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The EF6840 1s a programmable subsystem component of the 6800 family
designed to provide variable system time ntervals. M o S
The EF6840 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 signais. PROGRAMMABLE TIMER
The EF6840 may be utilized for such tasks as frequency measurements,

event counting, interval measuring and similar tasks. The device may be {N-CHANNEL, SILICON-GATE
used for square wave generation, gated delay signals, single pulses of con- DEPLETION LOAD)

troited duration, and pulse width modulation as well as system interrupts.

® QOperates from a single 5 V power supply CASES
® Fully TTL compatible
® Single system clock required (Enable) CB-132
® 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 (T1RQ) output to MPU 28
® Readable down counter indicates counts t9 go to time-out, 1 PLAS';ISCU::(':):(AGE
e Selectable gating for frequency or pulse-width comparison
® RESET input ALSO AVAILABLE
® Three asynchronous external clock and gate/trigger inputs

internally synchronized JSUFFIX C SUFFIX
® Three maskable outputs CERDIP PACKAGE CERAMIC PACKAGE
® Three available versions : EF6840 (1 0 MHz)

EF68A40 (1 5 MHz) CB-520 CB-707

EF68B40 (2.0 MHz)

-

* £N SUFFIX
. PLCC 28
N E SUFFIX
LCCC 28

Hi-Rel versions available - See chapter 9

FIGURE 1 — PIN ASSIGNMENT
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FIGURE 2 — BLOCK DIAGRAM
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POWER CONSIDERATIONS
The average chip-junction temperature, T, in °C can be obtained from
Ty=Ta+{Ppedia (n

Where
Ta = Ambient Temperature, °C
@ ) = Package Thermal Resistance, Junction-to-Ambient, °C/W
PD=PINT +PPORT
PINT=ICCx VCC. Watts — Chip Internal Power
PPORT = Port Power Dissipation, Watts — User Determined

For most apphcatons PpORT < PINT and can be neglected PpPQRT may become significant if the device 1s conhigured to
drive Darlington bases or sink LED loads

An approximate relationship between Pp and T (if PPORT 1S negiected) 1s

Pp=K~IT +273°C) (2)
Solving equations 1 and 2 for K gives N
K Ppe(Ta+273°Cl+8 a°PD2 (3)

Where K Is a constant pertaimning to the particular part K can be determined from equaton 3 by measuning Pp (at equilibrium)
for a known Ta Using this value of K the values of Pp and T § can be obtained by solving equatons (1} and (2) iteratvely for any
value of Tp
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MAXIMUM RATINGS

DC ELECTRICAL CHARACTERISTICS (V=50 Vde £5%, V§s=0, Ta=T( to T unless otherwise noted)

Rating Symbol Value Unit Tnis device contains circuitry to protect tne
Scopy Voage Veo 0310 270 v rpuls against damage aue 1o high stauc
SRR v 33 70 " voltages or electne fields however s ad
put Voitag n -JVJto + vised that normal precautions be taken o
Ooera_nng Temperature Range —~ T to TH 3void apphcation of any scltage higher than
gFFngg gi‘:@gfég Eﬁggs;lg v sutt Ta 0w +70 oc maximum rated vottages 0 this  nign
EFESJO EFL‘)B:ZO M sutt suthix '5‘150 10 *18255 «mpedance circuit For proper operation 1t s
i -
5 suffix o recommended that V,n and Vg, be con
Storage Temperature Range Tstg -5 10 +150 | °C strained 1o the range VGG StV q o Vg o
THERMAL CHARACTERISTICS =V Rehabiity of operation is enhancea
urused inpuls are tied to an appropnate logic
Charactenstic Symbol Value Unit voitage level te g ertner Vgg or Veg!
Thermal Resistance
Cerdip 65 °
Plasuc 814 1§ Cow
Ceramic 60
pLCC 100

Characteristic Symbol Min Typ Max Unnt
Input High Voltage ViH Vgg+20 - vee \
Input Low Votlage ViL Vgg-03 - Vgg+08 v
Input Leakage Current {V,n=010525V) In - 10 25 uA
Hi-Z (Oft Siater Input Current (Vn=051024 V) 00-D7 ITSI - 20 10 A
Qutput High Voltage
I pad = = 205 uA) 00-D7 VOH Vgs+24 - - v
{ly gad = — 200 uA) Other Outputs Vgs+24 - -
Qutput Low Voltage
lLoag=16mA) TRQ. 00 07 VoL - - vgg+04 Y]
U oag =3 2mA) 01 03 - - vgg+04
Output Leakage Current tO1t State) Vo =24 V) IRQ | !LoH - 10 10 uA
Internal Power Dissipaton (Measured at Ta =T} PINT - 470 700 mw
Input Capacitance
(Vin=0.Ta =25-C, t=10MH2 0G-07 Cin - -~ 125 pF
All Others - - 75
Quiput Capacitance _
Vin=0,Ta=25°C t=10MH2 IRQ | Cout - - 50 pF
O 01,0203 - - 10
AC OPERATING CHARACTERISTICS 'See Figures 4 91
Charactenstic Symbol EF6840 EF68A40 EF68840 Unit
Min Max Min Max Min Max
input Rise ang Fail T'mes . 2o .
cI)F|gures 4and 5 C & and RESET fr i ) 10 - 0 666 - 0500 s
input Pulse Wiatn Low (Figure 41
{Asyncnrenous [nput! WL feyeE=tsu~tha] - |[tevcEstsu~tha| -~ [leycErisu=thd| - ns
C G ang RESE”
e o £ PWu [tewetsuming| - [ewEisu gl o [ievcE sy ma| - | s
leput Setup Time F gure 6)
Syrertoreus Cpu) 5o 200 120 75 - s
C G arg RESET
st R Tre Sagre o)
SvrameoroLs L ] 50 20 - 50 - ns
¢ G an: RESE" '
e put Syrcnrarzanen Tire tFigure 39 N . X
T3 -3 Pren aer Moue Or v - 20 a0 73 ) "
T P N ] -
% 1 -8 Prescater Node Iniye P P 120 a0 o0 ) s
Qurout Deay 21 C3 Fgure 70
Vop 24y chaea B T /00 - 460 - 340 ns
N T LA al D MO> s 450 - 450 - 340 ns
Nop uiNvpp L au D CAOS ey 20 135 - 10 us
inverr 00 Aeease Tme ‘a 12 - 09 - 07 us

voroes ,
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BUS TIMING CHARACTERISTICS 1Sev Notes 1 2 and 3)
ident EF6840 EF68A40 | EF68B40
Number Charactensuc Symbol Min | Max { Min | Max | Min | Max Unit
1 Cyc'e Time oye 10 10 J067 10 05 10 us
2 Pulse Wiatt € Low PWey | 430 {9500 | 280 | 9500 { 210 | 9500 | ns
3 Pulse Widre B High PWeEp ] 450 {9500 | 280 [ 9500 | 220 | 9500 | ns
“ Ciotk Rise and Fall Twne ot - 25 - 25 - 20 ns
3 Address Hoid Time TAH 10 - 10 - 10 — rs
3 Adaress Set .o Tune Betore £ tAS 80 - 60 - 40 - ns
i Chip Setect Setup Time Betare b Ics 80 - 80 - 40 - ns
15 Chip Select Hold Time ICH 10 - 0 - 10 - ns
'8 Read Data Hot Time IDHR 20 50° | 20 | 50" | 20 50° | ns
n Witk Daa Hold T me 1DHW 0 - 10 - i0 ~ ns
30 Prenpherdal Cutput Data Delav Tire 'DOR - 290 - 180 - 150 | ns
30 Penpneral input Ddla Setup Tme psw | 165 - 80 - 60 - ns
*The data bus oulpul butters are no longer sourcing or SInking current by IQHR max (High impedance)
FIGURE 3 — BUS TIMING
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1 Not all signats are apphcable to every part
2 Volhage fevels shown are V| <04V V224V unless otherwise specified
3 Measurement points shown are 0 8 V and 20 V unless otherwise specified

4/15

THOMSON SEMICONDUCTEURS

2-26




EF6840

FIGURE 6 — INPUT SETUP AND HOLD TIMES FIGURE 7 - OUTPUT DELAY
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FIGURE 9 — €3 INPUT SYNCHRONIZATION TIME (-8 PRESCALER MODE ONLY)
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FIGURE 10 — BUS TIMING TEST LOADS
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DEVICE OPERATION

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

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

In a typtcal apphcation, a timer will be loaded by first stor-
ing two bytes of data into an associated Counter Latch This
data 1s then transferred into the counter via 8 Counter In-
iwahzation cycle If the counter i1s enabled, the counter
decrements on each subsequent clock period which may be
an external clock, or Enabte (E) untl one of several predeter-
mined conditions causes it to halt or recycte The umers are
thus programmable, cychic in nature, controilable by external
Wiputs or the MPU program, and accessible by the MPU at
any ume

BUS INTERFACE

The Programmable Timer Module (PTM) interfaces to the
ABO0 Bus with an 8-bit bidirectional data bus, two Chip
Select ines, a Read/Whnite line, a clock (Enable) line, and In-
terrupt Request line, an external Reset line, and three
Register select lines VMA should be utlized in conjunction
with an MPU address line into a Chip Select of the PTM
when using the EF6800/6802/6808.

BIDIRECTIONAL DATA (D0O-D7) — The tidirectional data
lines (DO-O7) allow the transfer of data between the MPU
and PTM The data bus output drnivers are three-state
devices which remain in the hng(\ﬂmpedance {off) state ex-
cept when the MPU performs.a PTM read operation
{Read/Write and Enable lines igh gnd PTM Chip Selects ac-
tivated)

CHIP SELECT (CS0Q, CS1) — These two signals are used
to activate the Data Bus intertace and allow transfer of data
from the PTM With CS0=0 and CS1=1, the device 1s
selected and data transfer will occur

READ/WRITE (R/W) — This signal 1s 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 enabies the input buffers and data s 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 syncaronizes
data transfer between the MPU and the PTM It aiso per-
forms an equivalent synchromzation function on the external
clock, reset, and gate inputs of the PTM

INTERRUPT REQUEST (IRQ) — The active low Interrupt
Request signal 1s normaily ted directly {or through prionty In-
terrupt circuitry) to the iRQ input of the MPU This 1s an

THOMSON SEMICONDUCTEURS

““open drain”* output {no load device on the chip) 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} 1s asserted
The conditions under which the IRQ hne i1s activated are
discussed 1n conjunction with the Status Register

RESET — A low level at thus input s clocked into the PTM
by the E [Enable) mmput Two Enable pulses are required to
synchronize and process the signai The PTM then
recognizes the active ~low’ ar inactive “huigh” on the third
Enable pulse If the RESET signal 1s asynchronous, an add:-
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 Charactenstcs

Recogmition of a low level 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 {internal reset bit) which 1s set

¢ All counters are preset to the contents of the latches

d. All counter outputs are reset and all counter clocks are
disabled

e All Status Register bits (interrupt flags! are cleared

REGISTER SELECT LINES (RS0, 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 1s accessed via MPU Load and Store operations
in much the same manner as a memory device. The instruc-
tions available with the. 6800 family of MPUs which per-
form read-modify-write aperations 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 correspondmg write-only
Control Register Control Register #2 has a unique address
space {RS0=1, RS =0, RS2=0) and terefore may be wnt-
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 it of Control Register #2
{CR20) 1s 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 wntten into if
CR20 1s a logic one Under the same conditions, Control
Register #3 can aiso be written into after a RESET low condi-
tion has occurred, since all control register bits {except
CR10} are cleared Therefore, one may write in the sequence
CR3, CR2, CR1
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TABLE 1 — REGISTER SELECTION

Register
Select inputs Operations
RS2 | RS1 | RSO R/W=0 R/W =1
0 o ) CR20=0 Write Controi 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
o] 1 1 Write Timer #1 Latches Read LSB Buffer Register
1 ] 0 Write MSB Buffer Register Read Timer #2 Counter
1 Q 1 Write Timer 22 Latches Read LS8 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 sigmificant bit of Control Register #11s
used as an Internal Reset bit When this bitis a logic zero, all
umers are allowed to operate in the modes prescribed by the
remaining bits of the control registers Wriing 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
Regster) to be reset Counter Latches and Control Registers
are undisturbed by an Internal Reset and may be wntten into
regardless of the state of CR10.

The least signifcant bit of Cantrol Register #3 15 used as a
selector for a + 8 prescaler which 1s 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

NOTE

When initializing Timer 3 into the divide-by-eight 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 tabulated in Table 2 for ease of reference

TABLE 2 — CONTROL REGISTER BITS

CRX7* Timer #X Counter Quiput Enable
o] TX Output masked on output OX
1 TX Output enabled on output OX
~ CRX8& Timer #X Interrupt Enable
N} Interrupt Flag masked on |RQ
1 Interrupt Flag enabled to IRQ
CRXS5] CRX4 FCRX3 {Timer #X Counter Mode and Interrupt Control (See Tabte 3)
Controi Register X slafp3fzyrjof x=120r3
CRX2 Timer #X Counting Mode Controt
0 TX configured for normal (168-bit) counting made
1 TX configured for dual 8-bit counting mode

CRX1

Timer #X Clock Source _
TX uses exiernal clock source on CX input
TX uses Enable ciock

CR10 Internal Reset Bt
0 All umers allowed to operate
1 All 'mers held in preset state

CRZ20 Control Register Address Bit
0 CR#3 may be wntten
1 CR#1 may be wntten

CR30 Timer #3 Clock Control
0 T3 Clock 1s not prescaled
1 T3 Clock s prescaled by ~8

X=1

X=2

X=3

THOMSON SEMICONDUCTEURS
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Control Register Bits CR10, CR20, and CR30 are unique n
that each selects a different function The remaining bits (1
through 7) of each Control Register seiect common func-
vons, with a parucular Control Register affecting only its cor-
responding timer

CRX1 — Bu 1 of Control Register #1 (CR11) selects
whether an internai or external clock source 1s to be used
with Timer #1 Similarly, CR21 selects the clock source for
Timer #2, and CR31 performs this function for Timer #3 The
function ot each bit of Control Register X" can therefore be
defined as shown in the remaining section of Tabie 2

CRX2 - Conrrol Register Bit 2 selects whether the binary
information contained in the Counter Latches (and subse-
guently loaded info the counter] 15 to be treated as a single
16-bit word or two 8-bit bytes In the singie 16-bit Counter
Mode (CRX2=0) the counter will decrement to zero after
N + 1 enabled (G = Q) clock periods, where N is defined as the
16-bit number in the Counter Latches With CRX2=1, a
simdar Time Qut 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 — Control Register Bits 3, 4, and 5 are ex-
plained in detail in the Timer Operating Mode section Bit61s
an interrupt mask bit which will be explained more fully in
conjunction with the Status Register, and bit 7 1s used to
enabie the corresponding Timer Qutput A summary of the
control register programming modes 1s 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 1s a Composite
Interrupt Flag This flag bit will be asserted if any of the in-
dividual fiag bits 1s set while Bit 6 of the corresponding Con-
ot Regrister 1s at a logic one “The conditions for asserting
the compostite Interrupt Fiag bit can therefore be expressed
as *
INT=11.CR16+(2.CR26 + 13.CR38
where INT = Composite Interrupt Flag (Bit 7)
11=Timer #1 Interrupt Flag (Bt 0)

12=Timer #2 Interrupt Flag (Bit 1)
13=Timer #3 Interrupt Flag (Bit 2)

4
CRX3 ~CRX5

An interrupt flag 1s cleared by a Timer Reset condition,
1e ., External RESET =0 or Internal Reset Bit (CR1Q} =1 I
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 condimion on the Read Status
Register-Read Timer Counter (RS-RT) sequence 1s designed
to prevent missing interrupts which might occur after the
status register s read, but prior to reading the Timer
Counter

An Individual !nterrupt Flag i1s also cleared by a Wrte
Timer Latches {W) command or a Counter Initialization {Cl)
sequence, provided that W or Cl 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 imtighization results in the transfer of the latch
contents 1o the counter See notes in Table 4 regarding the
binary number N, L, or M placed into the Latches and their
relatonship 10 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) 1s
provided This “wnte only” register 1s for the Most-
Significant Byte of the desired latch data Three addresses
are provided for the MSB Buffer Register (as indicated in
Tabie 1), but they all lead to the same Buffer Data from the
MSB Buffer will automatically be transferred into the Most-
Significant Byte of Timer #X when a Write Timer #X Latches
Tommand is performed. So 1t 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 s 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 iminalizes the counter
latches in this case, alt latches will assume a maximum
count of 65,53510 It 1s important to note that an Internal

TABLE 3 — PTM OPERATING MODE SELECTION

A
3 1
0j0 1|0
110 }0
Ql110
11110
0101
110 |1
ofl1 {1
Tl

iContinuous Operating Mode Gate | or Write to Latches or Reset Causes Counter Imuaiization
Frequency Companson Mode Interrupt If Gate §__ | 4is< Counter Time Out

IContinuous Operating Mode Gate | or Reset Causes Counter Imuahzation

Pulse Width Comparnison Mode Interrupt if Gate t $ 1s< Counter Time Out

Single Shot Mode Gate | or Write to Latches or Reset Causes Counter Imitiaization
Frequency Comparison Mode Interrupt If Gate m 15> Counter Time Out

Single Shot Made Gate } or Reset Causes Counter tmitiahzation

Pulse Width Companson Mode Interrupt If Gate { f 1s> Counter Time Out

8/15
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Rese: (Bit zero of Control Register 1 Sett has no effect on
the counter latches

COUNTER INITIALIZATION

Counter intialization 1s defined as the transfer of data from
the latches 1o the counter with subsequent cleaning of the In
dividual Interrupt Flag associated with the counter Counter
Intialization  always occurs when a reset condition
IRESET =0 or CR10=1} 1s recognized It can also occur —
depending on Timer Mode — with a Write Timer Latches
command or recognition of a negative transition of the Gate
input

Counter recychng or re-imitializaton OcCcurs when a
negative transition of the clock input s recognized after the
counter has reached an all-zero state In this case, data is
transferred from the Latches to the Counter

ASYNCHRONOUS INPUT/QUTPUT LINES

Each of the three tmers withun the PTM has external clock
and gate inputs as well as a counter output ine The inputs
are high-tmpedance, TTL-compatble ines and ouputs are
capable of driving two standard TTL loads

CLOCK INPUTS (C1, C2, and C3) — Input pins C1, C2,
and C3 wilt 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 ciock period plus the sum of the setup and hold
numes for the clock inputs The asynchronous clock rate can
vary from dc 10 the lirmit imposed by the Enable Clock Setup,
and Hold times

The externai clock inputs are clocked in by Enable puises
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, 1t
merely creates a delay between a clock input transimon and
internal recognition of that transiion by the PTM Al
references to C inputs in this document relate to internal
recognition of the input transifion Note that a clock high or
low level which does not meet setup and hold ume specifica-
tions may require an additional Enable pulse for recogniuon
When observing recurning events, &lack of synchronizaiion
will resuit in “‘ptter’” being observed on the output of the
PTM when using asynchronous clocks and gate nput
signais There are two types of ptter "System ptter’” 1S the
result of the input signals being out of synchronizaton with
Enabie, permitung signals with marginal setup and hold ume
to be recognized by etther the bit time nearest the input tran-
sition or the subsequent bit ime

“input ptter’”’ can be as great as the ume between input
signal negative going transiuons plus the system jtter, if the
first transition 1s recognized during one system cycle, and
not recogrized the next cycle, or vice versa See Figure 11

FIGURE 11 — INPUT JITTER

\
Enabie md L L L LS Y
Input _ﬂ__.r——_—”_’_

Recog -~ = 4 —
Input
Either — or Here
rere - - —=- Systemn
T 8it Time
Qurput — - --J Jitter
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CLOCK INPUT C3 ( -8 PRESCALER MODE} - External
clock input Cc3 represents a special case when Timer #3 1s
programmed to utihze 1ts optional — 8 prescaler mode

The divide-by-8 prescaler contains an asynchronous npple
counter, thus, input setup (tgy) and hoid tmes (thg! do not
apply As long as mimimum input puise widths are maintain-
ed, the counter will recogmze and process ail input clock
(C3) transiions However, in order 10 guarantee that a ciock
transition s processed during the current E cycle, a certan
amount of synchromization ume ltgync! 1s required between
the C3 transiton and the faling edge of Enable {see Figure
Q) I the synchronization time requirement 1s not met, 1t s
possible that the C3 transinon will not be processed until the
tfollowing E cycle

The maximum input frequency and allowable duty Cycles
for the —8 prescaler mode are specified under the AC
Operating Charactensucs Internally, the -8 prescaler out-
put s treated in the same manner as the previously discussed
clock inputs

GATE INPUTS (G1, G2, G3) — Input pins G1, G2, and G3
accept asynchronous TTL-compatble signais which are used
as tnggers or clock gating functions to Timers 1, 2, and 3.
respectively The gating inputs are clocked into the PTM by
the £ (enable} clock in the same manner as the previously
discussed clock inputs Thatis, a Gate transition is recogniz-
ed by the PTM on the fourth Enable pulse (provided setup
and hold ume requirements are met), and the high or low
levels of the Gate input must be stable for at least one system
clock period plus the sum of setup and hold umes All
references to G transition in this document refate to internal
recognition of the input transiton

The Gate inputs of all umers_directly affect the internal
16-bit counter The operaton of G31s therefore independent
of the -8 prescaler selection

’

TIMER QUTPUTS (01, 02, 03) — Timer outputs 01, 02,
and O3 are capable of driving up to two TTL loads and pro-
duce a detined output waveform for erther Continuous or
Single-Shot Timer modes Output waveform definiion s ac-
complished by selecting etther Singte 16-bit or Dual 8-but
operating modes The Single 16-bit mode wul produce 3
square-wave output in the continuous mode and a single
puise in the single-shot mode The Dual 8-bit mode wilt pro-
duce a vanable duty cycle pulse in both the continuous and
single-shot umer modes One bit of each Control Register
{CRX7) 1s used to enable the corresponding output f this bit
1s cleared, the output will remain low (V| } regardiess of the
operating mode |f 1t 15 cleared while the output 's high the
output will go low durning the first enable cycle following a
write to the Controtl Register

The Conunuous and Single-Shot Timer Modes are the
anly ones for which output response 1s defined in this data
sheet Refer to the Programmabie Timer Fundamentais and
Appihications manual for a discussion of the output signais in
other modes Signals appear at the outputs (uniess
CRX7 =0} dunng Frequency and Puise Width companson
modes, but the actual waveform is not predictabie i rypical
applications
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_

EF6840

TIMER OPERATING MODES

The EF6840 has been designed to operate effectively ina
wide vanety of applications This 1s 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
Control Register
CRX3 | CRX4 | CRX5

Timer Operating Mode

0 0 Continuous Svnth
nthesizer

0 ' 1 Single-Shot Y

1 Q ‘. Frequency Comparison

n Measurement

1 ‘ Pulse Width Comparnson

*Detines Additional Timer Function Selection

One of the WAVE SYNTHESIS modes 1s the Continuous
Operaung mode, which is useful for cyclhic wave generation
Either symmetrical or vanable duty-cycle waves can be
generated in this mode The other wave synthesis mode, the
Single-Shot mode, 1s similar in use to the Continuous
operating mode, however, a single pulse 1s generated, with a
programmable preset width

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

In addition to the four umer modes \n Table 4, the remain-
ing control register bit is used to modify counter imiuahization
and enabling or interrupt conditions

WAVE SYNTHESIS MODES

CONTINUQUS OPERATING MODE (TABLE 5) — The
continuous mode will synthesize a continuous wave with a
penod proportional to the preset number in the particular
umer latches Any of the umers in'the PTM may be program-
med to operate 1n a continuous mode by writing zeroes into
bits 3 and 5 of the corresponding control register Assuming

that the tmer output is enabted (CRX7 = 1), either a square
wave or a vanabie duty cycle wavetorm will be generated at
the Timer Output, OX The type of output is selected via
Controi Register Bit 2

Either a Timer Reset (CR10=1 or Externat Reset =0} con-
dition or internal recognition of 3 negative transition of the
Gate input results in Counter Imitahzation A Wnte Timer
latches command can be selected as a8 Counter Initiahization
signal by clearing CRX4

The counter s enabled by an absence of a Timer Reset
condition and a logic zero at the Gate input In the 16-buit
mode, the counter will decrement on the first clock cycle
during or after the counter iniializaton cycle 1t 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 1n the Individual Interrupt
Flag being set and reinitiahization of the counter

In the Dual 8-tit mode (CRX2=1) [refer to the example In
Figure 10 and Tables 5 and 6] the MSB decrements once for
every full countdown of the LSB +1 When the LSB =0, the
MSB 1s unchanged, on the next clock pulse the LSB s reset
to the count in the LSB Latches, and the MSB s
decremented by 1 (one) The output, if enabled, remains low
dunng and after imivalization and will remain low unti the
counter MSB s all zeroes The output wili go high at the
beginning of the next clock pulse The output remains high
until both the LSB and MSB of the counter are all zeroes At
the beginming of the next clock pulse the defined Time Out
(TO) wiil 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-brit mode

A special ume-out condition exists for the dual 8-bit mode
{CRX2=1).f L=0 in this case, the counter will revert to a
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 Initiahization cycle and reverses state
at each Time Out The counter remains c¢ychcal (s re-
imiuahized at each Time Qut) and the Individuatl Interrupt Flag
is set when Time QOut occurs f M=L=0, the internal
counters do not change, but the output toggles at a rate of
Y2 the clock frequency

TABLE 5 - CONTINUQUS OPERATING MODES

Synthesis Modes I

CONTINUOUS MODE
{CRX3 =0, CRXS5 = Q}

Control Register

Imitialization/Output Waveforms

CRX2 CRX4 |Counter Imtialization

*Timer Qutput (OX) (CRX7 =1)

Gi+W+R

I-—-wun‘rna-t—-—w-mr.‘-t—-w‘1;«1'“.1

—Vm

Voo

0 1 G.+R I |
‘o TO 10 TO

et (L 1M 1T g {6 1M s 11T e}

1 [0} 61¢W+R l m [—]—vo.-

1 1 G.+R | —af (LUT) e ——{ LT fevgy
T0

1o T
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FIGURE 12 — TIMER OUTPUT WAVEFORM EXAMPLE
{Cantinuous Dual 8-Bit Mode Using internal Enable)

*Time
Examgple Contents of MSB =03 - M OQut
Contents of LS8 = 04 = L %
b ML + 1)+ 1 L
r Algebraic Expression
T | 03104 + 1) + 1 = | |
i | 16 Enables | , 24V
] oav
Counter Cutput L 4 : . - \I
| i .
! |
i ! [ !
) [ | 1 )
Enable
{System Q2)
| 1 P
!
1+ L—t 1L L 1. L . L ——ed
S Enable ! 5 Enabte | 5 Enable | 4 Enable
Pulses l Pulses | Pulses | Puises
: | f—— 1+ L ———at
| | | | ! 1 5 Enable |
} | ! | I' | )} Pulses |
! | : [ ol i
' (M + 1)L+ 1) — i
1 [ [ 0
| - 1 I\\ b |

(M + 1){L + 1) = Period
M(L + 1} + 1 = Low portion of period
L = Puise width

TN

Algebraic Expression
(D4 + 1303 + 1} = 20 Enable or
External Clock Pulses

«Preset LSB and MSB to Respective Latches on the negative transition of the Enable
s *Presetr 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 n the same manner with the output
disabled ICRX7=0) A Read Timer Counter command 1S
valid regardless of the state ot CRX7

SINGLE-SHOT TIMER MODE — This mode is identical to
the Continuous Mode with three exceptions The first of
these 1s obvious from the name — the output returns 1o a
low level after the imual Time Out and remains low until
another Counter Initializauon cycle occurs

As inaicated in Table 6, the internal counting mechanism
remains cychical in the Single-Shot Mode Each Time Out of

the counter results in the setung of an Individual Interrupt
Flag and re-ininalization of the counter

The second major difference between the Single-Shot and
Continuous modes is that the internal counter enable 1S not
dependent on the Gate input level reamining in the low state
for the Single-Shot mode

Another special condition 1s 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 recerved during or after
Counter Initatization The output remains low unt! the
Operating Mode 1s changed or nonzero data 1s wntien into
the Counter Latches Time Quts conunue to occur at the end
of each clock period

TABLE 6 ~ SINGLE-SHOT OPERATING MODES

Synthesis ModeLl

SINGLE-SHOT MODE
{CRX3 =0, CRX7=1,CRX5=1)

Contraol Register Initialhization/Qutput Waveforms
CRX2 CRX4 Counter Initialization Timer Qutput {OX)
~ IN+THT) + (N IT)
0 0 Gi+W+R }___'N,m__* “]
0 1 GI+R 19 T0 To
1 0 Gi+WHR ‘L"HM”“(TL],.T) (L= THM 1T ]
1 1 (—:IH'R J l
) TO TO
Symbols are as defined in Table S
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The three ditterences between Single-Shot and Continous
Timer Mode can be summarized as atnbutes of the Single-
Shot mode

1 Qutput s enabled for only ane puise unul it is reiniuahz-
ed

2 Counter Enable 1s 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 Frequenrcy (penod) Measurement and Pulse Width Com:-
panson Nlodes and are provided for those applications
which require more flexibiity of interrupt generation and
Counter Imuatzatuon Individual Interrupt Flags are set in
these modes as a_function of both Counter Time Qut and
transiuons of the Gate input Counter Initalization s alsa af-
fected by Interrupt Flag status

A umer’s output is normally not used in a Wave Measure-
ment mode, but it 1s defined If the output 1s enabled, 1t will
operate as foilows Dunng the period between reinitalization
of the umer and the first Time Out, the output will be a
logrcal zero if the first Time Out is completed (regardless of
its method of generation), the output will go high If further
TO’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 Period Measurement Mode
{CRX3=1, CRX4=0} — The Frequency Comparison Mode
with CRX5=1.s straightforward If Time Out occurs prior to
the first negative transition of the Gate input after a Counter
Imuahzation cycle, an Individual Interrupt Flag i1s set The
counter I1s disapled, and a Counter Inthiahzaton cycle cannot
Degin unul tre interrupt flag 1s cleared ang a negative transi-
ton on G 1s getected

If CRX5=0 as shown in Tables 7 and 8. an interrupt 1s
generated if Gate nput returns fow prior to 2 Time Out If 3
Counter Time Qut occurs first, the counter 15 recycled and
continues 10 c¢ecrement A bitis set within the timer on the
imtiat Time Qut which precludes further individual interrupt

generation unti a new Counter Imualization cycle has been
completed When this internal bit 1s set, a negatve transition
of the Gate input starts a new Counter intialization cycle
(The conditon of Gle1-TO 15 sausfied, since a Time Out
has occurred and no indiwvidual Interrupt has been
generated )

Any of the umers within the PTM may be programmed to
compare the penod of_a_pulse (giving the frequency after
calculations) at the Gate input with the ume period re-
quested for Counter Time Qut A negative transition of the
Gate lnput enables the counter and starts a Counter In-
iahzaton cycle — provided that other conditions, as noted
in Table 8, are satshed The counter decrements on each
clock signal recognized durning or after Counter initiahzation
until an Interrupt 1s generated, a Write Timer Latches com-
mand 1s 1ssued, or 8 Timer Reset condition occurs it can be
seen from Table 8 that an interrupt condition will be
generated if CRX5=0 and the period of the pulse (single
pulse or measured separately repettive pulses) at the Gate
input 1s less than the Counter Time Qut period if CRXS5=1,
an interrupt 1s generated if the reverse 1S true

Assume now with CAX5=1 that a Counter Ininahzation
has occurred and that the Gate input has returned low prior
to Counter Time Qut Since there 1s no individual Interrupt
Flag generated, this automatically starts a new Counter in-
itiahzation Cycle The process will continue with frequency
companson being performed on each Gate input cycle unti
the mode i1s changed, or a cycle is determined to be above
the predetermined himit

Pulse Width Comparison Mode (CRX3=1, CRX4=1} —.
This mode 1s similar to the Frequency Comparison Mode ex-
cept for a posituve, rather than negauve, transition of the
Gate input terminates the count With CRX5=0, an Indvid-
uat tnterrupt Flag will be generated If the zero level pulse
applied to the Gate input s less than the time pernod required
tor Counter Time Qut With CRX5= 1, the interrupt is gener-
ated when the reverse condition 1s true

As can be seen in Table 8, a positive transition of the Gate
input disables the counter With CRX5=0, 1t 1s 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 Individual Interrupt Flag
o] 0 Freguency Comparison Interrupt Generated f Gate Input Period (1/F) s less
than Counter Time Qut (TO)
0 1 Frequency Comparison Interrupt Generated if Gate Input Period {1/F) is greater
than Counter Time Qut (TQ)
1 0 Puise Width Comparison Interrupt Generated f Gate Input ‘Down Time” is less
' than Counter Time Qut (TO)
1 1 Pulse Width Comparison Interrupt Generated if Gate Input "Down Time' 15 greater
than Counter Time Qut (TO)
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TABLE 8 — FREQUENCY COMPARISON MQOE

Mode Bit 3 But 4 Control Reg Counter Counter Enable Counter Enable Interrupt Flag
BitS Initahzaton Flip-Fiop Set (CE) Flip Flop Reset (CE) Set (1)
Frequency 1 0 0 Gleis (CE-TO! - R CaolveHer W OH - C1ooton '
Comparison 1 0 1 Glei-R Tion-Rer R Tt By fore i
Puise Wiath i 1 0 Glel - 8 GveRe Woe M.y Gl Betore
Comparison 1 ! ! Glel« R CaeneRer e H e et Ul Bet e

Gl =Negatve transiton o Gate input

W =Wnte Timer Latches Command

R = Timer Resel (CRI0 =1 or External RESET =0
N =16-8Bit Number in Counter Latch

TO = Counter Time Qut (Al Zero Conditior)

| =Interrupt tor a given umer

* All ume ntervals shown above assume the Gate (G) and Clock 1 signats dre sy !

CREVIT] N AN

(E) with the specified setup and hold tme requirements

ORDERING INFORMATION

| EF68A40 | C | M B/B |
T
Device [ Screening level
« Package Oper. temp.
The table below horizontally shows all avaiiable sutfix combinations for package, operating temperature and screening
level. Other possnb’lli;ies on raquest.
’ PACKAGE PER TEMP SCREENING LEVE
DEVICE « ° EVEL
C J P E FN L v M Std D G/8 | B/8
[ ] L] [} [ 2 [ ] [ ]
[ ] [ J [ ] [ J [
EF6840 (10 MHz)
[} [ J [} [ ] [ ] [ ]
[ [ J [ J [ ]
[ ® L ] [ ] ®
[} [ ] [ ] ® [ ]
EF6BA40 (1.5 MHz)
[ [} o [ ] [ [ )
[ ] [ ] [ ] [ ]
[} ® ® o [ ]
EF88840 (2.0 MHz}
o e [ ] [ ] [ ]

Examples . EF6840C, EF6840CV, EF6840CM, EF6840JM

Package : C: Ceramic DIL, J - Cerdip DIL, P : Plastc DIL, E. LCCC, FN PLCC.
Oper. temp. L*:0°Cto +70°C, V: —40°C to +85°C, M. -55°C to +125°C, *. may be omitted
Screening level. Std . (no-end suffix), D NFC 96883 level D,

G/B . NFC 96883 level G, B/B - NFC 96883 fevel B and MIL-STD-883C levet 8
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PHYSICAL DIMENSIONS
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JSUFFIX
CERDIP PACKAGE

CB-132

P SUFFIX
PLASTIC PACKAGE

ALSO AVAILABLE

C SUFFIX
CERAMIC PACKAGE
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These specifications are subject to change without notice
Please inquire with our sales offices about the availabrhity of the different packages.
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