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INTRODUCTION TO THE 83C552
The 83C552 is an 80C51 derivative with several extended features:
8k ROM, 256 bytes RAM, 10-bit A/D converter, two PWM channels,
two serial I/O channels, six 8-bit I/O ports, and four counter/timers.
The architecture of the 83C552 is identical to that of the 80C51,
making the two devices fully code compatible. The additional
peripheral functions are added to the 80C51 Special Function
Register space, and the interrupt structure is modified accordingly.
This information is detailed in other references on the 83C552. The
focus of this application note is on one of the timers of the 83C552,
Counter/Timer 2.

This counter/timer includes capture, compare, and high-speed
output capabilities which facilitate many control oriented tasks. The
objective of this note is to make users of the 83C552 aware of this
counter/timer subsystem and assist the use of this subsystem by a
detailed explanation of its operation supported by actual application
examples.

TIMER 2 OF THE 83C552
Timer 2 of the 83C552 is in fact a timing controller and has an
associated programmable array. The Timer 2 subsystem consists of
three parts:
1. The time base consists of a 16-bit timer with a 3-bit prescaler.

The master clock for the subsystem can be derived from the
on-chip oscillator (fosc) or an external input, T2. It has an
external reset, RT2, by which a signal applied to this input can
reset the timer if the external reset is enabled.

2. A capture system consisting of four capture registers and four
capture inputs which can be used for a wide variety of time
measurements on external signals.

3. A compare system consisting of three compare registers and
eight associated high-speed outputs which can be activated
upon a match between the 16-bit timer and one of the compare
registers.

For reference a complete block diagram of the 83C552
Counter/Timer 2 subsystem is shown in Figure 1.

16-BIT COUNTER/TIMER
The description of Counter/Timer 2 in the following paragraphs is
intended to be a general overview. Details on architecture, address
locations, interrupt structure, and timer operation are given in the
83C552 Users Manual. This users manual may be useful to
complement the material presented in this application note.
References to registers, bits, I/O ports, and on-chip hardware will
relate directly to 83C552 Users Manual nomenclature. This
application note will focus on the use of Counter/Timer 2 as a
powerful input capture and high-speed output facilitator through
some specific examples and not on the detailed coding.

The counter/timer consists of a 16-bit counter which is readable by
software through special function registers TM2L and TM2H. The
timer itself has two overflow flags, one after the entire 16-bit counter
and one attached to the eighth stage. This latter flag reflects an
overflow from the first byte of the counter. These two flags are
present in register TM2IR and are labeled T2BO for the overflow
from the first byte and T2OV for the overflow from the entire 16 bits.
These flags may be used to generate an interrupt.

The counter timer is controlled directly through the special function
register TM2CON, the timer 2 control register. This register also
contains certain status flags.

The prescaler divides the input clock by a programmable ratio. The
prescaler divide value is programmable to divide by 1, 2, 4, or 8 as
controlled by T2PO and T2P1 in TM2CON.

The input clock to the prescaler is either fosc/12 or the external
input, T2. The clock input to the prescaler may also be shut off. This
clock input selection is controlled by bits T2MS0 and T2MS1 in
TM2CON.

If T2 is used as the input clock to the timer 2 subsystem, the
hardware logic samples this input and looks for a low-to-high
transition. If the logic detects a logic 0 at the T2 input in state S2P1
of the microcontroller and a logic 1 in state S5P1, then this is
recognized as a low-to-high transition, and the prescaler is
incremented. The prescaler is incremented in the second cycle after
the cycle in which the transition was detected. If the transition is
detected before S2P1 is finished, the prescaler is incremented in the
next cycle. This timing is shown in Figure 2. Note that this sampling
rate is twice that of the normal 80C51 timers, T0 and T1; therefore
T2 has twice the maximum external counting rate as compared to
the standard timers.

Any programming of the clock source or the prescaler divide ratio
results in a reset of the prescaler. This allows the state of the timer
subsystem to be in a known state upon programming. The main
16-bit timer cannot be reset by software but it is reset by activating
the reset pin or using the external reset, RT2. The external reset,
RT2, can be enabled or disabled by bit T2ER in TM2CON. These
resets reset the prescaler as well as the 16-bit counter.

Only one interrupt is available from the 16-bit counter timer. Two bits
in TM2CON control whether TM2L, TM2H, or both flags will be used
to generate the interrupt. A selection for no interrupt is also possible.

Capture System
The capture system is a powerful tool to measure the width of
pulses or repetition rates. There are four independent inputs for the
signals to be analyzed, CTI0 through CTI3. These inputs are
alternate functions to port 1. Each input is connected to a dedicated
capture register. A transition at any of these inputs will cause the
content of the 16-bit counter/timer to be loaded into the respective
capture register. The capture can occur upon various conditions of
the input signal as specified by certain bits in the capture control
register, CTCON. Each input can be set to cause a capture on a
low-to-high transition, a high-to-low transition, or on both transitions.
Upon a capture taking place, each input causes an interrupt flag to
be set in the Timer 2 Interrupt Flag Register, TM2IR. If enabled, an
interrupt will be generated.

One of the capture inputs is shown in more detail in Figure 3. All of
the other capture inputs are similar to this one. The capture input is
gated with the capture enable bits CTN0 and CTP0, which are
located in CTCON. According to the status of these bits, the desired
edges are selected to generate the capture enable pulse. The input
pulse transient detection is at the input of the enable pulse
generator. The input signal is sampled at S1P1 of the machine
cycle. If a logic 1 is detected when a logic 0 was detected at the
same time in the previous cycle, then the event is taken as a
transition. An enable pulse is sent to the capture register, and the
contents of timer 2 is copied into the capture register at the end of
this machine cycle. The interrupt flag CTI0 is also set.
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Figure 1.  83C552 Counter/Timer 2 Block Diagram
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Figure 2.  The Sampling of the External Clock Signal
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Figure 3.  Capture Subsystem for CTO1
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Compare System
The compare system of Timer 2 can be used to generate a set of
outputs whose transitions are controlled directly by the time defined
by the 16-bit counter/timer. There are eight of these high-speed
outputs which are directly controlled from Counter/Timer 2. These
outputs are alternate functions to port 4. Six of these outputs are
set-reset controlled (CMSR0 through CMSR5), and two are toggle
controlled (CMT0 and CMT1). To clarify the operation, these two
types will be discussed separately. In the following discussions, refer
to Figure 4, which shows the compare system for P4.5 (a set-reset
high-speed output) and P4.6 (a toggle high-speed output).

There are two compare registers associated with the set-reset
outputs. These registers are CM0 and CM1. In addition, there are
two enable registers: one to enable setting of an output and the
other to enable resetting of an output. These registers are STE and
RTE, respectively. The contents of CM0 and CM1 are continuously
compared to the contents of the 16-bit counter. Whenever there is a
match between the 16-bit counter and the contents of CM0, a SET
pulse is generated. Similarly, whenever there is a match between
the timer and the contents of CM1, a RESET pulse is generated.
The set pulse is applied to the set-reset outputs, CMSR0 through
CMSR5, through gates controlled by bits in STE. Bits 0 through 5 in
STE control the application of the SET pulse to one of the
high-speed outputs. For example, STE.0 controls the gating of the
SET pulse to CMSR0, STE.1 controls the gating of the SET pulse to
CMSR1, and so forth. Thus, if the corresponding SET enable bit in

STE is a 1 and a compare occurs with CM0, then that high-speed
output will become set. Similarly, the reset pulse from CM1 is
applied to the high-speed outputs CMSR0 through CMSR5 through
gates controlled by bits in RTE. As with STE, bits 0 through 5 in RTE
control the application of the reset pulse to one of the high-speed
outputs. If a compare occurs between the timer and CM1, a
high-speed output will be reset if its corresponding enable bit in RTE
is a 1. Compares with CM0 and CM1 set interrupt flags which, if
enabled, can be used to generate an interrupt.

The two toggle-controlled outputs are CMT0 and CMT1, and these
are associated with compare register CM2. These outputs are also
alternate functions on port 4. Upon a compare between the counter
and the contents of CM2, CM2 generates a toggle pulse which is
applied to the high-speed outputs CMT0 and CMT1 through a set of
gates. The gates control the application of the toggle pulse to the
toggle outputs as specified by the high-order bits of register RTE.
RET.6 controls CMT0, and RET.7 controls CMT1. Should the
corresponding bit of RTE be set, then the toggle pulse is enabled to
the associated high-speed output and that output will toggle upon
generation of the toggle pulse from CM2. The structure of these
toggled outputs is different from the other high-speed outputs in that
the toggling is actually accomplished in a separate toggled flip-flop
and not directly in the port latch. This toggle flip-flop cannot be
controlled directly by software and powers up in an indeterminate
state. The state of the toggle flip-flops is readable in STE bits 6
and 7.
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Figure 4.  Compare System for P4.5 and P4.6
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APPLICATION EXAMPLE—
TIMED FUEL INJECTION
In modern automobiles, optimal combustion is necessary to meet
emission standards and improve fuel consumption. Optimal
combustion depends on several factors and is enhanced by proper
fuel injection based upon these factors which vary according to
engine speed and other factors. Thus the task is to control the
opening and closing of the engine fuel injectors of each cylinder
relative to the crankshaft reference point.

For the application example here, we will not consider the factors
which determine the timing relationships. These are assumed to be
given quantities. The example here will focus upon the
implementation of the injector timing control signals and how they
are generated using the Counter/Timer 2 system. The illustration
considers a four cylinder engine. While this is an automotive
application which serves to clearly illustrate Counter/Timer 2
Subsystem operation, it is clear that many systems share similar
timing requirements, and the techniques employed here are
applicable to a wide class of timing tasks. The 83C552 will also
support six cylinder engine control.

Figure 5 shows the injection timing required for two consecutive
revolutions of the engine crankshaft.. Start and stop of the injection
are given relative to a reference point on the crankshaft. The
cylinders are numbered in the order of the injection sequence (not
with reference to their physical location). Start of the injection is
usually given in angular measure with respect to top dead center,
and the injection duration is assumed to be a time value calculated
from engine environmental factors and operating parameters. The
angle for the start of the injection must be converted into time with
respect to the reference point.

The injector drivers are assumed to be connected to the port 4
high-speed outputs CMSR0 through CMSR3. To obtain the top dead
center reference point, the signal from the appropriate sensor is
connected to the capture input CTOI. The interrupt for this capture
input is enabled so that software can synchronize its operation to
this time reference and make use of the top dead center time in the
injector timing calculations. The software synchronization takes two

forms. First, the captured time is an absolute reference for all
real-time output operations. This time is available in capture register
CT0. Note that at 12 MHz operation, Timer 2 can have a resolution
as fine as 1 microsecond with a total time before overflow of over 65
milliseconds, and these times are adjustable by increasing the
prescaler divide ratio. A proper selection can make the timing
calculations relatively simple. Second, at the time the input is
captured, flags which keep track of the phases of the crankshaft
cycle are reset when cylinder 1 is at top dead center. These flags
are used in the interrupt service routines to tell which action is
required for that phase of the crankshaft.

Consider now the sequence of events in one rotation of the engine
crankshaft and refer to Figure 5 during the discussion. Assume that
the engine is running, that all relevant parameters are available, and
that it has been determined that the processor is responding to the
interrupt associated with the top dead center capture, CTOI.
Interrupts for CTOI, CM0 (compare register 0), and CM1 (compare
register 1) are enabled. Upon entering the interrupt service routine
for CTOI, the previous value of the captured top dead center time is
subtracted from the present value, and the crankshaft rotation time
is determined. This is used to compute the time to open the first
injector from the required angle at which the injector is to open. This
time is made available for the interrupt service routine which
responds to a compare from CM0. The interrupt service routine is
exited.

The next interrupt to occur per the figure for this example is a result
of a compare with CM1 which will be a result of the injector stop time
for cylinder 4 having been reached. The flags in an internal status
register are employed to keep track of the cylinder number that is
presently active for both injection stop and injection start times. After
identifying this interrupt from the flags, the processor uses the
injector start time for cylinder 1 (previously loaded into CM0) and the
predetermined duration to calculate the injector stop time for cylinder
1. This value is loaded into compare register CM1 and the reset
enable bit for high-speed output CMSR0 is programmed to a 1. This
is bit RTE.0 The reset enable bit for the cylinder 4 injector is set to 0
(bit RET.3). The interrupt routine is now exited.
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Figure 5.  Four Cylinder Injection Timing
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The next interrupt to occur will be for the start time for the injector for
cylinder 2. This and all subsequent cases follow the same sequence
of events as for the cylinder 1 CM0 interrupt described above. In this
case, calculations are made for cylinder 2 and loaded into
CM0,STE.1 is programmed to a 1, and STE.0 is programmed to a 0.
Similarly, the next interrupt for CM1 is treated in the same way, and
the sequence of events rotates around through all cylinders in turn.
The flag bits associated with this operation keep track of the injector
sequencing.

While this example shows the injection stop time of one cylinder
overlapping into the injector on time of the subsequent cylinder,
close examination of the operations described above reveal that the
start and stop events are independent and can overlap or not as
required. In this way all injectors may be driven independently and
have overlapping on times.

Given that this is an example applicable to general usage, it is
possible that interrupt service routine could be relatively long as it
would be in an actual injector application. Since the service routine
has other interrupts disabled, the length may cause real-time
conflicts. To eliminate this potential problem, the interrupt service
routines are divided into two parts. In the first part, all other
interrupts are disabled, and the essential register loading is done to
prepare for the next interrupt. After this is completed, all interrupts
are enabled and the ancillary service routine functions are
performed prior to a return to the main routine.

As an example, consider the interrupt service routine for CM0. Upon
entering the routine, all interrupts are disabled. Then the following
actions are performed:
– Set bit in STE to start next injector
– Clear bit in STE for injector just started
– Load CM0 with start time for next injector
– Clear CMIO interrupt flag in TM2IR

Now that the essential set-up is made for the next interrupt, all
interrupts are now enabled. However, the return to the main program
is not invoked until the following ancillary processing is completed:
– Calculate the next absolute start time for the next injector (the

next load value for CM0)
– Increment the flag so that the next entry to this interrupt service

routine will be able to identify the next injector to start.

The process performing these calculations can be interrupted to
service real-time functions.

APPLICATION EXAMPLE—TIMED IGNITION
In electronic ignition systems, multiple ignition coils may be used
and each coil is fired by electronic means rather than with the old
style mechanical breakers. In a four cylinder engine, there may be
two ignition coils, one coil providing spark for a pair of cylinders.
Both plugs fire at the same time. For one cylinder, the spark occurs
at the appropriate time while for the other cylinder, the spark occurs
at the end of the exhaust stroke and has no effect. With timing
references to crankshaft top dead center provided by an external
sensor, the ignition timing for the engine may be generated in the
83C552 and applied to the electronic drivers for the ignition coils.

To illustrate the toggle high-speed outputs of the 83C552
Counter/Timer 2 subsystem, the following example will discuss the
ignition timing in a four cylinder engine employing the two coil
approach with one coil for a pair of cylinders. The coil timing is
illustrated in Figure 6. A reference time is used which is a given
interval prior to top dead center so that the times used in the
illustration can be always after the reference. There are two times of
interest for each coil: the load time and the ignition point.

Ignition advance is usually given in degrees crankshaft angle prior to
top dead center. As with injection, this angle is assumed to be
derived from other calculations and is a given value for this
illustration. This angle must be converted in to a time with respect to
the reference point. The load time (the time at which the coil has to
be switched on to reach the current that will give sufficient energy for
an adequate spark) must be subtracted from the desired ignition
point. At the ignition time, the coil will be switched off and the spark
will be generated.

The coil driver electronics are connected to port bits P4.6 and P4.7.
Ignition coil 1 is connected to P4.6, and ignition coil 2 is connected
to P4.7. These outputs are the toggle high-speed outputs controlled
by the 16-bit compare register, CM2. The program simply needs to
set up the compare and control registers to turn the coils on and off
at the appropriate times. It is assumed in this example that the
ignition and load times are given quantities and have been
determined previously.
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Figure 6.  Four Cylinder, Two Coil Ignition Timing
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Consider now the sequence of events in two rotations of the engine
crankshaft and refer to Figure 6. Assume that the engine is running,
that all relevant parameters are available, and that it has been
determined that the processor is responding to the interrupt
associated with a compare to CM2. The top dead center time and
crankshaft rotation speed have been already determined through the
top dead center capture, CTOI. This is the same as in the injector
example. The interrupt for CTOI is enabled. From the top dead
center time, the times to turn on and turn off the coil drivers are
computed and made available in data storage locations in the
microcontroller. It is also convenient to have flags to identify the step
in the complete ignition cycle. The flags are cleared in the interrupt
service routine for top dead center of cylinder 1.

Upon entering the interrupt service routine, other interrupts are
disabled. Examination of the flags reveals that the state of the
ignition sequence is that coil 1 has been turned on to begin the
current build up (load time). The next event will therefore be turning
off coil 2 to cause ignition. The interrupt service routine then
performs the following actions: The time to turn off coil 2 is moved
into compare register 2, CM2. Bit 6 of RTE is cleared; this
disconnects the output of CM2 from the toggle flip-flop of P4.6 (coil
1). Bit 7 of RTE is set; this connects the output of CM2 to the toggle
flip-flop of P4.7 (coil 2). The flags are incremented to indicate that
the next interrupt will be a result of coil 2 turning off and causing
ignition. The other interrupts can be enabled and a return to the
main program can be executed. After the other interrupts are
enabled and before a return is made to the main program, it may be
convenient to do any necessary calculations to determine the time
value to be loaded into CM2 in the next CM2 interrupt.

Since the flip-flops are toggled, it is likely that upon power up of the
microcontroller, the toggle flip-flops will not be in the desired state.
To get the toggle flip-flops in the correct state in the ignition cycle,
the flip-flops must be toggled if they are in the wrong state. To
determine if this is necessary, the state of the toggle flip-flops can be
read from the STE register. The state of the P4.6 flip-flop is present
in STE bit 6 and the state of the P4.7 flip-flop is present in STE bit 7.
Comparing the actual state to the required state determines which if
any or both of the flip-flops must be toggled. If a toggle is necessary
to put one or both of the flip-flops in the correct state, the
corresponding bits in RTE would be set for those flip-flops requiring
the toggle, and CM2 would be loaded with a value that is slightly
larger than the present contents of timer 2. If desired for reliability
purposes, the state of the flip-flops could be checked periodically
against the ignition cycle flags to determine if a correction is
necessary.

CONCLUSION
This application note has examined one aspect of the 83C552
CMOS 80C51 derivative microcontroller. The Counter/Timer 2
Subsystem has been applied to a complex timing task of gasoline
engine injector valve and ignition coil timing control. While this is a
specific application to the automotive interests, the results are
applicable to a wide variety of time measurement and control
applications. The 83C552 would be ideal for many
electromechanical systems such as copy machines, fax machines,
industrial process control equipment, automatic transmission
control, and anti-skid and anti-lock braking control.

These application areas are those which can successfully employ
the 83C552 Counter/Timer 2; however, the other features should not
be overlooked. When combined with the 10-bit A to D Converter, the
Pulse Width Modulator, the I2C serial bus, and peripheral device
family, the 83C552 provides minimum component count solutions for
cellular radio systems, professional audio systems, and medical
instrumentation products such as bedside patient monitors and
analyzers for home care and sports use.
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