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] ’ \ PROGRAMMABLE TIMER MODULE (PTW)
H_'e'

MOSYEK

The EF8840 is a programmable subsystern companent of the 6800 family o
designed to provide variable system time intervals. M o s
The EFGE40 has threa 16.bit blnary counters, thrae eorresponding control e

u'gn's;erx and a gtiﬁu register. Thase countars are under software control o
1o cause system interrupts and/or genarate cutput signals, PROGRAMMABLE TIMER

and may be use

The EF6840:may be utilizéd for such tasks as fraquency measurements, .

avent counting, interval maasuring and similar tasks. The dovice may be (N-CHANNEL., SILICON-GATE
usad. for square wave gensration, gated delay signals, single pulses of con- DEPLETION LOAD}
trollad duration, and puise width modutation as wall as system Intercupts, - —

* Operates from a single 6 V power supply - CASES

$® Fully TTL compatible i .

® - Single system clock required {(Enable) CB132

L] .

Selectable prescaler on timer 3 capable of 4 MHz for the EF6840,
6 MHz for the EF68A40 and 8 MMz for the EF68840,

’

'l & Programmable Interrupts (TRQ) output to MPU 2
® Aeadable down counter indicates counts to go t6 time-out, L As'.’,ﬁ}u; :é’,(( AGE
* ® Selectable gating for fraquency or pulse-width comparison
® RESET input
- ALSQO AVAILABLE
® Thraee asynchronous external ¢lock and gate/trigger Inputs v
internally synchronlzed JSUFRIX i C SUFFIX
® Threa maskablys outputs CERDIP PACKAGE CERAMIC PACKAGE
® Three available versions : EF6B40 (1.0 MHz}
EFE8A40 (1.6 MHz2) CH-520 CB-707
EFB8840 (2.0 MHz) :
FN SUFFIX @
¥ PLCC 28
. E SUFFIX
§ LCCC 28

Hi-Rel vessions available - Ses chepter 9

FIGURE 1 — PIN ASSIGNMENT
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FIGURE 2 — BLOCK DIAGRAM
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POWER CONSIDERATIONS
' The average chip-junction temperatre, T, in °C can be obtained from:
* T)=Ta+(PpedJal i
Whare:
TA= Ambient Temperature, °C

A =Package Thermal Resisiance, Junction-to-Ambient, °Ciw
Pp=PNT+PPORT

PINT=ICC X VCC, Watts — Chip Internal Power

PRORT =Port Power Dissipation, Watts — User Determined

For most applications PRORT « PNT and can be neglected. PPORT may become signiticant if the device is conligured 10
dnva Darlington bases or sink LED loads.

An approximate retationship betweea Pp and T {if PPORT is neglecied| is:

- Pp =K+ (T +273°C} bl
: Solving equations 1 and 2 for K gives:
. K PpelTA+273°C) +85°PD2 31

Where K is a constant pertaining to the particular part. K can be deiermined from equation 3 by maasuring P lat equilibrium}
fot a known T 4. Using this vaiue of K the values of Pp and T, can be obtsined by solving equations 11} and (21 terauvely for any
value of Ta. .

i
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MAXIMUM RATINGS 87D 09433 D 5l ’
Rating Symbal Value Unit This device conlains circuitty 1o prolect the
Supply Voliage Voo 03w <70 V imzuls against dsmage due to high slate
Input Voltage Yin |-03tw0+70] vV vised ma?l :;?:C:::F ;x(eel::i:;t::::e;:r.t:kl;aﬁ;
Ogperaling Temperature Range ~ Tp to TH )
EFBBAD, EF68AM0. EF6EH40 Qw + 0 {a::ld application ol any voltaga higher than
£F C . TA oc ximum  rated voltages 10 this high-
6840, EF6BAA0, EF68B40 : V suffix -401t0 +85 impedance circut. Far pro ion it i
EF6840, EFEBAAC : M suffix -55t0 + 125 ted that t\ll' : a:de( 392&3::0;1 .
- ted in out on-
Storage Temperature Aange Tstg -B651t0 +150 | °C stained (o the range VggsIViq or Yoy
THERMAL CHARACTERISTICS » =vee- _Rsriab'xlilv c.»l operation 1s enhanced it
= . unused inputs are lied ¢ an approprate logic
Symbol Velue Unit voltage level (e.g., either Vs ar Vogt.
Thermal Resistance
Cerdip 65
Plastc A 115 TIW
Ceramic 80
PLCC 100
DC ELECTRICAL CHARACTERISTICS (V=50 Vdc +5%, V§5=0. TA=T_ to TH unless atherwise npted)
] Ch {8t Symbol Min Typ Max Unit
g Inpul Bigh Voliage Vg Vsg+2.0| -~ Vce v |
Inpul Low Voltage Vip Ves—03| — | Vsg+0B [ V
[ Inpul Leakage Current [V, =0 to 5.26 V) . I - 1.0 2.5 aA
Hi-Z 10f S1alel Input Cureent [V, =0.6 ta 2.4 V) DO-D7 | 151 - 2.0 10 #A
Qutpul High Voltage
Uggad = — 208 zA) 00-D7 | Vou Vgg+2.4 - - v
{lLpad = — 200 gA} QOther Outputs Vsg+24 | -~ -
Outpul Low Vaoltage )
ULgad=1.6mAl WA. D0-D7 | Vvor - - JVvss+04 | V
I gad=3.2mA) 01-03 - - | ¥sg+04
Qutpui Leakage Current (O S1ete} VoK =24 V) [ - 1.0 10 A
‘nlernal Power Dissipation (Measured at Tp =T} PINT - 470 700 mw
Input Capacitance
Vin=0,TA=25°C. i=1.0MHz 0607 [ Ciy - - 125 pF
. All Qthers - - - 75
Quipwt Capacitance — .
Vin =0, TA=26°C, E=10MH2} 1RA | Cou - - 5.0 pF
_ 01,02,03 = - 10
AC OPERATING CHARACTERISTICS 1See Figures 4-9
- EFGB4D EF6BA40 EFGBB4D
ch Sumbet .
| Cheractarstic Y Win Max Min Mox Min Max ] VT
Input Aise and Fall Times o . .
{Figures 4 and 51 T. G, and RESET fe B 1a ~ 0666 - 0800 s
Input Pufse Width Low (Figure 4}
?’é“‘;’:gﬂ,;’;;;;"’“" PWL  JteyeE+tsu*thd| — fleycE*tsutthd] — |leyee+tsutihd] — | ns
Inpul Pulse Width High 1Figure 5) !
tAsynchronous Inpup) T, G PWH  loycE*tsutthd| — |loyoE*lsu*tng| — [oycExtsyetng| ~ [ os
tnpui Setup Time (Figure &1
{Synchionous Inpunt Isy 200 - 120 - 5 - ns
C, G. and RESET
Ingut Hatd Time (Figure B
1Syachionous Inputt thd 50 - 50 - 50 - ns
C, G. 8nd RESET
Input Syachronizavon Time IFigure 9)
T3 1 - B Prescater Made Onlyl fsync =0 - 00 - 1 -
Input Pulse Widih
i C3 ¢ -8 Prescaler Mode Onty) P PWH 120 "~ & - €0 B ns
i Quiput Dslay, 01-03 IFgure 7}
} (Vo =24V, Loac Bl La s Ico - 700 - 460 - 40 | ns
: VOH=24V, Load O} MOS icm - 450 - 450G - 340 ns
Vgr =07 Vpp. Load DI CMOS Icmos - 20 - 135 - 1.0 ¥
Inlerrupt Release Time [{1:3 - i2 - 09 - 0.7 5
't and 4= IgycE
247
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BUS TIMING CHARACTERISTICS ISeP Nales 1. 2, and 31 . - -
- S E EFEBA40 | EF88840 .

] ,rjgr':::or : Charscariste : | Svmbol {5 T Max TR | Mok | in ] Max] Urt
1 [ Cycte Time: . B . B - leye 10{ 10 |067)| 0 | 06| 10 } gs
Z- Pulse Widtls, E Low . . PWeg, | 430 {9500 § 280 | 9500 | 210 | 9500 | ns _
3 " Pulse Width, £ High i PWep | 460 |9500 § 280 | 9500 | 220 { $500 | ns
[] Clyck-Aise and Fall Time - - § ny - 26 | - 25 | — 20 | ns
9 Address Hold Time . 1AH 10 — 10 - 1 = ns
33 | Address Setup Time Belure E E ws 80| - {604 - 140)] - |ns
14 Chip Select Setwup Time 8elore £ 108 80 — 60 - 40 | - ns
15 Chip Selegt Hald Time - . tCH 10 | - Wl - ]10} ~ | ns
18 flead Daia Hold Time . - IpHR | 20 { 60" [ 20 | 50" | 20 | BO*| ns
21 Wit Oaia Hold Time : . pHw | 101 - 10| - 10| - | ns
30 Penpheral Ouiput Date Delay Timg - ) ) tpoR | - |20 | - |18 ]| ~ | i8¢ | ns
3) Peripheral Inpul Qala Selup Time psSw | 165 | - 80 ~ 60 — ns

*The dala bus output bulfers sre no longer Sourcing ot siInking current by tpHA max (High lrpedance).

“FIGURE3 — BUS TIMING . * S
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FIGURE 4 — INPUT PULSE WIDTH LOWF INPUT PULSE WIDTH HIGH

" .

" FIGURE S —

T O[g'

NOTES B .. . Z. R
1 N all signals are applucabla to everv part. -
2 Voltage lavels shown are ¥V 0.4 V, V=24 V, unless otherwise spacihied.
3 Measurement polnls shown are 0.8 V and 20V, unless otherwise specified.
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FIGURE 6 — INPUT SETUP AND HOLD TiMES
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FIGURE 7 — QUTPUT DELAY
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FIGURE B -- TRG RELEASE TIME
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FIGURE 9 — CZ INPUT SYNCHRONIZATION TIME {8 PRESCALER MODE ONLY}
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FIGURE 10 — BUS TIMING TEST LOADS

Load B
l;;:db?') (01,02, 03}
{TTL Load]

5.0V

Vg of device undar tint

R =25k A= 425 k
Tast Point 1N4148 Test Paing 1N4148
or Equiv. or Equlv,
130 pF 1N916 40 pF M7k 1ND16
or Equiv. or Equiv.

Load O
{01,02,03)
{CMOS Load}

(MOs}

Test Point D———-l-
30 pf

1I|'—----)

Pl
temas 907 % Vee

Transitions Processed Ouring N +1 TX

LeadC
{iRC Only}

50V

Tess Point

NOTE: Timing measurements ara referenced 1o end from a {ow voltage af D.8 voit and a high voltage ot 2.0 volts, unfess otherwise noted.
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DEVICE OPERATION

The EF6840 is part of the 5800 micropracessor family
and is fully bus compatibte with 6800 systems. The three
timers in the EF6840 operate independently and in several
distinct modes 10 fit a wide variety of measurement and syn-
thesis applicatons.

The EF6340 is an integrated set of three distinct
counter/tmers (Figure 1}. It consists of three 16-bit data
latches, three 16-bil counters {clocked independently), and
1he comparison and enable circuitry necessary to implement
various measurement ang synthests tunctions. [n addition, iL
contains interrupt drivers 1 alers the processor that a par-
ticular function has been completed.

in a typecal applicatian, a timer will be loaded by first stor-
Ing two bytes of daia into an associated Counter Latch. This
data is then teansferced inla the counter via a Countert In-
itializatian cycle. \ the counter is enabled, the counter
decrements on sach subsequent clack period which may be

- an exiernal clock, of Enable (E} untii one of several predeter-

mined conditians causes it to hatt ar recycle. Tha imers are
thus programmabile, cyclic in nature, controliable by external
inputs of the MPU program, and accessible by Ihe MPU at
any time.

BUS INTERFACE

The Programmable Timer Module (PTM) interfaces 10 the
£800 Bus with en B'bit hidlrectional data bus, twe Chip
Selec lines, a Read/Write line, a clock (Enablel line, and ln-
terrupt 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
tnes {D0-D71 allow the transfer of dala between iha MPU
and PTM. The data bus output drivers are three-state
devices which remain in the high-impedance (offt 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 dala
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 10 cantrol the direction of data transfer on the Daia
Bus. With the PTM selecied, a low state on the PTM R/W
line enabiles the input buffers and data is transferred from the
MPU to the PTM on the wrailing edge of the E {Enablel clock.
Alternately, funder the same conditions) R/W=1 and
Enable high allows data in the PTM 1o be read by the MPU.

ENABLE {£ CLOCK) — The E clock signat synchronizes
data transter between the MPU and the PTM. It also per-
forms an equivatent synchronizatian function on the external
clock, reset, and gata inputs of the PTM.

INTERRUPT REQUEST {IRQ) — The active low lnterrupt
Request signal is normally tied directly tar through priority in-
terrupt circuitryl 10 the IRQ input of the MPU. This is an

B

2-20

"open drain” output [no load device on the chip) which per-
mits other similar interrupt request lines to be tied togetherin
a wire-Of configuratian.

The TRQ line is activated if, and only if, the Composite in-
terrupt Flag (Bit 7 of the internat Status Register! is asserted.
The conditions under which the IRQ ling is activaled are
discussed in conjunction with the Status Register.

RESET — A low level at this input s clocked into the PTM
by the € (Enablel input. Two Enable pulses are required 10
synchronize and process the signal. Yhe PTM then
recognizes the active “low’” or inactive "high” on the third
Enable pulse. If the RESET signal is asynchranous, an addi-
tional Enable period is required if setup times are not met.
The RESET input must be stable High/ Low for the minirourm
time stated in the AC Operating Characteristics.

Recagnition of & low level at this input by the PTM causes
the following actian to cceur:

a. All countar latches are presel to their maximum count

values.

b. All Control Register bits are cleared with the exceplion

of CR10 {internal 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 ase

disabled.

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

REGISTER SELECT LINES {AS0, RS1, RS2) — These in-
puts are used in conjunction with the R/W line to select the
intarnal registers, counters and latches as shown in Table 1.

NOTE:

The PTM I8 accessed via MPU Load and Store operations
in much the sanie manner as 8 memary device. The instruc-
tlons 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
totch a byte from memory, perfarm an operation, then
restora it to the same address location, Since the PTM uses
the R/W line as an edditiona! register salect 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 correspondling write-onty
Control Register. Controt Register #2 has a unique address
space (RS0=1, RS=0, R82=0) and trerefare may be writ-
ten into at any time. The remaining Cantrol Registers (#1 and
#3] share the Address Space selected by a logic zero on all
Register Select inputs.

CR20 — The least-significant bit of Cantrol 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, Cantrol Register #1 will be written into if
CR20 is & logic one. Under the same conditions, Centrol
Register £3 can also be written into after a RESET low condi-
tion has occurred, since all control register bits (except
CR10) are cleared, Therefore, one may wiite in the sequence
CR3, CR2, CR1.

AV Sy AV A K
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‘TABLE 1 -~ REGISTER SELECTION
Register .
Select Inputs QOpeérations
rs2 | rs1 | Rso RIW=0 RAW =1
0 0 0 CR20=0 Write Controf Register #3 No O
CR20=1 Write Contro! Register #1
o 0 1 Write Control Register #2 . Read Staius Register
1] 1 0 | Write MSB Buffer Register Read Timer #1 Counter
0 1 1 Write Timer #1 Latches Read LSB Buffer Register
1 V] o Wreite MSB Bulfer Register Read Timer #2 Counter
1 1] 1 Write Timer #2 Latches Reagd LSB Buffer Register
1 1 0 | Write MSB Buffer Register Read Timer #3 Caunter
1 1 1| Write Timer #3 Latches Read LS8 Butler Register

CR10 — The least significant bit of Contro} Register £1 is
used as an Internal Rese1 bit. Whan this bit is a logic zero, all
timers are allowed to operate in tha modes prescribed by the
remaining bits of the cantrol registess. Writing a ""one” into

the clock input circuitry and the input to Counter #3. \t can
therefore be used with either the intemat clock (Enable) ar an
external clock source.

CR10 causes all counters to be preset with the contents of
1he corresponding counter latches, all counter clocks to be
disabled, and 1he timer outputs and interrupt flags {Stalus
Register) to be raset. Counter Latches and Controt Registers
are undisturbed by an internal Resst and may be written intc
regardless of the state of CR10.

The least signifcant bit of Control Register #3 is used as a
selector for @ + 8 prescaler which is available with Timer #3
anly. The prescalar, if selected, is effectively placed between

. NOTE
When initializing Timer 3 inta the divide-by-eight moda
on consecutive E-cyclas (i.e., with DMA), Control Register
3 must be inltialized after Timer Latch #3 to insure proper
timer initialization.

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

TABLE. 2 — CONTROL REGISTER BITS .

CRX7* Timar £X Counter Output Enable i

0 TX Output masked on ouptl OX ;

1 TX Cutput enshbled an oulpul OX 1
CRX& Timer #X Imeupt Enable

0 Interrupt Flag masked on IRQ
t Interrupl Flag anabled to RO

I CRX5| CRXA‘CRxslTimer £X Caunter Mode and Interrupt Control [See Table 3} I

Hﬂnnn X=1,20r3

Control Register X

CRX2 Timer #X Counting Made Control
0 TX configured far nowrmat {16-bitt counting mode
1 TX conhgured for dual 8-nr counting mode

Timer #X Clock Source —
TX uses external clock source an CX inpul
TX uses Enable clock

CRX1

-

CR30 Timer #3 Clock Coniral
0 T3 Clock is ao1 prescaled

CR20 Controt Regisier Address Bit
0 CR#3 may he written

CR10 Internal Reset 8it
0 All timers aliowed to oparale

1__Alt vimers hefd in preset siale 1_CR#1 may be writien 1 73 Clock is presca’sd by +8
X=1 K=2 =
2-21
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Control Register Bits CR10, CR20, and CR30 are unique in
that each sefects a different function. The remaining bits {1
through 7) of each Contral Register select common func-
tions, with a particutar Controt Register affecting only its cor-
responding timer. .

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

CRX2 — Control Register Bit 2 selects whether the binary
information contained in the Counter Latches (and subse-
quenily toaded into the counterl is to be treated as a single
16-bit word ar two B-bil bytes. In the single 18-bit Counter
Mode {CRX2=0) the caunter will decrement to zero after
N + 1 enabled (G = O} clock periods, where N is definad as the
16-bit number in the Counter Latches. With CRX2=1, a
similar Time Out wilt occur after {L+1)={M+1} enabled
clock periads, where L and M, respectively, refer to the LSB
and MSB bytes in the Counter Latches.

CAX3-CRX7 — Contro! Register Bits 3, 4, and 5 ara ex-
plained in detail in the Timer Operating Mode section. Bit6is
an inferrupt mask bit which witf be explained more fully in
canjunction with the Status Register, and bit 7 is used 10
enable the corresponding Timer Output. A summary af the

- control register programming mogdes is shown in Table 3.

STATUS REGISTER/INTERRUPT FLAGS

The EF6840 has en internal Read-Only Status Registar
which contains four Interrupt Flags. {The remaining four bits
of 1he register are not used, and defaulis to zeros when be-
ing read.] Bits 0, 1, and 2 are assigned to Timers 1, 2, and 3,
respectively, as individual lag bits, while Bit 7is a Composite
Interrupt Flag. This flag bit will be asserted if any of the in-
dividual tiag bits is set while Bit 6 of the corresponding Can-
‘{rot Register is at a logic one. The conditions for asserting
the compasite Interrupt Flag bit can therefore be expressed
as:

INT=11+CR16+12+CR26 + [3.CR35

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

c
CRX3—

D T-51-19

An interrupt flag is cleared by a Timer Reset condition,
i.e., External RESET =0 or Internal Resat Bit {CRI0I=1, It
wilt alsa be cleared by a Read Timer Counter Command pro-
vided that the Status Register has previously been read while
the intercup flag was sat. This condition on the Read Status
Register-Read Timer Counter {RS-RT) sequence is designed
to prevent missing interrupts which might occur after the
stalus register is read, but prior to reading the Timer
Counter..
* An ndividual Inlerrupt Flag is also cleared by a Write
Timer Latches (W} command ot a Counter Initialization (CI}
sequence, provided that W or Ci affects the Timer cor-
responding 10 the individual Interrupt Flag.

COUNTER LATCH INITIALIZATION

Each of the three independent timers congists of a 16-bit
addressable counter and a 18-bit addressable latch. The
counters are preset to the binary numbers stored in the latch-
es. Countar initiatization sesuits in the transler of the lateh
contents to the counter. See notes in Table 4 regarding the
binary number N, L, or M placed into the Latches and their
relationship 10 the outpul waveforms and counier Time-
Outs.

Since the PTM dala busis B-bits wide and the counters are
16-bits wide, a temporary register IMSB Buffer Register) is
provided. This “write only”" register is for the Mosi-
Significant Byte of the desired latch data. Thres addresses
are provided for the MS8 Buffer Register {as indicated i
Tabte 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 perforined. So it can be-seen that the EF6840
has been designed 10 allow transfer of two bytes of data inta
the counter fatches provided that the MSB is transferred
first. The storage order must be observed to ensure proper
fatch operation. .

In many applications, the source ol the data will be a
6800 Family MPL, It shauld benoted that the 16-bit store
operations of the 6800 famity 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 tr d to the selected address,
then the LSB of the X register being written into the next
higher lacation. Thus, either the index register or stack
pointer may be transferred directly into & selected counter
latch with a single instruction.

A logic zero at the RESET input also initializes the counter
latches. In this case, all fatches will assume a maximum
count of 65,63510. It is important 1o note that an Internal

TABLE 3 — PTM OFERATING MODE SELECTION

Frequency Compatison Mode: Interrupl If Gate §__I™ 4 s < Counter Time Out
IContinuous Operating Mode: Gate } or Reset Causes Counter Initialization

Pulse Width Comparison Mode: Interwupt if Gate t 4 is< Counter Time Ou
1]single Shot Mode: Gate 1 ar Write 1o Latches or Reset Causes Counter Initialization

r
© [Continuous Oparating Made: Gate | or Write 10 Latches or Reset Causes Counter Initiafizatan)
0
0

1 y Comparison Mode:

=|ol-]o|=|e|=|e
oo = || O p
<

pt Il Gate m is> Counter Time Ouv
1 [Single Shot Made: Gate | or Reset Causes Counter Initialization
] rulse Width Comparison Made: Interrupt If Gate i j is> Counter Time Qut
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Reset {Bit zero of Control Register 1 Set) has no erec on
the counter laiches.

COUNTER INITIALIZATION

Countet Initiahzawan i1s defined as the transfer of data fram
the latches to the counter with subsequent clearning of the In-
dividua! Interrupt Flag sssaciated with the counter. Counter
Iniialization always occurs when a reset condition
{RESET =0 or CR10=1} is recogruzed. it can also accur -
depending on Timer Mode — with 8 Wnite Timer Latchas
command or recognition of a negative transition of the Gale
nput.

Counter recycling of re-initislization occurs when a
negative uansition of the clock inpul is recognized after the
counter has reached an afl-zero stafe. In this case, data is
ransferred from the Latches to the Countsr.

ASYNCHRONOUS {INPUT/OUTPUT LINES

Each of the threg timers within the PTM has external clock
and gate inputs as well as a counter gutput ling. The puts
are high-impedance, TTL-compatible lines and ouputs are
capabla of driving two standard TTL loads.

CLOCK INPUTS [C1, €2, and C3] — Input pins Ct, C2,
and C3 will accapt asynchronous TTL voliage leve! signals 10
dectement Timers 1, 2, and 3, respectively. The high and tow
levels of the extesnal clocks must each be stable for af least
one system clock petiod plus the sum of the satup 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 extenal clock inputs are clocked in by Enable puises.
Tnree Enablte periods are used to synchronize and. process
the exiernal clock. The fourth Enable pulse decrements the
internat counter. This doas not affect the nput frequency, it
merely creates a defsy between a clack-input transifion and
internal recognition of thal transition by the PTM. Alt
roferences to C inputs in Lhis dacument relate to internat
recagnition of the input transition. Note that a clock high or
Tow level which does not meet setup and haold time specifica-
tions may require an additiona! Enable pulse for recognition.
When observing recurting 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 jitler” 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 tha bit time nearest the input tran-
sition or the subsequent bit time.

“Input jitter” can be as greal as the time between input
signal negative going transitions plus the system jitter, if the
firsl transtion is recognized during ong system cycle, and
nol recegnized the next cycle, or vice versa. See Figure 11,

FIGURE 11 — INPUT JITTER
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ULOCK INPUT C3 (-8 PRESCALER MODE| — Extarnal
clock input T3 represents a specia! case when Timer #3 15
programmed lo utilize 11s optional =8 prescaler made.

The divide-hy-8 prescaler contains an asynchronous ripple
counter; thus, Input setup gy} and hold umes (ingh do not
apply. As tong as mimimum input pulse widihs are maintain-
ed, ihe counter will recogmze and process all snpul clock
{C3} 1ransitions. However, Ir order 10 guarantee that a clock
transition is processed dunng the cutrent E cycle, a certamn
smo'u_nl of synchranizetion time {tgync) 1 tequired between
the C3 teansition and the falling edge ol Enable Isee Figure
81 If the synchro&zation time requirement 15 ot met, it is
possible thal the C3 transition will nol be peocessed unul the
tollowing E cycle.

The maximum input frequency and allowable duty cycles
for the -8 prescafer mode are specified undes the AC
QOperating Characteristics. Internally, the 8 presca'er out-
putis trealed in the same manner as the previously discussed
clock inputs.

GATE INPUTS {G1, G2, G3] ~ fnput pins G1, G2, and G3.
accept asynchtonaus TTL-compatble signals which ate used
as viggers ot clock gatng fupciions to Timers 1, 2, and 3,
respecuvely. The gating inputs are clocked into the PTM by
the E {enable) clock in the same mannet as the previously
discussed clock inputs. That s, a Gate transition 15 1ecogmiz-
ed by the PTM on 1he fourth Enable pulse (ptovided setup
and hold time requstemenis are met), and the high ot low
levels of the Gale inpul must be stable for at least one syslem
clock period plus the sum of setup and hold times Al
references 10 G transitjon in this document refate to Internal
tecognition af the input transition.

The Gate inpuis of all umers_directly affecl the internal
18-bit counter The operation of G3 s therefote iIndependent
of the —B prescaler seleclion.

TIMER QUTPUTS {01, 02, 3} — Timer autputs 01, 02,
and O3 are capable of dsving up 10 two TTL foads and pro-
duce 8 delined output waveform for either Continugus or
Single-Shot Timer modes. Qutpul waveform detinition s ac-
complished by selecung eithar Single 16-bit or Duat 8 byl
operating modes. The Single 16-bil mode will produce a
square-wave output In the continuous mode aed a8 single

. pulse In the single-shot mode. The Dual 8-bit mode will pro-

gduce a variable duty cycle pulse in bath the cantinuous and
single-shot nmer modes. One bit of each Conltol Register
(CRX7} is used 10 enable the corresponding output. If this bu
15 cleared, the output wilt remain low (V) regardiess of the
operaling mode. If it is cleared while the autput s high the
output witi go low duning the first enable cycle fallowing &
write to the Control Regisies.

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 Fundameniais and
Appheations manuat for 8 discussion of the culput signals In
other modes. Signals appear at the outputs (uniess
CRX7=0) during Frequency and Pulse Width companson
modes, but the actual wavelorm is not predictable in typical
applications.
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The EF6840 has been designed to operate effectively Ina
wide variety of apptications. This is accomplished by using
three bits of each contzol register (CRX3, CRX4, and CRXE}
1o define different operating modes of the Timers. These
modes are divided into WAVE SYNTHESIS and WAVE
MEASUREMENT modes, and are autlined in Table 4.

TABLE 4 — OPERATING MODES

—"ﬁ—'—j—‘*"cﬂ ;:; “"(‘;IR:i Is‘c-;xs Timer Operating Mode
1] * [ Contnuaus
] M -1 Single-Shot s
1 0 * Frequency Comparizon |
1 1 . Pulse Widih Companson
*Defines Add | Timer F K Y.

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

_generated in this moda. The other wave synthesis moda, the

Single-Shot made, is similar in use to the Continuous
operating mode, however, a single pulse is generated, with a
programmable preset widih.

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

In addition to 1he four timer modes in Table 4, he remain-
ing control register bit is used 10 modify counter jnitialization
and enabling or interrupt conditions.

WAVE SYNTHESIS MODES

CONTINUOUS OPERATING MODE (TABLE 5! — The
continuous mode will synthesize a continuous wave with a
pericd proportional 10 the presel number in the particular
1imer latches. Any of the timers in the PTM may be program-
med to operate in a continuous mode by witing zeroes into
bits 2 and B of the cotresponding control register. Assuming

87D 09440

that the- timer oulput is enabled (CAX7=1), either a square
wave or a variable duty cycle waveform will be generated at
the Timer Output, OX. The type of output is selecled via
Controt Register Bit 2.

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

The counter 15 enahled by an absence of a Timer Reset
condition and a logic zero al the Gate input. In the 16-bit
made, the counter wiil decrement on the first clack cycle
during or after the counter initialization cycle. It conlinues to
decrement on each clock signal 5o long 85 G remains low and
no reset condition exists. A Counter Time Qut [the first clock
after all counter bits=0) results in the Indwvidual Interrupt
Flag being set and reinitialization of the counter.

In the Dual 8-hit mode {CRX2= 1} (refer to the example in
Figure 10 and Tables 5 and 61 the MSB decrements once for
every {ull countdown ol the LS8+ 1. When the LSB=D, the
MSB is unchanged: on the next clock pulse the LSB is reset
10 the count in the LSB latches, and the MSB Is
decremented by 1 (ona}. The outpu, if enabled, remains low
during and alter initialization and will remain low uniil the
counter MSB is alt zeiges. The output will go high a1 the
beginning of the next clock pulse. The output remains high
untit both the LSB and MSB of the counter are all 2er085. Al
the beginning of the next clock pulse the detined Time Out
{TO! will ocour and the autput witl go low. in the Dual B-bit
mode the period of the output of the example in Figure 12
would span 20 clock pulses as apposed to 1846 clack pulses
using the normal 16-bit mode.

A special time-out condition exists far the dual 8-bit mode
(CRX2=1 il L=0. in this case, the counter will revert 1o a
mode similar to the single 16-bit mode, except Time Cut oc-
curs after M+ 1* clock pulses. The output, if enabled, goes
low during the Counter [nitalization cycle and reverses siate
at each Time Qui. The counter semains cyclical lis 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 nol change, but the output toggles al a rate of
% the clack frequency.

TABLE 5 — CONTINUQUS OPERATING MODES

Synthesls Modes I CONTINUQUS MODE
{CAX3 = D, CRX5 = O}
Control Register /Output Wavelfarms
CRX2 | CRX4 |Counter Initialization *Timer Dutput {0X) {CRX7 = 1)
— N+ 13Tt (N 1) T mmd =[N o LIET
0 ° Giew+R free I~ -
L | IS
& — Vo
1
0 1 Gi+R 'Io ro 10 5
3 0 GirWiR i-—u.mm-nm—.———n_-\nm-um—- —von
1 1 Gi+R 1} —n] (LHTH fom— —a=] ILIT) |e-vop
1o O 0
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FIGURE 12 — TIMER QUTPUT WAVEFORM EXA(i'LE
{Continuous Dual 8Bit Mode Using Internal Enahle}

*Time
Example: Contents of MSB =03 =M Qut
Contents of LSB. = 04 = L !

I..—-—— MiL s 11+ 1 { L—
Algabraic Expression
===/ Q304 + 1} + 1 =

16 Enables’ 24V
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! I [ 1 1
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Algebraic Exgression
{04 + 1)(03 + 1} = 20 Enable or
Externst Clock Pulses

(M + 1}L + 1} = Parfod
M{L + 1) + 1 = Low portion af pariad
L = Pulse width
*Praset LSB and MSB to Respective Latches on the negative transitian of the Enable
++Praser LSB 1o LSB Latches and Decremnent MSB by one on the negative transitfon of ihe Ensble

The discussion of the Continuous Made has assumed that the counter results in the setting of an Individuat Intercupt
the apptlication requires an output signal. It should be noted Flag and re-initialization of the counter.
that the Timer opecatss in the same manner with the output The secand major difierence between the Single-Shot and
disabled [CAX7=0]. A Read Timer Counter command is Continuous modes is that the Internal counter enable IS not
valid regardless of the state of CRX7. dependent on the Gate inpul level reamming in the tow slate

for the Single-Shol mode. .

SINGLE-SHOT TIMER MODE — This mode is identical to Another special condition is introduced in the Single-Shot
the Continuaus Mode with three exceptions. The first of mode. If L=M=0 (Dual 8-bit! or N=0 {Single 16-bit}), the
these is cbvious fram the name — the output returns to a output goes low on the first clock received during-or after
tow leval after the initial Time Ow and remains low until Counter Initialization. The output remains fow until the
another Counter Initialtzation cycle occurs. Operating Mode is changed or nonzero dala is written into

As indicated in Table 8, the internal counting mechanism the Counter Latches. Time Outs continue to occur at the end
remains cyclical in the Single-Shot Mode. Each Time Qut of of each clock periad.

TABLE & — SINGLE-SHOT OPERATING MODES

Synthesis Modes | SINGLE-SHOT MODE
{CRX3 =0, CRX7 = 1, CRX5 = 1}
Contro! Regisiar tnitiali; /Qutput 1{
CRX2 { CRX4 Counter Initialization Timer Duiput {OX)
o a Gi+w+R I _— s " "'""‘
o~ [
"0 | Gi+R o T1a T0
) o J et (L +1)IMA 1T
1 ° Gi+wW+R r“""ﬂq‘.‘um
—
1 1 Gl4R :
15 10 TO

Symbals are 83 defined in Table 5,
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The three differences between Singte-Shot snd Continous
Timer Mode can be summarized as attributes of the Single-
Shot mode: -

1. Outpul is enabled for only one pulse until It s rainitializ-
ed.

2. Counter Enable is independent of Gate.

3. L=M=0or N=0 disables culpwin,

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 Widih Com-
panson Modes, and are provided for those applications
which reguire more flaxibility of interrupt generation and
Counter Initialization. Individual Interrupt Flags are set in
these modes gs a function of both Counter Time Out and
transitions of 1he Gate input, Counter Initialization is also af-
fecied by Intereupt Flag status.

A umar's output is normally not used in a Wave Measure-
merit mode, bul 1t is defined. 1f the output is enabled, it wilt
operale as follows. During the period betwaen reinittalization
of the umer and the first Time Qul, the ouipul will be a
logical 2ero. If the first Time Qu1 is completed tregatdiess of
its methad of generationl, the output will go high. If further
TQ's oceur, the output will change state at each completion
ol a Time-Out.

The counter daes operate in either Single 18-bit or Dual
B-bit modes as pragrammed by CRX2. Othet featuras of the
Wave Measurament Modes are outlined in Table 7.

Frequency Comparison Or Perlad Messurement Made
{CRX3=1, CRX4=0} ~ The Frequency Comparison Mode
with CRX6= 1 is straighttorward. If Time Out occurs prior to
the first negative transition of the Gate input atter a Counter
Initialization cycle, an Indvidual Intereupt Flag is sel. The
couner is disabled, and a Counter Initialization cycle ceanot
bagin until the interrup! fag is cleared and a negative transi-
1an on G is detacted.

If CRX5=0, as shown in Tables 7 and 8, an interrupt is
generated if Gate input returns fow prior to a Time Out. i a
Counter Time Out occurs first, the counter 1s recycled and
continugs to dectamant. A bit is set within the limer on the
inttial Time Out which precludes further indiviguai interrupt

D 1T-51-l9

generation until a new Counter Initializstion cycle has been
completgd. Whan this internal bit is set, 8 negative transition
of the Gate input starts a new Counter initiaization cycle,
{Tha condition of GBI+ TO is satisfied, since a Time Out
has accurred and no individual Interrupt has been
generated.) )

Any of the timers within the PTM may be programmed to
compare the period of a pulse lgiving the fraguency after
calculations) ar the Gats input with the ume penod fe-
quested for Counter Time Out. A negative transition of the
Gale Input enables the counter and starts a Couater In-
hialization cycle — provided thai other conditions, as noted
in Table 8, are salisfied. The counter decrements on each
cloek signal recognized during or after Caunter Initialization
untit an Interrupt is gensrated, a Write Timer Laiches com-
mand is issued, or & Timer Raset condition occurs. It can be
sean from Table 8 that an intersupt condition will be
generated if CRX5=0 and the period of the pulse (single
pulse or measured separately fepetitive pulsest at the Gale
input is less than the Counter Time Out period. It CRXE=1,
an interrupt is genereted if the reverse is true.

Assume now with CAXS=1 that a Counter Initiglization
has oecurred and that the Gata input has returned low paor
to Counter Time Oul. Sinca there is no individual Interrupt
Flag ganerated, this automatically staris a8 new Counter In-
itializauon Cycle. The process will continue with frequency
comparison being performed on each Gate input cycle untit
1he mode is changed, or a cycle is determined 10 be above
the predetermined limit.

Pulge Width Comparison Moda {CRX3~= 1, CRX4=1} —
Thia mode is similar to the Frequency Comparison Mode ex~
cept for a posttive, rather than negative, transition ot the
Gata input terminates the count. With CRX6=0, an Individ-
val Intersupt Flag will be generated if the zero level pulse
applied to the Gate input is less than the tima period required
tar Caunter Time Qut. With CRX5= 1, tha interrupt is gener-
aled when tha raverse condition is truer

As can be seen in Table B, a positlve transition of the Gate
inpu1 disables the counter. With CRX5=0, it is therefore
possible 10 directly obtain the width of any pulse causing an
interrupt. Similac data for other Tume lnterval Modes and
conditions can be obtaned, if two sections of the PTM are
dedicated 10 the purpose.

FIGURE 7 — QOUTPUT DELAY
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CRX3 =1
CRX4 | CRX5 Application Candition for Setting { idual Interrupt Flag

] o Frequency Comparison | Interrupt Generated af Gate inpii Period (1/F) is less
1 thaa Counter Time Qut {TO]
; 0 i Frequency Comparison | laterrupt Generated if Gate Input Period {1/F} is greater
g than Counter Time Out [TO)
] 1 [ Pulse Width Comparison | tnterrupt Generated if Gate laput “Dawn Time'™ is less
o than Counter Time OQut {(TO)
¢ 1 1 Pulse Width Comparison §| Interrupt Generated if Gale Input “Dawn Time* is greater
i than Counter Time Out (TQ) .
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TABLE 8 ~ FREQUENLY LUMPARIDUN MULE v
. . Interrupt Fla

Mots | mna | mma |ComplRea ] Goumn e mice | FipriopReser(Cn | | Serl -
Frequency 1 [1] 0 Gl=l+ICE+ T +R G eWeRsl W R Gl Belyse §0
Comparison ] ¢ 1 Glet+ R CisWeflor Wkl 1Q Bertare G
Pulse Width 1 t [] Glel» R GIWeR-T WeH G Ul Beten- TL
Companson 1 i 1 Glsi+ R GleWsRel WrHEr G Gt Belate 10

G =Negawve transiion of Gate mpul.

W =Wne Timer Laiches Commsnd

R =Timer Reset {CR10=t or External RESET =0}
N =16-Bit Nuraber in Counter Laich.

TO = Counter Time Out LAt Zero Condition}

| =Interupt for a given umer.

* All tisme sntervals shown ahove assume the Gate {Gl and Clock i) signals dres sycatiomzed e e sysier dack

[E) with the specitied setup and hald ume requirements

ORDERING INFORMATION

{ EF68A40 ;C M| BIB |
De\':iu I A Screening lavel .
Package QOper. temp. '
Tha table belaw hori: ily shows sl ble sutfix bisatfons for pac pacatl and s
faval. Othar possibllities on eaquast.
DEVICE PACKAGE QOPER. TEMP SCREENING LEVEL
C J P E FN L* Vv M &td D G/B | B/B-
ale [ e | e -
* L ] * L J *
EF8840 (1.0 MH2) Py > r Y Y >
L] L L ] [ ]
[ . [ ® [
L] [ ] a L] ®
EFGBA40 (15 MH2) ry > Py r Y M
[ ] L ] L J *
IR . ..
EFBSB40 [2.0 MHz) ° . r . .

Examples : EF6840C, EFEB4CCY, EF6B40CH, EFEBAOIM

Package : € : Ceramic DIL, J : Cerdip DIL, P : Plastic DIL, E: LCCC, FN : PLCC.
Oper. temp.: £*:0°C to +70°C, V: —40°C to +85°C, M —56°C to +125°C, *: may be omitted.
Screening level : Std : {ino-end suffixi, D ¢ NFC 86883 level D,

GIB : NFC 95883 lave! G, BIB : NFC 956883 fevel B and MIL-STD-883C fevel B.
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