HIGH-SPEED MICROCONTROLLER USER’S GUIDE

SECTION 11: PROGRAMMABLE TIMERS

All members of the High—Speed Microcontroller family
incorporate three 16-bit programmable timers and
some also have a Watchdog Timer with a program-
mable interval. Because the Watchdog Timer is signifi-
cantly differentfrom the other timers, itis described sep-
arately. The 16-bit Timers are referred to simply as
timers.

In most modes, the timers can be used as either count-
ers of external events or timers. When functioning as a
counter, 1 to 0 transitions on a port pin are monitored
and counted. When functioning as timers, they effec-
tively count oscillator cycles. The time base for the timer
function is the main oscillator clock divided by either 4 or
12. This selection is described below. Because each
clock pulse must be sampled high for one machine cycle
and low for one machine cycle to be recognized, this
sets the maximum sampling frequency on any timer
input at 1/8 of the main oscillator frequency.

Timer 0 Timer 1
13-bit Timer/counter

16-hit Timer/counter

8-bit Timer w/ Auto—reload

Two 8-bit Timer/counters

External control pulse timer/counter

16-BIT TIMERS

Timers 0 and 1 are nearly identical. Timer 2 has several
additional features such as up/down counting, capture
values and an optional output pin that make it unique.
Timers 0 and 1 are described first. Timer 2 is described
separately. As mentioned above, the time base for each
timer can be varied and this is also discussed in more
detail below.

Timer 0 and 1 both have four operating modes. They are
13-bit timer/counter, 16—bit timer/counter, 8—bit timer/
counter with auto-reload, and two 8—bit timers. The lat-
ter mode is available to Timer 0 only. These modes are
controlled by the TMOD register. Each timer can also

13-bit Timer/counter

16-bit Timer/counter

8-bit Timer w/ Auto—reload
External control pulse timer/counter
Baud rate generator

The three timers are compatible with the 80C32. That s,
they offer the same controls and I/0O functions that were
available in the 80C32. As mentioned above, the actual
timing of these functions is user selectable to be com-
patible with the machine cycle of the older generation of
8051 family (12 clocks per tick) or the new generation (4
clocks per tick). The timing for each of the three timers
can be selected independently and can be changed
dynamically. Each timer has 4 primary modes as dis-
cussed below.

The Watchdog Timer Reset provides CPU monitoring
by requiring software to clear the timer before the user
selected interval expires. If the Timer is not cleared, the
CPU will be reset by the Watchdog. The Watchdog func-
tion is optional and is described below. Since the High—
Speed Microcontroller timers have a variety of features,
the following summary table shows the capabilities.

Timer 2
16-bit Timer/counter
16-hit Timer with capture
16-bit Auto—reload Timer/counter
16-bit up/down auto—reload
Timer/counter
Baud rate generator
Timer output clock generator

serve as a counter of external pulses (1 to O transition)
onthe corresponding Tn pin. This selection is controlled
by the TMOD register. One other option is to gate the
timer/counter using an external control signal. This
allows the timer to measure the pulse width of external
signals. Timers 0 and 1 are enabled using the TCON
register which is also the location of their flags. The reg-
isters are described below. Following this is a detailed
explanation of the four operating modes.

Each timer consists of a 16-bit register in two bytes.
These are called TLO, THO, TL1, and TH1. As shown,
each timer is broken into low and high bytes. Software
can read or write any of these locations at any time.
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TMOD REGISTER SUMMARY

TIMER MODE CONTROL  TMOD; 89h

TMOD.7 GATE - Timer 1 GATE control. When GATE=1, Timer 1 will clock only when
INT1 and TR1 =1. When GATE=0, Timer 1 will clock only when TR1=1 irre-
spective of INTL1.

TMOD.6 CI/T — Counter/Timer select. When C/T is set to a 0, Timer 1 is incremented
by internal clocks. When C/T is set to a 1, Timer 1 counts based on the T1
(P3.5) pin.

TMOD.5 M1 — Timer 1 Mode select bit 1.

TMOD.4 MO — Timer 1 Mode select bit 0.

M1 MO Mode

0 0 Mode 0 : 8-bits with 5-bit prescale
0 1 Mode 1 : 16-bits
1 0 Mode 2 : 8-bits with auto—reload
1 1 Mode 3 : Timer 1 stopped
TMOD.3 GATE - Timer 0 GATE control. When GATE=1, Timer 0 will clock only when

INTO and TRO =1. When GATE=0, Timer 0 will clock only when TRO=1 irre-
spective of INTO.

TMOD.2 CIT — Counter/Timer select. When C/T is set to a 0, Timer 0 is incremented
by internal clocks. When C/T is set to a 1, Timer 0 counts based on the TO
(P3.4) pin.

TMOD.1 M1 — Timer 0 Mode select bit 1.

TMOD.0 MO — Timer 0 Mode select bit 0.

M1 MO Mode

Mode 0 : 8-bits with 5-bit prescale
Mode 1 : 16-hits

Mode 2 : 8-bits with auto—reload
Mode 3 : Timer 0 is two 8—bit timers

P = OO
O RFr O
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TCON REGISTER SUMMARY

TIMER/COUNTER
CONTROL

TCON.7

TCON.6

TCON.5

TCON.4

TCON.3

TCON.2

TCON.1

TCON.O

TCON; 88h

TF1 - Timer 1 overflow flag. Set to one when Timer 1 overflows from FFh,
and cleared when the processor vectors to the interrupt service routine.
TR1 — Timer 1 run control. Turns on Timer 1 when this bit is set.

TFO — Timer O overflow flag. Set to one when Timer 0 overflows from FFh,
and cleared when the processor vectors to the interrupt service routine.

TRO — Timer 0 run control. Turns on Timer 0 when this bit is set to a one.

IE1 — Interrupt 1 edge detect. Set by hardware when an edge/level is
detected on INT1.

IT1-Interrupt 1 type select. INT1 detects a falling edge when this bitis set to
a 1. INT1 detects a low level when this bitis a 0.

IEO — Interrupt O edge detect. Set by hardware when an edge/level is
detected on INTO.

ITO—Interrupt O type select. INTO detects a falling edge when this bitis set to

a 1. INTO detects a low level when this bit is a 0.

MODE 0

Mode 0 configures either Timer 0 or Timer 1 for opera-
tion as a 13-bit Timer/Counter. As shown in figure 11-1,
bits M1=0 and M0=0 of the TMOD register select this
operating mode.

When using Timer 0, TLO uses only bits 0—4. These bits
serve as the 5 LSbs of the 13—bittimer. THO provides the
8 MSbs ofthe 13-bittimer. Bit4 of TLOis used as aripple
out to THO bit 0, thereby completely bypassing bits 5
through 7 of TLO. Once the timer is started using the
TRO (TCON.4) timer enable, the timer will count as long
as GATE (TMOD.3)is 0 or GATE is 1 and pin INTOis 1. It
will count oscillator cycles if C/T (TMOD.2) is set to a
logic 0 and 1 to O transitions on TO (P3.4) if C/T is setto a
1. When the 13-bit count reaches 1FFFh (all ones), the
next count will cause it to roll over to 0000h. The TFO
(TCON.5) flag will be set and an interrupt will occur if
enabled. The upper three bits of TLO will be indetermi-
nate.

Note that when used as a timer, the time base may be
either oscillator cycles/12 or oscillator cycles/4 as

selected by bits TnM (n=0 or 1) of the CKCON register.
This feature is described in more detail below.

Mode 0 operates identically when Timer 1 is used. The
same information applies to TL1 and TH1, which form
the 13-bit register. TR1 (TCON.6), INT1 (P3.3), T1
(P3.5), and the relevant C/T (TMOD.6) and GATE
(TMOD.7) bits have the same functions.

MODE 1

Mode 1 configures the timer for 16-bit operation as
either a timer or counter. Figure 11-1 shows that bits
M1=0 and M0=1 of the TMOD register select this oper-
ating mode. For Timer n, all of the TLn and THn registers
are used. For example, if Timer 1 is configured in mode
1, then TL1 holds the LSB and TH1 holds the MSB. Rol-
lover occurs when the timer reaches FFFFh. An inter-
ruptwill also occur if enabled and the relevant TFnflag is
set. Timebase selection, counter/timer selection, and
the gate function operate as described in mode 0.
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TIMER/COUNTER 0 AND 1 MODES 0 AND 1 Figure 11-1

TOM = CKCON.3
(T1M = CKCON.4)

C/T=TMOD.2

OSC INPUT TO TIMER
TIMER INPUT
DIVIDE BY 4 1
PMM1
PMM2

DIVIDE
BY 12

DIVIDE
BY 4

0OSC/256

TO=P3.4
(1=p3s5) [}

TRO = TCON.4
(TR1 = TCON.6)

GATE = TMOD.3
(GATE = TMOD.7)

INTO=P3.2
(INT1=P3.3)

MODE 2

This mode configures the timer as an 8-bit timer/
counter with automatic reload of the start value. This
configuration is shown in Figure 11-2, and is selected
when bits M1and MO of the TCON register are setto 1
and O respectively. When configured in Mode 2, the
timer uses TLn to count and THn to store the reload
value. Software must initialize both TLn and THn with
the same starting value for the first count to be correct.

TIMER/COUNTER 0 AND 1 MODE 2 Figure 11-2

TOM = CKCON.3
(T1M = CKCON.4)

0 (C/T=TMOD.6)

MODE 0
M1,M0 = TMOD.1, TMOD.0
(M1,M0 = TMOD.5, TMOD.4)

MODE 1

INTERRUPT

TFO = TCON.5
(TF1=TCON.7)
TIMER 1 FUNCTIONS
SHOWN IN PARENTHESIS ()

Once the TLn reaches FFh, it will be automatically
loaded with the value in THn. The THn value remains
unchanged unless modified by software. Mode 2 is
commonly used to generate baud rates since it runs
without continued software intervention. As in modes 0
and 1, mode 2 allows counting of either oscillator cycles
(crystal/12 or crystal/4) or pulses on pin Tn (C/T=1)
when counting is enabled by TRn and the proper setting
of GATE and INTn pins.

C/T=TMOD.2
OSC INPUT TO TIMER DIVIDE 0 (C/IT=TMOD.6)
TIMER INPUT BY 12 0 L0
DIVIDE BY 4 gggﬁe H (TL1) ,
.PMM ] —
pMM; 0OSC/256 DIVIDE 1 CLK RELOAD
BY 4
1
T0=P3.4
T1=pas5)[] f : y
TRO = TCON.4

(TR1 = TCON.6)

GATE =TMOD.3

(GATE =TMOD.7) —W

INTO=P3.2
(INT1=P3.3)

0 THO 7
(TH1)

INTERRUPT

TFO = TCON.5
(TF1=TCON.7)

TIMER 1 FUNCTIONS
SHOWN IN PARENTHESIS ()
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MODE 3

This mode provides an 8-bit timer/counter and a
second 8-bit timer as indicated in Figure 11-3. In Mode
3, TLOis an 8-bit timer/counter controlled by the normal
Timer 0 bits (TRO=TCON.4 and TFO=TCON.5). TLO can
be used to count oscillator cycles (crystal/12 or crys-
tal/4) or 1 to O transitions on pin TO as determined by C/T
(TMOD.2). As in the other modes, the GATE function

TIMER/COUNTER 0 MODE 3 Figure 11-3

TOM = CKCON.3

can use INTO to give external run control of the timer to
an outside signal.

THO becomes an independent 8—bit Timer in Mode 3,
however it can only count oscillator cycles (divided by
12 or 4) as shown in the figure. In this mode, some of
Timer 1's control signals are used to manipulate THO.
Thatis, TR1 (TCON.6) and TF1 (TCON.7) become the
relevant control and flag bits associated with THO.

OSC INPUT TO TIMER DIVIDE C/T=TMOD.2
TIMER INPUT] BY 12 0
DIVIDE BY 4 838%6
. PMM1,

0SC/256 DIVIDE

TO=P3.4 D

TRO = TCON.4 TFO = TCON.5 INTERRUPT

GATE =TMOD.3 D@ TF1=TCON.7 INTERRUPT

INTO=P3.2 D

TR1=TCON.6

In Mode 3, Timer 1 stops counting and holds its value.
Thus Timer 1 has no practical application while in Mode
3.

As mentioned above, when Timer O is in Mode 3, it uses
some of Timer 1's resources (i.e., TR1 and TF1). Timer
1 can still be used in Modes 0, 1, and 2 in this situation,
but its flexibility becomes somewhat limited. While it
maintains its basic functionality, its inputs and outputs
are no longer available. Therefore when Timer 0 is in
Mode 3, Timer 1 can only count oscillator cycles, and it
does not have aninterrupt or flag. With these limitations,

baud rate generation is its most practical application,
but other time—base functions may be achieved by read-
ing the registers.

TIMER 2

Like Timers 0 and 1, Timer 2 is a full function timer/
counter, however it has several additional capabilities
that make it more useful. Timer 2 has independent con-
trol registers in T2CON and T2MOD, and is based on
count registers TL2 and TH2. All of these registers are
described in detail below.
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T2CON REGISTER SUMMARY

TIMER TWO CONTROL T2CON; C8h

T2CON.7 TF2 — Timer 2 Overflow Flag. Hardware will set TF2 when the Timer 2 over-
flows from FFFFh or from the count equal to the capture register in down count
mode. It must be cleared to 0 by software. TF2 will only be setto a 1 if RCLK
and TCLK are both cleared to a 0.

T2CON.6 EXF2-Timer 2 External Flag. Hardware will set EXF2 when a reload or cap-
ture is caused by a falling transition on the T2EX pin (P1.1). EXEN2 must be
set for this function. This flag must be cleared to 0 by software. Writing a one
to this bit will force a timer interrupt if enabled.

T2CON.5 RCLK — Receive Clock Flag. This bit determines whether Timer 1 or 2 is
used for Serial Port O timing of received data in Serial Modes 1 or 3. RCLK =1
causes Timer 2 overflow to be used as the receive clock. RCLK=0 causes
Timer 1 overflow to be used as the receive clock.

T2CON.4 TCLK — Transmit Clock Flag. This bit determines whether Timer 1 or 2 is
used for Serial Port 0 timing of Transmit data in Serial Modes 1 or 3. TCLK=1
causes Timer 2 overflow to be used as the transmit clock. TCLK=0 causes
Timer 1 overflow to be used as the transmit clock.

T2CON.3 EXEN2 — Timer 2 External Enable. Setting this bit to a 1 allows a capture or
reload to occur as a result of a falling transition on T2EX (P1.1), if Timer 2 is
not generating baud rates for the serial port. EXEN2=0 causes Timer 2 to
ignore all external events at T2EX.

T2CON.2 TR2 —Timer 2 run. Setting this bitto a 1 starts Timer 2. Setting it to a 0 stops
Timer 2.
T2CON.1 C/T2 — Counter/Timer Select. Setting this bit to a 0 selects a timer function

for Timer 2. Setting it to a 1 selects a counter of falling transitions on T2
(P1.0). Timer 2 runs at 4 clocks per tick or 12 clocks per tick as programmed
by CKCON.5. This bit will be overridden and Timer 2 directed to use a divide
by 2 clock if either the baud—rate generator or clock output mode is used.

T2CON.O CP/RL2 — Capture/Reload Flag. When this bit is set to 1, Timer 2 captures
willoccuron 1to O transitions of T2EX (P1.1) if EXEN2=1. When this bitis set
to 0, auto—reloads will occur when Timer 2 overflows or when 1 to O transi-
tions occur on T2EX if EXEN2=1. If either RCLK or TCLK is set to a 1 this bit
will not function and the timer will function in an auto—reload mode following
each overflow.
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T2MOD REGISTER SUMMARY

T20E — Timer 2 Output Enable. Setting this bit to a 1 enables the Timer 2 to

drive the T2 (P1.0) pin with a clock output. When T20E=0, the T2 (P1.0) pin
is used as either an input for Timer 2 or a standard port pin.

TIMER TWO MODE T2MOD; C9h
CONTROL

T2MOD.7-2 Reserved
T2MOD.1

T2MOD.0

DCEN — Down Count Enable. When this bit is set to 1, the Timer 2 function

counts up or down when in 16—bit auto—reload mode depending on T2EX
(P1.1). When DCEN is set to a 0, the Timer 2 counts up only.

TIMER 2 CAPTURE REGISTERS SUMMARY

LEAST SIGNIFICANT RCAP2L; CAh
BYTE CAPTURE OF TIMER 2

RCAP2L.7-0

This register is used to capture the TL2 value when Timer 2 is configured in

capture mode. RCAP2L is also used as the LSB of a 16-bit reload value
when Timer 2 is configured in auto—reload mode.

MOST SIGNIFICANT RCAP2H; CBh
BYTE CAPTURE OF TIMER 2

RCAP2H.7-0

This register is used to capture the TH2 value when Timer 2 is configured in

capture mode. RCAP2H is also used as the MSB of a 16-bit reload value
when Timer 2 is configured in auto—reload mode.

TIMER 2 MODES

As is seen in the register descriptions, Timer 2 has sev-
eral abilities not found in Timers 0 and 1. However, it
does not offer the 13-bit and dual 8—bit modes. Thus it
runsin 16—bitmode at all times. Also note that instead of
offering an 8-hit auto-reload mode, Timer 2 has a
16-bit auto—reload mode. This mode uses the Timer
Capture registers to hold the reload values. The modes
available on Timer 2 are described below.

16-bit Timer/Counter

Inthis mode, Timer 2 performs a simple timer or counter
function where it behaves similarly to mode 1 of Timers
Oand 1, but uses 16 instead of 8 bits. This mode, along
with the optional capture mode described below, is illus-

trated in Figure 11-4. The 16-bit count values are found
in TL2 and TH2 Special Function Registers (addresses
0CChand 0CDh respectively). The selection of whether
a Timer or Counter function is performed is made using
the bit C/T2 (T2CON.1). When C/T2 is set to a logic 1,
Timer 2 behaves as a counter where it counts 1 to O tran-
sitions at the T2 (P1.0) pin. When C/T2is setto alogic 0,
Timer 2 functions as a timer where it counts the oscilla-
tor cycles divided by either 12 or 4 as determined by bit
T2M (T2CON.5). Timing or counting is enabled by set-
ting bit TR2 (T2CON.2) to 1, and disabled by setting it to
0. When the counter rolls over from FFFFh to 0000h, the
TF2 flag (T2CON.7) is set and will cause an interrupt if
Timer 2's interrupt is enabled.
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16-bit Timer with Capture

Adiagram of Timer 2’s Capture Mode is shown in Figure
11-4. In this mode, the timer performs basically the
same 16-bit timer/counter function described above.
However, a 1 to 0 transition on T2EX (pin P1.1) causes
the value in Timer 2 to be transferred into the capture
registers if enabled by EXEN2 (T2CON.3). The capture
registers, RCAP2L and RCAP2H, correspond to TL2

and TH2 respectively. The capture function is enabled
by the CP/RL2 (T2CON.0) bit. When set to a logic 1, the
timer is in capture mode as described. When set to a
logic 0, the timer is in auto—reload mode described later.
As was possible with Timers 0 and 1, the timebase for
Timer 2 may be selected to be oscillator cycles divided
by either 12 or 4 when in this mode.

TIMER/COUNTER 2 WITH OPTIONAL CAPTURE Figure 11-4

T2M = CKCON.5

DIVIDE
BY 12

OSC INPUT TO TIMER
TIMER INPUT
OSC/1

DIVIDE BY 4
- PMM1,

C/T2=T2CON.1
0

CLK

0SC/16
PMM2 0SC/256 DIVIDE 0 78 15 —
BY4 TL2 | TH2 T2CON.7
reerta[] HNNEREEREREENR
TR2 = T2CON.2 > v v
! | T
T2EX=PLL 2 [ RCAPZL ] RCAPZH |
2 0 78 15
(6]
ol EXF2= TIMER 2
EXEN2 = T2CON.3 T2CON.6 INTERRUPT

16-bit Auto—reload Timer/Counter

This mode is illustrated in Figure 11-5a. When Timer 2
reaches an overflow state, i.e., rolls over from FFFFh to
0000, it will set the TF2 Flag. This flag can generate an
interrupt if enabled. In addition, the timer will restore its
starting value and begin timing (or counting) again. The
starting value is preloaded by software into the capture
registers RCAP2L and RCAP2H. These registers can-
not be used for capture functions while also performing
auto—reload, so these modes are mutually exclusive.
Auto—reload is invoked by the CP/RL2 (T2CON.0) bit.
When set to a logic 0, the timer is in auto—reload mode.
When CP/RL2 is set to a logic 1, the timer is in capture
mode described above. Ifthe oscillator timebase is used

(C/T2=T2CON.1=0), the timer’s input may be selected
to be oscillator cycles divided by either 12 or 4 as deter-
mined by T2M (CKCON.5). Otherwise, pulses on pin T2
(P1.0) are counted when C/T2=1. As in other modes,
Counting or timing is enabled or disabled with TR2
(T2CON.2).

When in auto—reload mode, Timer 2 can also be forced
to reload with the T2EX (P1.1) pin. A 1 to O transition will
force areload if enabled by the EXEN2 (T2CON.3) bit. If
EXEN2issettoalogic 1,thenaltoOtransitionon T2EX
will cause a reload. Otherwise, the T2EX pin will be
ignored.
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TIMER/COUNTER 2 AUTO RELOAD MODE

Figure 11-5

(a) DCEN=0

T2M = CKCON.5

DIVIDE
BY 12

OSC INPUT TO TIMER
CLK MODE TIMER INPUT
DIVIDE BY 4 0sCr1

C/T2=T2CON.1
0

CLK
. PMM1 0SC/16
PMM2 0SC/256 DIVIDE 78 15 —
||||||||||||||| -
T2=P10 [}
TR2 = T2CON.2 A A
T2ex =PLl | RCAP2L "RCAP2H
0 7 8 15
y
S| ExF2 = TIMER 2
EXEN2 = T2CON.3 “| T2CON.6 INTERRUPT
(a) DCEN=1
(DOWN COUNTING RELOAD VALUE)
[ OFFH [ OFFH |
o LT LT L
T2M = CKCON.5
0OSC INPUT TO TIMER DIVIDE 0 C/T2=T2CON.1 ;; ;;
MER INPUT BY 12 0
DIVIDE BY 4 OSC/l Gk
| PMM1 0SC/16 OVIDE
0SC/256
epio [} ||||||||||||||||
TR2 = T2CON.2 Q C
|||||||||||||||15|
RCAP2L RCAP2H
COUNT DIRECTION (UP COUNTING RELOAD VALUE)
(1= UP, 0 = DOWN)
T2Ex=pP11 [}
T2CON.7 INTERRUPT
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Up/Down Count Auto—reload Timer/Counter

The up/down auto—reload counter option is selected by
the DCEN (T2MOD.0) bit, and is illustrated in Figure
11-5b. When DCEN is set to a logic 1, Timer 2 will count
up or down as controlled by the state of pin T2EX (P1.1).
T2EX will cause upward counting when a logic 1 is
applied and down counting when a logic 0 is applied.
When DCEN=0, Timer 2 only counts up.

When an upward counting overflow occurs, the value in
RCAP2L and RCAP2H will load into T2L and T2H. Inthe
down count direction, an underflow occurs when T2L
and T2H match the values in RCAP2L and RCAP2H
respectively. When an underflow occurs, FFFFh is
loaded into T2L and T2H and counting continues.

Note that in this mode, the overflow/underflow output of
the timer is provided to an edge detection circuit as well
as to the TF2 bit (T2CON.7). This edge detection circuit
toggles the EXF2 bit (T2CON.6) on every overflow or
underflow. Therefore, the EXF2 bit behaves as a seven-
teenth bit of the counter, and may be used as such.

Baud Rate Generator

Timer 2 can be used to generate baud rates for Serial
Port 0 in serial modes 1 or 3. Baud rate generator mode
is invoked by setting either the RCLK or TCLK bit in the
T2CON register to a logic 1, as illustrated in Figure 11—
6. In this mode, the timer continues to function in auto—
reload mode, butinstead of setting the interrupt flag T2F

(T2CON.7) and potentially causing an interrupt, the
overflow generates the shift clock for the serial port
function. As in normal auto—reload mode, an overflow
causes RCAP2L and RCAP2H to be transferred into
T2L and T2H respectively. Note that when RCLK or
TCLK is set to 1, the Timer 2 is forced into 16—bit auto—
reload mode regardless of the CP/RL2 bit.

As explained above, the timer itself cannot set the T2F
interrupt flag and therefore cannot generate an inter-
rupt. However if EXEN2 (T2CON.3) issetto 1,a 1 to O
transition on the T2EX (P1.1) pin will cause the EXF2
(T2CON.6) interrupt flag to be set. If enabled, this will
cause a Timer 2 Interrupt to occur. Therefore in this
mode, the T2EX pin may be used as an additional exter-
nal interrupt if desired.

Another feature of the baud rate generator mode is that
the crystal derived timebase for the timer is the crystal
frequency divided by 2. No other crystal divider selec-
tion is possible. If a different timebase is desired, bit
C/T2 (T2CON.1) may be set to a 1 sourcing the time-
base from an external clock source supplied by the user
on pin T2 (P1.0). Software should not access TL2 or
TH2 while the timer is running (TR2=1) in baud rate gen-
erator mode. In this mode the timer is clocking so fast
that a software read of or write to the TL2 and TH2 regis-
ters may corrupt the timer. The RCAP registers may be
read, but not modified, while TR2=1. Stop the timer
(TR2=0) to modify these registers.

TIMER/COUNTER 2 BAUD RATE GENERATOR MODE Figure 11-6

CIT2=T2CON.1
OSC INPUT TO TIMER
TIMER INPUT 0

TIMER 1
OVERFLOW

DIVIDE BY 4 828%2
PMM1,
PMM2 0SC/512 DIVIDE
SMOD =
WDCON.7
T2=P10 0 (/ N
TR2 = T2CON.2 RCLK=
0 78 15 T2CON.5
TL2 [ TH2 -
Ly
DIVIDE Ry
A A pae] ™ coox
T2EX = P1.1[ ] | RcAPaL I AP |
0 78 15

EXEN2 = T2CON.3-

Tx
CLOCK

TIMER 2
INTERRUPT
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Timer Output Clock Generator

Timer 2 can also be configured to drive a clock outputon
port pin P1.0 (T2) as shown in Figure 11—7. To configure
Timer 2 for this mode, first it must be set to 16—bit auto—
reload timer mode (CP/RL2=0, C/T2=0). Next, the
T20E (T2MOD.1) bit must be set to a logic 1. TR2
(T2CON.2) must also be set to a logic 1 to enable the
timer.

This mode will produce a 50% duty cycle square wave
output. The frequency of the square wave is given by the
formula in the figure. Each timer overflow causes an
edge transition on the pin, i.e., the state of the pin
toggles.

Note that this mode has two somewhat unique features
in common with the baud rate generation mode. First,
the timebase is the crystal frequency divided by 2, and
no other divider selection is possible. Second, the timer
itself will not generate an interrupt, but if needed, an
additional external interrupt may be caused using T2EX
as described above. Because of the two mode’s similar-
ities, the timer can be used to generate both an external
clock and a baud rate clock simultaneously. Once the
clock out mode is established, either TCLK or RCLK is
setto 1, and the RCAP2 registers are loaded, the timer
will provide a clock to both functions.

TIMER/COUNTER 2 CLOCK OUT MODE Figure 11-7

OSC INPUT T?_TIMER

CLK MODE IMER INPUT
0OSC/2
PMM1 0SC/32

DIVIDE BY 4
[ 0 7 8 15
PMM2 0SC/512
_>—’1 TL2 [ TH2 f—
e HRRERRRRRRRREND
T2CON.1
A A =
TR2 =
T2CON.2
r2=ri0 [ RRRRRRRRRRRRENR
[ RCAP2L | RCAP2H |
F_OUT = 0 7 8 15
(Ocsillator Frequency) /
* _
(4 * (65536 — RCAP2H, RCAP2L)) [ oviDE
BY 2
T20E=
T2MOD.1
ToEX=P11[ | ] \ EXF2 = TIMER 2
]/ T2CON.6 INTERRUPT

EXEN2 = T2CON.3

TIME-BASE SELECTION

The High—-Speed Microcontroller allows the user to
select either 4 or 12 clocks as the time—base for each
timer independently. When using the 16-bit Timer/
Counters in timer mode, the timer/counter counts the
oscillator cycles divided by a predetermined number. In
the standard 8051, the 8051 timers count the oscillator
divided by 12, which is the standard 8051 machine cycle
timing. The High—Speed Microcontroller allows the op-
tion of setting the timers to operate from a divide by 4 of
the input clock to allow higher precision timing and fast-
er baud rates. This selection has no effect on CPU tim-
ing, only on the timers. Following a reset, the timers de-

fault to 12 clocks as the time—base to remain drop—in
compatible with the original 8051.

The 4 or 12 clock decision is independent for each timer
and the default is 12 clocks per timer tick. As an exam-
ple, a user might select both the baud rate generator
timer and one other timer to run at 12 clocks per timer
tick with the third timer at 4 clocks per tick. This allows
one timer to measure higher speed events or to gain
better resolution. The control bits for the time—base
selection are located in the Clock Control register
(CKCON;8Eh). Timer 2 will function at 2 clocks per tick
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when set for baud rate generation or clock output as
described above.

The use of Power Management modes will affect the in-
put clock to the timer as shown in the illustrations. In
general, they will divide the input clock by either 16 or
256 for PMM1 and PMM2, respectively. Timer 2, when
operating in Baud Rate Generator or Clock Out mode
normally uses the input clock frequency divided by 2,
butwhen PMM1 and PMM2 are used, it will operate from
atime—base of the input clock divided by 32 and 512, re-
spectively.

WATCHDOG TIMER
The Watchdog Timer is a user programmable clock
counter that can serve as a time—base generator, an

WATCHDOG TIMER Figure 11-8

event timer, or a system supervisor. As can be seen in
the diagram of Figure 11-8, the timer is driven by the
main system clock thatis supplied to a series of dividers.
The divider output is selectable, and determines the
interval between time—outs. When the time—out is
reached, an interrupt flag will be set, and if enabled, a
reset will occur. The interrupt flag will cause an interrupt
to occur if its individual enable bit is set and the global
interrupt enable is set. The reset and interrupt are com-
pletely discrete functions that may be acknowledged or
ignored, together or separately for various applications.

XTALL
_,__ RWT (WDCON.0)
D (Reset Watchdog)
XTAL2
DIVIDEBY |_| DIVIDE BY DIVIDE BY DIVIDE BY DIVIDE BY
1/16/256 217 23 23 23
217 220 223 226
— TIME-OUT
WD1 (CKCON.7) g,';’\ﬂEE(%BE
WDO0 (CKCON.6) —

Clock Divide Control

CD1 CDO DIVISOR
No PMR register 1

0 X 1

1 0 16

1 1 256

(Enable WatchdogTimer Reset)

WDIF
WATCHDOG
(WDCON.3) 4—D7 INTERRUPT
EWDI (EIE.4) — |
(Enable Watchdog Interrupt)
RESET
512 CLOCK
DELAY

WTRF
EWT (WDCON.1) (WDCON.2)

The Watchdog Timer Reset function works as follows.
After initializing the correct time—out interval (discussed
below), software first restarts the Watchdog using RWT
(WDCON.0) and then enables the reset mode by setting
the Enable Watchdog Timer Reset (EWT=WDCON.1)

bit. At any time prior to reaching its user selected termi-
nal value, software can set the Reset Watchdog Timer
(RWT=WDCON.0) bit. If RWT is set before the time—out
is reached, the timer will start over. If the time—out is
reached without RWT being set, the Watchdog will reset
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the CPU. Hardware will automatically clear RWT after
software sets it. When the reset occurs, the Watchdog
Timer Reset Flag (WTRF=WDCON.2) will automati-
cally be set to indicate the cause of the reset, however
software must clear this bit manually.

The Watchdog Timer is a free running timer. When used
as a simple timer with both the reset and interrupt func-
tions disabled (EWT=0 and EWDI=0), the timer will con-
tinue to set the Watchdog Interrupt flag each time the
timer completes the selected timer interval as pro-
grammed by WD1 (CKCON.7) and WDO (CKCON.6).
Restarting the timer using the RWT (WDCON.0) bit,
allows software to use the timer in a polled time—out
mode. The WDIF bit is cleared by software or any reset.

The Watchdog Interrupt is also available for applica-
tions that do not need a true Watchdog Reset but simply
a very long timer. The interrupt is enabled using the
Enable Watchdog Timer Interrupt (EWDI=EIE.4) bit.
When the time—out occurs, the Watchdog Timer will set
the WDIF bit (WDCON.3), and an interrupt will occur if
the global interrupt enable (EA=IE.7) is set. Note that
WDIF is set 512 clocks before a potential Watchdog
Reset. The Watchdog Interrupt Flag will indicate the
source of the interrupt, and must be cleared by software.

Using the Watchdog Interrupt during software develop-
ment can allow the user to select ideal watchdog reset
locations. Code is first developed without enabling the
Watchdog Interrupt or Reset functions. Once the pro-
gram is complete, the Watchdog Interrupt function is
enabled to identify the required locations in code to set
the RWT (WDCON.0) bit. Incrementally adding instruc-
tions to reset the Watchdog Timer prior to each address

location (identified by the Watchdog Interrupt) will allow
the code to eventually run without receiving a Watchdog
Interrupt. At this pointthe Watchdog Timer Reset can be
enabled without the potential of generating unwanted
resets. At the same time the Watchdog Interrupt may
also be disabled. Proper use of the Watchdog Interrupt
with the Watchdog Reset allows interrupt software to
survey the system for errant conditions.

When using the Watchdog Timer as a system monitor,
the Watchdog Reset function should be used. If the
Interrupt function were used, the purpose of the watch-
dog would be defeated. For example, assume the sys-
temis executing errant code prior to the Watchdog Inter-
rupt. The interrupt would temporarily force the system
back into control by vectoring the CPU to the interrupt
service routine. Restarting the Watchdog and exiting by
an RETI! or RET, would return the processor to the lost
position prior to the interrupt. By using the Watchdog
Reset function, the processor is restarted from the
beginning of the program, and therefore placed into a
known state.

The Watchdog has four time—out selections based on
the input crystal frequency as shown in the figure. The
selections are a preselected number of clocks. There-
fore, the actual time—out interval is dependent on the
crystal frequency. Shown below are the four time—outs
with some example periods for different crystal speeds.
Note that the time period shown is for the interrupt
event. The reset, when enabled, will occur 512 clocks
later regardless of whether the interrupt is used. There-
fore the actual Watchdog time—out period is the number
shown below plus 512 clocks. Watchdog generated
resets will last for two machine cycles.

WD1 | WDO WATCHDOG NUMBER OF TIME AT TIME AT TIME AT TIME AT TIME AT

INTERVAL CLOCKS 1.8432 MHz 11.0592 MHz 16 MHz 20 MHz 25 MHz

0 0 217 131072 7111 ms 11.85 ms 8.19 ms 6.55 ms 5.24 ms

0 1 220 1048576 568.89 ms 94.81 ms 65.54 ms 52.43 ms 41.94 ms
1 0 22 8388608 4551.11 ms 758.52 ms 52429 ms | 41943ms | 33554 ms
1 1 226 67108864 36408.88 ms 6068.15 ms 419430 ms | 3355.44 ms | 2684.35 ms
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The Watchdog time—out selection is made using bits
WD1 (CKCON.7) and WDO (CKCON.6) as shown in the
figure. The time—out selections possible are shown in
the bit descriptions that follow. The watchdog timeout
period is affected by the use of Power Management
modes. The slower clock rate, either divide by 64 or di-
vide by 1024 is used as the input source for the watch-
dog timer. This allows the watchdog period to remain
synchronized with device operation.

As discussed above, the Watchdog Timer has several
SFR bits that contribute to its operation. It can be
enabled to function as either a reset source, interrupt
source, software polled timer or any combination of the
three. Both the reset and interrupt have status flags. The
Watchdog also has a bit that restarts the timer. A sum-
mary table showing the bit locations is below. A descrip-
tion follows.

BIT NAME DESCRIPTION REGISTER LOCATION BIT POSITION
EWT Enable Watchdog Timer Reset WDCON - D8h WDCON.1
RWT Reset Watchdog Timer WDCON - D8h WDCON.0
wD1 Watchdog interval 1 CKCON - 8Eh CKCON.7
WDO Watchdog interval O CKCON - 8Eh CKCON.6
WTRF Watchdog Timer Reset Flag WDCON - D8h WDCON.2
EWDI Enable Watchdog Timer Interrupt EIE — E8h EIE.4

WDIF Watchdog Interrupt Flag WDCON - D8h WDCON.3

The Watchdog Timeris a free running timer. It will be dis-
abled by a Power—fail Reset. A Watchdog time—out
reset will not disable the Watchdog Timer, but will restart
the timer. In general, software should set the Watchdog

WDCON REGISTER SUMMARY

WATCHDOG CONTROL WDCON; D8h

to whichever state is desired, just to be certain of its
state. Control bits that support Watchdog operation are
described below.

WDIF —Watchdog Interrupt Flag. If the Watchdog Interrupt is enabled (EIE.4),
hardware will set this bit to indicate that the Watchdog Interrupt has occurred.
If the interrupt is not enabled, this bit indicates that the time—out has passed. If
the Watchdog Reset is enabled (WDCON.1), the user has 512 clocks to
strobe the Watchdog prior to a reset. Software or any reset can clear this flag.

WTRF — Watchdog Timer Reset Flag. Hardware will set this bit when the
Watchdog Timer causes a reset. Software can read it, but must clear it
manually. A Power—fail Reset will also clear the bit. This bit assists software
in determining the cause of areset. If EWT=0, the Watchdog Timer will have

EWT — Enable Watchdog Timer Reset. Setting this bit will turn on the Watch-
dog Timer Reset function. The interrupt will not occur unless the EWDI bitin
the EIE register is set. A reset will occur according to the WD1 and WDO bits
in the CKCON register. Setting this bit to a O will disable the reset but leave

WDCON.3
WDCON.2

no affect on this bit.
WDCON.1

the timer running.
WDCON.0

RWT — Reset Watchdog Timer. This bit serves as the strobe for the Watch-
dog function. During the time—out period, software must set the RWT bit if
the Watchdog is enabled. Failing to set the RWT will cause a reset when the
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time—outhas elapsed. There is no need to setthe RWT bitto a0 because itis
self—clearing.

Read/write access: All bits have unrestricted read access. POR, EWT, WDIF, and RWT require a
Timed Access write. The remaining bits have unrestricted write access.

CLOCK CONTROL CKCON; 8Eh
CKCON.7 WD1 — Watchdog Timer mode select bit 1. See table below for operation.
CKCON.6 WDO0 — Watchdog Timer mode select bit 0. See table below for operation.

The WD select bits determine the time—out period of the Watchdog Timer.
The timer divides the crystal frequency by a programmable value as shown
below. The divider value is expressed in number of clock (crystal) cycles.
Note that the reset time—out is 512 clocks longer than the interrupt, regard-
less of whether the interrupt is enabled.

Interrupt Reset

WD1 WDO Divider Divider

0 0 217 217 + 512

0 1 220 220 + 512

1 0 223 223 +512

1 1 226 226 + 512
The default Watchdog time—out is the shortest one accidentally enabling or disabling the Watchdog. Most
(WD1=WDO0=0). Software can change this value easily, importantly, it prevents errant code from accidentally

so this should cause no inconvenience. However, the clearing and restarting the Watchdog. More details are
EWT, WDIF, and RWT bits are protected under the discussed in the section on Timed Access.
Timed Access procedure. This prevents software from

042595 117/149
118



