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GENERAL OVERVIEW

The Dalas Semiconductor DS1615 Temperature Recorder is the industry’s first fully integrated
temperature datalogger. This full featured product combines areal time clock (RTC), digital thermometer,
nonvolatile memory, control logic, and a seria interface. The device is more elegant, cost effective, and
simple to use than the typica discrete approach where a microcontroller, RTC, nonvolatile memory,
analog to digital converter, and temperature sensing device, aong with supporting microcontroller
software perform the same function. Furthermore, the DS1615 requires much less board area than a
discrete solution.

The newest member of the datalogger family is the DS1616. The DS1616 takes all of the features of the
DS1615 and adds a 3-input MUX’ed Analog to Digital Converter (ADC) to allow the logging of
temperature and up to 3 external sensors that generate a voltage output. This feature alows for the
logging of temperature, humidity, and pressure as an example to record the conditions during the
transport of an item.

These devices serve in two primary applications. First, they provide most of the functions necessary for a
stand—alone portable datalogger. Portable data-loggers are often used for monitoring perishable products
in transit, HYAC evaluation, environmental research, and numerous other applications. As a second type
of application, they can be designed into a system whose primary function is something other than
monitoring temperature or other sensors, yet can still benefit from maintaining a data history. Systems
can often benefit from environmental monitoring to ensure reliable operation. This information can be
useful for calibration, maintenance, and warranty information. A discussion of how to use the DS1615
and DS1616 in these two types of applications will be covered in this applications note. Table 1 provides
aquick overview of many of the features of the DS1615 and DS1616.

DS1615 FEATURES Table 1
Feature Specification
Temperature Range -40°C +85°C (-40°F to +183.2°F)
Temperature Resolution | £0.5°C
Temperature Accuracy | +2°C

Real Time Clock BCD format counts seconds, minutes, hours, date, month, day of the week
and year with leap year compensation

Datalog Memory 2048 temperature measurements

Data Histogram “Data bins’ record up to 65,535 data samples at each 2°C or 4 LSb interval

Sampling Frequency User-programmable intervals from 1 to 255 minutes

Alarmg/Interrupts High and low temperature alarms, and time of day alarm interrupt.

Seria Interface Two Seria Interface Options:

=  UART interface for RS-232 communication
=  3-wire interface for direct communication with microcontroller
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CHIP ARCHITECTURE

The block diagram in Figure 1 shows the relationship between the major control and memory blocks.
The devices have six mgjor data components. 1) 32—byte Real Time Clock and control block, 2) 32—byte
User NV RAM, 3) optional 64-hit lasered serial number, 4) 96 bytes of Alarm event/duration memory, 5)
128 bytes of histogram RAM, and 6) 2048 bytes of datalog memory. All memory is arranged in a single
linear address space which is illustrated in the control register and memory map in.

As seen in Figure 1, a control block provides the logic required to take measurements at scheduled
intervals and write the resulting data to the appropriate memory locations. The control logic aso
monitors the data against user programmable upper and lower threshold limits and provides the

appropriate response which can include pulsing the INSPEC or OUTSPEC pins or driving the INT pin

active. The control block also monitors the ST (Start/Status) pin which is typically connected to a push-
button switch.

As can aso be seen in the diagram, the serial interface to the chip is composed of six pins. Three pins

(SCLK, I/O, and RsST) are the seria interface for use in applications with an embedded microcontroller,
two pins (TX and RX) are a UART seria interface for RS-232 communication, and the fina pin
(COMSEL) is used to select which type of interface will be used. Finally, an oscillator circuit provides a
time base to the real time clock and UART from a 32.768 kHz crystal.

The DS1616 adds a additional block with the 3-input ADC. The 3 ADC inputs are MUX’ ed to the same
ADC to reduce channel to channel errors that would be caused by multiple ADC's.

DS1615 BLOCK DIAGRAM Figure 1
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APPLICATIONS: DS1615 AS A PORTABLE DATALOGGER

The DS1615 provides an inexpensive integrated solution for applications requiring a low cost portable
temperature datalogger. The DS1616 can easily be substituted for the DS1615 in this example if external
sensors need to also be monitored. The schematic in Figure 2 illustrates one possible design
implementation using the device. In this example, the DS1615 provides the main functions of the system
and communicates with a host machine over an RS-232 serial port. Several of the components in this
schematic are optional as they provide functionality that may not be required for certain applications.

As a minimum, the DS1615 requires that a battery, crystal, 5V power supply, and seria transceiver be
provided for the device to function properly. The battery illustrated in the schematic is a 3.6V lithium
battery, athough other types of batteries can be used. To ensure reliable operation, the battery voltage
must be at least 2.7V, but no more than 90% of operating Vcc. As for the crystal, a 32.768 kHz crystal
with a 6 pF specified load should be used. For more information on crystal selection and lay-out, please
consult application note 58, Crystal Considerations

with Dallas Real Time clocks.

In Figure 2 the UART seria interface of the DS1615 is selected by pulling the COMSEL
(Communication Select) pin to ground. The TX and RX pins are connected to a DS275 Line Powered
RS-232 Transceiver Chip which converts the signals to RS-232 voltage levels. This chip provides lower
current operation than traditional charge pump transceivers.

A low drop—out voltage regulator provides a 5V supply to the Vcc pins of the DS1615 and the DS275.
The voltage regulator used in Figure 2 is an ST Microelectronics L7805ABZ (www.ST.com). The input
to the regulator is supplied by the DTR RS-232 output of a host machine. For this circuit to function, the
DTR pin must be in a spacing state (i.e. it must be a positive RS-232 voltage). The diode between the
DTR pin and the circuit provides protection in case DTR is inadvertently driven to a marking state
(negative RS-232 voltage). The minimum voltage necessary on the DTR pin is dependent on the
characteristics of the voltage regulator used. The minimum required DTR voltage is that voltage which
allows the regulator to provide at least 4.0V to the Vcc pin of the DS1615. With thisin mind, a low drop—
out voltage regulator should be used if the DTR pin does not provide at least 7V. Furthermore, a low
power regulator would be helpful to insure that the RS-232 pin can source the needed current for the
circuit. Low power, low drop—out voltage regulators are widely available on the commercial market.

Purely optional components in this reference schematic are a pushbutton switch and two LEDs. The
pushbutton switch can be used to instruct the datalogger to begin sampling the temperature and to poll the

DS1615 for the status of its data. The pushbutton switch which is connected to the STpin is optional
because the DS1615 can be programmed directly by the host system to perform these functions. In most
applications it is probably best to design in the pushbutton since there might be a significant lapse of time
from the programming of the device at the host system to placing it in the environment requiring
monitoring.

The LEDs, which are aso optional, provide visua indicators to the end user of the device. Low power
LEDs should be used since they can provide sufficient luminescence with ImA or less. Typically, a green

LED is connected to the INSPECpin and ared LED is connected to the OUTSPECpin. When a datalogging
mission is started, both the INSPECand the OUTSPECPpins are pulsed four times. When the STpin is used

to poll the status of the data, either the INSPECOr the OUTSPECPIn is pulsed four times. The INSPEC pin
is pulsed if al of the collected data is inside of the user programmed high temperature and low

temperature threshold limits. The OUTSPECPIn is pulsed if any of the collected data falls outside of these
limits.
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Notethat V ccis required for the DS1615 only when communicating with a host system. In other words,
Vcc is required only for powering the serial interface portion of the DS1615. In a typical application, the
temperature datalogging module illustrated in the schematic would be connected to a serial port of a PC
or other host system. The device would then be programmed by the user. After programming, the device
would be removed from the seria interface and placed in the area requiring temperature monitoring.
When the monitoring job is complete, the datalogging module would be again connected to the serial port
to download its data to the host system.

DS1615 AS A PORTABLE DATALOGGER Figure 2
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DS1616 IN AN EMBEDDED SYSTEM

In a second primary application, the DS1616 functions as a dedicated temperature, humidity, and pressure
datalogger in a more complex system. In this type of application, the DS1616 is a component of a larger
system and communicates directly with the microprocessor or microcontroller that is resident in the same
system. Communication takes place over the three-wire synchronous serial interface consisting of the

SCLK, I/0, and RSTpins. Using the DS1616 in this type of application frees the system from the
overhead of measuring and storing the data as well as keeping track of time. Furthermore, the software
development for the system is simplified. The DS1615 can easily be substituted for the DS1616 in this
example if only time and temperature are required.

Figure 3 Illustrates one possible application in which the DS1616 is directly interfaced with an 8051
microcontroller. In this example, three of the microcontroller port pins are used to communicate with the
DS1616 over the serial interface.

Also notice that the interrupt output pin (INT) of the DS1616 is connected to the interrupt input of the
micro-controller. The DS1616 can be programmed to provide an interrupt signal if any of the sensors
data falls outside of user programmed threshold limits. The device can also provide a time of day alarm
interrupt so that the system can be programmed to accomplish certain events at specific times. These
features allow the DS1616 to dert the system if an action needs to be taken. Finaly, notice that the
COMSEL (Communication Select) pinistied to Vcc. This instructs the DS1616 to communicate over the
three-wire interface.
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DS1616 IN EMBEDDED SYSTEM Figure 3
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PROGRAMMING

Operation of the DS1615 and DS1616 are quite ssimple. Starting the datalogging process is ssimply a
matter of 1) initializing the RTC with the current time, 2) programming the characteristics of the
datalogger (such as the sample rate, datalog start method, etc.), and 3) providing the start signal which
tells the datal ogger to begin sampling data.

Although the specifics of how to program these registers will not be detailed here, a brief description of
the capabilities will be given. Please refer to the datasheets for a detailed explanation of the following
registers to be discussed.

The first step in starting the datalogging process is to initialize the RTC. The RTC keeps track of seconds,
minutes, hours, day of the week, month, date, and year (with leap year compensation) in BCD format.
All of thisinformation is kept in a series of seven registers. An additional set of alarm registers are aso
available for applications that require atime of day interrupt signal.

The operating characteristics of the datalogger aso need to be programmed by the user through the
Control Registers. Table 2 lllustrates some of the operating characteristics that can be programmed
through the Control Registers.

After programming the RTC and the datalog registers, a start signa is all that is required to begin a
datalog mission. This can be accomplished by either providing an external start signal through a push-

button switch or via an instruction over the serial interface. The start method is programmed by the user
in one of the control registers.
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DS1615/DS1616 PROGRAMMING CAPABILITIES Table 2
CHARACTERISTIC | PROGRAMMING CAPABILITIES

Sample Rate Register | The Sample Rate register programs the data sample rate from once per minute
to once per 255 minutes.

High Alarm The High Temperature/ADC Threshold registers determines the upper limit for
an “in-spec” measurement. If the measured data exceeds this value an “out-of-
spec” violation has occurred.

Low Alarm The Low Temperature/ADC Threshold register determines the low limit for an
“in-spec” measurement. If the measured data exceeds this value an “ out-of -
spec” violation has occurred.

Time of Day Alarm The time of day alarm can be used to generate an interrupt at a particular time.

Alarm Status Two methods of alerting the user to an “ out-of-spec” violation are: 1) the
generation of an interrupt and/or 2) the driving of visual indicators (LED’S) in
response to the user request for data status.

Start Delay Thetwo byte start delay register alows the user to program the number of
minutes of delay that occurs between the initiation of the datalog mission and
the first temperature measurement. The delay equals the value in this register
multiplied by one minute.

COMMANDS

Programming and reading the DS1615 or DS1616 is accomplished through the use of five smple
commands which are issued over the seria interface. This section will briefly introduce the function of
these commands. Please consult the datasheets for a more detailed description. The following describes
the five instructions as well as each hexadecimal op code.

Write Byte (22h)

This command is used to write one byte to the RTC registers, the control registers, and the User
NVRAM. This command is used to initialize the RTC, program the operating characteristics, and write
data to the user NVRAM.

Read Page (33h)

The Read Page command is used to read up to one page of data (32 consecutive bytes) from the internal
memaorv

Specification Test (44h)

This command is used to instruct the device to provide a visual indication of the status of the collected
data (i.e. have any temperature measurements been outside of the user programmed thresholds).

Read Temperature/Data (55h)

The Read Temperature/Data command is used to instruct the DS1615 or DS1616 to take an immediate
temperature/data measurement. This command functions only when the device is not currently on a
datalog mission and in the DS1616, the channel desired to be read is enabled.

6 of 10



APPLICATION NOTE 116

Clear Memory (A5h)

The Clear Memory command is used to clear the contents of the datalog and histogram memory as well
as afew other registers. As a safety measure to protect against accidental clearing of data, this command
can be executed only if the CLR bit in the Control Register has been set.

DATA STORAGE: DATA LOG AND HISTOGRAM CAPABILITIES

Both the DS1615 and DS1616 are very flexible recording device in that they provide two primary
methods of collecting data. They provide both a datalog and a histogram of the data from separate
memory aress.

The datalog feature functions such that the sampled readings are successively written to the Datalog
Memory block. A total of 2048 data samples can be recorded in the datalog memory. In the DS1616, this
memory is shared between al of the channels that are enabled.

The second data collection function is the ability to provide a histogram of over a given time period. The
histogram data is provided by a series of 63 two—byte data bins that are located in the Histogram Memory
block. Each bin consists of a 16 bit binary counter that is incremented each time an acquired data value
fals into the range of the bin. After a conversion is completed, the bin associated with the data is
incremented. Since each data bin contains two bytes, a total of 65,535 samples can be accumulated in
each bin. If more samples are measured, the data bin will remain at the maximum value. In other words,
the data bin value will not roll—over in the event of an overrun.

One of the most useful aspects of the data histogram is that it allows the data to be monitored for a much
longer period of time than is capable by just the datalog memory. Although the datalog memory alows
the user to determine exactly what the data was at a particular time, it provides this information for a
somewhat limited number of data samples. The histogram, by contrast, does not give the user the data at a
specific time, but it does give the user the total number of times each data range is measured and
increases the total number of data points that can be collected. This is intuitively obvious since each data
bin can count up to 65,535 samples at that given data range.

Figures 4 and 5 illustrate a hypothetical datalog and histogram, respectively. Note that the datalog chart

shows that the maximum of 2048 data samples were logged. The histogram, on the other hand, shows an
example where more than 2048 samples were collected.

TEMPERATURE DATALOG Figure 4
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TEMPERATURE HISTOGRAM Figure 5
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MEMORY USAGE

Clearly, one critical factor when using a datalogger is determining how long the datalogger can monitor
an environment before it runs out of memory and therefore loses potentialy important data. The answer
to this question is, of course, dependent on the total amount of datalog memory available and on the
sample rate. Since both the DS1615 and DS1616 are equipped with 2048 bytes of datalog memory, the
critical parameters are the sampling rate and in the case of the DS1616, the number of channels enabled.
Table 3 illustrates the usage duration for the DS1615 based on different sampling rates. As seen in this
table, the DS1615 can datalog anywhere from 34.13 hours to over 360 days without losing data,
depending on the sampling rate. The DS1616 will have similar memory usage as the DS1615 when only
one channel is enabled, but will be divided by 2 when 2 channels are enabled or divided by 4 when either
3 or 4 channels are enabl ed.

The use of the histogram should also be considered, however. For example, if a sampling rate of once per
minute was selected for the DS1615, the datalog memory would be filled in dightly less than a day and a
half. Each histogram bin, in contrast, can store more than forty—five days worth of data samples (65,535
samples / 1 sample per minute = 45.5 days). Clearly, the histogram memory can provide a method of
extending the useful duration of the device. Although, the exact time of some of the data samples are lost
after the datalog memory isfilled, the value of each sampleis not lost.

Table 3: Datalog Operating Duration

Sample Rate | Datalog Duration

1 min. 34.13 hours
10 min. 14.22 days

50 min. 71.11 days

100 min. 142.22 days
150 min. 213.33 days
200 min. 284.44 days
255 min. 362.63 days
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BATTERY LIFE

Another consideration when using the DS1615 is battery life. Battery life is a function of the capacity of
the battery, the discharge characteristics of the battery over temperature, and the amount of current used
by the device.

A gquick method to determine battery life is to Ssimply determine the capacity of the battery and divide by
the average current consumed by the device. Determining the average current consumption of the
DS1615 is a simple calculation that is dependent upon the sampling rate. The following equation
demonstrates how the average current is determined. For the DS1616, the calculation may be more
complex depending on the types of external sensors attached and their power source.

lavg = [trciTc+ (T tro)iosc ] / T
where
trc = temperature conversion sample time
=150 ms

itc = current during temperature conversion
=500 mA = 0.5 mA

losc = current when idle
=500 nA =5x10 4 mA

T = user programmed sample rate (in seconds)

If we assume that the worst case battery consumption scenario where the DS1615 is sampling the
temperature once per minute, then T = 1 minute and lag is calculated as follows.

lavg = [(0.15s)( 0.5mA) + (60s - 0.15s)(5x10-4mA)] / 60s
=1.7mA

Once the average current is calculated, the lifetime of the battery is ssmply a matter of dividing the battery
capacity by this value. For example, a Ray-O-Vac BR2032 lithium battery is rated with a nomina
capacity of 195mAH. Dividing this capacity by an average current of 1.7mA yields a battery lifetime of
12.7 years if the device is never turned off! Obvioudly, increasing the time between samples would
extend the battery life even further. Table 4 illustrates the projected lifetime for a few common lithium
batteries using various sample periods.
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Table 4: Battery Life

Battery Battery Nominal | Battery | Sample Battery
Type Manufacturer Battery Cap. Period Life
Voltage | (mAH) | (Minutes) | (years)
Tadiran 1 >10
TL-2150 1-800-537-1368 3.6 950 5 >10
10 >10
Tadiran 1 >10
TL-2186 1-800-537-1368 3.6 400 5 >10
10 >10
Ray-O-Vac 1 >10
BR2032 1-800-331-4522 3.0 195 5 >10
Panasonic 10 >10
1-800-344-2112
Ray-O-Vac 1 8.5
BR1632 1-800-331-4522 3.0 130 5 >10
Panasonic 10 >10
1-800-344-2112
Ray-O-Vac 1 34
BR1225 1-800-331-4522 3.0 50 5 7.6
Panasonic 10 91
1-800-344-2112

The above calculations are based on nominal operating conditions at room temperature. The most critical
battery characteristic to consider is the battery voltage. To ensure reliable operation, the battery voltage
must be at least 2.7V, but no greater than 90% of operating Vcc. Specia care should be used when using
3.0V lithium batteries. Two variables in particular must be considered. First, it must be understood that
the nominal voltage of 3.0V batteries degrades as temperature is reduced. Secondly, the nominal battery
voltage will lowly drop during the course of the battery’s lifetime. The designer must select a battery
that meets the minimum battery voltage specification over the intended temperature range and over the
end user’s time frame requirement.

On the other hand, 3.6V lithium batteries are less likely to violate the minimum battery requirement since
they have a higher nomina voltage and have better temperature characteristics. However, the designer
must ensure that the Vcc is large enough when using this type of battery to ensure that the battery does
not violate the maximum battery voltage specification.

There is no single perfect battery for every application. The designer must determine the characteristics
of his end product and choose the battery the best meets his requirements.
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