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Figure 8.3. Comparator Hysteresis Plot

The Comparator hysteresis is software-programmable via the Comparator Control registers CPTOCN and
CPT1CN. 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 registers CPTOCN
and CPT1CN (shown in SFR Definition 8.1 and SFR Definition 8.4). The amount of negative hysteresis
voltage is determined by the settings of the CPOHYN and CP1HYN bits. As shown in Figure 8.3, 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 and CP1HYP 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 107). The CPOFIF or CP1FIF
flag is set to logic ‘1’ upon a Comparator falling-edge occurrence, and the CPORIF or CP1RIF flag is set to
logic ‘1’ upon the Comparator rising-edge occurrence. Once set, these bits remain set until cleared by soft-
ware. The Comparator rising-edge interrupt mask is enabled by setting CPORIE or CP1RIE to a logic ‘1'.
The Comparator falling-edge interrupt mask is enabled by setting CPOFIE or CP1FIE to a logic ‘1.

The output state of the Comparator can be obtained at any time by reading the CPOOUT or CP10OUT bit.
The Comparator is enabled by setting the CPOEN or CP1EN bit to logic ‘1’, and is disabled by clearing this
bit to logic ‘0.

Note that false rising edges and falling edges can be detected when the comparator is first powered on or
if changes are made to the hysteresis or response time control bits. Therefore, it is recommended that the
rising-edge and falling-edge flags be explicitly cleared to logic ‘0’ a short time after the comparator is
enabled or its mode bits have been changed. This Power Up Time is specified in Table 8.1 on page 79.
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9.3. 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.

9.3.1. 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 9.1 is the
CIP-51 Instruction Set Summary, which includes the mnemonic, number of bytes, and number of clock
cycles for each instruction.

9.3.2. MOVX Instruction and Program Memory

In the CIP-51, the MOVX instruction serves three purposes: accessing on-chip XRAM, accessing off-chip
XRAM, and accessing on-chip program Flash memory. The Flash access feature provides a mechanism
for user software to update program code and use the program memory space for non-volatile data stor-
age (see Section “13. Flash Memory” on page 135). The External Memory Interface provides a fast access
to off-chip XRAM (or memory-mapped peripherals) via the MOVX instruction. Refer to Section
“15. External Data Memory Interface and On-Chip XRAM” on page 152 for details.

Table 9.1. CIP-51 Instruction Set Summary

. L Clock
Mnemonic Description Bytes Cycles
Arithmetic Operations
ADD A, Rn Add register to A 1 1
ADD A, direct Add direct byte to A 2 2
ADD A, @RI Add indirect RAM to A 1 2
ADD A, #data Add immediate to A 2 2
ADDC A, Rn Add register to A with carry 1 1
ADDC A, direct Add direct byte to A with carry 2 2
ADDC A, @Ri Add indirect RAM to A with carry 1 2
ADDC A, #data Add immediate to A with carry 2 2
SUBB A, Rn Subtract register from A with borrow 1 1
SUBB A, direct Subtract direct byte from A with borrow 2 2
SUBB A, @RI Subtract indirect RAM from A with borrow 1 2
SUBB A, #data Subtract immediate from A with borrow 2 2
INC A Increment A 1 1
INC Rn Increment register 1 1
INC direct Increment direct byte 2 2
INC @RI Increment indirect RAM 1 2
) Rev. 1.1 82
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Figure 9.3. SFR Page Stack

Automatic hardware switching of the SFR Page on interrupts may be enabled or disabled as desired using
the SFR Automatic Page Control Enable Bit located in the SFR Page Control Register (SFROCN). This
function defaults to ‘enabled’ upon reset. In this way, the autoswitching function will be enabled unless dis-
abled in software.

A summary of the SFR locations (address and SFR page) is provided in Table 9.2. in the form of an SFR
memory map. Each memory location in the map has an SFR page row, denoting the page in which that
SFR resides. Note that certain SFR’s are accessible from ALL SFR pages, and are denoted by the back-
ground shading in the table. For example, the Port 1/O registers PO, P1, P2, and P3 all have a shaded
background, indicating these SFR'’s are accessible from all SFR pages regardless of the SFRPAGE regis-
ter value.
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11.2. Integer and Fractional Math

MACO is capable of interpreting the 16-bit inputs stored in MACOA and MACOB as signed integers or as
signed fractional numbers. When the MACOFM bit (MACOCF.1) is cleared to ‘0’, the inputs are treated as
16-bit, 2's complement, integer values. After the operation, the accumulator will contain a 40-bit, 2's com-
plement, integer value. Figure 11.2 shows how integers are stored in the SFRs.

MACOA and MACOB Bit Weighting
High Byte Low Byte
_(215) 214 213 212 211 210 29 28 m 27 26 25 24 23 22 21 20

MACO Accumulator Bit Weighting
MACOOVR MACOACC3 : MACOACC2 : MACOACC1 : MACOACCO
-(239)| 238 88 233 232 H.| 231 230 229 228 88 24 23 22 21 20

Figure 11.2. Integer Mode Data Representation

When the MACOFM bit is set to ‘1", the inputs are treated at 16-bit, 2's complement, fractional values. The
decimal point is located between bits 15 and 14 of the data word. After the operation, the accumulator will
contain a 40-bit, 2's complement, fractional value, with the decimal point located between bits 31 and 30.
Figure 11.3 shows how fractional numbers are stored in the SFRs.

MACOA, and MACOB Bit Weighting
High Byte Low Byte
-1 2—1 2—2 2—3 2-4 2—5 2—6 2—7 [l] 2-8 2—9 2-10 2—11 2—12 2—13 2—14 2-15

MACO Accumulator Bit Weighting
MACOOVR MACOACC3 : MACOACC?2 : MACOACC1 : MACOACCO
28 | 27 88 22 o1 ||| 20 21 22 23 8() 227 | 928 [ 229 [ 230 [ 231

MACORND Bit Weighting
High Byte Low Byte
) ]] 1 2-1 2-2 2—3 2—4 2-5 2-6 2-7 ﬂ] 2-8 2-9 2-10 2-11 2-12 2-13 2-14 2-15

* The MACORND register contains the 16 LSBs of a two's complement number. The MACON Flag can be
used to determine the sign of the MACORND register.

Figure 11.3. Fractional Mode Data Representation
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Lock Status

TAG 0 SLOTO UNLOCKED
TAG 1 SLOT 1 UNLOCKED
Cache Push TAG 2 SLOT 2 UNLOCKED

Operations UNLOCKED
Decrement /——/ /—//
CHSLOT -

T TAG 26 SLOT 26 UNLOCKED
CHSLOT =27 —» TAG 27 SLOT 27 UNLOCKED
¢ TAG 28 SLOT 28 LOCKED
TAG 29 SLOT 29 LOCKED
Cache Pop
Operations TAG 30 SLOT 30 LOCKED
Increment TAG 31 SLOT 31 LOCKED
CHSLOT

Figure 14.3. Cache Lock Operation
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SFR Definition 16.5. OSCXCN: External Oscillator Control

SFR Page: F
SFR Address: 0xB6

R R/W R/W R/W R R/W R/W R/W Reset Value
XTLVLD |XOSCMD2 XOSCMD1 XOSCMDO‘ Reserved | XFCN2 XFCN1 XFCNO |00000000
Bit7 Bit6 Bit5 Bit4 Bit3 Bit2 Bitl Bit0

Bit 7: XTLVLD: Crystal Oscillator Valid Flag.
(Valid only when XOSCMD = 11x.)
0: Crystal Oscillator is unused or not yet stable.
1: Crystal Oscillator is running and stable.
Bits 6—4: XOSCMD2-0: External Oscillator Mode Bits.
00x: External Oscillator circuit off.
010: External CMOS Clock Mode.
011: External CMOS Clock Mode with divide by 2 stage.
100: RC Oscillator Mode.
101: Capacitor Oscillator Mode.
110: Crystal Oscillator Mode.
111: Crystal Oscillator Mode with divide by 2 stage.
Bit 3: RESERVED. Read = Ob. Write = don't care.
Bits 2—0: XFCN2-0: External Oscillator Frequency Control Bits.
000-111: see table below:

XFCN Crystal (XOSCMD = 11x) | RC (XOSCMD =100) | C (XOSCMD =101)
000 f <32 kHz f <25 kHz K Factor = 0.87
001 32 kHz <f<84 kHz 25 kHz < f <50 kHz K Factor = 2.6
010 84 kHz < f <225 kHz 50 kHz < f <100 kHz K Factor = 7.7
011 225 kHz < <590 kHz 100 kHz < f <200 kHz K Factor = 22
100 590 kHz < f<1.5 MHz 200 kHz < f <400 kHz K Factor = 65
101 1.5 MHz < f<4 MHz 400 kHz < f <800 kHz K Factor = 180
110 4 MHz < f<10 MHz 800 kHz <f< 1.6 MHz K Factor = 664
111 10 MHz < f <30 MHz 1.6 MHz << 3.2 MHz K Factor = 1590

CRYSTAL MODE (Circuit from Figure 16.1, Option 1; XOSCMD = 11x)
Choose XFCN value to match crystal frequency.

RC MODE (Circuit from Figure 16.1, Option 2; XOSCMD = 10x)
Choose XFCN value to match frequency range:
f = 1.23(10%)/(R * C), where
f = frequency of oscillation in MHz
C = capacitor value in pF
R = Pullup resistor value in kQ

C MODE (Circuit from Figure 16.1, Option 3; XOSCMD = 10x)
Choose K Factor (KF) for the oscillation frequency desired:
f = KF/(C * Vpp), where
f = frequency of oscillation in MHz
C = capacitor value on XTAL1, XTAL2 pins in pF
Vpp = Power Supply on MCU in Volts
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16.8. Phase-Locked Loop (PLL)

A Phase-Locked-Loop (PLL) is included, which is used to multiply the internal oscillator or an external
clock source to achieve higher CPU operating frequencies. The PLL circuitry is designed to produce an
output frequency between 25 MHz and 100 MHz, from a divided reference frequency between 5 MHz and
30 MHz. A block diagram of the PLL is shown in Figure 16.3.

PLLOCN PLLOFLT
[ [O]|X FQ|m|av[<|o
o| x|l O[O|a|a o |&
| I (2] ] o (8] (S pur
i | o S52===
)} =322 ==
o |a|*z Fon{ o Y [P W o
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L
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Oscillator

“

SN |N(H|D
] o o] o
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r] ) o}
] ) o}
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PLLN7

© ||
Z|Z2|1Z2
)
o
o 0o

PLLN3

PLLODIV PLLOMUL

Figure 16.3. PLL Block Diagram

16.8.1. PLL Input Clock and Pre-divider

The PLL circuitry can derive its reference clock from either the internal oscillator or an external clock
source. The PLLSRC bit (PLLOCN.2) controls which clock source is used for the reference clock (see SFR
Definition 16.6). If PLLSRC is set to ‘0", the internal oscillator source is used. Note that the internal oscilla-
tor divide factor (as specified by bits IFCN1-0 in register OSCICN) will also apply to this clock. When PLL-
SRC is set to ‘1", an external oscillator source will be used. The external oscillator should be active and
settled before it is selected as a reference clock for the PLL circuit. The reference clock is divided down
prior to the PLL circuit, according to the contents of the PLLM4-0 bits in the PLL Pre-divider Register
(PLLODIV), shown in SFR Definition 16.7.

16.8.2. PLL Multiplication and Output Clock

The PLL circuitry will multiply the divided reference clock by the multiplication factor stored in the
PLLOMUL register shown in SFR Definition 16.8. To accomplish this, it uses a feedback loop consisting of
a phase/frequency detector, a loop filter, and a current-controlled oscillator (ICO). It is important to config-
ure the loop filter and the ICO for the correct frequency ranges. The PLLLP3-0 bits (PLLOFLT.3-0) should
be set according to the divided reference clock frequency. Likewise, the PLLICO1-0 bits (PLLOFLT.5-4)
should be set according to the desired output frequency range. SFR Definition 16.9 describes the proper
settings to use for the PLLLP3-0 and PLLICO1-0 bits. When the PLL is locked and stable at the desired
frequency, the PLLLCK bit (PLLOCN.5) will be set to a ‘1'. The resulting PLL frequency will be set accord-
ing to the equation:

PLLN

PLLM

Where “Reference Frequency” is the selected source clock frequency, PLLN is the PLL Multiplier, and
PLLM is the PLL Pre-divider.

PLL Frequency = Reference Frequency x
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PIN 1/O 012 3 456 7/0 1 2 3 4 5 6 70 1 2 3 4 5 6 7/0 1 2 3 4 5 6 7
TXO0

RX0
TXO
RX0
SCK
MISO
MOSI
NSS* (*4-Wire SPI Only)
SDA

sCL

CPO
CPOA
cP1
CP1A
ISYSCLK
CEX0
CEX1
CEX2
CEX3
CEX4
CEX5
ECI

TO

T1

(32-pin and 28-pin packages)

(48-pin package)
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POSKIP[0:7] P1SKIP[0:7] P2SKIP[0:7] P3SKIP[0:7]

Figure 17.4. Crossbar Priority Decoder with Port Pins Skipped

Registers XBR0O and XBR1 are used to assign the digital /0 resources to the physical I/0O Port pins. Note
that when the SMBus is selected, the Crossbar assigns both pins associated with the SMBus (SDA and
SCL); when the UART is selected, the Crossbar assigns both pins associated with the UART (TX and RX).
UARTO pin assignments are fixed for bootloading purposes: UART TXO is always assigned to P0.1
(C8051F360/3) or P0.4 (C8051F361/2/4/5/6/7/8/9); UART RXO is always assigned to P0.2 (C8051F360/3)
or P0.5 (C8051F361/2/4/5/6/7/8/9). Standard Port I/Os appear contiguously starting at P0.0 after prioritized
functions and skipped pins are assigned.

Important Note: The SPI can be operated in either 3-wire or 4-wire modes, depending on the state of the
NSSMD1-NSSMDO bits in register SPIOCN. According to the SPI mode, the NSS signal may or may not be
routed to a Port pin.
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SFR Definition 17.21. P3: Port3

R (bit acdressable
R/W R/W R/W R/W R/W RIW R/W R/W Reset Value
P37 | P36 | P35 P3.4 P3.3 P3.2 P3.1 P3.0 | 11111111
Bit7 Bit6 Bit5 Bit4 Bit3 Bit2 Bitl Bit0

Bits 7-0: P3.[7:0]
Write - Output appears on I/O pins per Crossbar Registers.
0: Logic Low Output.
1: Logic High Output (high impedance if corresponding P3MDOUT.n bit = 0).
Read - Always reads ‘0’ if selected as analog input in register P3MDIN. Directly reads Port
pin when configured as digital input.
0: P3.n pin is logic low.
1: P3.n pin is logic high.

SFR Definition 17.22. P3MDIN: Port3 Input Mode

SFR Page: F
SFR Address: OxF4

RIW R/W R/W R/W R/W R/W R/W R/W Reset Value
\ \ 11111111
Bit7 Bit6 Bit5 Bit4 Bit3 Bit2 Bitl Bit0

Bits 7-0: Analog Input Configuration Bits for P3.7-P3.0 (respectively).
Port pins configured as analog inputs have their weak pullup, digital driver, and digital
receiver disabled.
0: Corresponding P3.n pin is configured as an analog input.
1: Corresponding P3.n pin is not configured as an analog input.
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18.4.1. 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 18.1. SMBus Clock Source Selection

SMBCS1 | SMBCSO0 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 18.1. Note that 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 “21. Timers” on page 245.

1

ClockSourceOver flow

THighMin = TLowMin - f

Equation 18.1. 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 18.1. 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 18.2.

fCI ockSourceOverflow

3
Equation 18.2. Typical SMBus Bit Rate

BitRate =
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18.4.2. SMBOCN Control Register

SMBOCN is used to control the interface and to provide status information (see SFR Definition 18.2). The
higher four bits of SMBOCN (MASTER, TXMODE, STA, and STO) form a status vector that can be used to
jump to service routines. MASTER and TXMODE indicate the master/slave state and transmit/receive
modes, respectively.

STA and STO indicate that a START and/or STOP has been detected or generated since the last SMBus
interrupt. STA and STO are also used to generate START and STOP conditions when operating as a mas-
ter. Writing a ‘1’ to STA will cause the SMBus interface to enter Master Mode and generate a START when
the bus becomes free (STA is not cleared by hardware after the START is generated). Writing a ‘1’ to STO
while in Master Mode will cause the interface to generate a STOP and end the current transfer after the
next ACK cycle. If STO and STA are both set (while in Master Mode), a STOP followed by a START will be
generated.

As a receiver, writing the ACK bit defines the outgoing ACK value; as a transmitter, reading the ACK bit
indicates the value received on the last ACK cycle. ACKRQ is set each time a byte is received, indicating
that an outgoing ACK value is needed. When ACKRQ is set, software should write the desired outgoing
value to the ACK bit before clearing SI. A NACK will be generated if software does not write the ACK bit
before clearing SI. SDA will reflect the defined ACK value immediately following a write to the ACK bit;
however SCL will remain low until Sl is cleared. If a received slave address is not acknowledged, further
slave events will be ignored until the next START is detected.

The ARBLOST bit indicates that the interface has lost an arbitration. This may occur anytime the interface
is transmitting (master or slave). A lost arbitration while operating as a slave indicates a bus error condi-
tion. ARBLOST is cleared by hardware each time Sl is cleared.

The Sl bit (SMBus Interrupt Flag) is set at the beginning and end of each transfer, after each byte frame, or
when an arbitration is lost; see Table 18.3 for more details.

Important Note About the SI Bit: The SMBus interface is stalled while Sl is set; thus SCL is held low, and
the bus is stalled until software clears SI.

Table 18.3 lists all sources for hardware changes to the SMBOCN bits. Refer to Table 18.4 for SMBus sta-
tus decoding using the SMBOCN register.
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SFR Definition 18.2. SMBOCN: SMBus Control

SFR Address: OKCO™ (bit addressable)
R R R/W R/W R R R/W R/W Reset Value
MASTER | TXMODE STA STO | ACKRQ ‘ARBLOST ACK Sl 00000000
Bit7 Bit6 Bit5 Bit4 Bit3 Bit2 Bitl Bit0
Bit 7: MASTER: SMBus Master/Slave Indicator.
This read-only bit indicates when the SMBus is operating as a master.
0: SMBus operating in Slave Mode.
1: SMBus operating in Master Mode.
Bit 6: TXMODE: SMBus Transmit Mode Indicator.
This read-only bit indicates when the SMBus is operating as a transmitter.
0: SMBus in Receiver Mode.
1: SMBus in Transmitter Mode.
Bit 5: STA: SMBus Start Flag.
Write:
0: No Start generated.
1: When operating as a master, a START condition is transmitted if the bus is free (If the bus
is not free, the START is transmitted after a STOP is received or a timeout is detected). If
STA is set by software as an active Master, a repeated START will be generated after the
next ACK cycle.
Read:
0: No Start or repeated Start detected.
1: Start or repeated Start detected.
Bit 4: STO: SMBus Stop Flag.
Write:
0: No STOP condition is transmitted.
1: Setting STO to logic ‘1’ causes a STOP condition to be transmitted after the next ACK
cycle. When the STOP condition is generated, hardware clears STO to logic ‘0’. If both
STA and STO are set, a STOP condition is transmitted followed by a START condition.
Read:
0: No Stop condition detected.
1: Stop condition detected (if in Slave Mode) or pending (if in Master Mode).
Bit 3: ACKRQ: SMBus Acknowledge Request
This read-only bit is set to logic ‘1’ when the SMBus has received a byte and needs the ACK
bit to be written with the correct ACK response value.
Bit 2: ARBLOST: SMBus Arbitration Lost Indicator.
This read-only bit is set to logic ‘1’ when the SMBus loses arbitration while operating as a
transmitter. A lost arbitration while a slave indicates a bus error condition.
Bit 1: ACK: SMBus Acknowledge Flag.
This bit defines the out-going ACK level and records incoming ACK levels. It should be writ-
ten each time a byte is received (when ACKRQ=1), or read after each byte is transmitted.
0: A "not acknowledge" has been received (if in Transmitter Mode) OR will be transmitted (if
in Receiver Mode).
1: An "acknowledge" has been received (if in Transmitter Mode) OR will be transmitted (if in
Receiver Mode).
Bit O: Sl: SMBus Interrupt Flag.
This bit is set by hardware under the conditions listed in Table 18.3. SI must be cleared by
software. While Sl is set, SCL is held low and the SMBus is stalled.
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Table 19.5. Timer Settings for Standard Baud Rates
Using an External 11.0592 MHz Oscillator

Frequency: 11.0592 MHz
Target Baud Rate | Oscilla- | Timer Clock SCA1-SCAO Timl| Timer1
Baud Rate % Error | tor Divide Source (pre-scale select)! Reload
(bps) Factor Value (hex)

« 230400 0.00% 48 SYSCLK XX2 1 OxE8
g 115200 0.00% 96 SYSCLK XX 1 0xDO
5 - 57600 0.00% 192 SYSCLK XX 1 0xAO0

(&)
-E 8 28800 0.00% 384 SYSCLK XX 1 0x40
ec 14400 0.00% 768 SYSCLK/12 00 0 OxEO
© =
X g 9600 0.00% 1152 SYSCLK/12 00 0 0xDO
8 UEJ 2400 0.00% 4608 SYSCLK/12 00 0 0x40
(>,') 2 1200 0.00% 9216 SYSCLK/48 10 0 0xAO0

g1 230400 0.00% 48 EXTCLK/8 1 0 OxFD

: O

O _
8 & 115200 0.00% 96 EXTCLK/8 11 0 OXFA
© 8
S| 57600 0.00% 192 EXTCLK/8 11 0 OxF4
c E
e 2| 28800 0.00% 384 EXTCLK/8 11 0 OXE8
O X
= O
X3 14400 0.00% 768 EXTCLK/8 11 0 0xDO
QO =

[}
g-: E 9600 0.00% 1152 EXTCLK/8 11 0 0xB8
Notes:

1. SCA1-SCAO0 and T1M bit definitions can be found in Section 21.1.

2. X=Don't care.
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20. Enhanced Serial Peripheral Interface (SPI0)

The Enhanced Serial Peripheral Interface (SPI0) provides access to a flexible, full-duplex synchronous
serial bus. SPI0 can operate as a master or slave device in both 3-wire or 4-wire modes, and supports mul-
tiple masters and slaves on a single SPI bus. The slave-select (NSS) signal can be configured as an input
to select SPI0 in slave mode, or to disable Master Mode operation in a multi-master environment, avoiding
contention on the SPI bus when more than one master attempts simultaneous data transfers. NSS can
also be configured as a chip-select output in master mode, or disabled for 3-wire operation. Additional gen-
eral purpose port I/O pins can be used to select multiple slave devices in master mode.

% SFR Bus !
SPIOCKR SPIOCFG SPIOCN
i = E 8 8 [
41}
FleelRRsEe 1= S
0O|0|0|0|0|0|0lO 2|0|x|X a 20X |n|n|x|a
0nnnnniuniniun 0nZun|x U);EKZZI—U)
L L L L L L L L AAAA AAAA AA
SYSCLK —P» C|0(IZ_|(();|CVId€
l: Lol
SPI CONTROL LOGIC SPIIRQ
Data Path Pin Interface
Control Control
; |
| |
| |
| v
| TxData MOSI 1""\%
‘ i
\ ‘ ‘
|y '
<L spiopaT sck | R |
‘ Transmit Data Buffer ‘ ] ﬁ (@] %
Pin 'S }
Control ! S ! Port I/O
Shift Register Logic | |
| {7[6TS[al3T2 1[0} | 2 M=o L
A
g R
‘ Receive Data Buffer ‘ NSS | }
L
Shor “smooar
% SFR Bus
Figure 20.1. SPI Block Diagram
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SFR Definition 20.2. SPIOCN: SPIO Control

R s, a0 (it accressable)
R/W R/W R/W R/W R/W R/W R R/W Reset Value
SPIF WCOL MODF |RXOVRN | NSSMD1 | NSSMDO | TXBMT SPIEN |00000110
Bit7 Bit6 Bit5 Bit4 Bit3 Bit2 Bitl Bit0

Bit 7: SPIF: SPIO Interrupt Flag.
This bit is set to logic ‘1’ by hardware at the end of a data transfer. If interrupts are enabled,
setting this bit causes the CPU to vector to the SPIO interrupt service routine. This bit is not
automatically cleared by hardware. It must be cleared by software.

Bit 6: WCOL: Write Collision Flag.
This bit is set to logic ‘1’ by hardware (and generates a SPIO interrupt) to indicate a write to
the SPI0 data register was attempted while a data transfer was in progress. It must be
cleared by software.

Bit 5: MODF: Mode Fault Flag.
This bit is set to logic ‘1’ by hardware (and generates a SPIO interrupt) when a master mode
collision is detected (NSS is low, MSTEN = 1, and NSSMD[1:0] = 01). This bit is not auto-
matically cleared by hardware. It must be cleared by software.

Bit 4: RXOVRN: Receive Overrun Flag (Slave Mode only).
This bit is set to logic ‘1’ by hardware (and generates a SPI0 interrupt) when the receive buf-
fer still holds unread data from a previous transfer and the last bit of the current transfer is
shifted into the SPIO shift register. This bit is not automatically cleared by hardware. It must
be cleared by software.

Bits 3-2: NSSMD1-NSSMDQO: Slave Select Mode.
Selects between the following NSS operation modes:
(See Section 20.2 and Section 20.3).
00: 3-Wire Slave or 3-wire Master Mode. NSS signal is not routed to a port pin.
01: 4-Wire Slave or Multi-Master Mode (Default). NSS is always an input to the device.
1x: 4-Wire Single-Master Mode. NSS signal is mapped as an output from the device and will

assume the value of NSSMDO.

Bit 1: TXBMT: Transmit Buffer Empty.
This bit will be set to logic ‘0’ when new data has been written to the transmit buffer. When
data in the transmit buffer is transferred to the SPI shift register, this bit will be set to logic ‘1’,
indicating that it is safe to write a new byte to the transmit buffer.

Bit O: SPIEN: SPIO Enable.
This bit enables/disables the SPI.
0: SPI disabled.
1: SPI enabled.
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SFR Definition 21.1. TCON: Timer Control

SFR Page:

R/W

all pages

SFR Address: 0x88

RIW

(bit addressable)

R/W

R/W

RIW

R/W

R/IW

R/W

Reset Value

TF1

TR1

TFO

TRO

IE1

IT1

IEO

ITO

00000000

Bit7

Bit 7:

Bit 6:

Bit 5:

Bit 4:

Bit 3:

Bit 2:

Bit 1:

Bit 0:

Bit6

Bit5

Bit4

Bit3

Bit2

Bitl

Bit0

TF1: Timer 1 Overflow Flag.

Set by hardware when Timer 1 overflows. This flag can be cleared by software but is auto-
matically cleared when the CPU vectors to the Timer 1 interrupt service routine.

0: No Timer 1 overflow detected.

1: Timer 1 has overflowed.

TR1: Timer 1 Run Control.

0: Timer 1 disabled.

1: Timer 1 enabled.

TFO: Timer O Overflow Flag.

Set by hardware when Timer 0 overflows. This flag can be cleared by software but is auto-
matically cleared when the CPU vectors to the Timer O interrupt service routine.

0: No Timer 0 overflow detected.

1: Timer 0 has overflowed.

TRO: Timer 0 Run Control.

0: Timer O disabled.

1: Timer O enabled.

IE1: External Interrupt 1.

This flag is set by hardware when an edge/level of type defined by IT1 is detected. It can be
cleared by software but is automatically cleared when the CPU vectors to the External
Interrupt 1 service routine if IT1 = 1. When IT1 = 0, this flag is set to ‘1’ when /INT1 is active
as defined by bit IN1PL in register ITO1CF (see SFR Definition 10.7).

IT1: Interrupt 1 Type Select.

This bit selects whether the configured /INT1 interrupt will be edge or level sensitive. /INT1
is configured active low or high by the IN1PL bit in the ITOLCF register (see SFR Definition
10.7).

0: /INT1 is level triggered.

1: /INT1 is edge triggered.

IEO: External Interrupt O.

This flag is set by hardware when an edge/level of type defined by ITO is detected. It can be
cleared by software but is automatically cleared when the CPU vectors to the External
Interrupt O service routine if ITO = 1. When ITO = 0, this flag is set to ‘1’ when /INTO is active
as defined by bit INOPL in register ITO1CF (see SFR Definition 10.7).

ITO: Interrupt O Type Select.

This bit selects whether the configured /INTO interrupt will be edge or level sensitive. /INTO
is configured active low or high by the INOPL bit in register ITOLCF (see SFR Definition
10.7).

0: /INTO is level triggered.

1: /INTO is edge triggered.
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SFR Definition 22.4. PCAOL: PCAO Counter/Timer Low Byte

SFR Page: all pages
SFR Address: OxF9

R/W RIW R/W R/W R/W R/W R/W R/W Reset Value
\ \ 00000000

Bit7 Bit6 Bit5 Bit4 Bit3 Bit2 Bitl Bit0

Bits 7-0: PCAOL: PCAOQ Counter/Timer Low Byte.
The PCAOL register holds the low byte (LSB) of the 16-bit PCAO Counter/Timer.

SFR Definition 22.5. PCAOH: PCAO Counter/Timer High Byte

SFR Page: all pages
SFR Address: OxFA

R/IW R/IW R/W R/IW R/IW R/W R/IW R/IW Reset Value
\ \ 00000000

Bit7 Bit6 Bit5 Bit4 Bit3 Bit2 Bitl Bit0

Bits 7-0: PCAOH: PCAO Counter/Timer High Byte.
The PCAOH register holds the high byte (MSB) of the 16-bit PCAO Counter/Timer.

SFR Definition 22.6. PCAOCPLn: PCAO Capture Module Low Byte

PCAOCPLO: all pages, PCAOCPL1: all pages, PCAOCPL2: all pages, PCAOCPL3: all pages, PCAOCPL4: all pages,
PCAOCPL5: all pages
SFR Address: PCAOCPLO: 0xFB, PCAOCPL1: OXE9, PCAOCPL2: OXEB, PCAOCPL3: 0OXED, PCAOCPL4: 0XxFD, PCAOCPL5: 0xF5

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 Bit0

SFR Page:

Bits 7-0: PCAOCPLn: PCAO Capture Module Low Byte.
The PCAOCPLn register holds the low byte (LSB) of the 16-bit capture module n.

277 Rev. 1.1
SILICON LABS



