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Using the Dallas Phantom Real-Time Clocks (RTCs)

Abstract: This application note describes how to interface a Phantom Real-Time Clock (RTC) in a microcontroller memory
system. It also describes some of the programming considerations and common problems.

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 meeting the standard JEDEC bytewide pinouts. Some varieties of the Dallas Phantom Real
Time Clocks also provide 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 only when a predetermined 64-bit pattern has been received by the
device. When the timekeeper is not being accessed, the RAM/ROM can be accessed normally. 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

DS1315

The heart of the Dallas Phantom Real-Time Clock family is the DS1315 Phantom Time Chip. This integrated circuit is a
combination of a CMOS timekeeper and a nonvolatile 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, minutes, 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 DS1315 can also be
used to provide timekeeping functions with ROM.

DS1216

Stemming from the DS1315 are the DS1216 SmartWatch Intelligent Sockets. The SmartWatch is a 600-mil wide DIP
socket with a built-in DS1315 (providing timekeeping functions and a nonvolatile RAM controller), an embedded lithium
energy source, and a 32.768kHz 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 timekeeping capability only. Figures 1 and 2 show the basic
interface of a SmartWatch with RAM inserted and a SmartWatch with ROM inserted, respectively.
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Figure 1. RAM/Time chip interface.
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Figure 2. ROM/Time chip interface.




DS1243, DS1244, DS1248, DS1251 and DS1254

The DS124x and DS1254 Nonvolatile SRAM with Phantom Time Clock modules are the 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 32.768kHz 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 DS1315 Phantom Time Chip
is the basic building block that provides timekeeping and a nonvolatile memory controller. The DS1216 then adds a crystal
and lithium energy source to the DS1315 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.

Table 1.
DS1315 Phantom Time Chip

DS1216B SmartWatch/RAM 16k/64k
DS1216C SmartWatch/RAM 64k/256k
DS1216D SmartWatch/RAM 256k

DS1216E SmartWatch/ROM 64k/256k
DS1216F SmartWatch/ROM 64k/256k/1M
DS1216H SmartWatch/RAM 1M/4M

DS1243 64k NV SRAM with Phantom Clock
DS1244 256k NV SRAM with Phantom Clock
DS1248 1024k NV SRAM with Phantom Clock
DS1251 4M NV SRAM With Phantom Clock
DS1254 16M NV SRAM With Phantom Clock

Application

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 feature is that the Phantom Clock is 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 supported by the
Phantom Time Chip. Also advantageous to the designer is that an upgrade path is provided to higher RAM densities with
the DS124x modules or to higher RAM/ROM densities with the DS1216.

It should be mentioned that there is some software overhead that is associated with having timekeeping functions that
are transparent to RAM as will be discussed in detail below. If it is determined that a transparent clock is not necessary,
then the DS164x or DS174x Nonvolatile Timekeeping RAM family could offer an excellent solution to your timekeeping and
nonvolatile SRAM needs. These offer nonvolatile SRAM with the Real-Time Clock registers located in the RAM address
space. Another possible solution is the DS1386/DS1486 RAMified Watchdog Timekeepers or DS155x Watchdog
Timekeeping Family 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 transparent to the RAM, no memory is lost to timekeeping needs. When the
Phantom Clock is not accessed, the active-low 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 used for the DS1216 SmartWatch/RAM and the 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 battery or V¢ supply, depending on conditions present. Secondly, When V. goes

out of tolerance, a comparetor 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 (active-low CEO) within 0.2 volts of V¢ or battery as long as

Vcc is out of tolerance. During nominal power supply conditions the memory chip enable signal (active-low CEO) will track
the chip enable signal (active-low CEO) sent to the socket with a maximum propagation delay of 20 ns.

ROM Operation

The DS1315 and DS1216(E/F) can also be used in conjunction with a ROM. A typical ROM/Time Chip interface is
illustrated in Figure 2. In this configuration, the ROM/active-low RAM pin is connected to V¢ to select the ROM mode of

operation. Since ROM is a read-only device that retains data in the absence of power, battery back-up and write
protection is not required. As a result, the chip enable logic will force active-low CEO low when power fails. The real-time
clock does retain the same internal nonvolatility and write protection as described in the RAM mode.

Real-Time Clock Operation

The block diagram of Figure 3 illustrates the main elements 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 (active-low CEO). After recognition
is established, the next 64 read or write cycles either extract or update data in the Phantom Clock and active-low CEO
remains high during this time, disabling the connected memory.



Xy

™
32788 kH: CLOCK/CALENDAR LOGIC
ROMBAM
o Xz
CED =t
UPDATE
READ
CE| =it R
== WRITE
OF ——= CONTROL | TIMEKEEPING REGISTER
We * POWER-FAIL
RET ——= - i
ACCESS
ENABLE R REGISTER
SEQUENCE = - COMPARISON g
DETECTOR
[ —— DATA
Qo - VO BUFFERS [
INTERNAL Vi
Yoo POWER-FAIL Veco
—_— DETECT =
LOGIC
BAT, BAT:

Figure 3. Timing block diagram.




HEX
VALUE

T G 5 4 3 2 1 0
BYTEO 1 1 o 0 0 1 o 1 pe— C5
BYTE 1 1] 1] 1 1 1 o 1 0 |- A
BYTE 2 1 ] 1 0 0 0 1 1 A3
BYTE 3 0 1 o 1 1 1 0 0 | 5C
BYTE 4 1 1 o 0 o 1 o 1 = C5
BYTE 5 0 i] 1 1 1 0 1 0 |l 34
BYTE & 1 o 1 i} 0 o 1 1 = Al
BYTE 7 1] 1 o 1 1 1 o 0 |- 5C

Figure 4. Time chip comparison register definition.

Note:

The pattern recognition in Hex is 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 1019. This pattern is sent to the Phantom Clock LSB to
MSB.

Data transfer to and from the Phantom Clock is accomplished with a serial bit stream under the control of chip enable
input (active-low CEI, output enable (active-low OE), and write enable (active-low WE). Initially, a read cycle using the
active-low CEIl and control of the Phantom Clock starts the pattern recognition sequence by moving a pointer to the first
bit of the 64-bit comparison register. Next, 64 consecutive write cycles are executed using the active-low CEIl and active-
low 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 O 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 register. If a read cycle occurs at any time
during the pattern 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 comparison 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 either receive or transmit data, depending on the level of the active-
low OE pin or the active-low 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 active-low CE cycles without
interrupting the pattern recognition sequence or data transfer sequence to the Phantom Clock.
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Figure 5. Time chip register definition.

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.

This code will access the Phantom Time C ock by sending the 64-bit
access pattern. Then the tinme data will be witten to the clock and
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