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6.4.1. Window Detector Example

Figure 6.6 shows two example window comparisons for right-justified, single-ended data, with
ADCOLTH:ADCOLTL = 0x0080 (128d) and ADCOGTH:ADCOGTL = 0x0040 (64d). The input voltage can
range from 0 to VREF x (1023/1024) with respect to GND, and is represented by a 10-bit unsigned integer
value. In the left example, an ADOWINT interrupt will be generated if the ADCO conversion word
(ADCOH:ADCOL) is within the range defined by ADCOGTH:ADCOGTL and ADCOLTH:ADCOLTL
(if Ox0040 < ADCOH:ADCOL < 0x0080). In the right example, and ADOWINT interrupt will be generated if
the ADCO conversion word is outside of the range defined by the ADCOGT and ADCOLT registers
(if ADCOH:ADCOL < 0x0040 or ADCOH:ADCOL > 0x0080). Figure 6.7 shows an example using left-justi-
fied data with the same comparison values.

ADCOH ADCOL
Input Volkage L Input Voltags
(AIN - GND) it
VREF x (1023 0x03FF WREF x (1023
1024) 1024)
ADKWIRT it
not affected NT=1
T8 1
VREF x (128/1024) TheDOBD0 -—{ ADCOLTH ADCOLTL j VREF x (128(1024) |  Ox0080 ,.._| mommmmsn]
ADOWNT=1 i ADGWINT
041 not affectad
WREF % (B411024) D040 -—| Anonﬁ’lH-Aan'rL] WREF x (64/1024) w0040 4—| ADCOLTHADCOLTL |
E3F
ADDWINT ADFMNT=1
not aflected
a D000 ]

Figure 6.6. ADC Window Compare Example: Right-Justified Data
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Figure 6.7. ADC Window Compare Example: Left-Justified Data
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SFR Definition 8.2. CPTOMD: ComparatorO Mode Selection

Bit 7 6 5 4 3 2 1 0
Name CPORIE CPOFIE CPOMDI1:0]
Type R R RIW RIW R R R/W
Reset 0 0 0 0 0 0 1 0

SFR Address = 0x9D; SFR Page = All Pages

Bit

Name

Function

7:6

Unused

Read = 00b, Write = don't care.

5

CPORIE

Comparator0 Rising-Edge Interrupt Enable.
0: Comparator0O Rising-edge interrupt disabled.
1: ComparatorO Rising-edge interrupt enabled.

CPOFIE

Comparator0 Falling-Edge Interrupt Enable.
0: ComparatorO Falling-edge interrupt disabled.
1: ComparatorO Falling-edge interrupt enabled.

3:2

Unused

Read = 00b, Write = don't care.

1:0

CPOMD[1:0]

Comparator0 Mode Select.

These bits affect the response time and power consumption for ComparatorO.
00: Mode 0 (Fastest Response Time, Highest Power Consumption)

01: Mode 1

10: Mode 2

11: Mode 3 (Slowest Response Time, Lowest Power Consumption)

64
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Table 11.1. CIP-51 Instruction Set Summary (Continued)

Mnemonic Description Bytes Clock

Cycles
ANL C, bit AND direct bit to Carry 2 2
ANL C, /bit AND complement of direct bit to Carry 2 2
ORL C, bit OR direct bit to carry 2 2
ORL C, /bit OR complement of direct bit to Carry 2 2
MOV C, bit Move direct bit to Carry 2 2
MOV bhit, C Move Carry to direct bit 2 2

Program Flow

Timings are listed with the PFE on and FLRT = 0. Extra cycles are required for branches if FLRT = 1.

JC rel Jump if Carry is set 2 2/4
JNC rel Jump if Carry is not set 2 2/4
JB bit, rel Jump if direct bit is set 3 3/5
JNB bit, rel Jump if direct bit is not set 3 3/5
JBC hit, rel Jump if direct bit is set and clear bit 3 3/5
ACALL addr11 Absolute subroutine call 2 4
LCALL addri6 Long subroutine call 3 5
RET Return from subroutine 1 6
RETI Return from interrupt 1 6
AJMP addr1l Absolute jump 2 4
LIMP addrl6 Long jump 3 5
SJIMP rel Short jump (relative address) 2 4
JMP @A+DPTR Jump indirect relative to DPTR 1 4
JZ rel Jump if A equals zero 2 2/4
JINZ rel Jump if A does not equal zero 2 2/4
CINE A, direct, rel Compare direct byte to A and jump if not equal 3 4/6
CJINE A, #data, rel Compare immediate to A and jump if not equal 3 3/5
CJINE Rn, #data, rel Compare immediate to Register and jump if not 3 3/5
equal
CJINE @RI, #data, rel Compare immediate to indirect and jump if not 3 4/6
equal
DJNZ Rn, rel Decrement Register and jump if not zero 2 2/4
DJNZ direct, rel Decrement direct byte and jump if not zero 3 3/5
NOP No operation 1 1
y Rev. 1.1 79
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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 (Ox80—0xFF).

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

addrll - 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.

addrl16 - 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.
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12. Prefetch Engine

The C8051F388/9/A/B family of devices incorporate a 2-byte prefetch engine. Because the access time of
the Flash memory is 40 ns, and the minimum instruction time is roughly 20 ns, the prefetch engine is nec-
essary for full-speed code execution. Instructions are read from Flash memory two bytes at a time by the
prefetch engine and given to the CIP-51 processor core to execute. When running linear code (code with-
out any jumps or branches), the prefetch engine allows instructions to be executed at full speed. When a
code branch occurs, the processor may be stalled for up to two clock cycles while the next set of code
bytes is retrieved from Flash memory. It is recommended that the prefetch be used for optimal code execu-
tion timing.

Note: The prefetch engine can be disabled when the device is in suspend mode to save power.

SFR Definition 12.1. PFEOCN: Prefetch Engine Control

Bit 7 6 5 4 3 2 1 0
Name PFEN FLBWE
Type R R RIW R R R R RIW
Reset 0 0 1 0 0 0 0 0

SFR Address = OxAF; SFR Page = All Pages
Bit Name Function

7:6 | Unused |Read = 00b, Write = don't care.

5 PFEN Prefetch Enable.

This bit enables the prefetch engine.
0: Prefetch engine is disabled.
1: Prefetch engine is enabled.

4:1 | Unused |Read = 0000b. Write = don’t care.

0 FLBWE |Flash Block Write Enable.

This bit allows block writes to Flash memory from software.
0: Each byte of a software Flash write is written individually.
1: Flash bytes are written in groups of two.
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14.6.2.3. 8-bit MOVX with Bank Select: EMIOCF[4:2] = 010

Muxed S-bit VWRITE with Bank Select

ADDR[15:8] P2 ;{ EMIF ADDRESS (8 MSBs) from EMIOCH ::{ F3
i /" EMIF ADDRESS (8 LSBs) from Y/ W
. Pa EMIF WRITE DATA P4
AR A RO crR1 A A
| T.I'I.I_F!'i h‘- B '-T.NF! L
ALE Pi.3 W \ ”"r F1.3
k 1;'-(;(:3 e TNH
e— 'acs h]( Lo e »
VR T | \ / Y ez
. Fi .
RD P | A P16
i\
Mued B-bit READ with Bank Select
ADDR{15:5] P ::{ EMIF ADDRESS (8 MSBs) from EMIOCN :::: Pa
: \\ EMIF ADDRESS (& LSBs) from | l
AD[T:0] P4 1 RO o R1 | EMIF READ DATA 9 P4
—— v‘- T —» —T T, -
ALE P1.3 1" \ P1.3
i
ol TM,.‘-- )-I( TMW L] TMJJ »
H#J P1.6 ”r : . -Il'r FP1.6
\ / ___
W Pz Y Y ez
- ez
Figure 14.9. Multiplexed 8-bit MOVX with Bank Select Timing
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17.6. PCA Watchdog Timer Reset

The programmable Watchdog Timer (WDT) function of the Programmable Counter Array (PCA) can be
used to prevent software from running out of control during a system malfunction. The PCA WDT function
can be enabled or disabled by software as described in Section “26.4. Watchdog Timer Mode” on
page 269; the WDT is enabled and clocked by SYSCLK / 12 following any reset. If a system malfunction
prevents user software from updating the WDT, a reset is generated and the WDTRSF bit (RSTSRC.5) is
set to 1. The state of the RST pin is unaffected by this reset.

17.7. Flash Error Reset

If a Flash program read, write, or erase operation targets an illegal address, a system reset is generated.
This may occur due to any of the following:

m Programming hardware attempts to write or erase a Flash location which is above the user code space
address limit.

m A Flash read from firmware is attempted above user code space. This occurs when a MOVC operation
is attempted above the user code space address limit.

m A Program read is attempted above user code space. This occurs when user code attempts to branch
to an address above the user code space address limit.

m A Flash read, write, or erase attempt is restricted due to a Flash security setting.
m A Flash write or erase is attempted when the Vpp monitor is not enabled.

The FERROR bit (RSTSRC.6) is set following a Flash error reset. The state of the RST pin is unaffected by
this reset.

17.8. Software Reset

Software may force a reset by writing a 1 to the SWRSF bit (RSTSRC.4). The SWRSF bit will read 1 fol-
lowing a software forced reset. The state of the RST pin is unaffected by this reset.

> Rev. 1.1 127
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20. Port Input/Output

Digital and analog resources are available through 40 1/O pins (C8051F388/A) or 25 1/O pins (C8051F389/
B). Port pins are organized as shown in Figure 20.1. Each of the Port pins can be defined as general-pur-
pose /0O (GPIO) or analog input; Port pins P0.0-P3.7 can be assigned to one of the internal digital
resources as shown in Figure 20.3. The designer has complete control over which functions are assigned,
limited only by the number of physical I/O pins. This resource assignment flexibility is achieved through the
use of a Priority Crossbar Decoder. Note that the state of a Port /O pin can always be read in the corre-
sponding Port latch, regardless of the Crossbar settings.

The Crossbar assigns the selected internal digital resources to the 1/O pins based on the Priority Decoder
(Figure 20.3 and Figure 20.4). The registers XBR0O, XBR1, and XBR2 defined in SFR Definition 20.1, SFR
Definition 20.2, and SFR Definition 20.3, are used to select internal digital functions.

All Port I/Os are 5 V tolerant (refer to Figure 20.2 for the Port cell circuit). The Port I/O cells are configured
as either push-pull or open-drain in the Port Output Mode registers (PnMDOUT, where n = 0,1,2,3,4).

XBRD, XBR1, XBRZ. PrdbADOUT,
PnSKIP Registers PrtiDIM Registers

w

Priority
L Decoder
Highest I:- I .
Priority UARTO [« /-I o W
sPl fe—=£ » 8, PO H Fo.0
MEUST [ * Cells FO.7
%_; CPO 2p -
,g_'l Outputs . thal a/ P1 ﬂ P1.0
i - » D .
L] R 2y _| Crossbar < .
3| Lowss 7 coef———{R) 717
= | SYSCLK .
: F———X o
L} B —y Wo .
= FCA  [e—p > + + o . )
TO. T1 ra
| UART1 }: },‘ > 8, P3 ﬂ F3.0
+ o D .
Lowest 2 7
Pricety SMBus1 b ,/ » MliH P37
g = .
PO |P1:I_I:-F‘E?|
‘_
)
§ F1 (P1.0-P1.7)
5 ‘-~
L 8
:13 Pz | ipzopiT P2 1-P3.T only available on 48-pin
- — packages
)
P3 (F3.0-P3TY
—

Figure 20.1. Port I/O Functional Block Diagram (Port O through Port 3)
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21. SMBusO and SMBus1 (I2C Compatible)

The SMBus I/O interface is a two-wire, bi-directional serial bus. The SMBus is compliant with the System

Management Bus Specification, version 1.1, and compatible with the 12C serial bus. The C8051F388/9/A/B
devices contain two SMBus interfaces, SMBus0 and SMBus1.

Reads and writes to the SMBus by the system controller are byte oriented with the SMBus interface auton-
omously controlling the serial transfer of the data. Data can be transferred at up to 1/20th of the system
clock as a master or slave (this can be faster than allowed by the SMBus specification, depending on the
system clock used). A method of extending the clock-low duration is available to accommodate devices
with different speed capabilities on the same bus.

The SMBus may operate as a master and/or slave, and may function on a bus with multiple masters. The
SMBus provides control of SDA (serial data), SCL (serial clock) generation and synchronization, arbitration
logic, and START/STOP control and generation. The SMBus peripherals can be fully driven by software
(i.e., software accepts/rejects slave addresses, and generates ACKs), or hardware slave address recogni-
tion and automatic ACK generation can be enabled to minimize software overhead. A block diagram of the
SMBusO0 peripheral and the associated SFRs is shown in Figure 21.1. SMBusl1 is identical, with the excep-
tion of the available timer options for the clock source, and the timer used to implement the SCL low time-
out feature. Refer to the specific SFR definitions for more details.

SMBOCN SMBOCF
M|T 5|5 |A A A S GNEEEEEE
AX[T|T|ICR|C| ] M ML X B M
SIM[A O KB K S5|H|S|T|&|B&|B|B
TO R|L M| [¥|H|T|F|CIC
E[D Qo B oo|T|S5 S
R|E 5 L|E|E|1 |0
T =]
I YYYY Y Y] r
(1] TO Orverflow
ol T1 Overlleow ( SMBUs0) of TS Overflow (SMBus1)
10 TMRZH Overflow
i1 TMRE 2L Orverflow
Yy b YY|rvw L T "~
— 5-.‘..-1B|..|5 CONTROL LOGIC \—g
Interrupt @ Arbilralicn |
Flequest & SCL Synchronization
& SCL Generation (Master Mode) SCL
& SO0 Conlral Contrad

& Hardware Slave Address Recognition
& Hardware ACK Generation

DR @GO O DD

& IRQ Generation Dt Fath S0 > Pett IO
Contral Conirol
F3 Fy F 3 F3 Fy
h
SMBODAT =
\ [EEREENRT) |+ FiLTER X
HHEEEEEE [ -
LjL|LjLL|L|L
WIVVIVIVVIY
G|5|4]|3|2(1|0 ]
SMBOADR "
Figure 21.1. SMBus Block Diagram
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SFR Definition 21.11. SMB1DAT: SMBus Data

Bit 7 6 4 3
Name SMB1DAT[7:0]
Type R/W
Reset 0 0 0 0

SFR Address = 0xC2; SFR Page = F
Bit Name Function

7:0 | SMB1DAT[7:0]

SMBus1 Data.

The SMB1DAT register contains a byte of data to be transmitted on the SMBus1
serial interface or a byte that has just been received on the SMBus1 serial inter-
face. The CPU can read from or write to this register whenever the SI1 serial inter-
rupt flag (SMB1CN.0) is set to logic 1. The serial data in the register remains stable
as long as the Sl1 flag is set. When the Sl1 flag is not set, the system may be in the
process of shifting data in/out and the CPU should not attempt to access this regis-

ter.
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SFR Definition 23.1. SCON1: UART1 Control

Bit 7 6 5 4 3 2 1 0
Name OVR1 PERR1 THRE1 REN1 TBX1 RBX1 TI1 RI1
Type R/W R/W R R/W R/W R/W R/W R/W
Reset 0 0 1 0 0 0 0 0

SFR Address = 0xD2; SFR Page = All Pages

Bit Name Function
7 OVR1 Receive FIFO Overrun Flag.
This bit indicates a receive FIFO overrun condition, where an incoming character is discarded
due to a full FIFO. This bit must be cleared to 0 by software.
0: Receive FIFO Overrun has not occurred.
1: Receive FIFO Overrun has occurred.
6 PERR1 |Parity Error Flag.
When parity is enabled, this bit indicates that a parity error has occurred. It is set to 1 when the
parity of the oldest byte in the FIFO does not match the selected Parity Type. This bit must be
cleared to 0 by software.
0: Parity Error has not occurred.
1: Parity Error has occurred.
5 THRE1 |Transmit Holding Register Empty Flag.
0: Transmit Holding Register not Empty - do not write to SBUF1.
1: Transmit Holding Register Empty - it is safe to write to SBUF1.
4 REN1 Receive Enable.
This bit enables/disables the UART receiver. When disabled, bytes can still be read from the
receive FIFO.
0: UART1 reception disabled.
1: UART1 reception enabled.
3 TBX1 Extra Transmission Bit.
The logic level of this bit will be assigned to the extra transmission bit when XBE1 = 1. This bit is
not used when Parity is enabled.
2 RBX1 Extra Receive Bit.
RBX1 is assigned the value of the extra bit when XBE1 = 1. If XBEL1 is cleared to 0, RBX1 is
assigned the logic level of the first stop bit. This bit is not valid when Parity is enabled.
1 TI1 Transmit Interrupt Flag.
Set to a 1 by hardware after data has been transmitted at the beginning of the STOP bit. When
the UART1 interrupt is enabled, setting this bit causes the CPU to vector to the UART1 interrupt
service routine. This bit must be cleared manually by software.
0 RI1 Receive Interrupt Flag.
Set to 1 by hardware when a byte of data has been received by UART1 (set at the STOP bit sam-
pling 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 software. Note that
RI1 will remain set to '1' as long as there is still data in the UART FIFO. After the last byte has
been shifted from the FIFO to SBUF1, RI1 can be cleared.
206 Rev. 1.1 9
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1 at the end of the transfer. If interrupts are enabled, an interrupt request is generated when the SPIF flag
is set. While the SPIO master transfers data to a slave on the MOSI line, the addressed SPI slave device
simultaneously transfers the contents of its shift register 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, SPIO 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.Q) are set to 0 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 24.2 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 24.3
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 24.4 shows a connection diagram for a master device in
4-wire master mode and two slave devices.

[ESS GRO
WIS L o BASD
Master ” Master
Device 1 . oleaak Device 2
GRICH i MES

Figure 24.2. Multiple-Master Mode Connection Diagram

Device wmsoj« wmso  Device
oK M SCK

Figure 24.3. 3-Wire Single Master and 3-Wire Single Slave Mode Connection Diagram
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Figure 25.2. TO Mode 2 Block Diagram

25.1.4. Mode 3: Two 8-bit Counter/Timers (Timer 0 Only)

In Mode 3, Timer O is configured as two separate 8-bit counter/timers held in TLO and THO. The
counter/timer in TLO is controlled using the Timer O control/status bits in TCON and TMOD: TRO, C/TO,
GATEO and TFO. TLO can use either the system clock or an external input signal as its timebase. The THO
register is restricted to a timer function sourced by the system clock or prescaled clock. THO is enabled
using the Timer 1 run control bit TR1. THO sets the Timer 1 overflow flag TF1 on overflow and thus controls
the Timer 1 interrupt.

Timer 1 is inactive in Mode 3. When Timer O is operating in Mode 3, Timer 1 can be operated in Modes 0,
1 or 2, but cannot be clocked by external signals nor set the TF1 flag and generate an interrupt. However,
the Timer 1 overflow can be used to generate baud rates or overflow conditions for other peripherals.
While Timer O is operating in Mode 3, Timer 1 run control is handled through its mode settings. To run
Timer 1 while Timer 0 is in Mode 3, set the Timer 1 Mode as 0, 1, or 2. To disable Timer 1, configure it for
Mode 3.

y Rev. 1.1 229

SILICON LABS



C8051F388/9/A/B

SFR Definition 25.7. THO: Timer 0 High Byte

Bit 7 6 5 4 0
Name THO[7:0]
Type R/W
Reset 0 0 0 0 0
SFR Address = 0x8C; SFR Page = All Pages
Bit Name Function
7:0 | THO[7:0] |Timer O High Byte.
The THO register is the high byte of the 16-bit Timer O.
SFR Definition 25.8. TH1: Timer 1 High Byte
Bit 7 6 5 4 0
Name TH1[7:0]
Type R/W
Reset 0 0 0 0 0
SFR Address = 0x8D; SFR Page = All Pages
Bit Name Function
7:0 | TH1[7:0] |Timer 1 High Byte.
The TH1 register is the high byte of the 16-bit Timer 1.
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SFR Definition 25.13. TMR2H Timer 2 High Byte

Bit 7 6 5 4 3 2 1 0
Name TMR2H[7:0]
Type R/W
Reset 0 0 0 0 0 0 0 0
SFR Address = OxCD; SFR Page =0
Bit Name Function
7:0 | TMR2H[7:0] | Timer 2 Low Byte.

In 16-bit mode, the TMR2H register contains the high byte of the 16-bit Timer 2. In 8-
bit mode, TMR2H contains the 8-bit high byte timer value.
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25.3. Timer 3

Timer 3 is a 16-bit timer formed by two 8-bit SFRs: TMR3L (low byte) and TMR3H (high byte). Timer 3 may
operate in 16-bit auto-reload mode, (split) 8-bit auto-reload mode, or Low-Frequency Oscillator (LFO) Ris-
ing Edge capture mode. The Timer 3 operation mode is defined by the T3SPLIT (TMR3CN.3), T3CE
(TMR3CN.4) bits, and T3CSS (TMR3CN.1) bits.

Timer 3 may be clocked by the system clock, the system clock divided by 12, or the external oscillator
source divided by 8. The external clock mode is ideal for real-time clock (RTC) functionality, where the
internal oscillator drives the system clock while Timer 3 (and/or the PCA) is clocked by an external preci-
sion oscillator. Note that the external oscillator source divided by 8 is synchronized with the system clock.

25.3.1. 16-bit Timer with Auto-Reload

When T3SPLIT (TMR3CN.3) is zero, Timer 3 operates as a 16-bit timer with auto-reload. Timer 3 can be
clocked by SYSCLK, SYSCLK divided by 12, or the external oscillator clock source divided by 8. As the
16-bit timer register increments and overflows from OxFFFF to 0x0000, the 16-bit value in the Timer 3
reload registers (TMR3RLH and TMR3RLL) is loaded into the Timer 3 register as shown in Figure 25.8,
and the Timer 3 High Byte Overflow Flag (TMR3CN.7) is set. If Timer 3 interrupts are enabled (if EIE1.7 is
set), an interrupt will be generated on each Timer 3 overflow. Additionally, if Timer 3 interrupts are enabled
and the TF3LEN bit is set (TMR3CN.5), an interrupt will be generated each time the lower 8 bits (TMR3L)
overflow from OxFF to 0x00.

CHICON
TITIT|TIT|T[SHS
ﬂ! 2|2(1 Giﬂ
TIXCLK A ALA
l LiH|L 110
SYSCLK /12 —— 0 — ToADC
0
External Clock / 8 1 b " TMR3L | TMR3H e '_':)-‘_D_ inbeerupt
Ay = [ TF3LEH |—
SYSCLK 1 5;:;
| i= o
[ TORCLR |
TMRIRLL | TMRIRLH [«
Redoad
Figure 25.8. Timer 3 16-Bit Mode Block Diagram
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25.3.2. 8-bit Timers with Auto-Reload

When T3SPLIT is 1 and T3CE = 0, Timer 3 operates as two 8-bit timers (TMR3H and TMR3L). Both 8-bit
timers operate in auto-reload mode as shown in Figure 25.9. TMR3RLL holds the reload value for TMR3L;
TMR3RLH holds the reload value for TMR3H. The TR3 bit in TMR3CN handles the run control for TMR3H.
TMR3L is always running when configured for 8-bit Mode.

Each 8-bit timer may be configured to use SYSCLK, SYSCLK divided by 12, or the external oscillator clock
source divided by 8. The Timer 3 Clock Select bits (T3MH and T3ML in CKCON) select either SYSCLK or
the clock defined by the Timer 3 External Clock Select bit (T3XCLK in TMR3CN), as follows:

T3MH T3XCLK | TMR3H Clock Source T3ML T3XCLK | TMR3L Clock Source
0 SYSCLK /12 0 0 SYSCLK /12
External Clock / 8 0 1 External Clock / 8
X SYSCLK 1 X SYSCLK

The TF3H bit is set when TMR3H overflows from OxFF to 0x00; the TF3L bit is set when TMR3L overflows
from OxFF to 0x00. When Timer 3 interrupts are enabled, an interrupt is generated each time TMR3H over-
flows. If Timer 3 interrupts are enabled and TF3LEN (TMR3CN.5) is set, an interrupt is generated each
time either TMR3L or TMR3H overflows. When TF3LEN is enabled, software must check the TF3H and
TF3L flags to determine the source of the Timer 3 interrupt. The TF3H and TF3L interrupt flags are not
cleared by hardware and must be manually cleared by software.

T3XCLK
Feload
‘\lH TMR3IRLH
SYSCLK /12 —— 0
l —= To ADC
b
Exterral Clock /1 8§ ——— 4 TCLE
L~ TMR3H -; _}FF\%'_'_ _L)_'_E_F Inbemupt
TEALEH j A
Z [ TaCE |
- 2 [Pl
Fesload Lo
TMR3IRLL = es
SYSCLK [ T3RCLK
1
q 7
TCLK | TMRAL
L~

Figure 25.9. Timer 3 8-Bit Mode Block Diagram

25.3.3. Timer 3 Capture Modes: LFO Falling Edge

When T3CE = 1, Timer 3 will operate in a special capture mode with the LFO (T3CSS is setto 1). The LFO
falling-edge capture mode can be used to calibrate the internal Low-Frequency Oscillator against the inter-
nal High-Frequency Oscillator or an external clock source. When T3SPLIT = 0, Timer 3 counts up and
overflows from OxFFFF to 0x0000. Each time a capture event is received, the contents of the Timer 3 reg-
isters (TMR3H:TMR3L) are latched into the Timer 3 Reload registers (TMR3RLH: TMR3RLL). A Timer 3
interrupt is generated if enabled.
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26.1. PCA Counter/Timer

The 16-bit PCA counter/timer consists of two 8-bit SFRs: PCAOL and PCAOH. PCAOH 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 PCAQOH 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.
Reading PCAOH or PCAOL does not disturb the counter operation. The CPS2—CPSO0 bits in the PCAOMD
register select the timebase for the counter/timer as shown in Table 26.1.

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. Clearing the CIDL bit in the PCAOMD register allows the PCA to continue normal operation while the
CPU is in Idle mode.

Table 26.1. PCA Timebase Input Options

CPS2 CPs1 CPSO |[Timebase

0 System clock divided by 12

System clock divided by 4

Timer 0 overflow

High-to-low transitions on ECI (max rate = system clock divided
by 4)

System clock

External oscillator source divided by 8

1 X Reserved

Note: External oscillator source divided by 8 is synchronized with the system clock.
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Extermal Clockd > 10’{_ '.\Tam
.f"'#f
Figure 26.2. PCA Counter/Timer Block Diagram
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26.3.3. High-Speed Output Mode

In High-Speed Output mode, a module’s associated CEXn pin is toggled each time a match occurs
between the PCA Counter and the module's 16-bit capture/compare register (PCAOCPHn and
PCAOCPLnN). When a match occurs, the Capture/Compare Flag (CCFn) in PCAOCN is set to logic 1. An
interrupt request is generated if the CCFn interrupt for that module is enabled. The CCFn bit is not auto-
matically cleared by hardware when the CPU vectors to the interrupt service routine, and must be cleared
by software. Setting the TOGn, MATn, and ECOMn bits in the PCAOCPMn register enables the High-
Speed Output mode. If ECOMn is cleared, the associated pin will retain its state, and not toggle on the next
match event.

Important Note About Capture/Compare Registers: When writing a 16-bit value to the PCAO Cap-
ture/Compare registers, the low byte should always be written first. Writing to PCAOCPLn clears the
ECOMN bit to 0; writing to PCAOCPHnN sets ECOMn to 1.

iite to

PCADCHN
= QO
PCADCPLN PCADCPHN [ - e
F|F|F|Fi
Ji Ji 413 21|

Encbie, 16-hit Cormparator
s> PoAOL PCAOH

Figure 26.6. PCA High-Speed Output Mode Diagram
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