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CIP-51 8051 > Port 10 Configuration
Controller Core
LIJDAlggal Peripherals Port0 ¢
Power On |—, __|_> Drl\‘/'ers
Reset e~ Timers 0,
16 kB Flash Memory 1,24 [ Port 2
Reset Drivers |
| 256 Byte RAM | ™1 | Timer 3/ ,| Priority 2
c2ck/RSTX o Debug / RTC Crossbar Port 3
rogramming | 256 Byte XRAM | Decoder Drivers
2D Hardware -
Port 5 [¢
Peripheral Power SFR WDT Drivers |
—
SMBUS || L2
L Bus | | Port 6
X Crossbar Control : <€
Drivers
VDD > Requlat SYSCLK L
X eguiator Core Power
— Analog Peripherals
recision
GND [X] < Internal > Capacitive
Oscillator e Sense e
XTAL1 »| External Comparator
Clock >
XTAL2 » Circuit 2250 oe[VREF]
™! | [0t VDD
System Clock 500 ksps
Configuration ADC
Figure 1.7. C8051F716 Block Diagram
®
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CIP-51 8051 —>| Port I/0 Configuration l—
Controller Core !
Digital Peripherals Port 0
UART ]| i Fo4
Power On _r Drl\:ers P05
Reset 16 kB Flash Memory < T|£ne2rs40, > Port 2 [ P20
Reset v >| Drivers (8110)
< p2.7
| 256 Byte RAM | ™1 | Timer 3/ ey Priority k2
C2ck/RSTIX o Debug / RTC Crossbar Port 4 [¢ PA'?BVO)
rogramming | 256 Byte XRAM | i
c2p— Hardware Decoder Dn\:ers L Pa7
Port 6 P6.4
Peripheral Power SFR WDT Drivers P6.5
——
BUS | SMBus |<—> |
Crossbar Control
VDD » Regulat SYSCLK
eguiator Core Power
_ Analog Peripherals
GND Precision
< Internal Capacitive
Oscillator L Sense e
XTALL »| External Comparator
Clock
XTAL2 > Circuit
System Clock
Configuration
Figure 1.8. C8051F717 Block Diagram
®
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6. QFN-48 Package Specifications

q =
& o} a _-—~_ Detail 1
PIN-1 1D~ SR < 3u7uuu ipepate u4u8 N
1 o ( g n
e N 9
v N \7;/
& & S 40
S Detail 2 =) a1 E
Al f ol
Ex@ouuCAla I\ DHHHHHHHHHHHHFE
ey e pe— ] A dex L
SIDE VIEW. BOTTOM VIEW
Detail 1
Pin—1 Identifler
T LT T TN Detall 2
/// 48 \\\ /// 48 \\\ /// 48 \\\ /// 48 \\\ Perimeter Leod Form
/00 | \,/000 | /0000 \ /000 ]\ A N
( 1 s Ly S R SR
| H I Il ; % e nﬁ -
B ’/ N o 7 A ~_ ’ h Ny ’ Option 1 Optian 2
Irregular Corner Corner Square Irreqular Edge Edge Exposed Edge Pull-Back
Option 1 Option 2 Optien 3
Figure 6.1. QFN-48 Package Drawing
Table 6.1. QFN-48 Package Dimensions
Dimension Min Nom Max Dimension Min Nom Max
A 0.80 0.90 1.00 E2 3.90 4.00 4.10
Al 0.00 — 0.05 L 0.30 0.40 0.50
b 0.18 0.23 0.30 L1 0.00 — 0.10
D 7.00 BSC. aaa — — 0.10
D2 3.90 4.00 4.10 bbb — — 0.10
e 0.50 BSC. cce — — 0.05
E 7.00 BSC. ddd — — 0.08
Notes:
1. All dimensions shown are in millimeters (mm) unless otherwise noted.
2. Dimensioning and Tolerancing per ANSI Y14.5M-1994.
3. 3.This drawing conforms to JEDEC outline MO-220, variation VKKD-4 except for features D2 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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13. Voltage Regulator (REGO)

CB8051F70x/71x devices include an internal voltage regulator (REGO) to regulate the internal core supply
to 1.8 V from a Vpp supply of 1.8 to 3.6 V. Two power-saving modes are built into the regulator to help

reduce current consumption in low-power applications. These modes are accessed through the REGOCN
register (SFR Definition 13.1). Electrical characteristics for the on-chip regulator are specified in Table 9.5
on page 50

If an external regulator is used to power the device, the internal regulator may be put into bypass mode
using the BYPASS bit. The internal regulator should never be placed in bypass mode unless an
external 1.8 V regulator is used to supply Vpp. Doing so could cause permanent damage to the

device.

Under default conditions, when the device enters STOP mode the internal regulator will remain on. This
allows any enabled reset source to generate a reset for the device and bring the device out of STOP mode.
For additional power savings, the STOPCF bit can be used to shut down the regulator and the internal
power network of the device when the part enters STOP mode. When STOPCEF is set to 1, the RST pin or
a full power cycle of the device are the only methods of generating a reset.

Rev. 1.0 72
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14. ComparatorQ

CB8051F70x/71x devices include an on-chip programmable voltage comparator, ComparatorO, shown in
Figure 14.1.

The Comparator offers programmable response time and hysteresis, an analog input multiplexer, and two
outputs that are optionally available at the Port pins: a synchronous “latched” output (CPO), or an asyn-
chronous “raw” output (CPOA). The asynchronous CPOA signal is available even when the system clock is
not active. This allows the Comparator to operate and generate an output with the device in STOP mode.
When assigned to a Port pin, the Comparator output may be configured as open drain or push-pull (see
Section “28.4. Port I/O Initialization” on page 189). ComparatorO may also be used as a reset source (see
Section “25.5. ComparatorO Reset” on page 167).

The ComparatorO inputs are selected by the comparator input multiplexer, as detailed in Section
“14.1. Comparator Multiplexer” on page 78.

CPTOCN
oo
219|132l alo|2]o
=lE=1E=1 k=1l e
I|IZ|II(I|9|L]8]e
NN
Z|Z| 3| 3|75 =2
Ol |O|r
1]

VDD

| Comparator
| Input Mux

|
|
(SYNCHRONIZER) |
I
|

= CPOA
GND > ] >
Y _ I
CPTOMD M Reset | I |
| Decision |
olo olo | _Tree _|
33 T|T
= = ] % 3
9|0 mlm 0
ol r mim CPORIF o/ - CPOEN—* OEAj . Int(;l;gpt
! o/<>1 o/c1 >
0
CPOFIF —o” o

Figure 14.1. ComparatorO Functional Block Diagram

The Comparator output can be polled in software, used as an interrupt source, and/or routed to a Port pin.
When routed to a Port pin, the Comparator output is available asynchronous or synchronous to the system
clock; the asynchronous output is available even in STOP mode (with no system clock active). When dis-
abled, the Comparator output (if assigned to a Port I/O pin via the Crossbar) defaults to the logic low state,
and the power supply to the comparator is turned off. See Section “28.3. Priority Crossbar Decoder” on
page 185 for details on configuring Comparator outputs via the digital Crossbar. Comparator inputs can be
externally driven from —0.25 V to (Vpp) + 0.25 V without damage or upset. The complete Comparator elec-

trical specifications are given in Section “9. Electrical Characteristics” on page 47.
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15.4. Automatic Scanning

CSO0 can be configured to automatically scan a sequence of contiguous CSO0 input channels by configuring
and enabling auto-scan. Using auto-scan with the CSO comparator interrupt enabled allows a system to
detect a change in measured capacitance without requiring any additional dedicated MCU resources.

Auto-scan is enabled by setting the CSO0 start-of-conversion bits (CSOCF6:4) to 111b. After enabling auto-
scan, the starting and ending channels should be set to appropriate values in CS0SS and CSOSE, respec-
tively. Writing to CS0SS when auto-scan is enabled will cause the value written to CS0SS to be copied into
CSOMX. After being enabled, writing a 1 to CSOBUSY will start auto-scan conversions. When auto-scan
completes the number of conversions defined in the CS0 accumulator bits (CSOCF2:0), auto-scan config-
ures CSOMX to the next sequential port pin configured as an analog input and begins a conversion on that
channel. The scan sequence continues until CSOMX reaches the ending input channel value defined in
CSOSE.

Note: All other CSO pins configured for analog input with a 0 in the port latch are grounded during the conversion.

Atfter the final channel conversion, auto-scan configures CSOMX back to the starting input channel. For an
example system configured to use auto-scan, please see Figure “15.2 Auto-Scan Example” on page 83.

Note: Auto-scan attempts one conversion on a CSOMX channel regardless of whether that channel’s port pin has
been configured as an analog input. Auto-scan will also complete the current rotation when the device is halted
for debugging.

If auto-scan is enabled when the device enters suspend mode, auto-scan will remain enabled and running.
This feature allows the device to wake from suspend through CSO greater-than comparator event on any
configured capacitive sense input included in the auto-scan sequence of inputs.

SFR Configuration: 5| ¢ —
z| & 38
‘ CSOCN = 0x80 ‘ Enables CSO g E § g
x
| CSOCF =0x70 | Enables Auto-scan o
as start-of- AlP20| 0
conversion source N
| CS0SS=0x02 | Sets P2.2 as Auto- ;
scan starting channel o A|P22] 2
| CSOSE =0x0D | Sets P3.5 as Auto- A|P23] 3 Scans on channels
scan ending channel - DIpP2al| 4 not configured as
] G analog inputs result
| P2MDIN = 0xF2 | Configures P2.3, D| P25 5 in indeterminate
P2.2, P2.0 as analog - DI P26| 6 values that cannot
inputs — trigger a CSO
‘ P3MDIN = 0x04 ‘Configures P3.0-P3.1 S D|P27| 7 Greater Than
and P3.3-P3.7 as Al P30]| 8 Interrupt event
analog inputs _ N
> 5lpaz| 10
q A|P33| 11
q A | P34 | 12
q A|P35| 13
A| P36 | 14
A|P37| 15

Figure 15.2. Auto-Scan Example
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17. Memory Organization

The memory organization of the CIP-51 System Controller is similar to that of a standard 8051. There are
two separate memory spaces: program memory and data memory. Program and data memory share the
same address space but are accessed via different instruction types. The memory organization of the
CB8051F70x/71x device family is shown in Figure 17.1

PROGRAM/DATA MEMORY DATA MEMORY (RAM)
(FLASH) INTERNAL DATA ADDRESS SPACE
C8051F702/3/6/7 and OXFF
C8051F716/7 X Upper 128 RAM Special Function
OX3FFE Lock Byte (Indirect Addressing Register's
OX3FFE 0x80 Only) (Direct Addressing Only)
16 K Bytes FLASH Ox7F
(Direct and Indirect
(In-System Addressing) Lower 128 RAM
Programmable in 512 0x30 (Direct and Indirect
Byte Sectors) Ox2F . Addressing)
0x0000 0x20 Bit Addressable
Ox1F General Purpose
C8051F700/1/4/5 0x00 Registers
0x3BFF Lock Byte
Ox3BFE
15 K Bytes FLASH EXTERNAL DATA ADDRESS SPACE
(In-System OXFFFF
Programmable in 512
Byte Sectors)
0x0000 Same 256 bytes as from
0x0000 to Ox01FF, wrapped
C8051F708/9 and on 256-byte boundaries
C8051F710/1/2/3/4/5
Ox1FFF Lock Byte
Ox1FFE 0x0100
8 K Bytes FLASH
ESEEN XRAM - 256 Bytes
(In-System (accesgable u;ing MOVX
Programmable in 512 0x0000 instruction)
Byte Sectors)
0x0000
Figure 17.1. C8051F70x/71x Memory Map
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18.6.1.3. 8-bit MOVX with Bank Select: EMIOCF[4:2] = 110

Nonmuxed 8-bit WRITE with Bank Select

ADDRI[15:8] EMIF ADDRESS (8 MSBs) from EMIOCN
ADDR(7:0] EMIF ADDRESS (8 LSBs) from RO or R1
DATA[7:0] EMIF WRITE DATA

< T T
WDS WDH

<—TACS—>\<—TACW—><—TACH —>
WR \ /

RD
Nonmuxed 8-bit READ with Bank Select
ADDRJ15:8] EMIF ADDRESS (8 MSBs) from EMIOCN
ADDRJ[7:0] EMIF ADDRESS (8 LSBs) from RO or R1

T T
RDS RDH

<—TAcs—>’<—TAcw—><—TACH —>
RD \ /

DATA[7:0] |/' EMIF READ DATA

Figure 18.6. Non-Multiplexed 8-Bit MOVX with Bank Select Timing
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Table 20.1. Special Function Register (SFR) Memory Map

Addr | SFR 0(8) 1(9) 2(A) 3(B) 4(C) 5(D) 6(E) 7(F)
Page
0 PCAOL PCAOH |[PCAOCPLO|PCAOCPHO
F8 F SIPIOE PODRV P1DRV P2DRV P3DRV P4DRV P5DRV VRLTEN]
Fo 0 B POMAT POMASK
F POMDIN P1MDIN P2MDIN P3MDIN PAMDIN P5MDIN P6MDIN
0 PCAOCPL1 |PCAOCPH1|PCAOCPL2 |PCAOCPH2
E8 F ABREER DERIVID | PCAOMD EMIOTC RSTERE
0 P1MAT P1MASK
EO F ACC XBRO XBR1 WDTCN ITOLCE EIE1 EIE2
0
D8 F PO CRCODATA|{PCAOCPMO|PCAOCPM1(PCAOCPM2
0
Do F P SERLALS REFOCN POSKIP P1SKIP P2SKIP
0 TMR2RLL | TMR2RLH | TMR2L TMR2H
C8 F jlgeel EIP1 EIP2
co 0 SMBOCN SMBOCF | SMBODAT | ADCOGTL | ADCOGTH | ADCOLTL | ADCOLTH
F P6DRV HWID EECNTL EEKEY EMIOCF
B8 0 P ADCOMX ADCOL ADCOH
F REGOCN | SMBOADR | SMBOADM | ADCOCF CLKSEL CSOMD2 OSCICL
0
BO F P3 P6 P5 OSCXCN EEADDR FLKEY
A8 0 IE CSoDL CSODH P4 CsSomMD1
F OSCICN EMIOCN REVID P3MDOUT
0 SPIOCFG SPIODAT
AO F e PCAOPWM| SPIOCKR POMDOUT | PIMDOUT | P2MDOUT SN ACIS
0 CSOCN CPTOCN CSOMX CPTOMD CSOCF CPTOMX
98 F SCIONE SR P4MDOUT | PSMDOUT | P6MDOUT CSO0PM
90 0 P1 TMR3CN | TMR3RLL | TMR3RLH | TMR3L TMR3H CSOTHL CSOTHH
F CRCOCN CS0SSs CSOSE CRCOIN | CRCOFLIP |CRCOAUTO| CRCOCNT
88 g TCON TMOD TLO TL1 THO TH1 CKCON PSCTL
80 g PO SP DPL DPH PCON
0(8) 1(9) 2(A) 3(B) 4(C) 5(D) 6(E) 7(F)
Notes:

1. SFR addresses ending in 0x0 or 0x8 (leftmost column) are bit-addressable.
2. SFRsindicated with bold lettering and shaded cells are available on both SFR Page 0 and F.

131
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25.2. Power-Fail Reset / Vpp Monitor

When a power-down transition or power irregularity causes Vpp to drop below Vigt, the power supply
monitor will drive the RST pin low and hold the CIP-51 in a reset state (see Figure 25.2). When Vpp returns
to a level above Vg, the CIP-51 will be released from the reset state. Even though internal data memory
contents are not altered by the power-fail reset, it is impossible to determine if Vpp dropped below the level
required for data retention. If the PORSF flag reads 1, the data may no longer be valid. The Vpp monitor is

enabled after power-on resets. Its defined state (enabled/disabled) is not altered by any other reset source.
For example, if the Vpp monitor is disabled by code and a software reset is performed, the Vpp monitor will

still be disabled after the reset.

Important Note: If the Vpp monitor is being turned on from a disabled state, it should be enabled before it
is selected as a reset source. Selecting the Vpp monitor as a reset source before it is enabled and stabi-

lized may cause a system reset. In some applications, this reset may be undesirable. If this is not desirable
in the application, a delay should be introduced between enabling the monitor and selecting it as a reset
source. The procedure for enabling the Vpp monitor and configuring it as a reset source from a disabled

state is shown below:
1. Enable the Vpp monitor (VDMEN bit in VDMOCN = 1).

2. If necessary, wait for the Vpp monitor to stabilize.
3. Select the Vpp monitor as a reset source (PORSF bit in RSTSRC = 1).

See Figure 25.2 for Vpp monitor timing; note that the power-on-reset delay is not incurred after a Vpp

monitor reset. See Section “9. Electrical Characteristics” on page 47 for complete electrical characteristics
of the Vpp monitor.
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SFR Definition 25.2. RSTSRC: Reset Source

Bit 7 6 5 4 3 2 1 0
Name FERROR | CORSEF | SWRSF | WDTRSF | MCDRSF | PORSF PINRSF
Type R R R/W R/W R R/W R/W R
Reset 0 Varies Varies Varies Varies Varies Varies Varies

SFR Address = OxEF; SFR Page = All Pages
Bit Name Description Write Read

7 Unused |Unused. Don't care. 0

6 | FERROR |Flash Error Reset Flag. N/A Set to 1 if Flash
read/write/erase error
caused the last reset.

5 | CORSEF |ComparatorO Reset Enable |Writing a 1 enables Set to 1 if Comparator0

and Flag. Comparator0 as a reset caused the last reset.
source (active-low).

4 SWRSF |Software Reset Force and Writing a 1 forces a sys- | Set to 1 if last reset was

Flag. tem reset. caused by a write to
SWRSF.

3 | WDTRSF |Watchdog Timer Reset Flag. | N/A Set to 1 if Watchdog Timer
overflow caused the last
reset.

2 | MCDRSF |Missing Clock Detector Writing a 1 enables the Set to 1 if Missing Clock

Enable and Flag. Missing Clock Detector. Detector timeout caused
The MCD triggers a reset |the last reset.
if a missing clock condition
is detected.

1 PORSF |Power-On /Vpp Monitor Writing a 1 enables the Set to 1 anytime a power-
Reset F|ag, and VDD monitor VDD monitor as a reset on or VDD monitor reset
Reset Enable. source. occurs.

Writing 1 to this bit When set to 1 all other
before the Vpp monitor |RSTSRC flags are inde-
is enabled and stabilized |terminate.

may cause a system

reset.

0 PINRSF |HW Pin Reset Flag. N/A Set to 1 if RST pin caused
the last reset.

Note: Do not use read-modify-write operations on this register
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SFR Definition 28.13. PIMDIN: Port 1 Input Mode

Bit 7 6 5 4 3 2 1 0
Name PlMD|N[7IO]
Reset 1* 1 1 1 1 1 1 1
SFR Address = OxF2; SFR Page = F
Bit Name Function
7:0 | P1MDIN[7:0] |Analog Configuration Bits for P1.7-P1.0 (respectively).

Port pins configured for analog mode have their weak pullup, digital driver, and
digital receiver disabled.

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

Note: On C8051F716 and C8051F717 devices, P1.7 will default to analog mode. If the PIMDIN register is written
on the C8051F716 and C8051F717 devices, P1.7 should always be configured as analog.

SFR Definition 28.14. PIMDOUT: Port 1 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 Address = 0xA5; SFR Page = F

Bit Name Function

7:0 | PAMDOUT]J7:0] | Output Configuration Bits for P1.7-P1.0 (respectively).
These bits are ignored if the corresponding bit in register PLMDIN is logic 0.
0: Corresponding P1.n Output is open-drain.
1: Corresponding P1.n Output is push-pull.
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overflow after 25 ms (and SMBTOE set), the Timer 3 interrupt service routine can be used to reset (disable
and re-enable) the SMBus in the event of an SCL low timeout.

30.3.5. SCL High (SMBus Free) Timeout

The SMBus specification stipulates that if the SCL and SDA lines remain high for more that 50 ps, the bus
is designated as free. When the SMBFTE bit in SMBOCF is set, the bus will be considered free if SCL and
SDA remain high for more than 10 SMBus clock source periods (as defined by the timer configured for the
SMBus clock source). If the SMBus is waiting to generate a Master START, the START will be generated
following this timeout. A clock source is required for free timeout detection, even in a slave-only implemen-
tation.

30.4. Using the SMBus

The SMBus can operate in both Master and Slave modes. The interface provides timing and shifting con-
trol for serial transfers; higher level protocol is determined by user software. The SMBus interface provides
the following application-independent features:

Byte-wise serial data transfers

Clock signal generation on SCL (Master Mode only) and SDA data synchronization

Timeout/bus error recognition, as defined by the SMBOCF configuration register

START/STOP timing, detection, and generation

Bus arbitration

Interrupt generation

Status information

Optional hardware recognition of slave address and automatic acknowledgement of address/data

SMBus interrupts are generated for each data byte or slave address that is transferred. When hardware
acknowledgement is disabled, the point at which the interrupt is generated depends on whether the hard-
ware is acting as a data transmitter or receiver. When a transmitter (i.e., sending address/data, receiving
an ACK)), this interrupt is generated after the ACK cycle so that software may read the received ACK value;
when receiving data (i.e., receiving address/data, sending an ACK), this interrupt is generated before the
ACK cycle so that software may define the outgoing ACK value. If hardware acknowledgement is enabled,
these interrupts are always generated after the ACK cycle. See Section 30.5 for more details on transmis-
sion sequences.

Interrupts are also generated to indicate the beginning of a transfer when a master (START generated), or
the end of a transfer when a slave (STOP detected). Software should read the SMBOCN (SMBus Control
register) to find the cause of the SMBus interrupt. The SMBOCN register is described in Section 30.4.2;
Table 30.5 provides a quick SMBOCN decoding reference.

30.4.1. SMBus Configuration Register

The SMBus Configuration register (SMBOCF) is used to enable the SMBus Master and/or Slave modes,
select the SMBus clock source, and select the SMBus timing and timeout options. When the ENSMB bit is
set, the SMBus is enabled for all master and slave events. Slave events may be disabled by setting the
INH bit. With slave events inhibited, the SMBus interface will still monitor the SCL and SDA pins; however,
the interface will NACK all received addresses and will not generate any slave interrupts. When the INH bit
is set, all slave events will be inhibited following the next START (interrupts will continue for the duration of
the current transfer).

222 Rev. 1.0

SILICON LABS



C8051F70x/71x

30.5.2. 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 SMBO-
DAT is written while an active Master Receiver. Figure 30.6 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 gen-
eration 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 \ Y
‘ 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 30.6. Typical Master Read Sequence
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30.5.4. Read Sequence (Slave)

During a read sequence, an SMBus master reads data from a slave device. The slave in this transfer will
be a receiver during the address byte, and a transmitter during all data bytes. When slave events are
enabled (INH = 0), the interface enters Slave Receiver Mode (to receive the slave address) when a START
followed by a slave address and direction bit (READ in this case) is received. If hardware ACK generation
is disabled, upon entering Slave Receiver Mode, an interrupt is generated and the ACKRQ bit is set. The
software must respond to the received slave address with an ACK, or ignore the received slave address
with a NACK. If hardware ACK generation is enabled, the hardware will apply the ACK for a slave address
which matches the criteria set up by SMBOADR and SMBOADM. The interrupt will occur after the ACK
cycle.

If the received slave address is ignored (by software or hardware), slave interrupts will be inhibited until the
next START is detected. If the received slave address is acknowledged, zero or more data bytes are trans-
mitted. If the received slave address is acknowledged, data should be written to SMBODAT to be transmit-
ted. The interface enters slave transmitter mode, and transmits one or more bytes of data. After each byte
is transmitted, the master sends an acknowledge bit; if the acknowledge bit is an ACK, SMBODAT should
be written with the next data byte. If the acknowledge bit is a NACK, SMBODAT should not be written to
before Sl is cleared (an error condition may be generated if SMBODAT is written following a received
NACK while in slave transmitter mode). The interface exits slave transmitter mode after receiving a STOP.
The interface will switch to slave receiver mode if SMBODAT is not written following a Slave Transmitter
interrupt. Figure 30.8 shows a typical slave read sequence. Two transmitted data bytes are shown, though
any number of bytes may be transmitted. Notice that all of the “data byte transferred” interrupts occur after
the ACK cycle in this mode, regardless of whether hardware ACK generation is enabled.

Interrupts with Hardware ACK Enabled (EHACK = 1) |

\ Y \ Al 4
S SLA R A Data Byte A Data Byte N [P

A A A T

Interrupts with Hardware ACK Disabled (EHACK = 0) |

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

Figure 30.8. Typical Slave Read Sequence

30.6. SMBus Status Decoding

The current SMBus status can be easily decoded using the SMBOCN register. The appropriate actions to
take in response to an SMBus event depend on whether hardware slave address recognition and ACK
generation is enabled or disabled. Table 30.5 describes the typical actions when hardware slave address
recognition and ACK generation is disabled. Table 30.6 describes the typical actions when hardware slave
address recognition and ACK generation is enabled. In the tables, STATUS VECTOR refers to the four
upper bits of SMBOCN: MASTER, TXMODE, STA, and STO. The shown response options are only the typ-
ical responses; application-specific procedures are allowed as long as they conform to the SMBus specifi-
cation. Highlighted responses are allowed by hardware but do not conform to the SMBus specification.
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32.2.2. 9-Bit UART

9-bit UART mode uses a total of eleven bits per data byte: a start bit, 8 data bits (LSB first), a programma-
ble ninth data bit, and a stop bit. The state of the ninth transmit data bit is determined by the value in TB80
(SCONO0.3), which is assigned by user software. It can be assigned the value of the parity flag (bit P in reg-
ister PSW) for error detection, or used in multiprocessor communications. On receive, the ninth data bit
goes into RB80 (SCONO.2) and the stop bit is ignored.

Data transmission begins when an instruction writes a data byte to the SBUFO register. The TIO Transmit
Interrupt Flag (SCONO.1) is set at the end of the transmission (the beginning of the stop-bit time). Data
reception can begin any time after the RENO Receive Enable bit (SCONO0.4) is set to 1. After the stop bit is
received, the data byte will be loaded into the SBUFO receive register if the following conditions are met:
(1) RIO must be logic 0, and (2) if MCEQ is logic 1, the 9th bit must be logic 1 (when MCEQ is logic 0, the
state of the ninth data bit is unimportant). If these conditions are met, the eight bits of data are stored in
SBUFO, the ninth bit is stored in RB80, and the RIO flag is set to 1. If the above conditions are not met,
SBUFO0 and RB80 will not be loaded and the RIO flag will not be set to 1. A UARTO interrupt will occur if
enabled when either TI0O or RIO is set to 1.

MARK START
BIT DO D1 D2 D3 D4 D5 D6 D7 D8 STOP
SPACE — BT
BT TIMES | : : : : : : : : : : |
o S T N N
BT SaveLNG | | | | | | | | | | |
Figure 32.5. 9-Bit UART Timing Diagram
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33.3.2. 8-bit Timers with Auto-Reload

When T3SPLIT is set, Timer 3 operates as two 8-bit timers (TMR3H and TMR3L). Both 8-bit timers oper-
ate in auto-reload mode as shown in Figure 33.8. 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. Timer 3 can also be used in capture mode to capture rising
edges of the Comparator O output.

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 bits (T3XCLK in TMR3CN), as follows:

T3MH T3XCLK |TMR3H Clock T3ML T3XCLK |TMR3L Clock
Source 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

The TF3H bit is set when TMR3H overflows from OxFF to 0x00; the TF3L bit is set when TMR3L overflows
from OxFF 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.

CKCON
T[T[T[T[T[T[s]S
TIXCLK 3[3|2|2[1]o|c|c
MIMMMIM|M[A[A
l i i I [ TMR3RLH [£€10ad

SYSCLK /12 0 \Fl

External Clock / 8 1 TCLK
TR3 TMR3H i :II—"I::?S’ Interrupt

1 [ TFALEN |
Z [ TF3CEN
Q [T3SPLIT
@[ TR3

TMR3RLL [€80ad s
SYSCLK r = [T3XCLK_ |—>»
1 ll
TCLK | TMR3L » To ADC
0

Figure 33.8. Timer 3 8-Bit Mode Block Diagram
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34.4. Register Descriptions for PCAO
Following are detailed descriptions of the special function registers related to the operation of the PCA.

SFR Definition 34.1. PCAOCN: PCA Control

Bit 7 6 5 4 3 2 1 0
Name| CF CR CCF2 CCF1 CCFO
Type | RW RIW R R R RIW RIW RIW
Reset 0 0 0 0 0 0 0 0

SFR Address = 0xD8; SFR Page = All Pages; Bit-Addressable

Bit

Name

Function

7

CF

PCA Counter/Timer Overflow Flag.

Set by hardware when the PCA Counter/Timer overflows from OxFFFF 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.

CR

PCA Counter/Timer Run Control.

This bit enables/disables the PCA Counter/Timer.
0: PCA Counter/Timer disabled.

1: PCA Counter/Timer enabled.

5:3

Unused

Read = 000b; Write = Don't care

2:0

CCF[2:0]

PCA Module n Capture/Compare Flag.

These bits are set by hardware when a match or capture occurs in the associated PCA
Module n. When the CCFn 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.
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