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Supply Current (uA)

4200
4100
4000

3900 -
3800 +
3700 -

3600
3500
3400

3300 +
3200 -

3100

3000 -

2900

2800 -

2700
2600

2500 -
2400 +
2300 -

2200
2100

2000 -
1900 -
1800 -

1700

1600 -

1500

1400 -

1300
1200

1100 -
1000 -
900 +

800
700

600 +
500 -
400 +
300 +
200 +

100
0

F<10 MHz
Oneshot Enabled

F >10 MHz

Oneshot Bypassed

/!

Y 4

/ <170 yA/MHz |

/2( 200 pA/MHz

/J 215 pA/MHz

/Q{ 240 yA/MHz

,2/ 250 pA/MHz

300 yA/MHz

0o 1

2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25

Frequency (MHz)
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5.2.2. Tracking Modes

Each ADCO conversion must be preceded by a minimum tracking time in order for the converted result to
be accurate. The minimum tracking time is given in Table 4.9. The ADOTM bit in register ADCOCN controls
the ADCO track-and-hold mode. In its default state when Burst Mode is disabled, the ADCO input is contin-
uously tracked, except when a conversion is in progress. When the ADOTM bit is logic 1, ADCO operates in
low-power track-and-hold mode. In this mode, each conversion is preceded by a tracking period of 3 SAR
clocks (after the start-of-conversion signal). When the CNVSTR signal is used to initiate conversions in
low-power tracking mode, ADCO tracks only when CNVSTR is low; conversion begins on the rising edge of
CNVSTR (see Figure 5.2). Tracking can also be disabled (shutdown) when the device is in low power
standby or sleep modes. Low-power track-and-hold mode is also useful when AMUX settings are fre-
guently changed, due to the settling time requirements described in “5.2.4. Settling Time Requirements” on
page 70.

CNVSTR
(ADOCM[2:0]=100)

A. ADCO Timing for External Trigger Source

123 456 7 8 91011121314

SAR Clocks| |
ADOTM=1 Low Power Track Convert Low Power
or Convert Mode
ADOTM=0 Track or Convert Convert Track

Write '1' to ADOBUSY,
Timer O, Timer 2,

Timer 1, Timer 3 Overflow ~— —

(ADOCM[2:0]=000, 001,010
011, 101)

SAR
Clocks

ADOTM=1

SAR
Clocks

ADOTM=0

B. ADCO Timing for Internal Trigger Source

|

123456 7 8 91011121314151617

g

Low Power

or Convert Track

Convert

Low Power Mode

123456 7 8 91011121314

I

Track or
Convert

Convert

Track

Figure 5.2. 10-Bit ADC Track and Conversion Example Timing (BURSTEN = 0)
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SFR Definition 5.5. ADCOTK: ADCO Burst Mode Track Time

Bit 7 6 5 4 3 2 1 0
Name ADOTK[5:0]
Type R R RIW
Reset 0 0 0 1 0 1 1 0

SFR Page = 0xF; SFR Address = 0xBD
Bit Name Function
7:6 Unused |Unused.
Read = 00b; Write = Don't Care.

5:0 | ADOTK]5:0] | ADCO Burst Mode Track Time.

Sets the time delay between consecutive conversions performed in Burst Mode.

The ADCO Burst Mode Track time is programmed according to the following

equation:

ADOTK = 63 —(

or

Ttrack_ 1)

Ttrack = (64 — ADOTK)50ns

Notes:If ADOTM is set to 1, an additional 3 SAR clock cycles of Track time will be inserted prior to starting the

conversion.

The Burst Mode Track delay is not inserted prior to the first conversion. The required tracking time for the first

conversion should be met by the Burst Mode Power-Up Time.
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SFR Definition 5.6. ADCOH: ADCO Data Word High Byte

Bit 7 6 5 4 3 2 1 0
Name ADCO0[15:8]
Type R/W
Reset 0 0 0 0 0 0 0 0
SFR Page = 0x0; SFR Address = OxBE
i Read Write

Bit Name Description
7:0 | ADCO0[15:8] | ADCO Data Word High Byte.

Most Significant Byte of the | Set the most significant
16-bit ADCO Accumulator | byte of the 16-bit ADCO
formatted according to the | Accumulator to the value

settings in ADOSJST[2:0]. |written.

Note: If Accumulator shifting is enabled, the most significant bits of the value read will be zeros. This register
should not be written when the SYNC bit is set to 1.

SFR Definition 5.7. ADCOL: ADCO Data Word Low Byte

Bit 7 6 5 4 3 2 1 0
Name ADCO[7:0]
Type R/W
Reset 0 0 0 0 0 0 0 0
SFR Page = 0x0; SFR Address = 0xBD;
Read Write

Bit Name Description
7:0 | ADCOQ[7:0] |ADCO Data Word Low Byte.

Least Significant Byte of the | Set the least significant
16-bit ADCO Accumulator byte of the 16-bit ADCO
formatted according to the Accumulator to the value
settings in AD0OSJST[2:0]. written.

Note: If Accumulator shifting is enabled, the most significant bits of the value read will be the least significant bits of
the accumulator high byte. This register should not be written when the SYNC bit is set to 1.
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SFR Definition 5.12. ADCOMX: ADCO Input Channel Select

Bit 7 6 5 4 3 2 1 0
Name ADOMX
Type R R R R/W R/W R/W R/W R/W
Reset 0 0 0 1 1 1 1 1
SFR Page = 0x0; SFR Address = 0xBB
Bit | Name Function
7:5 | Unused |Unused.
Read = 000b; Write = Don'’t Care.
4:0 | ADOMX |AMUXO Positive Input Selection.
Selects the positive input channel for ADCO.
00000: P0O.0 10000: P2.0 (C8051F920/30 Only)
00001: PO.1 10001: P2.1 (C8051F920/30 Only)
00010: P0.2 10010: P2.2 (C8051F920/30 Only)
00011: P0.3 10011: P2.3 (C8051F920/30 Only)
00100: P0.4 10100: P2.4 (C8051F920/30 Only)
00101: P0.5 10101: P2.5 (C8051F920/30 Only)
00110: P0.6 10110: P2.6 (C8051F920/30 Only)
00111: PO.7 10111: Reserved.
01000: P1.0 11000: Reserved.
01001: P1.1 11001: Reserved.
01010: P1.2 11010: Reserved.
01011: P1.3 11011: Temperature Sensor
01100: P14 11100: VBAT Supply Voltage
01101 P15 (0.9-1.8 V) or (1.8-3.6 V)
01110: P1.6 11101: Digital Supply Voltage
01111: P1.7 (C8051F920/30 (VREGO Output, 1.7 V Typical)
Only) 11110: VDD/DC+ Supply Voltage
(1.8-3.6 V)
11111: Ground
. L4
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5.6.1. Calibration

The uncalibrated temperature sensor output is extremely linear and suitable for relative temperature mea-
surements (see Table 4.10 for linearity specifications). For absolute temperature measurements, offset
and/or gain calibration is recommended. Typically a 1-point (offset) calibration includes the following steps:

Step 1. Control/measure the ambient temperature (this temperature must be known).

Step 2. Power the device, and delay for a few seconds to allow for self-heating.

Step 3. Perform an ADC conversion with the temperature sensor selected as the positive input
and GND selected as the negative input.

Step 4. Calculate the offset characteristics, and store this value in non-volatile memory for use
with subsequent temperature sensor measurements.

Figure 5.9 shows the typical temperature sensor error assuming a 1-point calibration at 25 °C. Parame-
ters that affect ADC measurement, in particular the voltage reference value, will also affect temper-
ature measurement.

A single-point offset measurement of the temperature sensor is performed on each device during produc-
tion test. The measurement is performed at 25 °C £5 °C, using the ADC with the internal high speed refer-
ence buffer selected as the Voltage Reference. The direct ADC result of the measurement is stored in the
SFR registers TOFFH and TOFFL, shown in SFR Definition 5.13 and SFR Definition 5.14.

5.00 5.00
4.00 4.00
3.00 3.00
2.00 2.00

g
o
o

1.00

240,00 20,00 0.00 ‘ 40,00 60.00 80.00
20.00

Error (degrees C)

-2.00 -2.00
-3.00 -3.00
-4.00 -4.00
-5.00 -5.00

Temperature (degrees C)

Figure 5.9. Temperature Sensor Error with 1-Point Calibration (Vggg = 1.68 V)
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9.1. Program Memory

The CIP-51 core has a 64 kB program memory space. The C8051F93x-C8051F92x implements 64 kB
(C8051F930/1) or 32 kB (C8051F920/1) of this program memory space as in-system, re-programmable
Flash memory, organized in a contiguous block from addresses 0x0000 to OxFBFF (C8051F930/1) or
Ox7FFF (C8051F920/1). The address OxFBFF (C8051F930/1) or Ox7FFF (C8051F920/1) serves as the
security lock byte for the device. Any addresses above the lock byte are reserved.

C8051F930/1 C8051F920/1
(SFLE=0) (SFLE=0)

OxFFFF OXFFFF
Reserved Area
0xFC00
Lock Byte OXFBFF Unpopulated

————————— OXFBFE Address Space

Lock Byte Page (Reserved)
0xF800
OXF7FF

0x8000
Lock Byte OX7FFF

FLASH memory organized in
1024-byte pages

Cc8051F930/2 (T T T T T T T T T OXTFFE
C8051F920/1 Flash Memory Space Lock Byte Page
0x7C00
(SFLE= ({0 | — = — — OX7BFF
OX03FF
Scratchpad Flash Memory Space
(Data Only)
0x0000 0x0000 0x0000  _|

Figure 9.2. Flash Program Memory Map

9.1.1. MOVX Instruction and Program Memory

The MOVX instruction in an 8051 device is typically used to access external data memory. On the
C8051F93x-C8051F92x devices, the MOVX instruction is normally used to read and write on-chip XRAM,
but can be re-configured to write and erase on-chip Flash memory space. MOVC instructions are always
used to read Flash memory, while MOVX write instructions are used to erase and write Flash. This Flash
access feature provides a mechanism for the C8051F93x-C8051F92x to update program code and use
the program memory space for non-volatile data storage. Refer to Section “13. Flash Memory” on
page 145 for further details.
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SFR Definition 11.1. SFR Page: SFR Page

Bit 6 5 4 3 2 1 0

Name SFRPAGE[7:0]

Type R/W

Reset 0 0 0 0 0 0 0
SFR Page = All Pages; SFR Address = OxA7

Bit Name Function

7:0 | SFRPAGE[7:0] | SFR Page.

Specifies the SFR Page used when reading, writing, or modifying special function
registers.
Table 11.3. Special Function Registers

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

Register Address | SFR Page Description Page
ACC OXEO All Accumulator 107
ADCOAC OxBA 0x0 ADCO Accumulator Configuration 74
ADCOCF 0xBC 0x0 ADCO Configuration 73
ADCOCN OxE8 0x0 ADCO Control 72
ADCOGTH 0xC4 0x0 ADCO Greater-Than Compare High 78
ADCOGTL 0xC3 0x0 ADCO Greater-Than Compare Low 78
ADCOH O0xBE 0x0 ADCO High 77
ADCOL 0xBD 0x0 ADCO Low 77
ADCOLTH 0xC6 0x0 ADCO Less-Than Compare Word High 79
ADCOLTL 0xC5 0x0 ADCO Less-Than Compare Word Low 79
ADCOMX 0xBB 0x0 AMUXO Channel Select 82
ADCOPWR OxBA OxF ADCO Burst Mode Power-Up Time 75
ADCOTK 0xBD OxF ADCO Tracking Control 76
B OxFO All B Register 107
CKCON Ox8E 0x0 Clock Control 279
CLKSEL O0xA9 All Clock Select 193
CPTOCN 0x9B 0x0 ComparatorQ Control 94
CPTOMD 0x9D 0x0 ComparatorO Mode Selection 94
CPTOMX Ox9F 0x0 ComparatorO Mux Selection 98
CPT1CN Ox9A 0x0 Comparatorl Control 95
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12.3. Interrupt Priorities

Each interrupt source can be individually programmed to one of two priority levels: low or high. A low prior-
ity interrupt service routine can be preempted by a high priority interrupt. A high priority interrupt cannot be
preempted. If a high priority interrupt preempts a low priority interrupt, the low priority interrupt will finish
execution after the high priority interrupt completes. Each interrupt has an associated interrupt priority bit in
in the Interrupt Priority and Extended Interrupt Priority registers used to configure its priority level. Low pri-
ority is the default.

If two interrupts are recognized simultaneously, the interrupt with the higher priority is serviced first. If both
interrupts have the same priority level, a fixed priority order is used to arbitrate. See Table 12.1 on
page 135 to determine the fixed priority order used to arbitrate between simultaneously recognized inter-
rupts.

12.4. Interrupt Latency

Interrupt response time depends on the state of the CPU when the interrupt occurs. Pending interrupts are
sampled and priority decoded each system clock cycle. Therefore, the fastest possible response time is 7
system clock cycles: 1 clock cycle to detect the interrupt, 1 clock cycle to execute a single instruction, and
5 clock cycles to complete the LCALL to the ISR. If an interrupt is pending when a RETI is executed, a sin-
gle instruction is executed before an LCALL is made to service the pending interrupt. Therefore, the maxi-
mum response time for an interrupt (when no other interrupt is currently being serviced or the new interrupt
is of greater priority) occurs when the CPU is performing an RETI instruction followed by a DIV as the next
instruction. In this case, the response time is 19 system clock cycles: 1 clock cycle to detect the interrupt,
5 clock cycles to execute the RETI, 8 clock cycles to complete the DIV instruction and 5 clock cycles to exe-
cute the LCALL to the ISR. If the CPU is executing an ISR for an interrupt with equal or higher priority, the
new interrupt will not be serviced until the current ISR completes, including the RETI and following instruc-
tion.
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SFR Definition 12.7. ITO1CF: INTO/INT1 Configuration

Bit 7 6 5 4 3 2 1 0
Name | IN1PL IN1SL[2:0] INOPL INOSL[2:0]
Type RIW RIW RIW RIW
Reset 0 0 0 0 0 0 0 1

SFR Page = 0x0; SFR Address = OxE4

Bit Name

Function

7 IN1IPL

INT1 Polarity.

0: INT1 input is active low.
1: INT1 input is active high.

6:4 | IN1SL[2:0]

INT1 Port Pin Selection Bits.

These bits select which Port pin is assigned to INT1. Note that this pin assignment is
independent of the Crossbar; INT1 will monitor the assigned Port pin without disturb-
ing the peripheral that has been assigned the Port pin via the Crossbar. The Crossbar
will not assign the Port pin to a peripheral if it is configured to skip the selected pin.
000: Select P0.0

001: Select P0.1

010: Select P0.2

011: Select P0.3

100: Select P0.4

101: Select P0.5

110: Select P0.6

111: Select P0O.7

3 INOPL

INTO Polarity.

0: INTO input is active low.
1: INTO input is active high.

2:0 | INOSL[2:0]

INTO Port Pin Selection Bits.

These bits select which Port pin is assigned to INTO. Note that this pin assignment is
independent of the Crossbar; INTO will monitor the assigned Port pin without disturb-
ing the peripheral that has been assigned the Port pin via the Crossbar. The Crossbar
will not assign the Port pin to a peripheral if it is configured to skip the selected pin.
000: Select P0.0

001: Select P0O.1

010: Select P0.2

011: Select P0.3

100: Select P0.4

101: Select P0.5

110: Select P0.6

111: Select P0.7

144
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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
Crystal 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 Control 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 1.5pA 4.8 A, f=32.768 kHz
010 58 kHz < f <155 kHz 4.8 pA 9.6 YA, 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 PA, f = 400 kHz
110 3.1 MHz < f<8.2 MHz 550 pA 940 pA, f=8 MHz
111 8.2 MHz < f <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
determine 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:

1. Configure XTAL1 and XTAL2 for analog I/0O 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.

. Ll
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SFR Definition 21.1. XBRO: Port I1/0O Crossbar Register 0

Bit 7 6 5 4 3 2 1 0
Name | CPlAE CP1E CPOAE CPOE SYSCKE | SMBOE SPIOE URTOE
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 = 0x0; SFR Address = OXE1
Bit Name Function
7 CP1AE |Comparatorl Asynchronous Output Enable.
0: Asynchronous CP1 output unavailable at Port pin.
1: Asynchronous CP1 output routed to Port pin.
6 CP1E |Comparatorl Output Enable.
0: CP1 output unavailable at Port pin.
1: CP1 output routed to Port pin.
5 CPOAE |Comparator0 Asynchronous Output Enable.
0: Asynchronous CPO output unavailable at Port pin.
1: Asynchronous CPO output routed to Port pin.
4 CPOE |Comparator0 Output Enable.
0: CP1 output unavailable at Port pin.
1: CP1 output routed to Port pin.
3 SYSCKE |SYSCLK Output Enable.
0: SYSCLK output unavailable at Port pin.
1: SYSCLK output routed to Port pin.
2 SMBOE |SMBus I/O Enable.
0: SMBus I/0 unavailable at Port pin.
1: SDA and SCL routed to Port pins.
1 SPIOE [SPIO I/O Enable
0: SPIO I/O unavailable at Port pin.
1: SCK, MISO, and MOSI (for SPI0) routed to Port pins.
NSS (for SPI10) routed to Port pin only if SPI0 is configured to 4-wire mode.
0 URTOE |UARTO Output Enable.
0: UART 1/O unavailable at Port pin.
1: TX0 and RXO0 routed to Port pins P0.4 and P0.5.
Note: SPIO can be assigned either 3 or 4 Port I/O pins.
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22.4.1. 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).

Table 22.1. SMBus Clock Source Selection

SMBCS1 | SMBCSO SMBus Clock Source
0 0 Timer 0 Overflow
0 1 Timer 1 Overflow
1 0 Timer 2 High Byte Overflow
1 1 Timer 2 Low Byte Overflow

The SMBCS1-0 bits select the SMBus clock source, which is used only when operating as a master or
when the Free Timeout detection is enabled. When operating as a master, overflows from the selected
source determine the absolute minimum SCL low and high times as defined in Equation 22.1. The
selected clock source may be shared by other peripherals so long as the timer is left running at all times.
For example, Timer 1 overflows may generate the SMBus and UART baud rates simultaneously. Timer
configuration is covered in Section “25. Timers” on page 278.

1

fCIockSourceOverrow

THighMin = TLowMin -

Equation 22.1. Minimum SCL High and Low Times

The selected clock source should be configured to establish the minimum SCL High and Low times as per
Equation 22.1. When the interface is operating as a master (and SCL is not driven or extended by any
other devices on the bus), the typical SMBus bit rate is approximated by Equation 22.2.

fCIockSourceOverrow

3
Equation 22.2. Typical SMBus Bit Rate

Figure 22.4 shows the typical SCL generation described by Equation 22.2. Notice that T,y is typically
twice as large as T . The actual SCL output may vary due to other devices on the bus (SCL may be
extended low by slower slave devices, or driven low by contending master devices). The bit rate when
operating as a master will never exceed the limits defined by equation Equation 22.1.

BitRate =

Timer Source

Overflows

R U I I A O

T

T SCL High Timeout

Low High

Figure 22.4. Typical SMBus SCL Generation
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SFR Definition 22.1. SMBOCF: SMBus Clock/Configuration

Bit 7 6 5 4 3 2 1 0
Name | ENSMB INH BUSY |EXTHOLD | SMBTOE | SMBFTE SMBCS[1:0]
Type R/W 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 = 0xC1
Bit Name Function

7 ENSMB |SMBus Enable.

This bit enables the SMBus interface when set to 1. When enabled, the interface
constantly monitors the SDA and SCL pins.

6 INH SMBus Slave Inhibit.

When this bit is set to logic 1, the SMBus does not generate an interrupt when slave
events occur. This effectively removes the SMBus slave from the bus. Master Mode
interrupts are not affected.

5 BUSY SMBus Busy Indicator.

This bit is set to logic 1 by hardware when a transfer is in progress. It is cleared to
logic 0 when a STOP or free-timeout is sensed.

4 EXTHOLD |SMBus Setup and Hold Time Extension Enable.

This bit controls the SDA setup and hold times according to Table 22.2.
0: SDA Extended Setup and Hold Times disabled.
1: SDA Extended Setup and Hold Times enabled.

3 SMBTOE |SMBus SCL Timeout Detection Enable.

This bit enables SCL low timeout detection. If set to logic 1, the SMBus forces
Timer 3 to reload while SCL is high and allows Timer 3 to count when SCL goes low.
If Timer 3 is configured to Split Mode, only the High Byte of the timer is held in reload
while SCL is high. Timer 3 should be programmed to generate interrupts at 25 ms,
and the Timer 3 interrupt service routine should reset SMBus communication.

2 SMBFTE |SMBus Free Timeout Detection Enable.

When this bit is set to logic 1, the bus will be considered free if SCL and SDA remain
high for more than 10 SMBus clock source periods.

1:0 | SMBCSJ[1:0] | SMBus Clock Source Selection.

These two bits select the SMBus clock source, which is used to generate the SMBus
bit rate. The selected device should be configured according to Equation 22.1.

00: Timer O Overflow

01: Timer 1 Overflow

10:Timer 2 High Byte Overflow

11: Timer 2 Low Byte Overflow
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24.1. Signal Descriptions
The four signals used by each SPIn (MOSI, MISO, SCK, NSS) are described below.
24.1.1. Master Out, Slave In (MOSI)

The master-out, slave-in (MOSI) signal is an output from a master device and an input to slave devices. It
is used to serially transfer data from the master to the slave. This signal is an output when SPIn is operat-
ing as a master anSPInd an input when SPIn is operating as a slave. Data is transferred most-significant
bit first. When configured as a master, MOSI is driven by the MSB of the shift register in both 3- and 4-wire
mode.

24.1.2. Master In, Slave Out (MISO)

The master-in, slave-out (MISO) signal is an output from a slave device and an input to the master device.
It is used to serially transfer data from the slave to the master. This signal is an input when SPIn is operat-
ing as a master and an output when SPIn is operating as a slave. Data is transferred most-significant bit
first. The MISO pin is placed in a high-impedance state when the SPI module is disabled and when the SPI
operates in 4-wire mode as a slave that is not selected. When acting as a slave in 3-wire mode, MISO is
always driven by the MSB of the shift register.

24.1.3. Serial Clock (SCK)

The serial clock (SCK) signal is an output from the master device and an input to slave devices. It is used
to synchronize the transfer of data between the master and slave on the MOSI and MISO lines. SPIn gen-
erates this signal when operating as a master. The SCK signal is ignored by a SPI slave when the slave is
not selected (NSS = 1) in 4-wire slave mode.

24.1.4. Slave Select (NSS)

The function of the slave-select (NSS) signal is dependent on the setting of the NSSnMD1 and NSSnMDO
bits in the SPINCN register. There are three possible modes that can be selected with these bits:

1. NSSMDJ[1:0] = 00: 3-Wire Master or 3-Wire Slave Mode: SPIn operates in 3-wire mode, and
NSS is disabled. When operating as a slave device, SPIn is always selected in 3-wire mode.
Since no select signal is present, SPIn must be the only slave on the bus in 3-wire mode. This
is intended for point-to-point communication between a master and one slave.

2. NSSMD[1:0] = 01: 4-Wire Slave or Multi-Master Mode: SPIn operates in 4-wire mode, and
NSS is enabled as an input. When operating as a slave, NSS selects the SPIn device. When
operating as a master, a 1-to-0 transition of the NSS signal disables the master function of
SPIn so that multiple master devices can be used on the same SPI bus.

3. NSSMD[1:0] = 1x: 4-Wire Master Mode: SPIn operates in 4-wire mode, and NSS is enabled as
an output. The setting of NSSMDO determines what logic level the NSS pin will output. This
configuration should only be used when operating SPIn as a master device.

See Figure 24.2, Figure 24.3, and Figure 24.4 for typical connection diagrams of the various operational
modes. Note that the setting of NSSMD bits affects the pinout of the device. When in 3-wire master or
3-wire slave mode, the NSS pin will not be mapped by the crossbar. In all other modes, the NSS signal will
be mapped to a pin on the device. See Section “21. Port Input/Output” on page 212 for general purpose
port 1/O and crossbar information.
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Table 24.1. SPI Slave Timing Parameters

Parameter ‘ Description ‘ Min Max Units
Master Mode Timing” (See Figure 24.8 and Figure 24.9)
TMCKH SCK High Time 1x TsyscLk - ns
TmekL SCK Low Time 1xTsyscik — ns
Twmis MISO Valid to SCK Shift Edge 1x TsyscLk + 20 — ns
Ty SCK Shift Edge to MISO Change 0 — ns
Slave Mode Timing* (See Figure 24.10 and Figure 24.11)
Tse NSS Falling to First SCK Edge 2 X TgyscLk — ns
Tsp Last SCK Edge to NSS Rising 2 X TgyscLk — ns
Tsez NSS Falling to MISO Valid — 4XxTgysclk | NS
Tspz NSS Rising to MISO High-Z — 4XTsyscik | NS
TekH SCK High Time 5 X TgyscLk — ns
TekL SCK Low Time 5 X TsyscLk — ns
Tsis MOSI Valid to SCK Sample Edge 2 X TsgyscLk — ns
T SCK Sample Edge to MOSI Change 2 X TgyscLk — ns
TsoH SCK Shift Edge to MISO Change — 4xTgysck | Ns
Tein I(_gitpiiK:Eld%eNtI(_)Yl;/llso Change 6 X TsyscLk 8XTgyscLk | hs
*Note: TgyscLk is equal to one period of the device system clock (SYSCLK).
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26.3. Capture/Compare Modules

Each module can be configured to operate independently in one of six operation modes: edge-triggered
capture, software timer, high speed output, frequency output, 8 to 11-bit pulse width modulator, or 16-bit
pulse width modulator. Each module has Special Function Registers (SFRs) associated with it in the CIP-
51 system controller. These registers are used to exchange data with a module and configure the module's
mode of operation. Table 26.2 summarizes the bit settings in the PCAOCPMn and PCAOPWM registers
used to select the PCA capture/compare module’s operating mode. Note that all modules set to use 8, 9,
10, or 11-bit PWM mode must use the same cycle length (8-11 bits). Setting the ECCFn bit in a
PCAOCPMn register enables the module's CCFn interrupt.

Table 26.2. PCAOCPM and PCAOPWM Bit Settings for PCA Capture/Compare Modules

Operational Mode PCAOCPMn PCAOPWM
Bit Number] 7|6 |5(4(3|2|1({0]7|6|5| 4-2 |1-0

Capture triggered by positive edge on CEXn X[X|1[0|0|0|0|AJO|X|B| XXX | XX
Capture triggered by negative edge on CEXn X{X|0[1]|0|0O|0O[AJO|X|B| XXX | XX
Capture triggered by any transition on CEXn X|IX[1]1|0|O0O|[0O|AJO|X|B| XXX | XX
Software Timer X|C|O|0|1|(0|O0O|A]JO|X|B| XXX | XX
High Speed Output X{C|O[O|1|1|0[AJO|X|B|XXX| XX
Frequency Output X|C|O|0O|O[1]|21]|A]JO|X|B| XXX | XX
8-Bit Pulse Width Modulator (Note 7) O/C|IO|O0O|E|O|1|A]JO0|X|B|XXX | 00
9-Bit Pulse Width Modulator (Note 7) O(C|O|O|E|O|1|A]D|X|B| XXX | 01
10-Bit Pulse Width Modulator (Note 7) O(C|O|O0O|E|O|1|A]|D|X|B| XXX | 10
11-Bit Pulse Width Modulator (Note 7) O|CIO|O|E|O|1|A]ID|X|B|XXX| 11
16-Bit Pulse Width Modulator 1/ C|O[O[E|O|1|A]O|X|B| XXX | XX
Notes:

1. X =Don't Care (no functional difference for individual module if 1 or 0).

2. A = Enable interrupts for this module (PCA interrupt triggered on CCFn set to 1).

3. B = Enable 8th, 9th, 10th or 11th bit overflow interrupt (Depends on setting of CLSEL[1:0]).

4. C=When set to 0, the digital comparator is off. For high speed and frequency output modes, the

associated pin will not toggle. In any of the PWM modes, this generates a 0% duty cycle (output = 0).
5. D = Selects whether the Capture/Compare register (0) or the Auto-Reload register (1) for the associated
channel is accessed via addresses PCAOCPHn and PCAOCPLn.
6. E =When set, a match event will cause the CCFn flag for the associated channel to be set.
7. All modules set to 8, 9, 10 or 11-bit PWM mode use the same cycle length setting.
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