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SFR Definition 27.9. TMR2RLL: Timer 2 Reload Register Low Byte

Bit 7 6 5 4 3
Name TMRZRLL[?ZO]
Reset 0 0 0 0 0

SFR Address = OxCA; SFR Page = 0x00
Bit Name Function

7:0 | TMR2RLL[7:0]

Timer 2 Reload Register Low Byte.

TMR2RLL holds the low byte of the reload value for Timer 2.

SFR Definition 27.10. TMR2RLH: Timer 2 Reload Register High Byte

Bit 7 6 5 4 3
Name TMR2RLH[7:0]
Reset 0 0 0 0 0

SFR Address = OxCB; SFR Page = 0x00
Bit Name Function

7:0 | TMR2RLH[7:0]

Timer 2 Reload Register High Byte.

TMR2RLH holds the high byte of the reload value for Timer 2.
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SFR Definition 27.11. TMR2L: Timer 2 Low Byte

Bit 7 6 5 4 3 1 0
Name TMRZL[?:O]
Reset 0 0 0 0 0 0 0
SFR Address = OxCC; SFR Page = 0x00
Bit Name Function
7:0 | TMR2L[7:0] | Timer 2 Low Byte.

In 16-bit mode, the TMR2L register contains the low byte of the 16-bit Timer 2. In 8-
bit mode, TMR2L contains the 8-bit low byte timer value.

SFR Definition 27.12. TMR2H Timer 2 High Byte

Bit 7 6 5 4 3 1 0
Reset 0 0 0 0 0 0 0
SFR Address = OxCD; SFR Page = 0x00
Bit Name Function
7:0 | TMR2H[7:0] | Timer 2 High 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.
B
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27.3. 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 or (split) 8-bit auto-reload mode. The T3SPLIT bit (TMR3CN.3) defines
the Timer 3 operation mode.

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.

27.3.1. 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 27.7,
and the Timer 3 High Byte Overflow Flag (TMR3CN.7) is set. If Timer 3 interrupts are enabled, 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.

CKCON
T[T]T[T[T[T[S[S
3|3|2|2|1|0|C|C
T3XCLK  [MIMM[M|M|M|A|A
l H|L|H|L 1|0
To ADC,
SYSCLK /12 — 0 s To SMBus VB
Overflow
— 0
TR3 TCLK —
External Clock /8 —— 1 TMR3L TMR3H -'ll—";%E Interrupt
SHTEREY
(%)
SYSCLK ! @ [TT3SPLIT
ERe 11—
T3XCLK
TMR3RLL [ TMR3RLH [«
Reload

Figure 27.7. Timer 3 16-Bit Mode Block Diagram

27.3.2. 8-bit Timers with Auto-Reload

When T3SPLIT is set, Timer 3 operates as two 8-bit timers (TMR3H and TMR3L). Both 8-bit timers oper-
ate in auto-reload mode as shown in Figure 27.8. 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 0 SYSCLK/12 0 0 SYSCLK/12
0 1 External Clock/8 0 1 External Clock/8
1 X SYSCLK 1 X SYSCLK
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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.

CKCON
T[T[[T[r]T]s[s
T3XCLK 3|3|2|2|1|0|C|C
M{MM[M|M[M|A|A Reload
l HILIHIL 1lo TMR3RLH [« » To SMBus

SYSCLK/12 —— 0 \Fl

External Clock /8 —— 1 TCLK
TR3 TMR3H ; -'II—'IF::gE Interrupt
1 TF3LEN
Z | TF3CEN
Q [T3sPLIT
¥ [ TRs
TMR3RLL [Kel°ad s
SYSCLK r F[T3xXCIK
1 ll
TCLK _ To ADC,
IREL > SMBus
0

Figure 27.8. Timer 3 8-Bit Mode Block Diagram

27.3.3. External Oscillator Capture Mode

Capture Mode allows the external oscillator to be measured against the system clock. Timer 3 can be
clocked from the system clock, or the system clock divided by 12, depending on the T3ML (CKCON.6),
and T3XCLK bits. When a capture event is generated, the contents of Timer 3 (TMR3H:TMR3L) are
loaded into the Timer 3 reload registers (TMR3RLH:TMR3RLL) and the TF3H flag is set. A capture event
is generated by the falling edge of the clock source being measured, which is the external oscillator/8. By
recording the difference between two successive timer capture values, the external oscillator frequency
can be determined with respect to the Timer 3 clock. The Timer 3 clock should be much faster than the
capture clock to achieve an accurate reading. Timer 3 should be in 16-bit auto-reload mode when using

Capture Mode.

If the SYSCLK is 24 MHz and the difference between two successive captures is 5861, then the external
clock frequency is as follows:

24 MHz/(5861/8) = 0.032754 MHz or 32.754 kHz

This mode allows software to determine the external oscillator frequency when an RC network or capacitor
is used to generate the clock source.
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CKCON
T[T[T|T|T|T|S|S
3(3|2[2[1]|0|C|C
T3XCLK  [M[M[M[M[M]|M]|A]|A
l H|L|H|L 1|0
SYSCLK/12 —— 0 l
— 0
TR3 TCLK
External Clock /8 —— 1 TMR3L TMR3H
SYSCLK —8m ™1 Capture
TF3CEN
TMR3RLL [ TMR3RLH » TF3H |—> Interrupt
External Clock / 8 K2 =
5 [TF3LEN
™ [ TF3CEN ——»
[ T3SPLIT
FCRE +——>
T3XCLK —»

Figure 27.9. Timer 3 External Oscillator Capture Mode Block Diagram
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SFR Definition 27.13. TMR3CN: Timer 3 Control

Bit 7 6 5 4 3 2 1 0
Name TF3H TF3L TF3LEN | TF3CEN | T3SPLIT TR3 T3XCLK
Type R/W R/W R/W R/W R/W R/W R R/W
Reset 0 0 0 0 0 0 0 0

SFR Address = 0x91; SFR Page = 0x00

Bit Name Function

7 TF3H Timer 3 High Byte Overflow Flag.
Set by hardware when the Timer 3 high byte overflows from OxFF to 0x00. In 16 bit
mode, this will occur when Timer 3 overflows from OXFFFF to 0x0000. When the
Timer 3 interrupt is enabled, setting this bit causes the CPU to vector to the Timer 3
interrupt service routine. This bit is not automatically cleared by hardware.

6 TF3L Timer 3 Low Byte Overflow Flag.
Set by hardware when the Timer 3 low byte overflows from OxFF to 0x00. TF3L will
be set when the low byte overflows regardless of the Timer 3 mode. This bit is not
automatically cleared by hardware.

5 TF3LEN |Timer 3 Low Byte Interrupt Enable.
When set to 1, this bit enables Timer 3 Low Byte interrupts. If Timer 3 interrupts are
also enabled, an interrupt will be generated when the low byte of Timer 3 overflows.

4 TF3CEN |Timer 3 Capture Mode Enable.
0: Timer 3 Capture Mode is disabled.
1: Timer 3 Capture Mode is enabled.

3 T3SPLIT |Timer 3 Split Mode Enable.
When this bit is set, Timer 3 operates as two 8-bit timers with auto-reload.
0: Timer 3 operates in 16-bit auto-reload mode.
1: Timer 3 operates as two 8-bit auto-reload timers.

2 TR3 Timer 3 Run Control.
Timer 3 is enabled by setting this bit to 1. In 8-bit mode, this bit enables/disables
TMR3H only; TMR3L is always enabled in split mode.

1 Unused Read = Ob; Write = Don’t Care

0 T3XCLK | Timer 3 External Clock Select.
This bit selects the external clock source for Timer 3. If Timer 3 is in 8-bit mode, this
bit selects the external oscillator clock source for both timer bytes. However, the
Timer 3 Clock Select bits (T3MH and T3ML in register CKCON) may still be used to
select between the external clock and the system clock for either timer.
0: Timer 3 clock is the system clock divided by 12.
1: Timer 3 clock is the external clock divided by 8 (synchronized with SYSCLK).
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SFR Definition 27.14. TMR3RLL: Timer 3 Reload Register Low Byte

Bit 7 6 5 4 3
Name TMR3RLL[7ZO]
Reset 0 0 0 0 0

SFR Address = 0x92; SFR Page = 0x00
Bit Name Function

7:0 | TMR3RLL[7:0]

Timer 3 Reload Register Low Byte.

TMR3RLL holds the low byte of the reload value for Timer 3.

SFR Definition 27.15. TMR3RLH: Timer 3 Reload Register High Byte

Bit 7 6 5 4 3
Name TMR3RLH[7:0]
Reset 0 0 0 0 0

SFR Address = 0x93; SFR Page = 0x00
Bit Name Function

7:0 | TMR3RLH[7:0]

Timer 3 Reload Register High Byte.

TMR3RLH holds the high byte of the reload value for Timer 3.
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SFR Definition 27.16. TMR3L: Timer 3 Low Byte

Bit 7 6 5 4 3 1 0
Name TMR3L[7:O]
Reset 0 0 0 0 0 0 0
SFR Address = 0x94; SFR Page = 0x00
Bit Name Function
7:0 | TMR3L[7:0] | Timer 3 Low Byte.

In 16-bit mode, the TMR3L register contains the low byte of the 16-bit Timer 3. In 8-
bit mode, TMR3L contains the 8-bit low byte timer value.

SFR Definition 27.17. TMR3H Timer 3 High Byte

Bit 7 6 5 4 3 1 0
Reset 0 0 0 0 0 0 0
SFR Address = 0x95; SFR Page = 0x00
Bit Name Function
7:0 | TMR3H[7:0] | Timer 3 High Byte.
In 16-bit mode, the TMR3H register contains the high byte of the 16-bit Timer 3. In 8-
bit mode, TMR3H contains the 8-bit high byte timer value.
B
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27.4. Timer 4 and Timer 5

Timers 4 and 5 are 16-bit counter/timers, each formed by two 8-bit SFRs: TMRnL (low byte) and TMRnH
(high byte) where n = 4 and 5 for timers 4 and 5 respectively. Timers 4 and 5 feature auto-reload, capture,
and toggle output modes with the ability to count up or down. Capture mode and Auto-Reload mode are
selected using bits in the Timer4 and 5 Control registers (TMRnNCN). Toggle Output mode is selected using
the Timer 4 and 5 Configuration registers (TMRnCF). These timers may also be used to generate a
square-wave at an external pin. As with Timers 0 and 1, Timers 4 and 5 can use either the system clock
(divided by one, two, or twelve), external clock (divided by eight) or transitions on an external input pin as
its clock source.

The Counter/Timer Select bit CTn bit (TMRNCN.1) configures the peripheral as a counter or timer. Clearing
CTn to 0 configures the Timer to be in a timer mode (i.e., the system clock or transitions on an external pin
as the input for the timer). When CTn is set to 1, the timer is configured as a counter (i.e., high-to-low tran-
sitions at the Tn input pin increment (or decrement) the counter/timer register. Refer to Section “20.4. Port
I/0 Initialization” on page 195 for information on selecting and configuring external 1/O pins for digital
peripherals, such as the Tn pin.

The Timers can use either SYSCLK, SYSCLK divided by 2, SYSCLK divided by 12, an external clock
divided by 8, or high-to-low transitions on the Tn input pin as its clock source when operating in
Counter/Timer with Capture mode. Clearing the CTn bit (TMRNCN.1) selects the system clock/external
clock as the input for the timer. The Timer Clock Select bits TnMO and TnM1 in TMRNnCF can be used to
select the system clock undivided, system clock divided by two, system clock divided by 12, or an external
clock provided at the XTAL1/XTALZ2 pins divided by 8 (see SFR Definition 27.19). When CTn is set to logic
1, a high-to-low transition at the Tn input pin increments the counter/timer register (i.e., configured as a
counter).

27.4.1. Configuring Timer 4 and 5 to Count Down

Timers 4 and 5 have the ability to count down. When the timer’s Decrement Enable Bit (DCENN) in the
Timer Configuration Register (see SFR Definition 27.19) is set to 1, the timer can then count up or down.
When DCENnN =1, the direction of the timer's count is controlled by the TnEX pin’s logic level. When
TnEX =1, the counter/timer will count up; when TnEX = 0, the counter/timer will count down. To use this
feature, TNEX must be enabled in the digital crossbar and configured as a digital input.

Note: When DCENnN = 1, other functions of the TnEX input (i.e., capture and auto-reload) are not available. TnEX will
only control the direction of the timer when DCENnN = 1.

27.4.2. Capture Mode

In Capture Mode, Timers 4 and 5 will operate as a 16-bit counter/timer with capture facility. When the Timer
External Enable bit (see SFR Definition 27.18) is set to 1, a high-to-low transition on the TnEX input pin
causes the 16-bit value in the associated timer (THn, TLn) to be loaded into the capture registers (TMRn-
CAPH, TMRnCAPL). If a capture is triggered in the counter/timer, the Timer External Flag (TMRNCN.6) will
be set to 1 and an interrupt will occur if the interrupt is enabled. See Section “14. Interrupts” on
page 126 for further information concerning the configuration of interrupt sources.

As the 16-bit timer register increments and overflows TMRnH:TMRnL, the TFn Timer Overflow/Underflow
Flag (TMRNCN.7) is set to 1 and an interrupt will occur if the interrupt is enabled. The timer can be config-
ured to count down by setting the Decrement Enable Bit (TMRNCF.0) to 1. This will cause the timer to dec-
rement with every timer clock/count event and underflow when the timer transitions from 0x0000 to
OxFFFF. Just as in overflows, the Overflow/Underflow Flag (TFn) will be set to 1, and an interrupt will occur
if enabled.
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Counter/Timer with Capture mode is selected by setting the Capture/Reload Select bit CPRLn
(TMRNCN.0) and the Timer 4 and 5 Run Control bit TRn (TMRNCN.2) to logic 1. The Timer 4 and 5 respec-
tive External Enable EXENn (TMRNCN.3) must also be set to logic 1 to enable captures. If EXENn is
cleared, transitions on TnEX will be ignored.

TMRNCF
T(T|T[T[D
n|n[O[n|C
MIMIG|O|E!
1|0[n|E|n
L .
\Z Toggle Logic
N 0
JuUL e In
OxFF OxFF i
SYSCLK— J 1 (Port Pin)
External Clock 06
(XTAL1) N\ N\
1
r-————- | TCLK. TMRnNL TMRnH CP/RLh
Tnh —J Crossbar ——— ClTn
! | TRn —>
------ TRn g EXEND —>
EXENn AV AV L 3 EXEn Interrupt
r==—-7 I » TMRNCAPL[TMRNCAPH =RIMRIEN :I:
TnE —: Crossbar
|

X

Figure 27.10. Timer 4 and 5 Capture Mode Block Diagram

27.4.3. Auto-Reload Mode

In Auto-Reload mode, the counter/timer can be configured to count up or down and cause an interrupt/flag
to occur upon an overflow/underflow event. When counting up, the counter/timer will set its overflow/under-
flow flag (TFn) and cause an interrupt (if enabled) upon overflow/underflow, and the values in the
Reload/Capture Registers (TMRNCAPH and TMRnCAPL) are loaded into the timer and the timer is
restarted. When the Timer External Enable Bit (EXENN) bit is set to 1 and the Decrement Enable Bit
(DCENN) is 0, a falling edge (1-to-0 transition) on the TnEX pin will cause a timer reload. Note that timer
overflows will also cause auto-reloads. When DCENnN is set to 1, the state of the ThEX pin controls
whether the counter/timer counts up (increments) or down (decrements), and will not cause an auto-reload
or interrupt event. See Section 27.4.1 for information concerning configuration of a timer to count down.

When counting down, the counter/timer will set its overflow/underflow flag (TFn) and cause an interrupt (if
enabled) when the value in the TMRnH and TMRnL registers matches the 16-bit value in the Reload/Cap-
ture Registers (TMRnCAPH and TMRnCAPL). This is considered an underflow event, and will cause the
timer to load the value OXFFFF. The timer is automatically restarted when an underflow occurs.

Counter/Timer with Auto-Reload mode is selected by clearing the CPRLn bit. Setting TRn to logic 1
enables and starts the timer. In Auto-Reload Mode, the External Flag (EXFn) toggles upon every overflow
or underflow and does not cause an interrupt. The EXFn flag can be used as the most significant bit (MSB)
of a 17-bit counter.
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TMRNCF
T|T|T|T )
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MIMIG[o| 2
1/o[n|E
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OXFF OXFF JUL——o (Port Pin)
SYSCLK— 1
External Clock [
(XTAL1) A4 A4
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r TcLk | TMRnL | TMRnH SOIRE
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TRn_—»>
EXENn —>

| |
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e r (;;S;;ar_::b‘@%—m‘ TMRNCAPL [TMRNCAPH —
X L____

Figure 27.11. Timer 4 and 5 Auto Reload and Toggle Mode Block Diagram

v ¥ TMRNCN

EXEn Interrupt
TEn

27.4.4. Toggle Output Mode

Timers 4 and 5 have the capability to toggle the state of their respective output port pins (T4 or T5) to pro-
duce a 50% duty cycle waveform output. The port pin state will change upon the overflow or underflow of
the respective timer (depending on whether the timer is counting up or down). The toggle frequency is
determined by the clock source of the timer and the values loaded into TMRNnCAPH and TMRnCAPL.
When counting down, the auto-reload value for the timer is OxFFFF, and underflow will occur when the
value in the timer matches the value stored in TMRNnCAPH: TMRCAPL. When counting up, the auto-reload
value for the timer is TMRnCAPH: TMRCAPL, and overflow will occur when the value in the timer transi-
tions from OXFFFF to the reload value.

To output a square wave, the timer is placed in reload mode (the Capture/Reload Select Bit in TMRNCN
and the Timer/Counter Select Bit in TMRNCN are cleared to 0). The timer output is enabled by setting the
Timer Output Enable Bit in TMRNCF to 1. The timer should be configured via the timer clock source and
reload/underflow values such that the timer overflow/underflows at 1/2 the desired output frequency. The
port pin assigned by the crossbar as the timer’s output pin should be configured as a digital output (see
Section “20. Port Input/Output” on page 188). Setting the timer’s Run Bit (TRn) to 1 will start the toggle
of the pin. A Read/Write of the Timer’s Toggle Output State Bit (TMRNCF.2) is used to read the state of the
toggle output, or to force a value of the output. This is useful when it is desired to start the toggle of a pin in
a known state, or to force the pin into a desired state when the toggle mode is halted.

_— Freik
50~ 2 x (65536 —~ TMRNCAP)

Equation 27.1. Square Wave Frequency
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SFR Definition 27.18. TMRNCN: Timer 4 and 5 Control

Bit 7 6 5 4 3 2 1 0
Name TFn EXFn EXEn TRn CTn CPRLnN
Type R/W R/W R/W R/W R/W R/W R R/W
Reset 0 0 0 0 0 0 0 0

TMRA4CN SFR Address = 0xC8; Bit-Addressable; SFR Page = 0x10
TMR5CN SFR Address = 0x91; SFR Page = 0x10;

Bit Name Function

7 TFn Timer 4 and 5 16-bit Overflow/Underflow Flag.
Set by hardware when either the Timer overflows from OXFFFF to 0x0000, under-
flows from the value placed in TMRNCAPH: TMRNCAPL to OxFFFF (in Auto-reload
Mode), or underflows from 0x0000 to OxFFFF (in Capture Mode). When the Timer
interrupt is enabled, setting this bit causes the CPU to vector to the Timer interrupt
service routine. This bit is not automatically cleared by hardware.

6 EXFn Timer 4 and 5 External Flag.
Set by hardware when either a capture or reload is caused by a high-to-low transition
on the TnEX input pin and EXENNn is logic 1. This bit is not automatically cleared by
hardware.

5:4 | Reserved |Must Write 00b.

3 EXEn Timer 4 and 5 External Enable.
Enables high-to-low transitions on TnEX to trigger captures, reloads, and control the
direction of the timer/counter (up or down count). If DCENn = 1, TnEX will determine
if the timer counts up or down when in Auto-reload Mode. If EXENn = 1, TnEX should
be configured as a digital input.
0: Transitions on the TnEX pin are ignored.
1: Transitions on the TnEX pin cause capture, reload, or control the direction of timer
count (up or down) as follows:
Capture Mode: ‘1’-to-'0’ Transition on TnEX pin causes TMRnCAPH: TMRnCAPL to
capture timer value.
Auto-Reload Mode: DCENn = 0: ‘1'-to-'0’ transition causes reload of timer and sets
the EXFn Flag. DCENnN = 1: TnEX logic level controls direction of timer (up or down).

2 TRN Timer 4 and 5 Run Control.
0: Timer is disabled.
1: Timer enabled and running / counting.

1 CTn Timer 4 and 5 Counter / Timer Select.
0: Timer Function: Timer incremented by clocked defined in TnM1:TnMO (TMRNCEF).
1: Counter Function: Timer incremented by high-to-low transitions on TnEX pin.

0 CPRLNn Timer 4 and 5 Capture / Reload Select.
0: Timer is in Auto-Reload mode.
1: Timer is in Capture mode.

R
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SFR Definition 27.19. TMRnCF: Timer 4 and 5 Configuration

Bit 7 6 5 4 3 2 1 0
Name TnM[1:0] TOGn TnOE DCENnN
Type R/W R/W R/W R/W R/W R/W R R/W
Reset 0 0 0 0 0 0 0 0

TMRA4CF SFR Address = 0xC9; TMR5CF SFR Address = 0x96; SFR Page = 0x10;

Bit

Name

Function

75

Reserved

Must Write 000b.

4:3

TnM[1:0]

Timer 4 and 5 Clock Mode Select Bits.

00: Timer clock is SYSCLK / 12.

01: Timer clock is SYSCLK.

10: Timer clock is External Clock / 8 (synchronized to system clock).
11: Timer clock is SYSCLK / 2.

TOGn

Timer 4 and 5 Toggle Output State.

When Timer 4 or 5 are used to toggle a port pin, this bit can be used to read the state
of the output or can be written to force the state of the output.

TnOE

Timer 4 and 5 Output Enable.
This bit enables the timer to output a 50% duty cycle output to the timer’s assigned
external port pin.
The Timer is configured for Square Wave Output as follows:
CPRLn = 0.
CTn=0.
TnOE = 1.
Load TMRnCAPH: TMRnCAPL.
0: Output of toggle mode not available at Timer’s assigned port pin.
1: Output of toggle mode available at Timer’s assigned port pin.

DCENnN

Decrement Enable.
This bit enables the timer to count up or down as determined by the state of TnEX.
0: Timer will count up, regardless of the state of ThEX.
1: Timer will count up or down, depending on the state of TnEX as follows:
If TnEx = 0, the timer counts down.
If TnEx = 1, the timer counts up.
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SFR Definition 27.20. TMRNnCAPL: Timer 4 and 5 Capture Register Low Byte

Bit 7 6 5 4 3 2 1 0
Name TMRI’IRLL[?ZO]
Reset 0 0 0 0 0 0 0 0

TMR4CAPL SFR Address = 0xCA; TMR5CAPL SFR Address = 0x92; SFR Page = 0x10

Bit

Name

Function

7:0 | TMRNCAPL[7:0]

Timer n Reload Register Low Byte.

TMRNCAPL captures the low byte of Timer 4 and 5 when Timer 4 and 5 are con-
figured in capture mode. When Timer 4 and 5 are configured in auto-reload
mode, it holds the low byte of the reload value.

SFR Definition 27.21. TMRNnCAPH: Timer 4 and 5 Capture Register High Byte

Bit 7 6 5 4 3 2 1 0
Name TMRNRLH[7:0]
Reset 0 0 0 0 0 0 0 0

TMR4CAPH SFR Address = 0xCB; TMR5CAPH SFR Address = 0x93; SFR Page = 0x10

Bit

Name

Function

7:0 | TMRNCAPH][7:0]

Timer n Reload Register High Byte.

TMRNCAPH captures the high byte of Timer 4 and 5 when Timer 4 and 5 are
configured in capture mode. When Timer 4 and 5 are configured in auto-reload
mode, it holds the high byte of the reload value.
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SFR Definition 27.22. TMRnL: Timer 4 and 5 Low Byte

Bit 7 6 5 4 3 2 1 0
Name TMRnL[?:O]
Reset 0 0 0 0 0 0 0 0

Bit

TMRA4L SFR Address = OxCC; TMR5L SFR Address = 0x94; SFR Page = 0x10

Name

Function

7:0

TMRNL[7:0]

Timer n Low Byte.

In 16-bit mode, the TMRnNL register contains the low byte of the 16-bit Timer n. In 8-
bit mode, TMRnNL contains the 8-bit low byte timer value.

SFR Definition 27.23. TMRnH Timer 4 and 5 High Byte

Bit 7 6 5 4 3 2 1 0
Name TMRnNH[7:0]
Reset 0 0 0 0 0 0 0 0

TMR4H SFR Address = 0xCD; TMR5H SFR Address = 0x95; SFR Page = 0x10

Bit Name Function
7:0 | TMRnH[7:0] | Timer n High Byte.
In 16-bit mode, the TMRnH register contains the high byte of the 16-bit Timer n. In 8-
bit mode, TMRnH contains the 8-bit high byte timer value.
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28. Programmable Counter Array 0 (PCAO)

The Programmable Counter Array (PCAQ) provides enhanced timer functionality while requiring less CPU
intervention than the standard 8051 counter/timers. PCAO consists of a dedicated 16-bit counter/timer and
six 16-bit capture/compare modules. Each capture/compare module has its own associated I/O line
(CEXn) which is routed through the Crossbar to Port I/O when enabled. The counter/timer is driven by a
programmable timebase that can select between eight sources: system clock, system clock divided by
four, system clock divided by twelve, the external oscillator clock source divided by 8, Timer 0, 4, or 5 over-
flows, or an external clock signal on the ECI input pin. Each capture/compare module may be configured to
operate independently in one of six modes: Edge-Triggered Capture, Software Timer, High-Speed Output,
Frequency Output, 8 to 11-Bit PWM, or 16-Bit PWM (each mode is described in Section
“28.3. Capture/Compare Modules” on page 317). The external oscillator clock option is ideal for real-time
clock (RTC) functionality, allowing PCAO to be clocked by a precision external oscillator while the internal
oscillator drives the system clock. PCAO is configured and controlled through the system controller's Spe-
cial Function Registers. The PCAO block diagram is shown in Figure 28.1

Important Note: PCAO Module 5 may be used as a watchdog timer (WDT), and is enabled in this mode
following a system reset. Access to certain PCAO registers is restricted while WDT mode is enabled.
See Section 28.4 for detalils.

SYSCLK/12

SYSCLK/4

Timer 0 Overflow

=c! »fclock . _
SYSCLK MUX 16-Bit Counter/Timer

External Clock/8
_xiernal L10ckie )

Timer 4 Overflow

Timer 5 Overflow
_mer > DVerfiow ]

Capture/Compare Capture/Compare Capture/Compare Capture/Compare Capture/Compare Capture/Compare
Module 0 Module 1 Module 2 Module 3 Module 4 Module 5/ WDT
A A A A A Y
m @] @] @] @] @] @]
o m m m m m m
= x X x x X x
o = N w = (6]
A 4 A4 Y A4 A4 A4
Crossbar
! TTTTTTTT T T
i Port I/0 |
|

Figure 28.1. PCAO Block Diagram
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28.1. PCAOQ Counter/Timer

The 16-bit PCAO 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 PCAOH 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 28.1.

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 PCAO to continue normal operation while
the CPU is in Idle mode.

Table 28.1. PCAO Timebase Input Options

CPs2 CPS1 CPSO Timebase
0 0 0 System clock divided by 12.
0 0 1 System clock divided by 4.
0 1 0 Timer O overflow.
0 1 1 High-to-low transitions on ECI (max rate = system clock divided

by 4).

System clock.

External oscillator source divided by 8.
Timer 4 Overflow.

1 1 1 Timer 5 Overflow.

*Note: External oscillator source divided by 8 is synchronized with the system clock.

IDLE E

(RSN EN
Rl oo
o|lr|o

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]|0 5(4|3(2|1|0 ‘TOSFRBUS
K PCAOL —
Z read
Snapshot
Register
SYSCLK/12 000
SYSCLK/4 001
Timer 0 Overflow
—_————— >
010 O} 0 Overflow
oO—p PCAOH PCAOL To PCAO Interrupt System
ECI_» 011 1
SYSCLK 100 CF
External Clock/8
—_—>
101 > To PCAO Modules

Timer 4 Overflow 110

Timer 5 Overflow 111
Figure 28.2. PCAO Counter/Timer Block Diagram
315 Rev. 1.4

SILICON LABS



C8051F58x/F59x

28.2. PCAO Interrupt Sources

Figure 28.3 shows a diagram of the PCAO interrupt tree. There are five independent event flags that can
be used to generate a PCAO interrupt. They are as follows: the main PCAO counter overflow flag (CF),
which is set upon a 16-bit overflow of the PCAO counter, an intermediate overflow flag (COVF), which can
be set on an overflow from the 8th, 9th, 10th, or 11th bit of the PCAO counter, and the individual flags for
each PCAO channel (CCF0, CCF1, CCF2, CCF3, CCF4 and CCF5), which are set according to the opera-
tion mode of that module. These event flags are always set when the trigger condition occurs. Each of
these flags can be individually selected to generate a PCAOQ interrupt, using the corresponding interrupt
enable flag (ECF for CF, ECOV for COVF, and ECCFn for each CCFn). PCAO interrupts must be globally
enabled before any individual interrupt sources are recognized by the processor. PCAO interrupts are glob-
ally enabled by setting the EA bit and the EPCAO bit to logic 1.

(forn=0t02)
PCAOCPMn PCAOCN PCAOMD PCAOPWM
P|E|C|C|M|T|P|E C|C[C|C|C|C[C|C| [C|WW |[C|C|CIE| A|C|E C|C
\W|C|A|A|A[Ofw|C F|R[C|C|C|C|C|C| |1 |D|Df |P[P|P|C| R|O|C] L|L
M|O|P|P[T|G|M|C F|F|F|F|F|F D[T|L| [S|S|S|F S|V|[O] S|S
1IM|P|N[n[n|n|F 5(4|3[2]|1[0 L[E|C| [2[1|O E|F|V] E[E
6|n[nfn n K L L(L
n 110
' |
PCAO Counter/Timer 8, . .
9, 10 or 11-bit Overflow LI—,—> Set 8, 9, 10, or 11 bit Operation
v
PCAO Counter/Timer 16- 0 0
bit Overflow 0/31 L o
1
ECCFO EPCAQ _l EA _l
PCA Module 0 B 0 Y o Interupt
CCFO oo : } O0—> Priority
( ) 1 1 1 Decoder
ECCF1
PCA Module 1 }CO
(CCF1)
ECCF2
PCA Module 2 }CO
(CCF2)
ECCF3
PCA Module 3 }CO
(CCF3)
ECCF4
PCA Module 4 }CO
(CCF4)
ECCF5
PCA Module 5 }CO
(CCF5)

Figure 28.3. PCAO Interrupt Block Diagram
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28.3. Capture/Compare Modules

Each module can be configured to operate independently in one of six operation modes: Edge-triggered
Capture, Software Timer, High Speed Output, Frequency Output, 8 to 11-Bit Pulse Width Modulator, or 16-
Bit Pulse Width Modulator. Each module has Special Function Registers (SFRs) associated with it in the
CIP-51 system controller. These registers are used to exchange data with a module and configure the
module's mode of operation. Table 28.2 summarizes the bit settings in the PCAOCPMn and PCAOPWM
registers used to select the PCAQ capture/compare module’s operating mode. All modules set to use 8, 9,
10, or 11-bit PWM mode must use the same cycle length (8-11 bits). Setting the ECCFn bit in a
PCAOCPMn register enables the module's CCFn interrupt.

Table 28.2. PCAOCPM and PCAOPWM Bit Settings for
PCAO Capture/Compare Modules

Operational Mode PCAOCPMnN PCAOPWM
Bit Number 7/6(5(4|3|2(1|0]7|6|5| 4-2 |1-0
Capture triggered by positive edge on CEXn X|X|L]O]|0|O]O|A[O[X]|B| XXX | XX
Capture triggered by negative edge on CEXn X{X|0[1[|0|O0O|O0O[A]JO|X|B|XXX| XX
Capture triggered by any transition on CEXn X|{X|21[12]|0|0|0[A]JO|X|B|XXX| XX
Software Timer X|ClO[O0[2|0|O0|A]JO|X|B| XXX | XX
High Speed Output X|ClO[O[2[2|0|A]JO|X|B| XXX ]| XX
Frequency Output X|C|O|0O|O[1]|21]A]JO|X|B| XXX | XX
8-Bit Pulse Width Modulator (Note 7) O([C|O|O|E|O|1|A]O|X|B| XXX | 00
9-Bit Pulse Width Modulator (Note 7) O(C|O|O|E|O|1|A]D|X|B| XXX | 01
10-Bit Pulse Width Modulator (Note 7) O([C|O|O|E|O|1|A]D|X|B| XXX | 10
11-Bit Pulse Width Modulator (Note 7) O|C|O|O|E|O|1|A]D|X|B|XXX | 11
16-Bit Pulse Width Modulator 1/C|O|O[E|O|1|A]O|X|B| XXX | XX

Notes:

1. X =Don't Care (no functional difference for individual module if 1 or 0).

2. A = Enable interrupts for this module (PCAO interrupt triggered on CCFn set to 1).

3. B = Enable 8th, 9th, 10th or 11th bit overflow interrupt (Depends on setting of CLSEL[1:0]).

4. C =When set to 0, the digital comparator is off. For high speed and frequency output modes, the
associated pin will not toggle. In any of the PWM modes, this generates a 0% duty cycle (output = 0).

5. D = Selects whether the Capture/Compare register (0) or the Auto-Reload register (1) for the associated
channel is accessed via addresses PCAOCPHn and PCAOCPLn.

6. E =When set, a match event will cause the CCFn flag for the associated channel to be set.

7. All modules set to 8, 9, 10 or 11-bit PWM mode use the same cycle length setting.

28.3.1. Edge-triggered Capture Mode

In this mode, a valid transition on the CEXn pin causes PCAO to capture the value of the PCAO
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. An interrupt request is generated if the CCFn interrupt for that module is
enabled. The CCFn bit is not automatically cleared by hardware when the CPU vectors to the interrupt ser-
vice routine, and must be cleared by software. If both CAPPn and CAPNn 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 fall-
ing-edge caused the capture.
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0
-t s T
PCA PCAOL PCAOH

Timebase

Figure 28.4. PCAQO 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.
28.3.2. Software Timer (Compare) Mode

In Software Timer mode, the PCAO counter/timer value is compared to the module's 16-bit capture/com-
pare register (PCAOCPHnN 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 automatically cleared by hardware when the CPU vectors to the interrupt ser-
vice routine, and must be cleared by software. Setting the ECOMn and MATn bits in the PCAOCPMn regis-

ter enables Software Timer mode.

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 PCAOCPLnN clears the

ECOMRN bit to 0; writing to PCAOCPHnN sets ECOMn to 1.
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Figure 28.5. PCAO Software Timer Mode Diagram

28.3.3. High-Speed Output Mode

In High-Speed Output mode, a module’s associated CEXn pin is toggled each time a match occurs
between the PCAO 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 PCAOCPLnN clears the

ECOMRN bit to 0; writing to PCAOCPHnN sets ECOMn to 1.
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Figure 28.6. PCAO High-Speed Output Mode Diagram

28.3.4. 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 PCAO clocks to count before the
output is toggled. The frequency of the square wave is then defined by Equation 28.1.

E — I:PCA
CEXn = 2 «x PCAOCPHnN

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

Equation 28.1. Square Wave Frequency Output

Where Fpcp is the frequency of the clock selected by the CPS2-0 bits in the PCAO mode register,
PCAOMD. The lower byte of the capture/compare module is compared to the PCAO counter low byte; on a
match, CEXn is toggled and the offset held in the high byte is added to the matched value in PCAOCPLn.
Frequency Output Mode is enabled by setting the ECOMn, TOGn, and PWMn bits in the PCAOCPMn reg-
ister. Note that the MATn bit should normally be set to 0 in this mode. If the MATn bit is set to 1, the CCFn
flag for the channel will be set when the 16-bit PCAO counter and the 16-bit capture/compare register for
the channel are equal.
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Figure 28.7. PCAO Frequency Output Mode

28.3.5. 8-bit, 9-bit, 10-bit and 11-bit Pulse Width Modulator Modes

Each module can be used independently to generate a pulse width modulated (PWM) output on its associ-
ated CEXn pin. The frequency of the output is dependent on the timebase for the PCAO counter/timer, and
the setting of the PWM cycle length (8, 9, 10 or 11-bits). For backwards-compatibility with the 8-bit PWM
mode available on other devices, the 8-bit PWM mode operates slightly different than 9, 10 and 11-bit
PWM modes. It is important to note that all channels configured for 8/9/10/11-bit PWM mode will use
the same cycle length. It is not possible to configure one channel for 8-bit PWM mode and another for 11-
bit mode (for example). However, other PCAO channels can be configured to Pin Capture, High-Speed
Output, Software Timer, Frequency Output, or 16-bit PWM mode independently.

28.3.5.1. 8-bit Pulse Width Modulator Mode

The duty cycle of the PWM output signal in 8-bit PWM mode is varied using the module's PCAOCPLn cap-
ture/compare register. When the value in the low byte of the PCAO counter/timer (PCAOL) is equal to the
value in PCAOCPLN, the output on the CEXn pin will be set. When the count value in PCAOL overflows, the
CEXn output will be reset (see Figure 28.8). Also, when the counter/timer low byte (PCAOL) overflows from
OxFF to 0x00, PCAOCPLn is reloaded automatically with the value stored in the module’s capture/compare
high byte (PCAOCPHnN) without software intervention. Setting the ECOMn and PWMn bits in the
PCAOCPMn register, and setting the CLSEL bits in register PCAOPWM to 00b enables 8-Bit Pulse Width
Modulator mode. If the MATnN bit is set to 1, the CCFn flag for the module will be set each time an 8-bit
comparator match (rising edge) occurs. The COVF flag in PCAOPWM can be used to detect the overflow
(falling edge), which will occur every 256 PCAO clock cycles. The duty cycle for 8-Bit PWM Mode is given
in Equation 28.2.

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 PCAOCPLnN clears the
ECOMRN bit to 0; writing to PCAOCPHnN sets ECOMn to 1.

_ (256 —PCAOCPHnN)
Duty Cycle 56

Equation 28.2. 8-Bit PWM Duty Cycle

Using Equation 28.2, the largest duty cycle is 100% (PCAOCPHn = 0), and the smallest duty cycle is
0.39% (PCAOCPHnN = OxFF). A 0% duty cycle may be generated by clearing the ECOMn bit to 0.
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Figure 28.8. PCAO 8-Bit PWM Mode Diagram

28.3.5.2. 9/10/11-bit Pulse Width Modulator Mode

The duty cycle of the PWM output signal in 9/10/11-bit PWM mode should be varied by writing to an “Auto-
Reload” Register, which is dual-mapped into the PCAOCPHnN and PCAOCPLnN register locations. The data
written to define the duty cycle should be right-justified in the registers. The auto-reload registers are
accessed (read or written) when the bit ARSEL in PCAOPWM is set to 1. The capture/compare registers
are accessed when ARSEL is set to O.

When the least-significant N bits of the PCAO counter match the value in the associated module’s cap-
ture/compare register (PCAOCPnN), the output on CEXn is asserted high. When the counter overflows from
the Nth bit, CEXn is asserted low (see Figure 28.9). Upon an overflow from the Nth bit, the COVF flag is
set, and the value stored in the module’s auto-reload register is loaded into the capture/compare register.
The value of N is determined by the CLSEL bits in register PCAOPWM.

The 9, 10 or 11-bit PWM mode is selected by setting the ECOMn and PWMn bits in the PCAOCPMn regis-
ter, and setting the CLSEL bits in register PCAOPWM to the desired cycle length (other than 8-bits). If the
MATN bit is set to 1, the CCFn flag for the module will be set each time a comparator match (rising edge)
occurs. The COVF flag in PCAOPWM can be used to detect the overflow (falling edge), which will occur
every 512 (9-bit), 1024 (10-bit) or 2048 (11-bit) PCAO clock cycles. The duty cycle for 9/10/11-Bit PWM
Mode is given in Equation 28.2, where N is the number of bits in the PWM cycle.

Important Note About PCAOCPHn and PCAOCPLn Registers: When writing a 16-bit value to the
PCAOCPN 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.

-~ PCAOCPn)

N
Duty Cycle = (2
oN

Equation 28.3. 9, 10, and 11-Bit PWM Duty Cycle
A 0% duty cycle may be generated by clearing the ECOMn bit to 0.
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Figure 28.9. PCAO0 9, 10 and 11-Bit PWM Mode Diagram

28.3.6. 16-Bit Pulse Width Modulator Mode

A PCAO module may also be operated in 16-Bit PWM mode. 16-bit PWM mode is independent of the other
(8/9/10/11-bit) PWM modes. In this mode, the 16-bit capture/compare module defines the number of PCAQ
clocks for the low time of the PWM signal. When the PCAO counter matches the module contents, the out-
put on CEXn is asserted high; when the 16-bit counter overflows, CEXn is asserted low. To output a vary-
ing duty cycle, new value writes should be synchronized with PCA0 CCFn match interrupts. 16-Bit PWM
Mode is enabled by setting the ECOMn, PWMn, and PWM16n bits in the PCAOCPMn register. For a vary-
ing duty cycle, match interrupts should be enabled (ECCFn = 1 AND MATnh = 1) to help synchronize the
capture/compare register writes. If the MATn bit is set to 1, the CCFn flag for the module will be set each
time a 16-bit comparator match (rising edge) occurs. The CF flag in PCAOCN can be used to detect the
overflow (falling edge). The duty cycle for 16-Bit PWM Mode is given by Equation 28.4.

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.

(65536 - PCAOCPN)
65536

Equation 28.4. 16-Bit PWM Duty Cycle

Using Equation 28.4, the largest duty cycle is 100% (PCAOCPn = 0), and the smallest duty cycle is
0.0015% (PCAOCPnN = OXFFFF). A 0% duty cycle may be generated by clearing the ECOMn bit to 0.

Duty Cycle =
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Figure 28.10. PCAO 16-Bit PWM Mode

28.4. Watchdog Timer Mode

A programmable watchdog timer (WDT) function is available through the PCAO Module 5. The WDT is
used to generate a reset if the time between writes to the WDT update register (PCAOCPH2) exceed a
specified limit. The WDT can be configured and enabled/disabled as needed by software.

With the WDTE bit set in the PCAOMD register, Module 5 operates as a watchdog timer (WDT). The Mod-
ule 2 high byte is compared to the PCAO counter high byte; the Module 2 low byte holds the offset to be
used when WDT updates are performed. The Watchdog Timer is enabled on reset. Writes to some
PCAO registers are restricted while the Watchdog Timer is enabled. The WDT will generate a reset
shortly after code begins execution. To avoid this reset, the WDT should be explicitly disabled (and option-
ally re-configured and re-enabled if it is used in the system).

28.4.1. Watchdog Timer Operation
While the WDT is enabled:

PCAO counter is forced on.

Writes to PCAOL and PCAOH are not allowed.

PCAO clock source bits (CPS2—-CPSQ0) are frozen.

PCAO Idle control bit (CIDL) is frozen.

PCAO Module 5 is forced into software timer mode.

Writes to the Module 5 mode register (PCAOCPMD5) are disabled.

While the WDT is enabled, writes to the CR bit will not change the PCAO counter state; the counter will run
until the WDT is disabled. The PCAOQ counter run control bit (CR) will read zero if the WDT is enabled but
user software has not enabled the PCAO counter. If a match occurs between PCAOCPH5 and PCAOH
while the WDT is enabled, a reset will be generated. To prevent a WDT reset, the WDT may be updated
with a write of any value to PCAOCPH5. Upon a PCAOCPH5 write, PCAOH plus the offset held in
PCAOCPLS5 is loaded into PCAOCPH5 (See Figure 28.11).
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Figure 28.11. PCAO Module 5 with Watchdog Timer Enabled

Note that the 8-bit offset held in PCAOCPHS5 is compared to the upper byte of the 16-bit PCAO counter.
This offset value is the number of PCAOL overflows before a reset. Up to 256 PCAO clocks may pass
before the first PCAOL overflow occurs, depending on the value of the PCAOL when the update is per-
formed. The total offset is then given (in PCAO clocks) by Equation 28.5, where PCAOL is the value of the
PCAOL register at the time of the update.

Offset = (256 X PCAOCPL5) + (256 — PCAOL)

Equation 28.5. Watchdog Timer Offset in PCAOQ Clocks

The WDT reset is generated when PCAOL overflows while there is a match between PCAOCPH5 and
PCAOH. Software may force a WDT reset by writing a 1 to the CCF5 flag (PCAOCN.5) while the WDT is
enabled.

28.4.2. Watchdog Timer Usage

To configure the WDT, perform the following tasks:

Disable the WDT by writing a O to the WDTE bit.
Select the desired PCAO clock source (with the CPS2-CPS0 bits).
Load PCAOQOCPLS5 with the desired WDT update offset value.

Configure the PCAO Idle mode (set CIDL if the WDT should be suspended while the CPU is in Idle
mode).

Enable the WDT by setting the WDTE bit to 1.
m Reset the WDT timer by writing to PCAOCPHS5.
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The PCAO clock source and Idle mode select cannot be changed while the WDT is enabled. The watchdog
timer is enabled by setting the WDTE or WDLCK bits in the PCAOMD register. When WDLCK is set, the
WDT cannot be disabled until the next system reset. If WDLCK is not set, the WDT is disabled by clearing

the WDTE bit.

The WDT is enabled following any reset. The PCAO counter clock defaults to the system clock divided by
12, PCAOL defaults to 0x00, and PCAOCPLS5 defaults to 0x00. Using Equation 28.5, this results in a WDT
timeout interval of 256 PCAO clock cycles, or 3072 system clock cycles. Table 28.3 lists some example tim-

eout intervals for typical system clocks.

Table 28.3. Watchdog Timer Timeout Intervals?!

System Clock (Hz) PCAOQOCPL5 Timeout Interval (ms)
24,000,000 255 32.8
24,000,000 128 16.5
24,000,000 32 4.2

3,000,000 255 262.1
3,000,000 128 132.1
3,000,000 32 33.8
187,500¢ 255 4194
187,500¢ 128 2114
187,500¢ 32 541
Notes:

1. Assumes SYSCLK/12 as the PCAO clock source, and a PCAOL
value of 0x00 at the update time.

2. Internal SYSCLK reset frequency = Internal Oscillator divided by
128.
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28.5. Register Descriptions for PCAO
Following are detailed descriptions of the special function registers related to the operation of the PCA.

SFR Definition 28.1. PCAOCN: PCAOQ Control

Bit

7

6 5 4 3 2 1 0

Name

CF

CR CCF5 CCF4 CCF3 CCF2 CCF1 CCFO

Type

R/W

R/W R/W R/W R/W R/W R/W R/W

Reset

0

0 0 0 0 0 0 0

SFR Address = 0xD8; Bit-Addressable; SFR Page = 0x00

Bit

Name

Function

7

CF

PCAO Counter/Timer Overflow Flag.

Set by hardware when the PCAO Counter/Timer overflows from OxFFFF to 0x0000.
When the Counter/Timer Overflow (CF) interrupt is enabled, setting this bit causes the
CPU to vector to the PCAO interrupt service routine. This bit is not automatically
cleared by hardware and must be cleared by software.

CR

PCAO Counter/Timer Run Control.

This bit enables/disables the PCAO Counter/Timer.
0: PCAO Counter/Timer disabled.

1: PCAO Counter/Timer enabled.

CCF5

PCAO Module 5 Capture/Compare Flag.

This bit is set by hardware when a match or capture occurs. When the CCF5 interrupt
is enabled, setting this bit causes the CPU to vector to the PCAO interrupt service rou-
tine. This bit is not automatically cleared by hardware and must be cleared by software.

CCF4

PCAO Module 4 Capture/Compare Flag.

This bit is set by hardware when a match or capture occurs. When the CCF4 interrupt
is enabled, setting this bit causes the CPU to vector to the PCAO interrupt service rou-
tine. This bit is not automatically cleared by hardware and must be cleared by software.

CCF3

PCAO Module 3 Capture/Compare Flag.

This bit is set by hardware when a match or capture occurs. When the CCF3 interrupt
is enabled, setting this bit causes the CPU to vector to the PCAO interrupt service rou-
tine. This bit is not automatically cleared by hardware and must be cleared by software.

CCF2

PCAO Module 2 Capture/Compare Flag.

This bit is set by hardware when a match or capture occurs. When the CCF2 interrupt
is enabled, setting this bit causes the CPU to vector to the PCAO interrupt service rou-
tine. This bit is not automatically cleared by hardware and must be cleared by software.

CCF1

PCAO Module 1 Capture/Compare Flag.

This bit is set by hardware when a match or capture occurs. When the CCF1 interrupt
is enabled, setting this bit causes the CPU to vector to the PCAO interrupt service rou-
tine. This bit is not automatically cleared by hardware and must be cleared by software.

CCFO

PCAO Module 0 Capture/Compare Flag.

This bit is set by hardware when a match or capture occurs. When the CCFO interrupt
is enabled, setting this bit causes the CPU to vector to the PCAO interrupt service rou-
tine. This bit is not automatically cleared by hardware and must be cleared by software.
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SFR Definition 28.2. PCAOMD: PCAO Mode

Bit 7 6 5 4 3 2 1 0
Name CIDL WDTE WDLCK CPS2 CPS1 CPSO ECF
Type R/W R/W R/W R R/W R/W R/W R/W
Reset 0 1 0 0 0 0 0 0

SFR Address = 0xD9; SFR Page = 0x00

Bit Name Function

7 CIDL PCAO Counter/Timer Idle Control.
Specifies PCAO behavior when CPU is in Idle Mode.
0: PCAO continues to function normally while the system controller is in Idle Mode.
1: PCAO operation is suspended while the system controller is in Idle Mode.

6 WDTE |Watchdog Timer Enable
If this bit is set, PCAO Module 5 is used as the watchdog timer.
0: Watchdog Timer disabled.
1: PCAO Module 5 enabled as Watchdog Timer.

5 WDLCK |Watchdog Timer Lock
This bit locks/unlocks the Watchdog Timer Enable. When WDLCK is set, the Watchdog
Timer may not be disabled until the next system reset.
0: Watchdog Timer Enable unlocked.
1: Watchdog Timer Enable locked.

4 Unused |Read = 0b, Write = Don't care.

3:1 | CPS[2:0] |PCAO Counter/Timer Pulse Select.

These bits select the timebase source for the PCAO counter
000: System clock divided by 12
001: System clock divided by 4
010: Timer O overflow
011: High-to-low transitions on ECI (max rate = system clock divided by 4)
100: System clock
101: External clock divided by 8 (synchronized with the system clock)
110: Timer 4 overflow
111: Timer 5 overflow

0 ECF PCAO Counter/Timer Overflow Interrupt Enable.
This bit sets the masking of the PCAO Counter/Timer Overflow (CF) interrupt.
0: Disable the CF interrupt.
1: Enable a PCAO Counter/Timer Overflow interrupt request when CF (PCAOCN.7) is
set.

Note: When the WDTE bit is set to 1, the other bits in the PCAOMD register cannot be modified. To change the
contents of the PCAOMD register, the Watchdog Timer must first be disabled.
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SFR Definition 28.3. PCAOPWM: PCAO PWM Configuration

Bit 7 6 5 4 3 2 1 0
Name | ARSEL ECOV COVF CLSEL[1:0]
Type | RW RIW RIW R R R RIW
Reset 0 0 0 0 0 0 0 0

SFR Address = 0xD9; SFR Page = 0xOF

Bit

Name

Function

7

ARSEL

Auto-Reload Register Select.

This bit selects whether to read and write the normal PCAOQ capture/compare registers
(PCAOCPN), or the Auto-Reload registers at the same SFR addresses. This function
is used to define the reload value for 9, 10, and 11-bit PWM modes. In all other
modes, the Auto-Reload registers have no function.

0: Read/Write Capture/Compare Registers at PCAOCPHN and PCAOCPLn.

1: Read/Write Auto-Reload Registers at PCAOCPHN and PCAOCPLn.

ECOV

Cycle Overflow Interrupt Enable.

This bit sets the masking of the Cycle Overflow Flag (COVF) interrupt.
0: COVF will not generate PCAO interrupts.

1. A PCAQ interrupt will be generated when COVF is set.

COVF

Cycle Overflow Flag.

This bit indicates an overflow of the 8th, 9th, 10th, or 11th bit of the main PCAQ
counter (PCAOQ). The specific bit used for this flag depends on the setting of the Cycle
Length Select bits. The bit can be set by hardware or software, but must be cleared by
software.

0: No overflow has occurred since the last time this bit was cleared.
1: An overflow has occurred since the last time this bit was cleared.

4:2

Unused

Read = 000b; Write = Don't care.

1:0

CLSEL[1:0]

Cycle Length Select.

When 16-bit PWM mode is not selected, these bits select the length of the PWM
cycle, between 8, 9, 10, or 11 bits. This affects all channels configured for PWM which
are not using 16-bit PWM mode. These bits are ignored for individual channels config-
ured to16-bit PWM mode.

00: 8 bits.

01: 9 bits.

10: 10 bits.

11: 11 bits.
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SFR Definition 28.4. PCAOCPMn: PCAO Capture/Compare Mode

Bit 7 6 5 4 3 2 1 0
Name | PWM16n | ECOMn CAPPN CAPNnN MATnN TOGN PWMn ECCFn
Type R/W R/W R/W R/W R/W R/W R/W R/W
Reset 0 0 0 0 0 0 0 0

SFR Addresses: PCAOCPMO = 0xDA, PCAOCPM1 = 0xDB, PCAOCPM2 = 0xDC; PCAOCPM3 = 0xDD,
PCAOCPM4 = 0xDE, PCAOCPMS5 = 0xDF, SFR Page (all registers) = 0x00
Bit Name Function
7 | PWM16n |16-bit Pulse Width Modulation Enable.
This bit enables 16-bit mode when Pulse Width Modulation mode is enabled.
0: 8 to 11-bit PWM selected.
1: 16-bit PWM selected.
6 ECOMn |Comparator Function Enable.
This bit enables the comparator function for PCAO module n when set to 1.

5 CAPPn |Capture Positive Function Enable.

This bit enables the positive edge capture for PCAO0 module n when set to 1.

4 CAPNn |Capture Negative Function Enable.

This bit enables the negative edge capture for PCAO0 module n when set to 1.

3 MATn |Match Function Enable.

This bit enables the match function for PCAO0 module n when set to 1. When enabled,
matches of the PCAO counter with a module's capture/compare register cause the
CCFn bit in PCAOMD register to be set to logic 1.

2 TOGn |Toggle Function Enable.

This bit enables the toggle function for PCAO module n when set to 1. When enabled,
matches of the PCAOQ counter with a module's capture/compare register cause the logic
level on the CEXn pin to toggle. If the PWMn bit is also set to logic 1, the module oper-
ates in Frequency Output Mode.

1 PWMn |Pulse Width Modulation Mode Enable.

This bit enables the PWM function for PCAO0 module n when set to 1. When enabled, a
pulse width modulated signal is output on the CEXn pin. 8 to 11-bit PWM is used if
PWML16n is cleared; 16-bit mode is used if PWM16n is set to logic 1. If the TOGn bit is
also set, the module operates in Frequency Output Mode.

0 ECCFn |Capture/Compare Flag Interrupt Enable.

This bit sets the masking of the Capture/Compare Flag (CCFn) interrupt.
0: Disable CCFn interrupts.
1: Enable a Capture/Compare Flag interrupt request when CCFn is set.
Note: When the WDTE bit is set to 1, the PCAOCPMS5 register cannot be modified, and module 5 acts as the
watchdog timer. To change the contents of the PCAOCPMS5 register or the function of module 5, the Watchdog
Timer must be disabled.
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SFR Definition 28.5. PCAOL: PCAO Counter/Timer Low Byte

Bit 7 6 5 4 3 2 1 0
Name PCAO[7:0]

Type | R/W RIW RIW RIW RIW RIW RIW RIW
Reset 0 0 0 0 0 0 0 0

SFR Address = 0xF9; SFR Page = 0x00
Bit Name Function

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

Note: When the WDTE bit is set to 1, the PCAOL register cannot be modified by software. To change the contents of
the PCAOL register, the Watchdog Timer must first be disabled.

SFR Definition 28.6. PCAOH: PCAO Counter/Timer High Byte

Bit 7 6 5 4 3 2 1 0
Name PCAO[15:8]

Type | R/W RIW RIW RIW RIW RIW RIW RIW
Reset 0 0 0 0 0 0 0 0

SFR Address = 0xFA; SFR Page = 0x00
Bit Name Function

7:0 | PCAQ[15:8] | PCAO Counter/Timer High Byte.

The PCAOH register holds the high byte (MSB) of the 16-bit PCAO Counter/Timer.
Reads of this register will read the contents of a “snapshot” register, whose contents
are updated only when the contents of PCAOL are read (see Section 28.1).

Note: When the WDTE bit is set to 1, the PCAOH register cannot be modified by software. To change the contents of
the PCAOH register, the Watchdog Timer must first be disabled.
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SFR Definition 28.7. PCAOCPLn: PCAO Capture Module Low Byte

Bit 7 6 5 4 3 2 1 0
Name PCAOCPN[7:0]
Type R/W R/W R/W R/W R/W R/W R/W R/W
Reset 0 0 0 0 0 0 0 0

SFR Addresses: PCAOCPLO = 0xFB, PCAOCPL1 = OxE9, PCAOCPL2 = OXEB, PCAOCPL3 = OxED,
PCAOCPL4 = 0xFD, PCAOCPL5 = OxCE; SFR Page (all registers) = 0x00

Bit

Name

Function

7:0 | PCAOCPN[7:0]

PCAO Capture Module Low Byte.

The PCAOCPLnN register holds the low byte (LSB) of the 16-bit capture module n.
This register address also allows access to the low byte of the corresponding
PCAO channel’s auto-reload value for 9, 10, or 11-bit PWM mode. The ARSEL bit
in register PCAOPWM controls which register is accessed.

Note: A write to this register will clear the module’s ECOMn bit to a 0.

SFR Definition 28.8. PCAOCPHN: PCAO Capture Module High Byte

Bit 7 6 5 4 3 2 1 0
Name PCAOCPN[15:8]
Type R/W R/W R/W R/W R/W R/W R/W R/W
Reset 0 0 0 0 0 0 0 0

SFR Addresses: PCAOCPHO = OxFC, PCAOCPH1 = OxEA, PCAOCPH2 = OXEC, PCAOCPH3 = OxEE,
PCAOCPH4 = OxFE, PCAOCPHS5 = OxCF; SFR Page (all registers) = 0x00

Bit

Name

Function

7:0 | PCAOCPN[15:8]

PCAOQ Capture Module High Byte.

The PCAOCPHN register holds the high byte (MSB) of the 16-bit capture module n.
This register address also allows access to the high byte of the corresponding
PCAO channel’s auto-reload value for 9, 10, or 11-bit PWM mode. The ARSEL bit
in register PCAOPWM controls which register is accessed.

Note: A write to this register will set the module’s ECOMn bit to a 1.
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29. Programmable Counter Array 1 (PCA1)

The Programmable Counter Array (PCAL) provides enhanced timer functionality while requiring less CPU
intervention than the standard 8051 counter/timers. PCA1 consists of a dedicated 16-bit counter/timer and
six 16-bit capture/compare modules. Each capture/compare module has its own associated I/O line
(CEXn) which is routed through the Crossbar to Port I/O when enabled. The counter/timer is driven by a
programmable timebase that can select between eight sources: system clock, system clock divided by
four, system clock divided by twelve, the external oscillator clock source divided by 8, Timer 0, 4, or 5 over-
flows, or an external clock signal on the ECI input pin. Each capture/compare module may be configured to
operate independently in one of six modes: Edge-Triggered Capture, Software Timer, High-Speed Output,
Frequency Output, 8 to 11-Bit PWM, or 16-Bit PWM (each mode is described in Section
“29.3. Capture/Compare Modules” on page 336). The external oscillator clock option is ideal for real-time
clock (RTC) functionality, allowing PCA1 to be clocked by a precision external oscillator while the internal
oscillator drives the system clock. PCA1 is configured and controlled through the system controller's Spe-
cial Function Registers. The PCA1 block diagram is shown in Figure 29.1

Note: PCAO and PCAZ1 are fully independent peripherals. PCAQ offers channels CEXO - CEX5, and PCAL1 offers
channels CEX6-CEX11. PCAOQ and PCAL1 are identical, except that PCAO Module 5 may be used as a
watchdog timer.

SYSCLK/12 \
SYSCLKk/i12

SYSCLK/4

Timer 0 Overflow

ECI1 | pca1
“lcLock
SYSCLK »| MUx |—316-Bit Counter/Timer

External Clock/8
—_ ]

Timer 4 Overflow
_mer 2 UVerow )

Timer 5 Overflow /
_

Capture/Compare Capture/Compare Capture/Compare Capture/Compare Capture/Compare Capture/Compare
Module 6 Module 7 Module 8 Module 9 Module 10 Module 11
A A A A A A
m o o) Q o) Q Q
= g 2 g 2 = 2
= > < % © I =
A 4 A 4 A 4 A 4 A 4 A 4
Crossbar
Ir"_____ T
! Port I/1O :

Figure 29.1. PCAL1 Block Diagram
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29.1. PCA1 Counter/Timer

The 16-bit PCA1 counter/timer consists of two 8-bit SFRs: PCALL and PCA1H. PCAL1H is the high byte
(MSB) of the 16-bit counter/timer and PCALL is the low byte (LSB). Reading PCALL automatically latches
the value of PCA1H into a “snapshot” register; the following PCA1H read accesses this “snapshot” register.
Reading the PCALL Register first guarantees an accurate reading of the entire 16-bit PCA1 counter.
Reading PCA1H or PCALL does not disturb the counter operation. The CPS12-CPS10 bits in the
PCA1MD register select the timebase for the counter/timer as shown in Table 29.1.

When the counter/timer overflows from OxFFFF to 0x0000, the Counter Overflow Flag (CF1) in PCALIMD is
set to logic 1 and an interrupt request is generated if CF1 interrupts are enabled. Setting the ECF1 bit in
PCA1MD to logic 1 enables the CF1 flag to generate an interrupt request. The CF1 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 CIDL1 bit in the PCALMD register allows the PCAL to continue normal operation while
the CPU is in Idle mode.

Table 29.1. PCA1 Timebase Input Options

CPS12 | CPS11 | CPS10 Timebase
0 0 0 System clock divided by 12.
0 0 1 System clock divided by 4.
0 1 0 Timer O overflow.
0 1 1 High-to-low transitions on ECI1 (max rate = system clock

divided by 4).

System clock.

External oscillator source divided by 8.
Timer 4 Overflow.

1 1 1 Timer 5 Overflow.

*Note: External oscillator source divided by 8 is synchronized with the system clock.

IDLE E

(RSN EN
Rl oo
o|lr|o

PCA1MD PCA1CN
© C|C|C|E Cc|c|c|c|c|c|c|c
| P[P[P|C F|R|C|C|C|C|C|C
D S|S|S|F 1|1|F|F|F|F|F|F
L 1l1f1]1 1|1{9|8]|7|6 ™ To SFR Bus
1 2(1(0 1|0 PCA1L
Z read
Snapshot
Register
SYSCLK/12 000 PAN
SYSCLK/4 001
Timer 0 Overflow
010 o} 0 p Overflow
ECIL O—p CA1H PCA1L TTD PCAL1 Interrupt System
—_— {011 1
SYSCLK 100 CF1
External Clock/8
—_—>
101 > To PCA1 Modules

SYSCLK 110

External Clock/8 111

Figure 29.2. PCA1 Counter/Timer Block Diagram
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29.2. PCA1 Interrupt Sources

Figure 29.3 shows a diagram of the PCAL interrupt tree. There are five independent event flags that can
be used to generate a PCAL interrupt. They are as follows: the main PCAL1 counter overflow flag (CF1),
which is set upon a 16-bit overflow of the PCAL counter, an intermediate overflow flag (COVF1), which can
be set on an overflow from the 8th, 9th, 10th, or 11th bit of the PCAL counter, and the individual flags for
each PCAL1 channel (CCF6, CCF7, CCF8, CCF9, CCF10 and CCF11), which are set according to the
operation mode of that module. These event flags are always set when the trigger condition occurs. Each
of these flags can be individually selected to generate a PCA1 interrupt, using the corresponding interrupt
enable flag (ECF1 for CF1, ECOV1 for COVF1, and ECCF1n for each CCFn). PCAL interrupts must be
globally enabled before any individual interrupt sources are recognized by the processor. PCAL interrupts
are globally enabled by setting the EA bit and the EPCAL bit to logic 1.

(forn=0to 2)
PCA1CPMn PCA1PWM
p[E[C[CIMITIP[E PCA1CN PCA1MD AlCIE clc
wlc|alalalojwic| [c]c]c[c]c]c]clc| |[c clc[c[e Rrlo|c LiL
Mlo|p|P[T[c|m|c|  |F|R|clc|clclclc| | P(P|P[c! s|vlol s|s
1[MPIN|n[2|2|F| |1|2|F|F|F|F|F|F| |D s|s|s|F E|F|V] Ele
6[1[1[1|2|n[n|1 1|1(9(8|7|6| |L 1|1f2fz Ll2fz LiL
1|n{n|n n 1|0 1 2|1|0 1 1(1
n - 1lo
PCAL1 Counter/Timer 8, | . .
9, 10 or 11-bit Overflow |—r,—> Set 8, 9, 10, or 11 bit Operation
v
PCAL Counter/Timer 16- eo 0
bit Overflow 0/ 1 —O/
ECCF6 -3 1 EPCAL _l EA _l
Interrupt
PCA Module 6 oo I ) o o> Priotty
(CCF®) 1 1 1 Decoder
ECCF7 —¢
PCA Module 7 0
(CCF7) oo
ECCF8 -3
PCA Module 8 0
(CCF8) oo
ECCF9 -3
PCA Module 9 0
(CCF9) oo;
ECCF10 -3
PCA Module 10 0
(CCF10) O/Cl
ECCF11 —¢
PCA Module 11 0
(CCF11) O/cl

Figure 29.3. PCAL Interrupt Block Diagram
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29.3. Capture/Compare Modules

Each module can be configured to operate independently in one of six operation modes: Edge-triggered
Capture, Software Timer, High Speed Output, Frequency Output, 8 to 11-Bit Pulse Width Modulator, or 16-
Bit Pulse Width Modulator. Each module has Special Function Registers (SFRs) associated with it in the
CIP-51 system controller. These registers are used to exchange data with a module and configure the
module's mode of operation. Table 29.2 summarizes the bit settings in the PCA1CPMn and PCA1PWM
registers used to select the PCAL capture/compare module’s operating mode. All modules set to use 8, 9,
10, or 11-bit PWM mode must use the same cycle length (8-11 bits). Setting the ECCF1n bit in a
PCA1CPMn register enables the module's CCFn interrupt.

Table 29.2. PCA1CPM and PCA1PWM Bit Settings for
PCAL1 Capture/Compare Modules

Operational Mode PCA1CPMn PCA1PWM

Bit Number 7/6(5(4(3/2|1|0|7]|6 4-2 | 1-0
Capture triggered by positive edge on CEXn X[ X|1/0[0|0|0O|A[O0]|X|B| XXX | XX
Capture triggered by negative edge on CEXn X|{X|0[1]|0|0|0|A|O0| X|B| XXX | XX
Capture triggered by any transition on CEXn X|{X|1{1]|0|0|0|A|O0|X|B| XXX | XX
Software Timer XIClO|O|1|0|0|A[O|X|B| XXX | XX
High Speed Output X|C|O|0|1]|2|0|A[0]|X|B| XXX | XX
Frequency Output X{C{O|O[O|1|1|A|O0|X|B|] XXX | XX
8-Bit Pulse Width Modulator (Note 7) O|C/|O|O|E|O|1|A[O0]|X|B| XXX | 00
9-Bit Pulse Width Modulator (Note 7) O|C/|O|O|E|O|1|A[D|X|B| XXX | 01
10-Bit Pulse Width Modulator (Note 7) O|C/|O|O|E|O|1|A|[D|X|B| XXX | 10
11-Bit Pulse Width Modulator (Note 7) O|C|O0|O0|E|O|1|A|D|X|B| XXX 11
16-Bit Pulse Width Modulator 1/C|O0|O0|E|O|21|A|O0|X|B|] XXX | XX
Notes:

1. X =Don't Care (no functional difference for individual module if 1 or 0).

2. A =Enable interrupts for this module (PCAL interrupt triggered on CCFn set to 1).

3. B = Enable 8th, 9th, 10th or 11th bit overflow interrupt (Depends on setting of CLSEL1[1:0]).

4. C =When set to 0, the digital comparator is off. For high speed and frequency output modes, the

associated pin will not toggle. In any of the PWM modes, this generates a 0% duty cycle (output = 0).
5. D = Selects whether the Capture/Compare register (0) or the Auto-Reload register (1) for the associated
channel is accessed via addresses PCA1CPHn and PCA1CPLn.
6. E = When set, a match event will cause the CCFn flag for the associated channel to be set.
7. All modules set to 8, 9, 10 or 11-bit PWM mode use the same cycle length setting.
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29.3.1. Edge-triggered Capture Mode

In this mode, a valid transition on the CEXn pin causes PCAl to capture the value of the PCAl
counter/timer and load it into the corresponding module's 16-bit capture/compare register (PCA1CPLn and
PCAL1CPHnN). The CAPP1n and CAPN1n bits in the PCAL1CPMn register are used to select the type of
transition 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 PCALCN is set to logic 1. An interrupt request is generated if the CCFn interrupt for that module
is 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 CAPP1n and CAPN1n 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.

PCAL1 Interrupt

PCAICPMn
pIE[C[CIMTIPIE
wic|alalalojwlc PCAICN
m[o|p|P|T|G|M|c CIC[C[CC[C[c|C
1|MIP|N[n]2[2|F FIRICICIC(C[CIC
e o = EEEEEEE
Unlnln n 1|1[ol8|76
N 1|o
X X 000 x
A
'g PCAICPLn | PCA1CPHn
o
o ‘ &
______ C ~
e [T N
Port 1/0 |X’—: Crossbar +EX" f Capturg, >
: ' At oo, | | | |
______ - c
1
PCAL__ N pcall PCALH

Timebase

Figure 29.4. PCA1 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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29.3.2. Software Timer (Compare) Mode

In Software Timer mode, the PCAL counter/timer value is compared to the module's 16-bit capture/com-
pare register (PCAL1CPHn and PCA1CPLn). When a match occurs, the Capture/Compare Flag (CCFn) in
PCALCN is set to logic 1. An interrupt request is generated if the CCFn interrupt for that module is
enabled. The CCFn bit is not automatically cleared by hardware when the CPU vectors to the interrupt ser-
vice routine, and must be cleared by software. Setting the ECOM1n and MAT1n bits in the PCA1CPMn
register enables Software Timer mode.

Important Note About Capture/Compare Registers: When writing a 16-bit value to the PCAL1 Cap-
ture/Compare registers, the low byte should always be written first. Writing to PCA1CPLn clears the
ECOML1n bhit to 0; writing to PCALCPHn sets ECOM1n to 1.

Write to
PCAICPLN 0
Reset
Write to
PCA1CPHN _I PCAL Interrupt
1 PCA1CPMn
p|E[c[c|m[T|r|E
W[C|A|A|AlO|W[C PCAI1CN
M|O|P[P|T|G[M|C C|C|C|C|C|C|C|C
1|M[P|N[n|1|1]F PCA1CPLn PCA1CPHnN FIR[C|C|C|C|C|C
6]11|1|1|nfn]1 1{1|F[F|F|F|F|F
1|n|nfn n 1[119|8]7|6
n 1[0
x| 00 ] 00X ll il
Yoo
Enable > 16-bit Comparator Match c>/o1
PCAL
W PCALL PCA1H
Figure 29.5. PCA1 Software Timer Mode Diagram
8
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29.3.3. High-Speed Output Mode

In High-Speed Output mode, a module’s associated CEXn pin is toggled each time a match occurs
between the PCA1l Counter and the module's 16-bit capture/compare register (PCA1CPHn and
PCAL1CPLn). When a match occurs, the Capture/Compare Flag (CCFn) in PCA1CN 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 TOG1n, MAT1n, and ECOM1n bits in the PCAL1CPMn register enables the High-
Speed Output mode. If ECOM1n 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 PCAL1 Cap-
ture/Compare registers, the low byte should always be written first. Writing to PCA1CPLn clears the
ECOML1n hit to 0; writing to PCALCPHn sets ECOM1n to 1.

Write to
PCAICPLN 0
Reset
PCA1CPMn
Write to PIE|C|CIM|T|P|E
PCAICPHN w{c|A|A|A[ojw|c
1 mlo|P|P|T|G|M|C
1IM[P[N|n|1[1|F
6(1|1(1{2(n[n|1
1{n|nfn n
n
x| 00 0 x
PCAL1 Interrupt
PCALCN
C|C|C|C|C|C|C|C
PCA1CPLN PCA1CPHN F[R[C|C|C|C|C|C
1|1|F|F|F|F|F|F
1{1(918|7|6
L ]
¢ A
0
Enable,, 16-bit Comparator Match o/cl
TOG1n
Toggle ¢ m————- 1
X: —o/O CEXQ! rossbar :—|X| Port I/O
c 1 | I
LAl N pcallL PCAIH |  — Lo____ J

Timebase

Figure 29.6. PCA1 High-Speed Output Mode Diagram
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29.3.4. 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 PCA1 clocks to count before the
output is toggled. The frequency of the square wave is then defined by Equation 29.1.

E — FPCA
CEXn ™ 2 x PCA1CPHnN

Note: A value of 0x00 in the PCAL1CPHNn register is equal to 256 for this equation.

Equation 29.1. Square Wave Frequency Output

Where Fpcpa is the frequency of the clock selected by the CPS12-0 bits in the PCA1 mode register,
PCA1MD. The lower byte of the capture/compare module is compared to the PCAL counter low byte; on a
match, CEXn is toggled and the offset held in the high byte is added to the matched value in PCA1CPLn.
Frequency Output Mode is enabled by setting the ECOM1n, TOG1n, and PWM1n bits in the PCA1CPMn
register. Note that the MAT1n bit should normally be set to 0 in this mode. If the MAT1n bit is set to 1, the
CCFn flag for the channel will be set when the 16-bit PCA1 counter and the 16-bit capture/compare regis-
ter for the channel are equal.

Write to
PCA1CPLn

Reset

Write to PCA1CPMn
PCALCPHN p[E[C[CIM[T]P[E {#”
w|c|a[a]alofw|c
mlo|rP|P|T|c|m|c N i pu—
1mlpIntnlzlz]F PCA1CPLn I, 8-bit Adder PCA1CPHnN
6|1f{1|2[1|n|n|2
Adder

Lnfnin " ll Enable
1 TOG1n
X 000 X Toggle m————— .

i 0

Enable 8-bit match | :X_F CEXQl . occbar | Port 110
Comparator D_O/l l ! X

PCA1 Timebase

—— PCALL

Figure 29.7. PCA1 Frequency Output Mode
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29.3.5. 8-hit, 9-bit, 10-bit and 11-bit Pulse Width Modulator Modes

Each module can be used independently to generate a pulse width modulated (PWM) output on its associ-
ated CEXn pin. The frequency of the output is dependent on the timebase for the PCA1 counter/timer, and
the setting of the PWM cycle length (8, 9, 10 or 11-bits). For backwards-compatibility with the 8-bit PWM
mode available on other devices, the 8-bit PWM mode operates slightly different than 9, 10 and 11-bit
PWM modes. It is important to note that all channels configured for 8/9/10/11-bit PWM mode will use
the same cycle length. It is not possible to configure one channel for 8-bit PWM mode and another for 11-
bit mode (for example). However, other PCA1 channels can be configured to Pin Capture, High-Speed
Output, Software Timer, Frequency Output, or 16-bit PWM mode independently.

29.3.5.1. 8-bit Pulse Width Modulator Mode

The duty cycle of the PWM output signal in 8-bit PWM mode is varied using the module’'s PCAL1CPLn cap-
ture/compare register. When the value in the low byte of the PCA1 counter/timer (PCALL) is equal to the
value in PCA1CPLn, the output on the CEXn pin will be set. When the count value in PCALL overflows, the
CEXn output will be reset (see Figure 29.8). Also, when the counter/timer low byte (PCALL) overflows from
OxFF to 0x00, PCA1CPLn is reloaded automatically with the value stored in the module’s capture/compare
high byte (PCA1CPHnN) without software intervention. Setting the ECOM1n and PWM1n bits in the
PCA1CPMn register, and setting the CLSELL1 bits in register PCA1PWM to 00b enables 8-Bit Pulse Width
Modulator mode. If the MAT1n bit is set to 1, the CCFn flag for the module will be set each time an 8-bit
comparator match (rising edge) occurs. The COVF1 flag in PCA1LPWM can be used to detect the overflow
(falling edge), which will occur every 256 PCA1 clock cycles. The duty cycle for 8-Bit PWM Mode is given
in Equation 29.2.

Important Note About Capture/Compare Registers: When writing a 16-bit value to the PCA1 Cap-
ture/Compare registers, the low byte should always be written first. Writing to PCAL1CPLn clears the
ECOML1n bit to 0; writing to PCAL1CPHnN sets ECOM1n to 1.

_ (256 — PCAOCPHnN)
256

Equation 29.2. 8-Bit PWM Duty Cycle

Using Equation 29.2, the largest duty cycle is 100% (PCA1CPHn = 0), and the smallest duty cycle is
0.39% (PCAL1CPHnN = OxFF). A 0% duty cycle may be generated by clearing the ECOM1n bit to 0.

Duty Cycle
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Write to
PCAICPLn 0
Reset PCALCPHN
Write to
PCAICPHN B
1 COVF1
PCA1PWM VPCA1CPMn
A|C|E| C|C P(E[C|ICIM[T|P|E
R|O|C LfL \W|C|AJA|A[O|W|C
S|V|O| SIS M|O|P|P|T|G|M|C
(M EE o 7 e PCA1CPLn
L|1|1 LfL 6/1|1|1|1|n|n|1
1 11 1|n|n|n n
1[0 n
0 T X 00 o|looxo0| x R .
Ll N\ ___ Enable 8-bit L match | ST CEXn | |
Comparator > > S Q —‘ Crossbar :—‘XI Port 1/10
> | e 4
TT R CLR 6
PCA1 Timebase PCA1L
Overflow
Figure 29.8. PCA1 8-Bit PWM Mode Diagram
®
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29.3.5.2. 9/10/11-bit Pulse Width Modulator Mode

The duty cycle of the PWM output signal in 9/10/11-bit PWM mode should be varied by writing to an “Auto-
Reload” Register, which is dual-mapped into the PCA1CPHn and PCAL1CPLn register locations. The data
written to define the duty cycle should be right-justified in the registers. The auto-reload registers are
accessed (read or written) when the bit ARSEL1 in PCA1PWM is set to 1. The capture/compare registers
are accessed when ARSEL1 is set to 0.

When the least-significant N bits of the PCAL counter match the value in the associated module’s cap-
ture/compare register (PCAL1CPn), the output on CEXn is asserted high. When the counter overflows from
the Nth bit, CEXn is asserted low (see Figure 29.9). Upon an overflow from the Nth bit, the COVF1 flag is
set, and the value stored in the module’s auto-reload register is loaded into the capture/compare register.
The value of N is determined by the CLSEL1 bits in register PCAIPWM.

The 9, 10 or 11-bit PWM mode is selected by setting the ECOM1n and PWM1n bits in the PCA1CPMn reg-
ister, and setting the CLSEL1 bits in register PCA1PWM to the desired cycle length (other than 8-bits). If
the MAT1n bit is set to 1, the CCFn flag for the module will be set each time a comparator match (rising
edge) occurs. The COVF1 flag in PCA1PWM can be used to detect the overflow (falling edge), which will
occur every 512 (9-bit), 1024 (10-bit) or 2048 (11-bit) PCA1 clock cycles. The duty cycle for 9/10/11-Bit
PWM Mode is given in Equation 29.2, where N is the number of bits in the PWM cycle.

Important Note About PCA1CPHn and PCAL1CPLn Registers: When writing a 16-bit value to the
PCALCPn registers, the low byte should always be written first. Writing to PCA1CPLn clears the ECOM1n
bit to 0; writing to PCA1CPHn sets ECOM1n to 1.

2N_pcalcpn)
N

Duty Cycle = (

Equation 29.3. 9, 10, and 11-Bit PWM Duty Cycle
A 0% duty cycle may be generated by clearing the ECOM1n bit to 0.

Write to
PCAICPL 0
Reset n A'-\I;’/gEVLTinl (Auto-Reload) PCAIPWM
ese <———3{ PCAICPHLn AICIE c|c
Write to (right-justified) Z 88 ; ;
PCAICPHN - E _‘ (v 2=
— L|1]1 L|L
VPCA1CPMn 1 1)1
P[E[c[cIM[T]P]E 10
\W|C|A[A[A|O|W|C! R/W when EEETE) * h X
Mlo|P|P|T|c|M|C ARSEL1=0 Set “N” bits:
1{MP|N|n[2|1|F ) »  PCAICPHLn 01 = 9 bits
sl1l1l1|1|n|nl1 (right-justified) 10 = 10 bits
1|n|n|n n 11 =11 bits
n
0] 00x0 | x .
-
. | |
Enable | N-bit Comparator matef’s == Q -CEXN) crossbar ——X] Port 110
L __ ]
TT ’—P R ar 6
m» PCA1H:L
Overflow of N" Bit

Figure 29.9. PCA1 9, 10 and 11-Bit PWM Mode Diagram
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29.3.6. 16-Bit Pulse Width Modulator Mode

A PCA1 module may also be operated in 16-Bit PWM mode. 16-bit PWM mode is independent of the other
(8/9/10/11-bit) PWM modes. In this mode, the 16-bit capture/compare module defines the number of PCA1
clocks for the low time of the PWM signal. When the PCA1 counter matches the module contents, the out-
put on CEXn is asserted high; when the 16-bit counter overflows, CEXn is asserted low. To output a vary-
ing duty cycle, new value writes should be synchronized with PCA1 CCFn match interrupts. 16-Bit PWM
Mode is enabled by setting the ECOM1n, PWM1n, and PWM161n bits in the PCAL1CPMn register. For a
varying duty cycle, match interrupts should be enabled (ECCF1n = 1 AND MAT1n = 1) to help synchronize
the capture/compare register writes. If the MAT1n bit is set to 1, the CCFn flag for the module will be set
each time a 16-bit comparator match (rising edge) occurs. The CF1 flag in PCA1CN can be used to detect
the overflow (falling edge). The duty cycle for 16-Bit PWM Mode is given by Equation 29.4.

Important Note About Capture/Compare Registers: When writing a 16-bit value to the PCAL1 Cap-
ture/Compare registers, the low byte should always be written first. Writing to PCA1CPLn clears the
ECOML1n hit to 0; writing to PCALCPHn sets ECOM1n to 1.

_ (65536 - PCAL1CPN)
Duty Cycle GEE36

Equation 29.4. 16-Bit PWM Duty Cycle

Using Equation 29.4, the largest duty cycle is 100% (PCA1CPn = 0), and the smallest duty cycle is
0.0015% (PCAL1CPn = OxFFFF). A 0% duty cycle may be generated by clearing the ECOM1n bit to O.

Write to

PCAICPLN 0
Reset
Write to ]
PCAICPHN

L wPCA1CPMn
PIE[CICIM|T(P|E
W|C|A|A[A[O|W[C
MIO[PP| TIGIM(C PCALCPHn | PCAICPLn
1[M|P[N|n|2|1|F
6|1|1|1{1|n|n|1
1{n|nfn n
n
1[00x0 x N N .

|
1
M 16-bit Comparator matchf s = CEXn: Crossbar :—‘Z Port 110
1
TT TT |—> R ar Q
PCA1 Timebase PCA1H PCA1L
Overflow
Figure 29.10. PCA1 16-Bit PWM Mode
®
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29.4. Register Descriptions for PCA1
Following are detailed descriptions of the special function registers related to the operation of the PCA.

SFR Definition 29.1. PCA1CN: PCA1 Control

Bit

Name

CF1

CR1

CCF6

CCF7

CCF8

CCF9

CCF10

CCF11

Type

R/W

R/W

R/W

R/W

R/W

R/W

R/W

R/W

Reset

0

0

0

0

SFR Address = 0xD8; Bit-Addressable; SFR Page = 0x10

Bit

Name

Function

7

CF1

PCA1 Counter/Timer Overflow Flag.

Set by hardware when the PCA1 Counter/Timer overflows from OxFFFF to 0x0000.
When the Counter/Timer Overflow (CF1) interrupt is enabled, setting this bit causes the
CPU to vector to the PCAL interrupt service routine. This bit is not automatically
cleared by hardware and must be cleared by software.

CR1

PCA1 Counter/Timer Run Control.

This bit enables/disables the PCA1 Counter/Timer.
0: PCA1 Counter/Timer disabled.

1: PCA1 Counter/Timer enabled.

CCF11

PCA1 Module 11 Capture/Compare Flag.

This bit is set by hardware when a match or capture occurs. When the CCF11 interrupt
is enabled, setting this bit causes the CPU to vector to the PCA1 interrupt service rou-
tine. This bit is not automatically cleared by hardware and must be cleared by software.

CCF10

PCA1 Module 10 Capture/Compare Flag.

This bit is set by hardware when a match or capture occurs. When the CCF10 interrupt
is enabled, setting this bit causes the CPU to vector to the PCA1 interrupt service rou-
tine. This bit is not automatically cleared by hardware and must be cleared by software.

CCF9

PCA1 Module 9 Capture/Compare Flag.

This bit is set by hardware when a match or capture occurs. When the CCF9 interrupt
is enabled, setting this bit causes the CPU to vector to the PCA1 interrupt service rou-
tine. This bit is not automatically cleared by hardware and must be cleared by software.

CCF8

PCA1 Module 8 Capture/Compare Flag.

This bit is set by hardware when a match or capture occurs. When the CCF8 interrupt
is enabled, setting this bit causes the CPU to vector to the PCA1 interrupt service rou-
tine. This bit is not automatically cleared by hardware and must be cleared by software.

CCF7

PCA1 Module 7 Capture/Compare Flag.

This bit is set by hardware when a match or capture occurs. When the CCF7 interrupt
is enabled, setting this bit causes the CPU to vector to the PCA1 interrupt service rou-
tine. This bit is not automatically cleared by hardware and must be cleared by software.

CCF6

PCA1 Module 6 Capture/Compare Flag.

This bit is set by hardware when a match or capture occurs. When the CCF6 interrupt
is enabled, setting this bit causes the CPU to vector to the PCA1 interrupt service rou-
tine. This bit is not automatically cleared by hardware and must be cleared by software.
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SFR Definition 29.2. PCA1MD: PCA1 Mode

Bit 7 6 5 4 3 2 1 0
Name | CIDL1 CPS12 CPS11 CPS10 ECF1
Type R/W R R/W R R/W R/W R/W R/W
Reset 0 0 0 0 0 0 0 0

SFR Address = 0xD9; SFR Page = 0x10

Bit Name Function

7 CIDL1 |PCA1 Counter/Timer Idle Control.
Specifies PCAL behavior when CPU is in Idle Mode.
0: PCAL1 continues to function normally while the system controller is in Idle Mode.
1: PCAL1 operation is suspended while the system controller is in Idle Mode.

6:4 | Unused |Read = 000b, Write = Don't care.

3:1 | CPS1[2:0] | PCAL Counter/Timer Pulse Select.
These bits select the timebase source for the PCAL counter
000: System clock divided by 12
001: System clock divided by 4
010: Timer O overflow
011: High-to-low transitions on ECI (max rate = system clock divided by 4)
100: System clock
101: External clock divided by 8 (synchronized with the system clock)
110: Timer 4 overflow
111: Timer 5 overflow

0 EC1F |PCA1 Counter/Timer Overflow Interrupt Enable.
This bit sets the masking of the PCA1 Counter/Timer Overflow (CF1) interrupt.
0: Disable the CF1 interrupt.
1: Enable a PCA1 Counter/Timer Overflow interrupt request when CF1 (PCA1CN.7) is
set.

B
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SFR Definition 29.3. PCA1PWM: PCA1 PWM Configuration

Bit 7 6 5 4 3 2 1 0
Name | ARSELL | ECOV1 | COVF1 CLSEL1[1:0]
Type | R/W RIW RIW R R R RIW
Reset 0 0 0 0 0 0 0 0

SFR Address = OxDA; SFR Page = OxOF

Bit Name Function

7 ARSEL1 |Auto-Reload Register Select.

other modes, the Auto-Reload registers have no function.

0: Read/Write Capture/Compare Registers at PCA1CPHn and PCA1CPLn.
1: Read/Write Auto-Reload Registers at PCA1CPHn and PCA1CPLn.

This bit selects whether to read and write the normal PCAL capture/compare regis-
ters (PCAL1CPn), or the Auto-Reload registers at the same SFR addresses. This
function is used to define the reload value for 9, 10, and 11-bit PWM modes. In all

6 ECOV1 Cycle Overflow Interrupt Enable.

0: COVF1 will not generate PCAL interrupts.
1: A PCAL interrupt will be generated when COVFL1 is set.

This bit sets the masking of the Cycle Overflow Flag (COVF1) interrupt.

5 COVF1 Cycle Overflow Flag.

cleared by software.

This bit indicates an overflow of the 8th, 9th, 10th, or 11th bit of the main PCA1
counter (PCA1). The specific bit used for this flag depends on the setting of the
Cycle Length Select bits. The bit can be set by hardware or software, but must be

0: No overflow has occurred since the last time this bit was cleared.
1: An overflow has occurred since the last time this bit was cleared.

4:2 Unused Read = 000b; Write = Don't care.

1:0 | CLSEL1[1:0] | Cycle Length Select.

nels configured to16-bit PWM mode.
00: 8 bits.

01: 9 bits.

10: 10 bits.

11: 11 bits.

When 16-bit PWM mode is not selected, these bits select the length of the PWM
cycle, between 8, 9, 10, or 11 bits. This affects all channels configured for PWM
which are not using 16-bit PWM mode. These bits are ignored for individual chan-
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SFR Definition 29.4. PCA1CPMn: PCA1 Capture/Compare Mode

Bit 7 6 5 4 3 2 1 0
Name | PWM161n | ECOM1n | CAPPIn | CAPN1n | MATin | TOGin | PWMIn | ECCFln
Type | R/W RIW RIW RIW RIW RIW RIW RIW
Reset 0 0 0 0 0 0 0 0

SFR Addresses: PCA1CPM6 = 0xDA, PCA1CPM7 = OxDB, PCA1CPM8 = 0xDC; PCA1CPM9 = 0xDD,
PCA1CPM10 = OxDE, PCA1CPM11 = OxDF, SFR Page (all registers) = 0x10

Bit Name Function

7 |PWM161n|16-bit Pulse Width Modulation Enable.
This bit enables 16-bit mode when Pulse Width Modulation mode is enabled.
0: 8 to 11-bit PWM selected.
1: 16-bit PWM selected.

6 | ECOM1n |Comparator Function Enable.
This bit enables the comparator function for PCA1 module n when set to 1.

5 | CAPP1n |Capture Positive Function Enable.
This bit enables the positive edge capture for PCA1 module n when set to 1.

4 | CAPN1n |Capture Negative Function Enable.
This bit enables the negative edge capture for PCA1 module n when set to 1.

3 MAT1n |Match Function Enable.
This bit enables the match function for PCA1 module n when set to 1. When enabled,
matches of the PCA1 counter with a module's capture/compare register cause the
CCFn bit in PCA1MD register to be set to logic 1.

2 TOG1n |Toggle Function Enable.
This bit enables the toggle function for PCA1 module n when set to 1. When enabled,
matches of the PCA1 counter with a module's capture/compare register cause the logic
level on the CEXn pin to toggle. If the PWMn bit is also set to logic 1, the module oper-
ates in Frequency Output Mode.

1 PWM1n |Pulse Width Modulation Mode Enable.
This bit enables the PWM function for PCA1 module n when set to 1. When enabled, a
pulse width modulated signal is output on the CEXn pin. 8 to 11-bit PWM is used if
PWML16n is cleared; 16-bit mode is used if PWM16n is set to logic 1. If the TOGn bit is
also set, the module operates in Frequency Output Mode.

0 | ECCF1n |Capture/Compare Flag Interrupt Enable.
This bit sets the masking of the Capture/Compare Flag (CCFn) interrupt.
0: Disable CCFn interrupts.
1: Enable a Capture/Compare Flag interrupt request when CCFn is set.
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SFR Definition 29.5. PCA1L: PCA1 Counter/Timer Low Byte

Bit 7 6 5 4 3 2 1 0
Name PCAL[7:0]
Type | R/W RIW RIW RIW RIW RIW RIW RIW
Reset 0 0 0 0 0 0 0 0

SFR Address = 0xF9; SFR Page = 0x10

Bit

Name

Function

7:0

PCA1[7:0]

PCA1 Counter/Timer Low Byte.
The PCALL register holds the low byte (LSB) of the 16-bit PCA1 Counter/Timer.

SFR Definition 29.6. PCA1H: PCA1 Counter/Timer High Byte

Bit 7 6 5 4 3 2 1 0
Name PCAL[15:8]
Type | RW RIW RIW RIW RIW RIW RIW RIW
Reset 0 0 0 0 0 0 0 0

SFR Address = OxFA; SFR Page = 0x10

Bit

Name

Function

7:0

PCA1[15:8]

PCA1 Counter/Timer High Byte.

The PCA1H register holds the high byte (MSB) of the 16-bit PCA1 Counter/Timer.
Reads of this register will read the contents of a “snapshot” register, whose contents
are updated only when the contents of PCALL are read (see Section 29.1).

SILIC

ON LABS

Rev. 1.4 349



C8051F58x/F59x

SFR Definition 29.7. PCA1CPLn: PCAL1 Capture Module Low Byte

Bit 7 6 5 4 3 2 1 0
Name PCAL1CPnN[7:0]
Type R/W R/W R/W R/W R/W R/W R/W R/W
Reset 0 0 0 0 0 0 0 0

SFR Addresses: PCA1CPL6 = OxFB, PCA1CPL7 = OxE9, PCA1CPL8 = OXEB, PCA1CPL9 = OxED,
PCA1CPL10 = OxFD, PCA1CPL11 = OxCE; SFR Page (all registers) = 0x10

Bit

Name

Function

7:0

PCA1CPN[7:0]

PCAL1 Capture Module Low Byte.

The PCAL1CPLn register holds the low byte (LSB) of the 16-bit capture module n.
This register address also allows access to the low byte of the corresponding
PCA1 channel’s auto-reload value for 9, 10, or 11-bit PWM mode. The ARSEL1
bit in register PCA1PWM controls which register is accessed.

Note: A write to this register will clear the module’s ECOM1n bit to a 0.

SFR Definition 29.8. PCA1CPHn: PCA1 Capture Module High Byte

Bit 7 6 5 4 3 2 1 0
Name PCA1CPnN[15:8]
Type R/W R/W R/W R/W R/W R/W R/W R/W
Reset 0 0 0 0 0 0 0 0

SFR Addresses: PCA1CPH6 = OxFC, PCA1CPH7 = OXEA, PCA1CPHS8 = OXEC, PCA1CPH9 = OXEE,
PCA1CPH10 = OXFE, PCA1CPH11 = OxCF; SFR Page (all registers) = 0x10

Bit Name Function

7:0 | PCALCPN[15:8] | PCA1 Capture Module High Byte.

The PCA1CPHN register holds the high byte (MSB) of the 16-bit capture module n.
This register address also allows access to the high byte of the corresponding
PCAL channel’'s auto-reload value for 9, 10, or 11-bit PWM mode. The ARSEL1 bit
in register PCA1PWM controls which register is accessed.

Note: A write to this register will set the module’s ECOM1n bitto a 1.
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30. C2 Interface

CB8051F58x/F59x devices include an on-chip Silicon Labs 2-Wire (C2) debug interface to allow Flash pro-
gramming and in-system debugging with the production part installed in the end application. The C2 inter-
face uses a clock signal (C2CK) and a bi-directional C2 data signal (C2D) to transfer information between
the device and a host system. See the C2 Interface Specification for details on the C2 protocol.

30.1. C2 Interface Registers

The following describes the C2 registers necessary to perform Flash programming through the C2 inter-
face. All C2 registers are accessed through the C2 interface as described in the C2 Interface Specification.

C2 Register Definition 30.1. C2ADD: C2 Address

The C2ADD register is accessed via the C2 interface to select the target Data register

Bit 7 6 4 3 2 1 0
Reset 0 0 0 0 0 0 0
Bit Name Function
7:0 | C2ADD[7:0] | C2 Address.

for C2 Data Read and Data Write commands.

Address Description

0x00 Selects the Device ID register for Data Read instructions

0x01 Selects the Revision ID register for Data Read instructions

0x02 Selects the C2 Flash Programming Control register for Data
Read/Write instructions

0xB4 Selects the C2 Flash Programming Data register for Data

Read/Write instructions
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C2 Register Definition 30.2. DEVICEID: C2 Device ID

Bit 7 6 5 4 3 2 1 0
Name DEVICEID[7:0]
Reset 0 0 1 0 0 0 0 0

C2 Address = OxFD; SFR Address = OxFD; SFR Page = Ox0OF

Bit

Name

Function

7:0 | DEVICEID[7:0] | Device ID.

This read-only register returns the 8-bit device ID: 0x20 (C8051F58x/F59x).

C2 Register Definition 30.3. REVID: C2 Revision ID

Bit 7 6 5 4 3 2 1 0
Reset | Varies Varies Varies Varies Varies Varies Varies Varies

C2 Address = OXFE; SFR Address = OXFE; SFR Page = OxOF

Bit Name Function
7:0 | REVID[7:0] |Revision ID.
This read-only register returns the 8-bit revision ID. For example: 0x00 = Revision A.
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C2 Register Definition 30.4. FPCTL: C2 Flash Programming Control

Bit 7 4 3 2 1 0
Name FPCTL[?:O]
Reset 0 0 0 0 0 0
C2 Address: 0x02
Bit Name Function

7:0 | FPCTL[7:0]

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 30.5. FPDAT: C2 Flash Programming Data

Bit 7 4 3 2 1 0
Reset 0 0 0 0 0 0
C2 Address: 0xB4
Bit Name Function

7:0 | FPDATI[7:0]

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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The FPSEL register is a Special Function Register (SFR) that is only accessible through the C2 interface.
When reading, writing. or erasing Flash through the C2 interface, this register must be set first in order to
access the different banks. SFRs are accessed through the C2 interface using the WriteAR and ReadDR /
Write DR commands described in Application Note 127: Flash Programming via the C2 Interface.

C2 Register Definition 30.6. FPSEL: C2 Flash Bank Select

Bit 7 6 5 4 3 2 1 0
Name BSEL
Type R R R R R R R R/W
Reset 0 0 0 0 0 0 0 0

SFR Address = 0xC6; SFR Page = 0x01
Bit Name Function
7:1 Unused |Read = 0000000b; Write = Don't Care.
0 BSEL  |Flash Programming Bank Select.
0: The address range 0x0000 - OxFFFF accesses Banks 0 - 1
1: The address range 0x0000 - OxFFFF accesses Banks 2 - 3
8
354 Rev. 1.4

SILICON LABS



C8051F58x/F59x

30.2. C2 Pin Sharing

The C2 protocol allows the C2 pins to be shared with user functions so that in-system debugging and
Flash programming may be performed. This is possible because C2 communication is typically performed
when the device is in the halt state, where all on-chip peripherals and user software are stalled. In this
halted state, the C2 interface can safely ‘borrow’ the C2CK (RST) and C2D pins. In most applications,
external resistors are required to isolate C2 interface traffic from the user application. A typical isolation
configuration is shown in Figure 30.1.

C8051Fxxx

RST (a) —>—wW\——¢—X C2CK
Input (b) —X C2D
Output (c)

\ 4

C2 Interface Master

Figure 30.1. Typical C2 Pin Sharing

The configuration in Figure 30.1 assumes the following:

1. The user input (b) cannot change state while the target device is halted.
2. The RST pin on the target device is used as an input only.

Additional resistors may be necessary depending on the specific application.
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DOCUMENT CHANGE LIST

Revision 0.1 to Revision 1.0

Updated all specification TBDs

Clarified and corrected text throughout the document.

Revision 1.0 to Revision 1.1

Updated “Ordering Information” on page 22 to include -A (Automotive) devices and automotive
qualification information.

Updated supply current related specifications throughout “5. Electrical Characteristics” .

Updated SFR Definition 8.1 to change VREF high setting to 2.20 V from 2.25 V.

Updated Table 5.13 on page 53 and Figure 9.1 on Page 77 to indicate that Comparators are powered
from Vg and not Vppa.

Updated the Gain Table in “Calculating the Gain Value” on page 60 to fix the ADCOGNH Value in the
last row.

Updated Table 11.1 on page 94 with correct timing for all branch instructions, MOVC, and CPL A.

Updated “Programming The Flash Memory” on page 138 to clarify behavior of 8-bit MOVX instructions
and when writing/erasing Flash.

Updated SFR Definition 15.3 (FLSCL) to include FLEWT bit definition. This bit must be set before
writing or erasing Flash. Also updated Table 5.5 on page 49 to reflect new Flash Write and Erase
timing.

Updated “17.7. Flash Error Reset” with an additional cause of a Flash Error reset.

Updated “20.1. Port I/O Modes of Operation” to remove note regarding interfacing to voltages above
VIO.

Updated “23. SMBus” to remove all hardware ACK features, including SMBOADM and SMBOADR
SFRs.

Updated “24.3.2. Data Reception” to clarify UART receive FIFO behavior.
Updated SFR Definition 24.1 (SCONO) to correct SFR Page to 0x00 from All Pages.
Various formatting changes and corrections throughout the document.

Note: All items from the C8051F58x/59x Errata dated July 1, 2009 are incorporated into this data sheet.

Revision 1.1 to Revision 1.2

Updated “1. System Overview” with a voltage range specification for the internal oscillator.

Updated Table 5.6, “Internal High-Frequency Oscillator Electrical Characteristics,” on page 49 with new
conditions for the internal oscillator accuracy. The internal oscillator accuracy is dependent on the
operating voltage range.

Updated “5. Electrical Characteristics” to remove the internal oscillator curve across temperature
diagram.

Updated Figure 6.4 with new timing diagram when using CNVSTR pin.

Updated SFR Definition 8.1 (REFOCN) with oscillator suspend requirement for ZTCEN.

Fixed incorrect cross references in “9. Comparators” .

Updated SFR Definition 10.1 (REGOCN) with a new definition for Bit 6. The bit 6 reset value is 1b and
must be written to 1b.

Updated SFR Definition 12.1 (PSBANK) with correct reset value.
Updated “16.3. Suspend Mode” with note regarding ZTCEN.
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Added Port 2 Event and Port 3 Events to wake-up sources in “19.2.1. Internal Oscillator Suspend
Mode” .

Updated SFR Definition 20.3 with correct names for bits CP2AE and CP2E.

Updated “21. Local Interconnect Network (LINO)” with a voltage range specification for the internal
oscillator.

Updated LIN Register Definitions 21.9 and 21.10 with correct reset values.

Updated “22. Controller Area Network (CANO)” with a voltage range specification for the internal
oscillator.

Updated C2 Register Definitions 30.2 and 30.3 with correct C2 and SFR addresses.

Revision 1.2 to Revision 1.3

Updated the note in “Power-Fail Reset/\VDD Monitor” on page 154 to use a larger font.

Added the note regarding the voltage regulator and VDD monitor in the high setting from “Power-Falil
Reset/VDD Monitor” on page 154 to “Voltage Regulator (REGO0)” on page 89 and “Vpp Maintenance

and the Vpp monitor” on page 143. Also adjusted the language regarding the solution with the highest
system reliability.

Updated the steps in “Vpp Maintenance and the Vpp monitor” on page 143 to mention using the VDD
monitor in the high setting during flash write/erase operations.

Updated the SUSPEND bit description in OSCICN (SFR Definition 19.2) to mention that firmware must
set the ZTCEN bit in REFOCN (SFR Definition 8.1) before entering suspend.

Added a note to the IFRDY flag in the OSCICN register (SFR Definition 19.2) that the flag may not
accurately reflect the state of the oscillator.

Added VDD Ramp Time for Power On spec to Table 5.4, “Reset Electrical Characteristics,” on page 48.

Added a note regarding programming at cold temperatures on —I devices to “Programming The Flash
Memory” on page 138 and added Temperature during Programming Operations specification to
Table 5.5, “Flash Electrical Characteristics,” on page 49.

Added a note regarding P0O.0/VREF when VDD is used as the reference to Table 20.1, “Port I/O
Assignment for Analog Functions,” on page 191 and to the description of the REFSL bit in REFOCN
(SFR Definition 8.1).

Added a note regarding a potential unknown state on GPIO during power up if VIO ramps significantly
before VDD to “Port Input/Output” on page 188 and “Reset Sources” on page 152.

Added steps to set the FLEWT bit in the flash write/erase procedures in “Flash Erase Procedure” on
page 139, “Flash Write Procedure” on page 140, and “Flash Write Optimization” on page 140.

Added the “Reprogramming the VDD Monitor High Threshold” on page 138 section.
Added a note regarding fast changes on VDD causing the Vpp Monitor to trigger to “Power-Fail
Reset/VDD Monitor” on page 154.

Added notes regarding UART TX and RX behavior in “Data Transmission” on page 259 and “Data
Reception” on page 259.

Added a note regarding an issue with /RST low time on some older devices to “Power-On Reset” on
page 153.

Added Table 5.8, “Crystal Oscillator Electrical Characteristics,” on page 50.

Added a paragraph in “External Crystal Example” on page 185 regarding surface mount crystals and
drive current.

Removed recommendations to introduce a delay after enabling the VDD Monitor before enabling it as a
reset source in “Power-Fail Reset/\VDD Monitor” on page 154.
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Revision 1.3 to Revision 1.4

Updated the language in “SFR Paging” on page 106 to refer to four SFR pages.

Updated the procedure in “Reprogramming the VDD Monitor High Threshold” on page 138.
Adjusted the wording about delays after enabling or changing the VDD monitor level in “Power-Fail
Reset/VDD Monitor” on page 154.

Added VDD Monitor Settling Time to Table 5.4, “Reset Electrical Characteristics,” on page 48.
Clarified the hardware behavior in “SCL High (SMBus Free) Timeout” on page 242.

Removed a redundant paragraph and fixed an erroneous equation reference “SMBus Configuration
Register” on page 242.

Clarified the hardware behavior in the SMBFTE bit description in Register 23.1, “SMBOCF: SMBus
Clock/Configuration,” on page 245.

Added Table 5.14, “SMBus Peripheral Timing Performance (Master Mode),” on page 54, Table 5.15,
“SMBus Peripheral Timing Formulas (Master Mode),” on page 55, and Figure 5.2 on page 55 to
“Electrical Characteristics” on page 42.
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