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CDP68HC68T3

ADVANCE INFORMATION -
October 17 1908 Serial (SPf) Counter CMOS IC
Features Description

- SP1 Bus Compatibie
+ Time-out with Automatic Shuidown or Continuous

Mode Countdown
« Programmable Countdown - from 1 Second to 72
houra with 1 Second Resciution
« Low Power Drain
- Qucilintor/Countar Active:............. 50uA Max.
- Standby Mode: ................ rennas 10A Max.
+ Oporating Valtago Renge ........ccnveene Vw6V

« POR at Vpp Power-up w/o External Components
« Avallabie in an 8 Laad SOIC or POIP Package
« Operating Temperatirs Range ....... ~40°C10 +85°C

Applications

+ uPiLogic Cauntdown Timer

« Automotive Engine Time-Off internal Timer
+ Delayed Evert Timer

« Singie Event Timer

* Repetitive Cyciing Timer (Wake-ip)
» Puise Gesnerstor

Tha COPGSHCSSTA is a Programmabile CMOS Counter IC with
a Serial Paripharal Interface (SPI). The T3 provides a ow
power real time countar function with one second resolution
programmable 1o 8 maximum count of 72 hours. The IC can
function as either a counter or puise generxior. In the counter
mode it can provide a method af determining the real time
beiwesn svenis. The T3 wil begin counting down from the
programmed stasting vaiue, and can be queried 10 detarmine
the slapeed time from start. In order 10 minimize power, the
counter will enter & standby mode when the caunter reaches
Zer0. In the pulse generator mode the counter ¢an be
programmed 10 provide a repetilive square wave output with a
period datermined by the count in its 3 byte SP{ register. In this
moda of operation the IC can provide a “waks-up” signal at
programmable tima intervais of up to 72 hours. Read/write
A0Cess is provided via 3 byte data transiers over the SPi bus.

The biock diagram shows the imemal-functions of the T3, The
321Hz crystai cacllaror datermines the accuracy of the countar,
The SPI dock (SCK) provides data transfer control when CE is
active. An internal power on nesst (POR) occurs when Vpq is
switched ON. No extemal components are required.

Very little powar is consumed in normal aperation, aliowing an
ambient operating tempaerature range up to 125°C. in the
standby mode, the Quiescent supply current drain is lass than
10pA.

. Intarval . Ordering Information
PART TEMPERATURE
NUMBER RANGE PACKAGE
CDPBBHCB8T3M| 40°C to +85°C | 8 Lead Plastic SOIC
COPSSHCS8TIE | 40°C10+85°C | 8 Laad PlasticDIP
Functional Block Diagram
Pinout 32.768kHz CRYSTAL
o O
o oscrmo 7111 cscaroum

OSCILLATOR

scx [1] 3] Voo
mos! [3] 7] csc2
mso [3] 3] osct
Voo [ 8] cx

CAUTION: Theas devices are sonaiive 0 slectrosiatic discharge. Users should kilow proper LC. Handiing Procacksres,
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Specifications CDP68HC68T3

Absolute Maximum Ratings

Supply VOEge, VoD - - - <= - - csntreieiaraaeena.n A5V +7V
All Inputs and Outputs, Max. Yoitnge Ringu .Vgg 0.3V to Vpn 0.3V
Oporating Ambiont Tomperature Range. . ....... 40°C 1 +125°C

CAUTION: Stresses above thoss Seiad in "Abeoine Meximum Ralings” may Cuse permanent damage 1 the device. This is 8 siress anly ratirg and cperation’

Thormal Resistance [ 179
Plastio SOIC Package, ......... N 185°C/W
Maximum Dissipation, Pp
F U S L. o oAU 152mwW
Above +125°C. deratBat .. ..........ccciinannn 8.1mW~AC
Masimum Junotion TeMPenaINe. . . .. .....ocouencnnnn +150°C -

of the device at theee or any osver condiions above hose indicaled in the operationul sections of this speciicalion is not impled.

Eloctrical Specifications  Vpp « +4.75V 10 +5.25V, T, » -40°C 1 +85°C, Unless Otherwise Specified

PARAMETERS SYMBOL TEST CONDITIONS MIN TvP MAX UNITR
Active Supply Current lopa | Qscillator and Countar Rumning 50
Low Power Mode Supply Current ooa | Vee=Vaso = Vaom« Vack=0.0V 10 BA
Power On Resat Trip Poimt, Vg Veor 15 v
Input Resistanca, CE Ry 10 as KQ
Input Voltage Low, SCK. MOS!, CE, QSCH Vo Vag-0.3 Voo x 0.2 v
Input Voitage High, SCK, MOSI, CE, 08C1| Vi Voo X 0.7 Vas +0.3 v
Input Laakago Currant, SCK, MOSI, OSC1|  Jx -1 +1 WA
Qutput Voiltage Low, MISO Voo loyt = 1.6mA 0.4 v
Output Voltage High, MISO Von |lout =-0.8mA Vpo - 0.8 v
High Z Laakage Current, MISO Iz Vmosi = Voo O Vs -1 +1 pA
AC Characteristics Vop = +4.75V o +5.25V, Ty =-40°C In +85°C, Cyugo) = 200pF  Uniess Otherwiso Specified
PARAMETERS 3JYMBOL TEST CONDITIONS MIN TYP MAX | UNITS
Intemai Oscillator Timer Charactenistics
Osoillator Timor Accuracy tosc 3244 | 32,788 | 33.086 | KMz
Interval Accuracy 0.s 0.8 s
Osclilator Stabikzason Time teTAB 1 s
SP! Charactunsucs
Serial Clock Frequency f 9ex 272 MHz
Serial Clock High Time woxn | f sex = Maximum Frequancy 150 ne
Senal Clock Low Time tscK f scx = Maximum Frequency 150 ns
Sariat Clock Pariod tsCxp f acx = Maximum Frequency 387 ns
Senal Cloock Rise Time taciR 30 ns
Sonai Clock Fail Time 6CKL 30 ne
Access Time tace CE Rising Edge 1 MISO Data Vaiid 468 ns
CE Setup Timo tce CE Rising Edge o SCK Rising Eage 600 ns
MISO Disabie Timo loaz CE Falling Cdge © MISO High Z 200 ns
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AC Characterisiics Vpp = +4.75Y 1 +8.25V, Ty = 40°C 10 +85°C, Cyuagoy = 200pF  Unisss Othorwise Spacifiad (Continued)

" PARAMETERS SYMBOL TERT CONDITIONS N TYP | MAX | UNITS
MOS! Hoid Time tow SCK Rising Edge 1 MOSH invaiid 150 ~
MOS8 Senp Time ‘o SO1 Valid % SCK Rising Edge 100 ns
MISO Vaid Time tbov | SCX Failling Edgo o MISO Vaild 120 ns
MS0 Hold Timo oo | SCK Falling Edge 1o MISO invaid [} ne
Enabie Low Time tcea | Minimum Time Bewween Consacutive | 200 ne
CE Assertions
Enable Lag Time wa | SCKFaifing Edgo to CE Falling Edge 150 ns
Oncillntor Response Time nese [ Sum4oF Vg nd32v Vi =1 42V, 14 us
Vo > 29V, Vi < 1.8V, Vg = .75V

lomg~>- g logy —

°E_/ o | "F_w"‘: - (_:rj/_
: etm (9000, e pt— SOCIH — —4aa
SCK ]Z Z '
;

Mosi RW@Bit2e) :° LPCO0 (B4t 0)

) ooz
- tacc ~»{ loovy
.. -y loon
MS0 RS
OF (Bit24) :: %‘ LPC00 (81 0)

FIGURE 1. TRIING DIAGRAM FOR SPECIFICATION REFERENCE. WHILE CE I8 HIGH, EACH SCK CLOCK
SHIFTS ONE BIT OF DATA INTO MOSI AND ONE BIT OUT OF MISO. REFER TO TABLE 1 FOR A DE-
SCRIPTION OF EACH BIT IN THE 3 SYTE (24 BIT) 8P INPUT SHIFT REGISTER




CDP68HCE8T3

Pin Deecription | | T
SCK (1) Seriat Clock (Input) e L -

Serial data s shifted out on MISO, synchronously, with sach
lsading edge of SCIK Input data trom the MOSI pin Is
latched, synchronously, with sach trailing edge of SCK.

MOS! (2) Master-Out-Siave-in (input) -
Data bytes are shiftad in at this pin most signiticant bit first. _ Lo
MISO (3) Master-IN-Siave-Oul (Output) S . .

Serial data is shifted out on this pin most significant bit first. :
When the chip enabie signal is high, this pin is H-Z. in con- o
tinuous modse cperation the pin is enabled and an output
transition occurs at every programmaed time out.

Vas (4)
Negative power supply line.
CE (5) Chip Enable (Input) i

A positive chip snable input. Following a transition from low —
to high on CE the COPSSHCERTS interpreta the first 6 bits o
transterred as control information and the least significant -
two bits of the first byte and the following two bytes (18 bits)
as data. CE musat remain anabled throughout the three byta
data transfer. An active pull-down is provided at the Input
pin.

0SC1 (6) OSC2 (7) Cecillator (Input & Output) —

Normally connected to a crystal. The crystal and compe- t
nents shouid be mounted as close as possible 1o the oscilla- P
tor terminais to minimize output distortion and start-up i
stabilization time. E—

vDD (8) T
Positive powaer supply lins. il




CDP68HCE8T3

Applications

SP1 BUS CONTROL

Serial communication with the COP68HCS88T3 is via the SP!
bus and a host CPU or pP such as the CDP68HCOS. Tha
SPI porn pins are the MOS! input, MISO output, CE ship
enable and the SCK system clock input.

On powsr up, the counter and clock divide register is set to all
Zero's and the T3 ramains in a iow powsr mode until a writs
opaeration. All commands are intiated from the SP! bus lines
whaen 24 bits of data are written into the SP! Shift Regisier of
the LPC. A SPi write will trigger the ascillator to start-up, clear
the divide register 10 insure an accurate ! second interval.
The T3 will then begin counting down from the value ioaded
into the counter via the SPI.

The LPC s selectad and data transters are enabied when the
CE input goes high. Whan CE geoses high MISO output
changes from a high Z to an active mode (the stale of MISO
outpul corresponda to the status of the overflow bit), internal
data transter from the LPC Counter and Control Registers to

TABLE 1. LPC SPI SHIFT REGISTER BIT DESCRIPTION.

the SP! Shilt Register are disabled, and the MOS! input is
snabled; the SCK input shauid be in the low state.

Data bits are transferred to the LPC on high-low transiticns

of the SCK signal. Each aerial bit is latchad into the SP! Shift .

Register on the rising adge of tha SCK, followed by data
shiftad out ta the MISO line on the falling edge of tha SCK.
The timing diagram is shown in Figure 1. The 24 bit SPI
Data Configuration is shown in Table 1. Each Read/Write
oparation must be a continuous 3 byte data sequenca (Chip
Enable remaina in the high state throughout the 3 byte trans-
fer. Read data (MISO output) consists of the counter status
and the last written control bit information. Read data starts
with the OF (Over Fiow) bit as the firat bit shifted out,

On the trailing edge of CE (high-to-low transition) the data in
the SP! Shift Register will be transtarrad to the LPC Countar
and Control Registers. A jow on the CE line raturns the
MISQO three-state output to a thres-state high Z mode. The

BIT 24 BIT
BYTE NO. SHIFT REGISTER BIT FUNCTION
T DATA QUT, MISO
7 RAN /OF Defines Wnts Modn whare F/W~0. When witing date, all 24 data Dits must be wniften on the
same assertion of CE. For Read only mode, RW= 1. When Reading. the OF (Over Flow) bit s
18t bit read at MISO. {OF bil may be read Immediately siter CE goes high)
8 Contral 4 Enank/Disatie 8it. Whan High, a Wnto will Disabdie tho ascillator. This bit 18 actvo low 1B anabie
the oscikator. (The Function Bit must aiso be high)
5 Conmoi 3 Square Wave Bit When High, fus it forces a square wave repetitive mode at the MiSO output
t {The Punction Bit must aiso be high)
4 Control 2 Tust Sit. Usud by mir 1o expudits chip 10s! ime. Normal operation raquires this bit to be set low,
3 Control 1 Function Git. This bif must be sat high with ather control bits to force activaton of that function.
2 Conwol 0 Tost Bit Usod by imir 10 expeaits chip test ime. Normal opemoon requires tnis bit 1o bu set low.
1 LPC17 MSB
0 LPC18
7 LPC15
6 LPC14
[ LPC13
4 LPC12
2 3 ot The LPCOO tn LPC 17 bits specify the SP! data inputroutpul for the countar
2 “PC10 MLNTEEAO& R};wW =0 LPCxx bita are written from the SPI Shift Ragistar to the caunter
1 5Coe when CE goas low.
5 —=Cos READ Mods, YW « 1: No data is written, the LPC bits are shifted out of MISO on the talling
@dQe of SCK. The first bit shifted out it he MSB. Whan rading, the LPC bits datine the
7 LPCO7 countdown status of the counter.
] LPCO6
5 LPCO6
3 4 LPCO4
3 {PCOa
2 LPCa2
1 PCO1 -
0 LPCOO LS8 (Rapresonts a count of 1 second)

T DATA IN, MOSI




CDPGBHC68T3

CE input has an intemal pull-down to keap the LPC serlal
imertace inactive when the input line is open orthe CPU is In
reset.

DEFINITION OF DATA BITS

As shown In Table 1, 24 bits of data are tranaferrad into the
SP! Shift Register. The 18 data bt sequence LPCO00 to
LPC17 is used 0 write a countdown value 1o the internal
counter. i the R/W value of bit 24 is set to zero, the data in
the SP{ Shift Register is written 10 the Counter data registar,
. A read only command requires the RAW bit 10 ba set ta 1.
When reading the daia stream irom the SP1 Shift Register,
the first bit shified out to the MISO line is the counter Qver
Flow status (OF bit 24). Data fallows in the sequence shown
in Table 1 as control bits followed by the 18 bit LPCxx group
with the timer countdown status. Control bit vaiues shified
out will be the values previously written to the SP1 Shift Reg-
later

The control bits are uses 10 aat command and contral func-
tiong with 1he Jutned uction as shown in Tablae 1.

WRITE OPERATION

When CE goes low and the RAN ba in the SP shiftad data is
s6t o Zero, the data Write moda is initiated. An R/W bit set t0
zera forces the SPI Shift Register data to be latched into the
Counter and Control Ragister. The Write command resats
the Clock Dividaer, clears the OF bit and stans the oscillator,
Start-up of the Oacillator may inherently producs an efror in
the count value. Initialization should be done with two SP1
Write commands. The second Write must occur aiter the
IgTAg lime interval,

READ OPERATION

if the RAW Bt is set to one the counter register will nat be
atered. The data in the SPi Shift Register consists of the
updated Counter countdown status and the Control bits last
written 10 the Control Register. The SPi shift ragister is
updated with the |atest counter vaiue at one sacond inter-
vais. Data is shitted out to tha MISO line starting with the OF
bit. In order to avoid a changa in operating mode Contral Bit
1 shouid be in the low state.

POR
An Internal Power-On-Resst (POR) is active only in

cses [ 19 cnc

tesponsa (o the Vpp level. Resst oocurs when power s
appiled to Vpp. Reset action ocours when Vpg I8 no grester
than 1.5V. (No external components are required.) Resst at
powsr on initializes the Counter., Clock Divider and Data
Ragister to all xeros, stops the internal 32.768kH2 clock and
sets the LPC into a low power mode.

OSCILLATOR & CLOCK DIVIDER

The Clock Divider functions as a prascaler for the 32.768kHz

oacillator with a 28 divide count. This provides crystal osci-
lator accuracy for the 1 second timing pulse dalivered ta the
Cauntaer. A SP1 write command ressts the Clock Divider 10 all
Zera's and clears the OF bit 1o initlalize the start of timing.

The cscillalor may be disablad by writing x 1 1o Control Bits
1 and 4. A data write operation is required in order {0 restart
the oscillator.

COUNTER OPERATION

The LPC s a low power counter with 1 sacond of resclution
and 1% Interval accuracy. The maximum timers duration is
72.8 hours which resutts from an 18 bit countdown of the
Counter ragister when clocked by the 1 secaond Clock
Divider puise. Count data loaded from a host CPU via the
SP1 Bus sets the timer,

Countdown begins from the value lpaded into the counter
and will continue until the countar overtiows bits (Le all
ones). At 1 second intarvals, 0.5 seconds alter the Counter
LSB changes, the SP! Shift Register la updated with the cur-
rent Counter value, A read operation may bs usad to deter-
mine the Countar vaiue. Counting continues untll all Counter
bits and tha OF bit are 1. After the ail 1's state is reached,
the counter and OF bits are cleared to O's and the LPC goes
10 the Low Pawar made with the Oscillator disabled.

SQUARE WAVE, REPETITIVE CYCLE MODE

To initiate oparation in the Square Wave mode, the Square
Wava Bit and the Function Bit ars set High. This torces a
square wave output at the MISO pin. The inktial state of the
MISO output after a POR is low. After POR a warite 10 the
timar with the square wave bit set (high) will force MISO into
a high state. MISO's state will change on all subsequent time
outs (OF=1),

32.768kHz CRYSTAL

COPeaHCOSCA
MICROCGMAUTER oV
PORT et L"_r
MosI MOS!
Mo MISO Voo
Kk scx ]

FIGURE 2. TYPICAL MICROCONTROLLER INTERFACE WITH
THE COPSSHCSATI LOW POWER COUNTER
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NOTES:

1. Refer to applicable symbol list.
2. Dimensioning and tolerancing per ANS! Y14.5M-1082.

3. Dimension *D° does not include mold flash, protrusions or gae
burrs. Mold flash, provusion and gamw bums shall not exceed
0.15mm (0.008 inch) pef side.

4. Dimension *E" dooe not includo inwrisad flash or protrusions. in-
wrisad flash and protrusions shall not exceed 0.28mm (0.010
inch) por sida.

§. The chamtar on the body is optional. If it is not present, & visual

M8.15 (JEDEC M8-012-AA)
8 LEAD NARROW noovmu.wnu PLASTIC PACKAGE

symsoL[ W | MAX | Mw_]_MAX NOTES}

._A'- R R . (. -
Al 0.0040 .
8 0.013 9
c | coo’s "
) 0.1890 | oO.1068 | 42 | 500 3

T E | 01407 ] 01574 | 380 | 400 r
P 0.060 BSC 12788C | -
H 0.2284 | 02440 | 580 6.20 .
) 0.0000 | 00186 | 0.25 0.50 5
L 0.016 | 0080 | 040 1.27 s
N ] 7
a [ l [ o° I [ -

index feature must be located withiri the crosshaiched area.
8. “L"is the length of terminal for soidering 10 a substraw.
7. °N"is the number of Wrminal positions,
8. Terminal numbars are shown for reference only.

9. The isad width "B*, as measured 0.36mm (0.014 inch) or graater
abave tha seating piane, shail not exceed a8 maximum value of
0.61mm (0.024 inch)

10. Controling dimension: MILLIMETER. Converted inch dimen-
$ioNs are nat necessanly exact.

Harris Semiconducior procuces are soid by desaription anly, Harri Semiconducior reserves the right X0 make changes in crast design andior specificalions at
any dme wihout noscs, Accardingly, he reader I8 Cautioned 1 vedly hat date sheem are curTent before placing orders. informason fumnished by Haris is
“etieved 10 be accurate and redable. However, N0 reaponsibilly is assumed by Haris or e sumicianes for B8 uas; 10r 1o any intringements o patents or other
1ights of third pacies which may rewul from Ae use. No license ia granied by impiicalion or olherwite undar ay pelent ar patent rights of Harrid or iis subsidiaries.

For genaral information regarding Marmis Semiconductor and its products, cail 1-800-4-HARRIS
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