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EF6840

PROGRAMMABLE TIMER MODULE (PTM)
. 2002

The EF6840 is a programmable sub:

designed to provide variable systern time intervals,

The EF6840 has thres 16-bit binary counters, thrae corresponding control
re'gis;m and a gtbfus register, These counters are under software control

[ to cause system interrupts and/or generate output signals.
The EF6840:may be utilizéd for such tasks as frequency measurements,
g and similar tasks. The device may be
gated delay signals, single pulsas of con-
and pulse width modulation as well as system interrupts,

and may be use

event counting, Interval measurin
used for square Wwave generation,
trolled duration,

Operates from a single 5 V power supply
Fully TTL compatible
Single system clock required (Enable)

Selectable prescaler on timer 3 capable of 4 MHz for the EF6840,

6 MHz for the EF68A40 and 8 MHz for the EF68840,
Programmable interrupts {TRQ) output to MPU
Readable down counter indicates counts to go t6 time-out,
Selectable gating for frequency or pulse-width comparison
RESET input .
Three asynchronous external clock and gate/trigger inputs
internally synchronized
Three maskable outputs
Three available versions : EF6840 (1.0 MHz)

EFEBA40 (1.5 MH2)

EF68B40 (2.0 MHz)

System component of the 6800 family
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PROGRAMMABLE TIMER

IN-CHANNEL, SILICON-GATE
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FN SUFFIX @
PLCC 28
E SUFFIX
LCCC 28

Hi-Rel versions available - Ses chapter 9

FIGURE 1 — PIN ASSIGNMENT
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POWER CONSIDERATIONS

The average chip-junction temperature, T, in °C can be obtained from:
TJ=Ta+(Pp*oJA) (1)
Where:

Ta= Ambient Temperature, °C
A= Package Thermal Resistance, Junction-to-Ambient, °CIW
Pp=PINT+PPORT
PINT=lcC % VeC, Watts — Chip internal Power
PPORT =Port Power Dissipation, Watts — User Determined

For most applications PPORT < P{NT and can be neglected. PPORT may become significant if the device is configured to

dnve Darlington bases or sink LED loads.

An approximate retationship between Pp and T (if PPORT is neglected) is:

Pp =K+ (T j+273°C} 2
Solving equations 1 and 2 for K gives:
K Pps(TA+273°C) +8a°Pp2 13)

Where K is a constant pertaining to the particular part. K can be determined from equation 3 by measuring Pp {at equilibrium)
for a known TA. Using this value of K the values of Pp and T can be obtained by solvitigf squafidag 0 kdhe @i deisveiyior any
value of TA.



MAXIMUM RATINGS

Rating Symbal Value Unit _ths device conltains circuiity 1o protect the
Supply Voliage Ve 03t +70 v inputs against d§m§ge due to high _slalic
Input Voltage v 03 70 v voltages or electric fields, however, it is ad-
9 In ~931w +7. vised' that normal precautions be taken to
Operaung Temperature Range — Tew TR avoud apphication of any voltage higher than
El’__:gggo EESSQ“S’?FGSB“. . Ta Do +70 oc maximum rated voltages (o this high-
EF6843' EFGBA:O. JG 240 *V suffix _';g'w :’13255 unpedance circult. Far praper operation it is
- _V Suflix d recommended that Vi, and Vo be con-
Storage Temperature Range Tsig ~8510 +150 | °C strained 10 the range VgssiVin or Vouy)
THERMAL CHARACTERISTICS ] =Vvce. _Reliabili(y qf operation 1s enhanced if
— unused inpuls are tied to an appropriate logrc
c Symbal Value Unit voltage ievel fe.g., either Vs or Vecl.
Thermal Resistance
Cerdip 65
Plastic faa 116 W
Ceramic 60
PLCC 100
DC ELECTRICAL CHARACTERISTICS (Ve =5.0 Vdc £5%, Vgg=0, TA=T| to TH unless otherwise noted}
Ch isti Symboal Min Typ Max Unit
Input High Voliage ViH Vsg+20| - vee v
Input Low Voltage Vit V§s-03 — | Vgs+0.8 \
Input Leakage Current {V,,=0 10 5.25 V) _n - 1.0 25 pA
Hi-Z {0#f Statel Input Curent (V=05 to 2.4 V) D0-D7 iTs| - 2.0 10 sA
Output High Voltage
(I gad = - 205 xA) D0-D7 | VoH [Vss+24( - - v
{lLgad= — 200 gA} Other Qutputs Vss+2.4 - -
Output Low Voltage
(I gad = 1.6 mA} A, D0-07 | VoL - - |vss+04| v
{lLgad=3.2mA} 01-03 - — | Vgs+04
Output Leakage Current (Ot Statel VO =2.4 V) IRQ | hoH -~ 1.0 10 kA
Internal Power Dissipation (Measured al Tp = Tg) PINT - 470 700 mw
Input Capacrance
Vin=0,TA=25°C, f=1.0 MHz) 0D0-D7 Cin - - 125 pF
All Others - - -75
Qutput Capacuance . .
tVin=0, TA=25°C, {=1.0 MHz} IRO | Cout - - 5.0 pF
_ 01,02,03 — = 10
AC OPERATING CHARACTERISTICS (See Figures 4-91
EF6840 EF68A40 EF68B40
- Uni
. Characteristic Symbol Min Max Min Max Min Max nit
Input Rise and Fall Times . . _ .
{Figures 4 and 61 C, G. and RESET ot - 10 - 0666 0.500° | ms
Input Pulse Width Low (Figure 4}
I_Asy_ncmonnus Inputi PW IcycE*+\su ¥ thd| — IcycEttsutthd] — |leycE+1isutihd| — ns
C, G, and RESET
Input Pulse Widih High {Figure 5) :
tAsynchronous Input) T, G PWH  fleycE*tsu*thd] — |leycE+lsu*thd| = [loycE+tsu+tng| — ns
input Setup Time iFigure 61
{Synchronous Inputl sy 200 - 120 - % - ns
C. G, and RESET
Input Hatd Time (Figure 61
tSynchtonous Input} thd 50 - 50 - 50 - ns
C. G, and RESET
Iaput Synchromzaton Time (Figure 9) - _ 17 _
T3 1 - 8 Prescaler Mode Onlyl fsync %0 20 s ns
Input Pulse Width _ _ _
'C3 { -8 Prescaler Mode Only) PWL. PWH 120 8 &0 ns
Output Delay, O1-03 Figure 7}
VoH =24V, Load B} TTL tco - 700 - 460 - 340 | ns
tVOH =24V, Load D} MOS tem - 450 - 450 - 340 ns
Vo =07 Vpp. Load D) CMOS | temos - 20 - 135 - 10,1 es
Inierrupt Retease Time UR - §2 - 08 = 07 us

‘b and 1 < 1gycE



'BUS TIMING CHARACTERISTICS iSee Notes 1, 2, and 31

8BA40

EF68840

tdent. - " - EF6840 | EF6! .
T Number Characteristic Symbol Min | Max | Min | Max | Min § Max Unit
1 Cycle Time: - teye 10{ 10 |067| 0 |06 ] 10 | gs
2 Pulse Widlh, E Low Pwgy | 430 [ 9500 | 280 {9500 | 210 | 9500 | ns _
3 " Pulse Widih, E High PWey | 450 | 9500 § 280 | 9500 | 220 | 9500 | ns
4 Clack Rise and Fall Time - 1y, U - 25 - 25 |- = 20 | ns
9 Address Hold Time 1AH 10 -~ 10 = 10 = ns
i3 Address Selup Time Belure E 1AS 80 - 60 - 40 - ns
14 ‘Chup Select Setup Time Belare € 1cs 80 — 60 — 40 — ns
15 Chip Select Hold Time \CH 10 - 10 - 10 ~ ns
i8 Read Data Hold. Time . IDHR 20 60* ] 20§ 80° | 20 50° | ns
2 Wiite Daia Hold Time 1prw | 10 - 10 - 10 — ns
30 Penpheral Output Data Delay Time - 1DDR - 290 | - |80 - {160} ns
31 Penpheral input Data Setup Time 1psw {165 | - 80 ~ 60 — ns
*The data bus output buffers are no longer sourcing of sinking current by tpHA max {High Impedance).
’ - . o "FIGURES — BUS TIMING . ~ - -
»f S - " ¥ .
e ]
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NOTES

1 Not all signals are applicable to every part.

s . -

2 Voliage lavels shown are V{ 504 V, VH22.4 V, unless otherwise specified.
3 Measurement points shown are 0.8 V and 2.0 V, unless otherwise specified.




FIGURE 6 — INPUT SETUP AND HOLD

FIGURE 7 — OUTPUT DELAY
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FIGURE 8 - IRQ RELEASE TIME
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FIGURE 9 — T3 INPUT SYNCHRONIZATION TIME {-8 PRESCALER MODE ONLY)
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Load A
{D0~D7}
50V
R =25k
Test Point 1N4148
or Equiv.
130 pF 1.7k 1NG16
or Equiv,
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FIGURE 10 — BUS TIMING TEST LOADS

Load B Load C
{01, 02,03} RGO
IR I
{TTL Load) {IRQ Gniy}
Vg of device under test 50V
AL = 1.25 k
3k
Test Point 1N4148
or Equiv, Test Point
40 pf M7k 1NO16
or Equiv. 100 pF :[
Load D
(01,02, 03)
{CMOS Load)
{MOS)
Test Point o———‘l-
30 pF

W—

NOTE: Timing measurements are referenced to and from a low voltage of 0.8 volt and a high voliage of 2.0 vaiis, uniess otherwise noted.



T

DEVICE OPERATION

The EF6840 is part of the 6800 microprocessor family
and is fully bus compatible with 6800 systems. The three
timers in the EF6840 operate independently and in several
distinct modes 1o fit a wide variety of measurement and syn-
thesis applications.

The EF6840 is an integrated set of three distinct
counter/tmers (Figure 1). It consists of three 16-bit data
latches, three 16-bit counters {(clocked independentlyl, and
the comparison and enable circuitry necessary to implement
various measurement and synthesis functions. In addition, it
contains interrupt drivers to alert the processor that a par-
ticular function has been completed.

I a typical application, a timer will be loaded by first stor-
Ing two bytes of data into an associated Counter Latch. This
data is then transferced into the counter via a Counter In-
itialization cycle. If the counter is enabled, the counter
decrements on each subsequent clack period which may be

+ an external clock, or Enable {E} until one of several predeter-
mined conditions causes it to halt or recycle. The timers are
thus programmable, cyclic in nature, controllable by external
inputs or the MPU program, and accessible by the MPU at
any time.

BUS INTERFACE

_The Programmable Timer Module (PTM) interfaces to the
6800 Bus with an Bbit bidirectional data bus, two Chip
Select lines, a Read/Write line, a clock {Enable} line, and In-
tercupt Request line, an external Reset line, and three
Register select fines. VMA should be utilized in conjunction
with an MPU address line into a Chip Select of the PTM
when using the EF6800/6802/6808.

BIDIRECTIONAL DATA (D0-D7) — The bidirectional data
tines {D0-D7) allow the transfer of data between the MPU
and PTM. The data bus output drivers are three-state
devices which remain in the high-impedance loff} state ex-
cept when the MPU performs a PTM read operation
{Read/Write and Enable lines high and PTM Chip Selects ac-
tivated).

CHIP SELECT (CS0, CS1} — These two signals are used
10 activate the Data Bus interface and allow transfer of data
from the PTM. With CS0=0 and CS1=1, the device is
selected and data transfer will occur.

READ/WRITE (R/W) — This signal is generated by the
MPU to control the direction of data transfer on the Data
Bus. With the PTM selected, a low state on the PTM R/W
line enables the input butfers and data is transferred from the
MPU to the PTM on the trailing edge of the E {(Enable) clock.
Alternately, {under the same conditions) R/W=1 and
Enable high allows data in the PTM to be read by the MPU.

ENABLE (E CLOCK) — The E clock signal synchronizes
data transfer between the MPU and the PTM. It also per-
forms an equivalent synchronization function on the external
clock, reset, and gate inputs of the PTM.

INTERRUPT REQUEST (IR@) — The active low Interrupt
Request signal is normally tied directly tor through priority in-
terrupt circuitry) to the IRQ input of the MPU. This is an

"open drain” output {no load device on the chipl which per-
mits other similar interrupt request lines to be tied together in
a wire-OR configuration.

The 1RQ line is activated if, and only if, the Composite In-
terrupt 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.

RESET — A low level at this input is clocked into the PTM
by the E (Enablel 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 addi-
tional 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.

Recognition of a low levet at this input by the PTM causes
the following action to occur:

a. All counter latches are preset to their maximum count

values.

b. All Control Register bits are cleared with the exception

of CR10 linternal reset bit} which is set.

¢. All counters are preset to the contents of the laiches.

d. Afl counter outputs are reset and all counter clocks are

disabled.

e. All Status Register bits {interrupt flags} are cleared.

REGISTER SELECT LINES (RSO, RS1, RS2} — These in-
puts are used in conjunction with the R/W line to select the
internal registers, counters and latches as shown in Table 1.

NOTE:

The PTM is accessed via MPU Load and Store operations
in much the same manner as a8 memory device. The instruc-
tions available with the-6800 family of MPUs which per-
form read-modify-write operations on memory should not be
used when the PTM is accessed. These instructions actually
fetch a byte from memory, perform an operation, then
restore it to the same address location. Since the PTM uses
the R/W line as an additional register select input, the
modified data will not be restored to the same register if
these instructions are used.

CONTROL REGISTER

Each timer in the EF6840has a corresponding write-only
Control Register. Control Register #2 has a unique address
space (RS0=1, RS =0, RS2=0) and tnerefore may be writ-
ten into at any time. The remaining Control Registers {(#1 and
#3) share the Address Space selected by a logic zero on all
Register Select inputs.

CR20 — The least-significant bit of Control Register #2
{CR20) is used as an additional addressing bit for Control
Registers #1 and #3. Thus, with all Register selects and R/W
inputs at logic zero, Control Register #1 will be written into if
CR20 is a logic one. Under the same conditions, Control
Register #3 can also be written into after a RESET low condi-
tion has occurred, since all control register bits (except
CR10) are cleared yiinere{@ez badThay miite in thesequence
CR3, CR2, CR1.




Register
Select Inputs Operations
As2 | rs1 | Rso RIW=0 RiW=1
0 0 o CR20=0 Write Control Register #3 No Operation
CR20=1 Write Control Register #1
Q 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 4] 0 Write MSB Buffer Register Read Timer #2 Counter
1 (1] 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 LS8 Buffer Register

CR10 — 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 maodes prescribed by the
remaining bits of the control registers. Writing a "one” into
CR10 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 interrupt flags (Status
Register) to be reset. Counter Latches and Controt Registers
are undisturbed by an Internal Reset and may be written into
regardless of the state of CR10.

The least signifcant 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 internat clock (Enable) or an
external clock source.

NOTE

When initializing Timer 3 into the divide-by-sight mode
on consecutive E-cycles (i.e., with DMA), Control Register
3 must be initialized after Timer Latch #3 to insure proper
timer initialization.

CR30 — The functions depicted in the foregoing discus-
sions are tabutated in Table 2 for ease of reference.

TABLE 2 — CONTROL REGISTER BITS

CRX7* Timer £X Counter Output Enable
0 TX Output masked on output OX
1 TX Output enabled on output 0X

Timer #X Intersupt Enable
Interrupt Fiag masked on 18Q
Interrupt Flag énabled to IRQ

Control Register X

I CRXS] CRXAlCRXSITimer X Counter Mode and Interrupt Control [See Table 3Ll

CRX2 Timer #£X Counting Mode Control
0 TX configured for normal {16-bit} counting mode
1 TX configured for dual 8-bit counting mode

CRX1

Timer #X Clock Source —
TX uses externa! clock source on CX input
TX uses Enable clock

CR10 Internal Reset Bit
0 Ali timers allowed to operate

1__All timers held in preset state

CR20 Controt Register Address Bit
0 CR#3 may be written
1 CR{1 may be written

CR30 Timer #3 Clock Convol
0 T3 Clock is not prescaled
1 vidGlockisprescaledibve #8

X=1

X=2

X=3




Control Register, Bits CR10, CR20, and CR30 are unique in
that each selects a different function. The remaining bits {1
through 7) of each Control Register select common func-
tions, with a particular Control Register affecting only its cor-
responding timer.

CRX1 — Bit 1 of Control Register #1 {CR11) selects
whether an internal or externat clock source is to be used
with Timer #1. Simitarly, CR21 selects the clock source for
Timer #2, and CR31 performs this function for Timer #3. The
function of each bit of Control Register X' can therefore be
defined as shown in the remaining section of Table 2.

CRX2 — Control Register Bit 2 selects whether the binary
information contained in the Counter Latches (and subse-
quently toaded 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 counter will decrement to zero after
N+ 1 enabled (G = 0} clock periods, where N is defined as the
16-bit number in the Counter Latches. With CRX2=1, a
similar Time Out will occur after (L+1}«(M+1) enabled
clock periods, where L and M, respectively, refer to the LSB
and MSB bytes in the Counter Latches.

CRX3-CRX7 — Contro! Register Bits 3, 4, and b are ex-
plained in detail in the Timer Operating Mode section. Bit6is
an interrupt mask bit which will be explained more fully in
comjunction with the Status Register, and bit 7 is used to
enable the corresponding Timer Output. A summary of the

- control register programming modes is shown in Table 3.

STATUS REGISTER/INTERRUPT FLAGS
The EF6840 has an internal Read-Only Status Register
which contains four Interrupt Flags. {The remaining four bits
of the register are not used, and defaults to zeros when be-
ing 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 in-
dividual flag bits is set whife Bit 6 of the corresponding Con-
Arol 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)

e —

An interrupt flag is cleared by a Timer Reset condition,

i.e., External RESET =0 or Internal Reset Bit (CR101=1. 1t
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
1o prevent missing interrupts which might occur after the
status register is read, but prior to reading the Timer
Counter..
* An ‘ndividual Interrupt Flag is also cleared by a Write
Timer Latches (W) command or a Counter Initialization (Cl}
sequence, provided that W or CI affects the Timer cor-
responding to the-individual Interrupt Flag.

COUNTER LATCH- INITIALIZATION

Each of the three independent timers consists of a 16-bit
addressable counter and a 16-bit addressable latch. The
counters are preset to the binary numbers stored in the latch-
es. Counter initiatization resuits in the transfer of the latch
contents o the counter. See notes in Table 4 regarding the
binary number N, L, or M placed into the Latches and their
relationship to the output waveforms and counter Time-
Outs.

Since the PTM data bus is 8-bits wide and the counters are
16-bits wide, a temporary register {MSB Buffer Register} is
provided. This “write only” register is for the Most-
Significant Byte of the desired latch data. Three addresses
are provided for the MSB Butfer Register (as indicated in
Table 1}, but they ali lead to the same Buffer. Data from the
MSB Buffer will automatically be transferred into the Most-
Significan Byte of Timer #X when a Write Timer #X Latches
Tommand s perforimed. So it can be seen that the EF6840
has been designed to allow transfer of two bytes of data into
the counter latches provided that the MSB is transferred
first. The storage order must be observed to ensure proper
latch operation. .

In many applications, the source of the data will be a
6800 Family MPU. it should be noted that the 16-bit store
operations of the 6800 family microprocessors (STS and
STX} transfer data in the order required by the PTM. A Store
Index Register Instruction, for example, results in the MSB
of the X register being transferred to the selected address,
then the LSB of the X register being written into the next
higher location. Thus, either the index register or stack
pointer may be transferred directly into a selected counter
latch with a single instruction.

A logic zero at the RESET input also initializes the counter
latches. In this case, all latches will assume a maximum
count of 65,563610. It is important to note that an Internal

CRX3 _ICRi“ (-CRXG TABLE 3 — PTM OPERATING MODE SELECTION
0 [0 o [Continuous Operating Mode: Gate ¥ or Write to Latches or Reset Causes Counter Initialization
10 |0 Frequency Comparison Mode: Interrupt if Gate mis< Counter Time Out
011 ]0 Jcontinuous Operating Mode: Gate | or Reset Causes Counter Initialization
1 |1 [0 Pulse Width Comparison Mode: Interrupt if Gate is< Counter Time Out
010 |1 [Single Shot Mode: Gate | or Write 10 Latches or Reset Causes Counter Initialization
110 |1 Frequency Comparison Mode: Interrupt If Gate $__I ¥ is> Counter Time Out .
041 |1 ]Smgle Shot Made: Gate | or Reset Causes Counter Initialization
LR AN Fulse Width Comparison Mode: Interrupt If Gate { } is> Counter Time Out




Reset {Bit zero of Conttol Register 1 Setl has no etigct 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 In-
dividual Interrupt Flag associated with the counter. Counter
Initialization always occurs when a reset condition
{(RESET =0 or CR10=1} is recogmzed. It can also occur -
depending on Timer Mode — with 8 Write Timer Latches
command or recognition of a negative transition of the Gate
input.

Counter recycling ot re-initialization occurs when 8
negative transition of the clock inpul is recognized after the
counter has reached an all-zero state. In this case, data is
transferred from the Latches to the Counter.

ASYNCHRONOQUS INPUT/OUTPUT LINES

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

CLOCK INPUTS (C1, C2, and C3) — Input pins C1, C2,
and C3 will accept asynchronous TTL voltage level signals to
decrement Timers 1, 2, and 3, respectively. The high and low
levels of the extetnal clocks must each be stable for at least
one system clock petiod plus the sum of the setup and hold
times for the clock inputs. The asynchronous clock rate can
vary from dc to the limit imposed by the Enabte Clock Setup,
and Hold times.

The external clock inputs are clocked in by Enable pulses.
Three Enable periods are used 1o 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 defay between a clock-input transition and
internal recognition of that transition by the PTM. Ali
references to C inputs in this document reiate to internal
recognition of the input transition. Note that a clock high or
low level which does not meet setup and hold time specifica-
tions may require an additiona! Enable pulse for recogmtion.
When observing recutring events, a fack 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 synchronization with
Enable, permitting signals with marginal setup and hold time
to be recognized by either the bit time nearest the input tran-
sition or the subsequent bit time. |

“Input jitter” can be as great as the time between input
signa! negative going transitions plus the system jitter, if the
first transthion is recognized during one system cycle, and
not recognized the next cycle, or vice versa. See Figure 11.

FIGURE 11 — INPUT JITTER

Enable L L+ Iy
Inputy ——=y  p—————————

Recog --- { e
Input / \
Either - —or Here
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Output 4,(——1 Itter

" b System
7 8itTime

CLOCK INPUT C3 {- 8 PRESCALER MODEI — External
clock input C3 represents a special case when Timer #31s
programmed to utihze 1ts optional — 8 prescaler mode.

The divide-by-8 prescaler contains an asynchronous ripple
counter; thus, input setup ltgy! and hold umes (ixg} do not
apply. As fong as mimimum input puise widths are maintain-
ei the counter will recognize and pracess all input clock
{C3} transitions. However, In order 1o guarantee that a clock
transttion is processed duting the current € cycle, a certain
amount of synchronization time (isync 1s required between
the C3 wansition and the falling edge of Enable (see Figure
9). If the synchronization time reguirement 1S ot met, 1 1s
possible that the C3 transition will not be processed unht the
following E cycle.

The maximum input frequency and allowable duly cycles
for the +~8 presca'er mode are specified under the AC
Operating Characteristics. Internally, the +8 presca'er out-
putis treated in the same manner as the previously discussed
clock nputs.

GATE INPUTS (G1, G2, G3) — Input pins G1, G2, and G3
accept asynchronous TTL-compatbie signals which are used
as triggers or clock gating fuactions to Timers 1, 2, and 3,
respecuvely. The gating inputs are clocked into the PTM by
the E (enablel clock in the same mannet as the previously
discussed clock inputs. That s, 8 Gate transition 1s recogniz-
ed by the PTM on the fourth Enable pulse {provided selup
and hold time requirements are metl, and the high or low
levels of the Gate input musl be stable for at least one system
clock period plus the sum of setup and hold times All
references to G transition in this document relate to internal
recognition of the nput transition.

The Gate inputs of all umers_directly affect the internal
16-bit counter. The operation of G31s therefore iIndependent
of the —8 prescaler selection.

TIMER OUTPUTS (01, 02, 03} — Timer outputs O1, 02,
and O3 are capable of driving up to two TTL foads and pro-
duce a defined output waveform for either Continuous or
Single-Shot Timer modes. Output waveform definition 1s ac-
complished 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 mode and a single
pulse in the single-shot mode. The Dual 8-bit mode will pro-
duce a vanable duty cycle pulse in both the continuous and
single-shot umer modes. One bit of each Contro! Register
{CRX7} is used to enable the corresponding output. If trus bit
is cleared, the output will remain low (VL) regardiess of the
operating mode. If it is cleared while the output s high the
output wilf go low during the first enable cycle following a
write to the Control Register.

The Continuous and Single-Shot Timer Modes are the
only ones for which output response is defined in this data
sheet. Refer to the Programmable Timer Fundamentals and
Apphcations manual for a discussion of the output signals In
other modes. Signals appear at the outputs (uniess
CRX7=01 during Frequency and Puise Width comparison
modes, but the actual wavetorm is not predictable in typicat
applications.



TIMER OPERATING MODES :

The EF6840 has been designed to operate effectively ina
wide variety of applications. This is' accomplished by using
three bits of each control register (CRX3, CRX4, and CRX5)
to define different operating modes of the Timers. These
modes are divided into WAVE SYNTHESIS and WAVE
MEASUREMENT modes, and are outlined in Table 4.

TABLE 4 — OPERATING MODES
Contrel Register

Timer Operating Mode

CRX3 | CRX4 | CRX6
[} * [ Continuous <
0 - 1 Single-Shot i
1 0 * Frequency Comparison
1 i * Pulse Width Companson Measurement

*Defines Additional Timer Funcuon Selection.

One of the WAVE SYNTHESIS modes is the Continuous
Operating made, which is useful for cyclic wave generation.
Either symmetrical or variable duty-cycle waves can be

.generated in this mode. The other wave synthesis mode, the
Single-Shot mode, is similar in use to the Continuous
operating mode, however, a single pulse is generated, with a
programmable preset width.

The WAVE MEASUREMENT modes include the Frequen-
cy Comparison and Pulse Width Comparison modes which
are used to measure cyclic and singular pulse widths, respec-
tively.

In addition to the four timer modes in Table 4, the remain-
ing control register bit is used to modify counter initialization
and enabling or interrupt conditions.

WAVE SYNTHESIS MODES

CONTINUOUS OPERATING MODE (TABLE 5) — The
continuous mode will synthesize a continuous wave with a
period proportional to the preset number in the particular
timer latches. Any of the timers in the PTM may be program-
med to operate in a continuous mode by writing zeroes into
bits 3 and 5 of the corresponding contro! register. Assuming

o err— s mm

that the timer output is enabled (CRX7 =1), gither a square
wave or a variable duty cycle waveform will be generated at
the Timer Output, OX. The type of output is selected via
Control Register Bit 2.

Either a Timer Reset {CR10=1 or External Reset=0) con-
dition or internal recognition of a negative transition of the
Gate input results in Counter Initialization. A Write Timer
latches command can be selected as a Counter Initialization
signal by clearing CRX4.

The counter I1s enabled by an absence of a Timer Reset
condition and a logic zero at the Gate input. In the 16-bit
mode, the counter will decrement on the first clock cycle
during or after the counter initialization cycle. It continues to
decrement on each clock signal 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 reinitialization of the counter.

In the Dual 8-bit mode (CRX2= 1} [refer to the example in
Figure 10 and Tables & and 6} the MSB decrements once for
every full countdown of the LS8 + 1. When the LSB =0, the
MSB is unchanged: on the next clock pulse the LSB is reset
to the count in the LSB Llatches, and the MSB is
decremented by 1 {onel. 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
untif both the LSB and 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 Dual 8-bit
mode the period of the output of the example in Figure 12
would span 20 clock pulses as opposed to 1546 clock pulses
using the normal 16-bit made.

A special time-out condition exists for the dual 8-bit mode
{CRX2=1) if L=0. in this case, the counter will revert to 2
mode similar to the single 16-bit mode, except Time Out oc-
curs after M+ 1* clock pulses. The output, if enabled, goes
low during the Counter Initialization cycle and reverses state
at each Time Out. The counter remains cyclical {is re-
initialized at each Time Qut} 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
%2 the clock frequency.

TABLE § — CONTINUOUS OPERATING MODES

Synthesis Modes ' CONTINUOUS MODE
{CRX3 = 0,CRX5=0}
Control Register iti: /Output forms
CRX2 | CRX4 |Countar Initialization *Timer Qutput (OX) {CRX7 =1}
= N nm»l——m-nm——i-—wunn
0 0 GI+W+R |- ' ’1
I e S
— —Vo¢
t
0 i Gi#R xl.._, TO0 T0 10
1 ° GraW+R r—lL~lllMﬂlll’l——<—(Ll|IIM-\IHI——- —vom
1 1 Gi+R | —a] (LHT) fu— =] O v gy
o TO 10




FIGURE 12 — TIMER OUTPUT WAVEFORM EX.:&7iLl
{Continuous Dual 8-Bit Mode Using Internal Enable}

Example: Contents of MSB =03 =M
Contents of LSB.= 04 = L

*Time
Out

Iﬁ———— ML + 11 +1
Algebraic Exptession
-t 03(04 + 1)+ 1 = e
) ‘ 16 Enables 1 1 }——— 2.4V
[} 04V
Counter Output \ '[ : : ] '[ \1::
[
1 [ [ !
1 ] | I 3
{System 2)
] [ [
[
1+ L—el 14L . 1eL L——J
5 Ensble ! § Enable ! §Ensble | 4 Enable
Pulses : Pulses | Pulsas { Pulses
i 1 b1 + L ——a
1 o 1 | 5 Enable |
[} | 1 | : | ) Pulses |
! { { - [ i
' M+ 1HL + 1) — |
3 [} [} B 1 '
\ [ [ 1
o . f . / I. . { .

(M + THL + 1) = Pariod
M{L + 1) + 1 = Low portion of period
L = Pulse width

Algebraic Expression
{04 + 1)(03 + 1) = 20 Enable or
External Clock Pulses

*Preset LSB and MSB to Respective Latches on the negative transition of the Enable
*spreset LSB to LSB Latches and Decrement MSB by one on the negative transition of the Enable

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.

SINGLE-SHOT TIMER MODE — This made is identical to
the Continuous Mode with three exceptions. The first of
these is obvious from the name — the output returns to a
low level after the initial Time Out and remains low until
another Counter Initiaization cycle occurs.

As indicated in Table 6, the internal counting mechanism
remains cyclical in the Single-Shot Mode. Each Time Out of

the counter results in the setting of an Individua! 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 reammning 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 goes low on the first clock received during-or after
Counter Initialization. The output remains low until the
Operating Mode is changed or nonzero data is written into
the Counter Latches. Time Outs continue to occur at the end
of each clock period.

TABLE 6 — SINGLE-SHOT OPERATING MODES

Synthesis Modes | SINGLE-SHOT MODE
{CRX3 =0, CRX7 =1, CRX5 = 1}
Contro! Register itiali /Output ms
CRX2 { CRX4 Counter Initialization Timer Output (OX}
a t {NHINT) N nm——l
0 0 GItW+R i T
0 1 Gi+R [ 10 T0
o (LATHM 41){T) —tet e (L 1) (M4 1)ETY
1 o Gi+W+R o
1 1 GI+R
10 T0 T0

Symbols are as defined in Table 8.



The three differences between Single-Shot and Continous
Timer Mode can be summarized as atinbutes of the Single-
Shot mode:

1. Output is enabled for only one pulse until it s reinitializ-
ed.

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.

WAVE MEASUREMENT MODES

TIME INTERVAL MODES — The Time Interval Modes are
the Frequency {period) Measurement and Pulse Width Com-
panison Modes, and are provided for those applications
which require more flexibility 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 af-
fected by Interrupt Flag status.

A umer's output is normally not used in a8 Wave Measure-
mert mode, but 1t is defined. If the output is enabled, it will
operate as follows. During the period between reinitialization
of the umer and the first Time Out, the output will be a
logical zero. If the first Time Out is completed (regardiess of
its method of generation), the output will go high. If further
TQ's occur, the output will change state at each completion
of a Time-Out.

The counter does operate in either Single 16-bit or Dual
8-bit modes as programmed by CRX2. Other features of the
Wave Measurement Modes are outlined in Table 7.

Frequency Comparison Or Pericd Measurement Mode
{CRX3=1, CRX4=0} ~ The Frequency Comparisan Mode
with CRX6= 1 is straightforward. If Time Out occurs priof to
the first negative transition of the Gate input after a Counter
Initialization cycle, an Individual Interrupt Flag is sel. The
counter is disabled, and a Counter Initialization cycle cannot
bagin until the interrupt fiag is clearad and a negative transi-
tion on G is detected.

If CRX6=0, as shown in Tables 7 and 8, an interrupt is
generated if Gate input returns fow prior to a Time Out. If a
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 preciudes further individuai intercupt

generation until a new Counter Initialization cycle has been
completed. When this internal bit is set, a negative transition
of the Gate input starts a new Counter initiahization cycle.
{The condition of GI+I+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 Igiving the frequency after
calculations) af the Gate input with the tme penod re-
quested for Counter Time Out. A negative transition of the
Gate Input enables the counter and starts a Counter In-
itialization cycle — provided that other conditions, as noted
in Table 8, are satisfied. The counter decrements on each
clock signal recognized during or after Counter Initiahzation
untit an Interrupt is generated, a Write Timer Latches com-
mand is issued, or a Timer Reset condition occurs. It can be
seen from Table B that an interrupt condition will be
generated if CRX6=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. 1f CRXB=1,
an interrupt is generated if the reverse is true.

Assume now with CRX8=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 Intertupt
Flag generated, this automatically starts a new Counter In-
itialization 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) —
This made is similar to the Frequency Comparison Mode ex-
cept for a positive, rather than negative, transition of the
Gate input terminates the count. With CRX6=0, an Individ-
uval 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 gener-
ated when the reverse condition is truer

As can be seen in Table 8, a positive transition of the Gate
input disables the counter. With CRX5=0, it 15 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.

FIGURE 7 — OUTPUT DELAY

CRX3=1
CRX4 CRX5 Application Condition for Setting | idual Interrupt Flag

0 [} Frequency Comparison Interrupt Generated if Gate input Period {1/F) is less
than Counter Time Out {TO}

V] 1 Frequency Comparison Interrupt Generated if Gate Input Period {1/F) is greater
than Counter Time Out {TO)

1 o Pulse Width Comparison | Interrupt Generated if Gate Input “Down Time" is less
than Counter Time Out {TO)

1 1 Pulse Width Comparison | Interrupt Generated if Gate Input "Down Time" is greater
than Counter Time Out (TO)




TABLE 8 — FHEUUENLY LUMPARIDUN MUUE

[

; Control Reg. Counter Counter Enable Counter Enable interrupt Flag
Mode Brd | Bit4 Bit5 itializati Flip-Flop Set (CE! | Fiip-Flop Reset ICE} Set
Frequency 1 0 [ Glelx {CE+ TO1+R Gl-WeRel We Rt Gi Before 1O
Comparison 1 [) i Glel+ R WeReT WeRt 10 Belure Gl
Puise Width [ [ [ Glel+ H WeRteG Gi Betere T1)
Comparison 1 i 1 Glei+ R Gi«WsRel WeReIs G G! Buelare 10
Gl =Negatve transition of Gate mput.
W =Wnte Timer Latches Command
R =Timer Reset {CR10= 1 or Exiernal RESET =0}
N = 16-Bit Number in Counter Latch.
TO = Counter Time Out {Alt Zero Condition}
I =Interrupt for a given umer.
* All time intervals shown above assume the Gate (G) and Clock {C) signals dre sycatisntnzed te e system clack
[E} with the specified setup and hold ume requirements
ORDERING INFORMATION
| EF68A40 |C M, BB |
De\'rice I | AN Screening level
Package Oper. temp.
The table belaw hork {ly shows afl ble suffix fons for pack perat [
favel. Other possibliitiss on request.
DEVICE PACKAGE OPER. TEMP SCREENING LEVEL
c J P E FN L v M Std 2] GiB | BB
L ) [ ] L] [ J L J [}
® ® [ ] L J L J
EF6840 (1.0 MHz)
L] ® [ ] [ [ ] L ]
® L ] L ) [ 4
[ [ [ [ ®
L J [ ] [ ] L] L J
EFG8A40 (1.6 MH2)
[ [) O ® [] [
[ ] [ J L] L J
EF68B40 (20 MHZ) hd b hd Ld .
[ [ ] [ J ® [ J
Examples : EF6840C, EF6B40CV, EF6B40CM, EF6840JM
Package : C : Ceramic DIL, J : Cerdip DIL, P: Plastic DIL, E: LCCC, FN : PLCC.
Oper. temp.: L*: 0°C to +70°C, V: —40°C to +85°C, M: —55°C to +125°C, * : may be omitted.
Screening leve! : Std : {no-end suffixl, D : NFC 96883 level D,
G/B : NFC 956883 level G, BIB : NFC 96883 level B and MIL-STD-833G leyel B:
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