interrupt O.

0: Disable external interrupt 0. _

1. Enable interrupt requests generated by the INTO input.

Rev. 1.3 91
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SFR Definition 11.2. RSTSRC: Reset Source

R/W R R/W R/W R R/W R/W R Reset Value
USBRSF | FERROR | CORSEF | SWRSF | WDTRSF | MCDRSF | PORSF | PINRSF | Variable
Bit7 Bit6 Bit5 Bit4 Bit3 Bit2 Bitl Bit0 SFR Address:
OXEF
Bit7:  USBRSF: USB Reset Flag

0: Read: Last reset was not a USB reset; Write: USB resets disabled.
1: Read: Last reset was a USB reset; Write: USB resets enabled.
Bit6: FERROR: Flash Error Indicator.
0: Source of last reset was not a Flash read/write/erase error.
1: Source of last reset was a Flash read/write/erase error.
Bit5: CORSEF: Comparator0 Reset Enable and Flag.
0: Read: Source of last reset was not ComparatorO; Write: Comparator0 is not a reset
source.
1: Read: Source of last reset was ComparatorO; Write: ComparatorO is a reset source
(active-low).
Bit4: SWRSF: Software Reset Force and Flag.
0: Read: Source of last reset was not a write to the SWRSF bit; Write: No Effect.
1: Read: Source of last was a write to the SWRSF bit; Write: Forces a system reset.
Bit3: WDTRSF: Watchdog Timer Reset Flag.
0: Source of last reset was not a WDT timeout.
1: Source of last reset was a WDT timeout.
Bit2: MCDRSF: Missing Clock Detector Flag.
0: Read: Source of last reset was not a Missing Clock Detector timeout; Write: Missing
Clock Detector disabled.
1: Read: Source of last reset was a Missing Clock Detector timeout; Write: Missing Clock
Detector enabled; triggers a reset if a missing clock condition is detected.
Bitl: PORSF: Power-On / Vpp Monitor Reset Flag.

This bit is set anytime a power-on reset occurs. Writing this bit selects/deselects the Vpp
monitor as a reset source. Note: writing ‘1’ to this bit before the Vpp monitor is enabled
and stabilized can cause a system reset. See register VDMOCN (SFR Definition 11.1).
0: Read: Last reset was not a power-on or Vpp monitor reset; Write: Vpp monitor is not a
reset source.
1: Read: Last reset was a power-on or Vpp monitor reset; all other reset flags indeterminate;
Write: Vpp monitor is a reset source.

Bit0: PINRSF: HW Pin Reset Flag.
0: Source of last reset was not RST pin.
1. Source of last reset was RST pin.

Note: For bits that act as both reset source enables (on a write) and reset indicator flags (on a
read), read-modify-write instructions read and modify the source enable only. This applies to
bits: USBRSF, CORSEF, SWRSF, MCDRSF, PORSF.
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15.2. Port I/O Initialization

Port 1/O initialization consists of the following steps:

Step 1. Select the input mode (analog or digital) for all Port pins, using the Port Input Mode
register (PNMDIN).
Step 2. Select the output mode (open-drain or push-pull) for all Port pins, using the Port Output
Mode register (PnMDOUT).
Step 3. Select any pins to be skipped by the I/O Crossbar using the Port Skip registers (PnSKIP).
Step 4. Assign Port pins to desired peripherals (XBR0O, XBR1).
Step 5. Enable the Crossbar (XBARE = ‘1).
All Port pins must be configured as either analog or digital inputs. Any pins to be used as Comparator or
ADC inputs should be configured as an analog inputs. When a pin is configured as an analog input, its
weak pull-up, digital driver, and digital receiver are disabled. This process saves power and reduces noise
on the analog input. Pins configured as digital inputs may still be used by analog peripherals; however this
practice is not recommended. To configure a Port pin for digital input, write ‘0’ to the corresponding bit in
register PnMDOUT, and write ‘1’ to the corresponding Port latch (register Pn).

Additionally, all analog input pins should be configured to be skipped by the Crossbar (accomplished by
setting the associated bits in PnSKIP). Port input mode is set in the PNMDIN register, where a ‘1’ indicates
a digital input, and a ‘0’ indicates an analog input. All pins default to digital inputs on reset.

The output driver characteristics of the 1/0 pins are defined using the Port Output Mode registers (PnMD-
OUT). Each Port Output driver can be configured as either open drain or push-pull. This selection is
required even for the digital resources selected in the XBRn registers, and is not automatic. The only
exception to this is the SMBus (SDA, SCL) pins, which are configured as open-drain regardless of the
PnMDOUT settings. When the WEAKPUD bit in XBR1 is ‘0’, a weak pull-up is enabled for all Port 1/0O con-
figured as open-drain. WEAKPUD does not affect the push-pull Port I/O. Furthermore, the weak pull-up is
turned off on an output that is driving a ‘0’ to avoid unnecessary power dissipation.

Registers XBR0 and XBR1 must be loaded with the appropriate values to select the digital I/O functions
required by the design. Setting the XBARE bit in XBR1 to ‘1’ enables the Crossbar. Until the Crossbar is
enabled, the external pins remain as standard Port I/O (in input mode), regardless of the XBRn Register
settings. For given XBRn Register settings, one can determine the 1/O pin-out using the Priority Decode
Table; as an alternative, the Configuration Wizard utility of the Silicon Labs IDE software will determine the
Port I/O pin-assignments based on the XBRn Register settings.

Important Note: The Crossbar must be enabled to use Ports PO, P1, P2, and P3 as standard Port I/O in
output mode. These Port output drivers are disabled while the Crossbar is disabled. Port 4 always func-
tions as standard GPIO.
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SFR Definition 15.2. XBR1: Port I/O Crossbar Register 1

R/W

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

WEAKPUD| XBARE | T1E | TOE | ECIE | PCAOME | 00000000

Bit7

Bit7:

Bit6:

Bit5:

Bit4:

Bit3:

Bits2—0:

Bit6 Bit5 Bit4 Bit3 Bit2 Bit1 Bit0 SFR Address:
OxE2

WEAKPUD: Port I/O Weak Pull-up Disable.

0: Weak Pull-ups enabled (except for Ports whose I/O are configured as analog input or
push-pull output).

1: Weak Pull-ups disabled.

XBARE: Crossbhar Enable.

0: Crossbar disabled; all Port drivers disabled.

1: Crossbar enabled.

T1E: T1 Enable

0: T1 unavailable at Port pin.

1: T1 routed to Port pin.

TOE: TO Enable

0: TO unavailable at Port pin.

1: TO routed to Port pin.

ECIE: PCAO External Counter Input Enable

0: ECI unavailable at Port pin.

1: ECI routed to Port pin.

PCAOME: PCA Module 1/0 Enable Bits.

000: All PCA 1/O unavailable at Port pins.

001: CEXO routed to Port pin.

010: CEXO, CEX1 routed to Port pins.

011: CEXO0, CEX1, CEX2 routed to Port pins.

100: CEXO, CEX1, CEX2, CEX3 routed to Port pins.
101: CEXO, CEX1, CEX2, CEX3, CEX4 routed to Port pins.
110: Reserved.

111: Reserved.

SFR Definition 15.3. XBR2: Port I/0O Crossbar Register 2

R/W

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

| | | | | | ["URTIE | 00000000

Bit7

Bits7-1:
BitO:

Bit6 Bit5 Bit4 Bit3 Bit2 Bit1 BitO SFR Address:
OXE3

RESERVED: Always write to 0000000b

URT1E: UART1 I/O Output Enable (C8051F340/1/4/5/8/A/B Only)
0: UART1 I/O unavailable at Port pins.

1: UART1 TX1, RX1 routed to Port pins.
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SFR Definition 15.21. PAMDIN: Port4 Input Mode

R/IW R/IW R/W R/IW R/IW R/IW R/IW R/W Reset Value
\ \ | \ \ \ \ 11111111
Bit7 Bit6 Bit5 Bit4 Bit3 Bit2 Bitl Bit0 SFR Address:
OXF5

Bits7—0: Analog Input Configuration Bits for P4.7—P4.0 (respectively).

Port pins configured as analog inputs have their weak pull-up, digital driver, and digital
receiver disabled.

0: Corresponding P4.n pin is configured as an analog input.
1: Corresponding P4.n pin is not configured as an analog input.

Note: P4 is only available on 48-pin devices.

SFR Definition 15.22. PAMDOUT: Port4 Output Mode

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

\ \ | \ \ \ \ \oooooooo

Bit7 Bit6 Bit5 Bit4 Bit3 Bit2 Bitl Bit0 SFR Address:
OxXAE

Bits7—0: Output Configuration Bits for P4.7—P4.0 (respectively); ignored if corresponding bit in regis-
ter PAMDIN is logic O.

0: Corresponding P4.n Output is open-drain.
1: Corresponding P4.n Output is push-pull.

Note: P4 is only available on 48-pin devices.
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USB Register Definition 16.11. IN1INT: USBO IN Endpoint Interrupt

R R R R R R R R Reset Value
| - | - | - | - | IN3 | IN2 | IN1 | EPO |00000000
Bit7 Bit6 Bit5 Bit4 Bit3 Bit2 Bitl Bit0 USB Address:
0x02

Bits7—4: Unused. Read = 0000b. Write = don't care.

Bit3: IN3: IN Endpoint 3 Interrupt-pending Flag
This bit is cleared when software reads the IN1INT register.
0: IN Endpoint 3 interrupt inactive.
1: IN Endpoint 3 interrupt active.

Bit2: IN2: IN Endpoint 2 Interrupt-pending Flag
This bit is cleared when software reads the IN1INT register.
0: IN Endpoint 2 interrupt inactive.
1: IN Endpoint 2 interrupt active.

Bit1: IN1: IN Endpoint 1 Interrupt-pending Flag
This bit is cleared when software reads the IN1INT register.
0: IN Endpoint 1 interrupt inactive.
1: IN Endpoint 1 interrupt active.

Bit0: EPO: Endpoint O Interrupt-pending Flag
This bit is cleared when software reads the IN1INT register.
0: Endpoint O interrupt inactive.
1: Endpoint 0 interrupt active.

USB Register Definition 16.12. OUT1INT: USBO Out Endpoint Interrupt

R R R R R R R R Reset Value

| - | - | - | - ] outrs | out2 | ouTlt | -  |00000000

Bit7 Bit6 Bit5 Bit4 Bit3 Bit2 Bitl Bit0 USB Address:
0x04

Bits7—4: Unused. Read = 0000b. Write = don't care.

Bit3: OUT3: OUT Endpoint 3 Interrupt-pending Flag
This bit is cleared when software reads the OUT1INT register.
0: OUT Endpoint 3 interrupt inactive.
1. OUT Endpoint 3 interrupt active.

Bit2: OUT2: OUT Endpoint 2 Interrupt-pending Flag
This bit is cleared when software reads the OUT1INT register.
0: OUT Endpoint 2 interrupt inactive.
1. OUT Endpoint 2 interrupt active.

Bitl: OUT1: OUT Endpoint 1 Interrupt-pending Flag
This bit is cleared when software reads the OUT1INT register.
0: OUT Endpoint 1 interrupt inactive.
1. OUT Endpoint 1 interrupt active.

Bit0: Unused. Read = 0; Write = don't care.
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16.10.3.Endpoint0 OUT Transactions

When a SETUP request is received that requires the host to transmit data to USBO, one or more OUT
requests will be sent by the host. When an OUT packet is successfully received by USBO, hardware will set
the OPRDY bit (EOCSR.0) to ‘1’ and generate an EndpointO interrupt. Following this interrupt, firmware
should unload the OUT packet from the Endpoint0 FIFO and set the SOPRDY bit (EOCSR.6) to ‘1’.

If the amount of data required for the transfer exceeds the maximum packet size for Endpoint0, the data
will be split into multiple packets. If the requested data is an integer multiple of the maximum packet size
for Endpoint0 (as reported to the host), the host will send a zero-length data packet signaling the end of the
transfer.

Upon reception of the first OUT token for a particular control transfer, EndpointO is said to be in Receive
Mode. In this mode, only OUT tokens should be sent by the host to Endpoint0. The SUEND bit (EOCSR.4)
is setto ‘1" if a SETUP or IN token is received while Endpoint0 is in Receive Mode.

Endpoint0 will remain in Receive mode until:

1. The SIE receives a SETUP or IN token.
2. The host sends a packet less than the maximum EndpointO packet size.
3. The host sends a zero-length packet.

Firmware should set the DATAEND bit (EOCSR.3) to ‘1’ when the expected amount of data has been
received. The SIE will transmit a STALL condition if the host sends an OUT packet after the DATAEND bit
has been set by firmware. An interrupt will be generated with the STSTL bit (EOCSR.2) set to ‘1’ after the
STALL is transmitted.
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Table 17.3. Sources for Hardware Changes to SMBOCN

Bit Set by Hardware When: Cleared by Hardware When:
MASTER « A START is generated. <A S_TOE is .generated.
* Arbitration is lost.
« START is generated. « A START is detected.
TXMODE  ° SMBODAT is written before the start of an * Arbitration i.s lost. .
SMBus frame. * SMBODAT is not written before the
start of an SMBus frame.
STA * A START followed by an address byte is * Must be cleared by software.
received.
* A STOP is detected while addressed as a * A pending STOP is generated.
STO slave.
« Arbitration is lost due to a detected STOP.
ACKRQ * A byte has been received and an ACK « After each ACK cycle.

response value is needed.
* A repeated START is detected as a MASTER « Each time Sl is cleared.
when STA is low (unwanted repeated START).
* SCL is sensed low while attempting to gener-
ate a STOP or repeated START condition.
» SDA is sensed low while transmitting a ‘1’
(excluding ACK bits).
» The incoming ACK value is low (ACKNOWL- « The incoming ACK value is high (NOT
EDGE). ACKNOWLEDGE).
« A START has been generated. « Must be cleared by software.
* Lost arbitration.
« A byte has been transmitted and an ACK/
NACK received.
« A byte has been received.
« A START or repeated START followed by a
slave address + R/W has been received.
* A STOP has been received.

ARBLOST

ACK

SI
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Table 17.4. SMBus Status Decoding

Values
Values Read Written
[}
3 w = |O c'T) Current SMbus State Typical Response Options
= 59 | |O|X < | o | X
58 5039 b |5 |3
52198 |< <
<
Load slave address + R/W
1110 | 0 | 0 | X |A master START was generated. into SMBODAT. 00| X
A master data or address byte Set STA to restart transfer. 0 X
0|00 I .
o was transmitted; NACK received. |Abort transfer. 1| x
(]
E Load next data byte into
5 SMBODAT. 010X
E End transfer with STOP. 0| 1| X
= 1100 :
% A master data or address byte End transfer with STOP and 11| X
R 0|01 . ) . start another transfer.
s was transmitted; ACK received.
Send repeated START. 110 ]| X
Switch to Master Receiver
Mode (clear SI without writ- | O | 0 | X
ing new data to SMBODAT).
Acknowledge received byte; olol1
Read SMBODAT.
Send NACK to indicate last ol 110
byte, and send STOP.
Send NACK to indicate last
byte, and send STOP fol- 1({1]0
lowed by START.
@ Send ACK followed by
'% repeated START. 1ot
o A master data byte was received,; P
& l1000|1]0]Xx ' |Send NACK to indicate last
= ACK requested. byte, and send repeated 1/0/o0
i START.
= Send ACK and switch to
Master Transmitter Mode olol1
(write to SMBODAT before
clearing Sl).
Send NACK and switch to
Master Transmitter Mode ololo
(write to SMBODAT before
clearing Sl).
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Table 17.4. SMBus Status Decoding (Continued)

Values
Values Read Written
[}
3 n = O 5 Current SMbus State Typical Response Options
= 59 | |0 (X < o | X
5815139 b |5 |2
72 Q|8 < <
<
ololo A slave byte was transmitted; No action required (expect- ol ol x
L NACK received. ing STOP condition).
(&) . .
b= A slave byte was transmitted; Load SMBODAT with next
= 0100 10101 ACK received. data byte to transmit. 00 X
§ A Slave byte was transmitted; No action required (expect-
= 01X . 0|0 |X
® error detected. ing Master to end transfer).
E An illegal STOP or bus error was
N 0101 | 0 | X | X |detected while a Slave Transmis- |Clear STO. 0| 0| X
sion was in progress.
Acknowledge received olol1
A slave address was received; |address.
10X
ACK requested. Do not acknowledge
. 0(0|O
received address.
Acknowledge received olol1
0010 address.
Lost arbitration as master; slave |Do not acknowledge ololo
1|1 | X |address received; ACK received address.
requested. Reschedule failed transfer;
do not acknowledge received| 1 | O | O
address.
3 Lost arbitration while attempting a |Abort failed transfer. 0] X
= | 0010 |0 |1 X d i
S repeated START. Reschedule failed transfer. 0| X
% 1111 x Lost arbitration while attempting a |No action required (transfer ololo
= STOP. complete/aborted).
2 A STOP was detected while
0001 | 0 | O | X |addressed as a Slave Transmitter |Clear STO. 0| 0| X
or Slave Receiver.
Lost arbitration due to a detected |Abort transfer. 0| X
01X .
STOP. Reschedule failed transfer. 0| X
Acknowledge received byte; olol1
1 | o | x |Aslave byte was received; ACK Read SMBODAT.
requested. Do not acknowledge ololo
0000 received byte.
1| 1| x [Lost arbitration while transmitting Abort failed transfer. 0|0
a data byte as master. Reschedule failed transfer. 11010
) Rev. 1.3 204

SILICON LABS




C8051F340/1/2/3/4/5/6/7/8/9/A/BI/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 OxFFFF 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.

TMR2CN
T[T[T[T[T[T[T[T
F|F|F|2|2|R|2|2
2|2(2|c|s|2|c|x
H|L|L|E|P| [s|c CKCON
E % Sk T[T[T[T]T[T[S[S
T 3(3[2[2|1]o|c|c
MIMMM[M[M]|A|A
Hl HILH(L] | J2o
SYSCLK /12 —— 0 TL2 —To SMBus
Overflow
— 0
TR2 TCLK To ADC
External Clock /8 —— 1 TMR2L TMR2H  ——> gy,
SYSCLK —— 1

USB Start-of-Frame (SOF)

CaPWe | T\MR2RLL | TMR2RLH

Low-Frequency Oscillator
Falling Edge

T2CSs Enabka__D— Interrupt

Figure 21.6. Timer 2 Capture Mode (T2SPLIT ="'0’)
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When T2SPLIT = ‘1’, the Timer 2 registers (TMR2H and TMR2L) act as two 8-bit counters. Each counter
counts up independently and overflows from OxFF 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.

TMR2CN
T|T[T|T[T[T[T|T
F[F|F|2|2[R]|2[2
2|2|2|C|S|2|C[X
H|L[L|E[P| |S|C
El |t [s|t —oXCON
N| |1 K T|T|T[T|T|T[S|S
T = 3|3|2|2[1|o|c|c
MIMIMIMIM|IM[A A C. Enable
! HILHIL] | [2]o TMR2RLH [« g D e
SYSCLK /12 —— 0 \Fl
External Clock /8 —— 1 TCLK
TR2 TMR2H —» To SMBus
1
TMR2RLL |[«22ure
SYSCLK
1 TT
TCLK To ADC,
TMR2L |— SMBUS
0
USB Start-of-Frame (SOF) 0
Low-Frequency Oscillator 1
Falling Edge

T2CSS

Figure 21.7. Timer 2 Capture Mode (T2SPLIT ='1")
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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 OxFFFF 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 OxFF to 0x00.

CKCON

T[T[T[T[T[T]S[S

3|3|2|2[1[olc|c

T3XCLK M|MIM[M|M[M[A]A

l H[L|H[L 110

SYSCLK /12 — 0 l ToADC
——— 0
TR3 TCK | TMR3L | TMR3H TE3H

External Clock /8 —— 1

TEar Interrupt
5 [TE3LEN
SYSCLK ————— 11 | e
T3SPLIT
ZCTRs _+—>
13CSS

TMR3RLL | TMR3RLH [«
Reload

Figure 21.8. Timer 3 16-Bit Mode Block Diagram
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SFR Definition 22.3. PCAOCPMn: PCA Capture/Compare Mode

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 Bitl Bit0 SFR Address:
O0xDA, 0xDB,

0xDC, 0xDD,

OxDE

PCAOCPMn Address: PCAOCPMO = 0xDA (n = 0), PCAOCPML1 = 0xDB (n = 1),
PCAOCPM2 = 0xDC (n = 2), PCAOCPM3 = 0xDD (n = 3),
PCAOCPM4 = OxDE (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: CAPPnN: Capture Positive Function Enable.
This bit enables/disables the positive edge capture for PCA module n.
0: Disabled.
1: Enabled.
Bit4: CAPNnN: Capture Negative Function Enable.
This bit enables/disables the negative edge capture for PCA module n.
0: Disabled.
1: Enabled.
Bit3: MATnN: 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 PCAOMD
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.
Bitl: 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.
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SFR Definition 22.4. PCAOL: PCA Counter/Timer Low Byte

R/W R/W R/W R/W R/W R/W R/W R/W Reset Value
\ \ | \ \ | \ \oooooooo
Bit7 Bit6 Bit5 Bit4 Bit3 Bit2 Bit1 Bit0 SFR Address:
OxF9

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

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

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 Bitl BitO SFR Address:
OXFA

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

SFR Definition 22.6. PCAOCPLn: PCA Capture Module Low Byte

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 Bitl Bit0 SFR Address:
OxFB, 0xE9,
OxEB, OXED,

OxFD

PCAOCPLN Address: PCAOCPLO = 0xFB (n = 0), PCAOCPL1 = OxE9 (n = 1),
PCAOCPL2 = OxEB (n = 2), PCAOCPL3 = OxED (n = 3),
PCAOCPL4 = OxFD (n = 4)

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

Rev. 1.3 269

SILICON LABS



