MOTOROLA

= SEMICONDUCTOR
TECHNICAL DATA

| MC68HC68T1

Advance Information

Real-Time Clock plus RAM with

Serial Interface PLASTIC DIP

CMOS CASE 648
The MC68HC68T1 HCMOS Clock/RAM peripheral contains a real-time clock/

calendar, a 32 x 8 static RAM, and a synchronous, serial, three-wire interface for

communication with a microcomputer. Operating in a burst mode, successive

Clock/RAM locations can be read or written using only a single starting address. DW SUFFIX

An on-chip oscillator allows acceptance of a selectable crystal frequency or the S0G

device can be programmed to accept a 50/60 Hz line input frequency. CASE 751G

The LINE and Vgyg pins give the MC68HC68T1 the capability for sensing
power-up/power-down conditions, a capability useful for battery-backup systems.
The device has an interrupt output capable of signaling the microcomputer of an
alarm, periodic interrupt, or power sense condition. An alarm can be set for MC68HC6E8T1P Plastic DIP
comparison with the seconds, minutes, and hours registers. This alarm can be MC68HC68T1IDW SOG Package
used in conjunction with the power supply enable (PSE) output to initiate a
system power-up sequence if the Vgyg pin is powered to the proper level.

A software power-down sequence can be initiated by setting a bit in the inter-

ORDERING INFORMATION

rupt control register. This applies a reset to the CPU via the CPUR pin, sets the PIN ASSIGNMENT

clock out (CLK OUT) and power supply enable (PSE) pins low, and disables the

serial interface. This condition is held until a rising edge is sensed on the system CLKOUT U 1 @ 186 ] Voo

voltage (Vgys) input pin, signaling system power coming on, or by activation of a CPUR [ 2 15 ] XTAL OUT

previously enabled interrupt if the Vgyg pin is powered up. T [ 9 1 ] XTAL IN
A watch-dog circuit can be enabled that requires the microcomputer to toggle

the slave select (SS) pin of the MC68HC68T1 periodically without performing a SCK [ 4 13 ] VBATT

serial transfer. If this condition is not sensed, the CPUR line resets the CPU. mosi [] 5 12 ] Vsys

« Full Clock Features — Seconds, Minutes, Hours (AM/PM), Day-of-Week, miso {} 6 11[] UnE
Date, Month, Year (0-99), Auto Leap Year ss [ 7 10 ] FOR

« 32 Byte General-Purpose RAM [ of] pse

« Direct Interface to Motorola SPI and National MICROWIRE™ Serial Data Ports Vss 1 8

« Minimum Timekeeping Voltage: 2.2 V

« Burst Mode for Reading/Writing Successive Addresses in Clock/RAM

* Selectable Crystal or 50/60 Hz Line Input Frequency

* Clock Registers Utilize BCD Data

« Buffered Clock Output for Driving CPU Clock, Timer, Colon, or LCD Backplane
* Power-On Reset with First-Time-Up Bit

« Freeze Circuit Eliminates Software Overhead During a Clock Read

e Three Independent Interrupt Modes — Alarm, Periodic, or Power-Down
e CPU Reset Output — Provides Orderly Power Up/Power Down

* Watch-Dog Circuit

¢ Pin-for-Pin Replacement for CDP68HC68T1

* Chip Complexity: 8500 FETs or 2125 Equivalent Gates

« Also See Application Note ANE425

MICROWIRE is a trademark of National Semiconductor Inc.

This document contains information on a new product. Specifications and information herein are subject to change without notice.
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MC68HC68T1
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MC68HC68T1

MAXIMUM RATINGS* (Voltages Referenced to Vss)

Symbol Parameter Value Unit This device contains protection
circuitry to guard against damage due to
Vpp DC Supply Voltage -0510+70 v high static voltages or electrical fields.
Vin DC Input Voltage (except Line Input**) -05t0Vpp+05 v However, precautions must be taken to
avoid applications of any voltage higher
Vout DC Output Voltage -0.5t0 Vpp + 0.5 v than maximum rated voltages to this
lin DC Input Current, per Pin +10 mA high-impedance  circuit. For  proper
operation, Vin and Vgt should be
lout OC Output Current. per Pin +10 mA constrained to the range Vgg < (Vi or
I DC Supply Current. Vpp and Vgg Pins +30 mA Vou < VpD-
DD . _ Unused inputs must always to tied to
Pp Power Dissipation. per Package*** 500 mw an appropriate logic voltage level (e.g.,
either Vgg or Vpp). Unused outputs
Ts1g Storage Temperature ~65t0+ 150 must be left open.
T Lead Temperature (10-Second Soldering) 260

"Maximum Ratings are those values beyond which damage to the device may occur.
**See Electrical Characteristics Table
“**Power Dissipation Temperature Derating: — 12 mW/*C from 65°C to 85°C.

ELECTRICAL CHARACTERISTICS (Tp = - 40 1o + 85°C. Voltages Referenced to Vgg)

Voo Guaranteed
Symbol Parameter Test Condition v Limit Unit
VDD Power Supply Voltage Range — 3.0t0 6.0 \
V(stdby) Minimum Standby (Timekeeping) Voltage* — 2.2 \
ViL Maximum Low-Level Input Voltage 3.0 0.9 \
45 1.35
6.0 18
ViH Minimum High-Level Input Voitage 3.0 2.1 v
45 3.15
6.0 42
Vin Maximum Input Voltage. Line Input Power-Sense Mode 5.0 12 Vp-p
VoL Maximum Low-Level Output Voltage lout = 0 A 4.5 0.1 Vv
lout = 1.6 MA 0.4
VoH Minimum High-Level Output Voltage lout = 0 pA 45 4.4 \
lout = 1.6 mMA 3.7
lin Maximum Input Current, Except SS Vin = Vpp or Vgg 6.0 =1 uA
I8 Maximum Low-Level Input Current, SS Vin = Vgg 6.0 -10 HA
IiH Maximum Pull-Down Current. SS Vin=VpD 6.0 100 HA
loz Maximum 3-State Leakage Current Vout = VDD or Vss 6.0 +10 KA
DD Maximum Quiescent Supply Current Vin = Vpp or Vgs. All Inputs 8.0 50 HA
lout = O HA
DD Maximum RMS Operating Supply Current |ty = O pA, fXTAL IN = 32 kHz 5.0 0.1 mA
Crystal Operation Vin = VpporVgs, all fxTal N =1 MHz 0.6
inputs except IXTAL IN = 2 MHz 0.84
XTAL IN, fXTAL IN = 4 MHz 1.2
Clock Out Disabled,
No Serial Access Cycles
Maximum RMS Operating Supply Current | lgyq = 0 pA, fXTAL IN = 32 kHz 50 0.024
External Frequency Source Vin = Vpp or Vgs. IXTAL IN =1 MHz 0.12
Driving XTAL IN. Clock Out Disabled,  txTAL IN =2 MHz 0.24
XTAL OUT Open No Serial Access fXTAL IN = 4 MHz 0.5
Cycles

“Timekeeping function only, no read/write accesses. Data in the registers and RAM retained.
(Continued)
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MC68HC68T1

ELECTRICAL CHARACTERISTICS (Continued)

Voo Guaranteed
Symbol Parameter Test Condition v Limit Unit
Ibatt Maximum RMS Standby Current Vpatt = 3.0V, fXTAL IN = 32 kHz 0.0 25 HA
Crystal Operation Vgys =00V, fXTAL IN = 1 MHZ 250
Vpp=00V, fXTAL IN = 2 MHz 360
lout = O MA, fXTAL IN = 4 MHz 600
Vin = Don't Care, all
inputs except XTAL IN,
Clock Out Disabled.
No Serial Access Cycles
AC ELECTRICAL CHARACTERISTICS (Tp = —40 to + 85°C. C|_ = 200 pF, Input t; = t; = 6 ns, Voltages Referenced to Vgg)
VpD Guaranteed
Symbol Parameter v Limit Unit
tsCK Maximum Clock Frequency (Refer to SCK ty,, below) (Figures 1, 2, and 3) 3.0 TBD MHz
45 21
6.0 21
tPLH- Maximum Propagation Delay, SCK to MISO (Figures 2 and 3) 3.0 200 ns
tPHL 4.5 100
6.0 100
tpLz. Maximum Propagation Delay, SS to MISO (Figures 2 and 4) 3.0 200 ns
tPHZ 4.5 100
6.0 100
tpzL. Maximum Propagation Delay, SCK to MISO (Figures 2 and 4) 3.0 200 ns
tpZH 4.5 100
6.0 100
tTLH- Maximum Qutput Transition Time, Any Output (Figures 2 and 3) (Measured Between 3.0 200 ns
THL 70% Vpp and 20% Vpp) 4.5 100
6.0 100
Cin Maximum Input Capacitance — 10 pF
TIMING REQUIREMENTS (Tp = - 40 to + 85°C, Input t, = t = 6 ns, Voltages Referenced to Vgg)
Vop Guaranteed
Symbol Parameter v Limit Unit
tsy Minimum Setup Time, SS to SCK (Figures 1 and 2) 3.0 200 ns
4.5 100
6.0 100
tsy Minimum Setup Time, MOSI to SCK (Figures 1 and 2) 3.0 200 ns
4.5 100
6.0 100
th Minimum Hold Time, SCK to SS (Figures 1 and 2) 3.0 200 ns
4.5 125
6.0 125
th Minimum Hold Time, SCK to MOS! (Figures 1 and 2) 3.0 200 ns
4.5 100
6.0 100
trec Minimum Recovery Time, SCK (Figures 1 and 2) 3.0 200 ns
4.5 200
6.0 200
tw(H) Minimum Pulse Width, SCK (Figures 1 and 2) 3.0 400 ns
tw(L) 4.5 200
6.0 200
(Continued)
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MC68HC68T1

TIMING REQUIREMENTS (Continued)

vDD Guaranteed
Symbol Parameter \ Limit Unit
tw Minimum Pulse Width, POR 3.0 8D ns
4.5 100
6.0 100
tr Maximum Input Rise and Fall Times (Except XTAL IN and POR) (Figures 1 and 2) 3.0 TBD us
(Measured Between 70% Vpp and 20% Vpp} 4.5 2
6.0 2

'\| —Vpp

—Vss
i
trec th v
— VDD
— Vs
t— 1) — tsy
\AVAYAYA ,\I:>< —Vpp
e XA XD KRR X\ YK
Din

NOTE: Measurement points are V)_and V|4 unless otherwise noted on the ac electrical characteristics table.

Figure 1. Write Cycle
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NOTE: Measurement points are Vo_. VoH. VL. and V| unless otherwise noted on the ac electrical characteristics table.

Figure 2. Read Cycle

MOTOROLA CMOS APPLICATION-SPECIFIC DIGITAL-ANALOG INTEGRATED CIRCUITS

8-7

This Material Copyrighted By Its Respective Manufacturer



MC68HC68T1
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“Includes all probe and jig capacitance.

Figure 3. Test Circuit

OPERATING CHARACTERISTICS

The real-time clock consists of a clock/calendar and a 32 x
8 RAM. (See Figure 5). Communication with the device may
be established via a serial peripheral interface (SP1) or
MICROWIRE bus. In addition to the clock/calendar data from
seconds to years, and systems flexibility provided by the
32-byte RAM, the clock features computer handshaking with
an interrupt output and a separate square-wave clock output
that can be one of seven different frequencies. An alarm circuit
is available that compares the alarm latches with the seconds,
minutes, and hours time counters and activates the interrupt
output when they are equal. The clock is specifically designed
to aid in power up/power down applications and offers several
pins to aid the designer of battery-backup systems.

CLOCK/CALENDAR

The clock/calendar portion of this device consists of a long
string of counters that is toggled by a 1 Hzinput. The 1 Hz input
is derived from the on-chip oscillator that utilizes one of four
possible external crystals or that can be driven by an external
frequency source. The 1 Hz trigger to the counters can also be
supplied by a 50 or 60 Hz source that is connected to the LINE
input pin.

The time counters offer seconds. minutes. and hours data
in 12- or 24-hour format. An AM/PM indicator is available that
once set, toggles at 12:00 AM and 12:00 PM. The calendar
counters consist of day of week, date of month, month, and
year information. Data in the counters is in BCD format. The
hours counter utilizes BCD for hours data plus bits for 12/24
hour and AM/PM modes. The seven time counters are read
serially at addresses $20 through $26. The time counters are
written to at addresses $A0 through $A6. (See Table 1 and
Figure 6.)

32 x 8 GENERAL-PURPOSE RAM
The real-time clock also has a static 32 x 8 RAM. The RAM

isread ataddresses $00 through $1F and written to at address-
es $80 through $9F. (See Figure 5.)

ALARM

The alarm is set by accessing the three alarm latches and
loading the desired data. (See SERIAL PERIPHERAL
INTERFACE.) The alarm latches consist of seconds, minutes,
and hours registers. When their outputs equal the values of the
seconds, minutes, and hours time counters, an interrupt is

TEST POINT
CONNECT TO Vpp WHEN
Bﬁggg OUTPUT TESTING tp 7 AND tpz|.
TEST CONNECT TO Vgg WHEN
TESTING tppz AND tpzH

F

“Includes all probe and jig capacitance.

Figure 4. Test Circuit

generated. The interrupt output goes low if the alarm bit in the
status register is set and the interrupt output is activated after
an alarm time is sensed (see PIN DESCRIPTIONS, INT pin).
To preclude a false interrupt when loading the time counters,
the alarm interrupt bit in the interrupt control register should be
reset. This procedure is not required when the alarm time is
being loaded.

WATCH-DOG FUNCTION

When Watch Dog (bit 7) in the interrupt control register is set
high, the clock's slave select pin must be toggled at regular in-
tervals without a serial data transfer. if SS is not toggied, the
MC68HC68T1 supplies a CPU reset pulse at pin 2 and
Watch-Dog (bit 6) in the status register is set. (See Figure 7.)
Typical service and reset times are shown in Table 2.

CLOCK ouT

The value in the three least significant bits of the clock con-
trol register selects one of seven possible output frequencies.
(See CLOCK CONTROL REGISTER.) This square-wave sig-
nalis available at the CLK OUT pin. When the power-down op-
eration is initialized, the output is reset low.

CONTROL REGISTER AND STATUS REGISTER

The operation of the real-time clock is controlled by the
clock control and interrupt control registers, which are read/
write registers. Another register, the status register, is avail-
able to indicate the operating conditions. The status register is
a read-only register.

MODE SELECT

The voltage level thatis present atthe Vgyg input pin atthe
end of power-on reset selects the device to be in the
single-supply mode or battery-backup mode.

Single-Supply Mode

If Vgys is powered up when power-on reset is completed,
CLK OUT, PSE, and CPUR are enabled high and the device
is completely operational. CPUR is placed low if the voltage
level at the Vgyg pin subsequently goes 0.7 V below Vpp. If
CLK OUT, PSE, and CPUR are reset low due to a power-down
instruction, Vgyg brought low and then powered high enables
these outputs.

An example of the single-supply mode is where only one
supply is available and Vpp. VBATT. and Vgyg are tied
together to the supply.

This Materia
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MC68HC68T1

Battery-Backup Mode

If Vgyg is not powered up atthe end of power-on reset, CLK
QUT, PSE, CPUR, and SS are disabled (CLK OQUT, PSE, and
CPUR low). This condition is held until Vgyg rises to a thresh-
old (approximately 0.7 V) above VgaTT. CLK OUT, PSE, and
CPUR are then enabled and the device is operational. If Vgyg
falls below a threshold above VBaTT. the outputs CLK OUT,
PSE. and CPUR are reset low.

An example of battery-backup operation occurs if Vgyg is
tied to Vpp and Vpp is not receiving voltage from a supply. A
rechargeable battery is connected to the VRaATT pin. The de-
vice retains data and keeps time down to a minimum VBATT
voltage of 2.2 V.

POWER CONTROL

Power control is composed of two operations, power sense
and power down/power up. Two pins are involved in power
sensing, the LINE input pin and the INT output pin. Two addi-
tional pins, PSE and Vgys. are utilized during power down/up
operation.

FREEZE FUNCTION

The freeze function prevents an increment of the time
counters, ifany of the time registers are being read. Also. alarm
operation is delayed if the time registers are being read.

POWER SENSING

When power sensing is enabled (Power Sense Bitin the in-
terrupt control register), ac/dc transitions are sensed at the
LINE input pin. Threshold detectors determine when transi-
tions cease. After a delay of 2.68 to 4.64 ms plus the external
input RC circuit time constant. an interrupt true bit is set high
inthe status register. This bit can then be sampled to see if sys-
tem power has turned back on. (See Figure 8.)

The power-sense circuitry operates by sensing the level of
the voltage present at the LINE input pin. This voltage is
centered around Vpp. and as long as the voltage is either plus
or minus athreshold (approximately 0.7 V) from Vpp. a power

sense failure is not indicated. With an ac signal present,
remaining in this Vpp window longer than a maximum of 4.64
ms activates the power-sense circuit. The larger the amplitude
of the signal, the less likely a power failure would be detected.
A 50 or 60 Hz, 10 V p-p sine-wave voltage is an acceptable
signal to present at the LINE input pin to set up the power-
sense function.

Power Down

Power down is a processor-directed operation. The power
down bit is set in the interrupt control register to initiate power
down operation. During power down, the power supply enable
(PSE) output, normally high. is placed low. The CLK QUT pin
is placed low. The CPUR output, connected to the processor
reset input pin, is also placed low. In addition, the serial inter-
tace (MOSI and MISO) is disabled (see Figure 9).

Power Up

There are four methods that caninitiate the power-up mode.
Two of the methods require an interrupt to the microcomputer
by programming the interrupt control register. The interrupts
can be generated by the alarm circuit by setting the alarm bit
and the appropriate alarm registers. Also. an interrupt can be
generated by programming the periodic interrupt bits in the in-
terrupt control register.

-The third method is by initiating the power sense circuit with
the power sense bit in the interrupt control register to sense
power loss along with the Vgyg pin to sense subsequent
power-up condition. (See Figure 10.) (Reference Figure 19 for
application circuit for third method.)

The fourth method that initiates power-up occurs when the
level onthe Vgyg pinrises 0.7 V above the level of the VRaTT
pin, after previously falling to the level of VgaTT while in the
battery-backup mode. An interrupt is not generated when the
fourth method is utilized.

While in the single-supply mode, power-up is initiated when
the Vgyg pin loses power and then returns high. There is no
interrupt generated when using this method (see Figure 11).

This Materia
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MC68HC68T1

HEXADECIMAL HEXADECIMAL
$00 SECONDS $20
MINUTES $21
32 BYTES GENERAL-PURPOSE USER T HOURS $22
RAM : DAY OF THE WEEK $23
READ ADDRESSES ONLY u DATE OF THE MONTH sa
MONTH $25
$1F YEAR $26
$20 NOT USED $27
NOT USED $28
NOT USED $29
NOT USED $2A
L NOT USED $28
CLOCK/CALENDAR R NOT USED $2C
READ ADDRESSES ONLY v NOT USED $2D
NOT USED $2E
NOT USED $2F
STATUS REGISTER $30
CLOCK CONTROL REGISTER $31
$32 INTERRUPT CONTROL REGISTER $32
$33 -
! HEXADECIMAL
NOT USED : SECONDS $A0
u MINUTES $A1
$7F HOURS $A2
$80 DAY OF THE WEEK $A3
32 BYTES GENERAL-PURPOSE USER | T DATE OF THE MONTH §ad
H MONTH $A5
RAM E YEAR $A6
WRITE ADDRESSES ONLY NOT USED $A7
$oF SECONDS ALARM $A8
$A0 MINUTES ALARM $A9
HOURS ALARM $AA
NOT USED $AB
T NOT USED $AC
CLOCK/CALENDAR : NOT USED $AD
WRITE ADDRESSES ONLY U NOT USED $AE
NOT USED $AF
NOT USED $80
CLOCK CONTROL REGISTER $81
82 INTERRUPT CONTROL REGISTER $82

Figure 5. Address Map

This Materi al
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MC68HC68T1

Table 1. Clock/Calendar and Alarm Data Modes

Address Location
Decimal BCD Data BCD Date*
Read Write Function Range Range Example
$20 $A0 Seconds 0-59 00-59 21
$21 $A1 Minutes 0-59 00-59 40
$22 $A2 Hours™ 1-12 81-92 (AM) 90
(12 Hour Mode) A1-B2 (PM)
Hours 0-23 00-23 10
{24 Hour Mode)
$23 $A3 Day of Week 1-7 01-07 03
{Sunday = 1)
$24 $A4 Date of Month 1-31 01-31 16
$25 $A5 Month 1-12 01-12 06
(Jan = 1)
$26 $A6 Year 0-99 00-99 87
N/A $A8 Seonds Alarm 0-59 00-59 21
N/A $AS Minutes Alarm 0-59 00-5% 40
N/A $AA Hours Alarm™** 1-12 01-12 (AM) 10
(12 Hour Mode) 21-32 {PM)
Hours Alarm 0-23 00-23 10
(24 Hour Mode)

N‘A = Not Applicable
‘Example: 10:40:21 A.M.. Tuesday, June 16, 1987.
**Most-Significant data bit, D7. is 0" for 24 hour mode and “1" for 12 hour mode. Data bit D5 is 1" for P.M.
and "0” for A.M. in 12 hour mode.
“**Data bit D5 is "1 for PM. and “0" for A.M. in 12 hour mode. Data bits D7 and D6 are Don't Cares.

Table 2. Watchdog Service and Reset Times

50 Hz 60 Hz XTAL
Min Max Min Max Min Max
Service Time — 10 ms — 8.3 ms — 7.8ms
Reset Time 20 ms 40 ms 16.7 ms 333 ms 15.6 ms 31.3ms

MOTOROLA CMOS APPLICATION-SPECIFIC DIGITAL-ANALOG INTEGRATED CIRCUITS
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MC68HC68T1

HEX ADDRESS | l WRITE READ REGISTERS [ runcrion |
READ WRITE 087 DBO
T T T T T T
520 $A0 TENS 0-5 UNITS 0-8 SECONDS 00-59)
I Il ] ] } )
T T T T T i
$21 ST TENS 0-5 UNITS 0-9 MINUTES (00-59)
| [l } [l
12 oA e DB7.1=12HR.0 = 24 HR
$22 $A2 MR X Tensoo UNITS 0-9 DBS. 1~ PM. 0= AM
24 4 4 oy Lo HOURS (01-12 OR 00-23)
T T T T T T
DAY OF WEEK (01-07
$23 $A3 XX X X | X UNTS17 SOy o
l | ] | | [l
T T i T 1 T
$24 sAd TENS 0-3 UNITS 0-8 DATE OF MONTH 0:-31)
} [l | Il l ]
T T T 1 T
MONTH (01-12
525 $A5 TENS 01 UNITS 0-9 Mo 0112
[l Il [l Il } }
T T T T T T
526 $A6 TENS 0-9 UNITS 0-8 YEAR (00-38i
| } | ! | ]
T T T 1 T 1
$31 $81 7 s s 4ls o2 1 o CLOCK CONTROL REGISTER
b [l ] | ] |
T T T T T T
532 $82 7oos s 4l3 o2 1 o INTERRUPT CONTROL REGISTER
1 1 1 i 1
WRITE-ONLY REGISTERS
T T T T T T
NA $h8 TENS 0-5 UNITS 0-8 SECONDS ALARM (00-59)
} i | | | 1
T T T T T 1
NA $A9 TENS 0-5 UNITS 0-9 MINUTES ALARM (00-59)
—t— —+—
PM.AM HOURS ALARM (01-21 OR 00-23)
NA SAA X X rENS 0-2 UNITS 0-9 DBS. 1 = PM. 0 = AM IN 12 HR MODE
1 1 1 1 i 1
READ-ONLY REGISTER
T T T T T T T
$80 NA 7 6 5 4 3 2 1 0 STATUS REGISTER
1 1 1 1 1 1 1
RAM DATA BYTE
T T T T T T T
S00TOSIF  $80TO S9F DF D6 D5 D& D3 D2 DI DO DATA
1 1 1 1 | 1 1

NOTE: X = Don't Care for write
X = 0 for read
N-A = Not Applicable

Figure 6. Clock/RAM Registers
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MC68HC68T1

< SERVICE it SERVICE »
TIME TIME
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Figure 7. Watch-Dog Operation Waveforms

XTAL IN

XTAL OUT INT * 1RQ

REAL-TIME CLOCK

ov—— = —n—] LINE
MC68HC68T1

MSB Ls8 cPU
(I TTTIIT] MC68HCO5C4

NOTE: A 60 Hz 10 V p-p sine-wave voltage is an acceptable signal to present at the LINE input pin.

Figure 8. Power Sensing Functional Diagram
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MC68HC68T1

TO SYSTEM

FROPMO ‘?VYESRTEM POWER CONTROL
\_.VSYS PSE
MS8 LSB
LT TTTTT] t
CLK
INTERRUPT out oser
CONTROL VbD
REGISTER

MISO
O—f— MBSO g
SERIAL O
INTERFACE MOSI

REAL-TIME CLOCK CPU
MCB8HCB8T1 MC68HC05C4

Figure 9. Power Down Functional Diagram

|
POWER
uP PSE

ALARM
CIRCUIT _

|
|
PERIODIC |

INTERRUPT CLK
SIGNAL out

POWER
SENSE
CIRCUIT

N p——-

— MISO

SERIAL © o

INTERFACE D MOSI
REAL-TIME CLOCK
MCE8HCB8T1

NOTE: The Vgyg pin must be powered up.

Figure 10. Power Up Functional Diagram
(Initiated by Interrupt Signal)
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MC68HC68T1

‘-t&j—_VBATT v
——® Vgys

SERIAL
INTERFACE

REAL-TIME CLOCK
MC68HCE8T

PSE $
|
I
CPUR ‘F
|
|
|
CLK l I

out

MISO

o 0—m——t—— U
o—0 MOSI

Figure 11. Power Up Functional Diagram
(Initiated by a Rise in Voltage on the Vgyg Pin)

PIN DESCRIPTIONS

CLK OUT (PIN 1) — CLOCK OUTPUT

This signal is the buffered clock output which can provide
one of the seven selectable frequencies (or this output can be
reset low). The contents of the three least-significant bit posi-
tions in the clock control register determine the output frequen-
¢y (50% duty cycle, except 2 Hz in the 50 Hz time-base mode).
During power-down operation (Power Down bit in the interrupt
control register set high), the clock output is reset low.

CPUR (PIN 2) — CPU RESET

This pin provides an N-channel, open-drain output and re-
quires an external pullup resistor. This active low output can be
used to drive the reset pin of a microprocessor to permit orderly
power up/power down. The CPUR output is low from 15 to 40
ms when the watch-dog function detects a CPU failure (see
Table 2). The low level time is determined by the input frequen-
cy source selected as the time standard. CPUR is reset low
when power down is initiated.

This output has no ESD protection diode tied to Vpp which
allows this pin’s voltage to rise above Vpp. Care must be taken
in handling this device.

INT (PIN 3) — INTERRUPT

This active-low output is driven from a single N-channel
transistor and must be tied to an external pullup resistor.

Interrupt is activated to a low level when any one of the
following takes place:

1. Power sense operation is selected (Power Sense Bit
in the interrupt control register is set high) and a power
failure occurs.

2. Anpreviously set alarm time occurs. The alarm bitin the
status register and the interrupt signal are delayed 30.5
ms when 32 kHz or 1 MHz operation is selected, 15.3
ms for 2 MHz operation, and 7.6 ms for 4 MHz opera-
tion.

3. A previously selected periodic interrupt signal acti-
vates.

The status register must be read to disable the interrupt
output after the selected periodic interval occurs. This is aiso
true when conditions 1 and 2 activate the interrupt. If power
down has been previously selected, the interrupt also sets the
power-up function only if power is supplied to the Vgyg pin to
the proper threshold level above VBATT.

This output has no ESD protection diode tied to Vpp which
allows this pin’s voltage to rise above Vpp. Care must be taken
in the handling of this device.

SCK (PIN 4) — SERIAL CLOCK

This serial clock input is used to shift data into and out of the
on-chip interface logic. SCK retains its previous state if the line
driving it goes into a high-impedance state. In other words, if
the source driving SCK goes to the high-impedance state, the
previous low or high level is retained by on-chip control circuity.
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MOSI (PIN 5) — MASTER OUT SLAVE IN

The serial data present at this port is latched into the inter-
face logic by SCK if the logic is enabled. Data is shifted in, ei-
ther on the rising or falling edges of SCK, with the most-signifi-
cant bit (MSB) first.

In Motorola's microcomputers with SPI, the state of the
CPOL bit determines which is the active edge of SCK. If SCK
is high when SS goes high, the state of the CPOL bit is high.
Likewise, if a rising edge of SS occurs while SCK is low (see
Figure 13), then the CPOL bit in the microcomputer is low.

MOSiI retains its previous state if the line driving it goes into
high-impedance state. In other words, if the source driving
MOSI goes to the high-impedance state, the previous low or
high level is retained by on-chip control circuitry.

MISO (PIN 6) — MASTER IN SLAVE OUT

The serial data present at this port is shifted out of the inter-
face logic by SCK if the logic is enabled. Data is shifted out, ei-
ther on the rising or falling edge of SCK, with the most-signifi-
cant bit (MSB) first. The state of the CPOL bit in the
microcomputer determines which is the active edge of SCK.
(See Figure 13.)

SS (PIN 7) — SLAVE SELECT

When high, the slave select input activates the interface
logic, otherwise the logic is in a reset state and the MISO pin
isin the high-impedance state. The watch-dog circuitis toggled
atthis pin. SS has an internal pulidown device. Therefore, if SS
is in alow state before going to high impedance, SS can be left
in a high-impedance state. That is, if the source driving SS
goes to the high-impedance state, the previous low level is re-
tained by on-chip control circuitry.

Vgs (PIN 8) — NEGATIVE POWER SUPPLY

This negative power supply reference pin is connected to
ground.

PSE (PIN 9) — POWER SUPPLY ENABLE

The power supply enable output is used to control system
power and is enabled high under any one of the tollowing con-
ditions:

1. Vgygrises above the Vphay voltage after Vgyg is reset
low by a system failure.
An interrupt occurs (if the Vgyg pin is powered up
0.7 V above VBATT)-
A power-on reset occurs (if the Vgyg pin is powered
up 0.7 V above VBATT).

PSE is reset low by writing a high into the power-down bit
of the interrupt control register.

POR (PIN 10) — POWER-ON RESET

This active-low Schmitt-trigger input generates an internal
power-on reset signal using an external RC network. (See Fig-
ures 18 through 21). Both control registers and frequency di-
viders for the oscillator and line inputs are reset. The status
register is reset except for the first time-up bit (bit 4), which is
sethigh. Atthe end of the power-on reset, single-supply or bat-
tery-backup mode is selected.

2.

3.

LINE (PIN 11) — LINE SENSE

The LINE sense input can be used to drive one of two func-
tions. The first function utilizes the input signal as the frequen-
cy source for the timekeeping counters. This function is se-
lected by setting the line/XTAL bit high in the clock control
register. The second function enables the LINE input to detect
a power failure. Threshold detectors operating above and be-
low Vpp sense an ac voltage loss. The Power Sense bit in the
interrupt control register must be set high and crystal or exter-
nal clock source operation is required. The line/XTAL bit in the
clock contro! register must be low to select crystal operation.

Vgys (PIN 12) — SYSTEM VOLTAGE

This input is connected to system voltage. The level on this
pin initiates power up if it rises 0.7 V above the level at the
VBATT input pin after previously falling below 0.7 V below
VBATT. When power-up is initiated, the PSE pin returns high
and the CLK OUT pin is enabled. The CPUR output pin is also
set high. Conversely, if the level of the Vgyg pin falls below
VBATT +0.7 V, the PSE, CLKOUT, and CPUR pins are placed
low. The voltage level present at this pin at the end of POR de-
termines the device's operating mode.

VBATT (PIN 13) — BATTERY VOLTAGE

This pin is the only oscillator power source and should be
connected to the positive terminal of a rechargeable battery.
The VBATT pin always supplies power to the
MC68HC68T1, even when the device is not in the battery
back-up mode. To maintain timekeeping, the VgaTT pin must
be at least 2.2 V. When the level on the Vgyg pin falls below
VBATT + 0.7 V, VBATT is internally connected to the Vpp
pin.

When the LINE input is used as the frequency source, the
unused VBATT and XTAL pins may be tied to Vgg. Alterna-
tively, if VBATT is connected to Vpp. XTAL IN can be tied to
either Vgg or Vpp.

XTAL IN (PIN 14), XTAL OUT (PIN 15) — CRYSTAL
INPUT/OUTPUT

For crystal operation, these two pins are connected to a
32.768 kHz, 1.048576 MHz, 2.097152 MHz, or 4.194304 MHz
crystal. If crystal operation is not desired and Line Sense is
used as frequency source, connect XTAL IN to Vpp or Vgg
{caution: see VBATT pin description) and leave XTAL OUT
open. If an external clock is used, connect the external clock
to XTAL IN and leave XTAL OUT open. The external clock must
swing from at least 30% to 70% of (Vpp-Vgg). Preferably, this
input should swing from Vgg to Vpp.

Vpp (PIN 16) — POSITIVE POWER SUPPLY

For full functionality, the positive power supply pin may
range from 3.0 t0 6.0 V with respect to Vgg. To maintain time-
keeping, the minimum standby voltage is 2.2 V with respect to
Vgg. (Caution: Data transfer to/from the MC68HC68T1
must not be attempted if the supply voltage falls below
3.0V)

This Materia

MOTOROLA CMOS APPLICATION-SPECIFIC DIGITAL-ANALOG INTEGRATED CIRCUITS

8-16

Copyrighted By Its Respective Manufacturer



MC68HC68T1

REGISTERS

CLOCK CONTROL REGISTER (READ/WRITE) — READ
ADDRESS $31/WRITE ADDRESS $B1

MSB LSB
D7 D6 05 D4 D3 D2 D1 DO
START | LINE XTAL XTAL | 50Hz | CLK | CLK | CLK
SELECT | SELECT OuUT | OuT § OUT
STOP | XTAL 1 0 80 Hz 2 1 0
Start-Stop

A high written into this bit enables the counter stages of
clock circuitry. A low holds all bits reset in the divider chain from
32 Hz 1o 1 Hz. The clock out signal selected by bits DO, D1, and
D2 is not affected by the stop function except the 1- and 2-Hz
outputs.

Line-XTAL

When this bitis high, clock operation uses the 50 or 60 cycle
input present at the LINE input pin. When the bit is low, the
XTAL IN pin is the source of the time update.

XTAL Select

Accommodation of one of four possible crystals are se-
lected by the value in bits D4 and D5.

0 =4.194304 MHz 2 =1.048576 MHz
1=2.097152 MHz 3 =32.768 kHz

The MC68HC68T1 has an on-chip 150 K resistor that is
switched in series with the internal inverter when 32 kHz is
selected via the clock control register. This eliminates the
usual external series requirement present in 32 kHz circuits.
At power up, the device sets up for a 4 MHz oscillator and the
series resistor is not part of the oscillator circuit. Until this
resistor is switched in, oscillations may be unstable with the 32
kHz crystal. (See Figure 12.)

Resistor R1 is recommended to be 22 MQ for 32 kHz
operation. Consult crystal manufacturer for R1 value for other
frequencies. Resistor R2 is used for 32 kHz operation only.
Use a 100 kQ to 300 k<2 range as specified by the crystal
manufacturer.

| XTALIN

5-30 pF

XTAL OUT

REAL-TIME CLOCK
MC68HCB8T1

Figure 12. Recommended Oscillator Circuit
(C1, C2 Values Depend Upon the Crystal Frequency)

50 Hz-60 Hz

50 Hz may be used as the input frequency at the LINE input
when this bit is set high; a low accommodates 60 Hz. The

power sense bit in the interrupt control register must be reset
low for line frequency operation.

Clock Out

Three bits specify one of the seven frequencies to be used
as the square-wave clock output (CLK QUT).

0 = XTAL 4 = Disable (low output)

1 = XTAL/2 5=1Hz

2 = XTAL4 6=2Hz

3 = XTAL/8 7 = 50/60 Hz for LINE operation

7 = 64 Hz for XTAL operation

All bits in the clock contro! register are reset by a power-on
reset. Therefore, XTAL is selected as the clock output at this
time.

INTERRUPT CONTROL REGISTER (READ/WRITE) —
READ ADDRESS $32/WRITE ADDRESS $B2

MsB LS8
07 D6 Ds D4 D3 D2 DI DO
WATCH- | POWER | POWER | ALARM T T
DOG | DOWN | SENSE PERIODIC SELECT

| 1 1

All bits are reset low by power-on reset.

Watch Dog

When this bit is set high, the watch-dog operation is en-
abled. This function requires the CPU to toggle the SS pin peri-
odically without a serial transfer requirement. In event this
does notoccur, aCPU resetis issued atthe CPUR pin. The sta-
tus register must be read before re-enabling the watch-dog
function.

Power Down

A high in this location initiates a power down. A CPU reset
occurs via the CPUR output, the CLK OUT and PSE output
pins are reset low, and the serial interface is disabled.

Power Sense

When set high, this bit is used to enabie the LINE input pin
to sense a power failure. When power sense is selected, the
input to the 50/60 Hz prescaler is disconnected; therefore,
crystal operation is required. An interrupt is generated when a
power failure is sensed and the power sense and interrupt true
bit in the status register are set. When power sense is acti-
vated, a logic low must be written to this location followed by
a high to re-enable power sense.

Alarm

The output of the alarm comparator is enabled when this bit
is set high. When an equal comparison occurs between the
seconds, minutes, and hours time counters and alarm latches,
the interrupt output is activated. When loading the time
counters, this bit should be reset low to avoid a false interrupt.
This is not required when loading the alarm latches. See INT
pin description for explanation of alarm delay.

Periodic Select

The value in these four bits (DO, D1, D2, and D3) selects the
frequency of the periodic output. (See Table 3).

Thi s

MOTOROLA CMOS APPLICATION-SPECIFIC DIGITAL-ANALOG INTEGRATED CIRCUITS

Mat eri al

8-17

Copyrighted By Its Respective Manufacturer



MC68HC68T1

Table 3. Periodic Interrupt Output Frequencies Power-Sense Interrupt
(at INT Pin) This bit set high signifies that the power sense circuit has

N generated an interrupt. This bit is not reset after a read of this
Frequency Timebase register.
D3-D0
Value Periodic Interrupt Alarm interrupt
(Hex) Output Frequency XTAL Line When the contents of the seconds, minutes, and hours time
0 Disable counters and alarm latches are equal, this bit is set high. The
status register must be read before loading the interrupt control
! 2048 Hz X register for valid alarm indication after the alarm activates.
2 1024 Hz X Clock Interrupt
3 512 Hz X A periodic interrupt sets this bit high. (See Table 3.)
4 256 Hz X
5 128 2 X All bits are reset low by a power-on reset except the
firsttime-up bit which is set high. All bits except the power
6 64 Hz X sense bit are reset after a read of the status register.
50 or 60 Hz X
7 32Hz X
SERIAL PERIPHERAL INTERFACE (SPI)
8 1o X The serial peripheral interface (SPI) utilized by the
9 8 Hz X MC68HCB8T1 is a serial synchronous bus for address and
A 4 Hz X datatransfers. The shift clock (SCK), which is generated by the
microcomputer, is active only during address and data trans-
B 2Hz X X fer. In systems using the MC68HC05C4 or MCESHC11A8, the
o] 1 Hz X X inactive clock polarity is determined by the clock polarity
" (CPOL) bit in the microcomputer's control register.
D 1 Cycle per Minute X X A unique feature of the MC68HCE8TH is thatiho level of the
E 1 Cycle per Hour X X inactive clock is determined by sampling SCK when SS be-
E 1 Cycle per Day X X comes active. Therelore,‘either SC_K polarity is accommo-
dated. input data (MOS]) is latched internally on the internal
strobe edge and output data (MISO) is shifted out on the shift
STATUS REGISTER (READ ONLY) — ADDRESS $30 edge (see Table 4 and Figure 13). There is one clock for each
bit transferred. Address as well as data bits are transferred in
MS8 LSB groups of eight.
D7 D6 D5 D4 D3 D2 D1 Do
0 | WATCH- | 0 | FIRST | INTER- | POWER | ALARM | CLOCK Table 4. Function Table
DOG TIME RUPT SENSE INT INT
UpP TRUE INT Signal
Mode Ss SCK MOsI MISO
Watch Dog Disabled | L Input Input High Z
If this bit is set high, the watch-dog circuit has detected a Fxset - Disabled DnsabIBed =
i ri POL =1 D i High
CPU failure. te CPO _r La;iachﬂ 9
First Time Up CPOL=0 1
Power-on reset sets this bit high. This signifies the data in
the RAM and Clock is not valid and should be initialized. After Read H | CPOL=1 _L X Next Data Bit
the status register is read, the first time-up bit is set low if the Shifted Out
POR pinis high. Conversely, if the POR pin is held low, the first CPOL=0 _4—
time-up bit remains set high.

*MISO remains at a High Z until eight bits ot data are ready to be

Interrupt True shifted out during a read. MISO remains at a High Z during the
A high in this bit signifies that one of the three interrupts entire write cycle.

{power sense, atarm, or clock) is valid.
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SS | SHIFT INTERNAL

STROBE
CPOL = 1" — 1
SCK |

s I SHIET INTERNAL

STROBE

CPOL = 0" —|
SCK l |
MOSI

/\ MSB X MSB-1 >C

*CPOL is a bit that is set in the microcomputer's Control Register.

Figure 13. Serial Clock (SCK) as a Function of MCU Clock Polarity (CPOL)

ADDRESS AND DATA FORMAT
There are three types of serial transfers:
1. Read or write address
2. Read or write data
3. Watch-dog reset (actually a non-transfer)

The address and data bytes are shifted MSB first, into the
serial data input (MOSI) and out of the serial data output
(MISO). Any transfer of data requires the address of the byte
to specify a write or read Clock or RAM location, followed by
one or more bytes of data. Data is transferred out of MISO for
aread operation and into MOSI for a write operation. (See Fig-
ures 14 and 15.)

Address Byte

The address byte is always the first byte entered after SS
goes true. To transmit a new address. SS must first be brought
low and then taken high again.

iMAS781A6|A5|A4IA3|A2lA1lf:l

A7 — High initiates one or more write cycles. Low initiates one
or more read cycles.

AB — Must be low (zero) for normal operation

A5 — High signifies a clock/calendar location. Low signifies a
RAM location

AO-A4 — Remaining address bits. (See Figure 5.)

Address and Data

Data transfers can occur one byte at a time or in multi-byte
burst mode. (See Figures 16 and 17). After the MC68HC68T1
is enabled (SS = high}, an address byte selects either a read
or awrite of the Clock/Calendar or RAM. For a single-byte read
or write, one byte is transferred to or from the Clock/Calendar
register or RAM location specified by an address. Additional
reading or writing requires re-enabling the device and provid-
ing a new address byte. If the MC68HC68T1 is not disabled,
additional bytes can be read or written in a burst mode. Each
read or write cycle causes the Clock/Calendar register or RAM
address to automatically increment. Incrementing continues
after each byte transfer until the device is disabled. After incre-
menting to $1F or $9F, the address wraps to $00 and continues
if the RAM is selected. When the Clock/Calendar is selected,
the address wraps to $20 after incrementing to $32 or $B2.
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Ss _/
ws 7777777 L w T T T e L w L = 777

MsB LSB

*SCK can be either polarity

Figure 14. Address Byte Transfer Waveforms

SS \—
oo LT LT L L LU
MOSI/A T;B! D6 [ 05 l D4 | D3| b2 I o1 ] LsOB V//////////
wo 7] o T w [ o [ o [ w ] w5 777777777

"SCK can be either polarity.

Figure 15. Read/Write Data Transfer Waveforms

n s/ AN
L T

wre—{vos,/////// /] wooressovte | omere /7777 // /S S/

{08////////] woressene /7SS
MISO < DATA BYTE >_

Figure 16. Single-Byte Transfer Waveforms
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ss_/ \ \__
sox L T T LT
WR\TE—EOSI/// //A ADDRESS BYTE I DATA BYTE 0 I DATABYTE 1 b‘ DATABYTE n ]// / // /

1) R LN I

READ
MISO < DATABYTEOD X DATABYTE 1 Q DATABYTE n >——
ADDRESS BYTE —f T
W/R ADDRESS ADDRESS BYTE + 1
ADDRESS BYTE + n
Figure 17. Multiple-Byte Transter Waveforms
AC BRIDGE/
LINE REGULATOR L
T ; f
B 16 10 40
Vbp POR —f Vpp
¥y = 39
T o—2{ iFQ
M T ne Vsys 2
o L
VoD =
T %
.| MosBHCEET! MC88HCO5C4
[ S - __
VBATT CPUR |2 + Lol RESET ;
= I
ss Z g; PORT
SCK SCK
MOS! gt 32| mosi
miso 2 gl MiSO
XTAL IN
1]

NOTE: Clock circuit driven by line input frequency. Power-on reset circuit included to detect power failure.

Figure 18. Power-Always-On System
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—0
AC BRIOGE/ -
LINE REGULATOR !
A &
1 RCHARGE
== — AN
= L STRS
J—_ 13 16 10 40
——wm— = -
VBATT Vpp POR T Vb
14 -
12
I Vsys
- [ %
15 [ - 2 1RO
VoD
MC68HCE8T 1 % MCB8HC05C4
11 TRl 2 1 e
Y'Yy Y——— L Y CPUR + RESET
CLK OUT — ~ 39 gl 05C 1
S5 jaL 281 PORT (eg. PCO)
MisO —2 31 uf MISO
MOS! > 321 mosi
SCK fat 3 1 sex

NOTE: The LINE input pin can sense when the switch opens by use of the power sense interrupt. The MC68HCB8T1 crystal drives the clock
input to the CPU using the CLK OUT pin. On power down when Vgyg < VBATT + 0.7 V, VBATT powers the clock. A threshold detect
activates an on-chip p-channel switch, connecting VBATT to VpD- VBATT always supplies power to the oscillator, keeping voltage

frequency variation to a minimum.

POWER-DOWN PROCEDURE

A procedure for power-down operation consists of the
following:

1.

Set power sense operation by writing bit 5 high in the
interrupt control register.

When an interrupt occurs, the CPU reads the status
register to determine the interrupt source.

Sensing a power failure, the CPU does the necessary
housekeeping to prepare for shutdown.

The CPU reads the status register again after several
milliseconds to determine validity of power failure.

The CPU sets power down (bit 6) and disables all inter-
rupts in the interrupt control register when power down
is verified. This causes the CPU reset and Clock Out
pins to be held low and disconnects the serial interface.

When power returns and Vgyg rises above VBATT +
0.7 V power up is initiated. The CPU reset s released
and serial communication is established.
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Figure 20. Battery Back-Up System
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NOTE: The Vgyg and Line inputs can be used to sense the ignition turning on and off. An external switch is included to activate the sytem
without turning onthe ignition. Also, the CMOS CPU is not powered down with the system Vpp. butis heldin alow power reset mode
during power down. When restoring power, the MC68HC68T1 enables the CLK OUT pin and sets the PSE and CPUR pins high.

Figure 21. Automotive System
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