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Figure 4.3. QFN-20 Recommended PCB Land Pattern

Table 4.3. QFN-20 PCB Land Pattern Dimesions

Dimension Min Max Dimension Min Max
C1l 3.70 X2 2.15 2.25
Cc2 3.70 Y1l 0.90 1.00
E 0.50 Y2 2.15 2.25
X1 0.20 0.30

Notes:

General

1. All dimensions shown are in millimeters (mm) unless otherwise noted.
2. Dimensioning and Tolerancing is per the ANSI Y14.5M-1994 specification.
3. This Land Pattern Design is based on the IPC-7351 guidelines.

Solder Mask Design
4. All metal pads are to be non-solder mask defined (NSMD). Clearance between the solder
mask and the metal pad is to be 60 um minimum, all the way around the pad.

Stencil Design
5. A stainless steel, laser-cut and electro-polished stencil with trapezoidal walls should be used
to assure good solder paste release.
6. The stencil thickness should be 0.125 mm (5 mils).
7. The ratio of stencil aperture to land pad size should be 1:1 for all perimeter pins.
8. A 2x2 array of 0.95 mm openings on a 1.1 mm pitch should be used for the center pad to
assure the proper paste volume (71% Paste Coverage).

Card Assembly
9. A No-Clean, Type-3 solder paste is recommended.
10. The recommended card reflow profile is per the JEDEC/IPC J-STD-020 specification for Small
Body Components.
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measured from ‘0’ to VREF x 1023/1024. Example codes are shown below for both right-justified and left-

justified data. Unused bits in the ADCOH and ADCOL registers are set to ‘0.

Input Voltage

Right-Justified ADCOH:ADCOL

(ADOLJST =0)

Left-Justified ADCOH: ADCOL

(ADOLJST = 1)

VREF x 1023/1024 Ox03FF OxFFCO
VREF x 512/1024 0x0200 0x8000
VREF x 256/1024 0x0100 0x4000

0 0x0000 0x0000

When in Differential Mode, conversion codes are represented as 10-bit signed 2's complement numbers.
Inputs are measured from —VREF to VREF x 511/512. Example codes are shown below for both right-jus-
tified and left-justified data. For right-justified data, the unused MSBs of ADCOH are a sign-extension of the
data word. For left-justified data, the unused LSBs in the ADCOL register are set to ‘0’

Input Voltage Right-Justified ADCOH:ADCOL Left-Justified ADCOH:ADCOL
(ADOLJST =0) (ADOLJST =1)
VREF x 511/512 Ox01FF 0x7FCO
VREF x 256/512 0x0100 0x4000
0 0x0000 0x0000
—-VREF x 256/512 OxFF00 0xC000
—-VREF OxFEOO 0x8000

Important Note About ADCO Input Configuration: Port pins selected as ADCO inputs should be config-
ured as analog inputs, and should be skipped by the Digital Crossbar. To configure a Port pin for analog
input, set to ‘0’ the corresponding bit in register PNMDIN (for n = 0,1). To force the Crossbar to skip a Port
pin, set to ‘1’ the corresponding bit in register PnSKIP (for n = 0,1). See Section “14. Port Input/Output”
on page 123 for more Port I/0O configuration details.

5.2. Temperature Sensor

The typical temperature sensor transfer function is shown in Figure 5.2. The output voltage (Vtgyp) is the
positive ADC input when the temperature sensor is selected by bits AMX0P4-0 in register AMXOP.

42 Rev. 1.7
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SFR Definition 6.1. IDAOCN: IDAO Control

R/W RIW R/W R/W R R R/W R/W Reset Value
IDACEN IDAOCM - -] IDAOOMD 01110010
Bit7 Bit6 Bit5 Bit4 Bit3 Bit2 Bitl Bit0 SFR Address:
0xB9
Bit 7: IDAOEN: IDAO Enable.

0: IDAO Disabled.
1: IDAO Enabled.
Bits 6-4: IDAOCM[2:0]: IDAO Update Source Select bits.
000: DAC output updates on Timer 0 overflow.
001: DAC output updates on Timer 1 overflow.
010: DAC output updates on Timer 2 overflow.
011: DAC output updates on Timer 3 overflow.
100: DAC output updates on rising edge of CNVSTR.
101: DAC output updates on falling edge of CNVSTR.
110: DAC output updates on any edge of CNVSTR.
111: DAC output updates on write to IDAOH.
Bits 3—2: Unused. Read = 00b. Write = don't care.
Bits 1:0: IDAOOMDI1:0]: IDAO Output Mode Select bits.
00: 0.5 mA full-scale output current.
01: 1.0 mA full-scale output current.
1x: 2.0 mA full-scale output current.

SFR Definition 6.2. IDAOH: IDAO Data Word MSB

R/W R/W R/W R/W R/W R/W R/W R/W Reset Value
\ \ | \ \ | \ \oooooooo
Bit7 Bit6 Bit5 Bit4 Bit3 Bit2 Bitl BitO SFR Address:
0x97

Bits 7-0: IDAO Data Word High-Order Bits.
Bits 7—0 are the most-significant bits of the 10-bit IDAO Data Word.
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program memory space for non-volatile data storage. Refer to Section “11. Flash Memory” on page 103
for further details.

Table 9.1. CIP-51 Instruction Set Summary

Mnemonic Description Bytes Clock
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
DEC A Decrement A 1 1
DEC Rn Decrement register 1 1
DEC direct Decrement direct byte 2 2
DEC @RI Decrement indirect RAM 1 2
INC DPTR Increment Data Pointer 1 1
MUL AB Multiply A and B 1 4
DIV AB Divide A by B 1 8
DA A Decimal adjust A 1 1
Logical Operations
ANL A, Rn AND Register to A 1 1
ANL A, direct AND direct byte to A 2 2
ANL A, @RI AND indirect RAM to A 1 2
ANL A, #data AND immediate to A 2 2
ANL direct, A AND A to direct byte 2 2
ANL direct, #data AND immediate to direct byte 3 3
ORL A, Rn OR Register to A 1 1
ORL A, direct OR direct byte to A 2 2
ORL A, @RI OR indirect RAM to A 1 2
ORL A, #data OR immediate to A 2 2
ORL direct, A OR A to direct byte 2 2
ORL direct, #data OR immediate to direct byte 3 3
XRL A, Rn Exclusive-OR Register to A 1 1
XRL A, direct Exclusive-OR direct byte to A 2 2
XRL A, @RI Exclusive-OR indirect RAM to A 1 2
) Rev. 1.7 73
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Notes on Registers, Operands and Addressing Modes:

Rn - Register RO-R7 of the currently selected register bank.
@Ri - Data RAM location addressed indirectly through RO or R1.

rel - 8-bit, signed (two’s complement) offset relative to the first byte of the following instruction. Used by
SJMP and all conditional jumps.

direct - 8-bit internal data location’s address. This could be a direct-access Data RAM location
(0x00-0x7F) or an SFR (0x80-0xFF).

#data - 8-bit constant
#datal6 - 16-bit constant
bit - Direct-accessed bit in Data RAM or SFR

addr1l - 11-bit destination address used by ACALL and AJMP. The destination must be within the same
2 kB page of program memory as the first byte of the following instruction.

addrl6 - 16-bit destination address used by LCALL and LIMP. The destination may be anywhere within
the 8 kB program memory space.

There is one unused opcode (0xA5) that performs the same function as NOP.
All mnemonics copyrighted © Intel Corporation 1980.

9.2. Memory Organization

The memory organization of the CIP-51 System Controller is similar to that of a standard 8051. There are
two separate memory spaces: program memory and data memory. Program and data memory share the
same address space but are accessed via different instruction types. The CIP-51 memory organization is
shown in Figure 9.2

76 Rev. 1.7
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SFR Definition 9.4. PSW: Program Status Word

R/W R/W R/W R/W R/W R/W R/W R Reset Value
CY AC | FO | RS1 | RSO | Ov | F1 [ PARITY | 00000000
Bit7 Bit6 Bit5 Bit4 Bit3 Bit2 Bit1 BitO SFR Address:
(bit addressable) 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 logic 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 logic O by all other arithmetic opera-
tions.
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 logic 1 if the sum of the eight bits in the accumulator is odd and cleared if the
sum is even.

84
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13.3.1. External Crystal Example

If a crystal or ceramic resonator is used as an external oscillator source for the MCU, the circuit should be
configured as shown in Figure 13.1, Option 1. The External Oscillator Frequency Control value (XFCN)
should be chosen from the Crystal column of the table in SFR Definition 13.4 (OSCXCN register). For
example, an 11.0592 MHz crystal requires an XFCN setting of 111b and a 32.768 kHz Watch Crystal
requires an XFCN setting of 001b. After an external 32.768 kHz oscillator is stabilized, the XFCN setting
can be switched to 000 to save power. It is recommended to enable the missing clock detector before
switching the system clock to any external oscillator source.

When the crystal oscillator is first enabled, the oscillator amplitude detection circuit requires a settling time
to achieve proper bias. Introducing a delay of 1 ms between enabling the oscillator and checking the
XTLVLD bit will prevent a premature switch to the external oscillator as the system clock. Switching to the
external oscillator before the crystal oscillator has stabilized can result in unpredictable behavior. The rec-
ommended procedure is:

Step 1. Force XTAL1 and XTALZ2 to a low state. This involves enabling the Crossbar and writing ‘0’
to port latches P0.2 and P0.3.

Step 2. Configure XTAL1 and XTALZ2 as analog inputs using register POMDIN.

Step 3. Enable the external oscillator.

Step 4. Wait at least 1 ms.

Step 5. Poll for XTLVLD => ‘1.

Step 6. Enable the Missing Clock Detector.

Step 7. Switch the system clock to the external oscillator.

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.

118 Rev. 1.7
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15.1. Supporting Documents

It is assumed the reader is familiar with or has access to the following supporting documents:

1. The I12C-Bus and How to Use It (including specifications), Philips Semiconductor.
2. The I2C-Bus Specification—Version 2.0, Philips Semiconductor.
3. System Management Bus Specification—Version 1.1, SBS Implementers Forum.

15.2. SMBus Configuration

Figure 15.2 shows a typical SMBus configuration. The SMBus specification allows any recessive voltage
between 3.0 V and 5.0 V; different devices on the bus may operate at different voltage levels. The bi-direc-
tional SCL (serial clock) and SDA (serial data) lines must be connected to a positive power supply voltage
through a pullup resistor or similar circuit. Every device connected to the bus must have an open-drain or
open-collector output for both the SCL and SDA lines, so that both are pulled high (recessive state) when
the bus is free. The maximum number of devices on the bus is limited only by the requirement that the rise
and fall times on the bus not exceed 300 ns and 1000 ns, respectively.

VDD =5V VDD = 3V VDD =5V VDD = 3V
Master Slave Slave
Device Device 1 Device 2
* SDA

SCL

Figure 15.2. Typical SMBus Configuration

15.3. SMBus Operation

Two types of data transfers are possible: data transfers from a master transmitter to an addressed slave
receiver (WRITE), and data transfers from an addressed slave transmitter to a master receiver (READ).
The master device initiates both types of data transfers and provides the serial clock pulses on SCL. The
SMBus interface may operate as a master or a slave, and multiple master devices on the same bus are
supported. If two or more masters attempt to initiate a data transfer simultaneously, an arbitration scheme
is employed with a single master always winning the arbitration. Note that it is not necessary to specify one
device as the Master in a system; any device who transmits a START and a slave address becomes the
master for the duration of that transfer.

A typical SMBus transaction consists of a START condition followed by an address byte (Bits7-1: 7-bit
slave address; Bit0: R/W direction bit), one or more bytes of data, and a STOP condition. Each byte that is
received (by a master or slave) must be acknowledged (ACK) with a low SDA during a high SCL (see
Figure 15.3). If the receiving device does not ACK, the transmitting device will read a NACK (not acknowl-
edge), which is a high SDA during a high SCL.
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Table 15.3. Sources for Hardware Changes to SMBOCN

Bit Set by Hardware When: Cleared by Hardware When:
MASTER |+ A START is generated. " ASTOP s generated.
* Arbitration is lost.
* START is generated. ﬁrﬁil—gﬁgnlsisdgset(:ted'
TXMODE |+« SMBODAT is written before the start of an . o
SMBUS frame. * SMBODAT is not written before the
start of an SMBus frame.
STA <A START followed by an address byte is « Must be cleared by software.
received.
* A STOP is detected while addressed as a
STO slave. * A pending STOP is generated.
« Arbitration is lost due to a detected STOP.
ACKRQ * A byte has been_ received and an ACK « After each ACK cycle.
response value is needed.
» Arepeated START is detected as a MASTER
when STA is low (unwanted repeated START).
* SCL is sensed low while attempting to gener- : .
ARBLOST ate a STOP or repeated START condition. * Each time Slis cleared.
» SDA is sensed low while transmitting a ‘1’
(excluding ACK bits).
ACK « The incoming ACK value is low * The incoming ACK value is high (NOT
(ACKNOWLEDGE). ACKNOWLEDGE).
« A START has been generated.
* Lost arbitration.
« A byte has been transmitted and an
Sl ACK/NACK received. « Must be cleared by software.

« A byte has been received.

« A START or repeated START followed by a
slave address + R/W has been received.

* A STOP has been received.
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15.5.3. Slave Receiver Mode

Serial data is received on SDA and the clock is received on SCL. When slave events are enabled (INH =
0), the interface enters Slave Receiver Mode when a START followed by a slave address and direction bit
(WRITE in this case) is received. Upon entering Slave Receiver Mode, an interrupt is generated and the
ACKRQ bit is set. Software responds to the received slave address with an ACK, or ignores the received
slave address with a NACK. If the received slave address is ignored, slave interrupts will be inhibited until
the next START is detected. If the received slave address is acknowledged, zero or more data bytes are
received. Software must write the ACK bit after each received byte to ACK or NACK the received byte. The
interface exits Slave Receiver Mode after receiving a STOP. Note that the interface will switch to Slave
Transmitter Mode if SMBODAT is written while an active Slave Receiver. Figure 15.7 shows a typical Slave
Receiver sequence. Two received data bytes are shown, though any number of bytes may be received.
Notice that the ‘data byte transferred’ interrupts occur before the ACK cycle in this mode.

Interrupt

S SLA W | A Data Byte A Data Byte Al P
Interrupt | Interrupt | | Interrupt
Received by SMBus S = START
Interface P =STOP
A =ACK

_ W = WRITE
Transmitted by SLA = Slave Address
SMBus Interface

Figure 15.7. Typical Slave Receiver Sequence
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Table 16.1. Timer Settings for Standard Baud Rates Using the Internal 24.5 MHz
Oscillator

Frequency: 24.5 MHz
Target | Baud Rate | Oscilla- | Timer Clock | SCA1-SCAO | TimL]| Timer 1
Baud Rate % Error |tor Divide Source (pre-scale Reload
(bps) Factor select)! Value (hex)
230400 -0.32% 106 SYSCLK XX2 1 0xCB
115200 -0.32% 212 SYSCLK XX 1 0x96
57600 0.15% 426 SYSCLK XX 1 0x2B
g S 28800 —-0.32% 848 SYSCLK/4 01 0 0x96
‘; 8 14400 0.15% 1704 SYSCLK/12 00 0 0xB9
(_l_) ‘_g 9600 —-0.32% 2544 SYSCLK/12 00 0 0x96
N g 2400 -0.32% 10176 SYSCLK/48 10 0 0x96
% = 1200 0.15% 20448 SYSCLK/48 10 0 0x2B
Notes:
1. SCA1-SCAO0 and T1M bit definitions can be found in Section 18.1.
2. X=Don't care.

Table 16.2. Timer Settings for Standard Baud Rates Using an External 25.0 MHz
Oscillator

Frequency: 25.0 MHz
[ Target | Baud Rate | Oscilla- | Timer Clock | SCAI-SCAO | TimL ]| Timer 1
Baud Rate % Error |tor Divide Source (pre-scale Reload
(bps) Factor select)! Value (hex)
230400 -0.47% 108 SYSCLK XX2 1 OxCA
115200 0.45% 218 SYSCLK XX 1 0x93
57600 —-0.01% 434 SYSCLK XX 1 0x27
g J 28800 0.45% 872 SYSCLK /4 01 0 0x93
;: O 14400 —0.01% 1736 SYSCLK /4 01 0 0x27
CI) o 9600 0.15% 2608 EXTCLK /8 11 0 0x5D
N o 2400 0.45% 10464 |SYSCLK/48 10 0 0x93
<>/_) i 1200 —-0.01% 20832 | SYSCLK /48 10 0 0x27
= | 57600 —0.47% 432 | EXICLK/8 11 0 OXE5
283 28800 -0.47% 864 EXTCLK/ 8 11 0 OxCA
X % 14400 0.45% 1744 EXTCLK /8 11 0 0x93
O c
¢ g 9600 0.15% 2608 | EXTCLK/8 11 0 0X5D
n =
Notes:
1. SCA1-SCAO0 and T1M bit definitions can be found in Section 18.1.
2. X=Don't care.
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Table 16.5. Timer Settings for Standard Baud Rates Using an External 11.0592 MHz
Oscillator

Frequency: 11.0592 MHz
[ Target | Baud Rate | Oscilla- | Timer Clock | SCAI-SCAO | TiML ]| Timer 1
Baud Rate % Error |tor Divide Source (pre-scale Reload

(bps) Factor select)! Value (hex)

230400 0.00% 48 SYSCLK XX2 1 OxES8

115200 0.00% 96 SYSCLK XX 1 0xDO

57600 0.00% 192 SYSCLK XX 1 O0xAO0
g g 28800 0.00% 384 SYSCLK XX 1 0x40
i 9 14400 0.00% 768 SYSCLK /12 00 0 OxEO
CI) g 9600 0.00% 1152 SYSCLK /12 00 0 0xDO
N g 2400 0.00% 4608 SYSCLK /12 00 0 0x40
<>/_> i 1200 0.00% 9216 SYSCLK /48 10 0 0xAOQ

230400 0.00% 48 EXTCLK /8 11 0 OXFD
g S 115200 0.00% 96 EXTCLK /8 11 0 OxFA
i 8 57600 0.00% 192 EXTCLK /8 11 0 OxF4
O 28800 0.00% 384 EXTCLK /8 11 0 OxES8
8 GE_, 14400 0.00% 768 EXTCLK /8 11 0 0xDO
»E 9600 0.00% 1152 | EXTCLK/8 11 0 OxBS
Notes:

1. SCA1-SCAO0 and T1M bit definitions can be found in Section 18.1.
2. X=Don't care.

Table 16.6. Timer Settings for Standard Baud Rates Using an External 3.6864 MHz
Oscillator

Frequency: 3.6864 MHz
Target Baud Oscilla- | Timer Clock | SCA1-SCAO | TimL| Timer 1
Baud Rate Rate% tor Divide Source (pre-scale Reload

(bps) Error Factor select)! Value (hex)

230400 0.00% 16 SYSCLK XX2 1 OxF8

115200 0.00% 32 SYSCLK XX 1 OxFO

57600 0.00% 64 SYSCLK XX 1 OXEO
g g 28800 0.00% 128 SYSCLK XX 1 0xCO
i o 14400 0.00% 256 SYSCLK XX 1 0x80
d e 9600 0.00% 384 SYSCLK XX 1 0x40
n § 2400 0.00% 1536 SYSCLK /12 00 0 0xCO
5 ai 1200 0.00% 3072 SYSCLK /12 00 0 0x80

230400 0.00% 16 EXTCLK /8 11 0 OXFF
g S 115200 0.00% 32 EXTCLK /8 11 0 OxFE
i 3 57600 0.00% 64 EXTCLK /8 11 0 OxFC
d § 28800 0.00% 128 EXTCLK /8 11 0 OxF8
Ng 14400 0.00% 256 EXTCLK /8 11 0 OxFO
5 E 9600 0.00% 384 EXTCLK /8 11 0 OxES8
Notes:

1. SCA1-SCAO0 and T1M bit definitions can be found in Section 18.1.
2. X=Don't care.
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17.3. SPIO Slave Mode Operation

When SPIO is enabled and not configured as a master, it will operate as a SPI slave. As a slave, bytes are
shifted in through the MOSI pin and out through the MISO pin by a master device controlling the SCK sig-
nal. A bit counter in the SPI0 logic counts SCK edges. When 8 bits have been shifted through the shift reg-
ister, the SPIF flag is set to logic 1, and the byte is copied into the receive buffer. Data is read from the
receive buffer by reading SPIODAT. A slave device cannot initiate transfers. Data to be transferred to the
master device is pre-loaded into the shift register by writing to SPIODAT. Writes to SPIODAT are double-
buffered, and are placed in the transmit buffer first. If the shift register is empty, the contents of the transmit
buffer will immediately be transferred into the shift register. When the shift register already contains data,
the SPI will load the shift register with the transmit buffer’s contents after the last SCK edge of the next (or
current) SPI transfer.

When configured as a slave, SPI0 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. SPI0 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 17.4 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 no way of
uniquely addressing the device in 3-wire slave mode, SPI0 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 SPIO with the SPIEN bit. Figure 17.3 shows a connection diagram between a slave device in 3-
wire slave mode and a master device.

17.4. SPIO Interrupt Sources

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

All of the following 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 SPI0 modes.

3. The Mode Fault Flag MODF (SPIOCN.5) is set to logic 1 when SPIO is configured as a master,
and for 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 SPIO 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 and 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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19.2.1. Edge-triggered Capture Mode

In this mode, a valid transition on the CEXn pin causes the PCA to capture the value of the PCA
counter/timer and load it into the corresponding module's 16-bit capture/compare register (PCAOCPLn and
PCAOCPHN). The CAPPn and CAPNn bits in the PCAOCPMn register are used to select the type of transi-
tion that triggers the capture: low-to-high transition (positive edge), high-to-low transition (negative edge),
or either transition (positive or negative edge). When a capture occurs, the Capture/Compare Flag (CCFn)
in PCAOCN is set to logic 1 and an interrupt request is generated if CCF interrupts are enabled. The CCFn
bit is not automatically cleared by hardware when the CPU vectors to the interrupt service routine, and
must be cleared by software. If both CAPPn and CAPNnN bits are set to logic 1, then the state of the Port
pin associated with CEXn can be read directly to determine whether a rising-edge or falling-edge caused
the capture.

PCA Interrupt

PCAOCPMn
PIE[CICIM[T]P]E eI
W|C|A|A|A|O|W|C C|C C|C|C
M|O|P|P|T|G|M|C F[R C|C|C
1|M|P[N|n[n|n|F FIF(F
6(n|n|n n 2|1]0
n
x 0 x 00 x
y Y
:LCI; PCAOCPLN PCAOCPHnN
O
o/0 =
e R
Port I/O : Crossbar 'CExn OLO Capturg, >
—————— PR ; T ]
PCA
— > PCAOL PCAOQOH

Timebase

Figure 19.4. PCA Capture Mode Diagram

Note: The CEXn input signal must remain high or low for at least 2 system clock cycles to be recognized by the
hardware.
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19.2.4. Frequency Output Mode

Frequency Output Mode produces a programmable-frequency square wave on the module’s associated
CEXn pin. The capture/compare module high byte holds the number of PCA clocks to count before the out-
put is toggled. The frequency of the square wave is then defined by Equation 19.3.

= — I:PCA
CEXn ™ 2%« PCAOCPHnN

Note: A value of 0x00 in the PCAOCPHN register is equal to 256 for this equation.

Equation 19.3. Square Wave Frequency Output

Where Fpcp is the frequency of the clock selected by the CPS2-0 bits in the PCA mode register,
PCAOMD. The lower byte of the capture/compare module is compared to the PCA counter low byte; on a
match, CEXn is toggled and the offset held in the high byte is added to the matched value in PCAOCPLnN.
Frequency Output Mode is enabled by setting the ECOMn, TOGn, and PWMn bits in the PCAOCPMn reg-
ister.

Write to
PCAOCPLN

Reset
JPCAOCPMN { ] |
Write to P|E[C|C|M|T|P|E
PCAOCPHn W|C|A|A[A[O|W[C —N o g —
vlolplpltlclule PCAOCPLN N 8-bit Adder PCAOCPHN
1|M|P[N|n|n[n|F
AdderT
CRR n Enable
n TOGn
x [ 000 X N Toggle e |
. 0 |
Enable 8-bit mateh ] Y —o~ o—CEXY, Crossbar | Port I/0
Comparator 1 | |

[

/T
PCA Timebase

— > PCAOL

Figure 19.7. PCA Frequency Output Mode
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C2 Register Definition 20.3. REVID: C2 Revision ID

Reset Value
\ \ | \ \ | \ \ 00000000
Bit7 Bit6 Bit5 Bit4 Bit3 Bit2 Bitl BitO

This read-only register returns the 8-bit revision ID: 0x00 (Revision A).

C2 Register Definition 20.4. FPCTL: C2 Flash Programming Control

Reset Value
| | | | | | | | | 00000000
Bit7 Bit6 Bit5 Bit4 Bit3 Bit2 Bitl Bit0

Bits7—0 FPCTL: Flash Programming Control Register.
This register is used to enable Flash programming via the C2 interface. To enable C2 Flash
programming, the following codes must be written in order: 0x02, 0x01. Note that once C2
Flash programming is enabled, a system reset must be issued to resume normal operation.

C2 Register Definition 20.5. FPDAT: C2 Flash Programming Data

Reset Value
\ \ | \ \ | \ \ 00000000
Bit7 Bit6 Bit5 Bit4 Bit3 Bit2 Bitl BitO

Bits7—0: FPDAT: C2 Flash Programming Data Register.
This register is used to pass Flash commands, addresses, and data during C2 Flash
accesses. Valid commands are listed below.

Code Command
0x06 Flash Block Read
0x07 Flash Block Write
0x08 Flash Page Erase
0x03 Device Erase
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