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Figure 1.9. Comparator 0 Functional Block Diagram
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Figure 1.10. Comparator 1 Functional Block Diagram
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2. Ordering Information

Table 2.1. Product Selection Guide
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C8051F912-GM |25|16| 768 | |1 |1 |2 |4 | v|16| | V||| 2| |V QFN-24
C8051F912-GU |25(16| 768 | v |1 |1 |2 |4 | (16| V||| V|2 || QSOP-24
C8051F912-GD [25(16| 768 | v |1 |1 (2|4 | |16| ||V | V|2 ||V Tested Die
C8051F911-GM |25|16| 768 | v |1 |1 |2 |4 | V|16| V||| V| 2| QFN-24
C8051F911-GU |25(16| 768 | v |1 |1 |2 |4 | |16| V||V || 2|V QSOP-24
C8051F911-GD |25(16| 768 | v |1 |1 |2 |4 | |16| V||V | V|2 |V Tested Die
C8051F902-GM (25| 8 | 768 | |1 |1 |2 |4 | V|16| |||V |2 |V QFN-24
C8051F902-GU (25| 8 | 768 | v |1 |1 |2 |4 | |16| V||V || 2|V QSOP-24
C8051F902-GD |25 8 | 768 | v |1 |1 (2|4 | |16| ||V |V|2| Tested Die
C8051F901-GM (25| 8 | 768 | v |1 |1 |2 |4 | |16| V|||V |2]| QFN-24
C8051F901-GU |25/ 8 | 768 | V|1 |1 |2 |4 | |16| ||V || 2|V QSOP-24
C8051F901-GD (25| 8 | 768 | v |1 |1 |2 |4 | |16| ||V || 2|V Tested Die

*The 'F9xx Plus features are a set of enhancements that allow greater power efficiency and increased
functionality. They include 12-bit ADC mode, PWM Enhanced IREF, ultra-low power SmaRTClock LFO,
VBAT input voltage from 0.9 to 3.6 V, and VBAT battery low indicator. The 'F9xx Plus features are
described in detail in "AN431: FO3x-F90x Software Porting Guide."”
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Table 4.3. Port 1/0O DC Electrical Characteristics
Vpp = 1.8 t0 3.6 V, —40 to +85 °C unless otherwise specified.

>
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Parameters Conditions Min Typ Max Units
Output High Voltage | High Drive Strength, PnDRV.n = 1
IOH = -3 mA, Port I/O push-pull Vpp—-0.7 _ —
IOH = -10 pA, Port I/O push-pull Vpp — 0.1 . _
IOH = -10 mA, Port I/O push-pull See Chart
\Y
Low Drive Strength, PnDRV.n =0
IOH = -1 mA, Port I/O push-pull Vpp — 0.7 — —
IOH =-10 pA, Port I/O push-pull Vpp — 0.1 — —
IOH = —=3 mA, Port I/O push-pull L See Chart —
Output Low Voltage |High Drive Strength, PnDRV.n =1
oL =8.5mA o . 06
loL =10 pA _ _ 0.1
loL =25 mA — See Chart —
Y
Low Drive Strength, PnDRV.n =0
oL =1.4mA — — 0.6
loL = 10 pA — — 01
lo, =4 mA — See Chart —
Input High Voltage |Vpp=2.0t03.6V Vpp — 0.6 — — \Y,
Vpp=0.9to2.0V 0.7 x VDD — — \
Input Low Voltage |Vpp=2.0t03.6 V — — 0.6 Y,
Vpp=0.9t02.0V — — 0.3xVvDD| V
Weak Pullup Off — — +1
g‘gr‘:;hfakage Weak Pullup On, V=0V, Vpp =1.8V| 4 _ UA
Weak Pullup On, Vin=0V, Vpp =3.6 V — 20 35
Rev. 1.1 a7
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7. Comparators

C8051F91x-C8051F90x devices include two on-chip programmable voltage comparators: Comparator O
(CPTOQ) is shown in Figure 7.1; Comparator 1 (CPT1) is shown in Figure 7.2. The two comparators operate
identically, but may differ in their ability to be used as reset or wake-up sources. See the Reset Sources
chapter and the Power Management chapter for details on reset sources and low power mode wake-up
sources, respectively.

The Comparator offers programmable response time and hysteresis, an analog input multiplexer, and two
outputs that are optionally available at the Port pins: a digital synchronous “latched” output (CPO, CP1), or
a digital asynchronous “raw” output (CPOA, CP1A). The asynchronous CPOA signal is available even when
the system clock is not active. This allows the Comparator to operate and generate an output when the
device is in some low power modes.

7.1. Comparator Inputs

Each Comparator performs an analog comparison of the voltage levels at its positive (CPO+ or CP1+) and
negative (CPO- or CP1-) input. Both comparators support multiple port pin inputs multiplexed to their
positive and negative comparator inputs using analog input multiplexers. The analog input multiplexers are
completely under software control and configured using SFR registers. See Section “7.6. ComparatorO and
Comparatorl Analog Multiplexers” on page 95 for details on how to select and configure Comparator
inputs.

Important Note About Comparator Inputs: The Port pins selected as Comparator inputs should be
configured as analog inputs and skipped by the Crossbar. See the Port I/O chapter for more details on how
to configure Port I/O pins as Analog Inputs. The Comparator may also be used to compare the logic level
of digital signals, however, Port I/O pins configured as digital inputs must be driven to a valid logic state
(HIGH or LOW) to avoid increased power consumption.
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Figure 7.1. Comparator O Functional Block Diagram
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Table 8.1. CIP-51 Instruction Set Summary

Mnemonic Description Bytes Clock
Cycles
Arithmetic Operations
ADD A, Rn Add register to A 1 1
ADD A, direct Add direct byte to A 2 2
ADD A, @RI Add indirect RAM to A 1 2
ADD A, #data Add immediate to A 2 2
ADDC A, Rn Add register to A with carry 1 1
ADDC A, direct Add direct byte to A with carry 2 2
ADDC A, @Ri Add indirect RAM to A with carry 1 2
ADDC A, #data Add immediate to A with carry 2 2
SUBB A, Rn Subtract register from A with borrow 1 1
SUBB A, direct Subtract direct byte from A with borrow 2 2
SUBB A, @RI Subtract indirect RAM from A with borrow 1 2
SUBB A, #data Subtract immediate from A with borrow 2 2
INC A Increment A 1 1
INC Rn Increment register 1 1
INC direct Increment direct byte 2 2
INC @RI Increment indirect RAM 1 2
DEC A Decrement A 1 1
DEC Rn Decrement register 1 1
DEC direct Decrement direct byte 2 2
DEC @RIi Decrement indirect RAM 1 2
INC DPTR Increment Data Pointer 1 1
MUL AB Multiply A and B 1 4
DIV AB Divide A by B 1 8
DA A Decimal adjust A 1 1
Logical Operations

ANL A, Rn AND Register to A 1 1
ANL A, direct AND direct byte to A 2 2
ANL A, @RI AND indirect RAM to A 1 2
ANL A, #data AND immediate to A 2 2
ANL direct, A AND A to direct byte 2 2
ANL direct, #data AND immediate to direct byte 3 3
ORL A, Rn OR Register to A 1 1
ORL A, direct OR direct byte to A 2 2
ORL A, @RI OR indirect RAM to A 1 2
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

3 3

XRL direct, #data

Exclusive-OR immediate to direct byte

100
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Notes on Registers, Operands and Addressing Modes:

Rn—Register RO-R7 of the currently selected register bank.
@Ri—Data RAM location addressed indirectly through RO or R1.

rel—8-bit, signed (twos complement) offset relative to the first byte of the following instruction. Used by
SJMP and all conditional jumps.

direct—8-bit internal data location’s address. This could be a direct-access Data RAM location
(0x00-0x7F) or an SFR (0x80-0xFF).

#data—8-bit constant
#datal6—16-bit constant
bit—Direct-accessed bit in Data RAM or SFR

addr11—11-bit destination address used by ACALL and AJMP. The destination must be within the
same 2 kB page of program memory as the first byte of the following instruction.

addr16—16-bit destination address used by LCALL and LIMP. The destination may be anywhere within
the 8 kB program memory space.

There is one unused opcode (0xA5) that performs the same function as NOP.
All mnemonics copyrighted © Intel Corporation 1980.

. Ll
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Table 12.1. Interrupt Summary

[
@
o}
Interrupt |Priority . s ] Priority
Interrupt Source Vector  |Order Pending Flag 2 g % Enable Flag Control
58T
— 5]
@ 3028
Always Always
Reset 0x0000 | Top |None N/A | N/A Enabl)(’e g Highgst
External Interrupt 0 (INTO) | 0x0003 0 IEO (TCON.1) Y Y EXO (IE.0) | PXO (IP.0)
Timer 0 Overflow 0x000B 1 |TFO (TCON.5) Y | Y | ETO(IE.L) | PTO(IP.1)
External |nterrupt 1 (|NT]_) 0x0013 2 IE1 (TCON.S) Y Y EX1 (|E.2) PX1 (|P.2)
Timer 1 Overflow 0x001B 3 |TF1 (TCON.7) Y |Y | ETI(E3) | PT1(P.3)
RI0 (SCONO.0)
UARTO 0x0023 4 110 (SCONO.1) Y | N | ESO(IE.4) | PSO (IP.4)
. TF2H (TMR2CN.7)
Timer 2 Overflow 0x002B 5 TF2L (TMR2CN.6) Y | N | ET2(IE.5) | PT2 (IP.5)
SPIF (SPIOCN.7)
WCOL (SPIOCN.6)
SPIO 0x0033 6 MODF (SPIOCN.5) Y | N [ESPIO (IE.6) | PSPIO (IP.6)
RXOVRN (SPIOCN.4)
SMBO 0x003B 7 S| (SMBOCN.0) Y N (EE?IQAJ_B(% (IE?FI:/:ILB(?)
EARTCO PARTCO
SmaRTClock Alarm 0x0043 8  |ALRM (RTCOCN.2)? N | N (EIE1.1) (EIP1.1)
ADCO Window Comparator | 0x004B 9 ADOWINT (ADCOCN.3) Y | N E(é\lléng)o Fz\é\llé?%)
. EADCO PADCO
ADCO End of Conversion 0x0053 10 |ADOINT (ADCOSTA.5) Y N (EIE1.3) (EIP1.3)
Programmable Counter CF (PCAOCN.7) EPCAO PPCAO
Array Ox005B | 11 1oepy (PCAOCN.n) YN (EIE1.4) (EIP1.4)
CPOFIF (CPTOCN.4) ECPO PCPO
Comparator0 0x0083 | 12| cpoRiF (CPTOCN.S) NI N EELS) | (BIPLS)
CP1FIF (CPT1CN.4) ECP1 PCP1
Comparatorl Ox006B | 13 | cpiRiF (CPT1CN.5) NI N ®ELs) | EIPLE)
. TF3H (TMR3CN.7) ET3 PT3
Timer 3 Overflow 0x0073 14 TF3L (TMR3CN.6) N N (EIEL.7) (EIPL.7)
Supply Monitor Early ox0078 | 15 |VPPOK (VDMOCN.5)! EWARN PWARN
Warning VBATOK (VDMOCN.4)% 3 (EIE2.0) (EIP2.0)
EMAT PMAT
Port Match 0x0083 16 |None (EIE2.1) (EIP2.1)
. . ERTCOF PFRTCOF
2
SmaRTClock Oscillator Fail | 0x008B | 17 |OSCFAIL (RTCOCN.5) NN ®E22) (EIP2.2)
SPIF (SPILICN.7)
WCOL (SPI1CN.6) ESPI1 PSPI1
SPIL 0x0093 | 18 |\oDF (SPI1CN.5) NI N @E23 | E®IP23)
RXOVRN (SPI1CN.4)
Notes:
1. Indicates a read-only interrupt pending flag. The interrupt enable may be used to prevent software from
vectoring to the associated interrupt service routine.
2. Indicates a register located in an indirect memory space.
3. 8Blue text Indicates a bit only available on ‘F912 and ‘F902 devices.

122

Rev. 1.1

SILICON

LABS



C8051F91x-C8051F90x

13. Flash Memory

On-chip, re-programmable Flash memory is included for program code and non-volatile data storage. The
Flash memory can be programmed in-system through the C2 interface or by software using the MOVX
write instruction. Once cleared to logic 0, a Flash bit must be erased to set it back to logic 1. Flash bytes
would typically be erased (set to OxFF) before being reprogrammed. The write and erase operations are
automatically timed by hardware for proper execution; data polling to determine the end of the write/erase
operations is not required. Code execution is stalled during Flash write/erase operations. Refer to
Table 4.6 for complete Flash memory electrical characteristics.

13.1. Programming The Flash Memory

The simplest means of programming the Flash memory is through the C2 interface using programming
tools provided by Silicon Laboratories or a third party vendor. This is the only means for programming a
non-initialized device. For details on the C2 commands to program Flash memory, see Section “27. C2
Interface” on page 312.

The Flash memory can be programmed by software using the MOVX write instruction with the address and
data byte to be programmed provided as normal operands. Before programming Flash memory using
MOVX, Flash programming operations must be enabled by: (1) setting the PSWE Program Store Write
Enable bit (PSCTL.0) to logic 1 (this directs the MOVX writes to target Flash memory); and (2) Writing the
Flash key codes in sequence to the Flash Lock register (FLKEY). The PSWE bit remains set until cleared
by software. For detailed guidelines on programming Flash from firmware, please see Section “13.5. Flash
Write and Erase Guidelines” on page 137.

To ensure the integrity of the Flash contents, the on-chip VDD Monitor must be enabled and enabled as a
reset source in any system that includes code that writes and/or erases Flash memory from software.
Furthermore, there should be no delay between enabling the Vpp Monitor and enabling the Vpp Monitor as
a reset source. Any attempt to write or erase Flash memory while the Vpp Monitor is disabled, or not
enabled as a reset source, will cause a Flash Error device reset.

13.1.1. Flash Lock and Key Functions

Flash writes and erases by user software are protected with a lock and key function. The Flash Lock and
Key Register (FLKEY) must be written with the correct key codes, in sequence, before Flash operations
may be performed. The key codes are: 0xA5, OxF1. The timing does not matter, but the codes must be
written in order. If the key codes are written out of order, or the wrong codes are written, Flash writes and
erases will be disabled until the next system reset. Flash writes and erases will also be disabled if a Flash
write or erase is attempted before the key codes have been written properly. The Flash lock resets after
each write or erase; the key codes must be written again before a following Flash operation can be
performed. The FLKEY register is detailed in SFR Definition 13.2.

. L4
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SFR Definition 15.4. CRCOAUTO: CRCO Automatic Control

Bit 7 6 5 4 3 2 0
Name | AUTOEN | CRCDONE CRCOST[5:0]
Type R/W R/W
Reset 0 1 0 0 0 0 0
SFR Page = OxF; SFR Address = 0x96
Bit Name Function
7 AUTOEN Automatic CRC Calculation Enable.
When AUTOEN is set to 1, any write to CRCOCN will initiate an automatic CRC
starting at Flash sector CRCOST and continuing for CRCOCNT sectors.
6 CRCDONE |CRCDONE Automatic CRC Calculation Complete.
Set to 0 when a CRC calculation is in progress. Code execution is stopped during
a CRC calculation; therefore, reads from firmware will always return 1.
5:0 | CRCOST[5:0] |Automatic CRC Calculation Starting Flash Sector.
These bits specify the Flash sector to start the automatic CRC calculation. The
starting address of the first Flash sector included in the automatic CRC calculation
is CRCOST x Page Size.
Note: ‘F91x and ‘F90x devices have a page size of 512 bytes.

Rev. 1.1
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15.5. CRCO Bit Reverse Feature

CRCO includes hardware to reverse the bit order of each bit in a byte as shown in Figure 15.2. Each byte
of data written to CRCOFLIP is read back bit reversed. For example, if OXCO is written to CRCOFLIP, the
data read back is 0x03. Bit reversal is a useful mathematical function used in algorithms such as the FFT.

CRCOFLIP
Write

y y FVVY

CRCOFLIP
Read

Figure 15.2. Bit Reverse Register

SFR Definition 15.6. CRCOFLIP: CRCO Bit Flip

Bit 7 6 5 4 3 2 1 0
Name CRCOFLIP[7:0]

Type R/W
Reset 0 0 0 0 0 0 0 0

SFR Page = 0xF; SFR Address = 0x95
Bit Name Function

7:0 | CRCOFLIP[7:0] |CRCO Bit Flip.

Any byte written to CRCOFLIP is read back in a bit-reversed order, i.e. the written
LSB becomes the MSB. For example:

If 0xCO is written to CRCOFLIP, the data read back will be 0x03.

If Ox05 is written to CRCOFLIP, the data read back will be 0xAO.

. Ll
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15 pF |
| I XTALL
|
25 MHz— 10 Mohmi
|
| A xTAL2
15 pF i
|
e |

|
Figure 19.2. 25 MHz External Crystal Example

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

When using an external crystal, the external oscillator drive circuit must be configured by software for Crys-
tal Oscillator Mode or Crystal Oscillator Mode with divide by 2 stage. The divide by 2 stage ensures that the
clock derived from the external oscillator has a duty cycle of 50%. The External Oscillator Frequency Con-
trol value (XFCN) must also be specified based on the crystal frequency. The selection should be based on
Table 19.1. For example, a 25 MHz crystal requires an XFCN setting of 111b.

Table 19.1. Recommended XFCN Settings for Crystal Mode

XFCN Crystal Frequency Bias Current Typical Supply Current
(VDD = 2.4 V)

000 f <20 kHz 0.5 pA 3.0 pA, f=32.768 kHz
001 20 kHz < f <58 kHz 1.5 pA 4.8 pA, f=32.768 kHz
010 58 kHz < f <155 kHz 4.8 pA 9.6 pA, f=32.768 kHz
011 155 kHz < f <415 kHz 14 pA 28 pA, f =400 kHz
100 415 kHz < f<1.1 MHz 40 pA 71 pA, f =400 kHz
101 1.1 MHz < f<3.1 MHz 120 pA 193 YA, f = 400 kHz
110 3.1 MHz <f<8.2 MHz 550 pA 940 pA, f=8 MHz
111 8.2 MHz < <25 MHz 2.6 mA 3.9mA, f=25 MHz

When the crystal oscillator is first enabled, the external oscillator valid detector allows software to deter-
mine when the external system clock has stabilized. Switching to the external oscillator before the crystal
oscillator has stabilized can result in unpredictable behavior. The recommended procedure for starting the
crystal is as follows:

1. Configure XTAL1 and XTALZ2 for analog I/O and disable the digital output drivers.

2. Configure and enable the external oscillator.

3. Poll for XTLVLD => 1.

4. Switch the system clock to the external oscillator.

_ -
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20.1. SmaRTClock Interface

The SmaRTClock Interface consists of three registers: RTCOKEY, RTCOADR, and RTCODAT. These
interface registers are located on the CIP-51's SFR map and provide access to the SmaRTClock internal
registers listed in Table 20.1. The SmaRTClock internal registers can only be accessed indirectly through

the SmaRTClock Interface.

Table 20.1. SmaRTClock Internal Registers

SmaRTClock | SmaRTClock Register Name Description
Address Register
0x00-0x03 | CAPTURENn |SmaRTClock Capture Four Registers used for setting the 32-hit
Registers SmaRTClock timer or reading its current value.
0x04 RTCOCN |SmaRTClock Control Controls the operation of the SmaRTClock State
Register Machine.
0x05 RTCOXCN [SmaRTClock Oscillator |Controls the operation of the SmaRTClock
Control Register Oscillator.
Note: Some bits in this register are only available on
‘F912 and ‘F902 devices.
0x06 RTCOXCF |SmaRTClock Oscillator |Controls the value of the progammable
Configuration Register |oscillator load capacitance and
enables/disables AutoStep.
0x07 RTCOPIN |SmaRTClock Pin Forces XTAL3 and XTAL4 to be internally
Configuration Register |shorted.
Note: This register also contains other reserved bits
which should not be modified.
0x08-0x0B ALARMn  [SmaRTClock Alarm Four registers used for setting or reading the
Registers 32-bit SmaRTClock alarm value.

20.1.1. SmaRTClock Lock and Key Functions

The SmaRTClock Interface is protected with a lock and key function. The SmaRTClock Lock and Key
Register (RTCOKEY) must be written with the correct key codes, in sequence, before writes and reads to
RTCOADR and RTCODAT may be performed. The key codes are: O0xA5, OxF1. There are no timing
restrictions, but the key codes must be written in order. If the key codes are written out of order, the wrong
codes are written, or an indirect register read or write is attempted while the interface is locked, the
SmaRTClock interface will be disabled, and the RTCOADR and RTCODAT registers will become
inaccessible until the next system reset. Once the SmaRTClock interface is unlocked, software may
perform any number of accesses to the SmaRTClock registers until the interface is re-locked or the device
is reset. Any write to RTCOKEY while the SmaRTClock interface is unlocked will re-lock the interface.

Reading the RTCOKEY register at any time will provide the SmaRTClock Interface status and will not
interfere with the sequence that is being written. The RTCOKEY register description in SFR Definition 20.1
lists the definition of each status code.
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SFR Definition 21.8. PO: PortO

Sets the Port latch logic
value or reads the Port pin
logic state in Port cells con-
figured for digital /0.

Bit 7 6 5 4 3 2 1 0
Name PO[7:0]
Reset 1 1 1 1 1 1 1 1
SFR Page = All Pages; SFR Address = 0x80; Bit-Addressable
Bit Name Description Write Read
7:0 PO[7:0] |Port 0 Data. 0: Set output latch to logic | 0: PO.n Port pin is logic

LOW.
1: Set output latch to logic
HIGH.

LOW.
1: PO.n Port pin is logic
HIGH.

SFR Definition 21.9. POSKIP: PortO Skip

Bit 7 6 5 4 3 2 1 0
Name POSKIP[7:0]
Reset 0 0 0 0 0 0 0 0
SFR Page= 0x0; SFR Address = 0xD4
Bit Name Function
7:0 | POSKIP[7:0] | Port O Crossbar Skip Enable Bits.
These bits select Port 0 pins to be skipped by the Crossbar Decoder. Port pins used
for analog, special functions or GPIO should be skipped by the Crossbar.
0: Corresponding PO.n pin is not skipped by the Crossbar.
1: Corresponding PO0.n pin is skipped by the Crossbar.
. L4
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SFR Definition 21.15. PIMDIN: Portl Input Mode

Bit 7 6 5 4 3 2 1 0
Name P1MDIN[6:0]
Type R/W
Reset 1 1 1 1 1 1 1 1
SFR Page = 0x0; SFR Address = OxF2
Bit Name Function
7 Unused Unused.

Read =0b; Write = Don’t Care.

6:0 | P1IMDIN[6:0] | Analog Configuration Bits for P1.6-P1.0 (respectively).

Port pins configured for analog mode have their weak pullup and digital receiver
disabled. The digital driver is not explicitly disabled.

0: Corresponding P1.n pin is configured for analog mode.

1: Corresponding P1.n pin is not configured for analog mode.

SFR Definition 21.16. PAMDOUT: Portl Output Mode

Bit 7 6 5 4 3 2 1 0
Name P1MDOUT[6:0]
Type R/W
Reset 0 0 0 0 0 0 0 0
SFR Page = 0x0; SFR Address = OxA5
Bit Name Function
7 Unused Unused.

Read =0b; Write = Don't Care.

6:0 | PIMDOUT[6:0] | Output Configuration Bits for P1.6—P1.0 (respectively).

These bits control the digital driver even when the corresponding bit in register
P1MDIN is logic O.

0: Corresponding P1.n Output is open-drain.

1: Corresponding P1.n Output is push-pull.
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Setting the EXTHOLD bit extends the minimum setup and hold times for the SDA line. The minimum SDA
setup time defines the absolute minimum time that SDA is stable before SCL transitions from low-to-high.
The minimum SDA hold time defines the absolute minimum time that the current SDA value remains stable
after SCL transitions from high-to-low. EXTHOLD should be set so that the minimum setup and hold times
meet the SMBus Specification requirements of 250 ns and 300 ns, respectively. Table 22.2 shows the min-
imum setup and hold times for the two EXTHOLD settings. Setup and hold time extensions are typically
necessary when SYSCLK is above 10 MHz.

Table 22.2. Minimum SDA Setup and Hold Times

EXTHOLD Minimum SDA Setup Time Minimum SDA Hold Time
Tiow — 4 System clocks

0 or 3 system clocks

1 system clock + s/w delay*
1 11 system clocks 12 system clocks

*Note: Setup Time for ACK bit transmissions and the MSB of all data transfers. When
using software acknowledgement, the s/w delay occurs between the time SMBODAT

or ACK is written and when Sl is cleared. Note that if Sl is cleared in the same write
that defines the outgoing ACK value, s/w delay is zero.

With the SMBTOE bit set, Timer 3 should be configured to overflow after 25 ms in order to detect SCL low
timeouts (see Section “22.3.4. SCL Low Timeout” on page 228). The SMBus interface will force Timer 3 to
reload while SCL is high, and allow Timer 3 to count when SCL is low. The Timer 3 interrupt service routine
should be used to reset SMBus communication by disabling and re-enabling the SMBus.

SMBus Free Timeout detection can be enabled by setting the SMBFTE bit. When this bit is set, the bus will
be considered free if SDA and SCL remain high for more than 10 SMBus clock source periods (see
Figure 22.4).
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22.5.2. Read Sequence (Master)

During a read sequence, an SMBus master reads data from a slave device. The master in this transfer will
be a transmitter during the address byte, and a receiver during all data bytes. The SMBus interface gener-
ates the START condition and transmits the first byte containing the address of the target slave and the
data direction bit. In this case the data direction bit (R/W) will be logic 1 (READ). Serial data is then
received from the slave on SDA while the SMBus outputs the serial clock. The slave transmits one or more
bytes of serial data.

If hardware ACK generation is disabled, the ACKRQ is set to 1 and an interrupt is generated after each
received byte. Software must write the ACK bit at that time to ACK or NACK the received byte.

With hardware ACK generation enabled, the SMBus hardware will automatically generate the ACK/NACK,
and then post the interrupt. It is important to note that the appropriate ACK or NACK value should be
set up by the software prior to receiving the byte when hardware ACK generation is enabled.

Writing a 1 to the ACK bit generates an ACK; writing a 0 generates a NACK. Software should write a 0 to
the ACK bit for the last data transfer, to transmit a NACK. The interface exits Master Receiver Mode after
the STO bit is set and a STOP is generated. The interface will switch to Master Transmitter Mode if
SMBODAT is written while an active Master Receiver. Figure 22.6 shows a typical master read sequence.
Two received data bytes are shown, though any number of bytes may be received. Notice that the ‘data
byte transferred’ interrupts occur at different places in the sequence, depending on whether hardware ACK
generation is enabled. The interrupt occurs before the ACK with hardware ACK generation disabled, and
after the ACK when hardware ACK generation is enabled.

| Interrupts with Hardware ACK Enabled (EHACK = 1)

Y \ 4 Y \ 4
‘ S SLA R A Data Byte A Data Byte N|P
A A A A

| Interrupts with Hardware ACK Disabled (EHACK = 0)

Received by SMBus S =START
Interface P =STOP
A =ACK
_ N = NACK
Transmitted by R = READ
SMBus Interface SLA = Slave Address

Figure 22.6. Typical Master Read Sequence
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SFR Definition 23.2. SBUFO: Serial (UARTO) Port Data Buffer

Bit 7 6 5 4 3 2 1 0
Name SBUFOQ[7:0]
Type | R/W RIW RIW RIW RIW RIW RIW RIW
Reset 0 0 0 0 0 0 0 0

SFR Page = 0x0; SFR Address = 0x99

Bit Name

Function

7:0 SBUFO

Serial Data Buffer Bits 7:0 (MSB—-LSB).

This SFR accesses two registers; a transmit shift register and a receive latch register.

When data is written to SBUFO, it goes to the transmit shift register and is held for
serial transmission. Writing a byte to SBUFO initiates the transmission. A read of
SBUFO returns the contents of the receive latch.
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SFR Definition 25.1. CKCON: Clock Control

Bit 7 6 5 4 3 2
Name | T3MH T3ML T2MH T2ML TiM TOM SCA[1:0]
Type R/W R/W R/W R/W R/W R/W R/W
Reset 0 0 0 0 0 0
SFR Page = 0x0; SFR Address = Ox8E
Bit | Name Function
7 T3MH |Timer 3 High Byte Clock Select.
Selects the clock supplied to the Timer 3 high byte (split 8-bit timer mode only).
0: Timer 3 high byte uses the clock defined by the T3XCLK bit in TMR3CN.
1: Timer 3 high byte uses the system clock.
6 T3ML |Timer 3 Low Byte Clock Select.
Selects the clock supplied to Timer 3. Selects the clock supplied to the lower 8-bit timer
in split 8-bit timer mode.
0: Timer 3 low byte uses the clock defined by the T3XCLK bit in TMR3CN.
1: Timer 3 low byte uses the system clock.
5 T2MH |Timer 2 High Byte Clock Select.
Selects the clock supplied to the Timer 2 high byte (split 8-bit timer mode only).
0: Timer 2 high byte uses the clock defined by the T2XCLK bit in TMR2CN.
1: Timer 2 high byte uses the system clock.
4 T2ML |Timer 2 Low Byte Clock Select.
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.
3 TiM Timer 1 Clock Select.
Selects the clock source supplied to Timer 1. Ignored when C/T1 is set to 1.
0: Timer 1 uses the clock defined by the prescale bits SCA[1:0].
1: Timer 1 uses the system clock.
2 TOM |Timer O Clock Select.
Selects the clock source supplied to Timer 0. Ignored when C/TO is set to 1.
0: Counter/Timer O uses the clock defined by the prescale bits SCA[1:0].
1: Counter/Timer 0 uses the system clock.
1:0 | SCA[1:0] | Timer O/1 Prescale Bits.
These bits control the Timer 0/1 Clock Prescaler:
00: System clock divided by 12
01: System clock divided by 4
10: System clock divided by 48
11: External clock divided by 8 (synchronized with the system clock)
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26.3.3. 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 (PCAOCPHn and
PCAOCPLnN). When a match occurs, the Capture/Compare Flag (CCFn) in PCAOCN is set to logic 1. An
interrupt request is generated if the CCFn interrupt for that module is 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 TOGn, MATn, and ECOMn bits in the PCAOCPMn register enables the
High-Speed Output mode. If ECOMn is cleared, the associated pin will retain its state, and not toggle on
the next match event.

Important Note About Capture/Compare Registers: When writing a 16-bit value to the PCAO
Capture/Compare registers, the low byte should always be written first. Writing to PCAOCPLn clears the
ECOMRN bit to 0; writing to PCAOCPHnN sets ECOMn to 1.

Write to
PCAOCPLN

Reset

. vPCAOCPMn
Write to
PCAOCPHN PIE|C|ICIMIT|P|E
W[C[A|A|A|O|W|C]
M|O|P|P[T|G|M|C
1[M[P|N|n|n|n|F
6|n|n|n n
n
x [ 00 0 x
PCA Interrupt
PCAOCN
C|C C[C|C
PCAOCPLNn PCAOCPHnN FIR C|C|C
F|F[F
2(1{o
A
0
Enable,, 16-hit Comparator Match o/ol

TOGn
Toggle ¢ —————- 1
0 I
XE —o/l CEXQ! Crossbar |—|X| Port I/0
| 1

PCAOL PCAOH |  —  ee——— 4

PCA
Timebase

Figure 26.6. PCA High-Speed Output Mode Diagram
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The 8-bit offset held in PCAOCPHS5 is compared to the upper byte of the 16-bit PCA counter. This offset
value is the number of PCAOL overflows before a reset. Up to 256 PCA clocks may pass before the first
PCAOL overflow occurs, depending on the value of the PCAOL when the update is performed. The total
offset is then given (in PCA clocks) by Equation 26.5, where PCAOL is the value of the PCAOL register at
the time of the update.

Offset = (256 x PCAOCPL5) + (256 — PCAOL)

Equation 26.5. Watchdog Timer Offset in PCA Clocks

The WDT reset is generated when PCAOL overflows while there is a match between PCAOCPH5 and
PCAOQH. Software may force a WDT reset by writing a 1 to the CCF5 flag (PCAOCN.5) while the WDT is
enabled.

26.4.2. Watchdog Timer Usage

To configure the WDT, perform the following tasks:

» Disable the WDT by writing a 0 to the WDTE bit.

» Select the desired PCA clock source (with the CPS2—CPSO0 bits).

* Load PCAOCPLS5 with the desired WDT update offset value.

» Configure the PCA Idle mode (set CIDL if the WDT should be suspended while the CPU is in Idle
mode).

» Enable the WDT by setting the WDTE bit to 1.

* Reset the WDT timer by writing to PCAOCPHS5.

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 PCAOMD 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 PCAO counter clock defaults to the system clock divided by
12, PCAOL defaults to 0x00, and PCAOCPL5 defaults to 0x00. Using Equation 26.5, this results in a WDT
timeout interval of 256 PCA clock cycles, or 3072 system clock cycles. Table 26.3 lists some example
timeout intervals for typical system clocks.

Table 26.3. Watchdog Timer Timeout Intervals

System Clock (Hz) PCAOCPL5 Timeout Interval (ms)
24,500,000 255 32.1
24,500,000 128 16.2
24,500,000 32 4.1
3,062,500 255 257
3,062,500 128 129.5
3,062,500 32 33.1

32,000 255 24576
32,000 128 12384
32,000 32 3168

*Note: Internal SYSCLK reset frequency = Internal Oscillator divided by 8.

. Ll
@ Rev. 1.1 305

SILICON LABS



