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APPLICATION NOTE 504

Design Considerations for Dallas Semiconductor Real-Time Clocks

Abstract: A real-time clock (RTC) allows a system to synchronize or time-stamp events to a time reference that can be 
easily understood by the user. Because RTCs are used in an increasing number of applications, designers should familiarize 
themselves with these RTCs to avoid design problems. This application note provides a basic overview of RTC operation, 
design issues, and troubleshooting techniques.

Selecting an Interface

Real-time clocks (RTCs) are available in a wide range of bus interfaces. Serial interfaces include I²;C, 3-wire, and Serial 
Peripheral Interface (SPI™). Parallel interfaces include mux-bus (multiplexed data and address bus) and designs with 
separate address and bytewide data inputs. 
 
The choice of interface is often determined by the type of processor being used. Many processors include I²C or SPI 
interfaces. Others, such as 8051 processors and their derivatives, support multiplexed address and data buses. Timekeeping 
NV RAMs use the same control signals as SRAMs, to which many processors provide an easy interface, and include battery-
backed RAM in various densities. Finally, phantom clocks "hide" behind battery-backed RAM and use a 64-bit software 
protocol to gain access to the clock. A phantom clock can therefore provide time and date infromation without using any 
memory space. 

Battery Backup Function

In some applications such as VCRs, the time and date information will be lost if power is removed. Other applications require 
that the time and date remain valid even if the main power supply is off. To keep the clock oscillator running, a primary or 
secondary battery or a super capacitor may be used. In this case, the RTC must be able to switch between the two power 
supplies. 
 
If a primary battery, such as a lithium coin cell, is used for backup, the RTC should be designed to draw as little power as 
possible when running from the battery. In this situation the RTC will switch its internal supply bus to the battery and go into 
a low-power mode. Communications between the microprocessor and the RTC are usually locked out (often called write 
protect) to keep the battery current at a minimum and to prevent data corruption. The VCC voltage level at which 

communications is locked out is usually defined in the data sheet as VTP (Trip Point Voltage). 

 
Many clocks include an oscillator control bit, usually called the clock halt (CH) or enable oscillator (EOSC) bit. This bit is 
usually located in bit 7 of the seconds register, or in a control register. In almost all clocks with this bit, it is preferable that 
the oscillator be off when the battery is initially attached. This conserves the battery until the system is powered up. It also 
allows the system designer to set up a manufacturing flow so that no battery current is drawn after a fresh lithium battery is 
installed.. When the end user first powers the system, the firmware/software should start the oscillator and prompt the user 
for the time and date. 
 
Most Dallas Semiconductor products that include a battery input pin include on-chip reverse charging protection circuitry. 
Regulatory agency data and Conditions of Acceptability information can be found at UL Recognition. 
 
Lithium batteries are normally rated to operate from -40°C to +85°C. The battery should never be exposed to temperatures 
above +85°C. Packages that include the battery and have exposed battery pins, such as the SmartSockets, should never be 
water washed. Water washing will short the battery terminals, and therefore draini the batteries. 

Clock Modules, Freshness Seal and Shelf Life

The majority of the current consumed by a clock while in battery-backed mode is from the oscillator. All clock modules with 
embedded crystals and batteries are shipped from the factory with the oscillator disabled. While the oscillator is disabled, the 
battery current is less than the self-discharge of the battery, or about 0.5% per year at room temperature. 
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Some timekeeping NV RAM modules use a clock-controller IC and a SRAM. The oscillator is disabled and the SRAM is 
electrically disconnected from the battery when shipped from the factory. The battery will be connected to the SRAM after 
VCC is removed for the first time. This function is often called "freshness seal," and is used to conserve the battery until the 

module is first used. Other timekeeping NV RAM modules are monolithic (controller and SRAM in one IC) and require no 
freshness seal. 

Module Packages

Timekeeping NV RAMs, mux-bus clocks, and some watchdog and phantom clocks are available in module and/or PowerCap 
packages. Modules include an embedded 32,768Hz crystal and a lithium battery, making PCB design easier. However, 
crystals and batteries cannot tolerate the temperatures encountered during the reflow process. Consequently, modules can 
be attached manually or inserted in a socket after reflow. Modules can also be attached to the PCB using wavesolder, as long 
as the lithium battery is not exposed to temperatures above +85°C. 
 
PowerCap products use a two-piece construction to provide a device that can be surface-mounted using the reflow process. 
The module base, containing the RAM and clock, is mounted to the board using standard reflow techniques. The PowerCap 
top, containing the heat-sensitive battery and crystal, is snapped onto the base after soldering. 

Clock Formats

There are three major data formats used in RTCs: binary-coded decimal (BCD), binary with separate registers for the month, 
date, year, etc., and elapsed-time counters. 

BCD

The BCD format is the most common. One reason for its popularity is that the time and date can be easily displayed in a 
human-readable format with no "conversion." Each 8-bit register represents two digits (one nibble per digit). Each 4-bit 
nibble can hold the binary representation of the digits 0 through 9. An example of the register map for a typical BCD format 
clock is shown in Figure 1. 
 
Since some of bits are not needed for a particular time or date field, those bits can be used for special functions, general-
purpose read/write bits, or can be hardwired to read back as always one or zero, depending upon the design. In Figure 1, bit 
7 of the seconds register is used for the clock halt (CH) bit. (See the DS1307 data sheet for an example.) 
 

 

Figure 1. Typical time and date register map (BCD format). 

Binary

The second clock format is the binary format (Figure 2), with separate registers like the BCD format. The binary format is 
normally a programmable option on some clocks with the BCD format. (See the DS12885 data sheet for an example of this 
format.) 
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Figure 2. Typical time and date register map (binary format). 

Elapsed-Time Counter

The elapsed-time counter (ETC) uses a single, multibyte register representing the time in seconds from some reference point 
(zero epoch). A common value is 00:00:00 January 1, 1970 GMT. The binary value in the register then represents the 
elapsed time from that point. Software routines must be used to convert the 32-bit value to a readable time and date, and to 
convert user entries to a binary value. The C ctime() function converts the elapsed time, in seconds, to a date/time string. 
 
Application note #511, Using the DS1672 Low-Voltage Serial Timekeeping IC, presents example routines for converting 
elapsed-time values to and from date strings. The DS1318 is a 44-bit ETC. The lower 12 bits provide sub-second resolution, 
to 244µs. The upper 32-bits increment once-per-second, as described above. See application note 2740, Accessing the 
DS1318 Clock Registers for an example application. 
 
ETC clocks are useful when the clock is needed to measure the time between two events. Calculating the time elapsed 
between two events requires subtracting one value from another, while a BCD-formatted RTC would require more complex 
conversion routines. 
 
For BCD-formatted RTCs, the time and date registers are typically updated once per second. The roll-over value for the date 
will vary depending upon the month, and for February, by year. The day register (except for multiplexed-bus clocks) is not 
tied to any other register, will increment at midnight, and will roll over from 7 to 1. The programmer can select any particular 
day as 1, as long as the assignment is consistent throughout the program. On multiplexed-bus clocks, however, Sunday must 
be 1 because the day register is used for the daylight saving test. The test for daylight saving is done at midnight on the 
preceding midnight roll-over, which must be accounted for when testing the daylight saving function. 
 
When changing from 12-hour mode to 24-hour mode, or from BCD to binary or binary to BCD, the time, date, and alarm 
registers must be re-initialized. 

Crystals and Accuracy

The crystal oscillator is one of the most accurate circuits available for providing a fixed frequency. A 32,768Hz crystal is used 
for most RTCs. By dividing down the output of the oscillator, a 1Hz reference can be used to update the time and date. The 
accuracy of the RTC is dependent mainly upon the accuracy of the crystal. Tuning-fork crystals have a parabolic frequency 
response across temperature (Figure 3). An error of 23ppm is about 1 minute per month. For further reference, see the Real-
Time Clock Calculator. Crystals are tuned to oscillate at the correct frequency under a particular capacitive load. Using a 
crystal tuned for a 12.5pF load on an RTC designed to present a 6pF load to the crystal will cause the clock to run too fast. 
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Figure 3. Crystal accuracy vs.temperature. 

Crystal Connections

All Dallas Semiconductor RTC oscillators have internal bias networks. The crystal should be connected directly to the X1 and 
X2 pins with no additional components (Figure 4). The crystal should also be as close as possible to the X1 and X2 pins, and 
a ground plane should be placed beneath the crystal, X1, and X2 (Figure 5). Digital signal lines should be routed away from 
the crystal and oscillator pins. Low-power crystal-oscillator circuits can be sensitive to nearby RFI, which can cause the clock 
to run fast. Consequently, components that radiate significant levels of RFI should be shielded and located away from the 
crystal. 
 



 

Figure 4. RTC equivelent circuit showing the internal bias network. 
 

 

Figure 5. Typical crystal layout. 
 
PC boards containing tuning-fork crystals, such as those used with RTCs, should not be cleaned using ultrasonics. The crystal 
can be damaged by resonance vibration. 

Oscillator Startup Time

Oscillator startup times are highly dependent on crystal characteristics and layout. High ESR and excessive capacitive loads 
are the major contributors to long startup times. A circuit using a crystal with the recommended characteristics and following 
the recommended layout will usually start within one second. 

Checking for Oscillation

When checking for oscillator operation, a designer may initially considerconnecting an oscilloscope probe to the oscillator 
input (X1) or output (X2) pin. That approach is not recommended with a RTC. Since the oscillator is designed to run at low 
power (which extends operating time from a battery), loading the oscillator with an oscilloscope probe will usually stop the 
oscillator. If the oscillator does not stop, the additional loading will reduce the signal amplitude, and can cause erratic 
operation such as varying amplitude. Oscillation should, therefore, be verified indirectly. 
 
Oscillation can be verified several ways. One method is to read the seconds register multiple times, looking for the data to 
increment. On RTCs with an OSF (Oscillator Stop Flag), clearing and then monitoring this bit will verify that the oscillator has 
started and is continuously running. These methods will not work if the designer is troubleshooting a design and cannot 



 

communicate with the RTC. An alternate method is to check the square-wave output on RTCs with a square-wave output. 
Check the data sheet to verify whether the RTC must be written first to enable the oscillator and square-wave output. If the 
square-wave output is open-drain, a pull-up resistor must be connected between the square-wave pin and a voltage supply 
for proper operation. The square-wave output can also be used to verify the accuracy of the RTC, although, a frequency 
counter with sufficient accuracy must be used for this. 

Backup Supply Input

Most Dallas Semiconductor RTCs include a backup supply input pin, which keeps the RTC running while the main supply is 
off. Most RTCs are designed so that a lithium coin cell can be used to power the RTC while VCC is absent. 

 
When VCC is below the minimum operating value (VTP), the RTC disables the communications interface. This serves two 

purposes: it prevents accidental writes to the RTC while VCC is dropping; it reduces the power needed by the RTC to maintain 

oscillator, time, and date operation. Disabling access to the part when VCC is below VTP is often called "write protect." While 

the RTC is operating from VCC, the VBAT input will be at a high impedance. If a battery is not connected to the VBAT input, or 

if it is connected with diodes in series (Figure 6), the VBAT input can float high. This, in turn, can cause the RTC to go into 

write protect. Reverse-charging protection is provided internally on most Dallas Semiconductor RTCs, which eliminates the 
need for external diodes. Check the following link for information about UL recognition of the reverse-charging protection. 
 

 

Figure 6. Incorrect battery connection. 
 

 

Figure 7. Correct battery connection. 
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