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Application Note 4
DS1213, DS1216, DS1613

SmartSocket/SmartWatch Options

SMARTSOCKET/SMARTWATCH OPTIONS
The DS1213 SmartSocket, DS1613 Partitionable
SmartSocket, and DS1216 SmartWatch product fami-
lies are designed to accept several user modifications.
Please review the DS1213, DS1613, and DS1216 data
sheets for normal operation before modification.

DS1213 AND DS1613 SMARTSOCKET

OPTIONS
(Reference Figure 1)

Option 1: Power Supply Tolerance

The standard DS1213 and DS1613 socket products are
manufactured such that power—fail detection occurs
between 4.75 volts and 4.50 volts, giving a 5% supply
operating range. This range can be changed to a 10%
supply with power—fail detection occurring between
4.50 volts and 4.25 volts. Follow the procedure below:

® cut metal trace labeled “TOL”
® short together metal tabs labeled “T”

Option 2: Density Upgrade

This option applies to the DS1213B and DS1213D
SmartSockets only. The DS1213B can be upgraded
from 8K x 8 to 32K x 8 memory and the DS1213D canbe
upgraded from 128K x 8 to 512K x 8 memory by per-
forming the following:

e cut metal traces identified by a hash mark labeled “U”
® short together square metal pads labeled “G”

DS1216 SMARTWATCH OPTIONS
(Reference Figure 2)

Option 1: RESET Disconnect

All DS1216 SmartWatch sockets are manufactured
such thatthe RST signal to the real-time clock s located
at pin 1 of the socket. If for a given application the
RESET signal is not required, or not desired, this signal
can be permanently disconnected as follows:

e cut metal trace labeled “RES”

Nntian 2« Nancitu Hlnarada
VPLUUIT £. WUTHIDILYy Upyiaus

This option applies to the DS1216B and DS1216D
SmartWatch sockets only. As with the DS1213B and
DS1213D, the DS1216B and DS1216D can be
upgraded from 8K x 8 to 32K x 8 memory and 128K x 8 to
512K x 8 respectively as follows:

® cut metal traces identified by a hash mark labeled “U”
® short together square metal pads labeled “G”
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DS1213 AND DS1613 SMARTSOCKET FAMILY Figure 1

DS1213B

DS1213C

DS1213D
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DS1213 AND DS1613 SMARTSOCKET FAMILY Figure 1 (cont'd)

DS1613D
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DS1216 SMARTWATCH FAMILY Figure 2
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DS1216 SMARTWATCH FAMILY Figure 2 (cont'd)
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Application Note 30
Recording Power Cycling

Information Using the DS1602/DS1603

PIN ASSIGNMENT

Veo | @ O 1

RST 0o

pQ O s

NC O 4

CLK Os

osc 0O s

GND [

DS1603 MODULE
ﬁﬁ[: 1 8 .j Vee
pa([] 2 7 [ xi RSTOM 1~ 8gm Vec
paog2 7fm X1

o} 3 GEXZ clkofd 3 efm X2
GND [ 4 5 Vear GNDOO 4 50D Vpar

DS1602 DS1602S

8 PIN DIP (300 mil) 8 PIN SOIC (200 mil)
DESCRIPTION

The DS1602 and DS1603 from Dallas Semiconductor
offer a simplified hardware solution for keeping time as
well as tracking powered up time of a system. The
DS 1602 and DS1603 can be read and written directly by
a microprocessor or microcontroller using simple soft-
ware; however, a more creative software algorithm can
be used to track years, months, days, day of week, time
of day, etc. In addition, power—up time and number of
power—up cycles can aiso be tracked using the
DS1602/DS1603 with appropriate software.

The continuous counter and power—on counter in the
DS1602/DS1603 are 32-bit counters which count in

seconds and can be read and written through the
DS1602/DS1603 3—wire serial interface. For the most
basic implementation

1. the continuous counter will be set once and leftto in-
crement until it reaches its maximum value;

2. the powered up counter will be initially cleared once,
and left to increment until it reaches its maximum
value.

With these two assumptions, each counter has the abil-
ity to count up to a maximum value of (232—-1) seconds,
or 4.29 x 109 seconds (about 136 years).

For a system that needs 100+ years of continuous time-
keeping ability, the entire 32—bit counters may be re-
quired; but for users where the maximum continuous
counter time required could be about 5 years, the un-
used counter bits space can be put to better use as
memory bits for storing power—up cycling information.

As seenin Figure 1, DS1602/DS1603 can be partitioned
to provide a continuous time counter and a power—up
time counter with the capability to count up to 4.75
years, leaving the remaining higher bits of the counter

availahle asg a read/write nonvolatile memonry.
avatabie as a reac/wriie nonvoiatlie memeory.

The software implementation requires the use of three
registers so a third register must be mapped into the
available two as in Figure 1

An example of how the counters may be used to accom-
plish this task follows.

MAPPING THREE REGISTERS ONTO TWO Figure 1

NO OF POWER—UP CONTINUOUS NO. OF POWER-UP| POWERED UP
CYCLES X 128 TIME CYCLES TIME
U u I |
NO. OF POWER-UP CONTINUOUS POWERED UP
CYCLES TIME TIME

right 1995 by Dallas Semiconductor Corporation.
A!I Rights Rese: For important information regarding
patents and other intellectual pmperty rights, please refer to
Dallas Semiconductor data books.
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CONTINUOUS COUNTER MAP
Bits 1-24: Remain as continuous timebase measure-
ment, up to 16.7 x 106 seconds or 0.53 years.

Bit 25: Buffer or overflow bit; for when the continuous
time counter reaches its maximum value and has not
been read and reset by the processor. This bit also
serves to separate the counter part of the register from
the part which will be used as memory bits.

Bits 26—28: Number of years continuous time has been
running, x 0.53.

Bits 29-32: Number of power cycles x 128. These four
bits serve as a register which is incremented once for
each full count reached in bits 26—32 of the power-up
counter.

POWERED UP COUNTER MAP
Bits 1-24: Remain as nonvolatile seconds measure-

mant of nowarad 1in saconds staring un ta 18 7 v 106
s ui VUVVUlVU U'-l POUVUVIIUD, Swin lu UP W iu./r A IV

seconds, or 0.53 years.

Bit 25: Buffer or overflow bit; for when the power-up
counter reaches its maximum value and has not been
read and reset by the processor. This bit also serves to
separate the counter part of the register from the part
which will be used as memory bits.

Bits 26—-32: The high seven bits of the power-up counter
are the 1-127 count storage area for the number of pow-
er—up cycles the DS1602 or DS1603 has seen.

FOR CONTINUOUS TIME TRACKING Figure 2

BUFFER
YEARS BIT
NO. OF POWER X
CYCLES X 128 0.53

NN "

With this discipline and the proper software algorithms
in place, the DS1602 or DS1603, power—on time and
continuous time are maintained by the
DS1602/DS1603's self-contained counters while the
number of power—up cycles and years of elapsed time x
0.53 is maintained in the higher order bits of the count-
ers which are used as memory.

This implementation requires that a microcontroller
must be prepared to read/write the DS1602 or DS1603
at least once every year.

For Continuous Time Tracking

When the lower 24 bits of the continuous counter have
exceeded 0.53 years and set bit 25 to 1, the controller
must read the continuous counter, determine the status
of bit 25, and if 1, clear the bit and increment the value in
bits 26—28 by one half year. If bit 25 is not set, the lower
24 bits of the register have yet to reach 0.53 years and
can continue counting.

Once the value in bits 26-28 has reached 111, or 7 x
0.53 years, the continuous time counter can continue to
count up to 1.06 years in the lower 24 bits plus the over-
flow of 0.53 in bit 25 for a maximum value of 9 x 0.53
years.

0.53 YEARS IN SECONDS, OR 16.7 X 106 SECONDS

LITT T T [cloIn[T]i[NJulofuls] [ [cloJulNIT[ETRT [ T T [ T 1]

LIT LT[ [rlojwelrie[o] Julp] [ [clofu[N[T]e[R] [T [T T[]

7-BIT POWER-UP |
'YCLE COUNTER
c v BUFFER

BIT

0.53 YEARS IN SECONDS, OR 16.7 X 106 SECONDS

090794 2/3
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For Power-up Time Tracking the value in external memory so that the power—up
When the lower 24 bits of the power—up counter have counter can continue to count. The maximum power—up
exceeded 0.53 years and set bit 25 of the counter to 1, time that can be stored in this way is 2 x 0.53 years within

the controller must read the power—up counter, deter- the DS1602/DS1603.
mine the status of bit 25, and if 1, clear the bit and store

FOR POWER-UP TIME TRACKING Figure 3

BUFFER
YEARS BIT
NO. OF POWER X |

CYCLES X 128 0.53 0.53 YEARS IN SECONDS, OR 16.7 X 10 SECONDS

N

"
[[TT T T IcloInTrrInJufofuls] | [clo[uN[TIE[R] [ T [ T T[]

[T T T T T TplolwelrTelD] Tulp] T [clofulN[T]e[R[ [ [ [ [ [ |
v
7-BIT POWER-UP | 0.53 YEARS IN SECONDS, OR 16.7 X 106 SECONDS
CYCLE COUNTER oo
BIT
For Number of Power-up Cycles Tracking 1111111, then the controller must increment the value

Performing this function with the DS1603 or DS1602 is and write it back to the seven higher order bits. If the val-
primarily a software task. When originally written with a ue in the higher order bits is 1111111, the controller must
start value or cleared, bits 25-32 of the power—up set the value of 0000000, read the value in the high four
counter must be set to 0. Upon each power—up thereaf- bits of the continuous time counter, increment it by one,
ter, the controller or processor connected to the DS1603 and write the new value back to the high four bits. Using
must read the power—up counter and examine the value this software algorithm, the DS1603 or DS1602 can be
stored in the high seven bits. If the value is less than used to record and store up to 2,047 power cycles.

FOR NUMBER OF POWER-UP CYCLES TRACKING Figure 4

BUFFER
YEARS BIT
NO. OF POWER X
CYCLES X 128 0.53 i 0.53 YEARS IN SECONDS, OR 16.7 X 106 SECONDS
LT T T T 1 IcloInrliinfuloluls] | [clojuiniTlelr] [ [ I [ T 1]

LITTTT [rlojwelrlelp] [ulp[ | [clofulnjT]elr] | | | [ [ ]

7-BIT POWER-UP | 0.53 YEARS IN SECONDS, OR 16.7 X 106 SECONDS
CYCLE COUNTER
BUFFER

BIT
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Using the Dallas Phantom Real Time Clocks

DESCRIPTION

The Dallas Phantom Real Time Clocks are a family of
devices that offer the combination of a transparent
CMOS timekeeper and a nonvolatile static RAM meet-
ing the standard JEDEC bytewide pinouts. Some vari-
eties of the Dallas Phantom Real Time Clocks also pro-
vide a transparent CMOS timekeeper for use with ROM.
The timekeeper is transparent to the RAM/ROM
memory map because it does not occupy any of the
existing RAM/ROM locations. These devices are
termed “Phantom” because the timekeeper is accessed

anly whan o nradatarminad GA_hit natarn has haan
Uity wWITIT a pIgUcLoiiiiicu US—UIL pauciil ias uccit

received by the device. When the timekeeper is not
being accessed, the RAM/ROM can be accessed nor-
mally. The timekeeper keeps track of hundredths of
seconds, seconds, minutes, hours, day, date, month,
and year information. In the absence of power, a lithium
energy source maintains the timekeeping operation and
retains data in the CMOS static RAM.

FAMILY OVERVIEW

DS1215

The heart of the Dallas Phantom Real Time Clock family
is the DS1215 Phantom Time Chip. This integrated cir-
cuit is a combination of a CMOS timekeeper and a non-
volatile memory controller. In the absence of power, an
external battery maintains the timekeeping operation
and retains data in the CMOS static RAM. The watch
keeps track of hundredths of seconds, seconds, min-
utes, hours, day, date, month, and year information.
The last day of the month is automatically adjusted for
months with less than 31 days, including correction for
leap year every four years. The real time clock operates
in one of two formats: 12—hour mode with an AM/PM
indicator or a 24—-hour mode . The nonvolatile controller
supplies all the necessary support circuitry to convert a
CMOS RAM to a nonvolatile memory. The DS1215 can
also be used to provide timekeeping functions with
ROM.

DS1216

Stemming from the DS1215 are the DS1216 Smart-
Watch Intelligent Sockets. The SmartWatch is a 600
MIL wide DIP socket with a built-in DS1215 (providing
timekeeping functions and a nonvolatile RAM control-
ler), an embedded lithium energy source, and a 32.768
kHz crystal. When the socket is mated with a bytewide
CMOS static RAM, it provides a complete solution to
problems associated with memory volatility and uses a
common energy source to maintain time and date. The
DS1216 can also be mated with a ROM to provide time-

leaaninm annmahilihu Aanly Cimiivan and D ahawstha lhaaia
Reeping bapaulllly Ullly F |9ulvc 1 and 2 show the basic

interface of a SmartWatch with RAM inserted and a
SmartWatch with ROM inserted, respectively.

DS1243Y, DS1244Y, DS1248Y

The DS124x Nonvolatile SRAM with Phantom Time
Clock modules are the final members of the Dallas
Phantom Real Time Clock family. These devices are
fully nonvolatile static RAM with a built-in Phantom
clock, embedded lithium energy source, and 32.768
kHz crystal. These devices operate identical to a
DS1216 with a RAM inserted. The DS124x Nonvolatile
SRAM with Phantom Time Clock modules will maintain
over 10 years of data retention in the absence of power.

Perhaps the best way to sum up the Dallas Phantom
Real Time Clock family is as follows. The DS1215
Phantom Time Chip is the basic building block that pro-
vides timekeeping and a nonvolatile memory controller.
The DS1216 then adds a crystal and lithium energy
source to the DS1215 and encapsulates them all in a
socket that will accept either a RAM or a ROM. Finally,
the DS124x modules contain both nonvolatile RAM and
timekeeping features in a ready—to—use package.

The entire Dallas Phantom Real Time Clock family is
shown in Table 1.

022394 1/13

©Copyright 1995 by Dallas Semiconductor Corporation.

All Rights Reserved. For important information regarding
patents and other intellectual pr@ﬂy rights, please refer to
Nallas Semirnndiintar data hnnlke



APPLICATION NOTE 52

Table 1
DS1215 Phantom Time Chip
DS1216B SmartWatch/RAM 16K/64K
DS1216C SmartWatch/RAM 64K/256K
DS1216D SmartWatch/RAM 256K/1M
DS1216E SmartWatch/ROM 64K/256K
DS1216F SmartWatch/ROM 64K/256K/1M
DS1243Y 64K NV SRAM with Phantom Clock
DS1244Y 256K NV SRAM with Phantom Clock
DS1248Y 1024K NV SRAM with Phantom Clock
APPLICATION used for the DS1216 SmartWatch/RAM and the

The Dallas Phantom Real Time Clock family offers two
features that will greatly enhance a system. The first
feature is nonvolatile RAM capability. The second fea-
ture is that the Phantom Clock s transparent to the RAM
and therefore timekeeping capacity can be added to a
system without changing the existing hardware. All that
is required is an existing bytewide memory socket. The
retrofit capability is maximized through the transparent
interfaces supporied by the Phantom Time Chip. Aiso
advantageous to the designer is that an upgrade path is
provided to higher RAM densities with the DS124x mod-
ules or to higher RAM/ROM densities with the DS1216.

It should be mentioned that there is some software over-
head that is associated with having timekeeping func-
tions that are transparent to RAM as will be discussedin
detail below. If it is determined that a transparent clock
is not necessary, then the DS164x Nonvolatile Time-
keeping RAM family could offer an excellent solution to
your timekeeping and nonvolatile SRAM needs. These
offer nonvolatile SRAM with the Real Time Clock regis-
ters located in the RAM address space. Another pos-
sible solution are the DS1386 or DS1486 RAMified
Watchdog Timekeepers which offer nonvolatile RAM
and Real Time Clock as well as a few extra features
including alarm function and Watchdog timer.

OPERATION

Nonvolatile RAM Operation

One important feature of the Dallas Phantom Real Time
Clocks is that the nonvolatile RAM can be used to store
system configuration data and since the clock is trans-
parent to the RAM, no memory is lost to timekeeping
needs. When the Phantom Clock is not accessed, the
CE signal is passed on to the chip enable of the memory.
Reading and writing to the RAM is identical to that of a
standard RAM chip. Figure 1 illustrates a typical RAM/
Time Chip interface. Note that this is the basic interface

DS124x.

The Phantom Real Time Clock family performs circuit
functions required to make a CMOS RAM nonvolatile.
First, a switch is provided to direct power from the bat-
tery or V¢ supply depending on which is greater. The
second function provided is power—fail detection. Pow-
er—fail detection occurs when V¢g) falls below V-rp,
1.26 x Vgat When V) goes ouit of
tolerance, a comparator outputs a power—fail signal to
the chip enable logic. The third function accomplishes
write protection by holding the chip enable signal to the
memory (CEO) within 0.2 volts of V¢ or battery as long
as Vg isoutof tolerance. During nominal power supply
conditions the memory chip enable signal (CEO) will
track the chip enable signal (CEI) sent to the socket with
a maximum propagation delay of 20 ns.

which is equal to 1.26

Finally, an important consideration when using the
DS1216 is to select a RAM that draws no more than a
maximum of 1 pA. If the RAM data retention current is
largerthan 1 pA, the device will not meet the data reten-
tion expectations of more than 10 years at 25°C. In the
10 year data retention calculation for the DS1216, it is
assumed that system power will be on 20% of the time.
Perhaps the best way to insure that a data retention of
10 years at 25°C is met is to use one of the DS124x
modules with self-contained nonvolatiie RAM. The
DS124x modules will insure data retention for 10 years
regardless of how often the system power is on.

ROM Operation

The DS1215 and DS1216(E/F) can also be used in con-
junction with a ROM. A typical ROM/Time Chip inter-
face is illustrated in Figure 2. In this configuration, the
ROM/RAM pin is connected to Voo to select the ROM
mode of operation. Since ROM is a read—only device
that retains data in the absence of power, battery

1
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back-up and write protection is not required. As a
result, the chip enable logic will force CEO low when
power fails. The real time clock does retain the same
internal nonvolatility and write protection as describedin
the RAM mode.

Real Time Clock Operation

The block diagram of Figure 3 illustrates the main ele-
ments of the Phantom Clock. Communication with the
Phantom Clock is established by pattern recognition of
a serial bit stream of 64 bits which must be matched by
executing 64 consecutive write cycles containing the
proper write data as shown in Figure 4. All accesses
which occur prior to recognition of the 64-bit pattern are
directed to memory via the chip enable output pin
(CEO). After recognition is established, the next 64
read or write cycles either extract or update data in the
Phantom Clock and CEO remains high during this time,
disabling the connected memory.

Data transfer to and from the Phantom Clock is accom-
plished with a serial bit stream under the control of chip
enable input (CEI), output enable (OE), and write
enable (WE). Initially, a read cycle using the CEland OE
control of the Phantom Clock starts the pattern recogni-
tion sequence by moving a pointer to the first bit of the
64—bit comparison register. Next, 64 consecutive write
cycles are executed using the CEl and WE control of the
Phantom Clock. These 64 write cycles are used only to
gain access to the Phantom Clock. However, the write
cycles generated to gain access to the Phantom Clock
are also writing data to a location in the mated RAM.
The preferred way to manage this requirement is to set
aside just one address location in RAM as a scratch pad
for the Phantom Clock.

When the first write cycle is executed, it is compared to
bit 0 of the 64—bit comparison register. If a match is
found, the pointer increments to the next location of the
comparison register and awaits the next write cycle. If a
match is not found, the pointer does not advance and all
subsequent write cycles are ignored until a read cycle is
encountered which resets the comparison register
pointer to the beginning of the 64-bit comparison reg-
ister. If a read cycle occurs at any time during the pat-
tern recognition process, the present sequence is
aborted and the comparison register pointer is reset.
Pattern recognition continues for a total of 64 write
cycles as described above until all the bits in the com-
parison register have been matched (this bit pattern is

shown in Figure 4). With a correct match of the 64 bits,
the Phantom Clock is enabled and data transfer to or
from the timekeeping registers can proceed.

The next 64 cycles will cause the Phantom Clock to
eitherreceive or transmit data, depending on the level of
the OE pin or the WE pin. Data will either be written to or
read from the eight Phantom Clock registers shown in
Figure 5. Cycles to other locations outside the memory
block can be interleaved with CE cycles without inter-
rupting the pattern recognition sequence or data trans-
fer sequence to the Phantom Clock.

Figure 6 offers an example of pseudo code for both
accessing the Phantom Clock embedded in a RAM
through pattern recognition and interfacing with the
clock registers. Another source code example is given
in Figure 7. This code is used for interfacing with the
8051 microcontroller. Also, refer to the data book for
timing diagrams for both read and write cycles.

Interfacing the Phantom Time Clock with a ROM is
somewhat different from that of a RAM. This is due to
the fact that no writes are made to a ROM. Since there
are no WE or data in signals associated with the ROM,
the Phantom Time Clock instead uses two address lines
to access the real time clock as can be seen in Figure 2.

In summary, the operation of the Phantom Clocks is
best defined as operating in two different modes. The
first being the pattern match mode. In this mode, the
Phantom Clock is transparent to the system yet moni-
tors communication to the RAM waiting for a match of
it's 64—bit access pattern. When the 64-bit access pat-
tern has been written, the Phantom Clocks enter the
clock access mode. In this mode, the eight phantom
clock registers are available to be written or read and will
stay in this mode until all eight registers have been
accessed, until a reset has been executed, or until a
power fail.

TROUBLESHOOTING

The Dallas Phantom Real Time Clocks have proven to
be highly reliable and meet the published specifications.
However, in the course of development, several com-
mon difficulties could be experienced. To reduce these
difficulties, Dallas Semiconductor has gathered the
common difficulties and pitfalls into a troubleshooting
guide to assist users.

022394 3/13
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COMMON DIFFICULTIES

Cannot Access Clock Registers

Several items can cause this phenomena.

1. Comparison register pointer has has not been set to
the first bit. The Phantom Real Time Clock hides
behind the SRAM and waits for a match to it’s 64-bit
access pattern. In this mode (the pattern match
mode), every write operation to the RAM will be
interpreted as an attempt to match the access pat-
tern by matching the value written to DQO (D for the
DS1215) to the pattern bit pointed to by the pattern
match pointer. It is possible that a partial match of
the pattern can occur during normal operation of a
system. It is best to assume that there is a partial
match of the access pattern and that the comparison
register pointer is not pointing to the first bit of the
maitch pattern. Therefore, the comparison register
pointer must be reset to the first pattern bit before
writing the match pattern. This is accomplished by
performing one read operation of the RAM before
writing the match pattern.

Device is in clock access mode after system reset or
interrupt. Itis possible that during the course of pre-
vious operation, the Phantom Clock had been
accessed, but had not gone back into pattern match
mode before a system reset or interrupt occurred.
In other words, data bits would be written to or read
from the Phantom Clock registers rather than the
RAM. A solution to this problem is to execute 65
consecutive read cycles immediately after an inter-
rupt or system reset. This will insure that the device
is taken out of the clock access mode (by reading a
maximum of 64 bits) and will reset the comparison
register pointer.

3. Access pattern has been input in reverse order.
insure that the pattern is input in the following order.
Start with bit 0 of byte 0 continuing to bit 7 of byte 7.

4. Device is being reset. Insure that the device is not
accidentally being reset. This can especially be a
problem with the DS1216C, DS1216D, and
DS1244Y where the reset pin is shared with an
address pin. In this situation, that particular address
line must never be taken low unless the reset bit
(byte 4, bit 4) of the Phantom Clock is disabled,

otherwise the device will be reset and the data trans-
fer will be aborted.

5. Device is in constant write protect mode. If only one
battery is being used forthe DS1215, ensure thatthe
BAT2 pin is grounded. If this pin remains floating it
is possible that the device will think that a power—fail
condition has occurred. This is due to the method in
which power—fail is detected. A power—fail is deter-
mined to have occurred when Vg is less than V1p,
which is equal to 1.26 x Vgar- If Va2 is floating, it
is possible that the node could float to a value such
that V1p is equal to Ve and thus the device will
always be in a write protect mode.

Device Will Not Oscillate
illator enable bit is disabled. Insure that the
oscillator enable bit (bit 5 of byte 4) is at logic 0.

2. Wrong crystal used (DS1215). Insure that the cor-
rect crystal is being used. ltis very important thata
crystal with a load capacitance of 6 pF is used. Dal-
las Semiconductor recommends Seiko part number
DS-VT-200, Daiwa part number DT—26S, or equiv-
alent.

3. Poor crystal connection (DS1215). To insure the

greatest performance, insure that the crystal is
placed as close as possible to the crystal input pins.
It should also be mentioned that the DS1215 does
not require load capacitors or feedback resistors.

Note: It should also be mentioned that it is difficult to
determine if the device is oscillating by trying to mea-
sure the frequency with an oscilloscope probe. This is
because of the loading caused by the scope probe
which can kill the oscillator.

Timekeeping Inaccurate

1. Input pins driven higher than Vgc. It is very impor-
tant to insure that input pins never go above Vgc. If
any input is allowed to go above Vg, it is possible
that the oscillator may be briefly stopped which will
cause the device to lose time.

2. Wrong crystal used (DS1215). For best accuracy,
insure that the correct crystal is used.

13
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RAM is Losing Data when Powered Down
This problem can occur especially in NMOS processors
which become unstable at a higher voltage than CMOS
processors. This problem manifests itself inthe method
in which power—fail is determined. Write protection is
asserted when V¢ drops below Vyp, which is equal to
1.26 x VaT- Typically, the battery has a voltage of ~3.0V
which leads to a V1p of 3.78V. Therefore, in a power—
down situation, if the processor becomes unstable at a
V¢ of greater than ~3.78V (which is often the case for
an NMOS processor), a spurious write cycle could cor-
rupt the data in the Phantom Clock. The solution to this
problem s to ensure that the processor is reset before it
becomes unstable and thus prevent any unwanted
writes from being executed. This can be accomplished
by monitoring Vcc by one of Dallas Semiconductor’s
power monitors (the DS123x family) which generate a
reset signal when Vg is out of tolerance.

Cannot Read Consecutive Hundredths of
Seconds

It is not possible to read consecutive hundredths of
seconds because the access time to read the clock reg-
isters is too long.

COMMON PITFALLS

1. Device needs separate read and write signals. The
Dallas Phantom Real Time Clocks were designed
with Intel timing in mind. Therefore it is necessary
to have separate read and write signals. Itshould be
further stressed that simply complementing one sig-
nalto arrive atthe other is not sufficient because this
will cause the pattern match pointer to be reset dur-
ing each write cycle since the OE signal will toggle
whenever the WE signal toggles.

2. Battery attachment (DS1215). Any battery attached

tothe BAT1 or BAT2 pins must be connected directly
to the pin. It should be noted that a diode should not
be connected between the battery input pin and the
battery. This is not necessary because internal
reverse charging current protection circuitry is pro-
vided and is UL recognized (#£99151).

3. ROM/RAM pin (DS1215). Insure thatthe ROM/RAM
pin is set to the correct value.

4. Readingand writing to clock registers. Itis important

that all 64 bits be read or written to when the clock
registers have been accessed. If this is not done,
the device will remain in the clock access mode.

5. Do not water wash DS1216 Intelligent Sockets.

Water washing for flux removal must not be per-
formed on the DS1216 Intelligent Sockets because
contaminants in the water can cause discharging of
the internal lithium energy source.

6. Crystal selection (DS1215). A 32.768 kHz quartz
crystal, Seiko part number DS-VT-200, Daiwa part

number DT-26S, or equivalent should be used. The
crystal selected for use must have a specified load
capacitance of 6 pF. The use of an incorrect crystal
can kill the oscillator or cause accuracy problems.
Also, the use of an external trim capacitor to adjust
the oscillator is discouraged.

Itis recommended that one of the Dallas SmartWatch or
Nonvolatile SRAM with Phantom Time Clock devices be
selected for the highest accuracy (+1 minute/month).

022394 5/13
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RAM/TIME CHIP INTERFACE Figure 1
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TIMING BLOCK DIAGRAM Figure 3
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TIME CHIP COMPARISON REGISTER DEFINITION Figure 4

VATUE
7 6 5 4 3 2 1 0
BYTE O ——l 1 1 0 0 0 1 0 1 JQ—— Cs
BYTE 1 —-{ ] 0 1 1 1 0 1 0 |<— 3A
BYTE 2 —l 1 0 1 0 0 0 1 1 }4— A3
BYTE 3 ——-I 0 1 0 1 1 1 0 (jq— 5C
BYTE 4 ———-—l 1 1 0 0 0 1 0 1 L— C5
| 1
BYTE S ——{ 0 0 1 1 1 0 1 0 14— 3A
BYTE 6 A——‘ 1 0 1 0 0 0 1 1 }1— A3
BYTE 7 l 0 1 0 1 1 1 0 0 *4— 5C
NOTE:

The pattern recognition in Hexis C5, 3A, A3, 5C, C5, 3A, A3, 5C. The odds of this pattern being accidentally duplicated
and causing inadvertent entry to the Time Chip are less than 1 in 1079, This pattern is sent to the Phantom Clock
LSB to MSB.

022394 8/13
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TIME CHIP REGISTER DEFINITION Figure 5

REGISTER RANGE
(BCD)
7 6 5 4 3 2 1 0
0 0.1 SEC 0.01 SEC l«—— 00-99
1 0 10 SEC SECONDS 00-59
2 0 10 MIN MINUTES - 00-59
3 12/24 0 10 HR HOUR 01-12
AP 00-23
4 0 0 0sC RST 0 DAY 01-07
5 0 0 10 DATE DATE - 01-31
6 0 0 0 10 MONTH - 01-12
MONTH
7 10 YEAR YEAR 00-99
022394 9/13
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PSEUDO CODE Figure 6

* This code will access the Phantom Time Clock by sending the 64-bit *
* access pattern. Then the time data will be written to the clock and *
* finally the Phantom Time Clock will be accessed again and it will be *

* read. The time information to be written is 12:00 PM Wednesday, *

* January 1, 1992. Also note that the oscillator has been enabled and *

* reset has been disabled. *

A Array[0..7] = (C5, 3A, A3, 5C, C5, 3A, A3, 5C) (access pattern)

T Array[0..7]1 = (00, 00, 00, B2, 14, 01, 01, 92) (time data)

X Byte at 1000 (memory location 1000H)
D Array [0..7]

s Byte

* Send access pattern to Phantom Time Clock *

FOR I = 0 TO 64 S = x (perform 65 consecutive reads from x)
FOR I = 0 TO 7 (loop for 8 bytes)
FOR J = 0 TO 7 (loop for 8 bits)
X = A[I] SHR J (write to X, shift bits right J)
NEXT J
NEXT I

* Write time data to Phantom Time Clock registers *

FOR I = 0 TO 7 (loop for 8 bytes)
FOR J = 0 TO 7 (loop for 8 bits)
X = T[I] SHR J (write to X, shift bits right J)
NEXT J

* Send access pattern to Phantom Time Clock *

FOR I =0 TO 64 S =X (perform 65 consecutive reads from X)
FOR I = 0 TO 7 (loop for 8 bytes)
FOR J = 0 TO 7 (loop for 8 bits)
X = A[I] SHR J
NEXT J
NEXT I

* Read Phantom Time Clock registers *

FOR I = 0 TO 7 (loop for 8 bytes)
D[I] = O (initiate the byte)
FOR J = 0 TO 7 (loop for 8 bits)
D[I] = D[I] or (X and 1) SHL J (position bits in byte)
NEXT J
NEXT I

022394 10/13
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EXAMPLE SOURCE CODE FOR 8051 MICROCONTROLLER Figure 7

; 8051CODE.DOC
; RTC procedure to access the DS1215 Serial Timekeeper, or DS1216
; SmartWatch using 8031, 8051 or 80C196
BIT_SEG SEGMENT BIT
RSEG BITSEG

WF: DBIT 1
BYTE_SEG SEGMENT DATA
RSEG BYTE_SEG

BUFF: DS 8 ;Centi-sec: 00-99
H ;Seconds: 00-59
; ;Minutes: 00-59
; ;Hours: 01-12 / 00-23
; ;Day:1nHEX % RST off, n=DAY# 01-07
H ;Date: 01-31
; ;Month: 01-12
: ;Year: 00-99
CODESEG SEGMENT CODE
RSEG CODE_SEG

sk khkkkhkhkhkhkkkhkkhkhkhkhkdkkhkhkkk*k
7

; *** MAIN PROGRAM GOES HERE

;**************************

; Main program SETS WF for Read Mode and on return from RTC the BUFF will
; contain the 8 bytes of data read from the clock. If WF is CLEARED then
; RTC will return after writing the 8 byte BUFF to the clock.

; NOTE !!! : Refer to the DS1215 (RAM MODE) or DS1216 data sheet.
RTC: PUSH PSW ;Save user registers.
PUSH ACC
PUSH B
MOV B, RO
PUSH B
MOV RO, #BUFF ;Load pointer to start of table.
LCALL OPEN ;Set up to open the DS1216.
MOV B, #8H ;Load loop counter for 8 bytes.
JNB WF, WRITETIME ;Read/Write mode check.
;
READTIME: LCALL RBYTE ;Read one byte.
MOV @RO, A ;Save in RTn temporary register.
INC RO ; Temporary data register pointer.
DJINZ B, READTIME ;Loop to read 8 bytes.
SJIMP ENDTIME ;Done reading goto finish.
WRITETIME: MOV A, @RO ;Load byte of data to be written.
LCALL WBYTE ;Write one byte.
INC RO ;Temporary data register pointer.
DJINZ B, WRITETIME ;Loop to write 8 bytes.

022394 11/13
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7

ENDTIME: POP B ;Restore registers.
MOV RO, B
POP B
POP ACC
POP PSW
RET ;Return to main calling program.

ckkkhkhkhkk kKA Ak Ak hkhhkhkhkhkhkrk kA hkhkhkkhkkdrhddxkkx
i

; SUBROUTINE TO OPEN THE CLOCK/CALENDAR

LR R EE RS E R R RS EE R R R R R
i

; This subroutine executes the sequence of reads and writes which
; is required in order to open communication with the timekeeper.

OPEN: LCALL CLOSE ;Make sure it is closed.
MOV B, #4 ;Set pattern period count.
MOV A, #O0C5H ;Load first byte of pattern.
OPENA: LCALL WBYTE ;Send out the byte.
XRL A, #OFFH ;Generate next pattern byte.
LCALL WBYTE ;Send out the byte.
SWAP A ;Generate next pattern byte.
DJNZ ' B, OPENA ;Repeat until 8 bytes sent.
RET ;Return.

chkhkkhkhkkhkkhkhkhkhkhkhhkdhkhkhkkhkkdhhhdhkhkx*x
7

; *** SUBROUTINE TO CLOSE CLOCK

AETETETEEETEE SRS SRS SRS SR AR SRS S S S
7

; This subroutine insures that the registers of the timekeeper
; are closed by executing 72 successive reads of the date and time
; registers.

’

CLOSE: MOV B, #9 ;Set up to read 9 bytes.
CLOSEA: LCALL RBYTE ;Read a byte.
DJINZ B, CLOSEA ;Loop for 9 byte reads.
RET ;Return

i
;***********************************

:***% SUBROUTINE TO READ A DATA BYTE

ckkkkkkkkhkkhdkkkkkkhdhkkkkrkkrdhkhxkhkhx
7

7

RBYTE: PUSH DPL ;Save the data
PUSH DPH ; pointer on stack.
PUSH B ;Save the B register.
MOV DPTR, #RTCADDR ;Enable the clock.
MOV B, #8 ;Set the bit count.

022394 12/13
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LI:

;
i

’

;***********************************

;*** SUBROUTINE TO WRITE A DATA BYTE

shkhkkhkhkkhkhhdhhhhhk kA kA kA Ak A rhhkhkdkrhkk
7

7

WBYTE:

LO:

;

sk hkhkhkhkkkkokokokokkkk
7

PUSH
MOVX
RRC
POP
RRC
DJINZ
POP
POP
POP
RET

PUSH
PUSH
PUSH
MOV
MOV
PUSH
ANL
MOVX
POP
RR
DJINZ
POP
POP
POP
RET

;END OF PROGRAM

;***************

END

ACC
A, @DPTR

ACC

DPH
DPL

DPL

DPH

B

DPTR, #RTCADDR
B, #8
ACC

A, #1
@DPTR, A
ACC

A

B, LO

B

DPH

DPL

;Save the accumulator.
;Input the data bit.
;Move it to carry.

;Get the accumulator.
;Save the data bit.
;Loop for a whole byte.
;Restore the B register.
;Restore the data

; pointer from stack.
;Return.

;Save the data

; pointer on stack.
;Save the B register.
;Enable the clock.

;Set the bit count.
;Save the accumulator.
;Set up bit for output.
;Output the data bit.
;Restore the accumulator.
;Position next bit.
;Loop for a whole byte.
;Restore the B register.
;Restore the data

; pointer from stack.
;Return.

;End of program.

022394 13/13
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DALLAS

SEMICONDUCTOR

Application Note 58

Crystal Considerations with Dallas

Real Time Clocks

Dallas Semiconductor offers a variety of real time clocks
(RTCs). The majority of these are available either as
integrated circuits or modules. Modules include a real—
time clock integrated circuit, crystal, and lithium energy
source encapsulated in one package.

This application note is intended to help those custom-
ers who choose to use Dallas Semiconductor real time
clock chips rather than modules and therefore need to
attach their own crystal. The information contained in
this article will be beneficial in maximizing accuracy and
insuring proper operation of Dallas real time clocks by
helping the customer to select the correct crystal to use
and by providing a few basic guidelines that should be
followed when placing the crystal on a PCB layout. This
application note will also include an elementary discus-
sion of the effect of temperature on the accuracy of real
time clocks.

CRYSTAL SELECTION

In any crystal based oscillator circuit, the oscillator fre-
quency is based almost entirely on the characteristics of
the crystal that is used. Itis important to select a crystal
that meets the design requirements. In particular, the
specified load capacitance (C) is a critical crystal
parameter that is often overlooked. This parameter
specifies the capacitive load that must be placed across
the crystal pins in order for the crystal to oscillate at its
specified frequency. The crystal manufacturer actually
“trims” the crystal to oscillate at its nominal frequency for
the given specified load capacitance. Note thatthe C is
the capacitance that the crystal needs to “see” from the
oscillator circuit, it is not the capacitance of the crystal
itself.

As previously stated, the load capacitance that the crys-
tal “sees” is due to the capacitance of the oscillator cir-

cuit itself. Any change in the load capacitance of the
oscillator circuit will therefore have an affect on the fre-
quency of that oscillator. Likewise, using a crystal that
has a Cy_ that is different than the actual load capaci-
tance of the circuit will also affect the frequency of the
oscillator.

In general, using a crystal with a C_that is larger than
the load capacitance of the oscillator circuit will cause
the oscillator to run faster than the specified nominal fre-
quency of the crystal. Conversely, using a crystal with a
Cy thatis smaller than the load capacitance of the oscil-
lator circuit will cause the oscillator to run slower than
the specified nominal frequency of the crystal.

The majority of Dallas Semiconductor RTCs have an
internal capacitance of 6 pF across the crystal input
pins. Recent RTC offerings from Dallas Semiconductor
have 12.5 pF capacitance or are software configurable
for6 pF or 12.5 pF. For proper operation and accuracy, a
crystal that meets the parts requirements should be
used. As mentioned above, using a crystal with the
wrong C will cause the oscillator to run fast or slow.
Limited characterization at Dallas Semiconductor has
confirmed this. For example, limited characterization on
the DS1485, which is designed for a 6 pF crystal, has
revealed that the device will run approximately 4 min-
utes/month fast at room temperature (25°C) when a
12 pF crystal is used. The device had an accuracy
within £30 seconds/month when a 6 pF crystal was
used.

Several vendors offer crystals that can be used with Dal-
las Semiconductor real time clocks. These vendors
include Epson and KDS/Daiwa. Equivalent crystals
from other crystal manufacturers canalsobe used. Asa
reference, see Table 1 for recommended crystal char-
acteristics.

©Copyright 1995 by Dallas Semiconductor Corporation.
All Rights F!sservety For important information regarding
?‘a!emsﬂand other Ime!lemuai prsperty rights, please refer to
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CRYSTAL SPECIFICATIONS Table 1

PARAMETER SYMBOL MIN TYP MAX UNITS NOTES

Nominal Frequency Fo 32.768 kHz

Load Capacitance CL 6 pF

Temperature Turnover Point To 20 25 30 °C

Parabolic Curvature Constant k 0.042 ppm/°C

Quality Factor Q 40,000 70,000

Series Resistance R1 45 KQ

Shunt Capacitance Co 1.1 1.8 pF

Capacitance Ratio Co/Cq 430 600

Drive Level D 1 uw

RTC CRYSTAL SUPPLIERS

MANUFACTURER MODEL CL PACKAGE

KDS/Daiwa Crystal Corp. DT-38 Cylinder
DT-381 Cylinder
DT-26S Cylinder
DT-261S Cylinder
DT-14 6pF Cylinder
DT-26S 32.768 Hz Cylinder
DMX-2632.768 KHz Cylinder
DS-VT-200 Cylinder

Epson Crystal Corp. C-001R 6 pF, 12.5 pF Cylinder
C-002RX 6 pF, 12.5 pF Cylinder
C-004R 6 pF, 12.5 pF Cylinder
C-005R 6 pF, 12.5 pF Cylinder
MC-306 6 pF, 12.5 pF SMT
MC—405 6 pF, 12.5 pF SMT
MC—406 6 pF, 12.5 pF SMT

Hooray Electronics MMTF-32 6pF Cylinder

CRYSTAL LOAD COMPENSATION

Dallas Semiconductor does not recommend using crys-
tals thatdo not have a C; that matches the RTCs specifi-
cation because this will decrease the accuracy of the
clock. We find however that customers sometimes
choose to use 12.5 pF crystals with our 6 pF RTCs. For
this situation it is possible to improve the decreased
accuracy caused by the C_ mismatch. This can be
accomplished by increasing the load capacitance that
the crystal “sees” by connecting a capacitor in parallel
with the crystal as shown in Figure 1. As arule of thumb,
the approximate capacitor value is equal to the specified

load capacitance (C() of the crystal minus 6 pF (the
approximate load capacitance of the real time clock
oscillator circuit). Forexample, if a 12 pF crystalis being
used, a 6 pF capacitor should be placed in parallel with it
toimprove the accuracy of the oscillator. A 12 pF crystal
is adjusted by the crystal manufacturer to oscillate at its
specified nominal frequency when a 12 pF load is pres-
ent. A6 pF capacitor is therefore added to the 6 pF load
of the oscillator circuit to compensate for the additional
load that the crystal needs in order to oscillate at its spe-
cified nominal frequency.

050696 2/7
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CRYSTAL CONFIGURATION WHEN 6 PF CRYSTAL IS NOT USED Figure 1

X1

0K

1
=

X2

REAL TIME CLOCK

As mentioned, a crystal with a C_ of greater than 6 pF
can be compensated with an external capacitor to
improve the accuracy. However, it should be noted that
the oscillator start—up time (the time it takes during initial
power up for the oscillator to stabilize) will increase due
to the increased capacitance in the feedback path of the
oscillator. This capacitance decreases the loop gain of

the oscillator which in turn increases the start—up time.
For example, limited characterization has shown that
the start—up time for a 6 pF crystalis typically less thana
couple hundred milliseconds, but can increase to one or
two seconds when a 12 pF crystal with a 6 pF capacitor
in parallel are used.

25
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NOISE AND CRYSTAL LAYOUT GUIDELINES
Since the crystal inputs of the Dallas Semiconductor
real time clocks have a very high impedance (about
109 ohms), the leads to the crystal act like a very good
antennae, coupling high frequency signals from the rest
of the system. If a signalis coupled onto the crystal pins,
it can either cancel out or add pulses. Since most of the
signals on a board are much higher frequency than the
32.768 KHz crystal, it is more likely to add pulses where
none are wanted. These noise pulses get counted as
extra clock “ticks” and make the clock appear to run fast.

Itis very simple to determine if noise is the cause of the
inaccuracy of a real time clock. The following stepsillus-
trate how this can be done.

1. Power the system up and synchronize the real time
clock to a known accurate clock.

Turn system power off.

Wait for a period of time (two hours, 24 hours, etc.).
The longer the time period, the easier it will be to
measure the accuracy of the clock.

Turn system on again, read clock, and compare to
the known accurate clock.

Re-synchronize the real time clock to the known
accurate clock.

Keep system powered up and wait for a period of
time equal to the period in step 3.

. Read clock after waiting for the above period of time
and compare to the known accurate clock.

By using the above steps, the accuracy of the clock can
be determined both when the system is powered up and
when the system is powered down. If the clock proves
to be inaccurate when the system is powered up, but is
accurate when the system is powered down, the prob-
lem is most likely due to noise from other signals in the
system. However, if the clock is inaccurate both when
the system is powered up and when it is powered down,
then the problem is not due to noise from the system.

Since itis possible for noise to be coupled onto the crys-
tal pins, care must be taken when placing the external
crystal on a PCB layout. Itis very important to follow a
few basic layout guidelines concerning the placement of
the crystal on the PCB layout to insure that extra clock
“ticks” do not couple onto the crystal pins.

1. Itis important to place the crystal as close as pos-
sible to the X1 and X2 pins. Keeping the trace
lengths between the crystal and the real time clock
as small as possible reduces the probability of noise
coupling by reducing the length of the “antennae”.
Keeping the trace lengths small also decreases the
amount of stray capacitance.

2. Keep the crystal bond pads and trace width to the X1
and X2 pins as small as possible. The larger these
bond pads and traces are, the more likely it is that
noise can couple from adjacent signals.

3. If possible, place a guard ring (tied to ground) around
the crystal. This helps toisolate the crystal from noise
coupled from adjacent signals. See Figure 2 for an
illustration of using a guard ring around a crystal.

4. Try toinsure that no signals on other PCB layers run
directly below the crystal or below the traces to the
X1and X2 pins. The more the crystalisisolated from
other signals on the board, the less likely it is that
noise will be coupled into the crystal.

5. It may also be helpful to place a local ground plane
on the PCB layer immediately below the crystal
guard ring. This helps to isolate the crystal from
noise coupling from signals on other PCB layers.
Note that the ground plane needs to be in the vicinity
of the crystal only and not on the entire board. See
Figure 2 for an illustration of a local ground plane.
Note that the perimeter of the ground plane does not
need to be larger than the outer perimeter of the
guard ring.

Note that care must be taken concerning the use of
a local ground plane because of the stray capaci-
tance that it introduces. This capacitance will be
added to the crystal pins and if large enough could
slow the clock down. Therefore, some factors must
be taken into account when considering adding a
local ground plane. For example, the capacitance
due to the ground plane may be approximated by

C =cAft
where
e = dielectric constant of the PCB
A = area of the ground plane
t = thickness of the PCB layer.

Therefore, to determine if a ground plane is appropriate
for a given design, the above parameters must be taken
into account to insure that the capacitance from the local
ground plane is not sufficiently large enough to slow
down the clock.

050696 4/7

26



APPLICATION NOTE 58

EXAMPLE OF CRYSTAL PLACEMENT ON PCB Figure 2
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NO CRYSTAL
CONNECT

PADS

#3

DALLAS REAL TIME CLOCK

NOTE: Crystal referred to in this diagram is the Epson MC—406.

CLOCK ACCURACY OVER TEMPERATURE
The accuracy of a real time clock is directly dependent
upon the frequency of the crystal. Therefore, since the
resonant frequency of a crystal is dependent upon tem-
perature, a real time clock will also be dependent upon
temperature. The resonant frequency of a crystal is
expressed in the following basic formula:

f=10+k* (T - T0)2

where
fo = nominal frequency
k = parabolic curvature constant
To = turnover temperature
T = temperature

The values of the above parameters can be foundin the
data sheet of the crystal being used. The temperature
characteristic of a nominal Daiwa crystal is illustrated in

GUARD RING
(GROUND)

Figure 3 where fo=32.768 KHz, k=—0.042 ppm/°C, and
To=23°C. Ascanbe seeninthis figure, frequency has a
parabolic relationship to temperature — as temperature
deviates from the ideal 23°C, the crystal frequency
becomes increasingly slower.

Figure 4 shows the same basic curve, however, the Y
axis has been changed to show the frequency deviation
(in ppm) from the crystal’s nominal frequency at 23°C.
This curve illustrates more clearly how the frequency of
the crystal will affect the accuracy of the clock. A fre-
quency deviation of 23 ppm translates into an accuracy
of approximately =1 minute per month. With this in
mind, a quick glance at Figure 4 will give an approximate
expected accuracy at a given temperature.

The above information should help to provide a basic
understanding of how temperature will affect Dallas
Semiconductor real time clocks.
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CRYSTAL FREQUENCY VS. TEMPERATURE Figure 3
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TROUBLESHOOTING

This section is provided as a summary of the most fre-
quent causes of real time clock inaccuracies. Most of
these problems have been mentioned earlier, but are
repeated here as a quick reference. This section has
been divided into two parts. The first part will consider
the factors that cause a real time clock to run too fast
and the second part will consider the factors that cause
a real time clock to run too slow.

FAST CLOCKS
The following are the most common scenarios that
cause a crystal-based real time clock to run fast.

1. Noise coupling into the crystal from adjacent sig-
nals: This problem has been extensively covered
above. Noise coupling will usually cause a real time
clock to be grossly inaccurate.

2. Wrongcrystal: A real time clock will typically run fast
if a crystal with a specified load capacitance (C)
greaterthan 6 pF is used. The severity of the inaccu-
racy is dependent on the value of the C, . For exam-
ple using a crystal with a C_ of 12 pF will cause the
real time clock to be about 3—4 minutes per month
fast.

SLOW CLOCKS
The following are the most common scenarios that
cause a crystal-based real time clock to run slow.

1. Overshoot on real time clock input pins: Itis possible
to cause a real time clock to run slow by periodically
stopping the oscillator. This can be inadvertently
accomplished by noisy input signals to the real time
clock. If an input signal rises to a voltage that is
greater than a diode drop (~0.3V) above Vpp, the
ESD protection diode for the input pin will forward
bias, allowing the substrate to be flooded with cur-
rent. This, in turn, will stop the oscillator until the
input signal voltage decreases to below a diode drop
above Vpp.

This mechanism can cause the oscillator to stop fre-
quently if input signals are noisy. Therefore, care
should be taken to insure that there is no overshoot
on input signals.

Another situation thatis common to overshoot prob-
lem is having an input to the real time clock at 5V
when the real time clock is in battery back—up mode.
This can be a problem in systems that systemati-
cally shut down certain circuits, but keep others
powered up. Itis very important to insure that there
are no input signals to the real time clock that are
greater than the battery voltage when the device is
in battery back—-up mode.

Wrong crystal: A real time clock will typically run
slow if a crystal with a specified load capacitance
(Cp) less than 6 pF is used. The severity of the inac-
curacy is dependent on the value of the C; .

Stray capacitance: Stray capacitance between the
crystal pins can slow a real time clock down. There-
fore care must be taken when designing the PCB
layout to insure that the stray capacitance is kept to
a minimum.

Temperature: The further the operating temperature
is from the crystal turnover temperature, the slower
the crystal will oscillate. See Figures 3 and 4.
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DALLAS

SEMICONDUCTOR

Application Note 66
Watchdog Timekeeper

GENERAL OVERVIEW

Many applications require a real time clock to keep track
of absolute time. Often times these same applications
could benefit by being told to perform certain functions
at specific times. The Watchdog Timekeeper family
from Dallas Semiconductor is a solution to systems that
need both an accurate real time clock and interrupt
capabilities at specific times. In addition the Dallas
Watchdog Timekeeper family also provides an
upgradeable nonvolatile RAM path.

Dallas Watchdog Timekeepers provide basic real time
clock functions. The devices keep track of hundredths
of seconds, seconds, minutes, hours, day, date, month,
and yearinformation. The time is accurately maintained
by a very low power oscillator. The Watchdog Time-
keeper modules which contain the Watchdogintegrated
circuit as well as a crystal and lithium battery provide an
accuracy of +1 minute per month. Because of the low
power oscillator, the internal lithium battery provides 10
years of continuous operation in the absence of system
power.

The Dallas Watchdog Timekeeper family is made up of
the DS1283 and DS1284 integrated circuits as well as
the DS1286, DS1386, and DS1486 modules. Table 1
lists the different devices that belong to this family. As
can be seen in the table, this family provides an
upgradeable nonvolatile RAM growth path.

THE DALLAS WATCHDOG TIMEKEEPER
FAMILY Table 1

One benefit of using Dallas Watchdog Timekeepers is
that the devices are simple to use since the real time
clock registers are mapped directly into the device’s
onboard RAM. This makes accessing the timekeeping
registers analogous to accessing a byte in RAM. See
Figure 1 for the memory map of the DS 1486, for exam-
ple. Note that the real time clock registers occupy only
the top 14 bytes of the memory.

An additional benefit that simplifies the design effort
when using the Watchdog family is that the DS1386 and
DS1486 pinouts are very close to the standard JEDEC
bytewide pinout for SRAM’s. The two interrupt outputs
and the square wave output are the only pins that differ
from the JEDEC pinout. See Figure 2 for a comparison
of standard JEDEC bytewide pinouts compared to the
pinouts of the DS1386 and the DS1486.

INTERRUPTS

A key feature of the Dallas Watchdog Timekeepers is
that two different interrupt outputs are provided — a time
of day alarm and a watchdog interrupt. These two inter-
rupts are controlled by the Command Register, time of
day alarm registers, and watchdog alarm registers. The
Command Register allows flexibility in the operation of
the interrupts. See Appendix for a complete description
of the Command Register bits.

Time of Day Alarm

The first type of interrupt is the Time of Day Alarm. The
Time of Day Alarm allows the user to program the device
to generate an interrupt at a specific time of day for a
specific day of the week. Special mask bits in the alarm
registers also make it possible for this alarm to generate
an interrupt once per minute, once per hour, or once per
day.

DEVICE NVRAM

DS1283 50 bytes IC
DS1284 50 bytes IC
DS1286 50 bytes Module
DS1386-08 8K bytes Module
DS1386-32 32K bytes Module
DS1486 128K bytes Module
022194 1/8
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DS1486 RAMIFIED TIMEKEEPER REGISTERS Figure 1

ADDRESS lBIT 7 [ l l [ | lBIT 0 l RANGE
d 0 0.1 SECONDS 0.01 SECONDS 00-99
1 0 | 10 SECONDS SECONDS 00-59
2 0 10 MINUTES MINUTES 00-59
3 M 10 MINALARM MIN ALARM 00-59
10 01-12+A/P
12/24 10
4| o0 | HOURS 0023
CLOCK, CALENDAR,
TIME OF DAY ALARM < 5 | M |izms |10 10 HA ALARM 01-12+A/P
REGISTERS AP HA 00-23
6 0 0 0 o 0 DAYS 01-07
7| ™M |o 0 0 0 DAY ALARM 01-07
8 0 ] 10 DATE DATE 01-31
9 |Eosc|Esaw| o |1omo MONTHS 01-12
§ A 10 YEARS YEARS 00-99
COMMAND B BH | Pu
REGISTERS TE | IPSW LO LVL WAM | TDM WAF | TDF
warennna | C 0.1 SECONDS 0.01 SECONDS 00-99
VVAILUMTVUQ
ALARM
REGISTERS b 10 SECONDS SECONDS 00-99
USER E
REGISTERS
1FFFF
022194 2/8

31



APPLICATION NOTE 66

COMPARISON OF WATCHDOG TIMEKEEPER AND JEDEC BYTEWIDE PINOUTS Figure 2
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Watchdog Alarm

The second type of interrupt is the Watchdog Alarm.
The Watchdog Alarm allows the user to program the
device to generate a periodic interrupt at a user defined
interval. The user can program the device to generate
an interrupt every 0.01 seconds to 100 seconds in 0.01
second increments. The watchdog interrupt is typically
used in one of two different ways — as a microprocessor
monitor or as a periodic interrupt.

Watchdog Alarm as Microprocessor Monitor
The Watchdog Alarm is often used as a microprocessor
monitor in critical applications. In this function, the
Watchdog Alarm is used to ensure that the micropro-
cessor does not go out of control. For this type of
application, the system is designed such that the micro-
processor “checks in” with the Watchdog Timekeeper
periodically by reading or writing to any of the watchdog
alarm registers. Each time the microprocessor “checks
in” with the Watchdog Timekeeper the watchdog timeris
reset. If the microprocessor does not “check in” within
the user specified watchdog interval, the Watchdog
Alarm will generate aninterrupt. Thisinterruptis usedto
reset the microprocessor. Figures 3 and 4 show two dif-
ferent ways that the Watchdog Timekeeper is interfaced
with a microcontroller to monitor the system for an out of
control condition.

In Figure 3, the interface between the DS1386-08 and
the 68HC11 microcontroller is illustrated. In this dia-
gram, INTA from the DS1386-08 is connected to the
interrupt request (IRQ) pin of the 68HC11. In this exam-
ple, the 68HC11 can be programmed such that it will
reset the system if INTA is allowed to go active. Figure 4
illustrates the interface between the DS1386-08 and
the 8051 microcontroller. In this example, the INTA pin
is connected to one input of a 74LS 122 one shot circuit.
The output of the one shot is connected to the reset
(RST) pin of the 8051. In this circuit, if the watchdog
timer is allowed to time out, the INTA pin will go active,
causing the one shot to provide a pulse to the 8051 reset
and thus reset the 8051.

It should be noted that in both examples the interrupt
output was not connected directly to the microcontroller
reset. The reason for this is related to one of the options
that is provided in the Command Register. The Com-

mand Register allows the interrupts to be programmed
to generate either a pulse or a constant level signal in
the event that the interrupts are activated. When the
pulse option is provided, there is no problem with con-
necting the INTA output directly to the reset pin. How-
ever, if the constant level signal mode is selected, the
microcontroller would be permanently locked in reset
since there would be no way to clear the interrupt (since
the interrupt output would permanently hold the micro-
controller in reset). With this in mind, connecting the
interrupts directly to the reset input is never recom-
mended. Evenif the designer programs the interrupts to
run in pulse mode, it is still possible that the level mode
could be accidentally activated by a software error
which would cause the microcontroller to be perma-
nently locked in reset.

Watchdog as Periodic Interrupt

A second popular way that the Watchdog Alarm is used
is as a periodic interrupt. In this case the Watchdog
Timekeeper is programmed to generate an interrupt
and, in contrast to the above example, the intention is to
allow the interrupt to occur. In this example the device
will generate an interrupt periodically at a user defined
interval. Using the interrupt in this manner is useful, for
example, in data acquisition equipment. The interruptis
used to tell the system to collect data each time it is acti-
vated. The circuit illustrated in Figure 3 could be used
for this type of application. In this example the micro-
controller could be programmed to gather data when-
ever an interrupt is activated.

Interrupt as “Wake Up” Signal

One important feature of the interrupt outputs of the
Watchdog Timekeeper is that they can be enabled even
when system power is off and the device is in battery
backed operation. This is particularly useful in applica-
tions where the system is shut off to conserve power
when notin use. Either of the two interrupts can be used
to “wake up” a system or specific circuitry within a sys-
tem. The specified task can be completed and then the
system can be shut off again. The system will remain
powered down until the Watchdog Timekeeper tells the
system to power up again. It should be mentioned that
the interrupt outputs must be selected for active low
operation to function when in battery backed mode.
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WATCHDOG TIMEKEEPER INTERFACED WITH 68HC11 MICROCONTROLLER Figure 3
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WATCHDOG TIMEKEEPER INTERFACED WITH 8051 MICROCONTROLLER Figure 4
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One important consideration when using an interrupt to
“wake up” a system is to insure that no pins on the
Watchdog Timekeeper are interfacing with any logic
that is at a greater potential than the battery voltage
when system power is turned off. If a pinis ata potential
that is greater than the battery voltage when the system

CE

power is turned off, this will cause the positive ESD
(electro—static discharge) protection diode to forward
bias. This allows current to flood the substrate of the
Watchdog Timekeeper which in turn can cause the
oscillator to stop.

022194 5/8
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IDEAL APPLICATIONS

Dallas Watchdog Timekeepers are ideally suited for
many different types of applications. In general, this
product family is a perfectfit for any system that requires
a real time clock, nonvolatile RAM, and interrupt capa-
bilities. Furthermore, the upgrade path in RAM densi-
ties make this product even more attractive for design-
ers who see the potential need for greater RAM
densities. The near—~JEDEC bytewide footprint and the
easy software interface with the Watchdog Timekeeper
further its appeal as a simple product to use.

The interrupt outputs provided by the Watchdog Time-
keepers offer much flexibility to a designer. These inter-
rupts can be used to signal a system to perform an event
at a specific time and/or can be used in critical applica-
tions to monitor the microprocessor to insure that it does
not run “out of control.” Additionally, the interrupts can
be operated even when the device is in battery backed
operation. This allows the designer to use the Watch-

PO NN PP B Wb =~ arviabtoee

dog Timekeeper to “wake up” a system.

TROUBLESHOOTING

The Dallas Watchdog Timekeepers have proven to be
highly reliable and meet the published specifications.
However, during the course of development, some
common difficulties could be experienced. This section
is provided as a summary of the most common prob-
lems that could be encountered and gives the solution to
those problems.

1. Clock is Inaccurate (i.e., greater than +1 minute/
month at 25°C)

Itis possible to cause the Watchdog Timekeeper to
run slow by periodically stopping the oscillator. This
can be caused inadvertently by noisy input signals
to the Watchdog Timekeeper. If aninput signal rises
to a voltage that is greater than a diode drop (~0.3
volts) above V¢, the ESD protection diode for the
input pin will forward bias allowing the substrate of
the device to be flooded with current. This, in turn,
can stop the oscillator until the input signal voltage
decreases to below a diode drop above Vpp.

There is a second scenario that can also cause the
clock to appear to run slow. This scenario is similar
to that above. If the Watchdog Timekeeper is in bat-
tery back—up mode, it is important to insure that
none of the input signals are at a potential that is
greater than the battery voltage. This needs to be
considered especially for applications that use the
interrupt signals when the Watchdog Timekeeper is
in battery back—up operation. Since the interrupt
outputs are open drain, they need to have external
pull up resistors. When the Watchdog Timekeeper
is in battery back—up operation, it is necessary to
insure that the interrupts are not pulled up to a
potential that is greater than the battery voltage,
otherwise the ESD protection diode will be forward
biased which can cause the oscillator to stop run-
ning.

Also, it should be mentioned that the Watchdog
Timekeepers will be the most accurate when run at
room temperature (25°C). Figure 5 illustrates the
accuracy of a typical real time clock over tempera-
ture. As can be seen from the graph, timekeeping
accuracy is temperature dependent and becomes
less accurate the further the ambient temperature
deviates from +25°C.
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REAL TIME CLOCK ACCURACY OVER TEMPERATURE Figure 5
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2. Interrupts Do Not Work 3. Cannot Write to Real Time Clock
Several situations can cause this problem. Insure that the TE (Transfer Enable) bit has been set
a. Theinterrupt outputs are open drain. Therefore, toalogic 1. This allow§ data written in the outer buff-
INTA needs an external pull-up resistor and ers to be transferred into the real time clock regis-
INTB(INTB) needs an external pull-up resistor ters.
when set for active low operation and needs an 4. Clock will not run
external pull-down resistor when set for active . [
high operation. If the pull-up or pull-down resis- :nsgrte thgat'the <t)i0|llzaltor.erz)able bit (EOSC, bit 7 of
tors are not used, the interrupts will not function egister 9) is set o a logic 0.
properly. 5. Alarm Flags do not work
- When in battery back—up operation, only active Alarm flags are set only as long as the corre-
low mode can be used for INTB(INTB). Active sponding interrupt output is active. Therefore
high mode for the INTB(INTB) pin will not func- when the interrupts are set to operate in pulse
tion when the Watchdog Timekeeperis in battery mode, the alarm flag will be set only during the
back-up mode. active pulse of the interrupt. If level mode opera-
tion is selected, the interrupt will remain until the
alarm condition is cleared.
022194 7/8

36



APPLICATION NOTE 66

APPENDIX: COMMAND REGISTER

Address location 0Bh is the Command Register where mask bits, control bits and flag bits reside. The operation of

each bit is as follows:

BIT7 BIT6 BITS BIT 4

BIT 3 BIT 2 BIT1 BITO

TE IPSW IBH/LO PU/LVL

WAM TDM WAF TDF

TE (Bit 7 Transfer enable) - This bit when set to a logic
0 will disable the transfer of data between internal and
external clock registers. The contents in the external
clock registers are now frozen and reads or writes will
not be affected with updates. This bit must be setto a
logic 1 to allow updates.

IPSW (Bit 6 Interrupt switch) - When set to a logic 1,
INTA is the Time of Day Alarm and INTB/(INTB) is the
Watchdog Alarm. When set to logic 0, this bit reverses
the output pins. INTA is now the Watchdog Alarm output
and INTB/(INTB) is the Time of Day Alarm output.

IBH/LO (Bit 5 Interrupt B Sink or Source Current) -
When this bit is set to a logic 1 and V¢ is applied,
INTB/(INTB) will source current (see DC characteristics
lorn). When this bit is set to a logic 0, INTB will sink cur-
rent (see DC characteristics Igy).

PU/LVL (Bit 4 Interrupt pulse mode or level mode) -
This bit determines whether both interrupts will output a
pulse or level signal. When set to a logic 0, INTA and
INTB/(INTB) will be in the level mode. When this bit is
setto alogic 1, the pulse mode is selected and INTA will
sink current for a minimum of 3 ms and then release.
INTB/(INTB) will either sink or source current, depend-
ing on the condition of bit 5, for a minimum of 3 ms and
then release.

WAM (Bit 3 Watchdog Alarm Mask) - When this bit is
setto a logic 0, the Watchdog Interrupt output will be ac-
tivated. The activated state is determined by bits 1,4, 5,

and 6 of the COMMAND REGISTER. When this bit is
set to a logic 1, the Watchdog interrupt output is deacti-
vated.

TDM (Bit 2 Time of Day Alarm Mask) - When this bitis
set to a logic 0, the Time of Day Alarm Interrupt output
will be activated. The activated state is determined by
bits 0, 4, 5, and 6 of the COMMAND REGISTER. When
this bitis set to a logic 1, the Time of Day Alarm interrupt
output is deactivated.

WAF (Bit 1 Watchdog Alarm Flag) - This bitis setto a
logic 1 when a watchdog alarm interrupt occurs. This bit
is read only.

The bit is reset when any of the Watchdog Alarm regis-
ters are accessed.

When the interrupt s in the pulse mode (see bit 4 defini-
tion), this flag will be in the logic 1 state only during the
time the interrupt is active.

TDF (Bit 0 Time of Day Flag) - This is a read only bit.
This bit is set to a logic 1 when a Time of Day alarm has
occurred. The time the alarm occurred can be deter-
mined by reading the Time of Day Alarm registers. This
bitis reset to a logic 0 state when any of the Time of Day
Alarm registers are accessed.

When the interrupt is in the pulse mode (see bit 4 defini-
tion), this flag will be in the logic 1 state only during the
time the interrupt is active.
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DS1585/87, DS1685/87 and DS17x85/87
Accessing Extended User RAM via Software

GENERAL OVERVIEW

The DS1585/87, DS1685/87 and DS17x85/87 include
an additional block of extended user RAM. The memory
capacity of each device varies as follows; the
DS1585/87 provides 65,536 bits organized in an 8K x 8
block, the DS1685/87 provides 1,024 bits organizedin a
128 x 8 block, and the DS17x85/87 provides 16,384,
32,768 or 65,536, bits organized in 2K x 8,4K x 8, or 8K x
8, blocks respectively.

REGISTER PARTITIONING

Figure 1 illustrates how the register blocks have been
partitioned into two separate banks, bank 0 and bank 1.
A bank select bit, DVO located in control register OAh (bit
4), is used to select which register bank to make acces-
sible. When DVO is written to a logic 0, bank O is
selected and an additional 64 bytes of user RAM can be
accessed. However, when DVO is written to a logic 1,
bank 1 is selected and the additional features, including
the extended user RAM, can be accessed. The real
time clock (RTC), control registers, and 50 bytes of user
RAM are accessible from either bank, independent of
the DVO bit.

SOFTWARE COMMUNICATION PORTS

The extended user RAM communication ports reside in
the bank 1 register block. The extended user RAM
address ports are located in registers 50h and 51h,
while the extended user RAM data portis located in reg-
ister 53h. Register 50h contains the LSB address and
register 51h contains the MSB address. The
DS1685/87 requires only seven bits to address the
extended RAM and therefore does not require the MSB
addressregister, 51h. These three bank 1 registers pro-
vide the software interface necessary to access the

extended user RAM. The steps involved to read from
and write to the extended RAM are listed below:

o Write the DVO bit to a logic 1
® Write the LSB address to register 50h
e Write the MSB address (if required) to register 51h

® Read from or write to the data register, 53h

An automatic address increment feature, available with
the DS17x85/87, simplifies the software required to
access the extended user RAM. This feature can be
enabled or disabled with a single bit, located in
extended control register 4Ah, bit 5. This feature simpli-
fies the software required to access consecutive RAM
address locations.

PROTOCOL. FOR PC APPLICATIONS

The processor I/O ports used to access CMOS RAM are
70hand 71h. Port 70his the CMOS RAM address regis-
ter and port 71h is the CMOS RAM data register. The
flow chart shown in Figure 2 illustrates the software pro-
tocol for PC applications.

SUMMARY

The DS1585/87 also provides a hardware interface to
access the extended user RAM, however, this requires
additional hardware to implement. The extended user
RAM software access method provides the user with
the greatest flexibility when determining which RAM
density is needed, without any hardware modifications,
for the DS1685/87 and DS17x85/87 (2K, 4K, and 8K)
devices.

090195 1/3
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REGISTER BLOCK PARTITIONING Figure 1

0 00h
TIMEKEEPING AND CONTROL
13 0Dh
14 OEh
50 BYTES USER RAM
63 3Fh
64 MODEL BYTE 40h
41h
48-BIT SERIAL #
46h
CRC BYTE 47h
CENTURY BYTE 48h
DATE ALARM 49h
CONTROL REG 4A 4Ah
64 BYTES
USER RAM CONTROL REG 4B 4Bh
RESERVED 4ch
RESERVED 4Dh
RTC ADDR - 2 4Eh
RTC ADDR - 3 o
RAM ADDRESS LSB 50h
RAM ADDRESS MSB 51h
EXTENDED
RESERVED 52h USER RAM
RAM DATA 53h
sah
RESERVED
5Dh
RTC WRITE COUNTER 5Eh
5Fh
RESERVED
127 7Fh
BANK 0
DV0=0 -l
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PC SOFTWARE PROTOCOL FLOW CHART Figure 2

START

WRITE 0AH
TO /O PORT
70H

WRITEBIT4 =1
TO /0 PORT
7MH

o

DOES
RAM ADDRESS
NEED UI:DATING

WRITE RAM
ADDRESS TO I/0
PORT 71H

WRITE 50H
TO /O PORT [
70H
N
AUTO v
ADDRESS INC
ON
?
DS17X85/87
A ONLY

READ RAM
DATA FROM I/O0
PORT 71H

L

WRITE 50H IWRITE RAM
| —a~ ADDRESS LSB
TOouQ PORT TO /O PORT
71H
N DOES
RAM ADDRESS
MSB NEED
UPDATIN
?
Y
WRITE RAM WRITE 51H
ADDRESSMSB | |  1010PORT
TO /0 PORT 70H
i
WRITE 53H
TO /O PORT
70H
WRITE RAM
DATATO
VO PORT 71H

FINI%HED
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DALLAS

SEMICONDUCTOR

Application Note 82

Using the Dallas Trickle Charge Timekeeper

DESCRIPTION

The Dallas Semiconductor DS1302 Trickle Charge
Timekeeping Chip is a programmable 3—-wire serial
interface clock with a trickle charge circuit for using both
rechargeable and non-rechargeable backup supplies.
The real time clock/calendar provides seconds, min-
utes, hours, day, date, month, year information. The
end of the month date is automatically adjusted for
months with less than 31 days, including corrections for
leap year. The clock operates in either the 24—hour or
12-hour format with an AM/PM indicator. The DS1302
also provides 31 bytes of nonvolatile SRAM for data
storage. Interfacing the DS1302 with a microprocessor
is simplified by using a synchronous serial communica-

tion. Only three wires are required to communicate with
the clock/RAM: (1) RST (Reset), (2) I/O (Data Line), and
(8) SCLK (Serial Clock). Data can be transferred to and
from the clock/RAM one byte at a time or in a burst of up
to 31 bytes. The DS1302 is designed to operate on very
low power and retain data and clock information on less
than 1 microwatt. The DS1302 is designed to be com-
pletely compatible with designs that are currently using
the DS1202. This compatibility allows the DS1302 to be
dropped directly into a DS1202 socket. Then the
optional trickle charge circuit on the DS1302 can be
used to backup the system time and data with a super
cap or a rechargeable battery.

DS1302 PROGRAMMABLE TRICKLE CHARGER Figure 1

R1
Veez l_/___u—‘l ‘/ R2 Veet
. ! DD+ v -
PIN 1 PIN 8
R3
1 OF 16 SELECT 10F2 10F3
(NOTE: ONLY 1010 CODE ENABLES CHARGER) SELECT SELECT TCS = TRICKLE CHARGE SELECT
1 DS = DIODE SELECT
RS = RESISTOR SELECT
| TCS ‘ TCS T TCS L TCS ‘ DS | DS | RS [ RS J
BIT7 BIT6 BITS5 BIT4 BIT 3 BIT2 BIT 1 BITO
©Copyright 1995 by Dallas Semiconductor Corporation. 090794 1/6
All Rights Reserved. For important information regarding
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TRICKLE CHARGER

The trickle charge circuit is shown in Figure 1 along with
the trickle charge register. To enable the trickle charger
the desired path through the circuit must be selected
and the appropriate pattern written to the trickle charge
register. The trickle charge select (TCS) bits (bits 4 —7)
control the selection of the trickle charger. In order to
prevent accidental enabling, only a pattern of 1010 will
enable the trickle charger. All other patterns will disable
the trickle charger. The DS1302 powers up with the
trickle charger disabled. The diode select (DS) bits (bits
2 — 3) select whether one diode or two diodes are con-
nected between V¢co and Vggy. If DSis 01, one diode
is selected or if DS is 10, two diodes are selected. If DS
is 00 or 11 the trickle charger is disabled independent of
“TCS. The RS bits (bits 0 — 1) select the resistor that is
connected between Vggz2 and Vggy. The resistor
selected by the resistor select (RS) bits is as follows:

RS BITS RESISTOR TYPICAL VALUE
00 None None
01 R1 2KQ
10 R2 4KQ
" R3 8KQ

If RS is 00 the trickle charger is disabled independent of
TCS.

Diode and resistor selection is determined by the user

according to the maximum current desired for battery or
super cap charging. The maximum charging current

SINGLE POWER SUPPLY OPTION Figure 2

DS1302
1 8
Veez Veet ﬁ
4
e
—
2a

canbe calculated asiillustrated in the following example.
Assume that a system power supply of 5V is applied to .
Vceoz and a super cap is connected to Vggy. Also,
assume that the trickle charger has been enabled with 1
diode and resistor R1 between Vccz and Vggy. The
maximum current Iyax would therefore be calculated as
follows:

Imax = (5.0V — diode drop)/R1
~(5.0V-0.7V)/ 2KQ
~2.2mA

Obviously, as the super cap charges, the voltage drop
between Vg2 and Vg1 will decrease and therefore the
charge current will decrease (please see curves in
Trickle Charge Characteristics section).

POWER CONTROL

The DS1302 can be powered in several different ways.
The first method, shown in Figure 2, illustrates the
DS1302 being supplied by only one power supply. In
Figure 2a the power supply is connected to Vg2 (pin 1)
and in Figure 2b the power supply is connected to Vg4
(pin 8). In each case the unused power pin, Vggy or
Ve, is grounded. The second method, Figure 3, illus-
trates the DS1302 being backed up using a non-re-
chargeable battery connected to Vcgy. In these two
cases the trickle charge circuit has been disabled. Inthe
final case, Figure 4, the DS1302 is being backed up by
connecting a super cap, Figure 4a, or a rechargeable
battery, Figure 4b, to Vggy. In this case the trickle
charge circuit has been enabled.

Veez Veet

GND

DS1302
1 8
4

2b

090794 2/6
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NON-RECHARGEABLE BATTERY BACKUP Figure 3

DS1302

|

Veez

Veel

GND

3V LITHIUM
BATTERY

anlHllJ

SUPER CAP OR RECHARGEABLE BATTERY BACKUP Figure 4

DS1302

[

Veez Veet

SUPER CAP

1
T

4

GND

4a

TRICKLE CHARGE CHARACTERISTICS
Charging the Super Cap — As was discussed earlier the
maximum current, Iyax, required by the trickle charge
circuit can be calculated by inserting the correct values
selected in the trickle charge register into the following
equation:

Imax = (Ve — diode drop)/R
Table 1 contains the values of Iyax for Vcca2 values of
4.5V, 5.0V and 5.5V; 1 diode drop and 2 diode drops;
resistor values of 2000Q, 40002 and 8000Q.

Also, the charging current can be modeled as a function

L.

DS1302
8
Veez Veet
—1 RECHARGABLE
— BATTERY
aND [ -
4b

V() =  Super Cap Voltage
Vmax = (Vccz —n Diode Drops), n=1,2
R = Internal Trickle Charge Resistor
(o} =  Super Cap Capacitance

The time needed to charge the super cap to 95% of
Vmax is given in Table 2. Note that the time required to
charge the super cap to 95% of the value of Vpax is
independent of the value of Vyyax. The equation which
models the charging current as a function of time is
given as

I(t) = Vmax/R * e-VRC)

of charge time. Both the super cap voltage and charging where
currentas a function of time are represented in Figure 5.
The equation to model the super cap voltage as a func- I(t) =  Charging Current
tion of time is VMAX = (Vccz — n Diode Drops), n=1,2
R = Internal Trickle Charge Resistor
V(t) = Vmax [1-e(YRO)] (o] =  Super Cap Capacitance
where
090794 3/6
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Discharging the Super Cap — When modeling the
DS1302 for the time to discharge the super cap the
DS1302 characterization data was used to observe that
the Icc1T1, Timekeeping Current through Vcc1, was lin-
ear. This implies that it is proper to represent the
DS 1302 as aresistive load, R, through which the super
cap will be discharged. Using the data sheet spec of
lcc1T max of 0.3 pA at 2.5 Vg1 gives a value for R of
8.3MQ. Then the equation modeling the discharging of
the super cap is given by

V() = Vyay *e("VRO)

CALCULATED VALUES OF Iyax Table 1

where
V(t) =  Super Cap Voltage
Vmax = (Vccz — n Diode Drops), n=1,2
Rp - DS1302 Load Resistance
(o} =  Super Cap Capacitance

The calculated values for the time required to discharge
the super cap to 2V are given in Table 3 and a sample of
the super cap voltage as a function of discharge time is
given in Figure 6.

20002 4000 8000
Veez 1 diode 2 diodes 1 diode 2 diodes 1 diode 2 diodes UNITS
4.5V 1.90 1.55 0.95 0.78 0.48 0.39 mA
5.0V 2.15 1.80 1.08 0.90 0.54 0.45 mA
5.5V 2.40 2.05 1.20 1.03 0.60 0.51 mA
CHARGING TIME FOR SUPER CAP TO 95% OF Vyax Table 2
200002 4000Q 8000Q UNITS
Super Cap=0.047 F 4.7 9.4 18.8 minutes
Super Cap=0.47 F 46.9 93.9 187.7 minutes
Super Cap=1.5 F 149.8 299.6 599.2 minutes
SUPER CAP DISCHARGE TIME TO 2V Table 3
0.047F 0.47F 1.5F
Veez 1 diode 2 diodes 1 diode 2 diodes 1 diode 2 diodes UNITS
4.5V 69.8 47.7 698.3 476.8 2228.7 15621.7 hours
5.0V 83.3 63.9 832.8 639.5 2657.9 2040.9 hours
5.5V 95.2 78.1 952.5 780.9 3039.8 24925 hours
090794 4/6
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SUPER CAP CHARGING CHARACTERISTICS Figure 5

Change Voltage (V)

Charge Current (mA)

4.5

SUPER CAP CHARGE TIME - 0.47F

4.0
3.5
3.0
2.5+
2.0
1.5+
1.0
0.5

0

—=— 2000Q
——&—— 4000Q
—A—— 8000Q

0

4.5

T T T
50 100 150 200 250 300

Charge Time (minutes)

SUPER CAP CHARGE CURRENT - 0.47F

4.0
3.5
3.0
2.5

2.0

1.54
1.0
0.5

—=— 2000Q
—&—— 4000Q
——A—— 8000Q

4 e e e . abu. o -~
T

T 1
50 100 150 200 250 300
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SUPER CAP DISCHARGING CHARACTERISTICS Figure 6

SUPER CAP DISCHARGE TIME
5.0 Vmax=4.3V
4.5
<
[
o 4.04
£
S
o 3.5 —&— 0.047F
S —&— 047F
g 3.0 —aA— 15F
g .
7]
2.5
2 T T T T T
0 500 1000 1500 2000 2500
Discharge Time (hours)
SUPER CAP DISCHARGE TIME
5.0 Vmax=3.6V
4.5
)
& 4.0
£
S
g 3.5 —&—— 0.047F
S —&— 047F
$ 3.0 —A—— 15F
=
7]
2.5
2 T T T T T
0 500 1000 1500 2000 2500
Discharge Time (hours)
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Application Note 90

Using the PC Clock Extended Features

DESCRIPTION

This application note discusses the extended features
for the following PC Real Time Clocks (RTCs):
DS1585/87, DS1685/87, DS1688/91, DS17285/87,
DS17485/87, DS17A84/86, and DS17885/87. Also
included is an initialization flow chart for the PC RTCs.
All of these devices incorporate these extended fea-
tures unless otherwise noted.

EXTENDED FEATURES

Auxiliary Battery Input (Vgaux)

The auxiliary battery input, Vgaux, provides the power
required to use the kickstart, wake up, power—on output,
and the 32 KHz square wave in the absence of system
power. The timekeeping and RAM data can also be
maintained by this power source. If this inputis going to
be used, bit 7 in control register 4Bh (ABE) must be set
toalogic 1. If this inputis not going to be used then ABE
must be set to a logic 0 and the Vgayx input tied to
ground.

Kickstart Input (KS)
The kickstart pin is intended to be used in the battery

backed mode in conjunction with the PWR signal pro-
viding systems with power management control. A sig-
nal providing a ground closure will force the PWR signal
to transition low. The KS pin can also be used as an
interrupt input while V¢ is applied.

Power-On Output (PWR)

This output is open drain and requires an external
pull-up resistor for proper operation. This signal is
intended to be used in conjunction with KS and the
wakeup alarm for power management features.

32 KHz Square Wave Output (SQW)

The SQW output pin can provide a 32 KHz square wave
for power management purposes. The DS1685/87,
DS1688/91, DS17285/87, DS17485/87, and
DS17885/87 will provide the 32 KHz each time the sys-
tem power, Vcc, is applied. The DS1585/87,

DS1689/93, and DS17A84/86 must be programmed, to
output the 32 KHz, after the system power is applied.

Silicon Serial Number

A unique 64-bit silicon serial number is located in bank
1 registers 40h —47h. The serial number is divided into
three separate parts. The first byte, location 40h, con-
tains a model number to identify the device type and
revision. The following is a list of the model numbers
currently assigned for the devices mentioned above:

Model # Part #

70h DS1585/87
71h DS1685/87
72h DS17285/87
73h DS1688/91
73h DS1689/93
74h DS17485/87
78h DS17885/87

The second part of the serial number is a unique 48—bit
binary number located in registers 41h — 46h. The third
part of the serial number is located in register 47h and
contains a CRC number used to validate the datain reg-
isters 40h — 46h. This eight byte serial number is read
only.

Century Byte
The century byte, located in bank 1 register 48h, will
update every 100 years keeping track of the century.

Date Alarm Byte

The date alarm byte, located in bank 1 register 49h, can
be used in conjunction with the time of day alarm provid-
ing a system with a wakeup alarm programmable up to
31 days.

Control Registers 4Ah and 4Bh
See the Register Description section.

©Copyright 1995 by Dallas Semiconductor Corporation.
All Rnghisng!esevv:I For im| information regarding
ts and other intell property rights, please refer to
llas Semiconductor data books.
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Extended RAM Software Port

The extended user RAM can be accessed through soft-
ware via three internal registers located in bank 1 loca-
tions 50h, 51h, and 53h. Locations 50h and 51h are
used for the RAM address and location 53h is used for
the data transfer. This unique feature eliminates the
need for external hardware and at the same time pro-
vides the ability to switch RAM densities without any
hardware modification required. This feature is not
available on the DS1688/91 or DS1689/93.

Vcc Elapsed Time Counter

A 32-bit Ve powered elapsed time counter, located in
bank 1 registers 54h (LSB) through 57h (MSB), willkeep
track of how long system power has been applied. This
counter will update once per second as long as V¢c is
within nominal limits and the oscillator and countdown
chain are enabled. When V¢ falls outside of the nomi-
nal limits the counter is halted and the elapsed time is
retained. This counter can be read or written at the
users discretion. This feature is available only on the
DS1688/91 and DS1689/93.

Vgar Elapsed Time Counter

A 32-bit Vgat powered elapsed time counter, located in
bank 1 registers 58h (LSB) through 5Bh (MSB), will
keep track of how long the system has been in service.

REGISTER DESCRIPTION

This counter will run continuously and update once per
second as long as Vgar or Vgayy is within nominal limits
and the oscillator and countdown chain are enabled.
This counter can be read or written at the user’s discre-
tion. This feature is available only on the DS1688/91
and DS1689/93.

Power Cycle Counter

A16-bitpower cycle counter, located in bank 1 registers
5Ch (LSB) and 5Dh (MSB), will keep track of the number
of times a system is powered on and off. Each time sys-
tem power, Vcc, is applied within nominal limits, the
counter will be incremented by one. This countercan be
read and written at the users discretion. This feature is
available only on the DS1688/91 and DS1689/93.

Additional Serial Number

An additional 64-bit customer specific serial number or
ROM is located in bank 1 registers 60h through 67h.
This feature is available only on the DS1688/91 and
DS1689/93.

Burst Mode

The DS17285/87, DS17485/87, and DS17885/87 are
the only devices which provide the burst mode option.
The model byte uniquely identifies these devices as
having burst mode. .

LOCATION

DESCRIPTION

0Ah Control Register A

Bits 6 — 4

Bit 7 Update In Progress (UIP) — (read only)
=time/date can be read
1=update in progress

Oscillator Control (DV2-DVO0)
DV2=countdown chain

O=countdown chain enabled

1=resets countdown chain only if DV1=1
DV1=oscillator enable

Bits 3—-0

O=oscillator off
1=oscillator on
DVO0=bank select
O=original bank
1=extended registers

Rate Selection (RS3-RS0)
These bits define the square wave output frequency and the periodic
interrupt rate.

082495 2/11
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LOCATION

DESCRIPTION

0Bh

Control Register B

Bit7 Halt Clock Updates (SET)
O=updates time/date once per second
1=time/date updates are inhibitied

Bit 6 Periodic Interrupt Enabie (PIE)
O=disabled
1=enabled

Bit 5 Alarm Interrupt Enable (AIE)
O=disabled
1=enabled

Bit 4 Update—Ended Interrupt Enable (UIE)
O=disabled
1=enabled

Bit 3 Square Wave Enable (SQWE)
O=disabled
1=enabled

Bit2 Time and Date Data Mode (DM)
O=binary coded decimal (BDC) format
1=binary format

Bit 1 Hour Format (24/12)
0=12 hour mode
1=24 hour mode

Bit0 Daylight Savings Time Enable (DSE)
O=disabled
1=enabled

49
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LOCATION DESCRIPTION
0oCh Status Register C (read only)
Bit7 Interrupt Request Flag (IRQF) — (read only)
Bit 6 Periodic Interrupt (PF) — (read only)
Bit 5 Alarm Interrupt Flag (AF) — (read only)
Bit 4 Update—Ended Interrupt Flag (UF) — (read only)
Bits 3—0 Reserved (read only logic 0)
0Dh Status Register D (read only)
Bit7 Valid RAM and Time (VRT) — (read only)
O=battery low; CMOS RAM invalid
1=battery good; CMOS RAM valid
Bits 6 -0 Reserved (read only logic 0)
04Ah Extended Control Register 4A
Bit 7 Valid RAM and Time 2 (VRT2) — (read only)
O=auxiliary battery is low
1=auxiliary battery is good
Bit 6 Increment in Progress (INCR) — (read only)
O=time/date has been updated
1=time/date is incrementing and checking alarms
Bit5 Burst Mode Enable (BME) — See Note 1
O=single byte extended RAM reads and writes
1=auto increments address for extended RAM reads and writes
Bit 4 Reserved
Bit3 Power Active Bar (PAB)
0=PWR pin is in the active low state
1=PWR pin is in the inactive high state
Bit 2 RAM Clear Flag (RF)
O=cleared state (must be written)
1=high to low transition detected on RCLR if RCE=1
Bit 1 Wakeup Alarm Flag (WF)
O=cleared state (must be written)
1=wakeup alarm condition has occurred
Bit 0 Kickstart Flag (KF)
O=cleared state (must be written)
1=high to low transition detected on KS input
082495 4/11
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LOCATION

DESCRIPTION

04Bh

Extended Control Register 4B

Bit 7

Bit 6

Bit5

Bit 4

Bit3

Bit2

Bit 1

BitO

Auxiliary Battery Enable (ABE)
O=auxiliary battery input not being used
1=auxiliary battery input used for extended features

Enable 32 KHz (E32K)
0=32 KHz disabled
1=32 KHz enabled to be output on the SQW pin

Crystal Selection (CS) — See Note 2
O=oscillator configured for a crystal with a load capacitance of 6 pF
1=oscillator configured for a crystal with a load capacitance of 12.5 pF

RAM Clear Enable (RCE)
0=RAM clear function is disabled
1=allows RCLR pin to clear user RAM

Power Active Bar Reset Select (PRS) — See Note 3
0=PWR pin will go High—Z when entering power fail
1=PWR pin remains active when entering power fail

RAM Clear Interrupt Enable (RIE)
O=disabled
1=enables RAM clear function to generate interrupts

Wakeup Alarm Interrupt Enable (WIE)
O=disabled
1=enables wakeup alarm to generate interrupts

Kickstart Interrupt Enable (KSE)
O=disabled
1=enables KS to generate interrupts

NOTES:

1. Burst Mode Enable (BME) is available only on the DS17285/87, DS17485/87, and DS17885/87 devices.

2. Cystal Selection (CS) is not available on the DS1585/87 or DS17A84/86 devices.

3. Power Active Bar Reset Select (PRS) is not available on the DS1585/87 or DS17A84/86 devices.

082495 5/11
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PC RTC INITIALIZATION PROCEDURE

START

CONTROL REGISTER B
INITIALIZATION

—D TO1

FROM 2 D——

READ STATUS »| CONTROL REGISTER A
REGISTER C INITIALIZATION
TO3

FROM 6

CONTROL REGISTER 4A
INITIALIZATION

INITIALIZATION

CONTROL REGISTER 4B|

FROM 8

SWITCH TO ORIGINAL BANK BY

LOCIC ANDin
CONTROL RE

WRITING CONTROL REGISTER A

EFh WITH
STER AAND

FINISH

?

SET TIME, DATE,
AND ALARMS

<—C| FROM 10

TO9
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CONTROL REGISTER B SET —_—
INITIALIZATION SOARE WAVE BIT 3=0
SET
BIT 7=0 s
BIT 3=1
PERIODIC
INTERRUPT SET ]
USED BIT 6=0 DATA FORMAT SET
BCD OR BINARY BIT 2=0
BINARY
SET
BIT 6=1 SET
BIT 2=1
=) 12-HOUR
BIT 5=0 2-HOU SET
24-HOUR BIT 1=0
SET
BIT 5=1 SET
BIT 1=1
UPDATE-ENDED SET
o DAYLIGHT
'NTSSEBJ T BIT 4=0 SAVINGS SET I
TIME USED BIT 0=0
SET
BIT 4=1 SET
BIT 0=1
WRITE CONTROL
REGISTER B
082495 7/11
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WRITE
CONTROL REGISTER A

NONE SET BITS 3-0TO

0000

CONTROL REGISTER A
INITIALIZATION
256 Hz SET BITS 3-0 TO
0001 OR 1000
128 Hz SET BITS 3-0TO
SWITCH TO EXTENDED
REGISTER BANK 0010 OR 1001
SET BIT 4=1

8 Khz SET BITS 3-0 TO

0011

TURN THE

OSCILLATOR e, M 4 Khz SETBITS 3-0TO
2KHz SET BITS 3-0 TO

0101

SET
BIT 5=1

1 KHz SET BITS 3-0 TO

0110
512 Hz SET BITS 3-0TO

SeT 0111

BIT6=1

64 Hz SET BITS 3-0 TO

1010

SET

BIT 620 32 Hz SET BITS 3-0 TO

1011
16 Hz SET BITS 3-0 TO

1100

INTERUPT RATE AND/GR 8z

ET BITS 3-0 TO

THE SQUARE WAVE OUTPUT SET B

FREQUENCY

4 Hz SET BITS 3-0 TO

1110
2Hz SET BITS 3-0 TO

1M
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CONTROL REGISTER 4B
INITIALIZATION

KICKSTART
INTERRUPT
USED

SET
BIT 0=1

SET r__,
BIT 0=0

WAKEUP ALARM
INTERRUPT
USED

SET
BIT 1=1

SET —
BIT 1=0

RAM CLEAR
INTERRUPT
USED

BiY 2-0 ]

POWER ACTIVE
BAR RESET
SELECT

ACTIVE

High-Z

SET
BIT 3=0

SET
BIT 3=1

RAM CLEAR
FUNCTION
USED

SET
BIT 4=1

B4 | ]

SET
BIT 7=1

CRYSTAL ET _—
SELECTION B E-0
SET
BIT 5=1
SET I
BIT 6=0
X
AUXILIARY
SET -
BATTERY
oED BIT 7=0

WRITE CONTROL
REGISTER 4B

—
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CONTROL REGISTER 4A|
INITIALIZATION

RESET
KICKSTART FLAG
SET BIT 0=0

RESET WAKEUP
ALARM FLAG
SET BIT 1=0

BURST MODE
ON/OFF

SET
BIT 5=0

RESET RAM
CLEAR FLAG
SET BIT 2=0

SET
BIT 5=1

ACTIVE
LOW

POWER ACTIVE
BAR STATE

SET
BIT 3=0

BITS 6 AND 7
ARE READ ONLY

INACTIVE
HIGH

SET BIT41S
BIT 3=1 RESERVED

WRITE CONTROL
REGISTER 4A

082495 10/11
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HALT CLOCK UPDATES BY
LOGIC ORing 80h WITH
CONTROL REGISTER B AND
WRITING CONTROL REGISTER B

WRITE THE SECONDS TO ADDRESS 00h

SET THE
TIME

WRITE THE DAY OF THE WEEK TO ADDRESS 06h
WRITE THE DAY OF THE MONTH TO ADDRESS 07h
WRITE THE MONTH TO ADDRESS 08h
WRITE THE YEAR TO ADDRESS 0!
WRITE THE CENTURY TO ADDRESS 48h (BANK 1)

WRITE THE MINUTES TO ADDRESS 02h
WRITE THE HOUR TO ADDRESS 04h

\

SET THE

SET THE
DATE

ALARMS

WRITE THE SECONDS ALARM TO ADDRESS 01h
WRITE THE MINUTES ALARM TO ADDRESS 03h
WRITE THE HOURS ALARM TO ADDRESS 05h
WRITE THE DATE ALARM TO ADDRESS 49h (BANK 1)

START CLOCK UPDATES BY LOGIC
AND|n<gT7FhWITH CONTROL
REGISTER B AND WRITING

CONTROL REGISTER B
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DS1670 Portable System Controller

FEATURES

There is an increasing trend in the industry today to-
wards portable battery—operated products. These
products typically require extremely small form factors
and low power. The DS1670 Portable System Control-
ler is designed to help the portable system designer in
meeting these two requirements by integrating key
functions typically needed in these systems while con-
suming very little power.

Key functions frequently required in portable products
include a real time clock; nonvolatile RAM control to in-
sure that data is not lost in the event of a power down or
battery fail; microprocessor monitoring to insure that the
microprocessor does not “run out of control”; and ana-
log-to—digital converters for interfacing with external
environmental sensors, battery monitoring, etc. The
DS 1670 Portable System Controller replaces as many
as four separate integrated circuits by incorporating all
of these functions in a single device. The DS1670 pro-

DS1670 BLOCK DIAGRAM Figure 1

Vear ——
Vcco <+
‘B’FF_E —> POWEENSDWITCH
BLE ———# WRITE PROTECT
CEl ——»
CEOL --——

CEOH -w-———

ST —— MICR

To
PROCESSOR
MONITOR

vides a very accurate real time clock, nonvolatile SRAM
controller, microprocessor monitor, and 3—channel
8-bit analog—to—digital converter. Communication with
the device is established through a simple 3—wire inter-
face.

USING THE DS1670

The DS1670 can be directly interfaced with any micro-
processor or microcontroller through a 3—wire serial in-
terface. The serial interface gives the microprocessor
access to the DS1670 registers which consists of the
Real Time Clock Registers, Control Register, Status
Register, Watchdog Register, and ADC (Analog-to—
Digital Converter) Register. Figures 1 and 2 illustrate a
block diagram and address map of the DS1670, respec-
tively. The following paragraphs briefly describe the op-
eration of the various components of the DS1670 as
well as the functions of the various control and status
registers. For more detailed information please consult
the DS1670 datasheet.

o

RTC ™ INT

[e—— AINO

3-CHANNEL  |l@—
A/D CONVERTER AIN1
la——— AIN2
le———  SCLK
SERIAL
INTERFACE [+ CS
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TYPICAL APPLICATION Figure 2

SRAM
— Voo
s ; SRAM
 38BEX DS1670 Vee
80186 Veco o CE*
P1.0 » CS CEOH' l
P1.1 SCLK ceoL*
P1.2 | »| 10
VBAT
INTO |« INT
SUPER
P1.3 ST % ; CAPACITOR
RESET* |« RST* Ve [ (OR RECHARGEABLE
cs* cEr ANz <~——o] SERd e )
BHE* BHE* AIN! |a—0 ] INPUTS
BLE* | BLE" AINO | 4 (PRIMARY POWER)
BATTERY 2
“GAS GAUGE"
=
REAL TIME CLOCK nating the corruption of data during power transients. It

The Real Time Clock (RTC) provides seconds, minutes,
hours, day, date, month, and year information with leap
year compensation. The RTC has a back-up power
supply input (Vgar) that enables it to continue to keep
time even when the primary supply connected to Vg is
removed. The RTC also provides an alarm interrupt
which is functional both when the DS1670 is powered
by the system power supply or when in battery back-up
operation. Functionality while in battery back—up opera-
tion allows the alarm to “wake up” a system that is pow-
ered down.

NONVOLATILE SRAM CONTROL

The nonvolatile SRAM controller of the DS1670 pro-
vides two important functions. First, it insures a
constant uninterrupted power supply to the system
SRAMs. This is provided by the V¢ Output pin (Vcco)-
Vo is internally connected to Ve when Vg is within
nominal limits. However, when Vg is below nominal
limits, Voco is connected to the power ‘source con-
nected to Vpar (typically a lithium battery, rechargeable
battery, or super capacitor). The second important fea-
ture of the nonvolatile controller is that it gates the chip
enable signals to the SRAMs. This insures that the mi-
croprocessor can access the SRAMs only when the pri-
mary power supply is within nominal limits, thus elimi-

should also be noted thatthe DS1670 provides nonvola-
tile control for two separate SRAMs. The two inputs
from the microprocessor are Byte High Enable (BHE)
and Byte Low Enable (BLE). These inputs correspond
to the two output Chip Enable Output High (CEOH) and
Chip Enable Output Low (CEOL).

MICROPROCESSOR MONITOR
The microprocessor monitor circuitry of the DS167
provides three basic functions.

Q

1. A precision temperature—compensated reference
and comparator circuit monitors the status of Vgc.
When an out-of-tolerance condition occurs, an in-
ternal power fail signal is generated which forces the
reset to the active state. When Vg returnsto anin—
tolerance condition, the reset signals are kept in the
active state for 250 ms to allow the power supply and
processor to stabilize.

Pushbutton reset control: The DS1670 debounces
a pushbutton input and guarantees an active reset
pulse width of 250 ms.
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3. Watchdog timer: The DS1670 has an internal timer
that forces the reset signals to the active state if the
strobe input is not driven low prior to watchdog time—
out.

ANALOG-TO-DIGITAL CONVERTER

The DS1670 also provides a 3—channel 8-bit succes-
sive approximation analog-to—digital converter. The
converter has an internal 2.55 volt (typical) reference
voltage generated by an on-board band-gap circuit.
The A/D converter is monotonic (no missing codes) and
has an internal analog filter to reduce high frequency
noise.

An A/D conversion is the process of assigning a digital
code to an analog input voltage. This code represents
the input value as a fraction of the full scale voltage
(FSV) range. Thus the FSV range is then divided by the
A/D converter into 256 codes (8 bits). The FSV range is
bounded by an upper limit equal to the reference voltage
and the lower limit which is ground. The DS1670 has a
FSV of 2.55V (typical) which provides a resolution of
10mV. An input voltage equal to the reference voltage
converts to FFh while an input voltage equal to ground
converts to 00h. The relative linearity of the A/D con-
verter is +0.5 LSB.

The analog input (AINO, AIN1, or AIN2) for an analog—
to—digital conversion is selected by the condition of the
Analog Input Select (AIS) bits in the Control Register.
Conversions occur every 10 ms and the resultis placed
in the ADC Register.

TYPICAL APPLICATION

Figure 3 illustrates a typical application using the
DS1670. In this application, the DS1670 is shown inter-
facing with a 386EX or 80186 microprocessor (micro-
processors designed with embedded applications in
mind). Communication between the microprocessor
and the DS1670 is accomplished easily through three
portpins (P1.0-P1.2) which are connected to the 3—wire
serial interface pins of the DS1670 Serial Clock (SCLK),
Chip Select (CS), and serial input/output (I/0). This se-
rial interface provides access to the real time clock,
ADC, control, and status registers of the DS1670.

NONVOLATILE SRAM CONTROL

The DS1670 also provides nonvolatile control of exter-
nal SRAMs in this circuit example. The Chip Select
(CS), Byte High Enable (BHE), and Byte Low Enable

(BLE) outputs of the microprocessor are gated through
the DS1670 to its Chip Enable Output Low (CEOL) and
chip Enable Output High (CEOH) output pins. The
CEOL and CEOH pins can be driven to the active state
only when V¢ is within nominal limits (>2.88V) thus
preventing the system from receiving or writing cor-
rupted data. Note that the structure of the SRAM access
controller allows the microprocessor to access data in
wordwide format (16 bits wide by enabling CEOL and
CEOH simultaneously) or byte—wide format (8 bit wide
by enabling either CEOL or CEOH).

Power to the SRAMs is provided from the Vo pin of
the DS1670. When V¢ is within nominal limits (greater
than 2.7 volts typical), Vogo is internally connected to
Vgc- However, when Vg goes below nominal limits,
Vceo is internally connected to Vgar, thus insuring that
the SRAM data is maintained in the event of a primary
power supply failure. Vgar, is typically connected to a
lithium battery, rechargeable battery, or super capaci-
tor. Figure 3illustrates Vgar connected to a super ca-
pacitor. The super capacitor is charged whenever the
power source connected to Vg is a diode drop above
VgaT plus the voltage drop across resistor R1. Rt is
used to decrease the charge current to the super ca-
pacitor. Note that in this application, the primary power
source connected to Vg is a battery. This could be a
rechargeable battery pack or perhaps a series of AA
cells. Regardless of the type of battery used, the
DS1670 allows the battery to be changed without the
loss of important data. Depending on the size and type
of super capacitor or battery connected to Vpar, the
data will be saved from several hours to several years
without replacing the main system battery. It should be
noted also that when using a super capacitor, the limit-
ing factor is often the internal leakage of the capacitor
itself. In other words, the battery back—up current con-
sumed by the DS1670 and SRAMs is negligible
compared to the internal leakage of the capacitor.

MICROPROCESSOR MONITORING

The illustrated typical application also takes advantage
of the microprocessor monitoring features of the
DS1670. The RST of the DS1670 is connected to the

‘RESET pin of the microprocessor. The DS1670 will

generate a reset signal if Vgc goes out of the nominal
limits or if the watchdog timer is allowed to expire. Tog-
glingthe strobe (ST) input before the watchdog timer ex-
pires will keep the watchdog from generating a reset.
The watchdog timer can be disabled or programmed by

072996 3/5
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the user to be 250 ms, 500 ms, or 1000 ms. It is also
possible to connect the RST pin to a monetary pushbut-
ton switch to allow a manual reset of the system. In this
type of application the RST pin will produce a 250 ms ac-
tive reset after being momentarily grounded by an exter-
nal momentary switch.

REAL TIME CLOCK

Another important feature of the DS1670 is the Real
Time Clock (RTC). The RTC provides the system with
seconds, minutes, hours, day, date, month, and yearin-
formation. The accuracy of the clock is typically +£1 min-
ute per month at room temperature. An especially pow-
erful function of the RTC is the alarm. The alarm gives
the user flexibility to program events at a specific time of
the day. The DS1670 can be programmedto generate a
single alarm or, through the use of its alarm mask bits,
can generate an alarm once every second, minute,
hour, or day. Added flexibility is provided in that the
alarm is functional both when the device is powered by
Vg or when powered by Vgar . Generating an alarm
while powered by Vgaris especially useful because this
allows the DS1670 to “wake up” a sleeping system. For
example, a portable datalogger may need to collect data
once every hour. This system could be placed in a low
power “sleep mode” when idle. The alarm could be
used to “wake up” the system at the appropriate time to
collect data. After the collection is completed, software
could place the system back into sleep mode where it
would remain until the next alarm interrupt.

ANALOG-TO-DIGITAL CONVERTER

The DS1670 also has a 3—channel 8-bit analog—to—dig-
ital converter. In our typical application example, onein-
put of the ADC is used as a battery “gas gauge”. This
input samples the voltage on the primary power supply

battery which is first reduced through a voltage divider
circuit. The microprocessor monitors this voltage and
generates a low battery warning if the voltage falls be-
low a specified threshold, thus signaling the end user
that the battery needs to be changed. The additional
ADC inputs could be interfaced with environmental sen-
sors or other analog signals.

LOW POWER

The functional features of the DS1670 are certainly a
great benefit to many system designers, but equally im-
portant in portable systems is low power to insure long
battery life. Itis probable that the majority of the time the
DS1670 will sit idle in a powered up system. In this type
of standby operation, the DS1670 will consume a maxi-
mum of 100 pA (200 pA maximum if the analog—to—digi-
tal converter is enabled). During active operation, when
the 3—wire interface is being driven, the DS 1670 will typ-
ically consume 5 mA (10 mA maximum). The lowest
power mode of the device is when the primary power
supply is removed and the device is being powered by
Vgat. In this mode, the device typically consumes 300
nA (500 nA maximum).

SUMMARY

Overall, it has been shown that the DS1670 Portable
System Controller provides many of the functions nec-
essary in battery backed portable products. The in-
tegration of these features onto a single piece of silicon
replaces as many as four separate integrated circuits
and is available in an extremely small 20—pin TSSOP
package. The DS1670 is also ideally suited for battery
backed products because of its low power consump-
tion, particularly when the device is in standby or battery
backed mode.
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DS1670 ADDRESS MAP Figure 3
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How to Save Data During a Power

Failure Without Corrupting It

For many memory systems requiring nonvolatile
memory, Dallas Semiconductor NV SRAMs offer an
SRAM’s ease of implementation coupled with write
protection circuitry and a 10 year information storage
capability. NV SRAMs automatically write protect them-
selves when they detect an out—of-tolerance condition
(usually at 10% of Vgc), making them a secure recep-
tacle for data to be protected during a power failure.

One issue that is not addressed by the secure write
protection strategy of the NV SRAM is this: what hap-
pens to the data currently being processed during a
power failure? If the voltage has fallen to 10% of Vg,
time has already run out to perform any system house-
keeping functions such as storing off data and storing
the state of the microprocessor. What is required to truly
address this need to "save data before write—protecting

5V - 5% IRQ GENERATION

memory” is a method to detect an impending power fail-
ure well before the power supply has fallen to 10% of
V¢ so that a microprocessor can perform these house-
keeping functions.

One way to accomplish this task is to use a second volt-
age monitoring device. Dallas Semiconductor
manufactures the DS1233B, a 5V-5% voltage monitor
in a 3-pin TO-92 size package. This 5% monitor drives
an active low reset signal, RST, as soon as it detects an
out-of-tolerance condition. This active low signal can
be used as an IRQ input to a microprocessor, providing
the microprocessor with an advanced warning that the
power supply is falling, and giving it time to service the
interrupt before the system’s nonvolatile memory has
been write protected. The following diagram illustrates
this concept.

sV
5V-5%
MONITOR 1233
MICRO-
PROCESSOR
IRQ

DATA :

You might wonder of what use the time between a 5%
and 10% drop in a 5V power supply could possibly be to
a microprocessor. After all, don’t power supplies fall
rapidly when they do go through a hard failure? The
answer is, yes, of course they do. But, fortunately,
microprocessors can service interrupts and process
information even faster. All that is required is that the
system’s interrupt servicing software be configured so

5V-10%
WRITE PROTECTION

ADDRESS

NV RAM

that it quickly identifies and services external interrupts.
An example follows of how useful this time can be.

For the sake of this discussion, let's make several
assumptions about the conditions that existinside of the
system in question. Let's assume:
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1. That the power supply falls quickly, taking only 300
microseconds to fall from 4.75 to 4.0 volts.

2. That the microprocessor in question runs at a rela-
tively moderate clock speed of 25 MHz.

3. That this microprocessor is a common 8-bit device,
requiring on the order of six clocks to execute a
single instruction.

With this set of givens, how many instructions should
the processor be able to execute between the 5% and
10% trip points on a 5V power supply?

1/25 MHz = 40 ns clocks
six clocks/instruction = 240 ns per instruction
(4.75—4.00)/300 us = .0025 V/us

5% — 10% drop = .25 V; hence 5%—10% drop =
100 pus

100 ps/ 240 ns per instruction = 416 instructions

Having 416 executable instructions at your disposal
versus having none during a power down makes a big
difference in saving 256 bytes of information or losing it,
or in saving the state machine of the processor or losing
it. Inaddition, the variables can be modified by design to
give the processor even more time. The rate of fall of
voltage of the power supply during a power failure can
be slowed by adding capacitance. Processors requiring
fewer than six clocks to execute an instruction can be

used. In any case, using a DS1233B in conjunction
with your NV SRAM requirements can give you the addi-
tional time you need to execute an orderly system shut-
down, without corrupting your memory or allowing your
microprocessor to run out of control.

ORDERING INFORMATION

DS1233B

TO-92 Package SOT-223 Package
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NV SRAM PINOUTS

A7 1 24
A6 2 23
A5 3 22
A4 4 21
A3 5 20
s BWED
Al 7 18
A0 8 17
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DQ1 10 15
DQ2 " 14
GND 12 13
Al14 1 28
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A7 3 26
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DS1630
A2 8 3okXxg 21
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DQo 1" 18
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Designing a Nonvolatile 2M x 16

Memory Subsystem

Designing microprocessor cards and memory subsys-
tem cards for backplane-based systems challenges
system designers with problems not associated with
single motherboard systems. Power supply stabiliza-
tion, power supply monitoring, backup supply switching,
and maintaining mehow or microprocessor states
when inserting or removing “hot” cards require that the
system designer take special care to isolate system
memory and microprocessor cards from transient
conditions generated by the backplane or by other sys-
tem cards. Dallas Semiconductor produces three prod-

uct families, prefabricated memory products, CPU

wlt & MIOIQUNLAITU ROy pruelis

supervisory products, and integrated battery backup
products, which are particularly well suited for subsys-
tem card designs.

As an example let's say that you need to design a
memory subsystem with the following minimum require-
ments:

-

Board must have single—sided assembly.

n

2M x 16 of base memory required, with capabilities
to support up to an additional 2M x 16 of extended

7. Switching from the backup power supply to Vg on
power up must automatically occur once Vgg is in
tolerance.

8. Switching system must be able to switch during a
“hot card” situation without losing the contents of
memory, requiring a smooth transition from a high
current active memory state to a low current backup
state.

9. The backup power supply must provide an advance
warning of an impending out—of-tolerance condition
on the backup supply.

10. Memory must be write protected during a power fail-
ure to prevent it from becoming corrupted.

While the list seems lengthy, these requirements are an
essential minimum for many memory cards. Dallas
Semiconductor provides condensed, ready—made
solutions to these problems which simplify the card
design, number of piece parts required, and real estate
required for a solution. A block diagram of the required
functions follows:

memory, for a total of 4M x 16. Access times of 85 %’ REGULATED POWER
ns are required. —]
—
i |—. ir- —
3. Memory must require no stand-alone refresh cir =  BACKUP BACKUP M X 16
cuitry. = SIGNALS EoueR BASE MEMORY
| —
: , =
4. A backup power supply must be available to main- —
tain the contents of the base memory and extended — +
memory on the card. — Ve
. — —
5. Power supply (5V) must be monitored both on the — - SPRIMARY
subsystem card as well as on the backplane card. A 2M X 16
- = il | velnone Foiy
6. Switching from Vg to the secondary .power supply ——  SIGNAL SwiTcH
must be automatically executed during a power— —
down or power failure.
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Each of these system functions can be realized using a
condensed, off-the—shelf Dallas Semiconductor solu-
tion. Let’s begin with the memory requirements.

In order to provide a low-voltage, backup—compatible
memory, without the need for refresh circuitry, the best
choice is to use SRAM memory. The 85 ns memory
access requirement is available in SRAM as well. What
we also need, however, is a way to provide system
users with a convenient way of adding memory as they
needit. Most likely, the end user does not want to have
to add the memory SRAM by SRAM, or fumble with the
individual parts themselves. Dallas Semiconductor’s
solution to this requirement is the DS2229. The DS2229
512K x 16-bit prefabricated memory Stik conforms to
the JEDEC 80—pin connection standard. The high den-
sity word-wide configuration of the prefabricated
memory Stk provides the memory card with more
memory per surface area than surface-mounting the
individual SRAMs directly onto the memory card. The
modularity of a DS2229 makes it possible to provide the
memory card’s user with maximum flexibility in adding
additional memory over the 2M x 16 minimum require-
ment. Four DS2229’s satisfy the minimum requirement,
with 80—pin JEDEC sockets on the card for up to four
more DS2229’s. Since the DS2229’s are also remove-
able from the memory card, the card can be reconfi-
gured as necessary, or DS2229’s from one card can be
used to upgrade the memory in other cards, or to pro-
vide base memory for other cards, reducing the overall
cost of implementation for such a flexible memory sub-
system.

512K X 16 80-PIN JEDEC STANDARD
SIP STIK

™

With items 1, 2, and 3 of the system requirements met,
the next functions that can be easily consolidated into a
one—chip solution are the power switching functions.
The DS1336 is ideally suited for our system require-
ments (see Figure 2). The device can switch between a
3V or 5V, 1.5A supply to a backup 3V supply, with a max-
imum backup current of 4 mA. The DS1336 requires an
external notification of a power failure. Once the exter-
nalinputis activated, the DS1336 immediately switches
from the primary power supply to the backup power sup-
ply, in this case a lithium power source. Since the

DS1336 has two complemented power—fail inputs, PF
and PF, one can be used for the on—card power monitor,
and the other can be connected to a power—fail status
indicator on the backplane which can provide an
advanced warning of a power failure, before it reaches
the memory card.

What about the primary and backup power supply man-
agement requirements? Again, Dallas Semiconductor
offers several condensed solutions which are user—
configurable to meet diverse system requirements.
Let’s begin with the power monitoring requirements.

If we want to monitor the status of our on-board power
supply, backup supply, and also monitor the external
connections to the backplane, we need to be able to
monitor all of these supplies, and be able to use the out-
put signals to drive high current switching circuitry. Dal-
las Semiconductor offers the DS1236 MicroManager,
which condenses all of the required functions into one
chip.

DS1236 MICROMANAGER Figure 1

2 . Vpar 1 RsT
Veeo '] RST ——
I Vccg DS1236 5 peRsT ~——
1 anp [ 0ca <=
= <— pp [ ] CeE6 —
BF O ST -—
wesse O 0w —

re O O N

The DS1236 MicroManager monitors the primary
power supply Vg from the backplane, and the backup
lithium source. If Vg falls out of tolerance, the DS1236
provides two complemented power—fail signal outputs,
PF and PF, either of which can be used to signal to a
DS1336 to switch power from the primary supply to the
backup lithium energy source. The DS1236 also has a
user—definable voltage monitor, which in our memory
card implementation can be used to monitor the status
of the backup lithium source. In the implementation
shown below, if the backup lithium source’s voltage falls
below 2.54V, the DS1236 will assert its NMI output to
warn the memory controller or microprocessor that the
backup power supply has failed. This feature satisfies
requirement 9.
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DS1336 AFTERBURNER 16-PIN DIP OR SOIC Figure 2
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The last system requirement, that of write protecting
memory, is accomplished by controlling the chip enable
lines to the DS2229 prefabricated memory sticks. The
chip enable input from the memory controller is fed to
the DS1236, and is passed out as CEO during normal
V¢ operating conditions. During an out—of-tolerance
condition, the DS1236 holds CEO high so that a write to
the memory with corrupted data can be prevented.

With the primary power supply monitoring requirements
satisfied, we still require a method to switch from the
higher active currents of the DS2229’s to the very low
data retention currents required for maintaining the
memory in a standby state. The active current required
for the system is:

8 x (DS2229 Iccp) = 8 x 100 mA = 800 mA maximum
The data retention current required for the system is:
8 x (DS2229 Icc or standby) = 8 x 8 pA = 64 pA

The power requirements for maintaining the memory
contents in the absence of power is then:

2years x 64 pA = 128 nA-years or 1122 mAh, so a mini-
mum of a 1.2 Amp—Hour lithium source will be required.

To switch between the high current and low current
requirements of the memory requires the ability to
switch between the 5V high current supply and 3V
backup supply, without dropping the current supply to
the memory below the minimum required to keep it
active. The DS1336 consolidates the required switch-
ing functions into a single 16—pin SOIC device capable
of switching even more current than we require, up to
1.5A of active current. The DS1336 contains a series of
five power FETS which can each handle 300 mA, for a
combined capacity of 1.5A.

Vcc from the primary power supply is tied to the five IN
pins of the DS1336, with the five OUT pins tied together
and to the Vgaro1 pin. The VpaTo1 pin of the DS1336
has a series diode to prevent V¢ from charging the
backup lithium supply, which is connected to Vgatn.
When PF becomes active fromthe DS1236, indicatinga
primary power failure on the memory card, the DS1336
switches power from the primary supply to the second-
ary lithium supply within 100 ns. In order to monitor
power supplied by the backplane, the DS1336’s other
power fail input, PF, can be connected to a PF signal on
the backplane, so that a backplane failure can also
cause the DS1336 to switch to the backup power
source.
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For more information on high density nonvolatile memory applications and related subsystems, please call the

Dallas Semiconductor factory at (214) 450-0448.
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RAMport — 2K X 8 NV SRAM AND MORE

The RAMport memory developed by Dallas Semicon-
ductor was designed to be connected to microcontrol-
lers without robbing the device of valuable port pins.
The name “RAMport” was chosen for the DS1381 to try
to communicate this advantage to potential users (see
Figure 1). Evenifthe name is effective in conveying this
message, the overall capability of the device and the di-
versity of applications remains concealed.

DS1381 Figure 1

<>

PORT

The DS1381 RAMportis a bytewide memory thatuses a
multiplexed address and data bus. The obvious disad-
vantage with this scheme is reduced performance be-
cause the address and data information is sent sequen-
tially. The equally obvious advantage is reduced pin
count (see Figure 2). The multiplexing scheme used
with the DS1381 requires only 8 pins for address and
data. The address is transferred to the device in two
subsequent cycles. The first address transfer consists
of A8 through A10 along with read or write command in-
formation. The second address transfer contains the
low—order address bits and is followed by a third transfer
whichis data. Since the read or write commandis trans-
ferred as part of the address, the need for read and write
control signals is also eliminated, reducing control sig-
nal requirements to only two pins: memory and clock.
The memory and clock signals direct data transfer to
and from the memory and also command and control
eight port input/outputs which are not found on conven-
tional memories (see Figure 3). The total pin count for
memory interface and port input/output plus Vgc and

ground amounts to 20 pins. This leaves four pins for the
special purpose of providing nonvolatility. Two pins pro-
vide for a direct connection to a data retention energy
cell. These pins do not go outside the package, but are
internally connected to a lithium coin cell. Since this
connection is made with 2 of the 24 pins on a standard
dual in line package, cost savings is achieved when
compared to alternate interconnect systems or special
lead frames. Finally, the DS1381 provides an output
when power fail occurs which can be used to interrupt
the processor, and a separate pin provides selection of
the power fail detection point at 5% or 10% of the power
supply voltage. The end resultis a low—cost 24—pin 0.6”
DIP which offers an I/O port and a power fail controller
as a bonus.

DS1381 PIN INFORMATION Figure 2

TOL Vec
PF CLK
PI PO8
PO1 Pi8
P2 N.C.
PO2 MEM
PI3 PO7
PO3 PI7
Pl4 N.C
PO4 PO6
PI5 Pl6
GND PO5
PIN NAME DESCRIPTION
PF POWER FAIL OUTPUT
Pli-PI8 PORT INPUTS (P PORTS)
PO1-PO8 PORT OUTPUTS (EXTERNAL PORTS)
GND GROUND
Vee +5 VOLTS
CLK CLOCK
MEM MEMORY SELECT
N.C. NO CONNECTION
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DS1381 FUNCTIONAL BLOCK DIAGRAM Figure 3

CLK ¢
wiew 1 !
8 ENABLE
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EXTERNAL
PORTS
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POWER
BAT ———»» CONTROL —————— VDD
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REDUCING TO PRACTICAL - MICROPROCESSOR INTERFACE USING

MICROCONTROLLER INTERFACE

As mentioned, the DS1381 was designed to offer the mi-
crocontroller user some external nonvolatile memory
that does not consume all of the valuable port pins.
When using the DS1381 with a microcontroller, the in-
terconnect system is simple and straightforward. Eight
port pins of the microcontroller connect directly to the
eight input port pins (PI1 — PI8) of the DS1381 (see
Figure 3). These port pins are reproduced at the port
output pins (PO1 — PO8). During operation, when no
memory transfer is taking place, the DS1381 port cutput
pins look exactly like the eight microprocessor port pins
with the only addition being a small series impedance.
Two other port pins of the microprocessor are required
to control the DS1381, namely CLOCK and MEMORY.
Since these port pins must be dedicated to control, they
are not reproduced by the DS1381. The MEMORY and
CLOCK signals must be generated using software with-
in the microcontroller to establish the proper signal lev-
els and timing relationships. The function of these two
controls is to direct data to and from memory or to the
data direction register within the DS1381. When data is
being transferred to and from the DS1381, the port out-
puts are latched or become high impedance depending
on their assigned function. More detailed information on
the control signals is furnished in the DS1381 data sheet.

DS1381 MEMORY

While the hardware interface between the DS1381 and
a microcontroller is straightforward, the interface to a
microprocessor is also simple, although not as obvious.
Only the 2K X 8 nonvolatile memory and power fail con-
troller features are useful in this application (see Figure
5). The key to interfacing the DS1381 to a microproces-
soris to use only the data bus for both address and data.
Since only the memory is to be used, the MEMORY sig-
nal should be grounded. This connection fixes the
PO1 - PO8 pins tc remain in a status as dictated by the
data bus and the DS1381 data direction register at the
time thatthe MEMORY signalis grounded. Because itis
unlikely that these pins contain any useful information
under this condition (although some type of program-
ming mode might be implemented to make these out-
puts useful) these pins should be left unconnected.
With the MEMORY pin grounded, the clock input be-
comes analogous to the chip enable or chip selecton a
standard bytewide memory. The clock signal can be
easily derived with a decoder from selected address
lines which place the DS1381 properly in the memory
map. To achieve proper timing (setup and hold times)
the decode must be gated by a microprocessor control
signal. The names and purpose of usable control sig-
nals vary with the type of microprocessor used. Howev-
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er, status signals, address latch enable, memory re-
quest, address strobe, and data strobe usually provide
the proper timing relationship with respect to address
and data for gating the decoder. The microprocessor
and DS1381 data sheets should be consulted for exact
timing details. Since only the data bus is used for both
address and data, three separate memory cycles must
be used to read or write each byte of data. However, this
inconvenience is often a small price to pay for hiding a
2K X 8 of nonvolatile RAM in as small as one I/O or
memory address space. An additional feature that stan-
dard memory does not provide is the power fail interrupt
output.

IN CONCLUSION
The DS1381 is primarily tailored for use with microcon-
trollers. In microcontroller applications, the DS1381

MICROCONTROLLER INTERFACE Figure 4

Vee

provides an inexpensive nonvolatile RAM without using
valuable port pins. In microprocessor applications,
2K X 8 of nonvolatile RAM is easily interfaced to a sys-
tem with minimum impact on memory space by using
the data bus for both address and data. Because of the
multiplexed address/data bus, pin count and cost are
kept to a minimum while additional and useful features
are provided which are not found on standard memo-
ries. While the multiple uses of the RAMport are difficult
to convey to potential users with only a name, closer in-
spection of the device reveals an economical, special—
purpose nonvolatile memory with many microprocessor
and microcontroller applications.

uC DS1380/1
PY & CLK
PZ MEM PX0-7
PO1-8
Pxo-7 () /15
IRQ PF
10 PORT PINS 8 PORT PINS
USED RETURNED

MICROPROCESSOR INTERFACE USING DS1380 2K X 8 NV RAM ONLY Figure 5

Vee

i

uP

| MEM

S0-S1

IRQ

Dao-7 M Pii-g
DS1380/1

DECODER

ADD L

O— CLK

PF

THIS CONFIGURATION MAKES USE OF THE
2K X 8 MEMORY ONLY
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Using Nonvolatile Static RAMs

Vast resources have been expended by the semicon-
ductor industry trying to build a nonvolatile random ac-
cess read/write memory. The effort has been undertak-
en because nonvolatile RAM offers several advantages
over other memory devices — DRAM, Static RAM,
Shadow RAM, EEPROM, EPROM and ROM - which
were developed to meet specific applications needs.

Characteristics of the ideal nonvolatile RAM are: low
power consumption, high performance, high reliability,

MEMORY ATTRIBUTES Figure 1

high density, low cost, and the ability to be used in any
semiconductor memory application.

While the various memory components designed to
date do not meet the ideal memory scenario, each ex-
cels in meeting one or more of the sought after attributes
(Figure 1).

EASE OF DATA
INTER- NONVOLA- PERFOR- READ/ RETEN-
COST FACE TILE DENSITY MANCE WRITE TION
DRAM +++ +++ ++ +++
STATIC RAM +++ + +++ +++
NV SRAM +++ ++ + +++ +++ ++
PARTITION- +++ ++ + +++ +++ ++
ABLE
NV SRAM
PSEUDO + + ++ + +++
STATIC
FLASH ++ ++ ++ ++ ++ + ++
EEPROM + ++ + + + +
EPROM ++ ++ ++ ++ + ++
OTP EPROM +++ +++ +++ +++ + +++
ROM +++ +++ +++ +++ + +++
+ = Degree of excellence
TYPES OF MEMORY DRAM: Dynamic Random Access Memory. A DRAM,

Many types of memories have been devised to meet va-
rying application needs. However, nonvolatile read/
write random access memories can be substituted for
all memory types independent of application, if cost is
not a primary consideration.

similar to an SRAM, stores informationasa 1ora0. In
an SRAM, this information is stored in a four to six tran-
sistor flip—flop which is easy to address, but requires a
relatively large memory cell. A DRAM, by comparison,
stores its 1 or 0 as a charge on a small capacitor, requir-

©Copyright 1995 by Dallas Semiconductor Corporation.

All Rights Reserved. For important information regarding
patents and other intellectual property rights, please refer to
Dallas Semiconductor databooks.
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ing much more current then an SRAM to maintain the
stored data. The net memory cell size is smaller for the
DRAM than for the SRAM, so the total cost per bit of
memory is less. The DRAM’s capacitors must be con-
stantly refreshed so that they retain their charge.
DRAMs require more sophisticated interface circuitry.

SRAM: Static Random Access Memory. An SRAM is
essentially a stable DC flip—flop requiring no clock tim-
ing or refreshing. The contents of an SRAM memory are
retained as long as power is supplied. SRAMs support
extremely fast access times. SRAMs also have rela-
tively few strict timing requirements and a parallel ad-
dress structure, making them particularly suited for

cache and other low—density, frequent—access applica-

tions.

NV SRAM: Nonvolatile Static Random Access
Memory. An NV SRAM is a single package which con-
tains a low—power SRAM, a nonvolatile memory con-
troller, and a lithium type battery. When the power sup-
ply to this single modular package falls below the
minimum requirement to maintain the contents of the
SRAM, the memory controller in the module switches
the power supply from the external source to the internal
lithium battery and write protects the SRAM. These
transitions to and from the external power source are
transparent to the SRAM, making it a true nonvolatile
memory. This unique construction combines the strate-
gic advantages of SRAM—-addressing structure, high—
speed access, and timing requirements—with the non-
volatility advantages of EEPROM technologies.
Battery—backed SRAM modules from Dallas Semicon-
ductor are pin—compatible with non-battery—backed
SRAMSs, making them ideal for any application where a
traditional SRAM would be suitable.

PARTITIONABLE NV SRAM: A partitionable Dallas
Semiconductor NV SRAM offers the same nonvolatility,
addressing structure, and timing requirements of a reg-
ular Dallas Semiconductor NV SRAM product with the
additional ability to write—protect selected blocks of
memory, regardless of Vgc. This write protection fea-
ture requires no additional pins, and is instead con-
trolled by a unique combination of read cycles (see
DS1630, DS1645 and DS1650 data sheets). This fea-
ture allows a designer to configure a battery backed
SRAM as both a RAM and a ROM-in one device. Be-
cause no additional pins are required for control, parti-
tionable devices can be substituted for non—partition-
ables in existing designs, without making costly
hardware changes.

PSEUDO STATIC RAM: Pseudo Static Random Ac-
cess Memory. The advantages of using a Static RAM
are the simplicity of the interface circuitry required, and
the fact that the device is by nature “static,” not requiring
periodic refreshing to retainits data. A DRAM, however,
provides lower cost-per-bit advantages and a higher
memory density. A Pseudo—static RAM combines the
advantages of the SRAM and DRAM by using dynamic
storage cells to retain memory, and by placing all the re-
quired refresh logic on—chip so that the device functions
similarly to an SRAM.

FLASH: A flash memory combines the electrical erase
capability of an EEPROM with a cell that is similar to an
EPROM. The result is that the modified cell may be
block erased electrically instead of with UV light. This
feature allows a Flash memory to accept new code up-
dates or information while it is functioning in a system.

EEPROM: Electrically Erasable/Programmable Read
Only Memory. A significant disadvantage of the
EPROM memory is the fact that it cannot be repro-
grammed while in a system. EPROM requires an exter-
nal programming device to receive new code or data.
An EEPROM eliminates this problem by providing a
write function which can be used while the EEPROM is
stillin acircuit. A tradeoff for obtaining the write function
while the EEPROM is still in a circuit is having to provide
ahigh voltage (12.5V or above) source forthe EEPROM
when writing new data, or buying a more expensive
EEPROM which has a charge pump in its package that
allows it to be used with a standard 5 to 7V input. Al-
though nonvolatile, EEPROM memory cells exhibit slow
read/write access rates, making them most suitable for
systems where performance is not anissue. The other
read/write capable memories listed in Figure 1 provide
the ability to frequently read and write data continuously
over their entire lifetimes, in excess of 10 years, while
EEPROM memory cells can rarely be rewritten more
than 10,000 times. An EEPROM canbe placed in a sys-
tem and accessed as a standard RAM.

EPROM: Electrically Programmable Read Only
Memory. An EPROM is a nonvolatile memory which of-
fers the ability to both program and erase the contents of
the memory multiple times. An EPROM must be pro-
grammed using a 12.5 volt (or higher) PROM program-
mer, and then transferred into the system in which it is
intended to function. EPROMSs can be erased by shin-
ing ultraviolet light into the window in the top of the IC
package. The process of writing data into an EPROM
and then erasing it may be repeated almost indefinitely.

072996 2/11
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EPROMs are usually used for product development,
and later replaced with less expensive one-time pro-
grammable EPROMs.

OTP EPROM: One-Time Programmable EPROM. An
EPROM which can only be written with code/data once
instead of multiple times. Generally, OTP EPROMSs are
less expensive then erasable EPROMs.

ROM: Mask Programmable Read Only Memory. Mask
programmable ROMs are the most durable form of
memory storage. They are, however, “read only” and of-
fer fairly slow performance. If a design has code/data
that is very stable and will not need to be changed, a
custom mask for the IC die can be made which will sig-
nificantly reduce the cost of the ROM. A drawback to us-
ing a mask ROM is the significant cost penalty that must
be incurred if an error in the code/data being stored
forces a mask set change. The OTP EPROM fills the
gap between ROM applications (no changes) and
EPROMs (frequent changes).

MEETING APPLICATIONS NEEDS

NMOS DRAM memory provides performance and den-
sity, but, on the down side, must be constantly refreshed
to retain data. Atthe opposite extreme are ROMs, offer-
ing nonvolatility and density, but lacking the ability to be
updated with new data because information is pro-
grammed in only once. Between these two are a wide
range of devices that fulfill some characteristics of the
ideal memory.

Two popular devices, EEPROMs and Shadow RAMs,
are designed to emulate a static RAM but also have the
ability to retain data after a power loss. But despite their
capabiiity to retain data, both EEPROMs and Shadow
RAMs fall short of meeting the industry’s needs for sev-
eral reasons.

Most notably, the EEPROM requires a special slow
write cycle. The EEPROM's inability to support stan-
dard write cycle rates hinders performance in applica-
tions where memory is updated immediately as new
data is available.

Another problem with EEPROMSs is their wear—out
mechanisms. These raise longevity concerns due to
the limited number of write cycles allowed — sometimes

as few as 10,000. If a static RAM with a 200 ns cycle
time had this limitation, it would wear out in a mere 20
ms. In an application that requires constant updating,
such as the buffer memory of a cashier’s checkout ter-
minal or a printer, the EEPROM’s wear out mechanism
is not acceptable.

Finally, because of the complexity of programming cir-
cuits, the cell structure and the special process technol-
ogy required, the density of EEPROMSs has not kept up
with industry demands.

In systems requiring store—and—forward data, the
memory must provide the desired fast write cycle as well
as protection of data in the event of a power loss. De-
spite the promise of such a memory device and the effort
invested by the industry, the ideal memory remains elu-
sive.

To more nearly emulate the ideal memory, Dallas Semi-
conductor combines its intelligent CMOS control circuit-
ry (DS1210), a lithium energy source, and a very low
power SRAM to offer a high density, nonvolatile
memory.

Many Dallas devices, including the DS1220 (2K x 8
bits), DS1225 (8K x 8 bits), DS1230 (32K x 8 bits),
DS1245 (128K x 8 bits), and DS1250 (512K x 8), use
this fusion of technologies to provide a nonvolatile ran-
dom access memory solution in densities up to 4096K
bits.

CMOS NV SRAMSs currently available have read and
write cycle times of 70 ns, which exceeds most system
requirements. They are much more robust than
EEPROM, because there is no wear—out mechanism or
write cycle limitation.

NV SRAMs are also the easiest to use and interface be-
cause the pinout configurations are standard through-
outthe industry. In fact, X8 or bytewide NV SRAMs can
be interfaced directly to microprocessors (Figure 2). In
addition, CMOS NV SRAMs offer low power in both ac-
tive and standby modes, a characteristic sought by
many designers. In most designs, memories remain in
standby much of the time, keeping power consumption
negligible. In the standby mode, current drain consists
only of leakage currents in the tens of nanoamperes.
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BYTEWIDE RAM TO MICROPROCESSOR INTERFACE Figure 2

WRITE
READ
MEMORY CYCLE
MICRO- &
pricRO- j DECODER CE -
{ GMos
ADDRESS BUS > WE

<

DATA BUS

D

BYTEWIDE MEMORIES PROVIDE EASY INTERFACE TO MICROPROCESSORS BECAUSE OF THE X8 ORGANIZATION AND

CONTROL SIGNAL DEFINITION.

PUTTING LITHIUM AND RAM TOGETHER
The minute leakage currents of modem CMOS SRAMs
can be sustained with a backup energy source to yield a
most attractive nonvolatile memory. However, the ac-
tual solution involves more than just a CMOS memory
and back up energy source (see Figure 3).

Battery backup design schemes are many and varied.
The increase in density and availability of low-power
CMOS memories in recent years has made this ap-
proach even more attractive. Yet problems still exist
with battery backup design due to battery packaging
and a lack of appropriate standard components to im-
plement the support circuitry. One problem is providing
isolation between the battery and power supply (see
Figure 4). Diodes can provide isolation but produce a
voltage drop which requires nonstandard power sup-
plies and also subtracts from the battery voltage. A sec-
ond problem is that the circuitry must be powered from
the battery. Unless these devices draw an extremely
modest amount of current, battery selection changes
drastically. In fact, a current drain of even a couple of

microamperes dictates the use of either rechargeable
batteries or a replaceable battery scheme. If recharge-
able batteries are selected, the recharging circuit can be
costly and complex, and the best rechargeable battery
cannot compare with the electrochemical stability of the
lithium primary cell. Even worse, replaceable batteries
add maintenance and cost to an in—service system.
Battery packaging has also been a serious limitation,
taking up valuable space and requiring special handling
consideration to prevent discharge.

Dallas Semiconductor overcomes these obstacles by
using high—capacity, non—rechargeable lithium batter-
ies in its battery backed SRAMs.

ENERGY SOURCE

The energy source used to retain data in memory must
be capable of outlasting the usefulness of the end prod-
uct. Dallas Semiconductor NV SRAM products use an
extremely stable electrochemical system with enough
energy to guarantee a shelf life greater than 10 years.

072996 4/11
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BATTERY BACKUP CIRCUIT Figure 3

Vee 4 K- Vee

CMOS STATIC
RAM

GND

L

CMOS STATIC RAM REQUIRES MORE THAN JUST A BACKUP POWER SUPPLY. DATA MUST ALSO BE
PROTECTED DURING POWER TRANSIENTS TO AVOID GARBLED DATA.

POWER SUPPLY AND BATTERY ISOLATION CIRCUITRY Figure 4
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SUPPORT CIRCUITRY REQUIRED TO PRODUCE POWER FAIL DETECTION AND WRITE PROTECTION
FORCES THE NEED FOR MULTICELL RECHARGEABLE BATTERY OR A LITHIUM BATTERY.
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LITHIUM BATTERY BACKUP IS MORE
RELIABLE

The lithium energy cell has raised concern about reli-
ability and has been the object of much study. Data tak-
en on the energy cell used in Dallas Semiconductor NV
SRAMs indicates a cell failure rate less than 0.5% at
55°C over a 10 year period.

Additional life studies taken on the same lithium energy
source encapsulated in Dallas Semiconductor’s NV
SRAMs have produced no failures in over 12 million de-
vice hours at85°C. The lithium energy cell, then, is ideal
for commercial and industrial semiconductor applica-
tions.

RETROFITTING EXISTING DESIGNS

The pinout of Dallas Semiconductor NV SRAMs is an
established industry standard (Figure 9). The Joint
Electronic Devices Engineering Council's Bytewide
Version B Standard defines and upgrades from 2K x 8 in
density to 128K x 8.

This standard accommodates RAM, ROM, UV
EPROMSs, and EEPROMSs. Because of the flexibility
and upgradeability of bytewide memories, the number
of existing sockets is in the hundreds of millions. There-
fore, many system designs can accommodate direct re-
placement of RAMs, EPROMs, ROMs, and EEPROMs
with Dallas Semiconductor NV SRAMs. These solu-
tions add real-time programmability and/or density up-
grades to existing systems without redesign. Real-time
programmability gives the system the ability to be per-
sonalized by the end user. In other words, NV SRAMs
can be retrofitted into existing designs without making
changes to existing hardware. This retrofitting offers a
cost—effective, practical solution for companies who
have invested in other memory devices that are less
than ideal for their needs. For example, a design using
conventional static RAM can be upgraded to nonvolatile

memory by substituting a Dallas Semiconductor NV
SRAM for the Static RAM memory.

IN-CIRCUIT PROGRAMMABILITY

The advantages of NV SRAM can be related to the ca-
pability of software. Modern systems seek customiza-
tion for the cost of standard product. In this aspect, soft-
ware can be adapted in a system to perform specialized
functions. Itis even possible to totally modify a system
personality over the telephone. In—circuit programming
also reduces maintenance cost by eliminating service
calls to update software. Software stored in NV SRAM
can be updated as often as necessary, depending on
the configuration or application of the system.

PORTABLE APPLICATIONS

The advancement of high density, low—power portable
computers is continuing to drive development require-
ments. Difficult interface circuitry and refresh require-
ments of DRAM memories make them unsuitable for
such applications. SRAMs are not only easier to ad-
dress and consume less power when operating, but
also require very little power to maintain the contents of
their memory. Even better, an NV SRAM can provide
the high performance of a DRAM or SRAM and also
guarantee that the memory is truly nonvolatile. When a
portable PC needs to be in standby mode, the memory
can be powered down altogether.

1 MBYTE MEMORY SUBSYSTEM USING NV
SRAMs

Figure 6 shows a system block diagram with an Intel
386SL microprocessor with a 1 megabyte main memory
of 128K x 8 NV SRAMs (DS1245). Figure 5, Portable
Applications: Intel 386SL CPU/NV SRAM Timing,
shows the requisite timing for the memory subsystem.
The Intel 386SL is one of many microprocessors spe-
cially designed for low power, portable applications, and
for addressing SRAM memory.

072996 6/11
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PORTABLE APPLICATIONS: INTEL 386SL CPU/NV SRAM TIMING Figure 5
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In Figure 6, eight DS1245 SRAMs are used to create a
four—bank 1Mbyte SRAM memory subsystem. The fol-
lowing signals from the Intel 386SL CPU are required to
address the SRAM module based system. (The 386SL
memory controller must be configured in its SRAM ad-
dressing mode for this application.)

LE: Latch Enable. This signal is active high and serves
toindicate that a row address is to be put on the address
bus. A row address must be latched at this signal’s fall-
ing edge. LE is connected to the latch enable input of
the address latch.

MA[10:0]: Multiplexed Memory Address Bus. This bus
provides address information for the Memory Controller
Unit. The bus provides a 22 bit address in a multiplexed
row/column sequence.

CE[3:0]: Chip Enable outputs. These signals provide
chip enable control for each SRAM bank.

WLE: Write Low Enable. Indicates a write access to the
lower byte of the 386SL CPU memory bus. The lower
byte of data is put on the memory bus at the falling edge
of WLE.

WHE: Write High Enable. Indicates a write access to
the high byte of the 386SL CPU memory bus. The high
byte of data is put on the memory bus at the falling edge
of WHE.

OLE: Output Low Enable. Enables the lower byte out-
put from the NV SRAM modules.

OHE: Output High Enable. Enables the high byte output
from the NV SRAM modules.

MD[15:0]: Memory Data Bus. This bus provides data in-
formation for the Memory Controller Unit. Accesses
from the Memory Controller Unit to the NV SRAM
memory modules take place through this bus.

16-BIT SINGLE-BANK NV SRAM BIOS CIRCUIT Figure 7

128K X 8
DS1245
OR
DS1645
ROMCSO# —
CE
MEMR# —
pmsMw OF <xo[15:e]
n
MEMW - DATA — > TO WP
SA[16:0) Vee T
= > ADDR
128K X 8
DS1245
OR
DS1645
CE
Ot XD[7:0]
oAk ™ 10 wp
WE +5V
[——N aor  Vec
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16-BIT SINGLE-BANK NV SRAM BIOS
CIRCUIT

Figure 7 shows Dallas NV SRAMs providing BIOS
memory storage for an Intel 386SL CPU. Using the
DS1645 NV SRAMs provides several advantages over
using either OTP EPROM or FLASH memories.

Flash memories require more operating current than
NV SRAMs. Flash memories also require a high voltage
source, 12V+, for any writes or updates that must be
made to BIOS. NV SRAMSs, on the other hand, require
only their standard V¢ 5V input for both read and write
access. Like Flash memories, a DS1645 NV SRAM
maintains the contents of its memory in the absence of
Vcc. A DS1645 has the additional feature that it can be
easily programmed to write protect user-selected
blocks of memory. In effect, individual memory blocks in
the NV SRAM module can be configured to appear as
ROM memory, without detracting from the DS1645's
ability to receive BIOS updates in its non—write~pro-
tected blocks of memory.

Traditional OTP EPROMs, while nonvolatile and very
low—power like the DS1245 and DS1645 NV SRAMs,
are lacking in that they can only be programmed once,
and usually require a special fixture to be programmed.
DS1245 and DS1645 NV SRAMs provide the capability
to update BIOS repeatedly without removing them from

the system. DS1245 and DS1645 NV SRAMSs also pro-
vide fast 70 ns access times, negating the need to insert
additional wait states into BIOS access timing require-
ments.

The signals shownin Figure 7 are taken directly from the
Intel 386SL CPU:

ROMCSO#: This signal is a dedicated ROM control sig-
nal provided by the 386SL CPU. It is active low and is
used to enable the system BIOS.

MEMR#: Memory Read. This signal indicates when a
memory read access is occurring on the ISA bus and is
active low.

MEMW#: Memory Write. This signal indicates when a
memory write access is occurring on the ISA bus and is
active low.

XD[15:0]: X—bus Data. Buffered data iines from the sys-
tem data bus. These signals are produced using an ex-
ternal transceiver (see Intel 386SL Superset System
Design Guide).

SA[16:0]: System Address Bus. This bus is driven by
the 386SL CPU for system I/O accesses.
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DATA LOGGING Figure 8

RD
WR
INTEL
8088
OR
8086 pr/R
DEN
ALE
ADg — AD;s —
Agg—A10 ADDRESS
I
L
| I —
L L T
—— OE
TRANSCEIVER
2) DATA
| T
CE WE OE CE OE cs RD
NV SRAM NV SRAM AD
(DATALOG) (BIOS) CONVERTER
8KX8 | 8KX8 8KX8 | 8KX8
2X DS1225 2X DS1225

DATA LOGGING

Figure 8 shows how Dallas Semiconductor's NV
SRAMs can provide a special advantage in environ-
ments where the power supply is not entirely reliable, or
when power must periodically be shut down. Dallas
Semiconductor NV SRAMs contain memory control cir-
cuitry which not only maintains the data in the SRAM in
the absence of power, but also write protects the device
if Vg is out of tolerance. This feature ensures that an
unstable power supply does not corrupt data which has
been collected.

In this application, an Intel 8086 is shown in its minimal
mode, connected to an address latch and bus transceiv-

7S
L]

ANALOG
INPUT

er to demultiplex the 8086’s bus (see Figure 8). The re-
sulting address and data busses may then be con-
nected directly to two memory banks, one 8K x 16 BIOS
memory consisting of two DS1225 NV SRAMs, the oth-
er an 8K x 16 memory bank consisting of two DS1225'’s
acting as a data log. A data collecting device, such as
an A/D converter, can be addressed as a read—only pe-
ripheral device to sample a value and write it to the
DS1225 acting as a data log. The DS1225s acting as
the data log can transmit their data on the data bus to
another peripheral, or may be removed from the system
and taken to another location to have the log extracted.
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DALLAS SEMICONDUCTOR BATTERY BACKUP SRAM MODULES Figure 9
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APPLICATION NOTE 107

DALLAS

SEMICONDUCTOR

Application Note 107
DS1020/DS1021 8-Bit
Programmable Delay Lines

INTRODUCTION

This application note is designed to assist in the use of
the DS1020/DS1021 programmable delay lines. The
basic principles of device operation are covered in sim-
plified form, but with sufficient detail to enable the user to
understand what is happening within the device and
how this affects its use in practical applications.

These flexible devices can be configured as traditional
delay lines, as pulse width modulators or even as pro-
grammable oscillators. A variety of configurations are
illustrated, the various features of which cover most
applications.

Some of the key considerations which must be taken
into account when designing in these products, based
on the experience of previous users of the devices, are
also covered.

The DS1020/DS1021 are similar devices, differing only
in package and step size availability and response to
power up conditions (see Page 107, Power Up).

KEY PRODUCT FEATURES

® Programmable over 256 steps in increments of 0.15
to 2 ns (DS1020), 0.25 or 0.5 ns (DS1021)

® Guaranteed monotonicity
® Serial (3—wire) or parallel (8-bit) programmability
® Cascadable

® DIP (DS1020 only) or SOIC packaging

PRODUCT SELECTION (all times in ns)

PART NUMBER STEP ZERO DELAY DELAY PER STEP MAXIMUM DELAY
DS1020-015 10 0.15 48.25
DS1020-025
DS1021-025 10 0.25 73.75
DS1020-050
DS1021-050 10 0.5 137.50
DS1020-100 10 1 265.00
DS1020-200 10 2 520.00
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CIRCUIT CONFIGURATIONS

Programmable Delay Line

INPUT OUTPUT
O— bsi020ms1021 —0O

SERIAL CLK PARALLEL ENABLE MODE
DATA DATA 1=PARALLEL

SELECT
0=SERIAL

TIMING WAVEFORMS Figure 1

INPUT

1l l
' .
1 Ll
OUTPUT | a—— | -
I 1
l '
' '

1 t
——->It|3|<— —D,tpld—

This is the “normal” mode of operation for the
DS1020/DS1021. Input pulses applied to the device
reappear at the output after a delay time set by the
device programming. Both leading and trailing edges of
the input waveform are delayed by the same amount.

The delay time can be programmed either by meansofa
serial data input, or can be loaded into an 8-bit parallel
port. A Mode Select pin (S) determines which mode of
operation is to be used. An Enable pin is available to
latchin the serial data once ithas beenloaded, orto load
parallel data andisolate the device from further changes
to a shared parallel bus.

NOTE: In some of the following applications control
and/or data input pins have been omitted for clarity.
Unless reference is made to specific inputs, the same
configuration can be used in either the serial or paral-
lel mode.

Programmable Pulse Width

INPUT

OUTPUT

O

DS1020/DS1021

/} - PoPr. y

OUTPUT WAVEFORMS Figure 2
INPUT
DS1020/DS1021 w—1—8 w—b 1

OUTPUT | a—— -

The DS1020/DS1021 can be combined with some sim-
ple external logic to produce a programmable puise
width. In the example shown above the output pulse is
triggered by the rising edge of the input waveform and
can be adjusted in duration from 10 ns (the latent delay
of the DS1020/DS1021) up to the maximum pro-
grammed delay value.

For correct operation over the full range of desired out-
put pulse widths, the duration of both the high and low
states of the input must be greater than the delay time of
the DS1020/DS1021 which corresponds to the maxi-
mum output pulse width (see Page 108).

The rising edge of the output will be delayed with
respect to the input by the propagation delay through
the two gates. The falling edge will be dependent on the
programmed delay of the DS1020/DS1021 and the
propagation delay of the output gate (see diagram next
page).
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INPUT _/Z \

=R /

—»] tPHL |[@—

DS1020/DS2021 7/ \_‘

— tPHL |—

OUTPUT

——»! tpH fe——

N

[ —— tyy ————

Therefore the output pulse width is given by:

= (tpeLAY + tpHL) — (tPHL + tpLH)
tw = (input to falling edge of output) — (input to rising

= tpeLay — trLH
edge of output)
PULSE WIDTH MODULATOR Figure 3
600
500 4
N
£ 400+ Step Size
£ ——2.00
S 300 + —1.00
§ —0.50
2.0} |—02
& —0.15
100 +
04
0 31 63 95 127 159 191 223 255
Step

Figure 3 shows the range of pulse widths available for

NOTE: Using HCMOS gates the minimum pulse width
the various members of the DS1020/DS1021 family.

will be approximately 5 ns.
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Programmable Oscillator 04
If the output of the DS1020/DS1021 is inverted and fed

back to the input a free—running oscillator is produced.
The oscillator can be gated if desired by replacing the
inverter with a NAND or NOR function and using the

additional input as an enable. DS1020/DS1021 OUTPUT
IN out

The period of the output signal will equal approximately
twice the sum of the programmed delay and the propa- PO-P7
gation delay through the inverter, or more accurately: LT T

fo = 1/ {2(tpeLay) DS1020 + (tPLH + tPHL)INV}

1
1
L
) ] ]
OUTPUT__/ ' \\_—_——/——'
1 1 1 )
' 'e—— lDELAY —— :<——- tpeLay —»!
i
1 * L}
1 1

—! t|=-m.‘<~-—— — tPH
1

The minimum frequency is determined by the maximum inverter and the step zero delay time of the
achievable delay from the DS1020/DS1021, the maxi- DS1020/DS1021.
mum is determined by the propagation delay of the

The following table summarizes some bench measurements on three of the available speed options:

DEVICE STEP SIZE STEP NUMBER FREQUENCY JITTER (ns)

255 5.8 5.0

128 9.7 2.0
DS1020-025 0.25ns 0 33.0 1.0

255 1.8 10.0

128 3.2 5.0
DS1020-100 1ns 0 33.0 1.5

255 0.9 22.0

128 1.7 14.0
DS1020-200 2ns 0 30.0 1.5

In practice the speeds tend to be higher than suggested by the data sheet values for the inverter propagation delays
because the devices are more lightly loaded.

072996 4/21
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The maximum frequency can be increased by using a faster inverter:

DEVICE: DS1020-025

STEP SIZE: 0.25 ns

‘HCO04 ‘FO4
STEP FREQUENCY JITTER FREQUENCY JITTER
NUMBER (MHz) (ns) (MHz2) (ns)
255 5.8 5.0 6.5 25
128 9.7 20 10.8 1.2
0 33.0 1.0 47.0 0.3

The jitter values shown in these charts are approximate
values for the peak to peak jitter on the output signal.
The effect of jitter increases as the operating frequency
is increased, but can be minimized by device decoup-
ling (see also Page 101).

The increased jitter of the oscillator using an HCMOS
inverter versus an F-TTL inverter can be attributed to

the difference in noise counled to the ennnl\l when the

Wi GinCionuve HUIST LOLPIOU 1S SUpMly

inverter output changes state. The HCMOS “through
current” results in a larger glitch on the supply than the
bipolar totem—pole output stage.

Using this bench data we can project the performance
for each member of the family across its entire program-
ming range. Figures 4 and 5 show the theoretical fre-
quencies obtainable for given programmed delay val-
ues. The first chart assumes an HCMOS type inverter
or gate, the second achieves a greater maximum fre-
quency by using an F=TTL device.

To deriv.

172)
O Genve
r the

used fo

these charts the followi
nese

1CnOWi

propagation delays of mverters.

(D

‘HCO4: tp = tpHL =6 NS ‘FO4: tpHy =tpyL =3 Ns

FREQUENCY VS. PROGRAMMED STEP (HCMOS INVERTER) Figure 4

35
30
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I
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< »d ——0.25
Q
[~
Q 154
g
w 10+
+
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FREQUENCY VS. PROGRAMMED STEP (F-TTL INVERTER) Figure 5

B 8 & 8 &

Frequency (MHz)
n
o
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—0.15
—0.25

15 +

10+

54+
0+ttt
0 31 63 95 127 159 191 223 255

Step

Closed Loop Operation

Any of the preceding configurations can also be set up
for closed loop operation. In this mode some sort of
feedback loop is set up such that the programming pins
are modified until the output delay, or some other

parameter dependent on the output delay, reaches a
desired level or state. The advantage of this arrange-
ment is that the negative feedback eliminates any
effects caused by device error (deviation between
actual delay and programmed delay).

ULTRASONIC RANGEFINDER APPLICATION Figure 6

INPUT

DS1021

DS1020/ CARRIER
oscC.

DECODE K

J L UP/ uD

TARGET

.

DOWN

RETURN

DISPLAY COUNTER CLK |= FILTER

TRANSDUCERS

A digital ultrasonic rangefinder is shown to illustrate the
use of the DS1020/DS1021 in a closed loop mode.
These devices can be used in a variety of ultrasound,
laser and video applications and with a variety of feed-
back mechanisms. For example in laser applications an
analog feedback loop with an AID could be used to con-
trol pulse energy or power, for mouse pointer applica-

tions the feedback is provided by the operator moving a
mouse until the pointer is located at the desired location.

Inthe example shown an input waveform is used to gen-
erate a series of ultrasonic bursts which are emitted by a
transducer.

072996 6/21
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This signal gates an oscillator (at the appropriate carrier
frequency) which results in a burst duration equal to the
high level pulse width of the input and a burst frequency
dependent on the period of the carrier oscillator.

TIMING WAVEFORMS Figure 7

If a target is present the signal will be reflected to the
receiver, which can be amplified and have the carrier
removed to leave a return pulse which will be delayed
from the input signal by an amount dependent on the
distance to the target.

INPUT — !RET:<——— —»| tRET '@—
1
—_— 1 ]
¥ 1
RETURN !
1 1
]
DS1020/DS1021 ! !
OUTPUT ! !
P —_
+ CASE A , CASEB
, COUNT UP , COUNT DOWN

To measure this distance the programmed delay of the
DS1020/DS1021 is adjusted until it matches the delay
of the RETURN pulse. This is done by using the rising
edge of the return pulse to increment or decrement an
up/down counter, while the direction of count is gov-
erned by the state of the DS1020/DS1021 output. Inthe
diagram above Case A shows too small a delay from the
DS1020/DS1021, the output is high so the clock pulse
from the return signal will cause the counter to incre-
ment. In Case Bthe delay is too large, soin this case the
output is low and the clock pulse will cause the counter
to decrement. Eventually, when the DS1020/DS1021
delay time approximately equals the return delay, a
state will be reached where the counter alternately
decrements and increments on each cycle.

The resulting programmed value can then be decoded
and displayed (including conversion from programmed
value to distance dimensions and, if greater accuracy is
wanted, corrections for device error — see pages
98 and 102).

Performance Limitations

While this example serves to illustrate the principle it
does show some performance limitations (which render
it unsuitable for a practical application).

When the programmed delay is approximately equal to
the return delay the LSB of the counter will toggle, there-
fore it is probably advisable to discard the LSB from the
displayed value to keep it stable.

The response time of the system is also somewhat slow
as the counter is only incremented or decremented by
one count each cycle, so many cycles may be needed
before the delays are matched. Some additional gating
of the return signal, the DS1020/DS1021 output and a
high frequency clock could be used to allow the counter
to count up or down multiple clock cycles depending on
the timing difference between the return signal and the
DS1020/DS1021 output.

072996 7/21
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Cascading Multiple Devices

SERIAL OPERATION Figure 8

INPUT N ouT N our OUTPUT
—O
p| Dstozomsi021 | g| Dsto20ms1021 |
DATA cC_E s c_E s
1K - 10K
O FEEDBACK
CLK  ENABLE (OPTIONAL)

Multiple devices can be simply cascaded together.
When this is done the input to output delay will be equal
to twice (or n times for n devices) the step zero delay
(20 ns) plus the sum of the programmed delays for each
device. This is equivalent to doubling the number of
steps, or range, of a single device.

Figure 8 shows the arrangement for serial program-
ming. The serial data output is daisy chained to the
serial input of the following device, the clock and enable

PARALLEL OPERATION - 16 BIT Figure 9

pins are connected, and driven, in parallel. The Mode
Select pin (S) is tied low for serial operation. (The
unused parallel data pins, Pl — P7, must be tied to a well
defined logic level and not allowed to float.)

Also shown is a feedback resistor to allow the contents
of the internal registers to be read back. If this option is
used the source driving the serial data input mustbe ina
high impedance state during readback.

INPUT ouTPUT
N ouT IN out
ﬂ DS1020/DS1021 -tv DS1020/DS1021
8,D,C S,D,C
E  PO-P7 E PO-P7
I
7N |
1
1
1
U
ENABLE 16-BIT DATA

If parallel programming is preferred the parallel data
inputs, PO — P7, are driven, the Mode Select pin, S, is
held high and the unused serial data in (D) and clock (C)
pins are tied to well defined logic levels. In this mode the
Enable pin can be permanently tied high, or driven to a
low level to latch in the programmed data and allow fur-

ther changes on the data inputs to be ignored (e.g. for
use on a data bus).

In the parallel mode the data could be 16—bits wide, or
two 8-bit bytes could be used with the Enable pins on
each device being driven separately to steer each byte
of data to the appropriate device.
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PARALLEL OPERATION - 8 BIT Figure 10

INPUT OUTPUT
IN out IN out
-ti DS1020/DS1021 —ﬂ DS1020/DS1021
s,D,C ls,D,C
E  PO-P7 E PO-P7

ENABLE1 8-BIT DATA

If the data lines for each device are driven in parallel
(both Enables high) itis functionally equivalent to having
a single DS1020/DS 1021 with twice the delay step size
and total delay. The same effect can be realized in the
serial mode either by driving the data inputs, D, in paral-

ENABLE2

lel (do not connect the Q output from the first device to
the D input of the second !) or by simply repeating the
same 8-bit sequence twice in the daisy chain mode
(see Figure 10).

ENABLE1 ENABLE2 OPERATION
Data latched into both devices. Changes on data
0 0 bus have no effect.
0 1 Data latched in device 1. Device 2 follows data bus.
1 0 Data latched in device 2. Device 1 follows data bus.
Both devices follow data bus. Equivalent to single
1 1 device with 2x step size and range.

PRINCIPLES OF OPERATION

This section gives some insight into what is happening
internally to the device. While it is not necessary to
review this to use the device it is beneficiai when it
Basic Delay Element

comes to understanding some of the design consider-
ations discussed in this brief.

INPUT

_—L + OUTPUT

s a
VReEr —@
+
/L B
PROGRAMMABLE COMPARATORS LATCH
RAMP GENERATORS

The diagram above shows the basic delay line timing
element. The input signal is effectively integrated by
ramp generators which must exceed the comparator
threshold voltage before the input pulse is transferred to
the output via an S—R latch. The positive—going edge of

the input signal is used to initiate a timing ramp which
ultimately sets the output latch, the negative—going
edge of the input initiates a second ramp which ulti-
mately will reset the latch.

072996 9/21
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TIMING WAVEFORMS Figure 11

INPUT |
. 1
! : VREF '
RISING ' . '
EDGE RAMP , '
l '
1
COMPARATOR ! l I
OUTPUT(S) '

EDGE RAMP '

COMPARATOR !
OUTPUT(R)

OUTPUT

Therefore, as can be seen from the timing diagrams, the
delay time is dictated by the slope of the rising and falling
edge ramp generators (assuming a fixed threshold volt-
age for the comparators).

Ramp Generators

Vee

PROGRAMMABLE
CURRENT SOURCE

TO
LATCH

FROM
INPUT

CAPACITOR

v

The basic elements of the ramp generators are capaci-
tors which are charged at a constant rate from program-
mable current generators. Prior to a timing period the
capacitor is kept discharged by the input transistor.
When an input transition occurs the input transistor is
turned off allowing the capacitor to charge up to the
threshold voltage of the comparator, which in turn sets
(or resets) the output latch. When the input returns to its

original state the input transistor discharges the capaci-
tor ready for the next cycle.

NOTE: Inverter stages are inserted between the device
input pin and the input transistor as appropriate for
either the rising edge delay or the falling edge delay
portions of the circuit.

Programmable Current Source

Vee {_ V—cc— . |
| |
i d |
| |
VRer | |
| IproG |
JR— |
b CURRENT
SOURCE
IN RAMP
_ GENERATOR
PROG.
INPUTS RESISTOR
PO-P7 ARRAY
——

v

A representation of the programmable current source is
shown above. Aninternally derived reference voltage is
applied to an array of resistors. The resistance of this
array will therefore set the value of the current flowing
through the output transistors. This current is in turn
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mirrored by another transistor in the ramp generator cir-
cuit.

The value of the resistor array is determined by the
binary code applied to the digital inputs. This binary

DS1020/DS1021 “IDEAL” RESPONSE Figure 12

number is decoded and used to select the appropriate
resistor combination to set the desired current. Laser
trimming is employed during manufacture to minimize
the effect of normal process variations on the accuracy
of the resistor values.

600

500 +

192

224
Step

128 160

DESIGN CONSIDERATIONS

Delay Tolerance

An “ideal” programmable delay line would show a linear
response between the programmed delay value and the
measured output delay (see Figure 12). In the real
world manufacturing variances, e.g. normal process tol-
erances etc., result in a deviation from this ideal
response. The charts on the following pages show typi-
cal response curves for members of the
DS1020/DS1021 family. This data is the average for

five devices of each speed grade, and was taken at
nominal conditions (5V supply and 25°C). The scales
onthe charts have been chosen such that the maximum
and minimum values correspond to the data sheet limits
for deviation from the ideal response for each device.

NOTE: There is an additional (tighter) tolerance specifi-
cation for the step 0, or inherent, delay of the device.

072996 11/21
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DEVIATION (ns) Figure 13
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DEVIATION (ns) (cont'd) Figure 13
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The significance of this variation will depend on the
application. In closed loop systems, as long as the pro-
grammed delay versus actual delay response is mono-
tonic, the loop will settle to the correct value.

In systems where the delay is not altered during normal
operation (only being changed during a production cal-
ibration step, for example), the programmed value can
be varied until the desired measured delay is reached.
This value can then be hardwired on the board, typically
using DIP switches or jumpers.

Jitter
The output of the device is subject to some random fluc-
tuations (jitter) caused by noise. This effect can be mini-

mized by good supply voltage decoupling, but some jit-
ter will remain due to internally generated noise. This
effect is most noticeable at the longer programmed
delays (when the internal charge currents are smallest),
when a small amount of noise can cause some variation

in the internal trigger points. )

The following charts show some typical variations in
peak—to—peak jitter with output delay for the various
members of the family. When considered as a percent-
age of the programmed output delay the peak—to peak
jitter will usually be less than 3%.

PEAK-TO-PEAK JITTER (RISING EDGE) Figure 14
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The actual measured peak-to—peak jitter will be very
dependent on the actual circuit configuration (e.g.,
noise on the supply, decoupling, other noise sources in
close proximity, etc.). This probably accounts for the
somewhat anomalous readings for the —200 device ris-
ing edge. An rms measurement of jitter will yield some-
what smaller results. The main consideration is that out-
put jitter will exist and that it will increase with longer
programmed delays.

In the extreme situation when the input pulse width is
close to the programmed delay value there can be a
substantial increase in jitter. This is caused by noise
being introduced to the supply line when the output
changes state. If this noise occurs close tothe nexttran-
sition on the input, the trigger point becomes less well
defined and output jitter will increase. Although the
device should not normally be operated under these
conditions (see Page 108), it is of interest when using
configurations such as the oscillator described on
pages 91-93, and explains why the jitter of the oscillator
exceeds the values shown above.

NOTE: If you wish to attempt to make jitter measure-
ments it is unwise to simply measure the delay time
between successive output edges. Most test genera-
tors also generate jitter. Therefore timing measure-
ments should be made between aninputedge and the
corresponding output edge.

Improving Absolute Accuracy

Systems in which the delay is changed during operation
and have no feedback applied may require a greater
absolute accuracy than the data sheet tolerance, per-
haps approaching the same magnitude as the individual
step size. In this situation each device will need to be
individually calibrated to the desired accuracy. Typically
this would be done by measuring actual delay values in
the application and generating a look-up table in
EPROM for use in normal operation.

Alternatively the device can be operatedina closed loop
mode to eliminate the effects of any inaccuracies (see
Page 93).

INPUT — DS1020/DS1021 — OUTPUT

- -8- -

uC

--8- -

EPROM
LOOK-UP TABLE

Output Loading

As with any type of delay line the output delay will be
dependenton the output loading. The DS1020/DS1021
is tested and characterized with a load of 15 pF. Differ-
ent values of load capacitance will change the slope of
the output rise and fall waveforms and produce a resul-
tant change in measured delay time.

The effect of various output loads can be approximated
by assuming the output consists of a voltage source,
switch and resistors as shown in this diagram:

SIMPLIFIED OUTPUT MODEL Figure 16

_—o—(O

—AAN—O O
OUTPUT
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Using this model the following charts were generated to
show the predicted change in output transition with load
capacitance.

NOTE: The resistor values used were chosen so that
the charts approximate to actual (dynamic) in—circuit
performance and do not necessarily apply for DC
analysis.
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OUTPUT LOADING (LOW-TO-HIGH) Figure 17
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OUTPUT LOADING (HIGH-TO-LOW) Figure 18
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Voltage and Temperature Variations

The data sheet specifications on delay tolerance apply
at 25°C and with a 5V supply. The DS1020/DS1021
feature on—chip circuitry to minimize the effect of tem-

SUPPLY VOLTAGE VARIATION Figure 19

perature changes, but there will still be some change in
the resultant delays if either the temperature or supply
voltage changes from these nominal values.
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Supply Voltage Variation

The chart above shows the variation in delay time with
supply voltage. It can be seen that the variation is
almost directly proportional to the programmed value.
The maximum variation is about 3.5 ns for this device,
which is approximately 5% of the programmed delay.
This results from a 5% change in supply voltage, so a
good approximation to the percentage change in delay
can be obtained by assuming that it is equal to the per-
centage change in supply voltage.

Even though the data shown pertains to the —025
device, all the members of the family exhibit similar
characteristics.

Temperature Variation

Some typical variations with temperature for the
DS1020/DS1021 family members are shown in the fol-
lowing charts. This data is based on a sample of five
devices of each speed option, operating from a 5V sup-
ply. In each case the change in delay versus 25°C
operationis indicated, where positive values indicate an
increased delay and negative numbers a decreased
delay. Data was taken for both rising and falling edges
and at the extremes of the operating temperature range.
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DELTA TO 25C (ns) Figure 20
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DELTA TO 25C (ns) Figure 20 (cont'd)
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Power Up
5V
4,75V 4
Vee
RAMP
ov
tvR —

The DS1020/DS1021 features internal Power On Reset
circuitry to ensure that all the internal functions are
brought up in the correct state. However, if the supply
voltage is brought up too rapidly, a situation can occur
where the device does not have enough time to com-
plete these reset activities before attempting to go into
normal operation.

Most system power supplies come up relatively slowly
and have no adverse effect on normal device operation.
The DS1020/DS1021 differ in their tolerance to rapidly
rising supplies. The DS1021 will operate correctly when
the rise time (tyR) is greater than 20 ms. An additional
test screen for the DS1020 allows the use of faster rise
times, down to approximately 2 ms.

If it becomes necessary to use either device with a
power supply which rises too quickly to meet the respec-
tive rise time requirements it may be possible to use a
series resistance from the system supply to the device
supply pin in conjunction with additional decoupling
capacitance at the device. Care should be taken to
ensure that the voltage applied to the device remains
within the data sheet limits when the device supply and
load currents are taken into account.

Changing the Programmed Delay

DELAY A NEw
PROGRAMMED
DELAY

ORIGINAL
PROGRAMMED
DELAY

t

The data sheet contains two parameters, typp and tgpy
which relate to the time taken after a programming
change before the output delay is valid. Some com-
monly asked questions are:

Why is this delay so long (50 ps)?

What happens in the time until this condition is met?

Tounderstand the reason for this delay itis necessary to
refer to the means by which the delay is programmed
(see Page 97). The main reason is related to the pro-
grammable current source. When the programming is
changedthere is a finite settling time associated with the
op amp configuration of the current source. Therefore
the 50 ps is derived from the time taken for this current
source to become stable at<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>