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4. Electrical Characteristics

Throughout the Electrical Characteristics chapter, “VDD” refers to the VDD/DC+ Supply Voltage.

4.1. Absolute Maximum Specifications

Table 4.1. Absolute Maximum Ratings

Parameter Conditions Min Typ Max Units
Ambient temperature under bias -55 — 125 °C
Storage Temperature -65 — 150 °C
Voltage on any Port I/O Pin or VDD >2.2V -0.3 — 5.8 \%
RST with respect to GND VDD <2.2V -0.3 — VDD + 3.6
Voltage on VBAT with respectto | One-Cell Mode -0.3 — 2.0 Y
GND Two-Cell Mode -0.3 — 4.0
Voltage on VDD/DC+ with respect -0.3 — 4.0 \%
to GND
Maximum Total current through — — 500 mA
VBAT, DCEN, VDD/DC+ or GND
Maximum output current sunk by — — 100 mA
RST or any Port pin
Maximum total current through all — — 200 mA
Port pins
DC-DC Converter Output Power — — 110 mw

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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Figure 4.4. Typical DC-DC Converter Efficiency (High Current, VDD/DC+ = 3 V)
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5.2.  Modes of Operation

ADCO has a maximum conversion speed of 300 ksps. The ADCO conversion clock (SARCLK) is a divided
version of the system clock when Burst Mode is disabled (BURSTEN = 0), or a divided version of the low
power oscillator when Burst Mode is enabled (BURSEN = 1). The clock divide value is determined by the
ADOSC bits in the ADCOCF register.

5.2.1. Starting a Conversion

A conversion can be initiated in one of five ways, depending on the programmed states of the ADCO Start
of Conversion Mode bits (ADOCM2-0) in register ADCOCN. Conversions may be initiated by one of the fol-
lowing:

Writing a 1 to the ADOBUSY bit of register ADCOCN

A Timer 0 overflow (i.e., timed continuous conversions)

A Timer 2 overflow

A Timer 3 overflow

A rising edge on the CNVSTR input signal (pin P0.6)

aogrwbE

Writing a 1 to ADOBUSY provides software control of ADCO whereby conversions are performed "on-
demand". During conversion, the ADOBUSY bit is set to logic 1 and reset to logic 0 when the conversion is
complete. The falling edge of ADOBUSY triggers an interrupt (when enabled) and sets the ADCO interrupt
flag (ADOINT). When polling for ADC conversion completions, the ADCO interrupt flag (ADOINT) should be
used. Converted data is available in the ADCO data registers, ADCOH:ADCOL, when bit ADOINT is logic 1.
When Timer 2 or Timer 3 overflows are used as the conversion source, Low Byte overflows are used if
Timer 2/3 is in 8-bit mode; High byte overflows are used if Timer 2/3 is in 16-bit mode. See “25. Timers” on
page 278 for timer configuration.

Important Note About Using CNVSTR: The CNVSTR input pin also functions as Port pin P0.6. When the
CNVSTR input is used as the ADCO conversion source, Port pin P0.6 should be skipped by the Digital
Crossbar. To configure the Crossbar to skip P0.6, set to 1 Bit 6 in register POSKIP. See “21. Port Input/Out-
put” on page 212 for details on Port 1/O configuration.

Important Note: When operating the device in one-cell mode, there is an option available to automatically
synchronize the start of conversion with the quietest portion of the dc-dc converter switching cycle. Activat-
ing this option may help to reduce interference from internal or external power supply noise generated by
the dc-dc converter. Asserting this bit will hold off the start of an ADC conversion initiated by any of the
methods described above until the ADC receives a synchronizing signal from the dc-dc converter. The
delay in initiation of the conversion can be as much as one cycle of the dc-dc converter clock, which is
625 ns at the minimum dc-dc clock frequency of 1.6 MHz. For rev C and later C8051F93x-92x devices, the
synchronization feature also causes the dc-dc converter clock to be used as the ADCO conversion clock.
The maximum conversion rate will be limited to approximately 170 ksps at the maximum dc-dc converter
clock rate of 3.2 MHz. In this mode, the ADCO SAR Conversion Clock Divider must be set to 1 by setting
ADOSC[4:0] = 00000b in SFR register ADCOCF. To provide additional flexibility in minimizing noise, the
ADCO conversion clock provided by the dc-dc converter can be inverted by setting the ADOCKINV bit in the
DCOCEF register. For additional information on the synchronization feature, see the description of the SYNC
bit in “SFR Definition 16.1. DCOCN: DC-DC Converter Control” on page 177 and the description of the
ADOCKINV bit in “SFR Definition 16.2. DCOCF: DC-DC Converter Configuration” on page 178. This bit
must be set to 0 in two-cell mode for the ADC to operate.
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SFR Definition 5.4. ADCOPWR: ADCO Burst Mode Power-Up Time

Bit 7 6 5 4 3 2 1 0
Name | Reserved ADOPWRJ3:0]
Type R R R R RIW
Reset 0 0 0 0 1 1 1 1
SFR Page = OxF; SFR Address = OxBA
Bit Name Function
7 Reserved Reserved.
Read = Ob; Must write Ob.
6:4 Unused Unused.
Read = 0000b; Write = Don’t Care.
3.0 | ADOPWRJ3:0] | ADCO Burst Mode Power-Up Time.

Sets the time delay required for ADCO to power up from a low power state.
For BURSTEN = 0:
ADCO power state controlled by ADOEN.
For BURSTEN =1 and ADOEN = 1:
ADCO remains enabled and does not enter a low power state after all conver-
sions are complete.
Conversions can begin immediately following the start-of-conversion signal.
For BURSTEN =1 and ADOEN = 0:
ADCO enters a low power state (as specified in Table 5.1) after all conversions
are complete.
Conversions can begin a programmed delay after the start-of-conversion sig-
nal.

The ADCO Burst Mode Power-Up time is programmed according to the follow-

ing equation:
ADOPWR = 1Sartup 4
400ns
or
Tstartup = (ADOPWR + 1)400ns

>
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SFR Definition 7.3. CPT1CN: Comparator 1 Control

Bit

6 5 4 3 2 1 0

Name

CP1EN

CP1OUT

CP1RIF CP1FIF CP1HYP[1:0] CP1HYNI[1:0]

Type

R/W

R R/W R/W R/W R/W

Reset

0

0 0 0 0 0 0 0

SFR Page= 0x0; SFR Address = 0x9A

Bit

Name

Function

7

CP1EN

Comparatorl Enable Bit.

0: Comparatorl Disabled.
1: Comparatorl Enabled.

CP1OUT

Comparatorl Output State Flag.

0: Voltage on CP1+ < CP1-.
1: Voltage on CP1+ > CP1-.

CP1RIF

Comparatorl Rising-Edge Flag. Must be cleared by software.

0: No Comparatorl Rising Edge has occurred since this flag was last cleared.
1: Comparatorl Rising Edge has occurred.

CP1FIF

Comparatorl Falling-Edge Flag. Must be cleared by software.

0: No Comparatorl Falling-Edge has occurred since this flag was last cleared.
1: Comparatorl Falling-Edge has occurred.

3.2

CP1HYP[1:0]

Comparatorl Positive Hysteresis Control Bits.

00: Positive Hysteresis Disabled.
01: Positive Hysteresis =5 mV.

10: Positive Hysteresis = 10 mV.
11: Positive Hysteresis = 20 mV.

1:0

CP1HYN[1:0]

Comparatorl Negative Hysteresis Control Bits.

00: Negative Hysteresis Disabled.
01: Negative Hysteresis =5 mV.

10: Negative Hysteresis = 10 mV.
11: Negative Hysteresis = 20 mV.

95
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8.2. CIP-51 Register Descriptions

Following are descriptions of SFRs related to the operation of the CIP-51 System Controller. Reserved bits
should not be set to logic I. Future product versions may use these bits to implement new features in which
case the reset value of the bit will be logic 0, selecting the feature's default state. Detailed descriptions of
the remaining SFRs are included in the sections of the data sheet associated with their corresponding sys-
tem function.

SFR Definition 8.1. DPL: Data Pointer Low Byte

Bit 7 6 5 4 3 2 1 0

Name DPL[7:0]

Type R/W

Reset 0 0 0 0

SFR Page = All Pages; SFR Address = 0x82

Bit Name Function

7:0 | DPL[7:0] |Data Pointer Low.
The DPL register is the low byte of the 16-bit DPTR. DPTR is used to access indi-
rectly addressed Flash memory or XRAM.

SFR Definition 8.2. DPH: Data Pointer High Byte

Bit 7 6 5 4 3 2 1 0
Name DPHJ7:0]
Type R/W
Reset 0 0 0 0 0 0 0 0

SFR Page = All Pages; SFR Address = 0x83
Bit Name

7:0 | DPH[7:0] |Data Pointer High.

The DPH register is the high byte of the 16-bit DPTR. DPTR is used to access indi-
rectly addressed Flash memory or XRAM.

Function

. L4
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SFR Definition 14.1. PMUOCF: Power Management Unit Configuration®:2

Bit 7 6 5 4 3 2 1 0
Name | SLEEP | SUSPEND | CLEAR RSTWK | RTCFWK | RTCAWK | PMATWK | CPTOWK
Type w w w R R/W R/W R/W R/W
Reset 0 0 0 Varies Varies Varies Varies Varies

SFR Page = 0x0; SFR Address = 0xB5
Bit Name Description Write Read
7 SLEEP Sleep Mode Select Writing 1 places the N/A
device in Sleep Mode.
6 SUSPEND |Suspend Mode Select Writing 1 places the N/A
device in Suspend Mode.
5 CLEAR Wake-up Flag Clear Writing 1 clears all wake- | N/A
up flags.

4 RSTWK |Reset Pin Wake-up Flag |N/A Set to 1 if a glitch has

been detected on RST.

3 RTCFWK |SmaRTClock Oscillator |0: Disable wake-up on Set to 1 if the SmaRT-

Fail Wake-up Source SmaRTClock Osc. Fail. Clock Oscillator has failed.
Enable and Flag 1: Enable wake-up on
SmaRTClock Osc. Fail.
2 RTCAWK |SmaRTClock Alarm 0: Disable wake-up on Setto 1 if a SmaRTClock
Wake-up Source Enable |SmaRTClock Alarm. Alarm has occurred.
and Flag 1: Enable wake-up on
SmaRTClock Alarm.
1 PMATWK | Port Match Wake-up 0: Disable wake-up on Set to 1 if a Port Match
Source Enable and Flag |Port Match Event. Event has occurred.
1: Enable wake-up on
Port Match Event.
0 CPTOWK |ComparatorO Wake-up 0: Disable wake-up on Set to 1 if Comparator0
Source Enable and Flag |ComparatorO rising edge. |rising edge caused the last
1: Enable wake-up on reset.
ComparatorO rising edge.
Notes:

1. Read-modify-write operations (ORL, ANL, etc.) should not be used on this register. Wake-up sources must
be re-enabled each time the SLEEP or SUSPEND bits are written to 1.
The Low Power Internal Oscillator cannot be disabled and the MCU cannot be placed in Suspend or Sleep

Mode if any wake-up flags are set to 1. Software should clear all wake-up sources after each reset and after

2.

each wake-up from suspend or sleep modes.

162 Rev. 1.2
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Important Notes:

* The Power-on Reset (POR) delay is not incurred after a VDD/DC+ supply monitor reset. See Section
“4. Electrical Characteristics” on page 43 for complete electrical characteristics of the VDD/DC+ moni-
tor.

+ Software should take care not to inadvertently disable the Vpp Monitor as a reset source when writing
to RSTSRC to enable other reset sources or to trigger a software reset. All writes to RSTSRC should
explicitly set PORSF to '1' to keep the Vpp Monitor enabled as a reset source.

 The VDD/DC+ supply monitor must be enabled before selecting it as a reset source. Selecting the
VDD/DC+ supply monitor as a reset source before it has stabilized may generate a system reset. In
systems where this reset would be undesirable, a delay should be introduced between enabling the
VDD/DC+ supply monitor and selecting it as a reset source. See Section “4. Electrical Characteristics”
on page 43 for minimum VDD/DC+ Supply Monitor turn-on time. No delay should be introduced in
systems where software contains routines that erase or write Flash memory. The procedure for
enabling the VDD/DC+ supply monitor and selecting it as a reset source is shown below:

1. Enable the VDD/DC+ Supply Monitor (VDMEN bit in VDMOCN = 1).
2. Wait for the VDD/DC+ Supply Monitor to stabilize (optional).
3. Select the VDD/DC+ Supply Monitor as a reset source (PORSF bit in RSTSRC = 1).

SFR Definition 18.1. VDMOCN: VDD/DC+ Supply Monitor Control

Bit 7 6 5 4 3 2 1 0
Name | VDMEN | VDDSTAT | VDDOK | Reserved | Reserved | Reserved
Type R/W R R R/W R/W R/W R/W R/W
Reset 1 Varies Varies 0 0 0 0 0

SFR Page = 0x0; SFR Address = OxFF
Bit Name Function

7 VDMEN VDD/DC+ Supply Monitor Enable.

This bit turns the VDD/DC+ supply monitor circuit on/off. The VDD/DC+ Supply
Monitor cannot generate system resets until it is also selected as a reset source in
register RSTSRC (SFR Definition 18.2).

0: VDD/DC+ Supply Monitor Disabled.

1: VDD/DC+ Supply Monitor Enabled.

6 | VDDSTAT |VDD/DC+ Supply Status.

This bit indicates the current power supply status.
0: VDD/DC+ is at or below the Vigt threshold.
1: VDD/DC+ is above the Vig threshold.

5 VDDOK VDD/DC+ Supply Status (Early Warning).

This bit indicates the current power supply status.
0: VDD/DC+ is at or below the Vyyaryn threshold.
1: VDD/DC+ is above the V\yarn monitor threshold.

4:2 Reserved Reserved.
Read = 000b. Must Write 000b.

1:0 Unused Unused.
Read = 00b. Write = Don't Care.

. Ll
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SFR Definition 19.2. OSCICN: Internal Oscillator Control

Bit 7 6 5 4 3 2 1 0
Name | IOSCEN IFRDY Reserved[5:0]
Type R/W R R/W R/W R/W R/W R/W R/W
Reset 0 0 0 0 1 1 1 1

SFR Page = 0x0; SFR Address = 0xB2

Bit Name Function

7 IOSCEN |Internal Oscillator Enable.

0: Internal oscillator disabled.
1: Internal oscillator enabled.

6 IFRDY |Internal Oscillator Frequency Ready Flag.

0: Internal oscillator is not running at its programmed frequency.
1: Internal oscillator is running at its programmed frequency.

5:0 Reserved |Reserved.
Read = 001111b. Must Write 001111b.

Note: It is recommended to use read-modify-write operations such as ORL and ANL to set or clear the enable bit of
this register.

SFR Definition 19.3. OSCICL: Internal Oscillator Calibration

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

SFR Page = 0x0; SFR Address = 0xB3

Bit Name Function

7 SSE Spread Spectrum Enable.

0: Spread Spectrum clock dithering disabled.
1: Spread Spectrum clock dithering enabled.
6:0 OSCICL |Internal Oscillator Calibration.

Factory calibrated to obtain a frequency of 24.5 MHz. Incrementing this register
decreases the oscillator frequency and decrementing this register increases the
oscillator frequency. The step size is approximately 1% of the calibrated frequency.
The recommended calibration frequency range is between 16 and 24.5 MHz.

. L4
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20.2.3. Programmable Load Capacitance

The programmable load capacitance has 16 values to support crystal oscillators with a wide range of rec-
ommended load capacitance. If Automatic Load Capacitance Stepping is enabled, the crystal load capaci-
tors start at the smallest setting to allow a fast startup time, then slowly increase the capacitance until the
final programmed value is reached. The final programmed loading capacitor value is specified using the
LOADCAP bits in the RTCOXCF register. The LOADCAP setting specifies the amount of on-chip load
capacitance and does not include any stray PCB capacitance. Once the final programmed loading capaci-
tor value is reached, the LOADRDY flag will be set by hardware to logic 1.

When using the SmaRTClock oscillator in Self-Oscillate mode, the programmable load capacitance can be
used to fine tune the oscillation frequency. In most cases, increasing the load capacitor value will result in
a decrease in oscillation frequency. Table 20.2 shows the crystal load capacitance for various settings of
LOADCAP.

Table 20.2. SmaRTClock Load Capacitance Settings

LOADCAP Crystal Load Capacitance | Equivalent Capacitance seen on
XTAL3 and XTAL4
0000 4.0 pF 8.0 pF
0001 4.5 pF 9.0 pF
0010 5.0 pF 10.0 pF
0011 5.5 pF 11.0 pF
0100 6.0 pF 12.0 pF
0101 6.5 pF 13.0 pF
0110 7.0 pF 14.0 pF
0111 7.5 pF 15.0 pF
1000 8.0 pF 16.0 pF
1001 8.5 pF 17.0 pF
1010 9.0 pF 18.0 pF
1011 9.5 pF 19.0 pF
1100 10.5 pF 21.0 pF
1101 11.5 pF 23.0 pF
1110 12.5 pF 25.0 pF
1111 13.5 pF 27.0 pF

_ -
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21.1. Port I/O Modes of Operation

Port pins P0.0—P2.6 use the Port I/O cell shown in Figure 21.2. Each Port 1/O cell can be configured by
software for analog 1/O or digital I/0 using the PNMDIN registers. On reset, all Port I/O cells default to a dig-
ital high impedance state with weak pull-ups enabled.

21.1.1. Port Pins Configured for Analog I/O

Any pins to be used as Comparator or ADC input, external oscillator input/output, or AGND, VREF, or Cur-
rent Reference output should be configured for analog I1/0O (PnMDIN.n = 0). When a pin is configured for
analog I/O, its weak pullup and digital receiver are disabled. In most cases, software should also disable
the digital output drivers. Port pins configured for analog I/O will always read back a value of 0 regardless
of the actual voltage on the pin.

Configuring pins as analog /O saves power and isolates the Port pin from digital interference. Port pins
configured as digital inputs may still be used by analog peripherals; however, this practice is not recom-
mended and may result in measurement errors.

21.1.2. Port Pins Configured For Digital I/0

Any pins to be used by digital peripherals (UART, SPI, SMBus, etc.), external digital event capture func-
tions, or as GPIO should be configured as digital I/O (PnMDIN.n = 1). For digital /O pins, one of two output
modes (push-pull or open-drain) must be selected using the PNMDOUT registers.

Push-pull outputs (PNMDOUT.n = 1) drive the Port pad to the VDD/DC+ or GND supply rails based on the
output logic value of the Port pin. Open-drain outputs have the high side driver disabled; therefore, they
only drive the Port pad to GND when the output logic value is 0 and become high impedance inputs (both
high and low drivers turned off) when the output logic value is 1.

When a digital I/O cell is placed in the high impedance state, a weak pull-up transistor pulls the Port pad to
the VDD/DC+ supply voltage to ensure the digital input is at a defined logic state. Weak pull-ups are dis-
abled when the I/O cell is driven to GND to minimize power consumption and may be globally disabled by
setting WEAKPUD to 1. The user must ensure that digital /O are always internally or externally pulled or
driven to a valid logic state. Port pins configured for digital I/O always read back the logic state of the Port
pad, regardless of the output logic value of the Port pin.

WEAKPUD
(Weak Pull-Up Disable)

PnMDOUT.x
(1 for push-pull) VDD/DC+ VDD/DC+

(0 for open-drain)
}: € JI (WEAK)

XBARE

(Crossbar
Enable) PORT
Pn.x — Output PAD
Logic Value
|

(Port Latch or N D € i
Crossbar)

PoMDINX [N, GND

(1 for digital) L7

(0 for analog)
To/From Analog

Peripheral

Pn.x — Input Logic Value
(Reads 0 when pin is configured as an analog 1/O)

AT

Figure 21.2. Port 1/0 Cell Block Diagram
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22.4.4. Data Register

The SMBus Data register SMBODAT holds a byte of serial data to be transmitted or one that has just been
received. Software may safely read or write to the data register when the Sl flag is set. Software should not
attempt to access the SMBODAT register when the SMBus is enabled and the Sl flag is cleared to logic 0,
as the interface may be in the process of shifting a byte of data into or out of the register.

Data in SMBODAT is always shifted out MSB first. After a byte has been received, the first bit of received
data is located at the MSB of SMBODAT. While data is being shifted out, data on the bus is simultaneously
being shifted in. SMBODAT always contains the last data byte present on the bus. In the event of lost
arbitration, the transition from master transmitter to slave receiver is made with the correct data or address
in SMBODAT.

SFR Definition 22.5. SMBODAT: SMBus Data

Bit 7 6 5 4 3 1 0
Name SMBODAT[7:0]
Type R/W
Reset 0 0 0 0 0 0 0
SFR Page = 0x0; SFR Address = 0xC2
Bit Name Function

7:0 | SMBODAT[7:0]

SMBus Data.

The SMBODAT register contains a byte of data to be transmitted on the SMBus

serial interface or a byte that has just been received on the SMBus serial interface.
The CPU can read from or write to this register whenever the Sl serial interrupt flag
(SMBOCN.0) is set to logic 1. The serial data in the register remains stable as long
as the Sl flag is set. When the Sl flag is not set, the system may be in the process

of shifting data in/out and the CPU should not attempt to access this register.

246

Rev. 1.2

~>

SILICON

LABS



C8051F93x-C8051F92x

22.5.4. 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
transmitted. If the received slave address is acknowledged, data should be written to SMBODAT to be
transmitted. 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. Note that the interface will switch to Slave Receiver Mode if SMBODAT is not written
following a Slave Transmitter interrupt. Figure 22.8 shows a typical slave read sequence. Two transmitted
data bytes are shown, though any number of bytes may be transmitted. 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) |

\ 4 \ 4 Y VY
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 22.8. Typical Slave Read Sequence

22.6. 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 22.5 describes the typical actions when hardware slave address
recognition and ACK generation is disabled. Table 22.6 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
typical responses; application-specific procedures are allowed as long as they conform to the SMBus
specification. Highlighted responses are allowed by hardware but do not conform to the SMBus
specification.
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Table 22.5. SMBus Status Decoding With Hardware ACK Generation Disabled (EHACK =0)

Valuesto °
[}
Values Read Write | 95
S = _ _ T e
olw =[OV Current SMbus State Typical Response Options a3
S |58 |x |0 |x <|lO|X | = _
§ 8 5 C_QI O |(7) U) O 6 =
72 QRS <23
< >
A master START was gener- |Load slave address + R/W into
1110 |0 |0 | X ated. SMBODAT. 0|0]|X| 1100
A master data or address byte |Set STA to restart transfer. 1/0|X]| 1110
0| 0| O |was transmitted; NACK
= received. Abort transfer. 01 |X -
= Load next data byte into
% SMBODAT. 010 Xx]1100
= 1100 End transfer with STOP. o|1[X]| -
% A master data or address byte |End transfer with STOP and start 111 x i
g 0| 0|1 |was transmitted; ACK another transfer.
received. Send repeated START. 1]/0]|x]| 1110
Switch to Master Receiver Mode
(clear Sl without writing newdata | 0 | O | X | 1000
to SMBODAT).
Acknowledge received byte;
Read SMBODAT. 0]0]1)1000
Send NACK to indicate last byte, ol1lo i
and send STOP.
Send NACK to indicate last byte,
_ and send STOP followed by 1/1]0] 1110
o START.
‘©
o) A master data byte was Send ACK followed by repeated 1|01 1110
o |1000| 1|0 (X o START.
- received; ACK requested. _
7 Send NACK to indicate last byte, 110l0l 1110
g and send repeated START.
Send ACK and switch to Master
Transmitter Mode (write to 0(0|1| 1100
SMBODAT before clearing Sl).
Send NACK and switch to Mas-
ter Transmitter Mode (write to 0|0 |O0| 1100
SMBODAT before clearing Sl).
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23.2. Operational Modes

UARTO provides standard asynchronous, full duplex communication. The UART mode (8-bit or 9-bit) is
selected by the SOMODE bit (SCONO.7). Typical UART connection options are shown below.

X

RS-232 |«
LEVEL rx | C8051Fxxx
XLTR

A4

OR

X >
= MCU > C8051Fxxx
— RX RX

Figure 23.3. UART Interconnect Diagram

23.2.1. 8-Bit UART

8-Bit UART mode uses a total of 10 bits per data byte: one start bit, eight data bits (LSB first), and one stop
bit. Data are transmitted LSB first from the TXO0 pin and received at the RX0 pin. On receive, the eight data
bits are stored in SBUFO and the stop bit goes into RB80 (SCONO0.2).

Data transmission begins when software writes a data byte to the SBUFO register. The TI0 Transmit Inter-
rupt Flag (SCONO0.1) is set at the end of the transmission (the beginning of the stop-bit time). Data recep-
tion can begin any time after the RENO Receive Enable bit (SCONO0.4) is set to logic 1. After the stop bit is
received, the data byte will be loaded into the SBUFO receive register if the following conditions are met:
RIO must be logic 0, and if MCEQ is logic 1, the stop bit must be logic 1. In the event of a receive data over-
run, the first received 8 bits are latched into the SBUFO receive register and the following overrun data bits
are lost.

If these conditions are met, the eight bits of data is stored in SBUFO, the stop bit is stored in RB80 and the
RIO flag is set. If these conditions are not met, SBUFO and RB80 will not be loaded and the RIO flag will not
be set. An interrupt will occur if enabled when either TI0 or RIO is set.

MARK START
BIT DO D1 D2 D3 D4 D5 D6 D7 STOP
SPACE — BIT
| ] ] ] ] ] ] ] ] ] |
BITTIMES | T T T T T T T T T 1

A A A A A A A A A A
BIT SAMPLING | | | | | | | | | |

Figure 23.4. 8-Bit UART Timing Diagram
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SCK
(CKPOL=0, CKPHA=0) | | | | | | | |

SCK
(CKPOL=1, CKPHA=0) | | | | | | | |

MOSI YOMX mss X mite X Bits X sita X Bits X Bitz X Bitt X Bito  XXKOK

MISO —{ wse Y sis Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bitoﬂ

NSS (4-Wire Mode) S

Figure 24.6. Slave Mode Data/Clock Timing (CKPHA = 0)

SCK
(CKPOL=0, CKPHA=1) | | | | | | | |

SCK
(CKPOL=1, CKPHA=1) | | | | | | | |

MOS!I YO wse X site X Bits X mita X B3 X stz X Bit1 X Bito  XXOOKK

MISO —{ wsB Bit 6 Bits X Bit4 Bit 3 Bit 2 Bit 1 Bito X —

NSS (4-Wire Mode) _\ /

Figure 24.7. Slave Mode Data/Clock Timing (CKPHA = 1)
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SFR Definition 24.4. SPInDAT: SPI Data

Bit 7 6 5 4 3 1 0
Name SPINDAT[7:0]
Type R/W
Reset 0 0 0 0 0 0 0
SFR Addresses: SPIODAT = 0xA3, SPILDAT = 0x86
SFR Pages: SPIODAT = 0x0, SPI1DAT = 0x0
Bit Name Function
7:0 SPInDAT SPIn Transmit and Receive Data.
The SPINDAT register is used to transmit and receive SPIn data. Writing data to
SPINDAT places the data into the transmit buffer and initiates a transfer when in
Master Mode. A read of SPINDAT returns the contents of the receive buffer.
. L4
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CKCON TMOD ITOLCF
T[r[T[T[T[T]s[s| [c[c[T]T]e[c[T[T T
3|3l2|2|1lolclc| |Aal/|2]2]|al/[ofo| [NIN|N[N[N[N[N[N
vivivivivImlalal T[T MM[T]|T[MIM] |2|2]2]|2[0]0f0]0
el1|1|o|efo|r]o| [p[s[s|s|P|S|S|S
HILIAIL Lol |y 9 Lfcfofufee]e)e
N v | 2]1lo| |2]1]o
Pre-scaled Clock 0 l l
0
SYSCLK 1
D 1
TO— I
I TLO THO 0__—» Interrupt
I ' . 0
: (5 bits) (8 bits) = T
o T1
:Crossbar '9 5
| T0
|
I
o
INTO —

Figure 25.1. TO Mode 0 Block Diagram

25.1.2. Mode 1: 16-bit Counter/Timer

Mode 1 operation is the same as Mode 0, except that the counter/timer registers use all 16 bits. The
counter/timers are enabled and configured in Mode 1 in the same manner as for Mode 0.

: .
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26.1. PCA Counter/Timer

The 16-bit PCA counter/timer consists of two 8-bit SFRs: PCAOL and PCAOH. PCAOQH is the high byte
(MSB) of the 16-bit counter/timer and PCAOL is the low byte (LSB). Reading PCAOL automatically latches
the value of PCAQH into a “snapshot” register; the following PCAOH read accesses this “snapshot” register.
Reading the PCAOL Register first guarantees an accurate reading of the entire 16-bit PCAOQ counter.
Reading PCAOH or PCAOL does not disturb the counter operation. The CPS2—CPSO0 bits in the PCAOMD
register select the timebase for the counter/timer as shown in Table 26.1.

When the counter/timer overflows from OxFFFF to 0x0000, the Counter Overflow Flag (CF) in PCAOMD is
set to logic 1 and an interrupt request is generated if CF interrupts are enabled. Setting the ECF bit in
PCAOMD to logic 1 enables the CF flag to generate an interrupt request. The CF bit is not automatically
cleared by hardware when the CPU vectors to the interrupt service routine, and must be cleared by
software. Clearing the CIDL bit in the PCAOMD register allows the PCA to continue normal operation while
the CPU is in Idle mode.

Table 26.1. PCA Timebase Input Options

CPS2 CPS1 CPSO Timebase
0 0 0 System clock divided by 12
0 0 1 System clock divided by 4
0 1 0 Timer 0 overflow
High-to-low transitions on ECI (max rate = system clock divided
0 1 1
by 4)
1 0 0 System clock
1 0 1 External oscillator source divided by 8
1 1 0 Reserved
1 1 1 Reserved
*Note: External oscillator source divided by 8 is synchronized with the system clock.

IDLE E

PCAOMD PCAOCN
C[w|w| |C|CICI|E C|C|C|C|C|C|C|C
1[D|D| |P|P|P|C F|R|C|C|C|C|C|C
p|T[L| [s|s|s|F FIF|F|F|F|F
LlE|c| [2]2]o 5|4(3|2[1|0 ™ To SFR Bus
K PCAOL
7Y read
Snapshot
v Register
SYSCLK/12 000
SYSCLK/4 001
Timer 0 Overflow Yo
—————————»{ 010 o/ol—> PCAOH PCAOL Overflow To PCA Interrupt System
£ »lou
CF
SYSCLK »| 100
External Clock/8 » 101 4} To PCA Modules

Figure 26.2. PCA Counter/Timer Block Diagram
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