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1.3. On-Chip Memory

The CIP-51 has a standard 8051 program and data address configuration. It includes 256 bytes of data
RAM, with the upper 128 bytes dual-mapped. Indirect addressing accesses the upper 128 bytes of general
purpose RAM, and direct addressing accesses the 128 byte SFR address space. The lower 128 bytes of
RAM are accessible via direct and indirect addressing. The first 32 bytes are addressable as four banks of
general purpose registers, and the next 16 bytes can be byte addressable or bit addressable.

Program memory consists of 7680 bytes ('F520/0A/1/1A and 'F530/0A/1/1A), 4 kB ('F523/3A/4/4A and
CB8051F53x/53xA), or 2 kB ('F526/6A/7/7A and 'F536/6A/7/7A) of Flash. This memory is byte writable and
erased in 512-byte sectors, and requires no special off-chip programming voltage.

PROGRAM/DATA MEMORY DATA MEMORY (RAM)
(Flash) INTERNAL DATA ADDRESS SPACE
'F520/0A/1/1A and 'F530/0A/1/1A OxFF Upper 128 RAM Special Function
(Indirect Addressing Register's
0x1E00 RESERVED Onl Direct Addressing Onl
OX1DFF 0x80 Y ( 9o
8 kB Flash Ox7F
(Direct and Indirect
(In-System Addressing) Lower 128 RAM
ProgBr;mrgablte |n)512 0x30 (Direct and Indirect
e Sectors Ox2F i
0x0000 Bit Addressable Addressing)
0x20
'F523/3A/4/4A and 'F533/3A/4/4A Ox1F General_ LS
0x00 Registers
0x1000 RESERVED
OXOFFF
4 kB Flash
(In-System

Programmable in 512

Byte Sectors
0x0000 4 )

'F526/6A/7/7A and 'F536/6A/7/7A

0x0800 RESERVED
Ox07FF
2 kB Flash
(In-System
Programmable in 512
Byte Sectors)
0x0000
Figure 1.6. Memory Map
20 Rev. 1.4 )
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Table 2.11. Internal Oscillator Electrical Characteristics
Vpp = 1.81t0 2.75 V, —40 to +125 °C unless otherwise specified; Using factory-calibrated settings.

Parameter Conditions Min Typ Max Units

Oscillator Frequency? IFCN = 111b 245-0.5% | 24.5° | 24.5+0.5% MHz

VDD > VREGMIN?

IFCN = 111b 245-1.0% | 24.5° | 245+ 1.0%

VDD < VREGMIN?

Oscillator On — 800 1100 MA

OSCICN[7:6] = 11b

Oscillator Suspend

OSCICN[7:6] = 00b

ZTCEN =1

T=25°C — 67 — HA
Oscillator Supply Current T=85°C — 77 — MA
(from Vpp) T=125°C — 117 300 MA

Oscillator Suspend

OSCICN[7:6] = 00b

ZTCEN=0

T=25°C — 2 — MA

T=85°C — 3 — MA

T=125°C — 50 — HA
Wake-Up Time From Sus- |OSCICN][7:6] = 00b — — 1 ps
pend ZTCEN = 0%

OSCICN[7:6] = 00b — 5 — Instruction

ZTCEN=1 Cycles
Power Supply Sensitivity Constant Temperature — 0.10 — %/
Temperature Sensitivity5 Constant Supply

TC, — 5.0 — ppm/°C

TC, — -0.65 — ppm/°C2

Notes:

requirements.

hw

following equation:

f(T) =0 x (1 + TCy X (T = TO) + TC, x (T — T0)?)

where f0 is the internal oscillator frequency at 25 °C and TO is 25 °C.

1. See Section “11.2.1. VDD Monitor Thresholds and Minimum VDD” on page 108 for minimum Vpp

2. VREGMIN is the minimum output of the voltage regulator for its low setting (REGOCN: REGOMD = 0b). See
Table 2.6, “Voltage Regulator Electrical Specifications,” on page 30.
This is the average frequency across the operating temperature range.

See “20.7. Internal Oscillator Suspend Mode” on page 212 for ZTCEN setting in older silicon revisions.
5. Use temperature coefficients TC4 and TC, to calculate the new internal oscillator frequency using the

34
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Table 3.8. QFN-20 Package Diagram Dimensions

Dimension MIN NOM MAX
A 0.80 0.90 1.00
Al 0.00 0.02 0.05
b 0.18 0.25 0.30
D 4.00 BSC.
D2 2.55 2.70 2.85
e 0.50 BSC.
E 4.00 BSC.
E2 2.55 2.70 2.85
L 0.30 0.40 0.50
L1 0.00 — 0.15
aaa — — 0.15
bbb — — 0.10
ddd — — 0.05
eee — — 0.08
4 — 0.43 —
Y — 0.18 —
Notes:

1. All dimensions shown are in millimeters (mm) unless otherwise noted.

2. Dimensioning and Tolerancing per ANSI Y14.5M-1994.

3. This drawing conforms to JEDEC outline MO-220, variation VGGD except for
custom features D2, E2, Z, Y, L, and L1, which are toleranced per supplier
designation.

4. Recommended card reflow profile is per the JEDEC/IPC J-STD-020 specification
for Small Body Components.

Rev. 1.4 49
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SFR Definition 4.12. ADCOLTH: ADCO Less-Than Data High Byte

R/W R/W R/W R/W R/W R/W R/W R/W Reset Value
| \ \ | \ \ \ \ 00000000
Bit7 Bit6 Bit5 Bit4 Bit3 Bit2 Bitl BitO SFR Address:
0xC6

Bits7-0: High byte of ADCO Less-Than Data Word.

SFR Definition 4.13. ADCOLTL: ADCO Less-Than Data Low Byte

R/W R/W R/W R/W R/W R/W R/W R/W Reset Value
| \ \ | \ \ \ \ 00000000
Bit7 Bit6 Bit5 Bit4 Bit3 Bit2 Bitl BitO SFR Address:
0xC5

Bits7-0: Low byte of ADCO Less-Than Data Word.

®
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less than 100 nA. See Section “13.1. Priority Crossbar Decoder” on page 122 for details on configuring
Comparator outputs via the digital Crossbar. Comparator inputs can be externally driven from —-0.25 V to
(Vregin) + 0.25 V without damage or upset. The complete Comparator electrical specifications are given

in Table 2.7 on page 31.
The Comparator response time may be configured in software via the CPTnMD register (see SFR Defini-

tion 7.3). Selecting a longer response time reduces the Comparator supply current. See Table 2.7 on
page 31 for complete timing and current consumption specifications.

CPO+
VIN+ ——— +

cPo CPO ouT
VIN- ——— | _

CIRCUIT CONFIGURATION

Positive Hysteresis Voltage ‘i
(Programmed with CPOHYP Bits)

VIN-

INPUTS Negative Hysteresis Voltage
(Programmed by CPOHYN Bits)
VIN+
VOH —

OUTPUT

s ] ]

Negative Hysteresis —I L Maximum
Disabled Negative Hysteresis
Positive Hysteresis —I L— Maximum

Disabled Positive Hysteresis

Figure 7.2. Comparator Hysteresis Plot

The Comparator hysteresis is software-programmable via its Comparator Control register CPTOCN. The
user can program both the amount of hysteresis voltage (referred to the input voltage) and the positive and
negative-going symmetry of this hysteresis around the threshold voltage.

The Comparator hysteresis is programmed using Bits3-0 in the Comparator Control Register CPTOCN
(shown in SFR Definition 7.1). The amount of negative hysteresis voltage is determined by the settings of
the CPOHYN bits. As shown in Table 2.7 on page 31, settings of 20, 10 or 5 mV of negative hysteresis can
be programmed, or negative hysteresis can be disabled. In a similar way, the amount of positive hysteresis
is determined by the setting the CPOHYP bits.

Comparator interrupts can be generated on both rising-edge and falling-edge output transitions. (For Inter-
rupt enable and priority control, see Section “10. Interrupt Handler” on page 98). The CPOFIF flag is set to
logic 1 upon a Comparator falling-edge detect, and the CPORIF flag is set to logic 1 upon the Comparator
rising-edge detect. Once set, these bits remain set until cleared by software. The output state of the Com-
parator can be obtained at any time by reading the CPOOUT bit. The Comparator is enabled by setting the
CPOEN bit to logic 1 and is disabled by clearing this bit to logic 0. When the Comparator is enabled, the
internal oscillator is awakened from SUSPEND mode if the Comparator output is logic 0.

77 Rev. 1.4

SILICON LABS



C8051F52x/F52xA/F53x/F53xA

Performance

The CIP-51 employs a pipelined architecture that greatly increases its instruction throughput over the stan-
dard 8051 architecture. In a standard 8051, all instructions except for MUL and DIV take 12 or 24 system
clock cycles to execute, and usually have a maximum system clock of 12 MHz. By contrast, the CIP-51
core executes 70% of its instructions in one or two system clock cycles, with no instructions taking more
than eight system clock cycles.

With the CIP-51's system clock running at 25 MHz, it has a peak throughput of 25 MIPS. The CIP-51 has a
total of 109 instructions. The table below shows the total number of instructions that require each execution
time.

Clocks to Execute 1 2 2/3 3 3/4 4 4/5 5 8

Number of Instructions 26 50 5 14 7 3 1 2 1

Programming and Debugging Support
In-system programming of the Flash program memory and communication with on-chip debug support
logic is accomplished via the Silicon Labs 2-Wire (C2) interface. Note that the re-programmable Flash can
also be read and written a single byte at a time by the application software using the MOVC and MOVX
instructions. This feature allows program memory to be used for non-volatile data storage as well as updat-
ing program code under software control.

The on-chip debug support logic facilitates full speed in-circuit debugging, allowing the setting of hardware
breakpoints, starting, stopping and single stepping through program execution (including interrupt service
routines), examination of the program's call stack, and reading/writing the contents of registers and mem-
ory. This method of on-chip debugging is completely non-intrusive, requiring no RAM, Stack, timers, or
other on-chip resources.

The CIP-51 is supported by development tools from Silicon Laboratories, Inc. and third party vendors. Sili-
con Laboratories provides an integrated development environment (IDE) including editor, evaluation com-
piler, assembler, debugger and programmer. The IDE's debugger and programmer interface to the CIP-51
via the on-chip debug logic to provide fast and efficient in-system device programming and debugging.
Third party macro assemblers and C compilers are also available.

8.1. Instruction Set

The instruction set of the CIP-51 System Controller is fully compatible with the standard MCS-51™ instruc-
tion set. Standard 8051 development tools can be used to develop software for the CIP-51. All CIP-51
instructions are the binary and functional equivalent of their MCS-51™ counterparts, including opcodes,
addressing modes and effect on PSW flags. However, instruction timing is different than that of the stan-
dard 8051.

8.1.1. Instruction and CPU Timing

In many 8051 implementations, a distinction is made between machine cycles and clock cycles, with
machine cycles varying from 2 to 12 clock cycles in length. However, the CIP-51 implementation is based
solely on clock cycle timing. All instruction timings are specified in terms of clock cycles.

Due to the pipelined architecture of the CIP-51, most instructions execute in the same number of clock
cycles as there are program bytes in the instruction. Conditional branch instructions take one less clock
cycle to complete when the branch is not taken as opposed to when the branch is taken. Table 8.1 is the
CIP-51 Instruction Set Summary, which includes the mnemonic, number of bytes, and number of clock
cycles for each instruction.

82 Rev. 1.4
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SFR Definition 8.4. PSW: Program Status Word

R/W R/W R/W R/W R/W R/W R/W R Reset Value
| cvx | Ac | Fo | RS1 | RSO | ov F1 PARITY |00000000
. . . . . . . . Bit
Bit7 Bit6 Bit5 Bit4 Bit3 Bit2 Bitl Bit0 Addressable
SFR Address: 0xDO
Bit7: CY: Carry Flag.
This bit is set when the last arithmetic operation resulted in a carry (addition) or a borrow
(subtraction). It is cleared to 0 by all other arithmetic operations.
Bit6: AC: Auxiliary Carry Flag
This bit is set when the last arithmetic operation resulted in a carry into (addition) or a borrow
from (subtraction) the high order nibble. It is cleared to O by all other arithmetic operations.
Bit5: FO: User Flag 0.
This is a bit-addressable, general purpose flag for use under software control.
Bits4-3: RS1-RSO0: Register Bank Select.
These bits select which register bank is used during register accesses.
RS1 RSO | Register Bank Address
0 0 0 0x00-0x07
0 1 1 0x08—-0x0F
1 0 2 0x10-0x17
1 1 3 0x18-0x1F
Bit2: QV: Overflow Flag.
This bit is set to 1 under the following circumstances:
* An ADD, ADDC, or SUBB instruction causes a sign-change overflow.
* A MUL instruction results in an overflow (result is greater than 255).
» A DIV instruction causes a divide-by-zero condition.
The OV bit is cleared to 0 by the ADD, ADDC, SUBB, MUL, and DIV instructions in all other
cases.
Bitl: F1: User Flag 1.
This is a bit-addressable, general purpose flag for use under software control.
BitO: PARITY: Parity Flag.

This bit is set to 1 if the sum of the eight bits in the accumulator is odd and cleared if the sum
is even.

88
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SFR Definition 10.4. EIP1: Extended Interrupt Priority 1

R/W Reset Value

PWADCO |00000000

Bit0
SFR Address:  OxF6

RIW RIW R/W RIW R/W R/W RIW
| PMAT | PREGO | PLIN | PCPR | PCPF | PPACO | PREGO
Bit7 Bit6 BitS Bit4 Bit3 Bit2 Bitl

Bit7: PMAT. Port Match Interrupt Priority Control.

Bit6:

Bit5:

Bit4:

Bit3:

Bit2:

Bitl:

BitO:

This bit sets the priority of the Port Match interrupt.

0: Port Match interrupt set to low priority level.

1: Port Match interrupt set to high priority level.

PREGO: Voltage Regulator Interrupt Priority Control.

This bit sets the priority of the Voltage Regulator interrupt.

0: Voltage Regulator interrupt set to low priority level.

1: Voltage Regulator interrupt set to high priority level.

PLIN: LIN Interrupt Priority Control.

This bit sets the priority of the CPO interrupt.

0: LIN interrupt set to low priority level.

1: LIN interrupt set to high priority level.

PCPR: Comparator Rising Edge Interrupt Priority Control.

This bit sets the priority of the Rising Edge Comparator interrupt.
0: Comparator interrupt set to low priority level.

1: Comparator interrupt set to high priority level.

PCPF: Comparator falling Edge Interrupt Priority Control.

This bit sets the priority of the Falling Edge Comparator interrupt.
0: Comparator interrupt set to low priority level.

1. Comparator interrupt set to high priority level.

PPACO: Programmable Counter Array (PCAO) Interrupt Priority Control.
This bit sets the priority of the PCAOQ interrupt.

0: PCAO interrupt set to low priority level.

1. PCAO interrupt set to high priority level.

PREGO: ADCO Conversion Complete Interrupt Priority Control.
This bit sets the priority of the ADCO Conversion Complete interrupt.
0: ADCO Conversion Complete interrupt set to low priority level.
1. ADCO Conversion Complete interrupt set to high priority level.
PWADCO: ADCO Window Comparison Interrupt Priority Control.
This bit sets the priority of the ADCO Window Comparison interrupt.
0: ADCO Window Comparison interrupt set to low priority level.
1. ADCO Window Comparison interrupt set to high priority level.
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11.2. Power-Fail Reset / Vpp Monitors (VDDMONO and VDDMON1)

C8051F52x-C/F53x-C devices include two Vpp monitors: a standard Vpp monitor (VDDMONO) and a
level-sensitive Vpp monitor (VDDMON1). VDDMONO is primarily intended for setting a higher threshold to

allow safe erase or write of Flash memory from firmware. VDDMONL1 is used to hold the device in a reset
state during power-up and brownout conditions.

Note: VDDMONLI is not present in older silicon revisions A and B. Please refer to Section “20.4. VDD Monitors and
VDD Ramp Time” on page 211 for more details.

When a power-down transition or power irregularity causes Vpp to drop below Vist, the power supply

monitors (VDDMONO and VDDMON1) will drive the RST pin low and hold the CIP-51 in a reset state (see
Figure 11.2). When Vpp returns to a level above Vigt, the CIP-51 will be released from the reset state.

Note that even though internal data memory contents are not altered by the power-fail reset, it is impossi-
ble 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.

VDDMONO is enabled and is selected as a reset source after power-on resets; however its defined state
(enabled/disabled) is not altered by any other reset source. For example, if VDDMONO is disabled by soft-
ware, and a software reset is performed, VDDMONO will still be disabled after that reset.

VDDMONL1 is enabled and is selected as a reset source after power-on reset and any other type of reset.
There is no register setting that can disable this level-sensitive VDD monitor as a reset source.

To protect the integrity of Flash contents, the Vpp monitor (VDDMONO) must be enabled to the

higher setting (VDMLVL ='1") and selected as a reset source if software contains routines which
erase or write Flash memory. If the Vpp monitor is not enabled and set to the higher setting, any

erase or write performed on Flash memory will cause a Flash Error device reset.

Note: Please refer to Section “20.5. VDD Monitor (VDDMONO) High Threshold Setting” on page 212 for important
notes related to the VDD Monitor high threshold setting in older silicon revisions A and B.

The Vpp monitor (VDDMONO) must be enabled before it is selected as a reset source. Selecting the

VDDMONQO as a reset source before it is enabled and stabilized may cause a system reset. The procedure
for re-enabling the Vpp monitor and configuring the Vpp monitor as a reset source is shown below:

1. Enable the Vpp monitor (VDMEN bit in VDDMON = 1).
2. Wait for the Vpp monitor to stabilize (see Table 2.8 on page 32 for the Vpp Monitor turn-on time). Note:
This delay should be omitted if software contains routines which write or erase Flash memory.

3. Select the Vpp monitor as a reset source (PORSF bit in RSTSRC = 1).

See Figure 11.2 for Vpp monitor timing; note that the reset delay is not incurred after a Vpp monitor reset.
See Table 2.8 on page 32 for complete electrical characteristics of the Vpp monitor.

Note: Software should take care not to inadvertently disable the Vpp Monitor (VDDMONDO) 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.

11.2.1. VDD Monitor Thresholds and Minimum VDD

The minimum operating digital supply voltage (Vpp) is specified as 2.0 V in Table 2.2 on page 26. The volt-
age at which the MCU is released from reset (Vgrgt) can be as low as 1.65 V based on the Vpp Monitor
thresholds that are specified in Table 2.8 on page 32. This could allow code execution during the power-up
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Figure 13.2. Port I/O Cell Block Diagram
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SFR Definition 13.9. P1: Portl

R/W R/W R/W R/W R/W R/W R/W R/W Reset Value
| P17 | P16 | P15 | P14 P1.3 P1.2 P1.1 P10 | 11111111
Bit7 Bit6 Bit5 Bit4 Bit3 Bit2 Bitl Bit0 AddreBsitsabIe

SFR Address:  0x90

Bits7-0: P1.[7:0]
Write - Output appears on I/O pins per Crossbar Registers.
0: Logic Low Output.
1: Logic High Output (high impedance if corresponding PLMDOUT.n bit = 0).
Read - Always reads 0 if selected as analog input in register PLMDIN. Directly reads Port
pin when configured as digital input.
0: P1.n pin is logic low.
1. P1.n pin is logic high.

SFR Definition 13.10. PIMDIN: Portl Input Mode

R/W R/W R/W R/W R/W R/W R/W R/W Reset Value
\ \ \ \ \ \ \ 11111111
Bit7 Bit6 Bit5 Bit4 Bit3 Bit2 Bitl BitO
SFR Address: ~ OxF2

Bits7-0: Analog Input Configuration Bits for P1.7—P1.0 (respectively).
Port pins configured as analog inputs have their weak pullup, digital driver, and digital
receiver disabled.
0: Corresponding P1.n pin is configured as an analog input.
1: Corresponding P1.n pin is not configured as an analog input.

Rev. 1.4 132
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14.2.3. External RC Example

If an RC network is used as an external oscillator source for the MCU, the circuit should be configured as
shown in Figure 14.1, Option 2. The capacitor should be no greater than 100 pF; however for very small
capacitors, the total capacitance may be dominated by parasitic capacitance in the PCB layout. To deter-
mine the required External Oscillator Frequency Control value (XFCN) in the OSCXCN Register, first
select the RC network value to produce the desired frequency of oscillation. If the frequency desired is
100 kHz, let R = 246 kQ and C =50 pF:

f=1.23(10%)/RC =1.23 (10%) /[ 246 x 50 ] = 0.1 MHz = 100 kHz

Referring to the table in SFR Definition 14.4, the required XFCN setting is 010b. Programming XFCN to a
higher setting in RC mode will improve frequency accuracy at a slightly increased external oscillator supply
current.

14.2.4. External Capacitor Example

If a capacitor is used as an external oscillator for the MCU, the circuit should be configured as shown in
Figure 14.1, Option 3. The capacitor should be no greater than 100 pF; however for very small capacitors,
the total capacitance may be dominated by parasitic capacitance in the PCB layout. To determine the
required External Oscillator Frequency Control value (XFCN) in the OSCXCN Register, select the fre-
guency of oscillation and calculate the capacitance to be used from the equations below. Assume
Vpp=2.1Vandf=75kHz:

fzKF/(CXVDD)
0.075 MHz = KF / (C x 2.1)

Since the frequency of roughly 75 kHz is desired, select the K Factor from the table in SFR Definition 14.4
asKF=7.7:

0.075 MHz =7.7/(C x 2.1)
Cx21=7.7/0.075 MHz
C=102.6/2.0 pF =51.3 pF

Therefore, the XFCN value to use in this example is 010b.
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16.2. SPIO Master Mode Operation

A SPI master device initiates all data transfers on a SPI bus. SPIO is placed in master mode by setting the
Master Enable flag (MSTEN, SPIOCN.6). Writing a byte of data to the SPI0 data register (SPIODAT) when
in master mode writes to the transmit buffer. If the SPI shift register is empty, the byte in the transmit buffer
is moved to the shift register, and a data transfer begins. The SPI0 master immediately shifts out the data
serially on the MOSI line while providing the serial clock on SCK. The SPIF (SPIOCN.7) flag is set to logic
1 at the end of the transfer. If interrupts are enabled, an interrupt request is generated when the SPIF flag
is set. While the SPI0 master transfers data to a slave on the MOSI line, the addressed SPI slave device
simultaneously transfers data to the SPI master on the MISO line in a full-duplex operation. Therefore, the
SPIF flag serves as both a transmit-complete and receive-data-ready flag. The data byte received from the
slave is transferred MSB-first into the master's shift register. When a byte is fully shifted into the register, it
is moved to the receive buffer where it can be read by the processor by reading SPIODAT.

When configured as a master, SPI0 can operate in one of three different modes: multi-master mode, 3-wire
single-master mode, and 4-wire single-master mode. The default, multi-master mode is active when NSS-
MD1 (SPIOCN.3) = 0 and NSSMDO (SPIOCN.2) = 1. In this mode, NSS is an input to the device, and is
used to disable the master SPIO when another master is accessing the bus. When NSS is pulled low in this
mode, MSTEN (SPIOCN.6) and SPIEN (SPIOCN.0) are set to O to disable the SPI master device, and a
Mode Fault is generated (MODF, SPIOCN.5 = 1). Mode Fault will generate an interrupt if enabled. SPIO
must be manually re-enabled in software under these circumstances. In multi-master systems, devices will
typically default to being slave devices while they are not acting as the system master device. In multi-mas-
ter mode, slave devices can be addressed individually (if needed) using general-purpose I/O pins.
Figure 16.2 shows a connection diagram between two master devices in multiple-master mode.

3-wire single-master mode is active when NSSMD1 (SPIOCN.3) = 0 and NSSMDO (SPIOCN.2) = 0. In this
mode, NSS is not used and is not mapped to an external port pin through the crossbar. Any slave devices
that must be addressed in this mode should be selected using general-purpose 1/O pins. Figure 16.3
shows a connection diagram between a master device in 3-wire master mode and a slave device.

4-wire single-master mode is active when NSSMD1 (SPIOCN.3) = 1. In this mode, NSS is configured as an
output pin and can be used as a slave-select signal for a single SPI device. In this mode, the output value
of NSS is controlled (in software) with the bit NSSMDO (SPIOCN.2). Additional slave devices can be
addressed using general-purpose 1/O pins. Figure 16.4 shows a connection diagram for a master device in
4-wire master mode and two slave devices.
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The shift register contents are locked after the slave detects the first edge of SCK. Writes to SPIODAT that
occur after the first SCK edge will be held in the TX latch until the end of the current transfer.

When configured as a slave, SPIO can be configured for 4-wire or 3-wire operation. The default, 4-wire
slave mode, is active when NSSMD1 (SPIOCN.3) = 0 and NSSMDO (SPIOCN.2) = 1. In 4-wire mode, the
NSS signal is routed to a port pin and configured as a digital input. SPIO is enabled when NSS is logic 0,
and disabled when NSS is logic 1. The bit counter is reset on a falling edge of NSS. Note that the NSS sig-
nal must be driven low at least 2 system clocks before the first active edge of SCK for each byte transfer.
Figure 16.4 shows a connection diagram between two slave devices in 4-wire slave mode and a master
device.

3-wire slave mode is active when NSSMD1 (SPIOCN.3) = 0 and NSSMDO (SPIOCN.2) = 0. NSS is not
used in this mode, and is not mapped to an external port pin through the crossbar. Since there is not a way
of uniquely addressing the device in 3-wire slave mode, SP10 must be the only slave device present on the
bus. It is important to note that in 3-wire slave mode there is no external means of resetting the bit counter
that determines when a full byte has been received. The bit counter can only be reset by disabling and re-
enabling SPI0 with the SPIEN bit. Figure 16.3 shows a connection diagram between a slave device in 3-
wire slave mode and a master device.

16.4. SPIO Interrupt Sources

When SPIO interrupts are enabled, the following four flags will generate an interrupt when they are set to
logic 1:

Note that all of the following interrupt bits must be cleared by software.

1. The SPI Interrupt Flag, SPIF (SPIOCN.7) is set to logic 1 at the end of each byte transfer. This flag can
occur in all SPI0 modes.

2. The Write Collision Flag, WCOL (SPIOCN.6) is set to logic 1 if a write to SPIODAT is attempted when
the transmit buffer has not been emptied to the SPI shift register. When this occurs, the write to
SPIODAT will be ignored, and the transmit buffer will not be written.This flag can occur in all SPIO
modes.

3. The Mode Fault Flag MODF (SPIOCN.5) is set to logic 1 when SPIO is configured as a master in multi-
master mode and the NSS pin is pulled low. When a Mode Fault occurs, the MSTEN and SPIEN bits in
SPIOCN are set to logic 0 to disable SPI0 and allow another master device to access the bus.

4. The Receive Overrun Flag RXOVRN (SPIOCN.4) is set to logic 1 when configured as a slave, and a
transfer is completed while the receive buffer still holds an unread byte from a previous transfer. The
new byte is not transferred to the receive buffer, allowing the previously received data byte to be read.
The data byte which caused the overrun is lost.
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