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Figure 5.2. 16-bit ADCO and ADC1 Data Path Diagram

5.1. Single-Ended or Differential Operation

ADCO and ADC1 can be programmed to operate independently as single-ended ADCs, or together to
accept a differential input. In single-ended mode, the ADCs can be configured to sample simultaneously, or
to use different conversion speeds. In differential mode, ADC1 is a slave to ADCO, and its configuration is
based on ADCO settings, except during offset or gain calibrations. The DIFFSEL bit in the Channel Select
Register AMXOSL (Figure 5.6) selects between single-ended and differential mode.

5.1.1. Pseudo-Differential Inputs

The inputs to the ADCs are pseudo-differential. The actual voltage measured by each ADC is equal to the
voltage between the AINn pin and the AINNnG pin. AINNG must be a DC signal between -0.2 and 0.6 V. In
most systems, AINNG will be connected to AGND. If not tied to AGND, the AINnG signal can be used to
negate a limited amount of fixed offset, but it is recommended that the internal offset calibration features of
the device be used for this purpose. When operating in differential mode, AINOG and AIN1G should be tied
together. AINn must remain above AINNnG in both modes for accurate conversion results.
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5.2. Voltage Reference

The voltage reference circuitries for ADCO and ADCL1 allow for many different voltage reference configura-
tions. Each ADC has the capability to use its own dedicated, on-chip voltage reference, or an off-chip refer-
ence circuit. A block diagram of the reference circuitry for one ADC is shown in Figure 5.3.

The internal voltage reference circuit for each ADC consists of an independent, temperature stable 1.2 V
bandgap voltage reference generator, with an output buffer amplifier which multiplies the bandgap refer-
ence by 2. The maximum load seen by the VREFn (VREFO or VREF1) pin must be less than 100 YA to
AGND. Bypass capacitors of 0.1 pF and 47 pF are recommended from the VREFn pin to VRGNDn.

The voltage reference circuitry for each ADC is controlled in the Reference Control Registers. REFOCN
(defined in Figure 5.11) is the Reference Control Register for ADCO, and REF1CN (defined in Figure 5.12)
is the Reference Control Register for ADC1. The REFNCN registers are used to enable/disable the internal
reference and bias generator circuitry for each ADC independently. The BIASEn bits enable the on-board
bias generators for each ADC, while the REFBEN bits enable the 2x buffer amplifiers which drive the
VREFnN pins. When disabled, the supply current drawn by the bandgap and buffer amplifier falls to less
than 1 pA (typical) and the output of the buffer amplifier enters a high impedance state (approximately 25 k
Ohmes). If the internal voltage reference for an ADC is used, the BIASEn and REFBEnN bits for that ADC
must both be set to logic 1. If an external reference is used, the REFBERN bit should be set to logic 0. Note
that the BIASEN bit for an ADC must be set to logic 1 to enable that ADC, regardless of the voltage refer-
ence that is used. If an ADC is not being used, the BIASEnN bit can be set to logic 0 to conserve power. The
electrical specifications for the Voltage References are given in Table 5.3.

External ADCn
Voltage |
Reference | ™. Ref Bias
"
1.25V
J_ L Ml 4‘ Band-Gap
47uF _|_ _|_ 0.1uF VRGNDN E‘[\l

L

I
J

Recommended REFENCN
Bypass Capacitors |

A

VBGAPN

7

0.1pF

BIASEn
REFBEN

503X

Figure 5.3. Voltage Reference Block Diagram
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Figure 5.22. ADCOCPT: ADC Calibration Pointer Register

R/W R/W R/W R/W R/W R/W R/W R/W Reset Value
INCR ADCSEL | CPTR5 CPTR4 CPTR3 CPTR2 | CPTR1 | CPTRO 11010111
Bit7 Bit6 Bit5 Bit4 Bit3 Bit2 Bitl BitO
SFR Address: OXBA
SFR Page: F
Bit 7: INCR: Pointer Address Automatic Increment.

0: Disable Auto-Increment.
1. Enable Auto-Increment. CPTR5-0 will automatically be incremented after each read or
write to ADCOCCF.
Bit 6: ADCSEL: ADC Calibration Coefficient Select.
0: Reads and Writes of ADCOCCF will access ADCO Calibration Coefficients.
1: Reads and Writes of ADCOCCF will access ADC1 Calibration Coefficients.
Bits 5-0: CPTR5-0: Calibration Coefficent Pointer.
Select which Calibration Coefficient location will be accessed when ADCOCCEF is read or

written.
Figure 5.23. ADCOCCF: ADC Calibration Coefficient Register
R/W RIW RIW RIW R/W R/W R/W RIW Reset Value
| | Variable
Bit7 Bit6 Bit5 Bit4 Bit3 Bit2 Bitl Bit0
SFR Address: 0xBB
SFR Page: F
Bits 7-0: Calibration Coefficients at the location specified in ADCOCPT. See Table 5.19.
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Figure 6.8. DMAOBND: DMADO Instruction Boundary Register

SFR Page: 3
SFR Address: OxFD

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

Bits 7-6: Unused.
Bits 5-0: DMAQO instruction address to begin with when executing DMA instructions.

Figure 6.9. DMAOISW: DMAO Instruction Status Register

SFR Page: 3
SFR Address: OXFE

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

Bits 7-6: Unused.
Bits 5-0: Contains the address of the current DMAO Instruction to be executed.
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7. 10-Bit ADC (ADC2, C8051F060/1/2/3)

The ADC2 subsystem for the C8051F060/1/2/3 consists of an analog multiplexer (referred to as AMUX2),
and a 200 ksps, 10-bit successive-approximation-register ADC with integrated track-and-hold and pro-
grammable window detector (see block diagram in Figure 7.1). The AMUX2, data conversion modes, and
window detector can all be configured from within software via the Special Function Registers shown in
Figure 7.1. ADC2 operates in both Single-ended and Differential modes, and may be configured to mea-
sure any of the pins on Port 1, or the Temperature Sensor output. The ADC2 subsystem is enabled only
when the AD2EN bit in the ADC2 Control register (ADC2CN) is set to logic 1. The ADC2 subsystem is in
low power shutdown when this bit is logic O.

Figure 7.1. ADC2 Functional Block Diagram

| ADC2GTH | | ADC2GTL | | ADC2LTH | | ADC2LTL |
I 1 1 1 20 Comb.
g g g Logic 3 AD2WINT
AIN2.0 '__\ AV+ x 10
| O —
AIN2.1 | AD2EN ol
[ 0| x
AIN2.2 ' T
' O
AIN2.3 ' -to- . a
e / 10-Bit <
AIN2.4 | AMUX
: . | (SEor SAR 10 N
AIN2.5 | | DIFF) —
= -
AIN2.6 ' A DC .
{ N
AIN2.7 ' Q
[ A A <
=
§ — (00 —— AD2BUSY (W)
< Start Conversion | 01 —— Timer 3 Overflow
—L , o : vy } 10 —— CNVSTR2
oN[=[o > = ;
g%%g 29{22 38888 ZEE%E%Z‘!’, 11 —— Timer 2 Overflow
o[5S NSNS (@20 v (=4 = e () o B I N
222 sisisls| B8saa AR R R RRNEE =
<<l <l<|<l<< <<|<|<|<|<|<]< Q
AMX2CF AMX2SL ADC2CF ADC2CN 9(
®
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Table 13.2. Special Function Register (SFR) Memory Map

A
D SFR
D P
R | A 0(8) 1(9) 2(A) 3(B) 4(C) 5(D) 6(E) 7(F)
E|lG
S
S E
0 | SPIOCN PCAOL PCAOH | PCAOCPLO | PCAOCPHO | PCAOCPLL | PCAOCPH1
1 CANOCN WDTCN
F8| 2 (ALL PAGES)
3 | DMAOCF | DMAOCTL | DMAOCTH | DMAOCSL | DMAOCSH | DMAOBND | DMAOISW
F P7
0
1
Fol 2 B EIP1 EIP2
3 |ALL PAGES) (ALL PAGES)|(ALL PAGES)
F
0 | ADCOCN | PCAOCPL2 | PCAOCPH2 | PCAOCPL3 | PCAOCPH3 | PCAOCPL4 | PCAOCPH4| RSTSRC
1 | ADCICN
E8| 2 | ADC2CN
3
F P6
0 PCAOCPLS | PCAOCPH5
1
Eol 2 ACC EIE1 EIE2
3 |ALL PAGES) (ALL PAGES)|(ALL PAGES)
F XBRO XBR1 XBR2 XBR3
0 | PCAOCN | PCAOMD |PCAOCPMO |PCAOCPM1|PCAOCPM2|PCAOCPM3|PCAOCPM4 | PCAOCPM5
1 | CANODATL | CANODATH | CANOADR | CANOTST
D8 | 2
3 | DMAOCN | DMAODAL | DMAODAH | DMAODSL | DMAODSH | DMAOIPT | DMAOIDT
F P5
0 REFOCN | DACOL DACOH | DACOCN
1 osw REFICN | DACIL DACIH | DACICN
Do g (ALL PAGES) REF2CN
F
0 | TMR2CN | TMR2CF | RCAP2L | RCAP2H | TMR2L TMR2H SMBOCR
1 | TMR3CN | TMR3CF | RCAP3L | RCAP3H | TMR3L TMR3H
c8| 2 | TMRACN | TMR4ACF | RCAP4AL | RCAP4H | TMRA4L TMR4H
3
F P4
0 | SMBOCN | SMBOSTA | SMBODAT | SMBOADR | ADCOGTL | ADCOGTH | ADCOLTL | ADCOLTH
1 | CANOSTA
col 2 ADC2GTL | ADC2GTH | ADC2LTL | ADC2LTH
3
F
0 SADENO AMXOSL | ADCOCF ADCOL ADCOH
1 " ADCI1CF ADC1L ADC1H
B8 g (ALL PAGES) AMX2CF | AMX2SL | ADC2CF ADC2L ADC2H
F ADCOCPT | ADCOCCF
0(8) 1(9) 2(A) 3(B) 4(C) 5(D) 6(E) 7(F)
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13.3. Interrupt Handler

The CIP-51 includes an extended interrupt system supporting a total of 22 interrupt sources with two prior-
ity levels. The allocation of interrupt sources between on-chip peripherals and external inputs pins varies
according to the specific version of the device. Each interrupt source has one or more associated interrupt-
pending flag(s) located in an SFR. When a peripheral or external source meets a valid interrupt condition,
the associated interrupt-pending flag is set to logic 1.

If interrupts are enabled for the source, an interrupt request is generated when the interrupt-pending flag is
set. As soon as execution of the current instruction is complete, the CPU generates an LCALL to a prede-
termined address to begin execution of an interrupt service routine (ISR). Each ISR must end with an RETI
instruction, which returns program execution to the next instruction that would have been executed if the
interrupt request had not occurred. If interrupts are not enabled, the interrupt-pending flag is ignored by the
hardware and program execution continues as normal. (The interrupt-pending flag is set to logic 1 regard-
less of the interrupt's enable/disable state.)

Each interrupt source can be individually enabled or disabled through the use of an associated interrupt
enable bit in an SFR (IE-EIE2). However, interrupts must first be globally enabled by setting the EA bit
(IE.7) to logic 1 before the individual interrupt enables are recognized. Setting the EA bit to logic 0 disables
all interrupt sources regardless of the individual interrupt-enable settings.

Some interrupt-pending flags are automatically cleared by the hardware when the CPU vectors to the ISR.
However, most are not cleared by the hardware and must be cleared by software before returning from the
ISR. If an interrupt-pending flag remains set after the CPU completes the return-from-interrupt (RETI)
instruction, a new interrupt request will be generated immediately and the CPU will re-enter the ISR after
the completion of the next instruction.

13.3.1. MCU Interrupt Sources and Vectors

The MCUs support 22 interrupt sources. Software can simulate an interrupt event by setting any interrupt-
pending flag to logic 1. If interrupts are enabled for the flag, an interrupt request will be generated and the
CPU will vector to the ISR address associated with the interrupt-pending flag. MCU interrupt sources,
associated vector addresses, priority order and control bits are summarized in Table 13.4. Refer to the
datasheet section associated with a particular on-chip peripheral for information regarding valid interrupt
conditions for the peripheral and the behavior of its interrupt-pending flag(s).

13.3.2. External Interrupts

The external interrupt sources (/INTO and /INT1) are configurable as active-low level-sensitive or active-
low edge-sensitive inputs depending on the setting of bits ITO (TCON.0) and IT1 (TCON.2). IEO (TCON.1)
and IE1 (TCON.3) serve as the interrupt-pending flag for the /INTO and /INT1 external interrupts, respec-
tively. If an /INTO or /INT1 external interrupt is configured as edge-sensitive, the corresponding interrupt-
pending flag is automatically cleared by the hardware when the CPU vectors to the ISR. When configured
as level sensitive, the interrupt-pending flag follows the state of the external interrupt's input pin. The exter-
nal interrupt source must hold the input active until the interrupt request is recognized. It must then deacti-
vate the interrupt request before execution of the ISR completes or another interrupt request will be
generated.
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17.6. Timing

The timing parameters of the External Memory Interface can be configured to enable connection to
devices having different setup and hold time requirements. The Address Setup time, Address Hold time, /
RD and /WR strobe widths, and in multiplexed mode, the width of the ALE pulse are all programmable in
units of SYSCLK periods through EMIOTC, shown in Figure 17.6, and EMIOCF[1:0].

The timing for an off-chip MOVX instruction can be calculated by adding 4 SYSCLK cycles to the timing
parameters defined by the EMIOTC register. Assuming non-multiplexed operation, the minimum execution
time for an off-chip XRAM operation is 5 SYSCLK cycles (1 SYSCLK for /RD or /WR pulse + 4 SYSCLKS).
For multiplexed operations, the Address Latch Enable signal will require a minimum of 2 additional
SYSCLK cycles. Therefore, the minimum execution time for an off-chip XRAM operation in multiplexed
mode is 7 SYSCLK cycles (2 for /ALE + 1 for /RD or /WR + 4). The programmable setup and hold times
default to the maximum delay settings after a reset.

Figure 17.6. EMIOTC: External Memory Timing Control

RIW RIW RIW RIW RIW RIW RIW RIW Reset Value
EAS1 EASO | ERWS EWR2 | EWRL | EWRO | EAH1 | EAHO 11111111
Bit7 Bit6 Bit5 Bit4 Bit3 Bit2 Bitl Bit0
SFR Address: 0xAl
SFR Page: 0

Bits7-6: EAS1-0: EMIF Address Setup Time Bits.
00: Address setup time = 0 SYSCLK cycles.
01: Address setup time = 1 SYSCLK cycle.
10: Address setup time = 2 SYSCLK cycles.
11: Address setup time = 3 SYSCLK cycles.

Bits5-2: EWR3-0: EMIF /WR and /RD Pulse-Width Control Bits.
0000: /WR and /RD pulse width =1 SYSCLK cycle.
0001: /WR and /RD pulse width = 2 SYSCLK cycles.
0010: /WR and /RD pulse width = 3 SYSCLK cycles.
0011: /WR and /RD pulse width = 4 SYSCLK cycles.
0100: /WR and /RD pulse width =5 SYSCLK cycles.
0101: /WR and /RD pulse width = 6 SYSCLK cycles.
0110: /WR and /RD pulse width = 7 SYSCLK cycles.
0111: /WR and /RD pulse width = 8 SYSCLK cycles.
1000: /WR and /RD pulse width = 9 SYSCLK cycles.
1001: /WR and /RD pulse width = 10 SYSCLK cycles.
1010: /WR and /RD pulse width = 11 SYSCLK cycles.
1011: /WR and /RD pulse width =12 SYSCLK cycles.
1100: /WR and /RD pulse width =13 SYSCLK cycles.
1101: /WR and /RD pulse width = 14 SYSCLK cycles.
1110: /WR and /RD pulse width = 15 SYSCLK cycles.
1111: /WR and /RD pulse width = 16 SYSCLK cycles.

Bits1-0: EAH1-0: EMIF Address Hold Time Bits.
00: Address hold time = 0 SYSCLK cycles.
01: Address hold time = 1 SYSCLK cycle.
10: Address hold time = 2 SYSCLK cycles.
11: Address hold time = 3 SYSCLK cycles.
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18. Port Input/Output

The C8051F06x family of devices are fully integrated mixed-signal System on a Chip MCUs with 59 digital
I/O pins (C8051F060/2/4/6) or 24 digital I/O pins (C8051F061/3/5/7), organized as 8-bit Ports. All ports are
both bit- and byte-addressable through their corresponding Port Data registers. All Port pins support con-
figurable Open-Drain or Push-Pull output modes and weak pull-ups. Additionally, Port 0 pins are 5 V-toler-
ant. A block diagram of the Port I/O cell is shown in Figure 18.1. Complete Electrical Specifications for the
Port I/O pins are given in Table 18.1.

Figure 18.1. Port 1/0O Cell Block Diagram

/WEAK-PULLUP
=
PUSH-PULL VDD VDD
/PORT-OUTENABLE {>¢ ) . 4— (WEAK)
PORT
PAD
PORT-OUTPUT Z>c
\I ) c I
3 ] -
Analog Select DGND
(Port 1 and 2 Only)—li
ANALOG INPUT <] /
~ b
PORT-INPUT
l
Table 18.1. Port I/O DC Electrical Characteristics
VDD = 2.7 to 3.6 V, -40 to +85 °C unless otherwise specified.
Parameter Conditions Min Typ Max Units
Output High Voltage lon = -3 mA, Port I/O Push-Pull VDD - 0.7 Vv
(Vow) loy = -10 pA, Port I/O Push-Pull VDD - 0.1
Output Low Voltage lo. =8.5mMA 0.6 \
(Vou) lo = 10 A 0.1
Input High Voltage (VIH) 0.7 x VDD
Input Low Voltage (VIL) 0.3xVDD
Input Leakage Current  |DGND < Port Pin < VDD, Pin Tri-state
Weak Pull-up Off +1 MA
Weak Pull-up On 10 MA
Input Capacitance 5 pF
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20.3.3. Slave Transmitter Mode

Serial data is transmitted on SDA while the serial clock is received on SCL. The SMBusO interface receives
a START followed by data byte containing the slave address and direction bit. If the received slave address
matches the address held in register SMBOADR, the SMBusO interface generates an ACK. SMBusO will
also ACK if the general call address (0x00) is received and the General Call Address Enable bit
(SMBOADR.0) is set to logic 1. In this case the data direction bit (R/W) will be logic 1 to indicate a "READ"
operation. The SMBusO interface receives the clock on SCL and transmits one or more bytes of serial
data, waiting for an ACK from the master after each byte. SMBusO exits slave mode after receiving a
STOP condition from the master.

Figure 20.6. Typical Slave Transmitter Sequence

Interrupt

S SLA R A Data Byte A Data Byte N|P

Interrupt Interrupt | | Interrupt

Received by SMBus S = START
Interface P =STOP
N = NACK
. R = READ
Transmitted by SLA = Slave Address
SMBus Interface

20.3.4. Slave Receiver Mode

Serial data is received on SDA while the serial clock is received on SCL. The SMBusO interface receives a
START followed by data byte containing the slave address and direction bit. If the received slave address
matches the address held in register SMBOADR, the interface generates an ACK. SMBusO0 will also ACK if
the general call address (0x00) is received and the General Call Address Enable bit (SMBOADR.0) is set to
logic 1. In this case the data direction bit (R/W) will be logic 0 to indicate a "WRITE" operation. The
SMBusO interface receives one or more bytes of serial data; after each byte is received, the interface
transmits an ACK or NACK depending on the state of the AA bitin SMBOCN. SMBusO0 exits Slave Receiver
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21.5. Serial Clock Timing

Four combinations of serial clock phase and polarity can be selected using the clock control bits in the
SPI0 Configuration Register (SPIOCFG). The CKPHA bit (SPIOCFG.5) selects one of two clock phases
(edge used to latch the data). The CKPOL bit (SPIOCFG.4) selects between an active-high or active-low
clock. Both master and slave devices must be configured to use the same clock phase and polarity. SPI0
should be disabled (by clearing the SPIEN bit, SPIOCN.Q) when changing the clock phase or polarity. The
clock and data line relationships for master mode are shown in Figure 21.5. For slave mode, the clock and
data relationships are shown in Figure 21.6 and Figure 21.7. Note that CKPHA must be set to ‘0’ on both
the master and slave SPI when communicating between two of the following devices: C8051F04x,
C8051F06x, C8051F12x, C8051F31x, C8051F32x, and C8051F33x

The SPIO Clock Rate Register (SPIOCKR) as shown in Figure 21.10 controls the master mode serial clock
frequency. This register is ignored when operating in slave mode. When the SPI is configured as a master,
the maximum data transfer rate (bits/sec) is one-half the system clock frequency or 12.5 MHz, whichever is
slower. When the SPI is configured as a slave, the maximum data transfer rate (bits/sec) for full-duplex
operation is 1/10 the system clock frequency, provided that the master issues SCK, NSS (in 4-wire slave
mode), and the serial input data synchronously with the slave’s system clock. If the master issues SCK,
NSS, and the serial input data asynchronously, the maximum data transfer rate (bits/sec) must be less
than 1/10 the system clock frequency. In the special case where the master only wants to transmit data to
the slave and does not need to receive data from the slave (i.e. half-duplex operation), the SPI slave can
receive data at a maximum data transfer rate (bits/sec) of 1/4 the system clock frequency. This is provided
that the master issues SCK, NSS, and the serial input data synchronously with the slave’s system clock.

Figure 21.5. Master Mode Data/Clock Timing

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

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

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

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

MISO/MOSI m mse Y Bit6 Y Bits Y Bit4a Y Bt3 Y Bt2 X Bit1 Y Bit0 M

NSS (Must Remain High
in Multi-Master Mode)
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22.1.3. Mode 2: 9-Bit UART, Fixed Baud Rate

Mode 2 provides asynchronous, full-duplex communication using a total of eleven bits per data byte: a start
bit, 8 data bits (LSB first), a programmable ninth data bit, and a stop bit. Mode 2 supports multiprocessor
communications and hardware address recognition (see Section 22.2). On transmit, the ninth data bit is
determined by the value in TB80 (SCONO0.3). It can be assigned the value of the parity flag P in the PSW or
used in multiprocessor communications. On receive, the ninth data bit goes into RB80 (SCONO0.2) and the
stop bit is ignored.

Data transmission begins when an instruction writes a data byte to the SBUFO register. The TIO Transmit
Interrupt Flag (SCONO.1) is set at the end of the transmission (the beginning of the stop-bit time). Data
reception can begin any time after the RENO Receive Enable bit (SCONO0.4) is set to logic 1. After the stop
bit is received, the data byte will be loaded into the SBUFO receive register if RIO is logic 0 and one of the
following requirements are met:

1. SM20is logic 0

2. SM20 is logic 1, the received 9th bit is logic 1, and the received address matches the UARTO
address as described in Section 22.2.

If the above conditions are satisfied, the eight bits of data are stored in SBUFO, the ninth bit is stored in
RB80 and the RIO flag is set. If these conditions are not met, SBUF0 and RB80 will not be loaded and the
RI0 flag will not be set. An interrupt will occur if enabled when either TIO0 or RIO are set.

The baud rate in Mode 2 is either SYSCLK / 32 or SYSCLK / 64, according to the value of the SMODO bit
in register SSTAO.

Equation 22.5. Mode 2 Baud Rate
BaudRate = 2°V19P%x (%

Figure 22.5. UARTO Modes 2 and 3 Timing Diagram

MARK START
BIT DO D1 D2 D3 D4 D5 D6 D7 D8 STOP
SPACE — BIT
1 ] ] ] ] ] ] ] ] ] ] |
BITTIMES | T T T T T T T T T T 1

BIT SAMPLING
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22.2. Multiprocessor Communications

Modes 2 and 3 support multiprocessor communication between a master processor and one or more slave
processors by special use of the ninth data bit and the built-in UARTO address recognition hardware. When
a master processor wants to transmit to one or more slaves, it first sends an address byte to select the tar-
get(s). An address byte differs from a data byte in that its ninth bit is logic 1; in a data byte, the ninth bit is
always set to logic 0. UARTO will recognize as “valid” (i.e., capable of causing an interrupt) two types of
addresses: (1) a masked address and (2) a broadcast address at any given time. Both are described
below.

22.2.1. Configuration of a Masked Address

The UARTO address is configured via two SFRs: SADDRO (Serial Address) and SADENO (Serial Address
Enable). SADENO sets the bit mask for the address held in SADDRO: bits set to logic 1 in SADENO corre-
spond to bits in SADDRO that are checked against the received address byte; bits set to logic 0 in SADENO
correspond to “don’t care” bits in SADDRO.

Example 1, SLAVE #1 Example 2, SLAVE #2 Example 3, SLAVE #3

SADDRO = 00110101 SADDRO = 00110101 SADDRO = 00110101

SADENO = 00001111 SADENO =11110011 SADENO = 11000000
UARTO Address = xxxx0101 UARTO Address = 0011xx01 UARTO Address = OOXXXXXX

Setting the SM20 bit (SCONO.5) configures UARTO such that when a stop bit is received, UARTO will gen-
erate an interrupt only if the ninth bit is logic 1 (RB80 = ‘1’) and the received data byte matches the UARTO
slave address. Following the received address interrupt, the slave will clear its SM20 bit to enable inter-
rupts on the reception of the following data byte(s). Once the entire message is received, the addressed
slave resets its SM20 bit to ignore all transmissions until it receives the next address byte. While SM20 is
logic 1, UARTO ignores all bytes that do not match the UARTO address and include a ninth bit that is logic
1.

22.2.2. Broadcast Addressing

Multiple addresses can be assigned to a single slave and/or a single address can be assigned to multiple
slaves, thereby enabling "broadcast" transmissions to more than one slave simultaneously. The broadcast
address is the logical OR of registers SADDRO and SADENQO, and ‘O’s of the result are treated as “don’t
cares”. Typically a broadcast address of OxFF (hexadecimal) is acknowledged by all slaves, assuming
“don’t care” bits as ‘1's. The master processor can be configured to receive all transmissions or a protocol
can be implemented such that the master/slave role is temporarily reversed to enable half-duplex trans-
mission between the original master and slave(s)..

Example 4, SLAVE #1 Example 5, SLAVE #2 Example 6, SLAVE #3
SADDRO =00110101 SADDRO = 00110101 SADDRO = 00110101
SADENO =00001111 SADENO =11110011 SADENO = 11000000
Broadcast _ Broadcast _ Broadcast _

Address = 00111111 Address = 11110111 Address = 11110101

Where all ZEROES in the Broadcast address are don’t cares.

Note in the above examples 4, 5, and 6, each slave would recognize as “valid” an address of OXFF as a
broadcast address. Also note that examples 4, 5, and 6 uses the same SADDRO and SADENO register
values as shown in the examples 1, 2, and 3 respectively (slaves #1, 2, and 3). Thus, a master could
address each slave device individually using a masked address, and also broadcast to all three slave
devices. For example, if a Master were to send an address “11110101", only slave #1 would recognize the
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address as valid. If a master were to then send an address of “11111111", all three slave devices would rec-
ognize the address as a valid broadcast address.

Figure 22.7. UART Multi-Processor Mode Interconnect Diagram

Master Slave Slave Slave
Device Device Device | “““ | Device
+5V
RX X RX X RX X RX X
l l Q00O J
@ @ OO0

22.3. Frame and Transmission Error Detection

All Modes:
The Transmit Collision bit (TXCOLO bit in register SCONOQ) reads ‘1’ if user software writes data to the
SBUFO register while a transmit is in progress. Note that the TXCOLO bit is also used as the SM20 bit
when written by user software. This bit does not generate an interrupt.

Modes 1, 2, and 3:

The Receive Overrun bit (RXOVO in register SCONO) reads ‘1’ if a new data byte is latched into the receive
buffer before software has read the previous byte. Note that the RXOVO bit is also used as the SM10 bit
when written by user software. The Frame Error bit (FEO in register SSTAO) reads ‘1’ if an invalid (low)
STOP bit is detected. Note that the FEO bit is also used as the SM0OO bit when written by user software.
The RXOV0 and FEO bits do not generate interrupts.
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23.2.2.9-Bit UART

9-bit UART mode uses a total of eleven bits per data byte: a start bit, 8 data bits (LSB first), a programma-
ble ninth data bit, and a stop bit. The state of the ninth transmit data bit is determined by the value in TB81
(SCONL1.3), which is assigned by user software. It can be assigned the value of the parity flag (bit P in reg-
ister PSW) for error detection, or used in multiprocessor communications. On receive, the ninth data bit
goes into RB81 (SCONL1.2) and the stop bit is ignored.

Data transmission begins when an instruction writes a data byte to the SBUF1 register. The TI1 Transmit
Interrupt Flag (SCONL1.1) is set at the end of the transmission (the beginning of the stop-bit time). Data
reception can begin any time after the REN1 Receive Enable bit (SCONL1.4) is set to ‘1’. After the stop bit
is received, the data byte will be loaded into the SBUF1 receive register if the following conditions are met:
(1) RI1 must be logic 0, and (2) if MCEL1 is logic 1, the 9th bit must be logic 1 (when MCEL1 is logic 0, the
state of the ninth data bit is unimportant). If these conditions are met, the eight bits of data are stored in
SBUF1, the ninth bit is stored in RB81, and the RI1 flag is set to ‘1". If the above conditions are not met,
SBUF1 and RB81 will not be loaded and the RI1 flag will not be set to ‘1’. A UART1 interrupt will occur if
enabled when either TI1 or RI1 is set to ‘1.

Figure 23.5. 9-Bit UART Timing Diagram

MARK START
BIT DO D1 D2 D3 D4 D5 D6 D7 D8 STOP
SPACE — BIT
| ] ] ] ] ] ] ] ] ] ] |
BITTIMES | T T T T T T T T T T 1
T I e
BT SawPLNG | | | | | | | | | | |
®
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Figure 23.7. SCONL1: Serial Port 1 Control Register

R/W R/W R/W R/W R/W R/W R/W R/W Reset Value
SIMODE - | mMcer | REN1 | TB81 | RB81 | Ti1I | RN 01000000
. . . . . . . . Bit
Bit7 Bit6 Bit5 Bit4 Bit3 Bit2 Bitl Bit0 Addressable
SFR Address: 0x98
SFR Page: 1
Bit7: S1MODE: Serial Port 1 Operation Mode.

This bit selects the UART1 Operation Mode.
0: 8-bit UART with Variable Baud Rate.
1: 9-bit UART with Variable Baud Rate.
Bit6: UNUSED. Read = 1b. Write = don't care.
Bit5: MCEZ1: Multiprocessor Communication Enable.
The function of this bit is dependent on the Serial Port 0 Operation Mode.
S1MODE = 0: Checks for valid stop bit.
0: Logic level of stop bit is ignored.
1: RI1 will only be activated if stop bit is logic level 1.
S1MODE = 1: Multiprocessor Communications Enable.
0: Logic level of ninth bit is ignored.
1: RI1 is set and an interrupt is generated only when the ninth bit is logic 1.
Bit4: RENL1: Receive Enable.
This bit enables/disables the UART receiver.
0: UART1 reception disabled.
1: UART1 reception enabled.
Bit3: TB81: Ninth Transmission Bit.
The logic level of this bit will be assigned to the ninth transmission bit in 9-bit UART Mode. It
is not used in 8-bit UART Mode. Set or cleared by software as required.
Bit2: RB81: Ninth Receive Bit.
RB81 is assigned the value of the STOP bit in Mode 0; it is assigned the value of the 9th
data bit in Mode 1.
Bit1: TI1: Transmit Interrupt Flag.
Set by hardware when a byte of data has been transmitted by UART1 (after the 8th bit in 8-
bit UART Mode, or at the beginning of the STOP bit in 9-bit UART Mode). When the UART1
interrupt is enabled, setting this bit causes the CPU to vector to the UARTL1 interrupt service
routine. This bit must be cleared manually by software.
Bit0: RI1: Receive Interrupt Flag.
Set to ‘1’ by hardware when a byte of data has been received by UART1 (set at the STOP bit
sampling time). When the UART1 interrupt is enabled, setting this bit to ‘1’ causes the CPU
to vector to the UART1 interrupt service routine. This bit must be cleared manually by soft-
ware.
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25.1. PCA Counter/Timer

The 16-bit PCA counter/timer consists of two 8-bit SFRs: PCAOL and PCAOH. PCAOQH is the high byte
(MSB) of the 16-bit counter/timer and PCAOL is the low byte (LSB). Reading PCAOL automatically latches
the value of PCAQH into a “snapshot” register; the following PCAOH read accesses this “snapshot” register.
Reading the PCAOL Register first guarantees an accurate reading of the entire 16-bit PCAO counter. Read-
ing PCAOH or PCAOL does not disturb the counter operation. The CPS2-CPSO0 bits in the PCAOMD regis-
ter select the timebase for the counter/timer as shown in Table 25.1.

When the counter/timer overflows from OxFFFF to 0x0000, the Counter Overflow Flag (CF) in PCAOMD is
set to logic 1 and an interrupt request is generated if CF interrupts are enabled. Setting the ECF bit in
PCAOMD to logic 1 enables the CF flag to generate an interrupt request. The CF bit is not automatically
cleared by hardware when the CPU vectors to the interrupt service routine, and must be cleared by soft-
ware (Note: PCAO interrupts must be globally enabled before CF interrupts are recognized. PCAO inter-
rupts are globally enabled by setting the EA bit (IE.7) and the EPCAO bit in EIE1 to logic 1). Clearing the
CIDL bit in the PCAOMD register allows the PCA to continue normal operation while the CPU is in Idle
mode.

Table 25.1. PCA Timebase Input Options

CPS2 CPSs1 CPSO Timebase
0 0 0 System clock divided by 12
0 0 1 System clock divided by 4
0 1 0 Timer 0 overflow
0 1 1 High-to-low transitions on ECI (max rate = system clock divided
by 4)
1 0 0 System clock
1 0 1 External oscillator source divided by 8 (synchronized with sys-
tem clock)
Figure 25.2. PCA Counter/Timer Block Diagram
IDLE E
PCAOMD PCAOCN
C|W|w| |C|C|C|E C|C|C|C|C|C|C|C
1{D|D| |P[P|P|C F[R|C|C|C|C|C|C
D|T|L| [s|s|s|F F|F|F|F|F|F
L|E[c| [2]1]o 54|3|2[1[o0 [ >TosFRBus
K PCAOL
J —— 7 read
L Snapshot
Ny Register
SYSCLK/12 000 PN
SYSCLK/4 001
Timer 0 Overflow
ECl 010 O} Oo—b PCAOH PCAOL —I:VOVE”IDW To PCA Interrupt System
——» 011 1
SYSCLK 100 CF
External Clock/8 101 o PCA Modules
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