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Figure 3.5. DQFN-76 Land Pattern

Table 3.3. DQFN-76 Land Pattern Dimensions

Dimension (mm)

Symbol Typ Max
C1 5.50 —
c2 5.50 —

e 0.50 —
— 0.35

P1 — 3.20
P2 — 3.20

Notes:
1. All feature sizes shown are at Maximum Material Condition
(MMC) and a card fabrication tolerance of 0.05 mm is assumed.
2. Dimensioning and Tolerancing is per the ANSI Y14.5M-1994
specification.
3. This Land Pattern Design is based on the IPC-7351 guidelines.
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Table 3.7. TQFP-80 Package Dimensions

Dimension Min Nominal Max
2] 0° 3.5° 7°
aaa 0.20
bbb 0.20
ccc 0.08
ddd 0.08
eee 0.05

Notes:

1. All dimensions shown are in millimeters (mm) unless otherwise noted.
Dimensioning and Tolerancing per ANSI Y14.5M-1994.

This package outline conforms to JEDEC MS-026, variant ADD.
Recommended card reflow profile is per the JEDEC/IPC J-STD-020

PO

specification for Small Body Components.
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4. Electrical Characteristics

Throughout the Electrical Characteristics chapter:
m “VIO” refers to the VIO or VIORF Supply Voltage.
4.1. Absolute Maximum Specifications

Table 4.1. Absolute Maximum Ratings

Parameter Condition Min Typ Max Unit
Ambient Temperature under Bias -55 — 125 °C
Storage Temperature -65 — 150 °C
Voltage on any VIO Port I/O Pin -0.3 — VIO + 2 \%

(all Port I/O pins except P1.5/6/7
and P2.0/1/2/3) or RST with
respect to GND

Voltage on P1.5/6/7 or P2.0/1/2/3 -0.3 — VIORF + 2 \%
with respect to GND.

Voltage on VBAT, VBATDC, VIO, -0.3 — 4.0 Y,
or VIORF with respect to GND

Maximum Total Current through — — 500 mA
VBAT or GND

Maximum Current through RST — — 100 mA
or any Port Pin

Maximum Total Current through — — 200 mA
all Port Pins

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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Table 4.4. Digital Supply Current with DC-DC Converter Disabled (Continued)

—40 to +85 °C, 25 MHz system clock unless otherwise specified.

Parameter ‘ Condition ‘ Min ‘ Typ ‘ Max ‘ Unit

Digital Supply Current—Sleep Mode (LCD Enabled, RTC enabled)

Digital Supply Current 1.8V, T =25 °C, static LCD 0.4 — HA
(Sleep Mode, SmaRTClock 3.0V, T =25"°C, static LCD 0.6 —
running, internal LFO, LCD 3.6V, T =25"°C, static LCD 0.8 —
Contrast Mode 1, charge 1.8V, T = 25 °C, 2-Mux LCD 07 | — LA
pump disabled, 60 Hz 3.0V, T =25°C, 2-Mux LCD 10 | —
refresh rate, driving 32 seg- 3.6V, T =25°C, 2-Mux LCD 1.2 —
ment pins w/ no load) 1.8V, T = 25 °C, 4-Mux LCD 07 | — LA
3.0V, T=25°C, 4-Mux LCD 1.1 —
3.6V, T=25°C, 4-Mux LCD 1.2 —
Digital Supply Current 1.8V, T =25 °C, static LCD 0.8 — A
(Sleep Mode, SmaRTClock 3.0V, T =25"°C, static LCD 1.1 —
running, 32.768 kHz Crys- 3.6V, T =25"°C, static LCD 1.4 —
tal, LCD Contrast Mode 1, 1.8V, T =25 °C, 2-Mux LCD 11 | — HA
charge pump disabled, 3.0V, T =25 °C, 2-Mux LCD 15 | —
60 Hz refresh rate, driving 3.6V, T=25°C, 2-Mux LCD 1.8 —
32 segment pins w/ no load) 1.8V, T = 25 °C, 4-Mux LCD 12 | — LA
3.0V, T=25°C, 4-Mux LCD 1.6 —
3.6V, T=25°C, 4-Mux LCD 1.9 —
Digital Supply Current 1.8V, T =25°C, static LCD 1.2 — A
(Sleep Mode, SmaRTClock 1.8V, T=25°C, 2-Mux LCD 1.6 —
running, internal LFO, LCD 1.8V, T=25°C, 3-Mux LCD 1.8 —
Contrast Mode 3 (2.7 V), 1.8V, T=25°C, 4-Mux LCD 2.0 —
charge pump enabled,
60 Hz refresh rate, driving
32 segment pins w/ no load)

Notes:

No ahsMwbd

1. Active Current measure using typical code loop - Digital Supply Current depends upon the particular code
being executed. Digital Supply Current depends on the particular code being executed. The values in this
table are obtained with the CPU executing a mix of instructions in two loops: djnz R1, $, followed by a loop
that accesses an SFR, and moves data around using the CPU (between accumulator and b-register). The
supply current will vary slightly based on the physical location of this code in flash. As described in the Flash
Memory chapter, it is best to align the jump addresses with a flash word address (byte location /4), to
minimize flash accesses and power consumption.

Includes oscillator and regulator supply current.

Based on device characterization data; Not production tested.
Measured with one-shot enabled.

Low-Power Idle mode current measured with CLKMODE = 0x04, PCON = 0x01, and PCLKEN = OxOF.
Using SmaRTClock osillator with external 32.768 kHz CMOS clock. Does not include crystal bias current.
Low-Power Idle mode current measured with CLKMODE = 0x04, PCON = 0x01, and PCLKEN = 0x00.
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SFR Definition 11.5. DMAOSEL: DMAO Channel Select for Configuration

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

SFR Page = 0x2; SFR Address = 0xD1
Bit Name Function
7:3 Unused Read = Ob, Write = Don’t Care
2:0 DMAOSEL[2:0] |Channel Select for Configuration.

These bits select the channel for configuration of the DMAO transfer. The
first step to configure a channel for DMAQO transfer is to select the desired
channel, and then write to channel specific registers DMAONCEF,
DMAONBAL/H, DMAONAOL/H, DMAONSZL/H.

000: Select channel 0

001: Select channel 1

010: Select channel 2

011: Select channel 3

100: Select channel 4

101: Select channel 5

110: Select channel 6

111: Invalid

SILICON LABS
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SFR Definition 13.2. CRC1IN: CRC1 Data IN

Bit 7 6 5 4 3 2 1 0
Name CRCL1IN[7:0]
Type R/W R/W R/W R/W R/W R/W R/W R/W
Reset 0 0 0 0 0 0 0 0

SFR Page = 0x2; SFR Address = 0xB9; Not Bit-Addressable

Bit

Name

Function

7:0

CRC1IN[7:0]

CRC1Data IN.

CRC Data should be sequentially written, one byte at a time, to the CRC1IN
Data input SFR.

When the CRC1 module is used with the DMA, the DMA will write directly to this
SFR.

SFR Definition 13.3. CRC1POLL: CRC1 Polynomial LSB

Bit 7 6 5 4 3 2 1 0
Name CRC1POLL[7:0]
Type R/W R/W R/W R/W R/W R/W R/W R/W
Reset 0 0 0 0 0 0 0 0

SFR Page = 0x2; SFR Address = 0xBC; Not Bit-Addressable

Bit

Name

Function

7:0

CRC1POLL[7:0]

CRC1 Polynomial LSB.

SFR Definition 13.4. CRC1POLH: CRC1 Polynomial MSB

Bit 7 6 5 4 3 2 1 0
Name CRC1POLH[7:0]
Type | R/W RIW RIW RIW RIW RIW RIW RIW
Reset 0 0 0 0 0 0 0 0

SFR Page = 0x2; SFR Address = 0xBD; Not Bit-Addressable

Bit Name Function
7:0 | CRC1POLHI7:0] |CRC1 Polynomial MSB.
173 Rev. 1.0 )
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14.6.2. CBC Encryption Initialization Vector Location

The first block to be encrypted uses the initialization vector for the AESOXIN data. Subsequent blocks will
use the encrypted ciphertext from the previous block. The DMA is capable of encrypting multiple blocks. If
the initialization is located at an arbitrary location in xram, the DMA base address location will need to be
changed to the start of the encrypted ciphertext after encrypting the first block. However, if the initialization
vector explicitly located in xram immediately before the encrypted ciphertext, the pointer will be advanced
to the start of the encrypted ciphertext naturally and multiple blocks can be encrypted autonomously.

14.6.3. CBC Encryption using DMA

Normally, the AES block is used with the DMA. This provides the best performance and lowest power con-
sumption. Code examples are provided in 8051 compiler independent C code using the DMA. It is highly
recommended to use with the code examples. The steps are documented in the datasheet for complete-
ness.

m Prepare encryption Key, initialization vector, and data to be encrypted in xram.

(The initialization vector should be located immediately before the data to be encrypted to encrypt multiple
blocks.)

Reset AES module by clearing bit 2 of AESOBCFG.

Disable the first four DMA channels by clearing bits 0 to 3 in the DMAOEN sfr.
Configure the first DMA channel for the AESOKIN sfr

Select the first DMA channel by writing 0x00 to the DMAOSEL sfr

Configure the first DMA channel to move xram to AESOKIN sfr by writing Ox05 to the DMAONCF sfr
Write 0x01 to DMAONMD to enable wrapping
Write the xram location of encryption key to the DMAONBAH and DMAONBAL sfrs.
Write the key length in bytes to DMAONSZL sfr

Clear the DMAONSZH sfr

Clear the DMAONAOH and DMAONAOL sfrs
m Configure the second DMA channel for the AESOBIN sfr.

Select the second DMA channel by writing 0x01 to the DMAOSEL sfr.

Configure the second DMA channel to move xram to AESOBIN sfr by writing 0x06 to the DMAONCF sfr.
Clear DMAONMD to disable wrapping.
Write the xram address of the data to be encrypted to the DMAONBAH and DMAONBAL sfrs.
Write the number of bytes to be encrypted in multiples of 16 bytes to the DMAONSZH and DMAONSZL sfrs.
Clear the DMAONAOH and DMAONAOL sfrs.
m Configure the third DMA channel for the AESOXIN sfr.

Select the third DMA channel by writing 0x02 to the DMAOSEL sfr.

Configure the third DMA channel to move xram to AESOXIN sfr by writing 0x07 to the DMAONCEF sfr.

Clear DMAONMD to disable wrapping.

Write the xram address of initialization vector to the DMAONBAH and DMAONBAL sfrs.

Write the number of bytes to be encrypted in multiples of 16 bytes to the DMAONSZH and DMAONSZL sfrs.
Clear the DMAONAOH and DMAONAOL sfrs.
Configure the fourth DMA channel for the AESOYOUT sfr

Select the fourth channel by writing 0x03 to the DMAOSEL sfr
e Configure the fourth DMA channel to move the contents of the AESOYOUT sfr to xram by writing 0x08 to the
DMAONCEF sfr

Enable transfer complete interrupt by setting bit 7 of DMAONCF sfr

Clear DMAONMD to disable wrapping
Write the xram address for encrypted data to the DMAONBAH and DMAONBAL sfrs.
Write the number of bytes to be encrypted in multiples of 16 bytes to the DMAONSZH and DMAONSZL sfrs.
Clear the DMAONAOH and DMAONAOL sfrs.
m Clear first four DMA interrupts by clearing bits 0 to 2 in the DMAOINT sftr.

(] *x o o o o o o
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Figure 16.1. SFR Page Stack

Automatic hardware preserving and restoring of the SFR Page on interrupts may be enabled or disabled
as desired using the SFR Automatic Page Control Enable Bit located in the SFR Page Control Register
(SFROCN). This function defaults to “enabled” upon reset. In this way, the autoswitching function will be
enabled unless disabled in software.

A summary of the SFR locations (address and SFR page) are provided in Table 16.3 in the form of an SFR
memory map. Each memory location in the map has an SFR page row, denoting the page in which that
SFR resides. Certain SFRs are accessible from ALL SFR pages, and are denoted by the “(ALL PAGES)”
designation. For example, the Port I/O registers PO, P1, P2, and P3 all have the “(ALL PAGES)” designa-
tion, indicating these SFRs are accessible from all SFR pages regardless of the SFRPAGE register value.
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Table 16.2. SFR Map (0x80—-0xBF)

Addr. | Page | 0(8) 1(9) 2(A) 3(B) 4(C) 5(D) 6(E) 7(F)

0xB8 0x0 IP IREFOCN ADCOAC ADCOMX ADCOCF ADCOL ADCOH P1MASK
0x2 CRC1IN CRC10UTL CRC10OUTH CRC1POLL CRC1POLH CRCI1CN
OxF IREFOCF ADCOPWR ADCOTK TOFFL TOFFH

0xBO 0ox0 P3 OSCXCN OSCICN PMUOMD PMUOCF PMUOFL FLKEY
ox2 DCOCN DCOCF DCOMD LCDOCHPCN | LCDOBUFMD
OxF P3MDOUT OSCIFL OSCICL FLSCL

OxA8 0x0 IE CLKSEL EMIOCN EMIOCF RTCOADR RTCODAT RTCOKEY EMIOTC
0x2 LCDOCLKDIVL | LCDOCLKDIVH | LCDOMSCN LCDOMSCF LCDOCHPCF | LCDOCHPMD | LCDOVBMCF
OxF CLKSEL P6DRV P7DRV LCDOBUFCF

OxAO0 0ox0 P2 SPIOCFG SPIOCKR SPIODAT POMDOUT P1MDOUT P2MDOUT SFRPAGE
x2 SPILCFG SPILICKR | SPIIDAT | LCDOPWR LCDOCF | LCDOVBMCN
OxF P3DRV P4ADRV P5DRV PODRV P1DRV P2DRV

0x98 0x0 SCONO SBUFO CPT1CN CPTOCN CPT1MD CPTOMD CPT1MX CPTOMX
0x2 LCDODD LCDODE LCDODF LCDOCNTRST LCDOCN LCDOBLINK LCDOTOGR
OxF LCDOBUFCN

0x90 | 0x0 p1 TMR3CN TMR3RLL | TMR3RLH TMRAL TMR3H
ox2 LCDOD6 LCDOD? LCDOD8 LCDODY LCDODA LCDODB LCDODC
OxF CRCODAT CRCOCN CRCOIN CRCOFLIP CRCOAUTO | CRCOCNT

0x88 0x0 TCON TMOD TLO TL1 THO TH1 CKCON PSCTL
0x2 LCDODO LCDOD1 LCDOD2 LCDOD3 LCDOD4 LCDOD5
OxF SFRPGCN

0x80 | 0x0 PO sp DPL DPH PSBANK SFRNEXT | SFRLAST PCON
0x2
OxF
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Table 16.3. Special Function Registers (Continued)

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

Register Address | SFR Page Description Page
P2 0xAO | All Pages |Port 2 Latch 369
P3DRV OxAl OxF Port 3 Drive Strength 373
P3MDIN OxF1 OxF Port 3 Input Mode Configuration 372
P3MDOUT 0xB1 OXF | P3 Mode Out 372
P3 0xBO All Pages |Port 3 371
P4DRV OxA2 OxF Port 4 Drive Strength 375
P4AMDIN OxF2 OxF Port 4 Input Mode Configuration 374
P4AMDOUT OxF9 OxF P4 Mode Out 374
P4 0xD9 OxF  |Port 4 Latch 373
P5DRV OxA3 OxF Port 5 Drive Strength 377
P5MDIN OxF3 OxF Port 5 Input Mode Configuration 376
P5MDOUT OxFA OxF  |P5 Mode Out 376
P5 OxDA OxF  |Port 5 Latch 375
P6DRV OxAA OxF Port 6 Drive Strength 379
P6MDIN OxF4 OxF Port 6 Input Mode Configuration 378
P6MDOUT OxFB OxF P6 Mode Out 378
P6 0xDB OxF  |Port 6 Latch 377
P7DRV OxAB OxF Port 7 Drive Strength 380
P7MDOUT OxFC OxF  |P7 Mode Out 380
P7 0xDC OxF Port 7 Latch 379
PCOCMPOH OxE3 0x2 PCO Comparator 0 High 329
PCOCMPOL OxE1 0x2 PCO Comparator O Low 329
PCOCMPOM OXE2 0x2 PCO Comparator 0 Middle 329
PCOCMP1H OxF3 0x2 PCO Comparator 1 High 330
PCOCMP1L OxF1 0x2 PCO Comparator 1 Low 330
PCOCMP1M O0xF2 0x2 PCO Comparator 1 Middle 330
PCOCTROH 0xDC 0x2 PCO Counter 0 High 327
PCOCTROL OxDA 0x2 PCO Counter 0 Low 327
PCOCTROM 0xD8 0x2 PCO Counter 0 Middle 327
PCOCTR1H OXDF 0x2 PCO Counter 1 High 328
PCOCTR1L 0xDD 0x2 PCO Counter 1 Low 328
PCODCH OxFA 0x2 PCO Debounce Configuration High 325
PCODCL OxF9 0x2 PCO0 Debounce Configuration Low 326
PCOHIST OxF4 0x2 PCO History 331
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24.1.1. SmaRTClock Lock and Key Functions
The SmaRTClock Interface has an RTCOKEY register for legacy reasons, however, all writes to this regis-
ter are ignored. The SmaRTClock interface is always unlocked on C8051F96x.
24.1.2. Using RTCOADR and RTCODAT to Access SmaRTClock Internal Registers
The SmaRTClock internal registers can be read and written using RTCOADR and RTCODAT. The
RTCOADR register selects the SmaRTClock internal register that will be targeted by subsequent reads or
writes. A SmaRTClock Write operation is initiated by writing to the RTCODAT register. Below is an example
of writing to a SmaRTClock internal register.
1. Write 0x05 to RTCOADR. This selects the internal RTCOCN register at SmaRTClock Address 0x05.
2. Write Ox00 to RTCODAT. This operation writes 0x00 to the internal RTCOCN register.
A SmaRTClock Read operation is initiated by writing the register address to RTCOADR and reading from
RTCODAT. Below is an example of reading a SmaRTClock internal register.
1. Write 0x05 to RTCOADR. This selects the internal RTCOCN register at SmaRTClock Address 0x05.
2. Read data from RTCODAT. This data is a copy of the RTCOCN register.
24.1.3. SmaRTClock Interface Autoread Feature

When Autoread is enabled, each read from RTCODAT initiates the next indirect read operation on the
SmaRTClock internal register selected by RTCOADR. Software should set the register address once at the
beginning of each series of consecutive reads. Autoread is enabled by setting AUTORD (RTCOADR.6) to
logic 1.

24.1.4. RTCOADR Autoincrement Feature

For ease of reading and writing the 32-bit CAPTURE and ALARM values, RTCOADR automatically incre-
ments after each read or write to a CAPTUREN or ALARMN register. This speeds up the process of setting
an alarm or reading the current SmaRTClock timer value. Autoincrement is always enabled.

Recommended Instruction Timing for a multi-byte register read with auto read enabled:

nov RTCOADR, #040h
nmov A, RTCODAT

nmov A, RTCODAT
nmov A, RTCODAT
nmov A, RTCODAT

Recommended Instruction Timing for a multi-byte register write:

nov RTCOADR, #010h
nov RTCODAT, #05h
nov RTCODAT, #06h
nov RTCODAT, #07h
nov RTCODAT, #08h

Rev. 1.0 297
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SFR Definition 25.16. PCOCMP1H: PCO Comparator 1 High (MSB)

Bit 7 6 5 4 3
Name PCOCMP1H[23:16]
Type R/W
Reset 0 0 0 0 0
SFR Address = 0xF3; SFR Page = 0x2
Bit Name Function
7:0 | PCOCMP1H[23:16] |PCO Comparator 1 High Byte

Bits 23:16 of Counter 0.

SFR Definition 25.17. PCOCMP1M: PCO Comparator 1 Middle

Bit 7 6 5 4 3
Name PCOCMP1M[15:8]
Type RIW
Reset 0 0 0 0 0
SFR Address = O0xF2; SFR Page = 0x2
Bit Name Function
7:0 PCOCMP1M[15:8] |PCO Comparator 1 Middle Byte

Bits 15:8 of Counter 0.

SFR Definition 25.18. PCOCMP1L: PCO Comparator 1 Low (LSB)

Bit 7 6 5 4 3
Name PCOCMP1L[7:0]
Type R/W
Reset 0 0 0 0 0
SFR Address = 0xF1; SFR Page = 0x2
Bit Name Function
7:0 PCOCMP1L[7:0] PCO Comparator 1 Low Byte

Bits 7:0 of Counter 0.

Note: PCOCMPI1L must be written last after writing PCOCMP1M and PCOCMP1H. After writing PCOCMPL1L the

synchronization into the PC clock domain can take 2 RTC clock cycles.

®
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SFR Definition 26.5. LCDOMSCF: LCDO Master Configuration

Bit 7 6 5 4 3 2 1 0
Name DCENSLP | CHPBYP
Type R/W R/W R/W R/W R/W R/W R/W R/W
Reset 1 1 1 1 1 1 1 0

SFR Page = 0x2; SFR Address = OxAC
Bit Name Function
7:2 Reserved Read = 111111b. Must write 111111b.
1 DCENSLP |DCDC Converter Enable in Sleep Mode
0: DCDC is disabled in Sleep Mode.
1: DCDC is enabled in Sleep Mode.
0 CHPBYP LCDO Charge Pump Bypass
This bit should be set to 1b in Contrast Control Mode 1 and Mode 2.
0: LCDO Charge Pump is not bypassed.
1: LCDO Charge Pump is bypassed.
SFR Definition 26.6. LCDOPWR: LCDO Power

Bit 7 6 5 4 3 2 1 0
Name MODE
Type R/W R/W R/W R/W R/W R/W R/W R/W
Reset 0 0 0 0 1 0 0 1

SFR Page = 0x2; SFR Address = 0xA4

Bit Name Function
7:4 Unused Read = 0000b. Write = don’t care.
3 MODE LCDO Contrast Control Mode Selection.
0: LCDO Contrast Control Mode 1 or Mode 4 is selected.
1: LCDO Contrast Control Mode 2 or Mode 3 is selected.
2:0 Reserved Read = 001b. Must write 001b.
343 Rev. 1.0
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SFR Definition 27.10. POMDIN: Port0O Input Mode

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

SFR Page= 0x0; SFR Address = OxF1

Bit

Name

Function

7:0

POMDIN[7:0]

Analog Configuration Bits for P0.7—P0.0 (respectively).

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

0: Corresponding P0O.n pin is configured for analog mode.

1: Corresponding PO0.n pin is not configured for analog mode.

SFR Definition 27.11. POMDOUT: Port0 Output Mode

Bit 7 6 5 4 3 2 1 0
Name POMDOUT[7:0]
Type R/W
Reset 0 0 0 0 0 0 0 0
SFR Page = 0x0; SFR Address = 0xA4
Bit Name Function
7:0

POMDOUT[7:0] | Output Configuration Bits for P0.7—P0.0 (respectively).

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

0: Corresponding P0O.n Output is open-drain.
1: Corresponding P0.n Output is push-pull.

SILICON LABS
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SFR Definition 27.16. PIMDOUT: Portl Output Mode

Bit 7 6 5 4 3 2 1 0
Name P1MDOUT[7:0]
Type R/W
Reset 0 0 0 0 0 0 0 0
SFR Page = 0x0; SFR Address = 0xA5
Bit Name Function
7:0 | PIMDOUT[7:0] |Output Configuration Bits for P1.7-P1.0 (respectively).

P1MDIN is logic 0.
0: Corresponding P1.n Output is open-drain.
1: Corresponding P1.n Output is push-pull.

These bits control the digital driver even when the corresponding bit in register

SFR Definition 27.17. P1DRV: Portl Drive Strength

Bit 7 6 5 4 3 2 1 0
Name P1DRV[7:0]
Type R/W
Reset 0 0 0 0 0 0 0 0

SFR Page = 0xF; SFR Address = 0xA5

Bit Name Function
7:0 | PADRV[7:0] | Drive Strength Configuration Bits for P1.7—-P1.0 (respectively).
Configures digital 1/0 Port cells to high or low output drive strength.
0: Corresponding P1.n Output has low output drive strength.
1: Corresponding P1.n Output has high output drive strength.
368 Rev. 1.0 )
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All transactions are initiated by a master, with one or more addressed slave devices as the target. The
master generates the START condition and then transmits the slave address and direction bit. If the trans-
action is a WRITE operation from the master to the slave, the master transmits the data a byte at a time
waiting for an ACK from the slave at the end of each byte. For READ operations, the slave transmits the
data waiting for an ACK from the master at the end of each byte. At the end of the data transfer, the master
generates a STOP condition to terminate the transaction and free the bus. Figure 28.3 illustrates a typical
SMBus transaction.
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Figure 28.3. SMBus Transaction

28.3.1. Transmitter Vs. Receiver

On the SMBus communications interface, a device is the “transmitter” when it is sending an address or
data byte to another device on the bus. A device is a “receiver” when an address or data byte is being sent
to it from another device on the bus. The transmitter controls the SDA line during the address or data byte.
After each byte of address or data information is sent by the transmitter, the receiver sends an ACK or
NACK bit during the ACK phase of the transfer, during which time the receiver controls the SDA line.

28.3.2. Arbitration

A master may start a transfer only if the bus is free. The bus is free after a STOP condition or after the SCL
and SDA lines remain high for a specified time (see Section “28.3.5. SCL High (SMBus Free) Timeout” on
page 384). In the event that two or more devices attempt to begin a transfer at the same time, an arbitra-
tion scheme is employed to force one master to give up the bus. The master devices continue transmitting
until one attempts a HIGH while the other transmits a LOW. Since the bus is open-drain, the bus will be
pulled LOW. The master attempting the HIGH will detect a LOW SDA and lose the arbitration. The winning
master continues its transmission without interruption; the losing master becomes a slave and receives the
rest of the transfer if addressed. This arbitration scheme is non-destructive: one device always wins, and
no data is lost.

28.3.3. Clock Low Extension

SMBus provides a clock synchronization mechanism, similar to 12C, which allows devices with different
speed capabilities to coexist on the bus. A clock-low extension is used during a transfer in order to allow
slower slave devices to communicate with faster masters. The slave may temporarily hold the SCL line
LOW to extend the clock low period, effectively decreasing the serial clock frequency.

28.3.4. SCL Low Timeout

If the SCL line is held low by a slave device on the bus, no further communication is possible. Furthermore,
the master cannot force the SCL line high to correct the error condition. To solve this problem, the SMBus
protocol specifies that devices participating in a transfer must detect any clock cycle held low longer than
25 ms as a “timeout” condition. Devices that have detected the timeout condition must reset the communi-
cation no later than 10 ms after detecting the timeout condition.

When the SMBTOE bit in SMBOCEF is set, Timer 3 is used to detect SCL low timeouts. Timer 3 is forced to
reload when SCL is high, and allowed to count when SCL is low. With Timer 3 enabled and configured to
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Figure 33.11. PCA Module 5 with Watchdog Timer Enabled

Note that 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 33.5, where PCAOL is the value of the PCAOL register
at the time of the update.

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

Equation 33.5. Watchdog Timer Offset in PCA Clocks

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

33.4.2. 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 PCAOCPL5 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.
m Reset the WDT timer by writing to PCAOCPHS.

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 33.5, this results in a WDT
timeout interval of 256 PCA clock cycles, or 3072 system clock cycles. Table 33.3 lists some example tim-
eout intervals for typical system clocks.
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