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PTM MC6840 DESCRIPTION-1

MC6840 PROGRAMMABLE TIMER

¢ THREE 16 BIT COUNTER/TIMERS

* PROGRAM CONTROLLED GENERATION OF SQUARE WAVES,
PULSE TRAINS AND SINGLE PULSES

¢ PROGRAM CONTROL OF INTERRUPTS, OUTPUTS,
COUNTER CONFIGURATION, AND CLOCK SOURCE

s 28 PIN PACKAGE

E1597

The MC6840 Programmable Timer Module (PTM) is a programmable subsystem com-
ponent of the M6800 family designed to provide variable system time intervals.

The MCB840 has three 16-bit binary counters, three corresponding control registers,
and a status register. These counters are under software control and may be used to
cause system interrupts and/or generate output signals. The MC6840 may be utilized for
such tasks as frequency measurements, event counting, interval measuring, the genera-
tion of square waves, gated delay signals, single pulses of controlled duration, and pulse
width modulation.

Typical uses for the PTM are process control, communications control, testing, point
of sale terminals, game systems, data processing, and floppy disk systems.

Each of the three timers within the PTM has external clock and gate inputs as well as a counter
output line. The inputs are high impedance, TTL compatible lines and outputs are capable of
driving two standard TTL loads.

The various internal parts of the PTM are illustrated in the Block Diagram below.

BLOCK DIAGRAM
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FIGURE 1. -




PTM MC6840 DESCRIPTION-2

A. Data Lines (DO through D7) ‘ ~

The eight bidirectional data lines permit transfer of data to/from the PTM and
the MPU. The data bus output drivers are three-state devices that remain in the
high impedance (off) state except when the MPU performs the PTM read oper-
ation. (Read/Write and Enable Lines high and PTM Chip Selects activated.)

B. Read/Write Line (R/W)

This signal is generated by the MPU to control the direction of the data
transfers on the data bus. A low state on the PTM Read/Write line enables the
input buffers and data is transferred from the MPU to the PTM (MPU write) on
the falling edge of the Enable (¢2) signal if the device has been selected. Alter-
nately (under the same conditions), a high on the Read/Write line sets up the
PTM for a transfer of data to the data bus (MPU read).

C. Chip Select Lines (CS0, CS1)

These are the lines which are tied to the address lines of the MPU. It is through
these lines that the PTM is selected. With (CS0 = 0 and CS1 = 1), the device is
selected and data transfer will occur.

D. Register Select Lines (RS0, RS1, RS2)

These inputs are used in conjunction with the R/W line to select the internal
registers, counters, and latches. Since the PTM uses the R/W line as an addi-
tional register select input, DO NOT USE M6800 INSTRUCTIONS WHICH PERFORM
OPERATIONS DIRECTLY ON MEMORY. These instructions actually fetch a byte of
memory, perform an operation, then restore it to the same address location.
The modified data may not be restored to the same register if these instructions
are used.

E. Enable Line (¢2)

This signal synchronized data transfer between the MPU and the PTM. It also
performs an equivalent synchronization function on the external clock, reset,
and gate inputs of the PTM.

F. Interrupt Request Line (TRQ)

The active low Interrupt Request signal is normally tied directly (or through
priority interrupt circuitry) to the IRQ input of the MPU. This is an “open drain”
output (no load device on the chip) which permits other similar interrupt
request lines to be tied together in a wire-OR configuration.

The IRQ line is activated if, and only if, the Composite Interrupt Flag (Bit 7 of
the Internal Status Register) is asserted. The conditions under which the iRQ
line is activated are discussed in conjunction with the Status Register.

G. Reset Line

A low level at this input is clocked into the PTM by the Enable (System ¢2)
input. Two Enable pulses are required to synchronize and process the signal.
The PTM then recognizes the active “low” or inactive “high"” on the third Enable
pulse. If the Reset signal is asynchronous, an additional Enable period is
required if setup times are not met. The Reset input must be stable High/Low
for the minimum time stated in the AC Operating Characteristics.



PTM MC6840 DESCRIPTION-3

When the RESET input is low the following
action occurs:

A. All counter latches are preset to their maximal count values.

B. All control register bits are cleared with the exception of CR10
(internal reset bit) which is set.

C. All counters are preset to the contents of the latches.
D. All counters outputs are reset and all counter clocks are disabled.
E. All status register bits (interrupt flags) are cleared.

FIGURE 2. —

Clock Input Lines (Ci, C2, C3)

Input pins Ci, T2, and C3 will accept asynchronous TTL voltage level signals
to decrement Timers 1, 2, and 3, respectively. The high and low levels of the
external clocks must each be stable for at least one system clock period plus
the sum of the setup and hold times of the inputs. The asynchronous clock rate
can vary from dc to the limit imposed by Enable (System ¢2), Setup, and Hold
time.

The external clock inputs are clocked in by Enable (System ¢2) pulses. Three
Enable periods are used to synchronize and process the external clock. The
fourth Enable pulse decrements the internal counter. This does not affect the
input frequency, it merely creates a delay between a clock input transition and
internal recognition of that transition by the PTM. All references to C inputs
relate to internal recognition of the input transition. Note that a clock high or
low level which does not meet setup and hold time specifications may require
an additional Enable pulse for recognition. When observing recurring events, a
lack of synchronization will result in “jitter” being observed on the output of the
PTM when using asynchronous clocks and gate input signals. There are two
types of jitter. “System jitter" is the result of the input signals being out of syn-
chronization with the Enable (System ¢2), permitting signals with marginal
setup and hold time to be recognized by either the bit time nearest the input
transition or the subsequent bit time.

ENABLEM-L( ;J__I_I_I_I_I_l_!_

INPUT | I 1 ¥

e i D e
INPUT
- emwen—" "\ OR HeRe

HERE SYSTEM
'—’!_'_l"_ BIT TIME

-1 srren

OUTPUT

e
-~

E4502A

FIGURE 3.

“Input jitter” can be as great as the time between input signal negative going
transitions plus the system jitter, if the first transition is recognized during one
system cycle, and not recognized the next cycle, or vice versa.
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FIGURE 4. s

External clock input C3 represents a special case when Timer #3 is pro-
grammed to utilize its optional +8 prescaler mode. The maximum input fre-
quency and allowable duty cycles for this case are specified in the data sheet
under the AC Operating Characteristics. The output of the +8 prescaler is
treated in the same manner as the previously discussed clock inputs. That is, it
is clocked into the counter by Enable pulses, is recognized on the fourth Ena-
ble pulse (provided setup and hold time requirements are met), and must pro-
duce an output pulse at least as wide as the sum of an Enable period, setup,
and hold times.

|. Gate Input Lines (Gi, G2, G3)

Input pins G1, G2, and G3 accept asynchronous TTL compatible signals which
are used as triggers or clock gating functions to Timers 1, 2, and 3, respec-
tively. The gating inputs are clocked into the PTM by the Enable (System ¢2)
signal in the same manner as the previously discussed clock inputs. That is, a
Gate transition is recognized by the PTM on the fourth Enable pulse (provided
setup and hold time requirements are met), and the high or low levels of the
Gate input must be stable for at least one sytem clock period plus the sum of
setup and hold times. All references to G transition in this document relate to
internal recognition of the input transition.

The Gate inputs of all timers directly affect the internal 16-bit counter. The
operation of Ga is therefore independent of the +8 prescaler selection.

J. Timer Output Lines (01, 02, 03)

Timer outputs O1, O2, and O3 are capable of driving up to two TTL loads and
produce a defined output waveform for either Continuous or Single-Shot Timer
modes. Output waveform definition is accomplished by selecting either Single
16-bit or Dual 8-bit operating modes. The single 16-bit mode will produce a
square-wave output in the continuous timer mode and will produce a single
pulse in the Single-Shot Timer mode. The Dual 8-bit mode will produce a varia-
ble duty cycle pulse in both the continuous and single shot Timer modes. One
bit of each Control Register (CRX7) is used to enable the corresponding out-
put. If this bit is cleared, the output will remain low (Vo.) regardless of the oper-
ating mode.

The Continuous and Single-Shot Timer Modes are the only ones for which out-
put response is defined. Signals appear at the outputs (unless CRX7 = 0) dur-
ing Frequency and Pulse Width comparison modes, but the actual waveform is
not predictable in typical applications.

Since the PTM data bus is 8-bits wide and the counters are 16-bits wide, a tem-
porary register (MSB Buffer Register) is provided. This “write only” register is
for the Most Significant Byte for the desired latch data. Three addresses are ,
provided for the MSB Buffer Register but they all lead to the same Buffer. #
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Data from the MSB Buffer will automatically be transferred into the MSB
Latches of Timer #X when a Write Timer #X LSB Latches command is per-
formed, i.e., the first instruction - write to the MSB Buffer Register with data AA
- the result is; data AA is stored into the MSB Buffer Register. The next instruc-
tion - write to the LSB Latches #1 with data BB. The result is; data AA which
was stored in the MSB Buffer Register is transferred to the MSB Latches #1 and
data BB is stored into LSB Latches #1.

PROGRAMMABLE TIMER PROGRAMMING MODEL

DD-T-
: Data /O RIW
D7 <+l» LELELL L )
R/W —= Control Register 1 LSB Latch #1 l— G1
pso — (LT TTTTTIw( W e &7
RS1 —{ Control Register 2 LSB Latch #2 > 01
a2 —e LLI T 1T 11 IW]| | W
CS0 —= Control Register 3 LSB Latch #3 W -
cSt —e [ITTTTTT]wW | Tw i
ENABLE —= MSB Buffer Register MSB Counter #1 o
(42) (IIIIIT1w | . T
Vgg —= =¥
LSB Buffer Register =~ MSB Counter #2 la—— C3
Vee —™| (T ITIITIr [ JR - 03
RESET —»
Status Register MSB Counter #3
B LETF Y.L EL IN | |R
IRQ ~=—
R - Read Only Register
W - Write Only Register
R/W - Read/Write Register
E4501-1

FIGURE 5.

When reading one of the timers, the MS Byte contents can be read directly with
a Read MSB Counter command. This places the LS Byte contents of the
selected counter into the LS Byte Buffer register. A Read LS Byte Buffer regis-
ter command can then be used to obtain the data from the LS Byte Buffer reg-
ister.
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REGISTER SELECTION

REGISTER
SELECT INPUTS OPERATIONS
RS2 RS1 RSO | "W =0 RW =1
0 0 0 | CR20=0 WRITE CONTROL REGISTER #3 | NO OPERATION
CR20=1 WRITE CONTROL REGISTER #1
0 0 1 WRITE CONTROL REGISTER #2 READ STATUS REGISTER
0 1 0 WRITE MSB BUFFER REGISTER READ TIMER #1 COUNTER
0 1 1 WRITE TIMER #1 LATCHES READ LSB BUFFER REGISTER
1 0 0 WRITE MSB BUFFER REGISTER READ TIMER #2 COUNTER
1 0 1 WRITE TIMER #2 LATCHES READ LSB BUFFER REGISTER
1 1 0 WRITE MSB BUFFER REGISTER READ TIMER #3 COUNTER
1 1 1 WRITE TIMER #3 LATCHES READ LSB BUFFER REGISTER

FIGURE 6.

CONTROL REGISTER BITS

CR10 Internal Reset Bit
0 All timers allowed

CR20 Control Register Address Bit
0 CR#3 may be written

CR30 Timer #3 Clock Control

0 T3 Clock is not prescaled

to operate
1 All timers held in 1 CR#1 may be written 1 T3 clock is prescaled by 8
preset state
CRX1 Timer #X Clock Source
0 TX uses external clock source on CX input
1 TX uses system clock
CRX2 Timer #X Counting Mode Control

TX configured for normal (16-bit) counting mode
TX configured for dual 8 bit counting mode

CRX3 CRX4 CRX5

Timer #X Counter Mode and Interrupt Control

CRX6 Timer #X Interrupt Enable

0 Interrupt flag masked on IRQ

1 Interrupt flag enabled to TRQ
CRX7 Timer #X Counter Output Enable

TX output masked on output OX
TX output enabled on output OX

X = Registers 1, 2 0or 3

FIGURE 7.

E4504
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Control Registers

Three Write-Only registers in the MC6840 are used to control the timer mode of opera-
tion; enable interrupts, enable outputs, select external clock, and control setting of inter-
rupts. Each control register controls its respective counter/timer operation with the
exception of bit 0 in Control Register #1 (external reset for all counters) and bit 0 in Con-
trol Register #2 (control register address bit).

Control Register #1 — Bit 0

The least significant bit of Control Register #1 is used as an Internal Reset bit.
When this bit is a logic zero, all timers are allowed to operate in the modes pres-
cribed by the remaining bits of the control registers. Writing a “one” in Control Reg-
ister #1 Bit O causes all counters to be preset with the contents of the corresponding
counter latches, all counter clocks to be disabled, and the timer outputs and inter-
rupt flags (Status Register) to be reset. Counter Latches and Control Registers are
undisturbed by an Internal Reset and may be written into regardless of the state of
Control Register #1 Bit 0.

Control Register #2 — Bit 0

The least significant bit of Control Register #2 is used as an additional addressing
bit for Control Registers #1 and #3. This bit in conjunction with the register select
lines (RSO, RS1, and RS2) is used to select either Control Register #1 or Control
Register #3. To address Control Register #1; RS0, RS1, and RS2 are all set to a 0 and
Control Register #2 Bit 0 is set to a 1. To address Control Register #3; RS0, RS1, and
RS2 are all set to a 0 and Control Register #2 Bit O is set to a 0. Control Register #3
can also be written into after a Reset low condition has occurred, since all control
register bits (except Control Register #1 Bit 0) are cleared. Therefore, the sequence
in writing to the timer control registers might be Control Register #3, Control Regis-
ter #2, and Control Register #1.

Control Register #3 — Bit 0

The least significant bit of Control Register #3 is used as a selector for a +8 prescaler
which is available with Timer #3 only. The prescaler, if selected, is effectively placed
between the clock input circuitry and the input to Counter #3. It can therefore be used with
either the internal clock (Enable) or an external clock source.

Control Register #1, #2, and #3 — Bit 1

Control Register Bits CR10, CR20, and CR30 are unique in that each selects a dif-
ferent function. The remaining bits (1 through 7) of each Control Register select
common functions, with a particular Control Register affecting only its correspond-
ing timer. For example, Bit 1 of Control Register #1 (CR11) selects whether an inter-
nal or external clock source is to be used with Timer #1. Similarly, CR21 selects the
clock source for Timer #2, and CR31 performs this function for Timer #3.

Control Register #1, #2, and #3 — Bit 2

Control Register Bit 2 selects whether the binary information contained in the
Counter Latches (and subsequently loaded into the Counter) is to be treated as a
single 16-bit word or two 8-bit bytes. In the single 16-bit Counter Mode (CRX2=0) the
counterwill decrement to zero after N + 1; a similar Time Out will occur in the dual 8-bit
Mode after (L + 1) » (M + 1) enabled clock periods, where L and M, respectively, refer to
the LSB and MSB bytes in the Counter Latches.
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Counter Register #1, #2, and #3 — Bits 3, 4, and 5

Control Register Bits 3, 4, and 5 control four basic modes of operation available
with the PTM and each of these has two variations making a total of eight selections
from which to choose. These modes of operation are better discussed in a separate
section (Timer Operating Modes).

Control Register #1, #2, #3 — Bit 6

Control Register Bit 8 is the Interrupt Request (IRQ) masking bit. When Control Register
#1 Bit6 is set to an “0" the interupt line (IRQ) to the MPU is masked, i.e., a Time Out (T.O.)
has occurred on Timer #1 but the IRQ line to the MPU will remain high. Timer #2 and Timer
#3 may still cause an interrupt (if unmasked Bit6 = “1") to the MPU when a T.O. occurs in
either Timer #2 or Timer #3. The masking of the IRQ in one timer will not affect the interrupt
requests of the other timers.

Control Register #1, #2, and #3 — Bit 7

Bit 7 of each control register determines if a timer output is enabled or disabled
and does not affect the operation of the timer in any way. If the timer is operating
with this bit cleared. (0 = output masked), the control register can be written to with
the same data, except for setting bit 7 (enable output), and the operation will not be
affected. The output will appear when bit 7 is set (1).

MC6840 CONTROL REGISTER PROGRAMMING

REGISTER REGISTER REGISTER
ALL TIMERS REG #3 MAY r3 6K
76543210 0 OPERATE BE WRITTEN +1
[x|x|[x|x[x|x[x]3$] 1] ALLTIMERS REG #1 MAY T3 CLK
PRESET BE WRITTEN +8
76543210 0| EXTERNALCLOCK (CX INPUT)
[x|x|x[x|[x|x[4$|x]| 1] INTERNAL cLOCK (ENABLE)
7 6543210 0] NORMAL (16 BIT) COUNT MODE _
I x[x|x|x|x]$[x|[x| 1| puaL 8 BIT cOUNT MODE —
7 6543210 0 WRITE TO TIMERS WILL INITIALIZE
| x|x[x|$[o]x[x|x]| 1] wRriTE TO TIMERS WILL NOT INITIALIZE
76543210 0 FREQUENCY COMPARISON
I x|x|x[$][1]x[x|x] 1] puLse wibTH comparisON
7 6543210 0] CONTINUOUS OPERATING MODE
| x|x[3]x[o[x|x|x]| 1| siNGLE-sHOT MODE
76543210 0 INERRUPT IF LESS THAN COUNTERTIME OUT
' x|x[$[x]1]x|x]x] 1] INTERRUPT IF GREATER THAN COUNTER TIME OUT
76543210 0 INTERRUPT FLAG MASKED (iRQ)
x| 3 x[x|[x[x|x[x]| 1l INTERRUPT FLAG ENABLED (iRQ)
76543210 0 TIMEROUTPUT MASKED

Le Ix] x| x] x| x]x[x]

1|

TIMER OUTPUT ENABLED '

ESQ47

FIGURE 8.
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STATUS REGISTER

Definition

SRO Timer #1 Interrupt Flag

0 T1 Interrupt will not assert SR7 and IRQ.

1 T1 Interrupt will assert SR7 and IRQ if CR16=1
SR1 Timer #2 Interrupt Flag

0 T2 Interrupt will not assert SR7 and IRQ

1 T2 Interrupt will assert SR7 and [RG if CR26=1
SR2 Timer #3 Interrupt Flag

0 T3 Interrupt will not assert SR7 and IRQ

1 T3 Interrupt will assert SR7 and IRQ if CR36=1

SR3 thru SR6 Not used and will default to ‘0" when read

SR7 Composite Status Bit

0 No Timer is asserting IRQ

1 CR16-SRO+CR26-SR1+CR36-SR2 is asserting IRQ

FIGURE 9. E4508
Status Register

The MC6840 has an internal Read-Only Status Register which contains four Interrupt
Flags. (The remaining four bits of the register are not used, and default to zero when
being read.) Bits 0, 1, and 2 are assigned to Timers 1, 2, and 3, respectively, as individual
flag bits, while Bit 7 is a Composite Interrupt Flag. This flag bit will be asserted if any of
the individual flag bits is set while Bit 6 of the corresponding Control Register is at a
logic one. The conditions for asserting the Composite Interrupt Flag bit can therefore be
expressed as:

INT=11: CR16 + 12 - CR26 + 13 - CR36

where INT = Composite Interrupt Flag (Bit 7)
11 = Timer #1 Interrupt Flag (Bit 0)
12 = Timer #2 Interrupt Flag (Bit 1)
13 = Timer #3 Interrupt Flag (Bit 2)

An Interrupt flag is cleared by a Timer Reset condition, i.e., External Reset = 0 or Inter-
nal Reset Bit (CR10) = 1. It will also be cleared by a Read Timer Counter Command pro-
vided that the Status Register has previously been read while the interrupt flag was set.
This condition on the Read Status Register-Read Timer Counter (RS-RT) sequence is
designed to prevent missing interrupts which might occur after the status register is
read, but prior to reading the Timer Counter.

Counter Latch Initlalization

Each of the three independent timers consists of a 16-bit addressable counter (read
only) and 16-bits of addressable latches (write only). The counters are preset to the
binary numbers stored in the latches at the time a counter initialization takes place.
Latch initialization is performed by writing to the MSB Buffer and to the LSB Latches (16
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Bits of binary data). At the time of the write to the LSB Latches, the data in the MSB

Buffer is transferred into the MSB Latches. It should be noted that when using the PTM F '
with the MB800 family microprocessors, the 16 Bit Store instruction (STS and STX) may __)
be used to transfer data in the order required by the PTM. A Store Index Register

Instruction (STX), for example, results in the MSB of the Index register being transferred

to the address of the MSB Buffer, then the LSB of the Index register being transferred to

the next higher address which will be the LSB Latches.

A logic zero at the RESET input also initializes the latches. In this case, all latches will
assume a maximum count of 85,5360. It is important to note that an Internal Reset (Bit 0
of Control Register #1 set to a 1) has no effect on the counter latches.

Counter Initialization

Counter Initialization is defined as the transfer of data from the latches to the counter
with subsequent clearing of the Individual Interrupt Flag associated with the counter.
Counter Initialization always occurs when a reset condition (Reset =0 or CR10=1) is
recognized. It can also occur — depending on the Timer Mode — with a Write Timer
Latches command or recognition of a negative transition of the Gate input.

Timer Operating Modes

Each of the individual timers in the PTM can be programmed for four basic operating
modes. This is accomplished by using the three bits of each control register (CRX3,
CRX4, and CRX5) to define the different operating modes. These modes are outlined in
the following table.

OPERATING MODES

Control Register
CRX3 CRX4 CRX5 Timer Operating Mode
0 . 0 Continuous
0 » 1 Single-Shot
1 0 " Frequency Comparison
1 1 ¥ Pulse Width Comparison
“Defines Additional Timer Functions %y

E4506A

FIGURE 10.



O

PTM MCé6840 DESCRIPTION-11

CONTINUOUS OPERATING MODES

CONTINUOUS MODE (CRX»=0, CRX7=1, CRXs=0
REGISTER INITIALIZATION/OUTPUT WAVEFORMS
COUNTER
CRX: | CRX« | INITIALIZATION “TIMER OUTPUT (0X)
0 0 El+W+R N+ TN T N+ (T )N+ 1 )Th={N+ 1)(T)~ —_
VoL

0 1 GL+R To T.0. T.0. T.0. T.0.

. = N E* i -(L+1m.wq){1'}--{1_4-1).¢||+1].('rl_w)--r-(u-1)(1.|+1jm-lI

1 1 Gl +R —lTh LT LT}

- to T.0. T.0. T.0.

G| = Negative transition of GATE input.

W = Write Timer Command.

R = Timer Reset (CR10-1 or External RESET=0)

N = 16 Bit Number in Counter Latch.

L = 8 Bit Number in LSB Counter Latch.

M = 8 Bit Number in MSB Counter Latch.

T = Period of Clock Input to Counter.

to = Counter Initialization Cycle.

T.0. = Counter Time Out (All Zero Condition).

*All time intervals shown above assume that the Gate (&) and Clock (C) signals are synchronized

to system @2 with the specified setup and hold time requirements.

Ea4S07 -1

FIGURE 11.

Continuous Operating Mode

Any of the timers in the PTM may be programmed to operate in a continuous mode by
writing zeroes into bits 3 and 5 of the corresponding control register. Assuming that the
timer output is enabled (CRX7 = 1), either a square wave or a variable duty cycle wave-
form will be generated at the Timer Output, OX. The type of output is selected via Con-
trol Register Bit 2.

Either a Timer Reset (Cmo =1 or External Reset = 0) condition or internal recogni-
tion of a negative transition of the Gate input results in Counter Initialization. A Write
Time Latches command can be selected as a Counter Initialization signal by clearing
CRX4.

In the dual 8-bit mode (CRX2 = 1) (refer to the example in Figure 12) the MSB decrements once
for every full countdown of the LSB + 1. When the LSB = 0, the MSB is unchanged; on the next
clock pulse the LSB is reset to the count in the LSB Latches and the MSB is decremented by 1
(one). The output, if enabled, remains low during and after initialization and will remain low until the
counter MSB is all zeroes. The output will go high at the beginning of the next clock pulse. The
output remains high until both the LSB and the MSB of the counter are all zeroes. At the beginning
of the next clock pulse the defined Time Out (TO) will occur and the output will go low. In the normal
16-bit mode, the period of the output of the example in Figure 12 would span 1546 clock pulses as
opposed to the 20 clock pulses using the Dual 8-bit mode.
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The counter is enabled by an absence of a Timer Reset condition and a logic zero at
the Gate input. The counter will then decrement on the first clock signal recognized dur-
ing or after the counter initialization cycle. It continues to decrement on each clock sig-
nal so long as G remains low and no reset condition exists. A Counter Time Out (the first
clock after all counter bits = 0 ) results in the Individual Interrupt Flag being set and re-
initialization of the counter.

e
) -

A special condition exists for the dual 8-bit mode (CRX2 = 1) if L = 0. In this case, the
counter will revert to a mode similar to the single 16-bit mode, except Time Out occurs
after M + 1 clock pulses. The output, if enabled, goes low during the Counter Initializa-
tion cycle and reverses state at each Time Out. The counter remains cyclical (is re-
initialized at each Time Out) and the Individual Interrupt Flag is set when Time Out
occurs. If M =L =0, the internal counters do not change, but the output toggles at a rate
of 1/2 the clock frequency.

The discussion of the Continuous Mode has assumed that the application requires an
output signal. It should be noted that the Timer operates in the same manner with the
output disabled (CRX7 = 0). A Read Timer Counter command is valid regardless of the
state of CRX7.

CASCADING IN THE CONTINUOUS MODE

D7 8
~T T8
| [+
! B
! 2
| @
Bk
|
_— ' 2 | Control Register #3  Control Register #2 Control Register #1
& | [A]o[o[e[o]o]o[0] [i[o[0]0]0]0[0[1] [i[o[o[0[0]0][0][0]
b l [ 1
G3 |C3 yo3 G2 (G2 yo02 G1 |C1 yO1
Enable L Clock Input
FIGURE 13.

Single Shot Operating Mode

This mode is identical to the Continuous Mode with three exceptions. The first of

) these obvious from the name — the output returns to a low level after the initial Time

{ Out and remains low until another Counter Initialization cycle occurs. The waveforms
L/ available are shown below.
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SINGLE - SHOT OPERATING MODES

SINGLE - SHOT MODE (CRX3=0, CRXy=1, CRXs=1)
CONTROL
REGISTER INITIALIZATION/OUTPUT WAVEFORMS
COUNTER
CRX: | CRX: | INITIALIZATION (TIMER OUTPHT (0X)
0 0 Gl+W+R [N TN+ 1 X T
= ~—(N)X(T)—
’ ! it to T.0. T0.
1 0 Gl +W+R -—<L+1xn+1m—-}-—(l-+1xu+1m—-l
LY
! 1 Gl +R to T.0. TO.
FIGURE 14. £4508
As indicated above, the internal counting mechanism remains cyclical in the
Single-Shot Mode. Each Time Out of the counter results in the setting of an Individual
Interrupt Flag and re-initialization of the counter.
The second major difference between the Single-Shot and Continuous modes is that
the internal counter enable is not dependent on the Gate input level remaining in the low
state for the Single-Shot mode.
Another special condition is introduced in the Single-Shot mode. If L =M =0 (Dual 8-
bit) or N = 0 (Single 16-bit), the output remains low until the Operating Mode is changed
or nonzero data is written into the Counter Latches. Time Quts continue to occur at the
end of each clock period.
The three differences between Single-Shot and Continuous Timer Modes can be sum-
marized as attributes of the Single-Shot mode:
1. Output is enabled for only one pulse until it is reinitialized.
2. Counter Enable is independent of Gate.
3. L=M=0 or N =0 disables output.
Aside from these differences, the two modes are identical.
FREQUENCY COMPARISON MODE
CRX3=1, CRX4=0
CONTROL REG COUNTER COUNTER ENABLE COUNTER ENABLE | INTERRUPT FLAG
BIT 5 (CRXS5) INITIALIZATION FLIP-FLOP SET (CE) | FLIP-FLOP RESET (CE) SET ()
0 G|+(CE + T.0.CE) + R Gl W-R1 W+R+I G| BEFORE T.0.
1 Gl1+R T.0. BEFORE G|

FIGURE 15.

E4510-2
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Frequency Comparison Mode
Frequency Comparison or Period Measurement Mode (CRX3 = 1, CRX4 = 0)

The Frequency Comparison Mode with CRX5 = 1 is straightforward. If Time Out
occurs prior to the first negative transition of the Gate input after a Counter Initialization
cycle, an Individual Interrupt Flag is set. The counter is disabled, and a Counter Initiali-
zation cycle cannot begin until the interrupt flag is cleared and a negative transition on
G is detected.

If CRX5 = 0, an interrupt is generated if Gate input returns low prior to a Time Out. If
Counter Time Out occurs first, the counter is recycled and continues to decrement. A bit
is set within the timer on the initial Time Out which precludes further individual interrupt
generation until a new Counter Initialization cycle has been completed. When this inter-
nal bit is set, a negative transition of the Gate input starts a new Counter Initialization
cycle. (The condition of Gi - T+ TO is satisfied, since a Time Out has occurred and no
individual Interrupt has been generated.)

Any of the timers within the PTM may be programmed to compare the period of a
pulse (giving the frequency after calculations) at the Gate input with the time period
required for Counter Time Out. A negative transition of the Gate input enables the coun-
ter and starts a Counter Initialization cycle - provided that other conditions as noted in
the Table above are satisfied. The counter decrements on each clock signal recognized
during or after Counter Initialization until an Interrupt is generated, a Write Timer
Latches command is issued, or a Timer Reset condition occurs. It can be seen from the
above Table that an interrupt condition will be generated if CRX5 = 0 and the period of
the pulse (single pulse or measured separately repetitive pulses) at the Gate input is less
than the Counter Time Out period. If CRX5 = 1, an interrupt is generated if the reverse is
true.

Assume now with CRX5 = 1 that a Counter Initialization has occurred and that the Gate
input has returned low prior to Counter Time Out. Since there is no individual Interrupt
Flag generated, this automatically starts a new Counter Initialization Cycle. The process
will continue with frequency comparison being performed on each Gate input cycle until
the mode is changed, or a cycle is determined to be above the predetermined limit.

PULSE WIDTH COMPARISON MODE

CRX3=1, CRX4=1
CONTROL REG COUNTER COUNTER ENABLE | COUNTER ENABLE | INTERRUPT FLAG
BIT 5 (CRXS) INITIALIZATION | FLIP-FLOP SET (CE) | FLIP-FLOP RESET (CE) SET (1)
0 Gl'1+R Gl'W-RT W+R+1+G G' BEFORE T.0.
1 T.0. BEFORE G
FIGURE 16. : 4511

Pulse Width Comparison Mode

This mode is similar to the Frequency Comparison Mode except for a positive, rather
than negative, transition of the Gate input terminates the count. With CRX5 =0, an Indi-
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vidual Interrupt Flag will be generated if the zero level pulse applied to the Gate input is
less than the time period required for Counter Time Out. With CRX5 = 1, the interrupt is
generated when the reverse condition is true. o

As can be seen in the Table above, a positive transition of the Gate input disables the
counter. With CRX5 = 0, it is therefore possible to directly obtain the width of any pulse
causing an interrupt. Similar data for other Time Interval Modes and conditions can be
obtained, if two sections of the PTM are dedicated to the purpose.

TIME INTERVAL MODES

CRX3 = 1
CRX4 CRXS APPLICATION | CONDITION FOR SETTING INDIVIDUAL INTERRUPT FLAG
0 0 FREQUENCY | INTERRUPT GENERATED IF GATE INPUT PERIOD (1/F)
COMPARISON | IS LESS THAN COUNTER TIME OUT (T.0.)
0 1 FREQUENCY | INTERRUPT GENERATED IF GATE INPUT PERIOD (1/F)
COMPARISON | IS GREATER THAN COUNTER TIME OUT (T.0.)
1 0 PULSE WIDTH | INTERRUPT GENERATED IF GATE INPUT “DOWN TIME"
COMPARISON | IS LESS THAN COUNTER TIME OUT (T.0.)
1 1 PULSE WIDTH | INTERRUPT GENERATED IF GATE INPUT “DOWN TIME"
COMPARISON | IS GREATER THAN COUNTER TIME OUT (T.0.)

FIGURE 17.

The Time Interval Modes are provided for those applications which require more flexi-
bility of interrupt generation and Counter Initialization. Individual Interrupt Flags are set
in these modes as a function of both Counter Time Out and transitions of the Gate input.
Counter Initialization is also affected by Interrupt Flag status.

The output signal is not defined in any of these modes, but the counter does operate
in either Single 16-bit or Dual 8-bit modes as programmed by CRX2. Other features of
the Time Interval Modes are outlined in above.

D7

Control Register #3 Control Register #2 Control Register #1

[[*[+[e]*]elo[+] [+[*[o[+[*]o[e]+] [+]e[*[e]e]+]c]e]
Tﬂa Tﬁ loa taz Tt':" Loz Tm Tﬁ lm

I DATA BUS INTERFACE ]

Freq. Clk Pulse Clk Gate Clk Output
Input Input
14k gy tw 4k

TIMER #1 — SINGLE SHOT MODE

TIMER #2 — PULSE WIDTH COMPARISON MODE

TIMER #3 — FREQUENCY COMPARISON MODE

Apply input to be compared to the GATE input of Timer #3.

FIGURE 18. ' —
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Programming Problem

An electronics manufacturer is using an M6800 microprocessor, with a 1 MHz clock, to
control the testing of modules. A new product has been developed and a small modifica-
tion may be required to do the additional testing. It was determined that by adding the
M6840 timer to the M6800 system, the additional test conditions can be met. The func-
tions the timer must perform are:

a) The timer must output to the tester a positive pulse 200 microseconds wide.

b)

This pulse must fall within 25 to 27 milliseconds after the initialization of each
module test. At the initialization of each module test the tester will output a
negative 5 microsecond pulse.

The timer is to measure a negative going pulse to that the pulse width is within
1 millisecond £5%. If this pulse width is less than 1 ms —5% or greater than
1 ms +5%, an interrupt is required to the microprocessor.

Show the interfacing lines between the tester and the PTM. Also the information
required in each of the timer latches and Control Registers.

PTM Programming Problem Solution

1.

Determine the binary number required in the latches to produce a delayed 200
us pulse. Timer #3 was selected to output the 200 us pulse delayed by approxi-
mately 25,900 us (center of window minus one-half the output pulse width - this
will center the output pulse within the window). Time Out will occur at the end
of the pulse or at 26,100 us. Using the Single-Shot Mode Table, the formula (L +
1) (M + 1) (T) = T.O. will determine the pulse end and Time Out (T.0.). Since
T.0. = 26,100 pus,
M 26,100 - _26,100
(L+1)(T) 201

(L+1) (M+1) = T.O. = 26,130 us (end of pulse) and 26,130 —200 = 25,930 us
(start of pulse). Timer #3 latches are programmed with M = 1290 = 8146

L = 20040 =CB1s
(1000 0001 1100 10002).

-1 = 128.85 or 129

Determine the binary number required in the latches to produce an interrupt if
the measured pulse width is greater than 1 millisecond +5%. Using the Pulse
Width Comparison Mode table, it is noted that a timer can be programmed to
cause an interrupt if a T.O. occurs prior to an input transition on the Gate input
(Gt). By setting the latches to the value 1050 us (1 millisecond +5%) and gener-
ating the interrupt as described above, the interrupt can be used to identify a
module which has a pulse width greater than 1 ms +5%. Timer #2 was selected
for this task and the latches are programmed with 105010 or 041A4e (0000 0100
001 10102).

Determine the binary number required in the latches to produce an interrupt if
the measured pulse width is less than 1 millisecond —5%. Using the Pulse Width
Comparison Mode table, it is noted that a timer can be programmed to cause an
interrupt if a Gate input (Gt) occurs prior to the T.0. By setting the latches to a
value of 850 us (1 millisecond —5%) and generating an interrupt as described
above, the interrupt can be used to identify a module which has a pulse width
less than 1 ms —5%. Timer #1 was selected for this task and the latches are pro-
grammed with 950, or 03B6,s (0000 0011 1011 01102).
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4. Recognition of an external reset (RESET) will clear all Control Register bits

except CR10 (internal reset bit). With CR20 cleared it is possible to write to Con-
trol Register #3. Determine the bit pattern required in Control Register #3 (CR3)
since it will be the first Control Register that we should write to. Set CR30 = 0.
Prescaling the clock (8) is not required. Set CR31 = 1. The 1 MHz Enable Clock
will be used to time the output pulse. Set CR32 = 1, CR33 = 0, CR34 = 1, and
CR35 = 1. This will set the delayed Single-Shot Mode of operation. Set CR36 =
0. Interrupts are not required at Time Out (T.O.). Set CR37 = 1. Unmask the out-
put at 03.

5. Determine the bit pattern for Control Register #2 (CR2). Set CR20 = 1. After writ-

ing a 1 to CR20, Control Register #3 can be addressed. Set CR21 = 1. The 1 MHz
Enable Clock will be used to measure the pulse width Set CR22 =0, CR23 =1,
CR24 = 1, and CR25 = 1. This will set the Pulse Width Comparison Mode of
operation with the interrupt flag set if a T.O. occurs prior to the Gate input (G2t)
transition. Set CR26 = 1. Allow interrupts to the microprocessor via the IRQ line.
Set CR27 = 0. Output in Pulse Width Mode is undefined therefore Mask output at
02.

6. Determine bit pattern for Control Register #1. CR10 =0, allow all timers to oper-

ate. CR11 =1, use Enable Clock. CR12 =0, CR13 =1,CR14 =1, CR15 =0. This
will set the Pulse Width Comparison Mode of operation with the interrupt flag
set if a Gate input (G1t) transition occurs prior to a T.O. CR16 = 1, allow inter-
rupts to the microprocessor via the [RQ line. CR17 = 0, output not required.

PTM PROGRAMMING SOLUTION

MSB Latches #3 MSB Latches #2 MSB Latches #1
[1]oJoJo]o]o]o]1]  [o]o]ofofo[1]ofo] [ofofofooo]1]1]
LSB Latches #3 LSB Latches #2 LSB Latches #1
[1]1]ofo[1]ofo[o |~ [o]ofof1][1]o]1]ofw¥ [1]o]1]{1]o]1[1]0]!

Control R Control R Control R
Dooonoon @nononoon naoaaoan
G3 03 G2 G1

- le—1ms =5%

! _-ll—ll-_ p—_— —|_r Tester
o~ |- 25,9338 -
In
Initialize
'
~{ —5us
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SET UP TIMER #2 FOR A 200 MICROSECOMD PULSE
DELAY BY 25.3%8 MICROSECCNDS FROM THE
HEGATIVE TRAMSITION AT THE GATE X INPUT

(2 MICROSECONDS USED TO SYNCHRONIZE RAND PROCESS
THE EXTERNAL GATE INFUT TO THE TIMER. TOTAL
DELRY = 25, 322 MICROSECONDS).

dhebeshe e ob: e o e b v e sheafe e o o she e s e o e o o b sl e e she ok e 21 e s o st e s s o ofe s s g s e e

£
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B
*
*

SET UP TIMER #2 FOR MEASUREMENT OF A 1@5@
MICROSECOND PULSE WIDTH —-- IF GREATER CRUSE
AN INTERRUPT --- STATUS REGISTER BIT 4 ——-

seofende e sbeoderd shobe ke sheode st e bt s o iofeoleoRop seooesieotedesiesieo sl ot sopofob: sheske ek s ok

TFEEEEFEETR

aPT
ORG

NOP
$40G0

SET UP TIMER #1 FOR MEASUREMENT OF A 958
MICROSECOND PULSE WIDTH —-- IF LESS CRAUSE
AN INTERRUPT --- STATUS REGISTER BIT @ ——-

oot ob o b o ob L obe b e sk o s s ok SR e sttt st oR ot b o s e ok e o e

CRZ1 RME 1 ADDRESS FOR CR1 & CRZ2

CRST RMB 1 ADDRESS FOR CR2 $ STATUS REG.
TIMEL RMB 2 ADDRESS FOR TIMER #1 LATCHES
TIME2 RMB 2 ADRESS FOR TIMER #2 LATCHES
TIMEZ REMEB 2 ADDRESS FOR TIMER #2 LATCHES

ORG
LD¥
STH
LD
STH
LDX
STX
LDAAR
STRA
LDAAR
STAA

LDRA

STARA
END

$2000
#$21C8
TIMEZ WRITE
#105a

TIMEZ WRITE
#9560

TIMEL WRITE
#x10116410
CRZ1 WRITE
#781111011
CRST WRITE
#701011914
CRZ1 WRITE

TO LATCHES #3.

LATCHES #2
LATCHES #4
CR#2
CR#2

CR#1
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NAM TMEZ2

SET UF TIMER #=X FUR A 260 MICROSECOND PLLSE
OUTPUT. DELAY BY 235, 2Z8 MICROSECONDS FROM 1+HE
NEGATIVYE TRANSITION AT THE GATE =X INFUTY

(2 MICROSECONDS USED TO SYNCHRONIZE AND PROCESS
THE EXTEEMAL GATE IMPUT TOQ THE TIMER., TOTEL
DELAY = 25: 322 MICEOSECONDS).

sfe sk ek ootk oo e b sk oot ok s oo o b e e o ¢ b o b s ok ek s e e o

SET UP TIMER #2 FOR MEASURCEMEMT OF A 160%5&
MICROSECOND PLULSE WIDTH ——- IF GREATER CHUSE
AN INTERRLUFT —-—— STATUS REGISTER EIT 4 ===
sfestestenbeote sk st e stk e st ek st el bbb el s R b s o b s e e

SET UP TIMER #1 FOR MERSUREMENT OF A 354
MICROSECOND PULSE MIDTH -—— IF LESS CARUSE
AN INTERRUPT —--- STATUS REGISTER EBIT @ ---

b iE Bl b S S T L B S R B R R o R SR R SR R TR B S T S R S S T

oPT MHOP

ORG F402a

rRMB T ADDRESS FOR CR1 & CRZ

RMB - ADDRESS FOR CRZ $ STHTUS EEG
1 RMB 2 ADDRESS FOR TIMCR #1 LATCHES
2 RMEBE 2 ADRESS FOR TIMER #2 LATCHES
2 RMB 2 ADDRESS FOR TIMER #Z2 LATCHES

ORG $2aea

LD* #$31C2 g
STX TIMEZ WRITE TO LATCHES #Z
LD® #1656

STX TIMEZ WRITE LATCHES &2

LDX #3256

STX TIMEL WRITE LATCHES #1
LDA A #Xi8il16114

STA A CR24 WRITE CR&#Z

LDA A #X01111641

STR A CRST WRITE CR#2

LDPR R #XB18611510

STAR A CR31 WRITE CR#4

END

iy .:t‘('.'.‘-
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